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ABSTRACT

There are five topics in thi§ dissertation : “Intervention of Phenonium Ion in
Ritter Reaction and the Synthetic Study for Argemonine”, “Selective C-S Bond
Cleavage Reactions”, “Total Synthesis:of f-Himachalene”, “Synthetic Study for
Tacamonine”, and “Synthetic Study for Calothrixin B”.
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%A

% — F Intervention of Phenonium Ion in Ritter Reaction and
the Synthetic Study for Argemonine
(I-1) s5%m

£ A] hRitter £ "B Ay o FRAE S 4 1 & 44 ) % JE Lk BB 4T (carbocations)
o BRI ENEPE S LK E IR P

1960 i Lora-Tamayo' 47 & 7 d ¥ ¢ A & i (7Ritterd| & ¥ 2 & 34-= & B vfofk
deScheme 1-1.977% = 2 3% 4 F 7 g d (1.2)° BAE > F5 - &eh- s f %17
i 7 Ritter ¥ g o

Scheme 1-1. Mechanism asserted by Lora-Tamayo in 1960
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7 3+ > Cram' B 5 $% ) ot 47 £ J&¢H ¥ 7 48 & phenonium (c-bridged ethylenebenzenium)
4&—* (L.a) (Fig. 1-1) o & ¥ - %5 Brown ™ T¢rifes # 8 5 42+ (Lb)fo(1.b) F pid
T s 5 d K P oSS o R Cramenphenoniumi 3 I 4 i+ #x » 2. {é > Olahk
BLFE NPT T % s 22K 7 2 & 3745 24 Lora-Tamayo:hdf & » F)24 i
" % phenonium# 3 2. %82 ¥ i B S FERTAOE S argemoninei [T o
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Fig. 1-1

Argemomne (h] % §dx ) AL A chpavinesf 2 Fde =~ B 2 - > S 8FFG v k. pfﬁ
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Fig.1-2. Argemon (#] % %) (4§ § www.coffeshop.pl/argemone.html *
http://www.mazatecqarden.com/products/mazatec_garden esoteric_herbs.htm )
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Scheme 1-3.
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Scheme 1-4.
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Scheme 1-5.
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Scheme 1-7.
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Scheme 1-9.
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i argemonine i P &4~ 0 & F ¥ ik 55k 2 WY FF4(1.28) © 4 Scheme 1-11.34 %
BEd A +(1.32)5 ¢ FFE(1.33)4 = v kit & 3+ (1.34) R 425 51?‘5'\@ fo EE N T

Mol ARl R ngr P aR AFIe R £ 5 (1.34)

Scheme 1-11.
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Argemonine 1.35

1) NaCN, HCI; 2) H,SOy, veratrole; 3) 20 % KOH/EtOH; 4) LAH; 5) CH,0, HCI; 6) ZnCl,
ACCI, CH2C12, —780; 7) NaCN, HQO, CHzClz, BLI4NBI'.

A - R RR(1.32) K f3 = R (1.36) 1 E & Scheme 1-12.: 8 > E AL FD I gE
fseniv £4(1.38) Mm@ e ki £ (1.34) "“‘-ﬁﬁk Frii o



Scheme 1-12.
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; = & Selective C-S Bond Cleavage Reactions
@-1) H%

LR AP & L A ete ik ! (4-pyrone) (2.1)dithioacetals 574 $+(2.2) 0
hE ),\_E' ?EJT%;%V%?IRJJA_-,E&L‘ fifgﬁ i é\-*;‘l:‘f’é];%vo l}béé’;% ﬂ=j7‘€)7}_'-_7\ o, l/g‘;\“fraﬁb%’ié
f:f ﬂ'b 1L é\-#’;‘ E‘f’l@l% ° é’_l% H* ),\_E' %;é_fg‘firﬁﬁ ).@;'é R ? -‘ﬁ/; ;M_TL é\'#’;a 2.1 —ﬁﬂ' G\:}i\‘. ira ’;Li—,% Eﬁ
it &4 2.2 (Scheme 2-1.) o #rj @ HFM1 224 F Lg%k > &a jmd I - k78 F o

Scheme 2-1.

A S__S
» SH SH 7
BF3OEt;
2.1
SOCl,

| | SH SH | |

O © O EtsN O o
N O
SH SH s
Et;N
|
|O (0] O
2.3



Scheme 2-2.The original proposal of our research

S_ _S
hv
|| ||

—_—
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0 S\C{ s 0
?
2.4

2.2

Frzi AP LRUEEFQ) nEEFREF B BRELTET L7

(carbene) (2.4)4 = o 3t F AP AL & &7 — T SR 4-rtwm ik (2.1) (Scheme 2-3.) ©

Scheme 2-3. Synthesis of 2,6-diphenyl-4-pyrone

o 0
NaH ; BuLi; o o 0
PhCOOMe H,SO
o0, | |
> C (U
2.1

Scheme 2-4. Reactions of 4-pyrone with 1,3-dithiol-butane

@
SH SH
||
BF OEt, O o O

2.2
‘ socl,

fﬁ P
SH SH
T O v @

2.2
()
SH SH

S
(75.2%)

b

oo e (M 1 5 i £ QD) ARE D T 8 2k 3 LR
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ZRRpE R P-1(2.2) o B3R 02 I Frfig & (thionyl chloride) &2 16 » £ &2 5 = Frfis
BT R g T A2 e A A ERER 1 5 4 (2.3)777° (Scheme 2-4.) o $3%iE B
Vi e 2 F Y FHAR @A (Fig. 2-1.)4 f# 4 4 thietane # thioformaldehyde
FH g A o 50 B T fRF RS > AP REF e Z R R F AP
:ﬁﬁgmaﬁﬁ )T%"‘fﬁm U BAE(2.6) A& & F v EREr Y & 47 (2.3) (Scheme
25-) B T F phig® s APREINERT > RE 0 3 F Y 3 4 1 R-FE(CarS
bond)s %74 # 4 0 BIA Y FAEQRS)E 272 AV LA T FEE)

P

oﬁmﬁlv
~‘Z.H

- T
‘ﬁ-‘r« \M \+

e
H

cl. 87 >"sNa cr +S|/\/\ SNa
| |
DRACENORAS
A A
Fig. 2-1.

Scheme 2-5. Reactions of 4-pyrone with other thiol reagents

socl,

NORe

(30.7%)
2.5

socl,

HORe

(39.6%)
2.7

/—Foks’
SOCl,

93.9Y
N CAR s

F R e Fig, 2-297 7% » MPrbsc g 2 20 4R Y BHIQ210)5F R B 0 5 2hi
£ L PP P AE(2.9) s Thpt-n =% o

e
A
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Fig.2-2

% 11 9,10-dihydro-9-acridinone (2.11)z" tropone (2.12)B~ % 4-vtvm fif (2.1):8 7 & J& »

Pl R B E - &7 ¥ 7 A& P > 4 Scheme 2-6.%7 7+ » B L 2,6-= F 2 -4-vtrm fif

(2,6-diphenyl-4-pyrone) (2.1)E_4p § & 4k 3 o

Scheme 2-6. Reactions of 9,10-dihydro-9-acridinone and tropone

o & £

215

(23) %

SocCl, SH SH

Et,N

socl, K:Lw

Et,N

SOCl, N” > sH

SOCl, ©\SH

Et,N

[ ]

S S

N

|
H

212

O

S
OO
| —
N
213
a
S
s N
1y T
| —
N

214

S_ S : (40.2%)

2.16
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A4

% = % P-Himachalene w2 & =

(3-1) sgg%

£ 5 Himachalane (Fig 3-2.)#% ¥ 28 eni3 L R4 % R4 > 31 1952~1976 & 8 B b fas
£ 352 ﬁ,.Br g T E_j 3 36 #7245 (Cedrus deodara, Loud.)# *# 1 e i > o 1961 &2
A W] 3 45 3 #7142 (Cedrus. atlantica) 2 Cedrus libani = #&42 #+ 7 4~ g ch ¥ o 2
B-Himachalene - 1968 & Joseph'fr'DeVHA’ NBE MR oS EEFTOER LS AP
R SUE I o R S B2 g 1997 2000 % G Le e 2 A K
W o

Fig. 3-1. & 44 #712(Cedrus. atlantica) # p
(http://www.boga.ruhr-uni-bochum.de/html/Cedrus atlantica Foto.html %*

http://www.muhlenberg.edu/cultural/graver/Collections/Conifers/Cedrus/Cedrus%20atlantica.h

tm)
Himachalane ) a-himachalene  (+)B-himachalene
Fig. 3-2.
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Scheme 3-1. by P. de Mayo et al. 1969

[2+2]
photocycloaddition a.’ NaBH, e. NaOH ‘@

irradiation o O O o 0 OR
) O O

(£)B-himachalene (x)trans-y-himachalene (z)trans-o-himachalene
1969 # > P. de Mayof|* 2-.methyl-3-0x0-1-cyclopentenyl acetate% 1,4-dioxaspiro
[4.5]dec-6-ene P & it {7 [2+2] photocycloaddition 3w % ¥ ¥ 48 » 1 NaBH4:R & = % 8 &
7 ¥ B fs it (mesylation) > &% mde IR T F TR o~ ~ - HR AL > RE Sz B A
A Z BT S R R R ) & = (+)B=himachalene(& A )% ¥ & B 1L &
(f)trans-y-himachalenefr(+)trans-a.-himachalene. -

Scheme 3-2. by E. Wenkert et al."1973
intramolecular

9 steps Diels-Alder
X CHO = N
0 AICI5/110°

(x) a-himachalene (x) B-himachalene
<20%
E. Wenkert % A % 1973 & 3& J1 4| * Bk igti* & 3 P (acid-catalyzed intramolecular)
Diels-Alder ¥ & = B4 e e R RNV -2 i & = (t)a-himachalene(2L # 47)
% (+)B-himachalene(&] & %)

MelLi

16



Scheme 3-3. by E. Piers et al. 1979

Br
X :CBI"Q; e (@) 0
HMPA Mel, 3 steps Cope H
o O BulLi H rearrangement
o0 130°

LDA,
Mel (Ph3P 3RhCI 2 steps

1)B-himachalene

E. Piers #t#pl £ & 1979 # 4 4 7 4 % Z#(+)B-himachalene & =% » ri v ¥ 48
B-(2-vinylcyclopropyl)-o,pB-unsaturated ketone i& {7 Cope £ # & 4 == ~ = HIk A »
% ketone who =% 51~ 7 A > ERMBRRAEFAEEITCES LG HEIFLE S
(+)B-himachalene » % & F 5 10% o

Scheme 3-4. by W. Oppolzer et al. 1981

Li*
3 stops /\Og; OP(OEt),
|
)\/CHO )J\/xCHO ° Z N
CIP(OEY), OSiEt;
intramolecular Q
KF OP(OE); Diels-Alder
- . P N -
0 80°/18h OP(OEt),
. POCl,,
MelLi Py3 (¥)a-himachalene 8

+ :
(x)B-himachalene 1

PF3 1981 & » W. Oppolzer & #2:c 2 7 E. Wenkert s & =032 3 > T acen™ 2 &
= Diels-Alder = g4~ > # e M ¥ 7 2 g5 LA T 274 3+ 0 Diels-Alder ¥
Je o ¥ ¥ Z H BB 4 (S F A A 4~ (2)a-himachalene 2 & A 4 (+)B-himachalene
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Scheme 3-5. by E. N. C. Browne et al. 1981

Diels-Alder © Et3SiO
COOMe COOMe COOMe
; ; H H

K,COj5

COOE o) o

NQCHCOOEt Lil-collodine Q COOMe

T

H
Lil-collodine
Ty Wittig
2 steps (x)a-himachalene
12%
JEE— \
T (x)o-himachalene 3
H methylation- . i
dehydration (x) B-himachalene 1

I % % 1981 # > Liu and Browne RIZ{i* » + B Diels-Alder & Ji& » ™ -+ — i 4 3¢
= # & = (+)a-himachalene % (+)B-himachalene (3:1) -

Scheme 3-6. by D. A. Evans-et'al. 1997

5 steps Aldol
N CHO —

)K/v

Bn - B, Br - DMSO
(-\N Bn Zn\ Dielg-Alder
O& L p )\)\/ 1Br2 )UJ\/
&
=
2 steps L _
Tebbe Hi
H

(-)-a-himachalene
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B 1997 # - Bvans %428 47 ¥ - F 4 L p Ao - K AEERPE
(-)-a-himachalene =3 < » 7740 4] * N-acyl imide ¥ 5 chiral auxiliary £ {8 i {7
enantioselective aldol % enantioselective Diels-Alder ¥ B F L &SP T4 > 3 % %é “ﬁ%
#es AL 15 1 12 Tebbe 34| [Cp2Ti(n-Cl)(n-CH2)AIMe2] > -40°C T fedZ > £ -+ — i 4 e
(-)-a-himachalene °

I 3t X R4 (+)-B-himachalene B & A 3 R FEFH P & & 2 })? IR o

H H
0 H
S +
H H
3.5 (-) a-himachalene  (+)B-himachalene
31 3.2
Fig. 3-3.

EN ’r & & (-)-Furodysinin®''pF # ¢ ¥ TR e R & ()-az (+)-B- Himachalene
g% R0 T?”L ARE DB AR o m U BB e i g e TR
(-)-a- hlmachaleneﬁ (+)-B-Himachalene if € 2% i 5= 3 = w» 2 & 2h(4v Fig. 3-3 ’"Lr—r)
T AR eng SRS iis > a8 e di(+)-B-Himachalene ©

A
Al

H H
o H
— +
H H
3.5 (-) a-himachalene  (+)B-himachalene
3.1 3.2
Fig. 3-3.

d Fig. 3-3.9 Z 4645 SRk but o B f f R A RAE D S B
¥ o/B-Himachalene = >4pf > @ + QIR F s AX & F130ecag > 518 NP g @
4B o

Scheme 3-7. Retrosynthesis of a /B -Himachalene

H
H ) H N
(0] 0
a -Himachalene
 — ‘ — — —>
Y H
N
3.3 3.4 3.5 3.6

B -Himachalene
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S g T A 45 LB be Scheme 3-7. 407 » 145 ik (3.5) 715 2 4 B i §

k 2| %7 > o/B-Himachalene 1 5547 & €.(3.3) » S o 8 % 3040 L o @ (3. 3)?'”'5'»

BAHF B = ARischad » PR F R o (3.5) HfEe ¥ - 7l o =EE 3
fe o T L X 3d) o dogtd Fak (3.5) S H®HHET &+ o/f-Himachalene -

Scheme 3-8.
LOHO OH
I R \\O _Ph
Se-Ph Se-Ph < < \/\ﬁ
I . )
1) : : 3 Y 4) :
' /\ = =
3 6 3.7 — 3.8 - 3.9 3.10
\O/\
~ | OH H
=" CHO o
- . . j 1
5) [( ! 6)
/\ H
XY 3.12 3413 3.5

7i)

3.14 : :
1) PhySey, NaBHy; 2) H,0,; 3) heating; 4) NaH; PhSOCHCH,; 5) 200°; 6) Swern; 7)
Me;SO+I-, NaH, DMSO, 50°; 8) t=AmONa, THF, Mel, 60°.

d Ashid L F B F 1 F 0BRSS 4 (3.9)h7 2 7*(Scheme 3-8.)# & 12
benzeneselenolate anion® >+~ B 7k § 4 {4 4 & hydroxy selenide (3.7) > F 40k 1+ T S i % J\
3 1t = 7 §& ¥ shselenoxide (3.8) » S A FLiE (T “R"fﬁ B = FaR3.9) 0 A S
(98%) ; d f%(3.9).5 Claisen-eneP ¥-5 J& & = - Tﬁﬁ%(:i 13)» 5 #7ec s > I+ 2- allyloxyethyl
phenyl sulfoxide®'* (3.10) i % Clalsen‘é #u: s e awv v B ab%é FTT 4 2 E(3.13)
LGN A HERILA R A AL AR D Y 4 o k(35T g B ik
@4 - A s B AR ﬁ é»; A RNir, ¥ - EJ;}QF »hde = RTR{S S A
E A R L S U SR R ﬁﬁ%’ RS ??"ﬁ #& bz ¥ > ZLDA> Mg %”'“ﬁ“
SRR o ELE B PR B AR 'B‘“ % A N LI
Az Ak ‘i‘?ﬁ“—iﬁ’ﬁ»" Y- REEFES BRI R FEF IR (X
SRR - XA BT gk o NI R R (3.5) dlmethyloxosulfomum methylide>® 50° &
e 2 o EAIE PG4 (2 F i A Y E b%w;vcgk“%fﬁ AR AR
dlmethyloxosulfomum methylide#t* g it 405 £ & ' trlmethyloxosulfonlum iodidefy’
Heb it @S2 TR R 242 F A FLEEREFCSBIIE Bt gd o)
Pl %?HNaOAm # 2 THF? (F 2 )7 x? At AP ma Hi e BT AHE
B G e L - Bp > F4orTIEH (34) -
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Scheme 3-9.

(0] OAc (BAC 0]
AcOMs Hi:. Hi.,
;) +) -1
— CH,Cl, —
H
-40°
Cedrol
Scheme 3-10.
3 3
ot o
ACzo
BF;:OEt
O 3 2 AcO
AcO

BEIGAs N LY T - B2 /F*J% : Coréy #c#% t & =& Cedrol>'®p¥ % i2 i Scheme
3-9.¢nF & > 41 * acetyl methansulfonate*T-40° " #-= R R B x> A g3 £ &2 4 5
M BEEER i o Rigby 3™ TR LR ) ik A i BFyOELR % £ 459 fEpepv3
AP B ¢ WA S 4 54 hg 1 5 47 (Scheme 3-10.) o A A EH RS T F R
BB TR > ek Ris AP KFEI066.02583 M- T s 2317
%2 84.06 F - Efp s Bl NEES T (3A6) oA E o d B SHAEHRT P TH
GBIS)EAp§ 2T > 7 AR ER N RN DF BB T -

[e) H OAc
_— +>
H

Scheme 3-11.

3.15
H

OAc H OAc
H OAc H
3.16 3.17

&% * ¥ 39 Me;SiOTH/TfOH ~ AcOH/H,SO4 ~ AcCOH/HCIO4 ~ Ac,O/AcOH % 5 4 i
o F AEEBLOEE -



Scheme 3-12.

OH OH H H
1) 2) O& o}
— . .
H H O H H
3.13 3.19 3.20 OH 3.21 OMs

3.25

a -Himachalene
1) Vo(acac),, t-BuOOH; 2) Dess-Martin; 3) MsCl, Et;N; 4) NaBHy; 5) Simmons-Smith; 6)
Dess-Martin

2R R poA pis 0 AR B s 4o WS Fe & Scheme 3-12. 0 F 2 R4 #d e
Fesig i IR R4 LA F NS SR A R R o f AR
B2 > BREF L EE > Fei ARAG o mEel ~ - BT L FrEEE sl o~ % =
BT A HE iE 7] R RSS2 o ¥ ¢h > Scheme 3-9.50 4 & T 4
ERE AR MAAT R RGBT R e E RN B A L
MERRF LR oo mt e, FRA WSS E K o

Scheme 3-13.% Scheme 3-14. 3 7T - B¥ 4 9> » > I * Ireland-Claisen & # &
fEAL#a B A% ~ 3274 F F 2P 224 Scheme 3-10.38 3| «0R® 48 - p&(3.27).5 3 %
e T HPE(3.29) o HAE(3.29):8 7 Wittig 55 3 F Bt £ - Bt 0 RfES A T v 2 HIR
A 47(3.32) > @ LT e v - HIRAR(3.31) -
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Scheme 3-13.

0
H H H

29 " Q, 2) COOH 3) OH 4) CHO
,( ) b H
3.26 3.27 3.28 3.29

5) v CHO M
OH
H H
3.30 \ 3.31

HO,

H
3.32

1) Isobutyic anhydride, Et;N, DMAP(eat.), CH>Ch, rt, 2 d, 99 %; 2) LDA, THF, -78°, 1h, -40
°, 30 min; Me;SiCl, -78 ° < rt; PhMe, reflux;. 36 'h, 68 %; 3) LAH, THF, reflux, 5 h; 4)
Dess-Martin; 5) [PhsPCH,0OMe]€l, 'AmONa; THE, rt,-3 h; 10% HCI, THF, rt, 2.5 h.
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Scheme 3-14. Total synthesis of (+)B-himachalene 3.2
0]

| v OH H
1y 0O 2) COOH 3) 4) o
39" @ 7, M
g " i .
3.28 3.33

H\ o H H 0o
5) ’> 6) o 7
_ (o) _— > 1R
3.34 3.35 336R=H 8)

3.37 R = SiMe;
(+)B=himachalene
3.2

1) Isobutyic anhydride, Et;N, DMAP(cat.), CH>Cl, tt; 2 d, 99 %; 2) LDA, THF, -78°, 1 h, -40
°, 30 min; Me3SiCl, -78 ° = rt; PhMe, reflux; 36 h, 68 %; 3) LAH, THF, reflux, 5 h, 90 %; 4)
PCC, CHyCly, 1t, 24 h; TsOH, benzene, tefluxs-1:5 h,44.1 %; 5) ethylene glycol, TsOH(cat.),
Dean-Stark, reflux, 24 h, 92.1 %;°6).35 % CF;COOH(aq), CH,Cl,, 10~20°, 2 d, 98.8 %; 7)
TMSCHN,, BF;-OEty, CH,Cly, -40°, 2.5'h, 65.3 %; 8) TBAF, MeCN, rt, 3 h, 58.5 %; 9)
NaBH4, MeOH, 0°, 1 h; 10) (i) MsCl, pyridine, DMAP(cat.), 0° = rt, 6 h; (ii) Li, NHz(1), -78
°,1h,44.9 % (3 steps).

£ = a-Himachalene#73+- 3§ B2 £ =X X 3 » {2 | PF i {7 e ¥ — B-Himachalene & = 2 /&
(Scheme 3-12.)% 3t = 7 » J| * Corey % #3F ¥ E ch§ i B 43 % & & & (oxidative
cationic cyclization reactions)’'*#-% (3.28)# i+ = 7 &2 efk (3.33) o &% #-7 47 fefr (3.33)
EAER T AP AT bR g E(3 35) 0 H ¢ sEm it & (334) vk fE > B S SR
Befs > 13 N F L FET A EER o &By-3 A fopr (3.35) TR RiEARY o AR =
v ApIEAES ’”(MC3SICHN2)" FRzaivmE T EEA BA S (3.36)2
(3.37) > L HTRF Rh B E /P DA dF o 1 3 (3.37) 1 TBAFAUL 7 # it & i
(3.36) - B £ f3(3.38) 1 » kAT L 0 2 T m At 2 Birchd R o WE KEg A e
@ (+)B-himachalene (3.2) < ¥ %% A& [a] p +213° (¢ 0.05 CHCLy); <+ jraF #33a]
+224.7°, +204° (CHCls) »

L pr(3.36) A d 4R RIEARIL G 2 HER MG o AP R i 4 (3.37)

2 irr'f/?i’*i i 4 & & (Scheme 3-13.) > ﬁF*’;ﬁd EAchz ? Ap e AB:EF > i %

RERE - A4 (339 ¢ ¢ FAEG39) i e 0 EmET iR § R F
(syn elimination) % = = % i+ £ $~(3.40) - RO G Y 4pogurd 2 R IE ) - )
q}ﬂ\: v %E’ ’"‘ﬁ;lﬁ]m}; lF"]tE.rrx?]%‘! IR S A Eis] ébﬁi’ 2 %,{:}’ é@]l"”&}}?l?‘]
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porh A UNOER BeArsn (3.29)n: Mg HE > ©wdip 1 $(3.37) befs - ERP AR
Bz it £ (3.40) P~ % 4t > ¥ = & (+)B-himachalene (3.2) -

Scheme 3-13.

WOH ER
337 — - “SiMes

(+)B-himachalene

3.2
1) NaBH,, EtOH, tt, 1.5 d, 86.9 %; 2) KH, THF, tt, 24 h, 72.3 %; 3) CoCl,-6H,0, NaBHs,
EtOH, rt, 24 h, 72.6 %.

Aipd w3k 5 1§ (3.7) [(1S,2R)-epoxymenth-8-ene] & 5 15 & 16 B &+ &
= (+)—[3—h1machalene BAFHE % FAEFETHR L }*Jﬁ?ﬁ - Ko
(3-3) %4
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Scheme 4-1. by K. Fukumoto et al. 1994

HO._>{__OTBDMS N

—_— . — N
H H H H
= Ry = “hy
EtOOC  OTBDMS EtOOC  Br
TMS)3SIH,
Ve m 3 steps
ALl I N - .
Radical H ~H
Cyclization K
EtOOC

Tacamonine

1994 & > Fukumoto4'3?{fx’”}'l * pd A3k £ F JE(radical cyclization) » w4 11 &% 38 &
= ditacamonine ° %% & & 3% (Scheme 4-1.) -

Scheme 4-2. by M. Lounasmaa et al. 1998

N\ ©\Nj/\l3r .
| H m,, B H,PdiC m
Meooc” 7 O NS : N
. _OH

MeOOC MeOOC
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N N
N H DMF, H
(o]
HO—" [~ TsO—"1~>"} 60 NC—"1>"1
NaOMe,
MeOH HCI

Tacamonine

Lounasmaa®” 1@ Ff 7 1 #c& BF 7 & & Jtacamonine (Scheme 4-2.)» H ¥ 25 § # 2 =
bz B B
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Scheme 4-3. by R. Lavilla et al. 2001

| H
N |
(@)
H
NC Cl

AcOK, || H N 2 steps
18-C-6 N |
H o —
H
NC OAc
Ho,

PtO,

Tacamonine

= %15 4 & oLavilla® %8 ] 42001 " Lounasmaa*t 1982 & & & 41 cq¢ A
Adpdr o RN ESH %P~ [ tacamotine 2 rScheme 4-3.#77% ©
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Scheme 4-4. by T.-L. Ho et al. 2002

|| H
w POCl; formaldehyde N N
| — H
N O. _NH \ NH H H (39%)
H o
+
o "o " o
7/ -/

(34%)

I H LDA,
N n-BuONO

Iz

H H
o)

Tacamonine

A @ 5% B & 2002 & 4% £ 7 tacamonines 2 & = (Scheme 4-4.) -
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Scheme 4-5. by T.-L. Ho et al. 2001

CHO CHO
W ity
NC CN
Os; NaOMe; NaOMe:
Me,S aq. HCI aq. HCI
\\\"®."//
/ \
NC CN

© HOH O\
14-Epitacamonine 3-Epitacamonine
T AP E R BRI s e A % & & tacamonine®® v B2 3T T A1 A
G R EEE ERELR *f#;ﬁ' 14-epitacamonine % 3-epitacamonine:i1 & = (Scheme
4-5) FAEAEY B R 2 i APF G R L SRS R - P E AR
Ml ¥ 2 o L aFHfMmeF > &a BER ¥ - & < tacamoninesi - F ©
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(4-2) %% 2124

Scheme 4-6.

LE; HOOC,,, +COOH
0 a2 e TR
/ ——
. ° o_ 0O
4.2 42

41 7<

4.4

4.11 LN

1)4‘9 KMnOQy,, acetone, -78°%;2) 4'IOTSOH(cat.), acetone; 3)4le KMnO,, Et,0, H,0; 4)4‘12 ethyl
chloroformate, Et;N, tryptamine, THF; AcCl, THF; 5) Tf,0,CH,Cl,; NaBH4, MeOH; 6) TsOH,
dioxane, H,O, refluxed; 7) NalO,4, THF, H,O, 0°; NaBH4, MeOH; 8) MsCl, Et;N, THF, 0°; 9)
NaCN, 18-crown-6, DMF, 60°; 10) NaOMe, MeOH, refluxed; HCI(conc.), 80°.

57 %10 Scheme 4-5.¢F12 M (=% AL o 5 0 ek ¥ $HfE fEFL(4.4)8 ¢ ¥(tryptamine)
Bk 4 d T vE(imide) (4.5) c T R(AS)T B 112 & U R BAFA FRE A AR (S 0 TR 4 4
ARAS(A.6) 1 L HJL FFBRG P IRIRDRE kS F RN BHE S (413) (Fig.
4-2) M TR 7 R 0 7 3 B 2 # o s(teric effect) % A% 48 T 2% i (stereoelectronic
effect) t > ¢ G flamE i hd A BRRZ ST § DR Gt TER S AR
AR EF@AO)F > AT XN B PG FEY A BRRE SR & R
# p 4 tacamonine 4p F ¢ R 1 %% e B AR AL o
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Fig. 4-2
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LS 7 A EA(4.9) 0 £ L AP §ABERF 3R] § g i LR 7
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Ay FEREERRAT)ES T R F REET BRI (4.15) 0 11 3 Scheme
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% 7 % Calothrixin B eh& &2 3

(5-1) %%

Calothrixin A % calothrixin Biz® f37# 0% X4 (Fig. 5-2) > €_d Rickardse# 3 B 3
ML 41999 E jEcalothrix B & ¥ A 3ER D - BEFT X FME L F 4R A R
f£u.(Plasmodium falciparum)# & 2 #5 5 st g fw % ciit 4 o FABHE A P A5 BT &

% 7 rg£vk(quinoline),3! j (indole) 2 ¥ fiR(quinone) % ¥ ~ » T # Hehe & At FiEen
oy VAL RE Y 3T X R o 5 - B 28 2 d Kelly® 4 352000 # % &% o

Calothrixin A Calothrixin B

Fig. 5-2.

AR A S S BB o K U R T 6 & P X R4 calothrixin B e
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(5-2) %% 212

Scheme 5-1. Retreo-synthesis of calothrixin B

Calothrixin B

O OMe OMe

Br HOOC Br Cl
— HN — +
NH
@ Br Br COOH HN
Cl

OMe O OMe

Calothrixin Be & = 2+ 4 4rScheme 5-2 #1777 » 881 i* & 3 (5.6) (s » ¥ 2&3F 5 iz it
[PA(OAC),” ™ ~ Ni(COD),>*>" « PACL(PPhs)s:> P& %1% &% & HIp i 2 & T B+ S5pdr
(5.7) 0 (* L5 (5.6)¥F 5 A B AR IER AL A AH > 4 F T F i o

* g 2o fo % Scheme 5-3.9 i ) 37 B %48 F#[Ullmann™ ~ NiCly/PPhy/Zn>” ~
PACly(PPhs)2/BueSn,]i8 ¥| Flift = Scheme 54 45 2 14 £ 4 (5.4)ie 7= B v £ >0 fre w
Yo% & A 47 (5.16) » & i "84 b calothfixin Bz & °
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Scheme 5-2.

OMe OMe OMe OMe
Br OHC Br
Br Br CHO
OMe OMe OMe OMe

Calothrixin B

1) (CH,0)n, HBr, HOAc, 81.0 %; 2) Br, I(cat.), CHCls, 86.4 %; 3)*'? PhSeOOK, K,HPO,,
dioxane, 82.2 %; 4)5'13 Se0;, 30 % H,05,98 %; 5) SOCl,, CH,Cl,, DMF(cat.); chloroaniline,
Et;N, CH,Cl,, 43.4 %

Scheme 5-3.
OMe @[Cl OMe
OHC Br N, _ Br
—C
Br CHO Cl Br
OMe OMe
5.4 5.8
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1)> 100°, 58.6 %; 2>'* Ph,0,260° 99 %: 3)*" 10-% NaOH, 87.3 %; 4) SOCl,, DMF; 5)

Scheme 5-4.

OH
EtO0C
EtOOC_  cOOEt . COOEt 2) ‘.~ COOEt
+ I — | — »
NH, EtO N N
5.10 5.11
OH cl cl o
COOH cocl
3) X 4) X 5) s
— (jﬁj/"—* DO
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B2 g R

General. Column chromatography (CC): Merck silica-gel (63-200 mesh). TLC: Merck
silica-gel 60 F 254 plates. M.p.: uncorrected; Laboratory Devices. IR Spectra: Bio-Rad FTS
165 and FTS 3100 ; v in cm™ 'H- and >C-NMR Spectra: Varian Unity-300; CDCl; unless

otherwise indicated; &in ppm, J in Hz. EI-MS: Trio-2000 and Jeol SX-102A; ionization
potential 70 eV. For drying organic solutions during workup of reactions, Na,SO4 was used.

[a]p was measured in CHCl;.
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Formation of 3,4-dihydroisoquinolines

A mixture of the phenethyl chloride and RCN (2.1 mmol each) was placed in a flask fit
with a rubber septum and a condenser, SnCls (2 mmol) was added through a syringe to the
stirred mixture. After the exothermic reaction subsided, the mixture was heated in an oil bath

at 110-130  for 3 h. It was cooled, basified with 20% NaOH and extracted with ether. The

ethereal layer was extracted with 20% HCl, aqueous solution neutralized with NaOH and
extracted with ether. On evaporation of the dried ethereal extract, the 3,4-dihydroisoquinoline

was obtained.

A\

1,3-Dimethyl-3,4-dihydroisoquinoliné (1.6).
1,3-Dimethyl-3,4-dihydroisoquinolingé was obtained in 49% yield.

'"H NMR 5 1.35 (3H, d, J = 6.6 Hz); 2135 (3H;d-= 2.1, d); 2.45 (1H, J = 15.6 , 12.6, dd); 2.71
(1H, J = 15.6, 5.1, dd); 3.48-3.57 (1H;:m): 7.14 (1F, J = 7.2, d), 7.24-7.35 (2H, m); 7.46 (1H,
1=72,4).

BCNMR 6 22.0 (q); 23.3 (q); 33.4 (t); 51.8 (d); 125.2 (d); 126.8 (d); 127.5 (d); 129.3 (s);
130.5 (d); 137.2 (s); 163.4 (s).
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N

1,3,3-Trimethyl-3,4-dihydroisoquinoline (1.8).
1,3,3-Trimethyl-3,4-dihydroisoquinoline 55% yield.

'"HNMR & 1.15 (6H, s); 2.32 (3H, s); 2.63 (2H, s); 7.07 (1H, J= 7.2, d); 7.70-7.28 (2H, m);
7.40 (1H, J=7.8, d).

3C NMR 5 23.1 (q); 27.8 (q); 38.6 (t); 53.4 (s); 125.0 (d); 126.5 (d); 127.9 (d); 128.4 (s);
130.4 (d); 136.1 (s); 161.0 (s).

/N

1-Phenyl-3-methyl-3,4-dihydroisoquinoline (1.7).
1-Phenyl-3-methyl-3,4-dihydroisoquinoline 45% yield.

"HNMR § 1.48 (3H, J = 6.9, d); 2.62 (1H, J = 15.6, 12.3, dd); 2.83 (1H, J = 15.5, 4.9, dd);
3.69-3.77 (1H, m); 7.29-7.61 (9H, m).

3C NMR § 21.6 (q); 33.4 (t); 52.7 (d); 126.4 (d); 127.3 (d); 127.5 (d); 127.8 (d); 128.0 (d);
128.4 (d); 128.5 (s); 128.8 (d); 129.1 (d); 130.6 (d); 138.4 (s); 138.9 (s); 166.2 (5).
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/N

1-Phenyl-3,3-dimethyl-3,4-dihydroisoquinoline (1.9).
1-Phenyl-3,3-dimethyl-3,4-dihydroisoquinoline 48% yield.
'HNMR 6 1.19 (6H, s); 2.72 (2H, s); 7.09-7.47 (9H, m).

3C NMR § 27.5 (q); 38.8 (¢); 54.5 (s); 126.4 (d); 127.9 (d); 128.1 (d); 128.2 (d); 128.4 (s);
128.7 (d); 128.9 (d); 130.7 (d); 137.5 (s); 139.1 (s); 164.6 ().

Mixture of 1-Phenyl-4,4-dideuterio-3,4-dihydro- isoquinoline (1.11) and
1-Phenyl-3,3-dideuterio-3,4-dihydroiso- quinoline (1.12).

1-Phenyl-4,4-dideuterio-3,4-dihydroisoquinoline and
1-Phenyl-3,3-dideuterio-3,4-dihydroisoquinoline (ratio 1:1).

'"HNMR 8 2.71, 3.76 (1:1) (1H, s); 7.16-7.54 (9H, m).
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MeO
OH
2-(3,4-Dimethoxyphenyl)-2-hydroxyacetonitrile (1.26)

Under vigorous stirring conc. HCI (4.5 ml) was added in drops to a solution of
veratraldehyde (5 g, 30.1 mmol) in alcohol (5 ml) which was admixed with a 10% NaCN (15
ml), cooled by ice-water, until a thick mass of small colorless crystals was formed. The
crystals were collected, washed free of acid with water, then dissolved in CH,Cl, and again

washed with water. The organic phase was concentrated in vacuo to give (1.26) (4.2 g, 72.2

%).

'H-NMR & 3.87 (s, 6 H); 5.45 (s, 1 H); 6.86 (d, J= 8.1, 1 H); 7.00-7.07 (m, 2 H).
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OMe

MeO O
MeO I

OMe
2,2-Bis(3,4-dimethoxyphenyl)acetonitrile (1.27).

CN

A suspension of finely powdered 3,4-dimethoxymandelonitrile(1.26) (6.8 g, 35.2 mmol)
in veratrol (5.8 g, 42.0 mmol) was cooled in an ice bath, mixed with 75% H,SO4 (25 ml), and
gradually warmed to 70° in a water bath, while maintaining gentle stirring. The reaction was
allowed to proceed for 30-40 min after complete dissolution of the reactant(s). The deep
cherry-red solution was poured into ice water, extracted thrice with CH,Cl,, and the organic
layer was washed with water. The dried, organic solution was evaporated to give (1.27) (7.2 g,

65.3 %).

'"H-NMR & 3.79 (s, 6 H); 3.83 (s, 6. H); 4.82 (s, 1 H); 6.77-6.79 (m, 6 H).
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OMe
MeO

COOH

MeO
OMe

2,2-di(3,4-dimethoxyphenyl)acetic acid (1.28)

A solution of nitrile (1.27) (7.2 g, 23.0 mmol) in 20% alcoholic KOH (100 ml) was
refluxed for 2 h. Alcohol was removed and gradually replaced with water. After about ten
hours, no more ammonia was evolved. The basic solution was washed with CH,Cl, and then
acidified with acetic acid. An oil separated, which completed crystallized on standing (6.2 g,
81.2 %).

"H-NMR § 3.80 (s, 6 H); 3.84 (s, 6 H); 4.92 (s, 1 H); 6.79-6.84 (m, 6 H).
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MeO O
O OH
MeO

OMe
2,2-Bis(3,4-dimethoxyphenyl)-1-ethanol (1.29)

A soln. of acid (1.28) (6.2 g, 18.7 mmol) in anh. THF (30 ml) was added dropwise to a
stirred suspension of LiAlH4 (1.4 g, 36.8 mmol) in THF (40 ml). The mixture was refluxed for
12 h, quenched with saturated NH4Cl, and extracted with CH,Cl,. The org. layer was washed
with brine, dried, and evaporated to afford (1.19) (5.9 g, 99.4 %).

IR(neat) v 3522, 2998, 2936, 2835, 2360, 2342, 1604, 1591, 1515, 1464, 1417, 1262, 1142,
1027, 858, 811, 764

"H-NMR & 3.81 (s, 6 H); 3.84 (s, 6 H);'3:83-3:87 (m, 2H); 4.08 (s, 2 H); 6.74 (s, 2H); 6.80 (d,
J=15,4H).

BC-NMR § 52.1 (d); 55.3 (q); 65.6 (t): 110.8 (d); 1.3 (d); 119.5 (d); 134.0 (s); 147.2 (s);
148.4 (s).

EI-MS: 319 (2, M+1" ), 318 (9, M" ), 288 (18), 287 (100), 273 (11).

HR-MS: 318.1469 (C15H»,0s" ; calc. 318.1468).
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MeO
ROE
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OMe
4-(3,4-dimethoxyphenyl)-7,8-dimethoxy-3,4-dihydro-1H-isochromene (1.30)

To a stirred solution of 2,2-bis(3,4-dimethoxyphenyl)-1-ethanol(1.29) (9.0 g, 28.3 mmol),
dioxane (30 ml) and conc. HCI (5 ml) was added 37% formalin (2.3 g, 28.3 mmol) dropwise.
During addition, HCI1 gas was passed through. Stirring and the introduction of HCI1 gas were
continued for 4 h longer and then conc. HCI (20 ml) was added. After cooling the reaction
mixture was extracted with CH,Cl,, the organic layer was washed with water, brine, dried, and

evaporated in vacuo affording (1.30) (9.2 g, 98.5 %).
IR(neat) v

'H-NMR §3.68 (s, 3 H); 3.79 (s, 3 HJ;-3.84 (s, 3-H); 3.85 (s, 3 H); 3.98-4.02 (m, 1H);
4.07-4.12 (m, 2 H); 4.79 (q, J = 14.4,2 H); 642 (s, 1H); 6.51 (s, 1H); 6.66-6.80 (m, 3 H).

BC-NMR 8 43.2 (d); 55.4 (q); 678(t); 72.0 (t); 106.3 (d); 110.7 (d); 111.5 (d); 111.6 (d);
120.7 (d); 126.6 (s); 127.9 (s); 135.3 (s); 147.4 (s); 148.5 (s).

EI-MS: 331 (9, M+17 ), 330 (73, M" ), 269 (100), 238 (25), 164 (23), 151 (21), 150 (40), 127
(21), 32 (23).

HR-MS: 330.1469 (C19H»0s" ; calc. 330.1468).
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MeO
ROQ:
OA
MeO l

OMe
2-[2-(chloromethyl)-3,4-dimethoxyphenyl]-2-(3,4-dimethoxyphenyl)ethyl acetate (1.31)

C

To a stirred solution of ether (1.30) (5.0 g, 15.2 mmol) and ZnCl, (3.0 g, 22.0 mmol) in
CH,Cl, (50 ml) was added acetyl chloride (5.0 g, 63.4 mmol) dropwise at -78 ° under N,. The
reaction mixture was gradually warmed to 0° and kept for 1 h. On quenching with water, the
resulting mixture was extracted with CH,Cl,, dried, evaporated in vacuo and

chromatographed (silica gel, 2:3 AcOEt/hexane) to give (1.31) (5.2 g, 84.0%).
IR(neat) v 3006, 2965, 2903, 2832, 1782, 1722, 1618, 1541, 1463, 1147, 799.

'H-NMR & 1.97 (s, 3 H); 3.78 (s,+6 H); 3.82 (5,3 H); 3.85 (s, 3 H); 4.53-4.57 (m, 3H);
4.62-4.66 (m, 2 H); 6.68 (s, 1H);.6.74 (s, 1H); 6.77 (s,2H); 6.82 (s, 1H).

BC-NMR & 20.5 (q), 43.7 (d); 44.1 (1);.553 (q):-55.4 (q); 55.5 (q); 55.6 (q); 66.1 (t); 110.7 (d);
110.8 (d); 111.4 (d); 113.3 (d); 1193 (d); 127.6.(s)s 132.5 (s); 132.7 (s); 147.2 (s); 147.5 (s);
148.6 (s); 149.0 (s); 170.5 (s).

ELI-MS: 410 (3, M+2" ), 408 (8, M" ), 313 (100), 299 (70), 268 (52), 43 (28).

HR-MS: 408.1342 (C21HsClOg" ; calc. 408.1341).
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OMe
2-[2-(cyanomethyl)-3,4-dimethoxyphenyl]-2-(3,4-dimethoxyphenyl)ethyl acetate (1.32)

A mixture of chloro-ethyl acetate (1.31) (2.0 g, 4.9 mmol), NaCN (0.7 g, 14.3 mmol)
(pre-dissolved in 0.7 ml H,O), BuyNBr (1.6 g, 4.9 mmol), and CH,Cl, (20 ml) was stirred at
r.t. for 4 h. The resulting solution was washed 3 times with water, dried, evaporated in vacuo

and chromatographed (silica gel, 2:3 AcOEt/hexane) to afford (1.32) (1.4g, 71.7 %).
IR(neat) v 3006, 2904, 2850, 2837, 2255, 1752, 1719, 1607, 1522, 1142, 918, 722.

"H-NMR & 1.98 (s, 3 H); 3.59 (d, J = 9.3, 2H); 3.78 (s, 3 H); 3.81 (s, 3 H); 3.83 (s, 3 H); 3.87
(s, 3 H); 4.34-4.38 (m, 1H); 4.44-4:50 (m, 1H);.4.55-4.61 (m, 1H); 6.65-6.68 (m, 2 H):;
6.74-6.79 (m, 2H); 6.87 (s, 1H).

BC-NMR & 20.4 (q), 20.5 (t), 44:5 (d); 553 (q):-55.4 (q); 55.5 (q); 55.6 (q); 66.0 (t); 110.7 (d);
110.9 (d); 111.2 (d); 112.2 (d); 1178 (s); 119.5 (d);' 120.5 (s); 130.9 (s); 131.7 (s); 147.5 (s);
147.7 (s); 148.4 (s); 148.7 (s); 170.4 (s).

EL-MS: 400 (6, M+1" ), 399 (43, M" ), 339 (70), 326 (100), 324 (49), 308 (68), 299 (20), 268
(18), 43(87).

HR-MS: 399.1685 (C22HsNOg' ; calc. 399.1683).
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MeO
RO,
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MeO l

OMe
2-6-[1-(3,4-dimethoxyphenyl)-2-hydroxyethyl]-2,3-dimethoxyphenylacetonitrile (1.36)

A solution made up of cyano-ethyl acetate (1.32) (1.4 g, 3.5 mmol), K,COs (4.0 g), H,O
(5 ml), and MeOH (50 ml) was stirred at r.t. for 18 h. The solvent was evaporated and the
residue was extracted with CH,Cl,. The organic layer was washed with water, dried,

evaporated in vacuo to give (1.36) (1.2g, 95.8 %).
IR(neat) v 3522, 2937, 2836, 2248, 1606, 1515, 1464, 1264, 1143, 1094, 1026, 861, 762.

'H-NMR § 3.54 (q, J=128.8, 18.3, 2H); 3.77 (s, 3 H); 3.82 (s, 3 H); 3.84 (s, 3 H); 3.86 (s, 3 H);
4.06-4.17 (m, 4H); 6.65-6.68 (m, 2 H); 6.78 (d, J=9.0, 1H); 6.86 (s, 1H); 6.92 (s, 1H).

BC-NMR 5 20.6 (t), 47.9 (d); 55.4%@): 55.5.(Q); 55.6:(q); 55.7 (q): 65.4 (t); 110.9 (d); 111.0
(d); 111.4 (d); 112.2 (d); 118.1 (8); 119.6 (d):-120.7.(5); 131.9 (s); 132.7 (5); 147.4 (s); 147.6
(s): 148.4 (s); 148.8 (s).

ELI-MS: 357 (7, M ), 327 (20), 326 (100).

HR-MS: 357.1577 (C20H23NOs" ; cale. 357.1577).

51



SAA®
2,6-Diphenylpyran-4-thione (2.3) Method A

A mixture of 2,6-diphenyl-4-pyrone (50 mg, 0.2 mmol) and thionyl chloride (1 ml) was
refluxed in an oil bath for 2 h, excess thionyl chloride was removed in vacuo. The yellow
solid residue was dissolved in CH,Cl, (2 ml) and treated with sodium O-t-amylxanthate (60
mg, 0.3 mmol) under N, The resulting mixture was refluxed for 15 hr, cooled, quenched with
water, and extracted with CH,Cl,. The combined extracts were washed with water and brine,
dried over Na,SOy4, evaporated and chromatographed over silica gel (eluent: EtOAc/hex 1:9)
to give 2,6-Diphenylpyran-4-thione (2.3) (50 mg, 93.9%) as a yellow solid.

m.p.168-170°.
"H NMR § 7.50-7.52 (m, 6H); 7.63.(3, 2H); 7.85-7:88 (m, 4H).
3C NMR & 121.91 (d); 126.04 (d): 129:23 (d):130:62(s); 131.68 (d); 156.00 (s); 201.00 (s).

HR-MS: 264.0607 (C17;H;,0S" ; calc.264.0609).
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AR’
2,6-Diphenylpyran-4-thione (2.4) Method B

A mixture of (2.1) (1.00 g, 4.0 mmol) and thionyl chloride (10 ml) was refluxed in an
oil bath for 2 h, excess thionyl chloride was evaporated in vacuo. The resulting yellow solid
residue with either 1,3-propanedithiol, benzenethiol, or 2-pyridinethiol (8.0 mmol each) were
dissolved in CH,Cl, (2 ml), placed under N, and treated with triethylamine (1.0 g, 10.0 mmol)
slowly via a syringe. The reaction mixture was stirred at 50 ° overnight, cooled, and poured
into water. Extraction with CH,Cl, was followed by back-wash with 2N NaOH, water, and
brine. The organic solution was dried over Na,SO,, evaporated, and chromatographed over
silica gel (eluent: EtOAc/hex 1:4) to afford 2,6-diphenylpyran-4-thione (2.4) in 75.2% (from
1,3-propanedithiol), 79.9% (from benzenethiol) and 88.3% (from 2-pyridinethiol) yield,
respectively. Diphenyl sulfide (0.23+vg, 30.7%) and di(2-pyridyl) sulfide (0.30 g, 39.6%)

were isolated in the respective reactions.
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7,9-Diphenyl-8-oxa-1,4-dithiaspiro[4.5]deca-6,9-diene (2.6)

Successive reaction of (2.1) (0.50 g, 2.0 mmol) with thionyl chloride and
1,2-ethanedithiol (0.44 g, 4.0 mmol) were carried in the same manner as described above
(method B), silica gel chromatography (eluent: EtOAc/hex 1:9) permitted isolation of
2,6-diphenylpyran-4-thione (2.4) (0.20 g, 37.6%) and (2.6) (0.25 g, 38.3%).

m.p.176-178°.
IR(neat) v 2963, 2916, 2358, 2330, 1645, 1486, 1294, 1311, 1099, 1019, 911, 798, 765.
"H NMR & 3.50 (s, 4H); 5.86 (s, 2H); 7.34-7.41 (m, 6H); 7.69-7.72 (m, 4H).

13C NMR & 41.35 (t); 61.84 (s); 102.17,(d);124.82. (d); 128.39 (d); 128.90 (d); 133.36 (s);
147.37 (s).

HR-MS: 324.0636 (C15H;60S," “calc. 32410639).
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9-(Phenylsulfanyl)acridine (2.13)

Dihydroacridinone (1.0 g, 5.1 mmol) was reacted with thionyl chloride (10 ml) for 6 h.
The product was heated with benzenethiol (1.13 g, 10.3 mmol) and triethylamine (1.55 g, 15.3
mmol) in CH,Cl, (20 ml) at 50 ° overnight. Workup and chromatography over silica gel

(eluent: EtOAc/hex 1:9), gave 9-(phenylsulfanyl)acridine (2.13) (1.34 g, 91.1%) as a yellow
solid.

m.p.138-139°.
IR(neat) v 3069, 3049, 2989, 2351, 1723, 1669, 1433, 1396, 1273.

'"H NMR & 6.95-7.07 (m, SH); 7.46:7:51 (m, 2H);.7.70-7.76 (m, 2H); 8.26 (d, J = 9.0, 2H);
8.64 (d, J = 8.7, 2H).

3C NMR & 125.74 (d); 126.54 (d); 126.95 (d); 127.26 (d); 128.77 (s); 129.01 (d); 129.93 (d);
130.18 (d); 136.78 (s); 139.08 (s); 148.77 (5).

Anal. Calcd for Ci9H3NS: C, 79.41; H, 4.56; N, 4.88. Found: C, 79.26; H, 4.84; N, 4.82.
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9,9-(Ethylendithio)acridan (2.12)

After reaction of dihydroacridinone (0.5 g, 2.6 mmol) with thionyl chloride and then
1,2-ethanedithiol (0.26 g, 2.8 mmol) in CH,ClI, (10 ml) in the presence of triethylamine (0.8 g,
7.9 mmol), silica gel chromatography (eluent: EtOAc/hex 1:9) gave (2.12) (0.44 g, 63.3%).

m.p.238-240°.

IR(neat) v 3394, 3260, 3064, 2966, 2922, 2864, 2381, 2340, 1806, 1580, 1510, 1476, 1332,
1261, 1154, 747.

'"H NMR & 3.63 (4H, s); 6.66 (dd, J = 8.1, 1.2, 2H); 6.71 (s, 1H); 6.96-7.02 (m, 2H); 7.12-7.17
(m, 2H); 8.06 (d, J = 8.1, 2H).

13C NMR & 42.00 (); 60.52 (s)::113.52(d); 120.50 (d); 123.87 (s); 128.05 (d); 129.05 (d);
137.28 (s).

HR-MS: 271.0494 (C;sH3NS; " ; cale. 271.0487):
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9-(2-Pyridylsulfanyl)acridine (2.14)

After reaction of dihydroacridinone (0.5 g, 2.6 mmol) with thionyl chloride and then
2-pyridinethiol (0.63 g, 5.7 mmol) in CH,Cl, in the presence of triethylamine (0.8 g, 7.9
mmol), silica gel chromatography (eluent: EtOAc/hex 1:4) gave (2.14) (0.68 g, 92.2%).

m.p.172-173°.
IR(neat) v 3069, 3047, 2356, 1568, 1446, 1415, 1308, 1150, 1121, 1089, 1042, 841, 747.

'"H NMR § 6.35 (d, J = 8.1, 1H); 6.84 (dd, J = 7.5, 4.8, 1H); 7.13-7.18 (m, 1H); 7.46 (dd, J =
8.4,7.2,2H); 7.71 (dd, J = 8.5, 7.2, 2H); 8.23 (d, J =9, 2H); 8.26 (d, J = 4.8, 1H); 8.55 (d, J =
8.7, 2H).

3C NMR § 120.08 (d); 120.97 (d);1126.34 (d): 127.19:(d); 128.71 (s); 129.64 (d); 130.42 (d);
136.79 (d); 137.37 (s); 148.43 (s); 149:52.(d):-159.30 (s).

Anal. Calcd for C;gH,N»S: C, 74.97; H, 4:19; N.,'9.72. Found: C, 74.94; H, 4.62; N, 9.69.
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1-(12*-Thiopyran-1-y1)-2,4,6-cycloheptatrienyl phenyl sulfide (2.16)

After reaction of (2.15) (0.3 g, 4.7 mmol) with thionyl chloride and then benzenethiol
(0.62 g, 5.6 mmol) in CH,Cl, (5 ml) in the presence of triethylamine (0.86 g, 8.5 mmol), silica
gel chromatography (eluent: EtOAc/hex 1:9) gave (2.16) (0.35 g, 40.2%).

IR(neat) v 3072, 3057, 3006, 2890, 2828, 1948, 1880, 1801, 1580, 1475, 1438, 1423, 1320,
1230, 1083, 1069, 1024, 906, 841, 738.

"HNMR § 6.23 (dd, J = 4.2, 2.7, 2H), 6.36 (dd, J = 4.2, 2.7, 2H), 7.10-7.33 (m, 12H).

3C NMR 8 124.17 (d), 125.00 (s), 127.62 (d), 127.78 (d), 128.90 (d), 129.00 (d), 132.28 (d),
133.31 ().

HR-MS: 308.0692 (C19H;4S," ; calc.308.0690).
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(1S,4R)-p-Mentha-2,8-dien-1-0l (3.9).

Limonene oxide (3.6) (5.0 g, 32.89 mmol) was mixed with 40% aq. Me,NH (7.4 g,
164.44 mmol) in an autoclave and heated at 150 ° for 18 h. After removing the excess Me;NH
the cooled reaction mixture was stirred with 30% H,O, (5 ml) at r.t. during 18 h. A trace of
5% Pd/C was used to decompose any H,O, left behind and the liquid was filtered, placed in a
distillation vessel. Gradual heating to 150 ° then 180 ° formed (3.9) which was purified by
silica gel chromatography (3.5 g, 75%).

IR: 3650-3000, 2943, 2905, 2880.

'H-NMR . 1.29 (s, 3 H); 1.40-1.65 (m, 4 H); 1.73 (s, 3 H); 1.82 (m, 1 H); 2.65 (m, 1 H); 4.73
(s, 1 H); 4.77 (s, 1 H); 5.66 (d, J = 10:0, 1 H); 5.68.(d, J =10.0, 1 H).

3C-NMR:20.8 (q); 24.9 (t); 29.44(q; 36.7 (£):.43.4.(d); 67.5 (s); 110.6 (¢); 132.1 (t); 133.9 (t);
148.1 (s).

[a]p = 63.9° (c=0.325).
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(2R,4aR,8aS)-7-Methyl-4-methylene-1,2,3,4,4a,5,6,8a-octahydronaphthalen-2-ol (3.13).

To a stirred suspension of NaH (1.06 g, 26.5 mmol) in dry THF (30 ml) were added a
soln. of (3.9) (4.0 g, 26.3 mmol) in THF (30 ml), and after 30 min., phenyl vinyl sulfoxide
(8.0 g, 52.6 mmol), followed by a small amount of KH. After 3 h, moist ether was introduced,
and the mixture was washed with H,O and brine, dried and evaporated. The residue was
heated with NaHCO; in decalin at 200° for 20 h, cooled, and diluted with ether. After aq.
washing, drying, evaporation in vacuo the residue was chromatographed to furnish (3.13)
(2.52 g, 53.8%).

Mp. 75°.
IR: 3230, 3073, 2925, 1645, 1430, 1325, 1240,.1180, 1055, 1008, 935, 885, 849, 812, 711.

'H-NMR: 1.34-1.45 (m, 3H); 1.55 (s, 3H); 1.62%1.66 (m, 1H); 1.73-1.82 (m, 1H); 1.88-1.95
(m, 1H); 2.05-2.11 (m, 1H); 2.15-2.17 (m, LH); 2.26-2.36 (m, 3H); 3.88-3.90 (m, 1H); 4.66 (s,
1H); 4.82 (s, 1H); 5.21 (br.s 1H)):

BC-NMR: 23.6 (q); 23.65 (t); 30.2 (t); 32,3 (d); 36.0 (t); 39.0 (t); 42.2 (d); 67.0 (d); 111.7 (t);
125.3 (d); 133.6 (s); 148.3 (5).

EI-MS: 178 (100, M" ), 162 (95), 145 (90).
HR-MS: 178.1361 (C1;H;50" ; cale. 178.1358).

[a]p=-10.39° (c=1).
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(4aR,8a5)-4,7-Dimethyl-1,2,4a,5,6,8a-hexahydro-2-naphthalenone (3.5).

Alcohol (3.13) (450 mg, 2.52 mmol) was dissolved in CH,Cl, (3 ml) and the sol. was
added via a syringe into a stirred reagent prepared from oxalyl chloride (645 mg, 5 mmol in
10 ml of CH,Cl,) and DMSO (948 mg, 12 mmol in 3 ml of CH,Cl,) at -78 °. At the end of 30
min. Ets3N was added to the mixture. The cooling bath was removed after 5 min. and the
reaction mixture was quenched with H,O. The product was extracted into CH,Cl,, dried,

evaporated, and chromatographed to afford (3.5) (410 mg, 92%).
Mp. 75°.
IR: 2929, 2724, 1668, 1627, 1432, 1379, 1302, 1262.

'H-NMR: 1.63 (s, 3H); 1.53-1.59 (mg1H); 1.77-1:92 (m, 1H); 2.02 (s, 3H); 2.07-2.21 (m, 3H);
2.24-2.26 (m, 1H); 2.30-2.32 (m,#s1H); 2.57-2.61 (m, H); 5.21 (br.s 1H).

BCNMR: 22.5 (q); 22.6 (t); 23.4(q);:30:6 (): 34.7 (d); 39.6 (d); 40.1 (t); 123.9 (d); 126.4 (d):;
134.4 (s); 164.4 (s); 198.6 (s).

EI-MS: 176 (99.5, M" ), 162 (100), 150 (70).
HR-MS: 176.1205 (C1;H;40" ; cale. 176.1201).

[a]p =+3.23°(c = 1).
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H
(3S,4R,4aR,8aS)-4,7-Dimethyl-3,4-methylene-1,2,4a,5,6,8a-hexahydro-2-naphthalenone
(3.14).

A soln. of ketone (3.5) (50 mg, 0.28 mmol) in DMSO (5 ml) was added to the ylide
derived from [Me;SO]I (300 mg, 1.36 mmol) and NaH (50 mg, 60% degreased by hexane) in
DMSO (5 ml). After stirring at r.t. for 10 h the mixture was heated at 55 ° for 2 d. The cooled
reaction mixture was poured into ice-H,O (10 ml), and extracted with ether. The org. extracts
were combined, washed with H,O, dried, and concentrated in vacuo. Chromatography gave

(3.14) (40 mg, 74%).
IR: 2962, 2921, 2869, 2360, 1683, 1540, 1506, 1454, 1241.

'"H-NMR: 0.86 (q, J = 10.0, 1H); 1.18 (s3:3H): 1.16-1.19 (m, 1H); 1.43 (t, J = 4.4, 1H);
1.56-1.58 (m, 1H); 1.60 (s, 3H); 1.79-2.00.(m, 5H);1.98-2.33 (m, 2H); 5.29 (d, J = 4.5, 1H).

BCNMR: 18.9 (t); 21.2 (t); 22.7 (q); 23.4 (q): 27.7 (5); 30.0 (d); 30.7 (t); 33.5 (d); 35.8 (d);
39.7 (1);:124.5 (d); 133.5 (5); 208.6.(s).

EI-MS: 190 (5, M" ), 97 (45), 85 (70), 83 (55), 71 (100), 70 (44), 69 (63).

[o]p = +82.04° (c = 1.78).
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(1R,3R,4aS,8aR)-6-methyl-3,4,4a,7,8,8a-hexahydro-2H-spiro[naphthalene-1,2'-oxiran]-3-
ol (3.19)

To a solution of diene-ol (3.13) (0.50 g, 2.80 mmol) and VO(acac), (0.03 g, 0.11 mmol)
in CH,Cl, (20 ml) was slowly added t-butyl hydroperoxide (2.7M in toluene, 3.0 ml, 8.10
mmol) at 0° under N,. During the addition, the color of the reaction mixture turned from green
to dark red. The solution was allowed to warm to r.t. and then stirring for 13 h. After addition
of Na,SO3aq), the mixture was extracted with CH,Cl,. The extracts were combined, washed

with brine, dried, concentrated, and chromatographed (silica gel, 1:9 AcOEt/hexane) to give

(3.19) (0.45 g, 82.6 %).
IR(neat) v 3476, 2926, 2888, 2831, 2719, 1645,1426, 1307, 1185, 1010, 928, 770, 736.

"H-NMR § 1.26-1.28 (m, 3 H); 1:39-1.61 (m; 3-H):.1.53 (s, 3 H); 1.75-1.92 (m, 3 H); 2.03 (dd,
J=15.0,3.0, 1 H); 2.44 (s, 2 H);2.58-2.72 (m, 1 H); 4.02 (d, J=2.7, 1 H); 5.26 (d, J=3.9, 1
H).

BC-NMR § 21.2 (t); 23.3 (q); 28.3 (d); 30.2 (t); 34.7 (t); 34.8 (t); 40.7 (d); 50.1 (t); 59.8 (s);
66.8 (d); 125.0 (d); 133.0 (s).

ELI-MS: 194 (5, M" ), 176 (48), 163 (56), 145 (98), 131 (46), 117 (38), 107 (32), 105 (67), 91
(77), 79 (56), 77 (42), 43 (80), 41 (100), 39 (73), 32 (56).

HR-MS: 194.1310 (C,H; 305" ; calc. 194.1308).
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(4aR,8aS)-4-(hydroxymethyl)-7-methyl-1,2,4a,5,6,8a-hexahydro-2-naphthalenone (3.20)

A solution of epoxide (3.19) (0.40 g, 2.1 mmol) and Dess-Martin periodinane (1.30 g,
3.1 mmol) in CH,Cl; (40 ml) was stirred at r.t. under N, for 12 h. The resulting mixture was
poured into 1N NaOH, extracted with CH,Cl,, the extract was washed with 1N NaOH,
water and brine, dried, concentrated, and chromatographed (silica gel, 1:4 AcOEt/hexane) to

give (3.20) (0.33 g, 83.4 %).

IR(neat) v 3412, 2964, 2929, 2878, 2381, 1660, 1447, 1380, 1362, 1301, 1261, 1194, 1131,
1078, 1044, 877, 826.

'H-NMR §1.63 (s, 3 H); 1.60-1.69 (m, 2 H); 1.92-2.04 (m, 2 H); 2.15-2.40 (m, 3 H);
2.60-2.65 (m, 1 H); 2.96 (br.s, 1 H); 428¢ABqid = 17.1,2 H); 5.31 (s, 1 H,); 6.09 (s, 1 H).

BC-NMR & 23.2 (1); 23.4 (q); 30:5 (1); 34.6 (d); 35:3'(d); 40.9 (t); 63.4 (t); 122.6 (d); 123.6 (d);
134.7 (s); 168.2 (s); 200.0 (s).

EI-MS: 193 (15, M+17 ), 192 (77, M'),.174 (86); 164 (65), 159 (40), 146 (62), 133 (65), 132
(46), 131 (98), 117 (54), 105 (82), 91 (100), 79 (71), 77 (54), 55 (57).

HR-MS: 192.1151 (C1;H1605" ; calc. 192.1151).
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[(4aS,8aR)-6-methyl-3-0x0-3,4,4a,7,8,8a-hexahydro-1-naphthalenyl]methyl
methanesulfonate (3.21)

A solution of diene-ol (3.20) (0.30 g, 1.6 mmol) and Et;N (0.40 g, 4.0 mmol) in THF (10
ml) at 0° under N, was stirred for 20 min, MsCl (0.30 g, 2.6 mmol) was then added. After 2 h,
the reaction mixture was diluted with water, and extracted with ether. The organic layer was

washed with water and brine, dried, and concentrated to give (3.21) (0.40 g, 94.8 %).
IR(neat) v 2924, 2858, 2360, 2324, 1456, 1339, 1265, 1087, 968.

'H-NMR 5 1.66 (s, 3 H); 1.82-1.85 (m, 2 H); 1.99-2.08 (m, 2 H); 2.24-2.29 (m, 1 H);
2.37-2.47 (m, 2 H); 2.65-2.69 (m, 1 H); 3.06 (s, 3 H); 4.83 (ABq, J = 14.4, 2 H); 5.34 (s, | H,);
6.06 (s, 1 H).

BC-NMR § 22.9 (t); 23.3 (q); 30:3 (t); 34.4/(d); 35.0 (d); 38.0 (q); 40.7 (t); 68.1 (t); 123.2 (d);
126.0 (d); 134.9 (s); 158.1 (s); 198.5 (s)-

EI-MS: 279 (0.5, M" ), 174 (100), 159:(43), 146.(59), 133 (41), 132 (30), 131 (98), 117 (38),
105 (36), 91 (39).

HR-MS: 270.0920 (C13H;504S" ; calc. 270.0927).
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[(3S,4aS,8aR)-3-hydroxy-6-methyl-3,4,4a,7,8,8a-hexahydro-1-naphthalenyl|methyl
methanesulfonate (3.22)

To a stirred solution of enone (3.21) ( 0.10 g, 0.37 mmol) in MeOH (1 ml) at 0° was
added NaBH,4 (0.05 g, 1.32 mmol) in 3 portions. After 10 min, the mixture was allowed to
warm to r.t. for 1 h, quenched with water, extracted with ether, dried, and concentrated to give

(3.22) (0.08g, 79.4%).
IR(neat) v 3424, 2929, 2863, 1673, 1455, 1377, 1193, 1105, 1041.

'H-NMR § 1.18-1.32 (m, 2H); 1.55 (s, 3 H); 1.70-1.84 (m, 3 H); 1.89-1.96 (m, 1 H);
2.01-2.10 (m, 2 H); 2.97 (brs, 1 H); 3.18 (s, 3 H); 3.63 (d, J = 12.0, 1 H); 3.97 (d, J = 12.0, 1
H); 4.12-4.16 (m, 1 H); 5.21 (s, 1 H,);:5.59 (s, 1H).

BC-NMR § 23.3 (q); 23.7 (1); 3026 (1); 333 (d); 34.0 (d); 35.3 (t); 57.4 (q); 67.2 (d); 74.3 (b);
124.8 (d); 129.4 (d); 133.9 (s); 139.6 (s).

EI-MS: 177 (5, M-OMs" ), 176 (32), 145.(68),143(77), 129 (60), 107 (49), 105 (64), 95 (28),
93 (51), 91 (100), 79 (71), 77 (61), 41 (37).
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[(1aR,2S,3aS,7aR,7bR)-2-hydroxy-5-methyl-1a,2,3,3a,6,7,7a,7b-octahydro-1H-cycloprop
ala|naphthalen-7-yljmethyl methanesulfonate (3.23)

To a stirred solution of CH,I, (100 mg, 0.37 mmol) in CH,Cl, (1 ml) at 0° under N, was
added Et;Zn (1M in hexane, 0.37 ml, 0.37 mmol) dropwise via a syringe, and after 10 min, a
solution of enol (3.22) (100 mg, 0.37 mmol) in CH,Cl, (1 ml). After 2 h stirring at r.t, the
reaction was cooled to 0° again, quenched with NH4Clsy) and extracted with CH,Cl,. The
extract was washed with IN brine, dried, concentrated , and chromatographed (silica gel, 1:2

AcOEt/hexane) to give (3.23) (60 mg, 57.1%)

'"H-NMR § 0.21-0.26 (m, 1 H); 0.49 (t, J = 5.4, 1 H); 0.70-0.82 (m, 1 H); 1.16-1.28 (m, 3 H);
1.47-1.52 (m, 1 H); 1.57 (s, 3H); 1.82-1.87 (m, 2 H); 1.96-2.04 (m, 3 H); 2.80 (d, J=9.9, 1 H);
3.26 (s, 3 H); 3.36 (d, J = 9.9, 1 H);4:11-4.15 (m, 1.H); 5.10 (s, 1 H,).

BC-NMR § 7.1 (t); 23.2 (t); 23.6 (4); 24.8 (d); 2876 (s); 30.8 (t); 30.8 (d); 32.4 (t); 34.9 (d);
58.5 (d); 68.6 (d); 80.6 (t); 124.54d); 134.2-(s).
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[(1aR,3aS,7aR,7bR)-5-methyl-2-0x0-1a,2,3,3a,6,7,7a,7b-octahydro-1H-cyclopropala]nap
hthalen-7-yljmethyl methanesulfonate (3.24)

A solution of hydroxyl-mesylate (3.23) (40 mg, 0.14 mmol) and Dess-Martin
periodinane (100 mg, 0.23 mmol) in CH,Cl, (5 ml) was stirred at r.t. under N, for 24 h,
poured into 1N NaOH, extracted with CH,Cl,, the extract was washed with 1N NaOH,
water and brine, dried, concentrated, and chromatographed (silica gel, 1:2 AcOEt/hexane) to

give (3.24) (35 mg, 88.1 %).

'H-NMR § 0.94-0.99 (m, 1 H); 1.13 (t, J = 4.8, 1 H); 1.19-1.27 (m, 1 H); 1.40-1.50 (m, 1 H);
1.59 (s, 3 H); 1.65-1.70 (m, 1 H); 1.86-2.02 (m, 4 H); 2.18-2.26 (m, 1 H); 2.38-2.43 (m, 1 H);
2.96 (d, J=10.5, 1 H); 3.26 (s, 3 H); 3.36 (d, J = 10.5, 1 H); 5.09 (s, 1 H,).

BCNMR & 17.4 (t); 23.2 (t); 23.4(q); 3056/®): 31.2¢d); 31.6 (d); 36.1 (s); 38.9 (d); 39.2 (¢);
58.7 (d); 78.8 (t); 123.3 (d); 1355 (8): 209.8 (s):
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(1S,4R)-4-isopropenyl-1-methyl-2-cyclohexen-1-yl 2-methylpropanoate (3.26).

Triethylamine (20 ml), DMAP (0.20 g, 1.64 mmol), and isobutyric anhydride (15.6g,
98.60 mmol) were mixed with a solution of (1S,4R)-p-2,8-menthadien-1-0l (5.0 g, 32.89
mmol) in CH,Cl, (20 ml) under N,. After stirring at r.t. for 2 days, the mixture was poured
into saturated NaHCOs solution, and washed in sequence with 1N aqueous ethylenediamine
( to facilitate removal of excess anhydride), IN HCI, H,O, and brine. The organic solution

was dried, and evaporated to give (3.26) (7.23 g, 99%).

IR(neat) v 3485, 3447, 2973, 2937, 2875, 1731, 1470, 1449, 1386, 1372, 1273, 1189, 1159,
1098, 1068, 893, 863, 847, 742.

'H-NMR & 1.00 (s, 3 H); 1.02 (s3'3. H);mldd(s, 3.H); 1.59 (s, 3 H); 1.62-1.65 (m, 3 H);
2.00-2.05 (m, 1 H); 2.31-2.35 (nf; IgH): 2.61-2:63 (m,=1 H); 4.65 (s, 2 H); 5.57 (d, J=10.2, 1
H); 6.12 (d, J = 10.2, 1 H).

BCNMR & 18.4 (q); 18.6 (q); 19.8 (@)3 23:9:(¢): 25.3 (q); 34.2 (d); 35.2 (t); 43.2 (d); 76.3 (s);
110.3 (t); 130.4 (d); 132.9 (d); 147.4 (s); 175.4 (s).

[a]p = -41.9° (CHCL, ¢ = 0.25).
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2-[(1S,6R)-6-isopropenyl-3-methyl-2-cyclohexenyl]-2-methylpropanoic acid (3.27).

To a solution of LDA (prepared from diisopropylamine (5.80g, 57.32 mmol) and 1.6 M
n-BuLi (28 ml, 44.8 mmol) at 0° in anh. THF (40 ml), a solution of ester
(1R,4S)-4-isopropenyl-1-methyl-2-cyclohexen-1-yl 2-methylpropanoate (5.0 g, 22.52 mmol)
in THF (40 ml) was added dropwise within 15 min at -78 ° under N,. The mixture was stirred
at that temp. for 1 h, warmed to -40 ° while stirring for another 30 min, cooled down again
to -78 © and then TMSCI (4.3 ml, 33.88 mmol) was added. The resulting mixture was allowed
to warm up to r.t. over 30 min, and evaporated the solvent in vacuo. The residue was
dissolved in dry toluene (90 ml) and refluxed under N, for 36 h. After cooling, the mixture
was poured into 5% HCI, separated, and the aqueous layer was extracted with CH,Cl,. The
combined organic layer was concentrated,.dissolved in 1IN NaOH, washed with ether,

acidified, extracted with CH,Cl,, dried, and evaporated to give (3.27) (3.40 g, 68.0%).
IR(neat) v 2970, 2929, 2652, 2362, 1698, 1474, 1450, 1373, 1280, 1166, 940, 891, 740.

'"H-NMR & 1.18 (s, 3 H); 1.19 (s, 3'H): 1.67 (s, 3H): 1.76 (s, 3 H); 1.81-2.02 (m, 4 H); 2.36
(m, 1 H); 2.81 (s, 1 H); 4.79 (s, 2 H); 5.45 (s, 1 H).

BC-NMR 5 21.9 (q); 23.7 (q); 24.3 (q): 25.7 (q); 26.0 (¢); 29.3 (1); 42.8 (d); 43.1 (d); 45.7 (s);
112.6 (t); 121.2 (d); 135.9 (s); 142.7 (s); 185.1 ().

ELI-MS: 222 (15, M ), 136 (72), 134 (100), 110 (55), 109 (51), 107 (96), 93 (89), 91 (50), 79
(47), 41 (63).

HR-MS: 222.1617 (C14H2,0," ; calc. 222.1621).

[o]p = 59.9° (CHCLs, ¢ = 0.125).
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2-[(1S,6R)-6-isopropenyl-3-methyl-2-cyclohexenyl]-2-methyl-1-propanol (3.28).

A solution of acid (3.27) (3.40 g, 15.32 mmol) in anh. THF (30 ml) was added dropwise
to a stirred suspension of LiAlH4 (1.16 g, 30.53 mmol) in THF (30 ml) at r.t. The mixture was
refluxed for 5 h, cooled, quenched with saturated NH4Cl, and extracted with ether. The
organic layer was washed with brine, dried, and evaporated to afford (3.28) (2.87 g, 90.0%).

IR(neat) v 3409, 2962, 2928, 1715, 1644, 1455, 1376, 1261, 1041, 889, 801, 742.

"H-NMR § 0.87 (s, 3 H); 0.91 (s, 3 H); 1.61 (s, 3 H); 1.76 (s, 3 H); 1.81-2.01 (m, 4 H); 2.14 (s,
1 H); 2.39 (m, 2 H); 3.39 (m, 2 H); 4.77 (d, = 1.8, 1 H); 4.79 (d, J= 1.8, 1 H); 5.45 (s, 1 H).

BC-NMR §22.9 (q); 23.1 (q); 23.7 (q); 24.2 (q); 27.6 (t); 28.2 (t); 39.0 (s); 41.6 (d); 43.8 (d);
70.7 (t); 112.1 (t); 122.5 (d); 134.8.(8); 148.6 (s).

EL-MS: 208 (10, M" ), 207 (100Y, 133 (56), 93'(42), 63 (56), 55 47), 43 (68), 41 (50).
HR-MS: 208.1826 (C14sH40" ; calc:208.1828).

[o]p = 49.0° (CHCl; ¢ = 0.25).
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(4aR,8aS5)-1,1,4,7-tetramethyl-1,2,4a,5,6,8a-hexahydro-2-naphthalenone (3.33).

PCC (1450 g, 6728 mmol) was added to a stirred solution of
2-[(1R,6S)-6-1sopropenyl-3-methyl-2-cyclohexenyl]-2-methyl-1-propanol (3.28) (2.8 g, 12.61
mmol) in dry CH,Cl, (100 ml). After 24 h at r.t. the reaction mixture was diluted with dry
ether (150 ml) and the supernatant liquid was passed through a short pad of Florisil using
ether to wash the residue. The crude product, after removal of the solvent in vacuo, was
placed in dry benzene (100 ml), p-TsOH monohydrate (0.30 g) was added and the resulting
solution was refluxed for 1.5 h. Isolation of the crude product by standard extractive workup

followed by CC (silica gel, 1:9 AcOEt/hexane) afforded (3.33) (1.21g, 44.1%).
IR(neat) v 2966, 2930, 2872, 1677, 1446, 1382, 1261, 1095, 1019, 866, 801, 737.

"H-NMR § 1.02 (s, 3 H); 1.11 (s, 3'H); 1.59(ss3 H); 1.66-1.75 (m, 2 H); 1.88-1.95 (m, 2 H);
1.89 (s, 3 H); 2.39 (s, 1 H); 2.53 (s, d-H); 5.27.5, 1 H)z5.71 (s, 1 H).

BC-NMR § 21.5 (q); 22.5 (q); 23:8:(q);:24:5-(q); 24.6 (t); 28.1 (t); 37.6 (s); 44.5 (d); 45.0 (d);
119.4 (d); 125.7 (d); 136.3 (s); 160.0°(s); 204:4 (s).

EI-MS: 204(81, M" ), 189 (52), 95 (88), 91 (42), 43 (54), 41 (100), 39 (58).
HR-MS: 204.1517 (C14H200" ; calc. 204.1515).

[o]p = -8.0° (CHCl; ¢ = 0.25).
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(8aS)-1,1,4,7-tetramethyl-1,2,3,5,6,8a-hexahydro-2-(1,3-dioxolan-2-yl)naphthalene
(3.34).

A mixture of enone (3.33) (1.0 g, 4.90 mmol), ethylene glycol (2.7 g, 43.55 mmol),
p-TsOH monohydrate (30 mg), and benzene (30 mL) was refluxed in a Dean-Stark system for
24 h. The reaction mixture was poured into water and extracted with ether. The combined

extracts were washed with 10% NaHCOj; solution and brine, dried and concentrated to give

(3.34) (1.12 g, 92.1%).

IR(neat) v 2970, 2903, 2880, 2727, 1447, 1380, 1216, 1162, 1107, 1086, 1047, 976, 948, 847,
769.

"H-NMR 5 0.72 (s, 3 H); 0.93 (s, 3 H);462:(8;:3.H); 1.67 (s, 3 H); 1.92-1.98 (m, 4H); 2.24 (d,
J=18.3, 1 H); 2.64-2.68 (m, 1 H);2.83 (sy1rH):.3.83-4.00 (m, 4 H), 5.27 (s, 1 H);

BC-NMR & 18.2 (q); 18.8 (q); 19.0 (q); 23.7 (q): 26.4(t); 31.2 (t); 39.5 (t); 40.6 (s); 46.1 (d);
65.0 (t); 65.4 (t); 111.9 (s); 121.1s); 121:24d)=128.9 (s); 135.3 (s).

ELI-MS: 247 (2, M-1" ), 161 (28), 87 (30), 86 (51), 44 (58), 43 (100), 41 (35).

[o]p = -12.1° (CHCL; ,c = 0.25).
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(8aS)-1,1,4,7-tetramethyl-1,2,3,5,6,8a-hexahydro-2-naphthalenone (3.35).

Aqueous trifluoroacetic acid (35%, 10 ml) was added to a vigorously stirred solution of
ketal (3.34) (1.12 g, 4.51 mmol) in CH,Cl, (20 ml. After maintaining at 10~20° for 48h, the
reaction mixture was diluted with ether and poured into ice-cooled NaHCOs solution. The
organic phase was washed with brine, dried, and evaporated in vacuo affording (3.35) (0.91 g,
98.8%).

IR(neat) v 2969, 2871, 2840, 1715, 1446, 1382, 1264, 1188, 1128, 853, 724.

'H-NMR 8 0.89 (s, 3 H); 1.10 (s, 3 H); 1.67 (s, 3 H); 1.73 (s, 3 H); 1.92-1.97 (m, 3 H);
2.63-2.66 (m, 1 H); 2.67-2.70 (m, 1 H); 2.83 (s, 1 H); 2.97 (d, J=6.8, 1 H); 5.24 (s, 1 H).

BC-NMR 8 17.9 (q); 19.8 (q); 20.5:(q); 23.9 (q); 26.2 (t); 30.3 (t); 44.0 (t); 47.3 (s); 47.4 (d);
119.4 (d); 121.3 (s); 129.0 (s); 137.8 (5); 214.7 (s).

EI-MS: 204 (61, M" ), 134 (100), 1194(65);:95:(69), 91 (47).
HR-MS: 204.1510 (C14H0" ; calc. 204:1515).

[a]p = -70.4° (CHCl5 ,c = 0.25).
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(4aS,7R)-3,5,5,9-tetramethyl-7-(1,1,1-trimethylsilyl)-2,4a,5,6,7,8-hexahydro-1H-benzo|[a]
cyclohepten-6-one (3.37).

To a stirred solution of dienone (3.35) (0.60 g, 2.94 mmol) and boron trifluoride etherate
(0.4 ml, 3.16 mmol) in dry CH,Cl, (15 ml) was added trimethylsilyldiazomethane (2M in
toluene, 1.6 ml, 3.2 mmol) at -40° under N,. After 2.5 h, water was added, the organic layer
was washed with brine, dried and freed of solvent. The residue was chromatographed (silica

gel, 1:30 AcOEt/hexane) to give (3.37) (0.41 g, 48.1%) and (3.36) (0.11 g, 17.2%).

IR(neat) v 2963, 2908, 2727, 1695, 1464, 1447, 1378, 1247, 1096, 1051, 1031, 864, 838, 693,
615.

'"H-NMR § 0.02 (s, 9 H); 0.84 (s, 3 H); 1409 (8/3:H); 1.56 (s, 3 H); 1.71 (s, 3 H); 1.78-1.91 (m,
3 H); 2.08 (dd, J = 16.5, 10.8, 1 H), 2.50:2/67 (m, 2:H); 2.94 (t, J = 9.9, 1 H); 3.58 (s, 1 H);
5.37 (s, 1 H).

BCNMR & -2.6 (q); 17.7 (q); 20.9(q):23.1 (q): 24.0 (q); 27.0 (t); 30.1 (t); 35.0 (t); 35.1 (d);
44.0 (d); 55.2 (s); 118.7 (d); 126.8 (s): 132:0°(s); 136.5 (s); 218.1 (5).

ELI-MS: 290 (5, M ), 185 (52), 170 (39), 143 (30), 73 (60), 43 (100), 41 (53), 32 (75).
HR-MS: 290.2073 (C15H3,0Si" ; calc. 290.2067).

[a]p = -97.4° (CHCl5 ¢ = 0.15).
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(4aS5)-3,5,5,9-tetramethyl-2,4a,5,6,7,8-hexahydro-1H-benzo[a]cyclohepten-6-one (3.36).

A mixture of (3.37) (0.25 g, 0.86 mmol) and TBAF (1M, 1.7 ml, 1.7 mmol) in CH;CN
(10 ml) was stirred at r.t. for 3 h. After removal of the solvent, the residue was subjected to

CC (silica gel, 1:30 AcOEt/hexane) to give (3.36) (0.11 g, 58.5%).
IR(neat) v 2966, 2927, 2910, 2728, 1706, 1465, 1448, 1381, 1248, 1081, 851.

'H-NMR $0.88 (s, 3 H); 1.15 (s, 3 H); 1.63 (s, 3 H); 1.71 (s, 3 H); 1.84-2.00 (m, 3 H);
2.10-2.16 (m, 1 H); 2.22-2.30 (m, 1 H); 2.56-2.58 (m, 1 H); 2.67 (m, 1 H); 3.04-3.13 (m, 1 H);
3.33 (s, 1 H); 5.37 (s, 1 H).

BCNMR § 18.8 (q); 20.2 (q); 23.9 (q);:24:2 (q); 26.1 (t); 30.1 (t); 30.8 (¢); 36.2 (¢); 43.8 (d);
53.6 (3); 118.6 (d); 127.4 (s); 132.7(5): 136:6:(s); 215.5 ().

ELI-MS: 218 (3, M" ), 119 (24), £05'(36), 91 (14), 55 (30), 43 (100), 41 (72), 39 (30), 32 (82).
HR-MS: 218.1669 (C1sH»O" ; cale,218.1671).

[a]p = -86.1° (CHCl5 ,c = 0.10).
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(4aS,6S,7R)-3,5,5,9-tetramethyl-7-(1,1,1-trimethylsilyl)-2,4a,5,6,7,8-hexahydro-1H-benzo
[a]cyclohepten-6-o0l (3.39).

To a solution of (3.37) (0.16 g, 0.55 mmol) in ethanol (2 ml) was added NaBH4 (0.20 g,
5.28 mmol) in portions during 5 min. After stirring for 36 h at r.t., the reaction mixture was
quenched with H,O and extracted with ether, dried, evaporated in vacuo and chromatographed
(silica gel, 1:30 AcOEt/hexane) to give (3.39) (0.14 g, 86.9%).

IR(neat) v 3564, 2960, 2905, 1448, 1404, 1383, 1247, 1078, 1036, 995, 864, 834, 746.

"H-NMR § 0.01(s, 9 H); 0.89 (s, 3 H); 0.94 (s, 3 H); 1.41-1.44 (m, 1 H); 1.70 (s, 3 H); 1.72 (s,
3 H); 1.83-2.02 (m, 5 H); 2.61-2.78 (m, 2 H); 3.08 (s, 1 H); 3.47 (d, J = 12.0, 1H); 5.34 (s, |
H).

BC-NMR 8 -2.59 (q); 20.3 (q); 21.1 (9); 24.0 (q); 24.9 (d); 26.3 (t); 27.8 (q); 30.3 (t); 30.9 (1);
41.9 (s); 44.7 (d); 80.9 (d); 121.4(d); 128:7(s); 134.6 (s); 135.1 (s).

EI-MS: 292(2, M" ), 137 (67), 134 (38);.91 (43);75 (38), 73 (100).
HR-MS 292.2223 (C1sH3,0Si" ; calc. 292.2224).

[a]p = 62.2° (CHCl; ¢ = 0.15).

77



(4aS5)-3,5,5,9-tetramethyl-2,4a,5,8-tetrahydro-1H-benzo[a]cycloheptene (3.40).

A suspension of hexane-washed potassium hydride (35%, 100 mg, 0.87 mmol) in THF (1
ml) to which was added a solution of (3.39) (60 mg, 0.21 mmol) in THF (2 ml). The resulting
mixture was stirred for 24 h a t room temperature. Saturated NH4Cl was added, and the
resulting mixture was poured into water overlaid with ether. The organic layer was separated,
washed with two portions of water, dried, concentrated, and chromatographed (silica gel,

hexane) to give (3.40) (30 mg, 72.3%).
IR(neat) v 3002, 2962, 2927, 2908, 2835, 1467, 1439, 1375, 1355, 1156, 980, 853, 744, 697.

'H-NMR & 0.82 (s, 3 H); 1.07 (s, 3 H); 1.72 (s, 3 H); 1.76 (s, 3 H); 1.95-2.00 (m, 3 H); 2.11 (q,
J=09.0, 1 H); 2.63-2.68 (m, 1 H); 3.27-3.33 (m, 2 H); 5.15 (dd, J=11.4, 3.3, 1 H); 5.44-5.52
(m, 2 H).

BC-NMR § 20.1 (q); 24.1 (q); 24.3 (q); 26.0 (t); 29.1(q); 30.2 (t); 33.2 (t); 38.4 (s); 45.4 (d);
121.5 (d); 123.2 (d); 131.7 (s); 131.8.(s); 136.1(s); 142.1 (d).

EI-MS: 202 (3, M" ), 104 (43), 103 (42), 91 (98), 77 (42), 44 (100).
HR-MS: 202.1722 (CsHy," ; calc. 202.1722).

[a]p = 81.8° (CHCL; ,c = 0.10).
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(+)-B-Himachalene (3.2).

To a solution of (3.36) (100 mg, 0.46 mmol) in methanol (1 ml) was added NaBHy (50
mg, 1.32 mmol) in portions at 0 °. Stirring was continued for 1 h, quenched with H,O,
extracted with ether, dried, and evaporated in vacuo.

The residue and DMAP (5 mg) were dissolved in pyridine (1 ml) and MsCI (0.1 ml, 1.29
mmol) was added under N, at 0°. After stirring at r.t. for 6 h, the mixture was poured into ice
water and extracted with CH,Cl,. The organic layer was washed with 10% HCI (twice),
saturated NaHCOs, and brine, dried and evaporated in vacuo affording the crude mesylate.

Li wire (80 mg, 11.53 mmol) was added to anh. NH;3(1) (15 ml) at -78° and the mixture
was stirred until the Li metal was completely dissolved. A solution of the crude product
described above in THF (3 ml) was added'dfopwise, the mixture was stirred at -78 ° for 1h,
and the reaction was quenched by addition of solid NH4Cl (600 mg, 11.21 mmol). Upon
evaporation of the ammonia, the mixture was’partitioned between H,O and ether, aqueous
layer was extracted with ether. The combined extracts was dried, evaporated in vacuo, and
chromatographed (silica gel, hexahe) to give (+)-f-himachalene (3.2) (42 mg, 44.9% over 3
steps).

IR(neat) v 2962, 2911, 2853, 2726, 1646, 1447, 1376, 1361, 1187, 1155, 859, 814.

'H-NMR §0.71 (s, 3 H); 0.95 (s, 3 H); 1.35-1.58 (m, 4 H); 1.65 (s, 3 H); 1.69 (s, 3 H);
1.83-1.95 (m, 4 H); 2.38-2.45 (m, 1 H); 2.60-2.62 (m, 1 H); 2.87 (s, 1 H); 5.40 (s, 1 H).

BCNMR §20.2 (q); 21.4 (£); 23.7 (q); 24.1 (q); 26.0 (£); 29.2 (q); 30.2 (t); 34.0 (¢); 34.6 (5);
45.1 (t); 46.1 (d); 122.5 (d); 129.1 (s); 131.2 (s); 134.7 (s).

EI-MS: 204 (38, M" ), 133 (41), 121 (43), 119 (100), 105 (40), 93 (24), 91 (36), 55 (20), 41
(50).

HR-MS: 204.1876 (C1sHas™ ; calc. 204.1879).

[a]p=212.3° (CHCl; ,c = 0.05).
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(+)-B-Himachalene (3.2).

To a solution of triene (3.40) (30 mg, 0.15 mol) and CoC1,6H,0 (36 mg, 0.15 mmol) in
ethanol (1 ml) under N, at 0° was added NaBH4 (6 mg, 0.15 mmol). The solution immediately
became dark with evolution of hydrogen. The mixture was stirred under N at r.t. for 24 h and
poured into a 3 N HCI solution. The aqueous solution was extracted with ether. The ether
layer was dried, evaporated, and subjected to CC (silica gel, hexane) to give

(+)-B-Himachalene (3.2) (22 mg, 72.6%)
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(2-ex0,3-ex0)-Bicyclo[2,2,1]hept-5ene-2,3-diol (4.2)

Finely powdered KMnO4 (15.8 g, 100 mmol) was added, over a 10 min period, to a
vigorously stirred solution of norbornadiene (23.5 g, 254 mmol) in acetone (220 ml) at —78°,
after 1 h, a solution of NaOH (4.0 g, ) and sodium sulfite (13 g, 103 mmol) in water (70 ml),
which was precooled to 0°, was added in portions over a 5 min period. After 10 min, the thick
brown-black mixture was allowed to warm to r.t. over 2 h, MnO, was filtered, washed with
acetone (3 x 150 ml), and the filtrate was concentrated in vacuo below 35 ° to remove acetone.
The red aqueous residue was extracted with CH,Cl, (3 x 150 ml), dried, and evaporated to
give a dark residue which was purified by chromatography (silica gel, EtOAc/Hex 1:1) to give
diol (4.2) (3.41 g, 29% based on permanganate) as a white solid.

'"H-NMR 5 1.60 (dd, J = 1.8,9.3, 1 H); 1.85 (d, J=9.3, 1 H); 2.67 (d, J = 1.5, 2 H); 3.20 (brss,
2 H);3.67 (d, J = 1.5,2 H); 6.01 (s,2°H).

Y. F. Shealy, J. D. Clayton J. Am; Chem. Soc. 1969, 91; 3075-3083.
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(5-ex0,6-ex0)-5,6-Dimethylmethylenedioxy-bicycle[2,2,1]hept-2-ene (4.3)

A solution of diol (4.2) (4.51 g, 35.3 mmol) and p-TsOHH,0 (0.1 g) in acetone (100 ml)
was stirred at r.t. for 6 h. The solution was concentrated and chromatographed (silica gel,

EtOAc/Hex 1:10) to give acetonide (4.3) (5.40 g, 92%) as a colorless oil.

"H-NMR & 1.32 (s, 3 H); 1.46 (s, 3 H); 1.66 (dt, J = 1.5, 9, 1 H); 1.95 (d, J = 15, 1 H); 2.74 (t,
J=15,2H);4.16(d,J=1.2,2 H); 6.02 (d, J = 1.5, 2 H).

M. Tanaka, M. Yoshioka, K. Sakai Tetrahedron: Asymmetry 1993, 4, 981-996.
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2a,30-[(Di methylmethylene)dioxy]-1p3,4B-cyclopentanedicarboxylic acid (4.4)

To an ice-cooled, two-phase system solution of acetonide (4.3) (3.70 g, 22.3 mmol) in
ether (60 ml) and water (120 ml) was added KMnOy (11.6 g, 72.9 mmol) in 3 portions with
efficient stirring and cooling within 1 h. The mixture was allowed to warm to r.t. and kept for
5 h. Solid Na,SO; (3.2 g, 2 mmol) was added, after 10 min stirring, the suspension solution
was filtered, and washed with 5% NaHCOs (5 x 50ml). The filtrate was concentrated (to about
50 ml), acidified to pH 3 with conc. HCI and extracted with EtOAc (4 x 100 ml) immediately.
The combined organic solution was dried and evaporated to give diacid (4.4) (3.72 g, 73%) as

a white solid.
m.p. 176-178°

'"H NMR §(Dg-DMSO) 1.16 (s, 3 H); 13815 3H); 2,07 (m, 1 H); 2.27 (m, 1 H); 2.75-2.80 (m,
2 H); 4.76 (d, J = 7.5, 2 H); 12.38 (br:s, 2 H).

13C NMR 8(Ds-DMSO) 24.8 (q); 27:17(q); 30-7(t);49.7 (d); 85.2 (d); 111.3 (s); 174.1 (s).

Anal. Calcd for C1o0H404: C, 52.17; H, 6.13. Found: C, 52.09; H, 6.13.
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(1R,2S,6R,7S)-9-[2-(1H-3-indoly)ethyl]-4,4-dimethyl-3,5-dioxa-9-azatricyclo
[5.3.1.0*°Jundecane-8,10-dione (4.5)

To an ice-cold solution of diacid (4.4) (2.0 g, 8.7 mmol) in THF (40 ml) was added
triethylamine (0.88 g, 8.7 mmol) in THF (10 ml) followed by ethyl chloroformate (0.83 g, 8.7
mmol) in THF (10 ml). After stirring for 30 min, tryptamine (1.40 g, 8.7 mmol) in THF (20
ml) was added over 10 min, and the mixture warmed to r.t. and stirred for 16 h. The solvent
and excess triethylamine was removed in vacuo, the residue was dissolved in THF (50 ml),
and acetyl chloride (10 ml) was added. The reaction mixture was stirred at r.t. for 4 h, refluxed
for 10 h, cooled, and filtered. The filtration’was,concentrated and purified by chromatography
(silica gel, EtOAc/Hex 1:10 to 2:3):to give(4:5)as a'white solid (2.5 g, 81.2 %).

m.p. 173-175°
IR(neat) v 3346, 1733, 1730, 16781675, 1384, 1348

'H-NMR & 1.14 (s, 3 H); 1.39 (s, 3 H); 1.91-1.95 (m, 1 H); 2.03-2.10 (m, 1 H); 2.96-3.03 (m,
4 H);3.97(d,J=7.2,2H);4.12 (s, 2 H); 6.99 (d,J=2.4, 1 H); 6.99-7.19 (m, 2 H); 7.29-7.32
(m, 1 H); 7.61-7.64 (m, 1 H); 8.12 (br.s, 1 H).

13C NMR 8 22.4 (1); 23.6 (q); 25.2 (q); 26.5 (t); 39.3 (t); 50.1 (d); 80.2 (d); 111.0 (d); 111.3 (s);
111.8 (s); 118.6 (d); 119.2 (d); 121.7 (d); 122.6 (d); 127.6 (s); 135.6 (s); 172.3 (s).

EI-MS: 355 (4, M+17 ), 354 (24, M" ), 143 (100), 142 (38), 130 (55), 129 (31)

Anal. Calcd for C,0HoN,O4: C, 67.78; H, 6.26; N, 7.90. Found: C, 67.84; H, 6.37; N, 8.05.
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(1S,2R,16R,17R,21S)-19,19-dimethyl-18,20-dioxa-4,14-diazahexacyclo[14.5.1.0%"4.0>".0*
19.0'*1docosa-3(11),5,7,9-tetraene (4.6)

A solution of Tf,0 (0.63 g, 2.2 mmol) in CH,Cl, (10 ml) was added dropwise to an
ice-cold solution of imide (4.5) (0.74 g, 2.1 mmol) in CH,Cl, (10 ml). The resulting mixture
was warm up to r.t., and kept for 12 h. Solvent was removed in vacuo, the residue was
dissolved in DME (2 ml), cooled to 0 °C, and NaBH, (0.32 g, 8.5 mmol) was added in
portions. After 4 h stirring at r.t., the reaction was quenched with water, concentrated, and
then extracted with 10% MeOH/CH,Cl,. The organic extracts were combined, dried,

evaporated under reduce pressure, and chromatographed (silica gel, EtOAc/Hex 1:9) to give a

white solid (4.6) (0.35 g, 51.8 %).
m.p. 234-235°

IR(neat) v 3311, 3053, 2982, 2940, 2798,2753, 1732, 1456, 1379, 1276, 1207, 1165, 1040,
737

"H NMR & 1.25 (s, 3 H); 1.44 (s, 3 H); 2.16-2.22 (m, 1H); 2.33 (s, 1H); 2.49-2.69 (m, 4H);
2.84-2.96 (m, 4H); 3.33 (s, 1H); 4.26 (d, J = 4.5, 1H); 4.54 (d, J = 4.5, 1H); 7.07-7.17 (m, 2H);
7.25-7.28 (m, 1H); 7.46-7.49 (m, 1H); 8.08 (br.s, 1H).

13C NMR 5 21.9 (t); 23.7 (q); 25.9 (q); 32.2 (t); 40.8 (d); 52.0 (t); 57.2 (t); 61.2 (d); 80.9 (d);
83.7 (d); 108.7 (s); 109.5 (s); 111.0 (d); 117.9 (d); 119.3 (d); 121.4 (d); 127.3 (s); 133.5 (s);
135.8 (s).

EI-MS: 325 (9, M+17 ), 324 (53, M" ), 323 (100), 309 (31)

Anal. Calcd for C,0H4N,O,: C, 74.05; H, 7.46; N, 8.63. Found: C, 74.35; H, 7.57; N, 8.72.
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HO OH
¢! S,ZR,16R,17R,18S)-4,14-diazapentacyclo[14.2.1.02’14.01’".05’10] nonadeca-3(11),
5,7,9-tetraene-17,18-diol (4.7)

A mixture of acetonide (4.6) (1.0 g, 3.1 mmol) and p-TsOHH,O (1.2 g, 6.3 mmol)
in dioxane(8 ml) and H,O (8 ml) was refluxed for 24 h. After removel of all solvent, the
residue solid was dissolved in water, saturated with K,;CO; and then extracted with 10%

MeOH/CH,Cl,. The organic layer was concentrated in vacuo to give (4.7) as a white solid
(0.85 g,97.0 %)

IR(neat) v 3410, 3247, 2941, 2916, 2868, 2781, 2743, 1643, 1449, 1381, 1019, 726

'H NMR 8(Ds-DMSO) 1.28 (d, J+2°10.2, 1 H)»2.02-2.07 (m, 2 H); 2.35-2.61 (m, 5 H);
2.71-2.92 (m, 4 H); 3.18 (s, 1 H):3.63 (d,J = 5.75.1 H); 3.89 (d, J = 6.0, 1 H); 6.92-7.06 (m, 2
H); 7.30-7.36 (m, 2 H); 10.87 (br:s, 1 H).

PC NMR §(Dg-DMSO) 21.8 (t); 32:5.(t); 44.0 (d): 45.8(d); 52.0 (t); 58.1 (t); 62.1 (d); 72.6
(d); 75.4 (d); 109.2 (s); 111.2 (s); 117.8 (d); 119.1 (d); 121.1 (d); 127.4 (s); 134.0 (s); 136.0
(s).

EI-MS: 286 (7, M+2"),284 (91, M" ), 283 (100), 267 (60), 169 (32), 156 (35), 44(66), 43(34).

HR-MS: 284.1551 (C17H200,N, " ; calc. 284.1526).
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[(1S,3R,12bR)-3-(hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b-carbolin-1-
yllmethanol (4.8)

To a stirred solution of diol (4.7) (1.0 g, 3.5 mmol) in THF (15 ml) and H,O (15 ml) at 0°,
NalOy4 (3 g, 14.0 mmol) was added in portions. After 1 h stirring at 0°, the mixture was diluted
with water, extracted with 10 % MeOH/CH,Cl,, the combined extracts was washed with brine,
dried, and evaporated in vacuo under 20 °. The residue was dissolved in MeOH (10 ml),
cooled in an ice-bath, NaBH4 (1.1 g, 29 mmol) was added in portions. After 4 h stirring at r.t.,
the reaction was quenched with water, extracted with 10 % MeOH/CH,Cl,, dried, and
evaporated in vacuo to give (4.8) (0.82 g, 81.4%)

IR(neat) v 3307, 2926, 2858, 1620,.1455, 1325,1050, 740

'"H NMR §(Ds-DMSO) 1.59-1.64 (i, 1 H): 1:74-1/76(m, 1 H); 2.26-2.30 (m, 1 H); 2.42-2.62
(m, 3 H); 2.73-2.81 (s, 2 H); 2.96-3.00 (i 1-H)z 3.14 (d, J = 15.6, 2 H); 3.35-3.37 (m, 1 H);
3.65 (br.s, 1 H); 4.17-4.19 (m, 2 H): 455 (br.s, 1L H): 4.65 (br.s, 1 H); 6.91-7.03 (m, 2 H); 7.32
(dd, J=11.6,7.5, 2 H).

13C NMR 8(Ds-DMSO) 20.1 (t); 26.2 (t); 37.6 (d); 40.3 (d); 48.7 (d); 52.8 (¢); 61.9 (t); 64.5
(t): 107.3 (s); 111.1 (d); 117.4 (d); 118.3 (d); 120.4 (d); 126.8 (s); 133.8 (s); 136.1 (s).

EI-MS: 288 (8, M+2" ),286 (68, M" ), 285 (100), 255 (47), 170 (60), 169 (82).

HR-MS: 286.1684 (C17H2,0,N," ; calc. 286.1682).
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OMs OMs
((1S,3R,12bR)-3-[(methylsulfonyl)oxy]methyl-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]b
-carbolin-1-yl)methyl methanesulfonate (4.9)

A solution of diol (4.8) (0.19 g, 0.7 mmol) and Et;N (0.34 g, 3.4 mmol) in THF (3 ml) at
0° under N, was stirred for 20 min, MsCI (0.30 g, 2.6 mmol) was then added. After 2 h, the
reaction mixture was diluted with water, and extracted with CH,Cl, dried, evaporated under
reduce pressure, and chromatographed (silica gel, MeOH/ CH,Cl, 1:75) to give (4.9) (0.15g,
51.5%).

IR(neat) v 3101, 3004, 2936, 1463, 1349, 1194, 1176, 1041, 960, 792, 750.

'"H-NMR & 1.83-1.90 (m, 1 H); 2.01-2.06_(m, 1 H); 2.18 (brs, 1 H); 2.50-2.69 (m, 4 H);
2.64 (s, 3 H); 2.81-3.01 (m, 3 H); 3:01 (s, 3 H): 3:51 (s, 1 H); 4.06-4.09 (m, 2 H); 4.16-4.22
(m, 1 H); 4.44 (t, J = 9.3, 1 H); 7.05-7.16 (m, 2.H); 7.33 (d, J = 8.1, 1 H); 7.45 (d, J = 8.1, |
H); 8.46 (s, 1 H).

3C NMR 21.0 (t); 26.2 (t); 33.4 (d)3:36.1 (d); 36.5 (q); 37.0 (q); 52.9 (); 55.7 (t); 60.9 (d);
71.0 (t); 72.3 (t); 119.9 (s); 111.0 (d); 117.9 (d); 119.3 (d); 121.5 (d); 126.7 (s); 131.4 (s);
136.4 (s).

HR-MS: 442.1233 (C19H2606N,S;" ; calc. 442.1233).
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CN CN
2-|(1R,3S5,12bR)-1-(cyanomethyl)-1,2,3,4,6,7,12,12b-octahydropyrido|2,1-a]b-carbolin-3-

yl]acetonitrile (4.10)

Dimesylate (4.9) (0.13 g, 0.3 mmol), NaCN (0.06 g, 1.2 mmol) and 18-crown-6 (0.33 g,
1.2 mmol) were heated in DMF (2 ml) at 60° under N, for 24 h. The reaction mixture was
diluted with water, and extracted with CH,Cl,, the combined extracts was wash twice with
water, dried, evaporated under reduce pressure, and chromatographed (silica gel, MeOH/

CH,Cl, 1:100) to give (4.10) (60 mg, 66.7 %).
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CN
[(2S,13aR,13bR)-12-0x0-2,3,5,6,12,13,13a,13b-octahydro-1H-[1,7|naphthyridino[7,8,1-Im

a]b-carbolin-2-yljmethyl cyanide (4.11)

Sodium (10 mg, 0.43 mmol) was dissolved in MeOH (1.0 ml), dinitrile (4.10) (60 mg,
0.20 mmol) was added and the mixture was refluxed for 4 h. The solvent was evaporated and
the residue was heated in a mixture of water (1 ml) and conc. HCI (0.2 ml) at 80° for 1 h. The
mixture was neutralized with saturated NaHCOs, extracted with CH,Cl,, dried, evaporated
under reduce pressure, and chromatographed (silica gel, MeOH/ CH,Cl, 1:100) to give (4.11)
(55 mg, 92.0%).

IR(neat) v 3051, 2923, 2850, 2812, 2762, 2246, 1703, 1633, 1453, 1363, 1329, 742.

"H-NMR § 0.73 (dd, J = 23.7, 12.6,-LH): 1.77£1:92 (m, 2 H); 2.10-2.34 (m, 3 H); 2.55-2.59
(m, 2 H); 2.68 (dd, J = 17.1, 231, 1 H); 2.82-2.94°(m, 2 H); 3.02 (dd, J = 17.1, 5.1, 1 H);
3.37 (m, 2 H); 4.33 (m, 1 H); 7.26-7.35 (m, 2 H); 7.437(dd, J = 6.3, 1.8, 1 H); 8.35 (dd, J = 6.3,
1.8, 1 H).

BC NMR 16.3 (t); 21.7 (t); 31.4 (t); 32:9°(d); 33.7 (d); 39.1 (t); 49.6 (t); 50.2 (t); 52.7 (d);
112.9 (s); 116.3 (d); 117.6 (s); 118.2 (d); 124.1 (d); 124.8 (d); 129.5 (s); 130.0 (s); 134.5 (s);
166.5 (s).

HR-MS: 305.1528 (C19H;9O N3 ; calc. 305.1529).
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