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Ortho substitution rearrangements of 2-substituted benzyltrimethylammonium ions and of the methiodides of the products
were found to take place not only when the substituent was methyl or ethyl as reported previously, but also when the sub-
stituent was methoxy or chlorine. Similar consecutive rearrangements were realized starting with 4-substituted benzyltri-
methylammonium ions where the substituent was methyl, isopropyl, methoxy, or chlorine, but not when the substituent
was cyano. The yields were generally good to excellent, but they were very low in the second rearrangement when the sub-
stituent was chlorine. The structures of the rearranged amines were established in several ways. These results extend con-~
giderably the usefulness of the ortho substitution rearrangement in synthesis. Infrared data for a number of benzyldimethyl-

amines are presented.

It has previously been. shown that the benzyl-
trimethylammonium ion undergoes the ortho
substitution rearrangement with sodium amide in
liquid ammonia to form 2-methylbenzyldimethyl-
amine in 969, yield®** The mechanism has been
represented by Equation 1.% The methiodide of the

+ +
CHz—N (CH3)3 CHz"C}l\I (CH3)2

NaNH,
liq. NH,

+—~CH,

| M
CH; CH;

CHQ_N(CH3)2 CHQ_N (CH3)2
— H

product was further rearranged, and the process
was repeated until the aromatic ring was completely
substituted.?

The a-methylbenzyltrimethylammonium ion also
has been rearranged and the resulting 2-ethylbenzyl-
dimethylamine rearranged through its methiodide.®
This process was repeated once more.®

In the present investigation a study was made
of the generality of this type of rearrangement

(1) Supported in part by the National Science Founda-
tion.

(2) Union Carbide Chemicals Co. Fellow, 1956-58,

(8) 8. W. Kantor and C., R. Hauser, J. Am. Chem. Soc.,
73,4122 (1951).

(4) W. R. Brasen and C. R. Hauser, Org. Syntheses, 634,
Note8(1954).

(5) C. R. Hauser and A. J. Weinheimer, J. Am. Chem.
Soe., 76,1261 (1954).

starting with 2- and 4-substituted benzyltrimethyl-
ammonium ions.

Results with 2 - substituted benzylirimethylam-
montum tons. The general reactions for two con-
secutive rearrangements starting with quaternary
ammonium ions of this type may be represented
by Scheme A.

Scheme A
Y . Y
CH,—N(CHa), NaNH, CH,
(liq. NH;)
First
1 Rearrangement I CH;‘—N (CH;;);
Y ICH(I
CH, Y
NaNH
(liq. NH) CHq
CH, Second +
CH;;N(CH;;); Rearrangement 11 CH~N(CHa);

Y= CHa, CzH5, CHaO, Cl

As indicated above, these two consecutive rear-
rangements have previously been observed when Y
is methyl and ethyl. They have now been realized
when Y is methoxy and chlorine. The yields, in-
cluding those from the earlier examples for com-
parison, are summarized in Table I. The yields for
the methylations of type II amines to form type
IIT quaternary ions, which are not included in this
table, were almost quantitative.

The structures of the two new amines IIc and IId
from the first rearrangement in Scheme A were
established by oxidations to known acids and an-
hydrides (Scheme B).
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TABLE I

Yrzips oF REARRANGED AMINES II AND IV rrROM QUATER-
NARY Jons I anp I1I wite Sopiom AMIDE 1IN LI1QUID

AMMONIA
Rearranged Rearranged
Amine Amine
Quat, Yield, Quat. Yield,
Ion Y No. % Ion No. %
Ia CH, IIa 60-70° IIla IVa 43°
Ib C.H; I1b 90°¢ IIlb IVb 46°
Ic OCH,; Ilc 84 IIle 1IVe 59
Id a 1Id 18(37)¢ IIIld 1Ivd 2

8 Refs. 3 and 4. ? Ref. 3. ¢ Ref. 5. ¢ Potassium amide
was employed in ether at room temperature (25-30°).

Scheme B
Y Y
@icm @ECHJ
KMnO,
CH,~N(CHa), OoH~ COOH
Ile. Y = OCH;
11d.Y=Cl KMnO,

Y E Y
i ©:COOH
\0 heat
C/ COOH

The structures of the two new amines IVe and
IVd from the second rearrangement in Scheme A
were supported by their infrared spectra, each of
which showed a band in the 850-800 ¢cm.—! region.
These bands are attributed to the out-of-plane de-
formation frequency of the two adjacent hydrogens
on the aromatic ring® since the three vicinal
hydrogens on the aromatic ring in amines Il¢ and
IId absorbed in the 800-750 cm.* region.® The
structures of the amines IVe and IVd were further
established by mild oxidations to the correspond-
ing monocarboxylic acids, which gave satisfactory
analyses.

It can be seen from Table I that the yields of the
rearranged amines of type II from the first rear-
rangement in Scheme A were good to excellent not
only when Y was methyl®* or ethyl® but also
when Y was methoxy (Ile, 849,). However, the
yield of rearranged amine IId where Y was chlo-

rine was only 187, in the usual medium, liquid-

ammonia, and 37% with potassium amide in ether
at room temperature (25-30°).

Whereas the 2-ethyl and 2-methoxy quaternary
ions (Ib and Ic) gave relatively little residual by-
product, the 2-methyl quaternary ion Ia produced,
besides the good yield of rearranged amine IIa, a
considerable amount of neutral and basic dimeric

(6) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, 2nd. ed., John Wiley and Sons, Inc., New York,
N.Y., 1958, p. 78
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and trimeric by-products, one of which was 2,2'-
dimethylstilbene.”

The 2-chloro quaternary ion Id gave relatively
little residual material with an equivalent of sodium
amide in liquid ammonia even after 13 hours, which
is much longer than the usual 1-2 hour reaction
period. Yet the rearranged amine ITd was obtained
in only 189, yield, and 599, of the quaternary salt
1d was recovered unchanged. When this quaternary
ion was treated with two equivalentsof sodiumamide
in liquid ammonia for 5 hours, essentially none of
the rearranged amine ITd was isolated. Instead,
considerable amine residue was obtained, and 619,
of the quaternary salt Id was recovered. Apparently
this amine residue arose from further reaction of
the rearranged amine IId with excess amide ion,
since a similar amine residue was produced in a
blank experiment with the amine IId and the
reagent. The two samples of residue gave positive
diazonium tests for primary aromatic amines
and infrared bands at 3470 cm.~! and 3390 cm.—!
for the N—H bond in primary amines.? Evidently
these residues were formed by the benzyne type
of reaction involving the chlorine atom of amine
I1d and the amide ion.? Incidentally, the quaternary
ion Id did not appear to undergo appreciable ben-
zyne reaction.

These results indicate that the 2-chloro quater-
nary ion Id rearranged much more slowly than
quaternary ions Ia—c. This might be due partly to
a more unfavorable equilibrium than usual between
the predominant benzyl carbanion Id’‘* and the
methyl carbanion Id”, which presumably is the
reactive intermediate in the rearrangement (Equa-
tion 2).12

o) .
- CHN(CHy); CH.N (CH)s
== — CH, —IId (2)
Id’ 1a"

Tt is possible that in the experiment in ether at a
higher temperature (25-30°) the ortho- substitu-
tion rearrangement of quaternary ion Id was ac-
companied by some of the Stevens type of 1,2-

(7) It was reported previously (ref. 3) and confirmed in
the present work that yields of approximately 6-89, each
of dimeric and trimeric neutral and basic by-products,
totaling 25309, are produced.

(8) Ref. 6, p. 249,

(9) J. D. Roberts, H. Simmons, Jr., L. Carlsmith, and
C. Vaughan, J. Am. Chem. Soc., 75, 3290 (1953).

(10) The crude recovered salts gave an infrared spectrum
identical with that of the pure starting quaternary salt, ex-
cept for two additional bands from the ammonium chloride
used in the neutralization of the reaction mixture.

(11) Because of the inductive effect of the o-chlorine atom
the benzyl carbanion Id’ might be expected to be a con-
siderably weaker base than the corresponding benzyl
carbanions of quaternary ions Ia—c.

(12) Although some precipitate was present in the reac-
tion mixture, it was no more noticeable than those observed
with the quaternary ions that readily underwent the
rearrangement.
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shift, since the latter reaction is known to be favored
at the expense of the former by an elevation of
temperature.!* The 1,2- shift of a methyl group
within carbanion Id’ would form tertiary amine V
and that of the 2-chlorobenzyl group within car-
banion Id”, tertiary amine VT.

c (He Cl
[ij/CH—N«Xhh Eij/CHrCHr¢NCHm
v VI

However, the amine isolated in 379, yield must
have consisted at least largely of the ortho- substi-
tution rearrangement product I1d, since it produced
on oxidation the acids and the anhydride shown in
Scheme B. Apparently this oxidation process yielded
no o-chlorobenzoic acid, which should have been
formed had amines V or VI been present.

It can further be seen from Table I that the
yields of amines of type IV from the second rear-
rangement in Scheme A were fairly good (43-59%,)
when Y was methyl, ethyl, or methoxy. However,
the yield of amine IVd where Y was chlorine
was only 29, even when quaternary ion ITId was
treated with an equivalent of sodium amide in
liquid ammonia employing the inverse addition
procedure. Apparently the rearranged amine 1Vd
was not formed in appreciably higher yield and then
destroyed through the benzyne reaction, since most
of the product consisted of amorphous neutral
material.

It should be pointed out that the first and second
rearrangements in Scheme A might have been ac-
companied by some reaction at the substituted
ortho- position to form ezo-methyleneamines of
types VII and VIII, since the 2,4,6-trimethyl-
benzyltrimethylammonium ion rearranges to give
the ero-methyleneamine IX in 709, yield.*

Y

CI—{,2 CH3
qY CH,—N(CH,).
CHz_N(CHg)z CH2
VII VIIT
CH,
CH,
CH,—N(CH
CH3 CHs 2 ( 3)2
IX

Since ero-methyleneamine JX was shown to be
decomposed readily by acid to form isodurene,
the ero-methyleneamines VII and VIII presum-
ably would have been converted to corresponding
neutral compounds on acidification of the reaction
mixtures.

(13) C. R. Hauser, R. M. Manyik, W. R. Brasen, and
P. L. Bayless, J. Org. Chem., 20, 1119 (1955); G. Wittig
and H,. Strieb, Ann., 584, 1 (1953).

(14} C. R. Hauser and D. N, Van Eenam, J. Am. Chem.
Soc., 76, 1264 (1954).
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Actually small amounts of compounds VII and
VIII (Y = CH;) must have been formed in the
original relatively large scale experiments with
quaternary ions Ja and IIIa, since o-xylene and
hemillitene were isolated in yields of 19}, and 39,
respectively. Small amounts of such products
might have been produced in the present work,
but they were not isolated.

Results with 4-substituted benzyltrimethylammo-
nium tons. The general reactions for two consecu-
tive rearrangements starting with quaternary
ammonium ions of this type may be represented
by Scheme C.

Scheme C
Y
NaNH,
(lig. NH;)
First
" Rearrangement CHz_N (CH3>2
CHz_N (CHg)g CHs
X XI
lCH,I
Y
CH.N(CH). NaNH,
(liq. NHy)
Second +
CH; Rearrangement CH>—N(CHjy);
CH: 3
XIII XII

Y = CH,, (CH;).CH, CH;O, Cl

These two consecutive rearrangements were
realized when Y was methyl, isopropyl, methoxy,
and chlorine, but not when Y was cyanide. The
yields are summarized in Table II. The yields for
the methylations of amines of type XI to form
quaternary ions of type XII (Scheme C) were
almost quantitative.

TABLE II

Y1eLps oF REARRANGED AMINES VII AND IX FROM QUATER-
NARY Ions VI anxp VIII wita SopruM AMIDE 1N Liquip

AMMONIA
Rearranged Rearranged
Amine Amine
Quat. Yield, Quat. Yield,
Ion Y No. % Ion No. %
Xa CH, XIa 5363 XIla XIIIa 84
Xb CH(CH;); XIb 92 XIIb XIIIb 68
Xe¢ OCH, XTIe 93 XIle XIIIe 78
Xd Cl XId 5460 XIId XIIId 8
Xe CN XTIe 0 — — —

The structures of the rearranged amines of type
XI from the first rearrangement in Scheme C
were established in several ways. That of amine
XIa was determined by mild and vigorous oxida-
tions to form the corresponding mono- and tri-
carboxylic acids, respectively. The latter acid was
dehydrated to give the anhydride (Scheme D).

Rearranged amine XIb was independently syn-
thesized from the Grignard reagent of 2-bromo-p-
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Scheme D
CH; CH,
X
| mild
o —
CH,N(CH,), oxid. COOH
CHs x1a CH,
\vigorous
oxid.
COOH COOH
heat
COOH C=0
COOH 0=C—(')

cymene and dimethylaminomethyl isobutyl ether
(Equation 3, R = isobutyl).!

CH(CHy).

1. Mgiether)

2. ROCH,N(CHy), XIb @

Br
CH;,

Rearranged amines XIe—d were oxidized to the
corresponding monocarboyxlic acids and dicar-
boxylic acids, the latter compounds being dehy-
drated to form anhydrides (Scheme E).

Scheme E
Y Y
KMnO,
OH™
CH,—N(CHa). COOH
CH; CHj;
XlIe, Y=0CH;
XId, Y=C] KMnO,
heat
C (¢) COOH
C—“—O COOH

The structures of the rearranged amines of type
XIII from the second rearrangement in Scheme C
were established by reductions or oxidations.
Amines XIIla~b were converted to their meth-
iodides, which were reduced by the Emde method

CH;~N(CHy),
CH;,1

CHs

XIIIb, Y = (CH;),CH

(15) Similar reactions of Grignard reagents with di-
methylaminomethyl alkyl ethers have been reported by

(Equation 4).
(JHZ—N CHJ)J
@( NoHg @(
XIiIa, Y = CH;
G. M. Robinson and R. Robinson, J. Chem. Soc., 532 (1923).
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The prehnitene from amine XIIIa exhibited an
infrared spectrum identical with that of an authen-
tic sample of this hydrocarbon. The 4-isopropyl-
1,2,3-trimethylbenzene from amine XIIIb gave,
besides a satisfactory analysis, an infrared spec-
trum showing the same type of aromatic substitu-
tion as prehnitene.

Rearranged amines XIIle-d were oxidized to
the corresponding monocarboxylic acids, both of
which gave satisfactory analyses (Equation 5).

Y Y
H.—N(CH,), A COOH
KMnO, 5)
OH™ (
CH, : :CH3
CH; CH,
XIlIle, Y = OCH;,
XIIld, Y= Cl

In further support for structures XIIIc—d, the
infrared spectra of the amines lacked a band in
the 900-860 cm.~! region which was present in the
spectra of amines XIc—d. This band is attributed to
an isolated hydrogen atom situated between two
substituents on the aromatic ring. '

It can be seen from Table II that the yields of
the rearranged amines of type XI from the first
rearrangement in Scheme C were excellent (92—
93%) when Y was isopropyl or methoxy, and
good (53-63%) when Y was methyl or chlorine.
The similarities and differences of these results
compared to those from the 2-substituted quater-
nary ions are considered below.

Similar to the 2-methyl quaternary ion Ia, the 4-
methyl quaternary ion Xa gave, besides the rear-
ranged amine XIa, a considerable amount of neutral
residual material from which the dimer 4,4'-
dimethylstilbene was isolated in 8-109, yields.
Also, a small amount of basic residue was obtained.
However, this ratio of neutral to basic residual by-
products was considerably higher than that ob-
tained from quaternary ion Ia, with which the ratio
was approximately 1:1.37 Moreover, the yield of
the rearranged amine appeared to be influenced by
reaction conditions much less with quaternary ion
Xa than with Ia.V?

Like the 2-ethyl and 2-methoxy quaternary ions
Ib and Ie, the 4-isopropyl and 4-methoxy quater-
nary ions Xb and Xe produced excellent yields of
the rearranged amines with very little residual
material. Incidently, the 939, yield of the rear-
ranged amine Xlec given in Table II was obtained
with two equivalents of sodium amide in liquid
ammonia on stopping the reaction after only 5
minutes. The yields listed for certain of the other

(16) Ref.6,p. 79.

(17) Whereas the yields of 53-639%, of amine XIa were
obtained on varying the amount of ammonia used and the
rate of addition of quaternary ammonium ion Xa, the 60-
709% yield of amine IIa was lowered to 309, when quater-
nary ion Ia was added rapidly to the reagent in a relatively
small amount of ammonia (ref. 3).
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rearranged amines could probably also be obtained
in much shorter time than the usual 1 to 2 hours
allowed.

Whereas the 2-chloro quaternary ion Id produced
only an 189, yield of the rearranged amine after
13 hours, the 4-chloro quaternary ion Xd gave
54-609, yields with an equivalent of sodium amide
in liquid ammonia within 30 minutes to 1 hour.
The inverse addition procedure was employed for
the best yield, but the rapid addition of the qua-
ternary salt Xd to the reagent gave almost as good
yield.

Similar to the 2-chloro quaternary ion Id, the
4-chloro quaternary ion Xd gave considerable
amine residue with two equivalents of the reagent,
although some of the rearranged amine XId was
isolated. This residue, the amount of which in-
creased with the length of the reaction period,
apparently arose from further reaction of the re-
arranged amine XId with excess reagent, since it
gave 8 positive diazonium test and infrared bands
for the N-H bond.

The failure of the 4-cyano quaternary ion Xe
to rearrange with an equivalent of sodium amide
liquid ammonia cannot be aseribed to side reac-
tions, since 939, of the essentially pure quaternary
salt was recovered after 3 hours. However, when
two equivalents of the reagent were employed the
recovered quaternary salt was quite impure.!®
Since color was produced, carbanions Xe’ and/or
Xe” were evidently produced. The failure of the
latter to rearrange under the conditions employed
might possibly be due to its relatively low concen-
tration in equilibrium with the more weakly basic
resonating carbanion Xe’ (Equation 6).

~ +
NC@CHI-G (CHy)y —— NC@CHzITI(CHs)z (8
Xe' Xe'’ CH,

It can further be seen from Table II that the
vields of tertiary amines of type XIII from the
second rearrangement in Scheme C were good to
excellent (68-849,) when Y was methyl, isopropyl,
or methoxy. The larger size of the isopropyl group
compared to the methyl group evidently had rela-
tively little effect on the rearrangement. However,
the yield was only 89, when Y was chlorine, and
57% of the quaternary salt XIIa was recovered.

The fact that the second rearrangement in
Scheme C as well as that in Scheme A was realized
in better yield when Y was alkyl or methoxy than
when Y was chlorine was not anticipated on the
basis of the current aromatic nucleophilic mech-
anism (see Equation 1). While this mechanism has
been useful for correlating previous results, the
present results suggest that it may need modi-

(18) Although the excess amide ion might be expected to
attack the nitrile group to form an amidine, an infrared
spectrum of the crude recovered quaternary salt failed to
show bands for the N—H bond.
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fication. A further study of the mechanism is now
in progress.

Synthetic considerations. The ortho substitution
rearrangements represented in Equation 1 and
Scheme A (Y = CHj) have previously been em-
ployed for the synthesis of not only the rearranged
amines, but also of certain vicinal methyl deriva-
tives. For examples, the methiodide of rearranged
amine ITa has been converted by an Emde reduc-
tion to hemimellitene (XIV, Y = CHj;) in repro-
ducible yields of 85-909).1% Also the ethobromide
derivative of IIa has been converted by a dis-
placement reaction with sodium acetate in acetic
acid followed by saponification to 2,3-dimethyl-
benzyl aleohol (XV, Y = OCH;) in reproducible
over-all yields of 84-889].%

Y Y
f :CHs i :C H;

CH3 CHQ—OH
XIv XV

The present results extend considerably the
synthetic possibilities of the rearrangement. The
reactions mentioned above should be applicable not
only to other quaternary ions of Type II where Y
is alkyl or methoxy. producing compounds of
types XIV and XV, but also to those of rearranged
amines of type IV (see Scheme A) or even to fur-
ther rearranged amines, yielding higher substitu-
tion products. Moreover, such reactions should be
feasible with quaternary ions of the rearranged
amines of types XI and XIIT (see Scheme C) to
form compounds of types XVI and XVII and the
corresponding higher substitution produets in which
Y is alkyl or methoxy.

Y Y

i CH; i "CH.OH
CH; CH;

XVI XVII

Examples of the Emde reduction of the meth-
jodides of type XIII rearranged amines are il-
lustrated in Equation 4, in which the higher substi-
tution products where Y is isopropyl or methyl are
obtained in 66%, and 759, yields, respectively.

Besides the types of compounds indicated above,
certain carboxylic acids may be prepared con-
veniently through the ortho- substitution rearrange-
ment. For example, the oxidation of rearranged
amines Ilc and XIc has produced 3-methoxy-2-
methylbenzoic and 5 - methoxy - 2 -~ methylbenzoic
acids in yields of 809, and 839, respectively.

(19) W, R. Brasen and C. R. Hauser, Org. Syntheses, 34,
56 (1954).

(20) W. R. Brasen and C. R. Hauser, Org. Syntheses, 34,
58 (1954).
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Infrared absorption spectra of benzyldimethyl-
amines. All of the substituted benzyldimethylamines
obtained in the present investigation and those
others which were also examined exhibited a single
moderate to strong band in their infrared spectra
within the narrow range of 837-853 c¢m.—! This
band appears to be specific for benzyldimethyl-
amines and seems not to have been described
previously. Table III summarizes the amines the
spectra of which have been recorded and their
characteristic absorption wave lengths in this
region.

TABLE I1I
Infrared
Absorption
Frequency,*
Amine Cm.™1
Benzyldimethylamine 849
2,3-Dimethylbenzyldimethylamine 847
2,5-Dimethylbenzyldimethylamine 848
3-Methoxy-2-methylbenzyldimethylamine 844
5-Methoxy-2-methylbenzyldimethylamine 837
3-Chloro-2-methylbenzyldimethylamine 847
5-Chloro-2-methylbenzyldimethylamine 838
5-Isopropyl-2-methylbenzyldimethylamine 842
2,3-Dimethyl-4-methoxybenzyldimethylamine 850
2,3-Dimethyl-6-methoxybenzyldimethylamine 8507
2,3-Dimethyl-6-isopropylbenzyldimethylamine 847
6-Chloro-2,3-dimethylbenzyldimethylamine 849°
4-Chloro-2,3-dimethylbenzyldimethylamine 853
2,3,6-Trimethylbenzyldimethylamine 849°

@ All spectra run on a Perkin-E'mer Model 21 Infrared
Spectrophotometer unless otherwise designated. ® Spectra
run on Perkin-Elmer Infracord.

It is interesting to note that the methiodides of
these amines do not absorb in this region. The
dimethylaminomethyl group alone is probably not
responsible for the absorption, since several sub-
stituted S-phenylethyldimethylamines were found
to show no absorption within this range. The band
is also weak or absent in many a-substituted benzyl-
dimethylamines which have been prepared in this
laboratory.

EXPERIMENTAL?!

2-Methozybenzyltrimethylammonium bromide (Ic). 2-Meth-
oxybenzoic acid (76 g., 0.5 mole) was reduced with 25 g.
(0.6 mole) of 95% lithium aluminum hydride in 1000 ml. of
anhydrous ether by the method used for the reduction of
3,5-dimethoxybenzoic acid?® to give 59.5 g. (869,) of 2-meth-
oxybenzyl alcohol, b.p. 125-127° at 13 mm., lit.,?® b.p.
125-127° at 13 mm,

This alcohol (59.5 g., 0.43 mole) was treated with 58.0
g. (0.215 mole) of phosphorus tribromide in 750 ml. of

(21) Analyses were performed by Galbraith Microanalyti-
cal Laboratories, Knoxville, Tenn. Melting points were
determined on a Fisher melting point block and are cor-
rected. Infrared spectra were produced on either a Perkin-
Elmer Model 21 spectrophotometer or a Perkin-Elmer
Infracord.

(22) R. Adams, M. Harfienst, and S. Leowe, J. Am.
Chem. Soc., 71, 1624 (1949).

(23) M. G. Vavon, Compt. rend., 154, 359 (1912).
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ether and allowed to stand overnight. The excess phos-
phorus tribromide was hydrolyzed with ice and the layers
geparated. The ether layer was washed with water and
sodium bicarbonate solution and dried over anhydrous mag-
nesium sulfate. Distillation yielded 73.0 g. (85%) of 2-
methoxybenzyl bromide, b.p. 114.5-116° at 10 mm., lit.,**
b.p. 115° at 10 mm. This bromide polymerized unless used
within a few hours.

A solution of the freshly prepared bromide (73 g., 0.36
mole) in 350 ml. of acetonitrile cooled in an ice bath was
treated with an excess (29 g., 43 ml, 0.5 mole) of liquid
trimethylamine. After 1 hr., 1500 ml. of ether was added
gradually with stirring to precipitate the 2-methoxybenzyl-
trimethylammonium bromide (Ic¢), which was collected on a
suction funnel, washed with ether, and dried in a vacuum
desiccator. Yield, 89 g. (94%), m.p. 188.5-189.5°. Since
it was somewhat hygroscopie, its picrate was prepared for
analysis. After three recrystallizations from 959, ethanol it
melted at 152.5-153°.

Anal. Caled. for Ci;HxN,Os: C, 50.00; H, 4.94; N, 13.72.
Found: C, 49.96; H, 5.15; N, 13.71.

Rearrangement of quaternary salt Ic to form amine 1lc.
To a stirred suspension of 0.20 mole of sodium amide in
300 m!. of liquid ammonia%* was added during 10 min. 26.0
g. (0.1 mole) of 2-methoxybenzyltrimethylammonium bro-
mide (Ic). The color of the reaction mixture was reddish
purple, which soon faded to gray. After 1 hr. 10.7 g. (0.2
mole) of solid ammonium chloride was added, and the
liquid ammonia was evaporated as an approximately equal
volume of ether was added. The resulting ethereal suspension
was filtered (to remove the salts) and extracted with three
100-ml. portions of 2N hydrochloric acid.® The ether solu-
tion was dried over magnesium sulfate and evaporated,
leaving no appreciable residue. The combined acid extract
was carefully made strongly basic with solid sodium hy-
droxide, cooled with ice, and extracted with two 100-ml.
portions of ether. This ethereal solution of the amine was
dried over magnesium sulfate and distilled, yielding 15.10
g. (84%,) of 3-methoxy-2-methylbenzyldimethylamine (IIc),
b.p. 111-113° at 9.5 mm., n% 1.5176, and leaving 0.90 g.
of acid-soluble pot residue.

Anal. Caled. for CyHi:NO: C, 73.70; H, 9.56; N, 7.91,
Found: C, 73.86; H, 9.74; N, 7.97.

The picrate, recrystallized twice from 95%, ethanol, melted
at 125-125.5°.

Anal. Caled. for C,sH»N.Os: C, 50.00; H, 4.94; N, 13.72.
Found: C, 50.03; H, 4.84; N, 13.74.

Ozidation of a 2.0 g. sample of amine ITc was effected at
room temperature with 6.0 g. of potassium permanganate
in 100 ml. of 0.5N sodium hydroxide solution. A 3.0-g. por-
tion of the potassium permanganate was added at first,
and three 1.0-g. portions were each added after the color of
the preceding portion had disappeared. After filtration
through a Supercel mat the filtrate was acidified and the
product collected. After one recrystallization from aqueous
ethanol the yield was 1.48 g. (80%,) of 3-methoxy-2-methyl-

- benzoic acid, m.p. 145-146°, lit.,” m.p. 145-146°,

Further ozidation of the above monoacid was effected by
heating a 0.5-g. sample with 0.95 g. of potassium permanga-
nate in 100 ml. of 0.05N sodium hydroxide solution until
the purple color had disappeared (about 15 min.). The
manganese dioxide was removed by filtration through a
Supercel mat, and the filtrate was acidified and filtered
again to remove a small amount of the starting monoacid.
The solution was saturated with sodium sulfate and ex-
tracted with ether, which was then dried over magnesium

(24) E. Spéth, Monatsh., 34, 1996 (1913).

(25) See C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. Reactions, 122 (1954).

(26) The acid extraction was omitted in subsequent ex-
periments, since no neutral material was obtained.

(27) L. F. Fieser and W. C. Lothrop, J. Am. Chem. Soc.,
58, 749 (1936).
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sulfate and evaporated to give 0.17 g. of 3-methoxyphthalic
acid. After two recrystallizations from ethanol and hexane
the product melted at 169.5-170.5° dec., lit.,% m.p. 173
174° dec.

A small sample of this dicarboxylic acid was boiled in a
test tube to give 3-methoxyphthalic anhydride, m.p. 158~
158.5°, lit.,® m.p. 160-161°.2

3-M ethozy-2-methylbenzylirimethylammonium iodide (111c).
To a stirred, cooled solution of 28.64 g. (0.16 mole) of 3-
methoxy-2-methylbenzyldimethylamine (II¢) in 150 ml.
of acetonitrile was added 43.0 g. (0.30 mole) of methyl
iodide. Crystallization began within a few minutes. After
1 hr. the precipitation was completed by the addition of
500 ml. of dry ether while the mixture was stirred vigorously.
The salt was collected on a suction filter, washed with dry
ether, and dried in a vacuum desiccator. The yield was
509 g. (97%) of 3-methoxy-2-methylbenzyltrimethyl-
ammonium iodide (IIlc), m.p. 225° dec. A sample recrys-
tallized from a mixture of ethanol and acetonitrile melted
at 227° dec.

Anal. Caled. for CHxINO: C, 44.73; H, 6.25; N, 4.35.
Found C, 44.88; H, 6.34; N, 4.34.

Rearrangement of Illc to 2,3-dimethyl-4-methozybenzyldi-
methylamine (IVe). This reaction was carried out with
30.1 g. (0.094 mole) of 3-methoxy-2-methylbenzyltrimethyl-
ammonium iodide (III¢) and 0.112 mole of sodium amide in
300 ml. of liquid ammonia as described for Ie. The color,
which was blue-black during the addition, became a light
purple shortly after the addition was complete.

From the neutral fraction 1.67 g. of light brown amor-
phous material was obtained. Distillation of the basic frac-
tion yielded 0.58 g. of forerun, b.p. 120-126° at 9 mm., n%
1.5195, and 10.72 g. (59%,) of 2,3-dimethyl-4-methoxybenzyl-
dimethylamine (IVe), b.p. 126-127.5° at 9 mm., n% 1.5204,
and 1.96 g. of pot residue.

Anal. Caled. for C,HsNO: C, 74.57; H, 9.91; N, 7.25.
Found: C, 74.76; H, 9.71; N, 7.24.

The methiodide of a 2.0 g. sample of amine IVe was
prepared with excess methyl iodide in 15 ml. of acetonitrile.
After the mixture had stood for 30 min., it was heated to
boiling and the methiodide slowly precipitated by the care-
ful addition of anhydrous ether. A yield of 3.15 g. (91%),
m.p. 232-233°, was obtained. The melting point was not
raised by further recrystallization.

Anal, Caled. for C3HINO: C, 46.58; H, 6.62; N, 4.18.
Found: C, 46.34; H, 6.55; N, 4.07.

Ozidation of 2.0 g. of amine IVe with 5.2 g. of potassium
permanganate as described for amine Ilc yielded after
one recrystallization from aqueous ethanol 0.80 g. (429%,) of
2,3-dimethyl-4-methoxybenzoic acid, m.p. 204-205°,

Anal. Caled. for C,0H1:0s: C, 66.65; H, 6.71. Found: C,
66.36: H, 6.71.

2-Chlorobenzylirimethylammonium  chloride (Id). This
quaternary salt was prepared in 969, yield from 161 g.
(1 mole) of 2-chlorobenzyl chloride and 118 g. (2 moles) of
liquid trimethylamine as deseribed for Ic. Its melting point
was 208-209°,

The picrate, after one recrystallization from 959, ethanol,
melted at 166.5-167.5°.

Anal. Caled. for CieHuNLClO:: C, 45.00; H, 4.02; N,
13.12. Found: C, 45.17; H, 4.16; N, 13.23.

Rearrangement of quaternary salt Id to amine I1d. (A) In
liquid ammonia. To a suspension of 0.15 mole of sodium
amide in 500 ml. of liquid ammonia was added through
Gooch tubing as rapidly as possible 33.0 g. (0.15 mole) of
2-chlorobenzyltrimethylammonium chloride (Id). The mix-
ture was allowed to stir under a Dry Ice reflux condenser
for 13 hr. The initial bright green color gradually changed
to yellow and then to tan. Ammonium chloride 8.02 g., 0.15
mole was added for neutralization, and the ammonia was
replaced by ether as it was evaporated. The salts were re-

(28) W. Bentley, R. Robinson, and C. Weizmann, J.
Chem. Soc., 91, 110 (1907).
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moved by filtration and the ether evaporated from the fil-
trate. Distillation of the residue yielded 4.59 g. (18%) of
3-chloro-2-methylbenzyldimethylamine (IId), b.p. 103-
106.5° at 9.5 mm., n%’ 1.5248, and 1.68 g. of acid-soluble
pot residue.

The ether-insoluble salts mentioned above were triturated
with 250 ml. of hot acetonitrile and filtered. Dilution of the
filtrate with ether precipitated 19.5 g. (599) of recovered
2-chlorobenzyltrimethylammonium chloride (Id), m.p. 204~
206°, mixed m.p. 205-207°,

Recovery of 92-939, of the starting material was ob-
served with 1-2 equivalents of amide ion within 45 min.

(B) With potassium amide in ether. To a solution of 0.20
mole of potassium amide in liquid ammonia? was added
rapidly 55 g. (0.2 mole) of 2-chlorobenzyltrimethylammo-
nium chloride (Id). After 10 min., 400 ml. of dry ether was
added, the ammonia being allowed to evaporate while the
mixture was stirred for 22 hr. Hydrolysis was carried out
carefully with 100 ml. of water, then 250 ml. of 2N hydro-
chloric acid. The layers were separated, and the aqueous
phase was carefully made strongly basic by the addition of
solid sodium hydroxide. Ice was added and the mixture
extracted with three 100-ml. portions of ether. The ether
solution was dried over magnesium sulfate and the solvent
evaporated. The residue was distilled to give 14.82 g. of a
fraction boiling at 105-109° at 10.1 mm. and 5.04 g. of un-
distillable tar. Redistillation of the distillable fraction
vielded 13.36 g. (37%) of 3-chloro-2-methylbenzyldimethyl-
amine (IId), b.p. 105.5-108° at 10 mm., n%’ 1.5246.

Anal. Caled. for C,iH\«CIN: C, 65.40; H, 7.68; N, 7.63.
Found: C, 65.52; H, 7.63* N, 7.66.

The picrate, recrystallized three times from 959, ethanol,
melted at 140-140.5°.

Anal. Caled. for CmHnClN407: C, 4656; H, 414; N,
13.56. Found: C, 46.49; H, 4.04; N, 13.57.

Almost the same yield (33%) of amine IId was obtained
when quaternary ion Id was treated with two equivalents
of potassium amide in ether for 24 hr. However, more basic
tar was obtained.

Mild oxidation of 2.0 g. of amine IId as deseribed for Ilc
gave 1.0 g. (53%) of 3-chloro-2-methylbenzoic acid, m.p.,
157.5-158.5°, lit.,® m.p. 159°.

Further oxidation of a 0.2 g. sample of the above mono-
acid was effected with 0.39 g. of potassium permanganate
to give 0.20 g. of 3-chlorophthalic acid, m.p. 182-184°,
lit.,3' m.p. 186°.

A small sample of the acid was boiled in a test tube,
vielding 3-chlorophthalic anhydride, m.p. 120-121.5°,
lit.,® m.p. 122°,

8-Chloro-2-methylbenzyltrimethylammonium todide (1IId).
This quaternary salt was prepared from 17.8 g. (0.097 mole)
of 3-chloro-2-methylbenzyldimethylamine (IId) and 28.4
g. (0.200 mole) of methyl iodide. Yield, 31.3 g. (99%,), m.p.
223.5-225.5° dec. After two recrystallizations from a mix-
ture of acetone and ethanol the yield was 25.4 g. (84%),
melting at a constant 238-238.5° dec.

Anal. Caled. for C;H;ClIN: C, 40.57; H, 5.27; N, 4.31.
Found: C, 40.76; H, 5.01; N, 4.30.

Rearrangement of quaternary salt 111d to amine IVd. To
26.4 g. (0.081 mole) of 3-chloro-2-methylbenzyltrimethyl-
ammonium iodide (IIId) in 300 ml. of liquid ammonia was
added over a 10-min. period a suspension of 0.085 mole of
sodium amide in 200 ml. of liquid ammonia (inverse addi-
tion). After 2.5 hr. the reaction mixture was neutralized
with 4.56 g. (0.085 mole) of solid ammonium chloride and
the ammonia replaced by ether. The product was worked
up by the usual procedure, employing acid extraction.

(29) See C. R. Hauser and T. M. Harris, J. Am. Chem.
Soc., 81, 1169, (1959).

(30) E. Noelting, Ber., 37, 1025 (1904).

(31) M. T. Bogert and L. Boroschek, J. Am. Chem. Soc.,
23,751 (1901).
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The neutral fraction consisted of 5.0 g. of a light yellow
amorphous solid.

The viscous amine fraction (1.5 g.) was distilled to give
0.32 g. (2%) of 4-chloro-2,3-dimethylbenzyldimethylamine
(IVd), b.p. 126-127° at 10 mm., n% 1.5309.

Anal. Caled. for CH;sCIN: C, 66.82; H, 8.16; N, 7.09.
Found: C, 67.04; H, 8.27; N, 7.25,

The methiodide, prepared in acetonitrile from a few drops
of the amine and excess methyl iodide, melted at 235-235.5°
after one recrystallization from a mixture of ethanol and
hexane.

Anal, Caled. for C.H,,CIIN: C, 42.44; H, 5.63; N, 4.13.
Found: C, 42.24; H, 5.47; N, 3.97.

The crude ether-insoluble salts were triturated in 150 ml.
of water, and the insoluble portion was collected on a filter.
After one recrystallization from ethanol 3.5 g. (149%,) of the
starting quaternary iodide IIld was recovered, m.p. 233-
234°, mixed m.p. 238-238.5°,

Ozidation of 0.18 g. of amine IVd was effected with 0.49
g. of potassium permanganate added in four portions to the
amine in 20 ml. of 0.5N sodium hydroxide solution. After
filtration the solution was acidified, and the product was
collected and recrystallized once from aqueous ethanol. A
vield of 0.08 g. (49%) was obtained of 4-methoxy-2,3-di-
methylbenzoic acid, m.p. 180-182°, Another recrystallization
from ethanol and hexane raised the melting point to 183°.

Anal. Caled. for CoH,ClO,: C, 58.56; H, 4.82. Found: C,
58.73; H, 5.03.

4-Methylbenzyltrimethylammonium bromide (Xa). This
salt was prepared from 55.5 g. (0.3 mole) of a-bromo-p-
xylene (b.p. 105-106° at 20 mm.) as described for salt Ic.
The yield was 74 g. (99%), m.p. 196-197°, reported m.p.
194°.32

Rearrangement of Xa to form amine Xla. This reaction was
carried out with 24.4 g. (0.1 mole) of 4-methylbenzyltri-
methylammonium bromide (Xa) and 0.2 mole of sodium
amide in 300 ml. of liquid ammonia essentially as described
for Ie. The addition period was 45 min., and the reaction
was allowed to run for an additional 45 min. The initial deep
red-violet color persisted throughout the reaction period.

The neutral fraction, 4.0 g. of yellow fluorescent solid,
was recrystallized from 95%, ethanol, yielding 1.0 g. (10%)
of 4,4'-dimethylstilbene, m.p. 171-173°, lit.,3* m.p. 178°. An
additional recrystallization from 959% ethanol raised its
melting point to 174-175°. It was oxidized with 3N nitric
acid (18 hr. refluxing) to p-toluic acid, m.p. 174-175°, re-
ported m.p. 177°.3¢ Admixture with an authentic sample
gave a melting point of 176-176.5°.

Distillation of the basic products yielded 10.25 g. (63%)
of 2,5-dimethylbenzyldimethylamine (XIa), b.p. 89.5~
90.7° at 11 mm., n% 1.5044, and less than 1 g. of residue.

Anal. Caled. for C,,H;N: C, 80.92; H, 10.50; N, 8.58.
Found: C, 80.89; H, 10.35; N, 8.57.

A picrate, after three recrystallizations from 95% ethanol,
melted at 121.5-122°,

Anal. Caled. for C;HpN,O7: C, 52.00; H, 5.14; N, 14.30.
Found: C, 52.10; H, 4.94; N, 14.33.

Slightly lower yields of XIa (down to 539,) were obtained
using a smaller volume of liquid ammonia.

Ozidation of a 2.0 g. sample of amine XIa was effected
with 6.0 g. of potassium permanganate in 100 ml. of 0.5N
sodium hydroxide solution. After recrystallization of the
product once from aqueous ethanol a yield of 1.0 g. (54%)
of 2,5-dimethylbenzoic acid was obtained, m.p. 129-130°,
lit., % m.p. 132°. Admixture with an authentic sample gave
a melting point of 131.5-132°.

Vigorous oxidation of amine XIa to trimellitic acid and con-
version to its anhydride. A 2.0 g. sample of amine XIa and

(32) J. von Braun and H. Engel, Ann., 436, 299 (1924).

(33) E. Spath, Monatsh., 35, 470 (1914).

(34) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The
Systematic Identification of Organic Compounds, 4th ed.,
John Wiley and Sons, Inc., New York, N. Y., 1956, p. 279.
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20 g. of potassium permanganate were added to 100 ml. of
0.1¥ sodium hydroxide solution and the mixture was re-
fluxed for 17 hr. The manganese dioxide was removed by
filtration through a mat of Hyflo Supercel. The resulting
clear filtrate was made strongly acidic with hydrochloric
acid and saturated with sodium sulfate. The product was
extracted with three 100-ml. portions of ether, which were
combined, dried, and evaporated. A yield of 1.9 g. (74%)
of crude trimellitic acid, m.p. 217-218°, was obtained. One
recrystallization from a mixture of benzene and methanol
raised the melting point to 228°, lit.,* m.p. 224-225°.

A small portion of the product was boiled in a test tube,
producing trimellitic anhydride, m.p. 159-160°, lit., %
m.p. 162.5-163.5°, 157-158°.

2,6-Dimethylbenzyltrimethylammonium vodide (X1Ia). This
salt was obtained in 999 yield from 26.08 g. (0.16 mole)
of 2,5-dimethylbenzyldimethylamine (XIa) and 43 g. (0.30
mole) of methyl iodide as described for IIle. The melting
point was 250° (darkened at 245°) and was not changed by
recrystallization from acetonitrile.

Angal. Caled. for CpHuIN: C, 47.25; H, 6.56; N, 4.59.
Found: C, 47.28; H, 6.74; N, 4.79.

Rearrangement of X1la to form amine XI1Ia. This rear-
rangement was carried out with 45.75 g. (0.15 mole) of 2,5-
dimethylbenzyltrimethylammonium iodide (XIIa) and 0.30
mole of sodium amide in 760 ml. of liquid ammonia essen-
tially as deseribed for Ie. The addition period was 45 min.,
and the reaction was allowed to proceed for an additional
1.75 hr. Distillation of the crude products?® yielded 22.17
g. (849%) of 2,3,6-trimethylbenzyldimethylamine (XIIIa),
b.p. 108-110.5° at 10 mm., n% 1.5160, and 1.22 g. of amine
residue.

Anal. Caled. for CH;sN: C, 81.30; H, 10.80; N, 7.90.
Found: C, 81.50; H, 10.94; N, 7.90.

2,3,6-Trimethylbenzyltrimethylammonium todide. This salt
was obtained in 939, yield from 10.62 g. (0.06 mole) of
2,3,6-trimethylbenzyldimethylamine (XIIIa) and 14.2 g.
(0.10 mole) of methyl iodide as described for IIlc. The
melting point was 194° dec.

Anal. Caled. for C;HgIN: C, 48.91; H, 6.95; N, 4.39.
Found: C, 48.78; H, 6.98; N, 4.40.

Emde reduction to form prehnitene. The Org. Syntheses pro-
cedure used for the preparation of hemimellitene!® was em-
ployed, using 15.95 g. (0.05 mole) of 2,3,6-trimethylbenzyl-
trimethylammonium iodide and 210 g. of 5% sodium
amalgam. The product was isolated in this case by steam dis-
tillation and extraction of the steam distillate with ether.
Distillation of the dried ether extracts yielded 5.02 g.
(75%) of prehnitene, b.p. 95-97° at 25 mm., n% 1.5185, re-
ported b.p. 97-98° at 25 mm., n%y 1.5183.% The infrared
spectrum was identical with that of an authentic sample.

4-Isopropylbenzyltrimethylammonium bromide (Xb). 4-
Isopropylbenzyl alcohol (60 g., 0.4 mole) was treated with
54.2 g. (0.2 mole) of phosphorus tribromide essentially as
described in the preparation of Ie. The reaction period was
only 1 hr. Distillation of the product yielded 71.2 g. (84%)
of p-isopropylbenzyl bromide, b.p. 118-120° at 14 mm.,
lit.,* b.p. 108-109° at 14 mm.

This bromide (71.0 g., 0.33 mole) was treated with 40 g.
(60 ml., 0.67 mole) of liquid trimethylamine as described
for Ic. The salt was difficult to erystallize upon addition of
the ether, presumably because of its extremely hygroscopic
character. It was handled in a dry box. A yield of 81.4 g.

(35) R. L. Shriner, R. C. Fuson, and D. T. Curtin, The
Systematic Identification of Organic Compounds, 4th ed.,
John Wiley and Sons, Inc., New York, N. Y., 1956.

(36) A. Baeyer and V. Villiger, Ber., 32, 2445 (1899).

(37) W. Schultze, Ann., 359, 143 (1908).

(38) A. Baeyer, Ann., 166, 341 (1873).

(39) C. R. Hauser and D. N. Van Eenam, J. Org. Chem.,
23, 865 (1958).

(40) J. W. Baker and W. S. Nathan, J. Chem. Soc., 1935,
1844.
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(90%) of 4-isopropylbenzyltrimethylammonium bromide
(Xb) was thus obtained, m.p. 139-140° (softening at 125°).

Anal. Caled. for C HpBrN: C, 57.35; H, 8.15; N, 5.15.
Found: C, 57.53; H, 8.35; N, 5.16.

Rearrangement of Xb to form amine XIb. The rearrange-
ment was effected during 1.5 hr, with 27.2 g. (0.1 mole) of
4-isopropylbenzyltrimethylammonium bromide (Xb) and
0.2 mole of sodium amide in 300 ml. of liquid ammonia essen-
tially as described for Ic.?® Distillation yielded 17.46 g.
(92%) of 5-isopropyl-2-methylbenzyldimethylamine (XIb),
b.p. 108-111.5° at 10 mm., nT; 1.4989.

Anal. Caled. for CHaN: C, 81.61; H, 11.06; N, 7.32,
Found:C, 81.82; H, 11.03; N, 7.23.

Independent synthesis of amine XIb. (A) Dimethylamino-
methyl isobutyl ether. This compound was prepared in 25%
yield by the directions of Robinson and Robinson.! Its
boiling point was 129.5-131.5°, reported b.p. 124-126°.

(B) Reaction with 2-p-cymyl magnesium bromide. The
reaction was carried out with 25.6 g. (0.12 mole) of 2-bromo-
p-cymene, 3.49 g. (0.16 g. atom) of magnesium turnings, and
10.5 g. (0.08 mole) of the above dimethylaminomethyl iso-
butyl ether according to the general procedure of Stewart
and Hauser# for the addition of Grignard reagents to a-
amino ethers. A yield of 9.74 g. (64%) of 5-isopropyl-2-
methylbenzyldimethylamine b.p. 108-111° at 10 mm,,
n3¥ 1.4975, was obtained. Redistillation of the product
yielded 7.70 g. (50%), b.p. 108-109.5° at 9.8 mm., n}
1.4978. An infrared spectrum was identical with that of
amine XIb,

A methiodide, prepared from the above amine and methyl
iodide, melted at 190-191° dec. Admixture with a sample
of methiodide XIIb produced no depression of the melting

oint.
P 5-Isopropyl-2-methylbenzylirimethylammonium Jodide
(XIIb). This quaternary salt was obtained in 98% yield
from 21.01 g. (0.11 mole) of 5-isopropyl-2-methylbenzyldi-
methylamine (XIb) and 22.72 g. (0.16 mole) of methyl
iodide as described for I1Ia. The melting point was 190-191°
dec.

Anal. Caled. for CHaIN: C, 50.45; H, 7.25; N, 4.20.
Found: C, 50.51; H, 7.25; N, 4.38.

Rearrangement of XIIb to form amine XIIIb. This reac-
tion was effected with 33.3 g. (0.1 mole) of 5-isopropyl-2-
methylbenzyltrimethylammonium iodide (XIIb) and 0.2
mole of sodium amide in 300 ml. of liquid ammonia essen-
tially as described for Ia. The initial deep blue color changed
rapidly to violet, which persisted.

The neutral fraction, 1.9 g. of dark liquid, yielded no dis-
tillable material.

The basic products were distilled in two fractions: 12.90 g.,
b.p. 121-124° at 9 mm., n%; 1.5090; 0.90 g., b.p. 124-126° at
9 mm., n%? 1.5098; 1.73 g. of residue left in the pot. The two
distillable fractions were combined as 2,3-dimethyl-6-iso-
propylbenzyldimethylamine (XIIIb), 13.80 g. (68%); the
analytical sample was taken from the first fraction,

Anal. Caled. for CuHuN: C, 80.76; H, 11.99; N, 7.25.
Found: C, 81.02; H, 11.79; N, 7.07.

The picrate, after two recrystallizations from 95%, etha-
nol, melted at 152.0-152.5°.

Anal. Caled. for CyHaeN,O7: C, 55.29; H, 6.03; N, 12.90.
Found: C, 55.40; H, 6.26; N, 13.10.

2,3-Dimethyl-6-isopropylbenzylirimethylammonium todide.
This salt was prepared in 99% yield from 6.30 g. (0.0307
mole) of 2,3-dimethyl-6-isopropylbenzyldimethylamine
(XIIIb) and 8.52 g. (0.06 mole) of methyl iodide as described
for I1Ic. Its melting point was 169-169.5° dec.

Anal. Caled. for CisHaIN: C, 51.84; H, 7.55; N, 4.03.
Found: C, 51.60; H, 7.78; N, 4.13.

Emde reduction to form 2,3,4-trimethylisopropylbenzene.
This reduction was carried out with 10.00 g. (0.0288 mole)

(41) A. T. Stewart, Jr., and C. R. Hauser, J. Am. Chem.
Soc., 77, 1098 (1955).
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of 2,3-dimethyl-6-isopropylbenzyltrimethylammonium io-
dide and 120 g. of 5% sodium amalgam essentially in ac-
cordance with the Org. Syntheses procedure for the prepara-
tion -of hemimellitene.’® The product was steam distilled
from the reaction mixture and extracted with ether from
the steam distillate. The dried ether extractions were dis-
tilled yielding 3.08 g. (66%) of 2,3,4-trimethylisopropyl-
benzene, b.p. 95-98° at 8.3-8.6 mm., n’s 1.5127. Its infrared
spectrum was very similar to that of 1,2,3,4-tetramethyl-
benzene (prehnitene).

Anal. Caled. for Ci2Hys: C, 88.82; H, 11.18. Found: C,
88.63; H, 11.16.

4-Methozybenzyltrimethylammonium bromide (Xe). Anisyl
alcohol (69.0 g., 0.5 mole) was treated with 68 g. (0.25 mole)
of phosphorus tribromide as described for Ia. The reaction
period was 1 hr. A yield of 87.3 g. (87%) of 4-methoxy-
benzyl bromide, b.p. 124-126° at 12 mm., lit.,2¢ b.p. 126° at
12 mm., was obtained.

The halide (89 g., 0.44 mole) was treated with excess
trimethylamine in acetonitrile as deseribed for Ic. A yield of
110 g. (96%) of 4-methoxybenzyltrimethylammonium bro-
mide (Xe¢), m.p. 148.5-149°, reported m.p. 146°,42 was
obtained.

Rearrangement of Xe to form amine XIc. To a suspension
of 0.20 mole of sodium amide in 250 ml. of liquid ammonia
was added over a 30-sec. period a solution of 26.0 g. (0.10
mole) of 4-methoxybenzyltrimethylammonium bromide
(Xe) in 150 ml. of liquid ammonia. No color change was
observed. At the end of 5.0 min. a solution of 10.7 g. (0.20
mole) of ammonium chloride in liquid ammonia was added
rapidly. The ammonia was replaced by ether and the inor-
ganic salts removed by filtration. Distillation yielded 16.53
£. (93%) of 5-methoxy-2-methylbenzyldimethylamine (XIc),
b.p. 106-108.5° at 7.3 mm., n% 1.5133.

Anal. Caled. for C;Hi:NO: C, 73.74; H, 9.49; N, 7.83.
Found: C, 73.58; H, 9.43; N, 7.90.

The picrate, after two recrystallizations from ethanol,
melted at 129-129.5°.

Angl. Caled. for Ci:HzN,O4: C, 50.00; H, 4.94; N, 13.72.
Found: C, 50.28; H, 5.14; N, 13.49.

Ozidation of a 1.0 g. sample of XI¢ with 3.0 g. of potassium
permanganate in 50 ml. of 0.5N sodium hydroxide solution
vielded, after one recrystallization from aqueous ethanol,
0.77 g. (83%) of 5-methoxy-2-methylbenzoic acid, m.p.
m.p. 146°, lit.,* m.p. 146°,

Further oxidation of a 0.2 g. sample of the above mono-
acid was accomplished with 0.38 g. of potassium permanga-
nate in the usual manner. There was obtained 0.14 g. of
4-methoxyphthalic acid, m.p. 168.5-169.5°. One recrystal-
lization from a mixture of ethanol and hexane raised the
melting point to 169-170°, lit.,4*m.p. 170°.

A small sample of the above diacid was boiled in a test
tube, producing 4-methoxyphthalic anhydride, m.p. 93.5-
94°, lit, % m.p. 93°.

&-Methoxy-2-methylbenzyltrimethylammonium {odide
(XIIc). This salt was prepared in 999 yield from 15.43 g.
(0.086 mole) of 5-methoxy-2-methylbenzyldimethylamine
(XIc) and excess methyl iodide as described for I1le. The
melting point was 166-167°.

Anal. Caled. for CiuHyINO: C, 44.73; H, 6.25; N, 4.35.
Found: C, 44.50; H, 6.34; N, 4.34.

Rearrangement of X1le to form amine XIlle. The reac-
tion was effected with 27.0 g. (0.0844 mole) of 5-methoxy-
2-methylbenzyldimethylamine (XIIc) and 0.10 mole of
sodium amide in 300 ml. of liquid ammonia essentially as
described for Ia. The initial maroon color did not fade.

Only 0.1 g. of neutral material was obtained.

(42) J. von Braun, W. May, and R. Michaelis, Ann.,
490, 189 (1931).

(43) O. Jacobsen, Ber., 16, 1964 (1883).

(44) M. Freund and E. Gobel, Ber., 30, 1392 (1897).

(45) C.Schall, Ber., 12, 829 (1879).
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Distillation of the amine fraction yielded 12.63 g. (78%)
of 2,3-dimethyl-6-methoxybenzyldimethylamine (XIIIc),
b.p. 121-123° at 9.5 mm., n3* 1.5178.

Anal. Caled. for C;H,;yNO: C, 74.57; H, 9.91; N, 7.25.
Found: C, 74.93; H, 9.89; N, 7.56.

The methiodide was prepared from 2.0 g. of amine X1IIc
and excess methyl iodide in acetonitrile. When the product
was precipitated gradually by the slow addition of anhy-
drous ether to the hot solution, a yield of 3.38 g. (98%) of
2,3-dimethyl-6-methoxybenzyltrimethylammonium iodide,
m.p. 167.5-168°, was obtained.

Anal. Caled. for C;HyINO: C, 46.58; H, 6.62; N, 4.18.
Found: C, 46.82; H, 6.48; N, 4.04.

Mild oxidation of a 2.0 g. sample of amine XIIlc was
effected with 5.5 g. of potassium permanganate by the usual
procedure. After one recrystallization from aqueous ethanol,
0.48 g. (25%) of 2,3-dimethyl-6-methoxybenzoic acid, m.p.
154.5-156°, was obtained. A second recrystallization from
ethanol and hexane raised the melting point to 156.5-158°.

Anal. Caled. for C,0H;205: C, 66.65; H, 6.71. Found: C,
66.77; H, 6.79.

4-Chlorobenzylirimethylammonium iodide (Xd). 4-Chloro-
benzyl chloride (48.3 g., 0.3 mole) was treated with excess
trimethylamine as described for Ic. A yield of 63 g. (96%)
of 4-chlorobenzyltrimethylammonium chloride, m.p. 195~
197°, was obtained. One recrystallization from acetonitrile
and ether raised the melting point to 201.5-202°. This salt
was extremely hygroscopic, so it was converted to its iodide.

The above chloride (17.5 g., 0.0795 mole) was dissolved
in a minimum amount of hot acetonitrile. A solution of
11.9 g. (0.0795 mole) of sodium iodide in 300 ml. of hot
acetonitrile was added gradually with stirring. The mixture
was heated to boiling and filtered while hot. Anhydrous
ether (1000 ml.) was added to the cooled filtrate, and the
quaternary iodide was collected on a filter. A yield of 19.3
g. (78%) of 4-chlorobenzyltrimethylammonium iodide
(Xd), m.p. 249.5-250°, was obtained.

Anal. Caled. for CoHsCHIN: C, 38.54; H, 4.84; N, 4.49.
Found: C, 38.61; H, 4.85; N, 4.51.

Rearrangement of Xd to form amine XId. This reaction was
effected with 21.8 g. (0.070 mole) of 4-chlorobenzyltrimethyl-
ammonium iodide (Xd) and 0.074 mole of sodium amide as
described for 1IId (inverse addition). The yield was 7.65 g.
(609%) of 5-chloro-2-methylbenzyldimethylamine (XId),
b.p. 102-105° at 9.7 mm., n%; 1.5219. Most of the product
(7.45 g., 58%) boiled at 104-105° at 9.7 mm.

Anal. Caled. for CoH,CIN: C, 65.39; H, 7.68; N, 7.63;
Cl, 19.30. Found: C, 65.61; H, 7.74; N, 7.60; Cl, 19.48.

Ozidation of a 2.0 g. sample of amine XId was accom-
plished by the usual procedure with 6.0 g. of potassium per-
manganate. After one recrystallization from aqueous ethanol
a yield of 1.25 g. (67%) of 5-chloro-2-methylbenzoic acid,
m.p. 165.5-166.5°, lit.,* m.p. 168.5-169.5°, was obtained.

Further oxidation of a 0.2 g. sample of the above mono-
acid was effected in the usual manner with 0.39 g. of potas-
sium permanganate. A yield of 0.18 g. of residue was left
from the ether extractions. After a washing with benzene
the 4-chlorophthalic acid melted at 152-153°, lit.,¥ m.p.
150.0~150.5°.

A small sample of the above diacid was boiled in a test
tube, producing 4-chlorophthalic anhydride, m.p. 94.5-
95.5°, lit.,4¢m.p. 98.5°.

5-Chloro-2-methylbenzylirimethylammonium iodide (XI1I1d).

(48) K. von Auwers ai.d L. Harres, Z. physik. Chem., [A],
143, 16 (1929).
(47) W. Miersch, Ber., 25, 2116 (1892).
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This salt was prepared in 99% yield from 18.39 g. (0.10
mole) of 5-chloro-2-methylbenzyldimethylamine (XId) and
28.4 g. (0.2 mole) of methyl iodide essentially as described
for I1I¢. The melting point was 226° dec.

Anal. Caled. for C;H;sClIN: C, 40.57; H, 5.27; N, 4.31.
Found: C, 40.64; H, 5.54; N, 4.55.

Rearrangement of X1Id to form amine XIIId. This rear~
rangement was carried out with 32 g. (0.0985 mole) of 5-
chloro-2-methylbenzyltrimethylammonia iodide (XI1Id) and
0.105 mole of sodium amide as described for the rearrange-
ment of IIId. The reaction period was 6 hr., the green color
of the anion persisting throughout.

The neutral fraction contained 4.0 g. of light yellow
amorphous material.

The amine fraction yielded 1.51 g. (8%) of 6-chloro-2,3-
dimethyl benzyldimethylamine (XIIId), b.p. 119-121° at
11 mm., n% 1.5290.

Anal. Caled. for CyH;sCIN: C, 66.82; H, 8.16; N, 7.09.
Found: C, 66.92; H, 8.30; N, 7.29.

A picrate, recrystallized once from 959, ethanol, melted
at 176-177°.

Anal. Caled. for C,;H;sCINO;: C, 47.81; H, 4.49; N,
13.12. Found: C, 47.92; H, 4.70; N, 13.07.

The ether-insoluble salts exhibited an infrared spectrum
identical with that of the starting quaternary salt with two
additional bands characteristic of the ammonium chloride
known to be present. When this mixture was triturated with
acetonitrile, filtered, and treated with excess ether, a pre-
cipitate of 18.3 g. (57%) of recovered 5-chloro-2-methyl-
benzyltrimethylammonium iodide (XIId), m.p. 216-218°
dec., was obtained. Admixture with an authentic sample pro-
duced no depression of the melting point.

Mild oxidation of a 1.0 g. sample of amine XIIId with
2.5 g. of potassium permanganate by the usual procedure
yielded after one recrystallization from aqueous ethanol
0.15 g. (16%) of 6-chloro-2,3-dimethylbenzoic acid, m.p.
144.5-145°.

Anal, Caled. for CsHoClO,: C, 58.56; H, 4.82. Found:
C, 58.43; H, 4.82.

4-Cyanobenzylirimethylammonium bromide (Xe). 4-Cyano-
benzyl bromide (49 g., 0.25 mole) was treated with excess
liquid trimethylamine as described for Ia. The yield was
62.0 g. (97%) of 4-cyanobenzyltrimethylammonium bro-
mide (Xe), m.p. 235-235.5°.

Anal. Caled. for C,H;:BrN,: C, 51.77; H, 5.92; N,
10.98. Found: C, 51.76; H, 5.91; N, 10.89.

Treatment of Xe with sodium amide in liguid ammonia.
4-Cyanobenzyltrimethylammonium bromide (Xe) (30.2
g., 0.10 mole) was added quickly to a suspersion of 0.102
mole of sodium amide in 300 ml. of liquid ammonia. Through-
out the 3-hr. reaction period the color remained a bright
pea-green. After neutralization with 5.4 g. (0.102 mole)
of ammonium chloride, the ammonia was replaced by
ether. The mixture was filtered. No residue remained upon
evaporation of the filtrate.

The ether-insoluble material was extracted with aceto-
nitrile in a Soxhlet extractor. Upon treatment of the extract
with a large excess of ether, 28 g. (93%) of recovered 4-
cyanobenzyltrimethylammonium bromide (Xe), m.p. 229-
231°, was obtained. Admixture with an authentic sample
produced no depression of the melting point.

Durnawm, N. C.

(48) Fa-Ki Tcheou, Yu-Tsun Shih, and Kwan-Liang
Lee, J. Chinese Chem. Soc., 17, 150 (1950); Chem. Abstr.,
47, 32547 (1953).



