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Synthesis and stereochemistry of new spiranes 
containing 2,5-cyclohexadiene and 

2,3,3a,6,7,7a-hexahydrobenzofuranone fragments 
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The reaction of 4-dihalomethyl-4-methyl-2,5-cyclohexadien-l-ones with (Me3Si)zNNa 
yielded spiro[(2,3,3a,6,7,7a-hexahydro-3,3-dihalo- 3a- methylbertzofuran-6-one)- 2,1 "-(4 ' - 
dihalomethyl-4'-methyl-2',5'-cyelohexadienes)]. The structures of the spiro compounds 
were established based on the data of tH and t3C NMR, UV, and IR spectroscopy and mass 
spectrometry. The mechanism and stereochemistry of the reaction are discussed. 
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It is known that sodium hexamethyldisilylamide re- 
acts with dihalomethanes to form halocarbene. ] -4  

CH2X 2 + (Me3Si)2NNa -~ C-HX + (Me3Si}2NH + NaX 

X 2 = CI 2, Br 2, CIBr 

We suggested that  if the reaction is carried out with 
the use of 4-d ihalomethyl -4-methyl -2 ,5-eyclohexadien-  
l -ones  1 or 2 instead of  dihalomethane,  the reagent 
would be expected to react with the dihalomethyl group 
of  cyc lohexadienone  to form a ha logen-conta in ing  
carbenoid particle followed by ring enlargement through 
insertion of  the carbene carbon atom into the adjacent 
C - - C  bond: 

X2HC Me X -P-. Me 

(MesSil2NN a ~------~~ 
O 0 

X = CI, Br 

X Me 

0 

However, contrary to the expectations, spiro com- 
pounds,  namely,  spiro[(2,3,3a,6,7,7a-hexahydro-3,3-di-  
ha lo -  3 a - m e t h y l b e n z o f u r a n - 6 - - o n e ) -  2, 1 " - ( 4 ' - d i h a l o -  
me thy l -4" -methy l -2 ' , 5  ' -cyclohexadienes)] 3 and 4, were 
isolated from the reaction mixture. 

X 2 H ~  e 

O 
1,2 

X = CI (1, 3), Br (2.4) 

(MesSi)zNNa = 

H 
5" 6 '  7 

X 2 H C ~  O M  X 5 

X Me 
3,4 

The da ta  on spiro c o m p o u n d s  c on t a in ing  the 
cyclohexadiene fragment reported in the literature within 
the last three decades are scarce. A number of  spirocyclo- 
hexadienedioxetanes were synthesized by the reaction of 
substituted exo-methytenecyelohexadienes with singlet 
oxygen. These spiroeyclohexadienedioxetanes were used 
as models for studying chemical conversions under the 
conditions of  "photochemistry without light", s Decompo-  
sition of  2-diazonium-N-alkylbenzani l ide  tetrafluoro- 
borates in the presence of  copper 6 or sodium iodides 7 as 
well as photolysis of 2-iodo-N-alkylbenzanilides s afforded 
dimers of spiroeyclohexadienyi radicals. Several spiro- 
cyclohexadienes (spirocyclohexadienylisoxazoline and 
spirocyclohexadienyloxazoline) are the structural flag- 
merits of biologically active compounds isolated from 
some species of  marine sponges. 9-13 Spirocyclohexa- 
diene, whose geminal unit contains the trichloromethyl 
group, was prepared by the reaction of stabilized arsenic 
ylide with the product of  condensation of  gem-trichloro- 
methyl-substituted cyclohexadienone with dimedone. 14 
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Results and Discussion 

The structures of  compounds 3 and 4 were estab- 
lished based on the iH and 13C NMR spectra, homo- 
nuclear double resonance, proton-decoupled 13C N M R  
spectra, IR and UV spectra, mass spectrometry, and the 
data of  elemental analysis. In the mass spectra of prod- 
ucts 3 and 4, the molecular ion peaks at m/z 380 and 
556 were observed, which corresponds to twice the 
molecular weights o f  the initial cyclohexadienones. The 
multiplicities of  the peaks were typical of  compounds 
containing four halogen atoms. 

Compounds 3 and 4 are characterized by a variety of  
possible conformations. Let us consider their stere- 
ochemical features. 

1. The exocyclic CHX 2 group and the CX2 fragment 
of  the tetrahydrofuran ring can have a mutual c/s or trans 
arrangement. 

2. The five-membered tetrahydrofuran ring and the 
six-membered cyclohexenone rings can be cL~ or trans 
fused. In the first case, the hydrogen atom and the Me 
group at positions 7a and 3a, respectively, adopt confor- 
mations intermediate between synperiplanar (sp) and 
synclinal (sc). In the second case, the conformation is 
intermediate between antiperiplanar (ap) and anticlinal 
(ac). Hereinal~er, we shall denote the cyclohexadiene, 
tetrahydrofuran, and cyclohexenone rings by A, B, and 
C, respectively. To denote stereoisomers with different 
mutual arrangements of  the CHX 2 and CX 2 groups, we 
shall add lower-case letters a (for c/s) or b (for trans) to 
the order numbers of  compounds. For stereoisomers in 
which the rings B and C are cis or trans fused, we shall 
add prefixes s (synpcriplanar or synclinal) or a (anti- 
periplanar or anticlinal). 

3. When the rings B and C are c/s fused, the O atoms 
of  the ether and carbonyl groups can be in a transoid or 
cisoid orientation with respect to each other depending 
on the mode of  puckering of  the benzofuranone frag- 
ment O(1)C(2)C(3)C(3a)C(4)C(5)C(6)C(7)C(Ta). The 
conformers with transoid and cisoid orientations of  O 
atoms will be denoted by the terminal indices t and c, 
respectively: 

2 H \ 7 ~ H  0 0 7 H 

~ - M e  / 4  ~Me 

3-t, 4-t 3-c, 4-c 

When the rings are trans fused, cisoid and transoid 
conIbrmers do not occur. 

4. The compounds have two chiral centers at the 
C(3a) and C(7a) atoms as well as the chiral axis. 

The IH and 13C N M R  spectra (the parameters of  
the spectra are given in Experimental) of compound 4 

show twice the number of all signals. For each pair of  
signals, the ratio of integrated intensities was 1.0 : 1.7, 
which apparently was associated with the presence of  
two isomers in the mixture (in the ratio of  1.0 : 1.7). 
We believe that the difference between these isomers is 
determined by a c/s or trans arrangement of  the exocy- 
clic CHBr  2 group and the CBr 2 fragment of  the tetrahy- 
drofuran ring (isomers 4a and 4b). 

s , 2  

c E 
Br2HC :J z T~- ~ ",,..~" 

Br Me 
4a (cis) 

H 7 0 
~2 Hc 5" 8" 0 ..~._~ 

Me I ~ l -- 
Br Me 

4b (trans) 

In the IH and 13C N M R  spectra of  both isomers, 
the multiplicities of the signals and the spin-spin cou- 
pling constants of  protons are identical, and the differ- 
ences in their chemical shilts are insignificant. There- 
fore, hereinafter we shall discuss the spectral parameters 
of  major isomer 4b only. The IH N M R  spectrum of 4b 
shows the presence of  six coupled olefin protons 
(3J'(HC_-_-CH)c ~ = 10.4 Hz). The downfield shil~ of  one of  
these protons, namely H(4), (~5 -7)  coupled with the 
doublet of  H(5) indicates that the molecule contains the 
conjugated H C = C H - - C = O  fragment ,  whereas the 
chemical shitis of  other protons, namely, H(2"), H(3 ' ) ,  
H(5 "), and H(6 ' )  (8 ~6), are consistent with the absence 
of  conjugation between the corresponding double bonds 
and the carbonyl group. This is also confirmed by the 
13C N M R  spectrum in which one low-field signal of  
C(4) (8 149.4) and five signals of  C(2 ' ) ,  C(3"), C(5"), 
C(6"), and C(5) ( 8 - 1 2 8 - - 1 3 3 )  were observed. The 
chemical shiR of  the only C atom of the earbonyl group, 
namely C(6), (8 194.8) is consistent with the presence of  
one double bond conjugated with this atom, whereas for 
the initial 4-dibromomethyl-4-methyl-2 ,5-cyclohexa-  
dien- l -one 8(C=O) is 184.8. In addition to the signals 
of olefin protons, one dibromomethyl,  and two methyl 
groups, the IH N M R  spectrum has a quadruplet of the 
H(7a) proton (8 4.73) with the splitting of 2.8 Hz (in 
the 13C N M R  spectrum, the signal of  the C(7a) atom 
(8 78.0, 11c_ H = 158 Hz) corresponds to the last- 
mentioned quadruplet) and the AB system of two pro- 
tons 2 H(7) (8 2.89 and 2.57, JAB = 18 Hz). The 
homonuclear double resonance demonstrated that each 
line of  this AB system is additionally split into a doublet 
(3I = 2.8 Hz) on the H(7a) proton. The selective H(7a) 
proton decoupling is indicative of  the presence of the 
long-range spin-spin interaction with the H(4) proton 
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4j = (H(4)--H(7a) 2.8 Hz). In the 13C NMR spectrum, 
the signal of  the CH 2 group (8 37.9) with two different 
direct spin-spin 13C--IH coupling constants ( i j  = 122 
and 135 Hz) corresponds to two nonequivalent 2 H(7) 
protons. 

The tH N M R  spectrum of  the chlorine-containing 
product 3 is virtually identical to that described above 
except for the difference in the chemical shills deter- 
mined by the replacement  of  halogen. The 3a : 3b ratio 
was 1.0 : 4.6. 

In the 13C N M R  spectrum of compound 3, the 
substantial downfield shift of  the signal of the carbon 
atom of  the dihalomethyl  group (8(CHBr:) 53.6 and 
8(CHCI2) 78.3) and the downfield shift of the signal of  
the C(3) atom, which is directly bonded to the halogen 
atom, (6(C(3)Br2) 85.3 and 8(C(3)C12) 102.0) were ob- 
served. The chemical  shifts of  other signals changed 
insignificantly. 

Based on the analysis of  the NMR spectra, it was 
concluded that molecules 3 and 4 contain the conjugated 
H C = C H - - C = O  fragment. This conclusion was also con- 
firmed by the data of  [R and UV spectroscopy. The IR 
spectra of  compounds 3 and 4 show an intense band at 
1700 cm - I ,  which corresponds to the stretching vibra- 
tions of the carbonyl group. The parameters of the UV 
spectra indicate that the carbonyl group is conjugated with 
the double C = C  bond: kma x = 218 and 216 nm (e 14 000 
and 13 000 L tool - I  cm - I )  for X = CI and Br, respec- 
tively. For comparison, note that in the spectrum of  
cyclohexen-2-one containing the analogous fragment, 
kma x = 226 nm (r 10 400 L mol -I  cm- l ) .  15 

We suggest the following mechanism of formation of 
spiro compounds  3 and 4. First, the dihalomethyl group 
of  cyclohexadienones 1 and Z reacts with (Me:}Si)2NNa 
to form carbanion 5 (the methylene component) ,  which 
then adds at the carbonyl group of  nonconsumed initial 
dienone (Scheme 1). 

The O atom of anion 6 attacks the C atom (adjacent 
to the geminal unit) of  the C H = C H - - C = O  fragment to 
form enolate anion 7, which is converted to spirt) com- 
pounds 3 or 4. 

The data of  N M R  spectroscopy and LC-MS spec- 
trometry demonstrated that the yields of  both tetrachloro 
and tetrabromo derivatives of  spirocyclohexadienyl com- 
pounds 3b and 4b with a transoid orientation of the 
CHX 2 substituent (ring A) and the CX 2 group of the 
f ive-membered tetrahydrofuran ring (ring B) were sub- 
stantially higher (by factors of  1.7 and 4.6 for X = Br 
and CI, respectively) than the yields of  isomers 3a and 
4a with a cisoid arrangement of  these groups. 

With the aim of  elucidating the causes of  this selec- 
tivity, we carried out quantum-chemical  calculations of 
the geometry,  heats of formation,  and energies of the 
frontier orbitals of various stereoisomers of compounds 
3 and 4 by the semiempirical  PM3 method. The results 
of calculations are given in Table 1. 

It can be seen from the data in Table 1 that the 
calculated values of the bond lengths agree as a whole 
with the so-cal led typical bond lengths given in various 
handbooks. Taking into account that in individual cases, 
the bond lengths can deviate from the normal values, it 
is believed that the results of  calculations of  the geom- 
etries of the molecules under study by the PM3 method 
are in reasonably good agreement with their  real struc- 
tures. (However, note that the calculated values of the 
C- -Br  bond lengths are 0.03--0.06 A smaller than the 
typical values.) 

The calculated heats of formation (see Table I) allow 
conclusions that the compounds with the c/s fusion of the 
rings B and C (s structures) are more stable (by 7--9 
kcal tool - ] )  than the corresponding compounds with the 
trans fusion of these rings (a structures). The value of  ~ H  is 
virtually unaffected by the mutual arrangement of  the O 
atoms of the ether and carbonyl groups (-c or -t). 

Scheme 1 

M ~  Hx2 

0 
1,2 

+ (MezS~2NNa 

(9 Me CX 2 
I ~  NaQ + (Me3Si)2NH 

O 
5 

Me~ HX2 

O 
1 , 2  

X2C G) Me 

0 

Mff~AN~HX 2 Me C HXxM2 

@O~ CX 2 Na@ ~l~Me e 

O 
, , ,% 7 

Me CHX 2 

Hx~2---" 

Me OHX 2 

H ~ X ~ e  

3 , 4  
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The energies of  HOMO for all 12 molecules listed in 
Table 1 are nearly identical. The energies of LUMO of the 
bromine-containing molecules are substantially lower than 
those of the chlorine-containing molecules. However, both 
the energies of LUMO and HOMO change only slightly 
within the series of chlorine- or bromine-containing com- 
pounds. (Note that HOMO of the molecules under study is 
localized mainly on the n orbitals of  the double bonds of 
the ring A, whereas LUMO is an antibonding ~ orbital of 
the carbonyi group of  the ring C.) 

Therefore, the results of  calculations leave unex- 
plained the fact that in the reaction under study, prod- 
ucts 3b and 4b predominated over isomeric compounds 
3a and 4a. This predominance cannot be determined by 
the properties of  these products. Therefore, the causes 
should be looked for in the kinetic preference of forma- 
tion of  isomers 3b and 41). According to the mechanism 
of  the reaction discussed above the attack of earbanion 5 
at the initial substrates, namely,  at gem-dihalomethyl- 
substituted cyclohexadienones ! or 2, is a key stage of  
the process, which determines the stereochemistry of  
the final product.  The characteristic feature of  these 
substrates is their  axial prochirality. These compounds 
belong to compounds  of  the axial enantiotopie type 
because when the nucleophile A -  attacks the carbonyl 
group from above and below with respect to the plane of  
the molecu le ,  d i a s t e r eomer i c  adducts  are formed 
(Scheme 2). 

Scheme 2 

A -  

A -  w 

O- 

According to the C r a m - - P r e l o g ' s  rules 16,17 (deduced 
for compounds  with the central chirality), the attack of  
methylene component  5 on the C atom of the carbonyl 
group should occur from the sterically less hindered side 
(in Scheme 2, from above). This is particularly true in 
the case of  the reaction under consideration because the 
nucleophile (carbanion 5) is very bulky. Therefore, the 
product with a transoid orientation of the CHX 2 and 
CX2 groups is favorable. When the attack at the carban- 
ion occurs from the side on which the less bulky (com- 
pared to the CHX 2 group) Me group is located, the 
above-ment ioned product  is actually formed. As a re- 
suit, tetrahedral  addi t ion product  6 forms. When the 
reaction proceeds according to this mechanism, the 
rings B and C of the products should be cis fused. This 
conclusion was confirmed by a comparison of  the calcu- 

lated torsion angles with the data  of  IH N M R  spectro- 
scopy. The  H ( 7 a ) - - C ( 7 a ) - - C ( 7 ) - - H ( 7 )  (ct) and 
H ( 7 a ) - - C ( 7 a ) - - C ( 7 ) - - H ( 7 ' )  (13) torsion angles calcu- 
lated by the PM3 method are given in Table 1. Here, 
the H(7) symbol denotes the proton, which is located 
between the O atom of the e ther  group (O~th) and H(7a) 
in the Newman projection of  the ethane fragment 
[C(7a)--C(7)] .  The H(7 ' )  symbol denotes the second 
proton at the C(7) atom. As can be seen from Table 1, 
when the rings B and C are tram fused (compounds 
a-3a,b and a-4a,b),  the angles r and 13 are substantially 
different (62 ~ and 179~ which is inconsistent with the 
measured values of the spin-spin coupling constants 
3.]'H(7)_H(Ta) ~ 3fH(7.)_H(7a ) m 2.8 Hz. The close values 
of  these spin-spin coupling constants count in favor of  
c/s fusion (el  Refs. 18 and 19) with a cisoid mutual 
arrangement of  the O atoms of  the ether and carbonyl 
groups because only in this case are the calculated 
values of the torsion angles rather close (ct = 73 ~ and 
13 = 43 ~ when X = Cl; and ct = 70 ~ and 13 = 46 ~ when 
X = Br). In the case o f a  transoid arrangement of  two O 
atoms, tx -- 50 ~ and 13 = 166 ~ (when X = Cl) and ct -- 
44 ~ and 13 = 160 ~ (when X = Br) (see Table 1), which 
is inconsistent with the data of  N M R  spectroscopy. 
Therefore, it is believed that the reaction under study 
gave compounds s-3b-c and s-db-c as major products 
(attack at the carbonyl group from the sterically less 
hindered side) and compounds  s-3a-c and s-4a-c 
as minor products (attack at the C = O  group from the 
sterically more hindered side). 

Using the tetrabromo-subst i tuted derivatives as an 
example, we calculated the geometric  and energy pa- 
rameters of  alkoxide ions 6 (X = Br), which are precur- 
sors of spiro compounds 4. Let us denote the calculated 
structures by 7a, Ta, and 7e. Structure 7a is formed as a 
result of  attack of the carbanion on the C = O  group of  
the initial molecule from the sterically hindered side of  
the enantiotopic surface. Structures 71) and 7e corre- 
spond to more probable at tack from the stericaUy less 
hindered side (see Scheme 2). The results of  calcula- 
tions are given in Table 2. 

Although in anions 7a and 7'0, the distances between 
the negatively charged O atom and the C(3) atom 
(2.68 A) are shorter than the corresponding distance in 
anion 7e (2.80 A), the O - - - C ( 3 ) - - C ( 4 )  angle in the first 
two compounds (152 ~ is substantially larger than in 7c 
(107~ Therefore, it is unknown whether conformation 
71) or 7e is favorable for the most rapid closure of  the 
f ive-membered ring. Apparently,  the angle of  the attack 
plays a more important role because x systems most 
readily react when the second reagent approaches per- 
pendicular  to the plane o f  the molecule.  Then,  confor- 
mation 7c is the most favorable for the closure of  the 
f ive-membered ring. 

The attack on the C(3) a tom is more probable than 
the attack on the C(7) atom because the C(7) atom is 
located at a substantially larger distance from the nega- 
tively charged O atom (see Table 2). When attack oc- 
curs on the C(3) atom, anion 7c may give spiro corn- 
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H H Br Br 

10\\ \~13 

7~ 

6r 

H H 

Br H 

0 

Br 

H 7e 

pounds s-4b-c or s-4b-t. Their molecules contain two 
chiral centers in which the C(3a) and C(7a) atoms have 
the R and S configurations, respectively. However, in 
these cases, one should not expect the asymmetric syn- 
thesis because the C(3) and C(7) atoms change places 
due to free rotat ion about  the C(1)- -C(2)  and 
C(I)- -C(8)  bonds in the anion, and the C(7) atom 
instead of  the C(3) atom could become the center of 
attack, which would lead to spirane with the S configu- 
ration of  the C(3a) atom and the R configuration of  the 
C(7a) atom, Le., to the mirror imagination of  spirane 
formed upon attack on the C(3) atom. 

The occurrence of  conformers with a cisoid orienta- 
tion of  the O atoms of  the ether and carbonyl fragments 
is attributable to the fact that in the transoid conforma- 
tion, the H(7) and H(2") atoms are brought very close 
together compared to the cisoid isomer. The results of 
calculations of  the geometries of  molecules s-4b-c and 
s-4b-t by the PM3 method are discussed below. It 
follows from these results that the H(7) - -H(2 ' )  distance 
in conformer -t is only slightly larger than the sum of 
the van der Waals radii. 

We determined the conformations of  the rings in the 
spiro compounds by calculating the puckering param- 
eters and the conformational space formed by the puck- 
ering parameters using the known procedure. 2~ The 
calculations were carried out using the RICON pro- 
gram, zz which allows the qualitative and quantitative 
description of  conformations of  small and medium-sized 

8r 

~'O H(2)" 
B r ~ ,  ~a' H(7) 

5 

s-4b-c 

H(7)...H(2') -- 4.41 ,~. 
Oeth..,H(7) -- 2.54 ,~ 
O=~h...H(2" ) -- 2.67 A 

Br ~ r ~ ~ { 2 ' )  

".. I;; / 
[ 'c  '/ 

4 ~ ~ 5 " ~ - - ~ ~  0 

s-4b-t 

H(7)...H(2") -- 2.28 A 
O=,...H(7) -- 2.61 A 
O=h...H(2" ) -- 2.71 

rings based on atomic coordinates (obtained in this work 
by calculations of the geometries of  the molecules by the 
PM3 method). The conformations of  the rings were 
obtained as superimpositions of  the particular basis con- 
formations (chair, boat, twist-boat, envelope, etc.). 

The results demonstrated that the conformations of 
the rings are virtually independent of  whether a mol- 
ecule contains CI or Br atoms and whether the CHX2 
and CX 2 groups are in cLs or trans orientations, but they 
are substantially affected by the mode of  ring fusion. 

When rings B and C are trans fused, ring A adopts a 
conformation intermediate between a boat and a half- 
chair (the contribution of  the boat conformation varies 
from 75 to 86% depending on the compound),  ring B 
adopts a distorted twist conformation (the contribution 
of  the basis twist conformation is 84--86%), and ring C 
has a conformation intermediate between an envelope 
and a twist-boat (the contributions of  envelope, boat, 
and twist-boat conformations are 50--52%, 28--31%, 
and 16--20%, respectively). When  rings B and C are cis 
fused, ring A adopts a conformation intermediate be- 
tween a half-chair and an envelope (the contribution of 
the chair conformation is 50--55%), ring B adopts a 
conformation intermediate between an envelope and a 
twist conformation (the contributions of  envelope and 
twist conformations are 50% and 50%, respectively), 
and ring C has a distorted envelope conformation (the 
contributions of  chair, boat, and twist-boat conforma- 
tions are 53%, 35--40%, and I0--12%, respectively). In 
all cases, the conformation of  the nine-membered 
O(I)C(2)C(3)C(3a)C(4)C(5)C(6)C(7)C(7a) bicyclic sys- 
tem is a combination of more than three basis confor- 
mations. In the case of trans fusion, D3 and twist-chair 
conformations make the major contributions (-40% and 
~35%, respectively). In the case of  c/s fusion, twist- 
chair--chair and boat--boat conformations make the 
major contribution (-30% and -25%, respectively). The 
contributions of  twist-boat--boat, D3, and chair--chair 
conformations are - l 5 %. 
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Experimental 

Calculations of the geometric and energy parameters of the 
molecules and ions were carried out by the semiempirieal PM3 
method using the HYPERCHEM RELEASE4 program package. 

The conformations of the rings were classified using the 
RICON program developed by A. Zotov (Department of Chem- 
istry of the M. V. Lomonosov Moscow State University). 

The IH and 13C N M R  spectra were recorded on a Varian 
VXR-400 spectrometer in CDCI 3 at 30 *C with SiMe 4 as the 
internal standard. The IR spectra were recorded on a UR-20 
instrument in CCI 4. The UV spectra were measured on a Cary- 
219 spectrophotometer in ethanol. Chromatography-mass spec- 
tra were obtained on a MS-1303 spectrometer. 

4- Dichloromethyl-4-methyl-2,5-cyclohexadlen- l-one (1) 
was prepared according to the known procedure, z3 

4 - Dlbremomethyt-4-methyl-2,5 -cyctohexadien- 1 -one (2) 
was synthesized under the conditions of  phase transfer catalysis 
according to the procedure reported previously. 7A 

Synthesis of spiro compounds (general procedure). Pen- 
Lane (3 mL) was added with intense stirring to a 1.0- 10 -3 M 
solution of compound 1 or "1 in benzene (0.5 mL) under an 
atmosphere of argon at 0 ~ A suspension of (Me3Si)2NNa 
(2.0' 10 -3 mol L -I)  in a mixture of solvents (0.5 mL of 
benzene + 1 mL of pentane) was added to the thin suspension 
formed. ARer completion of  addition of (Me3Si)z)NNa, the 
yellowish reaction mixture was immediately decomposed with 
water (2 mL). The solvent was distilled off. The pale-brown 
wet mass was twice extracted with ether. The organic extracts 
were washed with water and dried over MgSO 4. The solvent 
was evaporated. 

Spiro[ (3,3-dichloro-2,3,3a, 6,7,7a-hexahydro-3a-methyl- 
benzofuran- 6-one)- 2,1"- (4"-dichioromethyl-4'- methyl-2",5"- 
eyclobexatdiene)] (3). The product was obtained in a yield of 
0.07 8 (37%), m.p. 129--130 ~ (from an ether--pentane mix- 
ture). Found (%): C, 50.26; H, 4.30; CI, 37.28. Ct6Ht6CI40 ~. 
Calculated (%): C, 50.26; H, 4.18; CI, 37.17. [R, v/cm-~: 
1700 (C=O). UV, ),m~a/nm: 218 (e 14000). 

IH NMR of isomer 31), 8: 1.33, 1.48 (both s, 3 H, Me(3a), 
Me(4')); 2.56, 2.89 (the ABX system, 2 H(7), 2arAl I = 18.0 Hz, 
3.JH(7)_H(7a } = 2.8 HZ); 4.65 (q, H(7a), 3JJH(7a)_H(7).= 
4JH(ya)_l~(4 ) = 2.8 Hz); 5.56 (s, CHCI:0; [5.84, 5.96 (2 H, me 
AB system, 31A8 = 10.4 Hz); 6.16 (br.s, 2 H, the degenerate 
AB system) (H(2'),  H(3"), H(5"), H(6"))]; 6.12 (d, H(5), 
3JH(5)_H(~) = 10.4 Hz); 6.97 (dd, H(4), 3JH(4)_H(5)= 
10.4 Hz, JH(4)---H(7a) = 2.8 HZ). 13C NMR of isomer 3h, 8: 
19.t6, 24.30 (both q, Me(3a), Me(4'), IllH_13 c = 131 Hz); 
37.93 (dd, C(7), IJiH_Z~ C = 122 and 136 Hz); 44.45 (s, C(4")); 
53.09 (s, C(3a)); 78.34 (d, CHCI2, tJtH_13 c = 182 Hz); 78.82 
(d, C(7a), larlH_t3 C = 155 Hz); 83.09 (s, C(2)); 102.01 (s, 

t I C(3)); [128.37 (d, Jtbl-~3C = 168 Hz), 128.70 (d, JJH-t3c = 
166 Hz), 129.15 (d, IJiH_t3 r = 166 Hz), 132.31 (d, 
IJ1H_13 C = 163 Hz)I 133.02 (d, tJlH_13 C = 164 Hz) (C(2'), 
C(3'),  C(5"), C(6'),  C(5))]; 148.48 (d, C(4), 1JI[.i_13 C = 
163 Hz); 194.59 (s, C(6)). MS (50 eV), m/~. 380 [M] +. 

Spiro[3,3-dibromo-2,3,3a,6,7,7a-hexahydro-3a-methyl- 
benzofuran-6-one)-2,1"- (4"-dibromomethyl-4"-methyI-T,5"- 
cyclohexadlene)] (4). The product was obtained in a yield of 
0.17 g (60%), m.p. 126--132 *C (from an ether--pentane mix- 
ture). Found (%): C, 34.22; H, 2.78; Br, 57.27. Ct6HtsBr402. 
Calculated (%): C, 34.28; H, 2.85; Br, 57.t4. IK, v /cm- | :  1700 
(C=O). UV, Lmax/nm: 216 (e 13000). tH NMR ofisomer 41), 8: 
1.39, 1.55 (both s, 3 H, Me(3a), Me(4")); 2.56. 2.89 (the ABX 
system, 2 H(7), 2JAB = 18.0. 3JH(7)_H(7a ) = 2.8 Hz);  4.73 (q, 
H(7a), 3JH(7a)_H(7) = 4JH(7a)_H(4) = 2.8 HZ); 5.52(s, CHBr2); 
[5.84, 5.91 (2 H, the AB system, J ~  = 10.4 Hz); 6.13, 6.22 
(2 H, the AB system, 3JA~ = 10.4 Hz) (H(2'),  H(3"), H(5'), 
H(6"))]; 6.08 (d, H(5), 3t-'JH(5)_Ht4~ = 10.4 Hz); 7.05 (dd, hi(4), 

3./rt(4)._.H(5) = 10.4 Hz, 4JH(4)_H(7a ) = 2.8 Hz). 13C NMR of 
isomer 4b, 8: 21.96, 25.72 (both q, Me(3a), Me(4"), IJIrl_13 C = 
129 and 130 Hz); 37.93 (dd, C(7), IJIH_13 c = 122 and 
135 Hz); 43.80 (s, C(4")); 52.96 (s, C(3a)); 53.59 (d, CHBr 2, 
IJtH_13 c = 180 Hz); 77.99 (d, C(7a), Illrl_l ~ = 154 Hz); 
82.76 (s, C(2)); 85.33 (s, C(3)); [128.31 (d, tJiH_t3 c = 
167 Hz), 129.76 (d, IJxH_13 c = 166 Hz), t30.83 (d, 
IliK_t ~ = 167 Hz), 132.45 (d, LJIH_t3 c = 162 Hz), 133.48 
(d,~./iH_t3C = 164 Hz) (C(2"), C(3"), C(5'), C(6"), C(5))1; 
149.40 (d, C(4), iJiH_)3 c = 162 Hz); 194.79 (s, C(6)). MS 
(50 eV), m/~. 556 [MI +. 
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