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Three syntheses of trans-1,2-dimethylcyclopentane are described, viz., two syntheses of (1R,2R)-1,2-dimethyl-
cyclopentane (trans-12 = 20) and one of the racemic hydrocarbon. In the first synthesis (+)-pulegone was con-
verted into (3R)-2,3-dimethylcyclopentanone, whose semicarbazone on Wolff reduction afforded a mixture of
trans-12 and cis-1,2-dimethylcyclopentane (cis-12). Formation of cis-12 cannot be prevented because epimeriza-
tion occurs during Wolff reductions of semicarbazones of a-alky! ketones, In the second synthesis the title com-
pound (20) was prepared from resolved 4-cyclohexene-1,2-dicarboxylic acid. One of the steps in this route was the
LiAlH4 reduction of (1R,2R)-4-cyclohexene-1,2-dimethanol ditosylate. Use of N-methylmorpholine instead of THF
as a solvent saved labor and increased the yield considerably. 20 was found to have [a]p —51.5° (CHCls), in dis-
agreement with a literature value of ~35.2°. Racemic 2,3-dimethylcyclohexanone was used for the preparation of

racemic 1 (and 2) via 2,3-dimethylcyclopentanone.

Recently optically active trans-1,2-dimethylcyclopen-
tane has been discovered in a crude oil.! The specific
rotation found was 5.8° but a theoretical estimate made
many years ago in this department resulted in a much
higher value.? Therefore it became of interest to synthe-
size this substance. When we had completed the synthesis
from (+)-pulegone (Scheme I) we became aware of a
paper by Hill, et al.,3 which we had overlooked before. In
their work on the absolute configuration of the antibioti-
cum sarcomycin they also prepared trans-1,2-dimethylcy-
clopentane from (+)-pulegone, but by a route different
from ours. Taking absolute values, the angle of rotation
we found was 45% higher than the highest value reported
by Hill.3 Therefore it became of importance to follow a
second route to the same substance. The absolute configu-
rations of the compounds are depicted in the schemes.*

The route we chose was an obvious extension of a syn-
thesis used by Walborsky, et al.,® for the determination of
the absolute configuration of resolved 4-cyclohexene-1,2-
dicarboxylic acid (Scheme II). Both syntheses led to com-
pounds with nearly identical values of the angle of rota-
tion. Therefore it can be stated that the specific rotation

of optically pure (1R,2R)-1,2-dimethylcyclopentane is
[alb —51.5° (CHCly).

Dimethylcyclopentane from Pulegone (Scheme I).
Pulegone was hydrolyzed to give 3-methylcyclohexanone.
The 6 position in this ketone was blocked by condensation
with benzaldehyde, yielding «-benzylidene ketone.® Meth-
ylation of this compound gave a mixture of mono- and di-
methylated product, together with unreacted «-benzyli-
dene ketone. Oxidation of this mixture and decarboxyla-
tion of the acids obtained yielded a mixture of 3-methyl-
cyclopentanone, 2,3-dimethylcyclopentanone, and 2,2,3-
trimethylcyclopentanone. The ketones were separated by
distillation. The semicarbazone of 2,3-dimethylcyclopen-
tanone gave on Wolff reduction a mixture of optically ac-
tive and meso dimethylcyclopentane (83.3:16.7). Correct-
ed to chemical purity, trans-1,2-dimethylcyclopentane
showed [alp —51.2° (CHCl;). Hill® reported [a]p —35.2°
(CHCls). In the course of this investigation it became also
of interest to study possible epimerization during Wolff-
Kishner reductions. The results are described in the Ex-
perimental Section.

Dimethyleyelopentane from 4-Cyclohexene-1,2-dicar-
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We recommend N-methylmorpholine” as a solvent for
the preparation of low molecular weight hydrocarbons by
LiAlH4 reduction of sulfonic esters because the hydrocar-
bon is easily obtained pure and in high yield when the
reaction mixture is worked up by steam distillation.®

The resolution of 4-cyclohexene-1,2-dicarboxylic acid
was reinvestigated. It was found that the best results are
obtained when quinidine is used.

The angle of rotation of 3,4-dimethylcyclopentanone,
[alp —241° (CHCl;), appeared to be much higher in abso-
lute value than was recorded by Carnmalm,® [a]p —160°
(CHCIl3); in contrast the angle of rotation of the corre-
sponding semicarbazone was found to be in reasonable
agreement with his results.

We also tried to resolve racemic 3,4-dimethylcyclopen-
tanone with the Woodward reagent menthydrazide,'® but
our efforts were not rewarding.

CHQOTS

Experimental Section

Melting and boiling points are not corrected. Angles of rotation
were determined with a Bendix-NPL photoelectric polarimeter, or
with a Perkin-Elmer polarimeter (Model 141) at room tempera-
ture. Nmr spectra were recorded with a Jeol 100-MHz nmr spec-
trometer. The solutions used for the nmr measurements con-
tained 5-15% (by weight) of the solute. Nmr shifts are with re-

Kokke and Varkevisser

spect to TMS. Concentrations are given in grams of solute per 100
ml of solution. New compounds gave satisfactory elemental anal-
yses.

Pulegone (1) was isolated from pennyroyal oil (Dragoco,
Holzminden, West Germany) as the sodium bisulfite adduct,?
prepared at pH 7. After distillation over an efficient column it
had [a]p +23.8° (¢ 2.8, MeOH); [alp +24.1° (¢ 1.5, CHClg) [lit.
[alp + 22.8° (¢ 20, CHCl3);12 [o]p +31.6° (¢ 0.1, CHClg)].? This
latter value seems to be erroneous.

(3R)-3-Methylcyclohexanone (2), [xlp +8.60° (¢ 1.9, MeOH),
was prepared by hydrolysis of 1 in 656% yield.?® Nmr data of 2
(CDCl3) include a doublet at 6§ 1.02 ppm (J = 5.93 Hz, methyl
group).

(3R)-3-Methyl-6-benzylidenecyclohexanone (3) was prepared
by Wallach* by condensation of 2 with benzaldehyde in alcohol.
To prevent the formation of dibenzylidene ketone it is convenient
to use water instead of alcohol.’® A mixture of 2 (152 g), benzal-
dehyde (152 g), and 4% KOH solution (1520 g) was vigorously
boiled for 3 hr. After neutralization the unreacted ketone and al-
dehyde were removed by steam distillation. The yellow residue in
the steam flask crystallized on cooling in ice. The crude product
was distilled and the distillate was recrystallized from petroleum
ether to give 208 g (72.5%) of 3, mp 61.5-63.0° (lit.*¢ mp 62°), [a]p
-151.6° (¢ 0.45, MeOH), after recrystallization from THF-hex-
ane. Racemic 3, prepared in the same manner from racemic 2
(Fluka), had mp 38-41°, Nmr data of 3 (CDCl3) include a quartet
at & 7.48 ppm (J1 = 2.61 Hz, J; = 1.70 Hz, vinylic proton), a
multiplet at § 7.34 ppm (5 aromatic protons), and a doublet at &
1.00 ppm (J = 6.07 Hz, methyl group).

Methylation of 3. After various attempts on the basis of the
procedure of Johnson® for the methylation of 2-methyl-6-benzyli-
denecyclohexanone it was found that the following procedure gave
the highest yield of distillable reaction product. In a 2-l. flask,
provided with an efficient stirrer,’? potassium (23.0 g} was dis-
solved in tert-butyl alcohol (1.5 1., dried on sieves) under nitro-
gen. This solution was placed in an ice-salt mixture, and when it
was cooled to 22° a solution of 3 (100 g) in methyl iodide (213 g)
was added at once. The temperature then rose to 31-34°. When
the mixture was cooled to 25° the bath was removed and the solu-
tion was refluxed for 1.5 hr; then the solvent was removed with
suction and water and ether were added to the residue. Part of
the reaction product crystallized. These crystals had mp 101.0-
102.5°, [alp —70.5° (¢ 0.4, MeOH), after recrystallization from
hexane and ether. It was found to be (mass spectroscopy) almost
pure (3R)-2,2,3-trimethyl-6-benzylidenecyclohexanone (5), the
impurity being (3R)-2,3-dimethyl-6-benzylidenecyclohexancne
(4). The part of the reaction product which dissolved in ether was
worked up by distillation. Yield (distillate + crystals) 68 g. Mass
spectroscopy showed 5 to be the main product; there was more
starting material 3 in the mixture than monomethylated product
4, which was not surprising because Conia!8 has shown an «-alkyl
ketone to be more reactive in alkylation than a ketone without an
a-alkyl group. Nmr data of 5 (CDCly) include a multiplet at §
7.31 ppm (5 aromatic protons + 1 vinylic proton), complex multi-
plets at 6 2.45-3.13 ppm (2 protons) and at § 1.37-2.05 ppm (3
protons), singlets at 6 1.20 and 1.03 ppm (methyl groups), and a
doublet at§ 0.99 ppm (J = 6.52 Hz, methyl group).

Oxidation of the Methylatlon Products. The procedure of
Johnson? for the oxidation of cis-2-benzylidene-9-methyldecalone
was used. In our case the isolation of the products was simple be-
cause the methyl-substituted adipic acids 6, 7, and 8 are much
more soluble in water than benzoic acid, and most of the latter
could be removed by filtration. 3 (450 g) gave after methylation
and oxidation a mixture of 6, 7, and 8 (175.5 g, a dark brown oil).

A mixture of cyclopentanones 9, 10, and 11 (74.65 g) was pre-
pared by heating the crude mixture of dicarboxylic acids 6, 7, and
8 (175.5 g) with Ba(OH)2.2° The ketones were separated by distil-
lation, using a Nester-Faust spinning band column, to yield 9, 7.8
g, bp 106° (175 mm); 10, 3.6 g, bp 115-117° (175 mm); 11, 20.4 g,
bp 124-145° (175 mm).

(3R)-3-Methylcyclopentanone (9), bp 144-146°, [x]p +154.8°
(c 0.8, MeOH), was prepared by ozonization? of 1 to give (3R)-
3—methy1hexanedioic acid (6), decarboxylation?® with Ba(OH)2
and purification via the semicarbazone, mp 177.5-178.5° after re-
crystallization (three times) from alcohol, [a]D +44. 7° (c
0.82, CHClg) (lit.22 mp 185-186°). Corroborating Tétry’s result®
we found for the methylcyclopentanone fraction of the distillation
of the mixture of 9, 10, and 11 physical constants in agreement
with the data of this reference compound, prepared by ozoniza-
tion of 1 etc. Nmr data of 9 (CDCl;) include a doublet at 6 1.13
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ppm (J = 6.17 Hz, methyl group). Nmr data of 9 semicarbazone
(CF3COOH) include a doublet at § 1.25 ppm (J = 5.09 Hz, meth-
yl group).

(3R)-2,2,3-Trimethylcyclopentanone (11), bp 162-164°, [a]D
+79.6° (c 0.48, MeOH), which has not been described before, was
obtained by purification of the corresponding fraction of the dis-
tillation of the mixture of 9, 10, and 11 as the semicarbazone, [a]D
+24.1° (¢ 0.5, CHCIl3). This semicarbazone (recrystallized from
alcohol) turns yellow at 210°; on rapid heating mp 216-218° is
found. Nmr data of 11 (CDCl3) include singlets at § 0.81 and 1.00
ppm (methy!l groups) and a doublet at § 1.00 ppm (J = 6.45 Hz,
methyl group). Nmr data of 11 semicarbazone (CFsCOOH) in-
clude singlets at 6 1.46 and 1.26 ppm (methyl groups) and a dou-
blet at 6 1.10 ppm (J = 6.06 Hz, methyl group).

(2R)-1,1,2-Trimethylcyclopentane (13). Using the conditions
of Kohlrausch??® for the reduction of 3-methylcyclopentanone
semicarbazone, the semicarbazone of 11 gave 13 on Wolff reduc-
tion. We always isolated the reaction products of Wolff reductions
by steam distillation. The hydrocarbon layer of the distillate was
then shaken with an equal volume of concentrated HaSO4,
washed with water, dried on sodium, and distilled from sodium.
13 thus prepared was found to be contaminated with 2.32 mol %
of (—)-12 and 0.48 mol % of meso-12 (gle, SE-30 column), yield
66%. 13 was purified by preparative gle (OV-210 column). Pure 13
showed [a]p —7.74° (¢ 1.2, CHCl3). Nmr data of 13 (CDCl;) in-
clude two singlets at 6 0.72 and 0.94 ppm (methyl groups) and a
doublet at § 0.82 ppm (J = 6.30 Hz, methyl group).

. (1R,2R)-1,2-Dimethylcyclopentane {(—)-12]. The semicarba-
zone of 10, prepared from the corresponding fraction of the distil-
lation of 9, 10, and 11, after recrystallization from alcohol, had
[alp +94.1° (¢ 0.43, CHCl3), mp 200-202°; the crystals turn yellow
between 195 and 200°. The chemical purity of this semicarbazone
was not 100% because on reduction28 it gave (—)-12, contaminat-
ed with 16.3 mol % of meso-12, 1.52 mol % of 13, and 0.40 mol %
of methyleyclopentane (gle, SE-80 column) in 59% yield. This im-
pure (—)-12 showed [alp —41.9° (¢ 1.3, CHCl3). Corrected to
chemical purity (—)-12 had [oJp —51.2° (CHCl3) {lit.? {a]p —35.2°
(¢ 0.2, CHClg)].

Racemic trans-4-Cyclohexene-1,2-dicarboxylic Acid (Race-
mic 14). In a refrigerator at —15° an autoclave was filled with di-
ethyl fumarate (364 g, Merck) and butadiene {272 ml, excess).
The mixture was kept at 140~150° for 24 hr,2¢ yield 90% after dis-
tillation. This Diels~Alder adduct was saponified® to give racemic
14, mp 166.0-168.5° after recrystallization from water (lit.25 mp
172°).

Resolution of trans-4-Cyclohexene-1,2-dicarboxylic Acid
(14). Walborsky's procedure® for the resolution of 14 is cumber-
some, and that was for us an inducement to reinvestigate the res-
olution. Bases used were ephedrine, quinine,28 strychnine, brucine,
cinchonidine, cinchonine, and quinidine. The latter gave the best
results.

A. Preparation of the Quinidine Salt. In a 1-1. flask were re-
fluxed until homogeneous anhydrous quinidine (Brocades, The
Hague, The Netherlands, or Lamers & Indeman, Bois-le-Duc,
The Netherlands) (81 g), 14 (21.2 g) (2 mol of base to 1 mol of
acid), and alcohol (500 ml). In case the mixture was not homoge-
neous after 30 min, it was filtered. The alcohol was removed with
a rotatory evaporator, and to the residue were added water (500
ml) and alcohol (150 ml); on heating a clear solution was ob-
tained which was left to cool. Every time it became turbid, the
turbidity was removed by the addition of some alcohol (about 60
ml of alcohol was necessary). Seeding is recommended. After
standing for 2 days at room temperature the crystals were re-
moved by filtration and recrystallized. We used water (6.5 1.} and
alcohol (2.5 1) for the recrystallization of quinidine salt from 14
(292 g) and quinidine (1120 g), seeded the mixture and left it to
crystallize for 2 days, and obtained 486.25 g of salt.

B. Regeneration of the Quinidine Salt. Recrystallized quini-
dine salt (108 g) was stirred with CHClz (340 ml) and a solution
of NaOH (20 g) in water (120 ml) for 1.5 hr. Then the CHCl;
layer containing the alkaloid was separated from the alkaline
layer containing the sodium salt of (1R,2R)-14. The latter solu-
tion was acidified with concentrated HCl, and the dicarboxylic
acid was isolated by ether extraction. From quinidine salt (486.25
g from 292 g of racemic 14) was thus obtained (1R,2R)-14 (98.0 g,
67.1% of one antipode), [aJp —161° (¢ 0.5, absolute EtOH) [lit.5
[alp —161° (¢ 2.7, EtOH).

The mother liquor of the resolution of 14 (292 g) with anhy-
drous quinidine (1120 g) was evaporated to dryness to give an oil,
which was treated with NaOH solution and CHClj, etc., as indi-
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cated above to give optically impure (18,25)-14 (166.5 g), [«]p
+90° (c 0.5, absolute EtOH).

Quinidine can be recovered in high yield by evaporating its
CHCIl3 solution to dryness and recrystallizing the residue from
MeOH (~30 g of alkaloid to 11. of MeOH).

(1R,2R)-4-Cyclohexene-1,2-dimethanol (15) was prepared by
LiAlH, reduction of (1R,2R)-14 in THF in 94% yield.

(1R,2R)-4-Cyclohexene-1,2-dimethanol ditosylate (16) was
prepared from 15 with A.R. p-toluenesulfony! chloride in A.R.
pyridine, vield 84% after recrystallization from alcohol, mp 107-
108°, [alp —43.7° (¢ 1.1, CHCls),

(1R,2R)-1,2-Dimethyl-4-cyclohexene (17). A mixture of N-
methylmorpholine (Merck or EGA, 1630 ml) and LiAlH, (77 g)
was heated to 60°. Caution: this starting temperature is necessary
because 16 is not reduced at room temperature (possibly as a con-
sequence of the low solubility of 16 in cold N-methylmorpholine).
Then 16 (395 g) was added in few-gram portions at a time at such
a rate that the temperature was kept at <75°. Because the mix-
ture became viscous, an efficient stirrer!” was necessary. After
the completion of the addition the mixture was kept at 70° for 1.5
hr, then heated to 100°, left to cool, and worked up by careful ad-
dition of water (500 ml) and steam distillation. The upper layer of
the distillate was washed with dilute HC] and water, and dried
on sodium, yield 83.3 g (84.5%), [a]p —143.8° (¢ 0.52, CHCl;) {lit.5
[alp —138° (¢ 2.58, CHCly).

Nmr data of 17 (CDClg) include doublets at § 5.61 ppm (J =
2.80 Hz, 2 vinylic protons) and at § 0.93 ppm (J = 5.40 Hz, 2
methyl groups).

(3R,4R)-3,4-Dimethylhexanedioic acid (18) was prepared
from 17 using Cope’s procedure?? for the oxidation of bicyelo-
[6.1.0]nonene. The crude product, obtained in 57.3% yield, was an
oil which solidified on standing.

(3R,4R)-3,4-Dimethylcyclopentanone (19). Crude 18 was de-
carboxylated?® with Ba(OH): to give crude 19 in 88.8% yield.
After purification as the semicarbazone; it had mp 205-208° (yel-
low melt); [alp —73.4° (¢ 0.92, CHCls) {lit.°® mp 203.0-204.5°, [aIp
-76° (c 0.74, CHClp)]. 19 had [alp —241° (¢ 0.46, CHCls) {lit.?
[alp —160° (¢ 0.7, CHCl3)], g factor 0.152 (cyclohexane).

Nmr data of 19 (CDCls) include quartets at § 2.44 ppm (J; =
22.3, Jo = 11.3 Hz, two protons) and at § 1.82 ppm (J1 = 21.3, J
= 10.0 Hz, 4 protons) and a doublet at § 1.13 ppm (J = 5.55 Hz, 2
methyl groups).

Nmr data of 19 semicarbazone (CFsCOOH) include doublets at
6 1.23 ppm (J = 5.37 Hz, 2 methyl groups) and at 4 3.29 ppm (J
= 20.5 Hz, 2 protons), a singlet at § 1.98 ppm (2 protons), and a
quintet at$ 2.59 ppm (J;1 = 19.4, J2 = J3 = 9,7 Hz, 2 protons).

(1R,2R)-1,2-Dimethylcyclopentane (20) was prepared by re-
duction?? of the semicarbazone of 19 in 50% yield: [a]p = [a]sse
_51.50; [a]573 "‘53-60; [0(]546 "'61.00; [0]436 —102.79; [a]365 -158.0°
(c 1.1, CHClg) flit.? [wlp —35.2° (¢ 0.1, CHCls)]. Nmr data of
20 (CDCl3) include a doublet at & 0.95 ppm (J = 5.19 Hz,
methyl groups).

Attempted Resolution of Racemic 19. Racemic 19, prepared
from racemic 14 in the same manner as (3R,4R)-19, was treated
with “menthydrazide” 1° under conditions as used for the prepa-
ration of the corresponding derivative of «-ionone.2® The solution
was evaporated to dryness, and the residue was recrystallized
from n-heptane. Neither melting point nor angle of retation
changed on further recrystallization. Regeneration of the deriva-
tive, mp 124.5-126.0°, [a]p —63.0° (¢ 1.25, MeOH), after the third
recrystallization then gave the ketone, small negative Cotton ef-
fect around 290 nm, g factor 0.0097 {cyclohexane), i.e., optical pu-
rity 6.4%. The semicarbazone of this ketone gave optically impure
20, [olp —3.77° (¢ 1.25, CHCl3), on reduction.2®

Epimerization during the Wolff Reduction. As already men-
tioned, Wolff reduction of the semicarbazone of 2,3-dimethylcy-
clopentanone yielded a mixture of (—)- and meso-dimethylcyclo-
pentane. We found it worthwhile to investigate whether the ob-
served cis-trans ratio was due to careless purification of the semi-
carbazone, or to epimerization during the reduction, or both. Ep-
imerization during Wolff-Kishner reductions has been frequently
observed,?® but in those cases a hydrazone was decomposed with-
out intermediate purification; so it has not been established
whether epimerization occurred during the preparation of the hy-
drazone or during its decomposition. Epimerization clearly is a
limitation of the Wolff reduction, for we found that menthone
semicarbazone (21), which is easily obtained free from its epimer
isomenthone semicarbazone (24),3° gave a 1:1 mixture of cis- and
trans-p-menthane (Scheme III) on reduction.?® After this experi-
ment it was not surprising that the semicarbazone of racemic
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2,3-dimethylcyclopentanone gave on reduction®® the same cis-
trans ratio as was found when working with the corresponding op-
tically active compound.

Racemic 2,3-dimethylcyclopentanone was prepared according
to Scheme IV 81

Scheme IV
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Menthone Semicarbazone (21). Menthone, prepared by oxi-
dation®? of (—)-menthol (Fluka), was converted into its semicar-
bazone, mp 186-189° (1it.3° mp 188°), after two recrystallizations
from alcohol. Reduction?® then gave a 1:1 mixture of two com-
pounds (gle, SE-30 column), which were identified as 22 and 23
because the nmr spectrum of this mixture was a superposition of
the nmr spectra of pure 22 and 23, and because of gas chromato-
graphic identification. Nmr data of 21 (CF3COOH) include a
doublet at § 1.15 ppm (J = 5.8 Hz, 3 methyl groups). The nmr
spectrum produces no evidence for the presence of a large per-
centage of 24 in 21,

trans-p-Menthane (22), for use as a reference, was made avail-
able by Mr. J. C. A. Windhorst in this department. He prepared
sterically pure 22 from menthyl tosylate3? by LiAlH, reduction in
N-methylmorpholine.” Nmr data of 22 (CDCl3) include a multi-
plet at 5 1.68 ppm (4 protons}, which looks like a doublet (J = 6.4
Hz) under low resolution, and a complex multiplet at § 0.70-1.05
ppm (16 protons). Two peaks of this latter multiplet have a high
intensity, which suggests that these peaks are caused by the three
methyl groups of 22 (5 0.85 ppm. J = 6.70 Hz).

cis-p-Menthane (23) was obtained for use as a reference. Redis-
tilled (+)-limonene (Fluka) was hydrogenated [125 g of limonene,
125 g of ethanol or methanol, 1.6 g of Pd/C (10% Pd, Fluka), 150
atm Ha, no external heating (the reaction is exothermic3%)] to
give a mixture of three components. Part of this mixture was
carefully distilled using a Nester-Faust spinning band column (20
cm/1 ml of distillate per hour). Boiling points of the components
were in the order 22 < 23 < unknown compound. The molar ratio
of 22 and 23 in the mixture after the hydrogenation was 75:25;
about 10% of this mixture (an average of two hydrogenation ex-
periments) consisted of the unknown compound. A comparison of
the mass spectrum of this unknown compound with literature
data® indicated that this compound probably was either p- or
m-cymene. Nmr data supported the p-cymene structure: a singlet
at § 7.14 ppm (4 aromatic protons), a quintet at § 2.78 ppm (J; =
13.0 Hz, Jp = J3 = 6.5 Hz, proton attached to the quaternary car-
bon atom of the isopropyl group), a singlet at 6 2.30 ppm (methyl
group), and a doublet at § 1.22 ppm (J = 7.20 Hz, two equivalent
methyl groups). Note: p-cymene was not an impurity of the limo-
nene used for the hydrogenation (gle, Carbowax column). Nmr
data of 23 (CDCls) [freed from 22 and p-cymene by preparative
gle (SE-30 column)] include a complex multiplet at § 1.39 ppm
(11 protons) and doublets at § 0.91 ppm (J = 6.63 Hz, 1 methy!
group) and at § 0.86 ppm (J = 6.36 Hz, 2 equivalent methy!
groups).

2,3-Dimethylcyclohexanone (23). Chromic acid oxidation3¢ of
2,3-dimethylcyclohexanol (Aldrich) gave 25 in 94% yield.

2,3-Dimethyl-6-hydroxymethylenecyclohexanone (26). A pro-
cedure for the preparation of hydroxymethylenecyclohexanone®?
was used to give 26 in 70.7% yield.

2,3-Dimethylhexanedioic Acid (27).21 Because 1 can be ozon-
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ized to give 6 in high yield,?? it was worthwhile trying to prepare
27 from 26 in the same manner. 26 (55.0 g) dissolved in CCly (300
ml) and cooled in ice was ozonized. To the solution of the ozonide,
water (300 ml) was added, and while vigorously stirring the CCly
was distilled off. The aqueous solution, made alkaline, was ex-
tracted with ether, then made acid, and 27 was isolated by ether
extraction. From 26 (159.9 g) was obtained in this manner crude
27 (149 g, 82.4%) as an orange-red oil.

2,3-Dimethylcyclopentanone (28). Crude 27 (149 g) was decar-
boxylated?® with Ba(OH), to give pure 28 (62.0 g, 64.6%) after
distillation. It was shown by glc that 28 was an 84:16 mixture of
two components, Nmr data of trans-28 (main component of this
mixture) include doublets at 6 1.16 ppm (J = 5.28 Hz, methyl
group) and at 6 1.05 ppm (J = 6.43 Hz, methyl group). Nmr data
of ¢is-28 (minor component of the mixture) include doublets at &
0.94 ppm (J = 6,22 Hz, methyl group) and at § 0.97 ppm (J =
6.62 Hz, methyl group).

1,2-Dimethylcyclopentane (29). 28 was converted into its
semicarbazone. Part of the crude semicarbazone was kept; the re-
mainder was recrystallized three times from n-butyl alcohol. The
purified semicarbazone had mp 210.0-214.5° dec on rapid heating.
Reduction?® of both crude and purified semicarbazone gave a
mixture of cis-29 (16.5%) and trans-29 (83.5%). Nmr data of three
times recrystallized 28 semicarbazone (CF3COOH) include dou-
blets at § 1.25 ppm (J = 6.00 Hz, methyl group), § 1.46 ppm (J =
6.55 Hz, methyl group) and § 1.09 ppm (J = 7.0 Hz). The intensi-
ty of this latter doublet is ~2% of the intensity of the other dou-
blets, which suggests that the sterical purity of 28 semicarbazone
used for the reduction was ~98%.
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The photolytic addition of H2S to dimethyldiallylsilane yields 1,1-dimethyl-1-sila-5-thiacyclooctane. Oxida-
tion of the sulfide yields the corresponding sulfone, which can be directly converted via a modified Ramberg-
Backlund reaction into 1,1-dimethyl-1-sila-4-cycloheptene. This reaction sequence has also been used to prepare
1,1-diphenyl-1-sila-4-cycloheptene from diphenyldiallylsilane. An alternate synthesis of 1,1-dimethyl-1-sila-4-
cycloheptene and 1,1-diphenyl-1-sila-4-cycloheptene is also reported.

We have been concerned with improving synthetic
routes to seven- and eight-membered organosilicon hetero-
cycles.! The modified acyloin reaction2:3 on suitable orga-
nosilicon diesters has been the best entry into these ring
systems. For instance, dimethyl 4,4-dimethyl-4-sila-1,7-
heptanedioate can be cyclized to 1,1-dimethyl-4,5-bis(tri-
methylsiloxy)-1-sila-4-cycloheptene in good yield.! How-
ever, two problems remain. One is that the synthesis of
suitable organosilicon diester substrates for the acyloin
reaction often involves many steps from commercially
available dichlorosilanes. The second is that the heterocy-
cle formed after hydrolysis of the trimethylsilyl ether pro-
tecting groups contains an a-hydroxy ketone functionality
which requires several steps to transform into a carbon-
carbon double bond. To solve these problems we have de-
veloped a new synthetic entry into these heterocyclic sys-
tems.

There are several recent examples of the use of organo-
sulfur compounds to establish both carbon-carbon sin-
gle*-5 and carbon-carbon double bonds. The conversion of
a sulfide to a carbon-carbon double bond by a double Ste-
vens rearrangement is one example from the latter cate-
gory.5:7 The Ramberg-Backlund reaction, which converts
an «-chloro sulfone into an alkene, is another.8-12

We decided to attempt to prepare cyclic compounds
containing silicon and sulfur by addition of H,S to di-
methyldiallylsilane and to diphenyldiallylsilane owing to
the ready availability of these organosilicon com-
pounds.?13 We find that HeS adds to dimethyldiallylsi-
lane in a dilute pentane solution at ~78° upon irradiation
through a quartz photolysis well with a 450-W medium-
pressure Hanovia lamp to form 1,1-dimethyl-1-sila-5-thia-
cyclooctane in 25% isolated yield.l* Similarly, H2S adds

to diphenyldiallylsilane upon irradiation at —78° to form
1,1-diphenyl-1-sila-5-thiacyclooctane in 10% isolated
yield.

This is remarkable considering the problems involved in
synthesis of medium-sized ring compounds from alicyclic
precursors. For instance, closure of w-chloro sulfides
RS(CHs,),Cl to form cyclic sulfonium salts fails for n =
6-11.15 The fact that both C-Si (1.87 A) and C-S (1.82 A)
bonds are longer than C-C single bonds may make forma-
tion of 1,1-dimethyl-1-sila-5-thiacyclooctane more like cy-
clization of a nine-membered than an eight-membered
all-carbon ring system.® Ring closure reactions are usual-
ly most difficult to accomplish for ring sizes from Cg to
C11. For example, the Ziegler ring closure reaction of
aw-dinitriles with base fails for rings from Cy to Ci1 even
under high dilution conditions.7

Our yields are also remarkable considering the variety
of competing pathways open to a thiyl radical intermedi-
ate. A thiyl radical must be involved to account for the
anti-Markovnikov sense of the addition, since the addition
of HaS to diallyl ether under ionic conditions yields 2,6-
dimethyl-1,4-thioxane.18:22 Clearly the intramolecular

/ amine

o) + HS — O S

\__\

radical addition of the S-H bond of dimethylallyl-3-mer-
captopropylsilane (1) to the carbon-carbon double bond of
the allyl group is critical to the success of the reaction. To
substantiate this point we prepared 1 independently by
the photochemical addition of thiolacetic acid to di-
methyldiallysilane followed by hydrolysis of the thiolace-



