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Abstract:
resonance spectroscopy in dimethyl sulfoxide solution.

atoms of the methano bridges decreases from 10 G in the hexane to 3.5 G in the heptane.
semidione was prepared and studied between —80 and +4-60°.

Bicyclo[2.1.1]hexane- and bicyclo[3.1.1]heptane-2,3-semidiones have been examined by electron spin
The long-range hyperfine splitting by the anti hydrogen

Bicyclo[4.1.1]octane-3,4-
Ring inversion was fast at all temperatures. A

ring-expansion reaction of bicyclo[2.1.1]hexane-2,3-diones to bicyclo[3.1.1]heptane-2,3-diones by reaction with

the methylsulfinylcarbanjon has been detected.

In a continuing study of long-range interactions,*~!!
and conformational effects in aliphatic semidi-
ones, !>~ we have synthesized the semidiones 1-3 in
dimethyl sulfoxide solution. The semidiones have
been detected by esr spectroscopy and the observed
hyperfine splitting constants at ~25° are given with
each structure.

Attempts to oxidize bicyclo[2.1.1]hexan-2-one or
tricyclo[3.3.0.0%8Joctan-3-one in DMSO solutions con-
taining potassium rert-butoxide failed to produce a
semidione. We thus turned to the acyloin condensa-
tion of cis-1,3-cyclobutanedicarboxylic esters (Schenie

D.

Reaction of the ester with sodium-potassium alloy
in dimethoxyethane gave a poorly resolved esr spectrum.
When this solution was diluted with a solution of po-
tassium fert-butoxide in DMSO, the esr spectrum of
Figure 1 was obtained. The same spectrum was ob-
tained if the acyloin condensation was performed in
the presence of trimethylchlorosilane and the unisolated
bis(trimethylsiloxy)alkene treated with DMSO and
base. Semidiones 1b and lc were prepared from the
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appropriate esters by the acyloin condensation in the
absence of trimethylchlorosilane.
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Figure 1. (a) First-derivative esr spectrum of bicyclo{2.1.1]hexane-

semidione in DMSO solution; (b) central multiplet expanded.

Figure 2. Geometry employed in extended Hiickel calculations.
All carbon-hydrogen bonds were 1.09 A; all carbon-carbon single
bonds were 1.54 A; the H-C-H angles were 111°; the three H,~
C-C angles were set equal; the semidione carbon-carbon bond
was 1.40 A; the carbonyl carbon-gxygen distance was 1.22 A,
and a potassium gegenion located 2.4 A from each oxygen atom was
included in the calculation.

Scheme 1
CO,CH, Na-K  KOC(CHy) .
DME DMSO a
CO,CH,
_08i(CHy), KOC(CH,),
Na—K DMSO
MesSiCl I
Et0 0Si(CHy),

Extended Hiickel MO calculations were performed
for bicyclo[2.1.1]hexane-2,3-semidione using the tech-
nique described previously!' and the geometry of Fig-
ure 2.2 Calculations of the angle ¢ have predicted
values of 139° (from angle strain) and 137° (from non-
bonded repulsions).* We used values of 136 and 140°
for ¢ and 2.07 A for the C,—~C, distance in the calcula-
tions listed in Table I.

Table I. Calculated Hyperfine Splitting Constants for
Bicyclo[2.1.1]hexane-2,3-semidione (Gauss)
Position 1(4) 5(6) syn 5 (6) anti
Obsd 0.20 0.40 10.10
Caled ¢ = 140° 0 1.54 12.70
Caled ¢ == 136° 0 0.79 10.89

(20) C. F. Wilcox, J. Amer. Chem. Soc., 82, 414 (1960).

o ] 2
GAUSS

Partial first-derivative esr spectrum of bicyclo{3.1.1]-
The low-field triplet

Figure 3.
heptane-2,3-semidione in DMSO solution.
of a triplet of triplets is reproduced.

The bicyclo[3.1.1]heptane-2,3-semidione derivative
2b was reported previously* as an oxidation product of
nopinone.?' Semidione 2a (Figure 3) was prepared
from the crude 2,3-bis(trimethylsiloxy)bicyclo[3.1.1]-
hept-2-ene by treatment with potassium fert-butoxide
(0.2 M) in DMSO in the absence of oxygen. Semidione
2a was also formed as a product in the acyloin con-
densation of the bicyclo[2.1.0]pentanedicarboxylic ester
in the presence of trimethylchlorosilane. Semidiones
2a and 5 were formed when the crude bis(trimethyl-
siloxy)alkene(s) were treated with excess potassium
tert-butoxide in DMSO (Scheme II).!! Hydrogena-
tion of the cyclopropane (Scheme II) in 4 would

Scheme II
Na—K, (CH,),SiCl
CO,Me CHOCHCHOCH;
CO,Me
4
Z
0.
—
KOC(CH,), | 0
DMSO 5

— 2a

lead to the formation of 2a. Semidione 2a is more
stable than 5 and after a few hours in basic DMSO solu-
tion, only 2a could be detected as a reaction product.
Ring opening probably occurs prior to semidione for-
mation because when the crude bistrimethylsiloxy deriv-
ative of 4 was treated in base and DMSO-d; the 2a
formed contained deuterium only at C-4, a® = 3.50,
3.50, 0.35, 0.20; a® = 1.55, 1.55. The hydrogen atom
at C-4 in 2b was previously observed to exchange read-
ily in DMSO-d; containing potassium tert-butoxide. !
Semidiones 2¢ and 2d were also the products of an
unexpected reaction. They were observed as the reac-
tion products resulting when the crude acyloins from
cis-1,3-dimethylcyclobutane-1,3-dicarboxylic and 2,2,-
4,4-tetramethyl-cis- 1,3-cyclobutanedicarboxylic esters
were treated with DMSO and potassium ferz-butoxide.
With DMSO-d; 2,2,4,4-tetramethyl-cis-1,3-cyclobutane-
dicarboxylic ester yields a semidione with a® = 1.40
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and 1.40 G, apparently the 4,4-dideuterio derivative of
2d. The dideuterio semidione appeared to be the
initial paramagnetic product of the treatment of the
crude acyloin with DMSO-d;; and no evidence for the
intermediacy of undeuterated 2d was found.

Scheme III lists a possible mechanism for the mys-
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terious gain of a carbon atom for the products derived
from the 1,3-dimethyl- and 2,2,4,4-tetramethyl-cis-cy-
clobutane-1,3-dicarboxylic esters.

A previous example of the addition of a methylene
group froni the methylsulfinylcarbanion to an a-dicar-
bonyl compound has been reported.?? Monosub-
stituted glyoxals when treated with DMSO and base

yield the corresponding propane-1,2-semidiones
(Scheme 1V).2? Possible synthetic utilization of this
Scheme IV
RCOCHO + CHSOCH,~ —»
5
R—CO—C e
N Sock, RCOCOCH, ——
Y
[RCOCOCH, ]~
“R = C¢H;, CHa.

chain-extension or ring-expansion reaction is being
investigated.

The methylene hydrogen atoms of 2a showed no
magnetic nonequivalence at 25° and we presume that
the energy barrier to conformation interconversion is
very low. The corresponding bicyclo[3.2.2]nonan-2,3-
semidione also gave no evidence of conformational
stability at 25° although molecular models predict
that a ring flip should be occurring.?

(22) G. A. Russell, R, D. Stephens, and E. R. Talaty, Tetrahedron
Lett., 1139 (1969%).
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Figure 4. Partial first-derivative esr spectrum of bicyclo{4.1.1]-
octane-3,4-semidione in DMSO solution. The first (low-field)
three lines of the 1:4:6:4:1 quintet are reproduced.
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Semidione 3 was prepared from the crude bis(tri-
methylsiloxy)alkene according to the syntheses of
Scheme V following the procedures of Allinger and

Scheme V
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Tushaus for the preparation of 1,3-cyclobutanedicar-
boxylic anhydride.??

Semidione 3 was examined between +60 and —80°.
Below 0° a mixture of 809 DMF and 209 DMSO was
employed as the solvent. The spectrum observed for
3 is given in Figure 4. We conclude that this spectrum
is the result of a very rapid ring inversion process with
E, less than 2.5 kcal/mol and probably less than 2 kcal/

(23) N. L. Allinger and L. A, Tushaus, J. Org. Chem., 30, 1945 (1965).
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mol. The ease of ring inversion in the bicyclo[n.x.x]2-
alkenes withn = 3 or 4, x = 1 or 2, is noteworthy,

Experimental Section

Dimethyl cis-1,3-cyclobutanedicarboxylate was prepared by the
method of Allinger and Tushaus.?® Pure material was isolated by
glpc with a 209 SF-96 on Chromosorb W at 150°. Dimethyl
bicyclo[2.1.1]hexane-¢xo,ex0-5,6-dicarboxylate was prepared by
oxonolysis of tricyclo[3.3.0.0%¢]oct-3-ene? in methanol at —75°,
Ozone was passed through a solution of 200 mg of the olefin in 25
ml of methanol until the solution retained a purple color. The
methanol was removed under vacuum and the residue treated
with 10 ml of formic acid and 5 ml of 3097 hydrogen peroxide. The
solution was stirred at 25° for 12 hr and refluxed 1 hr, and the solvent
removed under vacuum to yield 250 mg of a crystalline residue.
The crude diacid was dissolved in 30 ml of ether and treated with the
diazomethane prepared from 4 g of Diazald in 50 ml of ether.
After 16 hr at 25° the excess diazomethane was decomposed with
acetic acid and the etheral solution worked with saturated sodium
bicarbonate and sodium chloride solutions and dried over MgSOy,.
The solution was concentrated to give a residue that could be crystal-
lized from pentane, Preparative glpc (159 Carbowax 20M on
Chromosorb W at 160°) gave 125 mg of the diester: mp 84-86;
ir (CCly) 1735, 1340, 1200, 1162 cm™; pmr (CCL,) & 1.82 (s, 4),
2.24 (s, 2), 3.04 (s, 2), 3.60 (s, 6); mass spectrum (70 eV) 198, 167,
139.

Anal.  Caled for CioHi:04 (198):
C, 60.51; H, 7.09.

Dimethyl 2,2-dimethyl-cis-1,3-cyclobutanedicarboxylate was pre-
pared by esterification of ¢is-norpinic acid?® with methanol and a
trace of sulfuric acid. Pure material was isolated by glpc (15%
Carbowax 20M on Chromosorb W at 160°): ir (CCly) 1740, 1385,
1370, 1335, 1190, 1165 cm~!; pmr (CCLy) 8 0.9 (s, 3), 1.30 (s, 3),
1.85-2.70 (m, 2), 2.64 (t, 2, J = 4 Hz), 3.61 (s, 6); mass spectrum
(70 eV) 200, 169, 141, 140.

Dimethyl cis-1,3-dimethyl-1,3-cyclobutanedicarboxylate was pre-
pared® and pure material isolated by glpc (1597 Carbowax 20M
at 160°). Dimethyl 2,2,44-tetramethyl-cis-1,3-cyclobutanedicar-
boxylate was prepared by esterification of the acid,” mp 230-232°
(lit.?” mp 235-236°), using diazomethane. The diester was iso-
lated by glpc (159 Carbowax 20M at 155°): pmr (CCl,) é 1.27
(s, 12), 2.63 (s, 2), 3.60 (s, 6); mass spectrum (70 eV) 213, 197, 181.
Dimethyl bicyclo[2.1.0]pentane-¢iido endo-2,5-dicarboxylate (4) was
described previously.t!

Dimethyl cfs-1,3-cyclobutane-1-acetate-3-carboxylate was pre-
pared from cis-cyclobutane-1,3-dicarboxylic anhydride?® cia the
monomethyl ester, Treatment of 6.4 g of the anhydride with 1.2
equiv of methanol at reflux for 1 hr gave the monoester: pmr
(CH,Cly) 6 2.15-2.65 (m, 4), 2.70-3.25 (m, 2), 3.61 (s, 3), 7.60 (s, 1).
The ester was dissolved in 40 ml of benzene and 10 ml of thionyl

C, 60.59; H, 7.11. Found:
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(1965).

(27) F. Lautenschlaeger and C. F. Wright, Can. J. Chem., 41, 863
(1963).

chloride and a few drops of pyridine was added. The mixture
was stirred for 3 hr at 25° and | hr at 50°. The solvent and excess
thionyl chloride were removed under vacuum. An additional 50
ml of benzene was added to the crude acid chloride and the solvent
again removed under vacuum. The crude acid chloride was dis-
solved in 100 ml of ether and the solution filtered through a glass
wool plug into a solution of diazomethane prepared from 21.5 g of
Diazald in ether at 0°. The mixture was allowed to warm slowly
to room temperature and after 24 hr at 25°, the solvent was re-
moved under reduced pressure. The diazo ketone was dissolved in
60 ml of methanol and a mixture of 0.5 g of silver acetate in 5 ml
of triethylamine was added slowly. The resulting solution was
heated to reflux, decolorized with charcoal, filtered, and cooled.
After removal of the solvent under reduced pressure, the residue was
dissolved in 150 ml of ether and the resulting solution was washed
with dilute hydrochloric acid followed by 10% sodium bicarbonate.
The solution was dried over MgSO, before removal of the solvent
under reduced pressure to yield 5.9 g (5897) of the crude diester,
>90% pure by glpc: ir (neat) 1730 cm~!; pmr (CCly) 1.55-3.15
(m, 6), 3.61 (s, 6); mass spectrum (70 eV) m/e (rel intensity) 186
1), 155(36), 154 (11), 127 (14), 126 (23).

Dimethyl cis-1,3-cyclobutanediacetate was prepared from 1,3-
cyclobutanedicarboxylic anhydride.?? A mixture of 3.2 g of the
anhydride and 3.2 g of 6 NV hydrochloric acid was refluxed for 10
min. The mixture was extracted twice with 50 ml of ether and the
ethereal extracts were dried (MgSQ;). Removal of the ether under
vacuum left the solid diacid which was treated in the same manner
as described for chain extension of the monomethyl ester of cyclo-
butane-1,3,-cyclobutane-1-acetate-3-carboxylate. The crude di-
ester (3.1 g, 61 %) was purified by glpc on a 5-ft 109 QF-1 column
at 160°: ir (neat) 1730; pmr (CCly) § 1.1-1.7 (m, 2), 2.10-2.60 (m,
8), 3.60 (s, 6); mass spectrum (70 eV) m/e (rel intensity) 169 (12),
168 (2), 141 (5), 140 (4).

Preparation of Crude Samples of 3,4-Bis(trimethylsiloxy)bi-
cyclo[4.1.1]Joct-3-ene and 2,3-Bis(trimethylsiloxy)bicyclo{3.1.1]hept-
2-ene. The diester (0.3 g) was added to a mixture of 20 ml of ether
and 1 ml of trimethylsilyl chloride. The solution was kept under
nitrogen while 0.5 g of sodium—potassium alloy was added. The
mixture was stirred vigorously for 3 hr and then filtered. Removal
of the volatile components under vacuum left the crude product.
This product gave the same esr signal before or after glpc purifica-
tion on a 159, Carbowax 20M on Chromosorb W column at 160°.

Semidiones were prepared from 3 to 5 drops of the crude bissiloxy-
alkene dissolved in 0.5 ml of DMSOQO and placed in one side of an
inverted U cell.28 In the other side of the cell 20 mg of potassium
tert-butoxide was dissolved in 0.5 ml of DMSO. Both solutions
were thoroughly deoxygenated by a stream of prepurified nitrogen
before being mixed. The final solutions were examined at 25° with
a Varian E-3 spectrometer using a V-4548 aqueous solution cell or
at variable temperatures in a Varian V-4500 spectrometer with
V-4540 variable temperature controller and V-4548-1 cell.
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Dr. C. H. Heathcock failed to produce a semidione
upon oxidation in basic DMSO solution.
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