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was eluted to give 30 mg of 5: mp 143-148°; »max 3290 and 1770
em™; nmr 47.5 (18-methyl), 83.5 cps (doublet, J = 6.0 cps,
C-3-methyl).

Anal. Caled for CyHaOs: C, 73.34; H, 9.41. Found: C,
72.98; H, 9.34.

B.—Acetyl acid 1a (110 mg) was dissolved in methanol (7 ml)
and titrated with 1 N sodium hydroxide until a phenolphthalein
end point was reached. After the addition of sodium borohydride
(150 mg) the mixture was stored overnight. The solvent was
removed, the solution was acidified, and the steroids were re-
covered with ethyl acetate. Removal of the solvent gave 110
mg of ecrude product, which was separated on a silica tle plate.
Elution of the mobile zone gave 60 mg of lactone 5 identical with
the sample obtained in part A.

178-Acetoxy-3t-methoxy-3¢-methyl-2-0xa-1-0xo0-A-norestr-5(10)-

ene (4d).—The mother liquors (150 mg) from the methylation
and acetylation of lactol 4¢ (525 mg) were chromatographed on
tle silica plates. The lactol ether 4d (80 mg) was eluted and
recrystallized from methanol to give colorless crystals: mp
145-147°; wmax 1735 and 1670 em™1; Amax 218 mu (¢ 7000); nmr
50.5 (18-methyl), 93 (doublet, ca. J = 1.0 cps, C-3-methyl),
121.5 (17-acetate), 186 and 189 (total equivalent to three protons,
C-3-methoxyl), 279 cps (triplet, J = 7.5 ¢ps, 17a-hydrogen).

Anal. Caled for CyHiOs: C, 68.94; H, 8.10. Found: C,

69.24; H, 8.40.

3%,178-Diacetoxy-3t-methyl-2-0xa-1-0xo-A-norestr-5(10)-ene
(4e).—The lactol 4c was acetylated® as usual to yield the di-
acetate 4e. Repeated recrystallizations from ethyl acetate gave
an analytical sample: mp 131-134°; »max 1760, 1730, 1670 cm1;
Amax 225 my (e 7400); nmr 50.5 (18-methyl), 100 and 102 (total
equivalent three protons, C-3-methyl), 121.5 cps (3- and 17-
acetates). )

Anal. Caled for CyHyOs: C, 67.00; H, 7.50. Found: C,
66.70; H, 7.46.

Methyl 178-Hydroxy-4-methyl-4-0xo-1,4-se¢co-2,3-bisnor-5a-
estran-1-oate (1b).—The acetoxy lactol 4a (60 mg) was dissolved
in methano! (5 ml) and 1 N sodium hydroxide (1 ml) and the
mixture was refluxed for 2 hr under nitrogen. Upon a con-
ventional work-up, 45 mg of acid la was obtained, which was
treated with diazomethane to yield the ester 1b identical with
the previously described sample,5

(10) We wish to thank Dr, P. K. Grover for this experiment.
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The similarity of the Beckmann rearrangement of
the camphorquinone-3-oximes and the rearrangement
of the camphorquinone-3-hydrazones! and -semicarb-
azones? led to the present study. A common produet
was a-camphoramic acid, having been produced by
cleavage instead of the normal carbon to nitrogen
rearrangement.

When subjected to Schmidt reaction conditions
{sulfuric acid added to a chloroform solution of the
ketone and hydrogen azide) as described in the Ex-
perimental Section, camphorquinone (1, Scheme I)
produced a-camphoramic acid (5), B-camphoramic
acid (9), and a small amount of e-camphornitrilic acid
(4). It is considered that 4 and 5 arose from attack
on the 3 position, whereas attack at the 2 position
produced 9. That the majority of the reaction prod-
uct is 5 is in accord with the well-known fact that the

(1) X. N. Carter, J. Org. Chem., 28, 1409 (1858).
(2) K. N. Carter and G. 8. Blakely, unpublished results.
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3 position in 1 is much more reactive than the 2 posi-
tion.

Smith® has recently reviewed the cleavage-type
Schmidt reaction. He also suggests? that the hy-
drazone rearrangement and Schmidt reaction have a
common iminodiazonium ion intermediate. Zook and
Paviak® applied the Schmidt reaction to a series of ¢-
butyl alkyl ketones and found that the bulkier ¢-butyl
group migrated in the normal manner as expected but
in very poor yields, the main reaction being cleavage
to the t-butyl carbonium ion (which alkylated the sol-
vent if benzene or toluene were used) and a nitrile
or hydrolysis product of a nitrile. Intermediates
2, 3,4, 6,7, and 8 are consistent with their mechanism

(3) P. A, 8. Smith in ‘““Molecular Rearrangements,” P. de Mayo, Ed.,
Interscience Publishers, Inc., New York, N. Y., 1963, p 517.

(4) Reference 3, p 527.

(5) H. D. Zook and 8. C. Paviak, J. Am. Chem. Soc., TT, 2501 (1955),
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shown in Scheme II. Actual isolation of 4 helps to
confirm the postulated reaction path. This compound
was not isolated in the production of a-camphoramic
acid from the camphorquinone-3-hydrazones,® but it
was isolated by Nagata and Takeda® from the Beck-
mann cleavage of anii-camphorquinone-3-oxime and
proved by them to be a precursor of a-camphoramic
acid, which was also isolated.

It is interesting to note that Spielman and Austin,?
when they applied the Schmidt reaction to the a-
diketone benzil, obtained benzoylphenylurea and
oxanilide, interpreted as arising from normal Schmidt
reactions instead of the cleavage type.

Experimental Section®

Several runs were made differing only in method of work-up
of product. The method of product treatment given here was
chosen for efficiency of analysis. A chloroform solution of hy-
drazoic acid was prepared by the standard method® using an aque-
ous paste of sodium azide, chloroform, and sulfuric acid. To
11.6 g (0.070 mole) of camphorquinone (1), mp 203.5-204.5°
(prepared®® from p-camphor), was added 49.0 ml (0.077 mole)
of the hydrazoic acid solution. The resulting solution was
cooled to 1°, and 23.8 ml of concentrated sulfuric acid was added,
with stirring, over a period of 2 hr, the temperature being main-
tained between 1 and 7° by means of a cooling bath. Stirring
was continued for 1 additional hr. The reaction mixture was in
two layers. Subsequent distillation of the chloroform layer
showed it to be devoid of product. The acid layer was carefully
poured into ice~water, giving 2.3 g of white solid. The filtrate
was made alkaline with sodium hydroxide and extracted with
three 50-ml portions of ether. The aqueous layer was then acidi-
fied with sulfuric acid and subjected to continuous ether extrac-
tion for 8 hr. The 2.3 g of solid was then dissolved in sodium
hydroxide solution, and the solution was extracted with three 50-
m] portions of ether. The ether extracts from the alkaline solu-
tions were combined, and the ether was removed by distillation,
leaving 0.1 g of unidentified oil. The sodium hydroxide solution
was acidified with sulfuric acid and added to the other acid solu-
tion being extracted. Ether extraction was then continued for
17 hr. A white solid was present in the flask with the ether, 7.6
g, mp 163-170°. Infrared analysis indicated this to be approxi-
mately 85% 5 and 15% 9. Pure 5 has a specific rotation! of
+25° in ethanol while the specific rotation of 9 is +74°. A
solution of 1.50 g of the 7.6-g crop in 25.0 ml of ethanol had an
observed rotation (at 25-26°) of +3.75° in a 2-dm tube. Thisis
indicative of 889, 5 and 129, 9. The ether was subjected to dis-
tillation until about 75 ml remained. A white solid erystal-
lized, 2.1 g, mp 152-163°. Infrared analysis indicated this to
be a 50:50 mixture of 5 and 9. A solution of 1.50 g of the ma-
terial in 25.0 ml of ethanol had an observed rotation of +5.60° in
a 2-dm tube. This indicates 55 5 and 459, 9.

Complete removal of the ether from the remaining solution
gave 1.4 g of an oil which had a strong infrared absorption at 4.4
u. Attempts to induce the oil to crystallize were unsuccessful.

(6) W. Nagata and K. Takeda, J. Pharm. Soc. Japan, T2, 1566 (1852),

(7) M. A. Spielman and F. L. Austin, J. Am. Chem. Soc., 59, 2658 (1837).

(8) Melting points are corrected. Optical rotation measurements were
made with a Rudolph Routine polarimeter, Infrared spectra were deter-
mined on a Perkin-Elmer 137B spectrophotometer. The quantitative spec-
tra were run using the KBr pellet method. The Beer’s law plots using
absorbance at 8.06 u for B and 7.88 » for 9 were excellent, but there was some
slight overlapping with mixtures of the two. The polarimetric analysis was
considered more accurate, and those are the figzures used in the final yield
calculations.

(9) H. Wolff, Org. Reactions, 8, 327 (1946).

(10) W. C. Evans, J. M. Ridgion, and J. L. Simonsen, J. Chem. Soc., 137
(1934).

(11) M. Delépine and M. Badoche, Ann. Chim., 1T, 171 (1942),
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The oil was then dissolved in 20 ml of ether, and the solution was
first extracted with 10 ml of saturated sodium bicarbonate solu-
tion and then with 20 ml of 0.5 M sodium hydroxide solution.
The sodium hydroxide solution was acidified with hydrochloric
acid. The resulting solution was extracted with three 10-ml
portions of ether giving 0.3 g of oily solid upon removal of the
ether by distillation. The product when recrystallized from
water gave as the second crop 0.1 g of pure a-camphornitrilic acid
(4), mp 159.5-160°. The identity of 4 was established by infra-
red spectra comparison and mixture melting point with an au-
thentic sample.’? Acidification of the sodium bicarbonate ex-
tract gave a viscous oil which was extracted with 10 ml of pe-
troleum ether (bp 65-110°). Evaporation of the solvent gave
0.1 g of additional 4. While no more pure 4 was isolated, various
crystallization fractions contained small amounts as indicated by
infrared spectra. At no time was there any indication of the
presence of 8-camphornitrilic acid (8).

Thus, the major products were a-camphoramic acid (57%) and
B-camphoramic acid (14%). They could be separated from one
another by fractional crystallization from ethyl acetate giving
5, mp 177-178.5°, and 9, mp 178-179.5°. The identity of each
was confirmed by comparison of its infrared spectrum with an
authentic sample! and by mixture melting point determination.
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Previously reported syntheses of bicyelo[3.2.1]oct-
2-ene include a four-step synthesis from cyclopenta-
diene,! phosphoric acid dehydration of 2-hydroxy-
methylbicyclo[2.2.1]heptane,? ferric chloride catalyzed
isomerization of bicyclo[2.2.2]oct-2-ene,® and isomeri-
zation of 4-vinylcyclohexene with massive quantities
of alkylaluminum compounds.* We wish to report a
new and convenient method for catalytic isomerization
of 4-vinylcyclohexene to bicyclo [3.2.1]oct-2-ene.

Catalysts prepared from lithium aluminum hydride
and anhydrous cerous chloride, magnesium chloride,
or strontium chloride in benzene diluent were found to
effect cyclization of 4-vinyleyclohexene at temperatures
of 200-250°. In a typical preparation, 20 mmoles each
of lithium aluminum hydride and anhydrous cerous
chloride were magnetically stirred overnight in 200 ml
of benzene at room temperature under nitrogen; the
resulting suspension was then heated with 250 g of
4-vinyleyclohexene in a stirred autoclave at 230°.
Work-up and distillation gave recovery of 649, of the
materials as C; compounds, along with considerable
high-boiling residue. Gas chromatographic analysis
of the Cs; mixture showed that there were four com-
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