JANUARY, 1964

A Simple
Stereospecific Synthesis of ‘exo-2-Norbornyl
Methyl Ketone

Studies in the Norbornane Series. 1.

HANS STOCKMANN

Research and Development, American Viscose Division,
FMC Corporation, Marcus Hook, Pennsylvania

Received August 26, 1963

The first sterically unequivocal synthesis of exo-2-
norbornyl methy ketone has been described by Ber-
son.! The procedure consists of five steps and is too
lengthy for preparations on a larger scale. This
prompted us to investigate a simpler synthesis whose
concept is based on the combination of two already
known facts: (1) the free-radical addition of alde-
hydes to olefins yields ketones,?3 (2) the first step of

the addition of free radicals or ions to the double bond

of norbornene almost exclusively follows the ‘“exo”

course.*

Heating the commercially available norbornene with
acetaldehyde at 80° for 40 hr. in presence of 0.02 mole
of azobisisobutyronitrile’ yielded 809, exo-norbornyl
methyl ketone. The exo configuration of the ketone
was proven by checking its refractive index and the
melting point and mixture melting point of its semicarba-
zone and also by converting the ketone into exo-
norborneol by reaction with perbenzoic acid. It had
been shown previously® that the Baeyer—Villiger oxida-
tion proceeds without change of configuration.

The steric uniformity of the ketone was demon-
strated by the fact that the semicarbazone of the cor-
rect melting point was formed in 969, yield.

Experimental”

exo-Norbornyl Methyl Ketone.—Freshly distilled norbornene
(47.0 g., 0.5 mole) was dissolved in 132 g. of freshly distilled
acetaldehyde containing 0.01 mole of azobisisobutyronitrile.
The mixture was heated in an autoclave at 80° for 40 hr.  After
removing most of the unchanged acetaldehyde at atmospheric
pressure the remainder was distilled in vacuo to yield 56.7 g. of
ezo-norbornyl methyl ketone, b.p. 79-81° (15 mm.), lit.! b.p.
87° (19 mm.), and an unidentified high-boiling residue. The
ketone which had n%p 1.4709, lit.! n%p 1.4710, formed a semicar-
bazone in 969, yield, m.p. 181.5-182.5°,lit.) m.p. 182-183°. The
semicarbazone gave no melting point depression upon admixture
with a semicarbazone, prepared from authentic exo ketone!;
admixture with authentic endo semicarbazone,’ m.p. 179-180°,
resulted in a melting point depression of about 10°. Following
the procedure already reported,! the exo ketone was converted
into exo-norborneol, m.p. 126-127°; dinitrobenzoate, m.p.
104°.
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In a recent publication, we described an improved
method of synthesis of carbamates of alcohols, thiols,
phenols, and oximes uxing a procedure that involves
simply stirring a mixture of the aleohol, thiol or oxime,
sodium cyanate, trifluoroacetic acid, and a solvent for
a brief period.! When this reaction was applied to
1,3-glycols, the biscarbamate (I) was formed; when
applied to 1,2-glycols, the cyclic carbonate (1I) was the
major produect.
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We now wish to report a novel product prepared by
the reaction of a 1,1-glycol, chloral hydrate, under the
same reaction conditions. This product, assigned the
tautomeric substituted 1,3,5-dioxazine structures (I11I)
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is a high-melting, water-insoluble, tasteless crystalline
solid—in sharp contrast to the starting material,
chloral hydrate, a low-melting, hygroscopic, bitter,
amorphous solid. The compound is insoluble in aque-
ous acid, soluble in and decomposed by aqueous base,
and insoluble in most of the ordinary organic solvents
other than alcohols. It could not be catalytically re-
duced with platinum or palladium catalysts at 50 p.s.i.g.

The near-infrared absorption spectra? support the
assigned structure and suggest that it is mainly in the
form IIIb. The n.m.r.? shows only a single tertiary
C-H; the compound does not absorb in the ultraviolet
region (220 to 230 mu).
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A possible mechanism for the reaction could be
through dehydration of an intermediate biscarbamate.
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The only other examples of 1,3,5-dioxazines that
have been described previously are the dihydro deriva-
tives (IV, R = H, CH,COOH, CH,COOEt, CH,-
CONH,, Cl, NO,;, NH,).3
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Experimental

2-Trichloromethyl-4-keto-6-amino-4H-1,2,5-dioxazine.—To a
solution of 16.6 g. (0.1 mole) of chloral hydrate in 250 ml. of
tetrahydrofuran was added 26.0 g. (0.4 mole) of sodium cyanate.
The mixture was chilled and 29.7 ml. (0.4 mole) of trifluoroacetic
acid was added. The mixture was stirred for 2 hr. at room tem-
perature and filtered to remove the sodium trifluoroacetate (more
tetrahydrofuran may be added). The filtrate was evaporated at
25°, in vacuo, leaving an oil (35 g.). The infrared spectra of the
oil showed no absorption at 4.4 u (isocyanate). The oil solidified
on standing, better on stirring with a little water; the solid was
collected and dried in a desiccator. 1t was recrystallized twice
from acetone-water or from tetrahydrofuran and petroleum ether
(b.p. 60-70°), m.p. 240° dec.

Anal. Caled. for C,H;CIN:O;: C, 20.58; H, 1.30; Cl,
45.56; N, 12.00. Found: C, 20.88; H, 1.31; Cl, 45.58; N,
11.93.

|
The n.m.r. showed a single peak (—C-H) at 348 c.p.s. (5.81
|

|
The near-infrared showed an absorption (—C—H)

at 2.82 and a triplet at 5.55-5.78 u from a tautomeric carbonyl.
Attempts to determine the molecular weight by nonaqueous
titration or cryoscopically gave inconsistent values ranging from
239 to 248 (theoretical, 233.45). The pK, determined in 50%
aqueous ethanol was 8.15.

When chloral was treated with sodium cyanate and trifluoro-
acetic acid under the same conditions described previously, no
reaction occurred, and chloral was recovered.
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An apparently new oxidation of isonitriles with di-
methyl sulfoxide in the presence of small amounts of
halogen has been encountered in these laboratories.
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Previously isonitriles have been converted to isocya-
nates by the action of mercuric oxide,? ozone,® and
similar reagents. The reaction of isonitrile dihalides
with water to yield an amine, presumably via the iso-
cyanate, was reported.*

In the studies of the effect of solvent on the reaction
of silver cyanide with alkyl halides, isopropyl iodide and
silver cyanide were heated in dimethyl sulfoxide for 24
hr. Examination of the infrared spectrum indicated
the presence of an isocyanate (maximum, 2220 cm.—1).5
Further study of the reaction showed that isopropyl
isonitrile (prepared by the dehydration of isopropyl-
formamide with p-toluenesulfonyl chloride in quino-
line®) was stable to dimethyl sulfoxide at the same
temperatures and times, thus indicating that a di-
rect oxidation of the isonitrile was not involved.
Addition of 5 mole 9 of bromine to an equimolar mix-
ture of isopropyl isonitrile and dimethyl sulfoxide
in chloroform solvent at refluxing temperatures led to
smooth formation of isopropy! isocyanate and dimethyl
sulfide, both identified by comparison with authentic
samples. The yield of isocyanate was approximately
equal (£109,) to that of dimethyl sulfide. The chloro-
form and dimethyl sulfoxide used in this study were
dried with calcium hydride to obviate the possible
hydrolysis of isonitrile dihalide.* A preliminary infra-
red study of the reaction showed that the isonitrile
maximum (2120 em.~!) decreased steadily with time.
No peak at 1690 cm.—! (isonitrile dihalide) was ob-
served, and the spectrum could be described by the
superposition of the maxima of the isonitrile, isocyanate,
dimethyl sulfoxide, and the chloroform. Addition of
dimethyl sulfoxide to preformed isonitrile dibromide in
chloroform (infrared maximum, 1690 cm.™!) gave iso-
eyanate in a rapid exothermie reaction at room tem-
perature. Dimethyl sulfide was again identified as the
other product.

On the basis of the information presently available,
the most probable course of the reaction appears to be
that shown in eq. 1 and 2. A chain reaction (presum-
ably ionic) is implied by the necessity for the halogen
coupled with the fact that only 5 mole 9 is required
for the conversion. Equation 1 indicates a well known
reaction of isonitriles.*

"R—NC + X, —> R—N=CX, (1)
R—N=CX, + (CH,)80 —> RNCO + (CH):8 + X; (2)

What is written as eq. 2 is probably a multistep
process, and the halogen may never be formed per se,
but may be transferred from some intermediate adduct
of dimethy! sulfoxide and isonitrile dihalide directly to
another mole of isonitrile (eq. 3). Further study of the
reaction is required to settle these points. It is, how-

RNCO + (CH;)S + RNCX. (3)

ever, apparent that process 1 is not greatly faster than
process 2, otherwise the build-up of the 1690 cm.™!
isonitrile dihalide maximum would have been observed.
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