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6 (Scheme III) were notably absent in all NMR spectra.
Equilibration studies?! and other considerations®? indicate
a strong conformational preference for the formation of 5.
However, ketonic products, whose presence would indicate
rearrangement, were notably absent.20

These results complement other work with similar com-
pounds® 11 and help demonstrate the generality of the highly
selective reaction pathways possible with unsaturated me-
dium-ring epoxides.

Experimental Section

Reaction of Diethylmagnesium with trans-5,6-Epoxy-cis-
cyclodecene. A solution of 1.52 g (10 mmol) of 1 in 20 mL of ether was
added dropwise to 15 mL of an ice-cooled 0.6 M solution of diethyl-
magnesium.?3 After the solution was refluxed for 15 h, standard
workup gave a mixture of 3 and 4 in an 85-90% yield. A sample of 3
was isolated by fractional distillation [bp 91-93 °C (20 mm); n%p
1.4885; NMR (CCly) 6 4.3 {(multiplet, 2 H) and 1.0-2.1 (multiplet, 14
H); M+ (caled) 152.1200 for C10H160, found 152.1188]. Compound
4 was crystallized out of the residue at low temperature from ether/
pentane. Its melting point was 40-42 °C; IR and NMR spectra were
identical with those of an authentic sample.12

Preparation of cis,cis-2,7-Cyclodecadienol. Under argon at-
mosphere, approximately 20 mmol of phenyllithium? was freshly
prepared in 30 mL of ether. A solution containing 2.28 g (15 mmol)
of 1 in 10 mL of ether was added dropwise to the phenyllithium. After
8-12 h reflux, normal workup gave an oil which crystallized after 2
days in the freezer. The crude solid (2.28 g) was recrystallized from
50-70 °C-boiling petroleum ether yielding 1.62 g (72%) of 5 [mp
89.8-90.7 °C; IR (CCly) 3200-3650 (OH) and 708 cm~! (cis CH=CH);
NMR (CCly) 6 5.0-5.6 (m, 4, -CH=CH-), 4.15-4.60 (m, 1, CHO), and
1.1-2.5 (m, 11 remaining H); mass spectrum (75 eV) m/e 152 M* (10),
55 (94), and 29 (100)].

Anal. Caled for C10H160; C, 78.89; H, 10.60. Found: C, 78.68; H,
10.72.
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During absolute configuration assignments of bridged bi-
cyclic products of some enzymic oxidoreduction reactions,?
we carried out thallium(III) nitrate in methanol mediated
homologation of (1S,4R)-2-methylenenorbornane to
(18,55)-bicyclo[3.2.1]-2-octanone (1), a reaction similar to
that first reported in the racemic series by Farcagiu and co-
workers.? A methyl ester impurity was also formed in varying
amounts during the reaction. This methyl ester, whose pro-
portion we now find can reach as high as 31% under the
homologation conditions, has been identified as exo-2-nor-
bornanecarboxylic acid methyl ester (2).

In view of the examples now available of ring contraction
on treatment of six-membered cyclic ring ketones with thal-
lium nitrate,*7 it seemed evident that 2 was formed from the
initial homologation product 1. This was confirmed by
subjecting 1 itself to the thallium nitrate in methanol condi-
tions. As shown in Scheme I, an 85% yield of 2, characterized
as the acid 3, was obtained.
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As in the steroid series,® the ring contraction is highly ste-
reospecific, with none of the endo isomer of 2 being detected.?
The exclusive formation of the exo ester 2 is consistent with
the mechanism proposed by McKillop and Taylor,? with at-
tack of the enol intermediate 4 by T'13* occurring from the exo
direction as expected for electrophilic additions of this type.®
The pathway envisaged is depicted in Scheme II.
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Experimental Section!?

Thallium(IIT) Nitrate Treatment of (+)-2-Methylenenor-
bornane. Thallium(III) nitrate!! (2.67 g, 6 mmol) in methanol (20
mL) was added to (+)-2-methylenenorbornane [650 mg, 6 mmol,
prepared as described for the (+) enantiomer?] in methanol (25 mL)
at —10 °C. After being stirred for 30 min, the mixture was filtered and
concentrated, and ether (50 mL) and 2 M hydrochloric acid (50 mL)
were added. The mixture was shaken well and separated, and the
aqueous phase was extracted three more times with ether. Evapora-
tion of the dried (MgSQy) ether extracts gave an oily product which
contained (by GC analysis) 68% of 1 and 31% of 2. This mixture was
treated directly with 15% ethanolic potassium hydroxide (30 mL) and
warmed for 15 min on a steam bath. The mixture was then concen-
trated, diluted with water (100 mL), and washed four times with ether.
The aqueous phase was acidified with concentrated hydrochloric acid
and extracted four times with chloroform. The dried (MgSQy) chlo-
roform solution was evaporated to give a solid which after two subli-
mations gave exo-2-norbornanecarboxylic acid [(£)—3, 78 mg] as
colorless crystals: mp 56-57 °C (lit.12 mp 56-57 °C); IR 3330-2560 and
1725 cm™!; NMR 6 1.0-2.0 (m, 8 H), 2.2-2.4 (m, 2 H), 2.5 (m, 1 H), and
11.2 ppm (br s, 1 H). No trace of endo-2-norbornanecarboxylic acid,
NMR 6 1.1-1.8 (m, 8 H), 2.1-3.0 (overlapping m, 3 H), and 11.1 ppm
(s, 1 H), could be detected.

Thallium(III) Nitrate Mediated Ring Contraction of Bicy-
clo[3.2.1]-2-octanone [(+)~1]. A solution of thallium(III) nitrate!!
(3.69 ¢, 8.3 mmol) in methanol (20 mL) was added to a stirred solution
of the bicyclic ketone (£)—1 (1.03 g, 8.3 mmol) in methanol (30 mL)
at 20 °C, After being stirred overnight the solution was filtered, con-
centrated, then diluted with water (50 mL), acidified with concen-
trated hydrochloric acid (2 mL), and finally extracted four times with
ether. The combined ether phases were washed twice with brine, dried
{MgSO0,), and then evaporated and distilled to give a colorless liquid
[763 mg,bp 92-96 °C (12 Torr)] which contained (by GC analysis)
unreacted ketone (£)—1 (15%) and the exo methyl ester (£)—2 (85%).
This mixture was hydrolyzed with ethanolic potassium hydroxide and
worked up as described above. The solid so obtained was sublimed
twice to give colorless crystals of exo-2-norbornanecarboxylic acid
[(£)—3, 544 mg, 48% yield], mp 55.0-56.5 °C, with spectral properties
identical with those cited above.

Registry No.—(%)—1, 61242-42-0; (£)-2, 61967-04-2; (+)-3,
61967-05-3; thallium(III) nitrate, 13746-98-0; (+)-2-methylenenor-
bornane, 62014-79-3.
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The fate of hindered phenols in their performance as anti-
oxidants continues to attract the attention of chemists.l:?
Neureiter® and Starnes and co-workers? have shown that the
reaction of 3,5-di-tert-butyl-4-hydroxybenzyl chloride (1)
with the base triethylamine gives the quinone methide (2),
whose subsequent reactions with itself or added reagents af-
fords a host of known and new compounds, e.g., 3. We found
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that the reaction of the anion of dimethyl sulfoxide with 1
affords, along with other products, a heretofore unreported
white, crystalline compound, mp 152-154 °C dec. The infrared
spectrum (KBr) possesses absorptions at 3618 cm~! (hindered
phenol)® and at 1640 and 1655 cm~! (conjugated carbonyl).5
The TH NMR spectrum in deuteriochloroform has absorptions
at1.10 (9 H), 1.38 (18 H}, 2.90 (2 H), 5.01 (1 H, exchangeable),
6.56 (1 H), and 6.81 ppm (2 H) downfield from internal
Me,Si.8 All the absorptions were singlets. Structures 4 and 5
are consistent with these data.
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The proton decoupled 3C NMR spectrum, run under
conditions” where errors in peak areas due to differing relax-
ation times (7'y) for the different carbons were eliminated, but
assuming the nuclear Overhauser enhancement of all the
carbons to be equal, showed that the actual structure contains
one less carbon than 4. The 13C NMR chemical shift data8 are
shown on the structure of 5. Structure 5 is also supported by
its UV spectrum, which in methanol possesses absorptions at



