
Russian Chemical Bulletin, Vol. 4g, No. 5, May, 1999 929 

Dehydrohalogenation of adducts of dichiorocarbene with cyclooctene 
and its peripherally cyelopropanated analogs 
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Dehydmhalegenation of three isomeric adduets of dichlorocarbcnc with bieyelo[6.1.0lnon- 
1-, -2-, and --4-cues under the action of potassium tert-butoxide in DMSO was studied. In 
the course of dehydrohalogenation of the substrates under study, different isometization 
processes, which were ac.companied by repeated migrations of multiple bonds that formed, 
occurred depending on the structure of dichioddes, while no skeletal rearrangement,~ were 
observed. 
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The problem of the synthesis of triangulanes I is still 
unresolved. One possible approach to the synthesis of 
[8]-cyclotriangulane involves peripheral cyclopropana- 
tion of cyclooctene derivatives. 1-5 

This approach involves the following stages: (a) addi- 
tion of monobromoearbene to the cyelooctene double 
bond; (b) dehydrobromination accompanied by migra- 
tion of  the cyclopropene double bond to the endo posi- 
tion with respect to the eight-membered ring; and f'mally, 
either repetition of these two stages or (c) eyclo- 
propanation at the double bond. ! -3 

It is readily seen that the migration of the double 
bond to the methyleneeyclopropane position is the key 
idea of the overall process. In this ease, elimination of 
hydrohalide accompanied by the transfer of the reaction 
center allows one to avoid the synthesis of difficultly 
accessible precursors, such as l-halobieyclo[6.1.01nonane, 
whose eight-membered ring contains the functional group 
that is capable of being eliminated. 

When developing synthetic approaches to ring-substi- 
tuted and cyclic triangulanes, l - s  we came to the conclu- 
sion that dehydrohalogenation should be studied experi- 
mentally for a series of adducts of dichlorocarbene with 
cyclooctene and related cycloolefins containing an eight- 
membered ring. Actually, the addition of dichlorocarbene 
has been studied in substantially more detail than that of 
other halocarbenes. This reaction is preparatively conve- 
nient, and detailed universal procedures were developed 
for performing it. However, dehydrohalogenation of 
dichiorocyclopropanes is poorly studied. It is known that 
under conditions of dehydrohalogenation (a strong base 
in a polar solvent) the latter compounds initially form 
highly reactive cyelopropenes, which often add nucleo- 
philes under the reaction conditions 6-8 or appear to be 
unstable and undergo further conversions, namely, exo 

isomedzation of the cyclopropene double bond 9,1~ or 
rearrangements. 10-13 

It is known l~ that dehydrochlorination of  9,9-di- 
chlorobieyclo[6.1.0]nonane under the action of  potas- 
sium tert-butoxide in dimethyl sulfoxide affords bi- 
cycle[6.1.01nona- 1,6-diene. We considered the results 
of this reaction, which seem to be very interesting. F'trst, 
the reaction proceeds wRh retention of the small ring. 
Second, the reaction is accompanied by long-distance 
migrations of  multiple bonds rather than simple 
13-elimination. To put it differently, this reaction is 
accompanied by the pronounced transfer of the reaction 
centers. Finally, this reaction affords the diene struc- 
ture, which is promising in synthesis; in particular, it is 
suitable for the synthesis of ring-substituted triangula- 
nes.4J 

The aforesaid gave impetus to an investigation of 
dehydrohalngenation of three isomeric tricyclic dichloro- 
eyclopropanes, viz,, 5,5-diehlorotrieyelo[7.1.0.04,6ldecane 
(1), 3,3-dichlorotricyelo[7.1.0.02'4ldecane (2), and 
2,2-diehlorotricyelo[7.1.0.0t,3ldecane (3), which are 
cyclopropanated analogs of  9,9-dichlorobicyclo- 
[6.1.0]nonane. Our objective was to elucidate whether 
dehydrochlorination of dichlorides 1--3 can afford 
endoeylcic olefms or dienes, which can serve as staging 
compounds for preparing ring-substituted triangulanes. 

The initial dichlorocyclopropanes 1 and 2 were pre- 
pared according to two procedures based on [l+2]- 
cycloaddition of carbenes to cyclooctadienes 4 and 5 
(Scheme 1). 

According to the first procedure, the starting dienes 
were initially cyclopropanated with diazomethane in the 
presence of Pd(OAc) 2 Is,,6 (stage a) and then olefins 6 
and 7 were introduced into the reaction (stage b) with 
dichlorocarbene (phase-transfer synthesis with the use 
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Scheme 1 

L(CH2)m/! "~(CH2)m_ ~ -CI 
y 4.5 ' ~  ~ 1,2 

CH2)m/ Ci " L ( C H z l m /  

8,9 6 ,7  

1 ,4 ,6 ,8 :  n = m  = 2 
2,5,7,  9"n =O,m = 4  

Reageats: a, CHIN2/Pd(OAc)2; 
b, CHCI3/NaOH(s)/Et3N+BnCi-; c, Li/ButOH. 

of solid NaOH) to obtain target dichlorides I and 2 as 
mixtures of c/s and trans isomers in yields higher than 
60%. However, although direct cyelopropanation of 
dienes 4 and 5 afforded olefins 6 and 7, their actual 
yields at this stage were low (40%) due to formation of 
mixtures of  the initial diene and mono- and bisadduets, 
which were difficult to separate. We demonstrated that 
reduction of dichlorides 8 and 9, which were formed as 
a result of addition of  diehlorocarbenr (stage b) to the 
initial dienes, t7 with lithium in ButOH Is readily 
yielded olefins 6 and 7, owing to which the three-stage 
procedure for the preparation of dichlorides 1 and 2 
(b ~ e ~ b) appeared to be preferable to the two-stage 
procedure (a --4 b, see Scheme I). 

The initial 2,2-diehlorotricyclo[7.1.0.0],J]decane (3) 
was prepared in 82% yield by dichlorocyclopropanation 
of bicyclo[6.1.01non- l-ene (10). 19 

, CHCI:v~IaOH(s)/Eta N+BnCI- . ~ :  

10 3 

The structures of polycyclic dichlorides 2 and 3 were 
established by NMR spectroscopy and GLC-mass spec- 
trometry (see Experimental). The values of the spin-spin 
coupling constants of the methine protons (JH(1)rl(2) = 

4 , 9  Hz) are indicative of the anti arrangement of  two 
small rings in molecule 2. 

Dehydrohalogenation of dichloroeyciopropanes 1--3 
was carried out under the action of potassium tert- 
butoxide in DMSO under the standard conditions at 
20 ~ 

The reaction of dichloride I with ButOK under these 
conditions afforded diene 11, 5 which was unstable at 
room temperature. The latter was isolated by flash distil- 
lation in 45% yield. Compound 11 remained unchanged 
for some time at -30 ~ as a solution in pentane. 

Thermolysis of diene 11 at ~100 *C led to migration of 
the methyleneeyclopropane multiple bond to form ther- 
modynamically more stable diene 12 containing the 
exo-oriented cyelopropane fragments. 20 

<•CI ,Buk~K -~ 
CI DMSO 

1 11 

A 

12 

Dehydrohalngenation of dichloride 2 proceeded dif- 
ferently. Under the action of potassium tert-butoxide in 
DMSO at 15 *C, compound 2 gave only one reaction 
product, viz., ehlorocyclopropene 13 (Scheme 2). Com- 
pound 13 was rather stable and remained unchanged 
upon storage at least for 3 days. However, when heated 
(above 100 *C), chlorocyelopropene 13 underwent com- 
plete isomerization accompanied by opening of  the 
eyclopropene ring to form chlorodiene 14. 

Scheme 2 
I 0  
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C| 
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The structures of cyclopropene 13 and chlorodiene 
14 were completety confirmed by ' H  NMR spectra 
obtained with the use of the double resonance and 2D 
[H--IH COSY correlation techniques as well as by 
13C NMR spectra. The mass spectra of chlorides 13 and 
14 have signals at m/z 170 and 168 (IM! +) and at m/z 
133 (IM - Cil+), which confirm the molecular formulas 
of these compounds. 

The IH and 13C NMR spectra of  compound 13 have 
characteristic high-field signals corresponding to the 
cyctopropane fragment. The values of the constants JHH 
and IJcH for these signals are typical of these systems, zl 
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The t3C N M R  spectrum of  molecule 13 is indicative 
o f  the presence o f  an unsaturated three-membered ring. 
The tertiary carbon atoms of  the multiple bond of  this 
ring have chemical shills typical of  cyclopropenes.Zz The 
methine C atom of  the cyclopropene fragment is char- 
acterized by the high value of  tJcH (172 Hz). The 
noticeable downfield shiR of  this signal (8 27.9) com- 
pared to that o f  cyciopropene is caused by the effect of  
the substituent (CI). The absence o f  spin-spin coupling 
o f  the H(I)  proton with other protons, except for those 
which also belong to the cyclopropane ring, and the 
presence of  spin-spin coupling between the H(4) proton 
and the protons o f  the methylene group C(5)H 2 unam- 
biguously reveal the position o f  the multiple bond. 

The structure o f  chloride 13 is additionally con- 
firmed by diene synthesis with diphenylisobenzofuran to 
form adduct 15 in quantitative yield (see Scheme 2). 

The structure of  this adduet was unambiguously es- 
tablished by N M R  spectroscopy. In the N M R  spectrum 
of  adduct 15 in CDCI3, it was difficult to assign signals 
for the protons o f  the eight-membered ring due to their 
substantial overlapping, while these signals appeared to 
be rather well resolved when C6D 6 was used. The IH 
and I ~  N M R  spectra are indicative of  the retention of  
the eight-membered and saturated thre~-membered tings 
in the product o f  the diene synthesis. It should be noted 
that the signals for the protons o f  the small ring o f  
product 15 are observed at higher field (at 8 0.1---0.7 in 
CDCI3 and at 8 0.2--0.4 in C6D 6) compared to those of  
compound 13 and the methine proton of  the chlorine- 
substituted eyelopropane fragment is subjected to sub- 
stantial (0.95 ppm in C6D6) deshielding. 

The structure o f  compound 14, which is a product of 
opening of  the cyclopropene fragment of  chloride 13 to 
form a conjugated diene system, was also established 
based on the tH and t3C N M R  spectra. The values of  
the constants J88  allow one to judge the position o f  the 
CI atom in the molecule (see Experimental). 

Finally, we studied dehydrohalogenation of  2,2-di- 
chlorotricyclo[7.1.0.01,31deeane (3). This substrate is of  
paxtieular interest because it has the structure of  ring- 
substituted triangulane. Treatment of  dichloride 3 with 
potassium tert-butoxide in DMSO at 15 ~ afforded 
trieyclo[7.1.0.0t,31deca-4,6-diene (16) as the major re- 
action product. 

3 16 

it is worthy of  note that this diene was formed as a 
result of  repeated (no less than eight times!) migrations 
o f  double bonds. However, in spite of  the presence of 
the spirocyclopropane fragment, the reaction was not 
accompanied by skeletal rearrangements. 

Diene 16 was isolated by preparative gas chromatog- 
raphy. Its structure was established by N M R  spectro- 
scopy with the use of  the double heteronuclear reso- 
nance and 2D correlation I H - - I H  COSY techniques. 
Two multiple bonds in the molecule form the conju- 
gated 1,3-diene system. The obse~ed  spin-spin coupling 
constants o f  the terminal protons o f  the diene fragment 
are indicative of  its conjugation with one eyclopropane 
ring. The IH and t3C N M R  spectra of  the spiropentane 
fragment, which gives signals at the highest field, can be 
rather readily interpreted. In this ease, the signal for the 
tertiary carbon atom (8 17.56) confu'ms the presence of  
a spiro-atom in the molecule. The mass spectrum has 
the major peak at m/z  132 ([M]+), which corresponds to 
the molecular formula Ct0Ht2. 

In conclusion, note that dehydrohalogenation of  
eight-membered gem-dichloroeyclopropaues 1--3 under 
the action of  potassium tert-butoxide in DMSO was not 
accompanied by skeletal rearrangements and, depending 
on the structure o f  the dichlorides, led to rather long- 
distance migrations of  the multiple bonds that formed. 
This makes it possible to prepare interesting syntheti- 
cally promising diene structures, which are difficultly 
accessible with the use o f  other synthetic procedures. 

Exl~etimental 

The IH and 13C NMR spectra were recorded on a Varian 
VXR-400 instrument (400 and 100 MHz, respectively). The 
mass spectra were obtained on Vadan MAT-311A and MX- 
1321A instruments. The GLC analysis was carried out on a 
Chrom-5 chromatograph (flame ionization detector, 
3000• column, 15% SE-30 on Chmmaton N-AW, ni- 
trogen as the carrier gas, 60 mL min-t). Preparative gas chro- 
matography was performed on a PAKhV-08 instrument 
(katharometer as the detector, 5600x5-mm column, 10% 
SE-30 on Chromaton N-AW, helium as the carrier gas, 
180 mL rain-l) The initial olefins, v/z., bicyclo[6.1.0]non- 
4-ene (6), ts bicyclo[6.1.0]non-2-ene (7), t~ and bicy- 
clo[6.1.0]non-l-ene (1O), 19 were prepared according to pro- 
cedures reported previously. Dimethyl suffoxide was dried 
according to a known procedure. 13 

Dichlorocydopropanation (general procedure). Finely dis- 
persed NaOH (11.8 g, 0.3 tool) was added portionwise with 
intense stirring to a mixture of cycloaikene (4--7 or 10) 
(0.01 moll CHCI 3 (7.8 mL, 0.01 moll  and Et3N+BnCI - 
(0.3 g) in hexane (60 mL) at 5--10 "C. The reaction mixtut~ 
was stirred at 10 ~ for 1 h and then at 20 ~ for 1 h. Ice 
water (100 mL) was added and the mixture was extracted with 
hexane or  chlorofocm. The ot~anic.solutions-were dr;,ed with 
MgSO 4, the solvent was distilled off, and the residue was 
distilled /n vacuo. The physicochemicai constants of dichlo- 
rides 8 IT and 9 17 and also dichloride 1 14 (a 3 : I mixture of 
isomers) correspond to the published data. 

3,3-Dichlorotricylco[7.1.0.0z,(]decane (2) was prepared 
from oicfin 7 in 63.4% yield, b.p. 104--i06 ~ (2 Torr). 
IH NMR (CDCI3), 8:0.10 (ddd, 1 H, aati-H(tO)a, 2j = 
4.5 Hz, 3j = 4.3 and 4.6 Hz); 0.62 (m, l H, H(7)a); 0.65 (m, 
1 H. I H(9)); 0.84 (m, l H, H(I)); 0.97 (ddd, I H, syn- 
H(10)b, 2J--  45 Hz, 3 j =  83 and 8.5 Hz), I.II (m, I H, 
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H(5)a); 1.19 (m, I H, H(8),); 1.21 (m, I H, H(6)a); 1.35 (dd, 
I H, H(2), 3J = 10.2 and 4.9 Hz); 1.48 (ddd, I H, H(4), 
3/~ 2.7, I0.2, and 10.9 Hz); 1.84 (m, I H, H(8)b); 1.89 {m, 
I H, H(6)b); 2.14 (ddd, I H, H(5)b, 2j = 13.9 Hz, 3-/= 2.7 
and 8.5 Hz); 2.20 (dd, I H, H(7) b, 2-/= 12.5 Hz, 3j= 
8.0 Hz). J3C NMR (CDCI3), 6:10.90 (C(9), J = 164 Hz); 
14.19 (COO), -/"~ 160 Hz); 18.20 (C(1), J = 160 Hz); 25.08 
(C(5), J = 130 Hz); 27.93 (C(6), -/'= 128 Hz); 29.37 (C(7), 
-/I= 126 Hz); 29.53 (C(8), J = 126 Hz); 32.16 (C(2), J = 
166 Hz); 35_54 (C(4), J = 166 Hz); 67.06 (C(311. MS, m/z 
(1~ (%)): 204* [M] + (0.5), 169 [M - Cll + (0.5), 134 [M - 
2 CI] + (1), 113 (15), 97 (100), 83 (14), 67 (21), 57 (68), 
41 (807. 

2,2-Dtchlarobt~clo[7.1.0.0t-Sldeeane (3) was prepared 
from olefin 10 in 82% yield, b.p. 84--89 ~ (2 Tort). IH NMR 
(CDCl3), 6:0.90--1.10 (m, 2 H, H(I0) a, H(I0.)b); 1.11--1.25 
(m, 3 H); 1.30--2.00 (m, 8 H); 2.02--2.10 (m, 1 H, H(10)b). 
13C NMR (CDCl3), 6 :8 .32  (C(10)); 16.24 (CH2); 20.44 
(C(9)); 25.40 (CH2); 26.22 (CH2); 28.60 (C(3)); 29.06 (CH2); 
29.37 (CH2); 32.93 (C(I)); 62.33 (C(2)). Found (~): C, 58.88; 
H, 6.80; CI, 33.86. Ct0HIrC! 2. Calculated (96): C, 58.82; 
H, 6.68; Ci, 34.31. 

Dehydrod~rinattea of dichlerldes 1--3. A solution of 
dichiorocyelopropane (8 retool) in anhydrous DMSO (7 mL) 
was added dropwise to an intensively stirred solution of potas- 
sium tert-butoxide (24 retool) in anhydrous DMSO (20 mL) 
under an argon atmosphere upon cooling (bath, 10 ~ The 
reaction mixture was stirred for 5 h and then hexane (50 mL) 
and ice water (20 mL) were added. The organic layer was 
washed three times with water and dried with MsSO 4. Then 
the solvent was removed. 

Tricyclo[7.1.0.04,~ldeca-l,7-dieae (11) was prepared from 
compound 1 and isolated by flash distillation in vacuo (10 - 2 -  
10 -3 Tort) in 40% yield. The IH and 13C NMR spectra 
correspond to the published data. s 

3-Chiomcydo[7.1.0.02,4lder (131 was prepared from 
dichloride 2 in 63.5% yield. Compound 13 was isolated by 
filtration of the reaction mixture through a silica gel layer 
(40/100 ~tm) with hexane as the eluent, tH NMR (CDCi3), 5: 
0.38 (ddd, 1 H, anti-H(lO) a, 3JH(9),H(10) o =" 5.3 Hz, 
JH(Ii),H(13) ----" 5.2 Hz, 3JH(I),H(I0) a = 5~2 Hz, 2fH(10)aH(10)b := 
4.5 Hz); 1.02 (ddd, 1 H, syn-H(10)b, Jtt(9) ttO0)b = 7.5 Hz,  
3-/HOl,H(10h, = 8.7 Hz); 1.14 (m, 1 H, H(911; 1.15--1.20 (m, 
2 H, 2 H(81); 1.18 (m, I H, H(6)a); 1.26 (m, I H, H(7)a); 
1.35 (m, I H, H(5),); 1.47 (m, 1 H, H(7Yo); 1.59 (ddd, 
~ H, H(5)b, 3JH(4),H(5)b = 2.0 Hz, 2JH($)a,H(5)b3 ~ 13.5 Hz, 
JHfSyo,H(6) a = 7.3 Hz); 1.87 (ddd, I H, H(1), JH(1),H(9) = 

3 7.9 Hz); 2.11 ( d d d d ,  l H, H(6)b, -/H{6)b,H(7h, = 3.8 Hz, 
2J8<rh, H(6)b = 13.6 Hz, 3-/H(6)b,H(7) a ~ 3.6 Hz, 3JH(Sh,,H~6~ b = 
3.7 Hz); 2.20 (dd, 1 H, H(4), JJH(4) ,H(5)a = 4.5 Hz). 
13C NMR (CDCI3), ~: 10.21 (C(I), J = 166 Hz); 12.21 
(C(IO')7J -- 163 Hz); 18.34 (C(8)r = 130-HZ); 18.63 (C(91~ 
J -- 164 Hz); 26.76 (J = 128 Hz), 28.96 (J -- 125 Hz), 29.02 
(J = 125 Hz) (C(5)--C(7)); 27.87 (C(4), J = 172 Hz); 
107.13 (C(3)); 115.86 (C(2)). MS, m/~. 170 and 168 [M] +, 133 
[M - Cq + 

Trieyclu[7.1.0.0t,31deca-4,6-diene (16) was prepared from 
dichloride 3 in 30% yield and isolated by preparative chroma- 
tography. SH NMR (CDCI3), 8:0.59 (dd, I H, anti-H(2) a, 
3JH(2)a.H(3) = 5.2 HZ, 2-/H(2)a,H(2h ~ = 3.6 HZ); 0.62 (dd, 1 H, 

anti-H(lO)a, 3JHtg).H00), = 4.6 Hz, 2JH(t0),.Htt0) ~ = 4.0 Hz); 
1.05 (dd, I H, syn-H(10)b , JH(9)H(10~ = 8.0 Hz); 1.21 (m, 
1 H, H(9)); 1.28 (dd, 1 H, syn-H(2)b, SJH(2)b,H(3} = 8.5 HZ); 
1.63 (m, i H, H(3)); 1.77 (ddd, I H, H(8)a, JJH(7) H(Sh -- 
7.9 Hz, 2JH(8),,H(S~ b = 12.3 Hz, 3JH(s) a H(9) = 7.8 Hz); 2.46 
(ddd, 1 H, H(8)b, 3JH(7),H(8)h. = 7.7 Hz, 3JH(8)b,H(9 ) = 
2.3 Hz); 5.54 (ddd, 1 H, H(7), JJH(6)H(71 = 11.2 Hz); 5.76 
(dd, I H, H(5), 3-/H(4) H(S) = ! 1.6 Hz,'3JH(5) H(6) = 4.4 Hz); 
5.82 (dd, 1 H, H(41, "3JHo ) H(41 "~ 4.0 Hz);' 5.96 (dd, 1 H, 
H(6)). 13C NMR (CsDr), /t: 13.33 (C(10)); 15.33 (C(2)); 
17.56 (C(I)); 17.85 (C(9)); 18.44 (C(3)); 28.90 (C(8)); 125.23 
(C(6)); 127.21 (C(5)); 129.64 (C(7)), 131.45 (C(4)). 

Tricyclo[7.L0.04,6]deca-2,74ieae (121. Heating of  diene 
11 (0.01 g) in a tube at 100 *C for ! h afforded a hydrocarbon 
in quantitative yield (GLC data) which was characterized by a 
different retention time. The spectral parameters of  the result- 
ing compound coincide with the published data. 2e A sample of 
diene 12 was prepared by independent synthesis, viz., by 
cyelopropanation of cyelooetatetraenr 20 

3-Chlorobleyr (141. Heating of 
chloride 13 at 100 *C for 1 h afforded diene 14 in quantitative 
yield. IH NMR (CDCI3), 6 :0 .10 (ddd, l H, ant/-H(10)a, 
3/H(l).H(t0h = 5.0 Hz, 3JH(9),n(10h t ,,= 5.0 Hz, 2/H(10},,H(tO) b = 
4.8 Hz); 0.88 (m, I H, H(8),); 0.89 (m, I H, H(9)); 1.18 
(ddd, I H, anti-H(t0)b, 3JH(I) H(I0)~ = 8.2 Hz, 3JH(9).H(10) b = 
8.9 Hz); 1.42 (m, 1 H, H(7)ai; 1.5[ (m, I H, H(I)); 1.67 (m, 
I H, H(7)b); 1.99 (m, 1 H, H(8)b); 2.00 (m, I H, H(6)a); 
2.93 (m, 1 H, H(6) b, 2JHf6h H(6)b ~ 13.8 Hz); 5.43 (ddd, 
1 H, H(5), 3JH(4) H(5)= 11~7 Hz, 3-/H(S)H(6~ ' = 8.9 Hz, 
3J, o3,1,i(6 h = 9.0 Hz); 6.02 (dd, I H, H(4), 4"JHf4)H(6~, m 
1.6 Hz); 6.26 (d, I H, H(2), 3JH(I},H(2 ) ~- 2.3 Hz). 13~ N~IR 
(CDCI3),/~: 13.77 (C(10)); 16.20 (C(1)); 17.06 (C(9)); 24.55, 
25.38, 26.51 (C(6)--C(8)); 125.86 (C(4)); 127.67 (C(2)); 130.05 
(C(5)); 131.93 (C(3)). 

The adduct of chloride 13 with 1,3-dipheuytisobenzofuran 
(15). A mixture of chloride 13 (50 nag, 0.3 retool) in benzene 
(2 mL) and 1,3-diphenyliso~nzofuran (80 nag, 0.3 mmol) 
was placed in a sealed tube and kept in the dark at 20 *C for 
10 h. Then the solvent was evaporated. Crystalline adduct 15 
was obtained in quantitative yield, tH NMR (CrDr) , ~5": 0.23 
(m, 1 H, anti-H(lO) s, 3JH(9),H(I0)" =~ 4.8 Hz, 3/H(I) .H(I0)  a = 
5.0 Hz, 2JB(10),,H(10h = 5.0 Hz); 0.40 (m, 3 H, H(I), H(9), 
syn-H(10)b); 0.95 (m, I H, H(8)a); 1.O8 (m, I H, H(7)a); 1.29 
(m, 1 H, H(6),); 1.51 (m, I H, H(5)a); 1.66 (m, I H, H(7)b); 
1.78 (m, ! H, H(6)b, 2JH(6),,H(6)h ----- 13.8 HZ); 1.96 (dd, 
1 H, H(8) b, 3JH(7)b,a(sb ' ----7.~ HZ,'2JH(s)a,H(S~,, = 14.5 Hz); 
2.10 (ddd, 1 H, H(5)b,3JH(4),H(S)b = 3.5 HZ,"2JH(5)a.H(Sh~ -- 
14.6 Hz, 3-/8(5)b,Ht6h ' = 9.3 HZ); 3.12 (dd, I H, H(4), 
3J,(4),H(5 h = 11.9 Hz); 7.14--7.35 (rn, 9 H, Ar, Ph); 7.73-- 
7.98 (m, 5 H, At, Ph). J3C NMR (C6D6), 6:9.11 (COO)); 
12.84 (C(I)); 18.61 (C(9)); 27.00, 28.42, 29.37, 29.61 (C(5)-- 
C(81); 37.94 (C(2)'); 38.88 (C(4)); 66.7ff-(C(3));-9-0136 (CO); 
90.83 (CO); 122.88 (ARCH); 123.34 (ARCH); 126.08 (ARCH); 
126.44 (ARCH); 128.80, 128.90 (Cr, , Ph); 128.28, 128.47, 
128.58, 128.64 (Ph, CH); 134.60, 137.36 (C#,,o, Ph). 

This work was financially suppor ted  by the Russian 
Foundation for Basic Research (Project No. 98-03- 
32876a). 

* The numbering scheme of hydrogen atoms is identical with 
* For 35C1 isotopes, that in compound 13. 
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