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When alkylaromatics containing deuterium in the side-chain were heated with catalytic amounts of alkali metals or metal
hydrides, exchange occurred involving, specifically, hydrogen atoms on the a-carbon. Ethylbenzene-de disproportionated
to ordinary ethylbenzene and ethylbenzene-da,e and transferred deuterium to the a-carbon of sec-butylbenzene. Ethyl-
benzene-dg showed no loss of deuterium under similar conditions. Inorganic hydride replaced organically bound a-hydro-
gens. Optically active 2-phenylpentane, when alkylated on the side-chain with ethylene, gave inactive 3-methyl-3-phenyl-
hexane, but recovered unreacted 2-phenylpentane was only slightly racemized. Under similar conditions but in the ab-
sence of ethylene, 2-phenylpentane was rapidly racemized. The mechanisms of deuterium exchange and side-chain alkyla-

tion are interpreted in terms of carbanion intermediates.

The alkali metal-catalyzed addition of alkylaro-
matics to olefins offers unusual possibilities for syn-
thesis in hydrocarbon chemistry.?2~* Thus so-
dium, phenylsodium or sodium and a variety of
“promoters” readily convert toluene and ethylene
to n-propylbenzene, 3-phenylpentane and related
products in excellent yield and high purity.® The
ease of replacement of the a-hydrogen by an ethyl
group decreased in the order tertiary > secondary
> primary.* Orientation with unsymmetrical
olefins is shown by propylene which, with toluene,
gave mainly isobutylbenzene. A chain mechanism
was tentatively proposed? in which a benzyl-type
organosodium compound adds to ethylene, and the
resulting organometallic abstracts a benzylic pro-
ton from a hydrocarbon molecule to continue the
chain.

CeHsCHzNa + CH2=CH2 e C5H5CH2CH2CH2N8.
CsHsCHzCHzCHzNa -+ C5H5CH3 e
CeHsCHzCHzCHa + C5H5CH2N8.

To study the mechanism in more detail,® the inter-
action of alkali metals and their hydrides with deu-
terated alkylaromatics and the alkylation of an op-
tically active hydrocarbon with ethylene have been
investigated. By these methods, information re-
garding the reactive intermediates and the relative
rates of the various steps has been obtained.

The direct metalation of aliphatic side-chains on
aromatic compounds by metals,? metals and oxides?
and organometallics® has previously been followed
largely by carbonation and analysis of the resulting

(1) Consultant at Standard Oil Company (Indiana), Laboratories,
Summer, 1953,

(2) G. M. Whitman, U. S. Patent 2,448,641 (September 7, 1948).

(3) E. L. Little, Jr., U. S. Patent 2,548,803 (April 10, 1951).

(4) H. Pines, J. A. Vesely and V. N. Ipatieff, TRIs JoUurNaAL, 77,
554 (1955), H. Pines and V. Mark, paper presented at the 127th
National Meeting of the American Chemical Society, Cincinnati, Ohio,
1955.

(8) A reaction that may be related mechanistically to side-chain
alkylation is the facile addition of isopropyl or t-butyl lithium to
ethylene reported by P. D. Bartlett, S. Friedman and M, Stiles, Tr1s
JournNaAL, T8, 1771 (1953).

(6) We were not aware of Professor Pines’ work in 1953, when our
studies were made.

(7) A. A. Morton and H. E. Ramsden, TrHIS JoURNAL, T0, 3132
(1948).

(8) C. E. Claff, Jr., and A. A. Morton, J. Org. Chem., 20, 440, 981
(1955).

(9) For recent studies and earlier references, see (a) D. Bryce-Smith,
J. Chem. Soc., 1079 (1954); (b) D. Bryce-Smith, V. Gold and D. P. N,
Satchell, ¢bid., 2743 (1954); (c) A. A. Morton, C. E. Claff, Jr., and
F. W. Collins, J. Org. Chem., 20, 428 (1955).

mixtures of acids. The technique of labeling with
deuterium and analyzing mass spectrometrically,
used in the present work, was more direct and less
tedious.

Experimental

Two alkylaromatics, ethylbenzene and sec-butylbenzene,
were used in the deuterium exchange studies. The content
and location of deuterium was determined by the mass
spectrometer, extensive use being made of known cracking
patterns.’® The symbols dy, do; da,e and dg will signify
alkylaromatics with O, 1 or 2 deuteriums on the a-carbon or
1 deuterium on the 8-carbon of the alkyl side-chain. A nu-
merical subscript, as in d;, indicates the number of deuterium
atoms per molecule but not their positions.

Ethylbenzene-d, was prepared by reduction of a-phen-
ethyl chloride with lithium deuteride and lithium aluminum
deuteride!!; n2p 1.4948, 969 ethylbenzene-d, and 4%
ethylbenzene-d,.

Ethylbenzene-dg was prepared by the action at 0° of 12.0
g. (0.60 mole) of D;0 (99.8%) in 100 ml. of tetrahydrofuran,
freshly distilled from lithium aluminum hydride, on the
Grignard reagent from 92.5 g. (0.50 mole) of 8-phenethyl
bromide in 400 ml. of anhydrous ether. The mixture was
refluxed for 1 hr., allowed to stand overnight, refluxed again
for 2 hr. and cooled. A solution of 30 ml. of concentrated
sulfuric acid in 150 ml. of water was slowly added. After
extraction with pentane, the combined organic layers were
dried over calcium chloride and distilled through a packed
column. There was obtained 44.5 g. (849%) of ethylben-
zene, n¥®p 1.4950, which consisted of 93.09%, ethylbenzene-
ds, 3.3% ethylbenzene-d,!? and 3.79%, ethylbenzene-ds.

Disproportionation of ethylbenzene-d, involved gentle
refluxing of 5 ml. of 96% ethylbenzene-de and 0.1 g. of po-
tassium for 8 hr. in a nitrogen atmosphere. The metal be-
came coated with a dark deposit which, on shaking, sloughed
off and imparted a red color to the solution. The mixture
was shaken occasionally during the last 2 hr. of the reaction
period. The liquid product was pipetted from the sediment,
distilled and analyzed mass spectrometrically.

Other deuterium exchange experiments (see Table I) were
carried out in a 100-ml. stainless-steel Magne-Dash auto-
clave. The autoclave was charged with the reactants,
flushed with nitrogen, sealed and heated electrically with
automatic temperature control. The magnetic stirrer was
operated at moderate speed throughout the reaction period.
After an experiment was completed and the bomb had cooled,
it was opened in a nitrogen atmosphere. The contents and
benzene rinsings were filtered through glass wool and treated
with alcohol, then water. The organic layer was dried over
anhydrous sodium sulfate and distilled, and selected frac-
tions were analyzed for deuterium content and location mass
spectrometrically.

Alkylation and Racemization of ( — )-2-Phenylpentane.—
All rotations were determined on homogeneous materials
in a 1-dm. tube.

(10) S. Meyerson, Appl. Speciroscopy, 9, 120 (1955).

(11) E. L. Eliel, Tr1is JoUurNaL, T1, 3970 (1947).

(12) The ethylbenzene-dy may have arisen from some a-phenethyl
bromide formed during preparation of the S-phenethyl bromide from
the corresponding alcohol, hydrogen bromide and sulfuric acid.
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EXCHANGE EXPERIMENTS WITH ETHYLBENZENE AND Sec-
BUTYLBENZENE AT 165 = 5°

sec- Product composition,
Ethylbenzene Butyl- vol. 9. b
Com- ben- sec-
position, zene,¢ Reagent Time, Ethyl- Butyl-
M1 vol. & ml. Type € hours benzene benzene
10 4-do 4-dy
96-de 10 .. 3 96-da 100-do
10 4-do 33-do 89-do
96-da 10 K 0.4 3 49-da 11-de
17-da,a
1-ds
10 3.7-do 5.6 K 0.4 4 3.8-de 100-do
3.3-da 2 9-da
93.0-dg 92.6-d8
0.7-da,s
11.2 4-do .. KH 1.5 3 9.8-dy
96-do 86.9-da
3. 2-da,a
10 3.7-d¢ KH 1.5 4 3.5-de ...
3.3-de 3.5-da
93.0-dg 93.0-43
20 100-do .. K 0.4 3.5 91y ...
LiD 1.5 9-da
...... 23.5 X 0.4 3 95.5-d:
LiD 1.5 4.5-da

¢ The mass spectrum of the sec-butylbenzene used was
indistinguishable from that of API standard non-deuterated
sec-butylbenzene. ? Analyses were run on fractionated
samples of constant boiling point and constant refractive
index, 72D 1.4948 for ethylbenzene and 1.4898 for sec-hutyl-
benzene.

A 100-ml. Magne-Dash autoclave was charged with 16.8 g.
of 2-phenyvlpentane (a2p —9.26°),%2 0.15 g. of potassium
and 0.90 g. of sodium hydride. The bomb was flushed with
hydrogen, charged with 5.5 g. of ethylene, heated to 190°
and maintained at that temperature for 2 hr. (pressure drop,
210 p.s.i.). After cooling, the combined benzene rinsings
were washed with water, dried and distilled. The products
consisted of 4.9 g. of recovered 2-phenylpentane (a?Dp
—8.82 = 0.01°, »%p 1.4883) and 9.9 g. of 3-methyl-3-
phenylhexane (a2’p —0.07 = 0.01°, #%p 1.4960).1¢

Five ml. of 2-phenylpentane (a?*p —9.26°) was refluxed
in a nitrogen atmosphere over 0.4 g. of potassium for 2 lir.
with occasional shaking. The mixture became reddisl-
black; a small sample withdrawn from it gave a positive
organometallic test.!® After cooling, the mixture was
filtered through glass wool; the filtrate, after distillation,
gave 4.2 ml. of 2-phenvipentane (a?p —2.19°). Infrared
analysis gave no evidence of isomerization to 3-phenylpen-
tane.

Results and Discussion
(A) Deuterium Exchange Studies.—When 969
ethylbenzene-d, (4%;-do) was refluxed over a cata-
lytic amount of potassium, disproportionation to

929, -da, 29;-da.o and 69;-d; occurred. There was
no evidence of ring or §-deuteration. The speci-

ficity of the deuterium migration was further inves-
tigated at higher temiperatures; pertinent results
are summarized in Table I.

In the absence of a catalyst, ethylbenzene-d, did
not exchange deuterium when heated at 165° for 3
hr. with sec-butylbenzene-d,. In the presence of a
catalytic amount of metallic potassium, however,
extensive but specific exchange occurred. Analysis
of the products demonstrated that two processes
were involved: (a) self-exchange of ethylbenzene,

(13) R. L. Burwell, Jr., A. D. Shields and H. Hart, THIS JOURNAL,
76, 908 (1954).

(14) The slight rotation of this product may have been real but was
more likely due to a trace of unreacted 2-phenylpentane. For a com-
plete study, the rotation of optically pure 3-methyl-3-phenylhexane

should be determined.
(13) H. Cilman and F. Schulze, Tuis JoURNaL, 47, 2002 (1825).
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which resulted in a considerable amount of ethyl-
benzene-da,o, and (b) exchange between ethylben-
zene and the a-hydrogen of sec-butylbenzene. The
recovery of ethylbenzene-ds essentially unchanged,
from similar experiments, emphasizes that only «-
hydrogens were involved.!6

When potassium hydride was used as the cata-
lyst, a similar specific exchange occurred. When
969, ethylbenzene-d, was heated with potassium
hydride, there was formed 3.2%, of ethylbenzene-
daay which could only have arisen from exchange
between two ethylbenzene-d, moieties. In addi-
tion, there was evidence for direct exchange be-
tween inorganic hydride and the a-hydrogen of the
alkylaromatic; the absolute amount of ethylben-
zene-d, was greater by 2.69; than could be ac-
counted for by disproportionation. Finally, the
latter tvpe of exchange was clearly demounstrated
by the formation of ethylbenzene-d, and sec-butyl-
benzene-d, when the non-deuterated hydrocarbons
were heated with a mixture of potassium and lith-
ium deuteride.

Three processes are clearly distinguishable: (a)
initiation of the exchange by the catalyst, (b) the
exchange itself, involving two organic moieties, and
(c) exchange between inorganic hydride and organ-
ically bound hydrogen. Fach requires its own
miechanistic interpretation.

(a) Because either an alkali metal or a metal hy-
dride will catalyze the exchange process, two initi-
ating mechanisms appear necessarv. For the reac-
tion of potassiun with the alkylaromatic

: |
Ar—C—H 4+ K- —> Ar—C"K* + H- (1)
: !

seems reasonable. It is rapidly followed by the
combination of hydrogen, either as atoms or mole-
cules, with potassium to form potassium hydride,

K- +H-—> KH

or the two steps may be combined in a concerted
process. The sequence is probably irreversible,
because potassium hydride is essentially undissoci-
ated under the reaction conditions.’” A positive
organometallic test's and the usual reddish color of
the reaction mixtures constitute evidence for the
presence of an organopotassium compound. At-
tack at the a-carbon is preferred because the result-
ing carbanion is stabilized by resonance. Indeed,
the small amount of ethylbenzene-d; that resulted
in one experiment may have arisen from nuclear
deuteration due to resonance forms of the benzyl-
type carbanion in which negative charge is distrib-
uted to ortho and para positions of the ring.

|
Ar—C—H + H- —> Ar—é‘ + H, (2)

(16) The trace of ethylbenzene-da,8 must have arisen from ex-
change of the 3.3% ethylbenzene-de in the charge with ethylhenzene-
dﬂ'

(17) E. F. Sollers and J. I.. Crenshaw, THIS Jour~aL, 598, 2015
(1937). It is possible that hydrogen is a product of the initiation step,

| |
in which case (1) would be written Ar—C—H + K- — Ar—~(% N
i
1/,Hs.  J. dePostis [Compt. rend., 222, 398 (1946)] has claimed that
cesium metal liberates hydrogen from toluene. This point requires
further study.
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Whereas the metal-initiated exchange involved
removal of the a-hydrogen as an atom, hydride-ion
initiation is probably the result of proton removal,
again producing a benzyl type of carbanion.®

(b) A sequence of reactions involving equations 1
or 2 and the reverse could account for the exchange.
In each case, however, the formation of dideuter-
ated product would require the recombination of
two species, both of which could be present in small
concentration. For example, reversal of equation 2
to form ethylbenzene-d,. would require reaction

between HD and CeH;CDCHa.

The preferred principal exchange path, whether
catalysis is by metals or metal hydrides, seems to be
a proton transfer from the a-carbon of a hydrocar-
bon molecule to a carbanion

1 | E \
Ar—(‘l— + H—C—Ar' —> Ar—C—H + ‘C‘Z—Ar’
{ l

Ar and Ar’ may be the same or different, and H may
be D. Exchange is essentially the result of an acid-
base equilibrium in the hydrocarbon system. The
particular sequence that would account for the
formation of ethylbenzene-d, o would be

C¢H;CHDCH; + K- —>» C¢H;CDCH,; + H-

CeH;CDCH, + CslI;CHDCH, —>
CeH;CD,CH; + C:H,;CHCH,

This exchange path does not require reaction be-
tween two components present in small concentra-
tions.

This mechanism is quantitatively consistent with
the data. Self-exchange of ethylbenzene was more
extensive than exchange between it and sec-butyl-
benzene, presumably because the inductive effect
of the ethyl group in the latter makes its a-hydro-
gen less acidic than that in ethylbenzene. These
results are comnsistent with the observation® that
the rate of side-chain metalation with ethyl potas-
sium decreased in the order toluene > ethylbenzene
> isopropylbenzene. By measuring competitive
rates of deuterium exchange (to avoid the interpre-
tational difficulties of heterogeneous reaction rates),
it should be possible to measure quantitatively the
acidities of hydrocarbons, particularly those with a
benzylic hydrogen.®

(c) The direct exchange between inorganic hy-
dride and the alkylaromatic may be explained by a
reversal of equation 2 or by a direct hydride-ion
displacement

AN /
D-+ —C—H— D—C— +H-
/ AN

The present data do not permit a clear choice be-
tween these alternatives.

(B) Alkylation of an Optically Active Hydro-
carbon.—To obtain further information about side-
chain alkylation, optically active 2-phenylpentane
was alkylated with ethylene

(18) No assertion is made concerning the ionic or covalent character
of the carbon—metal bond; see, however, references 9a and Oc.

(19) See ref. 9a and also G. E, Hall, R. Piccolini and J. D. Roberts,
Tais Journar, T7, 4540 (1955).
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CH,CH;

CH,CHCH,CH,CH; CH,CCH,CH.CH;

A
+ CH~=CH, —> { ‘
Y

This case was selected because optically active 2-
phenylpentane is readily available!® and because
the expected product, 3-methyl-3-phenylhexane,
would be theoretically capable of optical activity.
Furthermore, the absence of hydrogens on the a-
carbon of the side-chain would protect the product
from further attack by the catalyst, which might re-
sult in racemization.

The 3-methyl-3-phenylhexane obtained from
(—)2-phenylpentane and ethylene was essentially
inactive, but recovered umnalkylated 2-phenylpen-
tane was only slightly racemized. In contrast, 2-
phenylpentane was racemized extensively when
treated with potassium under essentially the same
conditions but in the absence of ethylene.

The reactive intermediate is presumably the car-
banion I derived from 2-phenylpentane by removal
of the «-hydrogen. This anion may react with
ethylene (path A) or may abstract a proton from
another 2-phenylpentane molecule (path B)

CH,CH,~
—_— CHz:CHq
CH,CCH,CH,CH; ~——+—> CH;—C—CH,CH,CH;

CH; I CeH; II
CHa(‘lHCH2CH2CH3 CH;CHCH.CH.CH; +
CsHs C6H5

B

CH,CCH.CH,CH;

CeH;

In the absence of ethylene, only the latter process is
possible, and the 2-phenylpentane racemizes.®
This type of reaction was clearly demonstrated in
the deuterium exchange experiments.

Under alkylating conditions, reaction via path A
is faster than wia path B, because recovered unal-
kylated 2-phenylpentane had lost little activity.
On the other hand, anion II, presumably a much
more reactive anion than I, abstracts a proton from
a 2-phenylpentane molecule more rapidly than it
adds to ethylene, for no product corresponding to
the latter process was isolated. There is a delicate
balance between the proton-abstraction and ethyl-
ene-addition reactions of the benzyl-type carbanion
I and the primary vy-carbanion II. The relative
rates of these processes may depend in part on the
degree of covalency of the anion-metal bond.

Postulation of a rapid reaction between a carban-
ion and an olefin requires comment.?! Olefins are
usually considered nucleophilic and primarily sub-
ject to attack by electrophilic reagents.?? However,

(20) For racemization of a similar hydrocarbon with somewhat
weaker bases, see E. Eliel, P. H. Wilken and F. T. Fang, Abstracts of
the Minneapolis, Minnesota, Meeting of the A.C.S., 1955, p. 43-0.

(21) For an example of a reaction which is kinetically controlled
by addition of an anion to a triple bond, see S. I. Miller and G. Shka-
penko, THIS JoUurNaL, T7, 5038 (1955).

(22) C. K. Ingold, “Structure and Mechanism in Organic Chemis-
try,”” Cornell University Press, Ithaca, N, Y., 1953, pp. 646-675.
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by placing strong electron-withdrawing substitu-
ents on the double-bonded carbon atoms, suscepti-
bility to attack by nucleophilic species can be en-
hanced.?® The same goal may also be reached by
increasing the nucleophilicity of the attacking rea-
gent.?* Carbanions of the type studied must be
strongly nucleophilic, and the double bond appears
sufficiently polarizable to permit rather rapid at-
tack by such species. Substituted ethylenes should
react more slowly than ethylene, because of elec-
tron release by the alkyl groups. On the other
hand, since when a choice is available the most

(23) Examples are the addition of Grignard reagents or cyanide ion
to a,B-unsaturated ketones or esters and the base-catalyzed addition

of alcohols to perfluoro-olefins
(24) Reference 22, p. 667.

G. BucH, K. BieMaNN, B. VITTIMBERGA AND M. STOLL
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branched side-chain (with an «-hydrogen) is alkyl-
ated,* the nucleophilicity of the a-carbanion, and
not the acidity of the a-hydrogen, is the dominating
factor. In keeping with this, secondary and espe-
cially tertiary, but not primary, alkyl lithiums add
rapidly to ethylene at —60°.%
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Terpenes. IV.!

The Acid-induced Cyclization of Dihydro-a-ionone

By G. BticH1, K, BIEMANN, B. VITTIMBERGA AND M. StoLL12
RECEIVED DECEMBER 17, 1955

Dihydro-a-ionone (II) undergoes cyclization in the presence of phosphoric acid. Three bicyclic hydrocarbons were iso-
lated and the structures of two of them were elucidated by hydrogenation, dehydrogenation and oxidative degradation
and shown to be 1,1,8-trimethyl-1,2,3,7,8,8a-hexahydronaphthalene (VII) and 2,2,6-trimethyl-9-methyvlene-bicyclo[3,3,1]-

6-nonene (XII).

Dihydro-v-ionone (I), a constituent of the steam-
volatile fraction of ambergris® has been synthesized
from dihydro-a-ionone (IT) via the tertiary chloride
II1.3 The addition of hydrochloric acid to II in
ether solution, however, is not quantitative and a
considerable amount of non-ketonic material is
formed.

The study of this reaction, using hydroxylic sol--
ents, has been continued in the laboratory of Firm-
enich and Cie.* It hasbeen shown that dihydro-«-
ionone (II) when treated with anhydrous hydro-
chloric acid in the presence of lower aliphatic alco-
hols is converted to bicyclic ethers IV, whereas the
corresponding tertiary alcohol V is formed when
the reaction is carried out in 2-butanol. In all
cases studied small quantities of hydrocarbons were
formed for which structure VI had been suggested.

0O O 0O
4 u "4 I
SN ></\/\ /\/\/\
b - 1 < { }
o T AN 3! AN I
NS NS
Ve \/\‘ /\1/\“
| A
| : I i
A or N
S
IV, R = Me, Et, i-Pr, Pr Vi
V,R=H

(1) Paper III, G. Biichi, W. S, Saari and A. Eschenmoser, Ex-
perientia, in press.

(la) Firmenich and Cie., Geneva.

(2) L. Ruzicka, C. F. Seidel and M. Pfeiffer, Helv. Chim. Acta, 81,
827 (1948).

(3) L. Ruzicka, G. Bitchi and O. Jeger, ¢bid., 31, 293 (1948).

(4) M. Stoll, B, Willhalm and G. Biichi, 7&d., 38, 1573 (1955).

A possible mechanisin for the formation of the bicyelic hydrocarbons is discussed.

In the present commuuication we wish to report
work on the acid-induced cyclization of dihydro-a-
ionone (IT) in the absence of solvents.

Upon treatment of dihydro-a-ionone (II) with
859, phosphoric acid at 25°, a mixture of isomeric
hydrocarbons Cy3Hsy was obtained from which the
individual components were isolated by chroma-
tography and fractional distillation. Hydrogena-
tion experiments showed that all three hydrocar-
bons Ci3Hay contain two double bonds and are
therefore bicvclic. In the compound formed in
largest quantity (VII) the double bonds are conju-
gated (ultraviolet: Amax 240 my, log € 4.36) and
catalytic reduction in the presence of Adams plati-
num catalyst gave VIII, identical in all respects
with authentic 1,1,6-trimethyldecalin.® Confirm-
atory evidence for the carbon skeleton of VII was
obtained by catalytic dehydrogenation over palla-
dium-charcoal® at 323°; ionene (IX), identical
with an authentic sample wa$ obtained.” In order
to differentiate between structures VII and X, both
of which are compatible with the ultraviolet absorp-
tion spectrum, the hydrocarbon was oxidized by
osmium tetroxide and the resulting tetrol CisHoasO4
(XI) cleaved with potassium periodate. No formal-
dehyde was formed and the hydrocarbon must
therefore have structure VII (1,1,6-trimethyl-1,2,-
3,7,8,8a-hexahydronaphthalene) rather than X.

The infrared spectrum of the second hydrocarbon
(XII), formed in the cyclization of dihydro-a-
ionone (I1), shows bands at 6.07 and 11.35 u typical
for terminal methylene groups. The ultraviolet
absorption spectrum indicates the absence of con-

(8) V. Prelog and B, Vaterlaus, bid., 32, 2082 (1949).

(6) A. G. Anderson, Jr., and J. A, Nelson, Turs JourNaL, 73, 232

(1951).
(7) M. T. Bogert and V. G. Fourman, 0:4., §8, 4670 (1933).



