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TABLE VI
GEM-DEHYDRATION OF a-BUTOXYALLYL HYDROPEROXIDE
Perox. Yield, % High
Conen., Butyl Boiler, Loss,
% Catalyst Solv. Temp. Acrylate Wt. % Wt. 9,

31.3 FeSO, H0 100 27.4 0.0 23
12.8 FeSO, H,0 20 12.8 11.6 26
71.0 FeS0, H:0 100 12.8 5.9 12
17.9 AcyO, pyr. _ 30 11.9 7.4 42
67.7 C,H ;N CeHe 25 1.6 12.9 31
12.9 KOH BuOH 25 0.0 24.0 0.0
16.6 H.S0, HOAc 80 5.7 10.9 10.5
11.4 C:H, N? s— 40 ¢ 11.0 33

& N,N-Dimethylbenzylamine. ? Piperidine. ¢ No acrylate obtained; workup yielded 0.11 mole of 8-(N-piperidino)propionic

acid, yield ca. 30%.

taining 21.39% a-butoxyallyl hydroperoxide was added
dropwise to a vigorously boiling solution of 20 g. of ferrous
sulfate heptahydrate and 2.0 g. of hydroquinone in 500 ml.
of water. Steam distillate was collected rapidly during the
half-hour addition time, and thereafter until the distillate
no longer contained oily drops. The distillate organic layer
was separated, 0.1 g. of hydroguinone was added, the layer
was dried 3 hr. over Drierite, then distilled at reduced pres-
sure. There was collected 68 g. of allyl butyl ether, b.p.
38.5-48.0°/40 mm., d3° 0.787-0.791, n%}; 1.4031-1.4050, and
9.5 g. of butyl acrylate, b.p. 63.0-68.0°/40 mm., di° 0.895-
0.900, n% 1.4160-1.4168 (listed,’® b.p. 145-146° (nomo-
graph interpolation gives b.p. 62°/40 mm.), d2° 0.898,
n% 1.4185). Residue and other losses amounted to 239, of
the original charge to the oxidation.

Various modifications of the so-called ionic dehydrations
were tried,? with little success. The essentials of these
experiments are summarized in Table VI. Several of these
runs were with hydroperoxide concentrates, up to 719, ob-
tained by vacuum stripping to 35° maximum.

The piperidine experiment is of interest, since a 309, yield
of “acrylate’” was recovered as a Michael addition product,
namely, B-(N-piperidino)propionic acid. In this case 34
ml. of piperidine was added to 90.5 g. of oxidized allyl buty!
ether containing 11.4 wt. % a-butoxyallyl hydroperoxide.
Extraction of the organic layer with aqueous hydrochloric
acid gave, on reduction in volume, 21 g. of a solid, m.p.
189-195°, which recrystallized well from ethanol, m.p.
215-217°.

Anal. Caled. for CsH,4CINOs: C, 49.61; H, 8.33; Cl, 18.31;
N, 7.23; neut. equiv., 193.5. Found: C, 49.87; H, 8.00;
Cl, 17.84; N, 7.13; neut. equiv., 190, 191; sapon. equiv., 196,
189.

The calculated structure is 8~(N-piperidino)propionic acid
hydrochloride; this compound gives an immediate and
copious precipitate of silver chloride when added to aqueous
silver nitrate. The organic layer was distilled giving 42 g.
recovery of ether and 10 g. of residue.
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4-Dimethylaminoazobenzene and related compounds as well as azobenzene are reduced by benzoin in the absence of cata-
lysts and solvents to amines, while benzoin is oxidized to benzil, the final products being azomethine compounds formed
by condensation of amines with benzil. There were some indications that the amines were produced through disproportiona-
tion, but not by direct reduction, of hydrazo compounds formed at the first stage of reduction.

In an attempt to synthesize azo derivatives of
indole from aromatic aminoazo compounds and
a-hydroxy ketones, it was found that the reaction
did not lead to the expected produets, but resulted
in reduction of azo compounds, if benzoin was
used as a hydroxy ketone.

Recently a variety of organic as well as bio-

(1) E. A. Braude, R. P. Linstead, P. W. D. Mitchell,
and K. R. H. Wooldridge, J. Chem. Soc., 3595 (1954);
W. Bradley and L. J. Watkinson, Chem. & Ind. (London),
1482 (1954), J. Chem. Soc., 319 (1956); W. C. J. Ross and
G. P. Warwick, Nature, 176, 298 (1955); R. S. Livingston
and R. Pariser, J. Am. Chem. Soc., 78, 2944 (1956); W. H.
Stafford, M. Los, and N. Thomson, Chem. & Ind. (London),
1277 (1956) ; S. Pietra, Ann. chim. (Rome), 47, 410 (1957).

chemical reagents have been utilized for the
reduction of azo compounds,'—* but no example of
reduction by benzoin seems to have been reported.
Although aromatic nitro compounds are reduced
by benzoin the reduction stops at azoxy or azo
stage,® and benzoin is ineffective for chlorophyll-
or pheophytin-sensitized photochemical reduction
of 2’-carboxy-4-dimethylaminoazobenzene.? In this

(2) R. S. Livingston and R. Pariser, J. Am. Chem. Soc.,
7€, 2948 (1956).

(3) W. C. J. Ross and G. P. Warwick, J. Chem. Soc.,
1724 (1956).

(4) R. Mecke, Jr.,’and D. Schmihl, Naturwissenschajten,
42, 153 (1955), Arzneimittel-Forsch., 7, 335 (1957).
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TABLE 1
REeactioN oF Azo AND HYDRAZO CoMPOUNDs WITH BENZOIN AND BENZIL
Mole Reactn. Condn.
Ratio, Azo Compd. (1) Time, Products?®
Run I1/1 X Y Temp. hr. Yield, %
1 1 (CH;)N H 185 6 1,115 I11, 6
2 1 (CH;,),N H 130 6 1, 36%; III, 26
3 2 (CHj3)N H 130 6 II1, 64; I1Ia, 14; IV, 7
4 3 (CH,;).N H 130 6 111, 46
5 2 (CH.):N H 130 1 111, 18; IV, 32
6° 2 (CH,).N H 130 1 III, 18; IV, 29
7° 2 (CH;)N H 130 8 111, 61
11 2 (CHs)N 4’-CH, 130 6 111, 43
12 2 (CH;).N 4'-Cl 130 6 111, 43
13 2 (CH,).N 4’-CF; 130 6 III, 49
14 2 (CH,):N 2’-CO.H 130 6 111, 43
21 2 CH:HN H 130 6 11, 57
22 2 H,N H 130 6 II1,¢ 53
23 2 CH;0 H 130 6 1, 81%; II, 86
31 1 H H 185 6 I, 81V, 2
32 2 H H 130 6 I, 38%; I, 14; IV, 10; V,* (11);
VI (= VIa),” (1)
33° 2 H H 136 6 1, 33%; 11, 32; IV, 29
34 2 H H 150 12 IV, 43; V,* (6); VI (= VIa),” (2)
35 2 H H 195 6 111 (= IIIa), 14
36 2 H H 195 12 III (= IIIa), 19
Hydrazo
I1/v Compd. (V)
41 1 H H 130 6 I, 667
42 1 H H 195 4 —
43 1 H H 195 12 III (= I1Ia), 18
/v (V)
51 1 H 195 12 I, 569; 111 (= IIla), 16

% Unless otherwise noted, Symbol I, III, IIIa, V, or VI denotes the structure with appropriate substituents (X and Y)

corresponding to azo compound (1), oneof the starting materials. ®

Theyield is calculated by regarding I as directly recovered.

¢ In these experiments, reaction flasks were irradiated throughout reactlon with ultraviolet light from an Acme-type mercury
lamp of 3 amp. capacity, placed 15 cm. apart from the flasks. ¢ The product is N,N’-didesylidene-p-phenylenediamine

(III), = (CsHs;COCH;C=N). ¢ Hydrazobenzene (V, X =

Y = H) was determined as benzidine, the yleld of which was

given in parentheses / Aniline (VI, X = H) was determined as acetanilide, the yield of which was given in parentheses.
¢ The yield is based on disproportionation scheme (Step 2 in the reaction sequence indicated below). * Viscous reddish
brown material was obtained from which no crystallizable substance was separated by repeated recrystallization.

paper the reduction of azobenzene and its nuclear-
substituted derivatives is investigated, and a
plausible course of the reaction is suggested from
the consideration of effects of substituents ou re-
ducibility.

When' 4-dimethylaminoazobenzene (I, X
(CH;):N; Y = H) was heated with an equimolar
amount of benzoin(II}, an orange-red substance
was obtained together with recovered I (X
(CH3):N; Y = H) (runs 1 and 2, Table I). This
substance is p-dimethylamino-N-desylideneaniline
(ITI, X = (CH;):N), the structure of which was
determined by hydrolysis with hydrochloric acid
to benzil(IV) and N,N-dimethyl-p-phenylenedi-
amine (VI, X (CH;):N) and by comparison
with an authentic specimen. By using two equiva-
lents of II the yield of III(X = (CHj):N) was
greatly increased (run 3), but increase was no
longer observed even if more than two equiva-
lents were used (run 4).

(5) H. B. Nisbet, J. Chem. Soc., 2081 (1927), 3121
(1928); R. E. Lyons and M. E. Pleasant, Ber., 62, 1726
(1929); L. P. McHatton and M. J. Soulal, J. Chem. Soc.,
4095 (1953).
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Some derivatives of I (X = (CHj),N) having
substituents Y on the primed rings also gave III
(X = (CH;):N), the yields of which were, although
on an average lower (43-499,) than that of the
unsubstituted substance (649,), nearly equal
irrespective of the nature of extra substituents
(runs 11-14),
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In contrast to this, the reactivity of 4-substituted
azobenzenes (I,Y = H) is largely influenced by
substituents X. Thus 4-methylaminoazobenzene
(I, X = CH;HN; Y = H) and 4-aminoazobenzene
(I, X = H;N; Y = H) gave corresponding anils
(runs 21 and 22), while 4-methoxyazobenzene
(I, X = CH;0; Y = H) and azobenzene (I, X =
Y = H) did not, a part of benzoin and azo com-
pounds being recovered. However, azobenzene
does give a small yield of N-desylideneaniline
(II1, X = H) if subjected to more drastic reaction
conditions (runs 35 and 36). Hydrazobenzene
(V,X =Y = H) also gave III (X = H) by heat-
ing either with benzoin (run 43) or with bensil (run
51) under the same conditions as above.

A study of titanous chloride reduction of I
(X = Y = H) in alcoholic hydrochloric acid®
showed that the rate of reduction of ¢is-azobenzene
was far greater than that of trans-isomer. To find
the difference, if any, in the reactivities of both
isomers towards benzoin reduction, the reaction
mixture was irradiated with ultraviolet light, by
which isomerization of trans-azobenzene derivatives
to cis-isomers was to be accomplished.” However no
appreciable difference was observed between the
irradiated and the unirradiated reactions both
for I(X = (CH;);N; Y = H)(runs 3, 5, 6, and 7)
andforI (X = Y = H)(runs 32 and 33).

It is suggested from the examination of the above
experimental results that a most probable course
of the reaction will be as follows:

(1) ArN=NAr’ + C,H,CHOHCOCH; —>
ArNHNHAr’' 4+ CH;COCOCH,

(2) 2 ArNHNHAr' —>
ArNH,; + H.NAr’ + ArN=NAr'

(3) ArNH. + CeH,COCOCH; —> ArN=CCH;COC.H;

(3a) Ar'NH; + C,H,COCOCH; —>
Ar'N='CCQH5(JOCQH5

Isolation of IV and V (runs 32 and 34) may be an
evidence for the hydrogen transfer between I and
II (Step 1), and formation of III from V (run 43)
shows that V is a true intermediate of the reduction,
The final product IIT will be formed by the con-
densation of IV and VI (Step 3 and 3a), which
may be confirmed by isolation of VI (runs 32 and
34) as well as by a direct condensation of IV and
anilines. VI seems to be produced by the dispro-
portionation®® (Step 2), rather than by direct
reduction, of V since III is also obtained from IV
and V (runs 51). The yields of III in this reaction

(6) N. R. Large, F. J. Stubbs, and C. Hinshelwood,
J. Chem. Soc., 2736 (1954).

(7) W. R. Brode, J. H. Gould, and G. M. Wyman,
J. Am. Chem. Soc., T4, 4641 (1952); 75, 1856 (1953); P. P.
Birnbaum and D. G. Style, Trans. Faraday Soc., 50, 1192
(1954); E. Fischer, M. Frankel, and R. Wolovsky, J. Chem.
Phys., 23, 1367 (1955); G. Zimmerman, Lue-yung Chow,
and Uen-jin Daik, J. Am. Chem. Soc., 80, 3528 (1958).

(8) A. W. Hoffmann, Proc. Roy. Soc. (London), 12, 576
(1863); Jahresbericht, 425 (1863).
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are generally poor (647, at best), which may be
attributed partly to the reoxidation of V to I in
the presence of air%® and partly to a loss of VI
due to decomposition.

The comparison of the results of runs 3, 21-23,
and 32 shows that the effect of 4-substituent X
on the reducibility as measured by the yield of III
is in the increasing order: OCH; < H < NH; ~
NHCH; ~ N(CHjy);. According to the studies on
polarography!! and chemical reduction® of azo-
benzene derivatives, the more electronegative the
substituent, the more reducible is the azo com-
pound. The deactivation by 4-methoxy group in
the present results is coincident with the above
evidence, but the accelerating effect of 4-dimethyl-
amino group seems somewhat anomalous. However,
it will be pointed out in this connection that in
enzymatic reduction by baker’s yeastt I(X =
(CH3),N; Y = H) has a greater reactivity over
that of I (X = Y = H). The variation in the order
of reducibility might be considered as the conse-
quence of different reaction mechanisms due to
different reducing agents.

EXPERIMENTAL!?

Materials. Preparation and purification of azo compounds
were previously reported.!? 4-Methoxyazobenzene (I, X =
CH,0; Y = H) (m.p. 56°),! benzoin (II) (m.p. 134°),1
benzil (IV) (m.p. 95°),! hydrazobenzene (V, X = Y = H)
(m.p. 126°), and N,N-dimethyl-p-phenylenediamine (VI
X = (CH3):N) (m.p. 41°)!7 were purified by recrystalliza-
tion. N-Methyl-p-phenylenediamine (VI. X = CH,HN)
(b.p. 144-145° (14 mm.); m.p. 35°) was prepared by reduc-
tion” of p-nitroso-N-methylaniline. Several authentic
specimens of anils (III) were prepared as follows.

p-Dimethylamino-N-desylideneaniline (II1. X = (CH,)sN).
A mixture of 1.4 g. (0.01 mole) of VI (X = (CH,):N), 2.1 g.
(0.01 mole) of IV, 0.2 g. of 509, potassium hydroxide solu-
tion, and 15 ml. of 95%, ethanol was refluxed for 3.5 hr.

(9) J. Biehringer and A. Busch, Ber., 36, 339 (1903);
J. Stieglitz and G. O. Cume, Jr.,, Ber.,, 46, 911 (1913);
G. O. Cume, Jr.,, J. Am. Chem. Soc., 35, 1143 (1913);
P. Ruggli and K. Hélzle, Helv. Chim. Acta, 26, 814, 1190
(1943); H. A. Laitinen and T. J. Kneip, J. Am. Chem. Soc.,
78, 736 (1956).

(10) O. Klamerth, Z. Naturforsch.,, 8b, 177 (1953).
D. A. Blackadder and C. Hinshelwood, J. Chem. Soc., 2896
(1957).

(11) M. Shikata and I. Tachi, Collection Czechoslov.
Chem. Commun., 10, 368 (1938); I. F. Vladimirtsev and
I. Ya. = stovskil, Doklady Akad. Nauk S.S.S.R., 83, 855
(1952).

(12) All melting points are uncorrected. Numbers, of
runs refer to those in Table 1.

(13) K. Fukui, Y. Inamoto, H. Kitano, and C. Nagata,
J. Chem. Soc. Japan, Pure Chem. Section, 79, 1215 (1958),
J. Am. Chem. Soc., 81, 5954 (1959).

(14) W. R. Brode, 1. L. Seldin, P. E. Spoerri, and G. M.
Wyman, J. Am. Chem. Soc., 77, 2762 (1955).

(15) R. Adams and C. S. Marvel, Org. Syntheses, Coll.
Vol. I, 94 (1948).

(16) H. T. Clarke and E. E. Dreger, Org. Syntheses,
Coll. Vol. I, 87 (1948).

(17) L. Gattermann and H. Wieland, Laboratory Methods
of Organic Chemistry, Macmillan and Co., New York,
1938, p. 317.
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After the solution was cooled, the resulting precipitate was
filtered and recrystallized from benzene-ethanol to give 3.1
g. (94%) of III (X = (CH,):N), m.p. 140° (reported!®
m.p. 137-138°).

p-Methylamino-N-desylideneaniline (III. X = CH;HN).
One and two tenths grams (0.01 mole) of VI (X = CH,HN)
and 2.1 g. (0.01 mole) of IV were treated similarly as above.
Yield of III (X == CH,HN), scarlet needles, m.p. 142°, was
2.8 g. (89%).

Anal. Caled. for CHisON2: C, 80.23; H, 5.77; N, 891.
Found: C, 80.31; H, 5.79; N, 8.96.

N,N'-Didesulidene-p-phenylenediamine (IIl. X = CgH;-
COCeH:C==N). A mixture of 0.5 g. (0.005 mole) of p-
phenylenediamine, 2.1 g. (0.01 mole) of IV, 0.2 g. of 50%
potassium hydroxide solution, and 10 ml. of 95% ethanol
was refluxed for 5 hr. After the solution was cooled, the
precipitate was filtered and recrystallized from . dioxane-
ethanol to give 2.0 g. (81%) of III (X = CsH;COCH:C=N),
yellow platelets, m.p. 221°,

Anal. Caled. for CaHaOsN2: C, 82.90; H, 4.91; N, 5.69.
Found: C, 83.05; H, 4.99; N, 5.73.

N-Desylideneaniline (III. X = H). A mixture of 0.9 g.
(0.01 mole) of VI(X = H) and 2.1 g. (0.01 mole) of IV was
heated in an oil bath at 195° for 6 hr., and, after cooling,
triturated with 50 ml. of 5% hydrochloric acid. The pre-
cipitate was filtered, washed with water, dried, and recrystal-
lized from benzene-ethanol to yield 1.5 g. (55%) of III
(X = H), m.p. 106° (reported m.p. 103-106°1 106-
107°%),

Reaction of 4-dimethylaminoazobenzene (I. X = (CH;):N;
Y = H). Run 3. A mixture of 2.3 g. (0.01 mole) of I (X =
(CH,);N; Y = H), and 4.2 g. (0.02 mole) of II was heated
in an oil bath at 130° for 6 hr. The reaction mixture was
immediately extracted with boiling petroleum ether (b.p.
75-120°), the extract being treated with Norit S.X.30 and
filtered hot. The solvent was removed in vacuo, and the
residue was dissolved in benzene-ethanol. After standing
overnight at room temperature, the precipitate was filtered
and recrystallized from benzene-ethanol to give 2.1 g. (64%)
of IIT (X = (CH;);N), m.p. 140°. The melting point was
not depressed by admixture with an authentic specimen
prepared above.

The mother liquor from which crude III was separated
was evaporated to dryness, and the residue was again dis-
solved in boiling petroleum ether and treated with Norit.
After removal of the solvent in vacuo, the residue was re-
crystallized from methanol to give crude IIla (Y = H)
which, after further recrystallizations from benzene-ethanol,
yielded 0.4 g (149%,) of pure IIIa (Y = H), m.p. and mixed
m.p. 106°.

Concentration of the above methanolic filtrate yielded
precipitate which on recrystallizations from methanol gave
0.3 g. (7%) of IV, m.p. and mixed m.p. 95°,

Other runs (1-14) of I (X = (CH3)sN; Y = H) and its
derivatives were treated similarly, 0.01 mole of an azo com-
pound and an appropriate amount of benzoin being used.

Hydrolysis of p-dimethylamino-N-desylideneaniline (1II.
X = (CHj).N). Six and a half grams (0.02 mole) of III
(X = (CH,):N) obtained in the above experiments was
mixed with 50 ml. of 109, hydrochloric acid and heated on
a water bath for 15 min, After the solution was cooled,
insoluble solid was filtered, washed with water, and dried.
After recrystallizations from carbon tetrachloride, it gave
3.6 2. (86%) of IV, m.p. and mixed m.p. 95°.

The combined hydrochloric acid filtrate and water wash-
ings were concentrated in vacuo, neutralized with 109,
sodium hydroxide solution, and extracted with ether.

(18) A. Schénberg and R. C. Azzam, J. Chem. Soc., 1428
(1939).

(19) P. L. Julian, E. W. Meyer, A. Magnani, and W.
Cole, J. Am. Chem. Soc., 67, 1203 (1945).

(20) J. H. Boyer and D. Straw, J. Am. Chem. Soc., 75,
1642 (1953).
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Ether was distilled, the residue being fractionated in vacuo
to give 2.1 g. (77%) of VI (X = (CHy):N}, b p. 133-136°
(15 mm.), m.p. and mixed m.p. 41°.

A sample of this material was mixed with water and
treated with acetic anhydride. The resulting precipitate
was filtered and recrystallized from water to yield p-di-
methylaminoacetanilide, m.p. 134° (reported®' m.p. 134-
135°).

Reaction of 4-methylaminoazobenzene (I. X = CH,HN;
Y = H). Run 21. A mixture of 2.1 g. (0.01 mole) of I (X =
CHHN; Y = H) and 4.2 g. (0.02 mole) of II was heated
at 130° for 6 hr. The reaction mixture was treated similarly
as in run 3 to yield 1.8 g. (87%) of III (X = CH,HN),
m.p. 142°, undepressed by admixture with an authentic
specimen.

Anal. Caled. for CyH,;s0N,: C, 80.23; H, 5.77; N, 8.91.
Found: C, 80.28; H, 5.80; N, 8.93.

Reaction of 4-aminoazobenzene (1. X = H,N; Y = H).
Run 22. A mixture of 2.0 g. (0.01 mole) of I (X = H;N;
Y = H) and 4.2 g. (0.02 mole) of II was heated at 130° for
6 hr. The reaction mixture was immediately dissolved in
benzene and stood overnight in an ice box. The precipitate
was filtered, washed with benzene, and recrystallized from
dioxane-ethanol to yield 2.6 g. (53%) of III (X = CH;CO-
CeH:;C=N), m.p. 221°, undepressed on mixing with an
authentic specimen.

Anal. Caled. for CyHaO,N.: C, 82.90; H, 491; N,
5.69. Found: C, 82.98; H, 4.91; N, 5.76.

Reaction of 4-methozyazobenzene (I, X = CH;0; Y = H).
Run £3. A mixture of 2.1 g. (0.01 mole) of I (X = CH;0;
Y = H) and 4.2 g. (0.02 mole) of II was heated at 130°
for 6 hr. By recrystallization of the reaction mixture from
ethanol was recovered 3.6 g. (86%) of II, m.p. and mixed
m.p. 134°. The mother liquor was concentrated, and the
resulting precipitate was filtered and recrystallized from
ethanol to give 1.7 g. (819,) of recovered I (X = CH,0;
Y = H), m.p. and mixed m.p. 56°.

Reaciion of azobenzene (1. X = Y = H) at lower tempera-
ture. Run 32. A mixture of 1.8 g. (0.0l mole) of I(X = Y
= H) and 4.2 g. (0.02 mole) of II was heated at 130° for
6 hr. After the mixture was cooled, it was triturated with
100 ml. of warm 5%, hydrochloric acid, and the solid mate-
rial was filtered and washed with water. Recrystallization
of this solid from ethanol gave 0.6 g. (14%,) of recovered II,
m.p. and mixed m.p. 133-134°.

The mother liquor from which II was separated was con-
centrated, and the resulting precipitate was filtered and
recrystallized from methanol to give 0.4 g. (109%) of IV,
m.p. and mixed m.p. 95°,

The ethanolic filtrate from which crude IV was separated
and the methanolic mother liquor separated from purified
IV were combiried and evaporated to dryness, the residue
being recrystallized from water-ethanol to yield 0.6 g.
(33%) of recovered I (X = Y = H), m.p. and mixed m.p.
68°

The combined hydrochloric acid filtrate and water wash-
ings were neutralized with cold 10% sodium hydroxide solu~
tion. The resulting precipitate was filtered, washed with
water, dried, and recrystallized from petroleum ether—
isopropyl alcobol to yield 0.2 g. (11%) of benzidine, m.p.
and mixed m.p. 124-126°, The filtrate from which benzidine
was separated was extracted with ether, and the ether was
evaporated. The residue was treated with acetic anhydride,
the resulting solid being recrystallized from water to give
0.03 g. (1%,) of acetanilide, m.p. and mixed m.p. 114°,

Other runs (32-34) of I (X = Y = H) were similarly
treated, 0.01 mole of I (X = Y = H) being used in combina~
tion with an appropriate amount of benzoin.

Reaction of azobenzene (1. X = Y = H) at high temperature.
Run 85. A mixture of 1.8 g, (0.01 mole) of I (X = Y = H)
and 4.2 g. (0.02 mole) of II was heated at 195° for 6 hr.

(21) R. D. Morin, J. 8. Warner, and R. H. Poirer, J.
Org. Chem., 21, 616 (1956).
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The reaction mixture was extracted with petroleum ether,
the extract being treated with Norit. The solvent was
removed in vacuo, and the residue was recrystallized from
benzene-ethanol to yield 0.8 g. (14%) of I1I (X = H), m.p.
and mixed m.p. 106°.

Run 36 was similar except that the reaction time was 12

Reaction of hydrazobenzene (V. X =Y = H) at low tem-
perature. Run 41. A mixture of 1.8 g. (0.01 mole) of V
(X =Y = H) and 2.1 g. (0.01 mole) of II was heated at
130° for 6 hr. The reaction mixture was dissolved in benzene-
ethanol, and was allowed to stand for several days in an ice
box. The precipitate was filtered and recrystallized from
water-ethanol to give 0.6 g. (66% yield based on Step 2) of
I(X =Y = H), m.p. and mixed m.p. 68°.

Reaction of hydrazobenzene (V. X = Y = H) at high tem-
perature. Run 43. One and eight-tenth grams (0.01 mole) of
V(X =Y = H) was heated with 2.1 g. (0.01 mole) of II
at 195° for 12 hr. The reaction mixture was treated similarly
as in run 35, and the resulting mass was recrystallized from
benzene-ethanol to give 0.5 g. (18%,) of III (X = H), m.p.
and mixed m.p. 106°.
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Reaction of hydrazobenzene (V. X = Y = H) with benzil
(IV). Run §1. A mixture of 1.8 g. (0.01 mole) of V (X =
Y = H) and 2.1 g. (0.01 mole) of IV was heated at 195°
for 12 hr., and the reaction mixture was treated with
petroleum ether and Norit similarly as in run 35. Recrystal-
lization of the resulting mass afforded 0.45 g. (169,) of III,
m.p. and mixed m.p. 106°, and 0.5 g. (56%, based on Step
2) of I(X = Y = H), m.p. and mixed m.p. 68°.

Condensation of aniline (VI. X = H) and N,N-dimethyl-
p-phenylenediomine (VI. X = (CH,)N) with benzil (IV). A
mixture of 0.01 mole of amine (VI) and 2.1 g. (0.01 mole)
of IV was heated at 130° for 6 hr. The reaction mixture for
VI (X = H) was at once recrystallized from benzene-
ethanol to give 1.2 g. (42%) of III (X = H), m.p. and
mixed m.p. 106°.

The reaction mixture for VI (X = (CHj;).N) was treated
with petroleum ether and Norit, and recrystallized from
benzene-ethanol to yield 2.0 g. (61%) of ITI (X = (CH;);N),
m.p. and mixed m.p. 140°.
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The Synthesis of 2,2-Ditolylpropane from a,p-Dimethylstyrene’
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2,2-Di(p-tolyl)propane has been obtained in high yields for the first time by the alkylation of toluene with 2-chloro-2-(p-
tolyl)propane, a derivative of e,p-dimethylstyrene. Complexes of aluminum chloride with nitromethane or nitrobenzene
were found to be specific catalysts for this reaction. Other Lewis acids and complexes were found to favor the competing
reaction—.¢., the formation of 1,3,3,6-tetramethyl-1-(p-tolyl)indane and other dimers of «,p-dimethylstyrene.

1,1-Diarylalkanes are readily prepared by the
acid catalyzed alkylation of aromatic compounds
with aldehydes? or with styrenes.® On the other
hand, alkylations leading to non-terminal diaryl-
alkanes which eraploy simple ketones or a-methyl-
styrenes, have been limited to active aromatic
compounds such as phenols and aniline.® Toluene,
for example, has not been alkylated in high yields
with acetone or with a-methylstyrenes.® The al-
kylating agents appear to condense with themselves
rather than with toluene under the conditions
investigated.
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DISCUSSION OF EXPERIMENTAL RESULTS

As early as 1890 Spiller and co-workers alkylated
toluene with styrene in the presence of sulfuric
acid to give a 1,1-diarylalkane.? We have found that
when this reaction is carried out using «,p-di-
methylstyrene (DMS) in place of the styrene, the
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pane (DTP) is obtained. The course for these re-
actions is shown below. Apparently the carbonium
ion derived from «,p-dimethylstyrene (in contrast
to the styryl carbonium ion) attacks the double
bond of another a,p-dimethylstyrene molecule in
preference to the toluene ring, ki<<k: -+ (ks
k4, or ks)

In an effort to suppress dimerization other re-
action conditions and catalysts were studied.

(7) For a discussion of the acid catalyzed dimerization
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