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The alkaloid (-)-actinidine of the iridane series was synthesized using intramolecular 
[3+21 dipolar cycloaddition of silyl nitronates, generated from (3R/S,6S)-2,6-dimethyl- 
3-nitro-8-phenylthiooeta-l,7E- and -l,7Z-dienes. The key nitro compounds were obtained 
from (-)-(S)-citronellol. 
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Previously we reported I on a stereocoutrolled syn- 
thesis of a natural iridolactone, (+)-iridomyrmecine (4). 
The synthesis was based on intramolecular [3+2]-cyclo- 
addition reaction of silyl nitronate 1, a (+)-13-citronellene 
derivative, giving substituted cyclopentauoisoxazolidine 
2 and on the stereospecific trnnsformatio,a of the latter 
into lactone 4 via oxime 3 by the route that we devel- 
oped (Scheme 1). 

It appeared to be an attractive opportunity to use this 
approach for the synthesis of alkaloid (-)-act inidine (6); 2 
however, we did not succeed in finding conditions for 
the selective oxidation of hydroxy oxime 3 to aldehyde 
5, whose cyclization, as expected (cf. Ref. 3), would 
give the N-oxide corresponding to pyridine 6. As an 
alternative to the scheme discussed, in the present study, 
we consider a route that includes the formation of a 
precursor of aldehyde 5 at the step of cleavage of 
phenylthio derivatives 9 related to isoxazolidine 2 
(Scheme 2). We found that thioethers 9 are smoothly 
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tbrmed upon cyclization of silyl nitronates 8a  and 8b 
generated in situ from the nitro derivatives 7a and 7b on 
treatment with N,O-bis(trimethylsilyl)acetamide (BSA). 
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Reagents and conditious: i. BSA/NEt3/MeCN/PhH, 85 ~ 
ii. KF. 2tt20/MeOHfTHF, -40  --+ 20 ~ 
iii. LiAIH4/TiCI4/THF, 20 ~ 
iv. KF- 2H20/THF, -40 --+ 20 ~ 

The fairly labile bicyclic products 9a and 9b are 
mixtures of nitrogen invertomers (a-OTMS/I3-OTMS 
~3 : I, IH N M R  data; c f  lit.t,4,5), in particular, the 
presence of minor components  in the mixtures is indi- 
cated by the presence of additional characteristic proton 
signals, not overlapping with the main signals: ~ 5.76 
(9a) and ~ 5.42 (9b) for HC(3) and ~50.32 (9a) and ~5 
0.27 (9b) for the 13-OTMS group. The orientation of the 
SPh group in compounds 9 was established by virtue of 
NOESY spectra, which revealed the spatial proximity of 
the SPh and H--C(4)  groups in 9a and the SPh and 
Me--C(4)  groups in 9b. Treatment of cyclopentanoisoxa- 
zolidines 9a or 9b (without additional purification) with 
KF-21-120 in a M e O H - - T H F  mixture gives in both 
cases the known N-oxide 116 as the major product; the 
product was isolated by chromatography in 45% yield. 
Obviously, N-oxide 11 is formed via highly reactive 

aldehyde 5, which arises upon cleavage of the semi- 
thioaeetal group ill the probable intermediate 10 and 
allylic isomerization of the tertiary nitroso compound to 
a primary one and then to oxime, which we described 
previously for related structures, i,4.5 

At the final step of the synthesis of ( - ) -ac t in id ine  (6), 
N-oxide 11 is smoothly reduced by the TiCI4/LiAIH 4 
system 7 to give the target product. Tile overall yield of 6 
over the three steps amounts to -27% and almost does 
not depend on the configuration of the double bond in 
the initial vinyl sulfide 7. 

A more detailed investigation of the transformation 
of isoxazolidines 9 on treatment with KF" 2H20 re- 
sulted in isolation from the reaction mixture of  isomeric 
hydroxylamine derivatives 12 with an unusual type of  
substitution (yield ~25%). tt was found that the yield of 
these products can be increased to -60% by conducting 
this reaction in T H F  at - 4 0  ~ 

Compounds 12 are apparently the first representa- 
tives of  the previously unknown N-aryt thio-N-alkyl-  
hydroxylamines. The structure of these compounds was 
established based on the data of  elemental analysis 
and NMR, IR, and mass spectra. To the predominant 
component of the mixture (12b), the structure with 
[3-orientation of  the formyl group was ascribed; this 
follows from examination of  the NOESY spectra, which 
indicate that the HC(2) proton is located close to the 
protons of the MeC(3) methyl group and the tbrmyt 
group proton is located close to HC(3). 

A possible pathway to N-phenylthiohydroxytamines 
12 might include intermotecular addition of the thiolate- 
lone released upon the formation of the aldehyde group 
to the N = O  group in intermediate 10. To verify this 
suggestion, we carried out model experiments using 
isoxazolidines 2, prepared previously t from citronellene. 
It was found that cleavage of  these compounds in T H F  
on treatment with K F -  2H20 in the presence of  PhSH 
or PhS-  does not give N-phenylthiohydroxytamines 12 
but gives instead isomeric oximes 3, resulting from 
"normal" transformation of  type 2 isoxazolidines, m high 
yields (c f  Ref. I). In view of  the foregoing, it can be 
suggested that the formation of  N-phenylthiohydroxyl-  
amines 12 in the reaction carried out in T H F  is due to 
an intramoleeular bond reorganization in intermediate 
10". This is additionally confirmed by the fact that the 
introduction of  excess PhSH or PhS-  in the reaction 
medium does not change the ratio of  the reaction prod- 
ucts 11 and 12. 

Vinyl sulfides 7a,b, the starting compounds in this 
synthetic route to ( - ) - ac t i n id ine  (6), were prepared 
from (- ) -c i t ronel lo l  (13), available as a commercial  
preparation (Fluka, enant iomeric  excess ee of no less 
than 95%). In order to optimize the synthesis, three 
variants of  the preparation of  compounds 7 were investi- 
gation. The basic difference between these variants lies 
in the method of formation of  the vinyl sulfide fragment 
(Scheme 3). The first route is based on the transforma- 
tion of sulfoxide I6 according to the Pummerer type 
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reac t ion  ( c f  Ref. 8), whereas  in the second  route ,  which  
is the  most  eff ic ient  ( the yield is >50% based on the 
initial 13), c leavage o f s e m i t h i o a c e t a l  19 on t r e a t m e n t  
with t r imethyls i ly l  iodide ( T M S I )  in the  presence  of  
Et3N was used ( c f  Ref. 9). Yet  a n o t h e r  m e t h o d  that  we 
found for the  synthes is  of  sulfides 7 (yield ~30%) is 
based on  the use o f  the  su l fena te  cleavage o f  m o n o -  
sul tbxide 21 ( c f  Ref. I0),  the  p roduc t  of  part ial  oxida-  
t ion of  ( - ) - c i t r o n c l l a l  th ioace ta l  20. All the  react ions  
cons idered  afford mix tures  o f  Z / E - i s o m e r s  of  7, p resent  
in approx imate ly  equal  propor t ions .  The  individual  com-  
p o n e n t s  of  these  mix tures  can  be isolated by H P L C ;  
however ,  this  is not  necessary  for the  p repa ra t ion  of  the  
target  c o m p o u n d  6. As m e n t i o n e d  above,  the  geometry. 
of  the double  bond  in vinyl sulfides 7 has vir tual ly  no 
in f luence  on the  genera l  eff ic iency of  the i r  t r ans fo rma-  
t ion into N-oxide  I I .  

Scheme 3 
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Reagents and eouditions: i. Ph2S2/Bu3P , 20 *C; 
ii. NaNO2/AcOH, 15 -+ 20 ~ i l l  H2OJAcOH/SeO2, 
iv. TMSOTf/Pri2NEt/CH2CI2, 20 ~ v. PCC/CH2CI 2 
20 ~ vi. PhSH/q-MSCI/Py, 25 ~ vii. Ph2SJBu3P , 20 ~ 
viii. TMSI/Et3N/CH2CI2, - 7 0  - ,  20 *C; /x. MCPBA/Et20 , 
- 5 0  ~ x. PhMe, 110 ~ xi. NaNO2/AcOH/Et20 , 5 ~ 

The  s t ruc tures  of  the  previously u n k n o w n  c o m p o u n d s  
7, 12, 15, 16, and  1 8 - - 2 2  were conf i rmed  by the  data of  
phys i cochemica l  and  e l e m e n t a l  analysis.  T he  IH N M R  
spec t rum of  the  ( - ) - a c t i n i d i n e  6 sample  prepared  in this  
way vir tually co inc ides  with the  spec t rum repor ted  it  for 

the racemate .  The  m e a s u r e d  opt ica l  ro ta t ion [cz}o = 
-10 .1  ~ (c 0.37, CHCI3)  c o r r e s p o n d s  to - 9 3 %  optical  
pur i ty  o f  the  c o m p o u n d  s y n t h e s i z e d  (Ref.  12: for 
e n a n t i o m e r i c a l l y  p u r e  n o n - n a t u r a l  ( + ) - a c t i n i d i n e  
[rx]Di7 = +10.8 ~ (c = 0.36, CHCI3) ) .  

Ex p e r i me n ta l  

[R spectra (v/cna -I) were recorded on a Specord M-80 
instrument, IH NMR (5, ,//Hz) and i3C NMR (,5) spectra of 
solutions in CDCI 3 were run on a Bruker AC-200 spectrometer 
(200.13 M H z a n d  50.32 MHz, respectively). The IH and 13C 
chemical shifts were referred to the residual solvent signal 
(7.27, IH and 77.0, 13C). Mass spectra (El) were recorded on 
a Vafian MAT 311A instrument at 70 eV. The R r values are 
given for a SiO 2 layer (Silufol). The [&]D values are measured 
on a Jasco DIP-360 polarimeter. I-IPLC was performed on a 
Silasorb 600 column (10 ram, 250x24 ram), using a hep- 
tane--AcOEt mixture (95 : 5 v/v, 7 mL rain -1) as the eluent 
and a refraetomctric detector. 

(6S)-2,6-Dimethyl-8-phenylthiooct-2-ene (14). A solution 
of (-)-citronellol  (5 g, 32 retool), Ph2S 2 (6.79 g, 35 retool), 
and Bu3P(7.07 g, 35 retool) in 250 m L o f M e C N  was refluxed 
(Ar) for 6 h and concentrated in vacuo, and tile residue was 
dissolved in 50 niL of hexane. The solution was washed with 
water (20 mL), 30% NaOH (30 n i l ) ,  and brine (20 mL), 
dried with MgSO4, and evaporated in vacua. The residue was 
chromatographed on SiO 2 (100 g). Gradient elution (hexane 
--+ hexane--AcOEt, 98 : 2) gave 5.9 g (74%) of sulfi'de 14 13 
as a colorless oil, Rf 0.35 (hexane). IH NMR, 6 :0 .97  (d, 
3 H, MeC(6), J = 5.5 Hz); 1.10--2.10 (m, 5 H, CH?, CH); 
1.61 (br. s, 3 H, E-MeC(2)); 1.73 (br.s, 3 H, Z-MeC(2)); 
2.93(m, 2 H, H?C(8)); 5.10 (m, 1 H, HC(3)); 7.10--7.40 (m, 
5 H, C6H5). 

(3R/S,6S) -2,6- Dimethyl -3-ni tro-  8-phenylthiooct-  1 -ene 
(15). Sodium nitrite (20.7 g, 0.3 tool) was added in portions 
over a period of 2 h to a solution of sulfide 14 (5.75 g, 
23.2 retool) in 70 mL of AcOH, stirred at 15 "C. The reaction 
mixture was kept for 2 h at 20 ~ diluted with 140 mL of 
water, and extracted with petroleum ether (3x50 mL). The 
extract was washed with water (3• n i l ) ,  dried (MgSO4), 
and concent ra ted  in vacuo. The  residue (~6.5 g) was 
chromatographed on I00 g of SiO 2. Gradient etution (hexane 

hexane--AcOEt, 9 : l )gave 1_i g of the starting compound 
14 and 4.35 g (79%) of nitro derivative 15 as a colorless oil, 
R r0.52 (hexane--ether, 9 : I). IR( f ihn) :  714, 757, 800,929, 
1015, II00, 1350, 1440, 1530, 2860--3070. tH NMR, 6:0.98 
(d, 3 H, MeC(6), J = 6 Hz); 1.85 (br.s, 3 H, MeC(2)); 
1.00--2.00 (m, 6 H, CH2); 2.t5 (rn, I H, HC(6)); 2.90 (m. 
2 H, HC(8)); 4.82 (m, I H, HCN);  5.10--5.20 (m, 2 H, 
HC(I));  7.15 and 7.30 (both m, 5 H, C6Hs). The 13C NMR 
spectrum is presented in Table 1. MS, m/z: 293 [M] +, 247 
[M-46]  +. Found (%): C, 65.76; H, 8.07; N, 4.67; S, 10.73. 
CI6H23NO2S. Calculated (%): C, 65.49; H, 7.90; N, 4.77; 
S, I0.92. 

(3R/S,6S)-2,6- Dimethyl-3-nitro-8- phenylsulfinyloct- 1-ene 
(16). A mixture of sulfide 15 (2.93 g, I0 retool), H202 (a 35% 
solution) (2.82 g, 60 mnaol), and SeO 2 (5 nag) was vigorously 
stirred at 20 ~ for 6 h and treated with H20 and CHCI 3. The 
aqueous layer was separated and extracted with CHCI 3. The 
conventional workup (which inchided washing of the extracts 
with water, drying with MgSO4, and concentration in vacuo) 
of the combined organic solution gave 3.1 g of a product, 
which was chromatographed on SiO~ (I00 g). Elution with 
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Table I. '3C NMR spectra (67 of compot,nds 7, 15, 16, 18--22: jJ-x,~,,,.~5/l,,,7/ 

1 "  2 ~ 4 ~ b v 8 

C(I) C(2) C(3) C(4) C(5) C(6) C(7) C(8) MeC(2) MeC(6) Ca ..... MeSi 

7a 118.5 138.5 92.7 28.8 32.7 37.2 126.3 121.4 20.3 18.1 
7b 1t8.6 138.7 92.6 29.0 33.2 33.4 126.3 I23.1 20.4 I8.2 
15 113.7 1386 92.5 28.8 32.4 37.4 326 42.6 202 19.1 
16 113.7 138.6 92.5 27.4 33.5 37.4 35.4 64.6 212 19.2 
18" 118.7 138.7 92.8 27.5 32.9 37.3 28.7 200.7 19.9 18.2 
19 118.4 138.6 92.4 27.4 32.2 37.3 43.3 72.7 22.3 18.2 
20 25.8 i31.1 t24.7 25.3 36_8 30.3 424  56.8 193 17.8 
21 25.7 131.0 124.3 25.0 33.7 29.7 37.5 72.2 18.7 20. l 

22" 25.8 131.1 120.0 25.9 37.3 37.2 128.8 t24.5 17.8 20.5 

128.8; 128.9; 135.9:140.2 
128.7; 128.8; 136_0; 137.5 
128.3; 129.2; 130.1; 134.4 
128.3; 129.4; 130.1; 145.6 

128.3; t29.7; 132.2; 141.5 
127_6; I28.8; 133.0; 134.5 
124.4; 128.0; 128.6; 130.1; 
131.1; 142.5 
121.9; 125.9; 1286; 142.4 

-0 .  l 

* The numbering of C atoms in this compound in the table does not coincide with IUPAC rides. 

AcOEt gave 2.75 g (89%') of compound 16 as a colorless oil, 
R r 0.45 (AcOEt). IR (film): 715, 755, 930, 1050, 1350, 1440, 
1530. 2860--3070, 3460. IH NMR, 8:0.85 (d, 3 H, MeC(6), 
J = 6.0 Hz); 1.75 (br.s, 3 H, MeC(2)); 1.00--1.85 (m, 
6 H, CHfl;  2.05 (m, I H, HC(6)); 2.70 (m, 2 H, HC(8)); 
4.75 (m, 1 I-1, HCN); 5.10 (m, 2 H, HC(1)); 7.45 and 7.55 
(both rn, 5 H, C6H5). The J3C NMR spectrum is presented 
in Table 1. MS, m/~ 309 [ M ] ' ,  263 [M-46]  +. Found (%7: 
N, 4.56; S, 10.45. Ct6H23NO3S. Calculated (%): N, 4.53; 
S, 10.36. 

(S ')-(-)-Citronellal  (17). A solution of ( - ) -e i t  ronellol (13) 
(0.4 g, 2_6 mmol) (Fkska) was added in one portion to a 
suspension of PCC (I g, 4.7 retool) in 20 mL of CHiCle, 
vigorously stirred at 20 ~ The reaction mixture was stirred 
for 2 h, then 50 mL of ether was added, and the mixture was 
stirred for an additional 10 h, filtered through 20 g of SiO2, 
and concentrated in vacuo. Vacuum distillation of the residue 
gave 0.34 g (84%) of compound 17 as a colorless oil, b.p. 
(bath) 65 ~ (2 Tort) (see Ref. 14: b.p. 207 ~ nD 2~ 1.4470 
(see Ret2 15: 1.4473), [ct]O - 14.2 ~ (c = 0.99, CH2CI 2) (see 
Ref. 14: [ct]D--14 ~ (c = 10, EtOH)), Rf 0.52 (hexane--ether, 
9 : 1). ~H NMR, 8:0.97 (d, 3 H, MeC(3), J = 6.6 Hz); 1.60 
(br.s, 3 H, Z-MeC(7)); 1.69 (br.s, 3 H, E-MeC(7)); 1..00-- 
2.50 (m, 7 H, CH 2, CH); 5.08 (m, l H, HC(6)); 9.76 (dd, 
I H, HCO, J = 2.3, 2.5 Hz). 

(3S,6R/S)-3,7-Dimethyl-6-nitrooct-7-en-l-al (18). The 
procedure was similar to that described for compound 15. The 
reaction of aldehyde 17 (5 g, 25 retool) with NaNO 2 (22 g, 
0.32 mot) in 50 mL of AcOH gave 3.8 g (58%) of nitro 
derivative 18, R r 0.46 (bexane--ether,  8 : 2). IR (film): 760. 
800, 950, 1017, 1200, I350, 1445. 1530, 1720, 2900--3100. 
tH NMR, 8:0.96 (d, 3 H, MeC(3), J = 6.2 Ha); 1.70 (br.s, 
3 H, MeC(7)); 1.00--2.00 (m, 7 H, CH, CH2); 4.75 (m, 
l H, HCN); 5.10--5.20 (m, 2 H, HC(8)); 9.70 (s, 1 H, HCO). 
The ~3C NMR spectrum is presented in Table 1. MS, m/z: 
153 [M - 46] +. Found (%): C, 60.35; H, 8_66; N, 7.37. 
CI0 H tTNO 3. Calculated (%): C, 60.28; H, 8.60; N, 7.03. 

( 3 R/  S,6S,8 R /  S)-2,6-Dimethyl- 3-nitro-8-trimethylsilyloxy- 
8-phenylthiooet-l-ene (19). A solution of PhSH (1.65 g, 
15 retool) in I0 mL of Py was added dropwise over a period of 
2 h to a solution of aldehyde 18 (3 g, 15 rrurtol) and TMSCI 
(1.33 g, 17 retool) in I0 mL of Py, stirred at 5 ~ (At). The 
reaction mixture was stirred for 2 h at 20 ~ and diluted with 
50 mL of petroleum ether, and the resulting precipitate was 
filtered off. The filtrate was concentrated in vacuo, and the 

residue (~5 g) was immediately chromatographed on SiO 2 
(100 g) cooled Io - 1 0  ~ Elution with hexane gave 4.7 g 
(90%) of labile compound 19 as a colorless oil, Rf0.80 (hexane). 
IH NMR, ,5:0.12 (s, 9 H, Me3Si); 0.98 (d, 3 H, MeC(6), J = 
6 Hz); 1.75 (br.s, 3 H, MeC(2)); 1.00--2.00 (m, 6 H, CH2); 
2.30 (m, I H, HC(6)); 4.30 (m, I H, HCOSi); 4.84 (m, 
t H, HCN); 5.10--5.20 (m, 2 H, HC(I));  7.15 and 7.30 
(both m, 5 H, C6H5). The 13C NMR spectrum is presented in 
Table t. MS, m/~. 349 [M] +. 

(6S)-2,6-Dimethyl-8,8-di(phenylthio)oct-2-ene (20). Bu3P 
(7.2 g, 35.7 mmol) was added dropwise over a period of 0.5 h 
to a mixture of aldehyde 17 (5 g, 32.5 mmol) and Ph2S 2 
(7.78 g, 35.7 retool), stirred at 25 ~ (At). After the reaction 
mixture had been stirred for 1 h, it was diluted with 50 mL of 
hexane, washed with water (2x20 mL) and brine (20 mL), 
dried with MgSO4, and concentrated in vacuo. The residue 
( - i1  g) was ehromatographed on SiO 2 (200 g). Gradient 
elution (hexane ~ hexane--AcOEt,  95 : 5) gave 10.5 g (91%) 
of disulfide 20 as a colorless oil, Rf 0.62 (hexanc--AcOEt, 
9 : 1). IR (film): 710, 755, 1026, 1070, 1095, 1380, 1445, 
1480, 1583, 2800--3100. IH NMR, 8:0.91 (d, 3 H, MeC(6), 
J = 5.9 Ha); 0.90--2.10 (m, 7 H, CH 2, CH); 1.60 (br.s, 
3 H, E-MeC(2)); [.68 (br.s, 3 H, Z-MeC(2)); 4.42 (m, I H, 
HC(8)); 5.06 (m, I H, HC(3)); 7.15--8.00 (m, 10 H, 2 C6H5). 
The 13C NMR spectrum is presented in Table 1. MS, m/z: 
356 [M] +, 247 (100%) [M-109] +. Found (%): C, 74.11; 
H, 8.2I; S, 17.44. C2~1-12~S 2. Calculated (%): C, 74.10; 
H, 7.91; S, 17.98. 

(6S,8R/S)-2,6-Dimethyl-8-phenylsulfmyi-8-phenylthiooct- 
2-ene (21), A solution of 80% m-chloroperbenzoic acid (2.8 g, 
13 retool) in 15 mL of ether was added dropwise overa  period 
of I h to a solution of disulfide 20 (4.65 g, 13 retool) in 
20 mL of ether, stirred at - 5 0  ~ (Ar). The reaction mixture 
was heated to -20 ~ and washed with water (20 mL), 20% 
NaOH, and water (20 mL)_ The ethereal sokttion was dried 
with MgSO 4 and concentrated in vacuo. The residue (~4.5 g) 
was ehromatographed on SiO 2 (100 g). Gradient elution (hex- 
ane -~, hexane--AcOEt, 85 : 15) gave 4.02 g (86%) of a 
mixture of diastereomers of 21 as a colorless oil, Rf 0.48 
(hexane--AcOEt, 8 : 2). ]R (CHCI3): 1045, 1090 1382, 1445. 
1476, 2900--3000. IH NMR, 8 :0 .77  (d, 3 H, MeC(6), J = 
6 HzT; 0.90--2.00 (m, 7 t-1, CH2, CH); [.55 (br.s, 3 H, E- 
MeC(2)); 1.63 (br.s, 3 H, Z-MeC(2));  3.70--4.20 (m, 1 H, 
HC(8)); 5.0 (m, l H, HC(3)); 7.15--8.00 (m, 10 H, 2 C6|ts). 
The 13C NMR spectrunl is presented in Table 1. MS, re~Z: 247 
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1M-1251 ~. Found (%): C, 7t.08; H, 7.42. C22H28OS 2. Cal- 
culated (%): C, 70.92: H~ 7.57_ 

(3S)-3,7-Dimethyl- l-phenylthioocta- I E-, and - IZ,6-dienes 
(22). A solution of a mixture of isomeric 21 (4.5 g, 12 retool) 
and triethylamine (2 g, 20 retool) in I0 mL of toluene was 
heated for 2 h at 110 ~ the solvent was evaporated in vacuo, 
and the residue (4.2 g) was chromatographed on SiO 2 (100 g). 
Gradient elution (hcxane ~ hexane--AcOEt, 95 : 5) gave 
2.7 g (92%) o fa  mixture ofvinyl sulfides 22 (-I  : I, IH NMR 
data) as a colorless oil, R r 0.77 (hexane--AcOEt, 9 : l). 
Almost the same yield was obtained by heating the reaction 
mixture for 6 h without addition of a base. IR (film): 695,745. 
956, 1030, 1075, 1093, 1380, 1440, 1481, 1590, 1720, 1280-- 
3200. IH NMR, (5:1.05 and 1.10 (bo thd ,  3 H, MeC(3), J = 
6.3 Hz); 1.30--2.70 (m, 5 H, CH 2, CH); 1.63 (br.s, 3 H, 
E-MeC(7)); 1.72 (br.s, 3 H, Z-MeC(7)); 5.09 (m, 1 H, HC(6)); 
5.60--6.20 (m, 2 H, HC(I) ,  HC(2)); 7.15--7.50 (m, 5 H, 
C6H5). The 13C NMR spectrum is presented in Table 1. MS, 
re~z: 246 [M] +, 231 [M-151*. Found (%): C, 78.37; H, 9.06. 
CI6H2~S. Calculated (%): C, 77.99; H, 9.00. 

( 3 R/ S,6S)- 2,6-Dimethyl- 3-nitro-8-phen ytthioocta- 1,7E- 
diene (7a) and (3R/S,6S)-2,6-dimethyl-3-nitro-8-phenyl- 
thioocta-l,7Z-diene (7b). A, At 0 ~ TMSOTf (3.20 g, 
14.4 retool) was added to a stirred (Ar) solution of sulfoxide 
16 (2.22 g, 7.2 retool) and Pri2NEt (2.04 g, 15.8 mmol) in 
30 ,nL of CH2C12. The reaction mixture was heated to 20 ~ 
kept for 2 h, diluted with CHCI3, and washed successively 
with 2 N H2SO 4 and a 5% solution of NaHCO 3. The organic 
layer was dried with MgSO 4 and concentrated in vacuo, and 
the residue (2.2 g) was chromatographed on SiO 2 (200 g). 
Gradient  elution (hexane --+ hexane--Et:~O, 9 : t) gave 1.07 g 
( 5 1 % ) o f a  mix tu reo f su l f ides7a /7b ( I  : 1, IH NMRdata )  as 
a colorless oil, Rf 0.58 (hexane--AcOEt, 9 : 1). 

MS, re~z: 309 [MI § 263 [M-461 +. Found (%): C, 65.83; 
H, 7.39; S, 10.88. CIdH21NO2S. Calculated (%): C, 65.95; 
H, 4.81; S, II.00. 

Individual sulfides 7a and 7b were isolated by HPLC under 
the conditions described above. 

Vinyl sulfide 7a. IR (fihn): 690, 745,790, 920, 1030, 1090, 
1250, 1380, 1440, 1540, 2860--3060. ~H NMR, ,5:1.07 (d, 
3 H, MeC(6), J = 6 Hz); 1.25--245 (m, 5 H, CH 2, CH); 
1.82 (br.s, 3 H, MeC(2)); 4.90 (m, l H, HCN); 5.20 (m, 
2 H, HC(1)); 5.76 (ddd, I H, HC(7), J =  2.5, 8.2 and 
15 Hz); 6.16 (br.d, I H, HC(8), J =  15 Hz); 7.15--7.40 (m, 
5 H, C6H5). The 13C NMR spectrum is presented in TaMe 1. 

Vinyl sulfide 7b. IR (film): 690, 745,845,920,  1030, 1090, 
t250, 1380, I440, 1540, 2860--3060. tH NMR, (5:1.06 (d, 
3 H, Me--C(6),  J = 6 Hz); 1.4 (m, 2 H, CH~); 1.85 (br.s, 
3 H, MeC(2)); 1.9, 2.25 and 2.7 (all m, 3 H, CH 2, CH); 
4.95 (m, t H, HCN); 5.20 (m, 2 H, HC(1)); 5.55 (ddd, I H, 
HC(7 ) , J  = 1.3, 1 .3and9 .3  Hz);6.23(br .d,  I H, H C ( 8 ) , J  = 
9.2 Hz); 7.15--7.40 (m, 5 H, C6H5). The 13C NMR spectrum 
is presented in Table 1. 

B. Sodium nitrite (2 g, 29 mmol) was added at 5 ~ over 
a period of I h to a solution of vinyl sulfide 22 ( t .2 g, 
4.9 retool) in 10 mL of ether and l0 mL of AcOH. The usual 
workup of the reaction mixture (see above) gave 0.68 g (45%) 
of mixture 7a/Tb, which was virtually identical (Rf, IH NMR) 
to that described previously. 

C. Me3Sit (l .2 g, 6 retool) was added in one portion to a 
solution of TMS ether 19 (2.1 g, 6 retool) in 20 mL of 
CH2CI ~, stirred at - 8 0  ~ (At). The reaction mixture was 
stirred for I h, treated with Et3N (1.2 g, 12 retool), and kept 
for an additional I h. The usual workup (see above) gave 
t.32 g (71%) of mixture 7a/7b, which was virtually identical 
(RF, IH NMR) to that described above. 

(3R,3aR,4S,6aS) -6a- I sopropenyl-4-methyl-3-phenylthio- 
I-trimethylsilyloxyperhydrocyclopenta[c]isoxazole (ga) and 
(3S ,3aR,4S ,6aS)  -6a- isopropenyl-4-methyl-  3- phenylthio- 
i-trimethylsilyloxyperhydroeyelopenta[c]isoxazole (9b). A so- 
lution of vinyl sulfide 7a (0.36 g, 1.2 retool), BSA (0.49 g, 
2.4 retool), and Et3N (0.06 g, 0.6 retool) in 0.8 mL of tolu- 
ene and 0.08 mL of MeCN was heated for 5 h at 120 ~ (Ar) 
and treated with petroleum ether and water. The aqueous layer 
was separated and extracted with petroleum ether. The extract 
was dried (MgSO4) and concentrated in vacuo. The residue 
was chromatographed on a cooled ( - 1 0  ~ column with SiO 1 
(30 g) using petroleum ether as the eluent to give 0.31 g (69%) 
of isoxazole 9a as a colorless oil, R r 0.65 (hexane--ether,  
2 : 0.1). IH NMR, (5:0.28 (s, 9 H, Me--Si); 1.2 (d, 3H, 
MeC(4), J = 6.4 Hz); 1.20--3.10 (m, 6 H, CH, CH2): 1.82 
(br_s, 3 H, MeC=); 5.71 (d, I H, HC(3), J = 8.8 Hz); 4.82 
and 4.93 (both m, 2 H, I-t2C=); 7.20--7.60 (m, 5 H. C6H5). 

A similar procedure starting from 0.25 g of vinyl sulfide 7b 
gave 0.21 g (68%) of isoxazotidine 911 as a colorless oil, Rf0.65 
(hexane--ether, 2 : 0.1). IH NMR, (5:0.19 (s, 9 H, Me--Si); 
1.t4 (d, 3 H, MeC(4). J = 7.0 Hz); 1.00--3.10 (m, 6 H, Ct t ,  
CH2); 1.87 (br.s, 3 H, MeC=);  5.93 (d, I H, [IC(3), J = 
6.2 ftz); 4.90 (br.s. 2 H, I-t2C=): 7.20--7.60 (m, 5H, C6H5). 

Similarly, a mixture of vinyl sulfides 7a/7b (I : 1) gave a 
mixture of isoxazoles 9a/9b. MS, re~z: 347 [M1 +. 

(7 5-') -4,7 - Dimethyl- 6,7-dihydro- 5 H-cyelopenta[e] pyridine - 
2-oxide (11), N-[(IS,2S,3S)-2-formyl-l-isopropenyl-3- 
methylcyclopent-l-yl]-N-phenylthiohydroxylamine (12a) and 
N- [( ! S,2R,3S) -2-formyl- I -isopropenyl-3-methylcyclopeut- 
l-yl]-N-phenylthiohydroxylamine (12b), A solution of mixture 
9a/9b (0.182 g, 0.5 retool) in 0.5 mL of  THF was added in 
one portion to a suspension of KF- 2H20 (188 rag, 2 retool) 
in 1 mL of MeOH and I mL of THF,  vigorously stirred at 
- 5 0  ~ The reaction mixture was heated to 25 ~ for I h and 
diluted with ether, and the precipitate was filtered off and 
washed with ether. Thc combined filtrate was concentrated 
in vacuo, and the residue (120 nag) was chromatographed on 
SiO 2 (15 g). Successive elution with hexane--ether  (I : 4) and 
ether--MeOH (1 : 1) mixtures gave 38 mg (25%) of mixture 
12a/12b(l  : 4, tH N M R d a t a )  and 37 mg(45%) of N-oxide 
11. Mixture 12a/12b is anaorphous (m.p. 72--82 ~ Found 
(%): C, 65.89; H, 7.20; N, 4.61; S, 10.38. CIdH21NO2S. Cal- 
culated (%): C, 65.95; H, 7.26; N, 4.81; S, It.00. 

Chromatographic separation of mixture 12a/12b on SiO 2 
(l 5 g) gave samples enriched (up to 80%) in stereoisomers 12a 
and 12b. 

Hydroxylamine 12b, IR (CHCI3): 690, 920, 1030, 1060, 
1090, 1210, 1380, 1445, 1640, 1710, 2730, 2800--3050, 3300. 
IH NMR, (5:1.23 (d, 3 H, MeC(3),  d = 6 Hz); 1.50 (m, 
1 H, HC(3));  1.97 (br.s, 3 H, M e C = ) ;  2.10--2.80 (m, 
5 H, CH~_, CH); 4.50 (br.s, t H, Ot t ) ;  5.05 and 5.25 (both 
br.s, 2 H, FI2C=); 7.5 and 7.7 (both m, 5 H, C6H5); 9.8 (s, 
I H, HCO). 

Hydrox'ylamine 12a, IR (CHCI3): 690, 920, 1030, 1060, 1090, 
12i0, 1380, I445, t640, I7 t0 ,  2730,  2800--3050,  3300. 
tH NMR, ~: 1.12 (d, 3 H, MeC(3),  d = 6 Hz); 1.40 (m, 
I H, 1-IC(3)); 1.95 (br_s, 3 H, MeC=);  2.10--2.80 (m, 5 H, CH~, 
CH); 4.35 (br.s, 1 H, OH); 5.12 and 5.28 (br.s, 2 H, H2C=); 
7.50 and 7.65 (both m, 5 H, C6H5); 9.91 (s, 1 H, HCO). 

N-Oxide 11, re.p, t26 ~ (ether) (cf Ref. 15), ~|t N M R. 
(5:1.28 (d, 3 H, MeC(7), J = 6 l-lz); 1.70 and 2.40 (both m, 
2 H, HC(6)); 2.20 (br.s, 3 H, MeC(4));  2.80 (m, 2 H, 
HC(5)): 3.25 (m, 1 H, HC(7)); 7.9 (m, 2 H, HCN). The 
t3C NMR spectrum is presented in Table 1. MS, m/z (I (%)): 
I64 (16) {M+II +, 163 (100) [MI +, 148 (23), 131 (15). 121 
(22), 93 (24). 
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(-)-Aetinidine (6). LiAIH 4 (5 rag, 0.13 mmot) was added 
t o a s o l u t i o n o f T i C l  4 (35 mg, 0.18 retool) in 0.5 m L o f T H I  =, 
vigorously stirred at 0 ')C (Arl. The mixture was heated to 
25 ~ and stirred at this temperature for 15 rain. A solution of 
N-oxide 11 (33 rag, 0.2 retool) in 0. I m L o f T H F w a s  added 
at 0 ~ to the resulting black suspension. The reaction mixture 
was stirred for 30 rain at 25 ~ treated with 0.5 mL of H?O 
and 0.5 mL of 25% NI-t4OH, and extracted with ether. The 
extract was dried (MgSO4) and concentrated in vocuo, and the 
residue was chromatographed on AI203 (5 g). Elution with 
ether gave 24 mg (80%) of compound 6 as a light yellow oil, 
Rf 0.20 (hexane--AcOEt, I : 4). tH NMR, ,5:1.35 (d, 3 H, 
MeC(7), J = 6.0 Hz): 1.65 and 2.35 (both m, 2 H, HC(6)); 
2.20 (br.s, 3 H, MeC(4)); 2.80 (m, 2 H, Ctt2); 3.30 (m, 
I H, HC(7)); 8.20 and 8.30 (both br.s, 2 H, HCN). 

This  work was f inancia l ly  suppor ted  by the Russian 
Federa t ion  State Program for Leading Scient i f ic  Schools  
( G r a n t  No. 96-15-97461) .  
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