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Carbonium Ion Rearrangements. VI

Mechanism of the Rearrangement of Neopentyl

Compounds

By GerasiMos J. KarRaBATs0s,'* CHESTER E. OrRzZECH, JR.,!P AND SEYMOUR MEYERSON!®

RECEIVED DECEMBER 17, 1963

The t-amyl alcohols obtained from the deamination of neopentyl-1-13C and neopentyl-1,1-d;-amines, from
the solvolysis of neopentyl-1-13C and neopentyl-1,1-d; tosylates, and from the solvolysis of neopentyl-1-13C

iodide were analvzed by n.m.r. and mass spectrometry.
tained from the reaction of neopentyl-1-13C alcohol with tripheny! phosphite and benzy! chloride.

Also analyzed by n.m.r. was the f-amyl chloride ob-
The label

originally present at C-1 of the neopentyl compounds always ends up at C-3 of the f-amyl compounds. The
results rule out the intervention of 1,3-hydride shifts, protonated cyclopropanes, or hydrogen-bridged ions during

the rearrangement.

The intermediacy of cationated cyclopropanes in
gas-phase ionic decompositions in the mass spectrom-
eter is well documented.? The suggestion® that
such species may intervene as intermediates in liquid
phase carbonium ion rearrangements, however, has
not been substantiated. Conversion of the neopentyl
group to the t-amyl group by the reaction of neopentyl-
1-13C alcohol with hydrogen bromide* or by deoxidea-
tion of neopentyl-1,1-d: alcohol® proceeds with no
perceptible intervention of protonated cyclopropanes.
Nevertheless, the recently reported 1,3-hydride shifts®?
and proton exchange between cyclopropane and sul-
furic acid® might be interpreted in terms of protonated
cyclopropanes, either symmetrical (I) or hydrogen
bridged (I1).

rangement of neopentyl compounds to f-amyl com-
pounds.

The path of the rearrangement can be elucidated by
suitably labeling the neopentyl group and locating
the isotope in the t-amyl group. Chart I summarizes
the isotopic distributions predicted for various paths
on the assumption that isotope effects are negligible
and that no further scrambling of atoms occurs once
the {-amyl structure is attained. Path a, 1,2-methyl
shift, leads to a {-amyl cation labeled solely at C-3;
path b, involving a protonated cyclopropane, dis-
tributes the label equally between C-3 and C-4; path
c, a single 1,3-hydride shift followed by a 1,2-methyl
shift, distributes the label between C-1 and C-4in a
2:1 ratio.

3 T < . Results
The t-amyl alcohol obtained from the deamination
I 11 of neopentyl-1-3C and neopentyl-1,1-d,-amines, from
Cuart I
oS
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We have been investigating several systems under
diverse experimental conditions in order to assess the
effect of structure and mode of carbonium ion formation
of the relative importance of 1,2-shifts, 1,3-shifts, and
protonated cyclopropanes in carbonium ion rear-
rangements.® We shall discuss in this paper the rear-
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the solvolysis of neopentyl-1-*C and neopentyl-1,1-
d, tosylates, and from the solvolysis of neopentyl-1-13C
iodide were analyzed by n.m.r. (60 Mc.) and mass
spectrometry. The {-amyl chloride obtained from the
reaction of neopentyl-1-3C alcohol with triphenyl
phosphite and benzyl chloride’ was analyzed by
.1,
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sbid., 88, 1782 (1963); (c) M. S. Silver, sbid., 88, 3482 (1961); (d) M. S.
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chloride led to an approximately 50-50 mixture of neopentyl chloride and
t-amyl chloride.
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Fig. 1 —A, Proton n.m.r. spectrum of neopentyl-1,1-d,-ammo-
nium perchlorate in deuterium oxide. B, Proton n.m.r. spectrum
of neopentyl-1-13C tosylate in carbon tetrachloride.

N.m.r. Analysis.—Isotopic composition of the ¥C-
labeled neopentyl compounds was determined by
integration of the —?*CH,— and —'**CHg- signals. The
values, believed to be accurate to =49, in terms of
per cent labeled molecules are: neopentyl-1-¥*C-am-
monium perchlorate, 31.5%,; neopentyl-1-13C tosylate,
55.89%,; neopentyl-1-13C iodide, 54.39,; and neopentyl-
1-13C chloride, 53.79,. Neopentyl-1,1-ds-ammonium
perchlorate and neopentyl-1,1-d, tosylate were esti-
mated to be at least 969, d.. Figure 1 shows typical

spectra.
TaBLE 1
PARTIAL MASS SPECTRA OF {-AMYL ALCOHOLS
———————Relative intensity®

Mass 4 11° 114 vt ve v/ VIV
53 3.10 2.33 1.62 3.84 2.06 1.09 1.09
54 0.60 1.24 1.82 0.74 2.38 1.83 1.84
55 41.6 29.1 18.4 47.8 22.1 3.19 3.16
56 0.47 11.8 22.4 0.41 26.0 1.1 11.3
57 2.62 2.20 1.68 2.75 1.64 36.0 36.3
58 1.82 2.28 2.45 1.76 2.33 2.13 2.12
59  100.0 100.0 100.0 100.0 100.0 100.0 100.0
60 0.10 0.24 0.20 0.05 0.18 2.27 2.29
61 12 .09 08 17 13 0.10 0.11
69 .81 .69 .39 1.01 .47 17 17
70 3.80 2,65 1.96 5.87 3.04 .43 .41
71 5.46 4.97 4.37 5.62 5.61 2.24 2.25
72 0.20 1.83 3.22 0.14 3.186 3.58 3.63
73 55.6 39.1 24 .4 55.3 24.6 5.66 5.62
74 0.07 16.3 31.4 0.05 31.6 2.14 2.14
75 0 0 0 0 0 57.9 57.5
76 0 0 0 0 0 0.7 0.80

¢ Contributions from ions containing heavy isotopes in natural
abundance have been removed. ° Unlabeled. Interpretation
of spectra of labeled compounds requires comparison with spec-
tra of the corresponding unlabeled species measured consecutively
or nearly so to ensure constant instruinent operating characteris-
tics. The spectra shown here were measured in two groups at
different times. Hence two spectra, I and IV, are reported for
the unlabeled alcohol. Spectrum I was measured at the same
time as II and III, IV at the same time as V, VI, and VII.
¢ From the deamination of neopentyl-1-13C-amine. ¢ From the
solvolysis of neopentyl-1-13C tosylate. ¢ From the solvolysis of
neopentyl-1-3C iodide. 7 From the deamination of neopentyl-
1,1-d; amiine. ¢ From the solvolysis of neopentyl-1,1-d, tosylate.

The t-amyl alcohols isolated from the rearrange-
ment of the dp-labeled neopentyl compounds showed
no protium at C-3 (less than 59%,). Those obtained

REARRANGEMENT OF NEOPENTYL COMPOUNDS
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Fig. 2—A, Proton n.m.r. spectrum in carbon tetrachloride of
t-amyl alcoliol obtained from the deamination of neopentyl-1,1-
ds-ammonijum perchlorate. B, Proton n.m.r. spectrum in carbon
tetrachloride of f-amyl alcohol obtained from the solvolysis of
neopentyl-1-13C tosylate. C, Proton n.m.r. spectrum in carbon
tetrachloride of neopentyl chloride and ¢-amyl chloride obtained
from the reaction of neopentyl-1-13C alcohol with triphenyl
phosphite and benzyl chloride.

from the !3C-labeled compounds showed no *C at
C-1 or C-4. From integration of the —1*CH,— signals
at 7 7.4 vs. other signals (OH, —2CH,-) the amount
of 13C at C-3 from deamination was estimated to be
30.6%; from tosylate solvolysis, 53.2-57%,; and from
iodide solvolysis, 53.89,. The {-amyl chloride also
showed no 3C at C-1 or C-4. Typical spectral!! are
shown in Fig. 2. Apparently. all the labeled atoms—
deuterium and *C—in the f-amyl compounds are con-
finied to the C-3 position.

Mass Spectral Analysis.—Table I shows partial
spectra of ¢-amyl alcohols obtained from the rearrange-
ment of labeled neopentyl compounds. Analysis!?
of these spectra gives the following results: retention
of 13C label in the CsHp™* ion, parent-less-hydroxyl,
is 30, 55, and 549 for the alcohols obtained from the
deamination, solvolysis of tosylate, and solvolysis of
iodide, respectively. Retention of *C label in the
CiH,O* ion, parent-less-methyl, is 29.4, 56.3, and
56.2%; in the C4H;* ion, parent-less-methyl-and-water,
it is 29, 55, and 549,. Hence uno label is at C-1.

(11) It is worth pointing out that the high field ~12CH:- signal close to
the -CHj signal is not, as it should not be, a quartet (A3B2X system).

(12) G. J. Karabatsos, F. M, Vane, and S. Meyerson, J. Am. Chem. Soc.,
86, 733 (1963).
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TaBLE II

PERCENTAGE DISTRIBUTION OF LABEL IN THE {-AMYL CoMPoUNDS OBTAINED FROM THE REARRANGEMENT OF NEOPENTYL COMPOUNDS

~~——~Label in {-amyl compd., %——

Neopentyl compd. Reaction Product C-1 C-2 C-3 C-4
(CH;);C3CH,N +*H;ClO, ™~ Deamination t-Amyl aleohol 0 0 100 0
(CH;)sCCD. N +H;C10,~ Deamination t-Amyl! alcohol 0 .. 100 0
(CHj;)3C13CH,O0Ts Solvolysis t-Amyl alcohol 0 0 100 0
(CH;);CCD.OTs Solvolysis t-Amyl alcohol 0 . 100 0
(CHj;);C13CH,I Solvolysis ¢t-Amy! alcohol 0 0 100 0
(CHj,3);C1¥CH,OH Reacn. with (CsH,O )P +

C¢H,CH,Cl ¢t-Amyl chloride >06°
(CHj,);CH#*CH,0H Reacn. with HBr Pentenes + t-amyl bromide >06°
(CH;);CCD.:OH Deoxideation Pentenes >96°
2 Calculated from the n.m.r. spectrum. ° Ref. 4. ¢ Ref. 5

13C retention in the C;H;O7 ion, parent-less-ethyl, is
not more than 0.2, 0.2, and 0.29,. If intensities at
masses 74 and 75 in the spectra of the deuterated alco-
hols are attributed solely to C,H,O*-d; and -d,, re-
spectively, and if unlabeled C;H,O* is assumed absent,
an estimate can be made of the isotopic distribution of
this fragment-ion and, by inference, of the parent
molecule: 3.69, d; and 96.49, d, in both alcohols.
Deuterium retention in the C;H;O* ion is essentially
zero. All the 3C and deuterium, therefore, is confined
to the ethyl groups.

The n.m.r. and mass spectral data are in good agree-
ment, and the combination of the two leads to the con-
clusion that all label originally at C-1 of the neopentyl
compounds ends up at C-3 of the t-amyl compounds.
Table II summarizes the results.

Discussion

In the liquid phase reactions, regardless of experi-
mental conditions, neopentyl compounds rearrange to
t-amyl compounds without the intervention of 1,3-
hydride shifts, protonated cyclopropanes, or hydrogen-
bridged ions. The ability of 1,3-hydride shifts to
compete with 1,2-shifts in the n-propyl system (III
vs. IV) but not in the neopentyl system (V vs. VI) can
be rationalized in terms of formation of a tertiary
carbonium ion in VI but only a secondary in IV, and

C H C ¢ C
s REN NS PEAN
CH, +H C—C—cC C +H C—C—C
’ ( Ny (
¢ H ¢ ¢ C
III v \% VI

in terms of greater release of nonbonded interactions in
going from the neopentyl group to VI than from the
n-propyl to IV,
The results exclude the occurrence of 1, a reaction
sequence that is significant in the reactions of f-amyl
C Cc

] ~H [ ~Me
C—C—1C—C > C—C—3C—C >

C C
~H

| |
C—C—1C—C — C—C—1uC—C (1)

halides with aluminum halides 1213 This difference
in the behavior of the f-amyl cation 1s reasonable.
Under the present experimental conditions the cation
is irreversibly captured by nucleophile at rates ap-
proaching those of collision reactions. Consequently
rearrangement to the secondary carbonium ion, which
requires at least 11 kcal./mole of activation energy,

(13) J. D. Ronerts, R. E. McMahon, and J. S. Hine, J. Am. Chem.
Soc., 72, 4237 (1650).

cannot compete favorably with nucleophilic capture
or with proton elimination. Under the conditions of
alkyl halide-Lewis acid reactions, however, competi-
tion becomes effective because the carbonium ions are
long lived.

Retention of all deuterium in the {-amyl products
also excludes the reversibility of 2.

C C
C—é—C—C +B = c—[c=c—c + BH* (2)
The methyl shift can proceed either by a synchronous
C—X breaking and methyl migration, path 3a, or by a
two-step process that involves the intermediacy of the
neopentyl cation, path 3b. Mechanisms intermediate
between these extremes can also be visualized. The
relative merits of 3a and 3b in terms of X have been
recently discussed.®>!* In most cases the available
data bar a choice between the two mechanisms.

C .c c
| (3a) AR |
Cc— [C —CX —> C—C C.. X— C—Q—C—C (3)
C C(ts.)
C
6w |
—?—C X~
C

Path 3b apparently intervenes in the reaction of neo-
pentyl iodide with silver nitrate. In this case optically
active neopentyl-1-d iodide leads to inactive f-amyl
alcohol.'* Path 3a has been implicated!¢ in the deoxide-
ation of neopentyl alcohol, because optically active
(presumably inverted) 2-methyl-1-butene-3-d results
from optically active neopentyl-1-d alcohol. The
results, however, are equally compatible with path
3b provided the methyl rearrangement (4a) is faster
than or competes favorably with rotation of the -CHD
group with respect to X (4b). We suggest that these
differences in the behavior of neopentyl cations may

H
CH, + D o CH; + i
\\\ — - — 2 \\ —
Hj X CHs X
CH;

CH3
j )

CH;s CHjy
)/\ D /,"\\H
H D
inversion retention

(14) W. A, Sanderson and H. S. Mosher, s#:d., 88, 5033 (1961).
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reflect the importance of X in product control rather
than a change from a two-step to a concerted mech-
anism. Vibrationally excited neopentyl cations, e.g.,
those formed from deamination and deoxidation, may
undergo rearrangement faster than rotation about

_+_
the -CHD group with respect to X. Recent publi-
cations have focused attention on the importance of
counter ion X and solvent in the competition between
product formation and conformational changes of
carbonium ions.!®

Experimental

Synthesis of Labeled Compounds.—All compounds were pre-
pared according to well established procedures. Trimethylacetic
1-13C acid was the source of all the 13C-labeled compounds. It
was prepared in 919, yield (based on barium carbonate-1¥C) from
the carbonation, at —60°, of ¢-butyllithium with carbon-1:C
dioxide generated from barium carbonate-13C and 309 aqueous
perchloric acid; carbonyl absorptions in the infrared: 5.97
(12C=0), 6.05 u (13C=0); m.p. 35°. Reduction of the acid with
lithium aluminum hydride gave neopentyl-1-13C alcohol, m.p.
52°, in 92.89, yield. The alcohol was converted to the tosylate,
m.p. 42-43°, in 92.39, yield by the pyridine method, and to
neopentyl-1-13C jodide! in 75%, yield. Three-hour reflux of the
acid with thionyl! chloride (1:1.5 mole/mole) and addition of

(15) (a) D, J. Cram and M. R. V. Sahyun, J. Am. Chem. Soc., 88,
1257 (1963); (b) P. S, Skell and W. L, Hall, sbid,, 85, 2851 (1963).
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ammonium hydroxide gave the amide, m.p. 156-157°, in 909,
yield. The amide was dehydrated to the nitrile with thionyl
chloride in 279, yield; infrared absorptions of nitrile; 4.50
(11C=N), 4.60 x4 (1*3C=N). Reduction of the nitrile with lithium
aluminum hydride and treatment of the resulting amine with
709, aqueous perchloric acid gave neopentyl-1-12C-ammonium
perchlorate, m.p. 168-169°, in 75.6 9, yield after recrystallization
from n-heptyl alcohol-n-pentane mixtures. The corresponding
deuterated compounds were prepared by reduction with lithium
aluminum deuteride. All liquid compounds were purified by gas
chromatography.

Reactions of the Neopenty! Compounds.—Deamination of neo-
pentylamines!® gave t-amyl alcohol in 52.39, yield. Solvolysis of
neopentyl tosylates in 509, aqueous acetic acid® gave {-amyl alco-
hol in 9.59, yield. Solvolysis of neopentyl-1-13C jodide in 149
aqueous silver nitrate!” gave a 65.89, yield of f-amyl alcohol.
Each alcohol was purified by gas chromatography.

Isotopic Analysis.—Mass spectra were measured with a Con-
solidated Model 21-103C mass spectrometer; n.m.r. spectra were
determined at 60 Mc. on a Model A-60 spectrometer (Varian
Associates, Palo Alto, Calif.), at a temperature of about 38°.
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Chemistry of Conjugate Anions and Enols. IV.
The Kinetically Controlled Enolization of «,3-Unsaturated Ketones and the
Nature of the Transition State!?

Bv SuparsHAN K. MALHOTRA AND HOWARD J. RINGOLD

RECEIVED JANUARY 7, 1964

To establish the kinetically favored direction of enolization of «,8-unsaturated ketones the incorporation of

deuterium into testosterone has been studied with weak acid, strong acid, and strong base catalysis.

Isotope

distribution, as determined by a combination of infrared and n.m.r. analysis, both before and after C-1(2) de-
hydrogenation with Bacillus sphaericus, demonstrated that strong acid led to preferential but not exclusive
formation of the thermodynamically more stable A%8-enol, while weak acid and strong base strongly favored

formation of the A%¢‘enol and -enolate.

Comparison of enolization rates of the isomeric 6-methyltestosterone

derivatives showed that with base the 6a-methyl compound formed the A%5-conjugate anion more rapidly, while

with strong acid the axial 68-methyl isomer yielded the A%5-enol fastest.

It is concluded that in enolization

with weak acid or strong base the transition state resembles the ketone form. The stereochemistry of enol pro-
tonation and the relationship of methylenic proton acidity to the transition state is discussed.

Steroidal A*-3-ketones in common with other «,8-
unsaturated ketones may undergo enol (enolate) de-
pendent reaction at the o’ (C-2) position e the homo-
annular A?4-diene (Fig. 1, A;B) or at the « (C-4) or
v (C-6) positions via the A¥5-heteroannular diene (Fig.
1, C). While it is abundantly clear from a variety of
reactions such as deconjugation,? alkylation,* enol ether,
and enol acetate formation® that the thermodynamically
more stable enol as well as enolate anion is the hetero-
annular A%%-diene, the kinetically favored direction of
enolization under acid and base catalysis has not been
established with any degree of certainty. Wenkert and
Jackson® found that the treatment of a tricyclic «,8-

(1) Supported by grant T-185, American Cancer Society.

(2) Previous paper in thisseries: S.K.Malhotra and H. J. Ringold,J. Am.
Chem. Soc., 85, 1538 (1963).

(3) H. J. Ringold and S, K. Malhotra, Tetrahedron Letters, 669 (1962),

(4) H. J. Ringold and S. K. Malhotra, J. Am. Chem. Soc., 84, 3402
(1662).

(5) L. F., Fieser and M. Fieser, ‘Steroids,s Reinhold Publishing Corp.,
New York, N, Y., 1959, pp. 310 and 311.

unsaturated ketone with sodium triphenylmethyl, fol-
lowed by carbonation, led to essentially equal quanti-
ties of the a- and a’-carboxylic acids. This suggested
equal rates of formation of the two possible anions
assuming that no equilibration occurred during car-
bonation, which mav be a doubtful assumption.
Ringold and Turner’” explained the dichlorodicyano-
quinone-mediated C-1(2) dehydrogenation of A%3-keto
steroids in the absence of strong acid as an attack on the
kinetically determined A?4-diencl, while Malhotra and
Ringold? demonstrated in a qualitative manner the
preferential formation of the A%5-enol of cholest-4-en-3-
one by treatment with deuterium chloride in diglyme.

Steric Course of Testosterone Enolization.—In
view of the importance of chemical and enzymatic
enolization reactions to the steroid field and in the
hopes that such data would serve as a general model for

(6) E. Wegkert and B. G. Jackson, J. Am, Chem. Soc., 81, 5601 (1959).
(7) H. J. Ringold and A. Turner, Chem. Ind. (London), 211 (1962).



