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i, DPRAEICBITAHERKBECTHRK E LT “DBDA” BT IEXHET
TV EFRHEBEZATCLDATEFE 2T TEBY . 1981 FE Lk,
FERNAAE D8 — AL DO Z O T 5D,

BDAFMEE, EOXICLTRIET 200, £ FTnid, i
HELWEBEFTIAORKK - AW ERZ2EBL T, QOL # E& &
A5 ENREHEKDIOEAI D, ZOmEOMBIZHIT THAF OFR
FERELCOLVPRALBEFE2ME0INT TE o, Kb, By, 8=, %IH,
WE, R, 774 F, BRAxREXEBENMBEERZAEZL RN LR
HERHICRERLTCEZLEZORELZZT . 0. DAFLT LRI
DFHTERLoTWD, LMrLAa2Rb, BIFEMFH S T L%
REAOZ ITEERAMENZ/HES REOMBER LW TV D, iF
ROBE CIIRERIBRB SN RMWEREORENTNE S
TEBYV . ZDOLD R BEBWMEERT D70 OA LM EL K HIC
EBHE I TWD,

S TI197T0 FRF T, TERFOMPFEA RO 7V — 71T H
RO LENOHE L HMERE LR E Streptomycess
lavendulae No.314 O & —RMRFEME L TH T I~ A
(Fig. 1) 2L &I 2 _EHHLFAYX /) ox ) U RAEYME %
HEtL7-, VD FCb, V77~ AFmEMBICERL 5 2
WK S ORI N AERERT I ED T ATREE LA
LAIEME TR A RERONEE OEHR 2L O,



ICs0 = 0.0056 M 22:b)
(L1210 mouse leukemia)

saframycin A (1)

Fig. 1

— . V7 I~ A4 EOFER LT L TKED Faulkner b (3
AF T a M KFEEREICELRT 5 H QWM Reniera sp. O A X
J—NHiHE S — OV =T v VU RMEEERAY OH
BEICRZh L 30 S HICHERMAEZME L TEBHLEER., L=x
T~A YU EEF OBRICE-ST (Fig. 2), 3D Zh b RAKHIX
V7 I ~vA v IMAUEOBEBREPNRRLI OO, LA EZ S
DT ERFERIIE —-TdHD, HMHIEETIE. 2001 F006 ¥ A HF
au—rva—rREEPEHEHB OO L X AEHICAERT 2L
MBPAEET DEMIEET VI v A4 ROERNIEZ K HAIZEB L.
2003 FFWC I AN v a s KM ET L2 F a7 IOy —v ¥~
B REICAE R T 2 H AWM Xestospongia sp. O A % J — )Vl iR
=29 A Y VYEANGFELTWVWDLZ EZ2zHLNICLE, & 5HIC
ZORAXE )= K E KCNRIQAH L TEHEAET VI v A FE2RE
FET LIV Lv=22TI A MAEIFILUDET DWER

KWaE T T LA — L TESTDHZ LIRS LE (Fig. 2), 9



renieramycins
E:X=0H,Y=H(2)
F:X=0H,Y =OMe (3)
M:X=CN,Y =H (4)

Fig. 2

TTWE AR KR OREGEERIABENREEIALTHD, T
bbb, Y794 AR L= T~ A E, FM ., &5
T FFTY AT UHICHEBE L THEAET D C2LALD T /ML KE
EOFAEDTEERBICITILATHY [ C21 L RFBICHEET 2 EFH K
TOBEBFHRGEICIVMNBEL TAEL LA I =0 LA 4B KREFH
L LTDNAD I T =vEa T x4k LT DNA O & Rk % B &

4+ % (Chart1), 9

active form

: /™
o
P,
H’ N
O guanin residue (DNA)
Chart 1



— . =2 T A Y RBHERRD ORI C21 LI T 7 H
AANVR=VEERESLODRWS O AH I TWwW5b (Fig. 3 ),
Bl 2 1X.1982 12 Faulkner 6 2% A ¥ ¥ =2 e CRE L F AR
Reniera sp.® =~ % /) — /ViiHBE»» S A L= ~4 3 C
E DX C21ET7 7 Z L824 T OWMERRM THDL, LML, KRR
MoOBNHERDPKRNETCH ST D BRIV LAIEMNBICORND
AR EREZRESET D2 FTHERR DL o72, 3 —TJ7, 1992 F
Davidson H X7 4 ¥V —i B FE CHRE L F Al H Xestospongia
caycedoi 7 v RV AHT IV L =2o2F~ 1 GEMME
TWRAEEL S L TAB LR, oI, SEESE A7 VoM
RGP ZOMEZHLNIZT DL EBIC, UEBEMEZRT Z
Lamf Lz, ® &5612, 2000 Fi272 D Pettit 5 1FE /LY 7 AN
DINFIWCTEHEL-F AWM Cribrochalina sp.® . IRANHE E WY
LT, ARRKARBDO, 4 AKkFlL SN VT RALTF

4z RMHL, mMEGEEZz RS LEe®MELE, D

renieramycins cribrostatin 4 (8)
C:Y=0H(5)

Fig. 3



INHREMDO C2QINMIZTT 7 X L DA R=LIETHY | B
FA4AI=20ULbA4AFDORKINETHL, ZOLOFTERIZH LT
EHROAEE LY TIIDL2 2T TRy, o T, C21 LI v
A=V BEx b oGO EMIEME BB IIH - EEREALT
VW5 A REPE 2N

LIAT, INb =TI~ A v ARV 7 I~ A AT, T
TIZ 8O LOE~ THKRMHANDN KB INTCRMAEOIERKE T -
FF AT 743 (— k4 N TR T Uy, BRMNIKGE 4 5 Yodelis®)
DE S EEZHEFEL TS (Fig. 4), 8 ET-743 1 ZBEA1F @ # 23 A #l
Cit 2 R T EERBACK L THEEDREZRTH LY A 7O
B AKTH D, ET-743 1%, DB E TIE KM M T EHK NS 4N
2009 4F 3 HiZ, AL D7 7 ~w~—/LfEEBR - lKFEIZB T
574 ABRYEE RN BERNICEBIT 2 KR Z O I L CTHRKRR
BRa DMICERL TWD,

ET-743 : 9 (Yondelis®)

Fig. 4



L. 27 FF AV R HORFEAEY O E
BHIIMESIANTEY  FEEND FOMFELEENERS, RAMN
B ETLrftRcx v tiamx., 20O EMERILFHEED
AWM AR X2 REMEEDLAES TIE v, BL7E ET-743 O 45 1%,
EEICLY REffiGraRit 7 7 Birb Corey b O 2 A %
B9 AL L7 20 LEREZBXD2FEAK M ITKAFEL TEY .
RLTHEMN =X +RTIEZADBNDHDTIEHRWY,

FITUHMRETIE.ARTRAD O L BERG K E L L LA
HIChbF,. ENEh TG L TENDLOEWIEMEZ XKW & B
AT LDHRICKY  EMERBICLERBERMCERE L. i RES

THI N ALF ORI TS L E L (Fig. 5),

Fig. 5

T TICHYHFEETIEH., HFFHICHYET 2 CODERZRET VILEWY
DR 2GR E EWIENE ORI B T 2 A1 UL 2 M I &
LR, KAV 21\ ICHY T HIMNEILYT JEE2Fou6

6



WIEENR LS ERD p-F /) VO AICIEEN MR T 5 FH R E a2
Ao L, 10 LAl ZFEHICHYT S5 ABCRRAET VLA
MOGWRIZMAMNR DO THY KRRAMZAKY — F &3 58
sl RSB TmE 2R RERDIERRITIELEA LRGN
ANV

Bl Z XK ETIT, R XTI T kB RFEK 10 &L iE %
diisopropyl a-aminoadipate (11) 75 12 2% T, T D F 7 & A
ANVR=NVEOEHSETCICHRS T /I EVT T I~ 12 A
E¥xHEeTsribd®w 14 B LW 4-epi14 # A5 L7 (Chart 2),
AKibEWITMBEBEERICLELINDT I V=M AHEESF )

BZ2ALTWVWLICbBELLTHWHEGEEL NN RIS R o, 1D

Me® COOCH(CH), HO
Me H
Me
* H,N —_—
N
MeO L CHO 2H“‘ MeO
e COOCH(CH3), MeO o}
10 11 12
1) LiAlH,
2) NaCN/HZO Me:@@:; _10N-HNO; m m
4 -epi14
ED50 = 3ug/mL ED5O 4ug/mL
(L1210, mouse leukemia) (L1210, mouse leukemia)

Chart 2 : Synthesis of simple model compounds

of saframycin A 11

— 5. 1994 FITHBE PR EFTOFELIX, W7 TF7 14D
Mo EERFEFELEDANREDE XS ) IV O ST T LAk

7



AL, 7TV — A7 uaI K 15 L LA —RFEHEIEK 16 D
18 OB AR AR L=, AWiEEIcE T3 ERITEE I

TwWw72uv (Chart 3), 12

O
Me )
OMe
Br OMe ogn T Me 0
MeO 15
H
- . NaCN, MeOH =
—_— _—
N Quinocarcin (19)
H] 1
MeO CN
17 OH
18

Chart 3 : Synthetic studies on Quinocarcin and its related

compounds by Terashima 12

SHICHMREETIE, ity 7 I ~v14 v AEEHET VI
AL L Te6/6/6MEEET VAEAKRLE (Chart4), £§, N
AT )T b RFEKR 20 & diisopropyl glutamate 21 225 22 %
BT283 BLW 3-epi283 Z#2HELL, L2LAERNL, ZTHbODE

TrlbamIcE T b MaEEZTIZEAE RSNz, 13



HO

COOCH(CH3),
Me
+ HoN
MeO CHO COOCH(CHa),
MeO
21
20
HO O
M H 4 Q H
e - Me Me
_— —_— 2
N N
4 N
MeO % MeO 3—_H MeO s\'"'H
MeO o CN o CN
22
23 3-epi23
EDs = 3pg/mL EDs5g = 3pg/mL
(L1210, mouse leukemia) (L1210, mouse leukemia)

Chart 4 : Synthesis of simple model compounds

of saframycin A 13

X T, 2000 FfI1I2 AW Avendano H X AR KK O A Bk AF %81

AKEBEIZBZALRE, Ma-o 513 XN X707 e FFEAEK 24 &

N

mAk7UV 7% —F (25) Zfie SH 26 [TEMHB%,

Pictet-Spengler )i T 1,3-cis M BRI ET L &2 & L., 27 24
Wil EEE R T 2R L (Charth), 51X, KL ZE D
MENEEFRBEICHE 2 28 ICHEAY D DMAPICT=/ 7 — k
ERC3INMENAKRKE S, 3-epi 27 #1572, T O 3-epi 27 O
IEMEDN 27T ICHRXTERWZ &b, 1,8-cis D VL KELE ICHE L -
EC., EFEHEMBEREZSILICBBALE, TOME, 2MNEXEE
REF % Boc HICAE L7 28 2, b A2 A MM KR IC 3R B %
RT e EBIERUVUALERST oL ED LD T v LI
Z 7z 831 X 30 TIIMIRFEMENENZE L 1/10, 1/100 KK T T 5
EREETWHOLEMNMIT LI, I, WHIE 27T OFEEREE A = X L
DN 2 T o7, TORE, 27 T2 DNAZHEIE L Z LA

9



< MifEEH o G2IMBlICEE B 2" d T —EBD0 -ETH D
cdc2. weel, cyclinBl R EDOEMEZHEFT A2 ENHERKO 15T

b5 &M TV D,

MeO

O
Me CHO MeO Q
_Ac
+ N
MeO
MeO
24
. 14a-c)
27 : R =CO,Pr
28 : COzc(CH3)3
B —
—_— 29 : Me
30: Pr
31: Bn

26, IC5p = 1.95 x 107 mol/L

_CO,’Pr DMAP (2 eq)
CH,Cly, reflux, 1 h
>~ 32+3-epi32

(1:1 mixture)

LIAIH(O™Bu); then

TFA, Et;SiH
3-epi32 3-epi 27 '°

Chart 5 : Synthesis of tetrahydroisoquinoline and studies of

their cytotoxic properties by Avendano 4a - ¢

UEDOXSIT, 2 E TICARRARY O LSRN OSKIX
WL ODPD TN =TI X5 TATR I TE D, 2 ¥ MG
e 2z /B L T 0AMBREELEMA TWVWLIbDEIAL RV, £ 2 TH
Fix. 1M EoEBRENX, AROBEBREAX . 1,3 02K
FO2IMT7I /7= FP ) VBEOREREZZRICHAEGDE D Z

10



ERFRER . R AEEREOMEEREMN S LT CALNMICTT K
Lo ETAMNEGDHE B 2T VAL, TOLHKELEYTE
PEREMICBI T 2 A ICEF L (Chart6), ek, oL
Ok x TR AERALFRNMAERLIBEN T, ETEIF PEXRT UM
CRBDICAERAELEZZOND A XA T OEBMIE LB L

7’*4
— o

Me Me
C
N N\”) MeO
O
R \Lactamt e
A yp

Chart 6

11



i

W Loz T v A GERMET L OMHE

B8 1,3-F T U AEMNDE 1,3-3 AR ~D L

YR ETIZ, ThETICRKREICHEBEATEZR 83 19 O T 7 & L4
EEETFHMMD LT HUE Pictet-Spengler B PABR KIS L Y 3

KEFEPIC 84 ZMHEL . H

S

S KBERAL Y F UL DMAKNR, 7
PRRBETFNVICEDBEEMBERY ~DOEHRE ., KFALEFITFETF b
VU LICED2ELIZEY 85 ITAEMTELZ L2 RHL TS, 10
OFETIFTFEELT 1L ALE 3 ALAKFRF OMEKRSL KB E N

trans W& %= b O RABILEY 85b # 5 %25 (Chart 7),

1) TMSCI, EtzN, (CH,Cl),

MeO o) 2 ) (EtO),CHCO,E, rt MeO L O
Me _Me then Me : _Me
N TMSOTH, reflux N
N 93% N

MeO H ° MeO e
MeO o) MeO : O
337) CO,Et

34
1) LiOH, THF, MeOH, H,O MeO O MeO O

2) CICO,Et, Et;N, THF
3 ) NaBHy, H,0, THF

Me H N,Me Me E‘ N,Me
3 3
N + N
69% (3 steps) MeO Rt MeO T
8 4

Chart 7

T C®IC 36b b KRR LAKEEZ S D 1,3-cis 7 /v =2 —
Vo 8ba ~ D RMEALIZ O W THRF L 72,
¥ 9. 35b % methyl triphenoxy phosphonium iodide % F \» T

12



I ik 36 & L. %< D

87 I[Z&EH L 7=

MeO e
M : M
e = N e
N
MeO R \ﬂ)
MeO 1 O
OH

35b

( Chart 8)

(PhO)3P*CHjI"
DMF, 0°C, 1 h

B

88%

2T 87T ITXtT A e R

(el N SRR R Ol el 1 N

BUICX DI UibkFEOBRBE T F I R

o

DBU, AcOEt
reflux, 1.5 h

—_—

MeO H (0] MeO (0]
Me H NE Me Me N Me
Meom 88% Meom‘\‘)
MeO -\I (0] MeO (0]
36 37

Chart 8

n 7o AME OS2 R EF L2 (Table 1),

87 2% L T 10 4 & ® pridinium

tribromide ( L F PBP L W95 ) 2 0°C TRIGIHETHMH 10

£
U ATEIILT D ERAKRA

-~
fiuy
~

m O TFA F7F T . [[EE

ITCT10YE YT AKFBEIRLFRTTES B

(1,3-cis) DI ITAEBELE > 7 o

F 388a NEWIUKREBRMETHELNLDLI I EVPHLNL R

(= hU— 4),
MeO O
Me .Me
N See Table 1
N
MeO \H)
MeO O
37
MeO e MeO 0 MeO o
Me - Me Me N-Me Me N-Me
+ HN +
MeO MeO o) 71) MeO Hg‘m)
o) MeO (0] MeO o)
Br Br Me
38a 39 40
Ent Conditions Yield (%)
" pgp (eq) Bromination TFA (eq) NaBH,CN (eq) Reduction 38a 39 40
1 2 -20°C, 2 h non 4 -20°C, 18 h 8 91 -
2 2 -20°C, 2 h non 8 + 2 (add)) 0°C, 18 h then 2.5 h 54 11 6
3 2 -20°C, 2 h 10 13 0°C, 30 h 66 9 -
4 10 0°C, 1 min 10 10 0°C, 30 min 93 - -

Table 1 : Bromination and Reduction of 37

13



TIZT, ARISICBITDEEBEBRMEIZONTELZ L (Chart
9), . 7Tl 8T hoAELDT7TrE=DULAALAL Y FHE A
X772 LEBEHFZDOT VAMNIILVAI =LA FFHEKE B &
5, ZTO B I FEENY T PEXRT U UHKROBENREIC
RYVESRVMEZERT 20T, B FY REBERN XD SZEEED /N

SWVWHIALEEMICEE, 38a AL EMHAT L LA TE

AN
| |
MeO o) —
Me N Me — /Me
N > N
MeO \ﬂ) ® B N}—J&
MeO o) g ©
o)
37 A
———
Br, — Me
\ N
Nf N
R
( H &O
He ©

Chart 9

¥ 38a DMXZAEREIZUTICRTEBICIVERLZ, T

bbb trans-7 /a2 —) 85b 7 1 I K 88b I EH L =

—

( Chart 10 ),

H PPh3, CBr4
Me : N,Me CH,Cly, reflux
! -
MeO e 64%
MeO N O
OH
35b

Chart 10

14



WIZ, VT AT LA~ —

IH-NMR A X7 MV 7 — & & ik L 7o

38a

L 38 ®» 13C-NMR & L O

( Table 2 ),

Table 2 : Comparing 'H and 13C-NMR spectral data of both

bromides 38b and 38a

CDCl, (100 MHz)

CDClI, (400 MHz)

Atom No. 3C-NMR (8 ppm, multi) 'H-NMR (8 ppm, integ, multi, J in Hz)
38b 38a 38b 38a
1 164.9 (s) 166.3 (s)
2
. 51.35 (8 622 (0 406 (1H,dd, J=178,1.0 Hz)  3.99 (1H, d, J = 17.1 H2)
414 (1H,dd, J=178,0.7 Hz)  4.12 (1H, dd, J = 17.1, 1.2 Hz)
4 161.7 (s) 166.3 (s)
5
6 49.2 (d) 512 (d) 6.08 (1H,dd, J=10.7,37 Hz) 589 (1H,t, J = 3.9 Hz)
6a 1238 (s) 1244 (s)
7 145.9 (s) 145.7 (s)
8 150.2 (s) 150.1 (s)
9 125.7 (s) 125.7 (s)
10 152.2 (s) 1514 (s)
10a 1213 (s) 1232 (s)
" 286 (© 245 (© 2.70 (1H, dd, J = 17.0, 124 Hz)  3.09 (1H, dd, J = 16.4, 12.7 Hz)
347 (1H,dd, J = 170,45 Hz)  3.70 (1H, dd, J = 16.4, 3.9 Hz)
11a 51.38 (d) 545 (d) 4.38 (1H,dd, J=124,45Hz) 389 (1H,dd, J =127, 3.9 Hz)
. 129 @ 171 @ 354 (1H, t, J = 10.7 Hz) 3.61 (1H, dd, J = 10.5, 3.9 Hz)
3.92 (1H, dd, v =10.7,3.7 Hz)  4.01 (1H, dd, J = 10.5, 3.9 Hz)
2-NMe 336 (9 336 (q) 3.06 (3H,s) 3.08 (3H, s)
7-OMe 60.6 () 605 (q) 3.92(3H,s) 3.90 (3H, s)
8-OMe 60.1 (@) 59.9 (q) 3.79 (3H, s) 3.80 (3H, s)
9-Me 9.6 (9 93 (q) 2.18(3H,s) 2.22 (3H, s)
10-OMe 60.0 (q) 60.8 (@) 3.66 (3H, s) 3.71 (3H, s)

FoORER ., 13C-NMR Tix. 4,11, 11la XN 12 i D RFE> 7 F L

WWRKRERhMHEIARONTZ, ¥ 725, 38 %

38a (T ~T 4 L

4.6 ppm S~ 11002 4.1 ppm KBS ~.11laf 2 3.1 ppm &

Welg~. 124272 4.9 ppm mWG~FTNEFhyr7 L TW5S, &5H

2. TH-NMR 28 W T 88b ® 1llafu 7w h D> 7 F )it 38a

15



2T, 049 ppm KEH > 7 L TWnWbdZ Rl bnroi, Cl1
e ~—MIZBTL2ZOLIRILFEY T FPOEBWITRET 5T
RTCOMEMITH TITED, o T, ZZIWCRMLAZ NMR 227
M OEEZFHTIE 1A E 34O M LIRELE 2 & 5 I il 7

HTENTE D,

W27 X K 88a g /Ny 7 AIFAE T, 1,4-dioxane : H20
(1:1) ODIRAEEES, 80°CITT 25 B+ 5 & T L3 — b
35a MNULE 66% T 57~ (Table3), D —J5 . 38a % filf it # 1F
EF, GKkK7E®bbrd, MAKGMRT 5L 86a ZILFE 93%TH D 2

ENRTERE (2 FY— 2), 18

See Table
35a mp 194-195 °C
Conditions
Entry Yield (%)
Reagent Solvent Time
1 CaCO, dioxane : H,O (1 :1) 80 °C, 25 h 66
2 AgNO,  acetone :H,0 (3:1) 60°C,4h 93

Table 3 : Hydrolysis of alkyl bromide 38a

16



¥, Toa—) b 35a(mp 194-195°C) OEE L. X B S

I X kE L7 (Fig. 6 ),

MeO O

Fig. 6 : ORTEP structure of compound 35a

DX DI LT, 35b D 1A RMEALIT I D K ARAA X 32K KL E A

H o 1,83-cisB 7L a— )L 85a ~DOLEHWBRK AL -,

17



B L= I~ AT GEXEEETAIEY DA K

KIKH 1,8-cis DN KBEEALZ DT /L a—)L 85a "H L ==xF
~ A VY RMBERRDOLELWICHY T 2{LED ~DEBREIT -
7=,

FF. 7 0va— )b 8ba WAL 19D (T XV T U B ROIR
EMEARDERNCTZ AT LT D & 41a BILE 79%TH L L

( Chart 11 ),

2,4,6-trichlorobenzoyl chloride
Et;N, angelic acid
toluene, reflux, 50 h

79%

Chart 11

BT, 4la OB A FALIZOWVWTHRF Lz, {E&W 41a
WZxf LT BBrs 2 fEFHH&H7m LA, B /A TF LIK 42a T
Folt{BonNT . 77V INB=ZATLVHBSORMEIETH DT
7V U AT VIR 483a L E DO A F LK 44a BV T BRI

%M 57 (Chart 12),

18



(e}
H o BBr; (4.5 eq)

Me = >NMe 78°C then -20 °C Me 0
CH,CI
N 2~z N
MeO " j% MeO i j%
MeO O MeO (0]
© O Me © O  Me
41a [e) = H 42a O = H
Me Me

Me H Me Me H Me
= N, = N,
+  MeO
O

20% 56.72 (1H, m) 15% §6.73 (1H, m)

Chart 12

AT, T Y ImE AT (Z4K) LRMEMALTH DT
7V vz AT (B-K)D T HE L W 1BC-NMR A X7 kL5 — X
DB ARE SN TWVWD, 20 BiC TH-NMR A< b LB 5 E
=7 brofkEr 7 MEEIREH THOY . T T U BT AT
U 45 TiX (85.98ppm) I&. F7 VU v AT /v 46 Tik (3§
6.75 ppm ) N ZFhBW I D (Chart 17), S EHGEL LTz
ATV 48a D=7 m bt (§6.72 ppm) T, 44a TIlL (3§
6. 73 ppm) CZNFThEDbLDATWVWDIZ L, WFht B-ATH

5; gf ffﬁﬁmubfc (Flg 7)0

3.66 50.9

3.68 50.3
1.96 205 6.75
Me 0.09 Me
Moo Me O Me Meo H o H
t67.1] | 1ars 1674] _J1364
OMH 07283 H O%\/\Me Olzss6 M??’ .
5.98 Me 1.80 Me :
185 M€ 205 177 Me 11.8
angelate ester 45 tiglate ester 46
Fig. 7

19



LEoFERHNS ., 8ba O = AT fbizenid, BILBB X F v
fbZiT o N&ETHLEHW LI, EFT7a— ) 8ba (2 L T4.5
WD BBrs fffE F, —20°C T 24 B IS & D L EPL @& TT
JATF AL I T 4T7a BDILE B51%TH LT, i, & B

K 48a H LR 11 % CTHEIZE L7~ (Chart 13 ),

MO n g BBr, (4.5 eq), CH,Cly, -78 °C O n g MeQ 4 Q
Me : .Me  then -20°C 24 h Me : .Me Me : .Me
N N N
N N + N
MeO” 8 N \H) . MeO” 8 N \”) HO™ 8 i \”)
MeO o SM (35a) : 21% recovery MeO o MeO o
OH OH OH
35a 47a 48a
51% 11%
Chart 13

k. 47a OME X HMBC AHE & MR & T 258 M 2 AT I K 0

flesd L 7= ( Fig. 8 ),

Fig. 8 : Selected HMBC correlations of compound 47a

ThRbb, 47a 2B W T (8 2.45 ppm ) ICHN D 9 X F LK
D7 F ik (§148.5 ppm ) B L (8 149.7 ppm ) D 5 & I Ik
FY T FNMICHBER AN, 2, ClLI O AF LT a by
(83.56 ppm) ¥ 7 F )t (51485 ppm) ICHEMNALLEZ, —
5 (81485 ppm ) ORFEV 7T NLIT 250D A MF v T hrk

20



HMBC AHE 2 &< Bl SN 7eWZ ¢t 2EET HE, ZDORFBEV T
TN CI0OfLIZimE CE b, - T, 47a 1L 85a @ 10 fif A k%
CHERMATFAMLENT T 2 ) — L ThDEHE L, 2B, 48a

b FEARIC HMBC HHBH O FE Ml 72 AT IC L 0 T O & &2 MR L7z,

WIT . 47a OWNREH EZHMBELTHAFAMALDODSHEEZKRIFTL -

( Table 4 ),
MeO b © y HO H o y y
Me N Me See Table 4 ° m,; N e_|_ °
MeO” Y, Nj% MeO™ 17 TH HO TH
MeO Io) MeO OHO
OH
35a 47a 48a
HO H O
Me o~ N,Me
+ MeO H Nj%
MeO (o]
OH
47b
Reaction Conditions Yield (%)
Entry
BBr; (eq) Temp, Time 47a 48a 47b SM
1 4.5 -20 °C, 24 h 51 11 - 21
2 6 -20 °C, 6 h 31 9 - 10
-20 °C, 3 h
3 45 then rt. 12 h 26 10 10 6

Table 4 : Demethylation of 35a

L2 L . REOEZMLT L 47a ORNEPREKFLAE (= R Y
— 2), GIREZERETCLFIED L 1lafio B E RV
47b BEIELE (=2 MU — 3),

7/ — v 4Ta OWHENE ELARWERFEKIZ 85a @ 6 {7l
EOKBELFIRTVERFLEIOFL—a VERREICLDIKIED
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BHALLEZ, TOH HRKBREZRELTLOBR AT LTS Z
Ll L7, £9 38ba 27 &BX — I 49a IZEHEZE . WMol A F ik

i & 7= ( Chart 14 ),

AcCl, EtsN,
CH,Cly, 1t, 1 h

quant

BBrs3 (3 eq), -78 °C
then -20 °C
then rt, CH,Cl,, 12 h

26% 16%

Chart 14

L2 L7aNS 49a BB WM T 2FArifbEnTLEH> & RNH
HL7-, 2 C.3ba OR#ERLEL XV VAN EITE Z TREED KNI

Z#a L7~ (Chart 15 ),

BzCl, Et3N,
CH,Cly, 1t, 1h

_—

quant

BBr3 (3 eq), -78 °C
then -20 °C
then rt, CH,Cl,, 12 h

+ 35a + 35b
26% 16%

Chart 15
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L2L,.ZOHAELT AT AVOMAKSMEE 11a it B Z 722 0
WHEOHEBFIZITHM 2NN,

WIZ, 7=/ — ) 47a OB A F bz BmEF LI, T72b
b.4Ta 2@ K7 r=FU BT E=7U st v LAdV)
(CAN) FHETF, —17°C T30 XIa&sHimE A p-F /> b2a
DI 60%THELNTZ, "B, ¥/ 7 X —/ 53a BNIE 19%
THEIE L, &k %I, Williams 5 O 5 2D 2RFIC L7208 5 52a
T T VA AT AT LLE MR I THWET 2L =27
~ A GEYHET VLAY bda EEMT DI LN TE L
( Chart 16 ),

B BRFREST D ZORBEIT O L 2 BEIR 47%

T bhda 2 HFH T LN TE I,

Me CAN
N e

MeCN: H,O (6:1)
-17 °C, 30 min
61 % \ angeloyl chloride
(0] H (0]
1) CAN Me a Me
2 ) angeloyl chloride N N
N
47% (2 steps) MeO : \g)
O Me
54a O}\%H
Me
Chart 16

I
[1]
b

7T IEEREOTE T AILED DA K
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V7T A TR RRAYO LA IZIFZELE BT I R AF
ELTWD, 22T, MERKIE 22 ZFfHLTT/va— v 3ba %
THF ., 7%V A IR, VZ2RFALT I VIR U AT IV
(DEAD)., MU Z7xz= VAR T7 4 vrZ2ndhd 55&FTHO>HNT
EH T 3RHEBHRIEELLEZAL IR 5ba BIE T0%TH S L,

=F I F 87T NIHR 15%THEIZE L7~ (Chart 17 ),

phthalimide
.Me DEAD, PPhj
THF, rt, 3 h

Chart 17

WIZbba - X/ — N b FTVUHFAETNRERY S &

56a O 7 X UV EHBICHFETDH I I X L DNVEAR= VNS FHNT

WAfEAS LA I 57a nE 57 (Table 5),
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MeO (0] NH,NH,-HO MeO

H i H (o] MeO H (o]
Me SNMe see Table 5 Me oy Me Me 0
MeO R Njﬁ MeO ) Nj% - MeO R NW)
MeO o) MeO N
57a

NH,
56a

Reaction Conditions Yield (%)
Entry
Temp (°C)  Time (h) 56a 57a
1 reflux 2.5 31 47
2 65 2.5 82 trace

Table 5 : Hydorolysis of 55a

4 2> BT7a ix HRMS £ 0 X v kD74 Kk CisHesN3O4 TH
h . 56a ( 5 3 Ci1sH2s5N305) BNy RN THAKL7ILEYMH 5.,

I H I, HMBC A X7 b riZbB W T, 12D AF L7 kv (§
3.85 ppm, 8 4.43 ppm ) & 8 157.5 ppm D C4 kFE > 7 F VITH

EnRonzlenbzoMiEzmil Lz (Fig. 9),

.Me

Fig 9 : HMBC correlations of compound 57a

7 I 56a O FHNERILEZIMx 2720 B0 RIGIEE % 65°C
W TFF TGS D L2y 56a FITRINEK Q2% THELNE (=

Y hY— 2),
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> b6a ICHRFFHH L L E U BEAY 23 2K

171

VT, T

o XD ET I F 58a NI EK 84% TH LN 7= ( Chart 18 ),

pyruvoyl chloride
Et;N, DMAP
CH,Cl,, rt, 45 min

84 %

Chart 18

K2 58a & 5 Y E D BBrsfF7E F. —20°C 2T 6.5 FE[H] Sk &
L&, BEOMETHAFAULENTZ T =/ — )b 59a NUILE 45%
THLIL, MLERER 60a(11%) &, BEXWAF AN EST L
LYy avy ) —v 6la (9% )M EIZAE L7 (Table6, = b VU — 1),
REBARIGTIEH. REOELFHLZE2MLIEMRFT LB EDKE

WX EL RN T,

MeO 0
© H

Me NN -Me  see Table 6

-20 °C
N
MeO

MeO HO o

Me H Me
58a : N
w) w) Ho N oy M
O MeO H (@]
NH

Me Me
Reaction Conditions Yield (%)
Entry
BBry(eq) Time (h) 59a 60a 61a SM
1 5 6.5 45 11 9 19
2 5 22 36 9 16 10
3 3.5 22 42 10 4 29

Table 6 : Demethylation of 58a
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R#BIC, 7=/ =) B9a EEKTERM=F UL CAN f£7£ T .
—18°C T30S RTELEZA, V7T~ U RRKRARYWD

EXiMET VLAY 62a DNILEK 62%TH b7~ (Chart 19 ),

CAN,
MeCN : H,O (6:1)
-18 °C, 30 min

62%

Chart 19

Lo XL T, BHHEMME L 54a & 62a DAk & #E K

L7z,
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BB 13-FT U RAKERTET ALILEW DK B E K

B =T~ ETAMEEY DA K

BoETHR IO, KRR LR E Z /> =B8R p-F
JUYDHERICKH LIZOT, RiICzE~v—FEK, ¥2b5b
1,3-trans KO &K %17 - 1=,

EFT TN a— b 385b I L TIRAEIZEY = XT vibd 5 &

41b NI HE 99% TH 5 7= ( Chart 20 ),

MeO o 2,4,6—trich|olrobe'nzoyl chloride
EtsN, angelic acid
toluene, reflux, 78 h

MeO O

99%

Chart 20

ft < 41b DER M A F AL TR EH = 2T L “HEE S O R E

FEVY 48b & 44b N EN TR 34% L 19%TH S5 iz ( Chart

21 ),
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BBr; (4.5 eq)
-78 °C then -20 °C
CH,Cl,

O  Me
42b OMH
Me
MeO (0]

(@) H
43b OMMe
Me
34% 56.80
(1H, m)
Chart 21

19%  56.82(1H,m)

CORAEL T U Y AT AT L 41b O E S A F oAb X K

ThHhol=DOT, T 85b # BBrs Tl A FNfbT D E 7=/ — )L

47b NI E 81% TH LN T

BBr3 (4.5 eq), CH,Cly, -78 °C
N- M€ then-20°C, 22 h

( Chart 22 ),

SM (35b) : 10% recovery

Chart 22
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Wiz, 47 #&EAKTE F=FVU L CAN fFEF. —17°C T
30 RIS SED E p—F /7 52b DI FE 79% TH LT
( Chart 23), e, ZOHE B LRI A BRI » & XA
IIZx 2 7k HZ = 53b ALK T % THIAE L 7-(p.23 Chart 16
ZH ), TR ERNTERET 5L 52b (transtk) D% &1,
52a (cis 1K) TR THIEHDOKBEIE L | X/ I VA =Ko
PDESVRIEZEZORVWEB X OND, €E> T, 53b ® J7 A Rk
Lz < W& WL 7z,

=

B#%IC 470 ® CANMLE It = 2T Akl o T A3
RRERMoOEETET MVILAY b4b & 2 B EILE 59% TH 7=

( Chart 23 ),

OH O
Me - _Me CAN
N MeCN : H,O (6: 1)

N 470 i

MeO > \H) 17 °C, 15 min \ﬂ) —+ MeO \ﬂ)
MeO = i O Med O—
OH
47b 799 52b 7%

1) CAN o o

2 ) angeloyl chloride Me '; N,Me
N
59% (2 steps) MeO e
B o

Chart 23
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B Y7 I~ A TV ICAEER O T VIEEY D E K

F97Vva—n 3b & THF ., 7%, 4 I K, DEAD, FU 7
T2 NAVARAT 42N TR LY EHWTER T3RHEIIS SED
&4 I F 55b WEEMIZH LN (Chart 24), 728, 2 2 Tl
TNy OAERIZTELS RN oo, SEAREE OE WD EE LY

DERICHKE L2 5 2 5 S X EEWY,

phthalimide
_Me DEAD, PPhj
THF, rt, 30 min

quant

Chart 24

fEWT bbb =& ) — ) B RT VU TUET L EH KT
TV 56b BNIE 9I%NTH LN, ZOHGEFMBAETRL TH T I
YT RZEANKE =NV EASADBREMTESEI DR o, RIT,
7Y 566b ML ATF LR, AL UEBEAYDE =R, 1M

Kits S5 &7 2K 58 ALK 89% THE B 7= ( Chart 25 ),

MeO H 1 MeO H O pyruvoyl chloride, MeO H 0
Me : N,Me NH,NH, « H,O Me : N,Me EtzN, DMAP Me z N,Me
EtOH, reflux CH,Cly, rt, 1 h
N I—— N [ N
MeO H7 99% MeO e 89% MeO e

MeO  _ O ° MeO I O ° MeO < . O

NPht NH, NH
55b 56b 58b (o] ©
Me

Chart 25
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22T 58 & 4HED BBryfFET, —20°C T THRMIGS
e A, 7=/ —v 59b B E 81%E LY LY /) — b 61b N

IW*E 3% TExhFnsE sz (Chart 26 ),

MeO L O HO L © HO L O
Me. 0 -~ ~n-Me  BBrg (4 eq), CHyCly, 78 °C Me SN Me Me L
ta then -20 °C, 7 h
N N N
MeO H %o 71) SM (35b) : 16 % MeO H T HO e 7\)
= : 0 recovery = =
MeO " X O MeO O MeO N O
58b o)\fo 50b o)\fo 61b o)\fo
Me Me Me
81% 3%
Chart 26

Efo X 91T, 6,11a-trans & 58b 7 & WAL & & R M TH 5 ik
AFALibENLIHEBIZHOWTELZ L7 (Fig. 10),

£ 9. 58b & 58a OLEEVARKBEIEIZEB W T, 1AL A VAR =)L EE
FL 10 A M UBEICERT S L 58b T2 62 H W I
LTW%, 22T, ThomMBARFORTHRUYARFLFL—F
EIRER LT 257 58b X 58a DM A F AiLiZ~TEW

fLEERMEEAT LI L BERL T,
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NHCOCOMe
58b

Fig. 10

K%, 7=/ —J) 59 2G5 K7 v h=FUr,  CAN fETF
T, —18°C T30 W RIKILEER-LEZA, V7T~ 420 % KK
Mo ERRBMENTET VILEY 62b NI EK 88% TH L 7=

( Chart 27 ),

CAN
MeCN : H,O (6: 1)
-18 °C, 30 min

88%

Chart 27
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H
[1]
It
N
/71
N~
|

MU LVEREZAETDHIEFLET VD A K

T4y MEXHET VDA K

%H%
|
=
.
1
H

MHIZ. L= Tv A MBEOHF 75 2A 20 ADE S

M TDETNALEWE O WA KN 21T 72 o 7= ( Chart 28 ),

Oxidative demethylation

'\ o TsO
R H Me _Ns
Me z N,Me N
_N EtO_ OEt
oo Amg —  meo H\K ry
© I (GBS MeO o)
Pictet - Spengler ™/ Riy 74
cyclization g
/" Reductive cyanation U
TsO e)
Me CHO -Ns
rk%t HN
+ N +
MeO ﬁ “OR,
MeO Ar O
66 24 64 65

Chart 28

TTCICAWMRARRERsTEp-F /) VT 7 ZLET IV A DA%
FRMNDETDHETH YT 7L, BOBEERICX L TCIHEFICALE
RE VRSV OLDOD VR VENEGFET SO E S TR
WZ LN THDLH, EZ T, a7 I/ =R LVOHMEEEREL
Tl AR Y=y b LT 1IN AINANR=VEE LR T S
ALhEBREL.TOEGRBRELIRER LI, T bbb, 77425 74 O
W B Pictet-Spengler B PAER I I 12 £ 0 BER 2 5 & 5 U X[ & 72 <
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AREBECETN YT VIR FARERTH D, 2B 74 X CHEREEmM T L
TER 6629 22507V v rFEAK 64 X 65 ZIHKMAE S
HZ L THRHIZERAETD D,

FF .75k K66 # NaBH, CiE c. A L7272 — )b 67 %
NBS LA F A2 Lv7 0 FiIZkv&EFEALE (Chart 29), 253D &
R 68 13, AR Ly vy 7HE 7520 L L L ICHMBBE
Byl g L K L ) U AFEIAET, e SETT I BT AT L 69
CEBLT7Z, T 27 L 69 %, LiClH X O NaBHy 2 5 % W
THM L7 LiIBHsTEL, o7 I/ 7 ba—Jb 70 OF—
W7 2% BocO THREL T 71 257, 2T 7112/
/b (Ns) 3 29 CTiEMibsE 7270y F L 27 )L 7620 %
FHIER S THAL T 72 2572, K#%IZ 72 ® Boc k% TFA T
KB E 28% T v E =T KWWK THFmMT 5 & BRI TWNER
EREZD T 7525 T4 PNEIT%THLNTL, 2D K 51 66 »

57 TR TBEREMERABE 74 25252 LTI LK,
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NaBH, (2 eq)

36

0°C then rt TsO  Br
TsQO Q' MeOH, CHCl TsQ QM NBS(45eq) Me)S(sdeq)
Me A:1) Me CH,Cly, -20 °C then 0 °C, 4 h e
L
MeO' MeO 85% (2 steps) MeO
MeO MeO MeO
66 24 67 68
75% (4.5 eq) LiCI (5.0 eq)
BuyN*HSO, (1 eq) Me t h. (3:4) Me
CH,Cly, 0 °C then rt, 2.5 h OBt .5 OH
NH NH
91 % MeO 2 85 % MeO 2
MeO MeO
69 70
TsO 76 : Ns-Gly-OEt 27 (1.25 eq)
Boc,0 (1.5 eq) Me DEAD (1.3 eq) TsO 7 NO2
0°Cthenrt,2h . Me .S TFA : CH,Cl, (1: 1)
PPh; (1.25 eq) NI
MeCN NHBoc 2 o
MeO THF, 0°Cthenrt, 25h |\ ,NHg 97%
uant Boc  [I"OEt
g MeO 92% MeO )
71 72 5
TsO O NO, TsO 9 NO, 75 26) = %OEt
I
Me S S N
- H,N ©
MeO 2 o
ZINe=
MeO (e}
74 o]
73
Chart 29
y = s, - A = -
W2, Z72 5 74 6 FABRBKTT ~OZEHIZHOWVWTHREF L
( Table 7 ).
TsO 0 NO, Pictet - Spengler NO,
I cyclization
Me Nzﬁ See Table 7
O —_—
HN
MeO TH Et0_ OEt 28
MeO o]
74 OBz 77
Reaction Conditions
Entry  Scale TMSCI Et;N TMSOTf  Acetal o Final conc. ) Yield (%)
(mmol) (eq) (esq) Solvent (eq) (eq) Temp (°C) (mol/L) Time (h)
1 01 20 20 (CH,0D, 5 20 rt 0033 2 76
2 0.1 20 20 (CH,0D, 5 20 0°c 0033 20 76
3 0.1 20 20 (CHCD, 10 20 0°c 0033 10 83
4 0.1 2.0 2.0 (CH,C, 10 1.5 -17 °C then 0 °C 0.033 20 then 8 93
5 2 2.0 2.0 (CH,C, 10 1.5 -17 °C then 0 °C 0.033 20 then 8 74
6 0.5 1.3 1.3 CH,Cl, 5 1.2 rt 0.20 1 96
7 14 13 13 CH,Cl, 5 12 rt 0.20 1 quant
Table 7 : Pictet—-Spengler cyclization of 74



T, T4 MO BRIALKIEE Chart 7 (12 X—) 2R L&
IEC CTEHEIR TIT 9 & 77T DINEF 76%THLNE (=2 MU — 1),
RIZCKISIREZEIRLS 0°C.EHIC—1T°CETFTF D& 77T O
WERbEFrnombEL7E (=22 MY — 3,4), LMLAERBDL
A —=NVT v T THERNERLLETFTLE (2 MU — 5), 20
FRZHELEBWY 77T PwEEIORELEKIGLTAELLEEEbN
5 78 MEIAL Tz ((INFE 4%, Fig. 11), 7 H. 78 O LK X
Chart 30 IR LM CH#IT L b EEbilsd, £2 T 74 12
L CTMSCIlB XN EtsNO R 1.3 YE 7% —L 79 % 1.2
VEFEFTHEST DI E TT XWETCELINETHELAL, (= MY

— 6, 7),

O5N 4.86 (1H, s)

OTs

' Me

\

\

v 3.09 (1H, dd, J = 8.8, 3.4 Hz)
\

3.95 (1H, dd, J = 8.8, 3.4 Hz)

Fig.11 : Selected HMBC correlations of compound 78
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_ /\O
N ®
/\O O/\ \O> ] . A
-exo-trig
’)/ TMSOTf H ®0 0
O (/04
(e} O
79 X
OTs H
M : _N
e - N S
N —
MeO - “JH

MeO :\qo
77 082 Me ~ O
\e/\ H>

Me*S‘i*O*§*CF3
Me O
TMSOTf

Chart 30

B TT OMEEIT, T DM VLR 80 @ X MR AL &L A & A

Bricck@® L7~ (Chart 31, Fig. 12 ),

OTs
Me

MeO

MeO 0
o

Chart 31 : Removal of the Ns

K,COj3 (8 €q)
PhSH (4 eq) OTs
DMF, 1t, 1 h

91%

mp 141-142 °C

group of compound 77

Fig. 12 : ORTEP structure of compound 80
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TODEXIOIC.EBAT VXA LOEREZER LIZO TRIZZNET
DOFHEIWCHEHLE CHYIEEE 2Kz 52 L. 2 ATV 77 &K
Wit > N U O ATHASLTT/Lba—) L 81b & L THh 5 I vk

Y 82b # R Tx=—F I R 83 IcL# L7~ (Chart 32),

2y NaOH / MeOH (3.0 eq) Me
MeOH, rt, 1 h

99 %

77
NO, OTs (.? NO,
(PhO);P*Me I DBU (2.0 eq), DMF Me N/TQ‘.'
DMF, 0 °C then rt 0°Cthenrt,1h N fo)
86 % 93 % MeO \ﬂ)
MeO (@)
83
Chart 32

W TINETORBESRUETT 83 ICHBr Z2fMEE 5 L BAk

N

Y 84a NI K 94% TH H 7= (Table 8, — > b U — 1),

1) Bromination (10 eq)
0°C, 10 min
O NO, 2) TFA (10 eq)

OTs O
Me .S NaBH3CN (10 eq)
NG 0°C,1h
N
MeO TH See Table 8
MeO o}
83

Reaction Conditions

Entry Scale o Yeild (%) "5
(mmol) Bromination reagent

1 004 PBP 94

2 04  PBP 81 (1N HCI 3£3%)

3 04 PBP 78 (1N HCI #&#%7%0)
4 002 TBA-Br, 77

5 0.04  PhNMe,*Br, 94

6 04  PhNMe;*Br, 89

7 25  PhNMe;*Br, 93

* PBP : pyridinium bromide perbromide
* TBA-Br; : tetrabuthylammonium tribromide

* PhNMe;* Br; : trimethylphenylammonium tribromide

Table 8 : Steleoselective bromination of 83
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L)L, 2OLEBTHEATr— AT v 7T 5 ENERETLE
(=2 FVU— 38), ZhiT,. BLHEZICPBP L RAETLHE DY UV
DHEFEICERT 2 &E 2, HAHEK, B5HIZ 1IN/ HCI KEKIZ T
YUV ERWERNNER EIZORBL o7z (22 MY —
2), WICRFAFIZOVWTHRFTLEELEZA

trimethylphenylammonium tribromide # FH W5 & . 84a % Z €

LR CxANBTHELEERTXE (2 MY — 5~T7),

K%BIZ, RitW 84a & /AKT7 & Mo, WHEBEAFAE T, MAKD

it L C cis-7/ba— )L 8la # WX 98% %7~ ( Chart 33 ),

AgNOs; (5 eq) NO
acetone : H,O (3:1) Me
60°C,4h
98% MeO
84a 81a
Chart 33

ST . AMECHRbBbEERZMEILZa 7 I/ =FILVOEETH D,
COHRMEEKRTLIANIC 8la WHEETIHREREZBREL THL
VEND D, £2 T 8la(cisthk) © /7 IV EEEEMSFMHET., F
7=/ —naEHnTliki#E, ECREHE KT I 8ba %

Eschweiler-Clarke &2 & W N-A F /L {k 86a & L7 ( Chart
34), L2xL7ann, ¥ 27 87a MNEIE L, KKEiZ b

Z7— kK 86a bt KTV —KfnWTULEHETELET7 /) — /) 88a
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NENE, "B, 87a bk RT Y W+ % L 88a (T

glm
4
I

RETH D,

N02 TsO
KoCO3 (Beq) Me
PhSH (4 eq)
DMF, rt
MeO
88%

TsO

NH,NH,+-H,0 : EtOH
(2 :1), reflux, 12 h
- 87a
93%

NH2NH2'H20 : EtOH
(2:1), reflux, 12 h

86a

93%

Chart 34
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— 5 .1,3-trans e & %X H 3 5 81lb MO R, ks T D trans—

7 x /) —J) 88b (& H L7 (Chart 35),

KoCO3 (8eq) Me
PhSH (4 eq)

-Me NH,NH,-H,0 : EtOH
(1:1), reflux, 18 h

63%

Chart 35
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W T ENEBENAE S 7 trans {8k 88b #HWTZ 7 X% A ViR

=NV EOEHSETS., YT EOEANEKE L7 (Table 9 ),

1) hydride reduction

2) KCN products
89b ~ 93b
See Table 9
Reaction conditions Yield
Entry . Reduction L Cyanization recovered
Reducing agent (eq.) “C. h) Cyanization reagent (eq.) time (h) 89b 90b 92b 93b 91b SM
1 LiAIH, (25 eq) rt, 3 h AcOH (20 eq), KCN (8eq + 8eq) 18h+4h 32 - 26 - - -
2 LiAlH, (25 eq) rt, 3 h AcOH (110 eq), KCN (8eq) 18 h 48 - - - - -
3 DIBAL-H (5 eq) -78°C, 10 h AcOH (10 eq), KCN (8eq) 18 h 55 11 - 35 - -
4 Red-AI® (25 eq) 0°C,3 h AcOH (110 eq), KCN (8eq) 18 h 58 27 - - 1 -
5 Red-AI® (25 eq) 0°C,3 h CICH,CO,H (110 eq), KCN (8eq) 18 h 13 - - - - -
6 Red-AI® (10 eq) 0°C,3h AcOH (110 eq), KCN (8eq) 18 h 4 - - - - 90

Red-AI®: Na[AlH,(OCH,CH,0CH,),]
DIBAL-H : [(CH,),CHCH,],AlH

A W D S

Me

MeO

MeO

93b

Table 9 : Reductive cyanation of 88b

¥ 9. Williams  ® J % 30 [ZJAL TZ 27 # A 88b % LiAlH4
I THE Ay iE e, ft W CHEFE I L OV 0.5N/ KCN KB % I 2 T 22
MR T2 a7 I/ =F UL 89b BNULEK 32%TH LN T
(> bU— 1), 2B, AfiE mp 155-156 °C O 7 U XA TH
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W, HMBC 2 X7 P LIZBWT N-AF 71 b (8§ 2.38 ppm )
I ATFLURE (858.8ppm) BITOR3MATF L mHE (8
57.8 ppm ) ICHEAZA LN, T/ 6MDOAF 7o by (6§4.12
ppm ) L A AFURBEI S FALLOMICHBENA LN Z &2
bZOFHHEEEZHRE LT, S C4AforT 7 EONKREE I
89b D HijfE s X M MM EMTIZ T 4,6 D AF 7 r b Dt

XS AR AL & N trans TH DH ERE L7 (Fig. 13 ),

58.8 ppm 2.38 ppm (3H, s)

mp 155-156 °C

Fig. 13 : Selected HMBC correlations and

ORTEP structure of compound 89b

kB, RIS TIERIARY E L TAXS YU U2 92b 2SI FHE
26% TR LN, AT, BC-NMRIZEBWTHEHK AT v RHE L
LCIERFICEBE Y VL7 F v (689.6 ppm ) 28I X
n, 2oy 7 FrE 12 AF L7 by (§3.00ppm) B LW

(84.04ppm ) O ICHMBCHE M N BB SN b ZF0#E %

#ew L7z (Fig. 14 ),
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Fig. 14 : Selected HMBC correlations of compound 92b

WIZ.89b DINHKRH EZHMEL TWL D20 D KM TRIGE T,
FT. HEROEE 208 &0 110 Y E~H{OT &, AU U
VAR 92b DAREMX D ENTE, bT 2R N5 89b DI HE
i #E & (Table9, = VU — 2), ki, =LA %
DIBAL-H ICEE T 5 & 89b O HEMN 55%F Tl EL7Zb DDl
FllZBEEENTZT 2 98b BILE 35%., 89b {7 & E % {& 90b
WILE 11%CElA L7 (=2 U — 3), &EMWIZ Red-Al® % &
TRl E L THWEEZAAMIZY T 2 EREAINTZILAEY 89D
I HE 8% THL (= U — 4),

B, =R — 3R 4B T HEAEKRY 90b i HMBC & X
J PVIZEBWT I AT LT e by (8§2.55 ppm ) & 31D A
FrRkFEZ7 ST (§b64.1ppm) WKHBEPAE NI L, £/, 6
fMiAF 7 by (8§ 3.76 ppm ) & 4 ffATF VU RFEV T T L
(648.8ppm ) ICHERALNL Z b ZOMELHE L., &K

I A X A EMATic Tz omE xR E L7 (Fig. 15),
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2.55 ppm (1H, dd)

MeO

H
MeO OH \
54.1 ppm
48.8 ppm

3.76 ppm (1H, dd)

mp 200-200.5 °C

Fig. 15 : Selected HMBC correlations and

ORTEP structure of compound 90b

=T h)— 4iZBWT 77 %L 88b "oba-T7 X/ =K
89b & 90b. B X O 91b ~D A K&K L Chart 36 23T X 9
WWiBHT 2208 Txb, T bb, 7745 88b Ak KUK

-

EuoSNn, A =TV AT PEE APELD, TITT AL
T AR A A RIMT DL AfIC YT S EBRBEASN D,
— 5 AP WVwoltAxzF I B ERTAI=ULALTHHEIE
ClIcEMEL T T /N EZDE SN YT /LK REHES

QARSI
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H H
z N,Me S : Me
N
| H |
N\”) N?
"0 N S om
OH “OH
88b J
H Me H
i NS = .Me |;| .. Me
v | T el N s [ YWY
H? H NS N%i/H
A CN H=: U e
g H
Q
CN
iminium ion intermediate A
H
H N,Me C®,Me
ios: o
‘CN :
H I HY:
\OH OH
©
CN
iminium ion intermediate C
Chart 36

Fl.ZENEFNDaT I =MV IVOERKRIZEBIT D IR ERMED
FEHIZOWTERLEZ,Myers Hida-T/LAU J=FUILDAKIZ
B DR RPRE B A LLAT Stork B L& 2 F 31a)
CESWTHFRNOT I vEZDOu — o X7 LHEBEDOKERS

X vHlEED &AL TS (Chart 37 ), 31b)
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o HCN CN CN

H)KrNHFmoc CH2Clz, MeOH, (\N;\rNHs + (\NJ\rNHZ

morpholine,
Ph DMF; CF3CO,H © Ph © il
94
95 96
999
(99% ee) 67% (93% ee) 12% (89% ee)
B N=C-H ]
: NH2
OJ\N EI

Chart 37 : Selectivity of aminonitrile formation by Myers 31b)

DIRWE S EICT 5 L, Conformer A-1 12X 5> 7 /4 b»N 2
frEBR Ao —0 X7 LEERLE o fMIr6EITITHIE 91b & 5 2

TTHD, LorLl, 6MMIEHICE IV EEFEIRETWED, K

)

¢

el

SN ERT D UBENEREKE L7 Comformer A-2 & 72 o Th b 2

oR
k=
o

CERREFOR— L RTERAL BE D YT LR ETT R

—

89b " bLbNDH, ~HT. AI=vstlg BIZEWTHMNMEXRIF
D —rXTERULE a b7 JfenETSIE, 3T

bk 90b NEOLNT-EFE RSB T& % (Chart 38),
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Iminium ion B

H
|uw 3 N2 H
5N C)\Me

Comformer A-1

—_—
-«—— H

| NC—H Comformer A-2 | i-|—CN

91b 89b 90b
(1%) (58%) (27%)
Chart 38

7B .89b DEDL ALK EEFHMNETDINIGEOHLEFEIZDOWVT
BEtLZn, CRUERBWHEREISEONZ D2 57 (Table 9, =

KU — 5,6),

WIZT I a—) 89b 6 2,3 DENYEHET LV ~LH L -
(Chart39), ¥ 7=/ —/ 89b #&AK7 & b= VU L CAN
TR LZEZARNINT S p-F /2 970 NELNT, & ZADH
ERMIET ) B NDO BT A7 e NZEX DB o® T oL T
LESZENHHLEZ, 22T 970 FRBHROEET 7Y IR
T AT 98b 1T 2EEBINRKR T1% CEMRTEZ, LirL., LI
RNEE?Z 9T ZRHB T 22 L FIWNFEOHBHMEICEELRITLTL
FOHEMEREWVW, T THD p-F /) = X T L O AT 89b %
T ATV L TS, BB A F AT 52 2ITL 2,

9 89b 6T X — K 99b E/E CTEMALMIBL A F LI LV
p-x /7 X —F 100b ZmINRTHEDLI LN TE L, FKIZ
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LT 8b b 7urbEAx—hF 101b K T 102b O A KT K T

L7,
CAN (2.5 eq) o Mo o
eq e H
oH H MeCN : H,0 P Me S Me
Me = N .Me (6 1) 17 °C O H N
N 30 min L MeO . \I)
MeO SN SR HE
R 1% o T Me
MeO o N (2 steps)
OH 98b OMH
89b 97b Mo
O
AcCl (20 eq) OH CAN (2.5 eq) u
(CH,Cl),, 60 °C H MeCN : H,0 Me : .Me
1h Me =~ Me  (6:1),-17°C, 30 min N
8gp — > N \I)
92% MeO , N\|) 81% MeO gn
H = H o) . CN
MeO ~ 1 CN OAS
OAc
99b 100b
M oH H M CAN (2.5 eq) (0] H
propionyl chloride (20 eq) e SN Ve MeCN : H0 _ Me i Me
(CH,Cl),, 60°C, 1 h N (6:1),-17 °C, 30 min
896 uant MeO H?: HY o MeO — N\|)
q MeO \O CN 90% o H ;\(H) N
Me M
101b o%\/ 1020 e
Chart 39

2> LT trans DG EEZ DV =X ICBWTa 7 I/ =
FULERELEZ L SOLEEE T L (98b, 100b, 102b ) D A LI A
L. ZoBRBETHYAEELTVWEWS 2D E KIS Lo EE
FEMIKTHENTERE, 2T, cis DM YKEEEL S DT
Jpa—J)b 88a MHLEBICKIET D p-F /v ATV ELHKL T,
T bbb 77 %L 88a % Red-Al® THmE L., BFEEZ M2 THH
0.5N/ KCN KR T 1RHBEH T LI eI T 207 I/ =FU b
89a MU E 69% T H i .89a DL E E MK 90a 23U 20% T &l

4 L 7= ( Chart 40 ),
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®
Ve H Ve 1) Red-Al ® (25 eq), THF, rt, 1 h Me Me Me
Y~ N’ 2) AcOH (110 eq) then N
i N A
Ve NTH KCN (8 eq)in H,O (0.5N), i, 1Th  MeO MeO g \/§KCN
MeO 1 e} MeO H
OH OH
88a 89a 90a
69% 20%

Chart 40

TAKY 89a 1. HMBC A X727 AL iICBWT N-AFLEDT
7 hy (§2.21ppm) & C1BLXOVOCIRFLY 7T LOME, 56
2 C4AF 7 by (§4.48ppm ) & C6 RFE T 7 F WV ITH B R
Aoh2Z2 o0V EMEZHERTL2IENTEDL, b1
IH-NMR 2 X7 PLIZB T HFEEEHEFR D & 2K

DIEFT N D T Do EZ AL (Fig. 16 ),

11.3 Hz

2.21 (3H, s)

56.0 ppm

4.48 (1H, 1)

Fig. 16 : Selected HMBC correlations and

1H-1H coupling constants of compound 89a

— 7. BIAERYmTH L EMEEK 90a OMIED TNk TE RIS

NMR A X2 MV F — X OMICEY fERLE (Fig. 17 ),
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11.2 Hz

H 10.7 Hz
59.9 ppm 57.0 ppm N ‘,WS
% 2.37 (3H, 5) AN

M ! M /
e N;j N—
N_ . 3A
MeO R - AN
Y H\ N HO HA 1k
HO \ 55.2 ppm H
3.24 (1H, dd) H
2.82 (1H, dd) 29Hz

2.4 Hz

Fig. 17 : Selected HMBC correlations and

1H-'H coupling constants of compound 90a

B, cistk 88a D 89a & 90a Ok HAE X, trans B MK
CRIE.EZEFZFOr —0 XRTERIUCMAM»NS T 2V EPREAIND EHE

ZANIEFERLSHBHEHTE 5 (Chart 41 ),
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intermediate A

intermediate B

89a
(69%)

90a
(20%)

Chart 41

W7 =/ —)b 89a % CAN I XV EILWM A F Libd 5 &
p-F /v 97a B E T4% TH 67 (Chart 42 ), A& IT xS T
% trans BMEAR 9Tb O A LRV I T LA~ MK HBEEN
AEETCHD, ok, BIK* /v 7k —) 108a B E 22 % T El
£ LT,

CAN (2.5 eq)
H,O : MeCN (1: 6)
-17 °C, 30 min

Chart 42

BplIcTva— 97a kT AT LT 5 L HM LT 27 5 Y
T AT L 98a MULE 80 % TH H N (Chart 43 ),
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angeloyl chloride
CHJ.Cl,, rt, 7 h

80%

Chart 43

S HIZ22D cisB p-% /7 ViFHEIK 100a & 102a = &5k L =

( Chart 44 ),

CAN (2.5 eq)
AcCl (20 eq) MeCN : H,0
(CH,CI),, 60 °C (6:1),-17°C
55h .Me 30 min

—_—

89a —m———

78% 78%

M CAN (2.5 eq)
propionyl chloride (20 eq) N V€ MeCN: HZE)
(CHCI),, 60 °C 6:1),-17°C

30 min

1.5h

89a

80% 64%

Chart 44

UEDOD X257 I/ =2bILERERELZbLDL=2 T <A 2V

WMHERAMOLEErHEET L QM. ZNEN 1,3-VT AT LA ~—)

D AR B L T2,
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WO b7 I~ AT AEEEETLOAE K

A CTHEELVEYEBBTIRZL2EEPHET LOAKIZDONT
it L7z (Chart45), AWFEOREERICIE. 7 22 107a & KEIZ
HHETIVNELND D, £ cis-T/NVa—)L 8la I 7 XA K&
JIE SIS ST ANT S L 104a ALK 60%TH LN, =) I K
83 2% 10%RIAE L 7=,

Wiz, 4 F 104a #z DMF ., 47 =/ =T/ ¥ ik,
EUEHE _#H&7I> 106a # N-AF {k L T 106a & L7, &
IZ106a # =% J —/LH B RT P r—KWmeE Lt bHiZ 60°CITT

1M EEEE, 730 1072 BDELLTE,

NHPht (5 eq)
PPh3 (5 eq)
DEAD (5 eq) Ns
THF, rt, 30 min N
%H
o)
104a (60%) 83 (10%)
I;ﬁ%% é4 o) TsO HCHO, HCO,H
(8 eq) , 2
DMF, rt, 1 h _H 70°C,1h

104a

85% 89%

NH2NH2'H20 : EtOH
(10: 1), 60 °C, 1 h

98%

Chart 45
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WIZ, 107a 6 7 7 HE AFi{A 111a (% E L 7= ( Chart
46 ), IZ U DT, B FTZ YV vr— KWL v 107a =W b b9

HEWtrE KR THEOE — KT

17

NP W (VAR R A/ SNV NI v )

/

=NEOBTH TFHABAKMA LIZA I 108a NILEK 84% TH D
Wi, —Ji. 107a % MeOH 1, Mg Z# HH W Tl ~ >k 32 F %
L7 x/—)v 109a B E 66%.108a N K 10%TTHZNEH
N, ZTO X5, fIEHO 7T I 7 AFAVERITEEESHET., 400
ANVE=NVIERGIIRILT D, T2 T, HonLCH 107Ta OT
R AFNLMIEE Boe ETIRi#E L T 110a (&%, N> ik

T 5 & 11la @R TH LT,

TsO

Me NH3NH3H,0 : EtOH
(2:1), reflux, 8 h

84%

Mg (50 eq)
MeOH, 1.5 h

Boc,0 (1.2 eq) 66%
MeCN, rt, 1 h

92%

Mg (50 eq)
MeOH, 1.5 h

92%

Chart 46
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WIC.BRBEBTCHDL T VA LINR =V EEFERNNY LT 5T
JHEOEBEBANICOWTHRF Lz (Chart47), XL ®»ICZ 111la 2 T 1
FTCORBEVWKIGGFHEZHAHWTLAHELEZRNAMNET D 407
JR 112a OWHERIL 36% TH Y . E I E R MEAR 118a 2L

51% T b Tz,

Red-AlI® (25 eq), THF

HO H rt then H
Me 2 ~n-Me  AcOH (110 eq) Me 2~ Me
KCN in H,O (8 eq, 0.5N) 3
MeO N erJ MeO N N\/%\CN
MeO H (@] H
NHBoc NHBoc

113a
(51%)

Chart 47

4 TIZ Chart 40 (51 X — ) IZ/ R LR LEERYY  4E, 3-6-
T fbE iAW 118a R EEKH E L TH LB BT K
DX HIZHP TE S (Chart 48 ),

Thbb. 77 %5 11la OFHZEILICEIVAEALD A I =D LA
cH., A I =T LAKKRRT ER

~

AR A o 6 A A EE D
7 I AM1I3-OTHNIEFE L, ~F. = FI &L TAEL
HAI =LA FHEE B IEANDFHICEMTHY, BEFE O
— VY XRXRTOTVARMNTEDL pHINPEDOTT KO MMBAHELT L T

113a * 5 %2 7=,
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Iminium ion intermediate A Iminium ion intermediate B

1,3-allylic strain

113a
¢' (51%)
112a

(36%)

Chart 48

B, WMAERYOMIEIZZ N E TRAER NMR 2 X7 Lo figfr s

REHEZiCL TR LEZ (Fig. 18,19 ),

12.6 Hz

61.2 ppm

2.33(3H, s)

H' : I—\
MeQ Il 56.7 ppm
HN N
)\ 4.17 ppm (1H, br s)
4.11 ppm o o 52.2 ppm
(1H, br s)

Fig. 18 : Selected HMBC correlations and 'H-'H coupling

constants of compound 112a
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11.4 Hz

11.4 Hz
56.9 ppm
HO k[\ / 2.43 ppm (3H, s)
Me z N,Me
N 3.‘) 55.1 ppm
MeO™ T p AN
H
MeO NH\ \ 3.80 ppm (1H, br s) BocHN
)\ 54.5 ppm

3.86 ppm (1H, t, J=3.7 Hz) O o7< \—)Z.SHZ
Fig. 19 : Selected HMBC correlations and

1H-1H coupling constants of compound 113a

WEOHTELRLIMENMLETHDLI DD, KRDHB Z 2K
TLO ., A EE~ED DL Z &L LT,

F9., 7=/ —/ 112a % 4N/ HCl Fefig = F VIR T B Boc fk
LT 114a Z#UL%E 79% T 7 (Chart49), &kiZ, 7 I v 11l4a %
wgiexAFLv oo, NI ZFATIVEFEET, EALECUB 7Y R
LOYETT Y fbE®RLLEZ AT I K 116a Z [N K% TH D =

LT E T,

N M€ 4N HClin AcOEt Me
10 min

79% MeO

114a

pyruvoyl chloride (1.0 eq)
EtzN (1.0 eq), CH,Cly Me
rt, 30 min

MeO
85%

115a o
o

Chart 49
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%21, 7=/ — ) 115a % CAN T A F LI L CTH 7

N

%
T<A Y ALFEL 1,3-cisDYNYEEEZ b OEYXEET VIEEW

116a Z T EMINETH L Z &N Tx7(Chart 50 ),

CAN (2.5 eq)
MeCN, -18 °C, 15 min

quant

Chart 50

Wiz, 1,83-trans DYV 7 7~ A U E¥XHETVIEEYMDE K %E
1,8-cis v ) —AOHFKICE L TR L, £9. 7/ra—/ 81b
B A4 I F 104b O A RKITINE 95% C# 4T L 7= ( Chart 51 ), Z
ODYa., =F I K 83 1 FTa&a<EAELRN»o>7 (p.55, Chart 45 =
), 22T, 74 225 104b PNEEGON RN EEZ T, T
bbb, Xk 3D VW T XA EFT T RNT AT E RYXF
7T X —)v 117 Z A5 L. 74 & Pictet-Spengler ik ¥ 7- & =

5 104b N EEMIZH LT,
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NHPht (5 eq)

PPh; (5 eq) TsO
DEAD (5 eq) MeO_ OMe
THF, rt, 1 h
o5 NPht
o
acetal 117

104b

TMSCI (1.3 eq), Et3N (1.3 eq)
.Ns CH,CI,, rt 1 h then
117 (1.0 eq), TMSOTf (5 eq), 8 h

104b
quant

Chart 51

W T, £ K 104b %7 =/ — /L 111b ~ZE# L 7= (Chart
52), T bbb, 104b # i, b L TH K7 I 105b ITIY
FTYT%N TCEH LT, WRIZ 106b ZEILH XA F L L T N-AF L
A 106b %I =K 89% TH /=, Z Z T 106b ZHEKHE., t N7 ¥
M S 52 L T7 22 107Th LD, HEE RT VA
LZElcE, syl — 7 22 109b & & INE
T, 22 CTlHeasv V—XERRY [WEDO A X ) — LT 3
VTG AN NR = EEE S FRNBKMESE LIRS I A
SHELRNWZ EITHEKEW, Z£%ZICT I 109b % Boc & TIHRi#

LT 111b 2 &I ETH L Z &N TX =,
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K,CO3 (4 eq
2an ) HCHO, HCO,H Me

PhSH (8 eq)
DMF, rt, 1 h 70°C, 1h
_— _—
87% 89% MeO iR
MeO N O
NPht
106b

_Me NH,NH,=H,0 : EtOH
N (2: 1), reflux, 12 h

N
H7 91%

NH,NH,+H,0 : EtOH
(2:1), reflux, 1 h

96%

Boc,0 (1.2 eq)

MeCN, rt, 1 h
_—

quant

Chart 52

&

BN T 111b O T 7 Z A7 VR =)L i % Red-Al®IZ TE 4y & o©

YL

=~

%, HEMFEAA T KCN KBEE T T 2L HMETH 4T 2 ) =
UV 112b & BZPER 118D R ZENF I 61%E 9%D N R TH

7= (Chart 53 ),

Red-AI® (25 eq), THF
rt, 1 h then

Me AcOH (110 eq), KCNiInH,0  Me
(8 eq, 0.5N),5h
MeO
N
NHBoc
113b
(9%)

mp 211-212 °C

Chart 53
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FTAKY 112b O FE#EEIT N £ THAE. HMBC fHE 72 &
BLz, T2, 7 2 EONEEEIZSDWTIE TH-NMR IZB I 5

MEEHEFRM»Y &L THALE (Fig. 20 ),

12.4 Hz

2.66 ppm(1 H, d)

10.9 Hz

2.84 ppm
(1H,d)
(1H,d)
2.34 ppm
(1H,d)

Fig. 20 : Selected HMBC correlations and

1H-1H coupling constants of compound 112b
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— . Bl 118b (mp 211-212 °C) @ ¥\ # & 132 HMBC #H
B A TERDPOHRL BRI X B MmEEMITiccCikE L -

( Fig. 21, 22 ),

11.5Hz

.M

N)

3
10.9 Hz

NS

H\\J H

\ d, 54.8 ppm N\Me
3.72 (1H, brs) H
Me/i\ Me t, 49.3 ppm \
Me BocHN

|

H H

2.67 (1 H, br d) / / |N| 3.72 (1 H,brs)
3.01(1H, m)

2.65 (1 H, br d)

Fig. 21 : Selected HMBC correlations and

1H-1H coupling constants of compound 113b

Fig. 22 : ORTEP structure of compound 113b

W T EARY 112b 0L XA F L ViRIKIC TFA 2 Il 2 | & T
BRI LA FHER I ST IV 114b OS5 FHNBRIELE T
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KInDET L2 EbNNDE A XU YUK 118b NI HEK 94% T

527~ (Chart 54 ),

HO
HO H TFA : CH,CI Me d Me
| . 2 2 = -
Me SMe ()t N
N
. oo ey’
MeO H™ H\l) % meo 1 i Cn
MeO = < CN , SN,
NHBoc 118b : 114b
112b |

not obserbed

Chart 54

AR iE BC-NMR 2 X727 FLIiZBWVWT YT /EICHEBBICEHN D
(8118 ppm ) D EF 7 F A BHEKL, BEbbviz (&
T4.7ppm ) ICAF UVREV T FTANHAELEZZ EITMA, T DRHE
Zxt L T 12D A F L7 bbb HMBC HE B S e

( Fig. 23 ),

Fig. 23 : Selected HMBC correlations of compound 118b
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Z Z T 112b O i Bocib Z TFA 7~ 6 FBRIZ R 2 THE L 7223,
CO%AIT Boe AR LIEEENFARMENEST L, BRILED

119b NI K 79% T4 5 7= ( Chart 55 ),

HO H HO H
Me 1 Me HCOzH (200 eq) Me S Me!
N CH,Clp, rt, 72 h N
N N
MeO H”: H\\‘ MeO e H‘\\
MeO <  CN MeO CN
NHBoc NH;
114b
112b not obserbed

Chart 55

IO X HIC trans> ) — XA TE BocEDREIV HbHL A I XY
VO UVREZEKRT D2 ENbrol,

ZZTBRILZB I N-Boc D REMZ 22T 2 5 0 EN
o LFHE A, 112b 1T 4N/ HCI Fife = F Vvimik # 30 o M/EH S &
Db, RKIGEWE 2 222K 7 CTHEEEL T 114b O HERME & L
THb, ZT0OYy 7 A2 U BEBKRIC, N)ZF LTIy
YR EINA TSI ERIESE DL ET IR 115b NI R 45%

TH 57z (Chart 56 ),

H
x H
Me SNMe uNHCIin ACOEt Me S Me
N\l) 30 min then evap. N
MeO H é H\\\ MeO L H\\\‘l)
MeO \NHCB’:C MeO ~ 3 CN
NHz
112b
114b (HCI salt)
| chloride (1.0 eq) HO H
pyruvoyl chloride (1.0 eq H
EtsN (2.0 eq), CH,Cly Me i~ N-Me
0°C then, 1 h N
MeO HZE Y
45% (2 steps) MeO :\H CN
NH
115b o)
o
mp 165-165.5 °C Me
Chart 56
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7 2 K 115b /X mp 165-165.5°C DM 7Y X LHE TH O . X #
FEmEBEMET S, ALy T RN BRRETHOL Z LR L -

( Fig. 24 ),

Fig. 24 : ORTEP structure of compound 115b

¥, 1120 O Boc ki X VBT IV ICHFET LDERRL T O
O, FOERRFVL T PSR RTVRERT D701
112b @ 4N/ HCl Fifg = F VK 2 30 A ST 0 b | #HE
MELTHEREEEYWEZ DMSOH T IH-NMRHMlE L7, ZOMEHE (§
828 ppm ) IC3H DO Y7 Ly FARBH ST, &5 H-H
COSY AR MM ZDOY 7 F e 12 AF L 7ubhrdd
Micz7e A —7 PERTEZ (Fig. 25), > T, 114b O FH —
BT IvnTr brfbas b LT ED AMNKRFBE~ORBELE X

InWT WD ZERHLEMNE R o7,
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Fig. 25 ¢ Selected H-H COSY correlations of compound 114b

1%IZ., 1156b # CAN TWUHE T B & trans XA 70OV 7 7 <A
UREEMETAMAAEY 116b BNILEK 73% THE S5 L7~ ( Chart

57 ),

Me
CAN (2.5 eq)
MeCN, -18 °C, 30 min MeO
73%
Chart 57
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[1]

o YT I AT AEREHET VOEER G K

WIZ. T TICER L cisZ A TOY 77~ A4 AETETILDOE

N

RICHE T H2MEREMB L, WEKBEX I L L, 7.
T3 — v 8la & GIE LK T 104a ([ZAH T D5 TR O IR
T 60%THVKENLETH D (p.55, Chart 45 B ),

Fio, 7745 11la »H 7 I/ =R~V 112a ~OEHRITE
WTIHEFERWEMENKR 118a R EAEAEME 72D (p.57, Chart 47
Z ),

ZOX)MEREMIT D720, 112a O BI@E A KIZ O W TR
L.

FT.E -OMBEIEXIA X )V UVREROBIC 1L ~%EEFEE
ZEALTBTEMBRTEL2LEEZRITL, ST AYF 7V UVED
J& B 12 Bischler-Napieralski ( B N. &K Wie 42 ) %2 F AT
i 1,3-cis DML FZRmZGICHEETEDLH, T 2bb, 7=2XF
N7 Iy 70 @ BNKIGICED 128 L LT 6.4 I DKER
Mz kv 1,8-cis D 124 25/ 5, WIT, CEA ZMHEEL L T 133a
EITNIXT VX LDEBTCH YT JALDOBREICA I -2 F I U E A
RKRICH S ENTEH2D .8 —OMEOMPITHORNBY 4 i &

Rl 7 7 BoBFBANTE L L TPMHALE (Chart 58 ),
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TsO
TsO Bischler-Napieralski

L or Me Me
Me oH __ Cyclization oH M PO,
N
—_— ~
MeO NH, MeO 0 stereoselective MeO
MoO MeO N reduction
70
123 O

construction of C ring
-
—_—

Chart 58

FTF 72X F AT IV 70 Y7 A H R —17°C T,
NV FATIVHEETF. 70 AL T U7l K 35 L
JhEEH L 7T IR 120 BEEBMNECTH LN, 22T 120
DF —hKBEEELT7TEFLECTHREL T 121 TEH, Zix 3
VWEOALF VALY v bicT7 ' b=k UL 4 FRE N EGE
MIHEmLZAVEREALAY XU 122 BDILFE 97%TH L
i, 6278 %— K 122 OMKSFEIZEY 72— 128

IR 79% T 7= ( Chart 59 ),

Phthaloylgl hloride (1.01 eq) s TsQ
TsO thaloylglycine chloride (1.01 eq Ac,0 : pyridine
Vo EtsN (1.01 6q), CH,Cl Me oY ToH SN Me OAc
OH -17°C,1h ) NH tt, 30 min Q NH
NH, . MeO t 0 —— > MeO 0

MeO quan MeO 96% MeO

MeO N N

70
120 O JaLe
TsO TsO

POCI; (3 eq) Ve KCOs (3 eq) M

Mo Onc MeOH, CHCl, e OH

reflux, 4 h _N L, _N

— > MeO o) 79% MeO o)
97% MeO
e N MeO N
122
o 123
Chart 59
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J

Wi, A4 3> 128 ZKFZEWHRMWL T 1,3-¢1s-1,2,3,4-7 k7 & K nm

A4 Y XU 124 (& # L 7= (Table 10 ),

TsO
Me OAc
MeO N See Table 10
MeO N
123
o
Conditions Yield (%) Recoverd SM (%)
Entry 124 123
cat. eq Acid Time (h)
1 20%Pd/C 01 AcOH 36 h 26% 68%
2 20%Pd/C 01 TFA  36h 36% 56%
3 PtO, 0.1 AcOH 25h quant -
4 PtO, 005 AcOH 18 h 94% -

Table 10 : Steleoselective hydrogenation of imine 123

TP, 128 vkl A AKX = (1:1) ., 20%/%
TVULARFBFAMAT, B2 AKREL (20:1) OoF 4G TIHRML TH
fill ot 9 5 &, 1,3-cis{f 124 MR 26% CTH L, FHE 128 %
68% ClRIINLZ (= FVY— 1), £/, Hif % TFAIZ K 2 CH#:
fitE oo L7, WERERISEOEITIZES 124 Z LK 36% THL B
OO 128 & 56% THN LA (= NY— 2), —F, itz N7
VULRFENLOBAASIIEZL TCEMETLT 5L 124 2 E &MY
FTTHsrzZEnTcEl (m MY — 3), b, AfliZe B4 o H
BEaMA 520, ke 0.06 5 & E THRLE L E Z A KISKH O IE
BEELOLIT0RROLNREORTRAALNE (=2 FU — 4),
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CZETE M EBYIC 1,3-cistk 124 2/ 52 &N TERED
T, RICCERDODIBEICHOWTHGFLZ (Chart60), £73 . 7 I
v 124 ODEFZJR 7% Boc A THR#E L T 125 # UL E 92% TH 7=,
WIZT7T=a—)v 126 27 v AVETHEMEILLEZ V=X T 1
OGGE RS R TS S 126 £ LT b, TFA TR Boe fb L
T 128 2/ CZ7 7 % A 104a AL 7-, KX, Licdmk L
=i s (p.55, Chart 45 2 ) L OKEFE A X2 b LU TLC

X2 EBERERICLD 2RI KL =,

Ns-Gly-OEt (1.25 eq) O2N
DEAD (1.3 eq) 70 o]@
Boc,0 (1.5 eq) PPh; (1.25 eq) Me H
MwNn1h THF,0°C thenrt, 2.5h NH
NB°° NBoc S(OEt
78%
MeO

NPht NPht NPht

126

TsO TsO

. . H H
;!:?5‘ CHCly, (1:1) | g NS b, M NS
> 5 NHﬁ% 90% MeO i N\W)
o H O‘ OEt MeO e}
NPht NPht
128 104a
Chart 60

RIZ, 104a O/ N ALIZ KV IEK 85% TH BN D 105a %
YrswmwuRAXrH N ZFAT I UFETF, CbzCl & KR &
%5 & 130a BWEEMIZH S L7 (Chart 61), &KIT 130a & =
Z ) —)H BRI UALAHLTT I 131a #IUE 99% TH
oo EWVWTHE 7 I 18la OEFEJFK % Boc f# L T 132a
LT, BB MgZHWTH oAb dT5&E 72— 1
133a 28 UUE 94% TH b LT,
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TsO NH,;NH,= H,O TsO

H CbzCl (1.1 eq) EtOH (1: 10) H
Me AR OEGN (1.1 eq), CH,Cly bz 6oec. 1h Me N
N TH rt, 30 min TH U
\ 99% N
MeO H‘\ quant MeO H“\ 7])
MeO 0o MeO 0

NPht NPht NH,
104a:R = Ns 130a 131
K2COs3 (8 eq) I: : a
PhSH (4 eq) L>105a:R=H
DMF, rt 85%
TsO H HO
Boc,0 (1.2 eq) Me - Cbz Mg (50 eq) H
MeCN, rt, 1 h 7N MeOH,,2h  M© T
—_— —_—
N
96% MeO " j% 94% MeO Nj%
MeO o} MeO H o
NHBoc NHBoc
132a 133a
Chart 61

TZTT 7 XA 1883a O T LI O W THR L =

( Table 11 ),

TsO

1) See Table 11
2) ag KCN (8 eq, 0.5 N)
AcOH (110 eq), rt

MeO

Conditions
Ent Yield (%
nmy Reductant Temp reduction Time feld (%)
1 Red-AlI" (25 eq) —17 Cto0°C 1h decomp.
2 LiAH, (25 eq) -17 °C 2 h 79%

Table 11 : Partial reduction and cyanation of 133a

F9.1883a D7 7V X AR = HEE THF F, 2 E T A
# Red-Al®*Ti#Ex Lz, L2rL, —17T°C CERTAZMZ 5 LA
HBIZHMEIENEZYD BRET D 184a #1525 2 L1 % »7<
TE ol (=Y — 1), —JF 133a ?DiE L% LiAlH4 T

73



BATioe, TECKEBRHE R LEDOT, 0% 0.5N/ KCN
KBEWR EEEAE M2 72 A 184a ZH— O & L TILE
9% TR enTERL (MU — 2),

AfiE, HMBC A X7 frickBWwWT3fmra by 75 (§
4.25 ppm, 8 48.6 ppm ) & C1 AL RFE ¥ 7 FIWVICTHBEN AL LT
it A7 b F I (54.35 ppm, §51.6 ppm) @ Clla
AFUNIRFEY 7T VICHBEPIALOATZZ L, 61T, 67
kv 70 (84.00 ppm) & (852.3 ppm) @ C4 L X F >~
B 7 FTNVICHBENALONTZZ ED, 20 HMEELE o2
L7, &6, tH-NMR A X7 i BT 2 /AERE T 05
D& T DNEREJEMITIZE ST T JEONIRE & Z R L

7= ( Fig. 26 ),

11.2Hz

51.6 ppm 48.6 ppm

OH \H 1/ (0]
11a] 2N (@)
W2
H

NH
|'L| \\4.25ppm (1H, dt)

4.35 ppm (1H, t)

(@)
j< 52.3 ppm

H
4.00 ppm (1H,1) O

2.7Hz

Fig. 26 : Selected HMBC correlations and

1H-'H coupling constants of compound 134a

EoXs>iC . 2MoEFzRT+2 I "~—F&ELTHR#EL T,
BZOBEEMEZH O LIV BRAOICANN ~D > T /il
NEWRILS B> FEZHEEL -,
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Y

e\ T 184a "o, LI AM LT 112a ~OE#H 2 B L L T,

FPFILChz OB EIZHOWWTH I LT (Table 12 ),

HO HO
Me H / bz Me H N,H _H
See Table 12
e Tt +
MeO >) MeO N>:) MeO
MeO CN
NHBoc NHBoc NHBoc
134a 135a 136a
Reaction Conditions Yield
Entry

Catalyst (10 mmol%)  Solvent Additive Time (h) 135a 136a
1 10%-Pd/C MeOH AcOH (1/10) 8 h 71% 28%
2 10%—Pd/C ‘PrOH AcOH (1/10) 24 h 65% 18%
3 20%—Pd(OH),/C MeOH AcOH (1/10) 1h 70% 27%
4 10%-Pd/C MeOH Et;N (1.2 eq) 12 h 83% 13%
5 20%-Pd(OH),/C MeOH Et;N (1.2 eq) 1h 89% 9%

Table 12 : Removal of the Cbz group of 134a

9. 184a A ¥ 7 — ) LEERE D (10:1) BE W HE T fl 45
O 10%NT7 VU LARFBHFET HEMETT HLT7 I 13ba B
WHE 7T1%THNTZN, 7 JEOBELCHNEIC LS 1836a 2
#E 28%Cc@l AL~ (= hY— 1), £Z T 186a DEK%
M2DEDICEEEZAL Y T X)) —VIIBEZXTIToTNIEEA
EEfEAELN o (2 MY — 2), kiT., il % 20%
KBAAERNRIZ VU LACEZTCHEMETLEDS, TERKOBERTH
o (> hU— 3), 22T, 186a OFIALIFLXFETI2®]D
WEICKL DB YT 7D ERFEKE TR W& & x| BNA = FF
b PV ZFATIVICERELEEZ A 186a DAL E I X
HZeERnTERL (2 hU— 4), HEMIZ, 1834a & A ¥ /) —
L iR D 20% KB NT VU LAFAET, 1.2 EO MY
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FNT I EEET EMETZITR S 2 & T 135a Z U % 89%

THLI ZERTESL (v MY — 5),

%I, B k7 X 135a @ Eschweiler-Clarke /)& IZ &
HIEILH) N-A F bzl AN, ZEOMM%E 5 2 7= ( Chart
62), T2 T 13ba %, A X /) —LBILORT7TEr=rILDOEREA
WS, RV LAT AT e R, B, V7 KBRS TVESTFI D
LEHWTZEITH N-AF LS RMEICH L s 2 A 112a %

LR 86N THHDH I &L MNTE I,

TsO

HCHO, HCO,H

Me
70°C,1h

complex mixture

MeO

HCHO, AcOH (20 eq)
NaBH3CN (5 eq)
MeOH, MeCN (1 : 1)
rt, 30 min

135a

86%

Chart 62

ZOXEHICTLT, ZTNETDO2HM N-AFALENL I ALAS
— FRREELETH D Cbz LICEE T 52 LT, 105a 0 b 7 LFE
WU 54% T 112a #3522 &N TEXH L OV | 1,83-cis ¥
A TOH 7T AEYHBETMILEMAERITE T 50 L
ONOMBEEMPT L5 LN TEL (Chart 63 ),
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Previous work

NPht

105a \\&\

This work

NHBoc
133a

Chart 63

77

27.7% from 105a (5 steps)

112a

54.0% from 105a (7 steps)




H
=
il

1,2,3,4-7 b7 R4 VX /U -5,8TF D
LW GO R
YlWHFERBEIENTEATF LA VEBERICEL S

R

Loz I vy TEXERSHET VDO AK

X0, ok, B, BIOEERECHT 2EVWKIEERS TSN
TW5, 30 ZZCEHEIIMLADR p-F /7 OE K E IO ENIZEE
LT, ZO0ORYVFWVWICMOLOIEEZHL > TE, 2OH T, N D
MDD p-F ) UCDODHERICBWNWT, A T —HKuonbT hien bkt
LT D2 ¢ICAB DOV, 22 TCIhb~A T —HanED XD

AT AN EVW) RICHEELZ L BEESBZELE/BR. LI
LFviEMiftanica=— LW A TORIEERHT 2N
T &,

FT HARISOFERLICES>LERBFELZOVWTHEBEICSN D, #2113
p~X/ v 98a U ANV T A EHWTHER L, TH-NMR A
J bz EZua R LRTHIET DL 100%MAER A ~NT koL
Fy—rFrnFEoh, L2L. . 9 <ICHEKEEEETICER £ T NMR
REEPICHE T 2 & TLC Eb Tk o filzibsd® okl i
R T&E, £ZT., UTOEIEZIT- -,

Thbb, L=~ MOEYEHET /N 98a OV 7 1
AL UCIRIEIC, 18W ORI 7 v 72 2B BH SN0 =R
THBLELIA BELCORBENLEVWICEAIIEDY 7 =2 /) —
b 186a MU E 65%, 98a DO A F LK 137a NULE 32% TEh
ZifE o (Chart 64 ),
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-Me hv

N
N\) CH,Cly, 2 h

98a 136a (65%) 137a (32%)

Chart 64

kB, EAEEY 186a O FRNITEmTEE~YAAXRT ML XD
C22H27N3O5 ThH D Z L bbb, 7z, tH-NMR IZ B W THRE O
AMFUEAFALTO b O T FARBERL, BT (5§5.78
ppm ) & (8§ 5. 78 ppm) ICHWIZH vy TV v 7 Lz F T
RN ERLEN ZEKFE L THAELL, FEKIC, B3C-NMR IZH
WT (8101.2ppm ) I 2DOBBICITIENTZHBHRATF L
REV 7 FAnBHEInztrbzolErmR L7z (Fig.

27 ),

s, 145.1 ppm

5.88 (1H, d, J = 13Hz)/

t, 101.2 ppm / %\K\
s, 136.9 ppm

5.78 (1H, d, J = 1.3 Hz) Me

Fig. 27 : Selected HMBC correlations of compound 136a

. HWFILE TIE 2009 FF I X A HICAE R T D FH AR
Xestospongia sp. O E kR FMWE L T, L==2F A4 T
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DHHE - Bl EAL®RE LN, 3D BENME- 186a 1. 20K

PR Y HEE TS LT 5 (Fig. 28),

renieramycin T

Fig. 28 : Novel ecteinascidin-renieramycin hybrid type

natural product renieramycin T

— . BlAERKRmE L THL 187a TS HETHELLL=xT

AT 83 DEEEE ML ICHY TS5 (Fig. 29 ),

renieramycin S

Fig. 29 : A structure of renieramycin S

e

WT AR L BB S & W < Db D R EE T LIS
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ISR L CHRE - mMEEs#RTLIEELE, ThAbLL, poX v
116a, 116b, B3 L' 98b X L CR UL THBEBHLEEZ AW
TNLEHMNEKRTHY T 57 =/ — /b 140a, 140b, B L ' 136b %
Bz T, 7B, 1,3-cis K72 T DR B O A F iK% Bl A L2y,

HDEZAHA, FOBRBERALNICT LI LIETE TWARLY (Chart

65 ).

hv
CH,Cl,, 2 h

Me
o H oH |
Me : .Me Me - Me
N hv S N’
N CH,Cl,, 5 h N
MeO H”: H\“ - = O H”: H\“
O CN 88% (- 2
NH (0] \NHCN
O
116b O)’\f 140b O%YO
Me Me
(0]
H
Me = N, Me
N\l) CH2CI2 3h \l)
MeO N
oM=ren 89%
O Me
98b
Me Me
Chart 65

ST, 1,83-UVAXvvrrm RN UoREFOSDT o — VEITWT
Ny AREEICHEEBE ChoT, TZ CHMBEON EE2HHFL T, 7
=/ —J) 186a,b B LW 140a,b ZZ N T .V 7 anr X X i
NI ZFATIVHFETF.TEFALZ2RY RTTEF AL THIE
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T5HT7 X — T 142a, b B L O 148a, b # m I E T4 7~ ( Chart

66 ).
136a: R =H 136b:R=H
93%[ 82% E
142a: R = Ac 142b : R = Ac
60% 140a:R=H 63% 140b:R=H
(2 steps |: (2 steps |:
from 116a) 143a: R = Ac from 116b) 143b: R =Ac

Chart 66

UEDXSC p-F ) 0O BHICED AT LU R VLB E
bOT7 =) =NV EBT D == RIS AL T,

KIS DL ITEIERD S GO, RKRMOEH & ZREFLT
WDHLRT.ARRARYM OB KRZHHAT 595 2 THEBRAF 2 F H
AR TET L LEERLA TV D, YHFFEE TIXIZ O BKK D 56 O

B ICMELTFr Ly LTna,
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B pX VR OBINT BF IS D 3,40 Bk FE AL K

IO -7

L= 9 <A Y GCGETLOEROE, 7/La—)L 52b % £
Uk, WOKEERE CRE LA, KBREOT BT AT TR
K pF /vy BT F LI L C3-C4 L D MK FAL B HEAT L .
FYUTEX— K 144 PIF 8I%THELNLL Z L2 AL

( Chart 67 ),

Ac,0 : pyridine (1 : 4)
rt, 20 h

83%

Chart 67

KOs+ RNIETEmnHE~ AAXT ML) b CoaHo2uN20Og TH U
Z DO H-NMR AXZ b EZHETHE, 6ODDATFT VTR by
JF o, (§6.95 ppm) O —FEFE L BC-NMR BT 5 (8

108.8 ppm ) DAV 7 4 VIRFZEYZFANEBH Sz (Fig. 30 ),

6.95 ppm (1 H, s)

\ d, 108.8 ppm
AcO HK

Me N N,Me
N
MeO \[H
AcO O
OAc

Fig. 30 : Structural elucidation of compound 144
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CORIEIFET. B2b D =u H AL D afif Fa ko,
PUYVURKB L= AT ) T—F AEZEL, EWVWTT k&
Z—hF B D, KICB OTITELNANK=NVIED a it 781 |
PRV VIRV EE I NTCERKRT A T —F C BT &

FAilbEn b T2 — b+ 144 DEHE LN E@HH TE 5, (Chart

68 )
(\ : pyridine g\ - pyridine
O H O o y 0 o o>
Me s .Me Me Zas -Me Ac0 Me H Me
N N Z N~
—_— NjH E—
N N
MeO” T w7 7% MeO™ Ty MeO” Y > \[H
CoMR,0 o o’ AcO X O
OH OAc
52b A B l
S ©
OAc o 0 0 Co o
Me N Ve Ac,0 Me X N-Me Me A Ve
MeO MeO e MeO N0
OAc o] AcO O AcO I O
OAc OAc c OAc

Chart 68

W

WIZ, 2TORISEOEBE —BHEICOVWTHRILE, 7. Z0kF
W p-F ) T E A EAERR LT,

p-X% /) T 7 X ADERMK (1,3-trans )

2T 3otk a (147b ~149b) Z &k L 7= (Chart 69 ),
FTF 720 A4 IFK bbb Y7/ mnn A&, —17°C 2T BBrs &
19 RIS S 10" A FLfbENT7 =/ — /b 145b % I
FY1% TR/, B 8B A F LK 146b 28 2%EI £ T 5 & iz,

84



JFB 55b & 7T%EII L 7=, RIC 7 = / — /v 145b % CAN AL # 4+ 5
Ep=F v 14Tb NI EHE 93% TR LN, W T 147b = W 7 ¥
7 A LT 148b /B Kmld W T 570~ b7 T 74—
Lo HNNETHo, I T, 148b I REHOEFET TV
ft3 2 &7 I F 149b 2 2 BERF LK 656% TH L LT,

ZoXoicL T, 3HBED 1,3-trans™ p-% 7 V EEHEK L T2,

BBr; (4.5 eq), -78 °C
MeO o 3 (10 ) HO O MeO 0
H then -20 °C Me 10 = Me H
Me 28 A~ Me CHyCl, 19h N Me AN Me
. N + !
MeO” s R NV recovered SM (55b) 7% MeO H”: WH HO s R jH
MeO T X O MeO \NPr?t MeO I O
NPht NPht
145b (91% 146b (29
556 (91%) (2%)
o) e _ _
CAN (2.5 eq), -17 °C Me : _Me o) 0
MeCN : H,0 (6 : 1) N NH,NH,* H,0 Me H Me
. N 7 e
145 30Min o MeO > 7% EtOH, rt, 4 h I N
93% o \ © MeO e 7%
NPht 0O { O
147b NH,
- 148b -
o) e
Ac,0, pyridine Me = .Me
rt, 15 min N
—_— N
65 % MeO H x
(2 steps) o \ ©O
NHAC
149b
Chart 69

p-X% ) VT 7 ZLADEM (1,3-cis B )

T ZTIiX 147a B LV 149a # G L 72 (Chart 70 ), T 72D
L7420 A4 IR bba Y7 uoua AKX LH —17°C 12 T BBrs & 45
R s S &5 &, 10 A F vl &z 145a NI 83% T
Bohi, WT 7=/ —J)b 14ba % CAN TRLHE T 5 & p-F /
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Y 14Ta DN E 18% THLNT-, & 2T AN 14T7a Z =¥ ) — L |
E RV UHFET, BERICTHEBLLIZEZA ARDOD I VA =V E
EWAKKEA LA X% /v 160a RENEAZAALE LR, BN

T 57 I 148a 2K BH LI TE RN o, £ T, 145a
X ) — ) B RTZ UM TT I 151a #ULE 88% T
Brroblic, 15la NV FATIVEBLIOTEFALIZ Y KT
M L7 Z AT IR 152a REEMICHE LN, HEIC, 72

K 152a 2% CAN B L CT p-F% / » 149a # WK 77% TH 7=,

BBr3 (4.5 eq) CAN (2.5 eq)
-78°C then -20 °C Me MeCN:H,O (6:1)
CH,Cly, 45 h -18°C

b
>

by
>

83 % 78 %

NH2NH2' H20
EtOH, rt, 4 h

NH,NH,-H,0 Et3N (1.0 eq)
145a EtOH, rt, 7 h 0 °C, CH,CI, .
88 %
quant

CAN (2.5 eq)
MeCN : H,O (6 : 1)
-18°C

Y

77 %
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INETEHERTEZ1IMEO p-F /) 2 ) b, HEAKERE L

HicER THEE L (Table 13 ),

Ac,0 : pyridine (1 : 4)

See Table
153 - 157
Conditions 3 (ppm)
Entry Product  Yield (%)
Substrate Time (h) 11-H C-11
1 52b 20 153 83 6.96 108.8
22 52b 2 153 70
30922 96193 46
4 54b 20 154 87 6.95 108.8
52 54b 2 154 70
_________ 6 .. 54a 96 A8 2 e
7 148b 87 155 80 7.21 107.4
8 149b 48 155 67
o9 149 48 . 195 29 e
10 62b 51 156 66 6.9 108.7
________ o..82a 24 86 e
12 147b 21 157 93 7.04 108.8
139 147b 2 157 70
14 147a 72 157 71

a) Half equivalent of DMAP wae added. * RN IEIRXAYDHLEF S THS

JRBE o 4 i

52a: R = OH 149a : R = NHAc 52b: R = OH 148b : R = NH,
54a:R = 62a :R= ~ 54b : R = ~_ 149b : R = NHAc
SO Me NH O Me g2 :R=
0 NH
Me Me Me o
147a : R = NPht Me
147b : R = NPht

Table 13 : Base—assisted biacetylation of p—~Quinones
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ZORE. WTFnoKIEbERMBZVEE LN 1,3-trans ¥
— XD KN, 1,8-cis vV — R TH_RTIEFR LI KIENET L,
F72. 1,83~ trans ') — XD EG DMAP # 0.5 HERMT 2 &L | X
LM E KilicEmTs2enc&i (MU — 2,5,13), L
™ML, 1,8-cis U —XTIX DMAPHEMIC X2 KIS EDEIFTR S

AR A NN
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=
il

“EBRARATTNMEEY O M E MR BR
KERMBETCH LI IV LI ALR=LHELWNWITa-T I/ =r1
NEREEELOSOERLETAICOWNWT ., B N EBREEME HCT116
KGR . QGH6 i kk 3 X O DU145 A 37 g 8 &R (2 %F 9 2 #0 i #
MR B E PR MK IE L CHE L7, (Table 14, 15,

16 ),
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Table 14 : Cytotoxicity study of p~Quinone lactams against

various cancer cell lines (ICs0, ICso pM)

Tissue Colorectal cancer Lung cancer Prostate cancer
Cell lines HCT-116 QG-56 DU-145
Compound No. -
Unit ICsp ICq ICs ICgp ICs ICgp
4 ( Renieramycin M) uM 0.0052 0.0077 0.017 0.026 0.0017 0.0046
35b uM >2 >2 >2 >2 >2 >2
35a uMm >2 >2 >2 >2 >2 >2
37 uM >2 >2 >2 >2 >2 >2
38b uM >2 >2 >2 >2 >2 >2
38a uMm >2 >2 >2 >2 >2 >2
41b uM >2 >2 >2 >2 >2 >2
41a uM >2 >2 >2 >2 >2 >2
43b uM >2 >2 >2 >2 >2 >2
43a uM >2 >2 >2 >2 >2 >2
44p uM >2 >2 >2 >2 >2 >2
44a uM >2 >2 >2 >2 >2 >2
47b uM >2 >2 >2 >2 >2 >2
47a uM >2 >2 >2 >2 >2 >2
48a uM >2 >2 >2 >2 >2 >2
49a uM >2 >2 >2 >2 >2 >2
50a uM >2 >2 >2 >2 >2 >2
51b uM >2 >2 >2 >2 >2 >2
51a uM >2 >2 >2 >2 >2 >2
52b uM >2 >2 >2 >2 >2 >2
52a uM >2 >2 >2 >2 >2 >2
53b uM >2 >2 >2 >2 >2 >2
53a uM >2 >2 >2 >2 >2 >2
54b uM >2 >2 >2 >2 >2 >2
54a uM >2 >2 >2 >2 >2 >2
55b uM >2 >2 >2 >2 >2 >2
55a uM >2 >2 >2 >2 >2 >2
56b uM >2 >2 >2 >2 >2 >2
56a uM >2 >2 >2 >2 >2 >2
57a uM >2 >2 >2 >2 >2 >2
58b uM >2 >2 >2 >2 >2 >2
58a uM >2 >2 >2 >2 >2 >2
59b uM >2 >2 >2 >2 >2 >2
59a uM >2 >2 >2 >2 >2 >2
60a uM >2 >2 >2 >2 >2 >2
61b uM >2 >2 >2 >2 >2 >2
61a uM >2 >2 >2 >2 >2 >2
62b uM >2 >2 >2 >2 >2 >2
62a uM >2 >2 >2 >2 >2 >2

90



Table 15 : Cytotoxicity study of p~-Quinone lactams against

various cancer cell lines (ICs0, ICso pM)

Tissue Colorectal Cancer Lung Cancer Prostate Cancer
Compound No. Cell lines HCT-116 QG-56 DU-145
Unit IC5, ICq ICs ICq ICs ICg
Renieramycin M uM 0.0046 0.0078 0.0072 0.021 0.0015 0.0019
155 uM >2 >2 >2 >2 >2 >2

Table 16 : Cytotoxicity study of aminonitrile or p~-Quinone

aminonitrile against various cancer cell lines (IC50, ICso uM)

Tissue Colorectal Cancer Lung Cancer Prostate Cancer
Compound ID _Cell Lines HCT116 QG56 DU145
Unit 1G4 ICq IC5 ICq ICs5 ICq
renieramycin M uM 0.0027 0.0086 0.0085 0.013 0.0019 0.0027
88b uM >2 >2 >2 >2 >2 >2
89b uM >2 >2 >2 >2 >2 >2
90b UM 1.7 >2 >2 >2 >2 >2
91b uM >2 >2 >2 >2 >2 >2
92b uM 1.9 >2 >2 >2 >2 >2
97b uM 1 1.5 1.3 1.9 >2 >2
98b uM 0.37 1.2 0.99 1.6 1.9 >2
100b uM 0.76 1.4 1.3 >2 >2 >2
———J02b ____pM__088 _ 15 ____12____18____22____22____
89a uM 1.9 >2 >2 >2 >2 >2
90a uM >2 >2 >2 >2 >2 >2
97a uM 0.18 0.31 0.66 15 14 1.9
103a uM >2 >2 >2 >2 >2 >2
98a uM 0.19 0.31 0.51 14 1.6 >2
100a uM 0.054 0.11 0.22 0.35 0.99 1.7
102a uM 0.17 0.3 0.29 0.78 1.5 2

ZORER, 21 MICHINR=N K2 HEOI A TOTXTDOET L
bk, e FBAAMIBKICH L, 2 MBEEERS 2D -
yai

Fl 34 PAKFHLINT 165 b B EREZ RS o T,
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—H.a T/ =rINVEGULERETIE. p-F /) VREERE
BRWNEAEMTIZIELALEE R EZ RS RWVNR p-F /) UG %2 &
S>fE& (97, 98,100, 102) IHVWARRLIEEE R T Z & ¥ bn

> 7,

EMEREM L72fbEiFEo P TH 100a 28
B b SRR R (S gR v B M e R A OR

e a7 X =M VR IEMRBICE

HRBERETOLDLZILEZMR T DL L BIT.

p~xX /) ORGFONELELHLMNITTDHZ
N TET,

L)L, 2o DbEWmBEEN» L RRY OFIEEIEMEICICE T 51k
EMERAR T LI LT TE R o, ENTH, WS 2 O E L
FRICHAARFTMREZ R TN TEL, AIEKE B R LA
FOMBHIREBEIZ. X HBOHBICEMN L THLRZOES

CHB T 2MERRELERICREETET IO LMHET S,
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AR EEERT T R I R LY X2 )% U RKRA
Mo ERIZE DK FHIAAAORELZ O S LTET L
e A BXOD B Z2EMNSFITREL., £10D OH KA % &

B L 7=,

8

H :

R CN
B Aminonitrile type

Thbb, 21 I I VA= EErEHEo L=<, GHA
TOREYEMET N bda L E DO CIAICHET 5=~ — 54b 1T\ &
ZWZAFARRLY S PEXRT U UFEK I3 NLHE
Pictet-Spengler )i T 72 IF KRR A 1,3-trans /& 385b %

k& L THEM L,

O H O
MeO H (0] Me B .Me
Me B .Me s N
3 N _— N
N —» MeO MeO T o1
MeO H™Z
MeO < OHo e
54b =
35b 0 H
Me

F. 7 IXAVCETALLLT, BT ELE VBT I N
EBEEHETAHAETIN 62a & . FDOCIMICHET A2t ~— 62b O4H

b b TITh o7z,
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ZITH L3 trans kT T Ap oS IR 87 gk L, BE

ft. - BITHWEIZ LD 1,83 cisTET NV ~DEBIEZH I LT,
(0]
MeO ? Me® 1) bromination
2) reduction

38a

—H 7V U BERAELEIC L CHEHIICARBRE~TY AN
HZ L T.INETCHREEE SN TWIENNELERTIERBIRGOR a7 2
J=FUNLVOHEEIZKIL, LT v A MOEREHRET L

98a L F DO VT AT L A ~— 98b DA L -,

TV T I A T ADEFEHET IV 116a & & O AR R PR
116b DA KT H KT L 7=,
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AR LA -—RBET T LVOMBEERBROBE RS, 210
ANV AR= NV ETMREEEOEBICEHE LRI EE2H LML,
FLL.INFEFTHKHEEEZLLTCWEaT I/ = ) VET TR
K pF/ UVBOEEFEN/LETHLLZ EXZHLNIZL T,
SHIZAMFTVEEZLD p-F / VEREOBKFICL D 2 == 72
KihxaRHFTenTEh, &2, ¥/ VB0 (EITH
TR FALE D AL KFEMIN ) EREFT N TER,
REFFE TRV Db OF M m A Iix AR RKAY O K5t
RAEMIEOIORIFBICEAEMTELI2EERFEHR TH D LB X

Do
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Eilas

AR OFEITICH LT KB Y 25705 SHH CHEERY
L 72 U0 ¥ 36 B K o 36 A 2 B0 - TR LA BOR IS D B RV 2 L E

T . EROZRIT, FRERLE

171

T O I B W THFZE O
BROERBAELRIARLRNE. ZHhE2B 25L& &b I, M

LTwir s d LEMBESHE . ANEOHFICEMELET,

R XLOERICHTZ > TITHEELEAERIHE 2B LI
G Jn R (R A REAPRHE) BLTOEHREH R KFER

v

OFREFEHE)CELS@ARL BT E T,

AR ORBICEL T W< D006 kT HAE OB X R
ST EZH S L CnwWkEEEE L ealimEslHaE (KPaKE
oAb 2 ICR# W2 LT,

KR DOREFIZBEWT —8HOERERICIH L TWEEWNE
AfrREFRIE IR RRES A P IRETSAVICEHF N L ET, E,
KR DO ZRATICRS TR 2 m CBMGHEICA D LA ERE
+, kEGFAER, SHETFEL, B EMEL., FRABE L,
SEEE £ BXEXRK, RJINEHRE L, =MNBEE £, KT
L, BHBBELZEILD LT 2EMFHEOHILEEICEH VI

LEJ,
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KPR ICEHEST H2LEW. FEESR AT PAVT =2 2WE LT
Wil ELEARFEERSON Y — TR ECHEE., NEKREDF.
BB FICHEALER L RS £,

AP E LT, AEAWEERBRZ 3L TWeZE Lo Mf
Kt (PAREGEHNIER) CERSBELEL LT £ 3,
FHMAFENLAS A ETHRALRBmW TR ICAY £ L, BFE

BRXFHEBIOBE OERICES HALE L BT £ 9,

BB, BEVWRABW2A L KRERE LR (R &3 %23
DTkt ERReE, EnARLABRVWEHICOE22DLT, S 6R5
BHBBE~NOEZEZRE - ISEL TS NERICRKOH#EZ R L £
To _ANDOTEDICHILFROE R CITHE CTE 2B A RE
EOILT. IO HAMFIIED TN I LEZIIIEVE

‘jAo
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RKIFRORETICEL T BILEYOEEMITIC L E R A7
FAT =2 OREICIFTU T RS EESZEHN L,
AR OB EZIMAI 7 o @ M ERCRHE)Z M L7z, FRARIL
A7 bV (IR)O M E T 13 & HERAEFT IR Affinity-1 A 1) & # 2 H
W, FHEIE LTHAEEEICE W T KBréEfEE. TR USD
MBEOLAIZIE 7 e RV Az L3425 KBr B VI X2 BIRIE
ENETOHWE, NMR 27 h Lo W EICIEHAET
JNM-EX270 # . JNM-AL300 #¢ ., JNM-AL400 # | JNM-ECS400.
JNMLASOO Ml EM Z OFH L7z, ¥ X TOWEITFRICHILRWVIR
D 27°CICTHEZmaa AL LAEE, WHEEYWE L LTT 7 AF
Ny raEMWTEmLE, B, YT NVOMEIFILFEY T ME
§ (ppm) THIL L7, 'HNMR AXZ N IZBITHHET 7 F D)y
RN T s (CEMBR), d(CEMHR), t (ZFEMR), q (WEAMHA), quint (£
EA), m (ZEBE), br MEE WS 7 F L) L LI, F1-.
BC-NMR A X7 M VIZB T H2RFZRFOMEBIL DEPT 5 H 2 Wi
H-C Z% ot NMR A X7 M2 LR, s GEMMkKFE), d (F =
ik #), t (B Z#kiR#), q (F —HmRF) LKL L, BEHITIZ

HAMSE T JEOL JMS-700 % £ JH L 7=, H A ah X #RG db 1% & M A 13
Rigaku R-AXIS RAPID % fEH L 7=,

ARERIZFAE L TT AT CFEHI T T o 2, AL RGO
SR ICIEHR R g mERIERE T~ 7 22 N (v Xy P& A
7 MF-16M)18W Z Hl Wiz, ISR AN 7 L7 v~ MITHT L 7z i i
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EHBELCHENEE L TCHLbOoEEH L, SERISKTH., B
BB 2B BOMBIZITEKRKEBRT NI v A2l LL, 2BH
% 1E Merck £t silica gel (230-400 mesh) # £ A &L 25 7 7
v ¥ ah T AE XD, Merck £ silica gel 60 (60-230 mesh) % ¢

HA T2 =T BT AL 8- R,

A SIN

i
g

HEICHEH T 2K - FRRET RO L O L,

Ac20 : Acetic anhydride

BBrs : Boron tribromide

Boc : Tert-butoxycarbonyl group

Boc20 @ Di-tert-butyl Pyrocarbonate

CAN : Ceric ammonium nitrate

Cbz : Benzyloxycarbonyl group

CbzCl : Benzyl Chloroformate

DBU : 1.8-Diazabicyclo[5.4.0]-7-undecene
DEAD : Diethyl azodicarboxylate
DIBAL-H : Diisobutylaluminum Hydride
DMAP : 4-Dimethylaminopyridine

DMF : N,N-Dimethylformamide

LAH : Lithium Alminum Hydride
NaBH3CN : Sodium cyanoborohydride
NBS : N-Bromosuccinimide

Ns-Gly-OEt : Ethyl 2-(2-nitrophenylsulfonamido)acetate
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PBP : Pyridinium Bromide Perbromide

POCls : Phosphorusoxychloride

PPhs : Triphenylphosphine

Red-Al® : Sodium bis(2-methoxyethoxy) aluminum hydride
TFA : Trifluoroacetic acid

THF : Tetrahydrofuran

TMSCI : Trimethylsilyl chloride

TMSOTSf : Trimethylsilyl Trifluoromethanesulfonate
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(6S*,11aS*)-6-Iodomethyl-7,8,10-trimethoxy-2,9-dimethyl-2.3.1

1,11a-tetrahyvdro-6 H-pyrazino[1.,2-b]-isoquinoline-1.4-dione (36)

35b (2.548 g, 7 mmol) ® DMF (100 mL) &% !Z 0 °C {2 T
methyl triphenoxy phosphonium iodide (6.33 g, 14 mmol) % /il x .
MR < 1R #Ee LE, KISKICAK (500 mL) %00 2 K& & 45 Ik
S, =—7 0 (500mLx3) i, AEZ & L. ffl &K
(500 mL) Ve, vz WIEH E, KK (8.31g) & U W57 (240
g) OH T A7~ T THEL CTAOEt mHEH LY 36 (2.91 g,
88%) # 1%7-,

86: W@ E)N T 7 A,

1H-NMR (400 MHz, CDCl3) 8 : 5.99 (1H, dd,

J=10.9, 3.8 Hz, 6-H), 4.30 (1H, dd, J =

12.4, 4.7 Hz, 11a-H), 4.15 (1H, d, J=17.8

Hz, 3-H), 4.06 (1H, d, J = 17.8, Hz, 3-H), 3.92 (3H, s, 7-OCH3),
3.80 (1H, dd, J=10.9, 3.8 Hz, 12-H), 3.79 (3H, s, 8-OCH3), 3.66
(3H, s, 10-OCH3), 3.41 (1H, dd, J=17.0, 4.7 Hz, 11-Ha), 3.29 (1H,
t, J=10.9 Hz, 12-H), 3.07 (3H, s, N-CH3), 2.64 (1H, dd, J = 17.0,
12.4 Hz, 11-HB), 2.18 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 164.9 (s, C-1), 161.5 (s, C-4),
152.2 (s, C-10), 150.2 (s, C-8), 145.9 (s, C-7), 125.6 (s, C-9),
124.9 (s, C-6a), 120.8 (s, C-10a), 60.6 (q, 7-OCH3), 60.1 (q,
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8-0CH3), 60.0 (q, 10-OCH3), 51.4 (t, C-3), 51.0 (d, C-11a), 49.0 (d,
C-6), 33.6 (g, N-CH3), 28.6 (t, C-11), 9.6 (q, 9-CH3), 5.8 (t, C-12).
FT-IR (KBr) cm"! : 3453, 2934, 1664, 1464, 1070.

EI-MS m/z (%) : 474 (M+*, 26), 347 (78), 333 (100), 319 (15), 305

(15), 234 (13).

HR-EI-MS : Calced for CisH23IN205, 474.0652. Found : 474.0651.

7.8.10-Trimethoxy-2.9-dimethyl-6-methylene-2.,3,11,11a-tetra-

hyvdro-pyrazinol[1,2-b]l-isoquinoline-1,4-dione (87)

36 (1.85 g, 3.9 mmol)® AcOEt (115mL) %K IC =R I THEHL L 2
75 DBU (1.17 mL, 7.8 mmol) Z /M x . 4 95 °C T 1.5 K[ N
Ry L7z, KIS IZ IN/ HClI KEHK (600 mL) %1 2 TG %
f#= 1= L., CHCl3 (600 mL x 3) fiitl, A E % & b . fafn & EK
(600 mL) W Wil B E, BT 2EK (1.269¢g) % AcOEt
CCHREMibE L. 87T (1 &K &L 868.6mg, 2 Fhh 237.1 mg, 3 &Fdh 59.9
mg, 4 & 23.8mg), fFiR (65mg) &7, L EXV 87 % 1.189
g I 88.0 %. WA KL 572,

7 A E A mp 150 - 151 °C (from AcOEt).

IH-NMR (400 MHz, CDCl3) & : 6.34 (1H, s,

12-H), 5.68 (1H, s, 12-H), 4.19 (1H, dd, J =

12.2, 4.2 Hz, 11a-H), 4.13 (1H, d, J=17.4

Hz, 3-H), 4.04 (1H, d, J=17.4 Hz, 3-H), 3.84 (3H, s, 8-OCH3),
3.82 (3H, s, 7-OCH3s), 3.69 (3H, s, 10-OCH3), 3.53 (1H, dd, J =
16.2, 4.2 Hz, 11-H), 3.06 (3H, s, N-CH3), 2.83 (1H, dd, J = 16.2,
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12.2 Hz, 11-H), 2.21 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 165.5 (s, C-1), 162.5 (s, C-4),
151.6 (s, C-10), 151.4 (s, C-8), 147.4 (s, C-7), 132.9 (s, C-6),
126.0 (s, C-9), 123.7 (s, C-6a), 122.1 (s, C10a), 114.6 (t, C-12),
60.5 (q x 2, 8 and 10-OCH3), 60.1 (q, 7-OCH3), 56.8 (d, C-11a),
52.5 (t, C-3), 33.6 (q, N-CH3), 27.2 (t, C-11), 9.8 (q, 9-CHs3).
FT-IR (KBr) cm"!: 2943, 1667, 1641, 1441, 1408.

EI-MS m/z (%) : 346 (M+*, 60), 331 (100), 303 (6), 232 (21), 219
(25), 205 (9).

HR-EI-MS : Calced for C18H22N205, 346.1529. Found : 346.1531.
Anal. Caled for C1sH22N205: C, 62.42; H, 6.40; N, 8.09. Found : C,

62.21; H, 6.48; N, 8.13.

(6R*,11aS*)-6-Bromomethyl-7.8,10-trimethoxyv-2.9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1.2-b]l-isoquinoline-1,4-di-

one (38a)

37 (1.0583 g, 3.06 mmol) ® THF (80 mL) %2, —20°C T
pyridinium tribromide (1.95 g, 6.12 mmol) Z# M x . 2 B #E# L
7=, RIS % 0°CIZHE L., TFA (2.27 mL, 30.6 mmol) % Il x .
ft \» C NaBH3CN » THF % (1N, 30.5 mL, 30.5 mmol) % il = 26
R L7, TLCIZTHBOEELNRO LA, EIRITT
NaBH3CN @ THF % # (1IN, 9.15 mL, 9.18 mmol) % B/l L 3.5 K
M L7, MISHKICKZ ARG ZE1ESE, fafl NaHCO3 /K
ik (450 mL) % /0 x . CHCls (450 mL x 3) fith, A EZ & b
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. ALK (450 mL)We i, B, W £, FRE (2.5654¢2) %
YU AL (120g) OH T A7~ M2 CHAE L T Hexane :
AcOEt (1:2) iwH# X v 38a(0.659g) #%7-., & 5|2 Hexane:
AcOEt (1:4) ~AcOEt FEHE L v, 89(124.6 mg) & H 7=, £ 70,
Hexane : AcOEt (1 :2) HHEH LV G o/ 88a BT HZ 77 v =
> (0.235¢g) ZHEIY TSN (12g) O T A7 v~ M THR
L T Hexane : AcOEt (1 :2) ®wWHHH L vV 38a (0.195 g) %4 7=,
PLE XY 88a(0.854 g, 66%) & 89 (124.6 mg, 9.2 %) % 5% 7=,

38b: AT E LT 7 R,

1H-NMR (400 MHz, CDCl3) & : 5.89 (1H, t,

J=3.9Hz,6-H), 4.12 (1H,d, J=17.1 Hz,

3-H), 4.01 (1H, dd, J = 10.5, 3.9 Hz, 38b

12-H), 3.99 (1H, d, J=17.1 Hz, 3-H), 3.90 (3H, s, 7-OCH3s), 3.89
(1H, dd, J=12.7, 3.9 Hz, 11a-H), 3.80 (3H, s, 8-OCH3s), 3.71 (3H,
s, 10-OCH3s), 3.70 (1H, dd, J = 16.4, 3.9 Hz, 11-Ha) 3.61 (1H, dd,
J=10.5, 3.9 Hz, 12-H) 3.09 (1H, dd, J = 16.4, 12.7 Hz, 11-Hp),
3.08 (3H, s, N-CH3), 2.22 (3H, s, 9-OCH3).

13C-NMR (100 MHz, CDCls) &: 166.3 (s, C-4), 166.3 (s, C-1),
151.4 (s, C-10), 150.1 (s, C-8), 145.7 (s, C-7), 125.7 (s, C-9),
124.4 (s, C-6a), 123.2 (s, C-10a), 60.8 (q, 10-OCH3s), 60.5 (q,
7-0OCH3s), 59.9 (q, 8-OCH3s), 54.5 (d, C-11a), 52.2 (t, C-3), 51.2 (d,
C-6), 37.1 (t, C-12), 33.6 (q, N-CH3), 24.5 (t, C-11), 9.3 (q,
9-CH3s).

FT-IR (KBr) cm™! : 2940, 2361, 1670, 1410, 1074.
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EI-MS m/z (%) : 428 (M+* + 2, 9), 426 (M+, 9), 333 (100), 305 (9),
234 (8).

HR-EI-MS : Calcd for C1sH2305N2Br, 426.0790. Found :
426.0794.

39 EBTENLT 7 A

1H-NMR (300 MHz, CDCl3) &6 : 6.58 (1H, br
s, NFH), 4.41 (1H, d, J = 12.9 Hz,

Ar-COCH), 4.36 (1H, d, J=12.9 Hz,

Ar-COCH), 4.30 (1H, dd, J = 8.5 4.6 Hz,

3-H), 3.90 (1H, d, J=17.3, Hz, 6-H), 3.85 (3H, s, Ar-OCH3), 3.85
(3H, s, Ar-OCH3), 3.79 (1H, d, J = 17.3 Hz, 6-H), 3.73 (3H, s,
Ar-OCH3), 3.28 (1H, dd, J = 14.2, 4.6 Hz, Ar-CH), 2.99 (3H, s,
N-CH3), 2.82 (1H, dd, J = 14.2, 8.5 Hz, Ar-CH), 2.23 (3H, s,
Ar-CHs3y).

13C-NMR (67.5 MHz, CDCl3) & : 197.2 (s), 166.3 (s), 165.7 (s),
154.0 (s), 151.0 (s), 146.9 (s), 131.4 (s), 129.5 (s), 123.6 (s), 61.5
(q, Ar-OCHs3s), 60.5 (q, Ar-OCH3), 60.3 (q, Ar-OCH3), 55.1 (d, C-3),
51.9 (t, C-6), 36.6 (t, COCH:Br), 34.1 (q, N-CH3), 30.7 (t, C-3a),
10.0 (q, Ar-CH3).

EI-MS m/z (%) : 444 (M++2, 4), 442 (M+, 100), 345 (100), 317 (22),
315 (36), 237 (18).

HR-EI-MS : Caled for C1sH23N20g, 442.0740. Found : 442.0734.

40 : R\ T EIL T 7 A,
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1H-NMR (300 MHz, CDCl3) & : 6.68 (1H, s,

N-H), 4.25 (1H, dd, J= 8.7, 4.1 Hz, 3-H),

(@]
3.92 (1H, d, J = 17.2 Hz, 6-H), 3.84 (3H, s, Me 40

Ar-OCHs3s), 3.83 (3H, s, Ar-OCH3s), 3.76 (1H, d, J = 17.2 Hz, 6-H),
3.72 (3H, s, Ar-OCH3), 3.28 (1H, dd, J = 14.1, 4.1 Hz, Ar-CH),
2.99 (3H, s, N-CH3), 2.76 (1H, dd, J = 14.1, 8.7 Hz, Ar-CH), 2.53
(3H, s, Ar-Ac), 2.21 (3H, s, Ar-CH3),

13C-NMR (67.5 MHz, CDCl3) & : 204.8 (s), 166.5 (s), 165.7 (s),
153.8 (s), 151.2 (s), 146.5 (s), 135.4 (s), 128.0 (s), 121.7 (s), 61.3
(q, Ar-OCH3), 60.5 (q, Ar-OCH3y), 60.2 (q, Ar-OCH3), 55.2 (d, C-3),
52.0 (t, C-6), 34.1 (q, N-CH3s), 32.7 (q, Ar-Ac), 30.1 (t, C-3a), 9.8
(q, Ar-CH3).

(65*,11a8*)-6-Bromomethyl-7,8,10-trimethoxv-2,9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1,2-b]l-isoquinoline-1,4-di-

one (38b)

2 Ak k% (32.8 mg, 98.9 umol) XK X R VU 7 ==V KRAT 1~
(25.9 mg, 98.9 umol) ® CH:2Cly (2.0 mL) &I =i |2 T 35b
(18.0 mg, 49.5 pmol) Z Mz . FIWIC T 17T\ L=, TLCIZ
THREOEERBO NI, S HIICHEBE 50°CIZHIEL T 4
RN EVE W L 72, ISR IC e fn NaHCOs KB # (10 mL) i % X
Jo &4 1k L, CHCl; (10 mLx3) #ith, AEZ & bE ., faf&E
K (10 mL) ¥, wo /% W £, %GBS 1mg) 22U 70 (8
g) DH T L7~ hITHEL T MeOH : CHCl; (1:19) % H#
L0 E 85b (3.3 mg, 18 %) ZEIIL L7, & 5HIZ AcOEt: Hexane
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(1:1) ~MeOH :CHCls(1:19) wHE I ENTZT7 T 7 v a v
EHEEVNDFL (12g) OB T A7 v~ MZTHBEL T AcOEt
CHClz (1 :2) isH# L v 38b (12.0 mg, 64 %) %157,

38b: AT EI)NL T 7 A,

1H-NMR (400 MHz, CDCls) &: 6.08 (1H,

dd, J=10.7, 3.7 Hz, 6-H), 4.38 (1H, dd, J

= 12.4, 4.5 Hz, 11a-H), 4.14 (1H, dd, J =
17.8, 0.7 Hz, 3-H), 4.06 (1H, dd, J=17.8, 1.0 Hz, 3-H), 3.92 (1H,
dd, 4 = 10.7, 3.7 Hz, 12-H), 3.92 (3H, s, 7-OCH3s), 3.79 (3H, s,
8-0CHs), 3.66 (3H, s, 10-OCH3), 3.54 (1H, t, J = 10.7 Hz, 12-H),
3.47 (1H, dd, J=17.0, 4.5 Hz, 11-Ha), 3.06 (3H, s, N-CH3), 2.70
(1H, dd, J=17.0, 12.4 Hz, 11-Hp), 2.18 (3H, s, 9-CHs).
13C-NMR (100 MHz, CDCls) &: 164.9 (s, C-1), 161.7 (s, C-4),
152.2 (s, C-10), 150.2 (s, C-8), 145.9 (s, C-7), 125.7 (s, C-9),
123.8 (s, C-6a), 121.3 (s, C-10a), 60.6 (q, 7-OCH3s), 60.1 (q,
8-0OCH3), 60.0 (q, 10-OCH3), 51.38 (d, C-11a), 51.35 (t, C-3), 49.2
(d, C-6), 33.6 (q, N-CH3), 32.2 (t, C-12), 28.6 (t, C-11), 9.6 (q,
9-CH3).

FT-IR (KBr) cm™!: 2940, 1667, 1464, 1331, 1069.

EI-MS m/z (%) : 428 (M+ + 2, 13), 426 (M*, 13), 347 (33), 333
(100), 331 (19), 305 (14), 234 (14).

HR-EI-MS : Caled for Ci1sH23BrN205, 426.0790. Found :

426.0791.

107



(6R*,11aS5*)-6-Hydroxymethyl-7,8.10-trimethoxy-2,9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1,2-b]-isoquinoline-1,4-di-

one (12b)

38a (34.1 mg, 0.08 mmol)® Acetone : H20 (2.4 ml : 0.8 ml) &%
IZ . IR I TR B (67.9 mg, 0.4 mmol) &M%, S 60 °C I &
WLUAREBHEZ. KICxELRIE, O A8 %2 H v T8
MEHRWEOBIZ, K (80 ml) & CHClsZ CTHWRBRIEZIT - 72,
CHCl; (30 mlx 3) fliii, AE 245 b, fAafMEEAK (30 ml) ¥k
B, W WA, BiE (30.9 mg, M 29.1mg) A¥ U H
v (5g) OB 7 A7 m~ MCTHR® LT CH:Cle: MeOH (50 : 1)
WHE L0, 85a(26.1mg) /7, £/, AEHE LIV ELAL
86a B A7 77 varv B5mg) #HEVI TN (Tg) OIT
LA v~ MZTHML T CH:Cly: MeOH (50 : 1) HEH L Y 35a
(1.1 mg) =& 7=,

ULk X v 85a(27.2 mg, INHE 93%) % 157z,

B, METHERTOIEMNT, ELEWO MLk,
85a : M7 X AE mp 194 - 195 °C (from AcOEt-Hexane-

MeOH-H-0).

IH-NMR (400 MHz, CDCl3) & : 5.82 (1H,
dd, J=17.0, 4.8 Hz, 6-H), 4.14 (1H, d, J =

16.9 Hz, 3-H), 3.97 (1H, d, J = 16.9 Hz, 35a

3-H), 3.90 (3H, s, 7-OCH3), 3.88 (1H, dd, J=12.6, 3.2 Hz, 11a-H),
3.80 (3H, s, 8-OCH3), 3.78 (1H, dt, J = 11.0, 4.8 Hz, 12-H), 3.76
(1H, dd, J=15.8, 3.2 Hz, 11-Ha),3.71 (3H, s, 10-OCH3s), 3.60 (1H,
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ddd, 4 = 11.1, 7.0, 6.3 Hz, 12-H), 3.07 (3H, s, N-CH3), 2.79 (1H,
dd, J=15.8, 12.6 Hz, 11-Hp), 2.59 (1H, br t, J = 4.9 Hz, OH),
2.21 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 167.1 (s, C-4), 166.2 (s, C-1),
151.4 (s, C-10), 150.2 (s, C-8), 145.8 (s, C-7), 125.4 (s, C-9),
124.0 (s, C-6a), 122.8 (s, C-10a), 67.2 (t, C-12), 61.1 (q,
10-OCH3), 60.7 (q, 7-OCH3), 60.0 (q, 8-OCH3), 55.3 (d, C-11a),
52.9 (d, C-6), 52.5 (t, C-3), 33.9 (q, N-CH3), 24.2 (t, C-11), 9.6 (q,
9-CH3s).

FT-IR (KBr) cm-!: 3433, 2941, 1664.

EI-MS m/z (%) : 364 (M+ ,3), 347 (17), 333 (100), 305 (14), 234
(14), 204 (11).

HR-EI-MS : Calcd for C1sH24N206, 364.1634. Found : 364.1629.
Anal. Caled for Ci1sH24N206: C, 59.33; H, 6.64; N, 7.69. Found : C,
59.18; H, 6.62; N, 7.66.

85a @ H ik &L X R fE AT

EHA T4t
Fomula C1gH24N206
Crystal system monoclinic
a (A) 6.041 (1)
b (A) 24.604 (5)
c (A) 13.297 (9)
p 115.78 (7)°
Cell Volume (A®) 1780 (2)
z 4
d caled. (g cm™) 1.360
Space group P2,/c
Radiation CuKa (A = 1.54187A)
20 range 260 <136.4°
Observed reflines 20992
R value R =0.045, R, = 0.102, and R = 0.038 for /> 2.0c(/)
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(6R*,11aS8*)-6-Angeloyloxymethyl-7,8,10-trimethoxy-2,9-di-

methyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-isoquinoline-

1.,4-dione (41a)

77U B (25 mg, 0.25 mmol) & b= > (0.7 mL) 2% #E L.
0°CIicT2,4,6-FV 7ol EFREMLWE = (0.7mL) 2
Wh LR ENzx, &5 EtsN (34.8 uL, 0.25 mmol) % kL=
Y (0.7TmL) WHEMNMLEBEREMZ ., TOBRKEERIZEZ TIDH
2 W B L 72

35a (36.4 mg, 0.1 mmol) # b/l = (2.8 mL) IS, *Z
ICERICTHEBELRDPORICHMLZESREARY 2N 2, SR
Z 90°CICHIE L 5O MMM Lz, IS ICEf NaHCO; KR i
(20 mL) %M 2 I &5 1k #% . CHCls (20 mL x 3) #hiii. A#)E %
A, Wi, WE®E, BB (107.0mg) 2V U 750 (5g) @
BT A< I THBML T ACOEt ImH# L v 41a (35.1 mg,
79 %) &,

41a : BMEBA T E L 7 7 A,

IH-NMR (400 MHz, CDCl3) § : 5.99 (1H, qq,

J=17.4,1.5Hz, 16-H), 5.94 (1H, dd, J= 4.9,

4.3 Hz, 6-H), 4.45 (1H, dd, J=11.5, 4.3 Hz,

){%@
O” 5 H
12-H), 4.28 (1H, dd, J= 11.5, 4.9 Hz, 12-H), 41a

4.11 (1H,d, J=17.1 Hz, 3-H), 3.94 (1H, d, J=17.1 Hz, 3-H), 3.91
(3H, s, 7-OCH3), 3.88 (1H, dd, J=12.5, 4.2 Hz, 11a-H), 3.79 (3H,
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s, 8-OCH3), 3.72 (1H, dd, J = 15.9, 4.2 Hz, 11-Ha), 3.69 (3H, s,
10-OCHs), 3.05 (3H, s, N-CHs), 2.85 (1H, dd, J = 15.9, 12.5 Hz,
11-HB), 2.21 (3H, s, 9-CH3), 1.84 (3H, dq, J = 7.4, 1.5 Hz,
16-CHs), 1.77 (3H, quint, J = 1.5 Hz, 15-CH3).

13C-NMR (100 MHz, CDCls) & : 167.2 (s, C-14), 166.7 (s, C-1),
166.1 (s, C-4), 151.4 (s, C-10), 150.3 (s, C-8), 146.1 (s, C-7),
138.7 (d, C-16), 127.4 (s, C-15), 125.5 (s, C-9), 123.8 (s, C-6a),
123.2 (s, C-10a), 65.5 (t, C-12), 60.9 (q, 10-OCH3), 60.6 (q,
7-OCH3), 59.9 (q, 8-OCH3), 54.9 (d, C-11a), 52.5 (t, C-3), 49.6 (d,
C-6), 33.7 (q, N-CH3), 24.0 (t, C-11), 20.5 (q, 15-CH3), 15.6 (q,
C-17), 9.4 (q, 9-CH3).

FT-IR (KBr) cm™! : 3447, 2938, 1717, 1674, 1076.

EI-MS m/z (%) : 446 (M+, 7), 347 (7), 333 (100), 331 (14), 305 (6),
234 (5), 204 (6).

HR-EI-MS : Caled for C23H30N207, 446.2053. Found : 446.2054.

41a ® BBrs 2 X % i A F A4k

41a (27.5mg, 61.5 umol) ® CH:Clz (3.9 mL) &k ic —78 °C T

BBrs; ® CH:2Cle &% (1mol/L, 277 puL, 277 umol) %% F L A& T
10 oM\ L, SHICKISEEZ 3FHEMM™IT T—20°CIlcHIEL .
TLCIZ CHEOHERAREZMB L T2 b 3.6 RFREIZICHLHEZBH ML
7=, ISR IZ —20°C T 5%NaHCOs KE#E (20 mL) % AN XIS %
%1 L 5%MeOH & & CHCIs (30 mL x 3) fith., A EZ2 & by,
fd fn A MK (B30mL) Ve, #kR. WHEYE, EE (18.7 mg) & v
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VA7 Nn(15g) OB T7 L7~ M THE L T ACOEt : Hexane
(9:1) EHE LV 48a & 44a OEAYW (13.5mg) #H 7=, &b
Vs (16g) OB Z7 A7~ M THHE L T CHCls
Hexane (9 : 1) A # L Y 43a (5.6 mg, 20 %), EtOH : Hexane
(1.5:8.5) Im#ER L v, 44a (4.0 mg, 15 %) %= & 7=,

(6R*,11aS5*%)-7.8,10-Trimethoxy-2,.9-dimethyl-6-tigloyloxy-

methyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-isoquinoline-

1.,4-dione (48a)

43a - OO T L T 7 R,

1H-NMR (400 MHz, CDCls3) 6 : 6.72 (1H, m,
16-H), 5.94 (1H, t, J = 4.7 Hz, 6-H), 4.41

(1H, dd, J=11.4, 4.7 Hz, 12-H), 4.24 (1H,

dd, J=11.4, 4.7 Hz, 12-H), 4.11 (1H, d, J =

17.1 Hz, 3-H), 3.93 (1H, d, J = 17.1 Hz, 3-H), 3.90 (3H, s,
7-OCH3), 3.87 (1H, dd, J=12.7 Hz, 11a-H), 3.79 (3H, s, 8-OCH3),
3.73 (1H, dd, J = 15.9, 4.2 Hz, 11-Ha), 3.69 (3H, s, 10-OCH3),
3.06 (3H, s, N-CH3), 2.85 (1H, dd, J=15.9, 12.7 Hz, 11-HpB), 2.21
(3H, s, 9-OCH3), 1.73 (3H, br d, J= 6.8 Hz, 16-CH3), 1.72 (3H, s,
15-CHj3y).

13C-NMR (100 MHz, CDCl3) 8 : 167.5 (s, C-14), 167.0 (s, C-1),
166.0 (s, C-4), 151.5 (s, C-10), 150.3 (s, C-8), 146.1 (s, C-7),
137.5 (d, C-16), 128.3 (s, C-15), 125.5 (s, C-9), 123.9 (s, C-6a),
123.2 (s, C-10a), 66.0 (t, C-12), 61.0 (q, 10-OCH3), 60.6 (q,
7-0OCH3s), 59.9 (q, 8-OCH3), 54.9 (d, C-11a), 52.5 (t, C-3), 49.5 (d,
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C-6), 33.7 (q, N-CH3y), 24.1 (t, C-11), 14.3 (q, C-17), 12.0 (q,
15-CH3s), 9.4 (g, 9-CH3).

FT-IR (KBr) cm'!: 2940, 1713, 1672, 1412, 1260, 1076.

EI-MS m/z (%) : 446 (M*, 7), 333 (100), 305 (6), 234 (5), 204 (5).
HR-EI-MS : Calcd for C23H30N207, 446.2053. Found : 446.2056._

(6R*,11aS*)-10-Hydroxy-7,8-dimethoxv-2,9-dimethyl-6-

tigloyloxymethyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-iso-

guinoline-1.4-dione (44a)

449 - BT L T 7 R,

1H-NMR (400 MHz, CDCls3) 6 : 6.73 (1H, m,
16-H), 5,97 (1H, t, J = 5.2 Hz, 6-H), 5.42

(1H, br s, 10-OH), 4.36 (1H, dd, J=11.2,

5.2 Hz, 12-H), 4.19 (1H, dd, J = 11.2, 5.2

Hz, 12-H), 4.12 (1H, d, J=17.1 Hz, 3-H), 3.94 (1H, d, J=17.1 Hz,
3-H), 3.91 (1H, dd, J=12.7, 4.4 Hz, 11a-H), 3.86 (3H, s, 7-OCH3),
3.79 (3H, s, 8-OCH3), 3.78 (1H, dd, J=15.9, 4.4 Hz, 11-Ha), 3.07
(3H, s, N-CH3), 2.83 (1H, dd, J=15.9, 12.7 Hz, 11-Hp), 2.19 (3H,
s, 9-CH3), 1.73 (3H, d, J=6.8 Hz, 16-CH3), 1.72 (3H, s, 15-CH3).
13C-NMR (100 MHz, CDCls) & : 167.7 (s, C-14), 167.0 (s, C-1),
165.9 (s, C-4), 150.1 (s, C-8), 147.0 (s, C-10), 143.5 (s, C-7),
137.6 (d, C-16), 128.3 (s, C-15), 123.7 (s, C-6a), 118.2 (s, C-9),
116.1 (s, C-10a), 66.1 (t, C-12), 60.8 (¢q, 7-OCH3s), 60.1 (q,

8-OCH3), 54.9 (d, C-11a), 52.5 (t, C-3), 49.2 (d, C-6), 33.8 (q,
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N-CH3), 23.8 (t, C-11), 14.4 (q, C-17), 12.0 (q, 15-CH3s), 9.0 (q,
9-CHj3s).

FT-IR (KBr) cm™!: 3393, 2930, 1715, 1663, 1420, 1072.

EI-MS m/z (%) : 432 (M*, 9), 319 (100), 291 (7), 220 (4).

HR-EI-MS : Calcd for C22H28N207, 432.1897. Found : 432.1902.

(6R*,11aS8*)-10-Hydroxy-6-hydroxymethyl-7.8.dimethoxy-

2.9-dimethyl-2.3,11,11a-tetrahyvdro-6 H-pyrazinol[1.2-5b]-iso-

guinoline-1,4-dione (47a)

35a (18.2 mg, 0.05 mmol) ® CH:Cl: (3.2 mL) ®i&izc. —78°C IZ
T BBrs ® CH:Cls W # (1N, 225uL, 225umol) %3 F L [FIE T 10
B L., 2.5 K217 T—20°C £ THIE L FIE T 24 KR #2+#
L7c, RINRIZAK (20 mL) & ANk 2% 1k &%, CH2Cl: (40mL
x6) fith., AHELGDLYE., fMfiBHE K (40mL) Wik, Wik, &
MR L, Kl (15.2mg) 2 U W70 (16g) DA T L7 v~ MIZ
THH® L T CHCl;: MeOH (40 : 1) I#HE XV 85a (3.8 mg, 21 %)
ZEIY L, 47a & 48a DRAW9.6 mg)axH-, ZORAMEZH
U BN (42g) O T A7 v~ M2 TH® L T Hexane
EtOH (8.5 :1.5) IwH#E L » 47a (8.9 mg, 51 %) & 48a (2 mg,
11 %) % 372,

47a @ AT )L 7 7 A,

IH-NMR (400 MHz, C5DsN) &: 10.59 (1H,

br s, 10-OH), 6.28 (1H, t, J=4.2 Hz, 6-H),

4.53 (1H, dd, J=11.3 4.2 Hz, 12-H), 4.45
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(1H, dd, J = 15.6, 3.9 Hz, 11-Ha), 4.20 (1H, d, J = 16.6 Hz, 3-H),
4.17 (1H, dd, J = 11.3, 4.2 Hz, 12-H), 4.15 (1H, dd, J = 12.5, 3.9
Hz, 11a-H), 3.98 (1H, d, J = 16.6 Hz, 3-H), 3.85 (3H, s, 7-OCH3),
3.74 (3H, s, 8-OCH3), 3.56 (1H, dd, J = 15.6, 12.5 Hz, 11-Hp),
2.78 (3H, s, N-CHs), 2.45 (3H, s, 9-OCH3).

13C-NMR (100 MHz, C5DsN) § : 166.6 (s, C-1), 165.6 (s, C-4),
149.7 (s,C-8), 148.5 (s, C-10), 142.6 (s, C-7), 125.5 (s, C-6a),
118.6 (s, C-9), 118.4 (s, C-10a), 65.2 (t, C-12), 60.0 (q, 7-OCH3),
59.3 (q, 8-OCH3), 54.9 (d, C-11a), 53.1 (d, C-6), 52.1 (t, C-3), 32.6
(q, N-CH3), 25.5 (t, C-11), 9.7 (q, 9-CH3y).

FT-IR (KBr) cm-!: 3509, 3306, 2961, 2924, 2853, 1672, 1636.
EI-MS m/z (%) : 350 (M+*, 5), 319 (100), 291 (16), 220 (13).
HR-EI-MS : Calcd for C17H22N206, 350.1478. Found : 350.1474.

(6R*,11aS5*)-8-Hydroxy-6-hydroxymethyl-7.10-dimethoxy-

2.9-dimethyl-2.3,11,11a-tetrahyvdro-6 H-pyrazino[1.2-5b]-iso-

guinoline-1.4-dione (48a)

48a @ AT E I T 7 A,

1H-NMR (400 MHz, C5D5N) &: 11.12 (1H, br
s, 8-OH), 6.28 (1H, t, J=4.2 Hz, 6-H), 4.51

(1H, dd, J=11.2, 4.2 Hz, 12-H), 4.23 (1H, d,

J=16.6 Hz, 3-H), 4.20 (1H, dd, J=11.2, 4.2 Hz, 12-H), 4.13 (1H,
dd, J = 12.5, 3.7 Hz, 11a-H), 4.06 (1H, dd, J = 15.3, 3.7 Hz,
11-Ha), 4.00 (1H, d, J=16.6 Hz, 3-H), 3.77 (3H, s, 7-OCH3s), 3.55
(3H, s, 10-OCH3), 3.52 (1H, dd, J = 15.3, 12.5 Hz, 11-Hp), 2.80
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(3H, s, N-CH3), 2.43(3H, s, 9-CH3).

13C-NMR (100 MHz, C5D5N) 8 : 166.5 (s, C-1), 165.8 (s, C-4),
151.7 (s, C-10), 147.9 (s, C-8), 141.4 (s, C-7), 125.5 (s, C-6a),
118.9 (s, C-10a), 118.6 (s, C-9), 65.2 (t, C-12), 60.0 (q, 10-OCH3),
59.8 (q, 7-OCH3), 55.0 (d, C-11a), 53.1 (d, C-6), 52.1 (t, C-3), 32.6
(q, N-CH3), 24.7 (t, C-11),9.5 (q, 9-CH3).

FT-IR (KBr) cm™!: 3397, 2926, 2852, 1663, 1063.

EI-MS m/z (%) : 350 (M+, 6), 319 (100), 291 (16), 220 (10), 190
(15).

HR-EI-MS : Caled for C17H22N206, 350.1478. Found : 350.1475.

(6R*,11aS5%)-6-Acethoxymethyl-7.8,10-trimethoxy-2.9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1,2-b]l-isoquinoline-1,4-di-

one (49a)

35a (109.2 mg, 0.3 mmol) ® CH:Cls (3.5 mL) A& IZ 0°C 12 CT7T
tF 27U R (43 uL, 0.6 mmol) % M x . # T EtsN (125 pL,
0.9 mmol) Z /M., FIWICLE 2 1HEMBHL L, TLCIZ THE®
HRZHBER THOHOLBELHEZHB L, RISEKIZC 5%NaHCOs K&
# (60 mL) % /i 2 C i &% 1k &+, CHCl; (60 mL x 3) #ith
AHELZ bW, A AR K (60 mL) vei., 1, BWEEE, &
% (141.0mg) 2 U7 (12g) O T A7~ FMIZTHERL
T AcOEt : Hexane (7 :3) B #H LV 49a (123.0 mg, & =&
) 57,

49a : KEOT T T 7 A,

116



1H-NMR (400 MHz, CDCl3) & : 5.89 (1H, t,

J=4.4 Hz, 6-H), 4.35 (1H, dd, J=11.2,
4.4 Hz, 12-H), 4.21 (1H, dd, J = 11.2, 4.4

Hz, 12-H), 4.11 (1H, d, J=17.1 Hz, 3-H),

3.94 (1H, d, J=17.1 Hz, 3-H), 3.91 (3H,s, 7-OCH3), 3.87 (1H, dd,
J=12.2, 3.9 Hz, 11a-H), 3.79 (3H, s, 8-OCH3), 3.74 (1H, dd, J =
15.6, 3.9 Hz, 11-Ha), 3.71 (3H, s, 10-OCH3), 3.07 (3H, s, N-CH3),
2.84 (1H, dd, J = 15.6, 12.2 Hz, 11-HB), 2.22 (3H, s, 9-CH3), 1.94
(3H, s, 14-CH3).

13C-NMR (100 MHz, CDCl3) & : 170.4 (s, C-14), 166.7 (s, C-1),
166.0 (s, C-4), 151.4 (s, C-10), 150.3 (s, C-8), 146.1 (s, C-7),
125.6 (s, C-9), 123.8 (s, C-6a), 123.2 (s, C-10a), 66.0 (t, C-12),
61.0 (q, 10-OCH3), 60.5 (q, 7-OCH3), 59.9 (q, 8-OCH3), 54.9 (d,
C-11a), 52.4 (t, C-3), 49.5 (d, C-6), 33.8 (q, N-CH3), 24.2 (t, C-11),
20.9 (q, C-15), 9.4 (q, 9-CH3).

FT-IR (KBr) cm-1: 2941, 1744, 1667, 1466, 1412, 1219, 1072,
EI-MS m/z (%): 406 (M*, 7), 334 (18), 333 (100), 305 (7), 234 (6),
204 (8).

HR-EI-MS : Caled for C20H26N207, 406.1740. Found : 406.1743.

(6R*,11aS*)-6-Benzoyvloxymethyl-7.8,10-trimethoxy-2.9-di-

methyl-2.3,11.11a-tetrahydro-6 H-pyrazino[1.2-b]-isoquinoline-

1,4-dione (50a)

35a (72.8 mg, 0.2 mmol) ® CH:Clz (2.3 mL) ## 2 0 °C I T
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fbx>v > A (46 pL, 0.4 mmol) Z M x . # T EtsN (84 uL, 0.6
mmol) Z M %, | & L T 5REMMEHL LA, TLCIC THE WK
EHER LIZO CHRWMZEK L, KIGEIZEF NaHCOs K& R
(40 mL) Z Mz T #1451k &+, CHCls (40 mL x 3) fhiili. 7%
Jg % &bt ., fafn K (40 mL) ¥, m, BHHEE L, K&
(135.4mg) 2> V07N (15g) OH T A7 v~ MITTHRERLT
AcOEt ImHE L v 50a (94.0 mg, TEHINEK) 2K 7=,

50a : BT BN T 7 X,

1H-NMR (400 MHz, CDCls) & : 7.92 (2H, d,
J=17.8Hz, 2'-H), 7.51 (1H, t, J = 7.8 Hz,

4'-H), 7.37 (2H, t, J = 7.8 Hz, 3'-H), 6.03

(1H, t, J=4.7 Hz, 6-H), 4.55 (1H, dd, J =

3

11.4, 4.6 Hz, 12-H), 4.50 (1H, dd, J = 11.4,

5.2 Hz, 12-H), 4.12 (1H, d, J = 17.0 Hz, 3-H), 3.92 (1H, d, J =
17.0 Hz, 3-H), 3.92 (3H, s, 7-OCHz3s), 3.88 (1H, dd, J = 12.6, 3.9
Hz, 11a-H), 3.77 (3H, s, 8-OCH3), 3.75 (1H, dd, J = 15.8, 3.9 Hz,
11-Ha), 3.56 (3H, s, 10-OCH3), 3.02 (3H, s, N-CH3), 2.87 (1H, dd,
J=15.8, 12.6 Hz, 11-Hp), 2.19 (8H, s, 9-CH3s).

13C-NMR (100 MHz, CDCls) 6 : 166.3 (s, C-1), 165.9 (s, C-4),
165.8 (s, C-14), 151.3 (s, C10), 150.1 (s, C-8), 146.0 (s, C-7),
132.8 (d, C-4", 129.7 (s, C-1'), 129.4 (d, C-2'), 128.2 (d, C-3"),
125.5 (s, C-9), 123.5 (s, C-6a), 123.1 (s, C-10a), 66.3 (t, C-12),
60.9 (q, 10-OCH3), 60.6 (q, 7-OCH3s), 60.0 (q, 8-OCH3), 55.0 (d,
C-11a), 52.5 (t, C-3), 49.6 (d, C-6), 33.8 (q, N-CH3), 24.4 (t,
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C-11),9.6 (q, 9-CHs).

FT-IR (KBr) cm-!: 2940, 1722, 1672, 1271, 1072.

EI-MS m/z (%) : 468 (M+*, 8), 334 (18), 333 (100), 305 (5) 234 (5),
204 (7).

HR-EI-MS : Caled for C25H2sN207, 468.1897. Found : 468.1898.

49a @ BBrs il £ 5 i X F 1k

49a (40.6 mg, 0.1 mmol) ® CH:Cl; (6.4 mL), 1.2— Y 7 mo=x X
v (7.4 mL) BAWIKRIZ—78°C 2T BBrs ® CH:Cl: &R (1M,

0.3mL, 0.03 mmol )Z i F L., MW T 1RMMBHL L, 2 FFHN»T
T—20°ClcHIE L KRB L7, TLCIZ THEBOEKRENR O b
Nzl 1R 300 CHEIRBICHFIRL 12 R LZ,K (80
mL) ZMMx Xz EIEL7EZDL, CHCls (30 mL x 5) i, A
Jg &= & bh¥ . ek (60mL) Ve, ., Wi ¥E £, Kk (27.1
mg) v U AN (26g) OB T A7~ MITTHERM L T CHCls:
MOH (75 : 1) IEHH LY 474 (9.0 mg, 26 %) =7, I 51

CHCls : MeOH (10 : 1) A L Y 47b (5.7 mg, 16 %) % 5 7=,

50a ® BBrs |2 X % i A F L4k

50a (40.6 mg, 0.1 mmol) ® CH:Cl; (6.4 mL), 1.2— Y 7 mn=xX
> (7.4 mL) RAWHKIZ—78 °C 12T BBrs ® CH:Cl: iF % (1M,

0.3mL, 0.03 mmol )Z i F L., AT 1FREMHELLL, 2 KM»T
T—20°CIcHE L 3B L7, TLCIZ THREOEE PR L
Nz 1R 30001 CRIRICHIEL 12 B L=,k (30
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mL) Z MK &xFEIE Lo b, CHCls (30 mL x 5) #ii, A #
Jg &= &by itk (60mL) Ve, W, W ¥ £, Kk (29.1
mg) ¥ U BTN (15g) OB T A7 u~ M THERELT
CH:Clz: MeOH (60 : 1) IHM L Y 5la & 51b DRAME T,
EHICHAEBEHEE LY 35a(10.2 mg, 26 %) & 35b (4.4 mg, 16 %)
157-, 28b & 28a DIERAMAEBEL IV ISV (27g) O T A
/< MZTHiH® L T Hexane : EtOH (8.5 :1.5) wWH#E L W bla
(2 mg, 4 %) B LY 51b (2.8 mg 6 %) % 7=,

o

(6R*,11aS*)-6-Benzoyloxymethyl-10-Hydroxy-7,.8,dimethoxy-

2.9-dimethyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-iso-

guinoline-1.,4-dione (51a)

5la: AT EF )L 7 7 A,

1H-NMR (400 MHz, CDCl3) & : 7.92 (2H, d,
J=17.3Hz, 2'-H), 7.51 (1H, t, J = 7.3 Hz,

4'-H), 7.38 (2H, t, J = 7.3 Hz, 3'-H), 6.07

(1H, t, J = 5.4 Hz, 6-H), 5.15 (1H, br s,

10-OH), 4.48 (1H, dd, J = 11.3, 4.9 Hz,
12-H), 4.43 (1H, dd, J=11.3, 5.9 Hz, 12-H), 4.11 (1H, d, J=17.1
Hz, 3-H), 3.93 (1H, dd, J = 12.3, 3.9 Hz, 11a-H), 3.91 (1H, d, J =
17.1 Hz, 3-H), 3.89 (3H, s, 7-OCH3), 3.77 (1H, dd, J = 16.0, 3.9

Hz, 11-Ha)3.76 (3H, s, 8-OCHs), 3.02 (3H, s, N-CHs), 2.87 (1H,

dd, J = 16.0, 12.3 Hz, 11-Hp), 2.18 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 166.9 (s, C-1), 166.2 (s, C-14),
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166.1 (s, C-4), 150.2 (s C-8), 147.0 (s, C-10), 143.6 (s, C-7), 132.9
(d, C-4'), 129.9 (s, C-1'), 129.6 (d, C-2'), 128.3 (d, C-3"), 123.6 (s,
C-6a), 118.3 (s, C-9), 116.1 (s, C-10a), 66.4 (t, C-12), 60.8 (q,
7-OCH3), 60.2 (q, 8-OCH3), 55.0 (d, C-11a), 52.5 (t, C-3), 49.2 (d,
C-6), 33.9 (q, N-CH3), 23.8 (t, C-11), 9.0 (q, 9-CH3y).

FT-IR (KBr) cm™!: 3393, 2930, 1721, 1653, 1271, 1121, 1070, 714.
EI-MS m/z (%) : 454 (M+, 11), 320 (17), 319 (100), 291 (7), 220 (5),
105 (9).

HR-EI-MS : Calcd for C24H26N207, 454.1740. Found : 454.1736.

(6S*,11aS*)-6-Benzoyloxymethyl-10-Hydroxy-7.8.dimethoxy-

2.9-dimethyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-iso-

guinoline-1.4-dione (51b)

51b : A7 F )L 7 7 A,

1H-NMR (400 MHz, CDCl3) & : 7.98 (2H, d,
J=17.8Hz, 2'-H), 7.54 (1H, t, J = 7.8 Hz,

4'-H), 7.41 (2H, t, J = 7.8 Hz, 3'-H), 6.23

(1H, dd, J = 8.8, 3.9 Hz, 6-H), 5.10 (1H, s,

@

10-OH), 4.65 (1H, dd, J = 11.5, 8.8 Hz,
12-H), 4.60 (1H, dd, J = 11.5, 3.9 Hz, 12-H), 4.55 (1H, dd, J =
12.4, 4.4 Hz, 11a-H), 4.01 (1H, d, J = 18.1 Hz, 3-H), 3.90 (3H, s,
7-OCHs), 3.89 (1H, d, J = 18.1 Hz, 3-H), 3.78 (3H, s, 8-OCH3),
3.51 (1H, dd, J=16.8, 4.4 Hz, 11-Ha), 2.98 (3H, s, N-CH3), 2.67
(1H, dd, J=16.8, 12.4 Hz, 11-HpB), 2.16 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) & : 166.3 (s, C-14), 165.3 (s, C-1),
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161.8 (s, C-4), 150.0 (s, C-8), 147.9 (s, C-10), 143.5 (s, C-7),
133.1 (d, C-4"), 129.8 (s, C-1"), 129.7 (d, C-2"), 128.5 (d, C-3"),
122.0 (s, C-6a), 117.5 (s, C-9), 115.2 (s, C-10a), 63.8 (t, C-12),
60.6 (q, 7-OCH3), 60.3 (q, 8-OCH3), 51.7 (d, C-11a), 51.3 (t, C-3),
48.4 (d, C-6), 33.5 (q, N-CH3), 28.3 (t, C-11),8.8 (q, 9-CH3s).
FT-IR (KBr) cm™1: 3356, 2928, 1726, 1663, 1647, 1458, 1267.
EI-MS m/z (%) : 454 (M*, 15), 320 (18), 319 (100), 291 (8), 220 (6),
105 (11).

HR-EI-MS : Calced for C24H26N207, 454.1740. Found : 454.1742.

(6R*,11aS*)-6-Hydroxymethyl-8-methoxy-2,9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazinol[1.2-b]l-isoquinoline-1,4,7.10-

tetraone (52a)

47a (10.5 mg, 0.03 mmol) ® CH3CN (4.5 mL) & Z —18°C 2 C.
0°Clc#H= L7~ CAN (42 mg, 75 pmol)® /K (700 pL) =W Z i T
L7, 150#% TLCIZ TIREIOW R % HeFB L 7= D T 30 47 %12 #% QL
M LT, RISHKIZ 5%NaHCOs K% #% (30 mL) % I 2 & It & 1=
Ik L. CH2Cl: (30 mLx3) #ith. AkEZz &b, M AHE K (30
mL) Wi, wER EEE L, EE (1lmg) 2> U 50 (6.5g) O

AT Ah7 v MITTHBML T CH:CL::

MeOH (55 : 1) % & L vV 52a (6.0 mg,

60%) B L 53a (2.0 mg, 19 %) 2% 7.

52a @ WO T ENT 7 A,

IH-NMR (400 MHz, CDCls) & : 5.47 (1H, dt, J = 4.0, 1.7 Hz, 6-H),
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4.14 (1H, d, J = 17.3 Hz, 3-H), 4.02 (3H, s, 8-OCH3), 3.98 (1H,
ddd, J = 11.3, 6.0, 4.0 Hz, 12-H), 3.96 (1H, d, J = 17.3 Hz, 3-H),
3.87 (1H, dd, J=11.7, 3.4 Hz, 11a-H), 3.67 (1H, ddd, J=11.3, 6.0,
4.0 Hz, 12-H), 3.66 (1H, dd, J=17.5, 3.4 Hz, 11-Ha), 3.06 (3H, s,
N-CH3), 2.61 (1H, ddd, J=17.5, 11.7, 1.7 Hz, 11-Hp), 2.09 (1H, t,
J=6.0Hz, OH),1.99 (3H, s, 9-CH3).

13C-NMR (100 MHz, C5DsN) & : 184.9 (s, C-10), 180.3 (s, C-7),
166.4 (s, C-4), 165.3 (s, C-1), 155.2 (s, C-8), 140.8 (s, C-10a),
136.3 (s, C-6a), 129.0 (s, C-9), 64.6 (t, C-12), 61.1 (q, 8-OCH3),
53.8 (d, C-11a), 52.4 (d, C-6), 52.3 (t, C-3), 34.0 (q, N-CH3), 23.6
(t, C-11),9.1 (q, 9-CH3).

FT-IR (KBr) cm'!: 3422, 2941, 1663, 1431, 1229.

LR-MS (FAB*) : 335 [M+H]+.

HR-MS (FAB*) : Caled for C16H19N20g, 335.1243. Found :
335.1248.

(6R*,11aS8*,7R*)-7.8-Methoxv-2.9-dimethyl-6,7-methyleneoxy-

2.3,11.11a-tetrahydro-6 H-pyrazinol[1,2-b]l-isoquinoline-1,4,10-

one (53a)

53a: ®@A T E L T 7 A,

1H-NMR (400 MHz, CDCl3) 8 : 5.03 (1H, dd,

J=9.0, 8.0 Hz, 12-H), 4.68 (1H, tdd, J =

8.0, 3.3,3.1 Hz, 6-H), 4.15 (1H, dd, J=11.2, 4.2 Hz, 11a-H), 4.14
(3H, s, 8-OCH3), 4.09 (1H, d, J=17.9 Hz, 3-H), 3.99 (1H, dd, J =
17.9 Hz, 3-H), 3.98 (1H, dd, J=9.0, 8.0 Hz, 12-H), 3.45 (1H, ddd,
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J=18.8, 4.2, 3.1 Hz, 11-Ha), 3.16 (3H, s, 7-OCH3), 3.02 (3H, s,
N-CH3), 2.44 (1H, ddd, J=18.8, 11.2, 3.3 Hz, 11-HpB), 1.82 (3H, s,
9-CHsj).

13C-NMR (100 MHz, CDCl3) & : 184.2 (s, C-10), 164.5 (s, C-4),
163.7 (s, C-1), 160.6 (s, C-8), 142.2 (s, C-6a), 128.7 (s, C-10a),
117.3 (s, C-9), 96.9 (s, C-7), 73.8 (t, C-12), 59.1 (q, 8-OCH3), 55.8
(d, C-11a), 53.1 (d, C-6), 51.5 (q, 7-OCH3s), 51.3 (t, C-3), 33.7 (q,
N-CH3), 28.1 (t, C-11),7.9 (q, 9-CH3).

FT-IR (KBr) cm'! : 2924, 1653, 1238.

EI-MS m/z (%) : 348 (M+, 7), 333 (28), 317 (100), 219 (15), 204
(10), 191 (12).

HR-EI-MS : Caled for C17H20N206, 348.1321. Found : 348.1316.

(6R*,11aS8*)-6-Angeloyvloxymethyl-8-methoxy-2,9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazinol[1.2-b]l-isoquinoline-1,4,7.10-

tetraone (54a)

47a (21.3 mg, 60.8 pmol) ® CH3CN (9 mL) &iHiZ —18 °C {2 T

0°ClZ®H=" L7 CAN (83.3 mg, 152 umol) ® /K (1.45 mL) &K %
il F L7, TLCIZTIHREDOW R EZMHMR LD T 15 pHICH LM%
PG L 7o, KRR IZAK (256 mL) % 0 % K % ## 1k L CH2Cls (25

mLx3) i, AEZA&LE ., i REAK (25 mL) ¥ . 5.

B R L CRE RS,

—F . 747U B (124.1 mg, 1.24 mmol) ®» = —F5 )L (4.5 mL)
WRIZ0°ClcTCyr=a2avy@Es7 el R (105 ul, 1.22 mmol) & DMF
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(9.0 uL, 116 pmol) Z# M x ., VR ICEL 2 2HFMHBH L, 2 21,
G725 © CH2Cle %k (0.5 mL x 3) #1272, KIZKISE
W% Ar A DOKW &2 FH L CTHRME L7, % 212 CH:Cl: (1 mL) %
Mz EBRICTHEALZHRLZ, 3.5 K% TLC IZ THE O KD ik
RTCELLOTRIGEFEIL L, KIGWEREZEHE LY 5L (5g) O
BTG A= MIZTHR L T AcOEt : CH2Cl2 (11 4) IHE LV
54a (9.8 mg, 38.8%) # /-, FLHEHTB I VAE SN bda &
HE7o797vary28EY AL (5g) Oh T 7 na< i T
#l L C AcOEt : Benzene (4 :6) BWHW LY 54a % (2.0 mg,

T.9%) e, LbEXbv, 2BM T 54a(11.8 mg, 47 %) & 57,

Bda : AT EI)N T 7 A,

1H-NMR (400 MHz, CDCls) 6 : 6.03 (1H, qq,
7.2, 1.5 Hz, 16-H), 5.59 (1H, br td, J= 2.9,

1.9 Hz, 6-H), 4.56 (1H, dd, J=11.8, 2.9 Hz,

12-H), 4.51 (1H, dd, J=11.8, 2.9 Hz, 12-H),

4.14 (1H, d, J=17.4 Hz, 3-H), 4.06 (3H, s, 8-OCH3), 3.99 (1H, d,
J=17.4, 3-H), 3.86 (1H, dd, J = 11.7, 3.9 Hz, 11a-H), 3.61 (1H,
dd, J = 18.0, 3.9 Hz, 11-Ha), 3.05 (3H, s, N-CH3), 2.43 (1H, ddd,
J=18.0, 11.7, 1.9 Hz, 11-HB), 1.96 (3H, s, 9-CH3), 1.82 (3H, dq,
J=17.2,1.5 Hz, 16-CH3), 1.74 (3H, qui, J = 1.5 Hz, 15-CHs3).
13C-NMR (100 MHz, CDCl3) & : 185.0 (s, C-10), 180.0 (s, C-7),
167.3 (s, C-14), 166.1 (s, C-4), 165.4 (s, C-1), 155.9 (s, C-8),
140.1 (s, C-10a), 140.0 (d, C-16), 135.9 (s, C-6a), 128.4 (s, C-9),
126.7 (s, C-15), 63.6 (t, C-12), 61.0 (q, 8-OCH3), 53.3 (d, C-11a),
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52.2 (t, C-3), 50.5 (d, C-6), 33.8 (q, N-CH3s), 23.5 (t, C-11), 20.5 (q,
15-CH3s), 15.6 (q, C-17), 8.8 (q, 9-CH3).

FT-IR (KBr) cm™!: 2955, 1717, 1668, 1230, 1146.

EI-MS m/z (%) : 416 (M+*, 4), 387 (23) , 386 (100) , 305 (19), 304
(22), 303 (30), 204 (14).

HR-EI-MS : Caled for C21H24N207, 416.1584. Found : 416.1586.
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&
[1]
o

(6R*,11aS8*%)-7.8,10-Trimethoxy-2,9-dimethyl-6-phthalimido-

methyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-isoquinoline-

1.,4-dione (55a)

35a (364 mg, 1 mmol)., 7 ¥/ A4 X K (736 mg, 5 mmol), ~ VU 7
= =J)LiR A7 4 (1.31 g, 5 mmol) ®» THF (25 mL) &Rz, =
12T DEAD (40% b /v = > K%, 2.275 mL, 5 mmol) % il 2. 3
FREI B L, KRR E = AR L —% — |2 CTHEM L CHCLs (300
mL) IZ THMR., /K (800 mL) # /% . CHCls (300mL x 3) #i .
FHEZSbE, ARk (300 mL) ¥e#., W, WHBE X, &
W (3.6562¢g) v U B7g) OB T A7~ MTTHELT
EtOH : Hexane (2 : 8) WH ¥ L Y 55a (297.1 mg) #HF 7=, &5
CRBEME LY 87(36.2mg) A, o, AEHBLSHE LN
72 bba & 87 OREW (711.9mg) #HE VU L7 (18g) O X
FAhZ v~ MZTHE L T EtOH : Acetone : Hexane (1 :1:8) &
ik v 55a(50.4mg) 7z, S HLICHEHBEMEH LY 37(14.3 mg,
4.1%) &7, L E XY 55a(347.5 mg, 70 %) B L O 837 (50.5 mg,

15 %) % 15 7=,

bha : E AT E I T 7 A
1H-NMR (400 MHz, CDCl3) &6 : 7.78 (2H,
dd, J=4.9, 2.9 Hz, 3'-H), 7.67 (2H, dd, J

=4.9,2.9 Hz, 4'-H), 6.04 (1H, dd, J= 7.1,

5.4 Hz, 6-H), 4.04 (1H, d, J = 16.8 Hz,
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3-H), 3.96 (1H, dd, J=13.7, 5.4 Hz, 12-H), 3.91 (3H, s, 7-OCH3),
3.88 (1H, dd, J=13.7, 7.1 Hz, 12-H), 3.86 (1H, dd, J = 12.4, 4.1
Hz, 11a-H), 3.81 (1H, d, J=16.8 Hz, 3-H), 3.74 (1H, dd, J = 16.1,
4.1 Hz, 11-Ha), 3.63 (3H, s, 8-OCH3s), 3.62 (3H, s, 10-OCH3), 3.06
(3H, s, N-CH3), 2.82 (1H, dd, J=16.1, 12.4 Hz, 11-Hp), 2.19 (3H,
s, 9-CH3),

13C-NMR (100 MHz, CDCl3) 8 : 167.6 (s, C-2"), 166.2 (s, C-1),
165.8 (s, C-4), 151.6 (s, C-10), 150.2 (s, C-8), 146.0 (s, C-7),
133.6 (d, C-4"), 131.9 (s, C-2a"), 125.5 (s, C-9), 124.0 (s, C-6a),
122.9 (d, C-3", 122.5 (s, C-10a), 61.0 (10-OCH3), 60.7 (q,
7-OCH3), 59.8 (q, 8-OCHs), 54.9 (d, C-11a), 52.4 (t, C-3), 48.8 (d,
C-6), 41.6 (t, C-12), 33.9 (q, N-CH3), 23.9 (t, C-11), 9.5 (q,
9-CHs), .

FT-IR (KBr) cm-!: 2940, 1717, 1670, 1418, 1395.

EI-MS m/z (%) : 493 (M*, 5), 333 (100), 305 (6), 234 (5), 204 (7).

HR-EI-MS : Caled for C26H27N307, 493.1849. Found : 493.1854.

(6R*,11aS8%)-6-Aminomethyl-7.8.10-trimethoxv-2.9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1.2-b]l-isoquinoline-1,4-di-

one (56a)

55a (347.5 mg, 0.7 mmol) ® EtOH (14 mL) & 1Z =& 1 T 1K
E 7Yy (1.4ml) M., 4 65°CIC A IR L 1 K[ b0 2418 £
L, KNl RAE L —F —CTEME. Y ¥ > (150 mL) I
TAKR. IN/HCl Ak (150 mL) [ THIH, Gon-xkEzae
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HHE 5%NH; K12 TpHI9IZ L7=% CHCl; (150 mL x 3) Hli i,
AHE Y AbY ., fafn A Ak (150 mL) e, Wi, W8 £, &
B (234mg) 2V 50N (18g) OB T A7~ MZTHBBLT
CHCls : MeOH (8 : 2) A LV b56a (208.9 mg, 82 %) % 157,

56a @ MG T EINLT 7 A,

1H-NMR (400 MHz, CDCls) &6 : 5.66 (1H, t,
J=6.3 Hz, 6-H), 4.12 (1H, d, J=16.6 Hz,

3-H), 3.95 (1H, d, J = 16.6 Hz, 3-H), 3.87

(3H, s, 7-OCH3), 3.85 (1H, dd, J = 12.5,

3.9 Hz, 11a-H), 3.81 (3H, s, 8-OCH3), 3.74 (1H, dd, J = 15.8, 3.9
Hz, 11-Ha), 3.72 (3H, s, 10-OCH3s), 3.07 (3H, s, N-CH3s), 2.88 (1H,
dd, J=13.1, 6.3 Hz, 12-H), 2.80 (1H, dd, J=13.1, 6.3 Hz, 12-H),
2.76 (1H, dd, J = 15.8, 12.5 Hz, 11-HB), 2.22 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) & : 166.9 (s, C-1), 166.4 (s, C-4),
151.7 (s, C-10), 150.5 (s, C-8), 146.2 (s, C-7), 125.6 (s, C-6a),
125.2 (s, C-9), 122.6 (s, C-10a), 61.1 (q, 10-OCH3s), 60.6 (q,
7-OCHs), 60.0 (q, 8-OCH3), 55.1 (d, C-11a), 53.0 (d, C-6), 52.6 (t,
C-3), 48.0 (t, C-12), 33.8 (q, N-CH3), 23.9 (t, C-11), 9.4 (q,
9-CH3).

FT-IR (KBr) cm™! : 2938, 1665, 1458, 1404, 1072.

EI-MS m/z (%) : 363 (M* , 3), 345 (40), 334 (100), 333 (99), 305
(11), 234 (18), 204 (20).

HR-EI-MS : Caled for C1sH25N305, 363.1794. Found : 363.1791.

(6R*,11a5*%)-7,8,10-Trimethoxy-2,9-dimethyl-2,3,11,11a,12-
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pentahydro-6 H-imidazo[5,1-alpyrazino[1,2-b]-isoquinoline-1-

one (57a)

57a : S E BT L 7 7 A,

1H-NMR (400 MHz, CDCl3) 86 : 5.04 (1H,

_Me
dd, J=11.0, 5.6 Hz, 6-H), 4.43 (1H, dd, J
= 14.5, 11.0, Hz, 12-Ha), 4.23 (1H, d, J = 57a

17.6 Hz, 3-H), 4.17 (1H, d, J = 17.6 Hz, 3-H), 4.04 (1H, dd, J =
12.3, 3.8 Hz, 11a-H), 3.88 (3H, s, 7-OCH3), 3.85 (1H, dd, J = 14.5,
5.6, Hz, 12-Hp), 3.78 (3H, s, 8-OCH3), 3.64 (3H, s, 10-OCH3),
3.32 (1H, dd, J=16.1, 3.8, Hz, 11a), 3.06 (3H, s, N-CH3), 2.46
(1H, dd, J = 16.1, 12.3, Hz, 11-HB), 2.18 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCl3) & : 166.8 (s, C-1), 157.5 (s, C-4),
151.4 (s, C-10), 149.9 (s, C-8), 145.5 (s, C-7), 127.8 (s, C-6a),
124.2 (s, C-9), 120.6 (s, C-10a), 63.4 (t, C-12), 60.1 (q, 10-OCH3),
59.83 (q, 7-OCH3s), 59.76 (q, 8-OCH3), 56.0 (d, C-6), 54.1 (d,
C-11a), 47.4 (t, C-3), 33.9 (q, N-CH3), 26.1 (t, C-11), 9.0 (q,
9-CHs).

FT-IR (KBr) cm™!: 2938, 1668, 1458, 1406, 1074.

EI-MS m/z (%) : 345 (M*, 100), 344 (55), 314 (23), 234 (11).

HR-EI-MS @ Calcd for C1sH23N304, 345.1689. Found : 345.1690.

(6R*,11a5%)-7,8.10-Trimethoxy-2,9-dimethyvl-6-pylvoylamino-

methyl-2.3,11.11a-tetrahydro-6 H-pyrazio[1.2-b]-isoquinoline-

1.,4-dione (58a)
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56a (198.6 mg, 0.547 mmol) ® CH:2Cls (18 mL) &®#k (2 0 °CiZ T
EtsN (152 pL, 1.094 mmol) 3 X 08 DMAP (134 mg, 1.094 mmol)
ZKAETMZ ., EHICHRIBICTE L E EEEAY o AR #E 3Bk
(1IN, 2.2 mL, 2.188 mmol) % 1 /M~ iF THM F L., FRICHFRL 1
REf B L 72, ik (100 mL) % 0 2 it % 1% 1k & & CHCls
(100 mLx3) it . AHEL* A b, .5%NaHCO3 KKK (100 mL),
fg fn A M K (100 mL) Ve, RoMe . WHER £, f%iE (266.4 mg) %
U BTN (15g) OB T A7 v~ MZTHB LT AcOEt & H

kv 58a % (199.1 mg, 84 %) %5 7=,

58a : KW@ T EINL T 7 A,

1H-NMR (400 MHz, CDCl3) 6 : 7.52 (1H, br
t, J=5.3 Hz, N-H), 5.84 (1H, t, J = 6.6 Hz,
6-H), 4.11 (1H, d, J=17.0 Hz, 3-H), 3.95

(1H,d, J=17.0 Hz, 3-H), 3.90 (3H, s,

7-OCH3), 3.87 (1H, br dd, J = 12.4, 4.1 Hz, 11a-H), 3.78 (1H, dd,
J=16.0, 4.1 Hz, 11-H), 3.78 (3H, s, 8-OCH3), 3.71 (3H, s,
10-OCH3s), 3.50 (1H, dt, J = 13.6, 6.6 Hz, 12-H), 3.44 (1H, ddd, J
=13.6, 6.6, 5.8 Hz, 12-H), 3.06 (3H, s, N-CH3), 2.72 (1H, dd, J =
16.0, 12.4 Hz, 11-H), 2.39 (3H, s, 15-CH3),2.21 (3H, s, 9-CHs).
13C-NMR (100 MHz, CDCl3) & : 196.3 (s, C-15), 166.4 (s, C-4),
166.2 (s, C-1), 160.2 (s, C-14), 151.7 (s, C-10), 150.2 (s, C-8),
145.5 (s, C-7), 125.8 (s, C-9), 124.1 (s, C-6a), 122.3 (s, C-10a),
61.2 (q, 10-OCH3), 60.8 (q, 7-OCH3), 60.1 (q, 8-OCH3), 55.1 (d,
C-11a), 52.4 (t, C-3), 49.2 (d, C-6), 45.1 (t, C-12), 33.9 (q, N-CHy),
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24.5 (q, C-16), 24.0 (t, C-11), 9.6 (q, 9-CH3).
FT-IR (KBr) cm! : 3339, 2926, 1717, 1674, 1412.
EI-MS m/z (%) : 433 (M+*, 1), 333 (100), 305 (7), 234 (6), 204 (6).

HR-EI-MS : Caled for C21H27N307, 433.1849. Found : 433.1853.

(6R*,11aS*)-10-Hydroxy-7,.8-dimethoxyv-2,9-dimethyl-6-pylvoyl-

aminomethyl-2.3.11.11a-tetrahydro-6 H-pyraziol1,2-b]-iso-

guinoline-1.4-dione (59a)

58a (43.3 mg, 0.1 mmol)® CH:Cls (6.4 mL) %K IZ — 78 °C 12 T
BBrs ® CH:Cl2 & #% (1N, 0.5 mL, 0.5 mmol) Z i F L[AiE T 10
SEBELE, St T 22T T—20°CICHE L., 512 6.5
e Lo, IS IZ 5%NaHCOs K (40 mL) % A U X it
ZAEIE S H ., 5%MeOH & CHCl; (40 mL x 3) i, AfE %2 &b
B, g AK (40mL) W, wigE, WY A, kE (37.5 mg) %
YU BTN (8g) O T A7 u~ I THER LT CHCIs :
Hexane : MeOH (140 : 60 : 5) MM L v . HE 58a (8.1 mg).
60a (1.9 mg). 59a & 60a DR EWYW (23.4 mg), 59a & 6la D
BAEY (5.8 mg) #457-, 59a & 60a DEAWE LV 7L (12
g) DA T A7 m~ T 2EMEL T PrOH : Benzene : Hexane
(2:8:7) WHHH LY 59a (16.9 mg), CHCIs : MeOH (9 : 1) &
b 60a (2.9mg) G/, £/, 59a & 6la DIRAWE v
V7N (12g) OB 7 A7 v~ M THER L T CHCls : Hexane
MeOH (140 : 60 :5) ¥ Hi# L Y . 59a (1.8 mg), CHCl3 : MeOH (9 :
1) WHE LY 6la (3.6 mg) #1577, LEaxELdsb L 58a (8.1
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mg, 19 %). 59a (18.7 mg, 45 %). 60a (4.8 mg, 11 %), 61la (3.6 mg,
9 %) &7,

59a ! S HE BT EIN T 7 A,

1H-NMR (400 MHz, CDCl3) 6 : 7.57 (1H, br
t, J=5.2 Hz, N-H), 6.12 (1H, br s, OH),

5.84 (1H, t, J= 6.6 Hz, 6-H), 4.14 (1H, d, J

17.1 Hz, 3-H), 3.97 (1H, d, J=17.1 Hz,

3-H), 3.92 (1H, dd, J=12.2, 4.4 Hz, 11a-H),

3.87 (3H, s, 7-OCH3), 3.85 (1H, dd, J = 16.1, 4.4 Hz, 11-Ha), 3.78
(3H, s, 8-OCH3y), 3.48 (1H, ddd, J = 14.7, 6.4, 5.4 Hz, 12-H), 3.44
(1H, dt, J=14.7, 6.3 Hz, 12-H), 3.07 (3H, s, N-CH3s), 2.69 (1H, dd,
J=16.1, 12.2 Hz, 11-Hp), 2.37 (3H, s, 15-CH3), 2.19 (3H, s,
9-CHs).

13C-NMR (100 MHz, CDCl3) § : 196.6 (s, C-15), 166.9 (s, C-1),
166.4 (s, C-4), 160.5 (s, C-14), 150.2 (s, C-8), 147.6 (s, C-10),
143.0 (s, C-7), 123.9 (s, C-6a), 119.1 (s, C-9), 115.5 (s, C-10a),
60.9 (q, 7-OCH3s), 60.2 (q, 8-OCH3), 55.1 (d, C-11a), 52.4 (t, C-3),
49.2 (d, C-6), 45.0 (t, C-12), 33.9 (q, N-CH3s), 24.4 (q, C-16), 23.6
(t, C-11), 9.1 (q, 9-CH3).

FT-IR (KBr) cm'!: 3339, 2936, 1722, 1663, 1464, 1422, 1070.
EI-MS m/z (%) : 419 (M*, 2), 320 (18), 319 (100), 291 (8), 220 (5).
HR-EI-MS : Caled for C20H25N307, 419.1693. Found : 419.1688.

(6R*,11aS5*%)-8-Hydroxy-7.10-dimethoxvyv-2,9-dimethyl-6-pyvlvoyl-

aminomethyl-2.3.11.11a-tetrahydro-6 H-pyvrazioll1,2-bl-iso-
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guinoline-1,4-dione (60a)

60a : @ T EI)L T 7 R,
1H-NMR (400 MHz, CDCl3) 6 : 7.41 (1H, br

t, J=5.7Hz, N-H), 5.79 (1H, t, J = 6.6 Hz,

C6-H), 5.80-5.77 (1H, br s, 8-OH), 4.12 (1H,

d, J=17.1 Hz, 3-H), 3.96 (1H, d, J=17.1 H, 3-H), 3.87 (1H, dd,
J=12.7, 4.4 Hz, 11a-H), 3.82 (3H, s, 7-OCH3), 3.76 (1H, dd, J =
16.1, 4.4 Hz, 11-Ho), 3.71 (3H, s, 10-OCH3), 3.53 (1H, dt, J =
13.7, 6.3 Hz, 12-H), 3.43 (1H, ddd, J = 13.7, 6.9, 5.4 Hz, 12-H),
3.06 (3H, s, N-CH3), 2.72 (1H, dd, J=16.1, 12.7 Hz, 11-HB), 2.40
(3H, s, 15-CH3s), 2.21 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & :196.7 (s, C-15), 166.7 (s, C-4),
166.4 (s, C-1), 160.5 (s, C-14), 152.8 (s, C-10), 146.9 (s, C-8),
139.8 (s, C-7), 123.6 (s, C-6a), 119.1 (s, C-9), 118.4 (s, C-10a),
61.8 (q, 7-OCH3), 61.2 (q, 10-OCH3), 55.1 (d, C-11a), 52.3 (t, C-3),
49.2 (d, C-6), 45.1 (t, C-12), 33.8 (q, N-CH3s), 24.4 (q, C-16), 23.7
(t, C-11), 9.2 (q, 9-CH3y).

FT-IR (KBr) cm-!: 3341, 2938, 1722, 1668, 1472, 1425, 1061.
EI-MS m/z (%) : 419 (M*, 2), 320 (18), 319 (100), 291 (7), 220 (4),
190 (7).

HR-EI-MS : Caled for C20H25N307, 419.1693. Found : 419.1689

(6R*,11a5%)-8,10-Hydroxy-7-methoxv-2.9-dimethyl-6-pylvoyl-

aminomethyl-2.3.11.11a-tetrahydro-6 H-pyraziol1.,2-bl-iso-

guinoline-1.4-dione (61a)
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6la: @ T E LT 7 R,

IH-NMR (400 MHz, C5DsN) & : 11.04 (1H,
br s, 10 or 8-OH), 10.50 (1H, br s, 10 or

8-OH), 9.40 (1H, br t, J = 5.9 Hz, N-H),

6.39 (1H, t, J=5.9 Hz, 6-H), 4.44 (1H, dd,

J=15.9,3.9 Hz, 11-Ha), 4.20 (1H, d, J=16.6 Hz, 3-H), 4.16 (1H,
dd, J=12.6, 3.9 Hz, 11a-H), 4.07 (1H, dt, J=12.8, 5.9 Hz, 12-H),
4.04 (1H, d, J = 16.6 Hz, 3-H), 3.82 (1H, dt, J = 12.8, 5.9 Hz,
12-H), 3.78 (3H, s, 7-OCH3), 3.27 (1H, dd, J = 15.9, 12.6 Hz,
11-Hp), 2.84 (3H, s, N-CH3), 2.65 (3H, s, 9-CH3), 2.38 (3H, s,
15-CH3s).

13C-NMR (100 MHz, CsD5N) & : 196.6 (s, C-15), 166.5 (s, C-1),
166.4 (s, C-4), 161.3 (s, C-14), 149.5-148.4 (s, C-10), 147.8 (s,
C-8), 138.1 (s, C-7), 123.9 (s, C-6a), 113.7 (s, C-9), 112.2 (s,
C-10a), 60.1 (q, 7-OCH3), 54.9 (d, C-11a), 51.8 (t, C-3), 49.2 (d,
C-6), 44.7 (t, C-12), 32.3 (g, N-CH3), 24.1 (q, C-11), 23.9 (q, C-16),
9.6 (q, 9-CH3s).

FT-IR (KBr) cm'! : 3362, 2924, 2853, 1722, 1663, 1458, 1435,
1261, 1059.

EI-MS m/z (%) : 405 (M+, 3), 319 (22), 306 (23), 305 (100), 277 (9),
191 (10).

HR-EI-MS : Caled for C19H23N307, 405.1536. Found : 405.1532.

(6R*,11a5*%)-8-Methoxy-2.9-dimethyl-6-pylvoylaminomethyl-
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2.3.11,11a-tetrahydro-6 H-pyrazinol[1.2-b]l-isoquinoline-1,4,7.10-

tetraone (62a)

59a (18.9 mg, 0.045 mmol)®» CH3CN (6.2 mL) ®i&!lZ. —18 °C
Iz Co0°Clizm= L7 CAN (62 mg, 113 pmol) ® /K (1.1 mL) &K
Zi T L7, 15 0% TLCIZ TR B O K Z MR L 7D T 30 57
2, BB AR L, KN IZK (30 mL) %0z KKt & 45 1k
CHCls (30 mL x 3) fiith, Al 2 A bt ., faf&£E /K (30 mL) ¥
B, W, BRAW, WE® L, KB (18.8mg) U (5.5
g) OB T A7 ua~ MZTH®LTCH:Cl:: MeOH (80 : 1) & 0
L v 62a (11.3 mg, 62%) % 157=,

62a : WO T EIL T 7 A,

1H-NMR (400 MHz, CDCl3) & : 7.20 (1H, br
t, J=6.1 Hz, N-H), 5.47 (1H, td, J = 4.2,
1.6 Hz, 6-H), 4.13 (1H,d, J=17.5 Hz, 3-H),

4.06 (3H, s, 8-OCH3), 3.99 (1H, d, J=17.5

Hz, 3-H), 3.84 (1H, dd, J = 11.4, 4.2 Hz,

11a-H), 3.83 (1H, ddd, J = 13.7, 6.2, 4.2 Hz, 12-H), 3.63 (1H, dd,
J=18.1, 4.2 Hz, 11-Ha), 3.57 (1H, ddd, J = 13.7, 6.8, 4.2 Hz,
12-H), 3.06 (3H, s, N-CH3s), 2.34 (3H, s, 15-CHs), 2.33 (1H, ddd, J
= 18.1, 11.4, 1.6 Hz, 11-HB), 1.98 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 196.3 (s, C-15), 185.0 (s, C-10),
180.3 (s, C-7), 166.7 (s, C-4), 165.2 (s, C-1), 160.9 (s, C-14),
155.9 (s, C-8), 139.6 (s, C-10a), 136.5 (s, C-6a), 128.5 (s, C-9),
61.1 (q, 8-OCH3s), 53.3 (d, C-11a), 52.1 (¢, C-3), 50.9 (d, C-6), 42.3
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(t, C-12), 33.8 (q, N-CH3), 24.3 (q, C-16), 23.5 (t, C-11), 8.8 (q,
9-CHj3s).

FT-IR (KBr) cm'!: 3339, 2951, 1722, 1670, 1522, 1425, 1229.
LR-MS (FAB*) : 403 [M+H]*.

HR-MS (FAB*) : Calcd for C19H22N307, 404.1458. Found

404.1461.
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(6S*,11a8*%)-6-Angeloyvloxymethyl-7.8,10-trimethoxy-2,9-di-

methyl-2.3,11.11a-tetrahydro-6 H-pyrazino[1.2-b]-isoquinoline-

1,4-dione (41b)

7o) g (150.0 mg, 1.5 mmol) Z b= (4.2 mL) ([Z&f#
LO0°CIZT 2,4,6— MY muBEFBEAY (234 1L, 1.5
mmol) # h/b =Yy (4.2mL) KWHEMLEBEKEZMA2, & 51T EtsN
(209 pL, 1.5 mmol) % b/ = > (4.2 mL) &> LEZEIKE N2 =
RICE 2T 2 MBEeEL -,

35b (218.4 mg, 0.6 mmol) # /LT (16.8 mL) AWM., *
CWHEBIZ T . MBEL2ALREICHELZEASREKRKY 2N X454 T
Z 90°CIZHE L. S b2 78R+ Lz, RIS IZH 1 NaHCO3
KEWHR (120 mL) &M 2 K %15 1% . CHCls (120 mL x 3) fli |
B G DL, LH, ¥ E, KE (616.5mg) 2> U W7
(19g) OB T A7 v~ MZTHRL T ACOEt IEHE XV 41b
(265.2 mg, 99 %) % &7,

41b : BHEBAT EIIL T 7 R,

1H-NMR (400 MHz, CDCl3) 8 : 6.12 (1H, dd,
J=17.9,4.0 Hz, 6-H), 6.05 (1H, qq, J= 7.3,

1.5 Hz, 16-H), 4.53 (1H, dd, J = 12.4, 4.0

Hz, 11a-H), 4.49 (1H, dd, J = 12.1, 7.9 Hz,

12-H), 4.47 (1H, dd, J=12.1, 4.0 Hz, 12-H),
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4.06 (1H, d, J = 18.2 Hz, 3-H), 3.97 (1H, d, J = 18.2 Hz, 3-H),
3.93 (3H,s, 7-OCH3), 3.79 (3H, s, 8-OCH3), 3.67 (3H, s, 10-OCH3),
3.51 (1H, dd, J=16.9, 4.0 Hz, 11-Ha), 3.03 (3H, s, N-CH3), 2.73,
(1H, dd, J=16.9, 12.4 Hz, 11-Hp), 2.19 (3H, s, 9-CH3), 1.90 (3H,
dq, J=17.3,1.5 Hz, 16-CH3), 1.83 (3H, quint, J= 1.5 Hz, 15-CH3).
13C-NMR (100 MHz, CDCl3) & : 167.1 (s, C-14), 165.0 (s, C-1),
161.4 (s, C-4), 152.1 (s, C-10), 150.1 (s, C-8), 146.0 (s, C-7),
138.5 (d, C-16), 127.2 (s, C-15), 125.2 (s, C-9), 122.3 (s, C-6a),
121.9 (s,C-10a), 63.3 (t, C-12), 60.4 (q, 7-OCH3s), 60.0 (q x 2,
8,10-OCH3), 52.0 (d, C-11a), 51.4 (t, C-3), 48.3 (d, C-6), 33.5 (q,
N-CHs), 28.5 (t, C-11), 20.6 (q, 15-CH3), 15.7 (q, C-17),9.5 (q,
9-CH3s).

FT-IR (KBr) cm-!: 2941, 1717, 1667.

EI-MS m/z (%) : 446 (M*+, 9), 333 (100), 305 (6), 234 (5), 204 (6).

HR-EI-MS : Caled for C235H30N207, 446.2053. Found : 446.2049.

41b ® BBrs 2 X % i A F A4k

41b (22.3mg, 0.05 mmol)®» CH:Cl: (3.2 mL) &K1, —78 °C I
T BBrs ® CH:Cl: %% (1M, 0.225 mmol, 225 uL) Z i F L. [ &
T 10 IR Lo, e W CTRISIK & 2.5 FE[E 2 17 T —20°C £ TH-
L7, TLCICTHBOWMEZME LD T 3RFMHZICKLMEE
PHAA L 7=, KRR IZ —20 °C T/K (20 mL) &N 2 KK & 15 1k L,

CH:Cl: (30 mLx 3) #ith . Ak E Z &b M AHE K (30mL) ¥
W, W, WRIER L, EE (18.7mg) YU LA A5 g) OB T
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Ao~ MZTHHE L T CH2Clz : MeOH (100 : 1) IwHE L v
43b (7.6 mg, 34 %) 572, & 512 CH2Clz : MeOH (50 : 1) & &6
XV 44b (4.2 mg, 19 %) % & 7-,

(6S*,11a8%)-7.8,10-Trimethoxy-2,9-dimethyl-6-tigloyloxy-

methyl-2.3,11.11a-tetrahydro-6 H-pyrazino[1.2-b]-isoquinoline-

1,4-dione (43b)

43b : QT E I T 7 A,

1H-NMR (400 MHz, CDCl3) 6 : 6.80 (1H, m,
16-H), 6.12 (1H, t, J = 6.2 Hz, 6-H), 4.49

(1H, dd, J=12.3, 4.5 Hz, 11a-H), 4.46 (2H,

d, J=6.2 HZ, 12'H2), 4.05 (1H, d, J=17.8 0™ 45 M%

Hz, 3-H), 3.97 (1H, d, J = 17.8 Hz, 3-H),

3.92 (3H, s, 7-OCH3), 3.79 (3H, s, 8-OCH3s), 3.67 (3H, s,
10-OCH3), 3.51 (1H, dd, J = 17.0, 4.5 Hz, 11-Ha), 3.03 (3H, s,
N-CH3), 2.74 (1H, dd, J=17.0, 12.3 Hz, 11-HB), 2.19 (3H, s,
9-CHs), 1.79 (8H, s, 15-CHs), 1.78 (3H, dq, J = 7.1, 1.1 Hz,
16-CHs).

13C-NMR (100 MHz, CDCls) & : 167.7 (s, C-14), 165.3 (s, C-1),
161.7 (s, C-4), 152.3 (s, C-10), 150.3 (s, C-8), 146.2 (s, C-7),
138.0 (d, C-16), 128.2 (s, C-15), 125.4 (s, C-9), 122.4 (s, C-10a),
122.0 (s, C-6a), 63.5 (t, C-12), 60.4 (q, 7-OCH3), 60.0 (q,
10-OCH3), 60.0 (q, 8-OCH3), 51.8 (d, C-11a), 51.4 (t, C-3), 48.4 (d,
C-6), 33.4 (q, N-CH3y), 28.4 (t, C-11), 14.5 (q, C-17), 12.0 (q,
15-CHs), 9.4 (q, 9-CH3).
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FT-IR (KBr) cm'! : 2940, 1715, 1670, 1458, 1265, 1070.

EI-MS m/z (%) : 446 (M*, 8), 334 (18), 333 (100), 305 (6), 234 (5),
204 (6).

HR-EI-MS : Caled for C23H30N207, 446.2053. Found : 446.2055.

(65*,11a8%)-10-Hyvdroxy-7.8-dimethoxy-2.9-dimethyl-6-tigloyl-

oxymethyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-5b]-iso-

gquinoline-1.4-dione (44b)

44b - AT L T 7 R,

1H-NMR (400 MHz, CDCl3) 6 : 6.82 (1H, m,
16-H), 6.13 (1H, t, J = 6.4 Hz, 6-H), 5.37

(1H, s, 10-OH), 4.53 (1H, dd, J=12.4, 4.6

Hz, 11a-H), 4.46 (2H, d, J=6.4 Hz, 12-H2),

4.03 (1H, d, J = 17.8 Hz, 3-H), 3.96 (1H, d, J = 17.8 Hz, 3-H),
3.89 (3H, s, 7-OCH3), 3.79 (3H, s, 8-OCH3), 3.52 (1H, dd, J = 16.8,
4.6 Hz, 11-Ha), 3.03 (3H, s, N-CH3), 2.66 (1H, dd, J = 16.8, 12.4
Hz, 11-HB), 2.17 (3H, s, 9-CH3s), 1.79 (3H, s, 15-CH3s), 1.78 (3H,
dq, J = 8.6, 1.0 Hz, 16-CHs3).

13C-NMR (100 MHz, CDCls) & : 167.7 (s, C-14), 165.5 (s, C-1),
161.6 (s, C-4), 150.0 (s, C-8), 147.9 (s, C-10), 143.4 (s, C-7),
138.0 (d, C-16), 128.2 (s, C-15), 122.2 (s, C-6a), 117.5 (s, C-9),
115.3 (s, C-10a), 63.4 (t, C-12), 60.6 (q, 7-OCH3), 60.2 (q,
8-0CH3), 51.7 (d, C-11a), 51.4 (t, C-3), 48.4 (d, C-6), 33.5 (q,
N-CHs), 28.3 (t, C-11), 14.5 (q, 16-CH3), 12.0 (q, 15-CH3), 8.8 (q,
9-CHs).
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FT-IR (KBr) cm-1: 2940, 1717, 1705, 1653, 1458, 1265, 1070.
EI-MS m/z (%): 432 (M+, 14), 320 (17), 319 (100), 291 (7), 220 (4).

HR-EI-MS : Caled for C22H28N207, 432.1897. Found : 432.1899.

(65*,11a8%)-10-Hydroxv-6-hydroxymethyvl-7.8,dimethoxy-2,9-di-

methyl-2.3,11,11a-tetrahydro-6 H-pyrazino[1,2-b]-isoquinoline-

1,4-dione (47b)

35b (18.2 mg, 0.05 mmol) ® CH:Clz (3.2 mL) #i#k I —78°CIC T
BBrs; ® CH:2Cle i& i (1M, 225uL, 0.225 mmol) %3 F L. [[E T
10 M@ LA, SHEMMIT T—20°CIZHIEL & 512 22 K #
U7, KIBRIZ—20°C T/ (20 mL) M x TS & EEL
CH:Cl: (40mLx3x2) fiiL7z, Zo0FEBEBIZOWNWTENEN
fofn MK (20mL) Ve, MR BEEE, MO0 AEE» L (%
% 1, 13.bmg) 287, T HOHEKE» L (EE 2, 5.5 mg) & 14
o W12V BTNV (1909)DO A F A7 v~ MIZTHRBLT
CH:Cls : MeOH (20 : 1) HE L v 47b (10.1 mg, 58 %) % 15§ 7=,
F 72, CH2Cly: MeOH (20 : 1) & HIE L 85b (1.6 mg, 10.0 %) %
IR L7, e WWTHERE 2 2>V 7L (21g) OB 757 m~ I
TH M L T Hexane : EtOH (7 : 3) A EE L W 47b (4.1 mg, 23 %)
e, LE XV 47b (14.2 mg, 81 %) % &7,

47b @ AT E )L T 7 A

1H-NMR (400 MHz, C5DsN) & :10.30 (1H,

br s, 10-OH), 6.55 (1H, dd, /= 8.0, 3.7 Hz,

6-H), 5.24 (1H, dd, J = 12.2, 4.9 Hz,
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11a-H), 4.49 (1H, dd, J = 11.9, 3.7 Hz, 12-H), 4.36 (1H, dd, J =
11.9, 8.0 Hz, 12-H), 4.21 (1H, d, J=17.6 Hz, 3-H), 4.01 (1H, d, J
=17.6 Hz, 3-H), 3.99 (1H, dd, J = 16.8, 4.9 Hz, 11-Ha),3.78 (3H,
s, 7-OCH3), 3.71 (3H, s, 8-OCH3s), 3.05 (1H, dd, J=16.8, 12.2 Hz,
11-Hp), 2.79 (3H, s, N-CH3), 2.41 (3H, s, 9-CH3).

13C-NMR (100 MHz, C5D5N) § : 165.0 (s, C-1), 161.8 (s, C-4),
149.5 (s, C-10), 149.5 (s, C-8), 142.4 (s, C-7), 123.9 (s, C-6a),
117.7 (s, C-9), 116.7 (s, C-10a), 62.8 (t, C-12), 59.8 (q, 7-OCH3),
59.4 (q, 8-OCH3s), 51.8 (d, C11a), 51.2 (d, C-6), 51.1 (t, C-3), 32.2
(q, N-CH3), 29.2 (t, C-11),9.5 (q, 9-CH3s).

FT-IR (KBr) cm-1: 3420, 2926, 1647.

EI-MS m/z (%) : 350 (M* , 8), 333 (7), 320 (18), 319 (100), 291
(14), 220 (10).

HR-EI-MS : Calcd for C17H22N20¢, 350.1478. Found : 350.1474.

(65*,11a8%)-6-Hydroxymethyl-8-methoxv-2.9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1,2-b]l-isoquinoline-1,4,7.10-

tetraone (52b)

47b (42 mg, 0.12 mmol) ® CH3CN (18 mL) Wik —17°CicTO
°Clzwm = L7 CAN (168 mg, 0.3 mmol ) ® /K (2.8 mL) &% % i
TLZ, TLCIZTHBDOIHEKZMR LD T 15 4 #% 12 % L H % B
L7, RIGIKRIZ 5%NaHCOs KK (100 mL) % I % Xk & % 1k
L CH:Cl: (100 mL x 3) #ill, AE 2z &L, MM AEHE K (100
mL) Ve, i W £, Rl (43.4mg) AU WSV (5g) @
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7T v vahhTharaw MITHEHRE LT CH2Cl:: MeOH (40 : 1)
EHE XV, 52b (31.6 mg, 79%) &7, £7=. FEHH I Y 53b

(3.0 mg, 7.2 %) K7,

52b @ T ENL T 7 A,
Me
1H-NMR (400 MHz, CDCl3) & : 5.64 (1H,
MeO
m, 6-H), 4.65 (1H, dd, J = 11.7, 4.4 Hz,

11a-H), 4.08 (1H, d, J = 18.1 Hz, 3-H),

4.05 (1H, m, 12-H), 4.00 (3H, s, 8-OCH3), 3.91 (1H, m, 12-H),
3.72 (1H, d, J=18.1 Hz, 3-H), 3.34 (1H, ddd, J=19.5, 4.4, 0.7 Hz,
11-Ha), 3.29 (1H, br t, J=4.4 Hz, OH), 3.01 (3H, s, N-CH3), 2.44
(1H, ddd, J=19.5, 11.7, 2.4 Hz, 11-HB), 1.99 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) & : 185.6 (s, C-10), 180.8 (s, C-7),
164.3 (s, C-1), 161.8 (s, C-4), 155.3 (s, C-8), 140.5 (s, C-10a),
135.5 (s, C-6a), 128.8 (s, C-9), 63.7 (t, C-12), 61.1 (q, 8-OCH3y),
52.2 (d, C-11a), 51.1 (t, C-3), 50.4 (d, C-6), 33.5 (q, N-CH3), 28.4
(t, C-11), 8.9 (q, 9-CH3).

FT-IR (KBr) cm'! : 3393, 2941, 1661, 1287.

LR-MS (FAB*) : 335 [M+H]*.

HR-MS (FAB* : Calcd for C16H19N20s6, 335.1243. Found :
335.1237.

(65*,11a8*,75%)-7.8-Methoxv-2,9-dimethyl-6,7-methyleneoxy-

2.3.11,11a-tetrahydro-6 H-pyrazinol[1,2-b]-isoquinoline-1,4,10-

one (53b)
53b : AT E )L T 7 A,
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1H-NMR (400 MHz, CDCl3) & : 5.29 (1H,

ddd, J = 8.7, 6.7, 2.7 Hz, 6-H), 4.78 (1H, t,

J=28.7Hz, 12-H), 4.07 (3H, s, 8-OCH3),

4.05 (1H, d, J =17.9 Hz, 3-H), 3.98 (1H, d, J = 17.9 Hz, 3-H),
3.75 (1H, br dd, J=11.5,3.4 Hz, 11a-H), 3.66 (1H, dd, J= 8.7, 6.7
Hz, 12-H), 3.50 (1H, dd, J = 16.4, 3.4 Hz, 11-Ha), 3.08 (3H, s,
7-OCHs), 2.96 (3H, s, N-CH3), 2.23 (1H, ddd, J = 16.4, 11.5, 2.7
Hz, 11-HB), 1.77 (3H, s, 9-CH3s).

13C-NMR (100 MHz, CDCls) & : 183.9 (s, C-10), 163.4 (s, C-1),
163.3 (s, C-4), 160.0 (s, C-8), 144.0 (s, C-6a), 128.7 (s, C-10a),
117.8 (s, C-9), 97.4 (s, C-7), 72.7 (t, C-12), 59.1 (q, 8-OCH3), 53.2
(d, C-11a), 51.6 (t, C-3), 51.5 (q, 7-OCH3), 50.6 (d, C-6), 33.8 (q,
N-CH3), 25.4 (¢, C-11), 8.1 (q, 9-CH3).

FT-IR (KBr) cm'!: 2926, 1663, 1638, 1283.

EI-MS m/z (%) : 348 (M+*, 12), 333 (9), 318 (47), 317 (100), 275
(13), 219 (40), 191 (34).

HR-EI-MS : Calcd for C17H20N206, 348.1321. Found : 348.1318.

(65*,11a8%)-6-Angeloyvloxymethyl-8-methoxy-2.9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazinol[1,2-b]l-isoquinoline-1,4,7.10-

tetraone (54b)

47b (21.3 mg, 60.8 pmol) ® CH3CN (9 mL) ##IZ —18°C 2T O
°CIlc# =R L7 CAN (83.3 mg, 152 pmol) ® /K (1.45 mL) &k % i
TL7Z, TLCIZTHB OB R ZMRE., 150 nRICELH LB L
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7o RS IZ K (256 mL) % 0z KOs & 4% 1k L. CH2Cls2 (25 mL x 3)
., AMEZSbLE, BMAREK (25 mL) Wi, wH., BWEH
KLTEEEZRT,

—J5. 77 Y g (124.1 mg, 1.24 mmol) ® = —F /L (4.5 mL)
WKz, 0°CicCv=vfgs v VY K (105 ulL, 1.22 mmol) & DMF
(9.0 pL, 116 pmol) Z M A W L T 2 WM M@LELA-, = 210, &
T2 @ CH2Cl IR (0.5 mL x 3) & N & 72, WIC K& IR B
Ar HAOK W AEMMB L CEME L., £ 212 CH:Cl: (1 mL) %
Mz, FRIZCTHRBELHRBLL, 4F/H% TLCIZ THE OHE K%
MRLEZOTKIGEFEILL Lz, KIGBEREZEHE LY 5L (5g) O
BT A7 a~w bICTHEL T ACOEt : CH2Cly (1 :4) IEHE LV

54b (15.0 mg, 59 %) % 5 7=,

54b : AT EI)NL T 7 A,

'H-NMR (400 MHz, CDCl3) 8 : 6.08 (1H, qq, |,

J=17.3,1.5 Hz, 16-H), 5.90 (1H, br dtd, J = MeO

5.4, 2.6, 1.0 Hz, 6-H), 4.79 (1H, dd, J =

12.0, 5.4 Hz, 12-H), 4.50 (1H, dd, J = 11.7,

4.4 Hz, 11a-H), 4.33 (1H, dd, J=12.0, 2.7 Hz, 12-H), 4.06 (3H, s,
8-OCHs3), 4.06 (1H, d, J=14.9 Hz, 3-H), 4.02 (1H, d, J=14.9 Hz,
3-H), 3.37 (1H, ddd, J =19.6, 4.4, 1.0, Hz, 11-Ha), 3.02 (3H, s,
N-CH3), 2.45 (1H, ddd, J=19.6, 11.7, 2.4 Hz, 11-HB), 1.95 (3H, s,
9-CHs), 1.89 (3H, dq, J= 7.3, 1.5 Hz, 16-CH3), 1.81 (3H, quint, J
= 1.5 Hz, 15-CH3).

13C-NMR (100 MHz, CDCls) & : 185.4 (s, C-10), 180.2 (s, C-7),

146



166.9 (s, C-14), 163.7 (s, C-1), 161.3 (s, C-4), 155.8 (s, C-8),
139.9 (d, C-16), 139.8 (s, C-10a), 135.0 (s, C-6a), 128.2 (s, C-9),
126.6 (s, C-15), 64.5 (t, C-12), 61.0 (q, 8-OCHs), 52.4 (d, C-11a),
51.2 (t, C-3), 48.1 (d, C-6), 33.6 (q, N-CH3s), 28.2 (t, C-11), 20.7 (q,
15-CHs3), 15.8 (q, C-17), 8.8 (q, 9-CH3).

FT-IR (KBr) cm™!: 2957, 1719, 1663, 1233, 1152.

EI-MS m/z (%) : 416 (M*, 7), 386 (52), 303 (73), 275 (10), 273 (12),
204 (15), 83 (100).

HR-EI-MS : Calcd for C21H24N207, 416.1584. Found : 416.1583.
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(6S*,11aS*)-6-Phthaloylmethyl-8-methoxy-2,9-dimethyl-

2.3.,11,11a-tetrahydro-6 H-pyrazino[1,2-b]l-isoquinoline-1,4,7.10-

tetraone (55b)

35b (21.9 mg, 0.06 mmol), 7 ¥ /L4 I K (44.1 mg, 0.3 mmol),
U Z7z=L&KAZ 1 (78.7 mg, 0.3 mmol) ®» THF (1 mL) &
RIZC=E R I CTDEAD (40% b b= > &%, 137 uL, 0.3 mmol) % il 2
30 MM Lz, XIEWEZ NKL —%— 2 TRMM% CHCls
(80mL) IZCTAHMN, /K (30 mL) # M %x . CHCls (30mL x 3) fli Hi .
B EZAbE. A AHAK (30 mL) ¥, i@, WH® L, 7%
# (213 mg) 2 V7 (26g) OB T A7 mr~ MITHBLT
AcOEt ~ MeOH : AcOEt (1 :100) %wH# X v 55b (29.6 mg,

100 %) 7=, 72% B5b ® — i % AcOEt-Hexane (2 T ik L
TRELERE L TR & L,

55b : M 7 U X AE mp 201-202.5 °C (from AcOEt-Hexane).

1H-NMR (400 MHz, CDCl3) & : 7.85 (2H, dd, MeO 0]
J=5.5,3.1Hz, 3'-H), 7.71 (2H, dd, J= 5.5,
3.1 Hz, 4'-H), 6.11 (1H, dd, J=10.7, 3.3 Hz,

6-H), 4.69 (1H, dd, J=12.0, 4.5 Hz, 11a-H),

4.32 (1H, dd, J = 14.0, 3.3 Hz, 12-H), 4.05

(3H, s, 7-OCH3s), 3,92 (1H, dd, J=14.0, 10.7 Hz, 12-H), 3.86 (1H,
d, J=17.0 Hz, 3-H), 3.84 (3H, s, 9-OCH3s), 3.69 (3H, s, 10-OCH3),
3.69 (1H, d, J=17.0 Hz, 3-H), 3.57 (1H, dd, J = 17.0, 4.5 Hz,
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11-Ha), 3.00 (3H, s, N-CH3), 2.78 (1H, dd, J = 17.0, 12.0 Hz,
11-Hp), 2.21 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 168.1 (s, C-2'), 164.9 (s, C-1),
162.0 (s, C-4), 152.1 (s, C10), 150,3 (s, C-8), 146.1 (s, C-7), 133.8
(d, C-4') 131.9 (s, C-2"), 125.3 (s, C-9), 123.1 (d,C-3"), 123.1 (d,
C-6a), 121.8 (s, C-10a), 60.6 (q, 7-OCH3), 60.1 (q, 9-OCH3), 60.0
(q, 10-OCH3), 51.4 (d, C-11a), 51.2 (t, C-3), 48.7 (d, C-6), 38.9 (t,
C-12), 29.8 (q, N-CH3), 28.4 (t, C-11), 9.5 (q, 9-CH3).

FT-IR (KBr) cm'!: 2943, 1771, 1715, 1665, 1466, 1395.

EI-MS m/z (%) : 493 (M*, 5), 333 (100), 305 (6), 234 (5), 204 (6).
HR-EI-MS : Calced for C26H27N307, 493.1849. Found : 493.1853.
Anal. Caled for C26H27N3O7: C, 63.28; H, 5.51; N, 8.51. Found : C,

63.19; H, 5.67; N, 8.55.

(65*,11a8%)-6-Aminomethyl-7.8,10-trimethoxy-2.9-dimethyl-

2.3.11,11a-tetrahydro-6 H-pyrazino[1,2-b]-isoquinoline-1.4-

dione (56b)

55b (99 mg, 0.2 mmol) ® EtOH (4 mL) #i®ic. |iEIC Tkt
K7 Yy (114 ul) M4 % 105 °C (2 H R L 30 45 i hn 2438 i
Lz, KIS ZETZ ANFAL—X —ICTRML., N> E¥r (60 mL) I
THM. IN/HCl kK& (60 mL) I CTHiti, BonickE%rE A b
L% NHs AKWIHIC T pH9 I L TH, 5 CHCl; (60 mL x 3) #hi i,
GBS DY, fafi/E K (60 mL) Ve, WM., WA E &, Kk
(75.5mg) 2> U B (6g) OB T L7~ FIZTHRELT
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CHCH; : MeOH (8:2) %I # L v 56b (72.0 mg, 99 %) % 15 7=,

56b : MK\ T £ T 7 A,

1H-NMR (400 MHz, CDCl3) 86 : 5.79 (1H,
dd, J=10.0, 3.4 Hz, 6-H), 4.42 (1H, dd, J

=12.2, 4.4 Hz, 11a-H), 4.12 (1H, d, J =

18.8 Hz, 3-H), 4.07 (1H, d, J = 18.8 Hz,

3-H), 3.90 (3H, s, 7-OCH3), 3.79 (3H, s, 8-OCH3), 3.67 (3H, s,
10-OCH3), 3.45 (1H, dd, J=17.0, 4.4 Hz, 11-Ha), 3.25 (1H, dd, J
=13.6, 3.4 Hz, 12-H), 3.05 (3H, s, N-CH3), 2.86 (1H, dd, J= 13.6,
10.0 Hz, 12-H), 2.74 (1H, dd, J=17.0, 12.2 Hz, 11-HB), 2.18 (3H,
s, 9-CHs).

13C-NMR (100 MHz, CDCl3) & : 165.5 (s, C-1), 162.8 (s, C-4),
152.3 (s, C-10), 150.3 (s, C-8), 146.0 (s, C-7), 125.0 (s, C-6a),
124.8 (s, C-9), 121.2 (s, C-10a), 60.4 (q, 7-OCH3), 60.0 (q,
10-OCH3), 60.0 (q, 8-OCH3), 51.8 (d, C-6), 51.52 (d, C-11a), 51.50
(t, C-3), 44.4 (t, C-12), 33.4 (q, N-CH3), 28.4 (t, C-11), 9.4 (q,
9-CHs).

FT-IR (KBr) cm'!: 3360, 2941, 1658, 1637, 1458, 1337, 1076,
1001.

EI-MS m/z (%) : 363 (M+*, 3), 334 (92), 333 (100), 305 (11), 234
(14), 204 (16).

HR-EI-MS : Caled for C1sH25N305, 363.1794. Found : 363.1797.

(65*%,11a5%)-7,8,10-Trimethoxy-2,9-dimethvl-6-pylvoylamino-
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methyl-2.3,11.11a-tetrahydro-6 H-pyrazio[l,2-b]-isoquinoline-

1.,4-dione (58b)

56b (65.4 mg, 0.18 mmol) ® CH:Cl: (6 mL) ¥ {%(Z 0 °C I T,
EtsN (50 puL, 0.36 mmol) ¥ X 8 DMAP (44 mg, 0.36 mmol) % il
2, SHhIZHEBICTCE L E U EREAY O NEALRFEEKR (1N, 720
uL, 0.72 mmol) % 14327 T ~. =WIZ T 1RFRMBEHEL -,
BOISRIZ K (40 mL) %N % TG % Ik &%, CHCls (40 mL x 3)
M., AEEZADbYE., 5%NaHCOs K& (40 mL), #1F0 & # K
(40 mL) ¥, wofp, BWIE® E, %K (B85.7mg) 22U 7L (14
g) OB T A< FICTHEEL T AOEt BHE L v 58b (69.1
mg, 89 %) %7, £7 58b ® —{ % AcOEt-Hexane (2 T dh 1k
LT@EREE TEoHhE2 LI,

58b : M 7 ) X AL mp 188 - 189 °C (from AcOEt-Hexane).

1H-NMR (400 MHz, CDCl3) & : 7.48 (1H, br
t, J=5.6 Hz, N-H), 5.96 (1H, dd, J = 10.2,

3.9 Hz, 6-H), 4.47 (1H, dd, J=12.0, 4.5 Hz,

11a-H), 4.03 (1H, d, J=17.7 Hz, 3-H), 3.97

Me 16

(1H, d, J = 17.7 Hz, 3-H), 3.92 (3H, s, 7-OCH3s), 3.79 (3H, s,
8-0CH3s), 3.75 (1H, ddd, J = 14.0, 5.6, 3.9 Hz, 12-H), 3.68 (3H, s,
10-OCH3), 3.63 (1H, ddd, J = 14.0, 10.2, 7.0 Hz, 12-H), 3.50 (1H,
dd, J=17.0, 4.5 Hz, 11-Ha), 3.03 (3H, s, N-CH3), 2.77 (1H, dd, J
=17.0,12.0 Hz, 11-Hp), 2.45 (3H, s, 15-CH3), 2.19 (3H, s 9-CH3).
13C-NMR (100 MHz, CDCls) & : 196.2 (s, C-15), 164.9 (s, C-1),
162.4 (s, C-4), 160.5 (s, C-14), 152.2 (s, C-10), 150.2 (s, C-8),

151



145.7 (s, C-7), 125.3 (s, C-9), 123.3 (s, C-6a), 121.5 (s, C-10a),
60.5 (q, 7-OCH3), 60.1 (q x 2, C8,10-OCH3), 51.6 (d, C-11a), 51.4
(t, C-3), 48.8 (d, C-6), 41.7 (t, C-12), 33.6 (q, N-CH3), 28.3 (t,
C-11), 24.6 (q, C-16), 9.5 (q, 9-CH3y).

FT-IR (KBr) cm!: 3356, 2941, 1722, 1680, 1661, 1464.

EI-MS m/z (%) : 433 (M+*, 1), 333 (100), 305 (7), 234 (6), 204 (6).
HR-EI-MS : Caled for C21H27N307, 433.1849. Found : 433.1847.
Anal. Caled for C21H27N3O7: C, 58.19; H, 6.28; N, 9.69. Found : C,

57.99; H, 6.29; N, 9.64.

(6S*,11a8*%)-10-Hydroxy-7.8-dimethoxv-2.9-dimethyl-6-pylvoyl-

aminomethyl-2.3.11.11a-tetrahydro-6 H-pyvrazioll1.,2-bl-iso-

quinoline-1,4-dione (59b)

58b (43.3 mg, 0.1 mmol) ®» CH:Cl: (6.4 mL) &k IZ —78 °C 12 T
BBrs ® CH:Cl: % # (1IN, 0.4 mL, 0.4 mmol) Z i F LFIE T 10
B L, ST 2RFMNAIT T—20°CIZHBEBLTHL I BT
THREMBEH L, SR 5%NaHCOs KR (30 mL) % A K&
ZEIESH, 5%MeOH & A CHCIs; (30 mL x 3) fiii, FHE % &
b, i AK (B30mL) Wi, ik, WHEME A, KB (42.8 mg)
UL (12g) OB 7 A7~ MZTHBEL T CHCI; :
Hexane : MeOH (50 : 30 : 1) ¥ Hi# L » 59b (32.9 mg). 58b (6.9
mg), CHCH; : MeOH (10 : 1) A H# LY 59b & 61b DIEA W
(2.6 mg) fB7-, WICZOBERAWMITY I BZF NV (183g) OH T AU nm
~ MIZTHH® L T CHCls : MeOH (50 : 1) & HH » 5 59b (1.2
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mg), CHCls : MeOH (10 : 1) #2056 61b (1.4 mg) & £
Nz, UbkaxFE s & 58 (6.9 mg, 16 %) #HIINT B L LB
IZ 59b (34.1 mg 81 %) & 61b (1.4 mg, 3 %) % H 7=,

59b : AT E )L T 7 A,

1H-NMR (400 MHz, CDCls) & : 7.47 (1H, br
t, J=5.9 Hz, N-H), 5.97 (1H, dd, J = 9.2,

5.3 Hz, 6-H), 5.88 (1H, s, 10-OH), 4.52 (1H,

dd, J=12.2, 4.4 Hz, 11a-H), 4.04 (1H, d, J o 16

=17.6 Hz, 3-H), 3.96 (1H, d, J=17.6, 3-H), 3.89 (3H, s, 7-OCH3),
3.79 (3H, s, 8-OCH3), 3.72 (1H, dt, J = 14.1, 5.3 Hz, 12-H), 3.67
(1H, ddd, J = 14.1, 9.2, 7.3 Hz, 12-H), 3.56 (1H, dd, J = 16.6, 4.4
Hz, 11-Ha), 3.03 (3H, s, N-CH3s), 2.67 (1H, dd, J = 16.6, 12.2 Hz,
11-Hp), 2.44 (3H, s, 15-CH3), 2.19 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) § : 196.6 (s, C-15), 165.7 (s, C-1),
162.4 (s, C-4), 160.9 (s, C-14), 150.1 (s, C-8), 148.4 (s, C-10),
143.0 (s, C-7), 122.9 (s, C-6a), 118.3 (s, C-9), 115.2 (s, C10a),
60.6 (q, 7-OCH3), 60.2 (q, 8-OCH3), 51.4 (d, C-11a), 51.2 (t, C-3),
48.9 (d, C-6), 41.6 (t, C12), 33.5 (q, N-CH3), 28.2 (t, C11), 24.5 (q,
C16), 8.9 (q, 9-CH3).

FT-IR (KBr) cm'!: 3404, 2931, 1719, 1680, 1647, 1460, 1331,
1331, 1074.

EI-MS m/z (%) : 419 (M+, 2), 320 (17), 319 (100), 291 (10), 220
(6).

HR-EI-MS : Calcd for C20H25N307, 419.1693. Found : 419.1689.
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(65*,11a8%)-8,10-Dihydroxy-7-methoxv-2,9-dimethyl-6-pylvoyl-

aminomethyl-2.3.11.11a-tetrahydro-6 H-pyvrazioll1.,2-bl-iso-

gquinoline-1.,4-dione (61b)

61b : QT E )L T 7 A,

IH-NMR (400 MHz, C5DsN) & : 10.95 (1H,
br s, 8 or 10-OH), 10.21 (1H, br s, 8 or

10-OH), 10.00 (1H, t, J=6.1 Hz, N-H), 6.60

(1H, dd, J=10.6, 4.0 Hz, 6-H), 5.12 (1H, dd, Ve 16

J=12.5, 4.7 Hz, 11a-H), 4.23 (1H, ddd, J = 13.7, 5.4, 4.0 Hz,
12-H), 4.20 (1H, d, J = 17.6 Hz, 3-H), 4.10 (1H, d, J = 17.6 Hz,
3-H), 4.07 (1H, ddd, J=13.7, 10.6, 7.3 Hz, 12-H), 3.99 (1H, dd, J
=16.4, 4.7 Hz, 11-Ha), 3.82 (3H, s, 7-OCH3s), 3.05 (1H, dd, J =
16.4, 12.5 Hz, 11-Hp), 2.81 (3H, s, N-CH3), 2.66 (3H, s, 9-CH3y),
2.43 (3H, s, 15-CH3).

13C-NMR (100 MHz, C5DsN) & : 196.6 (s, C-15), 165.0 (s, C-1),
162.2 (s, C-4), 161.9 (s, C-14), 150.1 (s, C-10), 147.6 (s, C-8),
138.0 (s, C-7), 123.1-122.1 (s, C-10a), 112.9 (s, C-9), 111.3 (s,
C-6a), 59.8 (q, 7-OCH3), 51.2 (d, C-11a), 50.7 (t, C-3), 48.6 (d,
C-6), 40.7 (¢, C-12), 32.0 (q, N-CH3), 28.6 (t, C-11), 24.1 (q, C-16),
9.5 (9-CH3).

FT-IR (KBr) cm'!: 3325, 2924, 2853, 1719, 1653, 1466, 1260.
EI-MS m/z (%) : 405 (M+, 4), 319 (10), 306 (16), 305 (100), 277
(12), 191 (10).

HR-EI-MS : Caled for Ci9H235N307, 405.1536. Found : 405.1534.
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(65*,11a8%)-8-Methoxy-2.9-dimethyl-6-pylvoylaminomethyl-

2.3.,11,11a-tetrahydro-6 H-pyrazino[1,2-b]l-isoquinoline-1,4,7.10-

tetraone (62b)

59b (37.7 mg, 0.09 mmol)®» CH3CN (14 mL) #Eix i —18°C I T 0
°Cic#H = L7z CAN (123 mg, 0.225 pmol) ® /K (2.1 mL) &K % i
FTL7Z, TLCIZTHEB DMK ZMWR LIZD T 3057 % 1% I4LHZ P
L7, IR ICAK (40 mL) %N 2 K %15 1k L CHCl3 (40 mL x
3) M, AEAE ALY, faf Al K (40 mL) WHip . Wik, wE
Mk, %#E (86.4mg) 2> U7 (bg) O T L7~ i<
K% L C CH2Cle: MeOH (50 : 1) ®®HH L Y 62b (32.0 mg, 88 %)
k=

62b: W@ T EINL T 7 A,

1H-NMR (400 MHz, CDCl3) & : 7.52 (1H, br
Me

t, J=5.7 Hz, N-H), 5.77 (1H, m, 6-H), 4.43
MeO

(1H, dd, J=11.7, 4.4 Hz, 11a-H), 4.05 (3H,

s, 8-OCH3), 4.04 (1H, d, J = 18.0 Hz, 3-H),

3.96 (1H, d, J=18.0 Hz, 3-H), 3.77 (1H, dt,

J=14.0, 7.8 Hz, 12-H), 3.62 (1H, ddd, J = 14.0, 5.2, 3.4 Hz,
12-H), 3.38 (1H, ddd, J =19.8, 4.4, 0.9 Hz, 11-Ha), 3.01 (3H, s,
N-CH3), 2.45 (1H, ddd, J=19.8, 11.7, 2.4 Hz, 11-HB), 2.42 (3H, s,
15-CHs), 1.96 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 196.2 (s, C-15), 185.7 (s, C-10),
180.9 (s, C-7), 163.9 (s, C-1), 162.3 (s, C-4), 161.1 (s, C-14),
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155.7 (s, C-8), 140.3 (s, C-10a), 135.7 (s, C-6a), 128.8 (s, C-9),
61.0 (q, 8-OCH3s), 51.3 (d, C-11a), 51.1 (t, C-3), 48.5 (d, C-6), 41.2
(t, C-12), 33.5 (q, N-CH3), 28.3 (t, C-11), 24.4 (q, C-16), 8.7 (q,
9-CHs).

FT-IR (KBr) cm'!: 3327, 2951, 1726, 1670, 1612, 1470, 1287,
1219, 1150.

LR-MS (FAB*) : 404 [M+H]*.

HR-MS (FAB+) : Calcd for C19H22N307, 404.1458. Found:

404.1460.
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4.5-Dimethoxy-3-methyl-2-[(4-methylphenylsulfonyl)oxy]

phenylmethyl bromide (68)

66 (700 mg, 2 mmol) ® MeOH : CHCI3 (1 : 1/ 30 mL)IE% (Z 0 °C
IZ T NaBH4 (151.3 mg, 4 mmol) # /12, =\EIZTRE L 30 5 [ # #
L7, TLCIZTHEBOHERZMR Lo T 1EMZEICHKLHEZBH
L7, KISWIRIZKE T, KRB0 mL) # x TKIik % &1L & #,
e — hIZB L Et:0 (80 mLx3)iH, AEZ ALY, fafnfl
Hik (80 mL) ¥EW . Wil WL E £, 7 (791.3 mg, #FmfE 704
mg) 572,

COBRETIRORIGIZEDEEH W,

ERRNIE THEEE 67 (2 mmol) @ CH2Cl: (8 mL) A % — 18
ClcmA L, D — T . REOFAMEIT -7, D Y NBS (1.6
g, 9 mmol) ® CH:Clz (8 mL) B¥iEIZ, 0°CIZ T AF ALY
4 K (800 pL, 10.8 mmol) % i F L. RIRICT 10 o E#EEHEL L,
CHOLTHMELERAEZ, Xy PIZTHEBOBE®RTIZH T L,
TLCIZ TRICDEATZ MR L T < & 4RI THRBOWHE K % il
RTELDOTHALAEZH G L7, MIGHKIZ 0°C 2 T/A (80 mL) %
Nz TS &% 1k &8 7% CH2Cly (80 mL x 3) fiiti., AHE % &
b, 1 NaHCO3s K% # (80 mL), /k (80 mL), fafn & # Kk (80
mL) Ve, W, W L, K (840.1 mg, PRF M 830.0 mg) %

B, BonlEEEs V7N (80g) O T A7 a~v MNITH
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# L T Hexane : AcOEt (8 : 2) A L W 68 (705.6 mg, L=
85 %) # 1% 7=,

67 : O T EI)NL T 7 A

1H-NMR (400 MHz, CDCl3) 6 : 7.84 (2H, d, J Me\©\
(@)
3 x I
= 8.1 Hz, 2'-H), 7.38 (2H, d, J = 8.1 Hz, z 8(.35\07
Me 2 OH
3'-Hs), 6.95 (1H, s, 6-H), 4.59 (2H, d, J = 6.8
MeO 4 5
Hz, CH,OH), 3.88 (3H, s, 5-OCH3), 3.75 (3H, Meo 67

s, 4-OCH3), 2.67 (1H, t, J = 6.8 Hz, OH), 2.49 (3H, s, Ts-CH3),
1.88 (3H, s, 3-CHy).

13C-NMR (100 MHz, CDCls) 8 : 151.6 (s, C-5), 147.2 (s, C-4),
145.7 (s, C-4"), 138.8 (s, C-2), 133.0 (s, C-1'), 130.8 (s, C-1),
130.0 (d, C-3'), 128.3 (d, C-2"), 126.7 (s, C-3), 110.7 (d, C-6), 60.3
(t, CH,OH), 60.2 (q, 5-OCH3s), 55.8 (q, 4-OCH3), 21.7 (q, 4'-CH3),
10.5 (q, 3-CH3s).

FT-IR (KBr) cm™!: 3564, 3474, 2974, 2938, 1593. EI-MS m/z (%) :
352 (M+, 49), 197 (100), 169 (79), 137 (51).

HR-EI-MS : Calcd for Ci17H2006S, 352.0981. Found * 352.0978.

68 : AT EIJL T 7 A

1H-NMR (400 MHz, CDCl3) § : 7.87 (2H, d, J = Me\@

(@)
| W
8.1 Hz, 2'-Hs), 7.39 (2H, d, J = 8.1 Hz, 3'-HJ), 2 Eo
Me 2
3 1 B
6.85 (1H, s, 6-H), 4.49 (2H, s, CH2Br), 3.87 (3H, - '
e 4 5
MeO 68

s, 5-OCH3s), 3.78 (3H, s, 4-OCH3y), 2.48 (3H, s,
Ts-CH3),2.01 (3H, s, 3-CH3).
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13C-NMR (100 MHz, CDCls) & : 151.4 (s, C-5), 148.1 (s, C-4),
145.6 (s, C-4"), 139.5 (s, C-2), 133.3 (s, C-1'), 130.0 (d, C-3"),
128.2 (d, C-2'), 127.7 (s, C-3), 127.4 (s, C-1), 111.6 (d, C-6), 60.3
(q, 4-OCH3), 55.9 (q, 5-OCH3s), 29.1 (t, CH2Br), 21.7 (q, 4'-CH3s),
10.9 (q, 3-CH3y).

FT-IR (CHCIl3) cm™!: 3026, 3013, 2939, 1597, 1174, 1069.

EI-MS m/z (%) : 416 (M*,17), 414 (16), 335 (93), 261 (99), 259
(100), 180 (36).

HR-EI-MS : Calcd for C17H19BrO5S, 414.0137. Found : 414.0135.

Ethyl 2-amino-3-[4,5-dimethoxy-3-methyl-2-(4-methyl-

phenylsulfonyloxy) propanoate. (69)

68 (83.0 mg, 0.2 mmol), Schiff base 75 (203.4 mg, 0.9 mmol), #H
W% & fik it BusN+HSO,4 (68 mg, 0.2 mmol) @ CH:Cls (4mL) &
WIo, KM T LS BEHRLAND ML KA L7 KOH (33.6 mg,
0.6 mmol) Z Nz 7=, RIET 10 oHt#H%E. EEICAELEZ, TLC
TS ZBH LI ZA25KBZBICEBOBEEAZMER LD T,
SHEMBICHLBEZMMB L, (KINBEB O TLC BB & 412> v T
NUBUTREMLEE%., B F LV TCEBMT S &, )
BOGEWIZ oKk M T fdf NH4Cl KK (50 mL) % 1 2 T K & 1%
Ik ¥ 7=%. CHCl3 (50 mLx 3) fiith, AHE+ &b, i AE
K (50 mL) Wi, Wk BB £ RIE (240 mg, PR ME, 87.4 mg)
U A (12g) OB 7 A7 v~ MZTHBL T CHCl;s
AcOEt (2 :9) AHE L v, 69 (79.2 mg, L=, 91%) % F 7=,

159



69 : KE O LRYWE

IH-NMR (400 MHz, CDCls) & : 7.86 (2H, [Mey 2
d, J = 8.3 Hz, 2”-Hy), 7.37 (2H, d, J =

8.3 Hz, 3”-H3), 6.66 (1H, s, 6’-H), 4.13

(1H, quint, J=7.1 Hz, OCH), 4.12 (1H,

quint, J = 7.1 Hz, OCH), 3.84 (3H, s, 5-OCH3), 3.76 (3H, s,
4’-0CHs), 3.67 (1H, dd, J = 8.3, 5.9 Hz, 2-H), 3.03 (1H, dd, J =
14.2, 5.9 Hz, 3-H), 2.78 (1H, dd, J = 14.2, 8.3 Hz, 3-H), 2.48 (3H,
s, 4”-CH3s), 2.01 (3H, s, 3-CH3y), 1.45 (2H, br s, N-H2), 1.22, (3H,
t, J=7.1 Hz, OCH2:CH3). 13C-NMR (100 MHz, CDCl3) & : 174.9 (s,
C-1), 151.1 (s, C-5’), 146.6 (s, C-4’), 145.3 (s, C-47), 140.7 (s,
C-2’), 133.9 (s, C-17), 128.4 (d, C-3”), 128.2 (d, C-2”), 127.3 x 2 (s,
C-3’, s, C-17), 111.4 (d, C-6), 60.9 (t, OCH:CHs), 60.2 (q,
4’-0OCHs), 55.8 (q, 5-OCH3s), 54.8 (d, C-2), 36.7 (t, C-3), 21.7 (q,
4”-0CH:CH3), 11.1 (q, 3’-CH3s).

FT-IR (CHCIl3) cm'!: 3022, 2940, 1730, 1489, 1192, 1175, 1965.
LR-MS (FAB+): 438 [M+H]*.

HR-MS (FAB+): Calcd for C21H27NO~7S, 438.1587. Found:

438.1592.

Ethyl N-[(4-chlorophenyvl)methylen]glycinate (75)

4— 27 v X XT7T )T E R (1.41¢g,10.0 mmol), 77U v = F )b
T A7 NVHEEE (1.40 g, 10 mmol), EAMER~ 7 2> v A (4 g)
®» CH3zCl: (15 mL) M@k 2, =12 T, EtsN (1.39 mL, 10 mmol)
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oD EMAlz, 14 F%, BAHEZHEGLE, T LOHIT,

REHBEAEKZOEHAMEHNTABLE, APREE DY, = K
VL—% — 2 TCTEML., K (0mL) #Mx7=?D5H, Et:0 (50 mL x 3)
i, AES LY. fafAEAK (0 mL) Wi, i, WM %A,

R (2.23¢g) #3572, THOLTHREEEIZ, KEIT L2 E2<R
NN AR

b: KRBT AL

1H-NMR (300 MHz, CDCl3) & :8.26 (1H,t, J=1.1 Hz, HCL
OEt
HCN), 7.73 (2H, d, J = 8.6 Hz, Ar-H), 7.40 (2H, d, J | N

= 8.6 Hz, Ar-Hy), 4.40 (2H, d, J=1.1 Hz, CH2CO:zEt),

4.24 (2H, q, J=7.1 Hz, OCH2CH3), 1.31 (3H, t, J =

Cl 75

7.1 Hz, OCH:2:CH3).
(ki 26) O’donnell M. J., et. al.)
IH-NMR (90 MHz, CDCls) & : 8.1 (1H, s), 7.5 (4H, AB quartet, J =

9.0 Hz, Av = 29 Hz), 4.25 (2H, s), 4.15 (2H, q), 1.3 (3H, t).

6-(2-amino-3-hydroxypropyl)-3.4-dimethoxy-2-methylphenyl-4-

methylbenzensulfonate (70)

LiCl (1.27 g, 5.986 mmol) % EtOH (12 mL) (C=iE I THEEIEL
g L. THF (8 mL) #/mx 7z, kW T, %® LiCl (EtOH : THF
/3:2) Wi!Z NaBH4(1.33 g, 29.9mmol) Z/Mx CTHBIR & L 7=,
B 69 (2.62 g, 5.99 mmol) % EtOH : THF (3 : 2/ 20 mL) %
WTRICHAB L KISEIRICEVIAZR N DN 272, 12 K%

TLCICTHEBOHERZMRAE L., BAEZAB L, RKICHKIZKE
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T. & (200 mL) # /M x Tt % kS ® 7%, CHCIs (200 mL x
3) i, AEA GbE ., faf A AK (200 mL) VE¥ . WHE %,
il (2.14 g, HERME 2.36g) U (40g) OB T AT
~ MIZTHHR L T CHCls : MeOH (4:1) IAH#E L v, 70(1.80 g,
M ME, 2.30 g, IXUFE, 76%) & 157,

70 EEATLARKME

1H-NMR (400 MHz, CDCls) 8 : 7.85 (2H, Me. 2
d, J=8.1 Hz, 2"-Hy), 7.38 (2H, d, J =

8.1 Hz, 3"-H2), 6.63 (1H, s, 5-H), 3.84

(3H, s, 4-OCH3), 3.76 (3H, s, 3-OCH3),

3.48 (1H, dd, J=10.7, 3.9 Hz, 3'-H),

3.25 (1H, dd, J=19.7, 6.8 Hz, 3'-H), 3.08 (1H, m, 2'-H), 2.70 (1H,
dd, J = 14.0, 5.3 Hz, 1'-H), 2.51 (1H, dd, J = 14.0, 8.3 Hz, 1'-H),
2.47 (3H, s, 4"-CH3), 2.04 (3H, br s, N-H and OH), 1.97 (3H, s,
2-CHs3).

13C-NMR (100 MHz, CDCl3) & : 151.2 (s, C-4), 146.3 (s, C-3),
145.4 (s, C-4"), 140.9 (s, C-1), 134.1 (s, C-1"), 129.9 (d, C-3"),
128.3 (s, C-6), 128.0 (d, C-2"), 127.1 (s, C-2), 111.4 (d, C-5), 66.0
(t, C-3"), 60.2 (q, 3-OCH3), 55.8 (q, 4-OCH3), 53.1 (d, C-2"), 36.1
(t, C-1'), 21.7 (q, 4"-CH3s), 11.0 (q, 2-CHs).

FT-IR (CHCIs) cm™1: 3017, 2938, 1489, 1175, 1065.

LR-MS (FAB*) : 396 [M+H]*.

HR-MS (FAB+) : Calcd for C19H26NO¢S, 396.1481. Found :
394.1479.

162



6-(2-(Tert-butoxycarbonylamino)-3-hydroxypropyl)-3.4-di-

methoxv-2-methylphenyl-4-methylbenzensulfonate (71)

70 (987.5 mg, 2.5 mmol) @ CH3CN (17 mL) ® &K IZEEIZ T
Boc20 (862 uL, 3.75 mmol) Z N x 7=, 1 K[ % © TLC I TR E D
HEAZBALILO THRABEZHG Lo, ISHEIZKE T,
5%NaHCOs K&K (200 mL) % il x T % 45 Ik & &, CHCls
(200 mL x 3) fhii, AE 26 b¥ ., CTafMmEEK (200 mL) ¥
W, WM. VREER R, RE (2,18 g, B 1.24¢g) VU AL
(20g) D Z7 L7 v~ MZTHHEL T CHCls : MeOH (20 :1) &
HEs kv, 71 (1.24 g, B ME, 1.24 g, IXFE 100%) % &7z,

71 : A7 LR WE

1H-NMR (400 MHz, CDCls) 8 : 7.85 (2H, Me_ X
d, J=8.1 Hz, 2"-Hs), 7.38 (2H, d, J =
8.1 Hz, 3"-Hy), 6.71 (1H, s, 5-H), 5.00

(1H, br d, J = 6.8 Hz, N-H), 3.87 (1H,

br s, 2'-H), 3.84 (3H, s, 4'-OCH3), 3.75

(3H, s, 3'-OCH3), 3.57 (1H, br dd, J = 11.1, 2.9 Hz, 3'-H), 3.50
(1H, br dd, J=11.1, 4.3 Hz, 3'-H), 2.88 (1H, dd, J = 14.4, 7.1 Hg,
1'-H), 2.79 (1H, br dd, J= 14.4, 7.3 Hz, 1'-H), 2.64 (1H, br s, OH),
2.48 (3H, s, 4"-CH3s), 1.91 (3H, s, 2-CH3), 1.39 (9H, s,
CO2C(CHs3)3). 13C-NMR (100 MHz, CDCl3) & : 156.1 (s, NHCO),
151.3 (s, C-4), 146.3 (s, C-3), 145.5 (s, C-4"), 140.7 (s, C-1), 133.7
(s, C-1"), 129.9 (d, C-3"), 128.1 (d, C-2"), 127.7 (s, C-6), 126.8 (s,
C-2), 111.0 (d, C-5), 79.4 (s, CO2C(CH3)3), 64.3 (t, C-3"), 60.2 (q,
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3-OCH3), 55.8 (q, 4-OCH3), 52.9 (d, C-2), 32.0 (t, C-1"), 28.3 (q,
CO2C(CH3)3), 21.7 (q, 4"-CH3s), 10.9 (q, 2-CH3s).

FT-IR (CHCIl3) cm™!: 3437, 3015, 2980, 2938, 1701, 1489, 1173.
EI-MS m/z (%) : 495 (M+*, 15), 439 (10), 284 (16), 223 (17), 181
(100). HR-EI-MS : Calcd for C24H33NOsS. 495.1927. Found

495.1925.

Ethyl-N-[2-(tert-butoxyvcarbonylamino)-3-(4.5-dimethoxy-3-

methyl-2-(4-methylphenvylsulfonvloxy)phenvlpropyl)]-N-(2-

nitrophenylsulfonyl)glycinate (72)

71 (3.97 g, 8 mmol), Ns— Gly— OEt (2.88 g, 10 mmol), PPh3 (2.62
g, 10 mmol) @ THF (150 mL) % i#& 2. K¢ T DEAD (40% /L —
VIR, 4.19 mL, 10.4 mmol) M x 7., TLCIZ TKZ BB L.
2.5 FF B ICIH B OH K ZHR L0 TR ZEKB LI, Kb
ok K (400 mL) & AN TG Z 1k L72#% CHCl:; (400 mL
x3) i, AL S LY., MM AEAK (400 mL) ¥EE. &z,

WL R £, & (13.99 ¢, #imfE, 6.13g) > U W5 (300 g)

DHTZ L7~ MITHELT
CH3Cls : AcOEt (9 : 1) & H & &

n.72(5.64¢g, WHER,6 92%) % 157,

72 AT EILT 7R

1H-NMR (400 MHz, CDCls) & :
8.01 (1H, dd, J=7.4, 2.0 Hz, 3"-H), 7.84 (2H, d, J = 8.3 Hz,
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2""-Hs), 7.69 (1H, td, J= 7.4, 2.0 Hz, 5"-H), 7.66 (1H, td, 7.4, 2.0
Hz, 4"-H), 7.60 (1H, dd, J = 7.4, 2.0 Hz, 6"-H), 7.38 (2H, d, J =
8.3 Hz, 3""-Hs), 6.69 (1H, s, 6"'-H), 4.69 (1H, br d, J = 8.8 Hz,
N-H), 4.35 (1H, d, J=19.0, 2-H), 4.17 (1H, d, J = 19.0 Hz, 2-H),
4.09 (1H, m, 2'-H), 4.06 (2H, q, J = 7.3 Hz, OCH:CH3), 3.84 (3H,
s, 5""-OCH3s), 3.58 (3H, s, 4"'-OCH3s), 3.55 (1H, dd, J = 14.7, 10.0
Hz, 1'-H), 3.34 (1H, dd, J = 14.7, 4.2 Hz, 1'-H), 2.79 (1H, dd, J =
14.6, 4.9 Hz, 3'-H), 2.69 (1H, dd, J=14.6, 9.2 Hz, 3-H), 2.48 (3H,
s-4""-CHs), 1.95 (3H, s, 3"'-CH3), 1.33 (9H, s, OC(CH3s)s), 1.16
(3H, t, J = 7.3 Hz, OCH2CH3). 13C-NMR (100 MHz, CDCls) & :
168.6 (s, C-1), 155.7 (s, NHCO), 151.2 (s, C-5""), 147.9 (s, C-2"),
146.3 (s, C-4""), 145.6 (s, C-4""), 140.5 (s, C-2""), 133.6 (s, C-1""),
133.5 (d, C-5"), 133.3 (s, C-1"), 131.7 (d, C-4"), 130.9 (d, C-3"),
130.0 (d, C-3""), 128.2 (d, C-2""), 127.1 (s, C-1""), 127.0 (s, C-3""),
124.1 (d, C-6"), 110.7 (d, C-6""), 79.4 (s, OC(CH3)3), 61.3 (t,
OCH:CH3), 60.2 (q, 4"'-OCH3), 55.8 (q, 5"'-OCH3), 51.6 (t, C-1"),
48.4 (d, C-2"), 48.0 (t, C-2), 33.0 (t, C-3"), 28.2 (q, OC(CH3)3),
21.7 (q, 4""-CH3), 14.0 (q, OCH2CH3), 11.0 (q, 3"'-CH3y).

FT-IR (CHCIl3) cm™': 1744, 1705, 1547, 1369, 1173. LR-MS
(FAB*) : 766 [M+H]*.

HR-MS (FAB*): Calcd for Cs54H44N3013S2, 766.2316. Found :

766.2315.

Ns-Gly-OEt (76) : Ethyl 2-(2-nitrophenylsulfonamido)acetate
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7V 2 F N AT VEEBE (3.475 g, 25 mmol) &K Y 2—
nitrobenzenesulfonyl chloride (6.095 g, 27.5 mmol) ® CHCIls (40
mL)E R 2k % F . EtsN (7.84 mL, 56.25 mmol) % 5 %y 2> iF T
ZVEBEBICREL 30 0% KIn&2EIEIET,5%7 = U EEKEK (400
mL) % KIS IZ z2 72 D5 Et:0 (400 mLx 3., AlE %2 & b
B, 5% = AKE#K (400 mL x 2). /& (400 mL x 2) W& . i
e, AR R, B (9.31g, B, 7.2¢g) & Et:0 12 THREMEL
— &K (.75 g, IWHE 80%) . FHK (1.21 )% H, 2 ORI % Et.0
A L (293.5mg, WHE 4%+ H7-. L EXV 76 (6.04

g, IR 84%) #57=,

1H-NMR (400 MHz, CDCl3) & : 8.13-8.07 (1H, m), NHNs

EtO
7.97 (1H, m), 7.79-7.71 (1H, m), 6.05 (1H, br t, J =

76 0]

5.7 Hz, N-H), 4.06 (2H, q, J = 7.1 Hz, OCH2:CH3),

4.00 (2H, d, J = 5.7 Hz, CH2CO:Et), 1.16 (8H, t, J = 7.1 Hz,
OCH:CH3).

(CEfE 27 Magoulas G. E., et. al.)

8.10-8.01 (1H, m), 7.95-7.90 (1H, m), 7.75-7.72 (2H, m), 6.04 (1H,
t), 4.06 (2H, q, J=17.2 Hz), 4.00 (2H, d, J = 6.0 Hz), 1.15 (3H, t,

J=17.2 Hz).

6-[4.5-Dimethoxyv-3-methyl-2-(4-methylphenylsulfonyloxy)-

phenylmethvl]-4-(2-nitrophenvlsulfoxy)piperazin-2-one (74)
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72 (5.36 g, 7 mmol) ® CHsCls (50 Me\QO

mL) ®iKIZ ., =R I T TFA (50

mlL) Z#/Mzx7-, 1045 % ® TLC IZ

THEBOMKENMTLICERKRLE 1

74

ARy NEMER LT O TH%LE %
P L 7e, RKINIRICKH T, K (BOmL) #Mx 706, 28%NHs
KK (200 mL) 22 Lo/ x TFA Z 1 L 72,12 KR8 # % .
CHCl3; (200 mL x 3) fiti, A#E 2~ & o, fafAE K (200 mL)
Ve, wole, W E, R (4.99¢g, BEiRE, 4.34 g) %
Hexane-AcOEt IZ Tk L 1 F & (3.03 g, XX 70%), Bk
(1.52¢g) #57-, Bk % B % Hexane- AcOEt (& THidib L 2 & &
(428.9 mg, X% 10%), ik (901.0 mg) 2 HF 7, ZORE»DL
Hexane-AcOEt 1&xf L REMEE AR M (221.6 mg) = A5 L T, £
" (610 mg) #H57+-, ZORK (610 mg) 2> U7 (15g) @
BT A< MITHBEL T ACOEt BHE LY 74 (276.2 mg) %
7= D5, Hexane-AcOEt (Z THidfb L. 3 &M (166.8 mg, IL=E
3.8%), ik (107.4 mg) %57, B % B E Hexane-AcOEt 12T
ML 4 &M (37.5 mg, IW*E 0.86%), Rk (24.9 mg) % & 7=,
LhEaF LD L T4(3.665 g, IWHE, 85%) # &2 THimeE L TR,
T4 @ A FR A mp 142.5 - 143 °C

IH-NMR (400 MHz, CDCl3) & : 8.00 (1H, dd, J = 7.4, 1.5 Hz,
Ns-3-H), 7.88 (2H, d, J = 7.8 Hz, Ts-2-Hs), 7.77 (1H, td, J = 7.4,
1.5 Hz, Ns-5-H), 7.74 (1H, td, J = 7.4, 1.5 Hz, Ns4-H), 7.66 (1H,
dd, J = 7.4, 1.5 Hz, Ns-6-H), 7.43 (2H, d, J = 7.8 Hz, Ts-3-Hy),
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6.75 (1H, s, 6-H), 5.98 (1H, br s, N-H), 4.03 (1H, d, J = 17.1 Hz,
3-H), 3.88 (3H, s, 5°-CH3), 3.83 (1H, m, 6-H), 3.80 (3H, s, 4’-CH3),
3.79 (1H, d, J = 17.1 Hz, 3-H), 3.50 (1H, dd, J = 13.2, 4.9 Hz,
5-H), 3.43 (1H, dd, J=13.2, 3.4 Hz, 5-H), 2.88 (1H, dd, J = 18.7,
6.9 Hz, 6a-H), 2.83 (1H, dd, J = 18.7, 6.6 Hz, 6a-H), 2.51 (3H, s,
Ts-CHs), 2.20 (3H, s, 3’-CHs).

13C-NMR (100 MHz, CDCls) & : 164.8 (s, C-2), 151.6 (s, C-5"),
148.4 (s, C-2"), 147.0 (s, C-4"), 145.9 (s, C-4'"), 140.9 (s, C-2"),
134.4 (d, C-5"), 133.9 (s, C-1""), 131.9 (d, C-4"), 131.3 (d, C-3"),
130.4 (s, C-1"), 130.1 (d, C-3""), 127.9 (d, C-2'"), 127.6 (s, C-3"),
125.3 (s, C-1"), 124.4 (d, C-6'), 111.8 (d, C-6"), 60.3 (q, 4"'-CHs),
60.0 (q, 5"'"-CH3), 51.8 (d, C-6), 48.0 (t, C-3), 46.1 (t, C-5), 35.5 (t,
C-8), 21.7 (q, 4"'-CHs), 11.1 (q, 3"-CH3y).

FT-IR (KBr) cm': 3192, 2932, 1736, 1684, 1547, 1175, 1065.
EI-MS m/z (%) : 619 (M*, 7), 464 (7), 271 (5), 181 (100).
HR-EI-MS : Caled for C27H29N30O10S2, 619.1294. Found :
619.1293.

Anal. Caled for Ca7H29N30:0S ¢ C, 52.33; H, 4.72; N, 6.78.

Found : C, 52.47; H, 4.98; N, 6.53.

((6S*,11a5*%)-7.8-Dimethoxy-9-methyl-2-((2-nitrophenyl)-

sulfonyl)-4-0x0-10-(tosvloxy)-1,3.4,6.11.11a-hexahydro-2 H-

pyvrazinol[1,2-blisoquinolin-6-vl)methyl benzoate (77)

74 (0.31 g, 0.5 mmol) ® CH3Cls (1.5 mL) & I =& 12 T TMSCI
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(80 puL, 0.65 mmol) % 1 % . # T EtsN (91 uL, 0.65 mmol) %
Mz =z, BT 1EREB#H%E. 7% — (0.413 g, 0.6 mmol) %
CH:Clz (1.5 mL) # AW T Ha M x 7=, TMSOTS (452 uL,
2.5 mmol) /M x 7, TMSOTf #/Mx THh5H 1.5 K%, TLC R
BrOWHKZHR LD THRABE ARG L7, RISHKIZKE T, fafn
NaHCOs K &E# (30 mL) % 0 2 )& % 58 1 &4 CHCIl; (30 mL x
3) M, AEE ALY, faf Al K (30 mL) Hip. Wik, &
WMk, E (043 g) 2 U BT (6g) OH T A7 ua~ bIZTH
# L T Hexane : AcOEt (7:3) %HHE L 0 77 (0.369¢g, IWFE 96%)
A5 T,

77 © LT )L T 7 R

'H-NMR (400 MHz, CDCls) 5: [we_ ¥
7.95 (1H, dd, J = 7.3, 1.5 Hgz, \@

O
3'-H), 7.93 (2H, d, J = 7.6 Hgz,

2"-Hy), 7.83 (2H, d, J = 8.3 Hz,

2"'-Hq), 7.71 (1H, td, J=17.3, 1.5
77

Hz, 5'-H), 7.68 (1H, td, J = 7.3,

1.5 Hz, 4'-H), 7.60 (1H, dd, J= 7.3, 1.5 Hz, 6'-H), 7.53 (1H, t, J =
7.6 Hz, 4'-H), 7.42 (2H, d, J= 8.3 Hz, 3"'-Hy), 7.40 (2H, t, J= 7.6
Hz, 3"-Hz), 6.19 (1H, dd, J = 9.5, 3.4 Hz, 6-H), 4.74 (1H, dd, J =
11.7, 9.5 Hz, 12-H), 4.51 (1H, dd, J = 11.7, 3.4 Hz, 12-H), 4.14
(1H, d, J = 16.6 Hz, 3-H), 3.98 (1H, m, 11a-H), 3.97 (3H, s,
7-OCH3), 3.78 (3H, s, 8-OCH3), 3.68 (1H, br d, J = 13.7 Hz, 1-H),
3.568 (1H, d, J = 16.6 Hz, 3-H), 3.46 (1H, dd, J = 13.7, 4.4 Hz,
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1-H), 2.78 (1H, dd, J = 16.6, 11.2 Hz, 11-H), 2.70 (1H, dd, J =
16.6, 4.4 Hz, 11-H), 2.50 (3H, s, 4"'-CH3), 2.12 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) 5: 166.4 (s, C-14), 162.9 (s, C-4),
150.0 (s, C-8), 148.4 (s, C-7), 148.3 (s, C-2'), 145.9 (s, C-4""),
142.5 (s, C-10), 134.3 (d, C-4"), 133.6 (s, C-1"'), 133.1 (d, C-4"),
131.9 (d, C-5"), 131.1 (d, C-3"), 130.5 (s, C-1'), 130.2 (d, C-3""),
129.6 (s, C-1"), 129.6 (d, C-2"), 128.4 (d, C-3"), 128.0 (d, C-2""),
127.8 (s, C-9), 124.4 (d, C-6'), 124.2 (s, C-10a), 122.9 (s, C-6a),
63.6 (t, C-12), 60.5 (q, 7-OCH3s), 60.0 (q, 8-OCH3s), 48.9 (d, C-6),
48.7 (t, C-3), 47.8 (d, C-11a), 46.8 (t, C-1), 28.4 (t, C-11), 21.7 (q,
4"'-CHs), 11.1 (9-CH3).

FT-IR (KBr) cm-!: 2943, 1720, 1664, 1545, 1371, 1271, 1177.
EI-MS m/z (%) : 765 (M+*, 0.5) 630 (100), 476 (15), 443 (15).
HR-EI-MS : Caled for C3ssHs5N302S2, 765.1662. Found :

765.1659.

((6S*,11a58*%)-3-(4-Ethoxv-2-phenvl-1,3-dioxolan-2-y1)-7.8-di-

methoxv-9-methyl-2-((2-nitrophenyl)sulfonyl)-4-o0x0-10-(tosvyl-

0xv)-1,3.4.6,11,11a-hexahvydro-

2H-pyrazino[1,2-blisoquinolin-6-

vDmethyl benzoate (78)

78 ¢ EH Y X L E mp 225 -

225.5 °C (from AcOEt-Hexane)

IH-NMR (400 MHz, CDCl3) § : &
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8.21 (1H, d, J = 7.3 Hz, 3'-H), 8.16 (2H, d, J = 7.8 Hz, 2"'-Hy),
7.90 (2H, d, J = 8.3 Hz, 2""-H), 7.65-7.76 (3H, m, 4', 5', 6'-H),
7.59 (1H, t, J=17.8 Hz, 4"'-H), 7.50 (2H, t, J=2"'-H), 7.39 (2H, d,
J=28.3Hz, 3""-Hs), 7.13 (1H, t, J= 6.8 Hz, 4"-H), 7.10 (2H, t, J =
6.8 Hz, 3"-H2), 6.83 (2H, d, J= 2"-H2), 6.22 (1H, dd, J=10.7, 3.4
Hz, 6-H), 4.96 (1H, t, J=10.7 Hz, 17-H), 4.86 (1H, s, 3-H), 4.58
(1H, br t, J=3.4 Hz, 14-H), 4.39 (1H, dd, J=10.7, 3.4 Hz, 17-H),
4.08 (1H, dd, J=14.1, 3.4 Hz, 1-H), 3.99 (1H, br dt, J=12.2, 3.4
Hz, 11a-H), 3.95 (1H, dd, J = 8.8, 3.4 Hz, 15-H), 3.89 (3H, s,
7-OCHs), 3.85 (1H, br d, J=14.1 Hz, 1-H), 3.76 (3H, s, 8-OCH3),
3.09 (1H, dd, J = 8.8, 3.4 Hz, 15-H), 2.86 (1H, dd, J = 17.0, 12.2
Hz, 11-H), 2.85 (1H, quin, J= 7.1 Hz, OCH2CH3), 2.73 (1H, quin,
J=17.1Hz, OCH:CHs), 2.51 (1H, dd, J=17.0, 3.4 Hz, 11-H), 2.50
(3H, s, 4""-CH3), 2.12 (3H, s, 9-CHs), 0.59 (3H, t, J = 7.1 Hz,
OCH:CH3).

13C-NMR (100 MHz, CDCl3) & : 166.3 (s, C-19), 161.1 (s, C-4),
149.9 (s, C-8), 148.4 (s, C-7), 147.5 (s, C-2"), 145.6 (s, C-4""),
142.5 (s, C-10), 140.7 (s, C-1"), 135.6 (s, C-1'), 133.7 (s, C-1""),
133.1(d, C-4""), 133.1(d, C-3'or 4' or 5' or 6'), 132.1 (d, C-3' or 4'
or 5' or 6'), 131.7 (d, C-3' or 4' or 5' or 6'), 130.2 (s, C-1""), 130.0
(d, C-3""), 130.0 (d, C-2""), 128.2 (d, C-3"'), 128.1 (d, C-2""),
127.7 (d, C-4"), 127.6 (s, C-9), 127.3 (d, C-3"), 125.7 (d, C-2"),
125.0 (s, C-10a), 124..1 (d, C- C-3' or 4' or 5' or 6'), 123.4 (s,
C-6a), 111.1 (s, C-12), 101.1 (d, C-14), 70.4 (t, C-15), 64.0 (d,
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C-3), 62.9 (t, OCH2CH3y), 62.7 (t, C-17), 60.6 (q, 7-OCH3s), 60.1 (q,
8-OCH3y), 48.6 (d, C-6), 48.1 (d, C-11a), 44.5 (t, C-1), 28.6 (t,
C-11), 21.7 (q, 4""-CHs), 14.3 (g, OCH3:CH3), 11.1 (q, 9-CHas).
FT-IR (KBr) cm™1: 2974, 1726, 1654, 1547, 1452, 1377, 1342,
1271, 1177, 1117, 1051, 1011.

LR-MS (FAB*) : 958 [M+H]*.

HR-MS (FAB+*): Caled for C47H4sN3015S2, 958.2527. Found :
958.2518.

Anal. Caled for C47H47N3015S52 : C, 58.92; H, 4.94; N, 4.39.

Found : C, 58.93; H, 5.17; N, 4.16.

((6S*,11a8*)-7.8-Dimethoxy-9-methyl-4-0x0-10-(tosvloxy)-1,3.4,

6.11.11a-hexahvdro-2H-pyrazino[1,2-blisoquinolin-6-yl)methyl-

benzoate (80)

77 (4.37 g, 5.7 mmol) ® DMF (200 mL) &% 2. EiE 12 T K2CO3
(6.3 g,45.6 mmol) #Mx ., WMWK L LeDOBLITTFA T =/ — L
(2.33 mL, 22.8 mL) %M %2 7=, 30 43 % ® TLC I T K ¥ 0 4 & % f
RL. IRFMBEELE LK L2, KNHICAK (200 mL) &0 % T
Kis&#@EikE&g%, =—7 /0 (500 mL x 3) fil i, fafo& K
(500 mL) ¥E#. FoM. WHE L, XK (6.81 g, #imfE 3.31 @)%
YU BN (T0g) OB T A7~ MITHRBEL T ACOEt : MeOH
(10 : 1) ¥EHE LY 80 (3.02 g, INF 91%) %157,

80 : A U X A4 mp 141 - 142 °C (from Et20)
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I'H-NMR (400 MHz, CDCl3) 5 : 8.00 (2H, [Me
d, J= 7.3 Hz, 2'-Hz), 7.84 (2H, d, J =

8.3 Hz, 2"-H2), 7.55 (1H, t, J = 7.3 Hz,

4'-H), 7.44 (2H, t, J = 7.3 Hz, 3'-H2),

7.39 (2H, d, J = 8.3 Hz, 3"-Hs), 6.28 50 o~ Y g

(1H, dd, J=9.4, 3.4 Hz, 6-H), 4.78 (1H,
dd, J=11.3, 9.4 Hz, 12-H), 4.51 (1H, dd, J = 11.3, 3.4 Hz, 12-H),
3.97 (3H, s, 7-OCH3), 3.85 (1H, m, 11a-H), 3.77 (3H, s, 8-OCH3),
3.44 (1H, d, J = 17.6, 3-H), 3.29 (1H, d, 17.6 Hz, 3-H), 3.21 (1H,
dd, /= 13.6, 5.2 Hz, 1-H), 2.83 (1H, dd, J = 13.6, 3.9 Hz, 1-H),
2.77 (1H, dd, J=16.7, 4.7 Hz, 11-H), 2.68 (1H, dd, J = 16.7, 11.7
Hz, 11-H), 2.94 (3H, s, 4"-CH3), 1.94 (3H, s, 9-CH3s). 13C-NMR
(100 MHz, CDCl3) & : 167.7 (s, C-4), 166.6 (s, C-14), 149.8 (s,
C-8), 148.5 (s, C-7), 145.5 (s, C-4"), 142.5 (s, C-10), 134.0 (s,
C-1"), 133.1 (d, C-4"), 129.9 (d, C-3"), 129.8 (s, C-1"), 129.7 (d,
C-2'), 128.5 (d, C-3"), 128.2 (d, C-2"), 127.0 (s, C-9), 124.8 (s,
C-10a), 123.8 (s, C-6a), 63.7 (t, C-12), 60.5 (q, 7-OCH3), 60.0 (q,
8-0OCH3), 50.6 (t, C-3), 47.7x 2 (¢, d, C-1, C-6), 47.6 (d, C-11a),
29.1 (t, C-11), 21.7 (q, 4"-CH3s), 10.8 (q, 9-CH3).

FT-IR (KBr) cm'!: 2945, 1721, 1653, 1271, 1177.

EI-MS m/z (%) : 580 (M+*, 5), 445 (100), 417 (51), 220(19).
HR-EI-MS : Calcd for Cs0H32N20gS, 580.1879. Found : 580.1877.
Anal. Caled for CsoH32N20sS : C, 62.05; H, 5.55; N, 4.82. Found :
C, 61.90; H, 5.64; N, 4.71.
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80 O HifE M X HRRE Al A & R AT

I8 H T3t
Fomula C30H32N,08S
Crystal system monoclinic
a (A) 19.0539 (4)
b (A) 10.9907 (2)
c (A) 28.3224 (5)
p 99.406 (2)°
Cell Volume (A®%) 5851.4 (2)
z 8
d caled. (g cm™®) 1.318
Space group C2/c
Radiation CuKa (A = 1.54187A)
20 range 26 <136.5°
Observed reflines 31890
R value R =0049, R, =0.113, and R; = 0.041 for I > 2.0c(J)

(65*,11a8*)-6-(Hydroxymethyl)-7.8-dimethoxv-9-methyl-2-((2-

nitrophenyl)sulfonyl)-4-0x0-1,3,4.6,11,11a-hexahydro-2 H-

pyvrazinol[1,2-blisoquinolin-10-v] 4-methyvlbenzenesulfonate

(81b)

77 (306.4 mg, 0.4 mmol) ® MeOH (25 mL) &i%IZ., =EiEIZ T 2N
NaOH / MeOH (0.6 mL, 1.2 mmol) # /Ml 2 7. TLC IZ T~ % 1B
BRL 1REMZEE OB AT MB LD CHRALHEZHIME LT, KSR
T NR L —FZ — (T THRM L. i NH4Cl k% # (100 mL) % 0 %
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TR Z#EIE L7, ®iZ CHCl; (100 mLx 3) fith, AHE % A& b
B Ak (100 mL) ¥Ed, s WHRE L, KE (309 mg,
W, 264.8mg) 2 U AN (8g) OO T A7 o~ MITTHEL
T CHCls: MeOH (15 : 1) EHE X v 81b (260.9 mg, W HF, 99%)

5T

8lb : AT F )L 7 7 X

1H-NMR (400 MHz, CDCls) & :
8.02 (1H, dd, J = 7.3, 2.4 Hz,

3'-Hs), 7.87 (2H, d, J = 8.3 Hz,

H”:
2"-Hg), 7.77 (1H, td, J= 7.3, 2.4 MeO ;N\ O

Hz, 4' or 5'-H), 7.74 (1H, td, J = 81b

7.3, 2.4 Hz, 4" or 5'-H), 7.67 (1H, dd, J = 7.3, 2.4 Hz, 6'-H), 7.43
(2H, d, J = 8.3 Hz, 3"-H2), 5.86 (1H, dd, J = 8.7, 3.9 Hz, 6-H),
4.16 (1H, dd, J=16.6, 1.0 Hz, 3-H), 4.02 (1H, dd, J=11.4, 3.9 Hz,
12-H), 3.91 (1H, m, 11a-H), 3.91 (3H, s, 7-OCHzy), 3.79 (1H, d, J =
16.6 Hz, 3-H), 3.77 (3H, s, 8-OCH3s), 3.69 (1H, dd, J = 11.4, 8.7
Hz, 12-H), 3.65 (1H, dd, J=13.7, 1.5 Hz, 1-H), 3.57 (1H, dd, J =
13.7, 4.4 Hz, 1-H), 2.75 (1H, dd, J = 16.6, 11.2 Hz, 11-H), 2.66
(1H, dd, J=16.6, 4.4 Hz, 11-H), 2.50 (3H, s, 4"-CH3s), 2.12 (3H, s,
9-CH3), 2.07 (1H, br s, OH). 13C-NMR (100 MHz, CDCl3) & : 164.0
(s, C-4), 150.0 (s, C-8), 148.4 (s, C-7), 148.4 (s, C-2"), 145.9 (s,
C-4"), 142.5 (s, C-10), 134.4 (d, C-4' or 5'), 133.6 (s, C-1"), 131.9
(d, C-4' or 5'), 131.3 (d, C-3", 130.3 (s, C-1"), 130.2 (d, C-3"),
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128.0 (d, C-2"), 127.4 (s, C-9), 124.5 (d, C-6'), 123.9 (s, C-6 and
C-10a), 63.8 (t, C-12), 60.4 (q, 7-OCH3s), 60.1 (q, 8-OCH3), 51.5 (d,
C-6), 48.8 (t, C-3), 47.8 (d, C-11a), 47.0 (t, C-1), 28.6 (t, C-11),
21.7 (q, 4"-CH3s), 11.1 (q, C-9). FT-IR (KBr) cm'! : pending, 3422,
2936, 2361, 1653, 1545, 1466, 1412, 1368, 1252, 1192, 1177, 1055,
1036. LR-MS(FAB*) : 662 [M+H]+*. HR-MS (FAB*) : Calcd for

C290H32N3011S2, 662.1478. Found : 662.1485.

(65*,11a8%)-6-(Todomethyl)-7.8-dimethoxyv-9-methyl-2-((2-nitro-

phenyl)sulfonyl)-4-0x0-1,3.,4,6,11,11a-hexahydro-2H-pyrazino-

[1,2-blisoquinolin-10-yl 4-methylbenzenesulfonate (82b)

81b (198.6 mg, 0.3 mmol) ® DMF (4 mL) & # 12 0°C iZ T Methyl
triphenoxy phosphonium idode (271.3 mg, 0.6 mmol) % fl % 7=,
1M O CICTHEAELEOLEREBICKELZ, 30 08 #% 0 TLC T
R OHERZMRLIZO THRALEEZHGB LI, KISHKIZ 0°CITT
AcOEt (50 mL) Mz AWM L. kW TAK (50 mL) Mz TRIE %
ik SH, Hiu— MZB L AcOEt (50 mL x 3) #hii, A&
oy Ak (50 mL) Ve, . BIEE £, Kk (360.0
mg, HiHME, 231.6 mg) 2> U B 5NV (9g) OB T A7~ RITT
F& 8 L T Hexane : AcOEt (7 :3) ~ (1 :1) IHH#H L v 82b (208.8
mg) 57, Bbhi=7 T 27 v a % AcOEt-Hexane (I T 1k
L 82b (199.5 mg, W%, 86%, Fik, 6.6 mg) = 7=,
9

82b : MHE Y X Adh mp 159 - 159.5 °C (from AcOEt-Hexane)
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1H-NMR (400 MHz, CDCls) §:
8.02 (1H, dd, J = 6.8, 2.9 Hz,
3'-H), 7.88 (2H, d, J = 8.3 Hz,

2"-Hy), 7.78 (1H, td, J = 6.8, 2.9

Hz, 4' or 5'-H), 7.74 (1H, td, J =

6.8, 2.9 Hz, 4' or 5'-H), 7.66 (1H,

dd, J=6.8,2.9 Hz, 6'-H), 7.43 (2H, d, J= 8.3 Hz, 3"-H3), 5.96 (1H,
dd, J = 10.7, 3.9 Hz, 6-H), 4.22 (1H, dd, J = 16.6, 1.5 Hz, 3-H),
3.94 (3H, s, 7-OCH3), 3.79 (1H, d, J = 16.6 Hz, 3-H), 3.78 (3H, s,
8-0OCH3s), 3.74-3.80 (2H, m, 1-H, and 12-H), 3.73 (1H, m, 11a-H),
3.54 (1H, dd, J = 13.2, 3.9 Hz, 1-H), 3.28 (1H, t, J = 10.9 Hz,
12-H), 2.74 (1H, dd, J = 16.6, 11.5 Hz, 11-H), 2.64 (1H, dd, J =
16.6, 4.4 Hz, 11-H), 2.50 (3H, s, 4"-CH3), 2.13 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) & : 162.5 (s, C-4), 150.1 (s, C-8),
148.5 (s, C-2'), 148.4 (s, C-7), 145.9 (s, C-4"), 142.5 (s, C-10),
134.4 (d, C-4'or 5'), 133.6 (s, C-1"), 132.0 (d, C-4'or 5'), 131.4 (d,
C-3'), 130.5 (s, C-1'), 130.2 (d, C-3"), 128.1 (s, C-9), 128.0 (d,
C-2"), 125.7 (s, C-6a), 124.5 (d, C-6'), 123.2 (s, C-10a), 60.6 (q,
7-OCH3), 60.1 (q, 8-OCH3), 48.7 (d, C-6), 48.6 (t, C-3), 47.0 (d,
C-11a), 46.9 (t, C-1), 28.3 (t, C-11), 21.8 (q, 4"-CH3y), 11.2 (q,
9-CHs), 6.3 (t, C-12).

FT-IR (KBr) cm'! : 2941, 1661, 1541, 1456, 1360, 1304, 1248,
1175, 1040, 772.

EI-MS m/z (%) 1771 (M*, 1), 630 (100), 616 (13), 489 (17), 443
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(54), 302 (25).

HR-EI-MS : Caled for C29H30IN3O10S2, 771.0417. Found :
771.0415.

Anal. Caled for C17H24N205-1/3AcOEt: C, 45.49; H, 4.11; N, 5.25.

Found : C, 45.26; H, 4.06; N, 5.02.

7.8-Dimethoxy-9-methyl-6-methylene-2-((2-nitrophenyl)-

sulfonyl)-4-0x0-1,3,4.6,11,11a-hexahydro-2H-pyrazinol[1,2-bliso-

guinolin-10-yl 4-methylbenzenesulfonate (83)

82b (154.0 mg, 0.2 mmol) ® DMF (5 mL) & # i DBU (60 uL, 0.4
mmol) Z /M TG ZMBLAE, 1FM%O TLC I THE OH K
EHER LTI TR ZBEMG L7, KIGKIZ/AK (200 mL) %0 2 T
G & 4% Ik & &, AcOEt : Hexane (3 :2 /200 mLx 3) #ifh, £
WE &bt ek (200 mL) Wi, WEE £, & (159.0
mg, MiHME, 128.6 mg) % AcOEt-Hexane I THi WL, —&F &%
(100.3 mg, FFi€,29.9mg) 2457, K % HE AcOEt-Hexane (C
THEdbib L., —&d (19.2 mg, B, 15.5 mg) & &7,

Uk Xbv 83 #4585 T (119.5 mg, ULFE, 93%) TH =,

83 : E A 7 X Ak mp 182 - 183 °C (from AcOEt-Hexane)

1H-NMR (400 MHz, CDCl3) & :
8.40 (1H, dd, J=17.3, 1.9 Hz,
3'-H), 7.86 (2H, d, J = 8.3 Hz,

2"-Hy), 7.77 (1H, td, J = 7.3, 1.9

Hz, 4' or 5'-H), 7.74 (1H, td, J = 83
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7.3, 1.9 Hz, 4' or 5'-H), 7.68 (1H, dd, J = 7.3, 1.9 Hz, 6'-H), 7.42
(2H, d, J = 8.3 Hz, 3"-H), 6.29 (1H, s, 12-H), 5.76 (1H, s, 12-H),
4.15 (1H, d, J = 16.6 Hz, 3-H), 3.93 (1H, d, J = 16.6 Hz, 3-H),
3.83 (3H, s, 7-OCHs), 3.82 (3H, s, 8-OCH3), 3.72 (1H, m, 11a-H),
3.67 (1H, dd, J=12.2, 3.9 Hz, 1-H), 3.53 (1H, dd, J=12.2, 5.4 Hz,
1-H), 2.85 (1H, dd, J=16.2, 3.4 Hz, 11-H), 2.71 (1H, dd, J = 16.2,
11.2 Hz, 11-H), 2.50 (3H, s, 4"-CH3), 2.08 (3H, s, 9-CHs).
13C-NMR (100 MHz, CDCl3) & : 162.3 (s, C-4), 151.5 (s, C-8),
149.9 (s, C-7), 148.4 (s, C-2"), 146.0 (s, C-4"), 141.6 (s, C-10),
134.3 (d, C-4'or 5'), 133.4 (s, C-1"), 131.9 (d, C-4' or 5'), 131.4 (d,
C-3'), 130.5 (s, C-1"), 130.2 (d, C-3"), 128.1 (d, C-2"), 128.0 (s,
C-9), 124.5 (d, C-6'), 124.4 (s, C-6a), 124.3 (s, C-10a), 115.1 (t,
C-12), 60.5 (q, 8-OCH3), 60.2 (q, 7-OCH3), 53.7 (d, C-11a), 48.7 (t,
C-3), 47.3 (t, C-1), 28.7 (t, C-11), 21.7 (q, 4"-CH3), 11.1 (q,
9-CH3s).

FT-IR (KBr) cm!: 1680, 1541, 1412, 1358, 1192, 1175, 1070,
EI-MS m/z (%) :643 (M*, 43), 626 (22), 488 (87), 473 (100), 430
(44), 301 (60), 205 (54).

HR-EI-MS : Caled for C290H29N3010S2, 643.1294. Found :
643.1288.

Anal. Caled for C17H24N205-1/4H20 : C, 53.61; H, 4.60; N, 6.47.

Found : C, 53.74; H, 4.70; N, 6.18.

(6R*,11aS5%)-6-(Bromomethyl)-7.8-dimethoxv-9-methyl-2-((2-
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nitrophenyl)sulfonyl)-4-0x0-1,3,4.6,11,11a-hexahydro-2 H-

pyrazinol[1,2-blisoquinolin-10-v]l 4-methylbenzenesulfonate

(84a)

83 (1.608 g, 2.5 mmol) ® THF (125 mL) &% 2 0 °C I2 T
trimethylphenylammonium tribromide (PhNMe-Brs, 9.398 g, 25
mmol) Z Mz 7=.10 558 % TFA(1.86 mL, 25 mmol), NaBH3;CN
(25 mL, 25 mmol) ZJHIZW->< W &M Z 7, 8045 % D TLCIZT
Bt OHERB X, B O AR 2R LD THRWAUEZBR KL,
FOGEC 5% NaHCOs KR (200 mL) % 02 T &2 1k L,
CHCl3; (200 mL x 3) fiii. At E & b, TRMAHE K (200 mL)
Yo, MR, WL L., RE (3.21 g, HiME 1.81g YU AS
o (60g) OB T A7~ MZTHH® LT Hexane : AcOEt : EtOH
(10:1:0.5) A& XL v, 84a (1.683 g, WX 93 %) % &=,

84a : WA T F )L 7 7 A

1H-NMR (400 MHz, CDCls) & :
8.05 (1H, dd, J= 7.0, 2.4 Hz,
3'-H), 7.82 (2H, d, J = 8.2 Hz,

2"-Hy), 7.78 (1H, td, J = 7.0, 2.4

Hz, 4' or 5'-H), 7.75 (1H, td, J =

7.0, 2.4 Hz, 4' or 5'-H), 7.69 (1H, dd, J = 7.0, 2.4 Hz, 6'-H), 7.41
(2H, d, J=8.2 Hz, 3"-H:), 5.73 (1H, t, J= 2.9 Hz, 6-H), 4.24 (1H,
d, J=16.6 Hz, 3-H), 4.23 (1H, dd, J = 10.7, 2.9 Hz, 12-H), 3.93
(1H, br d, J=12.7 Hz, 1-H), 3.91 (3H, s, 7-OCH3), 3.87 (1H, d, J
= 16.6 Hz, 3-H), 3.77 (3H, s, 8-OCH3), 3.59 (1H, dd, J=10.7, 2.9
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Hz, 12-H), 3.74 (1H, ddt, J=12.2, 10.7, .3.2 Hz, 11a-H), 3.05 (1H,
dd, J=12.7, 10.7Hz, 1-H), 2.74 (1H, dd, J = 15.4, 3.2 Hz, 11-H),
2.60 (1H, dd, J=15.4, 12.2 Hz, 11-H), 2.50 (3H, s, 4"-CH3), 2.06
(3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 164.6 (s, C-4), 150.2 (s, C-8),
148.2 (s, C-2"), 148.1 (s, C-7), 146.0 (s, C-4"), 140.9 (s, C-10),
134.3 (s, C-4'or 5'), 133.3 (s, C-1"), 132.0 (s, C-4' or 5'), 131.6 (d,
C-3"), 130.7 (s, C-1'), 130.1 (d, C-3"), 128.4 (d, C-2"), 128.0 (s,
C-9), 125.3 (s, C-6a), 124.7 (s, C-10a), 124.5 (d, C-6"), 60.6 (q,
7-OCH3), 60.1 (q, 8-OCH3), 53.0 (d, C-11a), 51.0 (d, C-6), 48.5 (t,
C-1), 48.1 (t, C-3), 37.4 (t, C-12), 27.4 (t, C-11), 21.7 (q, 4"-CH3),
10.9 (q, 9-CH3).

FT-IR (KBr) cm'1:2930, 1661, 1545, 1466, 1416, 1373, 1358, 1192,
1177.

LR-MS (FAB*) : 724 [M+H]*.

HR-MS (FAB*) : Calcd for C29H30BrN30O10Ss, 723.0634. Found :

723.0638.

(6R*,11a8*%)-6-(Hydroxymethyl)-7.8-dimethoxv-9-methyl-2-((2-

nitrophenyl)sulfonyl)-4-0x0-1,3,4.6,11,11a-hexahydro-2 H-

pyrazinol[1,2-blisoquinolin-10-v]l 4-methylbenzenesulfonate

(81a)

84a (2.896 g, 4 mmol) ® Acetone : HsO (120 mL : 40 mL & &t
160mL) #ikiZ ., EIRIZ CTHMEE (3.397 g, 20 mmol) Z M x . 4t

181



We0°CIZHIRL TH#EERIT T, 4FFMZD TLC 2 TR E D IH K
R LD EELIEZ, OFEH VA EH W TEKY %
R0 bl AR E S DY K (800 mL) & CH:Cl: (300 mL) #%
Mz THlEREEZIT>7~., CH:Cla (300 mLx3) fith, A% &
b, Rk (300 mL) Wi, W, WHEE X, KiE (2.890 g,
HiMM 2.644¢g) 2V B NL(60gDH T A7~ MZTHEL
T CH:Clz: MeOH (50 : 1) #HIH L V. 8la (2.442 g, I 92 %)

=

8la: AT EF )L 7 7 X
1H-NMR (400 MHz, CDCl3) 6 :
8.04 (1H, dd, J=17.0, 2.4 Hz,

3"-H), 7.84 (2H, d, J = 8.3 Hz,

2"-Hy), 7.78 (1H, td, J= 7.0, 2.4

Hz, 4' or 5'-H), 7.74 (1H, td, J= 7.0, 2.4 Hz, 4' or 5'-H), 7.69 (1H,
dd, J=17.0,2.4 Hz, 6'-H), 7.43 (2H, d, J=8.3 Hz, 3"-Hs), 5.73 (1H,
dd, J = 6.2, 4.1 Hz, 6-H), 4.26 (1H, dd, J = 17.1, 1.0 Hz, 3-H),
3.95 (1H, br dd, J=12.7, 2.6 Hz, 1-H), 3.92 (3H, s, 7-OCH3), 3.89
(1H, d, J=17.1 Hz, 3-H), 3.82 (1H, dd, J = 11.2, 4.1 Hz, 12-H),
3.77 (3H, s, 8-OCH3), 3.54 (1H, dd, J = 11.2, 6.2 Hz, 12-H), 3.47
(1H, ddt, J=12.7, 10.2, 2.6 Hz, 11a-H), 3.07 (1H, dd, J = 12.7,
10.2 Hz, 1-H), 2.84 (1H, dd, J = 15.2, 2.6 Hz, 11-H), 2.51 (3H, s,
4"-CHs), 2.38 (1H, dd, J = 15.2, 12.2 Hz, 11-H), 2.05 (3H, s,
9-CH3s).

13C-NMR (100 MHz, CDCls) & : 165.7 (s, C-4), 150.5 (s, C-8),
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148.3 (s, C-7), 148.2 (s, C-2"), 146.2 (s, C-4"), 140.7 (s, C-10),
134.3 (d, C-4'or 5'), 133.3 (d, C-1"), 131.9 (d, C-4'or 5'), 131.5 (d,
C-3"), 130.6 (s, C-1'), 130.2 (d, C-3"), 128.2 (d, C-2"), 127.6 (s,
C-9), 125.0 (s, C-6a), 124.8 (s, C-10a), 124.5 (d, C-6"), 67.5 (t,
C-12), 60.7 (q, 7-OCH3s), 60.1 (q, 8-OCH3s), 54.0 (d, C-11a), 52.6
(d, C-6), 48.5 (t, C-1), 47.9 (t, C-3), 27.4 (t, C-11), 21.7 (q,
4"-CHs), 10.8 (q, 9-CHs).

FT-IR (KBr) cm'! : 3422, 2934, 1653, 1545, 1466, 1418, 1372,
1364, 1177, 1051.

EI-MS m/z (%) : 661 (M*, 0.2), 630 (100), 476 (28), 443 (20), 289
(8), 220 (11)

HR-EI-MS : Caled for C29H3:1N3011S2. 661.1400. Found :

661.1395.

(6R*,11aS8%)-6-(Hydroxymethyl)-7.8-dimethoxyv-9-methyl-4-oxo-

1,3,4.6,11.11a-hexahydro-2H-pyrazino[1,2-blisoquinolin-10-yl-

4-methylbenzenesulfonate (85a)

8la (2.446 g, 3.7 mmol) ®» DMF (170 mL) &Iz, |iRIZ T
K2:COs (4.09 g, 29.6 mmol) #Mx 7=, HEWTF A4 7 =/ — L
(1.51 mL, 14.8 mmol) Z M % . FIREIC THRE LT, 1 FFHRZ
O TLCIZTHEBOBEREZMR LI OBWMBEEZERK LT, Kb
ik (500 mL) %M x s & IES® 7%, CHCl; (500 mL x 3)
M. AEEA DY Ak (500 mL) Wi, . WHY L,
e (3.65 g, BlEwfE, 190.4 mg) 2> U W7V (15g) O T L7
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o~ MICTK® L T CH2Cls : MeOH (20 : 1) ®mH# L v 85a

(1.540 g, IXHE 88%) % 157-.

85a ! HE BT EIN T 7 A
1H-NMR (400 MHz, CDCl3) 8 : 7.79 (2H,
d, J = 8.3 Hz, 2'-Hs), 7.38 (2H, d, J =

8.3 Hz, 3'-Hs), 5.77 (1H, dd, J = 6.8, 3.9

Hz, 6-H), 3.92 (3H, s, 7-OCH3), 3.78 85a

(1H, dd, J=11.2, 3.9 Hz), 3.76 (3H, s, 8-OCH3), 3.75 (1H, br d, J

18.0 Hz, 3-H), 3.66 (1H, br d, J=18.0 Hz, 3-H), 3.58 (1H, dd, J

11.2, 6.8 Hz, 12-H), 3.32 (1H, br t, J = 11.5 Hz, 11a-H), 3.17
(1H, br t, J=10.7 Hz, 1-H), 2.88 (1H, dd, J=15.3, 2.4 Hz, 11-H),
2.86 (1H, br d, J = 10.7 Hz, 1-H), 2.49 (3H, s, 4'-CH3), 2.30 (1H,
dd, J = 15.3, 11.5 Hz, 11-H), 1.99 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) 8§ : 170.1 (s, C-4), 150.3 (s, C-8),
148.4 (s, C-7), 145.8 (s, C-4"), 140.6 (s, C-10), 133.3 (s, C-1"),
130.0 (d, C-3"), 128.3 (d, C-2"), 126.8 (s, C-9), 125.9 (s, C-6a),
125.8 (s, C-10a), 68.7 (t, C-12), 60.7 (q, 7-OCH3), 60.0 (q,
8-0CH3s), 55.6 (d, C-11a), 52.7 (d, C-6), 49.6 (t, C-3), 48.8 (t, C-1),
28.0 (t, C-11), 21.7 (q, 4'-CH3), 10.6 (q, 9-CH3).

FT-IR (KBr) cm"! : 3327, 2940, 1634, 1458, 1414, 1371, 1360,
1337, 1192, 1177, 1051.

LR-MS (FAB*) : 477 [M+H]*.

HR-MS (FAB+) : Calcd for C23H2sN:207S, 477.1695, Found
477.1691.
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85a D A F 1k

85a (1.622 g, 3.4 mmol) ® ¥ (51 mL) iK% 60°C I H IR L |
37% A v~V v (60mL) ZMx 70°CICH IR L T1REM B L =,
TLCIZTIRBI DKL ZMR L., BALHEEZHMB LT, RKISKIZKE
T. 5%NHsz K&K (500 mL) #w o> < VI TG ZEEIH
CHCl3 (500 mL x 3) filith. A+ &bt . fafmAE/K (500 mL)
Ve, WoMR. WREER L. R (1.820 g, HimfE 1.669g) U A
FIv (40g) OHF T A7~ MICTHEL T ACOEt ImHI LD
87a (299.5 mg, WHF 17%) #1F T, & 512 AcOEt: MeOH (10 : 1)
WL 86a (1.29 g, LK 7T7%) %17,

(6R*,11aS8%)-6-(Hydroxymethyl)-7.8-dimethoxv-2,9-dimethyl-4-

0x0-1,3,4,6,11,11a-hexahydro-2H-pyrazinol[1,2-blisoquinolin-10-

vl 4-methylbenzenesulfonate (86a)

86a : KEMHBT EINL T 7 X

IH-NMR (400 MHz, CDCl3) § : 7.79 (2H,
d, J=8.0 Hz, 2'-Hy), 7.38 (2H, d, 8.0
Hz, 3'-Hy), 5.72 (1H, dd, J = 6.8, 3.4 Hz,

6-H), 3.92 (3H, s, 7-OCH3s), 3.76 (3H, s,

8-0OCHs3s), 3.75 (1h, dd, J=10.7, 3.4 Hz,

12-H), 3.57 (1H, dd, J=10.7, 6.8 Hz, 12-H), 3.54 (1H, d, J = 16.0
Hz, 3-H), 3.38 (1H, ddt, J=12.2, 10.7, 2.4 Hz, 11a), 2.99 (1H, d,
J=16.0 Hz, 3-H), 2.87 (1H, ddd, J=10.7, 2.4, 1.2 Hz, 1-H), 2.82
(1H, dd, J=15.4, 2.4 Hz, 11-H), 2.49 (3H, s, N-CH3), 2.33 (3H, s,
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4'-CHs), 2.29 (1H, dd, J = 15.4, 12.2 Hz, 11-H), 2.26 (1H, t, J =
10.7 Hz, 1-H), 1.93 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 169.7 (s, C-4), 150.3 (s, C-8),
148.4 (s, C-7), 145.7 (s, C-4'), 140.6 (s, C-10), 133.4 (s, C-1"),
129.9 (d, C-3"), 128.4 (d, C-2"), 126.8 (s, C-9), 126.2 (s, C-10a),
125.8 (s, C-6a), 69.0 (t, C-12), 60.7 (q, 7-OCH3), 60.0 (q, 8-OCH3),
59.0 (t, C-3), 57.8 (t, C-1), 54.5 (d, C-11a), 53.0 (d, C-6), 44.9 (q,
N-CHs), 28.3 (t, C-11), 21.7 (q, 4'-CH3y), 10.6 (q, 9-CHs).

FT-IR (KBr) cm'!: 3393, 2943, 1636, 1597, 1464, 1450, 1416,
1373, 1360, 1348, 1192, 1179, 1051.

EI-MS m/z (%) : 490 (M+*, 1.3), 459 (100), 431 (98), 305 (11), 277
(11), 276 (10).

HR-EI-MS : Calcd for C24H3o0N207S, 490.1774. Found : 490.1772.

((6R*,112a5*%)-7.8-Dimethoxy-2.9-dimethvl-4-0x0-10-(tosyloxvy)-

1,3,4,6,11.11a-hexahydro-2H-pyrazinol[1.2-blisoquinolin-6-yl)-

methyl formate (87a)

87a : MEHB T EIIL 7 7 X

1H-NMR (400 MHz, CDCl3) & : 7.90 (1H,
s, 14-H), 7.76 (2H, d, J=8.3 Hz, 2'-H>),
7.37 (2H, d, J=8.3 Hz, 3'-H2), 5.71 (1H,

t, J=2.9 Hz, 6-H), 4.58 (2H, d, J = 2.9

Hz, 12-H2), 3.93 (3H, s, 7-OCH3y), 3.72

(3H, s, 8-OCH3s), 3.54 (1H, br d, J = 16.0 Hz, 3-H), 3.44 (1H, m,
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11a-H), 2.98 (1H, br d, J=16.0 Hz, 3-H), 2.96 (1H, br d, J=10.7
Hz, 1-H), 2.90 (1H, dd, J = 15.3, 2.4 Hz, 11-H), 2.60 (1H, dd, J =
15.3,12.4 Hz, 11-H), 2.49 (3H, s, 4'-CH3), 2.36 (3H, br s, N-CH3),
2.32 (1H, br d, J=10.7 Hz, 1-H), 1.70 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 160.0 (s, C-14), 160.6 (s, C-4),
150.0 (s, C-8), 148.6 (s, C-7), 145.7 (s, C-4"), 140.6 (s, C-10),
133.3 (s, C-1'), 130.0 (d, C-3"), 128.4 (d, C-2"), 127.1 (s, C-10a),
126.6 (s, C-9), 124.8 (s, C-6a), 64.5 (t, C-12), 60.5 (q, 7-OCH3),
59.9 (q, 8-OCH3), 59.1 (t, C-3), 58.0 (t, C-1), 53.5 (d, C-11a), 49.8
(d, C-6), 45.0 (q, N-CH3), 29.1 (t, C-11), 21.7 (q, 4'-CH3), 10.2 (q,
9-CHs).

FT-IR (KBr) cm'! : 2943, 2845, 2785, 1724, 1653, 1463, 1418,
1375, 1192, 1057.

EI-MS m/z (%) : 518 (M+, 11), 459 (94), 431 (100), 363 (24), 335
(22), 276 (10).

HR-EI-MS : Calcd for C25H30N20sgS, 518.1723. Found : 518.1718.

bV RO {ri#E (86a — 88a )

86a (171.9 mg, 0.35 mmol) ® EtOH (17.5 mL) &®iKlct KT 2~
—Kfn® (85 mL) Z /MM x . s 110 °C I T I 2 Bl 46 L 7=,
12 KM BICHEBOBE KR EHB LD CHROUBEZRKB L, NKibK
R L, =|IE I T NH4Cl KE#® (100 mL) % il x T CHCIs
(100 mL x 3) fith, AE 2 A5, CfgEK (100 mL) ¥
V. Wo MR, WIEEE R, BB (169.9 mg, BERfE, 117.6 mg) & vV
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HENL (9g) OF T A7~ M THR L T CH2Cl: : MeOH

(10 :1) BHHHE L v 88a (109.9 mg, ULZFE, 93%) % 57—,

bV o {ri#E (87a — 88a)

87a (155.4 mg, 0.3 mmol) ® EtOH (15 mL) & 1T = & 1 T 1K
ERNZ7 Yy (30mL) 20 % ., s 110 °C 12 H iR L CTHNEGE it 2 17
o7, 12KM#%., TLCIC THEIOWHEEZHERL D %L Z B
L7z, K T NH4ClL K%K (100 mL) %M % T Kk & 1% 1k
S+t CHCl; (100 mLx 3) i, A2 6o, fafm LB K (100
mL) e, W8 L, EiE (165.9 mg, M 100.8 mg)z v VU

BN (bg) OO T A7~ MZTHEL T CH2CL: : MeOH (10 :
1) IAHE LY 88a (93.7 mg, WK 93%) % 1&i-,

88a : Wt T TN T ¥ A

1H-NMR (400 MHz, CDCl3) 8 : 5.69 (1H, dd,

J=6.8,3.7THz, 6-H), 3.85 (3H, s, 7-OCH3),

3.79 (3H, s, 8-OCH3s), 3.76 (1H, dd, J=11.0,

3.7 Hz, 12-H), 3.57 (1H, dd, J = 16.6, 1.5

Hz, 3-H), 3.57 (1H, dd, J=11.0, 6.8 Hz, 12-H), 3.48 (1H, ddt, J =
17.1, 14.7, 2.4 Hz, 11a-H), 3.03 (1H, dd, J = 17.0, 2.4 Hz, 11-H),
3.01 (1H, d, J = 16.6 Hz, 3-H), 3.00 (1H, dd, J = 14.0, 2.4 Hz,
1-H), around 2.44 (2H, m, 1-H and 11-H), 2.35 (3H, s, N-CH3),
2.16 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) &6 : 169.7 (s, C-4), 150.0 (s, C-8),
146.3 (s, C-10), 143.6 (s, C-7), 125.0 (s, C-6a), 117.9 (s, C-10a),
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117.6 (s, C-9), 69.2 (t, C-12), 60.8 (q, 7-OCH3), 60.2 (q, 8-OCH3s),
59.0 (t, C-3), 58.0 (t, C-1), 54.7 (d, C-11a), 53.1(d, C-6), 44.9 (q,
N-CH3), 26.4 (t, C-11), 9.0 (q, 9-CHs).

FT-IR (KBr) cm™!: 3341, 2943, 1628, 1587, 1464, 1423, 1352,
1119, 1069.

EI-MS m/z (%) : 336 (M+*, 3), 305 (92), 277 (100), 221 (5).

HR-EI-MS : Caled for C17H24N205, 336.1685. Found : 336.1683.

(65*,11a8%)-6-(Hydroxymethyl)-7.8-dimethoxy-9-methyl-4-oxo-

1,3,4,6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin-10-yl-

4-methylbenzenesulfonate (85b)

81b (430.3 mg, 0.65 mmol) ® DMF (25 mL) ik ic., HiR I T
K2:CO3 (718 mg, 5.2 mmol) # /M X7, it \WTTF A7 =/ — /L (266
pl, 2.6 mmol) # M. WIEEICTHELFE T -, 1HER% O TLC
WTHBOHKRZHR LI DB LG L2, KISHKIZK
(100 mL) %M x K& &8 1k &7 %, Et20 (100 mL x 3) fifi .
FHEAS LY., fafafAk (100 mL) ¥Ed ., ., WEX L, K&
(1.87 g, M3 fE, 310.1 mg) 2> VA7V (30g) OH T AV v~
i TH# L T CHCl3: MeOH (15 : 1) I H# L v 85b (264.5 mg,

I#E 85%) & T,

85b : AT EIJ T 7 A 3
1H-NMR (400 MHz, CDCl3) &6 : 7.85 (2H,

d, J=8.3 Hz, 2'-Hy), 7.39 (2H, d, J =

H”
8.3 Hz, 3'-Hy), 5.96 (1H, dd, J= 9.0, 3.9 MeO ©i_ O
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Hz, 6-H), 4.02 (1H, dd, J = 11.5, 3.9 Hz, 12-H), 3.92 (3H, s,
7-OCHs), 3.80 (1H, m, 11a-H), 3.76 (3H, s, 8-OCH3s), 3.69 (1H, dd,
J=11.5,9.0 Hz, 12-H), 3.60 (1H, d, J=17.6 Hz, 3-H), 3.49 (1H,
d, J=17.6 Hz, 3-H), 3.33 (1H, dd, J=13.3, 4.9 Hz, 1-H), 2.84 (1H,
dd, J=13.3, 4.2 Hz, 1-H), 2.75 (1H, dd, J = 16.7, 4.4 Hz, 11-H),
2.66 (1H, dd, J = 16.7, 11.5 Hz, 11-H), 2.49 (3H, s, 4'-CH3), 1.92
(3H, s, 9-CH3). 13C-NMR (100 MHz, CDCl3) & : 169.1 (s, C-4),
149.8 (s, C-8), 148.4 (s, C-7), 145.5 (s, C-4'), 142.4 (s, C-10),
134.0 (s, C-1"), 129.9 (d, C-2"), 128.1 (d, C-3"), 126.5 (s, C-9),
124.8 (s, C-6a), 124.3 (S, c-10a), 63.7 (t, C-12), 60.4 (q, 7-OCH3),
60.0 (g, 8-OCH3), 50.6 (d, C-6), 50.5 (t, C-3), 47.9 (t, C-1), 47.4 (d,
C-11a), 29.2 (t, C-11), 21.7 (q, 4'-CH3), 10.8 (q, 9-CH3).

FT-IR (KBr) cm"!: 3350, 2943, 1636, 1177.

EI-MS m/z (%) :476 (M*, 1.5), 445(100), 417 (70), 220 (25), 204
(11).

HR-EI-MS : Calcd for C23H2sN207S, 476.1617. Found : 476.1614.

(65*,11a8%)-6-(Hydroxymethyl)-7.8-dimethoxv-2,9-dimethyl-4-

0x0-1,3,4.6.,11.11a-hexahvdro-2H-pyrazino[1.2-blisoquinolin-10-

vl 4-methylbenzenesulfonate (86b)

85b (104.9 mg, 0.22 mmol) ® ¥ (3.8 mL) R = /v 60 °C I
HiE#%, 37% A~V v (3.3mL) #/M %, 70°C I HIE L Thn#
MEAEEB L, 2 KHE%ZO TLCIZTHEOHEKZER LD T
B EZRB LT, KN A KM L7z 28%NHs K%K (20 mL) I
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HFTxX¥MmaePTmLiEZDS, CHCl; (20 mLx 3) fiH . AHlEz &
b, Ak (20 mL) . R, BHE M L, KE(107.2 mg,
P fE, 108.0mg) #> U (Tg) OB T A7 a~ M THR
L T CHCl; : MeOH (60 :1) ~(20:1) IJAH# L v 86b (98.0 mg,
W=, 91%) = 1572,

86b : AT F )L T 7 A

1H-NMR (400 MHz, CDCls) 8 : 7.84 (2H,
d, J=8.3 Hz, 2'-Hy), 7.38 (2H, d, J =
8.3 Hz, 3'-Hy), 5.92 (1H, dd, J= 8.8, 3.9

Hz, 6-H), 4.01 (1H, dd, J=11.2, 3.9 Hz,

12-H), 3.92 (3H, s, 7-OCH3), 3.82 (1H,

tt, J=17.8, 4.0 Hz, 11a-H), 3.76 (3H, s,

8-OCH3s), 3.70 (1H, dd, J = 11.2, 8.8 Hz, 12-H), 3.20 (1H, d, J =
16.1 Hz, 3-H), 3.07 (1H, d, J = 16.1 Hz, 3-H), 2.80 (1H, dd, J =
11.7, 4.0 Hz, 1-H), 2.72 (2H, d, J = 7.8 Hz, 11-H2), 2.48 (1H, dd,
J=11.7, 4.0 Hz, 1-H), 2.32 (3H, s, N-CH3), 1.94 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) & : 167.7 (s, C-4), 149.7 (s, C-8),
148.4 (s, C-7), 145.4 (s, C-4"), 142.4 (s, C-10), 134.1 (s, C-1"),
129.8 (d, C-3"), 128.1 (d, C-2"), 126.5 (s, C-9), 124.7 (s, C-10a),
124.6 (s, C-6a), 64.0 (t, C-12), 60.4 (q, 7-OCH3), 60.0 (q, 8-OCH3),
59.4 (t, C-3), 56.9 (t, C-1), 50.7 (d, C-6), 47.3 (d, C-11a), 44.9 (q,
N-CHs), 29.6 (t, C-11), 21.7 (q, 4'-CH3), 10.8 (q, 9-CHs).

FT-IR (KBr) cm™!: 3393, 2943, 1647, 1458, 1177.

EI-MS m/z (%) 1490 (M*, 19), 459 (65), 431 (100), 335 (26), 307
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(20).

HR-EI-MS : Calcd for C24H30N207S, 490.1774. Found : 490.1771.

(6S*,11aS8*%)-10-Hydroxy-6-(hydroxymethyl)-7,.8-dimethoxy-2,9-

dimethyl-1,2.3.6,11,11a-hexahvdro-4 H-pyrazino[1,2-bliso-

guinolin-4-one (88b)

86b (1.71 g, 3.5 mg) ® EtOH (175 mL) ®iKIZ, & K7 v —K
i (175 mL) Z# 0 x4 110°C I TMBGEW Z B 46 L 72, 24 K
W% O TLCICTHEDOHEEZHRLLLO TRALHEZHAKL LT, K
SRR & it . MeOH # = N L — % — I CIRIERE E, REHIC=E
A2 CHFn NH4Cl KB #% (300 mL) % il x T CHCl3 (300 mL x 3)
., AHEZ A5 bE ., faft NaHCOs KK i® (300 mL), fid fi & 1
A (300 mL) Ve, ®kE., WHE®E, ZEQ.19g, #AwmiE, 1.18 g)
Z AcOEt (2 THidhfb L (670.0 mg, 1 BHINE, 57T %) =#H7-, =
ITHELNTENK (490 mg) AU S L(20g) OB T AT aw
MZTH® L TCHCls : MeOH (9: 1) A LY BEMIWMER 7
77 va (125 mg) #87, 2DO7 77 v ariEHE AcOEt I
ThHEdiib L(65.0 mg, 2 FMINE, 6 %) 2H7-, LLE XY, 88b (735
mg, ftdmiE, 63%) & &7,

88b : MM 7Y XA E mp 157 - 158 °C (from AcOEt)

1H-NMR (400 MHz, CsDsN) & : 10.45 (1H,

br s, 10-OH), 6.73 (1H, br s, CH:OH), 6.59

H'
(1H, dd, J = 8.1, 3.2 Hz, 6-H), 4.48 (1H, br MeO g 0

d, J=11.2, 12-H), 4.37 (1H, tq, J = 11.5, 88b
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3.9 Hz, 11a-H), 4.28 (1H, br t, J = 9.1 Hz, 12-H), 3.76 (3H, s,
7-OCH3s), 3.72 (3H, s, 8-OCHs), 3.44 (1H, d, J = 15.6 Hz, 3-H),
3.26 (1H, dd, J=16.6, 11.5 Hz, 11-H), 3.12 (1H, dd, J = 16.6, 3.9
Hz, 11-H), 3.00 (1H, d, J = 15.6 Hz, 3-H), 2.63 (1H, br dd, J =
12.2, 3.9 Hz, 1-H), 2.35 (1H, dd, J=12.2, 3.9 Hz, 1-H), 2.43 (3H,
s, 9-CH3), 2.12 (3H, s, N-CHj).

13C-NMR (100 MHz, CsDsN) § :165.8 (s, C-4), 149.5 (s, C-10),
149.2 (s, C-8), 142.5 (s, C-7), 124.7 (s, C-6a), 118.2 (s, C-10a),
117.2 (s, C-9), 62.9 (t, C-12), 59.5 (q, 7-OCH3), 59.5 (t, C-3), 59.2
(q, 8-OCH3), 56.3 (t, C-1), 50.5 (d, C-6), 47.0 (d, C-11a), 44.1 (q,
N-CH3), 29.2 (t, C-11), 9.2 (q, 9-CH3).

FT-IR (KBr) cm™!: 3374, 2943, 1641, 1458, 1260.

EI-MS m/z (%) :336 (M*, 8), 305 (98), 277 (100).

HR-EI-MS : Calcd for C17H24N205, 336.1685. Found : 336.1689.
Anal. Caled for C17H24N205: C, 60.70; H, 7.19; N, 8.33. Found : C,

60.48; H, 7.26; N, 8.08.

88b ®» 7 ik (LiAlH4 & W 7= F k)

88b (26.9 mg, 0.08 mmol) ® THF (16 mL) & ik (Z 0 °C I T
LiAlH4 (75.9 mg, 2 mmol) # Ml x ., HEEICK L 3 ML L =,
TLCIC CTHEEBOME K EZHR LD TO0.5N/KCN KBEK(41.7 mg /
1.28 mL) #@ > < vV IMx7=0bEEEE (92 uL / 0.4 mL THF sol. )
ZMA THBEH T2, 18KHZ DO TLCIZ T, 92b D 5% 17 7 78
biviz=d, 0.5 N/KCN KKK (41.7 mg/ 1.28 mL) #EB L,
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ARFM B S, TLCICTEMBR AL N R WD KIS &8 1L S+
7=, KB TSI NaHCOs KIE (100 mL) 7z o b,
CHCl3 (100 mL x 3) #iith, AHE 2 6o, fafAE K (100 mL)
Ve, L. WL, R (28.8 mg, HFfE, 27.8 mg) & vV
AN (5g) O T A< bIZTHEELTACOEt IWHHE LV
89b & H 777 va v (17.9mg) #%H7-, 512 CHCl;: MeOH
(20 1)®EHE LY 92b (6.6 mg, WFE 26%) /., Z Z T 22
GH 777 vary MT.9me)EHBELIY S N(6g) OB T A8
~ I THH® L C AcOEt : Hexane (8 : 2) ~ AcOEt A LV
89b (8.9 mg, W #, 32%) % 15 7=,

(45*%.6S5%.11a58*)-10-Hydroxy-6-(hydroxymethyl)-7,8-dimethoxy-

2.9-dimethyl-1.3,4.6,11.11a-hexahydro-2 H-pyrazino[1,2-bliso-

guinoline-4-carbonitrile (89b)

89b : I T U X Agh mp 155 - 156 °C (from AcOEt-Hexane)

1H-NMR (400 MHz, CDCl3) 8 : 4.75 (1H, br
s, 10-OH), 4.12 (1H, dd, J = 10.2, 4.4 Hz,

6-H), 3.89 (1H, br t, J = 2.9 Hz, 4-H), 3.85

(3H, s, 7-OCH3), around 3.82 (1H, m, 12-H),
3.79 (3H, s, 8-OCH3), 3.50 (1H, t, J=10.2 Hz, 12-H), 3.37 (1H, m,
11a-H), 3.28 (1H, dd, J = 16.6, 12.2 Hz, 11-H), 2.95 (1H, dt, J =
11.5, 2.9, 3-H), 2.81 (1H, d, J = 11.7 Hz, 1-H), 2.77 (1H, br s,
12-OH), 2.54 (1H, dd, J = 11.5, 2.9 Hz, 3-H), 2.47 (1H, dd, J =
16.7, 4.4 Hz, 11-H), 2.45 (1H, dd, J=11.7, 3.4 Hz, 1-H), 2.38 (3H,
s, N-CHs), 2.13 (3H, s, 9-CH3).
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13C-NMR (100 MHz, CDCl3) 8 : 149.3 (s, C-8), 147.5 (s, C-10),
143.7 (s, C-7), 122.8 (s, C-10a or 6a), 119.8 (s, 4-CN), 116.9 (s,
C-10a or 6a), 116.8 (s, C-9), 61.9 (t, C-12), 61.0 (d, C-6), 60.6 (q,
7-OCH3), 60.2 (q, 8-OCH3), 58.8 (t, C-1), 57.8 (¢, C-3), 50.4 (d,
C-4), 45.9 (d, C-11a), 45.9 (q, N-CHs3), 22.7 (t, C-11), 8.8 (q,
9-CHs).

FT-IR (KBr) cm™!: 3418, 2936, 1460, 1115, 1074, 1053.

LR-MS (FAB*) : 348 [M+H]*.

HR-MS (FAB+) : Calcd for C18H25N304, 348.1923. Found :
348.1927.

Anal. Caled for C1sH25N304: C, 62.23; H, 7.25; N, 12.10. Found :
C, 62.10; H, 7.21; N, 11.84.

89b @ Hi i fh X MR i il A I AR AT

IHE T—31th
Fomula CigHy5N30,
Crystal system orthohombic
a (A) 17.9274 (3)
b (A) 9.3307 (1)
c (A) 21.5895 (3)
Cell Volume (A®) 3611.39 (9)
z 8
d calcd. (g cm™°) 1278
Space group Pbca
Radiation CuKa (A = 154187 A)
20 range 20 <136.5°
Observed reflines 38238
R value R =0.052, R, =0.131, and R; = 0.045 for / > 2.0c(/)

(2a8*.52,8*%,10b.S*)-9,10-dimethoxv-4,8-dimethyl-1,2a.3,4.5.5a.,6
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.10b-octahydro-2-oxa-2al.4-diazaaceanthrylen-7-ol (92b)

92b : M U X AN mp 174 - 175 °C

(from MeOH)

1H NMR (CDCls, 400 MHz) &§: 6.25 (1H, br

s, 7-OH), 4.59 (1H, br s, 2a-H), 4.38 (1H, t,

J=8.2 Hz, 10b-H), 4.04 (1H, t, J = 8.2 Hz, 1-H), 3.78 (3H, s,
10-OCHs), 3.75 (3H, s, 9-OCHs), 3.26 (1H, dt, J = 11.6, 1.5 Hz,
3-H), 3.00 (1H, t, J=8.2 Hz, 1-H), 2.89 (1H, dd, J=10.5, 1.5 Hz,
5-H), 2.64 (1H, m, 5a-H), 2.64 (1H, dd, J = 16.1, 2.4 Hz, 6-H),
2.56 (1H, dd, J = 11.6, 2.4 Hz, 3-H), 2.39 (3H, s, NCH3s), 2.32 (1H,
dd, J = 16.1, 12.2 Hz, 6-H), 2.17 (3H, s, 8-CH3), 2.10 (1H, t, J =
10.5 Hz, 5-H).

13C NMR (CDCls, 100 MHz) §: 149.2 (C9), 147.5 (C7), 144.1
(C10), 125.6 (C10a), 119.0 (C8), 118.1 (C6a), 89.6 (C2a), 68.6
(C1), 60.2 (10-OCH3), 60.1 (9-OCH3), 59.4 (C10b), 59.0 (C5), 55.1
(C3), 48.8 (Cha), 45.6 (N-CH3), 27.6 (C6), 9.1 (8-CH3).

EI-MS m/z (%) : 320 (M+, 71), 290 (100), 289 (93).

HR-EI-MS : Calced for C17H24N204, 320.1736. Found : 320.1737.
Anal. Caled for C17H24N204: C, 63.73; H, 7.55; N, 8.74. Found: C,

63.63; H, 7.70; N, 8.56.

88b » 7 71t (DIBAL-H % W\ 7= 5 i&)

88b (67.2 mg, 0.2 mmol) ® CH:2Cls (8 mL) ik IZ —78 °C 1T T
DIBAL-H (0.5 mL, 0.5 mmol, 1M solution in Hexane) % 7% & % <

196



Mz, —78°CIiZT 6Hf#%. TLCIZ THEDOEGFRRD LT
7= % DIBAL-H (0.5 mL, 0.5 mmol, 1M solution in Hexane) % i& /il
L .S DI 4WF B &2 e 1 72 ISR IZ 0.5 N/ KCN K E R (104.2
mg/3.2mL) o> VMx., & HICHB (115 pL, 2 mmol) % I
ZC 18 HEMBHEH T/, 22T 92b OHKEMRE LD TH
LB A PG Lo, NS e v > = VI KERKR (30 mL) %
x7zob, CHCl3 (30 mLx3) #ith, AHlE 2 & b¥ ., faf&lEK
(30 mL) ¥, wol, W L, & (78.9 mg, Pl fE, 69.4 mg)
U AT 9g) OB T A7 m~v MZTHE L T ACOEL :
Hexane (7:3) IWHE LV . 90b (7.9 mg, UL, 11%). 89b (37.9 mg,
IL#, 55%), 98b (24.0 mg, 35%) #Z N T NHT,

(35*%,65%,11a.5%)-10-Hydroxv-6-(hydroxymethyl)-7.8-dimethoxy-

2.9-dimethyl-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-bliso-

guinoline-3-carbonitrile (90b)

90b : E A 7 X Adh mp 200 - 200.5 °C (from EtOH-AcOE¢t-

H20)

1H-NMR (400 MHz, DMSO-ds) §: 8.02 (1H,
s, 10-OH), 4.01 (1H, br t, J= 2.6 Hz, 3-H),

3.93 (1H, br dd, J = 7.8, 2.9 Hz, OH), 3.76

(1H, dd, 4= 9.3, 3.9 Hz, 6-H), 3.69 (3H, s,

7-OCHs), 3.66 (3H, s, 8-OCHs), 3.50 (1H, ddd, J = 11.7, 7.8, 3.9
Hz, 12-H), 3.41 (1H, ddd, J = 11.7, 9.3, 2.9 Hz, 12-H), around
3.33 (1H, m, 11a-H, overlapped with water), 2.82 (1H, dd, J =
17.6, 11.7 Hz, 11-H), 2.78 (1H, dd, J = 12.2, 2.6 Hz, 4-H), 2.69
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(1H, dd, J=12.2, 2.6 Hz, 4-H), 2.61 (1H, br d, J=11.7 Hz, 1-H),
2.55 (1H, dd, J=11.7, 3.4 Hz, 1-H), 2.29 (3H, s, N-CH3), 2.26 (1H,
dd, J = 17.6, 5.4 Hz, 11-H), 2.02 (3H, s, 9-CH3).

13C-NMR (100 MHz, DMSO-ds) 6: 148.6 (s, C-10), 148.6 (s, C-8),
143.0 (s, C-7), 123.3 (s, 4-CN), 117.4 (s, C-10a), 116.9 (s, C-6a),
116.6 (s, C-9), 61.7 (t, C-12), 61.2 (d, C-6), 60.3 (q, 7-OCH3), 59.7
(q, 8-OCH3), 54.1 (d, C-3), 53.9 (t, C-1), 48.8 (t, C-4), 44.8 (d,
C-11a), 43.0 (q, N-CH3), 19.5 (t, C-11), 9.4 (q, 9-CH3).

FT-IR (KBr) cm'!:3345, 2941, 1464, 1254, 1210, 1119, 1074, 1026.
LR-MS (FAB*) : 348 [M+H]*.

HR-MS (FAB*) : Calcd for C1sH25N304, 348.1923. Found :
348.1929.

90b o Hi &l & X Mk ff b 1 G5 AR AT

HH T4
Fomula CgHy5N305 34
Crystal system monoclinic
a (A) 30.4974 (6)
b (A) 13.4331 (3)
c (A) 9.6134 (2)
p 94.1170 (7)°
Cell Volume (A®) 3928.2 (2)
Z 8
d caled. (g cm ™) 1.246
Space group P2/c
Radiation CuKo (L = 1.54187A)
20 range 20 <136.5°
Observed reflines 34941
R value R =0.053, R, =0.156, and R; = 0.050 for /> 2.0c(/)
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(65*,11a8%)-6-(Hydroxymethyl)-7.8-dimethoxy-2,9-dimethyl-1,3

.4.6.,11,11a-hexahydro-2 H-pyrazinol[1.2-blisoquinolin-10-ol

(93b)

93b : LT E N T 7 A

1H-NMR (400 MHz, CDCl3) & : 3.92 (1H, dd,

J=10.0,4.9 Hz, 6-H), 3.81 (1H, dd, J=10.0, MeO 3

4.9 Hz, 12-H), 3.81 (3H, s, 7-OCH3), 3.78
(3H, s, 8-OCH3), 3.42 (1H, t, J = 10.0 Hz, 12-H), 3.28 (1H, m,
11a-H), 3.13 (1H, dd, J = 16.4, 11.5 Hz, 11-H), 2.94 (1H, td, J =
11.2, 2.9 Hz, 3-H), 2.79 (2H, br d, /= 10.2 Hz, 1-H and 4-H), 2.51
(1H, br d, J = 11.2 Hz, 3-H), 2.40 (1H, br dd, J = 10.2, 2.9 Hz,
4-H), 2.32 (1H, dd, J = 16.4, 5.1 Hz, 11-H), 2.31 (3H, s, N-CH3),
2.25 (1H, dd, J = 10.2, 2.9 Hz, 1-H), 2.14 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCls) & : 149.3 (s, C-8), 148.0 (s, C-10),
144.0 (s, C-7), 123.7 (s, C-6a orC-10a), 116.9 (s, C-9), 115.9 (s,
C-6a orC-10a), 61.3 (t, C-12), 61.0 (d, C-6), 60.5 (q, 7-OCH3y),
60.1 (q, 8-OCH3s), 59.1 (t, C-3), 55.6 (t, C-1), 47.5 (t, C-4), 46.2 (q,
N-CHs3), 45.6 (d, C-11a), 20.0 (t, C-11), 8.8 (q, 9-CHs).

FT-IR (KBr) cm™! : 3356, 2935, 1587, 1458, 1346, 1114, 1070,
1045.

LR-MS (FAB*) : 323 [M+H]+.

HR-MS (FAB+) : Calcd for C17H27N20y4, 323.1971. Found :

323.1978.
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88b ®» > 7 7 {k (Red-Al®% W7 7 ik)

88b (67.2.6 mg, 0.2 mmol) ® THF (40 mL) A& IZ. K& F
Red-Al® (70% Toluene X%, 1.42 mL, 5 mmol) % I x 7=, 3 K[
%O TLCIC CHEEOHE AKX I2b DA R Z MR Lz, I 2 CH®R
(1.26 mL, 22 mmol) ZREEIC TNz, REEZ DM L%, 05N
s KCN K&K (104.2 mg /3.2 mL) 2> < v &M, 18 K%
Bt &8 1k L, KGRI e v > = LV HEKE®K (100 mL) N x
T 6%, CH2Cl (100 mLx3) i, AEZ ALY,
g ok (100 mL) W, "ol WH® £, KB (96.6 mg) & ¥
VB 7N (6g) OB 7 L7 v~ MITHEL T ACOEt : Hexane
(7:3) W XL VY 89b (31.1 mg, I 45%) 2 /H7-., H., HE
HH L v 90b (16.6 mg, L% 24 %), 3 ARy VEH T T 7 ¥ a v
(13.5mg) 2HB7~-, 207537 varz2y UV A7AnL (12g) OH T
LA o< MZTHERBL T AcOEt : Hexane (7 :3) WH i XV
90b (2.4 mg, U= 3%), 89b (8.9 mg, X% 13%), 91b (0.9 mg, X
Fo1%) #H 7,

UbExE &b e 89b (I 58%) 90b (UL 27%) 91b (1%) % 15
72

(4R*,6S5%,11a85%)-10-Hydroxy-6-(hyvdroxymethyl)-7.8-dimethoxy-

2.9-dimethyl-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-bliso-

guinoline-4-carbonitrile (91b)

91b : @ T E )L 7 7 X
1H-NMR (400 MHz, CDCls) & :4.49 (1H, dd,

J=9.7,4.9Hz, 6-H), 4.46 (1H, br s, 10-OH),
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around 3.79 (1H, m, 12-H, overlapped with 7-OCHz3s), 3.74 (1H, m,
4-H, overlapped with 8-OCH3), 3.79 (3H, s, 7-OCH3), 3.74 (3H, s,
8-OCHs), 3.47 (1H, t, J = 9.7 Hz, 12-H), 3.39 (1H, m, J = 9.7 Hz,
12-H), 3.39 (1H, m, 11a-H), 3.01 (1H, dd, J=17.2, 11.7 Hz, 11-H),
2.97 (1H, br ddd, J = 10.3, 3.0, 2.0 Hz, 3-H), 2.76 (1H, br d, J =
9.8 Hz, 12-OH), 2.70 (1H, br dt, J = 12.0, 2.0 Hz, 1-H), 2.39 (1H,
t, J=10.3 Hz, 3-H), 2.34 (1H, dd, J=12.0, 3.4 Hz, 1-H), 2.30 (1H,
dd, J=17.2, 5.4 Hz, 11-H), 2.26 (3H, s, N-CH3), 2.08 (3H, s,
9-CH3s).

13C-NMR (100 MHz, CDCls) & : 149.6 (s, C-8), 147.7 (s, C-10),
144.3 (s, C-7), 122.2 (s, C-10a or 6a), 117.6 (s, 4-CN), 116.6 (s,
C-9), 114.8 (s, C-10a or 6a), 61.8 (t, C-12), 60.8 (q, 7-OCH3s), 60.3
(q, 8-OCH3), 58.5 (d, C-6), 58.2 (t, C-1), 57.8 (t, C-3), 47.7 (d,
C-4), 45.7 (d, C-11a), 45.6 (q, N-CH3s), 20.0 (t, C-11), 8.7 (q,
9-CH3s).

FT-IR (KBr) cm'1:3412, 2938, 2243, 1655, 1460, 1348, 1275, 1115,
1072, 1057.

LR-MS (FAB*) : 348 [M+H]*.

HR-MS (FAB*) : Calcd for C18H25N304, 348.1923. Found :

348.1929.

(2)-((45%.6S5*%,11aS*%)-4-Cyvano-8-methoxv-2,.9-dimethyl-7,10-di-

0x0-1,3,4,6.7.10,11,11a-octahvdro-2H-pyrazino[1,2-hliso-

guinolin-6-vl)methyvl-2-methylbut-2-enoate (98b)
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89b (17.4 mg, 0.05 mmol) ® CH3CN (7.5 mL) & i#% 2 CAN (68.5
mg, 0.125 mmol)® H20 (1.25 mL) &K % —17°C I CTHi F L 7=,
1555 % @ TLCIZ THAE OW R Z MR L .30 0% ICH% L% in L
7= RO IZE T NaHCOs KK (20 mL) % 0 2 Tk & ## 1k &
¥ 72#% CH:Cl: (20 mLx 3) fith, AEZ & ot fafm &K (20
mL) YEW. WM. BHE®E L, EE (17.1 mg, M fH 16.6 mg) %
B, Bon-BEZ2BHU I L2, KOKISITHWZ,
77U A (101.9 mg, 1.018 mmol) @ Et20 (3.8 mL) &k .
0°CicCyavfs VU K (85.6 uL, 1 mmol ) & DMF (7.5 uL,
0.1 mmol) Z/Mx ., BRIZCHLEL 2 MWL, ARLZEEME
iz, oK% CH2Cl: (0.5 mL x 3) & CH2Clo ff F L T ¥ VVIA &
RO MAT R RISEE 2 Ar TAZE AL EL L,
Z 21, CH:Cl; (5 mL) /M2 THREK:E L., BERICTHEELZH
L7z, TRM#Z D TLCIZTIREBDIHEZ MR LD TRILZIF
kL7, RIS IZk® T, fafn NaHCOs K (20 mL) % fnx T
[ &2 1k S 7=, CH2Cl2 (20 mL x 3) i, AfE %2 &4 b,
fd fn R MK (20 mL) BEV. HR, W A, RE (27.5 mg, Fiw
f 20.7mg) #> VTN (6g) OH T L7~ MITHRLT
AcOEt : Hexane (2 :3) ®H#H L Y. 98b (14.7 mg, — BRILE
T1%) % 1% 7=,

(45*%,65%,11a5%)-6-(Hydroxymethyl)-8-methoxy-2,9-dimethyl-7.1

0-dioxo-1,3,4.6.7.10,11.11a-octahvdro-2 H-pyrazino[1,2-bhliso-

guinoline-4-carbonitrile (97b)

97b : BHE®BMHB T EINL T 7 A
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1H-NMR (400 MHz, CDCls) 6 : 4.00 (3H, s,
8-OCHs), 3.82-4.00 (3H, m, 4-H, 6-H, 12-H),

3.49 (1H, dd, J =10.8, 9.0 Hz, 12-H), 3.30

(1H, m, 11a-H), 2.92 (1H, ddd, J=11.7, 3.1,
1.6 Hz, 11-H), 2.75 (1H, br d, J = 9.7 Hz, 3-H), 2.42-2.59 (4H, m,
1-H., 3-H, 11-H), 2.39 (3H, s, N-CH3), 1,59 (3H, s, 9-OCH3).
FT-IR (KBr) cm!: 3491, 2945, 2853, 2806, 2226, 1651, 1616,
1462, 1298, 1150, 1149.

EI-MS m/z (%) :331 (M+, 2), 313 (12), 300 (100), 273 (20), 257
(14), 204 (16).

HR-EI-MS : Caled for C17H2:1N304, 331.1532. Found : 331.1525.

98b : HEA T EINL T 7 A

1H-NMR (400 MHz, C¢D¢) & : 5.68 (1H, qq, J
=7.3,1.6 Hz, 16-H), 4.56 (1H, dd, J = 11.4,
8.0 Hz, 12-H), 4.17 (1H, m, 6-H), 4.09 (1H,

dd, J = 11.4, 3.2 Hz, 12-H), 3.67 (3H, s,

8-OCHs3), 3.04 (1H, br s, 4-H), 2.98 (2H, m,

11-H, 11a-H), 2.24 (1H, br dd, J = 19.7, 4.0, 0.7 Hz, 11-H), 2.15
(1H, dd, J=11.0, 4.0 Hz, 3-H), 1.97 (2H, m, 1-Hs), 1.92 (3H, dq,
J=17.3,1.6 Hz, C17-H3), 1.86 (1H, br dd, J = 11.0, 2.3 Hz, 3-H),
1.85 (3H, s, 9-CH3), 1.83 (3H, quin, J= 1.6 Hz, 15-CH3), 1.80 (3H,
s, N-CH3s).

13C-NMR (100 MHz, C¢De) & : 186.4 (s, C-10), 182.1 (s, C-7),
167.0 (s, C-14), 155.6 (s, C-8), 143.3 (s, C-10a), 138.4 (d, C-16),
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135.3 (s, C-6a), 128.8 (s, C-9), around 128.0 (s, C-15, overlapped
with solvent residual signals), 119.6 (s, 4-CN), 62.7 (t, C-12),
60.5 (q, 8-OCH3), 58.4 (t, C-1), 57.5 (t, C-3), 57.0 (d, C-6), 50.1 (d,
C-4), 47.1 (d, C-11a), 45.4 (q, N-CH3), 24.0 (t, C-11), 20.8 (q,
15-CH3s), 15.8(q, C-17), 8.7 (q, 9-CH3).

FT-IR (KBr) cm™1:2947, 2926, 2853, 2805, 1717, 1653, 1618, 1460,
1300, 1261, 1231, 1152.

EI-MS m/z (%) 1413 (M+*, 10), 386 (28), 302 (23), 300 (100), 273
(51), 257 (9).

HR-EI-MS : Caled for C22H27N305, 413.1951. Found : 413.1949.

((48*,65%,11a8%)-4-Cyano-10-hydroxy-7.8-dimethoxy-2.,9-di-

methyl-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-bliso-

guinolin-6-yvl)methyl acetate (99b)

89b (34.7 mg, 0.1 mmol) ® 1.2— Y 7 mur =¥ > (10 mL) &HI&IZ
FERICTTE®F AL 27U K (142 uL, 2 mmol) Z I 2 41 % 60 °C
CHE L 1TEERMABRSEE, TLCIC THBOMEAZHRRLZD T
BT A B L e, ROSIKIZKED T faFf NaHCOs K%K (30 mL)
Mz TRISZ#EIESE, CH:Cl: (30 mL x 3) fitH ., AHEz &
b, ek (30 mL) Ve, WM. BHER X, K (45.2 mg,
Hinfi, 38.9mg) 2 VA7 (6g) OB T L7~ M THHR
L T CHCls : AcOEt (7 :3) IHIHE L v 99b (35.8 mg, UL, 92%)
AT T,

99b : M T E LT 7 R
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1H-NMR (400 MHz, CDCls) & : 4.42 (1H,

dd, J=11.7, 9.3 Hz, 12-H), 4.32 (1H, br

H \
dd, J = 9.3, 3.2 Hz, 6-H), 4.02 (1H, dd, J MeO g N
99b L s
=11.7, 3.2 Hz, 12-H), 3.87 (1H, dd, J = 0" Me

4.9, 3.9 Hz, 4-H), 3.79 (3H, s, 7-OCH3y), 3.71 (3H, s, 8-OCH3),
3.33 (1H, m, 11a-H), 2.92 (1H, br dd, J = 17.0, 11.7 Hz, 11-H),
2.68 (1H, dd, J=11.1, 4.9 Hz, 3-H), 2.55 (1H, br dd, J=11.1, 2.9
Hz, 3-H), around 2.48 (2H, m, 1-Hy), 2.44 (1H, dd, J = 17.0, 5.4
Hz, 11-H), 2.27 (3H, s, N-CH3), 2.06 (3H, s, 9-CH3s), 2.02 (3H, s,
14-CHs).

13C-NMR (100 MHz, CDCls) & : 170.5 (s, C-14), 149.3 (s, C-8),
147.4 (s, C-10), 143.4 (s, C-7), 122.9 (s, C-6a), 119.3 (s, 4-CN),
116.9 (s, C-10a), 116.8 (s, C-9), 63.3 (t, C-12), 60.5 (q, 7-OCH3s),
60.2 (q, 8-OCH3), 59.6 (t, C-1), 58.0 (t, C-3), 57.5 (d, C-6), 50.5 (d,
C-4), 46.7 (d, C-11a), 45.8 (q, N-CH3), 23.7 (t, C-11), 21.0 (q,
C-15), 8.8 (q, 9-CH3).

FT-IR (KBr) cm'1:3447, 2941, 2849, 2805, 2228, 1742, 1460, 1246,
1233, 1074.

LR-MS (FAB*) : 390 [M+H]*.

HR-MS (FAB*) : Calcd for C20H25N305, 390.2029. Found :

390.2026.

((48*,65*%,11a8%)-4-Cyano-8-methoxy-2,9-dimethyl-7,10-dioxo-1,

3,4,6,7,10,11,11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-yl)
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methyl acetate (100b)

99b (19.5 mg, 0.05 mmol) ® CH3CN (7.5 mL) & i#Z 2 CAN (68.5
mg, 0.125 mmol) ® H20 (1.25 mL) &k % —17°Ci{Z T F L 7=,

155% @O TLCIZ TH B DIH K Z MR L .30 0B ICHE LB 25045 L
oo RISHRIZAK (20 mL) Z0 2 CTXIS Z#E 1k &® 7= % CH2Cl2 (20
mLx3) il . AHELGLE Al K (20 mL) WE . &,

WS %, FRiE (19.9 mg, FHME 18.7mg) #v U B (4 g)o
BT A< MZTHE L T AcOEt : Hexane (7 :3) ImHE LV

100b (15.1 mg, 81 %) %# 7=,

100b: EHEAA T BT 7 A

1IH-NMR (400 MHz, C¢Dsg) & : 4.45 (1H, dd,
J=11.4, 8.0 Hz, 12-H), 4.11 (1H, m, 6-H),

3.98 (1H, dd, J=11.4, 3.2 Hz, 12-H), 3.66

(3H, s, 8-OCH3), 2.99 (2H, br s, 4-H, and
11-H), 2.93 (1H, m, 11a-H), 2.22 (1H, dd, J = 19.2, 4.2 Hz, 11-H),
2.14 (1H, dd, J = 11.1, 3.9 Hz, 3-H), 1.99 (2H, m, 1-H:), around
1.84 (1H, m, 3-H overlapped with 9-CH3s), 1.84 (3H, s, 9-CH3),
1.81 (3H, s, N-CH3), 1.67 (3H, s, 14-CHs).

13C-NMR (100 MHz, CéDg) 5 : 186.3 (s, C-10), 181.2 (s, C-7),
169.8 (s, C-14), 155.6 (s. C-8), 143.3 (s, C-10a), 135.2 (s, C-6a),
128.9 (s, C-9), 119.5 (s, 4-CN), 63.0 (t, C-12), 60.5 (q, 8-OCH3y),
58.4 (t, C-1), 57.4 (t, C-3), 57.0 (d, C-6), 49.9 (d, C-4), 47.0 (d,
C-11a), 45.3 (q, N-CH3), 24.0 (t, C-11), 20.4 (q, C-15), 8.7 (q,
9-CHs).
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FT-IR (KBr) cm™1:2947, 2851, 2805, 2226, 1744, 1653, 1460, 1377,
1261, 1225, 1142, 1042.

EI-MS m/z (%) :373 (M*, 5), 358 (21), 300 (100), 273 (23), 257 (9),
204 (8).

HR-EI-MS : Calcd for C19H23N305, 373.1638. Found : 373.1643.

((45*.6S5%,11aS*)-4-Cvano-10-hydroxy-7,8-dimethoxy-2,9-di-

methyl-1.3,4.6,11,11a-hexahydro-2 H-pyrazino[1,2-bliso-

guinolin-6-vl)methyl propionate (101b)

89b (20.8 mg, 0.06 mmol) ® 1.2— Y 7 v u=x ¥ (6mL) BIKIZ
HRIC T A %7 e Y K (105 uL, 1.2 mmol) =/ 2. 4
% 60°CICHIE L 1 RRMABBE L7z, TLC IZ TIHE @ K % He iR
L7 THRALAHEZBMB LKL, RISHIZKMD T NaHCO3 K& i
(30 mL)Z il 2 TG & % 1k & &, CH:2Clz (30 mL x 3) flitH . A #
Jg % Aby fafm ek (30 mL) Ve fol IR £, &E (29.8
mg, HiHME, 24.2mg) 2 UV 75 (5bg) OB T L7 v~ hIZT
FE# L T CH2Clz : AcOEt (7 :3) % H1# LV 101b (24.9 mg, & =
I ) & 1572,

101b: AT E L 7 7 A

1H-NMR (400 MHz, CDCl3) 6 : 4.59 (1H,br s,

10-OH), 4.45 (1H, dd, J = 11.5, 9.3 Hz,

12-H), 4.33 (1H, br dd, J=9.3, 3.2 Hz, 6-H),

13

4.02 (1H, dd, J = 11.5, 3.2Hz, 12-H), 3.86 101b o%%%e

(1H, dd, J=5.2, 2.9 Hz, 4-H), 3.80 (3H, s, 7-OCH3), 3.71 (3H, s,
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8-OCH3s), 3.34 (1H, m, 11a-H), 2.91 (1H, dd, J = 16.9, 11.5 Hz,
11-H), 2.67 (1H, dd, J=11.1, 5.2 Hz, 3-H), 2.54 (1H, dd, J=11.1,
2.9 Hz, 3-H), around 2.44 (3H, m, 1-Hs, 11-H, overlapped with
11-H), 2.44 (1H, dd, J=16.9, 5.4 Hz, 11-H), 2.29 (2H, qd, J= 7.5,
2.4 Hz, C15-Hy), 2.27 (3H, s, N-CH3), 2.06 (3H, s, 9-CH3), 1.09
(3H, t, J=17.5 Hz, C16-Hj3).

13C-NMR (100 MHz, CDCl3) & : 174.0 (s, C-14), 149.3 (s, C-8),
147.4 (s, C-10), 143.4 (s, C-7), 123.0 (s, C-6a), 119.3 (s, 4-CN),
116.8 (s, C-9), 116.8 (s, C-10a), 63.0 (t, C-12), 60.5 (q, 7-OCH3),
60.2 (q, 8-OCH3), 59.7 (t, C-1), 58.0 (t, C-3), 57.5 (d, C-6), 50.5 (d,
C-4), 46.7 (d, C-11a), 45.8 (q, N-CH3s), 27.7 (t, C-15), 23.8 (t,
C-11), 9.2 (q, C-16), 8.8 (q, 9-CH3).

FT-IR (KBr) cm™1:3447, 2941, 2849, 2805, 1740, 1460, 1348, 1177,
1149, 1076.

LR-MS (FAB*) : 404 [M+H]".

HR-MS (FAB*) : Calecd for C21H30N305, 404.2186. Found

404.2184.

((48*,65*%,11a8%)-4-Cyano-8-methoxy-2,9-dimethyl-7,10-dioxo-1,

3,4,6,7,10,11,11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-yl)

methyl propionate (102b)

101b (12.1 mg, 0.03 mmol) @ CH3;CN (4.5 mL) &% (2 CAN (41.1
mg, 0.075 mmol) ® H20 (0.75 mL) Ak % —17°C I T F L 7=,
153 % O TLCIZ TIREDOHE K Z MR L. .30 0 HBICH AL B IH L
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7= KISz AK (20 mL) %00 %2 TG & % Ik & & 72 % CH:2Clz (20
mLx3) i, AEZ S5O, faf gl AK (20 mL) WHEH . HH,

VR 5 kW (129 mg, BiwfE 11.6 mg) 2> U 5L (6g) @
BT AV~ MZTHBL T AcOEt : Hexane (7 :3) IEHE LV

102b (10.4 mg, 90%) % %5 7=,

102b : BT EI)L T 7 A

IH-NMR (400 MHz, CsDs¢) & : 4.50 (1H, dd,
J=11.4, 8.0 Hz, 12-H), 4.13 (1H, m, 6-H),

3.99 (1H, dd, J=11.4, 3.2 Hz, 12-H), 3.66

(3H, s, 8-OCHs), 3.00 (1H, br s, 4-H), 2.95 o =

(1H, m, 11a-H), 2.95 (1 H, m, 11-H), 2.23 (1H, ddd, J = 19.1, 3.9,
0.7 Hz, 11-H), 2.15 (1 h, dd, J=11.2, 4.1 Hz, 3-H), 2.04 (2H, qd,
J=17.6,1.4 Hz, C15-H2), 1.99 (2H, s, 1-H2), 1.87 (1H, br dd, J =
11.2, 2.3 Hz, 3-H), 1.84 (3H, s, 9-CH3), 1.81 (3H, s, N-CH3), 0.94
(3H, t, J=17.6 Hz, C16-Hjy).

13C-NMR (100 MHz, Ce¢Ds) & : 186.4 (s, C-10), 182.1 (s, C-7),
173.3 (s, C-14), 155.6 (s, C-8), 143.3 (s, C-10a), 135.2 (s, C-6a),
128.9 (s, C-9), 119.5 (s, 4-CN), 62.8 (t, C-12), 60.5 (q, 8-OCH3),
58.4 (t, C-1), 57.5 (t, C-3), 57.0 (d, C-6), 50.0 (d, C-4), 47.0 (d,
C-11a), 45.4 (q, N-CH3), 27.6 (t, C-15), 24.0 (t, C-11), 9.3 (q,
C-16), 8.7 (q, 9-CH3).

FT-IR (KBr) cm™1:2945, 2851, 2805, 1740, 1653, 1462, 1300, 1217,
1173.

EI-MS m/z (%) : 387 (M+, 7), 360 (19), 300 (100), 273 (36), 257 (9),
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204 (7).

HR-EI-MS : Calcd for C20H25N305, 387.1794. Found : 387.1797.

88a ©» v 7 / {k

88a (67.2 mg, 0.2 mmol)®» THF (40 mL) ®iKIZ. K& F
Red-Al®(70% Toluene %, 1.42 mL, 5 mmol) # MM x E{RITE L
7o 1P %D TLCIZ TR OHEZMR LI, 2 2 CTHE®E (1.27
mL, 22 mmol) ZREEIC T - Y Mx7=DbBH, 0.5 N/KCN
KEHK (104.2 mg/3.2mL) 2 ->< D &Mz, 1RKMHEBICKIEE
ik L, RIS IS T e v 2 = L AKEE (100 mL) 0 x T K
ZEIESH7%,. CHCls (100 mLx3) i, A#E 24 btd., fi
itk (100 mL) ¥E#. solf., WHHE £, i (80.1 mg, Hi
ff 69.4mg)a> V7N (13g) OA T L7~ M THERLT
CH:Clz: MeOH (30 : 1) & HH L Y 90a (13.9 mg, INFE 20%),
CH:2Clz: MeOH (20 : 1) & H#E L v 89a (47.9 mg, INHFE 69%) %
7=,

(4R* 6 R*.11a5%)-10-Hydroxy-6-(hyvdroxymethyl)-7.8-dimethoxy-

2.9-dimethyl-1.3,4.6,11.11a-hexahydro-2H-pyrazino[1.2-bhliso-

guinoline-4-carbonitrile (89a)

89a : AT E ) T 7 A

1H-NMR (400 MHz, CDCl3) 8 : 8.20 (1H, br
s, 10-OH), 4.73 (1H, br t, J = 5.4 Hz,

12-OH), 4.48 (1H, t, J = 3.2 Hz, 4-H), 3.94

(1H, dd, J = 7.3 Hz, 2.4 Hz, 6-H), 3.72
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(7-OCH3), 3.68 (3H, s, 8-OCH3), 3.55 (1H, ddd, J=9.7, 4.7, 2.4
Hz, 12-H), 3.13 (1H, dt, J = 9.7, 7.3 Hz, 12-H), 2.93 (1H, dt, J =
11.6, 2.4 Hz, 3-H), 2.82 (1H, d, J=10.2 Hz, 1-H), 2.77 (1H, dd, J
= 15.4, 2.4 Hz, 11-H), around 2.49 (1H, m, 11a-H), 2.33 (1H, dd,
J=11.6,2.4 Hz, 3-H), 2.21 (3H, s, N-CH3), 2.07 (1H, dd, J= 15.4,
11.2 Hz, 11-H), 2.03 (3H, s, 9-CH3), 1.85 (1H, t, J = 10.2 Hz,
1-H).

13C-NMR (100 MHz, CDCls) & : 149.1 (s, C-8), 147.2 (s, C-10),
142.4 (s, C-7), 125.1 (s, C-6a), 119.2 (s, C-10a), 118.9 (s, 4-CN),
117.3 (s, C-9), 67.8 (t, C-12), 60.5 (t, C-1), 60.2 (q, 7-OCH3), 59.8
(q, 8-OCH3), 59.1 (d, C-6), 56.0 (t, C-3), 54.2 (d, C-4), 52.3 (d,
C-11a), 45.1 (q, N-CH3), 27.4 (t, C-11), 9.5 (q, 9-CH3).

FT-IR (KBr) cm!: 3416, 2940, 2226, 2191, 1462, 1067.

LR-MS (FAB*) : 348 [M+H]*.

HR-MS (FAB*) : Calcd for C1sH25N304, 348.1923, Found :
348.1924.

(83R*,6R*,11a5%)-10-Hyvdroxy-6-(hydroxymethyl)-7.8-dimethoxy-

2.9-dimethyl-1.3,4.6,11.11a-hexahydro-2H-pyrazino[1.2-bhliso-

guinoline-3-carbonitrile (90a)

90a : @A T EINL T 7 A

1H-NMR (400 MHz, CDCl3) 6 : 4.45 (1H, s,
10-OH), 3.80 (1H, t, J = 3.9 Hz, 6-H), 3.75

(3H, s, 7-OCH3s), 3.70 (3H, s, 8-OCH3y),

around 3.70-3.75 (2H, m, 3-H and, 12-H),
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3.47 (1H, ddd, J=10.5, 8.3, 3.9 Hz, 12-H), 3.24 (1H, dd, J = 11.5,
2.4 Hz, 4-H), 2.82 (1H, dd, J = 11.5, 2.9 Hz, 4-H), 2.81 (1H, m,
overlapped with 4-H, 12-OH), 2.76 (1H, br dd, J = 11.2, 2.4 Hz,
1-H), 2.70 (1H, dd, J=15.1, 2.4 Hz, 11-H), 2.49 (1H, ddt, J = 11.2,
9.2, 2.4 Hz, 11a-H), 2.37 (3H, s, N-CH3), 2.33 (1H, t, J=10.7 Hz,
1-H), 2.19 (1H, dd, J = 15.1, 11.2 Hz, 11-H), 2.06 (3H, s, 9-CHs).
13C-NMR (100 MHz, CDCls) & : 149.5 (s, C-8), 146.2 (s, C-10),
143.4 (s, C-7), 126.3 (s, C-6a), 117.6 (s, C-10a), 116.1 (s, 3-CN or
C-9), 116.0 (s, 3-CN or C-9), 65.7 (t, C-12), 60.4 (q, 7-OCH3), 60.2
(q, 8-OCH3), 59.9 (d, C-6), 57.0 (t, C-1), 55.2 (d, C-3), 55.1 (d,
C-11a), 54.8 (t, C-4), 43.6 (q, N-CH3), 27.0 (t, C-11), 8.7 (q,
9-CH3s).

FT-IR (KBr) cm™! : 3476, 2943, 2832, 1462, 1358, 1149, 1061.
LR-MS (FAB*) : 348 [M+H]*.

HR-MS (FAB*) : Calcd for C1sH25N304. 348.1923, Found :

348.1927.

89a ® CAN [ {k

89a (104.1 mg, 0.3 mmol) ® CH3CN (45 mL) ¥k CAN
(411.2 mg, 0.75 mmol) @ H:0 (7.5 mL) K % —17°CIZ T T
L7, 1555 % ® TLCIZ TR B O WK % 8 L 7= O T WL % Bl 4
L7z, RIGKIZ 5%NaHCOs K% #K (100 mL) # I 2 T i & 1% 1k
S+, CHzCl: (100 mLx3) il . AHEZ &b am&fE K (100
mL) W, g, WIEE E, iE (105.0 mg, HimME 99.3 mg) %
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UM (8g) OB T A7~ I THE L T AcOEt : Hexane
(83:2) WM LV 97a (73.4 mg, IXFE 74 %) & 103a (22.8 mg, U
£ 22%) BHEL,

(4R* 6 R*.11aS5*)-6-(Hydroxymethyl)-8-methoxy-2,9-dimethyl-7,

10-diox0-1,3,4.6,7.10,11.11a-octahydro-2H-pyrazino[1,2-bliso-

quinoline-4-carbonitrile (97a)

97a : BHEBAOT TN 7 7 A

1H-NMR (400 MHz, CDCl3) 8 : 4.15 (1H, t, J
= 2.9 Hz, 4-H), 4.00 (3H, s, 8-OCH3), 3.95

(1H, m, 6-H), 3.82 (1H, dd, J=10.7, 3.4 Hz,

12-H), 3.70 (1H, br t, J = 10.7 Hz, 12-H),
3.09 (1H, dt, J=11.2, 2.9 Hz, 3-H), 3.00 (1H, dt, J=10.7, 2.9 Hz,
1-H), 2.86 (1H, tt, J = 10.7, 2.9 Hz, 11a-H), 2.80 (1H, ddd, J =
17.6,2.9,1.0 Hz, 11-H), 2.38 (1H, dd, 11.2, 2.9 hZ, 3-H), 2.36 (3H,
s, N-CH3), 2.24 (1H, br d, J = 10.7 Hz, OH), 1.99 (1H, ddd, J =
17.6, 10.7, 2.9 Hz, 11-H), 1.96 (3H, s, 9-CH3), 1.94 (1H, t, J =
10.7 Hz, 1-H).

13C-NMR (100 MHz, CDCl3) 6 : 186.0 (s, C-10), 181.6 (s, C-7),
155.7 (s, C-8), 141.2 (s, C-10a), 136.9 (s, C-6a), 128.7 (s, C-9),
116.8 (s, 4-CN), 62.0 (t, C-12), 61.1 (q, 8-OCH3), 60.7 (t, C-1),
58.2 (d, C-6), 56.7 (t, C-3), 51.2 (d, C-4), 50.4 (d, C-11a), 45.,5 (q,
N-CH3), 26.3 (t, C-11), 8.7 (q, 9-CHs).

FT-IR (KBr) cm™!: 3462, 2947, 2849, 2808, 2228, 1655,1622, 1460,
1325, 1300, 1234, 1167.
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EI-MS m/z (%) : 331 (M*, 1), 301 (41), 300 (100), 275 (18), 273
(17), 257 (12), 204 (13).
HR-EI-MS : Caled for Ci17H2:1N304, 331.1532. Found : 331.1524.

(2aR*.6aS* 10R*,11aR*)-2a,.3-Dimethoxy-4.8-dimethyl-5-0x0-1,2

a.5,6.6a.7.8.9.10,11a-decahydrofurol2.3.4-ijlpyrazino[1,2-bhliso-

guinoline-10-carbonitrile (103a)

103a : BT L7 7 A

1H NMR (CDCls, 400 MHz) 6 : 4.58 (1H, t, J
= 7.4 Hz, 1-H), 4.12 (3H, s, 3-OCHs), 3.95

(1H, ddt, J= 7.4, 5.7, 2.9 Hz, 11a-H), 3.90

(1H, dd, J=17.4,5.7 Hz, 1-H), 3.76 (1H, t, J

= 2.5 Hz, 10-H), 3.15 (3H, s, 2a-OCH3), 3.05 (1H, dd, J = 11.5,
2.5 Hz, 9-H), 3.01 (1H, dd, J=10.5, 2.4 Hz, 7-H), 2.98 (1H, dddd,
J=10.5,9.8, 4.3, 2.4 Hz, 6a-H), 2.64 (1H, ddd, J = 18.1, 4.3,
3.2 Hz, 6-H), 2.40 (1H, dd, J = 11.4, 2.5 Hz, 9-H), 2.35 (3H, s,
N-CH3), 2.00 (1H, ddd, J = 18.1, 9.8, 2.9 Hz, 6-H), 1.93 (1H, t, J
=10.7 Hz, 7-H), 1.80 (3H, s, 4-CHs).

13C NMR (CDCls, 100 MHz) & : 185.6 (C5), 160.4 (C3), 144.2
(C11b), 127.6 (C5a), 117.7 (C4), 115.9 (10-CN), 98.9 (C2a), 73.8
(C1), 60.9 (C7), 58.9 (3-OCH3), 56.5 (C9), 55.9 (C11a), 53.0 (C10),
51.8 (C6a), 51.6 (3-OCH3), 45.6 (N-CH3), 26.9 (C7), 7.7 (4-CH3),
FT-IR (KBr) cm'!: 2995, 2968, 2928, 2891, 2843, 2812, 2766,
2228, 1736, 1632, 1616, 1462, 1348, 1333, 1321, 1281, 1260,
1248, 1171, 1155, 1099, 1061, 986, 943 cm~!
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EI-MS m/z (%) : 345 (M*, 8), 316 (19), 315 (100), 302 (26), 246
(28), 96 (11)
HR-EI-MS : Caled for C18H23N304, 345.1689. Found : 345.1688.

((4R* 6R*.,112S*)-4-Cyvano-8-methoxy-2,9-dimethyl-7,10-dioxo-1

.3,4.6,7.10,11,11a-octahydro-2H-pyrazinol[1,2-blisoquinolin-6-

vDmethyl (2)-2-methylbut-2-enoate. (98a)

77U I #E(122.2 mg, 1.02 mmol) @ Et:0 (4.6 mL) &k 2.
0°CizCv=avifsuaV K (103.0 uL, 1.22 mmol ) & DMF
(9.0pL) Mz, |BPICHEL 2BBBHRLEZ, Z0koiCL T
AR L2 A I, 97a (9.9 mg, 0.03 mmol) % CH:Cls (0.5
mL x 3) ZfH L THEWVIALRDN LI X 72,

Wi, KIS Z Avr ¥ A2 HE AL T, BE LKL, £ZIic, CH:Clg
(4mL) ZMMA THEEKE L, iz HEMA L, TRE%Z®O TLC I
THREOHEZHERLEZDO TRILEFELLEZ,(TLC F = v 7 O,
TLC 7YV — 27 =272 LTHhroREBLAVE, HE2E
L TWa2HE0, @< ERIRZR V), Xt % CH2Cl: (20 mL)
I CTHIRL., K% F 5%NaHCOs3 KK (20 mL) % Il x TS %
51k %, CH2Cl: (20 mL x 3) i, AE 2G50, Ak
K (20 mL) Wi, Wk WS BER L, R IE (36.5 mg, HFMfE 24.8 mg)

B ENB DK T AT v I TR

@l U T CH2Cly : MeOH (10 : 1) ®WH I X v .
98a (20.1 mg, WWFE 81%) % 157,

98a : W@ T EINL T 7 A

IH-NMR (400 MHz, CDCl3) 8 : 6.05 (1H, qq,
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J=17.4 Hz, 1.5 Hz, 16-H), 4.63 (1H, dd, J = 11.7, 2.9 Hz, 12-H),

W

.23 (1H,t, J=2.2 Hz, 4-H), 4.22 (1H, dd, J=11.7, 2.9 Hz, 12-H),

N

.05 (1H, m, 6-H), 4.03 (3H, s, 8-OCH3s), 3.04 (1H, dt, J = 11.3,
2.2 Hz, 3-H), 2.92 (1H, dt, J=11.6, 2.5 Hz, 1-H), 2.78 (1H, ddt, J
= 13.3, 9.4, 2.5 Hz, 11a-H), 2.75 (1H, ddd, J = 19.4, 2.5, 1.0 Hz,
11-H), around 2.33 (1H, m 3-H, overlapped with N-CHs), 2.33
(3H, br s, N-CH3), 1.96 (3H, s, 9-CH3), 1.91 (3H, dq, J= 7.4, 1.5
Hz, 16-CH3), around 1.86 (1H, m, 11-H), 1.81 (1H, t, J = 11.6 Hz,
1-H), 1.79 (3H, quin, J = 1.5 Hz, 15-CH3).

13C-NMR (100 MHz, CDCl3) 6 : 186.0 (s, C-10), 181.3 (s, C-7),
167.4 (s, C-14), 155.9 (s, C-8), 141.2 (s, C-10a), 138.9 (d, C-16),
136.6 (s, C-6a), 128.2 (s, C-9), 127.2 (s, C-15), 117.1 (s ,4-CN),
62.3 (t, C-12), 61.1 (q, 8-OCH3s), 60.7 (t, C-1), 56.5 (t, C-3), 56.1
(d, C-6), 51.4 (d, C-4), 50.2 (d, C-11a), 45.5 (q, N-CH3), 26.3 (t,
C-11), 20.6 (q, 15-CH3), 15.8 (q, 16-CH3), 8.7 (q, 9-CH3).

FT-IR (KBr) cm'! : 2947, 2849, 2805, 2228, 1717, 1657, 1620,
1460, 1252, 1231, 1152.

EI-MS m/z (%) : 413 (M*, 10), 386 (8), 383 (6), 300 (100), 273 (21),
204 (6).

HR-EI-MS : Calcd for C22H27N305, 413.1951. Found : 413.1947.

(4R* .6 R*,11aS8%)-4-Cyano-10-hydroxy-7.8-dimethoxy-2,9-di-

methyl-1.3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin

-6-yl)methyl acetate (99a)
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89a (17.4 mg, 0.05 mmol) ® 1.2-Y 7 nnu=x=# > (5 mL) Bk
C=EBIWCTCTE®F A7 e F (71 pL, 1 mmol) /M x . 4% 60
CCICHBE L 45 BMMABEBLEZ, TLCICTHBOEFZRD -
7T FAzr ) K (71 pL, 1 mmol) ZEM L, BML T
5 1% TLC F = v 7 21Tl ZARBOWEKEHERL -
OB ERG L, RISHWKIZKE T, fafl NaHCOs K& (30
mL)%Z Nz TG &2 1k S+, CH:Cl: (30 mL x 3) i, HHE
bW, Mgk (30 mL) Vi, s, WY E, KK (21.0
mg, HimfE, 19.5mg) 2 UV 75w (bg) OB T L7 v~ hiZT
FiH L C CH2Clz : AcOEt (7 1 3) A E XL W 99a (15.2 mg, UL =K,
T8%) % 15 7=,

99a : AT EF )L T 7 A

1H-NMR (400 MHz, CDCl3) & : 4.46 (1H, br
s, 10-OH), 4.22 (1H, br dd, J = 7.3, 3.7 Hz,

6-H), 4.22 (1H. dd. J=11.9, 3.7 Hz, 12-H),

4.13 (1H, t, J = 2.5 Hz, 4-H), 3.90 (1H, dd,

J=11.9, 7.3 Hz, 12-H), 3.76 (3H, s, 7-OCH3y), 3.73 (8H, s,
8-0OCH3), 2.95 (1H, dt, J = 11.2, 2.5 Hz, 3-H), 2.84 (1H, dt, 10.3,
2.4 Hz, 1-H), 2.81 (1H, m, 11a-H), 2.77 (1H, dd, J = 15.3, 2.5 Hz,
11-H), 2.31 (1H, dd, J = 11.2, 2.5 Hz, 3-H), 2.26 (3H, s, N-CH3),
2.12 (1H, dd, J = 15.3, 11.4 Hz, 11-H), 2.09 (3H, s, 9-CH3), 1.97
(3H, s, 14-CH3), 1.84 (1H, t, J = 10.3 Hz, 1-H).

13C-NMR (100 MHz, CDCls) § : 170.8 (s, C-14), 149.6 (s, C-8),
146.2 (s, C-10), 143.6 (s, C-7), 124.9 (s, C-6a), 118.0 (s, 4-CN),
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117.7 (s, C-10a), 116.4 (s, C-9), 68.1 (t, C-12), 61.1 (t, C-1), 60.6
(q, 7-OCH3), 60.3 (q, 8-OCH3), 56.7 (t, C-3), 56.2 (d, C-6), 53.8 (d,
C-4), 52.2 (d, C-11a), 45.7 (q, N-CH3), 27.1 (t, C-11), 21.1 (q,
C-15), 8.8 (q, 9-CHs).

FT-IR (KBr) cm'!:3447, 2941, 2193, 1740, 1462, 1248, 1229,
1067.

LR-MS (FAB*) : 390 [M+H]*.

HR-MS (FAB+) : Calcd for C20H258N305, 390.2029. Found :

390.2030.

((4R* 6R*,112S*)-4-Cvano-8-methoxy-2,9-dimethyl-7,10-dioxo-

1,3,4,6,7.10,11,.11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-

vDmethyl acetate (100a)

99a (15.6 mg, 0.04 mmol) ® CH3;CN (6 mL) & # (2 CAN (54.8
mg, 0.1 mmol) ® H20 (1 mL) K% —17°CIZ T F L7z, 15
3% O TLCIZ TIRABDOH K Z MR L. 30 0 RICKLE LB L,
BOIS#E 2 K (20 mL) & A0 %2 T MOS Z 4% 1k & & CH2C12 (20 mL x 3)
M., AEZLZ DY, MAREK (20 mL) Wi, &, WHEH
£, il (17.5mg, E#HME 14.9mg)E v V75N (5g) OF T A
7~ MZTHR L T AcOEt : Hexane (1 : 1) IEHE L Y 100a

(11.6 mg, 78 %) % & 7=,

100a : HEBE T EINL T 7 A
1H-NMR (400 MHz, CDCl13) 8 : 4.61 (1H, dd,

J=11.5, 2.8 Hz, 12-H), 4.19 (t, J = 2.4 Hz,
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4-H), 4.07 (1H, dd, J = 11.5, 2.8 Hz, 12-H), 4.03 (3H, s, 8-CHs),
4.01 (1H, t, J = 2.8 Hz, 6-H), 3.04 (1H, dt, 11.3, 2.4 Hz, 3-H),
2.94 (1H, t, J=10.7, 2.0 Hz, 1-H), 2.78 (1H, m, 11a-H), 2.78 (1H,
dd, J=18.0, 3.0 Hz, 11-H), 2.33 (1H, br dd, J=11.3, 2.4 Hz, 3-H),
2.34 (3H, s, N-CHs), 1.99 (3H, s, 9-CH3), 1.97 (3H, s, 14-CH3y),
1.90 (1H, ddd, J=18.0, 10.7, 2.9 Hz, 11-H), 1.84 (1H, t, J = 10.7
Hz, 1-H).

13C-NMR (100 MHz, CDCls) & : 186.1 (s, C-10), 181.3 (s, C-7),
170.6 (s, C-14), 155.8 (s, C-8), 141.3 (s, C-10a), 136.4 (s, C-6a),
128.4 (s, C-9), 117.2 (s, 4-CN), 62.5 (t, C-12), 61.1 (q, 8-OCHjy),
60.8 (t, C-1), 56.4 (t, C-3), 55.9 (d, C-6), 51.5 (d, C-4), 50.2 (d,
C-11a), 45.5 (q, N-CHs), 26.3 (t, C-11), 20.9 (q, C-15), 8.7 (q,
9-CHs).

FT-IR (KBr) cm™1:2972, 2941, 2801, 2226, 1748, 1657, 1624, 1258,
1219.

EI-MS m/z (%) : 373 (M+*, 7), 358 (6), 346 (4), 300 (100), 273 (9),
257 (7), 204 (7).

HR-EI-MS : Caled for C19H23N305, 373.1638. Found : 373.1641.

(4UR*,6R*,11aS5%)-4-Cyano-10-hydroxy-7.8-dimethoxy-2,9-di-

methyl-1,3,4,.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin

-6-yl)methyl propionate (101a)

89a (41.6 mg, 0.12 mmol) ® 1.2-¥Y 7 v =X > (12 mL) &%
BRI T e A 72U K (210 pL, 2.4 mmol) %1 2. 4+
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WAk 60°CICHIR L 1.5 REMEABFE L7z, TLCIZ THRE OH K %
R LD THRALP ARG L7, RICHKIZKA T A NaHCOs K
Wi (30 mL) % iz Tk & 4% 1k &%, CH2Clz (30 mL x 3)fh |
EfE A6 bd, fafifgE/AKk (30 mL) ¥, ., W8 L5, %
% (49.4 mg, ##HIE, 484 mg) 2 U B 5w (bg) OA T AR
~ MZTHH® L T AcOEt : Hexane (7 : 3)iAH ¥ L v 101a (38.7
mg, X%, 80%) % &7,

10la : AT )L 7 7 A

1H-NMR (400 MHz, CDCl3) & : 4.30 (1H, t, J
= 3.6 Hz, 6-H), 4.27 (1H, dd, J = 13.2, 3.6

Hz, 12-H), 4.22 (1H, t, J = 2.5 Hz, 4-H),

3.98 (1H, m, 12-H), 3.83 (3H, s, 7-OCH3),

3.80 (3H, s, 8-OCH3), 3.01 (1H, dt, J = 11.1, 2.5 Hz, 3-H), 2.90
(1H, dt, J = 10.1, 2.3 Hz, 1-H), around 2.88 (1H, m, 11a-H), 2.84
(1H, dd, J = 15.3, 2.3 Hz, 11-H), 2.38 (1H, dd, J = 11.1, 2.5 Hz,
3-H), 2.33 (3H, s, N-CHs), 2.31 (2H, q, J = 7.6 Hz, 15-Hy), 2.19
(1H, dd, J=15.3, 11.4 Hz, 11-H), 2.12 (8H, s, 9-CH3), 1.91 (1H, t,
J=10.1 Hz, 1-H), 1.13 (3H, t, J = 7.6 Hz, 15-CH3).

13C-NMR (100 MHz, CDCl3) & : 174.2 (s, C-14), 149.6 (s, C-8),
146.3 (s, C-10),143.6 (s, C-7), 124.8 (s, C-6a), 118.0 (s, 4-CN),
117.7 (s, C-10a), 116.4 (s, C-9), 68.2 (t, C-12), 61.1 (t, C-1), 60.6
(q, 7-OCH3), 60.3 (q, 8-OCH3), 56.7 (t, C-3), 56.2 (d, C-6), 53.8 (d,
C-4), 52.2 (d, C-11a), 45.7 (q, N-CH3), 27.6 (t, C-15), 27.1 (t,
C-11), 9.1 (q, C-16), 9.8 (q, 9-CH3s).
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FT-IR (KBr) cm!:3439, 2943, 2835, 2808, 2193, 1736, 1616, 1462,
1354, 1169, 1069.

LR-MS (FAB*) : 404 [M+H]*.

HR-MS (FAB*) : Caled for C21H29N305, 404.2185. Found :
404.2182.

(4R* 6R*,112S*)-4-Cvano-8-methoxy-2,9-dimethyl-7,10-dioxo-

1,3,4,6,7,10,11,11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-

vD)methyl propionate (102a)

101a (20.2 mg, 0.05 mmol) ® CH3CN (7.5 mL) &% i CAN
(68.5 mg, 0.125 mmol) ® H»0 (1.25 mL) ik % —17°CIC T F
L7, 15650 #% ® TLCIC THREB O KA R L, 30 /7% ICH% L%
P L 7c, RISIRICAK (20 mL) 2 TRILZEIESE-#%
CH:Cl: (20 mLx 3) #ith . A+ &bt i &K (20 mL) ¥
Ve, WolR. WRIERE, RE (16.2 mg, HiME 19.4 mg) VU A
TGn6g)DH T A7 ua~ MITHERML T AcOEt : Hexane (1 : 1)
WHE XLV 102a (12.4 mg, 64%) % 7=,

102a : &7 E )L T 7 A

1H-NMR (400 MHz, CDCl3) § : 4.63 (1H, dd,
J=11.3, 3.4 Hz, 12-H), 4.21 (1H, t, J=2.0

Hz, 4-H), 4.08 (1H, dd, J = 11.3, 2.7 Hz,

12-H), 4.03 (3H, s, 8-OCH3), 4.02 (1H, m,
6-H), 3.03 (1H, dt, J = 11.3, 2.0 Hz, 3-H), 2.94 (1H, dt, J = 10.2,
2.2 Hz, 1-H), 2.75-2.81 (2H, m, 11-H and 11a-H), around 2.33 (1H,
m, 3-H, overlapped with N-CHs3 and 15-Hs), 2.33 (3H, br s,
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N-CHs), 2.26 (2H, qd, J= 7.6, 1.0 Hz, 15-H3s), 1.97 (3H, s, 9-CH3),
1.91 (1H, ddd, J = 18.0, 11.2, 2.9 Hz, 11-H), 1.82 (1H, t, J = 10.2
Hz, 1-H), 1.09 (3H, t, J = 7.6 Hz, 15-CH3).

13C-NMR (100 MHz, CDCl3) & : 186.1 (s, C-10), 181.3 (s, C-7),
174.0 (s, C-14), 155.8 (s, C-8), 141.3 (s, C-10a), 136.5 (s, C-6a),
128.4 (s, C-9), 117.2 (s, 4-CN), 62.3 (t, C-12), 61.1 (q, 8-OCHjy),
60.8 (t, C-1), 56.4 (t, C-3), 55.9 (d, C-6), 51.5 (d, C-4), 50.2 (d,
C-11a), 45.5 (q, N-CH3), 27.5 (t, C-15), 26.3 (t, C-11), 9.2 (q,
C-16), 8.7 (q, C-9).

FT-IR (KBr) cm'1:2945, 2849, 2806, 2228, 1738, 1659, 1620, 1462,
1171.

EI-MS m/z (%) : 387 (M+*, 8), 360 (5), 300 (100), 275 (9), 273 (12),
257 (7), 204 (6).

HR-EI-MS : Calcd for C20H25N305, 387.1794. Found : 387.1795.
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(6 R*,11aS8*%)-6-((1,3-Dioxoisoindolin-2-yl) methyl)-7,8-dimethoxy

-9-methyl-2-((2-nitrophenyl)sulfonyl)-4-0x0-1,3.4.6,11.11a-

hexahydro-2H-pyrazino[1,2-blisoquinolin-10-yl

4-methylbenzenesulfonate (104a)

8la (33.1 mg, 0.05 mmol), 7 #Z /LA I F (36.8 mg, 0.25 mmol),
PPh; (65.6 mg, 0.25 mmol) ® THF (2 mL) ®# 2. k# T DEAD
(40% b= ¥R, 114 uL, 0.25 mmol) Z Mz 7=, =IEIZE L 30
%O TLCIZ TIHBOHEZMAB LI THRLUMEZHB L, X
JSRAZOK W . K (B0 mL) & A+ TR &5 1k, CH2Clz (30 mL x
3) M, AEAE ALY, fafm Al K (30 mL) Wiy, Wik, i
Bk, # (169.9 mg, HimfE, 39.5 mg) 2+ U H 7L (10 g) O
BT A uw MZTHRL T CHsCl: : AcOEt (20 1 1) WHE LY
104a & H 777 v a>»41.2mg) &L+ IRN83EHT TV
vary (109mg) #G7-, GohiczhZETho 777 v a il
TLCIZTEZHDOARy NP AELNTTOHBERKEELHA AT, 104a
G/ 777 var41.2mg) IV ANV (6g) OO T AT a~w
FMICTHEKBH L T AcOEt : Hexane (1:1) W HE X » 104a (23.7
mg, WE 60%) #&7~-, - F. = FIF8IGEAHAYTZ var (10.9
mg) VAT (6g) OB T A7~ M THERKRLT
AcOEt : Hexane (1 : 1) WH ¥ L » 83(3.1 mg, WHE 9.6 %)% HE7-,

104a : AT E )L 7 7 A
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IH-NMR (400 MHz, CDCl3) 5 : 8.04
(1H, dd, J = 7.7 Hz, 2.0 Hz, 3’-Hy),
7.69-7.80 (7TH, m, 4°,5’,6’-H and
37,2”-Hg), 7.65 (2H, dd, J = 5.5,

2.9 Hz, 47-Hs), 7.39 (2H, d, J = 8.2

Hz, 3”’-H2), 5.89 (1H, t, J= 4.4 Hz,
6-H), 4.30 (1H, dd, J = 14.0, 4.4 Hz, 12-H), 4.22 (1H, d, J = 16.7
Hz, 3-H), 4.00 (3H, s, 7-OCH3), 3.87-3.95 (2H, m, 1-H and 12-H
overlapped with 3-H), 3.90 (1H, d, J=16.7 Hz, 3-H), 3.70 (3H, s,
8-0CHs), 3.47 (1H, m, 11a-H), 3.12 (1H, dd, J = 12.6, 10.8 Hz,
1-H), 2.84 (1H, dd, J=15.6, 2.7 Hz, 11-H), 2.51 (3H, s, 4”’-CH3),
2.22 (1H, dd, J=15.6, 12.6 Hz, 11-H), 1.74 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCl3) & : 168.5 (s, C-27), 164.7 (s, C-4),
150.4 (s, C-8), 148.7 (s, C-7), 148.1 (s, C-2°), 145.9 (s, C-47),
140.7 (s, C-10), 134.2 (d, C-5’ or C-4’), 133.9 (d, C-3”), 133.0 (s,
C-17), 132.0 (d, C-5" or C-4’), 131.9 (s, C-2a”), 131.4 (d, C-3°),
131.3 (s, C-17), 130.0 (d, C-3”"), 128.4 (d, C-2”"), 127.3 (s, C-9),
124.9 (s, C-6a), 124.6 (s, C-10a), 124.5 (d, C-6’), 123.2 (d, C-47),
60.6 (q, 7-OCHz3s), 59.9 (q, 8-OCH3s), 53.5 (d, C-11a), 49.5 (d, C-6),
48.2 (t, C-1), 48.0 (t, C-3), 41.2 (¢, C-12), 22.7 (¢, C-11), 21.7 (q,
4”’-CH3s), 10.2 (q, 9-CH3y).

FT-IR (KBr) cm'!: 2941, 1775, 1717, 1661, 1545, 1418, 1391,
1371, 1179.

LR-MS (FAB*) : 791 [M+H]*.
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HR-MS (FAB*) : Calcd for C37H35N4012S, 791.1693. Found :

791.1687.

(6 R*,11aS8*%)-6-((1,3-Dioxoisoindolin-2-yl) methyl)-7,8-dimethoxy

-9-methyl-4-0x0-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-5]-

isoquinolin-10-yl 4-methylbenzenesulfonate (105a)

104a (3.16 g, 4 mmol) @ DMF (160 mL) i IZ =& 12 T K2COs3
(4.42 g, 32 mmol) MM, BEBERELE-OBLIZFA 7=/ —
(1.64 mL, 16 mmol) # /M x 7=, 18R #% » TLCIZ THEE DMk %
R L., BAOAEERB L, KIKKEICAKGBGOO mL) %0 x TG %
FEilksEiEg, =—7 1 (500 mLx3) fiH, fafn &k (500 mL)
oy, RoMR. WEER E, RE (5.15g, FiRE 2429 %> U B AL
(160g) ®H T L7~ MZTHELTACOEtHEFHE L Y 105a
(2.835g) BMOAT TN T 7 A5, &5I12 AcOEt I THEMIE L.
— % (1.65g, HIK 615.0mg) /7=, BONT KL HENS
feL T, —“%d& (349.2 mg, B 145.5 mg) B 7=, U ExE F L& ®
% L 105a (2.00 g, W 85%) % fdh TH 7o,

105a @ 7 U X A4 mp 235 - 235.5 °C

IH-NMR (400 MHz, CDCl3) § : 7.77 (2H,
dd, J=5.6, 3.2 Hz, 3’-Hs), 7.70 (2H, d, J
= 8.0 Hz, 2”-Hs), 7.65 (2H, dd, J = 5.6,
3.2 Hz, 4-H), 7.37 (2H, d, J = 8.0 Hz,

3”-Hq), 5.93 (1H, t, J = 4.2 Hz, 6-H),

4.31 (1H, dd, J = 13.8, 4.2 Hz, 12-H),
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3.95 (3H, s, 7-OCH3), 3.93 (1H, dd, J = 13.8, 4.2 Hz, 12-H), 3.69
(1H, d, J = 17.4 Hz, 3-H), 3.65 (3H, s, 8-OCH3s), 3.56 (1H, d, J =
17.4 Hz, 3-H), 3.27 (1H, m, 11a-H), 3.09 (1H, br d, J = 10.8 Hz,
1-H), 2.86 (1H, t, J=10.8 Hz, 1-H), 2.82 (1H, dd, J= 15.4, 2.3 Hz,
11-H), 2.50 (3H, s, 4”-CH3), 2.21 (1H, dd, J=15.4, 12.7 Hz, 11-H),
1.63 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 169.0 (s, C-4), 168.4 (s, C-2),
150.1 (s, C-8), 148.8 (s, C-7), 145.6 (s, C-47), 140.6 (s, C-10),
133.7 (d, C-4), 132.9 (s, C-17), 132.0 (s, C-2a’), 129.8 (d, C-37),
128.5 (d, C-2”), 126.6 (s, C-9), 126.0 (s, C-10a or C-6a), 125.7 (s,
C-10a or C-6a), 123.1 (d, C-3’), 60.6 (q, 7-OCH3), 59.8 (q,
8-OCH3), 54.9 (d, C-11a), 50.1 (t, C-3), 49.1 (t, C-1), 48.9 (d, C-6),
41.3 (t, C-12), 28.5 (t, C-11), 21.7 (q, 4”-CHs), 10.0 (q, 9-CH3s).
FT-IR (KBr) ecm-!: 3321, 2951, 1773, 1717, 1643, 1632, 1425,
1414, 1393, 1377, 1364, 1180, 1051.

EI-MS m/z (%) : 605 (M+, 2), 445 (100), 417 (44), 291 (10), 220
(20), 204 (10).

HR-EI-MS : Calcd for C31H31N30gS, 605.1832. Found : 605.1824.
Anal. Caled for Cs1H31N30sS-1/4 AcOEt : C, 61.23; H, 5.30; N,

6.69 Found : C, 61.27; H, 5.31; N, 6.43.

(6R*,11a8%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-7.8-di-

methoxyv-2,9-dimethvl-4-0x0-1,3,4,6,11,11a-hexahvdro-2 H-
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pyrazinol[1,2-blisoquinolin-10-v]l 4-methylbenzenesulfonate

(106a)

105a (60.5 mg, 0.1 mmol) ® ¥ (1.7 mL) &K % 4L 60 °C 1T &
B#%. 37% A~V v (1.5mL) #/Mx ., 70°C £ TH IR L Tz
WM ZBMB Lz, 1EMZO TLCIC THBOWEKkEZHR LD T
%A 2 B A L 7o, BOGIR & Ok L7z 5% NHs K¥E#KR (20 mL) (2
HF . X@EFML T, o®e— FIZBE L CHCIs (20 mL x 3) il i,
EHE A6 b, Ak (20 mL) ¥y, W, WY L, &
% (69.7 mg, #H#HIE, 61.9mg) 2>V BT (Tg) OO T AR
~ MIZTH & L C CH2Cl: : MeOH (20:1) WHE £ Y 106a (55.1
mg, WFE, 89%) & 157,

106a : AT )L 7 7 A

IH-NMR (400 MHz, CDCl3) 8 : 7.72 (2H, [me

dd, J=5.5 Hz, 3.2 Hz, 3’-H2), 7.65 (2H,
d, J = 8.2 Hz, 2”-Hs), 7.60 (2H, dd, J =
5.5, 3.2 Hz, 4’-H2), 7.33 (2H, d, J = 8.2
Hz, 3”-Hs), 5.81 (1H, t, J= 4.2 Hz, 6-H),

4.33 (1H, dd, J = 13.9, 4.2 Hz, 12-H),

3.94 (3H, s, 7-OCHz3), 3.91 (1H, dd, J =

13.9, 4.2 Hz, 12-H), 3.62 (3H, s, 8-OCH3), 3.46 (1H, d, J = 16.3
Hz, 3-H), 3.34 (1H, m, 11a-H), 3.00 (1H, d, J = 16.3 Hz, 3-H),
2.79 (1H, br d, J=10.8 Hz, 1-H), 2.74 (1H, dd, J = 15.6, 2.5 Hz,
11-H), 2.46 (3H, s, 4”-CH3), 2.30 (3H, s, N-CH3), 2.27 (1H, t, J =
10.8 Hz, 1-H), 2.16 (1H, dd, J=12.6, 15.6 Hz, 11-H), 1.57 (3H, s,
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9-OCHs).

13C-NMR (100 MHz, CDCls) §: 168.4 (s, C-2’), 168.1 (s, C-4),
150.1 (s, C-8), 148.9 (s, C-7), 145.6 (s, C-4”), 140.6 (s, C-10),
133.7 (d, C-4’), 133.0 (s, C-17), 132.1 (s, C-2a’), 129.8 (d, C-37),
128.6 (d, C-2”), 126.5 (s, C-9), 126.2 (s, C-10a), 125.0 (s, C-6a),
123.0 (d, C-3’), 60.5 (q, 7-OCH3s), 59.8 (q, 8-OCH3s), 59.2 (t, C-3),
57.9 (t, C-1), 53.5 (d, C-11a), 49.4 (d, C-6), 45.0 (q, N-CH3), 41.0
(t, C-12), 28.8 (t, C-11), 21.7 (q, 4”-CH3), 10.0 (q, 9-CH3).

FT-IR (KBr) cm'!: 2936, 1773, 1717, 1645, 1464, 1445, 1420,
1387, 1379, 1358, 1190, 1180.

EI-MS m/z (%) : 619 (M+*, 10), 459 (100), 431 (75), 305 (11), 277
(11).

HR-EI-MS : Calcd for Cs2H33N30sS, 619.1988. Found : 619.1990.

(6R*,11aS5%)-6-(Aminomethyl)-7.8-dimethoxyv-2.9-dimethyl-4-o0xo0

-1.3.4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin-10-yl

4-methylbenzenesulfonate (107a)

106a (928.5 mg, 1.5 mmol) @ EtOH (30 mL) ®iKilc., =R I Tk
KT v —/Kf¥ (3mL) M x. s 60°CIZ5HiE L 1 KRN
BELEXKIGEEREZTZ AR —F =2 TREMHEL. N> E> (100 mL)
I CTAWR. IN/HCI AKEHK (100 mL) I Tl Z2irT-o72, B o0
7=k E % 5%NH3 KK I CTpH9IC L7=% . .CHCI; (100 mL x 3) i
. i EEAK (100 mL) Ve, Wk, WIE®E £, KiE (742.9 mg
M 733.5mg) 2L U AN (26 g)DH T AV v~ I THHRM
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L CTCHCls: MeOH (9:1) I ®H#H LY 107a (721.1 mg, I FE 98%)
o =

107a : BT L7 7 A

1H-NMR (400 MHz, CDCls) & : 7.79 (2H, [Me
d, J=8.3 Hz, 2-Hs), 7.38 (2H, d, J =
8.3 Hz, 3°-Hs), 5.48 (1H, dd, J= 6.3, 3.9

Hz, 6-H), 3.99 (1H, dd, J=13.2, 3.9 Hz,

12-H), 3.87 (3H, s, 7-OCH3s), 3.77 (3H,

s, 8-OCH3), 3.50 (1H, dd, J=16.1, 1.0 Hz, 3-H), 3.34 (1H, ddt, J
=12.2, 10.7, 2.9 Hz, 11a-H), 2.94 (1H, d, J = 16.1 Hz, 3-H),
2.84-2.89 (2H, m, 12-H and 1-H overlapped with 11-H), 2.84 (1H,
dd, J=15.1, 7.9 Hz, 11-H), 2.49 (3H, s, 4-CH3), 2.32 (3H, s,
N-CH3), 2.30 (1H, dd, J = 15.1, 12.2 Hz, 11-H), 2.22 (1H, t, J =
10.7 Hz, 1-H), 1.92 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 167.5 (s, C-4), 150.3 (s, C-8),
148.7 (s, C-7), 145.7 (s, C-4’), 140.8 (s, C-10), 133.4 (s, C-17),
129.9 (d, C-3°), 128.3 (d, C-2°), 127.2 (s, C-6a), 126.3 (s, C-9),
126.3 (s, C-10a), 60.6 (q, 7-OCHs3s), 60.1 (q, 8-OCH3), 59.3 (d, C-3),
58.2 (t, C-1), 53.8 (d, C-11a), 52.9 (d, C-6), 47.5 (t, C-12), 45.0 (q,
N-CH3s), 28.8 (t, C-11), 21.7 (q, 4°-CH3y), 10.6 (q, CH3).

FT-IR (KBr) cm!: 3379, 2941, 2874, 2847, 2785, 1647, 1597,
1414, 1373, 1346, 1192, 1179.

LR-MS (FAB*) : 490 [M+H]*.

HR-MS (FAB*) : Calcd for C24H32N306S, 490.2012. Found
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490.2010.

107a O~ > b D Mgt (NHo:NHs-H0 2 Wi 3 4)

107a (48.9 mg, 0.1 mg) ® EtOH (1 mL) ®iKIZ. B KT ¥ —
AKFi# (2 mL) 2 x40 110 °C i TMEVE K Z B4 L 7=, TLC
TR ZEZBHLIZEZA ARMBICESOHELZER L, (L
MU, ZOMTHLEICELCTEAA Y ARy MTRE X 0 KM MELRE
MTHoTe, >E0D ZORKATRBOMBR IO T 7 X LTV
A=V EEBAELTWD ETFPHTED), MBARERBNDL 8
FEf . 1 2D ARy MWK Lz THAEZBGB L, UL o
MRV DT 7 ZLERAKEELEZS DN, b b 5L i
Lt PRLE), KIGHKZ m L, fiafn NH4ClL K&K (50 mL) %
% T 5%MeOH & A CHCl; (50 mL x 3) i, AHE%2 A bt
Tl fn &k (50 mL) ¥E#f. WM. Wi L, KE (39.5 mg, H

@ fE, 33.5 mg, 108a O HE i IX 31.7mg) 2> V7L (7Tg) @
T A7~ MZTH®E LT CHCls : MeOH : 28% NH3 /K % iR
(90 :9:1) WHE L v 108a (26.5 mg, WFE, 84%) % 157,

(5a8*,10bR*)-9,10-dimethoxy-4.8-dimethvl-3.4.5.5a,6,10b-hexa-

hydro-1H-2.2al.4-triazaaceanthrylen-7-o0l (108a)

108a : M T E )L 7 7 A

IH-NMR (400 MHz, C5D5N) 8§ : 10.07 (1H, br

s, 7-OH), 5.14 (1H, dd, J = 11.2, 5.5 Hz,

10b-H), 4.60 (1H, ddd, J = 14.4, 11.2, 2.8 Hz,
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1-H), 4.13 (1H, dd, J = 14.4, 5.5 Hz, 1-H), 3.82 (3H, s, 9-OCH»),
3.76 (3H, s, 10-OCH3), 3.68 (1H, d, J=13.5 Hz, 3-H), 3.47 (1H, m,
5a-H), 3.30 (1H, dd, J = 16.2, 11.4 Hz, 6-H), 3.02 (1H, dd, J =
16.2, 3.8 Hz, 6-H), 2.79 (1H, d, J = 13.5 Hz, 3-H), 2.74 (1H, d, J
=11.6 Hz, 5-H), 2.51 (1H, dd, J = 11.6, 3.3 Hz, 5-H), 2.44 (3H, s,
8-CHs), 2.19 (3H, s, N-CH3).

13C-NMR (100 MHz, C5D5N) & : 159.3 (s, C-2a), around 149.0 (s,
C-9 overlapped with solvent residual signals), around 149.0 (s,
C-7 overlapped with solvent residual signals), 142.4 (s, C-10),
128.9 (s, C-10a), 117.6 (s, C-6a), 116.9 (s, C-8), 63.5 (t, C-1), 59.2
(q, 9-OCH3), 59.1 (q, 10-OCH3), 56.5 (t, C-5), 55.7 (d, C-10b),
54.0 (t, C-3), 49.0 (d, C-5a), 44.6 (q, N-CH3), 26.0 (t, C-6), 9.3 (q,
8-CHjs).

FT-IR (KBr) cm!: 3361, 2941, 1628, 1582, 1456, 1287, 1248,
1067.

EI-MS m/z (%) : 317 (M+, 100), 302 (16), 274 (29), 220 (33), 206
(20).

HR-EI-MS : Caled for C17H23N303, 317.1739. Found : 317.1738.

107a Ot b > b D i (Mg/MeOH # H\W 3 E&)

107a (48.9 mg, 0.1 mmol) ® MeOH (2 mL) &% 2 Mg (121.5
mg, 5 mmol) Z M BHEHEK L, 1.5 K% » TLC 2 TJHEFE
DHRKREZHWRLIZO THRALBLZHB L, RKIIREET A4 AL
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TR LT AHKIZETFT NH4Cl KiEE#% (50 mL) % fnz . CHCI; (50
mLx3) i, AEZ ST, MfnRgEK (50 mL) W, .
W £, %% (33.6 mg, #imfEd 33.5 mg) #> U 7 (10 g)
DH T A7~ TR LT CHCl; : MeOH : 28%NH3 kK&K q
(90:9:1) &EHIE XLV 109a, 108a DR AW (27.9 mg) % 7=,
T, BEYIIISLY 1290 T A7~ MIZTHERLTT
CHCls : MeOH : 28%NH3 /K% (150:9:1) EHE X VY 108a (3.1
mg, IWE 10%). 109a (22.2 mg, IFE 66%) % 157,

(6R*,11a5%)-6-(Aminomethyl)-10-hydroxyv-7.8-dimethoxy-2,9-di-

methyl-1,2.3,6,11,11a-hexahydro-4 H-pyrazino[1,2-blisoquinolin

-4-one (109a)

109a : AT )L 7 7 A

1H-NMR (400 MHz, CDCl3) & : 5.43 (1H, dd,
J=6.5,4.5 Hz, 6-H), 3.79 (3H, s, 7-OCH3y),

3.78 (3H, s, 8-OCH3s), 3.53 (1H, d, J = 16.5

Hz, 3-H), 3.40 (1H, m 11a-H), 3.05 (1H, dd,

J=14.2,2.5 Hz, 11-H), 3.02 (1H, dd, J=12.6, 4.5 Hz, 12-H), 3.02
(1H, d, J=10.8 Hz, 1-H), 2.97 (1H, d, J= 16.5 Hz, 3-H), 2.69 (1H,
br dd, J=12.6, 6.5 Hz, 12-H), 2.34 (1H, t, J=10.8 Hz, 1-H), 2.34
(3H, s, N-CH3), 2.30 (1H, dd, J = 14.2, 13.1 Hz, 11-H), 2.14 (3H,
s, 9-CH3s).

13C-NMR (100 MHz, CDCls) 6 : 167.8 (s, C-4), 150.0 (s, C-8),
147.2 (s, C-10), 143.6 (s, C-7), 125.5 (s, C-6a), 118.8 (s, C-10a or
C-9), 118.5 (s, C-10a or C-9), 60.8 (q, 7-OCH3), 60.2 (q, 8-OCH3),
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59.2 (t, C-3), 58.2 (t, C-1), 54.2 (d, C-11a), 52.4 (d, C-6), 47.4 (t,
C-12), 45.0 (q, N-CH3s), 26.9 (t, C-11), 9.4 (q, 9-CH3).

FT-IR (KBr) cm!: 3360, 2940, 2789, 1636, 1585, 1462, 1422,
1350, 1119, 1067.

LR-MS (FAB*) : 336 [M+H]*.

HR-MS (FAB*) : Caled for C17H26N304, 336.1923. Found :

336.1917.

(6 R*,11aS8*)-6-(((Tert-butoxycarbonyl)amino)methyl)-7.8-di-

methoxy-2.,9-dimethyl-4-0x0-1.3,4,6,11.11a-hexahydro-2 H-

pyrazino[1,2-blisoquinolin-10-v]l 4-methylbenzenesulfonate

(110a)

107a (4.32 g, 8.83 mmol) ®» CH3CN (130 mL) ®i#k I =R 1 T
Boc20 (2.43 mL, 10.6 mmol) Z MMz 7=, 1HEM#% » TLC 2 T/
DERZMHEL, BLBEEZHB L, OSKICKE T, K (500 mL)
A TG EE LS+, CHCl; (500 mL x 3) #ilh, AiE % &

bHE, Ak (500 mL) Ybi ., oM. AR R, RiE (5.96 g,

HimMME 5.20g) v U 7 (160 g) Me
DA T A7 v~ MMITHR L TCHCly: v
MeOH (50 : 1) #H#8 L v 110a (4.80 g,
E 92%) % & 7=,

110a : AT EF )L 7 7 X

IH-NMR (400 MHz, CDCl3) § : 7.80 (2H,

d, J=28.3 Hz, 2°-H2), 7.39 (2H, d, J = 8.3 Hz, 3’-H2), 5.17 (1H, t,
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J=5.9Hz, 6-H), 4.97 (1H, t, J= 5.9 Hz, N-H), 3.89 (3H, s,
7-OCHs), 3.77 (3H, s, 8-OCHs), 3.51 (1H, dt, J = 13.6, 5.9 Hz,
12-H), 3.50 (1H, d, J = 16.1 Hz, 3-H), 3.35 (1H, m, 11a-H), 3.24
(1H, dt, J = 13.6, 5.9 Hz, 12-H), 2.95 (1H, d, J = 16.1 Hz, 3-H),
around 2.83 (1H, m 1-H overlapped with 11-H), 2.79 (1H, dd, J =
13.2, 1.0 Hz, 11-H), 2.49 (3H, s, 4’-CH3), around 2.32 (1H, m
11-H overlapped with N-CH3), 2.32 (3H, s, N-CH3s), 2.21 (1H, t, J
=10.7 Hz, 1-H), 1.93 (3H, s, 9-CH3), 1.39 (9H, s, CO2C(CH3)3).
13C-NMR (100 MHz, CDCls) & : 168.0 (s, C-4), 155.9 (s, C-14),
150.1 (s, C-8), 148.3 (s, C-7), 145.6 (s, C-4’), 140.8 (s, C-10),
133.4 (s, C-17), 130.0 (d, C-3’), 128.4 (d, C-2°), 126.7 (s, C-9),
126.5 (s, C-6a), 126.2 (s, C-10a), 78.9 (s, C-16), 60.6 (q, 7-OCH3),
60.0 (q, 8-OCH3), 59.1 (t, C-3), 58.0 (t, C-1), 53.9 (d, C-11a), 49.4
(d, C-6), 45.7 (t, C-12), 45.0 (q, N-CH3s), 28.4 (q, C-17), 27.9 (t,
C-11), 21.7 (q, 4’-CH3s), 10.7 (q, 9-CH3).

FT-IR (KBr) cm'!: 3325, 2974, 2941, 2787, 1713, 1647, 1510,
1464, 1366, 1179, 1055.

EI-MS m/z (%) : 589 (M*, 12), 459 (100), 431 (73), 305 (8), 277 (8).

HR-EI-MS : Calcd for C29H39N30sgS, 589.2458. Found : 589.2456.

110a — 111a (Mg/MeOH % H W72 b v JE o B % 3 )

110a (58.9 mg, 0.1 mmol) ® MeOH (2 mL) ®# 1Z Mg (121.5 mg,
5mmol) Z/Mx CHELZHBLE, ERICT1IEEM%ZO® TLC 2 &
BEL7ZE AR BOMAKEWHER LD CHALAFEEZBAMG LT, KK
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[~ faFn NH4Cl K & #K (30 mL) % fnx ., CHCls (30 mL x 3)#if i |

il

fHEZ LY, fAfRE K (30 mL) vei., Wi, WHE X, &
% (61.0 mg, #imfE 43.5 mg) #> U7 (11 g) OB T LY
o~ MIZTHE®L T CHCl;: MeOH (20 : 1) & H &5 L v 111a (40.1
mg, [XE 92%) % 15 7=,

Tert-butyl

((6R*,112S*%)-10-Hydroxy-7.8-dimethoxy-2,9-dimethyl-4-0x0-1,3

.4.6.,11.11a-hexahydro-2 H-pyrazino[1.2-blisoquinolin-6-yl)-

methyl)carbamate (111a)

IH-NMR (400 MHz, CDCl3) § :5.58 (1H, t, J = 5.7 Hz, 6-H), 5.08
(1H, br s, N-H), 3.81 (3H, s, 7-OCH3), 3.78 (3H, s, 8-OCH3), 3.54
(1H, d, J = 16.1 Hz, 3-H), 3.40-3.52 (2H, m, 12-H and 11a-H),
3.24 (1H, dt, J =13.1, 5.7 Hz, 12-H), 3.04 (1H, dd, J = 15.1, 2.9
Hz, 11-H), around 3.00 (1H, m 1-H overlapped with 3-H), 3.00
(1H, d, J = 16.1 Hz, 3-H), 2.41 (1H, dd, J = 15.1, 13.2 Hz, 11-H),
around 2.34 (1H, m 1-H, overlapped with N-CH3s), 2.34 (3H, s,
N-CH3), 2.15 (3H, s, 9-CH3), 1.37 (3H, s, CO2C(CH3)s3).
13C-NMR (100 MHz, CDCls) 5 : 168.0 (s, C-4), 156.1 (s, C-14),
149.8 (s, C-8), 146.6 (s, C-10), 143.5 (s, C-7), 125.5 (s, C-6a),
118.0 (s, C-10a), 118.0 (s, C-9), 78.9 (s, C-16), 60.8 (q, 7-OCH3),
60.2 (q, 8-OCH3), 59.1 (t, C-3), 58.2 (t, C-1), 51.2 (d, C-11a), 49.3
(d, C-6), 46.0 (t, C-12), 45.0 (q, N-CH3s), 28.4 (q, C-17), 26.1 (t,
C-11), 9.1 (q, 9-CH3s).

FT-IR (KBr) cm'!: 3350, 2976, 2941, 2791, 1709, 1636, 1510,
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1464, 1366, 1252, 1167, 1070.
EI-MS m/z (%) : 435 (M+, 16), 305 (95), 277 (100).

HR-EI-MS : Caled for C22H33N306, 435.2369. Found : 435.2367.

11la icx 9 2 7 / fk

111a (108.0 mg, 0.25 mmol) ® THF (50 mL) &2, K& F
Red-Al® (70% Toluene A, 1.77 mL, 6.25 mmol) % M % 7=, =i
I C1HFM@ELEE. TLCIC CHREBDOHEEEHRAL =, (ZDE., TLC
TV — b ETUE=T ENSLTOLERLAZWVWE 2 AR v b
MHBELTLEIOTEENLE), RWT, 0.5 N/KCN KKK
(130.2 mg / 4.0 mL), K (1.58 mL, 27.5 mmol) DIJHIZCW > < ¥
EMmx7z, KCN KBEKRZMZTHH 305%., iR ARy & 2
OMRLEZO THUBEEZRB L, KISKRICHT e v = VKR
% (50 mL) & fafn NaHCOs; K ¥%# (50 mL) hl 2 T RIS % % 1k &
¥, CHCl3 (100 mLx 3) #iih, AE 2 5o, faf i K (100
mL) e, WM. W L, EE (187.9 mg, #Himfi 111.5 mg) %
YU BN (17Tg) OO T A7 v~ MZTHR LT CHCls:
Benzene : MeOH (70 : 30 : 1.5) A # L Y 118a (56.8 mg, U ¥
51%) 7, 7o, FHEHE L 112a (40.1 mg, LFE 36%) % 15

7"7
— o0

Tert-butyl

((4R*. 6 R*,11aS5*)-4-Cyvano-10-hydroxy-7.8-dimethoxy-2,9-di-
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methyl-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin

-6-yvl)methyl)carbamate (112a)

112a : AT E )L 7 7 R

1H-NMR (400 MHz, CDCl3) 6 : 4.76 (1H, br
s, 10-OH), 4.53 (1H, br t, J=6.1 Hz, N-H),

4.17 (1H, br s, 4-H), 4.11 (1H, br s, 6-H),

3.83 (3H, s, 7-OCH3), 3.80 (3H, s, 8-OCH3),

3.44 (1H, ddd, J = 15.7, 6.1, 4.6 Hz, 12-H),

3.36 (1H, ddd, J = 15.7, 6.1, 2.3 Hz, 12-H), 3.03 (1H, br d, J =
11.5 Hz, 3-H), 2.92 (1H, br d, J = 10.5 Hz, 1-H), 2.84 (1H, m,
11a-H), overlapped with 11-H), 2.81 (1H, dd, J = 15.1, 2.5 Hz,
11-H), 2.39 (1H, dd, J = 11.5, 3.0 Hz, 3-H), 2.33 (3H, s, N-CH3y),
2.15 (1H, dd, J = 15.1, 12.6 Hz, 11-H), 2.15 (3H, s, 9-CH3), 1.89
(1H, t, J = 10.5 Hz, 1-H), 1.37 (9H, s, CO2C(CH3s)s).

13C-NMR (100 MHz, CDCls) & : 156.4 (s, C-14), 149.7 (s, C-8),
146.3 (s, C-10), 143.5 (s, C-7), 125.9 (s, C-6a), 118.0 (s, 4-CN),
117.6 (s, C-10a), 116.2 (s, C-9), 78.9 (s, C-16), 61.2 (t, C-1), 60.4
(q, 7-OCH3), 60.3 (q, 8-OCH3), 57.8 (d, C-6), 56.7 (t, C-3), 52.2 (d,
C-4), 51.2 (d, C-11a), 45.8 (q, N-CH3), 43.8 (t, C-12), 28.4 (q,
C-17), 27.5 (t, C-11), 8.8 (q, 9-CH3).

FT-IR (KBr) cm'!: 3379, 2938, 2226, 2193, 1697, 1462, 1366,
1354, 1275, 1252, 1167, 1119, 1067.

LR-MS (FAB*) : 447 [M+H]+.

HR-MS (FAB*) : Calcd for C23H35N405, 447.2608. Found
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447.2613.

Tert-butyl

(((BR,6R.11a5)-3-Cyano-10-hydroxy-7.8-dimethoxy-2.9-dimethyl

-1.3.4.6,11,11a-hexahydro-2H-pyrazinol[1.,2-blisoquinolin-6-vyl)-

methyl)carbamate (113a)

113a : AT E )L 7 7 R

1H-NMR (400 MHz, CDCl3) 8 : 5.09 (1H, br
dd, J=17.6, 3.7 Hz, N-H), 4.58 (1H, br s,

10-OH), 3.89 (3H, s, 7-OCH3), 3.86 (1H, t, J

= 3.7 Hz, 6-H), 3.80 (1H, br s, 3-H), 3.78 (3H, 113 O 150ﬁ<

s, 8-OCH3y), 3.53 (1H, ddd, J = 12.5, 7.6, 3.7

Hz, 12-H), 3.23 (1H, dt, J=12.5, 3.7 Hz, 12-H), 3.22 (1H, br d, J
= 9.2 Hz, 4-H), 2.82 (1H, dd, J = 9.2, 2.5 Hz, 4-H), 2.79 (1H, m,
1-H, overlapped with 4-H and 11-H), 2.75 (1H, dd, J = 15.1, 1.8
Hz, 11-H), 2.49 (1H, br t, J = 11.4 Hz, 11a-H), 2.43 (3H, s,
N-CH3), 2.37 (1H, t, J = 11.4 Hz, 1-H), 2.23 (1H, dd, J = 15.1,
11.4 Hz, 11-H), 2.12 (3H, s, 9-CH3), 1.28 (9H, s, CO2C(CH3)3).
13C-NMR (100 MHz, CDCls) & : 156.0 (s, C-14), 149.3 (s, C-8),
145.9 (s, C-10), 143.9 (s, C-7), 125.9 (s, C6a), 117.5 (s, C-10a),
115.9 (s, 3-CN), 115.8 (s, C-9), 78.5 (s, C-16a), 60.4 (q, 7-OCHzy),
60.1 (q, 8-OCH3), 58.5 (d, C-6), 56.9 (t, C-1), 55.1 (d, C-3), 54.9
(d, C-11a), 54.5 (t, C-4), 44.9 (t, C-12), 43.5 (q, N-CH3s), 28.2 (q,
C-17), 27.1 (t, C-11), 8.7 (q, 9-CH3).
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FT-IR (KBr) cm-!: 3428, 2938, 2226, 1695, 1503, 1460, 1352,
1254, 1163, 1067.

LR-MS (FAB*) : 447 [M+H]*.

HR-MS (FAB*) : Caled for C23H35N405, 447.2608. Found :

447.2616.

(4R* 6 R*.11aS5*)-6-(Aminomethyl)-10-hydroxy-7.8-dimethoxy-2,

9-dimethyl-1,3.4.6.,11,11a-hexahydro-2H-pyrazinol[1.,2-bliso-

guinoline-4-carbonitrile (114a)

112a (107.0 mg, 0.24 mmol) % 35mL ®F AW 7 J 2 2|2 A,
12T 4N/ HCIl in AcOEt (6 mL) Z/Mx 7., 10 53 % ® TLC IZ
THEOHERAEZHR LD THLBEEZ BB L 72, KIS K Z BT R
LCH72E®EH%E CHCls (50 mL) THAMR®% ., filf1 NaHCOs K %
(50 mL) # /M x. CHCl; (50mLx3) i, AffE 4+ A b¥. ffn
Bk (50 mL) Wi, WM. WHHE E, KK (96.5 mg, A
83.0mg) 2> U BN (8g) OA T L/~ MITHELT
CH:Clz : MeOH : 28%NHs K& #% (150 : 9 : 1) WHEH LY 114a
(65.6 mg, WFE 79 %) % &7,

114da : AT EF )L 7 7 X

IH-NMR (400 MHz, CDCl3) 5 : 4.11 (1H, t, J oH
= 3.2 Hz, 6-H), 4.07 (1H, t, J = 2.6 Hz, 4-H),

3.82 (3H, s, 7-OCH3s), 3.77 (3H, s, 8-OCH3y),

2.06 (1H, dt, J=11.3, 2.6 Hz, 3-H), 2.94 (1H, 114a
dt, J = 10.3, 2.1 Hz, 1-H), 2.80-2.90 (4H, m 11-H, 11a-H, and
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12-H x 2), 2.39 (1H, dd, J = 11.3, 2.6 Hz, 3-H), 2.35 (3H, s,
N-CH3), 2.17 (1H, dd, J = 15.4, 11.7 Hz, 11-H), 2.10 (3H, s,
9-CH3), 1.95 (1H, t, J = 10.3 Hz, 1-H). 13C-NMR (100 MHz,
CDCls) 6 : 149.7 (s, C-8), 146.7 (s, C-10), 143.1 (s, C-7), 125.9 (s,
C-6a), 118.4 (s, C-10a), 117.7 (s, 4-CN), 116.6 (s, C-9), 61.2 (t,
C-1), 60.5 (q, 7-OCHs), 60.3 (q, 8-OCHs), 59.4 (d, C-6), 56.9 (t,
C-3),52.6 (d, C-4), 51.7 (d, C-11a), 45.7 (q, N-CH3), 45.4 (t, C-12),
27.7 (t, C-11), 9.1 (q, 9-CH3).

FT-IR (KBr) cm'!: 3354, 2940, 2833, 2226, 1587, 1460, 1352,
1159, 1119, 1067, 1005, 980.

LR-MS (FAB*) : 347 [M+H]*.

HR-MS (FAB+) : Calcd for C18H26N403, 347.2084. Found :

347.2082.

N-((4R* . 6 R*,11aS8%)-4-Cyano-10-hydroxy-7.8-dimethoxy-2,9-di-

methyl-1.3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin

-6-yl)methyl)-2-oxopropanamide (115a)

114a (20.8 mg, 0.06 mmol) CH2Cl: (6 mL) Mk iz, L 2 »
5 0°C 12T EtsN/CH2Cl12 (120 pL, 0.5 mol/L), At s ol
K/ CH2Clz (120 uL, 0.5 mol/L) /M x ., HBIZKE L7, 10 5 #
O TLCIZTHEBOHKLZMR L., 300K IIRICEZEIELIET, K
iz K (20 mL) &40z CHCl; (20 mL x3) i, Ak~ &b
. BE K (20 mL) Wi, WM, WEE E, ZE (26,9 mg, H
WfE, 25.0mg) Z# U B F L (6g) OO T A7~ MITHEL
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T AcOEt: CHCl3 (1:1) ®WH ¥ X v 115a (21.2 mg, XX 85%) %

N

72,

115a : @A T E )L 7 7 R

1H-NMR (400 MHz, CDCl3) 6 : 7.14 (1H, br
t, J=5.9 Hz, N-H), 4.71 (1H, br s, 10-OH),

4.23 (1H, dd, J=5.9, 2.9 Hz, 6-H), 4.11 (1H,

t, J= 2.4 Hz, 4-H), 3.85 (3H, s, 7-OCH>), 0" T

3.80 (3H, s, 8-OCHz3), 3.61 (1H, ddd, J =

13.6, 5.9, 2.9 Hz, 12-H), 3.44 (1H, dt, J = 13.6, 5.9 Hz, 12-H),
3.05 (1H, dt, J=12.1, 2.4 Hz, 3-H), 2.93 (1H, dt, J=10.8, 2.9 Hz,
1-H), 2.85 (1H, tt, J=10.8, 2.9 Hz, 11a-H), 2.83 (1H, dd, J=15.1,
2.9 Hz, 11-H), 2.40 (3H, s, NHCOCOCH3), 2.38 (1H, dd, J = 12.1,
2.4 Hz, 3-H), 2.34 (3H, s, N-CH3s), 2.15 (3H, s, 9-CH3), 2.12 (1H,
dd, /= 15.1, 10.8 Hz, 11-H), 1.89 (1H, t, J = 10.8 Hz, 1-H).
13C-NMR (100 MHz, CDCls) & : 197.1 (s, C-15), 160.4 (s, C-14),
149.8 (s, C-8), 146.5 (s, C-10), 143.4 (s, C-7), 125.4 (s, c-6a),
117.6 (s, 4-CN), 117.3 (s, C-10a), 116.7 (s, C-9), 61.1 (t, C-1),
60.5 (q, 7-OCH3s), 60.4 (q, 8-OCH3), 56.9 (d, C-6), 56.8 (t, C-3),
52.5(d, C-4), 51.7 (d, C-11a), 45.7 (q, N-CH3), 43.5 (t, C-12), 27.2
(t, C-11), 24.5 (q, C-16), 8.8 (q, 9-CH3).

FT-IR (KBr) cm-!: 3323, 2940, 2837, 2228, 2193, 1721, 1682,
1462, 1356, 1167, 1119, 1069, 978,

LR-MS (FAB*) : 417 [M+H]+.

HR-MS (FAB*) : Caled for C21H28N4O5, 417.2138. Found :
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417.2133.

N-(((4R*. 6 R*,11a5%)-4-Cyano-8-methoxy-2,9-dimethyl-7,10-di-

0x0-1,3,4,6,7,10,11,11a-octahydro-2H-pyrazino[1,2-bliso-

guinolin-6-vl)methyl)-2-oxopropanamide (116a)

115a (16.6 mg, 0.04 mmol) ® CH3CN (6 mL) & & (2 CAN (54.8
mg, 0.1 mmol) ® H20 (1.0 mL) #Fi® % —17°CIZ T F L=, 15
EO TLCIZ TR B O Ak ZMB LI BRLUEZHBLL, K
JERIZ 5% NaHCOs KK (20 mL) % 1 2 TG & 8 Ik X & 7= 0
L AcOEt (20 mLx 3) i, A E 2L, A& K (20 mL)
Ve, W, WHEE E, BE (24.7Tmg, FLiGME 160 mg)ad v U b
g (4g) OB T A7~ MZTHELTCHCI; : MeOH (40 & 1)
WM E D 116a (16.1 mg, EEMNE) 2 H 7.

116a : HEO 7 /N7 7 A

IH-NMR (400 MHz, CDCl3) 8 : 7.10 (1H, br
dd J=28.9,4.1 Hz, N-H), 4.16 (1H, t, J=2.4

Hz, 4-H), 4.08 (3H, s, 8-OCH3), 4.02 (1H, m,

6-H), 3.89 (1H, ddd, J = 14.3, 8.9, 1.6 Hz, o)}(

12-H), 3.35 (1H, dt, J = 14.3, 4.1 Hz, 12-H),

3.09 (1H, dt, J=11.5, 2.4 Hz, 3-H), 2.95 (1H, dt, J=11.0, 2.8 Hz,
1-H), 2.78 (1H, tt, J = 11.0, 2.8 Hz, 11a-H), 2.73 (1H, ddd, J =
18.2, 2.8, 1.3 Hz, 11-H), 2.37 (3H, s, NHCOCOCH3), around
2.36-2.37 (1H, m, 3-H), 2.36 (3H, s, N-CH3), 1.94 (3H, s, 9-CH3),
1.89 (1H, t, J=11.0 Hz, 1-H), 1.83 (1H, ddd, J = 18.2, 11.0, 3.0
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Hz, 11-H).

13C-NMR (100 MHz, CDCl3) & : 196.7 (s, C-15), 185.9 (s, C-10),
181.1 (s, C-7), 160.5 (s, C-14), 156.3 (s, C-8), 140.8 (s, C-10a),
136.7 (s, C-6a), 127.7 (s, C-9), 116.8 (s, 4-CN), 61.1 (q, 8-OCH3),
60.5 (t, C-1), 56.7 (d, C-6), 56.6 (t, C-3), 50.9 (d, C-4), 50.1 (d,
C-11a), 45.5 (q, N-CH3), 39.9 (t, C-12), 26.1 (t, C-11), 24.4 (q,
C-16), 8.6 (q, 9-CHs).

FT-IR (KBr) cm'!: 3381, 2947, 2851, 2809, 2228, 1722, 1684,
1655, 1639, 1620, 1526, 1252, 1233, 1171, 964.

EI-MS m/z (%) : 400 (M+, 3), 373 (6), 300 (100), 273 (29), 257 (13),
204 (13).

HR-EI-MS : Caled for C20H24N4O5, 400.1747. Found : 400.1743.

104b ®© & sk Gt IE K& % Fl )

(65*,11a.8%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-7.8-dimethoxy

-9-methyl-2-((2-nitrophenyl)sulfonyl)-4-0x0-1,3,4,6,11,11a-

hexahydro-2H-pyrazino[1,2-blisoquinolin-10-yl

4-methylbenzenesulfonate (104b)

81b (33.1 mg, 0.05 mmol), 7 Z /L A4 I F (36.8 mg, 0.25 mmol),
PPh; (65.6 mg, 0.25 mmol) ® THF (2 mL) ®i# 2. k# T DEAD
(40% b v = AWK, 114 pL, 0.25 mmol) # Mz . FEIZE L 1 K
B LEobL BOABEEZRBLE, KISKIZKE FAx (30 mL) %
AN TG Z 1L, CH2Cly (30 mL x 3) i, AHE %2 & b,
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fafn & AK (30 mL) ey, M, WwWHEE, EE (199.6 mg, #H

WwfE, 39.5mg) #v U B N (15g) OB T A7~ MIZTHEL

p={

T CH:2Clz : AcOEt (20 : 1) WHEH LV 104b & H 7 7 7 v a »
(56.7 mg) =, o7 T 7 ard NMRBEZEZITR - -
EIARMBOIBANRALONTZTZOHEY A5V (8g)Dh T A
s~ MZTHHR L T AcOEt : Hexane (1 : 1) IEHE LV . BH
¥ 104b (37.5 mg, WFE 95%) %157,

104b : BT TN 7 7 R

IH-NMR (400 MHz, CDCl3) & :
7.93 (1H, dd, J = 7.8, 1.6 Hz,
3’-H), 7.89 (2H, d, J = 7.8 Hz,
27-Hy), 7.79 (2H, dd, J = 5.5, 3.2

Hz, 4”-Hy), 7.75 (1H, td, J = 7.8,

1.6 Hz, 4’ or 5°-H), 7.70 (1H, td, J

=7.8,1.6 Hz, 4 or 5’-H), 7.68 (2H, dd, J = 5.5, 3.2 Hz, 5’-Hs),
7.66 (1H, dd, J=17.8, 1.6 Hz, 6’-H), 7.43 (2H, d, J= 7.8 Hz, 3”’-H),
6.03 (1H, dd, J=11.1, 3.4 Hz, 6-H), 4.36 (1H, dd, J=13.9, 3.4 Hz,
12-H), 4.10 (1H, dd, J= 16.5, 2.3 Hz, 3-H), 4.08 (3H, s, 7-OCH3),
4.00 (1H, dt, J=12.1, 3.9 Hz, 11a-H), 3.89 (1H, dd, J=13.9, 11.1
Hz, 12-H), around 3.84 (1H, m, 1-H), 3.84 (3H, s, 8-OCH3), 3.46
(1H, dd, J=13.3, 3.9 Hz, 1-H), 3.34 (1H, d, J = 16.5, 3-H), 2.86
(1H, dd, J = 16.8, 12.1 Hz, 11-H), 2.66 (1H, dd, J = 16.8, 3.9 Hz,
11-H), 2.50 (3H, s, 4”’-CH3), 2.16 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 168.4 (s, C-27), 163.1 (s, C-4),
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150.2 (s, C-8), 148.7 (s, C-7), 148.3 (s, C-2’), 145.9 (s, C-4"),
142.5 (s, C-10), 134.2 (d, C-4’ or C-5°), 134.0 (d, C-5”), 133.5 (s,
C-1’), 131.9 (d, C-4’ or C-5’), 131.9 (s, C-3”), 131.1 (d, C-3"),
130.7 (s, C-17), 130.2 (d, C-3’"), 128.0 (d, C-2""), 127.7 (s, C-9),
124.4 (s, C-10a or C-6a), 124.4 (d, C-6’), 124.1 (s, C-10a or C-6a),
123.2 (d, C-4”), 60.6 (q, 7-OCH3s), 60.2 (q, 8-OCH3s), 49.2 (d, C-6),
48.6 (t, C-3), 47.6 (d, C-11a), 46.3 (t, C-1), 38.6 (t, C-12), 28.5 (t,
C-11), 21.7 (q, 47-CH3), 11.1 (q, 9-CH3).

FT-IR (KBr) cm'!: 3620, 3468, 2943, 2805, 1771, 1719, 1653,
1466, 1393, 1360, 1175, 1051.

LR-MS (FAB*) : 791 [M+H]*.

HR-MS (FAB*) : Caled for C37H35N4012S2, 791.1693. Found :

791.1690.

104b ® & % (Pictet—Spengler )i & Fl H)

74 (930 mg, 1.5 mmol) ® CH:Cls (4.5 mL) KT E\WIT T
TMSCI1 (249 pL, 1.95 mmol)., EtsN (272 pL, 1.95 mmol) % Z h &
WMz 7= /I T 1 REMMBEEE. 7% — 1 (396 mg, 1.8 mmol),
TMSOTf (1.36 mL, 7.5 mmol) W} > < VW Mzx 7=, 1KHE%Z, TLC
CTHEBOHEZHR L, 8FKHZE., THAOHELZHERLZOD
THRWEZB G L7, KISWEIZKA T, fafn NaHCOs K&K (100
mL) % il % K& % 1% 1k &% CHCl; (100 mL x 3) i, AH)E 2 &
b, ik (100 mL) W, i, BWHEW E, ik (1.35 g,
HiME 1.185g) #v U B 7 (40g) OB T A7~ iz CTHHE
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L T CHCls wH# L v 104b (1.195 g, EEMILEK) 25T,

72 ANTE NTILTFE RRAFALT X — 1 (117D 5 Rk

TI/)T7EBRNTATFE R AFALTEZ — (4.29 mL, 40 mmol)
F O E K 7 &2 Vg (5.92 g, 40 mmol) @ Toluene (100 mL) % ¥ &
ZAW 130 °CICHIR L 3IFMBAER L, 3FH%E., = KL
— X =T hrzrZBEEEL, B¥8Y (125¢) #H7-., 556
Nk a >V 7N (200g) OB 757~ MZTHRE LT
AcOEt : Hexane (10 : 1) WM LW 7 X% 7k N7 AT bR
CAFALTEH—) (8.1g, WK, 86%) HHI,

TJHaAINVT B RNTIALTE RIAFALT Y — )L @ EAHET E LT

7 A

IH-NMR (300 MHz, CDCls) 5 : Me%"“"e
7.83-7.88 (2H, m, NPhtCH:-2,5), o=N_0
7.69-7.75 (2H, m, NPhtCH:-3,4), H

4.77 (1H, t, J= 5.7 Hz, N-CH.CH), Phthaloylacetoaldehyde Dimethylacetal

3.83 (2H, d, J = 5.7 Hz, N-CHs), 3.39 (6H, s, OMe x 2).
(X Bk 33 Bhuyan J., et. al.,)
1H-NMR (300 MHz, CDCl3) & : 7.83-7.88 (2H, m), 7.70-7.75 (2H,

m), 4.77 (1H, t), 3.83 (2H, d), 3.38 (6H, s).

(65*,11a8%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-7.8-dimethoxy

-9-methyl-4-0x0-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-5]-
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isoguinolin-10-yl 4-methylbenzenesulfonate (105b)

104b (2.37 g, 3 mmol) ® DMF (50 mL) &2, EILI1Z T K2CO3
(3.30 g, 24 mmol) Z/MMx., BBHRELLOLIZTFA 7=/ — L
(1.23 mL, 12 mmol) %/l x 7=, 30 4% ® TLC IZ TR E OHE K %
fER L. 1RMABEXISZE LIS, KIGKIZAK (500 mL) %0 2
ob, =—7 1 (500mLx3) i, AEL ALY, fAfAE
A (500 mL) WE# . #M, WHH £, ZiE (2.90g, PR ME 1.82 g)
U FN (30g) OB T A v~ MZTHR LT CHCls:
MeOH (20 : 1) IEHE X v 105b (1.58 g, WK 87%) % 5=,

105b : BB T L 7 7 A

IH-NMR (400 MHz, CDCl3) & : 7.86 (2H,
d, J= 8.0 Hz, 2”-Hy), 7.85 (2H, dd, J =
5.5, 3.2 Hz, 4-H,), 7.71 (2H, dd, J = 5.5,
3.2 Hz, 5°-H2), 7.40 (2H, d, J = 8.0 Hz,

3”-H2), 6.16 (1H, dd, J = 10.8. 3.3 Hz,

6-H), 4.29 (1H, dd, J = 13.8, 3.3 Hz,
12-H), 4.09 (3H, s, 7-OCH3), 3.94 (1H, m, 11a-H), 3.89 (1H, dd, J
= 13.8, 10.8 Hz, 12-H), 3.82 (3H, s, 8-OCH3s), 3.34 (1H, dd, J =
13.6, 4.8 Hz, 1-H), 3.29 (1H, d, J=17.6 Hz, 3-H), 3.11 (1H, d, J =
17.6 Hz, 3-H), 2.85 (1H, dd, J = 13.6, 3.8 Hz, 1-H), 2.76 (1H, dd,
J=16.6, 3.7 Hz, 11-H), 2.63 (1H, dd, J = 16.6, 12.0 Hz, 11-H),
2.49 (3H, s, 4”-CH3), 1.97 (3H, s, 9-CH3s).

13C-NMR (100 MHz, CDCls) § : 168.6 (s, C-2’), 167.8 (s, C-4),
150.1 (s, C-8), 148.8 (s, C-7), 145.6 (s, C-47), 142.5 (s, C-10),
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134.0 (s, C-17), 134.0 (d, C-5’), 132.0 (s, C-3’), 129.9 (d, C-37),
128.2 (d, C-27), 127.0 (s, C-9), 124.9 (s, C-6a), 124.6 (s,C-10a),
123.2 (d, C-4’), 60.6 (q, 7-OCH3s), 60.2 (q, 8-OCH3s), 50.1 (t, C-3),
48.0 (d, C-6), 47.2 (t, C-1), 47.1 (d, C-11a), 38.8 (t, C-12), 29.2 (t,
C-11), 21.7 (q, 4”-CH3), 10.9 (q, 9-CH3).

FT-IR (KBr) cm™!: 3468, 2943, 2853, 1773, 1717, 1651, 1466,
1395, 1192, 1177.

EI-MS m/z (%) : 605 (M*, 2), 445 (100), 417 (43), 291 (12), 263 (9),
220 (19), 204 (10).

HR-EI-MS : Calcd for C31H31N3OsS, 605.1832. Found : 605.1831.

(65*,11a8%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-7.8-dimethoxy

-2.9-dimethyl-4-0x0-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-

blisoquinolin-10-yl 4-methylbenzenesulfonate (106b)

105b (1.21 g, 2 mmol) @ ¥ (15 mL) &R % 43 60 °C I 7 IR # |
37% A~V v (17TmL) M x., 70 °CIZH IR L TE R % B
L7, TREM%., TLCIZ TH B DOIH K Z M L 72 o T1% LB % B
LT, ISR 2K L7 5% NHs KiE# (500 mL) (2 & F T X W&

Lo b, e — MIZB L CH:Cl: (500 mL x 3) #iH .

B~ a6 bE., Mk (500 mL)
Veve . WM. WHER K. kW (1.31g, B
wmfE, 1.24g) 2> U B 7 (35g) OO
TJLhrm~v MICTHEL T ACOEt

Hexane (7 :3) IxH# L v 106b (1.10 g,
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I, 89%) & 57,

106b @ W AT ENL T 7 A

IH-NMR (400 MHz, CDCl3) 6 : 7.85 (2H, d, J= 5.5, 3.0 Hz, 4’-Ha),
7.85 (2H, d, J = 7.8 Hz, 2”-Hy), 7.70 (2H, dd, J = 5.5, 3.0 Hz,
5-Hz), 7.39 (2H, d, J= 7.8 Hz, 3”-H2), 6.09 (1H, dd, J=10.8, 3.4
Hz, 6-H), 4.32 (1H, dd, J = 13.8, 3.4 Hz, 12-H), 4.08 (3H, s,
7-OCH3s), around 3.89 (1H, m, 11a-H, overlapped with 12-H),
3.89 (1H, dd, J=13.8, 10.8 Hz, 12-H), 3.82 (3H, s, 8-OCH3), 3.14
(1H, br d, J = 16.3 Hz, 3-H), 2.88 (1H, dd, J = 16.3, 12.4 Hz,
11-H), 2.66 (1H, br dd, J=16.3, 3.0 Hz, 11-H), 2.64 (2H, m 1-Hy),
2.48 (3H, s, 4”-CH3), 2.42 (1H, br d, J = 16.3 Hz, 3-H), 2.23 (3H.
br s, N-CHs), 1.99 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 168.3 (s, C-2°), 166.6 (s, C-4),
149.9 (s, C-8), 148.8 (s, C-7), 145.3 (s, C-47), 142.6 (s, C-10),
134.1 (s, C-17), 133.8 (d, C-5’), 132.1 (s, C-3’), 129.8 (d, C-37),
128.1 (d, C-27), 126.9 (s, C-9), 125.6 (s, C-10a), 124.9 (s, C-6a),
123.1 (d, C-4’), 60.5 (q, 7-OCH3), 60.1 (q, 8-OCH3s), 59.2 (t, C-3),
55.5 (t, C-1), 48.1 (d, C-6), 47.2 (d, C-11a), 45.1 (q, N-CH3), 38.6
(t, C-12), 29.7 (t, C-11), 21.7 (q, 4”-CH3), 10.9 (q, 9-CH3).

FT-IR (KBr) cm'!: 2945, 1771, 1717, 1653, 1466, 1393, 1360,
1175, 1051.

EI-MS m/z (%) : 619 (M+, 22), 459 (100), 431 (86), 305 (18), 277
(17).

HR-EI-MS : Calcd for C32H33N30sS, 619.1988. Found : 619.1985.
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(65*,11a8%)-6-(Aminomethyl)-7.8-dimethoxy-2,9-dimethvl-4-oxo0

-1.3.,4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin-10-yl

4-methylbenzenesulfonate (107b)

106b (3.71 g, 6 mmol) ® EtOH (30 mL) #i#kiz., EiEIC THEHL
R L, B RTZ Y=k (3 mL) &, 4 110 °C 12 7 &
L 1IREMMBAERLZ, KISEZ T ANR L —F —|ZTREML., X
¥ (500 mL) I T#HK L. IN/HCl K&K (500 mL) 12 THi i
AT o=, BoN=AkEB%Z 5%NHs KIEKIC T pHIIC L%,
CHCl3 (500 mL x 3) fill., A 2S5 o¥ . M AEEAK (500 mL)
Veve ., e, ISR L, Rl (3.05 g HERME 2.93g) AU WA
(80g) A T A7 v~ MIZTHHRML T CHCl; : MeOH : 28%NH3
AKEERKR(120:9 1) WHHE LV 107b (2.81 g, I EK, 96%) % 15 7=,

107b : BEB T EINL T 7 A

1H-NMR (400 MHz, CDCl3) 8 : 7.84 (2H,
d, J=8.2 Hz, 2°-Hy), 7.38 (2H, d, J= 8.2
Hz, 3°-H»2), 5.81 (1H, dd, J = 10.1, 3.7

Hz, 6-H), 3.92 (3H, s, 7-OCH3), 3.76

(3H, s, 8-OCH3), 3.69 (1H, m, 11a-H),
3.25 (1H, d, J = 16.3 Hz, 3-H), 3.18 (1H, dd, J = 13.8, 3.7 Hz,

12-H), 3.03 (1H, d, J = 16.3 Hz, 3-H), 2.68-2.85 (1H, m, 1-H,

overlapped with 11-H and 12-H), 2.81 (1H, dd, J=16.7, 11.4 Hz,
11-H), 2.75 (1H, dd, 13.8, 10.1 Hz, 12-H), 2.70 (1H, dd, J = 16.7,
4.4 Hz, 11-H), 2.54 (1H, dd, J = 12.8, 3.2 Hz, 1-H), 2.49 (3H, s,
4’-CHs), 2.31 (3H, s, N-CH3), 1.94 (3H, s, 9-CH3), 1.84 (2H, br s,
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N-Hs).

13C-NMR (100 MHz, CDCls) 8 : 167.5 (s, C-3), 149.6 (s, C-8),
148.2 (s, C-7), 145.3 (s, C-4’), 142.4 (s, C-10), 134.0 (s, C-1"),
129.8 (d, C-3’), 128.0 (d, C-2°), 126.4 (s, C-6a), 126.1 (s, C-9),
124.2 (s, C-10a), 60.4 (q, 7-OCH3), 60.0 (q, 8-OCH3s), 59.5 (t, C-3),
56.8 (t, C-1), 51.3 (d, C-6), 46.8 (d, C-11a), 45.1 (q, N-CH3), 44.9
(t, C-12), 29.5 (t, C-11), 21.7 (q, 4-CH3).

FT-IR (KBr) cm'!: 3375, 2943, 2841, 2795, 1651, 1412, 1369,
1339, 1250, 1192, 1177, 1086, 1049.

LR-MS (FAB*) : 490 [M+H]*.

HR-MS (FAB*) : Caled for C24H32N306S, 490.2012. Found :

490.2012.

(65*,11a8%)-6-(Aminomethyl)-10-hydroxy-7.8-dimethoxyv-2,9-di-

methyl-1,2.3.6,11,11a-hexahydro-4 H-pyrazino[1,2-blisoquinolin

-4-one (109b)

107b (2.93 g, 6 mg) @ EtOH (90 mL) #iEic, & KT ¥ v — K
¥ (180 mL) # Il 24k 110 °C i THEE R 24 L 7=, TLC I
TRIEZBH L, 12KHZRICHEBOMEKLEZ R LD THRLHEE
BltA L 7=, ISR Z e L, IR I T Ff NH4Cl KB ® (500 mL)
%2 CHCls (500 mL x 3) fli i, AHfE 2 & bt . fafn &K
(500 mL) Ve, Rk, WL £, K¥E (2.66g, HimfE, 2.01g) %
U BN (B0g) OHF T A a~ M THRL T CHCIs

MeOH : 28% NHs K&K (90 :9:1) wHEHB L Y 109b (1.83 g, I,
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91%) = 157,

109b : BT L T 7 R

1H-NMR (400 MHz, C5DsN) & : 6.34 (1H, dd,
J=10.1, 3.9 Hz, 6-H), 3.97 (1H, m, 11a-H),

3.83 (3H, s, 7-OCH3), 3.77 (3H, s, 8-OCH3),

3.52 (1H, dd, J = 13.5, 3.9 Hz, 12-H), 3.46
(1H, dd, J = 15.7, 1.0 Hz, 3-H), 3.27 (1H, dd, J = 16.4, 11.4 Hz,
11-H), 3.13 (1H, dd, J = 13.5, 10.1 Hz, 12-H), 3.07 (1h, dd, J =
16.4, 4.4 Hz, 11-H), 3.02 (1H, d, J = 15.7 Hz, 3-H), 2.68 (1H, br
dd, /= 12.0, 1.8 Hz, 1-H), 2.64 (1H, dd, J = 12.0, 4.4 Hz, 1-H),
2.43 (3H, s, 9-CH3), 2.16 (3H, s, N-CH3).

13C-NMR (100 MHz, C5D5N) & : 166.4 (s, C-4), 149.5 (s, C-10),
around 149.0 (s, C-8, overlapped with solvent residual signals),
142.4 (s, C-7), 125.7 (s, C-6a), 117.4 (s, C-10a), 117.1 (s, C-9),
59.6 (q, 7-OCH3), 59.3 (t, C-3), 59.2 (q, 8-OCH3), 56.2 (t, C-1),
51.0 (d, C-6), 46.4 (d, C-11a), 44.8 (t, C-12), 44.2 (q, N-CH3), 29.1
(t, C-11), 9.2 (q, 9-CH3y).

FT-IR (KBr) cm'!: 3356, 3198, 2943, 1638, 1458, 1258, 1082,
1065.

LR-MS (FAB*) : 336 [M+H]*.

HR-MS (FAB*) : Calcd for Ci7H26N304, 336.1923. Found :

336.1921.

Tert-Butyl
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(((6.S*,11aS8*)-10-hydroxy-7,8-dimethoxy-2,9-dimethyvl-4-0x0-1,3

.4.6.,11.11a-hexahydro-2H-pyrazinol[1.2-blisoquinolin-6-yl)-

methyl)carbamate (111b)

109b (195.6 mg, 0.4 mmol) ® (5 mL) &% (2 =i {2 T Boc2O (138
uL, 0.6 mmol) M x 7, 1 K% © TLCIZ THERE OH K ZfER L
O THOLHEZHB L, KISHKIZKE T, ff NaHCOs3 K iE i
(50 mL) # /0 2 CTHI& %48 Ik &%, CH:Cls (50 mL x 3) i, A
e EAbY, fafnAak (50 mL) ¥ev, mig, R L, BE
(263.5 mg, BliHfH 235.6 mg) # U (10g) OB T LT B
~ MIZTH R L T CH2Clz : MeOH (50 : 1) I#HEE L 0. HMY
111b (235.9 mg, EE®HN ) &= {7,

111b : L HEE T EIL 7 7 X

1H-NMR (400 MHz, C5D5N) 8 : 10.09 (1H, s,
10-OH), 8.00 (1H, br t, J = 4.7 Hz, N-H),

6.42 (1H, dd, J = 10.8, 3.2 Hz, 6-H), 4.36

(1H, m, 11a-H), 4.00 (1H, ddd, J= 14.7, 10.8, b o)\o Me

4.7 Hz, 12-H), 3.84 (1H, dt, J = 14.7, 4.7 Hz, 12-H), 3.76 (3H, s,
7-OCH3s), 3.75 (3H, s, 8-OCH3s), 3.55 (1H, d, J = 15.8 Hz, 3-H),
3.35 (1H, dd, J=16.4, 12.4 Hz, 11-H), 3.07 (1H, dd, J = 16.4, 3.2
Hz, 11-H), 2.93 (1H, d, J = 15.8, 3-H), 2.74 (2H, br s, 1-Hs), 2.43
(3H, s, 9-CH3), 2.12 (3H, s, N-CH3), 1.52 (9H, s, OC(CH3y)s).
13C-NMR (100 MHz, C5D5N) & : 165.7 (s, C-4), 156.4 (s, C-14),
149.6 (s, C-10), 149.2 (s, C-8), 142.4 (s, C-7), 124.9 (s, C-6a),
118.1 (s, C-10a), 117.4 (s, C-9), 77.1 (s, C-16), 59.5 (q, 7-OCH3s),
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59.5 (t, C-3), 59.2 (q, 8-OCH3s), 55.8 (t, C-1), 49.1 (d, C-6), 46.6 (d,
C-11a), 44.4 (q, N-CH3s), 41.7 (¢, C-12), 29.3 (t, C-11), 27.8 (q,
C-17), 9.2 (q, 9-CHs).

FT-IR (KBr) cm-!: 3305, 2947, 1711, 1684, 1653, 1634, 1458,
1261, 1167.

EI-MS m/z (%) : 435 (M+, 18), 362 (6), 305 (100), 277 (96).

HR-EI-MS : Calced for C22H33N306, 435.2369. Found : 435.2368.

111bic K42 7 / {k

111ba (130.5 mg, 0.3 mmol) ® THF (60 mL) &K IZ. K& F
Red-Al®(70% Toluene %, 2.12 mL, 7.5 mmol)Z il 2 7=, 1 K¢ fH
%O TLCIZTHBOWBERLOHER AL ARy FE @R LI,
ZZTCTHE® (1.9 mL, 30 mmol) ZRIEEIC TN TRHREEZ 5L
2% . 0.5 N/ KCN Ak (156.3 mg in 4.8 mL) # W > < v &I
T BRFHMBICH IR ANy b2 2 0B L 7O THLHE L LA
Lic KIS icfafe v v = VI KEKR (300 mL) & fiafn NaHCOs
KK (300 mL) M x TS & 45 1k &, CH2Clz (300 mL x 3) i,
B Z46bE., A AHE K (300 mL) e, Wi, W8 L, 5%
% (172.5 mg, #imfE 133.8 mg) 2 U7 (156g)DH T L7
o~ M2 CTHR L C AcOEt : Hexane (7 :3) IHE LV B
112b (81.0 mg, %X 61% %2 H 7=, /. AEHBH»LELN -
113b &5 777 v a>21.9me)E2HEL Y B F A1 gD T T A
/o< b2 THHR L T AcOEt : Hexane = (3 :7) IRHE L v 113b
(12.7 mg, WHE 9%) =57,
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Tert-Butyl

(((48*.65*,11aS8%)-4-cyano-10-hydroxy-7.8-dimethoxy-2.9-di-

methyl-1,3,4,6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin

-6-yl)methyl)carbamate (112b)

112b : A 7 £ )L 7 7 R

1H-NMR (400 MHz, C5Ds5N) & : 10.00 (1H, s,

10-OH), 7.30 (1H, t, J = 4.4 Hz, N-H), 4.48

(1H, dd, J = 10.0, 4.4 Hz, 6-H), 4.15 (1H, br N
112b w1l Me
s, 4-H), 3.92 (1H, dt, J=14.9, 3.8 Hz, 12-H), 0" 0" 'Me

3.90 (3H, s, 7-OCH3), 3.77 (3H, s, 8-OCH3), 3.77 (1H, dd, J = 16.2,
12.4 Hz, 11-H), 3.65-3.72 (2H, m, 12-H and 11a-H), 2.89 (1H, dd,
J=16.2,12.4 Hz, 11-H), 2.84 (1H, d, J=10.9 Hz, 3-H), 2.66 (1H,
d, J=10.9 Hz, 1-H), 2.39 (3H, s, 9-CH3s), 2.34 (2H, d, J=10.9 Hz,
1-H and 3-H), 2.15 (3H, s, N-CH3s), 1.54 (9H, s, OC(CH3)3).
13C-NMR (100 MHz, C5D5N) & : 156.0 (s, C-14), 149.4 (s, C-10),
148.9 (s, C-8), 142.8 (s, C-7), 124.3 (s, C-6a), 120.5 (s, 4-CN),
119.0 (s, C-10a), 117.4 (s, C-9), 77.3 (s, C-16), 59.8 (q, 7-OCH3y),
59.6 (d, C-6), 59.3 (q, 8-OCH3), 58.2 (t, C-1), 57.3 (t, C-3), 49.8 (d,
C-4), 45.4 (q, N-CH3s), 42.5 (t, C-12), 27.8 (q, C-17), 23.3 (t, C-11),
9.3 (q, 9-CH3s). FT-IR (KBr) cm!: 3383, 2940, 2851, 2806, 2224,
1688, 1460, 1256, 1171, 1074. LR-MS (FAB*) : 447 [M+H]*.
HR-MS (FAB+) : Calcd for C23H35N405, 447.2608. Found :
447.2612.

Tert-Butyl
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(((88*,65*,11aS*)-3-cyano-10-hydroxy-7.8-dimethoxy-2.,9-di-

methyl-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin

-6-yl)methyl)carbamate (113b)

113b : & 7Y X A f mp 211 - 212 °C (from MeOH).

1H-NMR (400 MHz, CDCl3) 8 : 5.31 (1H, br s,
N-H), 4.70 (1H, s, 10-OH), 3.83 (3H, s,
7-OCH3s), around 3.82 (1H, m, 6-H,

overlapped with 7-OCH3), 3.77 (3H, s,

8-0CH3s), 3.72 (1H, br s, 3-H), 3.62 (1H, ddd,

J=13.5,7.4,4.4 Hz, 12-H), 3.38 (1H, m, 11a-H), 3.02 (1H, dd, J
=17.2, 11.5 Hz, 11-H), 2.98-3.09 (1H, m, 12-H, overlapped with
4-H and 11-H), around 3.01 (1H, m 4-H, overlapped with 11-H
and 12-H), 2.81 (1H, dd, J = 11.7, 3.5 Hz, 1-H), 2.67 (1H, br d, J
= 9.6 Hz, 4-H), 2.65 (1H, br d, J = 11.7 Hz, 1-H), 2.42 (8H, s,
N-CH3), 2.27 (1H, dd, J=17.2, 5.5 Hz, 11-H), 2.14 (3H, s, 9-CH3),
1.47 (9H, s, OC(CH3)s). 13C-NMR (100 MHz, CDCl3) & : 156.0 (s,
C-14), 149.2 (s, C-8), 147.6 (s, C-10), 144.1 (s, C-7), 124.1 (s,
C-6a), 116.4 (s, C-9), 115.9 (s, 3-CN), 115.3 (s, C-10a), 79.1 (s,
C-16), 60.6 (q, 7-OCH3), 60.1 (q, 8-OCH3), 59.5 (d, C-6), 54.8 (d,
C-3), 53.8 (t, C-1), 49.3 (t, C-4), 44.8 (d, C-11a), 43.7 (q, N-CH3y),
42.1 (t, C-12), 28.4 (q, C-17), 19.0 (t, C-11), 8.7 (q, 9-CH3). FT-IR
(KBr) cm™!: 3512, 3418, 2945, 2224, 2191, 1703, 1495, 1458,
1171, 1063. LR-MS (FAB*) : 447 [M+H]*. HR-MS (FAB*) : Calcd
for C2sHs5N405, 447.2608. Found : 447.2605. Anal. Calced for
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C23H34N40O5: C, 61.86; H, 7.67; N,

7.65; N, 12.51.

113b @ Hi#E & X 3 At

12.55 Found : C, 61.59; H,

I8 H T3t
Fomula Cy3H3z4N4O5
Crystal system monoclinic
a (A) 10.0718 (2)
b (A) 8.6324 (2)
c (A) 13.7846 (3)
p 100.5271 (7)°
Cell Volume (A®%) 1178.32 (4)
z 2
d caled. (g cm™) 1.258
Space group P2,
Radiation CuKa (A = 1.54187A)
20 range 20 <136.4°
Observed reflines 21514
R value R =0.032, R, =0.085, and R, = 0.032 for / > 2.0c(J)

112b @ TFA {2 X % it Boc {k @ ¥ 5t

112b (21.8 mg, 0.05 mmol) ® CH:Cl: (0.5 mL) & # 1 TFA (0.5
mL) #Mx T, |RICTHPLZHMB L, 1RMHE., TLC IZ T
BtOWHKRZHRE LILO THRULUHEZHEK L2, KSR Z A NaHCOs
KK (30 mI)IZ H 1F . 5%MeOH & 4 CHCls (30 mL x 3)4i t |
AHELZ ALY, A AR K (30 mL) vei. 1, BWEYE, &
B (2001mg) 2V 70 (4g) OH T A7 o~ MZTHBLT
CH:Cls : MeOH : 28%NH3s KiE#K (90 :9:1) MM LY 118b
(14.9 mg, WK, 94%) %2 H7-,

(2aR*.5a5*%,10b.S*)-9,10-Dimethoxv-4,8-dimethyl-2.2a.3.4.5.5a.6

257



,10b-octahydro-1H-2.2a1.4-

triazaaceanthrylen-7-ol (118b)

118b : AT E )L 7 7 R

1H-NMR (400 MHz, DMSO-ds) & : 8.03 (1H,
br s, 7-OH), 4.01 (1H, t, J= 8.7 Hz, 10b-H),

3.69 (1H, br s, 2a-H), 3.67 (3H, s,

10-OCH3), 3.66 (3H, s, 9-OCH3), 3.11 (1H, t,
J=8.7Hz, 1-H), 2.95 (1H, d, J = 11.9 Hz, 3-H), 2.81 (1H, t, J =
8.7 Hz, 1-H), 2.73 (1H, d, J = 10.4 Hz, 5-H), 2.55 (1H, m, 5a-H),
2.55 (1H, dd, J=12.1, 2.5 Hz, 6-H), 2.38 (1H, dd, J=11.9, 3.4 Hz,
3-H), 2.18 (3H, s, N-CH3s), 2.09 (1H, dd, J = 16.0, 12.1 Hz, 6-H),
2.02 (3H, s, 8-CH3), 1.82 (1H, t, J = 10.4 Hz, 5-H).
13C-NMR (100 MHz, DMSO-ds) 6 : 148.8 (s, C-9), 148.1 (s, C-7),
142.9 (s, C-10), 128.0 (s, C-10a), 117.6 (s, C-6a), 116.4 (s, C-8),
74.7 (d, C-2a), 59.9 (q, 10-OCH3 or 9-OCHs3s), 59.7 (q, 10-OCH3 or
9-0CH3), 59.6 (t, C-5), 59.5 (d, C-10b), 54.8 (t, C-3), 50.4 (t, C-1),
47.2 (d, C-5a), 45.6 (q, N-CH3s), 27.9 (t, C-6), 9.4 (q, 8-CHzs).
FT-IR (KBr) cm'! : 3229, 2936, 1460, 1418, 1277, 1119, 1065,
1051.
EI-MS m/z (%) : 319 (M+*, 25), 318 (15), 290 (100), 289 (33), 261
(15), 246 (11), 233 (14). 220 (19).

HR-EI-MS : Caled for C17H25N303, 319.1896. Found : 319.1888.

112b @ X 212 X % Jii Boc fk @ ¥ &t
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112b (13.1 mg, 0.03 mmol) ® CH:Cl: (2.5 mL) & I ¥ B2 (228
uL, 6 mmoDA M % T, M EZMMB LA, 7T2HFM#%Z. TLC IZ T E
DHRKZHER LD THRLUEZME LT, KINKZ 5%NaHCO3 K
Wi (20 mL)I2 & iF . CHCls (20 mL x 3) fith., AHEZ A bt
fid Fn A MR K (20 mL) Ve, wkR. BWE® E. ZE (12.1 mg) & ¥
VAaZ N (Bg) OB T A7 v~ b THEL T CH:Cl: : MeOH
(20 1) WM LV . 119b (9.9 mg, IHE, 79%) % H 7.

Tert-Butyvl

(2a8*.52,8*,10b.S*)-7-hydroxy-9.10-dimethoxv-4,8-dimethyl-1,2a

,3,4.5.5a,6,10b-octahydro-2H-2.2al.4-triazaaceanthryvlene-2-

carboxvlate (119b)

119b : AT E L 7 7 R

1H-NMR (400 MHz, DMSO-ds) & : 4.61 (1H,
br s, 2a4-H), 4.29 (1H, dd, J=10.2, 7.3 Hz,

10b-H), 3.82-4.07 (2H, m, 3-H and 1-H),

3.80 (3H, s, 10-OCH3), 3.79 (3H, s,
9-OCH3s), 3.18 (1H, t, J = 10.2 Hz, 1-H), 2.92 (2H, m, 5a-H and
5-H), 2.66 (1H, dd, J=15.7, 2.7 Hz, 6-H), 2.47 (1H, br d, J=11.4
Hz, 3-H), 2.36 (1H, dd, J = 15.7, 11.7 Hz, 6-H), 2.35 (3H, br s,
N-CH3), 2.15 (3H, s, 8-CHs), 1.50 (9H, s, OC(CH3)).

13C-NMR (100 MHz, DMSO-ds) 8 : 155.7 (s, NCO), 149.3 (s, C-9),
147.4 (s, C-7), 143.9 (s, C-10), 125.3 (s, C-10a), 117.0 (C-8 or
C-6a), 116.7 (s, C-8 or C-6a), 80.1 (s, CO2C(CH3)3), 73.9 (d, C-2a),
60.4 (q, 10-OCH3s), 60.2 (q, 9-OCH3), 59.5 (t, C-5), 57.4 (d, C-10b),
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54.6 (t, C-3), 49.9 (t, C-1), 49.0 (d, C-5a), 45.6 (q, N-CH3s), 28.5 (q,
CO2C(CH3)3), 28.0 (t, C-6), 8.9 (q, 8-CH3s).

FT-IR (KBr) cm'!: 3367, 2933, 1697, 1464, 1368, 1344, 1169,
1121, 1067.

EI-MS m/z (%) : 419 (M+, 23), 289 (100), 261 (7).

HR-EI-MS : Caled for C22H33N305, 419.2420. Found : 419.2415.

112b O H B 12 X 5 B Bocfk iZ ki < 7 v 1k

112b (43.5 mg, 0.1 mmol) % 25mL ® F XA 7 5 X 2|2 A,
4N/HC1 in AcOEt (2 mL) # Mz 7=, 10 43 #% ® TLC 1 T K £ & ¥
KEFMTER1IODDAR Yy V2R LILLOTEAT 77 LK T
THWHBEL, BHEORWERY (45.6 mg, #infH 38.2 mg) #* 15
7.

FRRoX>cH o7 E D CH2Cle (10 mL) B#iE I 0°Clc T
EtsN / CH2Cls (400 pL, 0.5 mol/L), /LB v~ 2 U K in
CH:2Clz (200 pL, 0.5 mol/L) Z /M x ., ERIZRE L T LB % K
Jle, 1TRR% DO TLCIZ THBIOWHE K Z MR L 72O Tk % B
L7, KIS %K (20 mL) &5 CHCIs (20 mL x 3) fifh. A
g x b, el K (20 mL) ¥, @, BEHHE L, KE
(40.2 mg, #iHfE, 41.6 mg) #> U ) (8g) OB T ALV o~
iz THH® L T CHCl;: MeOH (100 : 1) ®wH# X v 115b (18.7 mg,
= 45%) #1570,

N-(((45*.,65%,11a8%)-4-Cyano-10-hydroxy-7.8-dimethoxy-2.,9-di-

methyl-1,3,4.6,11,11a-hexahydro-2H-pyrazino[1,2-blisoquinolin
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-6-yl)methyl)-2-oxopropanamide (115b)

115b : # @ 7 U X A fy mp 165 - 165.5 °C
1H-NMR (400 MHz, CDCl3) & : 7.45 (1H, br
t,J=5.4 Hz, N-H), 4.61 (1H, br s, 10-OH),

4.05 (1H, dd, J = 9.5, 5.0 Hz, 6-H), 3.88

(3H, s, 7-OCH3), 3.80 (1H, m, 4-H), 3.79

(1H, m, 12-H), 3.79 (3H, s, 8-OCH3s), 3.37 (1H, ddd, J=11.7, 6.2,
4.6 Hz, 11a-H), around 3.25 (1H, m , 12-H, overlapped with
11-H), 3.25 (1H, dd, J = 17.0, 11.7 Hz, 11-H), 2.91 (1H, br d, J =
11.2 Hz, 3-H), 2.77 (1H, br d, J = 11. Hz, 1-H), 2.52 (1H, br dd, J
=11.0, 3.1 Hz, 3-H), 2.49 (3H, s, 15-CH3), 2.47 (1H, dd, J = 17.0,
6.2 Hz, 11-H), 2.44 (1H, dd, J = 11.2, 4.6 Hz, 1-H), 2.37 (3H, s,
N-CHs), 2.14 (3H, s, 9-CH3). 13C-NMR (100 MHz, CDCl3) & :
197.2 (s, C-15), 160.0 (s, C-14), 149.3 (s, C-8), 147.6 (s, C-10),
143.5 (s, C-7), 123.4 (s, C-6a or C-10a), 119.6 (s, 4-CN), 117.0 (s,
C-9), 116.6 (s, C-6a or C-10a), 60.6 (q, 7-OCH3), 60.3 (q, 8-OCH3),
58.7 (t, C-1), 58.5 (d, C-6), 57.8 (t, C-3), 50.2 (d, C-4), 46.0 (d,
C-11a), 45.9 (q, N-CH3), 41.0 (t, C-12), 24.6 (q, C-16), 22.6 (t,
C-11), 8.8 (q, 9-CH3s).

FT-IR (KBr) cm'! : 3385, 2940, 2228, 1722, 1682, 1458, 1355,
1173, 1074.

LR-MS (FAB*) : 417 [M+H]+.

HR-MS (FAB+) : Calcd for C21H29N4O5, 417.2138. Found :
417.2143.
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Anal. Caled for C21H2sN4O5S-1/2 H:O0 : C, 59.28; H, 6.87; N,
13.17 Found : C, 59.38; H, 7.00; N,13.17.

115b ® Hi #t 5 XHR i A7

HHE T—3

Formula C,HygN,4O5

Formula weight 416.48

Crystal system triclinic

a (D 10.1364(2)

b (A 14.8177(3)

c (A 15.6824(3)

V (A% 2227.50(7)

Z 4

d calcd. (g cm™®)  1.242

Space group P-1 (#2)

Radiation CuKo (A= 154187 A
2 O range 26<136.5

Observed reflins 41356

R value R =0.0527, R, = 0.1380, R, = 0.0465 for 7 >2.00c(/)

(45*%.,65%.11a.5%)-6-(Aminomethyvl)-10-hydroxy-7,8-dimethoxy-2,

9-dimethyl-1,3.4.6,11.11a-hexahydro-2H-pyrazino[1,2-bliso-

guinoline-4-carbonitrile hydrochrolide (114b)

114b @ R\ O T TN 7 7 A

1H-NMR (400 MHz, DMSO-ds) 6 : 10.45 (1H,
br s, 10-OH), 8.28 (3H, br s, N-Hs*), 4.90

(1H, br s, 4-H), 4.41 (1H, dd, J = 10.9, 3.6

Hz, 6-H), 3.73 (3H, s, 7-OCH3), 3.69 (3H, s, 114b HCI

8-OCH3s), around 3.60 (1H, m, 11a-H, overlapped with H20), 3.43
(4H, m 1-Hy and 3-H2), 3.14 (1H, dd, J = 17.4, 13.4 Hz, 11-H),
3.03 (1H, m, 12-H), 2.94 (1H, m, 12-H), 2.84 (3H, br s, N-CH3),
2.52 (1H, dd, J=17.4, 4.6 Hz, 11-H), 2.06 (3H, s, 9-CH3).
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13C-NMR (100 MHz, DMSO-ds) & : 148.9 (s, C-8), 148.7 (s, C-10),
142.6 (s, C-7), 122.0 (s, C-6a or C-10a), 118.2 (s, C-6a or C-10a or
4-CN), 118.1 (s, C-6a or C-10a or 4-CN), 117.8 (s, C-9), 60.6 (q,
7-OCH3), 60.0 (q, 8-OCH3), 55.6 (d, C-6), 55.0 (t, C-1), 53.0 (t,
C-1), 45.5 (d, C-4), 44.6 (q, N-CH3), 43.4 (d, C-11a), around 39.5
(t, C-12), 20.9 (t, C-11), 9.6 (q, 9-CH3).

FT-IR (KBr) cm™!: 3385, 3229, 2926, 2716, 2666, 2612, 1458,
1420, 1350, 1150, 1117, 1074, 1057.

LR-MS (FAB*) : 347 [M+H]*.

HR-MS (FAB*) : Calced for C1sH26N4O3, 347.2083. Found :

347.2089.

N-(((45%,6S5*.11a5%)-4-Cyano-8-methoxy-2,9-dimethyl-7,10-di-

0x0-1,3,4,6,7,10,11,11a-octahydro-2H-pyrazino[1,2-bliso-

guinolin-6-vl)methyl)-2-oxopropanamide (116b)

115b (16.6 mg, 0.04 mmol) ® CH3CN (6 mL) & i#% i CAN (54.8
mg, 0.1 mmol)® H20 (1.0 mL) i % —17°CIZC{#H F L7, 30
%O TLCIZ TR B Ok ZMB LI BROMEEZHB LI, X
JE K IC 5% NaHCOs KK (30 mL) % M 2 C Xk & 5 Ik & & 7= %
CH:Cl: (30 mL x 3) #hiii, A8 2 & b, faf &K (B0 mL) Ik
Ve, WofR . W R, EE (19.2 mg, BiRME 16.0 mg)E U A S
N4 g)DH T A7~ T THEL T AcOEt : Hexane (9 1 1) &
& v 116b (11.6 mg, 73%) % & 7=,

116b : AT ENL 7 7 R
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1H-NMR (400 MHz, CDCl3) § : 7.27 (1H, m,
N-H, overlapped with solvent residual
signal), 4.02 (3H, s, 8-OCH3), 3.85 (1H, br

dd, J = 10.3, 4.4 Hz, 6-H), 3.76 (1H, br s,

4-H), 3.69 (1H, ddd, J = 13.6, 6.6 , 4.4 Hz, 12-H), 3.24-3.33 (1H,
m, 11a-H, overlapper with 12-H), 3.28 (1H, ddd, J = 13.6, 10.3,
6.6 Hz, 12-H), 3.12 (1H, br dd, J=20.1, 11.7 Hz, 11-H), 2.89 (1H,
brd, J=11.4 Hz, 3-H), 2.76 (1H, br d, J=11.4 Hz, 1-H), 2.49 (3H,
s, C16-Hs), around 2.47 (1H, m, 11-H, overlapped with 3-H), 2.47
(1H, br d, J = 11.4 Hz, 3-H), 2.40 (1H, br d, J = 11.4 Hz, 1-H),
2.36 (3H, s, N-CH3), 1.95 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 196.9 (s, C-15), 186.9 (s, C-10),
182.1 (s, C-7), 160.0 (s, C-14), 155.4 (s, C-8), 143.1 (C-10a or
C-6a), 135.7 (C-10a or C-6a), 129.3 (s, C-9), 119.7 (s, 4-CN), 61.0
(q, 8-OCH3y), 57.9 (t, C-1), 57.8 (d, C-6), 57.5 (t, C-3), 50.3 (d,
C-4), 46.1 (d, C-11a), 45.8 (q, N-CH3), 40.5 (t, C-12), 24.5 (q,
C-16), 22.9 (t, C-11), 8.8 (q, 9-CH3).

FT-IR (KBr) cm-!: 3377, 2941, 2853, 2226, 1722, 1686, 1653,
1526, 1460, 1298, 1173.

EI-MS m/z (%) : 400 (M+*, 3), 300 (100), 273 (56), 257 (15), 204
(13).

HR-EI-MS : Caled for C20H24N4O5, 400.1747. Found : 400.1742.
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&
[1]
o

6-(2-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-3-hydroxypropyl)-3

4-dimethoxyv-2-methylphenyl 4-methylbenzenesulfonate (120)

70 (197.5 mg, 0.5 mmol) ® CH:Cl: (3 mL) &R IZ = iR IZ T EtsN
(70.4 pL, 0.505 mmol) # Mz —17°Clc®BHE L=, kKWT, 7 X
nA N7 Uy Z7nm Y R (112.6 mg, 0.505 mmol) ®» CH:2Cl: (1
mL) WIRAET AL A FE AT O PR NT3000 T THT
L7z, M T T#H 500 TLCIZTHBOIHKZ MR L 720 T ikl
BAEBMH L, KIGEIZAK (10 mL) 20 %2 TG Z % IES 72 %,
IN/HCl K&K (10 mL) %/ %, CH:Cl: (20 mL x 3) fiti. &
WEA b, fafnatEk (20 mL) W, Wik, WHEE L, K&
(299.6 mg, Pl fE, 291.0 mg) 2> VU7 v (Tg) OO T LT B
<~ PIZTHEHR L T CHzCly : MeOH (50 : 1) IAHEE L v . BB Y 120
(292.5 mg, TEHWNE) 2 1HF 7,

120 ¢ A 7Y X Ay mp 153 - 154 °C (from AcOEt-Hexane).

1H-NMR (400 MHz, CDCl3) & : 7.82 (2H,
dd, J=5.3, 2.9 Hz, NPhtCH-2,5), 7.79
(2H, d, J= 7.8 Hz, 2-Hy), 7.70 (2H, dd,

J=5.3,2.9Hz, NPhtCH-3,4), 7.37 (2H,

d, J=17.8Hz, 3-Hz2), 6.70 (1H, s, 5’-H2),

6.68 (1H, d, J=7.8 Hz, N-H), 4.32 (1H, d, J = 16.1 Hz, 2”’-H),
around 4.26 (1H, m , 2”-H), 4.26 (1H, d, J=16.1 Hz, 27’-H), 3.84
(3H, s, 4-OCH3), 3.78 (3H, s, 3°-OCH3), 3.71 (1H, dd, J = 11.2,
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3.9 Hz, 3”-H), 3.61 (1H, dd, J = 11.2, 4.4 Hz, 3”-H), 2.95 (1H, dd,
J=14.6,9.3 Hz, 1”-H), 2.83 (1H, dd, J = 14.6, 6.8 Hz, 1”-H), 2.48
(3H, s, 4-CH3), 1.87 (3H, s, 2’-CH3).

13C-NMR (100 MHz, CDCls) & : 167.7 (s, NPhtCO), 166.9 (s,
NHCO), 151.7 (s, C-4’), 146.4 (s, C-3’), 145.7 (s, C-4), 140.3 (s,
C-1°), 134.1 (d, NPhtCH-3,4), 133.3 (s, C-1), 132.0 (s, NPhtC),
129.9 (d, C-3), 128.1 (d, C-2), 127.2 (s, C-6"), 126.7 (s, C-27),
123.5 (d, NPhtCH-2,5), 110.5 (C-5), 64.2 (t, C-3”), 60.3 (q,
3’-OCH3), 55.9 (q, 4-OCH3), 52.6 (d, C-2”), 40.8 (t, C-2”), 30.8 (t,
C-17), 21.7 (q, 4-CH3), 10.9 (q, 2’-CH3).

FT-IR (KBr) cm-!: 3381, 3298, 2940, 1776, 1713, 1659, 1553,
1422, 1396, 1364, 1175, 1065.

EI-MS m/z (%) : 582 (M+*, 24), 427 (28), 409 (33), 378 (79), 223
(66), 205 (40), 181 (99), 160 (100).

HR-EI-MS : Calcd for C29H30N209S, 582.1672. Found : 582.1669.
Anal. Calcd for C290H30N209S : C, 59.78; H, 5.19; N, 4.81 Found :

C, 59.26; H, 5.27; N, 4.66.

XA VvV r7sal R

N-7%Zn A7 1Y (1.025 g, 5 mmol) ® CHCIl; (1 mL) %%
W RIE I THALF A =/ (508 pL, Tmmol) % M % 7=, % T4
Mx 95°CICHIR L T 3MEMMBEN L7, 3RFM %, &EHN5%H
BB L L ATRHRLEEZHG LT, XA T 77 LR T %N
WTHbEF A= Z2REREL. EEH LT T XA LT
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7 U K (1.010 g, IXE 91%) % &=,

TJEuA NV T Y sua ) R EATENLT 7R
Cl
1H-NMR (300 MHz, CDCl3) & : 7.89-7.95 (2H, m, o

)
N_o
NPhtCH:2-2,5), 7.76-7.83 (2H, m, NPhtCH2-3,4), H

4.83 (2H, s, CH2:COCI).

(ke 35 Pintér A., et. al.)
1H-NMR (300 MHz, CDCls) & :7.88-7.94 (2H, m, NPhtCH:-2,5),

7.74-7.82 (2H, m, NPhtCH:-3,4), 4.82 (2H, s, CH2COCl).

3-(4,5-Dimethoxy-3-methyl-2-(tosvloxy)phenyl)-2-(2-(1,3-di-

oxoisoindolin-2-yl)acetamido)propyl acetate (121)

120 (232.8 mg, 0.4 mmol) ® Y v (1 mL) BFKICHEEIZT THE
KEERE (0.25 mL) # M x 7=, 15 4% @ TLC & T E 1 K %
RLEOTHLBEEZHEMB LT, AT 77 LR T2 Ty v
CROEKEER A BEREL., MY (251.9 mg, HRHE, 249.6
mg) &, BEoh-BgEE2 IV S (15g) OB 7 57 v~ b
I CH L L € CH2Cle : MeOH (80 : 1) IWH# L v 121 (239.6 mg,

I, 96%) & 1572,

1H-NMR (400 MHz, CDCl3) & : 7.83
(2H, dd, J = 5.5, 3.0 Hz, 3-Hg), 7.75
(2H, d, J = 8.0 Hz, 27°-H2), 7.70 (2H,

dd, J = 5.5 Hz, 3.0 Hz, 4’-Hs), 7.37

(2H, d, J = 8.0 Hz, 3”’-Hs), 6.66 (1H,

s, 6”-H), 6.43 (1H, d, J = 8.5 Hz, N-H), 4.54 (1H, m, 2-H»), 4.23
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(2H, s, NHCOCH3y), 4.12 (2H, d, J = 4.8 Hz, 1-Hs), 3.84 (3H, s,
5”-OCH3s), 3.78 (3H, s, 4”-OCH3), 3.00 (1H, dd, J = 14.7, 9.7 Hz,
3-H), 2.78 (1H, dd, J = 14.7, 6.1 Hz, 3-H), 2.48 (3H, s, 47’-CH3),
2.10 (3H, s, OCOCH3), 1.84 (3H, s, 3”-CHs3s).

13C-NMR (100 MHz, CDCl3) 6 : 171.2 (s, OCOCH3), 167.5 (s, C-2"),
166.2 (s, NHCO), 151.6 (s, C-5”), 146.4 (s, C-4”), 145.6 (s, C-47"),
140.2 (s, C-27), 134.0 (d, C-4’), 133.3 (s, C-1""), 132.0 (s, C-22a’),
129.9 (d, C-37), 128.1 (d, C-2”"), 126.7 (s, C-3” or C-17), 126.6 (s,
C-3” or C-17), 123.4 (d, C-3°), 110.2 (d, C-67), 65.2 (t, C-1), 60.2
(q, 4”-OCH3s), 55.9 (q, 57-OCH3), 49.0 (d, C-2), 40.7 (t,
NHCOCH3), 31.0 (t, C-3), 21.7 (q, 4”’-CH3), 20.8 (q, OCOCH3),
10.8 (q, 3”-CH3).

FT-IR (KBr) cm!: 2940, 1776, 1724, 1420, 1369, 1221, 1065.
EI-MS m/z (%) : 624 (M+, 29), 469 (34), 409 (81), 229 (13), 205
(100), 181 (70), 160 (92).

HR-EI-MS : Calced for C31H32N2010S, 624.1778. Found :

624.1775.

(1-((1,3-Dioxoisoindolin-2-vl)methyl)-7.8-dimethoxyv-6-methyl-

5-(tosyloxy)-3.4-dihydroisoquinolin-3-yl)methyvl acetate (122)

121 (62.4 mg, 0.1 mmol) ® CH3CN (0.5 mL) ®i#k iz, iR 12 T

POCl;3 (28 pL, 0.3 mmol) # /M x . 4 % 120 °C ([T H & L 4 FF i
TBGEHR Lz, 4 M#% O TLCIC THE OB K EZMHMIBLEZD TH
PR A PR L T RS 2Ok T LB fl NaHCOs K%K (30 mL) I
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H1F. CH2Cl: (30 mLx3) #ili, AEZ G bHLE ., fafMmAEK (30
mL) YE¥. M. BRHEE L, EE (75.6 mg, M 60.6 mg) #
YU AL (10g) OB T A7 v~ MZTHE L T Hexane
AcOEt (2 : 3) FTAHE L v 122 (58.8 mg, WHE 97%) % &=,

122 : B 7Y XA mp 191 - 191.5 °C (from AcOEt-Hexane).

1H-NMR (400 MHz, CDCl3) & : 7.87
(2H, dd, J=5.2, 2.9 Hz, 3’-Hz), 7.82
(2H, d, J = 8.0 Hz, 2”-H2), 7.34 (2H,

dd, J=5.2, 2.9 Hz, 4°-H2), 7.38 (2H, d,

J=28.0 Hz, 3’-H2), 5.28 (1H, dd, J =

17.6, 3.2 Hz, 9-H), 4.69 (1H, dd, J=17.6, 2.1 Hz, 9-H), 4.01 (1H,
dd, J=10.9, 5.5 Hz, 10-H), 4.00 (3H, s, 8-OCH3), 3.87 (1H, dd, J
= 10.9, 6.8 Hz, 10-H), 3.84 (3H, s, 7-OCH3), 3.22 (1H, m, 3-H),
2.59 (1H, dd, J = 15.8, 4.6 Hz, 4-H), 2.48 (3H, s, 4”-CH3), 2.08
(3H, s, 6-CH3), 1.87 (1H, t, J = 15.8 Hz, 4-H), 1.86 (3H, s,
OCOCH3). 13C-NMR (100 MHz, CDCl3) & : 170.6 (s, OCOCH3),
168.6 (s, C-2’), 158.4 (s, C-1), 150.7 (s, C-7), 149.7 (s, C-8), 145.7
(s, C-47), 141.2 (s, C-5), 133.7 (d, C-4’), 133.4 (s, C-17), 132.5 (s,
C-2a’), 131.3 (s, C-6), 130.0 (d, C-3”), 128.3 (s, C-4a or C-8a),
128.2 (d, C-27), 123.1 (d, C-3’), 120.2 (s, C-4a or C-8a), 66.9 (t,
C-10), 61.0 (q, 8-OCHz3s), 60.2 (q, 7-OCH3s), 54.5 (d, C-3), 43.8 (t,
C-9), 23.9 (t, C-4), 21.7 (q, 4”-CH3s), 20.6 (q, OCOCH3), 11.2 (q,
6-CHs).

FT-IR (KBr) cm'!: 2943, 1775, 1740, 1724, 1711, 1466, 1420,
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1192, 1179, 1069.

EI-MS m/z (%) : 624 (M+, 4), 547 (8), 451 (70), 391 (100), 363 (50),
327 (7), 216 (12), 160 (16).

HR-EI-MS : Calcd for C3s1H30N209S, 606.1672. Found : 606.1670.
Anal. Calced for C31H30N209S : C, 61.38; H, 4.98; N, 4.62 Found :

C, 61.46; H, 5.18; N, 4.52.

1-((1,3-Dioxoisoindolin-2-yl)methvyl)-3-(hydroxymethyl)-7.8-di-

methoxy-6-methvl-3,4-dihydroisoguinolin-5-vyl

4-methylbenzenesulfonate (123)

122 (10.30 mg, 17 mmol) @ CHCls : MeOH (1 : 1/ 340 mL)A &
IZ =R 12 T K2CO3 (7.04 g, 51 mmol) # Mz 7=, 2 K% D TLC
CTHEOHERZ MR L 72D KGR A D 3 R % IC Kk & 5
Ex®7, KIS NH4Cl K& (500 mL) %1 %, #\w\ T
CHCl; (500 mL x 3) #fifi, A#E &b, M &K KBGO mL)
Ve, Mol W L, B (15.5g, HlimfE,9.59g) 2V A
N (300g) DA T A7~ MIZTHELTCH:Clz : MeOH (30 : 1)
WHE LY 128 (7.57 g, ILHE 79 %) =&,

123 : M4 7 Y X A4 mp 204 - 205 °C

(from AcOEt)
1H-NMR (400 MHz, CDCl3) & : 7.89 (2H,
dd, J=5.4, 3.0 Hz, 3°-H»), 7.81 (2H, d,

J=8.5Hz, 2”-Hy), 7.74 (2H, dd, J = 5.4,

3.0 Hz, 4’-H2), 7.38 (2H, d, J = 8.5 Hz,
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3”-H:), 5.37 (1H, dd, J=17.7, 3.3 Hz, 9-H), 4.69 (1H, dd, J=17.7,
2.3 Hz, 9-H), 4.02 (3H, s, 8-OCH3), 3.81 (3H, s, 7-OCH3), 3.54
(1H, ddd, J=10.5, 8.5, 4.6 Hz, 10-H), 3.22 (1H, ddd, J=10.5, 7.3,
4.1 Hz, 10-H), 3.06 (1H, m, 3-H), 2.48 (3H, s, 4”-CHs), 2.47 (1H,
dd, J = 15.1, 4.6 Hz, 4-H), 2.20 (1H, br s, OH), 2.09 (3H, s,
6-CH3), 1.89 (1H, t, J = 15.1 Hz, 4-H).

13C-NMR (100 MHz, CDCls) & : 168.5 (s, C-2°), 159.0 (s, C-1),
150.7 (s, C-7), 149.9 (s, C-8), 145.8 (s, C-47), 141.2 (s, C-5), 134.0
(d, C-4’), 133.4 (s, C-17), 132.2 (s, C-2a’), 131.6 (s, C-6), 130.0 (s,
C-3”), 128.6 (s, C-4a or C-8a), 128.2 (d, C-27), 123.3 (d, C-3"),
120.2 (s, C-4a or C-8a), 65.3 (t, C-10), 61.1 (q, 8-OCH3), 60.2 (q,
7-OCH3s), 56.8 (d, C-3), 43.8 (t, C-9), 23.2 (t, C-4), 21.7 (q,
4”-CH3), 11.2 (q, 6-CH3).

FT-IR (KBr) cm'!: 3483, 2945, 1771, 1701, 1429, 1362, 1263,
1177, 1065, 949, 849.

EI-MS m/z (%) : 564 (M+*, 1), 534 (100), 409 (22), 379 (41), 363
(61), 232 (7), 216 (11), 181 (20), 160 (14).

HR-EI-MS : Calcd for C29H2sN20sS, 564.1566. Found : 564.1565.
Anal. Caled for C29H2sN20sS:1/10 AcOEt: C, 61.58; H, 5.06; N,

4.89. Found : C, 61.31; H, 5.06; N, 4.89.

(1R*,35%)-1-((1,3-Dioxoisoindolin-2-yl)methyl)-3-(hydroxyl-

methyl)-7.8-dimethoxv-6-methyl-1,2.3,4-tetrahvdroisoquinolin-

5-yl 4-methylbenzenesulfonate (124)
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123 (1.128 g, 2 mmol) ®» CHCIl; : MeOH : AcOH (15 mL : 15 mL:
1.5 mL) Wik iZ. ik A4 (45mg, 0.2 mmol) % I x T /K FEFEHK
THMLLLBHEELMHEMBLE, TLCIC TS ZBH L, 2.5 %O
TLCICTHEBOMEZERLIEZD THRISEEILSE -, 2EICL -
O AMEH Y THBEZ A LA EZAEDLDE, = NF L — % — (T
T £, REWICEFT NaHCOs K& (200 mL) % il 2 C KE
% Hfn, CH2Cl: (200 mLx 3) i, AE %~ &b, fAafm gl
A (200 mL) Ve, w kg BWHR L, RE (1.186 g, M 1.132 g)
U FN (80g) O T A v~ MZTCTH® L T Hexane
AcOEt (1 :5) WH ¥ L v 124 (1.128 g, IFE 100%) % 15 7-,

124 : @ 7 X A8 mp 165 - 166 °C (from AcOEt).

1H-NMR (400 MHz, CDCl3) & : 7.85 (2H,
dd, J= 5.4, 3.1 Hz, 3-Hy), 7.79 (2H, d,
J=28.0Hz, 2°-Hy), 7.72 (2H, dd, J = 5.4,

3.1 Hz, 4’-Hy), 7.37 (2H, d, J = 8.0 Hz,

3”-H2), 4.70 (1H, dd, J = 8.7, 4.1 Hz,

1-H), 4.00 (1H, dd, J = 13.5, 4.1 Hz, 9-H), 3.94 (3H, s, 8-OCH3),
3.73 (1H, dd, J = 13.5, 8.7 Hz, 9-H), 3.70 (3H, s, 7-OCH3), 3.53
(1H, dd, 4= 10.8, 3.2 Hz, 10-H), 3.33 (1H, dd, J = 10.8, 4.9 Hz,
10-H), 2.76 (1H, ddt, J=11.9, 4.9, 3.2 Hz, 3-H), 2.57 (1H, dd, J =
15.7, 3.2 Hz, 4-H), 2.50 (3H, s, 4”-CH3), 2.09 (1H, dd, J = 15.7,
11.9 Hz, 4-H), 2.01 (3H, s, 6-CH3).

13C-NMR (100 MHz, CDCl3) & : 168.9 (s, C-2), 149.7 (s, C-7),
148.7 (s, C-8), 145.6 (s, C-47), 141.6 (s, C-5), 133.9 (d, C-4"),
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133.5 (s, C-17), 132.1 (s, C-2a’), 129.9 (d, C-3”), 128.4 (d, C-27),
127.7 (s, C-8a), 127.4 (s, C-4a), 126.4 (s, C-6), 123.2 (d, C-3"),
65.6 (t, C-10), 60.5 (q, 8-OCH3), 60.0 (q, 7-OCH3), 53.8 (d, C-3),
50.9 (d, C-1), 44.7 (t, C-9), 26.4 (t, C-4), 21.7 (q, 4”-CH3s), 10.8 (q,
6-CHs).

FT-IR (KBr) cm™!: 3466, 3370, 2940, 2872, 1771, 1719, 1705,
1597, 1468, 1427, 1410, 1395, 1371, 1341, 1190, 1177, 1078,
1047,

LR-MS (FAB*) : 567 [M+H]*.

HR-MS (FAB*) : Caled for C29H31N20sS, 567.1802. Found :
567.1804.

Anal. Calced for C29H30N20sS : C, 61.47; H, 5.34; N, 4.94 Found :

C, 61.57; H, 5.48; N, 4.85.

Tert-Butyl

(1R*,38%)-1-((1,3-dioxoisoindolin-2-yl)methyl)-3-(hydroxyl-

methyl)-7.8-dimethoxyv-6-methyl-5-(tosyloxy)-3.,4-dihydroiso-

quinoline-2(1 A)-carboxylate (125)

124 (4.53 g, 8 mmol) ® CH3CN (80 mL) & # 12 = & 12 T Bocz20

(2.76 mL, 12 mmol) Z# 1 x 7=, 304y % & TLCIZ T JFE & 5 2k % Tk
RBLEO TINBBICKIEZEES T, KISRICKH T, K (200
mL) %M x T Z 1k &%, CHCl; (200 mL x 3) fith ., A E
bW, Mgk (200 mL) Wi, # BWHER E, KIE (6.01
g, FIGGME 5.33¢g) 2> U BN (120g) OB 7 L7 v~ MIZTH
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#l L TAcOEt : Hexane (1 :1) EHIE L 0 125 (4.90 g, I FE 92%)
o =

125 : AT E )L T 7 A

IH-NMR (400 MHz, DMSO-ds, 60 °C)
5:7.87 (2H, d, J = 8.3 Hz, 2”-H»),
7.82-7.88 (4H, m, 3’-Hs, 4’-Hs), 7.54
(2H, d, J = 8.3 Hz, 3”-H), 5.83 (1H, t,

J=17.8Hz, 1-H), 4.76 (1H, t, J = 5.4

Hz, OH), 3.88 (1H, dd, J = 13.2, 7.8 Hz, 9-H), 3.78 (1H, dd, J =
13.2, 7.8 Hz, 9-H), 3.71-3.75 (1H, m, 10-H), 3.68 (3H, s, 8-OCH3),
3.50-3.57 (2H, m, 3-H, 10-H), 3.34 (3H, s, 7-OCH3), 2.96 (1H, dd,
J=16.1, 6.3 Hz, 4-H), 2.71 (1H, dd, J = 16.1, 11.2 Hz, 4-H), 2.49
(3H, s, 4”-CHs), 1.88 (3H, s, 6-CH3), 1.34 (9H, s, CO2C(CH3)s).
13C-NMR (100 MHz, DMSO-ds, 60 °C) § :167.2 (s, C-2°), 154.2 (s,
CO2C(CH3)3), 149.0 (s, C-7), 147.1 (s, C-8), 145.7 (s, C-47), 140.6
(s, C-5), 133.9 (s, C-4’), 132.3 (s, C-17), 131.5 (s, C-2a’), 130.0 (d,
C-37), 127.9 (d, C-2”), 127.6 (s, C-8a), 125.8 (s, C-6), 125.1 (s,
C-4a), 122.5 (d, C-3’), 78.9 (s, CO2C(CH3)3), 62.5 (t, C-10), 60.2
(q, 8-OCH3), 59.2 (q, 7-OCH3), 53.4 (d, C-3), 47.5 (d, C-1), 40.4 (t,
C-9), 27.6 (q, CO2C(CH3)3), 23.9 (t, C-4), 20.9 (q, 4”-CH3), 10.2 (q,
6-CHs).

FT-IR (KBr) cm-!: 3414, 2972, 2941, 2884, 1775, 1709, 1686,
1470, 1398, 1252, 1177, 1053.

LR-MS (FAB*) : 667 [M+H]*.
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HR-MS (FAB*) : Calcd for C34H39N2010S, 667.2325. Found :

667.2332.

Tert-Butyl

(1R*,38%)-1-((1,3-dioxoisoindolin-2-yl)methyl)-3-(((N-(2-

ethoxy-2-oxoethyl)-2-nitrophenyl)sulfonamido)methyl)-7,8-di-

methoxyv-6-methyl-5-(tosvloxy)-3,4-dihydroisoquinoline-2(1 H)-

carboxvlate (126)

125 (4.33 g, 6.5 mmol), Ns-Gly-OEt (2.34 g, 8.125 mmol), PPhs
(2.13 g, 8.125 mmol) ® THF (130 mL) &% iZ. k& F. DEAD
(40% b b= %%, 3.83 mL, 8.45 mmol) % M x 7=, TLCIZ T K&
ZBEH LTSI A12RBERBRICEBDOHKZHER LD T AR L
— X — I TCHBEEEEL FEE (10.95¢g, #EFfE 6.09¢g) =17,

T, RERREEDNLOITH Z N B ICTAHHI L TAHAHK

(Y
(Y

(9.86g) 57, 0 AKEV XN (360g) DT LT~

Mz TH;H L CCH32Cls : AcOEt
(9:1) IAHE X126 (4.75 g, N
R OT18%) BT,

IH-NMR (400 MHz, DMSO-ds, 80

°C) 8 : 8.23-8.27 (1H, m, 3”-Hs),

7.85-7.97 (9H, m), 7.53 (2H, d, J =

8.3 Hz, 3”’-H2), 5.88 (1H, dd, J=9.2, 6.3 Hz, 1-H), 4.26 (1H, d, J
= 18.5 Hz, CH2CO:Et), 4.12 (1H, d, /= 18.5 Hz, CH2CO3Et), 4.02
(1H, dq, J = 13.6, 7.1 Hz, OCH2:CH3), 3.96 (1H, dq, J = 13.6, 7.1
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Hz, OCH2:CH3), 3.69-3.87 (3H, m, 3-H, 9-H, 10-H), 3.81 (3H, s,
8-0CHs), 3.75 (1H, dd, J = 13.6, 6.3 Hz, 9-H), 3.67 (1H, dd, J =
13.6, 2.4 Hz, 10-H), 3.57 (3H, s, 7-OCH3), 3.36 (1H, dd, J = 16.1,
6.1 Hz, 4-H), 2.57 (1H, dd, J = 16.1, 11.2 Hz, 4-H), 2.49 (3H, s,
4”-CHs), 2.01 (3H, s, 6-CH3), 1.21 (9H, s, CO2C(CH3)3), 1.07 (3H,
t, J=17.1 Hz, OCH2:CH3). 13C-NMR (100 MHz, DMSO-ds, 80
°C) 8 : 167.4 (s, CH2CO:2Et), 167.0 (s, C-2°), 154.2 (s,
CO2C(CH3)3), 149.5 (s, C-7), 147.3 (s, C-27), 147.1 (s, C-8), 145.6
(s, C-47’), 140.0 (s, C-5), 134.1 (d, C-4” or C-5” or C-6"), 134.0 (d,
C-4’), 132.0 (s, C-17), 131.8 (d, C-4” or C-5” or C-6”), 131.4 (s,
C-2a’ or C-17), 131.3 (s, C-2a’ or C-17), 130.0 (d, C-37), 129.9 (d,
C-37), 127.7 (d, C-2”"), 127.5 (s, C-8a), 126.1 (s, C-6), 124.1 (s,
C-4a), 123.8 (d, C-4” or C-5” or C-67), 125.5 (d, C-3’), 79.9 (s,
CO:C(CH3)s3), 60.4 (q, 8-OCH3s), 60.3 (CO:CH2:CH3s), 59.4 (q,
7-0OCH3s), 52.6 (t, C-10), 49.8 (d, C-3), 48.2 (d, C-1), 48.0 (t,
CH:CO:Et), 40.2 (t, C-9), 27.2 (q, CO2C(CH3)3), 25.0 (t, C-4),
20.7 (q, 47’-CH3s), 13.2 (q, OCH2CH3), 10.3 (q, 6-CHs).

FT-IR (KBr) cm'!: 2978, 2940, 1775, 1751, 1719, 1690, 1547,
1396, 1369, 1177, 1167, 1047.

LR-MS (FAB*) : 937 [M+H]+.

HR-MS (FAB*) : Calcd for C44H49N40155S2, 937.2635. Found :

937.2635.

126 ® i Boc b IZH < A F N T I FIEE T 104a ~ D & #
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126 (4.685 g, 5.0 mmol) ® CH:Cls (20 mL) ®# 12 = & I T TFA
(20mL) ZMx7, 150% O TLCIZ CHEOWHAEZMRL-DT
30 Y ICHME AR Lz, (TLCIC X B IGEDEH OBIZ, TLC
L= ETCE=TEEMPILTCOLERLTWD),

BCIS K 22 K ¥ U 72 28% NH3/K ¥ ik (300 mL) 12 & F 3is Ml it ## L 72
OL B % B L7z, CH:Cl: (300 mL x 3) i, AfEZ A& D
. fEf Ak (300 mL) W, Wik, WHLE £, Kk (4.04 ¢, A
WWiE, 3.95g) LU BTN (95g) OB T LA m~ MZTHBL

TCH:Clz: MeOH (80 : 1) ¥ & v 104a (3.56 g, I 90%) %
(N

104a O EFEA XYV b VT — Z L3 Tllp. 22312 L7,

Benzyl

(6R*,11aS5*)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-7,8-dimethoxy

-9-methvyl-4-ox0-10-(tosyloxy)-1.3,4.6.11.11a-hexahydro-2 H-

pyrazinol[1,2-blisoquinoline-2-carboxvylate (130a)

105a (605.0 mg, 1 mmol) ® CH:Cls (15 mL) & 2 ® iR 12 TEt3N
(153 pL, 1.1 mmol) X X7 v ¥~ YL (157 uL, 1.1 mmol)
M Z 7o, 1R % TLCIC THREI O WK % iR L 72 % 40 % B 45
L7, IOSHKIZIN/HCI KE# (40 mL) #MA T boiEe — b
(c® L.CHCl; (40 mLx 3) #iith . A E 2 & b, & A (40
mL) W, . W L, Kl (761.56 mg, PR 739.0 mg) %
YU BN (26g) OB T AT a~w MIZTHAE L TCH:Cl: : MeOH
(50 : 1) WHHE X v BWY 130a (735.5 mg, WFE 100 %)%= 15 7=,
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130a : AT )L T 7 A

IH-NMR (400 MHz, DMSO-
ds, 80 °C) 8 : 7.76-7.79 (6H, m,
3”-Hsz, 4”-H2, and 2”’-Hy),
7.48 (2H, d, J = 8.3 Hz,

3”’-Hs2), 7.30-7.38 (5H, m,

CH:Ph), 5.87 (1H, t, J = 6.3
Hz, 6-H), 5.15 (1H, d, J=12.7 Hz, CO2CH,), 5.11 (1H, d, J=12.7
Hz, CO2CHs), 4.03 (1H, br d, J=17.1 Hz, 3-H), 3.86 (1H, d, J =
17.1 Hz, 3-H), around 3.85 (1H, m, 1-H, overlapped with
7-0OCH3s), 3.85 (3H, s, 7-OCH3), 3.79 (2H, d, J = 6.3 Hz, 12-H2),
3.34 (3H, s, 8-OCH3), 3.39 (1H, br tt, J = 11.9, 3.2 Hz, 11a-H),
3.11 (1H, br t, J=11.9 Hz, 1-H), 2.81 (1H, dd, J = 15.6, 3.2 Hz,
11-H), 2.11 (3H, s, 4”’-CH3s), 2.21 (1H, dd, J = 15.6, 11.9 Hz,
11-H), 1.87 (3H, s, 9-CH3).

13C-NMR (100 MHz, DMSO- dg, 80 °C) & : 167.1 (s, C-2”), 165.7
(s, C-4), 153.5 (s, NCO2CHz3), 149.5 (s, C-8), 147.8 (s, C-7), 145.7
(s, C-4”’), 140.1 (s, C-10), 136.3 (s, C-1°), 133.8 (d, C-47), 132.0 (s,
C-17), 131.3 (s, C-2a”), 129.8 (d, C-37"), 127.9 (d, C-27), 127.9 (d,
C-3’), 127.4 (d, C-4’), 127.1 (d, C-2°), 126.2 (s, C-9), 125.3 (s,
C-6a), 124.3 (s, C-10a), 122.4 (d, C-3”), 66.2 (t, CO2CH2), 60.1 (q,
7-OCHs3s), 59.2 (q, 8-OCH3), 51.0 (d, C-11a), 46.7 (t, C-3), 46.6 (d,
C-6), 46.5 (t, C-1), 40.9 (t, C-12), 25.9 (t, C-11), 20.6 (q, 4”’-CH3),
10.0 (q, 9-CH3s).
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FT-IR (KBr) cm'!: 2943, 1775, 1717, 1659, 1468, 1414, 1391,
1375, 1356, 1339, 1325, 1192, 1179, 1051.

EI-MS m/z (%) : 739 (M+, 0.3), 579 (100), 551 (3), 425 (19).
HR-EI-MS : Calced for C39H37N3010S, 739.2200. Found :

739.2198.

Benzyl

(6R*,11aS*)-6-(Aminomethyl)-7.8-dimethoxv-9-methyl-4-0x0-10-

(tosvloxv)-1.3.4.6.11.11a-hexahyvdro-2H-pyrazino[1,2-bliso-

quinoline-2-carboxylate (181a)

130a (702.1 mg, 0.95 mmol) ® EtOH (15 mL) AR IC=EEIC Tk
K7 rv— /KMy (1.5mL) ZMx . s 60°CICHIE L T 1 KHH
MEHEH L7z, 1FHM%ZO TLCIZ THEREOHE A LZ M L%
WUER & BH AR L 72, KRR K (100 mL) %12 CHCls (100 mL x
3) M, AEEZ b, MiafEk (200 mL) Wi, k. &
B £, FRE (609.4 mg, HiRfE 578.6 mg) U WS (25 g)
DA T h7 v~ MITHBMLTCH:Cl: : MeOH (10 @ 1) & H#8 X
D HW ¥ 46b (571.1 mg, W R 99%) % &7,

131la: AT E )L 7 7 A
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IH-NMR (400 MHz, DMSO- ds, [Me. :
60 °C) 5 : 7.81 (2H, d, J = 8.2 T
Hz, 2”-Hs), 7.49 (2H, d, J =

8.2 Hz, 3”-Hs), 7.29-7.37 (5H,

m, CH2Ph), 5.44 (1H, t, J = 131a

5.3 Hz, 6-H), 5.12 (2H, s, CO2CH32), 4.07 (1H, br d, J = 17.2 Hz,
3-H), 4.01 (1H, d, J = 17.2 Hz, 3-H), 3.85 (3H, s, J = 7-OCH3),
3.78 (1H, dd, J=12.3, 2.9 Hz, 1-H), 3.72 (3H, s, 8-OCH3), 3.31
(1H, m, 11a-H), around 3.12 (1H, m, 1-H, overlapped with H20),
2.83 (1H, dd, J = 13.2, 5.3 Hz, 12-H), 2.67 (1H, br dd, J = 15.3,
2.7 Hz, 11-H), 2.64 (1H, dd, J = 13.2, 5.3 Hz, 12-H), 2.41 (3H, s,
4”-CHs), 2.33 (1H, dd, J = 15.3, 12.3 Hz, 11-H).

13C-NMR (100 MHz, DMSO- ds, 60 °C) & : 165.4 (s, C-4), 153.6 (s,
NCO32CH2), 149.5 (s, C-8), 147.7 (s, C-7), 145.8 (s, C-4”), 140.0 (s,
C-10), 136.4 (s, C-1°), 132.3 (s, C-17), 130.0 (d, C-3”), 128.1 (d,
C-3’or C-4’), 127.9 (d, C-3’ or C-4’), 127.6 (d, C-27), 127.3 (s,
C-6a), 127.3 (d, C-2°), 125.5 (s, C-9), 124.7 (s, C-10a), 66.3 (t,
CO2CH3s), 60.2 (q, 7-OCH3), 59.6 (q, 8-OCH3), 51.2 (d, C-6), 50.8
(d, C-11a), 47.0 (t, C-3), 46.8 (t, C-1), 46.7 (t, C-12), 26.3 (t,
C-11), 20.8 (q, 4”-CH3s), 10.4 (q, 9-CH3s).

FT-IR (KBr) cm'!: 3379, 2940, 2874, 1706, 1653, 1466, 1456,
1414, 1373, 1337, 1244, 1192, 1177, 1049.

LR-MS (FAB*) : 610 [M+H]*.
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HR-MS (FAB+) : Calcd for C31H3sN30sS, 610.2223. Found :

610.2221.

Benzyl

(6R*,11aS8*)-6-(((tert-butoxycarbonyl)amino)methyl)-7.8-di-

methoxv-9-methyl-4-0x0-10-(tosyloxy)-1.3.4.6,11,11a-hexahydro

-2H-pyrazino[1,2-blisoquinoline-2-carboxylate (132a)

131a (487.2 mg, 0.8 mmol) ®» CH3CN (10 mL) &R K2 T
Boc20 (184 uL, 0.96 mmol) % M x 7=, 1 K% ®» TLC & THEE
HREZHERLEZEZOBALABEZHG L 72, KIGHKIZAK (100 mL) %0
Z CRIG &1k &4 CH2Cla (100 mL x 3) fiHH . AHE 2 A bH .
fafn &K (100 mL) W, ®ofe. W £, kiE (665.1 mg, #
WiE 567.2 mg) 2 U B A (20g) O T AV v~ bIZ TR
L T CH:Clz : MeOH (50 : 1) % HH L V. 182a (545.2 mg, I
96%) * 1% 7=

132a: AT L7 7 A

IH-NMR (400 MHz, DMSO- ds, [Me
80 °C) & :7.82 (2H, d, J = 8.5
Hz, 2”-Hy), 7.48 (2H, d, J =

8.5 Hz, 3”-Hs), 7.31-7.38 (5H,

m, CH:2Ph), 6.40 (1H, br s, N-

H), 5.57 (1H, t, J= 5.6 Hz, 6-H), 5.13 (2H, s, CO2:CH3), 4.06 (1H,
d, J=17.2 Hz, 3-H), 4.00 (1H, d, J = 17.2 Hz, 3-H), 3.87 (3H, s,
7-OCHs), 3.73 (3H, s, 8-OCH3s), 3.71 (1H, dd, J=1.9, 2.7 Hz, 1-H),
3.32 (1H, m, 11a-H), 3.21-3.25 (3H, m, 12-H x 2 and 1-H), 2.68
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(1H, dd, 4 = 15.1, 3.0 Hz, 11-H), 2.42 (83H, s, 4”-CH3), 2.26 (1H,
dd, J = 15.1, 12.6 Hz, 11-H), 2.01 (3H, s, 9-CH3), 1.27 (9H, s,
CO:2C(CH3)3).

13C-NMR (100 MHz, DMSO- ds, 80 °C) & : 165.4 (s, C-4), 155.1 (s,
NCO:2C(CH3s)s), 153.5 (s, NCO2CH3), 149.4 (s, C-8), 147.7 (s, C-7),
145.6 (s, C-47), 139.9 (s, C-10), 136.3 (s, C-1’), 132.4 (s, C-17),
129.9 (d, C-37), 127.9 (d, C-2’ or C-3’), 127.7 (d, C-27), 127.4 (d,
C-4’), 127.1 (d, C-2’ or C-3’), 126.3 (s, C-6a), 125.7 (s, C-9), 124.2
(s, C-10a), 77.2 (s, C-16), 66.2 (t, CO2CH3), 60.0 (q, 7-OCH3),
59.5 (q, 8-OCH3), 50.7 (d, C-11a), 48.4 (d, C-6), 46.8 (t, C-3), 46.6
(t, C-1), 43.9 (¢, C-12), 27.7 (q, C-17), 25.6 (t, C-11), 20.6 (aq,
4”-CHs), 10.2 (q, 9-CHs).

FT-IR (KBr) cm'! : 3350, 2976, 2938, 1709, 1655, 1510, 1466,
1414, 1368, 1248, 1192, 1179, 1051, 764.

EI-MS m/z (%) : 709 (M*, 0.1), 579 (100), 489 (8), 425 (18).
HR-EI-MS : Calcd for C3ssH43N3010S, 709.2669. Found :

709.2665.

Benzvl (6 R*,11a.5%)-6-(((tert-butoxycarbonyl)amino)methyl)-10-

hyvdroxy-7.8-dimethoxy-9-methvyl-4-0x0-1.3,4.6.11.11a-hexa-

hydro-2 H-pyrazinol[1,2-blisoquinoline-2-carboxyvlate (133a)

132a (553.0 mg, 0.78 mmol) ® MeOH (20 mL) & IZ =12 T
Mg (948 mg, 39 mmol) % M x 7=, KB AA 2 RE R & IC KIS K 1% HE
W7 U — AR E LT, ZTZTCTTLCZERB L., HEOME KD
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HlelommiEo ARy NEMRB LIZTEOBRWLBEEZHE L, KKK
% CHCls (300 mL) T# R L. finf1 NH4Cl K% iR

(300 mL) # /M x 7=t CHCls (30 mL x 3) fiith., AHE %24 by,
f fn & MK (300 mL) Wei . ROl B L, ki (433.3 mg, H
iE 432.9mg) 2 U B A (25g) OH T A7 v~ b2 TH L
L T CH:2Clz : MeOH (50 : 1) & i #8 LV 133a (406.5 mg, I
94%) % 157,

133a: AT E )L T 7 A

1H-NMR (400 MHz, DMSO-ds, 80
°C) 8 :8.07 (1H, br s, 10-OH), 7.28

(5H, m, CH:2Ph), 6.29 (1H, br s,

N-H), 5.55 (1H, t, J = 5.5 Hz, 6-H),

5.13 (1H, d, J = 13.1 Hz, NCO:CH>), 5.10 (1H, d, J = 13.1 Hz,
NCO:2CHs), 4.07 (1H, br d, J=16.9 Hz, 3-H), 4.02 (1H, d, J=16.9
Hz, 3-H), 3.95 (1H, dd, J = 11.9, 2.4 Hz, 1-H), 3.77 (3H, s,
7-OCH3), 3.71 (3H, s, -OCH3), 3.52 (1H, tt, J = 11.9, 3.5 Hz,
11a-H), 3.32 (1H, br t, J = 11.9 Hz, 1-H), around 3.21 (1H, m,
12-H, overlapped with 11-H), 3.21 (1H, dd, J = 15.4, 3.5 Hz,
11-H), 3.16 (1H, m, 12-H), 2.43 (1H, dd, J = 15.4, 11.9 Hz, 11-H),
2.08 (3H, s, 9-CH3), 1.26 (9H, s, CO2C(CH3)s).

13C-NMR (100 MHz, DMSO- ds, 80 °C) & : 165.6 (s, C-4), 155.1 (s,
C-14), 153.6 (s, NCO2CH3>), 149.1 (s, C-8), 147.0 (s, C-10), 142.2
(s, C-7), 136.4 (s, C-1°), 127.9 (d, C-3’ or C-4’), 127.4 (d, C-3’ or
C-4’), 127.1 (d, C-2’), 124.8 (s, C-6a), 118.2 (s, C-9), 117.1 (s,
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C-10a), 77.1 (s, C-16), 66.1 (t, CO2CH3), 60.0 (q, 7-OCH3), 59.3 (q,
8-OCH3), 51.3 (d, C-11a), 48.4 (d, C-6), 47.1 (t, C-1), 46.9 (t, C-3),
44.5 (t, C-12), 27.7 (q, C-17), 24.4 (t, C-11), 9.1 (q, 9-CH3).
FT-IR (KBr) cm'! : 3360, 2976, 2936, 1709, 1647, 1589, 1514,
1464, 1418, 1366, 1356, 1327, 1298, 1252, 1167, 1138, 1119, 1090,
1167.

EI-MS m/z (%) : 555 (M+*, 0.9), 425 (100), 397 (4), 335 (4), 291 (3),
220 (3).

HR-EI-MS : Caled for C29H37N30s, 555.2581. Found : 555.2585.

133a (X092 7 / {k

133a (27.8 mg, 0.05 mmol) ® THF (5 mL) BT —17 °C 12 T
KFZEAT VI =LY F A (47.4 mg, 1.25 mmol) D - < Y
ZTo, RREIC T 2REE %, FEOMERE KM ERR Y b2 iR
L7z, Z2ZTKCNKA®E® (26.0 mgin 0.8 mL/ 0.5 mol/L) %« -
XY EEBBES M=%, HE# (288 uL, 5.5 mmol) % 1 x =& 2
RLZ, BBICT 15 0B#H%, TLCIC THALZL ARy N &R L
Tl BAEEZRG L7, KISWKICHEF NaHCOs K%K (20 mL)
LOfafie v v VKKK (20 mL) 200 2 TS &5 1L &8 7=
% CHCl; (30 mL x3) #fith, Ak E 2 & bt . faf &K (20 mL)
Vedp . WL, W L, EE (33.9 mg, HimfE 28.3 mg) &Y
BTN (9g) O T A7~ M THB LT ACOEt : Hexane (2 :

3) WH#E L vV 134a (22.3 mg, WE 79%) % H7-,
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Benzyl

(4R* 6 R*,11a5%)-6-(((tert-butoxycarbonvl)amino)methyl)-4-

cvyano-10-hydroxy-7.8-dimethoxyv-9-methyl-1.3,4.6,11.11a-hexa-

hydro-2 H-pyrazino[1,2-blisoquinoline-2-carboxylate (134a)

134a : AT )L 7 7 A

IH-NMR (400 MHz, DMSO- ds, 80
°C) 8 :7.94 (1H, br s, 10-OH), 6.05

(1H, br s, N-H), 5.13 (2H, s,

NCO:CH3:), 4.35 (1H, t, J = 2.7 Hz, 134a 0o 03<

4-H), 4.25 (1H, dt, J = 13.2, 2.7 Hz, 3-H), 4.08 (1H, dt, J = 12.6,
2.2 Hz, 1-H), 4.00 (1H, t, J = 5.1 Hz, 6-H), 3.75 (3H, s, 7-OCH3),
3.71 (3H, s, 8-OCH3), 3.78 (1H, dd, J = 13.2, 2.7 Hz, 3-H), 3.14
(2H, t, J=5.1 Hz, 12-H x 2), 2.93 (1H, dd, J=15.1, 2.4 Hz, 11-H),
2.74 (1H, dd, J=12.7, 10.7 Hz, 1-H), 2.44 (1H, m, 11a-H), 2.12
(1H, dd, J=15.1,11.2 Hz, 11-H), 2.06 (3H, s, 9-CHs), 1.30 (9H, s,
CO2C(CH3)s).

13C-NMR (100 MHz, DMSO- ds, 80 °C) & : 155.2 (s, NCO2C(CH3)s),
154.0 (NCO2CHz), 148.9 (s, C-8), 146.8 (s, C-10), 142.3 (s, C-7),
136.3 (s, C-17), 127.9 (d, C-3°), 127.4 (d, C-4"), 127.0 (d, C-2),
124.8 (s, C-6a), 118.1 (s, C-10a), 117.4 (s, C-9), 116.9 (s, 4-CN),
77.1 (s, C-16), 66.2 (t, CO2CH2), 59.7 (q, 7-OCH3s), 59.3 (s,
8-0CH3), 57.0 (d, C-6), 52.3 (d, C-4), 51.6 (d, C-11a), 48.6 (t, C-1),
45.6 (t, x 2, C-12 and C-3), 27.8 (q, C-17), 26.0 (t, C-11), 9.0 (q,
9-CHs).
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FT-IR (KBr) cm-!: 3391, 2976, 2936, 2872, 2835, 2228, 1697,
1464, 1431, 1252, 1229, 1165, 1123, 756.

LR-MS (FAB*) : 567 [M+H]*.

HR-MS (FAB*) : Caled for C30H39N4O7, 567.2820. Found :

567.2818.

134a @ i Cbz 1k

134a (28.3 mg, 0.05 mmol) ® MeOH (3 mL) &% (2 EtsN (8.4 uL,
0.06 mmol) % M x 7=#% . KEE{b X7 ¥ v A (3.5 mg, 5 umol) % NI
A, KBFHKRATERICTHLIBEHLL, 1 FHE#%O TLCIZT

B O H KR ZHRE LD BB ERB LT, KIGKE ZBHEHOLH
DA AEHNTABL. BN TEABRE ARV —F — I TEML
o B¥EME W2 — MITB LK (20mL) /12, CHCls (20 mL
x3) i, AELZ ALY, AR K (20 mL) ¥EH ., mHE ., &
MR £, %W (26.5 mg, BWE 21.6 mg) 2>V WS (10g) O
BTG A v MCTHEL T CHCl; : MeOH (10 : 1) #HE L v

135a (19.2 mg, UL 89%). & 5 (2 CHCls : MeOH : 28% NH3 /K &
® (100 :9:1) WHHE L vV 186a (1.8 mg, XK 9%) % &=,

Tert-Butyvl

(((4R*.6 R*,11a58%)-4-cyvano-10-hydroxy-7

,8-dimethoxv-9-methvl-1.3.4.6.11.11a-he

xahvyvdro-2 H-pyrazino[1.,2-blisoquinolin-

6-yl)-

methyl)carbamate (135a)
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135a : AT E /LT 7 A

IH-NMR (400 MHz, CDCl3) 8 : 4.55 (1H, br t, J=5.8 Hz, N-HCO3»),
4.10 (1H, br s, 4-H), 4.03 (1H, br s, 6-H), 3.83 (3H, s, 7-OCH3),
3.80 (3H, s, 8-OCH3), 3.45 (1H, ddd, J=13.8, 6.9, 4.8 Hz, 12-H),
3.33 (1H, ddd, J=13.8, 5.8, 2.5 Hz, 12-H), 3.25 (1H, br d, J =
13.2 Hz, 3-H), 3.14 (1H, dd, J=13.2, 3.2 Hz, 3-H), 3.11 (1H, br d,
J=10.5 Hz, 1-H), 2.80 (1H, dd, J=15.3, 2.4 Hz, 11-H), 2.64 (1H,
tt, J=10.4, 2.4 Hz, 11a-H), 2.54 (1H, br t, J=10.4 Hz, 1-H), 2.15
(3H, s, 9-CH3s), 2.11 (1H, dd, J=15.3, 10.5 Hz, 11-H), 1.37 (9H, s,

NHCO:2:C(CH3)s)

13C-NMR (100 MHz, CDCl3) 8 : 156.4 (s, C-14), 149.7 (s, C-8),
146.3 (s, C-10), 143.4 (s, C-7), 125.6 (s, C-6a), 117.8 (s, 4-CN),
117.8 (s, C-10a), 116.3 (s, C-9), 79.0 (s, C-16), 60.4 (q, 7-OCH3y),
60.3 (q, 8-OCH3s), 58.6 (d, C-6), 53.0 (d, C-4), 52.1 (d, C-11a),
51.8 (t, C-1), 48.4 (t, C-3), 43.9 (t, C-12), 28.4 (q, C-17), 27.2 (t,
C-11), 8.8 (q, 9-CHs).

FT-IR (KBr) cm'! : 3385, 2976, 2936, 2835, 2224, 1697, 1462,
1366, 1354, 1254, 1169, 1119, 1072, 1061, 756.

EI-MS m/z (%) : 432 (M+*, 0.2), 332 (6), 302 (79), 275 (100), 259
(8), 220 (8).

HR-EI-MS @ Calcd for C22H32N40O5, 432.2373. Found : 432.2364.
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Tert-butyl

((6R*,11a.5%)-10-hydroxy-7.8-dimethoxy-9-methvyl-1.3.4.6,11.11

a-hexahydro-2H-pyrazino[1,2-blisoquinolin-6-yl)methyl)

carbamate (136a)

136a : AT EF )L T 7 A
1H-NMR (400 MHz, CDCl3) 6 : 4.76 (1H, br
t, J=4.2 Hz, N-H), 3.81 (3H, s, 7-OCH3),

3.77 (3H, s, 8-OCH3), 3.67 (1H, m, 6-H),

3.49 (1H, m, 12-H), 3.27 (1H, dt, J = 13.2,

4.2 Hz, 12-H), 3.05-3.13 (3h, m, 1-H and 3-H or 4-H x 2), 2.94
(1H, br t, J=11.2 Hz, 3-H or 4-H), 2.74 (1H, br t, J = 14.6 Hz,
11-H), 2.60 (1H, br t, J = 10.5 Hz, 1-H), around 2.44 (1H, m, 3-h
or 4-H), 2.33 (1H, br t, J=10.5 Hz, 11a-H), 2.12 (3H, s, 9-CH3),
around 2.12 (1H, m, 11-H), overlapped with 9-CH3), 1.30 (9H, s,
CO2C(CH3)3).

13C-NMR (100 MHz, CDCl3) 6 : 156.2 (s, C-14), 149.4 (s, C-8),
146.4 (s, C-10), 143.8 (s, C-7), 125.9 (s, C-6a), 119.0 (s, C-10a),
117.3 (s, C-9), 78.6 (s, C-16), 60.3 (q, 7-OCH3s), 60.1 (q, 8-OCH3),
60.0 (d, C-6), 55.1 (d, C-11a), 52.1 (t, C-3 or C-4), 51.5 (t, C-1),
45.8 (t, C-3 or C-4), 44.1 (t, C-12), 28.3 (q, C-17), 27.9 (t, C-11),
9.1 (q, 9-CH3y).

FT-IR (KBr) cm'! : 3404, 2934, 2851, 2835, 1697, 1460, 1366,
1252, 1169, 1119, 1063.

LR-MS (FAB*) : 408 [M+H]*.
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HR-MS (FAB*) : Calcd for C21H34N305, 408.2498. Found

408.2506.

135a @ N-Me {1k 5 i

135a (17.3 mg, 0.04 mmol) ® MeOH : CH3CN (1:1, 1.5 mL, v/v)
WIRICEIRIZ T 37%4h v~ U > (150 uL) K O NaBH3CN (12.6 mg,
0.2 mmol) # /M zx7=#% . HEME (46 pL, 0.8 mmol) % 1 M 1) T
Mz 7=, 30 3% D TLCIZ T EIDIE K Z MR L 727z % L % B
L7, KOS ICEF NaHCOs KiEK (20 mL) % I x T Xk & 1=
Ik ¥ 72%. CHCl3 (20 mLx3) f#ith, AHE -~ &b, &K
A (20 mL) B R B L KK (21.3 mg, EimfE 17.8 mg)
UL (6g) O T A v~ MZTHREL T CHCl :

MeOH (30 : 1) I H# L v 112a (15.3 mg, WK 86%) % 5 7=,

112a DFFAXRYT VT — X X3 TIZ p. 23712 Lz,
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&
=
il

&
5

98a (2 x4 % Sk % RS

98a (9.5 mg, 0.023 mmol) % CH:Cl: (58 mL) &k & L Ar FH &
T, ISWH#ETZ2MHE LA2NDL 2MFMBMLIERLE, FEOM
KERLBELIEEARB L, OSKREEEL, KK 15.0 mg (B
WfE 35.1mg) /-, BEEL U BTNV (6g) OB T L7 v~ b
IC THH L C CH2Cle: MeOH : 28%NH; A iAE# (200 :9 1) &FH
kv 136a (7.0 mg, 656%) % 5. CHCls: MeOH (10 : 1) ¥ 0
X v 137 (2.2 mg, 32%) &7,

((6aS*,10R*,12R*)-10-Cyvano-5-hydroxy-4.8-dimethyl-6,6a,7.9,

10,12-hexahydro-8 H-[1.3]dioxolo[4.5-Alpvrazinol[1,2-bliso-

quinolin-12-yl)methyl (2)-2-methylbut-2-enoate (136a)

136a : BB T T T 7 A

IH-NMR (500 MHz, C5D5N) & :5.89 (1H, qq, J
= 7.2, 1.5 Hz, 17-H), 5.88 (1H, d, J = 1.3 Hz,

2-H), 5.78 (1H, d, J = 1.3 Hz, 2-H), 4.90 (1H,

dd, J=11.3, 3.9 Hz, 13-H), 4.71 (1H, t, J =
2.4 Hz, 10-H), 4.61 (1H, t, J= 3.9 Hz, 12-H), 4.52 (1H, dd, J =

11.3, 3.9 Hz, 13-H), 3.34 (1H, dd, J = 15.2, 2.5 Hz, 6-Ha), 3.20

(1H, tt, J=12.2, 2.5 Hz, 6a-H), 3.07 (1H, dt, J=9.7, 2.4 Hz, 9-H),
2.86 (1H, dt, J=10.7, 2.5 Hz, 7-Ha), 2.50 (1H, dd, J = 15.2, 12.2
Hz, 6-Hp), 2.38 (1H, dd, J=9.7, 4.2 Hz, 9-H), 2.37 (3H, s, 4-CH3),
2.15 (3H, s, N-CH3), 1.94 (3H, dq, J= 7.2, 1.5 Hz, C17-H3), 1.89
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(1H, t, J=10.7 Hz, 7-HB), 1.81 (3H, quint, J = 1.5 Hz, 16-CHs).
13C-NMR (125 MHz, C5D5N) & : 167.7 (s, C-15), 147.6 (s, C-5),
145.1 (s, C-3a), 138.4 (d, C-17), 136.9 (s, C-12b), 128.1 (s, C-16),
118.7 (s, 10-CN), 115.8 (s, C-5a), 113.6 (s, C-12a), 108.3, (s, C-4),
101.2 (t, C-2), 65.4 (t, C-13), 61.6 (t, C-7), 57.1(d, C-12), 56.9 (d,
C-9), 53.3 (d, C-10), 53.1 (d, C-6a), 45.4 (q, N-CH3), 28.9 (t, C-6),
20.7 (q, 16-CHs), 15.9 (q, C-18), 10.0 (q, 4-CHs3s).

FT-IR (KBr) cm™! : 3435, 2945, 2228, 1715, 1460, 1435, 1248,
1231, 1101.

EI-MS m/z (%) : 413 (M+*, 6), 386 (7), 300 (100), 273 (29).
HR-EI-MS : Caled for C22H27N3O5 : 413.1951. Found : 413.1949.

(4R* .6 R*,11aS8%)-4-Cyano-8-hyvdroxy-2.9-dimethyl-7,10-dioxo-

1,3,4,6,7,10,11,11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-

vDmethyl (2)-2-methylbut-2-enoate (137)

1837 : KRBT ENLT 7 A

IH-NMR (400 MHz, CDCl3) § : 7.01 (1H, br s,
OH), 6.07 (1H, qq, J = 7.2, 1.5 Hz, 16-H),

4.74 (1H, dd, J = 11.5, 3.2 Hz, 12-H), 4.25

(1H,t, J=2.6 Hz, 4-H), 4.18 (1H, dd, J=11.5,

3.2 Hz, 12-H), 4.04 (1H, dd, J = 4.3, 3.2 Hz, 6-H), 3.06 (1H, d, J
= 11.4 Hz, 3-H), 2.94 (1H, d, J = 10.1 Hz, 1-H), 2.85 (1H, d, J =
15.3 Hz, 11-H), 2.83 (1H, s, 11a-H), 2.34 (3H, s, N-CH3), 2.34 (1H,
s, 3-H), 1.97 (3H, s, 9-CH3), 1.98-1.92 (1H, m, 11-H), 1.92 (3H,
dq, J=17.2, 1.5 Hz, 17-CH3), 1.83 (1H, dd, J = 10.1, 5.6 Hz, 1-H),

291



1.78 (3H, quint, J = 1.5 Hz, 15-CH3s).

13C-NMR (100 MHz, CDCls) & : 185.4 (s, C-10), 181.1 (s, C-7),
167.4 (s, C-14), 151.1 (s, C-8), 144.0 (s, C-10a), 139.2 (d, C-16),
134.2 (s, C-6a), 127.0 (s, C-15), 117.1 (s, C-9), 113.2 (s, C-4-CN),
61.8 (t, C-12), 60.7 (t, C-1), 56.3 (t, C-3), 55.8 (d, C-6), 51.3 (d,
C-4), 50.3 (d, C-11a), 45.6 (q, N-CH3s), 26.8 (t, C-11), 20.6 (q,
C-15-CHs), 15.9 (q, C-17), 8.1 (q, C-9-CH3s).

FT-IR (KBr) ecm™! : 3377, 2945, 2230, 1717, 1655, 1645, 1339,
1256, 1233, 1152.

EI-MS m/z (%) : 399 (M+*, 14), 369 (14), 286 (100), 259 (13), 243
(7), 190 (7), 96 (7), 83 (14), 55 (5).

HR-EI-MS : Caled for C21H25N305 : 399.1791. Found : 399.1791.

116a (2 %} 9 % St fb 5 X s

116a (36.0 mg, 0.09 mmol) % CH:Cl: (228 mL) &k & L Ar 7 I
AF. ISWHEITEZWRF LAND 2BHEBLIERLE, FHEO
HWRAZMHERLBELEEZRB L, RIGKEZ®EEL ., ZE 38.9 mg (B
Wi 36.0mg) B -, kAL VA F L (Bbg) OO T A7 < b
IZ CH B L C AcOEt : Hexane (7 : 3) I H ¥ X vV 140a (14.1 mg,
W% 39%) 140a , 141 5 H 7 75 7 a3 > 180 mg #&H 7=, B
ERT7I7 7 varyEHEYIYI NS L B3g) DT AT~ bITT
8 L C CH2Cls: MeOH : 28%NH; KA {#£ (200 : 0.9 : 0.1) & H &6
£V 140a (15.8 mg, W 43.9%), CH:2Clz: MeOH (4 : 1) ¥ i
£V 141 (5.1 mg, WHE 14.7%) = H 7=,
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N-(((6aS*,10R*,12R*)-10-Cyano-5-hydroxy-4.8-dimethyl-6,6a.7,

9,10,12-hexahvdro-8H-[1,3]dioxolo[4.5-Alpyrazinol[1,2-bliso-

quinolin-12-yl)methyl)-2-oxopropanamide (140a)

140a : RO T T 7 7 A

1H-NMR (400 MHz, C5D5N) &: 10.08 (1H, s,
5-OH), 8.84 (1H, t, J=3.9 Hz, N-H), 5.84 (1H,

s, 2-H), 5.76 (1H, s, 2-H), 4.72 (1H, t, J = 2.7

Hz, 10-H), 4.56 (1H, t, J= 3.9 Hz, 12-H), 4.01
(1H, ddd, J=13.6, 6.8, 3.9 Hz, 13-H), 3.94 (1H, dt, J = 13.6, 3.9
Hz, 13-H), 3.29 (1H, dd, J = 15.1, 2.4 Hz, 6-H), 3.15 (1H, tt, J =
10.7, 2.4 Hz, 6a-H), 3.04 (1H, d, J=10.9 Hz, 9-H), 2.82 (1H, d, J
=10.2 Hz, 7-H), 2.48 (1H, dd, J=15.1, 10.7 Hz, 6-H), 2.41 (3H, s,
NHCOCOCH3), 2.36 (1H, dd, J = 10.9, 2.7 Hz, 9-H), 2.27 (3H, s,
4-CHs), 2.12 (83H, s, N-CHs), 1.82 (1H, t, J = 10.7 Hz, 7-H).
13C-NMR (100 MHz, CsDsN) &: 196.8 (s, C-16), 161.4 (s, C-15),
146.6 (s, C-5), 144.2 (s, C-3a), 136.2 (s, C-12b), 117.8 (s, 10-CN),
114.8 (s, C-5a), 113.6 (s, C-12a), 107.3 (s, C-4), 100.2 (t, C-2),
60.7 (t, C-7), 56.5 (d, C-12), 56.1 (t, C-9), 51.9 (d, C-6a), 51.7 (d,
C-10), 44.5 (q, N-CH3), 41.3 (t, C-13), 28.1 (t, C-6), 23.9 (q,
NHCOCOCH3), 9.0 (q, 4-CHs).

FT-IR (KBr) cm'! : 3390, 2943, 2887, 2228, 1682, 1460, 1435,
1169, 1105.

EI-MS m/z (%) : 400 (M*, 0.5), 373 (13), 300 (31), 273 (100), 216
(6).
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HR-EI-MS : Caled for C20H24N4O5: 400.1747. Found : 400.1742.

N-((4R*. 6 R*,11a5S%)-4-Cyano-8-hydroxyv-2.,9-dimethyl-7,10-

dioxo0-1,3,4.6,7,10,11,11a-octahydro-2H-pyrazino[1,2-bliso-

guinolin-6-yl)methyvl)-2-oxopropanamide (141)

141 : FRETENL T 7 A

IH-NMR (400 MHz, CDCl3) 8: 7.09 (1H, br s,

N-H), 7.05 (1H, br s, 8-OH), 4.18 (1H, t, J =

2.3 Hz, 4-H), 4.00 (1H, br s, 6-H), 3.90 (1H, » o%%(‘%

ddd, J=14.6,8.7, 1.7 Hz, 12-H), 3.40 (1H, dt,
J=14.6, 4.5 Hz, 12-H), 3.10 (1H, dt, J = 11.6, 2.3 Hz, 3-H), 2.96
(1H, dt, J=11.1, 2.3 Hz, 1-H), 2.80 (1H, m, 11a-H), 2.79 (1H, dd,
J=17.5,1.4 Hz, 11-H), around 2.36-2.39 (1H, m, 3-H), 2.39 (3H,
s, NHCOCOCH3), 2.36 (3H, s, N-CH3), 1.95 (3H, s, 9-CH3), 1.89
(3H, s, 9-CH3), 1.89 (1H, ddd, J = 17.5, 11.1, 3.4 Hz, 11-H).
13C-NMR (100 MHz, CDCls) &: 196.7 (s, C-15), 185.2 (s, C-10),
181.0 (s, C-7), 160.5 (s, C-14), 151.3 (s, C-8), 143.8 (s, C-6a or
C-10a), 134.3 (s, C-6a or C-10a), 117.0 (s, C-9), 116.8 (s, 4-CN),
60.6 (t, C-1), 56.5 (t, C-3), 56.5 (d, C-6), 50.9 (d, C-4), 50.2 (d,
C-11a), 45.5 (q, N-CHs), 39.9 (t, C-12), 26.6 (t, C-11), 24.5 (q,
NHCOCOCH3), 8.1 (q, 9-CHs).
FT-IR (KBr) cm'! : 3370, 2928, 2853, 2230, 1684, 1661, 1643,
1341.
EI-MS m/z (%) : 386 (M+*, 4), 359 (9), 287 (100), 286 (99), 259 (50),
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243(15), 218 (10), 190 (15), 96 (10).

HR-EI-MS : Calcd for C19H22N4O5 : 386.1590. Found : 386.1591.

((6aS*,10R*,12.5%)-10-Cyano-5-hydroxy-4.8-dimethyl-6,6a,7.9,

10,12-hexahydro-8 H-[1.3]dioxolo[4.,5-Alpvrazino[1,2-bliso-

gquinolin-12-yvD)methyl (2)-2-methylbut-2-enoate (136b)

98b (35.1 mg, 0.085 mmol) % CH:Clz (215 mL) IZ&EMiE S & Ar &
AT, 18SW M Z2ME Lans 3HMBLSELLEZ, KE
DHRKZHER LBELHEZHEB L, RICEZ®EEL., ZiK 40.9 mg
(B fE 35.1mg) 27, BEZV V7LV (Tg) O T LT 0
~ M TH R L T AcOEt : MeOH : 28%NHs K&K (20:0.9:0.1)
WHE X v B (31.2 mg, 89%) % 7=,

136b : @7 E/NL 7 7 A

1TH-NMR (400 MHz, CDCl3) &:6.07 (1H, qq, J =
7.1,1.5 Hz, 17-H), 5.93 (1H, d, J=1.0 Hz, 2-H),

5.89 (1H, d, J=1.0 Hz, 2-H), 4.54 (1H, dd, J =

11.5, 9.6 Hz, 13-H), 4.43 (1H, br s, 5-OH), 4.29

(1H, dd, J = 9.6, 3.4 Hz, 12-H), 4.20 (1H, dd, J = 11.5, 3.4 Hz,
13-H), 3.82 (1H, t, J = 3.4 Hz, 10-H), 3.42 (1H, dq, J = 12.2, 4.2
Hz, 6a-H), 3.16 (1H, dd, J=16.1, 12.2 Hz, 6-H), 2.82 (1H, dd, J =
10.7, 3.4 Hz, 9-H), 2.65 (1H, br dd, J = 11.2, 4.2 Hz, 7-H),
2.49-2.44 (1H, m, 7-H, overlapped with 6-H and 9-H), 2.48 (1H,
dd, J = 10.7, 3.4 Hz, 9-H), 2.43 ( 1H, dd, J = 16.1, 4.2 Hz, 6-H),
2.34 (3H, s, N-CH3), 2.12 (3H, s, 4-CH3), 1.98 (3H, dq, J = 7.1,
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1.4 Hz, C17-H3), 1.90 (3H, quint, J = 1.4 Hz, 16-CH3).

13C-NMR (100 MHz, CDCls) & : 167.7 (s, C-15), 146.1 (s, C-5),
144.1 (s, C-3a), 137.8 (d, C-17), 137.3 (s, C-12b), 127.8 (s, C-16),
119.9 (s, 10-CN), 113.2 (s, C-5a), 110.6 (s, C-12a), 106.5, (s, C-4),
101.0 (t, C-2), 62.3 (t, C-13), 59.2 (t, C-7), 57.9 (t, C-9), 57.7 (d,
C-12), 50.4 (d, C-10), 47.0 (d, C-6a), 45.9 (g, N-CH3), 23.0 (t,
C-6), 20.6 (q, 16-CH3), 15.8 (q, C-18), 8.8 (q, 4-CH3).

FT-IR (KBr) cm-! : 2920, 2611, 2225, 1701, 1454, 1435, 1387,
1261, 1244, 1153, 1098, 1076, 1047.

EI-MS m/z (%) : 413 (M+*, 0.2), 386 (26), 273 (100).

HR-EI-MS : Caled for C22H27N3O5 : 413.1951. Found : 413.1952.

N-(((6aS*,10R*,125%)-10-Cyano-5-hydroxy-4,8-dimethyl-6.6a,7,

9,10,12-hexahydro-8H-[1,3]dioxolo[4.5-Alpyrazinol[1,2-bliso-

guinolin-12-yl)methyl)-2-oxopropanamide (140b)

116b (12.0 mg, 0.03 mmol) % CH:Cls (76 mL) [ZIEf# & & Ar
PR T, 1ISWHRNXTEZMHF LN 5MELIEHRLE, FE
DHREZMALGBLIEELE L, KIRKREZBEEL., 7iE 13.2 mg
(HimfE 12.0 mg) 87, BEZ2 VA5V (6g) OB T A0

~ MIZTKH® L T CH2Clz : MeOH (30 : 1) ®wWH#H X v 140b (10.6

mg, 88%) ;’d.}?%: f:o
140b : MRBREAT EINL T 7 A
1H-NMR (400 MHz, CDCl3) &: 7.36 (1H, br s,

N-H), 5.95 (1H, d, J=1.3 Hz, 2-H), 5.89 (1H,
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d, J=1.3 Hz, 2-H), 4.53 (1H, br s, 5-OH), 3.95 (1H, dd, J = 10.1,
4.6 Hz, 12-H), 3.85 (1H, ddd, J = 16.6, 8.0, 4.6 Hz, 13-H), 3.76
(1H,t, J=2.6 Hz, 10-H), 3.32 (1H, d, J=11.8 Hz, 6-H), 3.34 (1H,
br s, 6a-H), 3.23 (1H, ddd, J=16.6, 10.1, 4.6 Hz, 13-H), 2.93 (1H,
dt, J=11.4, 2.6 Hz, 9-H), 2.81 (1H, d, J=12.6 Hz, 7-H), 2.49 (3H,
s, NHCOCOCH3), 2.44-2.47 (1H, m, 9-H), 2.45 (1H, dd, J = 12.86,
3.0 Hz, 7-H), 2.41 (1H, dd, J = 11.8, 3.2 Hz, 6-H), 2.37 (3H, s,
N-CH3), 2.11 (3H, s, 9-CH3y).

13C-NMR (100 MHz, CDCl3) 8: 197.2 (s, NHCOCOCH3), 160.0 (s,
NHCOCOCH3), 146.2 (s, C-5), 144.1 (s, C-3a), 137.3 (s, C-12b),
119.9 (s, 10-CN), 112.9 (s, C-12a), 111.2 (s, C-5a), 106.7 (s, C-4),
101.0 (t, C-2), 58.7 (t, C-7), 58.3 (d, C-12), 57.7 (t, C-9), 50.3 (d,
C-10), 46.6 (d, C-6a), 45.9 (q, N-CHs), 40.4 (t, C-13), 24.6 (q,
NHCOCOCHS3), 22.3 (t, C-6), 8.8 (q, 4-CH3y).

IR (KBr) cm1: 3372, 2926, 2855, 2803, 2228, 1724, 1682, 1530,
1460, 1431, 1103.

EI-MS m/z (%) : 400 (M*, 0.4), 373 (13), 300 (50), 273 (100), 216
(6).

HR-EI-MS : Calcd for C20H24N4O5: 400.1747. Found : 400.1736.

((6aS*,10R*,12R*)-5-Acetoxy-10-cyano-4,8-dimethyl-6,6a,7.9,10

. 12-hexahydro-8 H-[1,3]dioxolol[4.5-Alpvrazinol[1,2-bliso-

guinolin-12-yl)methyl (2)-2-methylbut-2-enoate (142a)

136a (14.5 mg, 0.035 mmol) ® CH:Cls (2 mL) ®#k (2 0 °C I T
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EtsN (10.0 uL, 0.07 mmol), AcCl (5.0 mL, 0.07 mmol) % /il x =& &
CTHBLEZ, 300 %EROHLEZHER LELEZHBL L, fa
i NaHCOs k¥ i (20 mL) % M 2 CT & % 15 1k & & CH:Clz (20
mL x 3) #iil, AHEZ G DLE. M &HEAKQO mL) Wi, k.
WL 2, 7R 19.0 mg (B ME 15.2mg) ZEEY IV WXL (4¢g)
DA T A7 v~ MITHB LT CH2Cl: MeOH (100 : 1) & H# &
D HE® (14.1 mg, 93%) % 57,

142a ' HEO T TN T 7 R

1H-NMR (400 MHz, CDCl3) & : 6.06 (1H, qq, J
=17.6,1.5Hz, 17-H), 6.02 (1H, d, J= 1.4 Hz,

2-H), 5.94 (1H, d, J=1.4 Hz, 2-H), 4.63 (1H,

dd, J=11.3, 3.8 Hz, 13-H), 4.27 (1H, br t, J =

2.2 Hz, 10-H), 4.23 (1H, br t, J= 3.8 Hz, 12-H), 4.16 (1H, dd, J =
11.3, 3.8 Hz, 13-H), 3.02 (1H, dt, J= 9.2, 2.2 Hz, 9-H), 2.94 (1H,
tt, J = 10.4, 2.3 Hz, 6a-H), 2.88 (1H, dt, J = 11.7, 2.3 Hz, 7-H),
2.46 (1H, br d, J = 14.2 Hz, 6-H), 2.36 (1H, dd, J = 9.2, 2.2 Hz,
9-H), 2.32 (3H, s, N-CH3), 2.31 (3H, s, OAc), 2.16 (1H, dd, J =
14.2,10.4 Hz, 6-H), 2.02 (3H, s, 9-CH3s), 1.92 (3H, dq, J= 7.6, 1.5
Hz, C18-Hs), 1.85 (1H, br dd, J = 11.7, 10.4 Hz, 7-H), 1.80 (3H,
quint, J = 1.5 Hz, 16-CHg3).

13C-NMR (100 MHz, CDCl3) & : 168.8 (s, OCOCH3), 167.6 (s,
C-15), 144.7 (s, C-3a), 140.9 (s, C-12b), 140.4 (s, C-5), 139.0 (d,
C-17), 127.4 (s, C-16), 119.9 (s, C-5a), 117.5 (s, 10-CN), 113.1 (s,
C-12a), 111.8 (s, C-4), 101.6 (t, C-2), 64.3 (t, C-13), 61.2 (t, C-7),
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56.5 (t, C-9), 56.2 (d, C-12), 52.3 (d, C-10), 51.6 (d, C-6a), 45.6 (q,
N-CH3), 27.9 (t, C-6), 20.6 (q, 16-CH3), 20.3 (s, OCOCH3), 15.8 (q,
C-18), 9.5 (q, 4-CHs).

FT-IR (KBr) cm™! : 2943, 2228, 1763, 1717, 1460, 1231, 1196,
1152.

EI-MS m/z (%) : 455 (M+*, 0.8), 428 (9), 342 (100), 315 (33), 273
(6).

HR-EI-MS : Caled for C24H29N3Og : 455.2056. Found : 455.2055.

((6aS*,10R*,12.5%)-5-Acetoxy-10-cyano-4.8-dimethyl-6,6a,7.9.10

,12-hexahydro-8 H-[1.3]dioxolo[4.5-A]lpyrazino[1.2-blisoquinolin

-12-yDmethyl (Z)-2-methylbut-2-enoate (142b)

136b (31.2 mg, 0.076 mmol) ® CH:Cls (5 mL) & i#& 12 0 °C I T
EtsN (11.6 pL, 83.1 pmol), AcCl (5.6 pL, 83.1 umol) % I x, =
BIZCTHEBLE, 100%BEEDE > T d, EtsN (11.6 uL,
83.1 pmol), AcCl (5.6 pL, 83.1 umol) ZEM L 7=, 30 4 % K £ o
HERZHZBLELE LG L7, fdf NaHCO3 K&K (20 mL) %
Iz TG &% 1k &% CH2Cl; (20 mL x 3) fith, AHE %2 & bt
fid Fn & MK (20 mL) #z M BRI L, RE (39.9 mg, PRERME 34.35
mg) v U AF N (4g) OB T L7~ b TCHE LT Hexane

AcOEt (3:2) WH# X vV 142b (28.1 mg, 82%)

o = (e

142b @ MREA T EINL T 7 A

'H-NMR (400 MHz, CDCl3) & : 6.07 (1H, qq, J | ™ O« "H
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7.4, 1.5 Hz, 17-H), 6.00 (1H, d, J= 1.5 Hz, 2-H), 5.96 (1H, d, J
= 1.5 Hz, 2-H), 4.53 (1H, dd, J=11.7, 9.3 Hz, 13-H), 4.32 (1H, br
s, 12-H), 4.23 (1H, dd, J = 11.7, 3.4 Hz, 13-H), 3.84 (1H, br s,
10-H), 3.37 (1H, dt, J = 4.3, 3.3 Hz, 9-H), 3.09 (1H, br s, 6-H),
2.80 (1H, dd, 4 =10.0, 3.4 Hz, 9-H), 2.58 (1H, br d, J = 10.5 Hz,
7-H), 2.48 (1H, br t, J = 10.5 Hz, 7-H), 2.59-2.45 (1H, m, 9-H),
2.34 (3H, s, N-CH3), 2.32 (3H, s, OAc), 2.25 (1H, m, 6-H), 2.01
(3H, s, 4-CH3), 1.98 (3H, dq, J = 7.4, 1.5 Hz, C18-H3), 1.89 (3H,
quint, J = 1.5 Hz, 16-CH3).

13C-NMR (100 MHz, CDCls) & : 169.0 (s, OCOCH3), 167.5 (s,
C-15), 144.2 (s, C-3a), 141.7 (s, C-5), 141.3 (s, C-12b), 137.9 (d,
C-17), 127.7 (s, C-16), 120.4 (s, C-5a), 119.5 (s, 10-CN), 112.4 (s,
C-4), 111.1 (s, C-12a), 101.6 (t, C-2), 62.1 (t, C-13), 59.0 (t, C-7),
57.7 (t, C-9), 57.3 (d, C-12), 50.2 (d, C-10), 46.8 (d, C-6a), 45.8 (q,
N-CH3), 23.5 (t, C-6), 20.6 (q, 16-CH3), 20.4 (s, OCOCH3), 15.8 (q,
C-18), 9.5 (q, 4-CH3).

FT-IR (KBr) cm™! : 2945, 2803, 2226, 1763, 1717, 1458, 1437,
1231, 1204, 1153, 10786.

EI-MS m/z (%) : 455 (M*, 0.8), 428 (28), 342 (95), 315 (100), 273
(14).

HR-EI-MS : Caled for C24H29N30O6 : 455.1056. Found : 455.2055.

(6aS*, 10R*,12R*)-10-Cyano-4.8-dimethyl-12-((2-oxopropan-

amido)methvl)-6,6a.7,9.10,12-hexahydro-8 H-[1,3]dioxolo[4,5-h]-
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pyvrazinol[1,2-blisoquinolin-5-vl acetate (143a)

116a (12.0 mg, 0.03 mmol) % CH:Cls (76 mL) I[Z&Efif S &, Ar &
A T, 1ISWHNKEITZMWMHE LN 2KHBMLIE®RLE, B
DHRKZHER LBELHE LB L, RICEEZEEL., ZiE 13.0 mg
(PEFME 12.0mg) #7457, Z O #E O CH2Cle (5 mL) &I 0°C
IZ T EtsN (4.6 pL, 0.033 mmol), AcCl (2.3 pL, 0.033 mmol) % /I
A EBREICTHEBLLZ, 1TRHAREBNE > Tz, EtaN (4.6
uL, 0.033 mmol), AcCl (2.3 pL, 0.033 mmol) ZBML., & 521
RS L7 ZAREBOWE A ZHER LI THRALAHE ZBH B L T,
5% NaHCOs3 K& K (20 mL) % M x Tk %1% 1L =& CH:2Cl: (20
mL x 3) i, A#E 2 46b8 ., fAf &HEKQ0 mL) Y. i,
W L, %% 13.9 mg (B fE 13.3 mg) 2> U 7 (6g) @
T A7~ MIZTHERE L T CH2Cl: : MeOH : 28%NHs3 /KR i
(200:0.9:0.1) MM LY 143a 5 H 7727 v 3> (11.3mg) %
B, 143a 5 H 77 7 varveamEIY TN (6g) O T LY
7~ MICTH S L T Hexane : AcOEt (3 : 7) ~ AcOEt only & H &
XY 143a (8.0 mg, X 60%)% 5 7=,

143a : QAT ENL T 7 R

IH-NMR (400 MHz, CDCl3) &: 7.09 (1H, br t,
J=5.5Hz, N-H), 6.06 (1H, d, J= 1.6 Hz,

2-H), 5.96 (1H, d, J=1.6 Hz, 2-H), 4.20 (1H,

br s, 10-H), 4.17 (1H, br dd, J = 5.5, 1.8 Hz,

12-H), 3.85 (1H, ddd, J = 14.1, 5.5, 1.8 Hz,
13-H), 3.47 (1H, br dt, J=14.1, 5.5 Hz, 13-H), 3.11 (1H, br d, J=
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11.2 Hz, 9-H), 2.95 (1H, m, 6a-H), 2.95 (1H, br d, J = 10.1 Hz,
7-H), 2.46 (1H, br d, J = 15.5 Hz, 6-H), 2.39 (3H, s,
NHCOCOCH3), around 2.37 (1H, m, 9-H, overlapped with N-CH3),
2.37 (3H, br s, N-CH3), 2.30 (3H, s, OCOCH3s), 2.08 (1H, dd, J =
15.5, 10.9 Hz, 6-H), 2.01 (38H, s, 4-CHs), 1.90 (1H, br t, J = 10.1
Hz, 7-H).

13C-NMR (100 MHz, CDCl3) 8: 196.8 (s, C-16), 168.7 (s, OCOCH3),
160.4 (s, C-15), 144.9 (s, C-3a), 140.9 (s, C-12b), 140.5 (s, C-5),
119.7 (s, C-5a), 117.2 (s, 10-CN), 113.2 (s, C-12a), 112.2 (s, C-4),
101.7 (t, C-2), 61.0 (t, C-7), 56.7 (d, C-12), 56.6 (t, C-9), 51.4 (d,
C-10), 51.2 (d, C-6a), 45.6 (q, N-CH3), 40.5 (t, C-13), 28.0 (t, C-6),
24.4 (¢, NHCOCOCH3), 20.3 (q, OCOCH3), 9.4 (q, 4-CH3).

FT-IR (KBr) cm'! : 3399, 2941, 2228, 1761, 1688, 1460, 1206,
1196, 1107.

EI-MS m/z (%) : ] & & &8 + .

HR-EI-MS : | & & 46 1 .

(6aS*,10R*,125%)-10-Cyano-4,8-dimethyl-12-((2-oxopropan-

amido)methvl)-6,6a.7.9.10,12-hexahydro-8 H-[1,3]dioxolo[4,5-h]-

pyvrazinol[1,2-blisoquinolin-5-vl acetate (143b)

116b (12.0 mg, 0.03 mmol) % CH:Cls (76 mL) IC¥#fif & & Ar &
AT, 1ISWHETZWHE L2NAD 2B LIEHRL L, A
DHRKZHER LBELHEZHEB L, RICEZEEL., KK 14.1 mg
(i ME 12.0mg) #HF 7+, ZOEE O CH:Cly (5 mL) ®iEIZ 0°C
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i T EtsN (4.6 pL, 0.033 mmol), AcCl (2.3 uL, 0.033 mmol) % /il
AERICTHLLLZ, 10 0B BB K > Tz, EtsN (4.6 pl,
0.033 mmol), AcCl (2.3 uL, 0.033 mmol) ZEML . & 512 30 %
M ELEA, FHOWHEZHALILO TRAEZFHIG L -,
5%NaHCOs K E K (20 mL) % M x TS % 15 1k & & CH:2Cls (20
mL x 3) #iii, AHEZ G DLE. M &HEAKQO mL) Wi, k.
WSR2, F%iE 13.3 mg (BREmME 13.3mg) > U W (5g) @
BT A7 v~ MZTHBE L T CH2Cl: : MeOH : 28%NH3 /K & K

(100 : 0.9:0.1) WHE XLV 143b&5H 7727 v a v (9.5 mg) %

N

87, 2D 143b A7 577 v a s EABEYIY SN (6g) DI T
A7 o< FMIZTH® L T Hexane : AcOEt (3:7) ~AcOEt : MeOH
(9:1) IEHE L v 143b (8.3 mg, WK 63%) % 15 7-,

143b : BEB T EINL T 7 A

1H-NMR (500 MHz, CDCl3) 6 : 7.34 (1H, t, J =
5.6 Hz, N-H), 6.03 (1H,d, J=1.5 Hz, 2-H),
5.97 (1H, d, J=1.5 Hz, 2-H), 4.01 (1H, br s,

12-H), 3.86 (1H, dt, J = 11.2, 5.6 Hz, 13-H),

3.78 (1H, br s, 10-H), 3.32 (3H, br s, 11-H, 11a-H, 13-H), 2.93
(1H, d, J = 10.8 Hz, 9-H), 2.74 (1H, br d, J = 9.1 Hz, 7-H),
2.32-2.49 (3H, m, 7-H, 9-H, 6-H, overlapped with N-CH3s), 2.49
(3H, s, NHCOCOCH3), 2.39 (3H, s, N-CH3), 2.32 (3H, s, OCOCH3),
2.01 (3H, s, 4-CH3).

13C-NMR (125 MHz, CDCl3) & : 197.1 (s, NHCOCOCH3), 169.1 (s,
OCOCHz3s), 160.0 (s, NHCOCOCH3), 144.4 (s, C-3a), 141.8 (s, C-5),
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141.4 (s, C-12b), 119.7 (s, 10-CN), 119.7 (s, C-5a), 112.6 (s, C-4),
111.7 (s, C-12a), 101.7 (t, C-2), 58.3 (t, C-7), 57.8 (d, C-12), 57.6
(t, C-9), 50.1 (d, C-10), 46.5 (d, C-6a), 45.8 (q, N-CH3), 40.3 (t,
C-13), 24.5 (q, NHCOCOCH3), 22.7 (t, C-6), 20.4 (q, OCOCH3),
9.5 (q, 4-CH3y).

FT-IR (KBr) cm'! : 3381, 2940, 2853, 2803, 2226, 1761, 1722,
1686, 1526, 1460, 1431, 1371, 1204, 1175, 1107, 1076.

LR-MS (FAB*) : 443 [M+H]+.

HR-MS (FAB+): Calcd for C22H27N4Os¢, 443.1930 Found:

443.1931.

((6S*,11a5*)-8-Methoxy-2,9-dimethyl-1,4,7.10-tetraoxo-1,3.,4.6,

7.10,11,11a-octahydro-2H-pyrazino[1.2-blisoquinolin-6-yl)-

methyl acetate (153)

52b (10.0 mg, 0.03 mmol) % Ac20 (0.75 mL) ICIEM S, EiE I
THREMHB L, S 1RFHE%Z TLCIZ THEBDOHENR D b L,
HEameoEBBLEBIZLD T EFAMLSINTLED DO AR Z R L
T SHICHEIRICTI2FRHEGERE Z KT NI E/NEWELZ TLC
I CHERR L 72% 12 AcOH (0.75 mL) # /M x 7., 1.5 Bi#% o TLC
2T, ZAER "N o720 THWBEZHB LT, KIS %K (20 mL)
CH . 1THEEREER, RV TR NaHCOs KB (20 mL) % il x
72?52 AcOEt (40 mL x 3) i, AHE S O faf & HEKE
B, dofg, 7R (109 mg, BWwME 11.3mg) 2> U W5 (bg) @
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BT A7 ua<w M THE LT AcOEt (only) BWHE L v 153b (9.1
mg, IXE 81 %) %Ki,

153b ! BT EINL T 7 R

1H-NMR (400 MHz, CDC13) 6 : 5.82 (1H, br
dtd, J=5.1, 2.6, 1.0 Hz, 6-H), 4.70 (1H, dd,

J=11.9, 5.1 Hz, 12-H), 4.45 (1H, dd, J =

11.9, 4.3 Hz, 11a-H), 4.29 (1H, dd, J = 11.9,
2.9 Hz, 12-H), 4.05 (2H, s, 3-H x 2), 4.05 (3H, s, 8-OCH3), 3.40
(1H, ddd, J=19.7, 4.3, 1.0 Hz, 11-H), 3.03 (3H, s, N-CH3), 2.45
(1H, ddd, J=19.7, 11.9, 2.7 Hz, 11-H), 2.02 (3H, s, 14-CH3), 1.96
(3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 185.4 (s, C-10), 180.3 (s, C-7),
170.3 (s, C-14), 163.7 (s, C-1), 161.4 (s, C-4), 155.7 (s, C-8),
140.2 (s, C-10a), 134.6 (s, C-6a), 128.3 (s, C-9), 64.8 (t, C-12),
61.0 (q, 8-OCH3s), 52.6 (d, C-11a), 51.2 (t, C-3), 48.2 (d, C-6), 33.6
(q, N-CH3s), 28.4 (t, C-11), 21.0 (q, C-15),8.9 (q, 9-CH3).

FT-IR (KBr) cm™! : 2930, 1744, 1663, 1227 cm"1.

EI-MS m/z (%) : 376 (M+*, 8), 303 (100), 275 (14), 204 (24).

HR-EI-MS : Caled for Ci1sH20N207, 376.1271. Found : 376.1271.

6-(Acetoxymethyl)-8-methoxy-2,9-dimethyl-1,4-dioxo0-1,3,4.6-

tetrahydro-2 H-pyrazino[1,2-blisoquinoline-7.10-diy]l diacetate

(154)
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52b (10.0 mg, 0.03 mmol) ® Ac20 (375 pL) K ICEIRIZ T
pridine (1.5 mL) Z# /N x 20 Rl L7, U U 2 HEYR £,

Wz NaHCOs Kk (30 mL) #Jnx . CHCl; (30 mL x 3)

il

i, AREZ A5 bW, fAaf&E /KBGO0 mL) FiF., ik WEEE L,
i (13.8 mg, Eimfd 13.8mg) #v U 7 (11 g) OB T A
7~ MZTH R L T Hexane : AcOEt (3 :7) H®WHE LY 154
(11.6 mg, X% 83 %) % &=,

154 : AT E )L 7 7 A

1H-NMR (400 MHz, CDCl3) & : 6.95 (1H, s,
11-H), 6.26 (1H, dd, J = 9.8, 3.4 Hz, 6-H),

4.25 (1H, dd, J = 11.7, 3.4 Hz, 12-H), 4.15

(1H, d, J=17.6 Hz, 3-H), 4.07 (1H, d, J =

17.6 Hz, 3-H), 3.80 (1H, dd, J = 11.7, 9.8 Hz, 12-H), 3.78 (3H, s,
8-0CHj3), 3.08 (83H, s, N-CH3), 2.49 (3H, s, 10 or 7-OCH3s), 2.40
(3H, s, 10 or 7-OCH3), 2.09 (3H, s, 9-CH3), 2.00 (3H, s, 14-CH3).
13C-NMR (100 MHz, CDCl3) & : 170.8 (s, C-14), 169.1 (s, 7 or
10-OCH3s), 168.6 (s, 7 or 10-OCH3), 162.2 (s, C-4), 158.6 (s, C-1),
152.0 (s, C-8), 144.0 (s, C-10), 138.9 (s, C-7), 126.6 (s, 6a or 9 or
10a or 11a), 126.6 (s, 6a or 9 or 10a or 11a), 120.6 (s, 6a or 9 or
10a or 11a), 119.2 (s, 6a or 9 or 10a or 11a), 108.8 (d, C-11), 62.8
(t, C-2), 61.1 (q, 8-OCH3y), 51.9 (t, C-3), 47.6 (d, C-6), 33.8 (q,
N-CH3), 20.7 (q, C-15), 20.6 (q, 7 or 10-OCOCH3), 20.5 (q, 7 or
10-OCOCHs3), 10.1 (q, 9-CH3).
FT-IR (KBr) cm™! : 2938, 1765, 1694, 1379, 1184, 1057.
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EI-MS m/z (%) : 460 (M+, 13), 387 (100), 345 (61), 317 (24), 204
(14).

HR-EI-MS : Caled for C22H24N209, 460.1481. Found : 460.1481.

(2)-8-Methoxv-2,9-dimethyl-6-(((2-methylbut-2-enoyl)oxy)-

methyl)-1,4-dioxo-1,3,4,6-tetrahydro-2H-pyrazino[1,2-bliso-

gquinoline-7,10-diyl diacetate (155)

54b (12.5 mg, 0.03 mmol) ® Ac20 (375 puL) &R IC=EEIZ T
pridine (1.5 mL) Z# MM %x 20 KL L7, VU P 2 BER E.
FE W I Fn NaHCOs A (30 mL) %/l 2. CHCls (30 mL x 3)
M. ARB AL ALY, B AEAKGBOmL) W, wIR, RERE S,
e (16.9 mg, BlEfE 15.0 mg) x> U7 (12g) O T L7
< MZTHKE L T AcOEt: Benzene (3:7) IwHE LV 155 (13.0

mg, INFE 87 %) % HF,

155 : A7 E/L 7 7 A
1IH-NMR (400 MHz, CDCl3) 8 : 6.95 (1H, s,

11-H), 6.29 (1H, dd, J = 8.8, 2.9 Hz, 6-H),

6.07 (1H, q, J= 7.3 Hz, 16-H), 4.29 (1H, d, Me

J=11.7, 2.9 Hz, 12-H), 4.14 (1H, d, J = 17.8 Hz, 3-H), 4.02 (1H,
d, J=17.8, Hz, 3-H), 3.94 (1H, dd, J=11.7, 8.8 Hz, C12-H), 3.78
(3H, s, 8-0CH3), 3.06 (3H, s, N-CH3), 2.50 (3H, s, 7 or 10-OCH3),
2.40 (3H, s, 7 or 10-OCH3), 2.10 (3H, s, 9-CH3), 1.95 (3H, d, J =
7.3 Hz, 16-CH3), 1.80 (3H, s, 15-CH3).

13C-NMR (100 MHz, CDCl3) & : 169.0 (s, 7 or 10-OCOCH3), 168.5
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(s, 7or 10-OCOCH3), 167.1 (s, C-14), 162.1 (s, C-4), 158.7 (s,
C-1), 151.9 (s, C-8), 144.0 (s, C-10), 139.4 (d, C-16), 138.9 (s,
C-7), 127.1 (6a or 9 or 10a or 11a or 15), 126.7 (6a or 9 or 10a or
1la or 15), 126.5 (6a or 9 or 10a or 11a or 15), 120.9 (6a or 9 or
10a or 11a or 15), 119.3 (6a or 9 or 10a or 1la or 15), 108.8 (d,
C-11), 62.6 (t, C-12), 61.1 (q, 8-OCH3), 51.9 (t, C-3), 47.7 (d, C-6),
33.8 (q, N-CH3s), 20.6 (q, 7 or 10-OCOCH3), 20.5 (q x 2, 15-CH3;
and 7 or 10-OCOCH3), 15.7 (q, C-17), 10.1 (q, 9-CH3).

FT-IR (KBr) cm™!: 2953, 1769, 1693, 1626, 1384, 1184.

EI-MS m/z (%) : 500 (M+*, 9), 387 (100), 345 (48), 317 (16), 204
(11).

HR-EI-MS : Caled for C25H2sN209, 500.1795. Found : 500.1793.

6-(Acetamidomethyvl)-8-methoxy-2,9-dimethyl-1,4-dioxo0-1,3.,4.6-

tetrahydro-2 H-pyrazino[1,2-blisoquinoline-7.10-diyl diacetate

(156)

147b (23.2 mg, 0.05 mmol) ® EtOH (1 mL) #M#EKIC=EEIC Tk
R Yr—kfa® (0.1mL) /M =IE T 4FMBHELAE, KKK
Xy (30 mL) #Mx THMR., IN/HCl KE#H (30 mL) %
Mz ThHkBEEZITo . B o KE%E 5%NHs KIEWKIZ T pH9
DT AYMICL, CHCls (50 mLx3) fith, AHE 2 & b¥ . fi
Ak (60 mL) e, M, BWHEMEL TEE (16.1 mg, i
fE 16.7 mg) % %7,

148b : BT ENL 7 7 A (G AW E)
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1H-NMR (300 MHz, CDCIl3) & : 5.63 (1H, br
dt, J = 8.7, 2.4 Hz, 6-H), 4.47 (1H, dd, J =

11.8, 4.3 Hz, C-11a-H), 4.07 (2H, s, 3-Hy),

4.01 (3H, s, 8-OCHs3s), 3.33 (1H, dd, J = 19.6,

4.3, 11-Ha), 3.20 (1H, dd, J = 13.6, 3.5 Hz, C-12-H), 3.02 (3H, s,
N-CH3), 2.88 (1H, dd, J = 13.6, 8.7 Hz, 12-H), 2.45 (1H, dd, J =
19.6, 11.8, 2.3 Hz, 11-Hp), 1.95 (3H, s, 9-CH3).

LR DA 148b @ Ac20 (0.5 mL) HRIZ=IEIZ T pridine (2.0
mL) #/Mx 87THRIMI Lz, BV VUV EREEELE, BEDICHT
NaHCO; K& ik (30 mL) # /i x, CHCls (30 mL x 3) flitH. A %
@& S bw . fafn Rk (30 mL) M., ik W8 &, &k (25.3
mg, MM 23.0mg) 2> U BN (8g) O T L7~ hIZT
# LT CHCls : MeOH (15 : 1) % L W 156 (18.4 mg, U=

80 %) % 157,

156 : A7 E/L 7 7 A
1H-NMR (500 MHz, C5Ds5N) & :9.13 (1H, t,

J=6.2 Hz, N-H), 7.27 (1H, s, 11-H), 6.64

(1H, dd, J = 8.5, 3.3 Hz, 6-H), 4.13 (2H, s, 15

3-Hq), 3.86 (1H, ddd, J = 13.5, 6.2, 3.3 Hz, 12-H), 3.70 (3H, s,
8-OCHs), 3.39 (1H, ddd, J=13.5, 8.5, 6.2 Hz, 12-H), 2.74 (3H, s,
N-CH3), 2.52 (3H, s, 7 or 10-OAc), 2.26 (3H, s, 7 or 10-OAc), 2.08
(3H, s, 9-CHs).

13C-NMR (125 MHz, C5DsN) § : 171.1 (s, C-14), 169.4 (s, 7 or
10-OAc), 168.9 (s, 7 or 10-OAc), 163.2 (s, C-4), 158.3 (s, C-1),
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152.1 (s, C-8), 144.2 (s, C-10), 139.3 (s, C-6a or 10a or 11a),
128.5 (s, C-7), 126.1 (s, C-9), 123.1-123.9 (s, C-6a or 10a or 11la),
119.9 (s, C-6a or 10a or 11a), 107.4 (d, C-11), 61.0 (q, 8-OCH3s),
52.1 (t, C-3), 48.8 (d, C-6), 42.0 (t, C-12), 33.1 (q, N-CH3), 23.0 (q,
C-15), 20.5 (q, 7 or 10-OAc), 20.0 (q, 7 or 10-OAc), 10.1 (q,
9-CHs).

FT-IR (KBr) cm™!: 3399, 2936, 1767, 1686, 1624, 1387, 1186.
EI-MS m/z (%) : 459 (M+, 5), 387 (100), 345 (51), 317 (25), 274
(10), 204 (16).

HR-EI-MS : Caled for C22H25N30s, 459.1642. Found : 459.1643.

8-Methoxy-2,9-dimethyl-1.,4-dioxo-6-((2-oxopropanamido)-

methyl)-1.3.4.6-tetrahydro-2H-pyrazino[1,2-blisoquinoline-7.10

-diyl diacetate (157)

62b (16.1 mg, 0.04 mmol) ® Ac20 (0.5 mL) BKITEEWIT T

pridine (2.0 mL) # M % 51 MM L7z, ©U Y & E®E.
R WIZ a1 NaHCOs K (30 mL) % /il x . CHCls (30 mL x 3)
M., AELZ S DY, M REK (30 mL) Wi, ., WHH
£, EE (25.1 mg, FLWHME 19.5mg) 2 UV B (8g) OB T

A< MZTHRE L T CHCl; : MeOH (9 : 1) ImHE L W 157

(12.9 mg, W=*R 66 %) & Hi-,
157 : AT E )L 7 7 A

IH-NMR (400 MHz, CDCls) & : 7.13 (1H, br

t, J=6.3 Hz, N-H), 6.90 (1H, s, 11-H), 6.18 157 07 SF°
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(1H, dd, J= 8.0, 3.4 Hz, 6-H), 4.12 (1H, d, J=17.7 Hz, 3-H), 4.04
(1H, d, 17.7 Hz, 3-H), 3.78 (3H, s, 8-OCH3), 3.56 (1H, ddd, J =
13.6, 6.3, 3.4 Hz, 12-H), 3.20 (1H, br ddd, J = 13.6, 8.0, 6.3 Hz,
12-H), 3.06 (3H, s, N-CH3), 2.50 (3H, s, 7 or 10-OAc), 2.44 (3H, s,
15-CH3s), 2.39 (3H, s, 7 or 10-OAc), 2.10 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCl3) & : 196.5 (s, C-15), 169.0 (s, 7 or
10-0OAc), 168.5 (s, 7 or 10-OAc), 162.4 (s, C-4), 160.9 (s, C-14),
158.5 (s, C-1), 151.9 (s, C-8), 144.1 (s, C-10), 138.7 (s, C-7),
126.7 (s, C-9), 126.6 (s, C-10a or 11a), 121.6 (s, C-6a), 119.0 (s,
C-10a or 11a), 108.7 (d, C-11), 61.1 (q, 8-OCH3), 51.8 (t, C-3),
47.7 (d, C-6), 41.7 (¢, C-12), 33.8 (q, N-CH3), 24.3 (q, C-16), 20.6
(q, 7 or 10-OAc), 20.5 (q, 7 or 10-OAc), 10.1 (q, 9-CH3).

FT-IR (KBr) cm™': 1767, 1722, 1690, 1626, 1383, 1184.

EI-MS m/z (%) : 487 (M+*, 2), 387 (100), 345 (49), 317 (18), 303 (8),
274 (8), 204 (14).

HR-EI-MS : Caled for C235H25N309, 487.1591. Found : 487.1589.

6-((1,3-Dioxoisoindolin-2-vl)methyl)-8-methoxy-2,9-dimethyl-1,

4-dioxo-1,3.4.6-tetrahydro-2H-pyrazinol[1.,2-blisoquinoline-7,10-

diyl diacetate (158)

147b (18.5 mg, 0.04 mmol) ® Ac20 (0.5mL) R IZ HIEIZ T

pridine (2 mL) # MM %x 21 K\ L7z, VU P2 BERE. &
HW 2 faf1 NaHCOs K% (30 mL) % /il 2. CHCls (30 mL x 3)
., AMEZSbE, MAREK (30 mL) Wi, wmE., WEH
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*, &E (23.3mg, Ei#mfE 21.9mg) 2> U 75 (10g) OB 7
Ao~ R TCHB L T AcOEt : Hexane : Benzene (9 :3:1) &

Hs Xk v 158 (20.4 mg, 93 %) %15 7-,

158 1 Wl AT EINL T 7 A
1H-NMR (400 MHz, CDCl3) & : 7.83 (2H, dd,
J=5.3,2.9Hz, 3'-Hy), 7.71 (2H, dd, J= 5.3,

2.9 Hz, 4'-Hz), 7.04 (1H, s, 11-H), 6.28 (1H,

dd, /= 9.8, 2.4 Hz, 6-H), 4.04 (1H, dd, J =

12.1, 9.8 Hz, 12-H), 3.99 (1H, d, J = 17.8 Hz, 3-H), 3.79 (3H, s,
8-OCHs), 3.76 (1H, d, J = 17.8 Hz, 3-H), 3.54 (1H, br d, J=13.1
Hz, 12-H), 3.06 (3H, s, N-CHs), 2.61 (3H, s, 7 or 10-OAc), 2.39
(3H, s, 7 or 10-0OAc), 2.10 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) 6 :169.3 (s, 7 or 10-OAc), 168.5 (s, 7
or 10-OAc), 168.1 (s, C-2"), 162.6 (s, C-4), 158.2 (s, C-1), 151.9 (s,
C-8), 144.1 (s, C-10), 138.7 (s, C-7), 134.0 (d, C-4'), 131.9 (s,
C-2a'), 126.6 (s, C-9 and C-10a or C-11a), 123.3 (d, C-3"), 121.5 (s,
C-6a), 119.0 (s, C-10a or 11a), 108.8 (d, C-11), 61.1 (q, 8-OCH3),
51.7 (t, C-3), 47.8 (d, C-6), 39.1 (t, C-12), 33.8 (q, N-CH3), 20.7 (q,
7 or 10-OAc), 20.5 (q, 7 or 10-OAc), 10.1 (g, 9-CH3).

FT-IR (KBr) cm'!: 2932, 1773, 1717, 1688, 1626, 1400, 1184.
EI-MS m/z (%) : 547 (M*, 7), 387 (100), 345 (37), 317 (12), 274 (8),
204 (12).

HR-EI-MS : Caled for C2sH25N309, 547.1591. Found : 547.1593.
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55b D & 43 i A F v 4k

55b (29.6 mg, 0.06 mmol) ® CH:2Cl2(3.8 mL) #i#k i —78°CIc T
BBrs ® CH:Cl2 & #% (1mol/L, 0.45 mL, 0.45 mmol) % i F L [A &
T 10 Mm#H L. 28H 40 0215 T—20°C £ THE L. 19 K [H
MLz, KIS 5 %NaHCOs K&K (20 mL) % N x K& % 15
Ik &+, CHCl3 (20 mL x3) #lith, AHE %2 G b . faf &K (20
mL) VEW. WM. WHE L, EE (32.4 mg, HafH 28.7 mg) &
YU BTNV (14g) OB T A7 m~ M THE®L T CHCls : MeOH
(120 : 1) EHEHB LY (6.1 mg) %4, CHCls : MeOH (10 : 1) &
ARV 1450 (23.3 mg) # T hZEhfH, ai#H (6.1 mg) (X, HE
YU BN (16g) OO T A7 v~ MZTHREL T CHCl; : MeOH
(120 : 1) EHEW L v JFEE (1.9 mg) ZE, RAEHTEZY 2250
ItaEmoiR4E Fr (2.2mg). £ 72 CHCl; : MeOH (10 : 1) & H ¥ X
D 145b (1.5 mg) #&7-, ESHIWKRAE 777 ¥ a(2.2mg) %
ErU AN (26g) OB T A7 v~ MZTHR LT EtOH :
Hexane (2 : 8) AH#5 L v ek (1.1 mg)., CHCls : MeOH (10 : 1)
WHE X » 146b (0.6 mg) % &5 7=,

LA %L 5L 145b (24.8 mg, 86 %). 146b (0.6 mg, 2 %). J§

B (3.0 mg, 10 %) & 7=,

(65*,11a8%)-6-((1,3-Dioxoisoindolin-2-yl)m

ethyl)-10-hydroxy-7.8-dimethoxy-2.,9-dime

thyvl-2.3,11.11a-tetrahyvdro-4H-pyvrazino-

[1.2-blisoquinoline-1,4(6 H)-dione (145b)

145b ! Y EA T EINL T 7 A
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IH-NMR (400 MHz, DMSO-ds) & : 8.40 (1H, s, 10-OH), 7.89 (2H,
dd, J=5.3, 2.9 Hz, 3'-H2), 7.84 (2H, dd, J = 5.3, 2.9 Hz, 4'-H3),
5.88 (1H, dd, J=10.7, 3.9 Hz, 6-H), 4.57 (1H, dd, J=12.5, 4.4 Hz,
11a-H), 4.05 (1H, dd, J = 14.1, 3.9 Hz, 12-H), 3.96 (1H, dd, J =
14.1, 10.7 Hz, 12-H), 3.96 (1H, d, J = 17.6 Hz, 3-H), 3.85 (3H, s,
7-OCH3s), 3.70 (3H, s, 8-OCH3s), 3.59 (1H, d, J = 17.6 Hz, 3-H),
3.23 (1H, dd, J = 16.6, 4.4 Hz, 11-Ha), 2.82 (3H, s, N-CH3), 2.63
(1H, dd, J = 16.6, 12.5 Hz, 11-Hp), 2.07 (3H, s, 9-CHs).
13C-NMR (100 MHz, DMSO-ds) & : 167.8 (s, C-2"), 164.5 (s, C-1),
162.4 (s, C-4), 149.4 (s, C-8), 148.8 (s, C-10), 142.5 (s, C-7),
134.5 (d, C-4"), 131.5 (s, C-2a'), 123.1 (d, C-3"), 122.7 (s, C-6a),
118.5 (s, C-9), 116.8 (s, C-10a), 60.3 (q, 7-OCH3), 59.9 (q,
8-0CH3s), 50.6 (d, C-11a), 50.3 (t, C-3), 47.4 (d, C-6), 38.3 (t,
C-12), 32.6 (q, N-CH3s), 28.1 (t, C-11), 9.5 (q, 9-CH3).

FT-IR (KBr) cm-!: 3421, 2943, 1773, 1717, 1663, 1395.

EI-MS m/z (%) : 479 (M*, 7), 319 (100), 291 (7), 220 (4).
HR-EI-MS : Caled for C25H25N307, 479.1693. Found : 479.1692.

(65*,11a8%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-8-hydroxy-7,

10-dimethoxv-2.,9-dimethvl-2,3,11,11a-tetrahydro-4H-pyrazino-

[1,2-blisoquinoline-1,4(6 H)-dione (146b)

146b : AT £ )L 7 7 A
1H-NMR (400 MHz, CDCl3) & : 7.86 (2H, dd,
J=5.3,2.9Hz, 3'-Hy), 7.72 (2H, dd, J = 5.3,

2.9 Hz, 4'-Hy), 6.16 (1H, dd, J = 11.0, 3.4
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Hz, 6-H), 5.70 (1H, s, 8-OH), 4.65 (1H, dd, J = 12.2, 4.2 Hz,
11a-H), 4.34 (1H, dd, J = 14.1, 3.4 Hz, 12-H), 4.03 (3H, s,
7-OCH3), 3.92 (1H, dd, J = 14.1, 11.0 Hz, 12-H), 3.86 (1H, d, J =
17.6 Hz, 3-H), 3.69 (3H, s, 10-OCH3), 3.69 (1H, d, J = 17.6 Hz,
3-H), 3.57 (1H, dd, J = 16.6, 4.2 Hz, 11-Ha), 3.00 (3H, s, N-CH3),
2.75 (1H, dd, J=16.6, 12.2 Hz, 11-Hb), 2.21 (3H, s, 9-CHs).
13C-NMR (100 MHz, CDCl3) & : 168.4 (s, C-2'), 165.0 (s, C-1),
162.4 (s, C-4), 153.3 (s, C-10), 147.0 (s, C-8), 139.9 (s, C-7),
134.1 (d, C-4"), 132.0 (s, C-2a"), 123.4 (d, C-3"), 122.2 (s, C-6a or
10a), 118.6 (s, C-9), 117.7 (s, C-6a or 10a), 61.4 (q, 7-OCH3), 60.2
(q, 10-OCH3), 51.5 (d, C-11a), 51.2 (t, C-3), 48.4 (d, C-6), 38.6 (t,
C-12), 33.5 (q, N-CH3s), 28.1 (t, C-11), 9.2 (q, 9-CH3).

FT-IR (KBr) cm'!: 3435, 2930, 1773, 1717, 1663, 1395.

EI-MS m/z (%) : 479 (M*, 7), 319 (100), 291 (7), 220 (3), 190 (6),
160 (6).

HR-EI-MS : Caled for C25H25N307, 479.1693. Found : 479.1693.

(65*,11a8%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-8-methoxy-2.,9

-dimethyl-11,11a-dihydro-2H-pvrazinol[1l,2-blisoquinoline-1.4.7,

10(8H.6H)-tetraone (147b)

145b (28.7 mg, 0.06 mmol) ® CH3CN (9
mL) #i#EI1C —18°C 2 T CAN (82.2 mg, 0.15
mmol) ® /K (1.4 mL) EiK%=#H F L7, TLC

WWTHEBOEREZHERLZO T 30 0%IC%
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UHEE & Bl AR L 72, RS IC 5% NaHCOs k¥ (30 mL) % I 2 X
J& Z 4% 1k L CH2Cle (30 mL x 3) #ith, A2z 5 bE ., &K
A (30 mL) Wi s, WL £, ik (36.4mg) 2 U (7
g) O T hr7ma~ MZTHEL T ACOEt IEHE LY 147b (25.7
mg, 93 %) & 137,

147b 1 EET ENL T 7 R

IH-NMR (400 MHz, CDCl3) § : 7.84 (2H, dd, J = 5.3, 2.9 Hz,
4'-Ho), 7.73 (2H, dd, J = 5.3, 2.9 Hz, 3'-Hs), 5.84 (1H, m, 6-H),
4.38 (1H, dd, J = 14.5, 3.7 Hz, 12-H), 4.21 (1H, dd, J = 11.6, 4.4
Hz, 11a-H), 4.15 (3H, s, 8-OCH3s), 4.00 (1H, dd, J = 14.5, 6.6 Hz,
12-H), 3.97 (1H, dd, J=17.9, 1.5 Hz, 3-H), 3.91 (1H, dd, J = 17.9,
1.3 Hz, 3-H), 3.38 (1H, ddd, J = 19.6, 4.4, 1.0 Hz, 11-Ha), 3.00
(3H, s, N-CH3), 2.41 (1H, ddd, J=19.6, 11.6, 2.7 Hz, 11-Hp), 1.97
(3H, s, 9-CH3).

13C-NMR (100 MHz, CDCls) & : 185.7 (s, C-10), 180.7 (s, C-7),
168.4 (s, C-2'), 163.7 (s, C-1), 162.2 (s, C-4), 156.1 (s, C-8), 140.0
(s, C-10a), 135.3 (s, C-6a), 134.4 (d, C-4"), 131.7 (s, C-2a'), 128.2
(s, C-9), 123.7(d, C-3'),61.0 (q, 8-OCH3), 51.7 (d, C-11a), 51.0 (t,
C-3), 48.5 (d, C-6), 38.9 (t, C-12), 33.5 (q, N-CH3), 28.1 (t, C-11),
8.7 (q, 9-CH3y).

FT-IR (KBr) cm'!: 2920, 2851, 1771, 1709, 1668, 1634, 1466,
1400.

EI-MS m/z (%) : 463 (M+*, 44), 303 (100), 301 (31), 273 (51), 202
(25).
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HR-EI-MS : Calcd for C24H21N307, 463.1380. Found : 463.1381.

N-(((6S*,11a8*%)-8-Methoxy-2.9-dimethyl-1,4.7.10-tetraoxo-1,3.4

,6.7.10,11,11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-yl)-

methyl)acetamide (149b)

147b (23.2 mg, 0.05 mmol) ® EtOH (1.0 mL) ERIC=EEIC Ttk

I vy —KFft (100ul) Z M2 =R CA4KEMBELE, KIDK
ZkHmL, Xy (30mL) THMR L., IN/HCI KK (30 mL)
M THE L, o7 KE%E 5%NHs KEHKIC T pH9 ©OF
VB UM L, CHCl; (30 mLx3) i, AE2 A b, fAafa
Hik (50 mL) WE# . . WHEY EAE21T . FXiE 148b (15.5
mg) & 37,

J 5725 o AcOEt (0.5 mL) Hikice YV ¥ (2mL) N x =
BICTHELZHBLE, 50%DO TLCIZTHEBOWHEZ R L 2

O THMI A L, KIS % CHCls (30 mL) T#A B #% 1N/ HCI
KR % (30 mL) MM %, CHCl; (30 mL x 3) fith, AHfE 2 & b ¥,
fd f1 NaHCO3 K& (30 mL)., fafn & K (30 mL) Wi, ¥ M.

W £, %% (15.4 mg, PAEmfE 18.8 mg) # ¥ U W (6 g)

DHT L7~ M THEBMLTCHCl;: MeOH (30: 1) I LV
149b (12.1 mg, 65 %) % F 7=,

149b : BT I T 7 A

1H-NMR (400 MHz, CDCl3) 8 : 6.14 (1H, dd,
J=28.9,3.9Hz, N-H), 5.96 (1H, ddd, J = 8.9,

4.2,2.4Hz, 6-H), 4.54 (1H, dd, J=11.7, 4.4

Hz, 11a-H), 4.02 (3H, s, 8-OCH3s), 3.99 (2H,
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s, 3-Hg), 3.87 (1H, dt, J = 14.7, 8.9 Hz, 12-H), 3.40 (1H, dd, J =
20.0, 4.4 Hz, 11-Ha), 3.36 (1H, dt, J = 14.7, 3.9 Hz, 12-H), 3.01
(83H, s, N-CH3), 2.47 (1H, ddd, J=20.0, 11.7, 2.4 Hz, 11-Hp), 1.96
(3H, s, 9-CH3), 1.94 (3H, s, 14-CHs).

13C-NMR (100 MHz, CDCls) & : 185.8 (s, C-10), 181.0 (s, C-7),
171.0 (s, C-14), 163.9 (s, C-1), 162.4 (s, C-4), 155.7 (s, C-8),
140.1 (s, C-10a), 135.8 (s, C-6a), 129.0 (s, C-9), 61.0 (q, 8-OCH3s),
51.13 (t, C-3), 51.08 (d, C-11a), 49.0 (d, C-6), 41.3 (t, C-12), 33.4
(q, N-CH3s), 28.4 (t, C-11), 23.1 (g, C-15), 8.8 (q, 9-CH3).

FT-IR (KBr) cm!: 3306, 2945, 1761, 1661, 1466, 1341, 1285,
1227.

EI-MS m/z (%) : 375 (M+*, 10), 345 (58), 303 (100), 275 (27), 232
(19), 204 (26).

HR-EI-MS : Calcd for Ci1sH21N30¢, 375.1430. Found : 375.1424.

(6R*,11a5%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-10-hydroxy-7,

8-dimethoxv-2.9-dimethyl-2.3.11.11a-tetrahydro-4 H-pyrazino-

[1,2-blisoquinoline-1.4(6 H)-dione (145a)

55a (29.6 mg, 0.06 mmol) ® CH:Cls (3.8 mL) ®i# 2. BBrs®

CH:Cl2 % (1mol/L, 0.27 mL, 0.27 mmol) % — 78 °C{Z CTH#i F L
o M T 10 M\ L%, 2T TRISES 2 —20°C I
A L7z, 45 KM% O TLCIZC CHREIDOHE KR EZ MR L 7D THLE
B Lo, KIRRIZ 5% NaHCOs KA (20 mL) % il 2 T Kk &
kX% 7% CHCls (20 mL x 3) fitH, AEZ A bE ., AR
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ok (20 mL) e, g, Wl £, RiE (27.8 mg, B MHE 28.7
mg) >V TN (Tg) OB T A7~ b2 THBML T 145a
(23.7 mg, WX 83 %) %157,

145a : O 7 F )L 7 7 A

1H-NMR (400 MHz, C5Ds5N) 8 : 10.75
(1H, br s, 10-OH), 7.78 (2H, dd, J = 5.3,
2.9, 3'-Hy), 7.51 (2H, dd, J = 5.3, 2.9 Hz,

4'-Hy), 6.60 (1H, t, J = 6.8 Hz, 6-H), 4.50

(1H, dd, J = 16.0, 3.9 Hz, 11-Ha), 4.17

(1H, dd, J=12.7, 3.9 Hz, 11a-H), 4.13 (2H, d, J = 6.8 Hz, 12-Ho»),
4.12 (1H, d, J=16.6, 3-H), 3.92 (3H, s, 7-OCH3), 3.87 (1H, d, J =
16.6 Hz, 3-H), 3.67 (3H, s, 8-OCH3), 3.40 (1H, s, dd, J = 16.0,
12.7 Hz, 11-HB), 2.96 (3H, s, N-CH3s), 2.44 (3H, s, 9-CH3).
13C-NMR (100 MHz, C5D5N) & : 167.4 (s, C-2"), 166.5 (s, C-1),
166.2 (s, C-4), 149.9 (s, C-8), 148.7-149.3 (s, C-10, overlapped
with pyridine), 142.6 (s, C-7), 133.1 (d, C-4'), 131.9 (s, C-2a"),
123.9 (s, C-6a), 122.2 (d, C-3'), 119.6 (s, C-9), 117.1 (s, C-10a),
60.2 (q, 7-OCH3s), 59.1 (q, 8-OCH3s), 54.7 (d, C-11a), 51.8 (t, C-3),
47.9 (d, C-6), 41.6 (t, C-12), 32.5 (q, N-CH3), 23.9 (t, C-11), 9.4 (q,
9-CHj3s).

FT-IR (KBr) ecm'!: 3310, 2926, 1771, 1713, 1661, 1393.

EI-MS m/z (%) : 479 (M+, 7), 319 (100), 291 (7), 220 (5).

HR-EI-MS : Caled for C25H25N307, 479.1693. Found : 479.1695.
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(6R*,11aS5*%)-6-((1,3-Dioxoisoindolin-2-yl)methyl)-8-methoxyv-2.9

-dimethyl-11,11a-dihyvdro-2H-pyvrazinol[1.2-blisoquinoline-1.4.7,

10(3H.6 H)-tetraone (147a)

145a (121.8 mg, 254 pmol) @ CH3CN (38 mL) % % & |2 CAN (348
mg, 635 pmol)® H20 (5.7 mL) F#K % —18°CIZ T F L7, 15
3% O TLCIZ THRE DMK ZMA L 72 d T 304 %I #% LB % B4
L7z, KIGWRIZ 5%NaHCOs K& # (100 mL) % il 2 T K & 12 1k
SH 7% CH:Cl: (100 mL x 3) i, AEZ G oE . Ak

K (100 mL) .l WHEE L, FE (114.4 mg, HHME 117.6

mg) U BTN (Tg) OFT LT < b
12 TR B L T CH2Clz : MeOH (80 : 1) & H
v, 147a (92.0 mg, WK 78%)% 15 7=,

147a : AT TV 7 7 A

1H-NMR (400 MHz, CDCl3) 8 : 7.76 (2H, dd,

J=5.8,2.9 Hz, 3-Hy), 7.70 (2H, dd, J = 5.8, 2.9 Hz, 4'-H3),1.91
(1H, ddd, J=18.5, 11.4, 2.2 Hz, 11-HB), 5.55 (1H, br ddd, J = 3.4,
2.9, 2.2 Hz, 6-H), 4.60 (1H, dd, J = 14.6, 3.4 Hz, 12-H), 4.13 (3H,
s, 8-OCHs), 4.12 (2H, s, 3-H2), 3.85 (1H, dd, J = 14.6, 2.9 Hz,
12-H), 3.84 (1H, dd, J = 11.4, 4.7 Hz, 11a-H), 3.48 (1H, dd, J =
18.5, 4.7 Hz, 11-Ha), 3.07 (3H, s, N-CH3), 1.98 (3H, s, 9-CH3).
13C-NMR (100 MHz, CDCl3) & :185.1 (s, C-10), 180.3 (s, C-7),
168.3 (s, C-2'), 166.2 (s, C-4), 164.8 (s, C-1), 156.2 (s, C-8), 139.1
(s, C-10a), 136.1 (s, C-6a), 134.4 (d, C-4'), 131.3 (s, C-2a'"), 128.4
(s, C-9), 123.6 (d, C-3"), 61.1 (q, 8-OCH3), 52.8 (d, C-11a), 52.0 (t,
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C-3), 50.9 (d, C-6), 39.4 (t, C-12), 33.8 (q, N-CH3s), 23.7 (t, C-11),
8.8 (q, 9-CHs3s).

FT-IR (KBr) cm™!: 3468, 2926, 1771, 1713, 1674, 1626, 1389.
EI-MS m/z (%) : 463 (M*, 55), 303 (60), 204 (17), 160 (100).

HR-EI-MS : Calcd for C24H21N307, 463.1380. Found : 463.1377.

147a D & KT v 0

147a (4.6 mg, 0.01 mmol) ®» EtOH (0.2 mL) B #®iRICERIZ Tt
R v —KFfW (20ul) MMz, 4 %, XISKITZE BB
L, TLCIZTHBOHEAXRLZMHMRBLILDO THELHELB LT, KIS
Wi %~ € (20mL) THR L., IN/HCI KK (20 mL) 12T
i, kKlgza b, 5%NHs KIEWRICT pHYOD 7T v UMEICL
% .CHCl; (20 mLx3) fith . A2z 6oL ALK (20 mL)
Yo, RoMR . WRBER A, BE (4.8 mg, P 3.3mg) LU
g (5g) O T A7 v~ MZTHHEL T CHCl; : MeOH (100
1) WHM LY 150a (1.0 mg, WE 32%) % HF 7=,

150a : BT ENL T 7 X

(6aS*,11aR*)-3-Methoxy-4.8-dimethvl-6.8,9,11a-tetrahydro-1H-

pyvrazinol[1.,2-blpyvrrolol[2.3.4-ijlisoquinoline-5,7.10(6a H)-trione

(150)

1H-NMR (400 MHz, CDCl3) 8 : 5.21 (1H, dd,
J=18.0, 6.6 Hz, 12-H), 4.43 (1H, dd, J =

18.0, 4.9 Hz, 12-H), 4.35 (1H, br dt, J = 7.8,

3.9 Hz, 6-H), 4.24 (1H, dd, J=10.8, 4.8 Hz, 150a

321



11a-H), 4.23 (3H, s, 8-OCH3), 4.12 (1H, d, J=18.0 Hz, 3-H), 3.99
(1H, d, J = 18.0 Hz, 3-H), 3.33 (1H, dt, J = 18.9, 4.8 Hz, 11-Ha),
3.02 (3H, s, N-CH3), 2.72 (1H, dddd, J = 18.9, 10.8, 3.9, 1.0 Hz,
11-Hp), 1.96 (3H, s, 9-CH3y).

13C-NMR (100 MHz, CDCls) & : 185.2 (s, C-10), 165.1 (s, C-4),
164.3 (s, C-1), 160.8 (s, C-7), 155.4 (s, C-8), 144.4 (s, C-6a),
127.9 (s, C-10a), 125.2 (s, C-9), 67.5 (t, C-12), 60.4 (q, 8-OCH3),
56.8 (d, C-11a), 56.5 (d, C-6), 51.6 (t, C-3), 33.6 (q, N-CH3), 27.0
(t, C-11), 9.0 (q, 9-CH3).

FT-IR (KBr) cm'!: pending.

EI-MS m/z (%) : 315 (M*+, 100), 244 (13), 229 (36), 216 (12), 201
(25), 190 (17).

HR-EI-MS : Caled for Ci16H17N304, 315.1219. Found : 315.1222.

(6R*,11a5*)-6-(Aminomethyl)-10-hydroxy-7.8-dimethoxyv-2,9-di-

methyl-2.3,11.11a-tetrahyvdro-4 H-pyrazino[1,2-blisoquinoline-1,

4(6 H)-dione (151a)

145a (8.9 mg, 18.58 pmol) @ EtOH (0.4 mL) M#E K IC=EIREIZ Ttk
K7 vy =k (40ul) Mz 7=, 6.5 KM%, KIGiTA B
WL, TLCIZTHRBOHEZMBLILO TRLEZHBL L, X
ISR ANy 20mL)TAHMR L, IN/ HClI KK (20 mL)iC
THHH., kKEZA&DHE, 5%NH; KIERICTpHI D7 v UPEIZ L
7zt . CHCl3 (20 mL x 3) fiit, AEZ G ot . i &EK (20

mL) Wi, Hg. WA, KB (7.8 mg, #HiHME 6.5 mg) & ¥
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U AN (bg) OB T AZa~< MITHEL T CHCl; : MeOH
(10 : 1) WH# L v 151a (5.7 mg, IR 88%) ZH 7=,

151a: O T F )L 7 7 A

1H-NMR (400 MHz, CDCl3) 6 : 6.16 (1H, t, J
= 5.8 Hz, 6-H), 4.45 (1H, dd, J = 15.8, 4.0

Hz, 11-Ha), 4.21 (1H, d, J = 16.6 Hz, 3-H),

4.15 (1H, dd, J = 12.6, 4.0 Hz, 11a-H), 4.05

(1H, d, J = 16.6 Hz, 3-H), 3.80 (3H, s, 7-OCH3), 3.78 (3H, s,
8-OCH3), 3.32 (1H, dd, J=13.2, 5.8 Hz, 12-H), 3.27 (1H, dd, J =
15.8,12.6, Hz, 11-Hb), 3.21 (1H, dd, J=13.2, 5.8 Hz, 12-H), 2.86
(3H, s, N-CH3), 2.47 (3H, s, 9-CH3).

13C-NMR (100 MHz, CDCl3) & : 166.6 (s, C-1), 166.3 (s, C-4),
149.9 (s, C-8), 148.7-149.3 (s, C-10, overlapped with pyridine),
142.4 (s, C-7), 125.3 (s, C-9), 118.7 (s, C-10a or 6a), 117.3 (s,
C-10a or 6a), 59.8 (q, 7-OCH3), 59.2 (q, 8-OCH3), 54.8 (d, C-11a),
52.5 (d, C-6), 51.9 (t, C-3), 47.9 (t, C-12), 32.3 (q, N-CH3), 24.6 (t,
C-11), 9.4 (q, 9-CH3).

FT-IR (KBr) cm'!: 3366, 3327, 3287, 2928, 1651, 1585, 1418,
1067.

EI-MS m/z (%) : 349 (M+, 3), 331 (100), 320 (42), 300 (15), 220
(16).

HR-EI-MS : Caled for C17H23N305, 349.1638. Found : 349.1634.
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N-((6R*,1125*%)-10-Hydroxy-7.8-dimethoxv-2,9-dimethyl-1,4-di-

0x0-1,3,4.6,11.11a-hexahydro-2H-pyrazinol[1.2-blisoquinolin-6-

vl)methyl)acetamide (152a)

151a (5.3 mg, 0.015 mmol) ® CH:Cls (1.4 mL) B #E iz, 0°C IZ
T EtsN ® CH2Cl2 % #% (0.05 mol/L, 300 uL) % il 2 . i \» T AcCl
®» CH2Clz ¥ # (0.05 mol/L, 315 uL) /M x 7=, 5% ® TLC (Z
THEBOMEKZMHBLIZO T30 7BICHELEERB L, KIbHK
IZ 0°CI2T 5% NaHCOs3 KiE# (30 mL) # I x CTRIS & 1k L
CHCl; (30 mLx 3) #iti, AE 4 & o¥ . fafn&EK(BOmL) ¥
V. WL WRIERE R, EE (8.0 mg, HimfE 5.9 mg) 2P U ALY

NV (5g) OB T A7 r~Y MITHBML T 151a (5.9 mg, & &ML

R) &=,
152a : AT EF )L T 7 A

1H-NMR (400 MHz, CDCl3) 8 : 10.60 (1H,

br s, OH), 8.60 (1H, t, J=5.9 Hz, N-H),

6.26 (1H, t, J= 5.9 Hz, 6-H), 4.45 (1H, dd, J = 15.6, 3.9 Hz,
11-Ha), 4.19 (1H, dt, J=13.2, 5.9 Hz, 12-H), 4.19 (1H, d, J= 16.6,
3-H), 4.14 (1H, dd, J=12.7, 3.9 Hz, 11a-H), 4.05 (1H, d, J = 16.6
Hz, 3-H), 3.85 (3H, s, 7-OCHs), 3.75 (3H, s, 8-OCH3), 3.75 (1H,
dt, J=13.2, 5.9 Hz, 12-H), 3.31 (1H, dd, J = 15.6, 12.7 Hz,
11-Hb), 2.82 (3H, s, N-CH3), 2.41 (3H, s, 9-CH3), 1.93 (3H, s,
14-CH3).

13C-NMR (100 MHz, CDCl3) & : 169.3 (s, C-14), 166.5 (s, C-1),
166.1 (s, C-4), 149.8 (s, C-8), 148.7-149.3 (s, C-10), 142.5 (s, C-7),
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125.0 (s, C-6a or, 9 or 10a), 118.9 (s, C-6a or 9 or 10a), 117.3 (s,
C-6a or 9 or 10a), 59.9 (q, 7-OCH3), 59.2 (q, 8-OCH3), 54.6 (d,
C-11a), 51.8 (t, C-3), 50.1 (d, C-6), 43.9 (t, C-12), 32.4 (q, N-CHy),
24.5 (t, C-11), 22.2 (q, C-15), 9.4 (q, 9-CHs3).

FT-IR (KBr) cm'!: 3310, 2926, 1668, 1655, 1549, 1460.

EI-MS m/z (%) : 8391 (M+, 4), 319 (100), 291 (11), 220 (6).

HR-EI-MS : Caled for C19H25N306, 391.1743. Found : 391.1737.

N-(((6R.,11a.5)-8-Methoxy-2.9-dimethyl-1.4,7.10-tetraoxo-1.3.4.6

,7.10,11.11a-octahydro-2H-pyrazino[1,2-blisoquinolin-6-yl)-

methyl)acetamide (149a)

152a (41.1 mg, 105 pmol) ® CH3CN (17.5 mL) % #& it c CAN
(144 mg, 263 pmol) ® H20 (3.5 mL) &K % —18°C I T F L 7=,
54yt @ TLCIZ T B DMK ZHER L 7D T 1555 %I #% LB % B
L7, RISHRIZ 5% NaHCOs K% #® (40 mL) % il 2 . CH2Clz (40
mLx3) #ifh. AEZAG LY. @i &HEAK (40 mL) Ve, H 5.
W %, ki (45.0 mg, H W 39.4mg) U T (6 g)
DH T L7 v~ M THEBML T CH:zClz : MeOH (20 : 1) & H &8 X

D 149a (33.9 mg, WK 86 %) %157,

149a @ HEO T I T 7 A

1H-NMR (400 MHz, CDCl3) 8 : 6.19 (1H, t, J

=6.5 Hz, N-H), 5.38 (1H, td, J=4.2, 1.5 Hz,

149a

6-H), 4.15 (1H, d, J=17.1 Hz, 3-H), 4.06
(3H, s, 8-OCH3), 3.96 (1H, d, J=17.1 Hz, 3-H), 3.86 (1H, dd, J =
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11.7, 4.4 Hz, 11a-H), 3.65 (1H, dd, J = 17.4, 4.4 Hz, 11-Ha), 3.60
(2H, dd, J = 6.5, 4.2 Hz, 12-H2), 3.05 (3H, s, N-CH3s), 2.45 (1H,
ddd, J=17.4,11.7, 1.5 Hz, 11-Hp), 1.97 (3H, s, 9-CH3s), 1.86 (3H,
s, 14-CHj3).

13C-NMR (100 MHz, CDCl3s) & : 185.2 (s, C-10), 180.3 (s, C-7),
170.9 (s, C-14), 166.7 (s, C-4), 165.5 (s, C-1), 156.2 (s, C-8),
138.6 (s, C-10a), 137.1 (s, C-6a), 128.2 (s, C-9), 61.0 (q, 8-OCH3s),
53.4 (d, C-11a), 52.2 (t, C-3), 51.3 (d, C-6), 42.8 (t, C-12), 33.8 (q,
N-CH3), 23.3 (t, C-11), 22.9 (q, C-15), 8.8 (q, 9-CH3).

FT-IR (KBr) cm-1: 3307, 2945, 1663, 1431, 1285, 1229.

LR-MS (FAB*) : 376 [M+H]*.

HR-MS (FAB+): Calcd for C18H22N306, 376.1508. Found:

376.1505.
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