3. It has been found that liquid ammonia
will aminate haloacyl hydantoic acids which are
cleaved by ordinary amination processes.

4. By the similarity of their titration curves
with those of ordinary peptides it is inferred that
isoelectric carbamic acid peptides are dipolar
ions.

5. Cleavages of these peptides with hvdrolvtic
awents have been studied,

TCONTRIBUTION FROM THI

Catalytic Debenzylation.
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i. A new source of ammonia and of carbon
dioxide from the hydrolysis of proteins is sug-
gested.

7. It is demonstrated that the isolation of a
given quantity of ammonia or carbon dioxide can-
not be ascribed to the presence of an equivalent
amount of a certain linkage since these may be
produced in non-stoichiometric proportions.

BanTiMore, MARYLAND RECEIVED JuLy 15, 1943

SoAL Ince, EXPERIMENTAL RESEARCH [LABORATORIES]

The Effect of Substitution on the Strength of the O-

Benzyl and N-Benzyl Linkages'

By RiciarD BALTZLY aAND JoHANNES S. Buck

The growing synthetic importance of deben-
zylation procedures® in which the protective
henzyl group is removed catalytically from ethers,
esters and amines makes 1t desirable to
whether the lability of the benzyl group can be
increased by convenient substitution. This would
be especially useful in amine syntheses in which
the N-dcbenzylations sometimes call for rather
vigorous treatment.

Furthermore, the effect of constitutive factors
on the stability of the benzyl linkages must he
fundamentally related to the general scheme by
which substituents on the benzene ring influence
the activity of the system at various locations in
the ring itself, and such influences must ulti-
mately be accounted for in a general explanation
of the behavior of aromatic systems.

The results presented here seem to give a defi-
nite answer to the practical part of the problem
only. Most substitutions studied increase the
stability of the benzyl linkage and the few in-
stances in which the stability is decreased cor-
respond to intermediates through which prepara-
tion of benzyl tertiary amines is considerably less
convenient than with the unsubstituted benzyl
compounds.  Use of such hyperactive benzyl
derivatives (involving especially the «-menaph-
thyl group) would be advisable only in special
cases.

see

{1) Presented at the Detroit meeting of the American Chemical
Society, April, 1943.

(2) Cf.among others Bergmann and Zervas, Ber., 65, 1192 (1932);
British Patent 318,488; Baltzly and Buck, THIS JOURNAL, 62, 164
(1940); Buck and Baltzly, ibid., 63, 1964 (1941); King and Work,
J. Chem. Svc., 1307 (1940). For a fundamentally related method
see Pupa, Schwenk and Whitman, J. Org. Chem., 7, 587 (1942).

All the reductions here reported were performed
with palladized charcoal.® In our experience,
catalyst prepared from the same batch of char-
coal with constant proportions of metal used has
a highly reproducible activity, as measured by
the rate of reduction of benzyl alecohol. How-
ever, rates of reduction of different substances
are probably only roughly comparable particu-
larly if possible effects of hindrance be considered.
"This rough comparison of rates (involving in some
cases a zero rate) is the only measure available
to determine stability of O-benzyl linkages. It
had been intended to study the competitive re-
duction of dibenzyl ethers until it was discovered
that the substituted benzyl alcohol produced by
the cleavage of the first O-benzyl bond was re-
duced more rapidly than the original ether, so
that it was useless to seek an answer in that way.

The equivalent method of competitive cleavage
of dibenzylamines and dibenzylmethvlamines has
no such disadvantage and was used to determine
the effect of substitution in the ring. It is a
reasonable assumption that substitution in the
ring would affect the stability of O-benzyl and
N-benzyl linkages in the same fashion and a few
equivalent cases in the two series (compare no.
19, Table I, with nos. 1-6, Table II) are in agree-

(3) Ott and Schroter, Ber., 60, 633 (1927); Hartung, THIS JOUR-
~NaL, 50, 3370 (1928); Hartung and Crossley, ibid., 66, 158 (1934).
These last authors consider palladium to have a greater debenzylating
action than platinum in an absolute sense. Their experiments were
with both metals supported on charcoal. Judged by the reduction of
benzyl alcohol, palladized charcoal debenzylates more rapidly than
platinum-oxide platinum-black. Use of the latter would have inter-
fered greatly with the present experiments, in some cases preventing
the debenzylation by reducing the ring and in all competitive de-
benzylations greatly complicating the identification of products,
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158 (1934).

Substance reduced
C¢H;CH,CH
H-MeOCH,CH,OH
%lznoo&.ﬁ—omuonmnnamm
%ugmooamnooomu
Oamwooomgmm
Ommmoooyﬁmu
CeH;CH--CH-CH,OH
CeH,CO-CHCsHs

MeO( vloo‘omomOoZn

07 ~CO-CO,

CH, CH.
CeH;COC4H*
CeH;CHOHC¢H;
a-C1oH;COCeH;

0]

48

p-CsH;CoH,COCSH,

(CeHs):CH-COCeH,
CeH:CHOH-CH,OH
C¢HsCO-CHOH-CH;

H CO-CH;
HO!

E%l?omoz.ozn
Znol/\

¢ Cf. Buck, tbid., 55, 2593 (1933).

TaBLE I

HYDROGENOLYSES RELATED TO O-DEBENZYLATIONS

Sample,
mmoles,

50
50
48
50
100
30
200
20

20

10
50

20
30

20

40

10

38

65

20

Hydrogen absorbed,

mmoles.
Caled.® Observed
50 50
50 50
96 96
100 99
200 120
60 31
400 300
40 40
60 63
40 42
100 85
20 20
60 67
40 38
80 81
20 25
50 67
76 40
130 120
60 49

Product
CeH;CH;
%|gNOOaHAH»omw
ﬁuzﬁohummhomw l_l Omqumv
@lH/\.HQOOQH.Hanmvv
OammomoHﬂ.omgmu + oaaommomzm»
OavaHHomozma
CeH,CIH,CH,CH,OH + CeHCsH;
CeH:;CH,CH.CeH;s

Oamuomwﬁummu
CeH;CH,CsHs
o- Osm.\ omnoaw

H,
»-OammOamhomnOamm

AOamuv som OmnOoHIHu
Oammomnomnom A+ Oammcumu.vv
C.H;CHOH-CHOH-CH,;

H C.H;

H
MeO ! Omuom»zmsmo—

_ + hydroxyamine?
MeO—

@ Calculated hydrogen absorption is that required to remove the benzyl oxygen + any other expected reduction (as of a carbonyl).
4 Sample may have contained solvent.

Rate (approx.)

Fast at start with break at midpoint

Fast at start with break midway

Solvent
EtOH Very fast
EtOH Very fast
EtO11 Very fast
EtOH
EtOH Fast at start
EtOH Fast
EtOH Fast
MeOH
EtOH Moderate

EtOH + Fast, slowing at midpoint

EtOAc
MeOH Moderate
EtOH Moderate
EtOH Moderate
EtOH Moderate

EtOH 4+ Slow*
EtOAc

EtOH Moderate
MeOH Moderate
EtOH Moderate
EtOH Slow

EtOH 4+ Moderate
HCl

b Cf. Hartung, THiS JOURNAL, 56,
¢ Heating used to complete reduction after course was apparent.
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ment with expectation. As, however, the diben-
zylamines necessary to study c-substitution were
not readily available the relatively crude method
of comparing rates was employed for this purpose

Effects of o-Substitution.——Hartung and
Crossley® have already reduced a considerable
number of propiophenones with palladized char-
coal. Making the assumption that these reduc-
tions have the carbinol as an intermediate it can
be deduced from their work that an ethyl group
has relatively little effect on the rate and extent
of reduction. As in our hands p-methoxyaceto-
phenone absorbed the second mole of hydrogen
much more slowly than the first the assumption
seems justified.* As, furthermore, this reduction
(no. 4, Table I) is much slower than that of anisyl
alcohol (no. 2) it is indicated that any alkyl group
stabilizes the system somewhat. Further branch-
ing (nos. 5 and 6) .continues to increase the
stability: phenyl#-butylcarbinol (no. 6) being
unreduced at 25°. This phenomenon might be
regarded as due to hindrance, but if that were
the cause one would expect the reduction of the
ketone to be prevented also, which is not the
case.

Introduction in the a-position of another phenyl
group might be expected to increase the lability
of the O-C bond. On the other hand, hindrance
effects make the rate in such cases unpredict-
able. Examples 8, 11, 12, 14 and 16 show that
debenzylation occurs consistently with two phenyl
groups but the rates are probably not compar-
able. Benzoins and a-diketones are reduced con-
sistently at a moderate rate. This last type was
studied by Buck and Ide® using platinum. They
observed reduction of the aromatic rings ac-
companied by debenzylation (loss of oxygen) and
stripping of nuclear substituents, their products
being mixtures of dicyclohexylethane and di-

(4) In regard to the statement of Hartung and Crossley, ref. 3
that no carbinol could be detected in incomplete reductions of pro-
piophenone, Dr. Hartung writes as follows: ‘In a more careful
study of the reduction of ketones with palladiwm catalyst we have
been able to demonstrate to our own satisfaction that the carbinol
probably is always formed as an intermediate. This is contrary
to our published observations. Itis true thatif an active catalystis
employed there is no break in the rate of hydrogenation until two
molecules of hydrogen have been taken up; however, if the reduction
is interrupted it is possible to demonstrate the presence of carbinol.
With an inactive catalyst, ¢. g., one prepared in the presence of am-
monium chloride, it has been possible to isolate the carbinol in yields
of 85%; the carbinol was further hydrogenated with an active cata-
lyst, to remove the hydroxyl at a rate comparable to that observed
with the ketone itself.”

Whether a break will or will not occur at the midpoint of the reduc-
tion curve of a ketone depends on constitutive factors which do not in-
fluence the two stages of the reduction in the same fashion.

(5) Buck and Ide, Turs Journawr, 58, 3510 (193}); 84, 820 (1932).

25 MecOH
25 MeOH
25 MeOH
4 Mannich and Kuphal,
» 130 millimoles of

* Tiffeneau, Bull. soc. chim., [4]9,

¢ Tsolated as the dihydrochloride.

The same
CoH;CH;NHMe-HC]
Both amines

CoH;CH:NHMe-HCI?

17
10
2
base described; m. p. of the hydrochloride, 136-137°).

yl derivative, Goldschmidt and Polonowska, Ber., 20, 2409 (1887).

, Michaelis and Spinig, Ber., 70, 1241 (1937).

15
10
2

iary

¢ Identified as the acet
/ V. Braun

g ¢ V. Braun, Ann., 449, 249 (1926).
7 340 miillimoles of HCI present; 29 millimoles of hydrogen taken at 25°, the rest at 65°.

(1931) (only the tert

189.«

0

HC1
CH,NMeCH,

CHQNMCCIIQ
HCI

, May and Michaelis, Ann., 490,

826 (1911), gives 168° for m. p. We found 174°.

Ber., 45, 318 (1912).

HCIl present.

Cotls

16
17

" \/“~jCH2NMeCIIzCsHa-HC1

s V. Braun
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cvelohexyvlethylene glycol. At the time they were
unable to interpret these results but it now seems
clear that aromatic reduction and debenzylation
proceeded at comparable rates. Where the aryl
rng was reduced first debenzylation was, of
course, prevented.® Two of the four compounds
that they found to resist debenzylation were re-
investigated. Both these substances, anisoin
and piperil (Examples 9 and 10), behaved nor-
mally with palladized charcoal, forming the
corresponding diphenylethanes.

An hydroxy alky! group in the e-position-e. g.,
phenyl glycol {(no. 17)—appears to have little
more effect than a methyl in stabilizing the O
benzyl linkage, but the next higher member of
this series, phenylmethyl glycol (no. 18) is not
reduced. A carboxyl or carbamido substitution
completely prevents debenzylation as shown by
failure of mandelic acid, and mandelamide to be
reduced. The hydroxyl in benzilic acid is also
resistant. On the other hand, a cyano substitu-
tion has no such effect. This was shown by
Buck,” who reduced mandelonitriles with plati-
nun to phenethylamines. As the phenethanol-
amines are well known to be stable under such
conditions, it is apparent that debenzylation must
precede hvdrogenation of the CN in order to give
this result. The two reactions were probably,
in fact, concurrent, which accounts for the rela-
tively poor yields obtained in certain of those
reductions. We have satisfied ourselves that
comparable results are obtained with palladium
(Example 20).

It is difficult to determine the effect of amino
methyl substitution per se since presence of a base
inhibits debenzylation even of benzyl alcohol.
This was shown by repeated failures to reduce
ephedrine base, the catalyst being unable to re-
duce even the control substance until acid was
added. In view of the fact that some hydrolysis
or alcoholysis of the amine-salt must take place,
however, it seems likely that ephedrine hydro-
chloride would be reduced if debenzylation of the
base were at all facile.

(6) Cf. Levene and Stevens, J. Biol. Chem., 89, 471 (1931).
These authors had a similar experience with a platinum catalyst.
Cf. also Linstead, Whetstone and Levine, THIS JOURNAL, 64, 2014
(1942), who mention a comparable result with gs-octahydro-9-
phenanthrol.

(7) Buck, ibid., 88, 2593 (1933). Kindler and Kwok, Ann., 654,
9 {1943), report that at 100° ethyl mandelate can be reduced to
ethyl phenyl acetate and then to ethyl cyclohexyl acetate. Substi-
tution in the ring was found to disturb this otder as Kindler and
Kwok believed by making the ring more reducible. We should ex-
plain it rather in that the benzyl-oxygen bond was stabilized.

RicnarD BanTzLY AND JOHANNES S. Buck
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An interesting parallel to the lability of the
oxygen is furnished by the reduction of cinnamyl
alcohol (no. 7). Here the hydrogen absorption
indicated that the ethylenic bond and the hy-
droxyl were reduced at about the same rate. The
product consisted of a mixture of hydrocinnamyl
alcohol and propylbenzene.

Effects of Nuclear Substitution.—Owing to
the superior method used, the results of this part
of the work are much more precise. Contrary to
our expectations all substituents in the system
tended to stabilize the N-benzyl linkage. Benzyl
was removed from benzylanisylmethylamine and
benzyvlanisylamine hydrochlorides, to all appear-
ances exclusively. Similarly the anisyl group
was more labile than the piperonyl (no. 3, Table
II). Methyl, chlorine and amino groups in the
para position also stabilized the portion of the
molecule to which they adhered. Through most
of this work we avoided ortho substituents lest
hindrance intervene to confuse the results. How-
ever, when 4,3’- and 4,2’-dimethoxydibenzyl-
methylamine hydrochlorides were reduced, it was
possible in each case to isolate two secondary
amine hydrochlorides, which were identified by
mixed melting points. Apparently the position
of substitution makes little difference. As shown
by examples 6 and 7, Table 11, p-hydroxybenzyl
and p-methoxybenzyl are probably comparably
stable, the former being somewhat more readily
removed.

It was desirable to investigate the effect of
some meta-directing groups. In general the
necessary compounds were difficult to prepare,
and the effect of the nitro group cannot be stud-
ied at all. An indication was furnished by the
reduction of beuzyl, p-nitrobenzyimethylamine
hydrochloride.  Here the benzyl group was re-
moved readily and exclusively at room tempera-
ture. When the reduction wuas performed in the
presence of a large excess of acid, so that the
amino group produced was compelled to remain
in the cationic form, the whole molecule was
stabilized and cleavage ensued only upon heating,
when also the benzyl came off (nos. 10, 11, 12).
A similar result was obtained with a dibenzyl-
amine having a quaternary salt grouping in one
para position (no. 13); the substituted benzyl
was stabilized and the unsubstituted exclusively
removed.

The only groupings so far examined that have
proved more labile than the unsubstituted benzyl
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group are in effect more extended aromatic sys-
tems. Both a and 8 menaphthyl are removed in
preference to benzyl. When these two groups
were opposed to each other a mixture of secondary
amines was obtained (no. 16, Table II) whose
separation appeared most unpromising. The
obviously impure material was, however, analyti-
cally pure showing that only methylmenaphthyl-
amines were present and these must, therefore,
have been there in comparable amounts. A prob-
ably similar situation arose in the reduction of
methyl-4-phenylbenzyl-a-menaphthylamine hy-
drochloride except that here methyl-4-phenyl-
benzylamine hydrochloride, which is quite in-
soluble, could be isolated. It was not the sole
product, however, and we believe that in this
case also the two groups were comparably labile.

The only previous study of this type is that of
Hartung and Crossley® with substituted propio-
phenones. Their results are expressed as rates
of reduction and do not permit much generaliza-
tion. The work presented here is reasonably
consistent within itself but we are not able to
interpret it in terms of any of the current theories
on the aromatic state. It is obvious that further
work is required to complete the picture—es-
pecially indicated being competitive reductions
involving the various groupings (Me, Cl, OMe,
NH,) that stabilize the benzyl group and similar
investigation of a-substituted dibenzylamines.
We are not at present in a position to continue
the work, however, and wish now to present the
results so far obtained.

Experimental

Reductions.—All reductions were performed with a
standard preparation made (after Hartung’s specifica-
tions)3 from 6 g. of charcoal {(Darco G-60) and 0.6 g. of
palladium (as PdCl,). This catalyst reduces a 5-cc. sam-
ple of benzyl alcohol at a reproducible maximum—19
millimoles per minute—which is generally encountered in
the second minute of reduction. Smaller samples of benzyl
alcohol are reduced rapidly but with a lower maximum;
they may, however, be used for control tests, where the
point is merely to assure that the catalyst is unpoisoned.
Such tests were always made where reduction was absent.
The hydrogen absorptions observed (Tables I and II) are
corrected for the hydrogen adsorbed on the catalyst (taken
as 5 millimoles) which is almost instantaneous and is indi-
cated by a sharp fall in the hydrogen pressure when shak-
ing is begun.

The apparatus used is the modification of the Adams-
Burgess-Parr machine described by Buck and Jenkins.?
When the volume of reduction mixture is 50 cc. a drop in

(8) Buck and Jenkins, THIs JoURNAL, 81, 2163 (1929).

CATALYTIC DEBENZYLATION
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pressure of 1 lb. corresponds to absorption of 1 millimole.
The reductions were carried out with 11/;-3 atm. over-
pressure of hydrogen. Reduction was considered to be
stopped when thirty minutes or more was required for a
pressure-drop of 1 b, The apparatus is usually tighter
than that, but such a rate is in the order of magnitude of
possible indefinite leaks. In cases where heating was
required, readings were made after the apparatus had
returned to room temperature and reduction was regarded
as stopped when pressure was constant during heating.
The error in the readings is likely to be greater when heat-
ing is used.

A reduction was considered to have failed only if the
catalyst behaved normally on the addition of benzyl alco-
hol to the reduction mixture.

Mandelic acid and mandelamide were not reduced under
these conditions. Benzilic acid and its ethyl ester showed
only small and doubtful absorptions of hydrogen, and the
reduction mixtures gave back the starting materials appar-
ently urchanged.

The tertiary dibenzyl amines were usually reduced as
their hydrochlorides at room temperature. The secondary
dibenzyl amines regularly required heating., Solvents
were ethanol or methanol, between which there is no
significant difference for this purpose except when heating
is required, in which case ethanol is preferable because of
its lower vapor pressure. The O-debenzylations were
performed at room temperature except in the case of
pheny! biphenyl ketone where heating was used to save
time after absorption at room temperature had already
indicated that the oxygen was being removed.

Materials.—The compounds used in the O-debenzyla-
tions are all in the older literature. The solids were re-
crystallized to constant melting points; the liquids were
purified as carefully as possible, and in no case contained
catalyst poisons,

A number of the tertiary amines used are new, They
were all prepared by conventional methods which are
indicated in Table IV, in which are given characteristics
and analytical data. The elegant Clarke methylation is
not available for dibenzyl amines as cleavage ensues.

The new secondary amines that were used in the N-
debenzylations are characterized in Table III. Also in-
cluded here are amines produced by the debenzylation
where these are new, an acetylated secondary amine (no.
11) which was an intermediate in the preparation of com-
pound 6, and the Schiff base, no. 10.

Isolation of Products.—Most of the known products
from the O-debenzylations were identified by melting point
and mixed-melting points with known specimens or by
analysis. p-Methylanisole was identified as its nitro
derivative. Propylbenzene (from the reduction of cin-
namic alcohol) was not obtained pure, but as a low-boiling
fraction whose C~H content was far above that of any
oxygen-containing derivative conceivably present. Phen-
ylmethyl glycol, from the reduction of benzoylmethyl-
carbinol was an oil, presumably a mixture of ster oisomers,
but analytically pure.

The solutions containing products from the N-deben-
zylations were evaporated in vacuo (after filtration from
the catalyst). After reduction of benzyl, methyl, p-nitro-
benzylamine hydrochloride, aqueous hydrochloric acid
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was added before evaporation to take care of the newly
formed amino group. The residual hydrochlorides were
crystallized from polar-non-polar solvent mixtures,
usually alcohol-ether. Except with reductions 4-7 and
16-17 (see Table I1) the material as first obtained was sub-
stantially homogeneous; the melting point did not change
significantly on further crystallization and the gquantity
obtained was approximately that to be expected.

With the reductions 4 and 5 the first product obtained
was fairly pure methyl-p-anisylamine hydrochloride.
The material in the mother liquors was, however, much
lower melting and slow crystallization showed different
crystal forms to be present. Fractional crystallization of
mechanically separated portions resulted in the isolation of
methyl-o-methoxybenzylamine hydrochloride and of
methyl-m-methoxybenzylamine hydrochloride which were
compared with synthetic specimens.

After the reductions 6 and 7 (which are substantially
equivalent), evaporation was carried out at atmospheric
pressure. A cousiderable fraction of p-cresol was sepa-
rated and also a small neutral fraction. The hydrochlorides
permitted separation into anisylamine hydrochloride and a
small amount of phenolic base. The amount of the latter
did not suffice for identification, and the difficulty in its
isolation from the mixture was such as to permit no
accurate estimation of the quantity originally present.

The reduction 16 furnished about the expected amount
of hydrochloride which was obviously impure, but which
analyzed correctly for CppHNCIl.  Separation of a pure
substance appeared hopeless so we can only say that both
methyl menaphthylamines were present.

Reduction 17 also gave a non-homogenecous tmixture of
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hydrochlorides from which methyl-4-phenylbenzylamine
hydrochloride was separated readily. We believe methyl
a-menaphthylamine to have been present but could not
demonstrate it with the material available.

The authors are indebted to Mr. W. S. Ide for
the many micro-analyses recorded here, and
also for a number performed upon previously
known substances (to confirm identification) and
not included in the tables.

Summary

1. The effect of substituents on the stability
of O-benzyl and N-benzyl bonds has been in-
vestigated through catalytic hydrogenolysis (de-
benzylation).

2. Alkyl groups in the a-position of benzyl
alcohol stabilize the system somewhat, carboxyl
and amino groups much more so. Aryl and cyano
groups may labilize the system but at any rate do
not stabilize it.

3. Substitution on the aromatic rings with
—OMe, —OH, —NH,, —Cl, —NR;Cl and —CH,
gives greater stability.

4. More extended aromatic systems as in
menaphthyl and 4-phenylbenzyl are more labile
than benzyl.

Trekanor, N. Y. RECEIVED Mav 29, 1943
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The Rearrangement of Allyl-Type Esters of g-Keto Acids

By WaLTER KiMEL AND ARTHUR C. COPE

Carroll reported recently that 8,y-unsaturated
alcohols react with ethyl acetoacetate in the
presence of alkaline catalysts to give unsaturated
ketones.! The course of the reaction may be illus-
trated with cinnamyl alcohol and phenylvinyl-
carbinol, which yielded isomeric ketones.

(1) CH,COCH,COOC.H; +
NaOAc
>
170-240°
C.H;OH + CO; + CH;COCH,CH(C¢H;) CH=CH. (33%,)

I
KOAc
(2) CH;COCH,COOC.H; + CSHSCHOHCH=CH2—2—OT.>
CH;0H 4+ CO, + CH;COCH,CH,CH=CHC¢H; (75%)
II

An addition mechanism was suggested for the
reaction, bearing a formal resemblance to the

(1) Carroll, (a) J. Chem. Soc., 704 (1940); (b) 1266 (1940); (c)
307 (1941).

Michael condensation. According to this inter-
pretation, the intermediates in reaction (1) would
be A, B and C.

CH;CHCH.CH,OH
CH;COCHCOOCH;
A
CeH;CHCH=CH,
+ Hzo —_—
CH;COCHCOOC.H;

B
CGH5¢HCH=CH2

CH,COCHCOOH
C

While this interpretation would account for the
attachment of the CH3;COCH,~ group to the
y-carbon atom of the alcohol employed, objec-
tions may be raised to it. The mechanism re-
quires that the hydroxymethyl group, —CH,OH,
shall activate the ethylenic double bond suffi-

-+ CszOH —_— C02 + I



