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Abstract: Four tricyclo[4.3.0.02:9]nonan-3-one systems were treated with TBDMSI, TMSTFA
and TMSTFA/NaSPh, affording different cyclopropane cleavage products, depending on the location
of the substituent and the nature of the reagent. © 1998 Elsevier Science Lid. All rights reserved.
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compounds with insect antifeedant activity.! As part of this project, we focused our attention on the
synthesis of C-12 oxygenated derivatives of havanensin limonoids, ! which are potential precursors of C-
seco limonoids, such as azadirachtin, considered to be the most active insect antifeedant of the limonoid
family.?2 We planned a procedure based on the cleavage of cyclopropyl ketones. A first attempt at this was
described in a previous work,!2 but was clearly insufficient to evaluate the scope of the plan. This prompted
us to study the cleavage of several tricyclo[4.3.0.02:9]nonan-3-ones, employing reagents which combine

nucleophilic and electrophilic components of varying strengths, to know its scope and potential
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to the CD or CDE structural fragment f havanensin limonoids; however they are of general interest a;
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octan-3-ones.3

[Set

0

6R' =R =
13R'=H,R=Ph
14 R' = H, R =Thienyl
15 R' = CHg, R H
, 16 R' = CH3, R =Furyl
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Synthesis of the cyclopropyl ketones 6, 13 and 14 was carried out by the simple procedures depicted
in scheme 1. The cyclohexenol acetate 1 was made to react with sodium malonate? in THF in the presence
of Pd(0) to give exclusively the diester 2, which was decarboxylated> to the monoester 3 by treatment with
lithium chloride and HpO/DMSO at 160 °C. Saponification of 3 with KOH in EtOH/H;0 followed by
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the dry carboxylic sodium salt with oxalyl chioride® afforded the acid chioride 4 in 61 % overail

reaction of
yield from the starting acetate 1.

Treatment of the acid chloride 4 with an ethereal solution of diazomethane gave the diazoketone 5§,
which after reaction with dirhodium tetraacetate® was converted into the cyclopropyl ketone 6.

CO,Et
AcO.
ol
2 C(jg:g,a '7Ar=2‘h
8 Ar = Thienyl
/ \ ! J
[ O~ ~N e &SN A~
W) <=L U010
2 Fi :_H 5R=H 9 Ar=Ph
13'R=Ph 12 R - Ph 11R=Ph 10 Ar = Thienyl
14 R = Thieny! 12R = Thienyl

(C1CO)2, benzene, 0 °C; d) CH2N2, ether, 0 °C; e) Rha(OAc)4, CHCly, 1t; f) TolSO2CH2ATr, BuLi, THF -35 °C;
g) Al-Hg, THF-H2O0, 25 °C; h) N-acetylsulfanilyl azide, DBU, CH3CN, 0 °C.

Scheme 1

a) CH(CO3Et)3, NaH, Pd(PPh3)4, THF, reflux; b) LiCl, H20, DMSO, 160 °C; ¢) (i) KOH, EtOH-H2O, reflux; (ii)

The aryl cyclopropyl ketones 13 and 14 were prepared from the acid chloride 4 in a four step
sequence. Condensation of 4 with the appropriate sulfone dianion? (Ar = Ph, Thienyl) in THF at -30 °C
afforded the corresponding keto sulfones 7 (Ar = Ph) and 8 (Ar = Thienyl) in good yield. The sulfones
employed for the condensation were obtained by nucleophilic displacement of the corresponding bromides
with sodium-p-toluenesulfinate® in DME at 80 °C in 90% yield. Desulfonylation? of 7 and 8 was
accomplished by treatment with aluminum amalgam in THF/H;0 to give the unsaturated ketones 9 and 10.

13 and the azine 13' in 62% and 38% yiel
obtained in 11% yield. Changing the catalyst to the more electrophilic copper (II) bis-(t-

(=1

, respectively; while the thienyl diazo ketone 12 was only

butylsalicyladimidate), the thienyl cyclopropyl ketone 14 was obtained in 32% yield. The cyclopropyl
ketones 15 and 16 were obtained by the procedure described by us elsewhere.12

We chose tert-butyldimethylsilyl iodide to start the cleavage study (Figure 2). The reagent was prepared
"in situ" from ferz-butyldimethylsilyl chloride and sodium iodide.3b.3¢ Treatment of cyclopropy! ketone 6
with TBDMSI in methylene chloride at 25 °C for 5 hours afforded exclusively the iodo ketone 17 in
quantitative yield.!2 The structure of 17 was assigned on the basis of the simplicity of its 13C NMR

spectrum, with only six signals. The chemical displacement of the carbonyl carbon at 208.9 ppm
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coupling for the gemin

E

I iodine hydrogen and its situation on the deshielding cone of the carbonyl group.
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Cleavage of the {4.3.0.02.%] system is therefore regioselectively inverse compared to the {3.3.0.02.8]
system reported by Demuth,32 which was shown as a SN2 type of nucleophilic cieavage (Figure 3 and table
I). The result of our experiment is similar to that reported by C. Iwata3¢ for a 7,7-dimethyl derivative of the
[3.3.0.02.8] system, which is described as the first example of predominant C;-C3 bond cleavage of a
tricyclo[3.3.0.02.8]octan-3-one ring system. The regioselectivity in the Iwata example is justified by the
steric hindrance of carbon Cg to nucleophilic attack.

O
n 0
A H 7
1% . ;& M. Demuth
H > 8 1 8 (ref.3a)
7 Nu Nu
A B
1T T8 U (ref. 3c)
2 "
HM Nu Nu |
H A B
Figure 3

Our next cyclopropyl ketone 13 afforded a different result with respect to 6 when treated with TBDMSI.
A 1:1:3 mixture of three iodoketones 18a, 18b and 19 was obtained. The most significant differences in
1H NMR of 18a and 18b were the signal assigned to the benzylic hydrogen: a singlet for 18a (3.83 ppm,
Heq-Heq coupling ) and a doublet for 18b (3.92 ppm, J = 5 Hz, Heq-Hax coupling). The iodine geminal
hydrogen appeared at 5.13 and 5.21 ppm in 18a and 18b, respectively. The major cleavage product was
identified as the iodo indanone 19; a signal in the 13C NMR at 215.7 ppm unequivocally indicates a
carbonyl group in the cyclopentane ring. The quartet signal at 4.60 ppm J = 4 Hz and J' = 8 Hz in the H

nceeire an A
~

NMR enssure an constant J =11 Hz

the benzylic hydrogen at 3.32 ppm a 7
Practically the same result was obtained in the treatment of thienyl cyclopropyl ketone 14 with
TBDMSI. For substrates 13 and 14, the SN2 type of nucleophilic cleavage, e.i. C9-C2 bond cleavage,
predominates over C1-C2 bond cleavage in a 3/2 ratio.
With TBDMSI the trimethyl cyclopropyl ketone 15 afforded a 2:1 mixture of the unsaturated ketone 22
and the iodoketone 23; this result parallels previous findings reported by us elsewherel? in the treatment of
15 with TMSI. The C1-C2 bond cleavage predominates over the C9-C2 bond cleavage in a 7/3 ratio.

The final compound studied in the first of cleavage expenmentq with TBDMSI was the furyl

trimethvl cvclonron

trimethyl cycloprop 0

16 with TMSIL. A 24/16 mixture of the ketones 24a and 24b, respectively and ketone 25 was obtained; the
- s Laan rannrtad by i 18 Qiriotiive 28 wine accione At tbhin tlliad Latana o )

epimers 24a and 24b have been reporied by us.'? Structure 25 was assigned to the third ketone on the

basis of their spectroscopic data.

Our next cleavage reagent was trimethylsilyl trifluoracetate (TMSTFA), a combination of a strong
electrophile and a weak nucleophile. When 6 was treated with TMSTFA without solvent at 60°C a 1:1
mixture of 26 and 27 was formed. A remarkable increase in the C9-C3 bond cleavage against the C;-C2
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bond cleavage to afford the bicyclic system [4.3.0] occurred in comparison with TBDMSI, in agreement
with the findings of M. Demuth. The behaviour of the phenyl and thienyl cyclopropyl ketones 13 and 14
when reacting with TMSTFA was the same. An absolute regioselective nucleophile addition was achieved,
affording the keto esters with the bicyclic system [4.3.0] 28 and 29, respectively, as the sole product.

This selective result could find application in the synthesis of demethylated CDE “molecular fragments”
of limonoids with a functionalized C ring.

The trimethyl cyclopropyl ketone 15 does not afford any compound originated from the C9-C2 bond

cleavage in the reaction with TMSTFA Instead, a 1:2 mixture of the unsaturated ketones 22 and 30 was

Abtaian P LT A Ot e deen an alo~ ales calan e snmoealt wermn s by A B = o=y s el

obtained. With regard to stereocontr }, an b.’sulut ly selective result eached from the furyl trimethyl
a4 r s N, | 1.1 m\ 21 M ] -~ - t] N .

C)’CIOPTOPYI ketone 0, which witnl 1V gave the mdenone L3 exclusively.

To amplify the cleavage study of the tncyclic system [4.3.0.02.9], we decided to investigate its
behaviour with a TMSTFA/NaSPh mixture, composed of a strong electrophile and two nucleophiles, one
weak and another strong one. The cyclopropyl ketone 6 afforded a four compound mixture: 26/27 in a 2/3
ratio (22 % yield) and 31/32 in a 1/2 ratio (33% yield).

Again from this reaction the predominance in the mixture of the [3.3.1] system over the [4.3.0] one
which shows preference for C;-C; bond cleavage is clear. Another interesting featu

the two nucleophiles, which lies slightly in favour of PhS-,

The reaction of TMSTFA/NaSPh with the trimethyl cyclopropyl ketone 15 afforded a very unexpected
result. The crude product consists of a 1:1:8 mixture of the unsaturated ketones 22 and 30 and the disulfide
33, respectively. The structure of the disulfide 33 was elucidated by spectroscopic means and was
confirmed by H-C correlations. The reaction which afforded the major product is analogous to those
reported by E.J. Corey!3 and D.A. Evans.14

\=\ RSH _ SR (ref.13)

\ \_SEt
)=O Ada) Qi QL )<S (re' 14)
A~ SPh ?Ph
(Ao Twemn Qr )
NaSPh a4 SPh k/LO

We found that the reaction of TMSTFA/NaSPh with cyclohexenone afforded a mixture of the trisulfide
34 and the ketosulfide 35 in at 1:2.5 ratio.

Unlike the cleavages described above, the cyclopropyl ketone 15 shows a clear preference for the Co-
C7 bond rupture. Finally, reaction of the furyl trimethyl cyclopropyl ketone 16 with the mixture
TMSTFA/NaSPh afforded excusively one compound, which was identified as the unsaturated ketone 25.
leavage with further rearran gemen nrednm nates
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The results of the three sets of cleavage experiments, including some reported by Demuth and Iwata are
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Table 1
TBDMSI TMSTFA TMSTFA/NaSPh
Yield% | A2 | BP | c¢ | Yield A2 | Bb | cc |Yield A | Bb | cc
% %
Demuth 84 1 83 | 17t 85 | 100d
Iwata 76 | s&d 92¢
6 100 100 93| 50| 50 771 37 | 63
13 72 | 58 42 74 | 100
14 83 | 62 38 71| 100
15 98 | 35 65 76 33 | 67 9| 8 | 10 | 10
16 93 39 | 6l 73 100 100 100

a) Products of Cg-C; bond cleavage. d) Products of Cg-Cy bond cleavage in tricyclof3.3.0.02-8]octan-3-one.

b) Products of Cy-C; bond clcavage. ¢) Products of C1-C; bond cleavage in tricyclo[3.3.0.02'8]0ctan-3-0ne.

of thec yclopropy ng leads to tlally favored by stereoselectro ¢ effects. In some cases, the cationic
intermediate A could be trapped b‘y nucleophiles, by exo attack, to afford the bicyclic {4.3.0] compounds

-

19, 21, 23, 26, 28, 29, 31 and 33, or rearranged to cation B. This intermediate could be trapped by
nucleophiles (only secondary cations) to 17, 18, 20, 27, 32; deprotonated to afford methylene derivatives
(22, 24) or in turn rearranged to cation C, which further affords compounds 25 and 30.
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Some conclusions may be drawn. The simpiest tricycio{4.3.0. 02.%octan-3-one has a strong tendency
C1-C, bond cleavage. This behaviour is the opposite of that shown by the lower homologue { 02
against reagents which combine strong electrophiles and weak nucleophiles.

The introduction of a phenyl (or thienyl) substituent in C2 shows the normal expected tendency to Co-
C> bond cleavage. The introduction of a methyl substituent in C; preferently directs the cleavage to the
formation of the more stable cationic intermediate B, which deprotonates to D or rearranges to C.
However, in the presence of a strong nucleophile such NaSPh the SN2 mechanism seems to operate.

to
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Finally, the introduction of a furan ring in C; as well as a methy! group in C; direct the cleavage exclusively
nt 1A hand rlaavaga A nlancihla avnlanatian far thic raciilt ~Aanld ha tha cavara ctarirs hindrannca Af tha
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nucleophilic attack at the Cg position.

Experimental

General methods. Commercial reagents were used as received. Dichloromethane, chloroform and
dimethylsulfoxide were distilled under nitrogen over calcium hydride. Benzene, diethyl ether,
tetrahydrofuran and toluene were distilled from sodium. Acetone, ethanol, acetonitrile and methanol were
distilled before use. 'H and 13C NMR spectra were recorded in CDCl3 solution at 200 and 50 MHz
respectively. IR spectra were obtained as thin films. All reactions were carried out under an atmosphere of

argon in glassware dried overnight and cooled under argon. Reactions were monitored by TLC. Flash

colhimn chramataocranhiag wara rarrmad ant neing cilica gal A0 (N NAN_D nAi mm Marold Organis aviracte
WAUIMLLILL Vil vlliatly .laylubb YwWLillv vailivud Uul uollls o111va i UV \U.V‘V AV AV VIO RS VTS PY J L3 hh}. /1 smllh vALLAVLD
wwrara Ariad with anbhuden~nie Na QN and cansantratad sindar radirand mvacoiiea writh tha aid AF o rabtne
Wi Ulivy j19¢3 lyudloud l‘a2k)u4 dallu COLILCLILLAlCU uliuvl 1cuuLcu plebul WL Ul U Ul alllaly
€vaporator.

Diethyl 2-cyclohex-2-enyl-malonate 2.- Cyclohexenol acetate 1 (10 g, 71.4 mmol),
triphenylphosphine (1.72 g, 6.59 mmol) and tetrakis-triphenylphosphine palladium (180 mg, 0.15 mmol,
0.22 %M) in dry THF (110 mL) were stirred for 15 min. A solution of the sodium salt of diethyl malonate
in dry THF (50 mL), generated from diethyl malonate (39.8 g, 248 mmol) and sodium hydride (68 %
mineral oil, 7.94 g, 225 mmol) at 0 °C, was added all at once and the resultant mixture refluxed for 15 h.

was chromatographed (9:1, hexane-diethyl ether) to affor

[=9
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maionate which was used without further purification.

Ethyl cyclohex-2-enyl-acetate 3.- To a solution of the mixture of diester 2 and diethyl malonate (26
g) in DMSO (25 mL) were added water (1.8 mlL., 104 mmol) and LiCl (4.4 g, 104 mmol) and the reaction
mixture was heated to 170 °C for 24 h. The mixture was cooled to room temperature, and poured into ethyl
acetate. This solution was washed with brine, dried and evaporated. The residue was chromatographed
(9:1, hexane-diethyl ether) to afford 3 (7.3 g, 61 % from 1), as a colourless oil: IR 2936, 1738, 1240 cm'l;
IH NMR 8 1.25 (t, 3H, J=7 Hz), 1.2-1.9 (m, 4H), 1.97 (m, 2H), 2.25 (d, 1H, J=3 Hz), 2.29 (d, 1H,

J=3 H2z), 2.59 (m, 1H), 4.13 (¢, 2H, J=7 Hz), 5.54 (m, 1H), 5.71 (m, 1H) ppm: Anal. Calcd. for
3 nz), 2259 U, 1n), 4.123 (€, 241, J=/ 12Z), O (m, 18), 2./1 (M, IH) ppm, Anai tLaica. 1o
NI M- 712000 08Q Frnnd- ™ 7148 - H 089
Ciorjeva. «, /11,57 11, 7.30. rouna: |, /1.549; 13, 7.4,
a8 L _ _ Lo JI Py ey | LR __ 2.0 _ A PRy PSSy IR O . PP B S B 2 Yo | — 177 0 1\ P |
Lycionex-Z-en-acetyr cnioriae 4.- A soiutuon or un vaturated ester 3 (5.U2 g, 1/.0 minoiy and

potassium hydroxide (1.03 g, 17.8 mmol) in a mixture of 1:1 ethanol-water (12 mL) was heated under
reflux for 5 h. The reaction mixture was evaporated under reduced pressure. A suspension of the dry salt in
benzene (15 mL) was teated with oxalyl chloride (4.67 mL, 53 mmol) at 0 °C for 1 h. The reaction mixture

o0
W
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venl y chioride were evaporatea under reduced presure. Acid
chioride 4 was obtained (2.82 g) in quantitative yield, as a colourless oil: IR 2930, 1802 cm-!

1-Diazo-3-(cyclohex-2-enyl)propan-2-one 5.- A solution of acid chloride 4 (360 mg, 2.27 mmol)
in diethyl ether (2 mL) was added to a solution of freshly prepared diazomethane (19 mL, 28 mmol, 1.5 M)
in diethyl ether at 0 °C, and the mixture was allowed to warm to room temperature overnight. The mixture
was filtered and the filtrate was evaporated under reduced pressure. a-Diazo ketone § (335 mg, 90%) was

used in the next reaction without further purification: IR 2924, 2104, 1640, 1368 cm'!; IHNMR § 1.2-1.9

(m, 4H), 1.98 (m, 2H), 2.29 (m, 1H), 2.42 (m, 2H), 5.22 (s, 1H), 5.51 (m, 1H), 5.69 (m, 1H) ppm.
Tricyclo{3.4.0.02:%Inonan-3-one 6.- A solution of the diazoketone 5 (335 mg, 2.04 mmol) in
anhydrous CH>Cl; (150 mL) was added dropwise to a suspension of dirhodium tetraacetate (17 mg) in

=

anhydrous CH,Cly (50 mL). The mixture was stirred for 45 min at room temperature, and evaporated under
vacuo. Chromatography (9:1, hexane-diethyl ether) of the residue afforded cyclopropyl ketone 6 (153 mg,
55%), as a colourless liquid: IR 2934, 1721 cm-l; TH NMR & 1.0-2.0 (m, 9H), 2.22 (m, 1H), 2.68 (m,
2H) ppm; 13C NMR § 15.7, 20.3, 23.5, 26.3, 26.5, 26.7, 33.9, 48.6, 216.0 ppm; MS m/z (relative
intensity) 136 (7, M), 121 (3), 108 (12), 94 (32), 79 (100), 66 (42), 53 (67); Anal. Calcd. for CoH,0:
C, 79.37; H, 8.88. Found: C, 79.23; H, 8.93.

1-(Cyclohex-2-enyl)-3-phenyl-3-(toluene-4-sulfonyl)propan-2-one 7.- Butyllithium (5.
8.12 mmol, 1.6 M in hexane} was added slowly with efficient stirrin f phen

stirring, to a solution o
(15 mL) at -30 °C. Afier 30 min acid chioride 4 (0.64
g, 4.05 mmol) in THF (3 mL) was slowly added by syringe and stirred for 15 min. Subsequently, the
reaction mixture was poured into a saturated NH4Cl solution, stirred and gradually warmed to room
temperature. The mixture was extracted with diethyl ether and the organic phase was washed with brine,
dried and evaporated. Chromatography of the residue (8:2, hexane/diethyl ether) afforded the keto sulfone 7
(1.42 g, 95%), as a brown, amorphous solid: IR 2980, 1720, 1313 cm'!; 'H NMR § 1.6-2.0 (m, 7H),

2.61 (m, 2H), 2.39 (s, 3H), 5.20 (s, 1H), 5.50 (m, 2H), 7.15-7.51 (m, 9H) ppm; Anal. Calcd. for

C22H24803: C, 71.71; H, 6.56. Found: C, 71.79; H, 6.52.
il A2 adagle Mt ) Bay VS DRUBLS. Ry hd
1-(Cyclohex-2-enyl)-3-(3-thienyl)-3-(toluen-4-sulfonyl)propan-2-one 8.- Butyllithium (5.9

mL, 9.50 mmol, 1.6 M in hexane) was added slowly with efficient stirring, to a solution of 3-(3-thienyl)-p-
toluenesuifonyl methane (1.9 g, 4.73 mmoi) in THF (15 mL) at -30 °C. After 30 min acid chioride 4 (0.75
g, 4.73 mmol) in THF (3 mL) was slowly added by syringe and stirred for 15 min. Subsequently, the
reaction mixture was poured into a saturated NH4Cl solution, stirred and allowed to reach room
temperature. The mixture was extracted with diethyl ether and the organic phase was washed with brine,
dried, filtered and evaporated. Chromatography of the residue (8:2, hexane/diethyl ether) afforded the keto
sulfone 8 (1.50 g, 85%), as a brown, amorphous solid: IR 2990, 1716, 1370 cml; IH NMR 8 1.2-2.1

(m, 7H), 2.41 (s 3H), 2.75 (m, 2H), 5.43 (s, 1H), 5.61 (m, 2H), 7.20 (m, 7H) ppm; Anal. Calcd. for
.14' H S.Q’)‘ ponnr]' C K_Ar 19 H 5 /Q

205122 , 04,14, 1, .02, round: L, 0 g o S
mhannwlamaman P amwa O . Alaeninien amalsa 7 1 ) siranc adAad Ant~ A
1E(Cyclﬁhex-2-en3})-3-phcﬁylplopau-z-arxe 9.- Aluuuuum aumxga m (2.1 g) was aagaca onto a
cnhiatinm ~AFfF R Lara onilfacs ™ /N £2 17N 1Y 2 o D1 ix INMAY M /170 et lsdiosam sernl
solution of p-keto sulfone 7 (0.63 g, 1.70 mmol) in a 9:1 mixture of T HF/H,O (38 ml). The mixture was

vigorously stirred at room temperature. After 5 h the mixture was diluted with a 1:1 mixture of ethyl acetate-
hexane. The organic layer was washed with 5% sodium bicarbonate solution, dried and evaporated.
Chromatography of the residue afforded ketone 9 (0.32 g, 88%), as a viscous, colourless liquid: IR 3021,



2926, 1713 cm-l; TH NMR 8 1.1-1.9 (m, 6H), 2.39 (d, 2H, J=7 Hz), 2.60 (m, 1H), 3.63 (s, 2H), 5.41
—— . 12~ nvy & S AN - oA -~ Ao & Aan Py ~
(m, 1H), 5.62 (m, iH), 7.25 (m, 5H) ppm; !°C NMR 6 20.6, 24.7, 28.5, 30.6, 47

R . . 6, 47.8,
127.3, 128.2 (2), 129.0 (2), 130.2, 133.9, 206.4 ppm; Anal. Calcd. for C;sH;30: C, 84.07; H
Found: C, 84.01; H, 8.44.
1-(Cyclohex-2-enyl)-3-(3-thienyl)propan-2-one 10.- Aluminum amalgam (3.0 g) was added onto
a solution of B-keto sulfone 8 (0.90 g, 2.40 mmol) in a 9:1 mixture of THF/H,0 (54 ml). The mixture was
vigorously stirred at room temperature. After 5 h the mixture was diluted with a 1:1 mixture of ethyl acetate-
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045 g, as a viscous, colourless liquid: IR 3105,
2930, 1715 cov'l; TH NMR 8 1.5-1.8 (m, 4H), 1.95 (m, 2H), 2.43 (d, 2H, J=7 Hz), 2.65 (m, 1H), 3.71
(s, 2H), 5.45 (m, 1H), 5.69 (m, 1H), 6.96 (d, 1H, J=5 Hz), 7.10 (s, 1H), 7.30 (m, 1H) ppm; 13C NMR

& 21.1, 25.1, 28.9, 31.1, 44.6, 48.1, 122.8, 125.7, 127.9, 128.6, 1309 134.2, 206.1 ppm; Anal.
Calcd. for Cy3H;40S: C, 70.87; H, 7.32. Found: C, 70.82; H, 7.38.

1-(Cyclohex-2-enyl)-3-diazo-3-phenylpropan-2-one 11.- A solution of ketone 9 (300 mg, 1.40
mmol), N-acetyl-sulfanilyl azide (437 mg, 1.82 mmol) and DBU (0.27 mL, 1.82 mmol) in dry acetonitrile

(7 ml) was stirred at 0 °C protected of light for 1h. The mixture was filtered through a pad of Florisil eluting
with a mixture of 9:1 hexane-diethyl ether. Removal under vacuo of the solvent afforded a-diazo ketone 11

(279 mg, 83%), as a viscous, yellow oil: IR 2924, 2072, 1730, 1657 cm!; IH NMR § 1.2-2.0 (m, 7H),

H, J=2 Hz), 2.58 (s, 1H), 5.72 (m, 2H), 7.24-7.54 (m, 5H) ppm.

2
1-(Cyciohex-2-enyl)-3-diazo-3-(3-thienyl)propan-2-one 12.- A solution of ketone 10 (0.40 g,
1.82 mmol), N-acetyl-sulfanilyl azide (0.57 g, 2.36 mmol) and DBU (0.35 mL, 2.36 mmol) in dry
acetonitrile (9 mL) was stirred at 0 °C protected of light for 1h. The mixture was filtered through a pad of
Florisil eluting with a mixture of 9:1 hexane-diethyl ether. Removal under vacuo of the solvent afforded a-
diazo ketone 12 (380 mg, 85%), as a viscous, yellow oil: IR 3108, 2928, 2076, 1647 cm-!; |H NMR &
1.6-2.0 (m, 7H), 2.53 (d, 1H, J=2 Hz), 2.56 (s, 1H), 5.57 (m, 1H), 5.73 (m, 1H), 7.05 (m, 1H), 7.40

mg) in anhydrous CH»>Cl, (16 mL) The mixture was stirred for 2h at room temperature, and evaporated
under vacuo. Chromatography (9:1, hexane-diethyl ether) of the residue afforded azine 13' (58 mg, 38%),
followed by cyclopropyl ketone 13 (88 mg, 62 %), as a colourless liquid.

13': IR 3046, 1701 cm'!l; IH NMR § 1.2-2.0 (m, 6H), 2.79 (m, 1H), 2.86 (s, 1H), 2.90 (d, 1H, J=1
Hz), 5.58 (m, 1H), 5.71 (m, 1H), 7.56 (m, SH). Anal. Calcd. for C3gH320,2N>: C, 79.59; H, 7.12; N,
6.21. Found: C, 79.45; H, 7.18; N, 6.17.

13: IR 3027, 2934, 1717 cm!; IH NMR & 0.9-2.0 (m, 8H), 2.18 (d, 1H, J=18 Hz), 2.59 (t, 1H, J=7.5

Hz), 2.84 (dd, 1H, J=11 and 18 Hz), 7.25 (m, 5H) ppm; 13C NMR § 15.4, 19.9, 24.5, 26.2, 31.6, 32.7
46.1, 49.3, 126.5, 127.5 (2), 128.2 (2), 138.9, 213.5 ppm; MS m/z (relative intensity): 212 (44, M¥),
194 (27), 170 (38), 141 (72), 115 (68), 103 (100), 91 (46), 77 (58), 51 (60); Anal. Calcd. for C15H;60:
C, 84.86; H, 7.59. Found: C, 84.74; H, 7.47

2-(3-Thienyl)-tricyclo[3.4.0.02:%Inonan-3-one 14.- A solution of diazoketone 12 (177 mg, 0.72
mmol) in dry toluene (30 mL) was added dropwise to a solution of bis-(N-z-butyl-salicyladiminate) copper
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(1) (5 mg) in dry toluene (25 mL) under reflux. After 15 h the solvent was evaporated under reduced
pressure and the residue was chromatographed (9:1, hexane-diethyl ether) to afford cyclopropyl ketone 14
(50 mg, 32 %), as a colourless oil: IR 3108, 2934, 1715 cm-!; 1H NMR 3 0.8-2.0 (m, 8H), 2.17 (d, 1H,
J=18 Hz), 2.57 (t, 1H, J=7 Hz), 2.83 (dd, 1H, J=18 and 3 Hz), 6.95 (m, 1H), 7.25 (m, 2H) ppm; 13C
NMR & 154, 19.7, 25.1, 26.1, 33.0, 34.5, 42.5, 48.9, 119.9, 125.1, 126.0, 139.6, 213.2 ppm; MS m/z
(relative intensity) 218 (62, M"') 189 (25), 176 (32), 161 (31), 147 (58), 135 (49), 115 (39), 109 (86), 91

(55), 45 (100); Anal. Calcd. for C13H140S: C, 71.52; H, 6.46. Found: C, 71.67; H, 6.38.
General procedure Reactien ef cyclopropyl ketones with TBDMSI.- To a mixture of ¢-
butyldimethylchloro silane (1.83 mmol) and Nal (2.1 mmol) in CHCl3 (2 mL), cyclopropyl ketones (1

mmol) in CHCl3 (1 mL) were added and the reaction mixture was stirred at room temperature. After
filtration the solvent was removed under reduced pressure and the residue was taken up in diethyl ether and
water; after shaking, the organic layer was separated, dried and evaporated. Chromatography (9:1 hexane-
diethyl ether) of the residue afforded bicyclic ketones.

Reaction of cyclopropyl ketone 6.- According to the general procedure cyclopropyl ketone 6 (30 mg,
0.22 mmol) yielded 9-iodo-bicyclo[3.3.1]nonan-3-one 17 (58 mg, 100%), as a colourless oil: IR 2983,
1710 cm™!; TH NMR 8 1.4-2.4 (m, 8H), 2.46 (d, 2H, J=16 Hz), 2.74 (dd, 2H, J=6 and 16 Hz), 4.97 (s,
1H) ppm; 13C NMR 8 174, 27.5 (2), 36.2, 38.6 (2), 47.9 (2), 208.9 ppm; MS m/z (relative intensity) 137

7 5 C

0 M+ 1
U, Ivi -1}, 1

. NT. M n no.

2 1 : C, 40.93;
Fal AN ™
/

4‘;10 Found: L, 4U.

Jeel ES

Reaction of cyclopropyl ketone 13.- According to the general procedure cyclopropyl ketone 13 (25
mg, 0.12 mmol) yielded 9-iodo-2-phenyl-bicyclo[3.3.1]nonan-3-one 18a (6 mg, 15%), as a colourless oil,
followed by 4-iodo-3-phenyl-octahydro-indan-2-one 19 (17 mg, 42%), as a colourless oil, and finally 9-
iodo-2-phenyl-bicyclo[3.3.1]nonan-3-one 18b (6 mg, 15%), as a colourless oil.

18a: IR 2926, 1707 cm-!; 'H NMR 8 1.6-1.9 (m, 8H), 2.60 (m, 1H), 2.89 (m, 1H), 3.83 (s, 1H), 5.13

(s, 1H), 7.27 (m, SH) ppm; MS mv/z (relative intensity) 213 (10, M+-I), 185 (19), 127 (11), 91 (100), 77
(20), 53 (22); Anal. Calcd. for C;sH{70L: C, 52.96; H, 5.04. Found: C, 52.76; H, 5.13,
19: IR 2976, 1740 cm'!; TH NMR § 0.8-2.1 (m, 6H), 2.32 (dd, IH, J=1 and 19 Hz), 2.53 (dd, 1H, J=7

A ~

2H), 7.30 (m, 3H) ppm; 3C NMR & 21 .8, 31.4, 31.6, 32. 6 45.0, 54.1, 57.9, 127.4, 128.4 (2),
128.9 (2), 137.1, 215.7 ppm; MS m/z (relative intensity) 213 (16, M+-I), 185 (15), 129 (36), 115 (32), 91
(100), 81 (32), 65 (23), 51 (30); Anal. Calcd. for C;5H701: C, 52.96; H, 5.04. Found: C, 52.82; H
5.28.

18b: IR 2975, 1720 cm-!; IH NMR 8 1.6-2.6 (m, 8H), 2.67 (dd, 1H, J=2 and 19 Hz), 2.93 (dd, 1H, J=7
and 19 Hz), 3.92 (d, 1H, J=5 Hz), 5.21 (s, 1H), 7.2-7.4 (m, 5H) ppm; MS m/z (relative intensity) 213 (6,

M™*-I), 129 (10), 115 (15), 97 (100), 77 (12), 55 (30); Anal. Calcd. for C1sH70I: C, 52.96; H, 5.04.
Found: C, 51.89; H, 4.96.

S~y 2iy

)
32 (d, 1H, J=11 Hz), 4.60 (dd, 1H, J=4 and 8 Hz), 7.09 (m,
27 31.6, 3

Reaction of cyclopropyl ketone 14.- According to the general procedure cyclopropyl ketone 14 (20
alod .. PPy Py = mm o oa ~a= a , ne A P N Y
mg, 0.05 mmol) ylemcu 9-iodo-2-(3-thienyl)-bicyclo[3.3.1]nonan-3-one 20a (5 mg, 16%), as a colourless

oil, followed by 4-iodo-3-(3-thienyl)-octahydro-indan-2-one 21 (16 mg, 51%), as a colourless oil, and
finally 9-iodo-2-(3-thienyl)-bicyclo[3.3.1]nonan-3-one 20b (5 mg, 16%), as a colourless oil.
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20a: IR 2080. 1710 cm-l: TH NMR 8 1.3-2.4 (m. 8H) 2.48 (4. 1 I=16 S H2z) 200 (m. 1H) 279 (¢
~va, 1K 2700, 11V Ccm Y] T NMK O 1.0-2.4 N, 80), 2,48 (G, 133, =100 122), oM, 112), 2.77 S,
1N € 1€ (¢ 1IN £07 (4 1T T—& L2\ 10 (g 1IN 724 (e 1L cvcera. 1305 NMAD £ et AAQ wn /o
i), 3.15 \8, 1n), 0.7/ (4, 1, J=3 11Z2j, /.vc (8, 111, /.54 (I, ix3) Ppill, ““C INMIR O DpHl; Mo Z

(relative intensity) 346 (2, M+), 219 (14), 177 (15), 135 (12), 97 (100), 81 (35), 65 (19), 45 (57); Anal.
Caled. for C13H;sOSI: C, 45.10; H, 4.37. Found: C, 45.23; H, 4.58.

21: IR 3015, 1748 cm-1; 1H NMR § 1.8-2.4 (m, 7H), 2.69 (m, 1H), 2.80 (m, 1H), 2.93 (m, 2H), 3.50
(d, 1H, J=10 Hz), 4.60 (m, 1H), 6.95 (m, 1H), 7.03 (d, 1H, J=3 Hz), 7.34 (m, 1H) ppm; !3C NMR &
22.0, 27.6, 31.8, 32.7 (2), 44.0, 32.9, 53.7, 121.9, 126.5, 126.9, 136.8, 214.8 ppm; MS m/z (relative

intensity) 219 (21, M+-I), 177 (21), 135 (19), 123 (12), 97 (100), 79 (32), 65 (22); Anal. Calcd. for
C13H150SI: C, 45.10; H, 4.37. Found: C, 45.03; H, 4.22.

1
-~ =1

20b: IR 2980, 1705 cm'!; TH NMR § 1.0-2.5 (m, 8H), 2.62 (m, 1H), 2.89 (m, 1H), 4.11 (d, 1H, J=6
o . i

Hz), 5.17 (s, 1H), 6.95 (d, 1H, J=5 Hz), 7.27 (m, 2H) ppm; MS m/z (relative intensity) 219 (16, M*-I),
177 (18), 135 (10), 97 (100), 81 (31), 65 (30); Anal. Calcd. for C13H150SI: C, 45.10; H, 4.37. Found

C, 45.19; H, 4.18.

Reaction of trimethyl cyclopropyl ketone 15.- According to the general procedure cyclopropyl
ketone 15 (50 mg, 0.28 mmol) yielded 6,6-dimethyl-9-methylene-bicyclo[3.3.1]nonan-3-one 22 (32 mg,
64%), as a colourless oil, followed by 4-iodo-3a,7,7-trimethyl-octahydro-indan-2-one 23 (29 mg, 34%) as
a colourless oil.

22: IR 2980, 1717 cm-i; 1H NMR 8 0.90 (s, 3H), 0.94 (s, 3H), 2.42 (m, 4H), 4.78 (d, 1H, J=2 Hz),
480 (4 1 I=2 Hz) nom: 13C NMR § 27.0 209 200 3172 355 389 453 448 508 1080
VNS, 1iky JTL ALy ppiai, A AVAVAAN W Ll Uy eSSy sy W heduy Fiandy TUZy TSIy FELO, JU.O, L1VO.V,
12N £ 11 7Y - A V.4 =\ 1’1{) £O n adey 147 /7Y AN 1 AN 7O 1M rON\ EEats ] LY 1
13U.0, 211.2 ppm; MS m/z (relative mu:nauy 8 (6, M™), 107 (34), 14Y (92), 157 (s8), 123 (11), 1

2 12
(22), 97 (22), 83 (84), 71 (65), 57 (100); Anal. Calcd. for C12H180: C, 80.85; H, 10.17. Found: C,
80.73; H, 10.03.
23: IR 3067, 1740 cm-1; 'H NMR & 0.82 (s, 3H), 1.17 (s, 3H), 1.43 (s, 3H), 2.05 (d, 1H, J=19 Hz),
2.49 (d, 1H, J=19 Hz), 4.14 (dd, 1H, J=13 and 4 Hz) ppm; 13C NMR & 28.1, 28.7, 30.9, 32.2, 33.4,
36.5, 40.8, 42.7, 44.4, 52.4, 56.6, 215.0 ppm; MS m/z (relative intensity) 306 (8, M+), 279 (31), 264
(10), 167 (60), 149 (100), 112 (38), 97 (30), 83 (45), 71 (78); Anal. Calcd. for C12H;90I: C, 47.07; H,
6.25. Found: C, 47.21; H, 6.38.

~ n 1"
ng, U.12
3-

bicyclo[3.3.1]nonan-

- -

-ones 24a and 24b (11 mg, 36%), and 6-(3-
hexahydro-inden-5-one 25 (17 mg, 57%), as a colourless oil.
24a/24b: IR 2980, 1720 cm!; 1H NMR & 0.95 (s, 3H"), 0.96 (s, 3H), 0.99 (s, 3H-3H"), 2.50 (m, 2H-
2H", 3.45 (d, 1H, J=2 Hz), 3.70 (d, 1H', J=4 Hz), 4.93 (d, 1H, J=2 Hz), 4.87 (d, 1H', J=2 Hz), 4.95
(d, 1H, J=2 Hz), 4.99 (d, 1H', J=2 Hz), 6.32 (m, 1H), 6.37 (m, 1H"), 7.31 (m, 1H), 7.38 (m, 1H), 7.39
(m, 1H'), 7.60 (m, 1H') ppm; 13C NMR § 24.7, 27.1, 28.4, 29.9', 31.1, 31.4', 35.7, 42.2, 44.7, 45.0',
46.4', 51.5, 51.6', 52.7, 54.2', 108.2, 110.0, 110.5', 110.7', 119.9, 128.8', 139.4, 141.3",
142.7', 150.6, 206.7, 210.7" ppm; MS nv/z (relative intensity) 244 (50, M+), 167 (34), 14

PYER TNAV AV PP A VLY (R A 118 LRIt wl 0 ) 8d & \WwVy iV

q e
107 (64), 95 (80), 84 (45), 69 (72), 57 (82); Anal. Calcd. for C1gH2002: C, 78.65; H,

857
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2€- TR 1021 2080 1672 cm-l: 1TH NMR 8 070 (s 3H) 1.2 (s MY 1 (e 3HY 1890 (m SH)
i, RN JVLLl,y, £70V, 1UJO Vill , X1 1VVIAIN U V.17 \3y JALJy LWV \Oy VELJy LedVU \By JARJy RSV \Rkiy Ik,
2.57 (d, iH, J=16 Hz), 2.68 (dd, 1H, J=16 and 7 Hz), 6.51 (s, iH), 6.72 (s, 1H), 7.37 (s, 1H), 8.05 (s,

1H) ppm; 13C NMR & 24.1, 27.8, 29.9, 35.9, 38.8, 39.6, 42.7, 43.5, 53.6, 107.9, 119.5, 128.0, 141.9,
142.2, 152.5, 197.4 ppm; MS m/z (relative intensity) 244 (62, M1), 229 (14), 215 (6), 187 (18), 174
(24), 160 (31), 145 (30), 135 (44), 107 (100), 91 (48), 77 (39), 55 (65); Anal. Calcd. for C;6H2002: C
78.65; H, 8.25. Found: C, 78.77; H, 8.29.

General procedure. Reaction of cyclopropyl ketones with TMSTFA.- Cyclopropyl ketones (2
mmol) were heated in TMSTFA (1 mL) to 60 °C for 24 h. Excess of TMSTFA was removed under reduced

L1 ¥v Qe Wi

separaled dried, and evaporated. Chromatography of the residue and elution with 9:1, hexane-diethyl ether
yielded bicyclic ketones.

-

idue was taken un in diethvl ether and water: after shaking the grganic laver wag
€S e rang al snaxing, ¢ organmic ayer was

Reaction of cyclopropyl ketone 6.- According to the general procedure cyclopropyl ketone 6 (20 mg,
0.15 mmol) afforded a mixture of acid 2-oxo-octahydro-indan-4-yl trifluoroacetate 26 (17 mg, 45%) as a
colourless oil, and 3-oxo-bicyclo[3.3.1]nonan-9-yl trifluoracetate 27 (18 mg, 48%), as a colourless oil.

26: IR 3010, 1780, 1740, 1350 cm'!; TH NMR 8 1.4-2.0 (m, 7H), 2.22 (m, 5H), 5.04 (br s, 1H) ppm;
13C NMR & 18.6, 26.3, 26.6, 33.9, 39.6, 39.9, 43.6, 76.7, 216.4 ppm; MS m/z (relative intensity) 154
(13, M*+-COCF3), 108 (6), 94 (37), 79 (60), 67 (61), 55 (100); Anal. Calcd. for C;1H1303F3: C, 52.80;

H. 523 Found: C. S2.71: H. §.35%

i1, J.a5, ooUnar LU, 22,715 I, .32,

97 TR NS 1780 1710 1200 ~rm-1- 11T NNMB ] 1 AP0 m AN D 8Q fm ALY S AN (e ¢ TH) nrnm-

i LN JULS, 110U, 17V, 15V TR, T NNER © 1.4-4.00 (1T Ony, 4,30 (04, Uiy, 3.4V (01 §, 1) Ppin,

13/ ATR A € 12 £ AE £ 1A o Ko B 20 Y AL A /AN 71771 NG Lo AL Py o 1~ lec\ 124 s AL

YU INIVIK O 10.0, 230 (£), 240 (&), 49.24 (4), [1.1, ZUB.O Ppm; V1D TIVZ \l'CldllVC intensi y) 104 (O, M-
52.8

COCF3), 112 (9), 94 (40), 83 (56), 67 (57), 55 (100); Anal. Calcd. for C11H1303F3: C, §
Found: C, 52.97; H, 5.41.

Reaction of cyclopropyl ketone 13.- According to the general procedure, cyclopropyl ketone 13 (36
mg, 0.17 mmol) afforded 4-hydroxy-3-phenyl-octahydro-indan-2-one 28 (41 mg, 74%), as a colourless
oil: IR 2980, 1778, 1750, 1355 cm1; IH NMR & 1.25-1.75 (m, 7H), 2.30 (m, 2H), 2.59 (m, 1H), 3.33
(d; 1H, J=11 Hz), 3.78 (br s, 1H), 7.05 (d, 2H, J=3 Hz), 7.18 (d, 1H, J=3 Hz), 7.25 (m, 2H) ppm; 13¢

i il it =557 = NSRSy =22

NMR 3§ 18.6, 27.7, 29.2, 30.8, 45.2, 50.5, 55.9, 67.0, 127.1, 128.4 (2), 128.7 (2), 137.9, 217.6 ppm;

wiVIZN LSS,y LA VIV, 2872, 2L0.T (L), L0 Ay &1 Preats

MS nvz (relative intensity) 230 (2, M+-COCF3), 184 (5), 170 (3), 156 (5), 134 (55), 115 (63), 104 (46),
91 (100), 77 (74), 65 (35), 55 (91); Anal. Calcd. for Cy7H703F3: C, 62.57; H, 5.25. Found: C, 62.69;
H, 5.69.

Reaction of cyclopropyl ketone 14.- According to the general procedure, cyclopropyl ketone 14 (40
mg, 0.18 mmol) afforded 4-hydroxy-3-(3-thienyl)-octahydro-indan-2-one 29 (43 mg, 71%), as a
colourless oil: IR 2980, 1780, 1740, 1350 cm-1; I1H NMR & 1.2-2.0 (m, 7H), 2.44 (m, 2H), 2.70 (m,

1H), 3.44 (d, 1H, J=12 Hz), 5.25 (br s, 1H), 7.03 (m, 1H), 7.18 (m, 1H), 7.34 (m, 1H) ppm; !3C NMR

6 18.7, 25.0, 27.3, 30.6, 44.8, 45.4, 49.7, 75.6, 122.1, 126.5, 126.9, 135.7, 214.0 ppm; MS m/z

(relative intensity) 236 (13, M+-CQOCF3), 140 (41), 110 (49), 97 (100), 77 (24), 65 (26), 55 (70); Anal.
7/ Vi N 3/ \Ta) AT/ 71 viy VO X

Caled for C.-H.2OaQR.- ( S§4721-H A K88 Foannd: C §421- 1 4 00

LailG. 107 CjS5mjsvw3nri. u, J5.41, 11, 700, FOUNG. U, J5.41, 11, &5.77.

TV ndinee & A..!...‘ nnnnnnnnnnn Y Iendanen 18 A mmmadion o s el o) o T il e

neacuon 1 LIHIC yl LyLlUpl UpPYy: Ko 1o.- ALLULUIDE 1O WUIC gcncrd] pr ceqaure, LyLlUpIUP‘yl

(O]
N

ketone 15 (47 mg, 0.26 mmol) afforded unsaturated ketone 22 (12 mg, 25%) and 3,3,7a,-timethyl-
1,2,3,3a,4,7a-hexahydro-inden-5-one 30 (24 mg, 51%), as a colourless oil: IR 2830, 1722, 1660 cm-1;
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IHNMR 8§ 077 (g 3HY 00R (¢ IHY 1724 fc ALY 14.1Q fr S 249 /4 1LT T_11 1T\ A €2 /A
L1 INIVARN W UL 7T (0, JI1), V.70 8, JI1), 1.4 (5, JX1), 1.971.0 \ll, JI1), 2444 \Q, 151, J=11 N1Z), £.55 (4q,
107 T_11 .1 " T¥_\ & 7A TEY Y_ 1N YT\ £ £ 1T T 40 TN 1l ara s @ A A A oAn o
in, J=ili ana / nzj, J (g, in, J=1v nz), o.ov (q, 1n, J=1U nz) ppm; *-C 0 239, 21.1, 29.5,

O\
<
J h

o .84 . .
347, 38.1, 39.5, 42.7, 43.0, 53.7, 126.3, 158.6, 199.4 ppm; MS m/z (relative intensity) 178 (2
150 (14), 121 (36), 109 (38), 95 (53), 79 (89), 69 (100), 55 (61); Anal. Calcd. for C13H;30: C, 8085 H,
10.17. Found: C, 80.79; H, 10.23.

Reaction of furyl trimethyl cyclopropyl ketone 16.- According to the general procedure,
cyclopropyl ketone 16 (40 mg, 0.16 mmol) afforded unsaturated ketone 25 (29 mg, 73%).

General procedure. Reaction of cyclopropyl ketones with TMSTFA/NaSPh.. Cyclopropy!

ketones {1 mmol) and (2 mmol) were heatad in TMSTFA (2 mmal) ta o frr 74 h Eycoce of

AC0NCS (1 ITANOL) allC ! (& U001 WOIC LCawd L1V4D &« (IR O OV o K0T &% 1. CXTCSS O
A

aQ
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A
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rao e L -
1v. 1A Was reimoved unger 1

2a sxing $al- i RS g RIS R
was taKen UP lll uxcmyl CUICT dlld walicr, e
he

hromatography of th

!

organic layer was dried and evaporated. residue and elution with 9:1, hexane-
diethyl ether yielded bicyclic ketones.

Reaction of cyclopropyl ketone 6.- According to the general procedure, cyclopropyl ketone 6 (50
mg, 0.36 mmol) afforded a 2:3 mixture of trifluoroacetates 26 and 27 (28 mg, 31%), and a 2.5:5 mixture
of 4-phenylsulfanyl-octahydro-indan-2-one 31 and 9-phenylsulfanyl-bicyclo[3.3.1]nonan-3-one 32 (41
mg, 46%), as a colourless oil.

31: IR 3015, 1745 cm'!; 1H NMR & 1.3-2.7 (m, 12H), 3.48 (s, 1H), 7.37 (m, 5H) ppm; 13C NMR §

20. 66(2) 34.9, 40.6, 41.8, 43.8, 51.2, 127.7, 128.8 (2), 132.6 (2), 134.1, 210.8 ppm; MS m/z

LO\ 177 fAA\N £7T r1NNN\ &

1N 700\ O& ¢ e, A
1U (00), 35 (0o}, /17 (44), 67 (1UU), 55 (95);
" -

Z /

nal
Alldl.

.70 (bs, 1H), 7.37 (m, SH) ppm; 13C NMR §
17.5, 26.2 (2), 34.2 (2), 47.9 (2), 51.2, 127.1, 129.1 (2), 131.7 (2), 135.2, 210.9 ppm; MS m/z (relative
intensity) 246 (28, M*), 137 (15), 119 (14), 110 (88), 95 (68), 77 (44), 67 (100), 55 (95); Anal. Calcd.
for CysH1gOS: C, 73.12; H, 7.36. Found: C, 73.21; H, 7.40.

Reaction of cyclopropyl ketone 15.- According to the general procedure, cyclopropyl ketone 15
(100 mg, 0.56 mmol) and NaSPh (222 mg, 1.68 mmol) were treated with TMSTFA (0.3 mL, 1.68 mmol)
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for 32 Work-un and chromatoo vl ether 98:2) of the residne afforded 4.4 7a-

Z 0. up and chromatograpny nyl ether ¥6:24) o1 the resicue artorded 4,4,/a
trimethv]-2.7-shenvisulfanyl-2a2.4.5.6.7 . 7a-hexahvdro-1H-indene 22 (1568 me. 79%). as a colourless oil
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unsaturated ketone 22 (10 mg, 10%) and finally, ketone 30 (10 mg, 10%
33: IR 3071, 2953, 1584, 1478, 1439 cm-!; 'H NMR & 0.94 (s, 3H), 1.13 (s, 3H), 1.14 (s, 3H), 1.5-2.2
(m, SH), 2.46 (dd, 2H, J=9 and 2 Hz), 3.23 (t, 1H, J=8 Hz), 6.07 (m, 1H), 7.1-7.4 (m, 10H) ppm; 13C
NMR &: 23.9, 25.0, 29.9, 35.3, 38.0, 40.2, 42.7, 44.1, 55.6, 61.6, 126.4, 126.5, 126.8, 127.2, 127.9,
128.5, 128.7, 129.0, 130.3, 131.1, 131.7, 135.0, 136.5, 137.3 ppm; MS m/z (relative intensity) 380 (13,
M), 341 (3), 271 (39), 253 (20), 135 (20), 123 (29), 109 (42), 91 (46), 73 (87); Anal. Calcd. for
Ca4H78S72: C, 75.73; H, 7.41. Found: C, 75.68; H, 7.49.

Reaction of trimethyl cyclopropyl ketone 16.- According to the general procedure, cyclopropyl

Latane 168 (A0 moe 0 12 mm nffr\rr] d katane 28 (30 mo. 100%)
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