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quantitative recovery) to give pure bicyclo{3.1.0]hexane-
1-carboxamide having the same melting point as a sample
sublimed for analysis, m.p. 161-162°, with softening at 155°.
The infrared spectrum (potassium bromide pellet) contains
an inflection at 3.32 x and a band at 3.23 x (calcium fluoride
prism) as well as a strong band at 9.94 u, characteristic of the
three-membered ring.!s

Anal. Caled. for C;H;;NO: C, 67.16; H, 8.86; N, 11.19.
Found: C, 67.29; H, 8.98; N, 11.37.

Methyl 3-cyclohexenecarboxylate. Butadiene and methyl
acrylate were condensed in a Diels-Alder reaction by a pub-
lished procedure? to give a 919, yield of methyl 3-cyclo-
hexenecarboxylate, b.p. 80° (20 mm.), n%’ 1.4589 (reported,*!
b.p. 70° at 13 mm.).

3-Cyclohexenecarbozamide was prepared by heating 0.69 g.
of the ester and 10 ml. of a saturated methanolic-ammonia
solution in a sealed tube at 100° for 2 days. Removal of the
solvent and crystallization of the crude product from cyclo-
hexane-benzene gave 0.48 g. (787%,) of 3-cyclohexenecarbox-
amide having the same melting point as a sample sublimed
for analysis, m.p. 155.5-156.5°.

Anal. Caled. for C:H,yNO: C, 67.16; H, 8.86; N, 11.19.
Found: C, 67.43; H, 9.00; N, 11.34.

Methyl 3,4-epoxycyclohexanecarbozylate (XIVa). A solution
of 0.10 mole of commercial peracetic acid in 30 ml. of methyl-
ene chloride was shaken with 4.0 g. of sodium acetate trihy-
drate, separated, and added dropwise with stirring over a
10-min. period to a cold solution of 7.0 g. (0.05 mole) of
methyl 3-cyclohexenecarboxylate in 28 ml. of methylene
chloride. When the addition was complete, the reaction mix-
ture was allowed to stand at room temperature for 2 days.
A 409, solution of sodium hydroxide was added dropwise,
with cooling, to neutralize the excess acid. The solid material
was separated, dissolved in water and extracted with
methylene chloride. The combined methylene chloride solu-
tions (which gave a negative starch-iodide test) were dried.3!
Distillation of the product through a semimicro column gave
2.8 g. of unchanged ester, b.p. 80-82° (22 mm.), and 3.6 g.
(77%, based on recovered starting material) of methyl 3,4-
epoxycyclohexanecarboxylate, b.p. 115-117° (22 mm.),
ny 1.4626. Large scale preparations gave comparable yields.
An analytical sample had b. p. 109.5-110.5° (17 mm.),
n 1.4625,

Anal. Caled. for CgH0;: C, 61.52; H, 7.75. Found:
C, 61.49; H, 7.56.

Reaction of methyl 3,4-epoxycyclohexanecarboxylate with

(41) K. Alder and W. Vogt, Ann., 564, 109 (1949).
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potassium t-butozide. (8) Short reaction time. A solution of
0.047 mole of potassium ¢-butoxide in 50 ml. of ¢-butyl alco-
hol was added dropwise, with stirring, over a 5-min. period
to a solution of 7.41 g. (0.047 mole) of methyl 3,4-epoxy-
cyclohexanecarboxylate and 50 ml. of t-butyl alcohol. The
reaction mixture was heated under reflux for 1 hr., cooled,
treated with sodium chloride solution, and extracted with
ether. The dried ether solution was concentrated on the
steam bath and the residue was distilled through a semi-
micro column giving 6.63 g. (71%) of t-bulyl 3,4-epoxycyclo-
hezanecarbozylate (XIVb), b.p. 82.5-85.5° (1.3 mm.), n}’
1.4525-1.4534. An analytical sample had b.p. 80.5-81.5°
(1.4 mm.), n% 1.4525.

Anal. Caled. for CyH;s0;: C, 66.64; H, 9.15. Found:
C, 66.91; H, 9.09.

The infrared spectrum of the product contains the bands
characteristic of a t-butyl group (7.22 and 7.33 u)** and does
not contain bands characteristic for a hydroxyl group or a
cyclopropane ring. Lithium aluminum hydride reduction
gave as a product a viscous oil whose infrared spectrum did
not contain the characteristic bands of a i-butyl group. This
demonstrates that the t-butyl group must be present in an
ester rather than an ether function.

(o)Long reaction ttme. The reaction was carried out as in
part (a) using 7.91 g. (0.051 mole) of methyl 3,4-epoxycyeclo-
hexanecarboxylate in 100 ml. of anhydrous i-butyl alcohol
and a solution of 0.052 mole of potassium ¢-butoxide in 50
ml. of t-butyl alecohol. The reaction mixture was stirred and
heated under reflux for 8.5 hr., then worked up as in part
(a). Fractional distillation through a semimicro column gave
4.38 g. (44%) of t-butyl 3,4-epoxycyclohexanecarboxylate,
b.p. 75-105° (1.2 mm.), n%° 1.4533—1.4559 and 2.54 g. (22%,)
of a fraction distilling mostly at 113-114° (1.2 mm.),
n% 1.4577 which was identified as t-butyl 3,4-methoxyhydrozy-
cyclohezanecarboxylate (XVII). An analytical sample had
b.p. 74° (0.03 mm.), n% 1.4575.

Anal. Caled. for CpHaO.: C, 62.58; H, 9.63; OCH,,
13.47. Found: C, 62.60; H, 9.63; OCHj;, 15.15.

The infrared spectrum (calcium fluoride prism) of the #-
butyl 3,4-methoxyhydroxycyclohexanecarboxylate contains
the characteristic bands for associated (2.88 u, broad) and
unassociated hydroxyl (2.78 p, sharp) and for the i-butyl
group*? (7.22 u and 7.34 u).

CAMBRIDGE, MAss.

(42) L. J. Bellamy, The Infrared Spectra of Complez Mole-
cules, John Wiley and Sons, Inc., New York, N. Y., 1954, pp.
13, 22,
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The diss90ia13ion constants of the cyanohydrins of norcamphor (XIII) and dehydronoreamphor (X1IV) and of a number of
methyl derivatives (XV-XVII) of the former have been measured. Methyl groups have a very large effect on reactivity in

this system.

The bicyelo[2.2.1]heptane system of norcam-
phane (I) contains a cyclohexane ring (ITI) rigidly
held in a boat form.? The one-carbon bridge distorts

(1) Part IX, J. Am. Chem. Soc., 79, 4191 (1957).

(2a) Present address, Department of Chemistry, Dal-

housie University, Halifax, N. 8. (2b) Department of Organic
Chemistry, Hebrew University, Jerusalem, Israel.

the ring and introduces considerable strain which
has been estimated to amount to about 6 kealt

In forming this ring from the boat form of cyclo-

(3) (a) C. W. Shoppee, Chemastry & Indusiry, 86 (1952);
(b) D. H. R. Barton, J. Chem. Soc., 1953, 1027,
(4) R.P. Linstead, Ann. Rep. Chem. Soc., 32, 315 (1935).
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hexane by bridging the 1,4-carbon atoms (I) by a
single methylene group these atoms must be
brought closer together and all the internal angles
of the bridge considerably opened. Bicyclo[2.2.2]-
octane (II) with a two-methylene bridge is per-
fectly symmetrical and not strained.®

Placing a double bond inside a bicycloheptane
ring will considerably increase the strain, since the
preferred angle between carbon-carbon single and
double bonds of 124° must be constrained to enter
the ring and the original single bond (1.54 A) is
shortened to a double bond (1.35 A). Chemical
evidence in favor of this generalization is that the
dehydration of tertiary methyl carbinols tends to
take place exocyclically by loss of a primary
methyl hydrogen atom rather than by loss of a
secondary ring atom. Thus tert.-methyl borneol (V)
gives S-methylcamphene (VI)® as well as a-methyl
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camphene (VII) formed by rearrangement, 3-
methylepiborneol (VIII) gives 4-methyl-a-fen-
chene (IX)? and 2-methylisofenchol (X) gives 1-
methyl-8-fenchene (XI) and only a little 1-methyl-
v-fenchene (XII).® Moreover the enol ether of
camphor is very unstable, being hydrolyzed by
water®® and both camphor-2-carbethoxylate® and

(5) Cf. W. Hiickel, Ann., 455, 123 (1927).
(6) 8. Nametkin and L. Brussoff, Ann., 439, 144 (1927).
(7) G. A. Nyman and A. Kuvaja, Ann., 538, 68 (1939).
{8) G. Komppa, 4Ann., 472, 179 (1929); G. Komppa and
G. A. Nyman, Ann., 523, 87 (1936).
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camphor® have very small enol contents. In these
respects the bicycloheptane ring is more similar to a
cyclopentane ring than to a cyclohexane ring,!%
A double bond exocyeclic to the ring will produce
a little extra strain since the preferred double bond
internal angle is about 116° and this will have to
be diminished to enter a ring, which has its angle
a little less than the carbon tetrahedral angle.
Thus addition to a ketone group.might be favored
since it will result in a smal] decrease in I-strain,!o
However in the boat-form of cyclohexane the two
pairs of bonds on either side of the ring are eclipsed
and addition to the keto group in XIIT will introduce
unfavorable eclipsing interactions (IV). In this re-
spect, too, the bicycloheptane ring is similar to a
cyclopentane ring.*® To test this hypothesis the
dissociation constant of the cyanohydrin of nor-
camphor (XIII) has been measured (Table I) and
found to be little different from that of cyclopenta-
none, but quite different from the high reactivity of
cyclohexanone in its free chair-form. In the case of
dehydronorcamphor (XIV) the double bond will
introduce additional strain at the ketone group and
facilitate an addition reaction. However there is an
electronic effect of the double bond across the ring,
which is manifest in the ultraviolet’'® and infrared
absorption!*® of the ketone, and the inductive
effect will decrease the ketone reactivity.'* The
net result of the opposing effects is an observed
increase of about a factor of 3 in reactivity.

X111 X1v XVa, R=H
b, R=Me
R R Q
0 0 \
' :
XVIa. R=H XVIla, R=H XVII
b, R=Me b, R=Me
Me
Me - O
XVIila

(9) (a) M. Bredt-Savelsberg and C. Rumschide, J. prakt.
chem., 115, 235, (1927); (b) W. Dieckmann, Ber., §5, 2470
(1922); (¢) A. Gero, J. Org. Chem., 19, 1960 (1954).

(10) (a) H. C. Brown, J. H. Brewster, and H. Shechter,
J. Am. Chem. Soc., 76, 467 (1954); Cf. H. C. Brown, J.
Org. Chem., 22, 429 (1957). (b) H. C. Brown, Record of
Chemical Progress, 14, 83 (1953); J. Chem. Soc., 1956, 1248.

(11) {a) R. C. Cookson and N. 8. Wariyar, J. Chem. Soc.,
1956, 2302; (b) P. D. Bartlett and B. E. Tate, J. Am. Chem.
Soc., 78, 2473 (1956). These effects may be partly due to
the strain of the double bond. Cf. E. R. H. Jones, G. H.
Manfield, and M. C. Whiting, J. Chem. Soc., 1956, 4073.

(12) O. H. Wheeler and J. L. Mateos, unpublished re-
sults.
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Methy! groups have a considerable effect on the
reactivity of cyclohexanone!® and in order to in-
vestigate their effect in this system a number of
methylated ketones (XV-XVII) were prepared and
the dissociation constants of their cyanohydrins
measured (Table I). a-Fenchocamphorone (XVa),
which has two methyl groups on the bridge methyl-
ene groups, is 13 times less reactive than norcam-
phor (XIII) and camphor (XVb), with an extra
methyl group on the bridgehead adjacent to the
keto-group, is 18 times less reactive. This large ef-
fect of the methyl groups results from the fact
that one of them is placed over the ketone group®®
and interferes considerably with the cyano (or
hydroxyl) group of the cyanohydrin. This effect
is analogous to the axial-crowding effect observed
in 3-substituted cyclohexanones.’®® When the pair
of methyl groups is placed adjacent to the carbonyl
group as in camphenilone (XVIa) and fenchone
(XVIb) the effect is much greater, these compounds
being 90 and 130 times less reactive than norcam-
phor. In these cases both the methy] groups will be
eclipsed with the cyano and hydroxyl groups of the
eyanchydrin. However when this pair of methyl
groups is across the ring as in isofenchone (XVIIb)
they exert no steric effect at all. The large differ-
ence in reactivity of fenchone (XVIb) and isofen-
chone (XV1Ib) of 226/1 is noteworthy.

The large interference effect of methyl groups on
the bridgehead accounts for the reversed stability
of the isomeric alcohols formed by reduction of nor-
camphor (XIIT) and camphor (XVb).?* Thus nor-
isoborneol (III, IV; R* = OH, R? = H) with the
hydroxyl group in the more stable exo or equatorial
position, is more stable than norborneol (III, IV;
R! = H, R? = OH) in which the hydroxyl group is
in an endo or axial position.!* However in the cam-
phor series borneol (hydroxyl endo) is more stable
than isoborneol (hydroxyl exo),’® because of the
gem dimethyl group in the latter isomer. Such in-
terference also leads to low reactivity of camphor
in a number of addition reactions. Catalytic reduc-
tion proceeds very slowly'® giving isoborneol (exo)
formed by attack from the less hindered underside
of the molecule, and reduction with aluminum iso-
propoxide also proceeds slowly giving 709, iso-
borneol.”

Extension of these above observations allows
possible steric assignments to be made to a number
of pairs of alcohols of unknown configuration.

(13) (a) O. H. Wheeler and J. Z. Zabicky, Chemistry &
Industry, 1388 (1956); (b) O. H. Wheeler, J. Am. Chem.
Soc., 79, 4191 (1957).

(14) K. Adler and G. Stein, Ann., 525, 183 (1936).

(15) Y. Asahina, M. Ishidate and T. Sano, Ber., 69,
343 (1936).

(16) (a) G. Vavon and P. Peignier, Bull. soc. chim. France,
39, 924 (1926); ¢f. G. Vavon, Bull. soc. chim. France, 49,
337 (1941). (b) M. Lipp and E. Bund, Ber., 68, 249 (1935).

(17) L. M. Jackman, A. K. Macbeth, and J. A. Mills, J.
Chem. Soc., 1949, 2641,
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Since the methyl groups in isofenchone (XVIIb)
have no effect on the ketone-cyanohydrin equilib-
rium, the more stable of the two « and 8isofenchols
should have an exo hydroxyl group as in the nor-
camphor series. a-Isofenchol is uneffected by
sodium ethoxide in xylene, whereas p-isofenchol
is partially converted to the a-isomer.’*!® Also re-
duection of isofenchone with sodium in aleohol gives
largely the a-isomer.’® Such procedures give the
more stable isomer®® and this a-isomer must have
the hydroxyl group exo.® Catalytic reduction
proceeds by absorption of the ketone grouping on
the catalyst from the less hindered side,®® which
in this case is from the exo direction, and it is ob-
served that S-(endo)-isofenchol is formed in over
909%." Similarly since reduction of g-fenchocam-
phorone (XVIIa) with sodium and alcohol gives
B-fenchocamphorol with less than 109, of iso-g-
fenchocamphorol,?%* these must be the exo- and
endo-isomers respectively.

Reduction of epicamphor (3-ketocamphane) with
sodium and alcohol gives epiborneol,’®2% while
catalytic hydrogenation gives epi-isoborneol,¢?
and by analogy with camphor these should have
the endo and exo configurations respectively. In
the case of the fenchols (from XVIb) one of the
methyl groups in position 3 interferes with the
hydroxyl group in either configuration and since
at position 7 there is only hydrogen atom, there will
probably be little difference between the isomers,
and sodium catalyzed isomerization of either alco-
hol gives a mixture of both.2'* Infrared evidence!®
suggests that g-fenchol is the exo-isomer.

The camphenilols, I and II, derived from cam-
phenilone (XVIa) are probably the exo and endo
isomers since they are formed by sodium-ethanol
reduction®® and catalytic hydrogenation respec-
tively.2%

An additional manner of bridging a cyclohexane
ring is with a 1,3-bridge as in bicyclo[3.1.1]heptane
derivatives (XVIII) and in this case the cyclo-
hexane ring has the form of a distorted chair.?®
However in the case of nopinone (XVIII), because
of the distortion of the ring and the shielding effect
of one of the methyl groups on the ketone group-
ing, the reactivity will be less than that of cyclo-
hexanone and it in fact has the same reactivity to-
wards cyanohydrin formation as norcamphor
(XTIII). Of the corresponding nopinols, the a-

(18) K. Alder and G. Stein, Ann., 525, 221 (1936).
Cf. G. Komppa and 8. Beckmann, Ann., 522, 137 (1936).

(19) This assignment is confirmed by infrared measure-
ments. P. Hirsjarvi, Suomen Kemistilehts, 20B, 138 (1956).

(20) (a) G. Komppa and 8. Beckmann, Ann., 537, 140
(1939); (b) M. Lipp, Ber., 74, 6 (1941).

(21) (a) W. von E. Doering and T. C. Aschner, J. Am.
Chem. Soc., 71, 838 (1949); (b) Cf. W. Hiickel and H. Kind-
ler, Ber., 80, 202 (1947).

(22) (a) W. Hiickel, Ann., 549, 186 (1941); (b) W. Hiickel
and W. Tappe, Ber., 69, 2769 (1936).

(23) (a) O. H. Wheeler, Chemistry & Industry, 1020
(1954); (b) A. K. Bose, J. Org. Chem., 20, 1003 (1955).
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isomer has been shown to be equatorial and the 8-
isomer axial,?** and as expected sodium reduction
gives principally the a-isomer,24b

EXPERIMENTAL

Ketones. Norcamphor was prepared by chromie acid oxi-

TABLE I
DissociaTion ConsTaNTs OF CYANCHYDRINS®

Kp X 102 Ratio®
Cyclopentanone 2.05° 0.67
Cyclohexanone 0.059° .019
Norcamphor (X111) 3.07 1.0
Dehydronorcamphor (XIV) 1.11 .36
a-Fenchocamphorone (XVa) 38.5 13
Camphor (XVb) 54,0 18
Camphenilone (XVIa) 285 90
Fenchone (XVIb) 397 130
Isofenchone (XVIIb) 1.76 .58
Nopinone (XVIII) 3.07 1.0

¢ In 969, ethanol at 25.0 £ 0.2°, * Ratio of dissociation
constants to norcamphor = 1.0. ° O. H. Wheeler and J. Z.
Zabicky, ref. 13a, and unpublished results.
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a-fenchol which was dehydrated with phthalic anhydride®
to a-fenchene. Part of this was ozonized to a-fenchocam-
phorone® and part rearranged with acetic-sulfuric acid to
isofenchyl acetate,3! which was hydrolyzed and oxidized to
isofenchone,3!

Several ketones were purified through their semicarba-
zones and regenerated by steam distillation with phthalic
anhydride.?2 The physical constants are given in Table 11,

Cyanohydrins. The ketones were dissolved in purified 96%,
ethanol and an excess of hydrogen cyanide in the same sol-
vent added together with 29, by volume of a 2%, solution
of tri-n-propylamine in ethanol. The solutions were allowed
to equilibrate in a constant temperature bath mantained at
25.0 £ 0.2° for 24-30 hr. Samples were withdrawn, added
to excess 0.1N aqueous silver nitrate, containing 0.5%
nitric acid and the excess titrated with standardized potas-
sium thiocyanate using ferrie alum as indicator.

In the case of the more reactive ketones, samples of 0.4~
0.2 g. were reacted in 50 ml. of solution and 10 ml. samples
used for titration. The substituted ketones were very unreac-
tive?? and their dissociation constants were determined by
using samples of 0.4-0.5 g. in 10 ml. of solution and titrating
2 ml. samples with a microburette. All the determinations
were repeated 3 or more times and the mean values are re-
ported in table I. Because of the small amount of reacted
hydrogen cyanide in the cases of the substituted ketones,
the results are only accurate to 5-89, relatively.

TABLE II
Prysicarl ConsTANTs oF KETONES®
M.P. B.P. n?s
Norcamphor { XIIT)® 88-80°(92°)° 80°/25 mm.

Dehydronorcamphor (XIV)¢ —

a-Fenchocamphorone (XVa)
Camphor (XVb)
Camphenilone (XVTa)

174-175°

Fenchone (XVIb)
iso-Fenchone (XVIIb)
Nopinone (XVIII)?

108° (110°)7

72-76°/22 mm. 1.4834

(59-59.3°/18 mm. )* (1.4839)

95-100° /27 mm.

85-88°/18 mm. 1.4669

(78°/12mm. ¥

82--84°/25 mm. 1.4605
(1.4635)

90-93°/21 mm. 1.4625
(1.4619)°

98-99°/25 mm. 1.4775

(77-78.5°/8 mm. ) (1.4769)

¢ Literature values in parenthesis. * From semicarbazone, m.p. 192.5~193°. Ref. 26 gives m.p. 198°. “Ref. 26. ¢ From
semicarbazone, m.p. 207-208°, P. D, Bartlett and B. E. Tate, Ref. 11b., give m.p, 205-206.8°. ° Bartlett and Tate, Loc.
(4. 7 From semicarbazone, m.p. 218°, Ref. 30 gives m.p. 220°. ¢ Ref. 22a. # At 18°, O. Wallach, Ann., 263, 131 (1891); * At
20°. Ref. 31. Y From semicarbazone, m.p. 174.5-176°, * Ref. 24a.

dation® of norborneol® and dehydronorcamphor by oxida~
tion of dehydronorborneol® using only a slight excess (10%,)
of oxidant.

Camphor was an Eastman Kodak White Label sample
and fenchone an Eastman Kodak Technical sample which
was fractionated in a 20-plate column.

Camphenilone was prepared by ozonolysis of camphene
in acetic acid?” and nopinone by ozonolysis® of a fractionated
sample (959, pure) of g-pinene.

Fenchone was reduced with lithium aluminum hydride to

(24) (a) 8. Winstein and N. J. Holness, J. Am. Chem.
Soc., 77, 3054 (1955); (b) O. Wallach, Ann., 356, 227 (1907).

(25) L. T. Sandborn, Org. Syn., Coll. Vol. I., 340 (1941).

(26) K. Alder and H. F. Rickert, Ann., 543, 1 (1939).

(27) C. Harries and B. J. Palmen, Ber., 43, 1432 (1910);
G. Petri and V. Gulch, Chem. Listy, 46, 442 (1952).

(28) H. Schmidt, Angew, Chem., 42, 126 (1929).
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