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A new rearrangement product, N-methyl-N-(a-phenethyl)aniline (4), and a new cleavage product, N-methyl-
N-benzylaniline (3), have been observed in reactions of N,N-dimethyl-N-benzylanilinium ion (1) with organo-
lithium bases. N-Methyl-N-(8-phenyl)aniline (5) was directly isolated from reaction mixtures, whereas it is

destroyed by sodium amide.

The Sommelet rearrangement product, N-methyl-N-(o-xylyl)aniline (6), was

observed in very small quantities because of the benzylation of its o-Li precursor by the starting salt, to give a

dimeric product.

Cleavage reactions of the quaternary benzylanilinium salt with potassium hydroxide and

sodium ethoxide in refluxing ethanol also gave 3 in addition to the principal products, N,N-dimethylaniline (2)

and ethyl benzyl ether.
amounts of trans-stiloene (8).

Analogous cleavage products were observed with organolithium reagents plus significant
The effects of concentration, ether-hexane solvent mixtures, and anion of the

salt on the ratios of rearrangement and cleavage products were studied for n-butyllithium reactions and are
interpreted in terms of dianion and radical pair mechanisms.

N,N-Dimethyl-N-benzylanilinium chloride is
known?—* to undergo ortho substitution rearrangement
(Sommelet) on treatment with sodium amide in liquid
ammonia. In the most comprehensive study of this
reaction,* indirect evidence of a 1,2 shift (Stevens)
was also observed. The latter type of reaction gen-
erally occurs readily'»®—7 on treatment of benzylic
quaternary ammonium salts with organolithium rea-
gents; the effect of base on the distribution of the
competing rearrangement processes has been compared
for N-benzyltrimethylammonium ion.

We have now observed that the N,N-dimethyl-N-
benzylanilinium ion (1), when treated with organolith-~
ium reagents, produces N,N-dimethylaniline (2), N-
methyl-N-benzylaniline (3), N-methyl-N-(a-phen-
ethyl)aniline (4), N-methyl-N-(8-phenethyl)aniline (5),
N-methyl-N-(o-xylyl)aniline (6), a dimeric amine (7),
and frans-stilbene (8). Hot ethanolic hydroxide or
ethoxide caused displacement of substituents on qua-
ternary nitrogen of 1 Cl— with 2, 3, and benzyl ethyl
ether formation (Table I, expt 1 and 2). Lower yields

CH,
CHCHNGH, O¢H:;OH;B + (CH,):NCiHs
H,
1 2
CH; CH;
CVH,CHN el CuH,CHN el
b,
3 4
CH, CH,
CGHBCHZ(SDHzliTCGHs - CH,CH,CHN CH,
6
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of 2 and 3 resulted with the lithium reagents in aprotie
media, but significant amounts of the rearrangement
products 4, 5, and 6 were obtained with 1,2 shifts
predominating (Table I, expt 3-7). In addition to
the effect of halide and solvent on the 1,2-shift ratio
of 4/5 (Table IT), the ratio was 0.8 in a 2:1 v/v solu-
tion of ether-hexane with n-butyllithium. The best
mass balance, 909, obtained when a 2.2:1 mixture
of n-butyllithium: 1 Br~ reacted in hexane, gave 479 2,
7.49, 3, 11.39% 4, 1449, 5, 1.59, 6, 8.5% 7, 189, 8,
and 3.49, n-pentylbenzene.

We did not observe N-methylaniline or styrene,
evidence of cleavage in the 8-phenethyl product,* even
when pure 5 was treated with n-butyllithium. Ethyl-

RLi
1or 5 ¥> CH,CH=CH, + CH,NHCsH;

benzene was absent in experiments with methyllithium;
toluene may be present in several cases, but we were
unable to collect an adequate sample from gas chro-
matography (ge) for characterization. Separation
characteristics and physical properties of separately
synthesized materials were determined® (Table III)
and used in produect identification and analysis.

Discussion

General trends due to base, solvent, and halide ion
may best be considered in reference to earlier studies
on this and related rearrangements. The reaction
conditions certainly have a distinet effect. Earlier
sodium amide rearrangements?—* were at temperatures
50-60° below the current ambient organolithium ex-
periments or as much as 110° below our reactions in
refluxing ethanol. Hauser and coworkers!® noted that
benzylammonium salt reactions in related Stevens re-
arrangement predominate at high temperatures and
Sommelet migration is almost exclusive at low tem-
peratures. These rearrangements are very base and
solvent dependant as well and, for benzyltrimethyl-
ammonium ion at least, almost exclusive ortho mi-
gration can be observed within the temperature range
currently used.'=®!! The low ortho conversions ob-

(9) A. R. Lepley, R. H. Becker, and A, G. Giumanini, bid., 86, 1222
(1971),

(10) C. R. Hauser, R. M. Manyik, W. R. Brasen, and P. L. Bayless,
ibid., 20, 1119 (1955),

(11) K. P. Klein and C. R. Hauser, 1bid,, 31, 4276 (1966).
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TaBLr I

RracrioNs oF N,N-DiMETHYL-N-BENZVLANILINIUM (1) CHLORIDE WITH SEVERAL BAsEs

Expt no. 1 2
Base concn (M)
Molar ratio of base/1
Solvent

2.1:1
EtOH

3.2:1
EtOH

Time (hr), temp 24, reflux 12, reflux

Products
Amines
N,N-Dimethylaniline (2) 42
N-Methyl-N-benzylaniline (3) 5.8
N-Methyl-N-(e-phenethyl)aniline (4) b
N-Methyl-N-(8-phenethyl)aniline (5) &
N-Methyl-N-(o-xylyl)aniline (6) b

Neutral compd

CeH;CH:B (B = radical from base) 454 63

trans-Stilbene (8) e b
Overall/ 31 69
Ratios

4/5 (a/B rearrangement)

2/3 (benzyl/methyl loss) 7.0 11.1

¢ Probably a mixture of 3 and 8, but calculated as pure 3. ® Not observed.

sample. ¢ Ethyl benzyl ether. ¢ Not determined.

on which was the greatest.

Tasie II
Havipe AnioN ErFrecTs ON STEVENS REARRANGEMENT
Propuers FrROM N,N-DIMETHYL-N-BENZYLANILINIUM (1)
CarioN wiTH ORGANOLITHIUM BASEs

Base:1 Anion,  «/B product
Base~solvent ratio X- ratio, 4/8

CeH;Li~7:3:1 hexane:

benzene: ether 1.4:1 Ci 7.7

Br 7.2

n-BuLi-5.5:1 1:1 Cl 1.3

ether: hexane Br 1.6

I 1.0

n-BuLi~hexane 1.9:1 Cl 0.2

Br 0.8

n-BuLi-hexane 0.4:1 Cl 0.7

Br 1.3

served are, therefore, not totally attributable to tem-
perature effects; vide infra.

Base and solvent effects were not completely dis-
tinet. The cleavage observed in ethanolic hydroxide
(Table I) was accompanied by 279, rearrangement
with 5.8 4/5, between that of methyl- and phenyl-
lithium, when 1 Cl was heated with solid KOH at
100°.2 No ortho migration product was evident in
any of these reactions until a solvent change to hexane
with n-butyllithium as base gave detectable 6.

Both cleavage and rearrangement produects show
comparable trends with base variation. If proton ab-
straction giving ylides 9 and 10, as evident in the

CH;
- +; ko
CaHﬁCHIqueHa —>4
T
- 9
1+ B BH
R CH,
+ kg
CeHsCHzNCeHs —>5
~CH,
10

KOH, 1.3 NaOEt, 1.9 MeLi, 0.8
3.3:1
CGHM

24, ambient 14, ambient

3 4 ) 6 7
CeH:Li, 0.6  n-BuLi, 0.3 »-Buli, 1.1 #n-Buli, 0.5
1.4:1 0.4:1 4.4:1 1.9:1
CeHu—CeHe—  CoHus CeHus CsHye
Et,0,7:3:1

24, ambient 24, ambient 24, ambient

22 39.5 10.3 4.9 29
2.2 4.0 3.1 9.7 5.3
39.5 30 6.2 2.7 2.4
8.4 3.9 8.7 14.8 12.7
b b b 2.5¢ 2.1
0.9 e 0.6 2.1

10.1 e a >10

72 82 28 33 60¢
4.7 7.7 0.7 0.2 0.2
9.7 9.9 3.3 0.5 5.5

¢ At 60 hr, this material was not detected in 24-hr

/ Calculated on the basis of CHN or C¢H;CH, groups accounted for depending
¢ Includes 8.39, of the dimeric material 7.

TasLE III

Gas CHROMATOGRAPHIC RETENTION RATIOS OF SOME
NEUTRAL AND Basic CoMPOUNDS RELATED TO THE
FRAGMENTATION AND DISPLACEMENT REACTIONS OF
N,N-DIMETHYL-N~BENZYLANILINIUM (1) HaLIDES

——Retention ratio——

Carbowax,

Compd GE-SF96° KOon?
Toluene 0.129
Ethylbenzene 0.178
Styrene 0.280
N,N-Dimethylbenzylamine 0.659 0.445
Ethyl benzyl ether 0.827 0,627
N-Methylaniline 0.907
N,N-Dimethylanilinec (2) 1.00 1.000
n-Pentylbenzene 1.47 0.635
N,N-Dimethyl-g-phenethylamine (5) 1.51 0.920

@A 0.25 in. X 5 ft column of 209, GE-SF96 on 60-80 mesh
Chromosorb W at 122°, 62 ml/min He flow; ratios are #0.005.
b A 0.25 in. X 5 ft column of 209, Carbowax 20M plus 5%,
KOH, on 40-60 mesh firebrick at 115°, 42 ml/min He flow; ratios
are +£0.002. <On GE-8F96, retention time for calibration
standard 19.3 = 0.6 min, peak width at half-height 1.6 & 0.1
min; on Carbowax-KOH, 44.0 = 0.7 min and 3.3 £+ 0.2 min,
respectively.

a/B rearrangement ratio 4/5, was the controlling factor
(ko > kp, ks > ky), then less discrimination was
evident with increasing base strength. However, the
a/B ratio was lower than the statistical minimum of
2/6 in the butyllithium reaction where it reached 1/5.
Butyllithium induced rearrangements of benzyltri-
methylammonium ion also exceed statistical distribu-
tions.! These data seem to preclude a prerearrange-
ment equilibrium, 9 = 10,'% unless one assumes the
reverse of benzyl > methyl acidity or unless ks >
k, ~ ko_io. The /B ratios paralleled the «/ortho
order for the benzyltrimethylammonium system;® i.e.,
for the lithium bases, RLi, the R group effect was

(12) A. G. Giumanini, Chem. I'nd. (London), 1140 (1967). .

(13) In aprotic media even slow return to 1, -8 or k-, does not furnish
an equilibration path but exchange with 1, 1 4+ 9 =10 + 1, gives an alternate
path.
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phenyl > methyl > n-butyl. Stch comparable changes
could indicate a relationship between 5 and 6 and
detectable amounts of 6 only appear when 5 increases.
Baldwin and Brown'¢ suggest that 38 produects are
actually formed by a thermal Hauser rearrangement
of the exo-methylenecyclohexadiene intermediate which
precedes a Sommelet product. Thus a eoncerted [3,2]

10.
'CHZ
CH,NCH; . H
H cu, “CHNGH,
1 CHy l

J 5

6

gigmatropic migration in 10 would give 11 which under-
goes proton loss to base yielding 6 on water quenching®
or which thermally breaks a C-C bond homolytically
and collapses into 5. Carbonyl stabilized nitrogen
ylides do not rearrange by a combination of concerted
and radical pair mechanisms.’ The sulfur angular
methyl analog of 11 also thermally forms a B-phenyl
product via a radical pair.” In the instance of 11 —
5, only resonance stabilization of the benzyl radical
is possible since the aniline fragment electron redis-
tribution structures involve pentavalent nitrogen. Al-
though the higher temperatures than in liquid ammonia,
vide supra, drive the reaction to 5 rather than 6, the
condition for the observed thermal rearrangements
were in excess of 100°.14%7

Greater proton abstraction at high base concentra-
tions would tend to trap more 11 as 6, but 6 was not
seen until after 4 and 5 buildup ceased. Furthermore,
Pine has found that high base concentrations cause
RLi addition to intermediates like 11.%* Thus 5 and 6
should decrease at very high base—salt ratios rather than
increasing at the apparent expense of 4 (¢f. Table I,
expt 5-7). Another pathway to 5 and 6 are dianions
of the type proposed by Hauser® to account for effects
in the presence of excess base. The most probable
dianion, 12, could rearrange to anionic precursors of 4, 5,

CH,
- I\P
9or10 4+ B- —E-H) CeH5CH CeH; —>
g,
12
g
CsH;CHCH,NC;H; —> 5
13

or 6 by homolytic or heterolytic benzyl CN cleavages.t®
However, the only rearranged anion with resonance
stabilization is 13. Thus as seen in Tables I and II,
as the base-salt ratio increases the 4/5 value decreases

(14) J. E. Baldwin and J. E. Brown, J. Amer, Chem, Soc., 91, 3647 (1969).

(15) The analogous [1,3] sigmatropic shift is forbidden.

(16) J. E. Baldwin, J. E, Brown, and R, W. Cordell, Chem. Commun., 31
(1970).

(17) J. E. Baldwin, W. F. Erickson, R. E. Hackler, and R. M. Scott,
ibid., 576 (1970).

(18) 8. H. Pine, Org. React., 18 (1970); 8. H. Pine and B. L. Sanchez,
Tetrahedron Lett., 1319 (1969),

(19) A. R. Lepley and A. G. Giumanini, in “Mechanisms of Molecular
Migrations,” Vol. 3, B. 8. Thyagarajan, Ed., Interscience, New York, N. Y.,
1971,
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supporting the 9 — 12 — 13 - 5 route, Dianions
with aromatic ring deprotonation, either benzyl® or
N-phenyl?! as with tertiary amines, may also account
for the destruction of 1 but none of these species
has been trapped as has the benzyl ylide of benzyltri-
methylammonium,?? ¢f. 9, or isolated as have several
phenacyl nitrogen ylides.® A number of other ion
pair and carbene pathways could participate in the
rearrangements of 1 but have been extensively dis-
cussed elsewhere.’®* Therefore only the radical pair
mechanisms based on the analogous benzyne
amine reactions,? Stevens rearrangements with
CIDNP,617.23-% and product evidence? are specifically
applied to 1 — 4.

Although the CIDNP producing rearrangements in-
clude sulfonium'? and aminimide®:2:27 results as
well as ammonium salts,?»?* all the reactions invoke
a caged radical pair state. In terms of the current
system the conversion of 9 to 4 would involve homolytic

-CH; -CH,4
-t .
9 3> | CeH;CHNC:H; <—> CeH;CHNCH; | —> 4
H; CH;

CH;—N bond breaking and subsequent collapse of the
radical pair after electron redistribution to the more
stable neutral resonance contributor. This is exactly
the same step as that which gave CIDNP in the ben-
zyne formation of 4. Unfortunately, the heterogeneous
reactions of 1 could not be accelerated to produce 4
under conditions for the direct observation of this
phenomena. However, the close analogy with the other
Stevens 1,2 shifts providing evidence for radical pairs
is compelling. Since some escape from the cage might
be anticipated,® the cleavage product 3 would be ex-
pected to increase as 4 decreases as appears to be
qualitatively true in the erganolithium reactions (Ta-
ble I}.

A casé for free-radical participation in cleavage re-
actions was presented when Kharasch, Williams, and
Nudenberg?® used cobalt salts to catalyze the reaction
of 1 with phenylmagnesium bromide. The Grignard
reagent in the absence of catalyst formed only 49,

CoB .
1 + OsHsMgBI‘ '——0-2) 2 + CGH5CH2MgBr + (CeHs)z + CsHa
629 429, 80% 32%

of 2. This radical participation in reactions of a num-
ber of other guaternary ammonium salts was also
shown,?® but investigators have not specifically tested
such mechanisms with other bases.

(20) W. H, Puterbaugh and C. R. Hauser, J. Amer. Chem. Soc., 86, 1394
(1964).

(21) A. R. Lepley, W. A. Khan, A, B, Giumanini, and A, G. Giumanini,
J. Org. Chem., 81, 2047 (1966).

(22) W. H. Puterbaugh and C, R. Hauser, J. Amer, Chem, Soc., 86, 1105
(1964).

(23) R. W, Jemison, 8, Mageswaran, W. D. Ollis, 8. E. Potter, A. J.
Pretty, and 1. O. Sutherland, Chem. Commun., 1201 (1970).

(24) U. Schollkopf, U, Ludwig, G. Osterman, and M, Patsch, Tetrahedron
Lett., 3415 (1969).

(25) U. Schéllkopf, G, Ostermann, and J. Schossig, ibid., 2619 (1969);
U. Schoéllkopf, J. Schossig, and G, Osterman, Justus Liebigs Ann. Chem., 787,
158 (1970).

(26) R. W. Jemison and D. G. Morris, Chem. Commun., 1226 (1969);
D, G. Morris, tbid., 1345 (1969).

(27) H. P. Benecke and J. Wikel, private communication.

(28) G. F. Hennion and M. J. Shoemaker, J. Amer. Chem. Soc., 92, 1769
(1970).

(29) M. 8. Kharasch, G. H, Williams, and W. Nudenberg, J. Org, Chem.,
20, 937 (1955).
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Although this last route might contribute to the
current reactions, all the cleavage produets observed
are reasonable for direct displacement. Alternative
pathways for the production of 8 were previously
discussed.’

Displacements and rearrangements of 1 with hy-
droxide and phenoxide at high temperatures were first
observed by Michler and Gradmann.*® Benzyl alcohol
and 2 were obtained by codistillation of sodium hy-
droxide and 1 until high temperatures were reached
(220-230°); then higher molecular weight products,
thought to be ring benzyl derivatives of 2 or methyl
derivatives of 3, were observed., These latter rear-
rangements products were probably the compounds
recently identified!? as 4 and 5. Sodium phenoxide
and 1 at 300°,%* however, gave only 2 and benzyl
phenyl ether. Ethyl benzyl ether was observed with 2
when 1 was “reduced” with sodium in ethanol.®* Only
2 and no ether was mentioned in a later work with
sodium ethoxide,*? while reduction®® with platinium-
barium sulfate or platinium oxide gave toluene, 2,
and other more highly saturated products. Sodium
derivatives of ethyl malonate and related compounds
were also benzylated with 1 in good yields.?* In addi-
tion, 2%* and 8*% were observed as cleavage products
of 1 with sodium amide. This latter base also caused
product breakdown to N-methylaniline®4 and styrene.*

No single reaction pathway for rearrangement or
cleavage products allows the a priori prediction of the
exact products which will be formed, let alone their
quantitative distribution. Therefore, the suggestion
made previously® that two or more different types of
intermediates are involved in the benzylammonium
salt reaction is particularly applicable to the current
case. The new products identified in the reaction of 1
support an ylide precursor 9 which rearranges via a
radical pair to 4. To accommodate known substituent
effects in Stevens 1,2 shifts and the exchange prop-
erties of radical pairs,® a facile one-electron transfer
process may occur for the caged pair. In addition, a

. cHa —CHB
CeH50H|NCsH5 PR 06}156H1!\106H5
CH, CH,

dianion is apparent in the production of 5, but the
intermediate interconversion of 12 to 13 needs further
clarification.

Experimental Section®

Chemicals.—Mono-free N,N-dimethylaniline from Fisher was
dried over potassium hydroxide and vacuum distilled before use.
Jodomethane, «-chloro- and «-bromotoluene, p-bromoethyl-
benzene, and hexamethylphosphoramide were obtained from
Eastman. Deuterium oxide (99.5+9%) was from Matheson
Coleman and Bell. Hexane solutions of n-butyllithium and
methyllithium and ether-benzene solution of phenyllithium were

(30) W. Michler and A, Gradmann, Ber., 10, 2078 (1877).

(31) H. Emde, Arch. Pharm. (Weinheim), 249, 108 (1911).

(32) D. Vorlander and E. Spreckels, Ber., §2, 309 (1919).

(33) H. Emde and H. Kull, Arch. Pharm. (Weinheim), 274, 173 (1936).

(34) H.R. Snyder, C. W. Smith, and J. M. Stewart, J. Amer. Chem. Soec.,
66, 200 (1944).

(35) C. Walling, H. P. Waits, J. Milovanovic, and C. G. Pappiaonnou,
ibid., 92, 4927 (1970).

(36) The data usedin product separations and identification are described
in Table III and ref 9. Melting points and boiling points are uncorrected.
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from Footé Mineral. N,N-Dimethyl-3-phenethylamine® and
n-pentylbenzene® were available from previous work. Other
compounds are deseribed in ref 9.

Ethyl Benzyl Ether—Sodium wire (7.5 g, 0.33 g-atom) was
dissolved in 100 ml of absolute ethanol and 38 ml (0.33 mol) of
a-chlorotoluene was very slowly added to the mixture at 60° with
stirring. Sodium chloride separated from the bright yellow
solution which was refluxed for 3 hr. After addition of 200 ml
of water and 5 g of sodium chloride to the cooled reaction mixture,
a deep red oil separated. The product was dried over potassium
hydroxide and distilled to give a 659 yield (29 g) of a colorless
oil, bp 83.5~84° (17 mm) [lit.® 70° (15 mm)], n®p 1.4903 (1it.%
n¥*p 1,4934).

N-Methyl-N-(8-phenethyl)aniline (5).—N-Methylaniline (36
ml, 0.33 mol) and 47 ml (0.33 mol) of 8-bromoethylbenzene were
mixed and heated on a steam bath for 24 hr. The brownish
glass obtained was decomposed with warm (60°) concentrated
potassium hydroxide solution (40 ml of water and 19 g KOH).
The oily insoluble amine was dissolved in ether; the ether solu-
tion was separated, dried over potassium hydroxide, decanted,
and distilled. The white crystalline product (58 g, 84% yield)
was collected at 195-197° (24 mm) [lit.* 198-199° (18 mm)},
mp 43.5-44° (lit.* 44°), An additional 7.5 g, 119, of product
was obtained on heating the distillation forerun (1:1 mixture of
starting material, ge¢) for an additional 15 hr on a steam bath.

The infrared spectrum had bands at 3040 w, 2940 w, 2880 w,
2810 vw, 1605 s, 1503 s*, 1448 w, 1374 m, 1355 m, 1275 vw, 1250
w, 1222 w, 1190 w, 1160 vw, 1114 w, 1078 vw, 1034 w, 992 w,
956 vw, 906 vw, 860 vw, 751 s, and 690-700 m ¢em~1, Ge and
pmr data on this material are given elsewhere.?

Attempted Cleavage of N-Methyl-N-(3-phenethyl)aniline (5)
with n-Butyllithium.—The amine 5 (2.1 g, 10 mmol), dissolved
in 10 ml of dry hexane, was added to 20 m] of 1.5 M (30 mmol) n-
butyllithium in hexane at room temperature. The solution was
clear and remained clear for the period of observation, 2 days.
Ge analysis of quenched samples from the initial solution and at
severalintervals up to 48 hr showed that 5 concentration remained
constant, within experimental error. No N-methylaniline was
observed.

Preparation of N,N-Dimethyl-N-benzylanilinium (1) Halides.
A. Chloride.—Equimolar amounts®3t4 of N,N-dimethylaniline
(235 ml, 2.0 mol) and of a-chlorotoluene (230 ml, 2.0 mol) were
stored in the dark in a dessicator containing anhydrous mag-
nesium sulfate for a month. The quantitatively produced solid
was washed repeatedly with dry hexane to give a salt, mp 108°,
Recrystallization from hot absolute ethanol raised the melting
point to 110° (lit. 110°,30,42 116° 31); the material was then vacuum
dried for 2 hr at 75°, mp 150° for the colorless crystals.

Anal. Caled for CisHsNCL: C, 72.72; H, 7.32; N, 5.65;
Cl, 14.31. Found: C,72.41; H, 7.45; N, 5.40; Cl, 14.06.

The infrared spectrum of the dried recrystallized product had
bands at 3400-3300 m, 3070 w, 2985 m, 2960 m, 2982 m, 1630
vw, 1590 w, 1490 s, 1450 s, 1400 m, 1380 m, 1225 m, 1120 w,
1085 vw, 1030 w, 1000 m, 970 m, 935 w, 890 s, 845 m, 775, s,
760 s*, 710 s, and 700 s em™!. An additional 24 hr of vacuum
drying at 75° had no appreciable effect on this spectrum. How-
ever, the initial drying period had caused a very large decrease
(ca. fourfold) in the OH stretch, intensity at 3400-3300 cm ™, an
inversion of the intensity ratios for the weak 1630 and 1590
cm~! bands, an increase in intensity of the weak 1400 and 1380
em~! bands, and a doubling in width of the strong bands at 775
and 760 em~l. The pmr spectrum of this salt in D;O was com-
parable to the spectrum given for the bromide; vide infra.

B. Bromide.—An equimolecular mixture®® of N,N-dimethyl-
aniline (38.2 ml, 0.3 mol) and of a-bromotoluene (35.7 ml, 0.3
mol) was heated on a steam bath overnight. Colorless erystals
were slowly formed from the solution, which rapidly turned bright
bilue. The crude product was quantitatively recovered, washed
with dry acetone, dissolved in a minimum quantity of absolute
alcohol, and reprecipitated with anhydrous ether. The colorless

(37) A.R. Lepley and R. H, Becker, Tetrahedron, 21, 2365 (1965).

(38) M. J. Murray and F. F. Cleveland, J. Chem. Phys., 9, 129 (1941).

(39) P. P. T. Sah and H.-H. Lei, Sci. Rep. Nat. Tsing Hau Univ,, Ser. 4,
1, 193 (1932); Beilstein, 111, 1454 (1966).

(40) J. von Braun, Ber., 48, 3213 (1910).

(41) Similar combinations of reagents were used by ref 32, 33, and 42.

(42) D. E, Ryan, Can. J, Chem., 84, 1383 (1956).

(43) Related reaction procedures and literature references reporting
product melting points of 98, 129, 145, and 203° have been summarized by
ref 4.
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solid had mp 148-149° which increased to 153° (lit.* mp 145-
146°) after vacuum drying for 12 hr at 75-85°. The solid, and
especially its solutions in protic solvents, were lacrimatory*t
even after repeated purification of the solid. Both the solid and
its solutions develop a bright blue color on standing in contact
with moist air.

Anal. Caled for CsHisNBr: C, 61.65; H, 6.21; N, 4.79;
Br, 27.35. Found: C, 61.38; H, 6.15; N, 4.82; Br, 27.14.

The pror spectrum was measured in D0, using the water im-
purity at & 4.52 ppm as a standard, and in hexamethylphosphor-
amide (HMPA) or in dimethyl sulfoxide (DMSO), using a tetra-
methylsilane standard (Table IV). The anion, chloride, bromide,

TaBue IV

Sorvent Errects oN PMR CHEMICAL SHIFTS OF
N,N-DIMETHEYLBENZYLANILINIUM (1) BROMIDE

Protons
of Relative ~=Chemical shifts, § (ppm)—
group Multiplicity integral D;0¢ DMRO0? HMPAD
CH, Singlet 6 3.50 3.70 3.98
CH, Singlet 2 4.82 5.32 5.75
Ar Multiplets 5 7.19 7.28¢ 7.31¢
3 7.49¢ 7.627 7.60¢
2 7.49¢ 8.037 8.43¢
¢ Relative to H;O impurity at 4.52 ppm. ? Relative to TMS.
¢ Center of integral of broad multiplet ca. 25 cps wide. ¢ Broad

singlet, width at half-height ca. 3 cps. ¢ Center of integral of
broad multiplet ca. 40 cps wide. 7 Centers of integrals of two
well-separated multiplets ca. 13 cps wide. ¢ As in footnote f but
ca. 15 cps wide.

or iodide, had no appreciable effect on the pmr spectra. The ir
spectrum of this salt had the same major peaks as given for the
chloride above.

C. Iodide.—N-Methyl-N-benzylaniline (51.7 g, 0.27 mol) and
19 ml (0.3 mol) of iodomethane were warmed gently as described
by Jones.* The salt was recrystallized twice from methanol,
mp 147° (lit. 165°,% 155°%),

The infrared spectrum contained no bands in the OH stretch
region, indicating the absence of hydroxylic solvents. The spec-
tra, ir and pmr, had bands comparable to those given above. The
solid and especially its solutions were lacrimatory.?

Reaction of N ,N-Dimethylbenzylanilinium (1) Halides with
n-Butyllithium.—Tables I and II summarize the results and
variables in reactions with either chloride or bromide salts and
n-butyllithium. A particular example, including product identi-
fication, is given here in some detail (¢f. Table I, expt 7).

n-Butyllithium (0.30 M in 200 ml of hexane) was rapidly added
to a vigorously magnet-stirred suspension of 40.0 g (0.16 mol) of
finely powered, vacuum dried 1 chloride in 100 ml of sodium-dried
hexane. The three-necked reaction flask, equipped with calcium
chloride drying tube, was flame dried and then swept with dry
nitrogen during the butyllithium addition and kept at 30 =& 2°
for 36 hr before 50 ml of water was slowly added. The reaction
was exothermic and an initial greenish-yellow color of the solution
disappeared after 2 hr. The organic layer was separated and all
materials boiling up to 100° were distilled off. The undistilled
liquid was cooled to 0° and filtered, giving colorless crystals,
which were washed with 5 ml of methanol, 2.9 g, mp 121-123°,
The ir spectrum of the solid 8 in CS; was identical with that of
trans-stilbene (yield 10.19,).

The liquid product mixture was then distilled; fractions were
collected from 165 to 205° (1 atm), 58 to 130°, 133 to 190°, and
190 to 215° (1.5 mm). The first of these fractions contained
predominantly two materials observed by ge analysis at 122°,
The ir spectra in CS; of preparative gc samples were comparable
with 2 (yield 209,) and n-pentylbenzene (2.1%).

The second and third distillation fractions both showed the
same four ge peaks. Analysis of retention ratios and ir and pmr
spec;/ra gave the product yields: 5.39%, 3, 2.49, 4, 12.7% 5, and
2.19, 6.

The last fraction, 3.5 g, was essentially pure 7 (8.3% yield
based on N-methyl-N-[o-(8-phenethyl)benzyl] aniline*) and was

(44) E. Wedekind, Ber., 89, 481 (1906).

(45) H. O. Jones, J. Chem. Soc., 83, 1400 (1903).

(46) W, Steinkopf and R. Bessaritsch, J. Prakt, Chem., 109, 244 (1925).
(47) H. 0. Jones and J. R. Hill, J. Chem. Soc., 81, 2083 (1907).
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further purified (>999%) by preparative ge. The yellow oil had
bp 200-204° (1.0 mm) {lit.* 199-203° (1.10 mm)], n%¥p 1.6037,
n%p 1.6018.

Anal. Caled for CpHyN: C, 87.66; H, 7.60; N, 4.65.
Found: C, 87.39; H, 7.99; N, 4.82.

The ir spectrum of a liquid film had bands at 3015 w, 2890 w,
1590 s, 1500 s*, 1445 w, 1370 w, 1340 w, 1255 w, 1210-1190 w,
1155 vw, 1115 w, 1035 w, 990 w, 953 vw, 860 vw, 752 m, and
695 m cm ™1, The pmr spectrum had absorption in three regions,
centered near 2.5, at 4.12, and centered near 6.9 ppm with the
relative integral intensities of 5.8:1.0:13.8, respectively. The
first of these multiplets was composed of four distinguishable
bands with peaks at 2.28, 2.45, 2.53, and 2.72 ppm but only the
last two of these being of sufficient intensity to qualify as a CH,
singlet attached to aromatic nitrogen; the remainder might be
accounted for by an A;B; link between two aromatic rings in the
assigned structure, The singlet at 4.12 ppm would then be a
benzylic methylene attached to aromatic nitrogen in the assigned
structure, but its intensity was only half that required. The
third region, that of the aromatic proton multiplet, was between
6.35 and 7.20 ppm with a broad singlet at 6.95 ppm accounting
for more than two-thirds of the region’s integrated area.

Reaction of N,N-Dimethylbenzylanilinium Bromide with
Phenyllithium.—Results of a comparable reaction with the chlo-
ride are given in Table IT. A solution of 40 m! of 1.7 M phenyl-
lithium (0.68 mol) in 3:1 v/v benzene-ether was added to vigor-
ously stirred suspension of 14.6 (50 mmol) of the finely powdered
quaternary bromide at room temperature. The solution turned
vellow and became warm in 25 min. After 14 hr, 20 ml of water
was added slowly. The organic layer was reduced in volume to
29 ml by distillation and this product mixture was extracted with
concentrated hydrochloric acid. The remaining organic phase
had ge peaks at 168° with ir spectra for hydrocarbon product 8
and biphenyl present in the original phenyllithium solution.
Diphenylmethane was not observed.

The acidic aqueous extract of the original organic layer was
washed with ether and then made strongly alkaline with potas-
sium hydroxide. The oil was collected by washing twice with
20-m] portions of ether. The extracts were evaporated and
analyzed. N,N-Dimethylbenzylamine was used as a standard
for analysis at 115° on a 20M Carbowax-KOH column after
determining the absence of conflicting peaks. The single basic
product observed on this column was 2 in 379 yield with a
retention ratio of 2.20 relative to the standard used. The higher
boiling amines were determined by analysis relative to N,N-
dimethylbenzhydrylamine at 168° as previously described.?
Only three product peaks were observed, retention ratios 1.49,
1.80, 2.28; threse peaks were assigned to 3 (1.39%), 4 (23%), and
5 (3.9%), respectively. Products detected accounted for 65% of
the starting salt.

Reaction of N,N-Dimethylbenzylanilinium (1) Chloride with
Ethanolic Potassium Hydroxide.—Powdered 1 chloride (23.6 g,
95 mmol) was added to a solution of 11.2 g (0.2 mol) of potassium
hydroxide in 150 ml of absolute ethanol. The mixture was
refluxed for 24 hr, and then, after cooling, 200 ml of water was
added. The separated organic layer and an ether extract of the
aqueous solution were combined and dried over potassium hy-
droxide. Gec analysis at 135° on an 18-ft 20M Carbowax-KOH
column?® gave two peaks which had retention ratios of 4.76 and
7.75 relative to toluene at 1.00 (retention time 4.0 min), and at
122° on & GE-8F96 column these two peaks had retention ratios
of 0.546 and 0.660 relative to N,N-dimethyl-g-phenethylamine.
Ir analysis on a preparative ge sample containing both products
gave a spectrum which was a composite of ethyl benzyl ether
(45%, ge) and 2 (429, ge).

A single peak with a retention ratio of 1.48 relative to N,N-
dimethylbenzhydrylamine at 1.00 was observed in ge analysis at
168° on a GE-SF96 column. No trace of 8 was apparent in the
ir of a preparative gc sample which was identical with that of
commercial 3, 5.8%, yield.

Reaction of N,N-Dimethylbenzylanilinium (1) Chloride with
Sodium Ethoxide.—The quaternary chloride (10.0 g, 40 mmol)
was added to a solution which had been prepared by reacting 3.0 g
(0.13 g-atom) of sodium with 70 ml of absolute ethanol. The so-
lution was stirred at reflux for 24 hr. After cooling, 250 ml of wa-
ter was added, and the solution was salted out with 10 g of sodium
chloride and extracted with 20 ml of ether. The organiclayer and
a subsequent 50-ml ether extract were combined, dried over potas-
sium hydroxide, and evaporated to 44 ml before analysis. The
same three products and their characteristic ge retention ratios
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were observed as in the preceding experiment: ethyl benzyl
ether 639, 2 59%, 3 5.39;,. The neutral product structure was
confirmed by ir analysis of the crude product distillate, bp 98-
180° (1 atm), after acid washing and drying over calcium chloride.
Go characterization showed only a single peak for this material;
its ir spectrum for a carbon disulfide solution with peaks at
3020 w, 2960 m, 2860 s, 1365 m, 1345 m, 1300 vw, 1265 vw,
1250 vw, 1200 w, 1165 w, 1145 w, 1110-1100 s*, 1070 m, 1030
w, 1015 w, 905 vw, 890 vw, 850 vw, 735 s, and 695 s cm ™2, was
identical with that of the previously synthesized ether.
Rearrangement Product Ratios from the n-Butyllithium Re-
actions with N,N-Dimethylbenzylanilinium (1) Halides.—In
this series of reactions, 15 ml of 1.5 M (23 mmol) n-butyllithium
in hexane was rapidly added to a vigorously stirred suspension

LepLeY, BECKER, AND GIUMANINI

of 20 mmo!l of 1 halide in 83 ml of anhydrous ethyl ether. After
24 hr stirring at room temperature, 25 ml of water was added.
The organic phase which separated was dried over potassium
carbonate and analyzed directly at 168° on the GE-SF96 column.
In no case was a peak or shoulder on an adjacent peak evident
for an o-xylyl product. Therefore, the relative yields of re-
arrangement of a~ and S-phenethyl products 4 and 5 were calcu-
lated directly from the areas of their respective ge peaks.

Registry No.—1 chloride, 3204-68-0; 1 bromide,
23145-45-1; 1 iodide, 25458-36-0; 5, 28059-49-6; 7,
28059-50-9; KOH, 1310-58-3; NaOEt, 141-52-6;
MelLi, 917-54-4; CeH;Li, 591-51-5; n-Buli, 109-72-8.
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N-Methyl-N-(a-phenethyl)aniline (1) was obtained as the principal amine addition-rearrangement product
when benzyne was generated by the attack of organolithium compounds on fluoro-, chloro-, or bromobenzene in

N,N-dimethylbenzylamine.

Small amounts of N-methyl-N-benzylaniline (2) and N-methyl-N-(g-phenethyl)-

aniline (3) were alsoformed. Considerable variation in yields were observed with base and halobenzene variation.
Fluorobenzene reaction with the metalated product from room temperature reaction of N,N-dimethylbenzyl-

amine gave the same principal product plus a small amount of N,N-dimethyl-o-phenylbenzylamine (4).

Proton

magnetic resonance studies of the fluorobenzene, n-butyllithium, dimethylbenzylamine reaction show stimulated

emission and enhanced adsorption in the chemical shift for the benzylic protons of the product.

These data

are interpreted as evidence for an ortho betaine from benzyne—amine addition which undergoes a proton shift to
a benzyl ylide and subsequent free~-radical pair methyl migration to the major product.

Although extensive studies of benzyne reactions have
been reported,?? relatively little work has been directed
toward the addition of neutral, lone pair, electron
donors to the active aromatic sites.*s Several ex-
amples of this type of reaction involving tertiary ali-
phatic amine additions have been carried out by Wittig
and coworkers®—? and by Hellmann’s group'®—!? using
Grignard generated benzyne, while benzyne vs. dis-
placement reactions of strong bases on halobenzenes
have been characterized with aniline derivatives.!4%

Since this last method, the action of organolithium
compounds on monohalobenzenes, provides a method

(1) (a) This investigation was supported by U, 8. Public Health Service
Grant GM-09136 from the National Institute of General Medical Sciences
and was presented in part before the Division of Organic Chemistry, 145th
National Meeting of the American Chemical Society, New York, N. Y.,
Sept 1963, Abstracts, 5Q. (b) To whom reprint requests should be sent,
Marshall University. (c¢) Fulbright student, State University of New York
at Stony Brook, 19621964,

(2) For reviews of aryne chemistry, see E. F. Jenny, M. C. Caserio, and
J. D. Roberts, Ezperientia, 14, 349 (1958); R. Huisgen and J, Sauer, Angew.
Chem., 72, 91 (1960); R. Huisgen, ‘‘Organometallic Chemistry,” H. Zeiss,
Ed., Reinhold, New York, N. Y., 1860, pp 75-87; J. . Bunnett, J. Chem.
Educ., 88, 278 (1961); H. Heaney, Chem. Rev., 62, 81 (1962); G. Wittig,
Angew. Chem., Int. Ed. Engl., 4, 731 (1965).

(3) R. W, Hoffman, '“Dehydrobenzene and Cycloalkynes,” Academic
Press, New York, N. Y., 1967,

(4) A. R. Lepley, Amer. Chem. Soc., Div, Petrol. Chem., Prepr., 14, C43
(1969).

(5) Reference 3, pp 164-179.

(6) G. Wittig and W, Merkle, Chem. Ber., 76, 109 (1943).

(7) G. Wittig, Angew. Chem., 68, 16 (1951). .

(8) G. Wittig and R. Polster, Justus Liebigs Ann. Chem., 899, 13 (1956);
612, 103 (1958).

(9) G. Wittig and E. Benz, Chem. Ber., 92, 1999 (1959).

(10) H. Hellmann and W. Unseld, Justus Liebigs Ann, Chem., 631, 82
(1960). .

(11) H. Hellmann and W, Unseld, ibid., 681, 89 (1960).

(12) H. Hellmann and W, Unseld, ibid., 631, 95 (1960).

(13) H. Héllmann and G. M. Scheytt, ibid., 642, 22 (1961),

(14) A. R. Lepley, A, G, Giumanini, A. B. Giumanini, and W. A, Khan,
J. Org. Chem., 81, 2051 (198686).

(15) H. Heaney and T. J. Ward, Chem. Commun., 810 (1969).

of generating intermediates comparable to those of
several quaternary ammonium salt rearrangements, we
have carried out this study on the addition of benzyne
to N,N-dimethylbenzylamine. Where feasible, this
work paralleled the organolithium rearrangements of
the N,N-dimethyl-N-benzylanilinium ion,*

Results and Discussion

The principal addition-rearrangement product, N-
methyl-N-(e-phenethyl)aniline (1), was obtained in
359% yield from the reaction of n-butyllithium and
fluorobenzene in a 1:3:1 v/v solution of N,N-dimethyl-
benzylamine, anhydrous ether, and n-hexane. Identi-
fication of this product was based on the identity of
proton magnetic resonance (pmr) and infrared (ir)

CHF + nBuli —%» ,LiCGHF —ob @l
lcsmcﬂzmcm)g
CH,
~HB
CH;NHCH, + CH,CHBrCH, —— C,H,NCHCH,
CH,
1

spectra for material from a preparative scale reaction?
and for the authentic compound synthesized by the
reaction’® of N-methylaniline and a-bromoethylben-
zene. The formation of 1 was smooth reaching three-

(18) A.R. Lepley and A, G. Giumanini, J. Org. Chem., 86, 1217 (1971).

(17) A. G. Giumanini and A. R. Lepley, Bull. Chem. Soc. Jap., 42, 2358
(1969).

(18) A, H, Wagg, T. 8. Stevens, and D. M. Ostle, J. Chem, Soc., 4057
(1958).



