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ml. of concd. sulfuric acid to precipitate the hydrolyzed
polymer. The product was filtered, washed on the filter
with methanol and water, and then washed by successive

) -COOH  agitations on a mechanical shaker for several hours with
Esteristyr.  Sol. of S;éf;g‘gfg M. e of lnf‘“z: capon,  Slightly acidulated 3:1 methanol-water, pure water and
ratio in  polymer original ~COOH/g. of poly- absolute methanol. . .
polymer, in CsHe, polymer, of sapon. -COOH ‘mer, The dried product was analyzed for carboxyl by titration
moles % C. polymer  possible® %? in benzyl aleohol solution, using phenolphthalein and 0.05
Polystyrene 100 140-145 0.00813° N potassium hydroxide dissolved in 109 methanol-90%
1:0.1 100 75-80 141 0.781 17.0 benzyl alcohol.'* The results obtained are shown in Table
e 4 ) ' ' II. That the time for the saponification of the original
1:8.8 PS 74-77 .233,0.225 784 27.7 polymer was long enough was shown by the fact that the
1:7.6 20.1 Infus. .303,0.250 .873 30.8 carboxyl content of the saponified polymer was not increased
1:6.1 13.5 Infus. .365,0.294 1.01 28.2 by doubling the heating period.
1:6.1° 13.5 Infus. .257,0.258 1.01 24.4 Acknowledgment.—The authors are indebted to
1:5.1 5.1 Infus. .313,0.320 1.13 27.6 the Armstrong Cork Company for a fellowship in

@ Calculated from composition of unsaponified polymer
on assumption that all the linoleic acid was bound to the
chain through linoleic double bonds. ? Found from 100 x

support of this work, and to Dr. E. J. Pieper,
Dr. L. H. Dunlap and Dr. F. W. Breuer for helpful
advice.

column 4/column 5. ¢ This was deducted from the values
below in calculating column 6. 4 Partially soluble.
¢ Heated with base 10 hours to saponify, others 5 hours.

(14) J. E. Waltz and G. B, Taylor, Anal. Chem., 19, 450 (1947).
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Rearrangement of Benzyl Ethers to Carbinols by Potassium Amide. Mechanism of

Isomerization of Carbanions Involving 1,2-Shifts"??
By CHARLES R. HAUSER AND SiMON W. KANTOR

The objective of this investigation was to establish the mechanism of intramolecular isomerizations of carbanions involving
1,2-shifts of alkyl groups without their bonding pair of electrons. These isomerizations, which include the Stevens rearrange-
ment of quaternary ammonium and sulfonium ions by bases and the Wittig rearrangement of benzyl ethers by lithium phenyl,
are to be distinguished from the common rearrangements of carbonium ions in which alkyl groups shift with their bonding
pair of electrons. The work of Wittig was extended using lithium butyl and particularly potassium amide with which there
can be no doubt that carbanions are actually the intermediates. The relative ease of isomerization of the carbanions of
several ethers was established. The carbanion of dibenzyl ether not only isomerized to form the anion of benzylphenyl-
carbinol but also underwent partly g-elimination to form benzaldehyde and benzyl ion—a type of reaction that predominated

with the carbanion of dibenzohydryl ether.
with an internal displacement mechanism,

Wittig and co-workers* showed that dibenzyl
ether, benzyl methyl ether and certain related
ethers are converted to carbinols by lithium phenyl.
They considered that the ether is first metalated
at an a-hydrogen and that the resulting lithium
derivative undergoes intramolecular isomeriza-
tion,® course a in eq. (1). They rejected course b
in (1), involving B-elimination followed by recom-
bination, because lithium phenyl converted benzyl
methyl ether to phenylmethylcarbinol without
forming a detectable amount of benzohydrol, some

LiCeH;
C¢H;CH,OR ———>
T 1
a

b ]
L CeHsCHO + LiR —_

(1) Paper I on Isomerizations of Carbanions.

(2) This work was carried out under Contract N7onr-455 with the
Office of Naval Research.

(3) Presented at the Atlantic City Meeting of the American Chemi-
cal Society, September, 1949.

(4) (a) Wittig and Lohman, Axnn., 580, 260 (1942); (b) Wittig and
Happe, ibid., 58T, 205 (1947).

(5) For evidence for the intermediate formation of the lithium deriva-
tive of 9-fluorenylmethyl ether, see ref. 4b, Although the lithium~
carbon bond may be largely covalent (see Rogers and Young, THIS
JOURNAL, 68, 2748 (1946)), the isomerization may be considered to take
place within the carbanion which is potentially present.

These isomerizations as well as those reported previously are in agreement

of which might have been expected had benzal-
dehyde been an intermediate.

As further evidence against course b, we have
found that lithium butyl converts dibenzyl ether
to benzylphenylcarbinol without forming an isolable
amount of benzylbutylcarbinol. Judging from
an experiment with benzaldehyde and a mixture
of lithium butyl and lithium benzyl, both carbinols
would have been produced in equal yield if ben-
zaldehyde were an intermediate.

The present investigation was concerned mainly
with the study of the reactions of benzyl ethers
and related ethers with potassium amide which is a
better ionizing agent than the lithium reagents.
In general, the benzyl ethers in diethyl ether were
added to two molecular equivalents of potassium
amide in liquid ammonia, the ammonia replaced
by diethyl ether and the mixture refluxed (Table
I). The reaction mixtures were colored indicating
the presence of the carbanions. With dibenzyl
ether there were obtained benzylphenylcarbinol
(61-67%,),% toluene (169%) and benzamide (149,
isolated as benzoic acid). The benzamide was

(6} Although sodium amide produced a similar red colored mixture,
no benzylphenylcarbinol was obtained when the diethyl ether suspen-
sion was refluxed for several hours, 879, of the dibenzyl ether being
recovered. Neither was the carbinol obtained when dibenzyl ether
was refluxed with diethylaminomagnesium bromide in diethyl ether

for several hours; in this case, 889, of the dibenzyl ether was recov-
ered.
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TaBLE I
CarBINOLS FROM ETHERS (0.1 MoOLE) AND Porassium AMIDE (0.2 MOLE)
Color of Time, B.p. Vield,
Ether carbanion hr.¢ Carbinol °C. uncor, Mm. %
Dibenzyl Red 15 Benzylphenyl!” 63-65 (M.p.) 61-67°
Benzyl allyl Purple 15.5 Mixture” 91-120 12 65
Diallyl Light tan 12 1,5-Hexadien-ol-3" 132-133%7 Atm, 409
Benzyl s-butyl Light tan 140 Phenyl-s-butyl’ 120-129° 13 a7/
Benzyl methyl Purple 3 LB
Benzyl neopentyl Red 44 E
Benzyl phenyl Red 18 . m
Benzyl ethyl Brown 19 Benzyl alcohol” 96-99 12 40°

o Time of refluxing of the diethy! ether suspension on steam-bath.

¢ Residue, 169%,; recovered ether, 7.
7 Found n?%p 1.4458; reported n%p 1.4464 (ref. in note ¢), n23p 1.4445 (Houo,
¢ Material, b.p. 134-252°, plus residue, 33%; recovered ether, 15%.
chromic acid to e-methyl s#-butyrophenone; 2,4-dinitrophenylhydrazone, m.p. 127-127.5°.

for the hydroxy! group and for unsaturation.
and Haller, J. Biol. Chem., 83, 185 (1929)).
Compt. rend., 208, 41 (1939)).

C, 59.64; H, 5.30; N, 16.36.
chim., 8, 79 (1917)).

Found: C, 59.36; H, 5.11;

i Material, b.p. 124-220° at 13 mm., plus residue, 43%.
for 20 hours, there was obtained 159, of phenyl-s-butylearbinol, 129, of residue and 509, of recovered ether.
b.p. 185-190° at 12 mm., plus residue, 439;; recovered ether, 649.

b See experimental for details. ¢ Gave positive tests
* Reported b.p. 133-134° (Levene

® Oxidized with
Anal. Caled. for C;7H;sN,O,:
i Reported b.p. 120° at 13 mm. (Dumesnil, 4nn.
When the reaction mixture was refluxed
k Material,
When the reaction was carried out with 0.1 mole each

H, 16.87.

of benzylmethyl ether and potassium amide, refluxing the diethyl ether suspension for 19 hours, there was obtained 309, of

high boiling material, 619, of the ether being recovered.

m.p. 76.5-78°; a-naphthylurethan, m.p. 133--134°.
ether, 27¢7.

formed presumably by the action of the excess
potassium amide on benzaldehyde.” This alde-
hyde was isolated in 289 vield in another experi-
ment in which equivalent amounts of dibenzyl
ether and potassium amide were allowed to react
for a few hours in liquid ammonia and the reaction
stopped by the addition of ammonium chloride.
Under these conditions, the yield of benzylphenyl-
carbinol was 519, and of toluene, 229,. The car-
binol is considered to be formed by intramolecular
isomerization of the intermediate carbanion, course
a in (2), and the benzaldehyde and toluene, by 8-
elimination, course b in (2). Since the potassium
salt of the carbinol was found to be stable under
the same conditions, benzaldehyde and toluene ap-
pear not to arise by rearrangement followed by -
elimination.
KiNH,
. CH,CsH,
K+ |

iy a |
CgHsCHOCHQCGH;, —_ C(;I‘I5CI‘IC)_K.+ (2)

i/ h
- NH;
CﬁHﬁCHO -+ C3H5CH2K+ ——— C5H5CH5

It is unlikely that the benzaldehyde and potassium
benzyl are intermediates in the formation of the
carbinol, since the potassium benzyl should react
with ammonia to form toluene much faster than
with benzaldehyde to form the carbinol. More-
over, the equilibrium of the acid-base reaction
with potassium benzyl and ammonia is so far on the
side of toluene that the addition of the latter to
potassium amide in liquid ammonia failed to
produce enough benzyl ion to color the solution,
and subsequent addition of benzaldehyde failed to
vield any of the carbinol.?

Although the pg-elimination was only a side
reaction with the carbanion of dibenzyl ether, this

(7) Bergstrom and Fernelius, Chem. Revs., 12, 103 (1933).

(8) Tnstead, the usual products from benzaldehyde and alkali
amides in quid ammonia. including ophine, were obtained; see ref. 7.

! Recovered ether, b.p. 90-91° at 10 mm., 929,.
ether, b.p. 162-164° at 20 mm., 809,; a qualitative test for benzohydrol with sulfuric acid was negative.

m Recovered
» Phenylurethan,

» Material b.p. 103~133° at 12 mm., plus residue, 219%; recovered

type of reaction was found to predominate with
the carbanion of dibenzohydryl ether which formed
benzophenone and potassium diphenylmethide,
most of the benzophenone being cleaved by the
potassium amide to benzamide and presumably
benzene.! The potassium diphenylmethide was
converted to diphenylacetic acid by carbonation of
an ether suspension of the reaction mixture. None
of the rearranged carbinol was found.

K+
(CHMEL0-CCH(CoH, ) —>
(CeH;)C=0 + *K~CH(C¢H;)
l KNH, l COs
CSI{‘CO:\H; (C(,‘I‘la)chico()_l('l

It can be seen from Table 1 that, like the car-
banion of dibenzyl ether, the carbanions of benzyl
allyl ether, diallyl ether and benzyl s-butyl ether
isomerized to the anions of carbinols. As might
be expected, a mixture of carbinols was obtained
from benzyl allyl ether. The carbinol from diallyl
ether might have been formed by a 1,2-shift, like
that with dibenzyl ether (2, course a), or by the
cyclic mechanism (4).

(3)

N
H'ZC:‘"—:CI{\\K CH’J"‘CH;CH_E

CHy—CH—C—0~  (4)

Benzyl s-butyl ether gave a 279, yield of rear-
ranged carbinol even after a relatively long re-
action time. Benzyl methyl ether gave material
boiling higher than the rearranged carbinol,
phenylmethylcarbinol; this material might have
arisen from further reaction of the potassium
derivative of the rearranged carbinol. Benzyl
neopentyl ether and benzyl phenyl ether failed to
rearrange and they recovered. Benzyl ethyl ether
appeared to give no rearranged carbinol; instead,
benzyl alcohol was obtained. This product was
formed presumably by @B-elimination of type (5)
(4 Bergstrom and Fernelius, Chem, Revs., 12, 122 (1033).

A SCHy >
CHy=CH~-CH—0%
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which took place preferentially to isomerization

of the colored carbanion, CeHsCHOC,H;. This
type of B-elimination is to be distinguished from
that represented by course b in (2).

H

] KNH,
CeH; CHz——O—CHz—CHz o e

CsH;CH:0H + CH, (5)

These results with potassium amide differ in
certain respects from those obtained with lithium
reagents. Thus, potassium amide rearranged di-
benzyl ether in good yield (51-679) accompanied
by some pB-elimination (2, course b), whereas
lithium phenyl*® and lithium butyl have effected
the rearrangement in lower yields (30 and 519,
respectively) accompanied apparently by no -
elimination. No study appears to have been made
of the reaction of the lithium reagents with di-
benzohydryl ether which underwent mainly g-
elimination with potassium amide (3). The re-
arranged carbinol from benzyl methyl ether was
not isolated with potassium amide whereas the
carbinol has been obtained in 359, yield with
lithium phenyl.#¢ Like potassium amide, lithium
phenyl effected B-elimination (5) with benzyl ethyl
ether and has failed to rearrange benzyl phenyl
ether, although lithium phenyl produced a different
type of reaction with the latter ether.#® The other
ethers listed in Table I have apparently not been
studied with the lithium reagents.

Mechanism of Isomerization of Carbanions.—
The intramolecular isomerization of carbanions
involving the 1,2-shift of an alkyl group presum-
ably without its bonding pair of electrons® in-
cludes not only the rearrangement of ethers dis-
cussed above but also the Stevens rearrangement
of quaternary ammonium ions!! and sulfonium
ions*? by hydroxide or ethoxide ion to form tertiary
amines and sulfides, respectively. In the Stevens
rearrangement the intermediate carbanion is a
dipolar one!® such as I which isomerizes to I1.

CH2C3H4Y CH2C5H4Y

CsHSCO‘éH——I:'(CHs)z —> CH;COCH—N(CH,),
1 I1

Although Stevens!* and Wittig# established the
intramolecular nature of this type of isomerization,
they apparently did not recognize the mechanism
of migration of the alkyl group. Stevens appar-
ently believed that I undergoes B-elimination,
similar to course b in (1) and (2), followed by re-

(10) This type of 1,2-shift is to be distinguished from that brought
about by the elimination of halide ion from a carbanion as occurs,
for example, in the rearrangement of the carbanion, (CeHs):C=CCl
to form CsHsC=CCe¢Hs, in which the phenyl group migrates presum-
ably with its bonding pair of electrons. See Hauser, THIS JOURNAL,
62, 933 (1940).

(11) Stevens and co-workers, J. Chem. Soc., 279 (1934), and earlier
papers; see also Wittig, Mangold and Felletschin, Axxn., §60, 116
(1948).

(12) Thomson and Stevens, ¢bid., 69 (1932).

(13) Evidence for the formation of a colored intermediate dipolar ion
with 9-fluorenyltrimethylammonium salts has been reported. See
Hughes and Ingold, ¢bid., 69 (1933); also Wittig and Felletschin, 4Aun.,
585, 133 (1944).

(14) Stevens, J. Chem. Soc., 2107 (1930), showed that a mixture of
two isomeric quaternary ammonium jons such as I isomerized without
“crossed’” reaction.
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combination of the benzyl ion with the unsatu-
rated system; however, the benzyl ion should be
expected to react more readily with the medium
(alcohol or water). Wittig regarded such re-
arrangements as ‘‘cationic isomerizations in which
the migrating constituent in the molecule is posi-
tively charged” and ‘“‘migrates as a positive frag-
ment.” This mechanism would presumably in-
volve an internal Snx1 reaction. However, Wittig
could hardly have meant that the substituted
benzyl group in I migrated actually as a car-
bonium ion since Stevens had previously shown
that the relative unimolecular rates of isomeriza-
tion of a series of I decrease as the substituent Y
is made more electron releasing; thus, when Y is
para, the rates decrease in the order: NO,>>halogen
>CH3H>OCH;. If the benzyl group were to
migrate as a carbonium ion, the reverse order
should be expected since the relative unimolecular
rates for the hydrolysis of the corresponding
benzyl chlorides (involving the carbonium inter-
mediate, Sx1) are in the reverse order, in so far as
determined.!® Moreover, if the migration involved
the carbonium ion intermediate, racemization
should be expected but a rearrangement has been
realized in which racemization does not occur
(see below).

For several years, we have employed as a working
hypothesis the internal displacement mechanism,
IIT to IV; in III, A is positively charged nitrogen
with quaternary ammonium ions, positively charged
sulfur with sulfonium ions, and neutral oxygen with
ethers, and in IV, A becomes neutral nitrogen,
neutral sulfur and negatively charged oxygen,
respectively.'®® This displacement mechanism is

—>C* Cc*

= 1 |
—Cl——A — —(‘I—A:
111 18

in agreement with the following experimental
results: The relative rates of isomerization of the
series of I observed by Stevens are, in general,
related directly (although qualitatively) to the
bimolecular rates of displacement of the corre-
sponding benzyl chlorides by iodide ion (Sn2)%;
because the isomerization involves an intramolec-
ular displacement, the kinetics would necessarily
be unimolecular. The rearrangement of optically
active phenacyl a-phenylethyldimethylammonium
bromide by sodium hydroxide solution observed
by Campbell, Houston and Kenyon occurs without
racemization of the asymmetric carbon (C* in III
and IV).® The relative ease of isomerization of the

carbanions of ethers,? CsHbéHOR, observed by

(15) Bennett and Jones, 1bid., 1815 (1935).

(15a) Essentially this mechanism for the Stevens rearrangement has
been represented by Watson, “Modern Theories of Organic Chemis-
try,”’ Oxford University Press, London, England, 1941, p. 205.

(16) Campbell, Houston and Kenyon, J. Chem. Soc., 93 (1947).
They did not determine whether a Walden inversion occurred. In this
connection, we are endeavoring to determine whether there is Walden
inversion in the similar rearrangement of optically active benzyl s-
butyl ether by potassium amide.

(17) The observation of Wittig (ref. 4b) that the ease of isomeriza-
tion of the alkali metal derivatives of benzohydrylphenyl ether to tri-
phenylearhinol decrease in the order: Li > Na > K > Rb > Cs,
might appear to be evidence against the internal displacement mecha-
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us (Table I), decrease as R is varied in the order:
CsHsCHz, CH2=CHCH2 > CHsCHC2H5 > CHzC‘
(CHj;)s, CeHs; this order would presumably be
related directly to the relative ease of bimolecular
displacement of the corresponding halides by basic
anions.

We recognize that the simulation of change
111 to IV using Fisher-Hershfelder-Taylor molec-
ular models indicates that the carbanion portion
of the molecule would have to attack the starred
carbon atom in III at the front or side, in relation
to A (Sxi), instead of at the rear as is usually the
case. However, frontward or sideward displace-
ments are not without precedent.’® Indeed, this
difference in the manner of displacement might
account for certain of the discrepancies observed
between the relative rates of isomerization of the
series of I and of bimolecular displacements of the
corresponding benzyl chlorides.

In the cases considered above, A in III is posi-
tively charged nitrogen or sulfur®® or neutral oxy-
gen. A search of the literature revealed a special
cage in which A in IIT is neutral nitrogen. This
example, reported many years ago without a
mechanism, involves the ring enlargement of ethyl
a-phthalimidoacetate by sodium ethoxide to form
an isoquinoline (VI).® Presumably intermediate
carbanion V isomerizes accompanied by enoliza-
tion, to form anion VI.

O

f\/c\\
| (N—CuCcOOGH —
e

0’ 3
O
|
AN \*CHCOOC-H A R
' % ! 2 “ i \ OOCzHa
N \'
\\C/

|
O-

\/\/
O_
VI

Such intramolecular displacements produce bases
weaker than the intermediate carbanions. How-

nism since the relative availability (basicity) of the free pair of elec-
trons of the carbanion might be expected to decrease in the reverse
order. However, these metallic derivatives were not prepared by an
acid—base reaction. Instead, they were prepared by the cleavage of
the diphenyl ether of benzopinacol by means of the alkali metals.
Under these conditions free radicals might be expected; indeed, di-
phenylmethane and tetraphenylethane, which must have arisen from
free radicals, were reported to be formed. Since the carbanion of
benzyl phenyl ether does not rearrange (see Table I), it seems doubtful
that the carbanion of benzohydryl phenyl ether was the intermediate
in the rearrangement to triphenylecarbinol.

(18) Such displacements evidently occur in the reactions of thionyi
chloride with certain optically active alcohols (Cowdrey, Hughes,
Ingold, Masterman and Scott, J. Chem. Soc., 1267 (1937)) and of
nitrosyl chloride with apocamphanol-1 (Bartlett and Knox, THIs
JournaL, 61, 3184 (1939)).

(19) In contrast to dibenzyl ether, dibenzyl sulfide has been found
not to undergo a 1,2-shift in the presence of potassium amide; instead,
rearrangement involving the benzene ring occurs. Similar rearrange-
ments have been observed also with certain quaternary ammonium
ions. These entirely different types of rearrangements will be de-
scribed later.

(20) Gabriel and Colman, Ber., 38, 980, 2630 (1900).
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ever, not in all cases which might form weaker
bases has the rearrangement been realized. Thus,
we have found that, although weaker bases would
presumably be formed if carbanions VII, VIII,
IX and X were to isomerize (involving 1,2-shifts
of methyl or benzyl), they failed to do so under
the conditions employed in the rearrangement of
dibenzyl ether (see experimental) and the corre-
sponding amines and hydrocarbon were recovered.
That the carbanions were formed was indicated by
the production of red colored reaction mixtures.?

(J:H:; CI‘[
CeH,CH—N—CHj CoH, CH—N—CyH,
VII VI

CH, CHLCoH,
(CeH;3)CN—CsH CoH,CHC(CoHy )
X N

Experimental

Dibenzyl ether (b.p. 163-164° at 15 mm. and 158-~160°
at 10 mm.), benzyl methyl ether (b.p. 60-62° at 12 mm.),
benzyl ethyl ether (b.p. 70-71.5° at 12 mm.) and diallyl
ether (b.p. 94-95°) were redistilled Eastman Kodak Co.
products.

The following benzyl ethers were prepared from benzyl
chloride and the sodium salt of the appropriate alcohol:
benzyl phenyl ether,?? b.p. 283-287° (reported b.p. 286—
287°),28 162-165° at 19 mm., yield 66%; benzyl s-butyl
ether, b.p. 210-212°, 94-95° at 13 mm. (reported b.p.
108-109° at 29 mm.),!* yield 809, ; benzylallyl ether,?¢b.p.
204-206° (reported b.p. 204-205°),% 87-90° at 12 mm.,
yield 509.

Benzyl Neopentyl Ether.—To a stirred solution of 7.82 g.
(0.2 mole) of potassium metal in 300 ml. of liquid ammonia
was added slowly a solution of 18.5 g. (0.2 mole) of neo-
pentyl alcohol® in 200 ml. of anhydrous dioxane. The blue
color of the solution was discharged. The ammonia was re-
moved on the steam-bath. To the stirred suspension in
dioxane was added rapidly 25.3 g. (0.2 mole) of benzyl
chloride in 150 ml. of dioxane and the resulting mixture was
stirred and refluxed for 18 hours. The dioxane was removed
under reduced pressure and the residue taken up in water
and ether. After saturating the mixture with sodium chlo-
ride and shaking thoroughly, the aqueous layer was drawn
off. The ether layer was washed with salt solution, dried
over Drierite and the solvent distilled. The residue was
distilled at atmospheric pressure. The fraction boiling at
212-220° was redistilled yielding pure benzyl neopentyl
ether, b.p. 217-219°, in 689, yield. A redistilled sample,
b.p. 92° at 10 mm., was analyzed.

Anal. Caled. for CppH,50: C, 80.85; H, 10.18. Found:
C, 80.70; H, 10.09.

Dibenzohydryl Ether.—The method of Knoevenagel and
Heckel?” which involves heatipg benzohydrol with copper
powder at 210-220° was attempted several times but in
each case the greater portion of the product was tetra-
phenylethane, m.p. 210-212° (reported m.p. 211°).28
The method of Linnemann? in which benzohydrol reacts
with phosphorus trichloride was also unsatisfactory. Di-
bemohvdryl ether was obtained as described by Nef#® by

(21) With the amines, the color persisted until the mixtures were
acidified but, with the hydrocarbon, the color was discharged when the
ammonia was replaced by ether. Similar reconversions of carbanions
to hydrocarbons have been observed previously with sodium diphenyl-
methide and sodium triphenylmethide; see Yost and Hauser, THIs
JoUrRNAL, 69, 2325 (1947).

(22) Peacock, Proc. Chem. Soc., 80, 247 (1914).

(23) Sintenis, Ann., 161, 337 (1872).

(24) Van Duzee and Adkins, THis JournNar, 57, 147 (1935).

(25) Braum, Ber., 43, 1352 (1910).

(26) Conant, Webb and Mendum, THIS JoURNAL, B1, 1246 (1929).

(27) Knoevenagel and Heckel, Ber., 36, 2827 (1903).

(28) Biltz, Ann., 296, 221 (1897).

(29) Linuemann, ibid., 133, 13 (1865). *

(80) Nef, tbid., 298, 232 (1807).



April, 1951

refluxing benzohydryl bromide (45 g. 0.178 mole) with
250 ml. of water. The crude ether, m.p. 94-102° (32 g.),
was recrystallized twice from ethanol to obtain the pure
product, m.p. 108.5-1098.5° (reported m.p. 110°)%® in 689,
yield. More pure product could probably have been ob-
tained from the mother liquors.

Anal. Caled. for CpHpO: C, 89.10; H, 6.33. Found:
C, 89.10, 89.23; H, 6.43, 6.37.

Reaction of Dibenzyl Ether with Lithium Butyl.—To a
stirred solution of 0.26 mole of lithium butyl in 240 ml. of
anhydrous diethyl ether, prepared from 0.88 mole of lithium
metal and 0.40 mole of buty! bromide® (most of the excess
lithium being removed), was added 0.1 mole of dibenzyl
ether in 50 ml. of anhydrous diethyl ether. The resulting
red solution was stirred for 40 hours at room temperature.
Methanol was added to destroy the excess lithium butyl and
lithium metal. The mixture was decomposed with water
and finally acidified. The ether layer was washed with
water, dried over Drierite and the solvent distilled. The
residual oil was fractionated at 12.5 mm. through a 30-cm.
Vigreux column yielding the following fractions: (1) 2.5
g., b.p. 87-115°; (2) 0.5 g., b.p. 115-176°; (3) 9.1 g.,
b.p. 176-188°; (4) 1.8 g., b.p. 188-245°. Fraction (3)
solidified on cooling in an ice-bath. It was essentially
pure benzylphenylcarbinol (449%,), melting at 57-60° and,
after one recrystallization from ethanol-water, at 66-67°
(reported m.p. 66—67 °).32 Obviously, there was no appre-
ciable amount of butylphenylcarbinol, b.p. 132° at 14 mm.
(see next experiment) which would have appeared in frac-
tion (2).

In a similar experiment using 0.13 mole of lithium butyl
and 0.1 mole of dibenzyl ether, the yield of benzylphenyl-
carbinol was 519,; there was no indication of the presence
of butylphenylcarbinol.

Reaction of Benzaldehyde with Lithium Butyl and Lithium
Benzyl.—A solution of lithium benzyl (0.106 N), prepared
from benzylmagnesium chloride and lithium metal, was
filtered through glass wool and standardized.?® To a mix-
ture of 0.0392 mole of lithium benzyl and 0.0594 mole of
lithium butyl in 500 ml. of anhydrous diethyl ether was
added a solution of 4.2 g. (0.0892 mole) of benzaldehyde in
50 ml. of ether. After stirring for 40 hours, the mixture
was worked up as described in the preceding experiment
yielding the fractions: (1) 0.95g., b.p. 103-132°at 12 mm.;
(2) 1.8 g., b.p. 132-137° at 12 mm.; (3) 2.2 g., b.p. 137-
177° at 12 mm.; (4) 2.6 g., b.p. 177-181° at 12 mm.
Fraction (2) was essentially pure butylphenylcarbinol (34%)
(reported b.p. 132° at 14 mm.).?* On oxidation with chro-
mic acid, it gave #m-valerophenone; semicarbazone, m.p.
and mixed m.p. 164-165° (reported m.p. 166°).% Fraction
(4) was essentially pure benzylphenylcarbinol (349%),
m.p. 66-67° after one recrystallization from alcohol-water.

Reactions of Various Ethers with Potassium Amide.—
To a stirred solution of 0.2 mole of potassium amide in 200
ml. of liquid ammonia® was added 0.1 mole of dibenzyl
ether in 200 ml. of anhydrous diethyl ether. The red col-
ored mixture was stirred until all the ammonia had evapo-
rated (about 1.5 hours) and the resulting ethyl ether sus-
pension was refluxed on a steam-bath for 15 hours. The
mixture was cooled in an ice-bath and decomposed with 200
ml. of water. The ether layer was separated, washed with
water, dried over Drierite and the solvent distilled. The
residue was distilled in vacuo yielding toluene (1.5 g., 16%),
b.p. 110° (2,4-dinitro derivative, m.p. 70-71°),%7 and a
fraction (13.2 g.), b.p. 169-172° at 10 mm., which solidified
in the receiver. This fraction, consisting mostly of benzyl-
phenylcarbinol (reported b.p. 167-170° at 10 mm.)* and
partly of benzamide, was refluxed with 100 ml. of 2 V NaOH

(31) Gilman, Zoellner and Selby, THIs JoUrRNaL, 854, 1937 (1932);
Gilman and Stuckwisch, ibid., 85, 1462 (1943).

(32) Hell, Ber., 87, 456 (1904).

(33) Ziegler and Dersch, sbid., 64B, 448 (1931).

{34) Heilbron, “Dictionary of Organic Compounds,” Vol. III,
Oxford University Press, New York, N. Y., 1938, p. 380.

(35) Tiffeneau and Levy, Compt. rend., 188, 970 (19286).

(36) Yost and Hauser, THiS JOURNAL, 69, 2325 (1947).

(87) Deville, Ann., 44, 307 (1842).

(38) Bacon, Chem. Zentr., T9, 11, 794 (1308).
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until ammonia ceased to be evolved. After cooling, the re-
sulting mixture was extracted with ether. The alkaline
solution gave, on acidification, benzoic acid (14%), m.p.
and mixed m.p. 122°. The ether extract gave, on evapora-
tion, benzylphenylcarbinol (61%), m.p. 66-67°, after one
recrystallization from ethanol-water. A mixed melting
point with an authentic sample (m.p. 64-66°) was 66.5—
67°. The hydrogenphthalate derivative melted at 130~131°
(reported m.p. 131°).%

In a similar experiment, the residue obtained on removing
the solvent was cooled and scratched until it mostly solidified.
The oily solid was stirred with 50 ml. of petroleum ether and
the mixture filtered. There was obtained benzylphenyl-
carbinol (13.2 g., 67%), m.p. 63-65°. One recrystalliza-
tion from ligroin (b.p. 70-90°) containing 59, benzene
raised the melting point to 65-66°.

In another experiment, equivalent amounts of dibenzyl
ether and potassium amide were used and the ether suspen-
sion was refluxed for 19 hours. There was obtained benzyl-
phenylcarbinol (58%), toluene (13%) and benzamide
(7.49%,), determined as benzoic acid.

The reaction was also allowed to proceed to completion
in liquid ammonia using 0.1 mole of potassium amide in 350
ml. of liquid ammonia and 0.1 mole of dibenzyl ether in 75
ml. of diethyl ether. After 3.25 hours under a Dry Ice
condenser, excess solid ammonium chloride (cz. 10 g.) was
added carefully and the ammonia allowed to evaporate.
The residue was stirred with water and ether and the layers
separated. Acidification of the aqueous layer yielded
benzoic acid (3%), m.p. and mixed m.p. 122°. The
ether layer was washed with water, dried over sodium sul-
fate and the solvent removed. The residue was distilled
in vacuo yielding toluene (22%), b.p. 47° at 85 mm., ben-
zaldehyde (28%), b.p. 77-78° at 25 mm., (2,4-dinitro-
phenylhydrazone, m.p. 238-239 °) and benzylphenylcarbinol
(519%,), b.p. 168-172° at 10 mm. The carbinol was not
contaminated with any benzamide and melted at 66.5-67.5°
after one recrystallization from alcohol-water. The reac-
tions of various other ethers with potassium amide were
carried out essentially as described above for the first ex-
periment with dibenzyl ether. The results are summarized
in Table I.

Reaction of Dibenzohydryl Ether with Potassium Amide.
—To a stirred solution of 0.105 mole of potassium amide in
250 ml. of liquid ammonia was added a solution of benzo-
hydryl ether (17.52 g., 0.05 mole) in 300 ml. of anhydrous
diethyl ether. The red solution was stirred until all the
liquid ammonia had evaporated, and the resulting red ether
suspension was refluxed on a steam-bath for 3.5 hours.
Powdered Dry Ice (400 g.) was added carefully and the mix-
ture stirred until the Dry Ice disappeared. The ethereal
mixture was shaken with 300 ml. of water and the layers
were separated. The aqueous layer was acidified to litmus
with concentrated hydrochloric acid and, after saturating
with sodium chloride, the solid diphenylacetic acid was
collected on a funnel. The acid, m.p. and mixed 146-147°,
was obtained in yields of 60-68%.

Anal. Caled. for CyH;205: C, 79.22; H, 5.70; neut.
equiv., 212.2. Found: C, 79.46; H, 5.60; neut. equiv.,
212, 213.

The ether layer was washed with water, dried over sodium
sulfate and the solvent removed. Methanol was added to
the residue and after cooling, 119, of the dibenzohydryl
ether was recovered in two crops. The combined methanol
filtrate was evaporated yielding 6.2 g. of residue which par-
tially solidified. To a portion of the residue was added an
excess of 2,4-dinitrophenylhydrazine reagent precipitating
benzophenone-2,4-dinitrophenylhydrazone (15-20%), m.p.
and mixed m.p. 236.5-238°. The remainder of the residue
was again taken up in methanol and, after filtering off a
trace of unidentified solid (m.p. 200-222°), the solution was
mostly evaporated yielding, on the addition of a little di-
ethyl ether, solid benzamide. This product was collected
on a funnel and more of it (total yield 419,) obtained by
adding petroleum ether to the filtrate. It was identified by
mixed melting point and by hydrolysis to benzoic acid.
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