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tetroxide. The reaction is rapid and exothermic
and produces nitrogen as well as nitric oxide. This
reaction is probably one source of the nitrogen gas
which is found as a reaction product in the isobutyl-
ene reaction. The aldehyde is rather more stable,
permitting it to be isolated if desired. When held
at 60° for about an hour in the presence of nitric
acid, the aldehyde is oxidized to the acid.

Another reaction intermediate i{s a compound
having an infrared absorption at 6.45 u. This was
detected in the oil obtained from the tubular reac-
tor, but the compound itself could not be isolated.
It disappeared at a first-order rate from the neu-
tral oil, as detected by changes in the infrared
spectrum. The only major change observed in
the infrared spectrum, other than the disappear-
ance of the 6.45 u absorption, was a corresponding
increase at 5.48 u, where a-nitratoisobutyric an-
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hydride absorbs. Thus the 6.45 ¢ band is thought
to be an intermediate in the formation of the anhy-
dride. Absorption at 6.45 u is characteristic of
nitro or nitroso groups,' indicating that the com-
pound contains nitrogen—oxygen bonds, but little
else is known of its nature. No anhydride could be
found in the NoO4 oxidation products of isobutyrald-
oxime or of a-nitratoisobutyraldehyde, and it is
therefore suspected that the 6.45 u absorbing ma-
terial occurs from a reaction of N.O; with isobutyl-
ene nitrosonitrate in a reaction that is competitive
with isomerization to the oxime. The relation of
these reactions is shown in Fig. 1.

Acknowledgments,—Elizabeth McElhill, Charles
E. Dills and John O. H. Peterson contributed to
the experimental work reported here.
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The Alkylation of Amines with ¢-Acetylenic Chlorides.

Preparation of Sterically

Hindered Amines!

By G. F. HENNION AND ROBERT S. HanzEL?
RECEIVED JANUARY 30, 1960

Aliphatic prim- and sec-amines are alkylated slowly at room temperature, in good yield, by #-acetylenic chlorides.
Catalysis is needed only in the case of aromatic amines; otherwise the latter

Many of the acetylenic amines produced have been hydrogenated to the corresponding allylic and saturated
A large number of new sterically hindered amines are described.

reaction is catalvzed by cuprous chloride.
react poorly.
derivatives.

Discussion

The successful alkylation of prim- and sec-amines
by t-acetylenic chlorides was first reported in a pre-
vious paper in this series.® The present study was
undertaken to determine if this reaction is applic-
able to amines RNH, and RR’NH of varied basici-
ties and steric features; if the acetylenic amines,
RIR:C(NR’R#4)C=CH, so produced are amenable
to semi- and full hydrogenation without hydrogen-
olysis; and thus to ascertain if a new general route
to sterically hindered amines of various types is
available.

The simple reaction involved, namely

RIR?*C(CI)C=CH + 2R*R‘NH —>
R'R2C(NR*R*)C=CH + R*R*NH-HCI

succeeded 1n all cases studied and thus appears to
be notably insensitive to steric features, except for
rate. Thus {-butylamine, morpholine and piperi-
dine reacted substantially as well as did ethylamine
and #-propylamine. While an excess of R’R*NH
ordinarily was used to serve as the HCI acceptor,
triethylamine, potassium carbonate and potassium
hydroxide often served equally well for this pur-
pose, permitting use of R®R*NH in minimum
amounts. In view of the mechanism previously
proposed®#4 for the reaction, it was surprising to

(I) Paper no. 71 on substituted acetylenes; previous paper, G. F.
Hennion and F. X. O'Shea, J, Org. Chem., 23, 662 (1958).

(2) El Lilly Co. Fellow, 1957-1959., Abstracted from a portion of
the Ph.D, Dissertation of R.S.H.

(3) G. F. Hennion and K. W. Nelson, THis JOURNAL, T9, 2142

(1957).
(4) G. F. Hennion, et al., ibid., 78, 4735 (1951); 78, 1653 (1953).

The

observe that it is catalyzed by copper and by cu-
prous salts. When the amine subjected to alkyla-
tion was a strong base, catalysis ordinarily was not
needed. With weakly basic compounds (aromatic
amines) cuprous salt catalysis was necessary in or-
der to obtain the products in good yields within a
reasonable reaction time. While the mechanistic
role of cuprous salts is not known, it may be that
the dipolar ion intermediate®* A is made more re-
active in the form of the acetylide structure B.
Alternatively, the t-acetylenic chloride used may
form its acetylide C in the alkaline reaction mix-

3]
RIR?C—C=C8S R'R2CE&—C=C—Cu
A B
RIRC(Cl)—C=C—Cu
c

ture, subsequently leading to B and/or A as the
species responsible for alkylation.

That elimination of HCI from the t-acetylenic
chloride with formation of an eneyne hydrocarbon
intermediate and subsequent addition of amine to
the latter is not involved in the reaction mechanism
was clearly shown by the fact that amines did not
react with isopropenylacetylene, CH==C(CH;)C=
CH, under any of the conditions which succeeded
when chlorides were used.

Catalytic hydrogenation of the new compounds
RIR:C(NHR?)C==CH readily afforded the corre-
sponding allylic and saturated derivatives (—CH==
CH; and —CH,CHj;, respectively, in place of —C==
CH). Semi-hydrogenation was achieved with
either 59, Pd/BaCO; or 109, Pd/C in petroleum



TABLE I

AceTYLENIC AMINES, {CH,),C(NR!R2)C=CH

Hydrochlorides

Molecular M.p.,, ——Bp.—— Yield,® ~Nitrogen, %~ Molecular M.p., Carbon, % Ilydrogen, % Nitrogen, %
Compd. R R? formula °C. °C. Mm. n®™p % Method Caled. Obsd. formula °C. Caled. Obsd. Caled. Obsd. Caled. Obs
I CHs- H- CsHuN -5 96-98 1.4234 59 C 14.42  14.29  CeHi:NC1 216-217 53.96 54.10 8.99 9.08 10.49 10.73
II CH:CHz— H- CiHuN 50-51 108109 PR 44 A 12.60 12.02 CisH1uNCI1 183-185  56.94 56.49 9.56 9.89 9.49 9.31
42 C
111 CH;=CHCHz— H~ CsHuN 31 130 e 43 A 11.37 11.26 CsHuNC1 194-195 60.18  60.62 8.84 8.76 8.77 8.85
34 B
v 7-CsHyz- H- CsHuN 32 129 PN 55 A 11.19 10.89 C;HieNCl 171-173 59.43 59.53 9.98 9.94 8.66 8.75
v £-CsHr— H- CsHusN 28 117 1.4179% 58 A a CaHisNC1 204-206 59.43 59.30 9.98 9.94 8.66 8.55
56 A°
VI n-CyHo- H-~ CyHuN 24 151 1.4279 64 A 10.06 10.29 CsHisNCl 183-184 61.52 ¢1.23 10.33 10.34 7.97 7.92
19 D
VII i-C4Ho H- CoHuN 19 140-142 1.4232 50 A 10.06 9.94 CsHisNCl 215-216 61.52 61.45 10.33 10.46 e .--
VIII 5-CaHo- H- CoHuN -11 139 1.4250 55 A 10.06 10.00 CoHisNCl1 181-183 61.52 61.78 10.33 10.36 7.97 7.86
50 B
49 B*
X t-CsHo— H- CoHuN 24 135-136 1.4292 52 Af 10.06 10.24 CsHisNCl1 221-223 61.52 61.27 10.33 10.00 7.97 8.16
28 BY
34 Be-7
14 C
X —(CHz2)2:O(CHz)r~ CsHuNO 78-79 97 30 e 33 A 9.14 8.71 Co.HisNOC1 189-190 56.98 57.11 8.50 8.89 7.39 7.28
79 C
75 D
X1 CH;OCH:CH-CH»~ H~ CoHuNO BN 53 2 1.4369 52 B 9.02 8.99 CyH1BNOC1 165-166 56.39 56.09 9.46 9.23 7.31 7.27
XII ~CH:(CH32)sCHz~ CuHuN 56-H7 74 18 e 46 A 9.26 9.20 CiuoHisNC! 188-189 63.98 63.82 9.66 9.54 7.46 7.55
68 C
50 D
XII1 »-CICeHa~ H- CuHizNCl1 L. 98-99 0.4 1.5538 46 D 7.27 7.35 CuHuiNCl: 155-156 57.41 57.90 5.69 6.05 6.09 6.06
X1v CeH~ 11~ CuHuN 49-50 76-78 0.2 e 56 C 8.80 8.67 CuHuNC! 169-170 67.51 67.15 7.21 7.18
59 D
XV CeHu-* H- CuHuN 32 91 20 . 55 A 8.48 8.29 CuHxNCl  236-237 65.49  65.47 9.99 10.02 6.94 7.17
XVI n-CaHr— n-CaHr CuHaN . 74 19 1.4362 28 A 8.37 8.32 CuH=NCl1 208-209 64.84 65.01 10.89 10.99 6.87 7.01
XVil CsHsCHe- H- Ci2HisN 42--43 79 0.3 e 46 A 8.09 7.99 Ci2HieNCl  246-247 68.72 68.66 7.69 7.69 6.68 6.67
XVHI  CeHs— CHs~ CizHuN N 72 .5 1.5210 44 D 8.09 8.38 Ci:HieNCl  149-150 68.72 69.16 7.69 7.72 6.68 6.61
XIX »-CH)OCeH s~ H- CisHisNO . 110-111 .3 1.5391 55 D 7.40 7.46 CizHaeNOC1 169-170 63.85 64.22 7.15 7.17 6.20 6.22
XX (C1Hs)sN(CHa2)s— - Ci1zHuN3 . 83 3.5 1.4179 41 B 14.27  13.98 CizHxN:Cl: 190-191 53.52 53.54 9.73 9.79 10.41 10.17

o Yields are for twice distilled inaterial of 3° boiling range or less. * Undercooled. ¢ No water added; 7 days at room temperature. ¢ Caled. for Cg11;;N: C, 76.74; H, 12.08.
Obsd.: C,76.57; H, 12.19. ¢ With potassiun carbonate instcad of potassium hydroxide. 7/ Nineteen days at room temperature. ¢ Thirty-seven days at roomn temperature. * Cy-
clohexyl.
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Compd. Rr? R?
XXXIV CIi;— CH;-
XXXV CH;- CH;~
XXXVI CIT,— CH;-
XXXVII  CH;- CyH—
XXXVIII CHj- C,liy
XXXIX CH;-- CoHy—
XL CoH - CH—
XLI CH~ CoHs—
XLII CH5- CH,~
XLIII —CH(CI1,;);CH,—
XLIV ~CHy(CH, );CH,~
XLV --CHy{ CH;);CH,—

@ Yields are for twice distilled material

Compd. R R2
XLVI  CH,- CIl,-
XLVII CH,- CH;—
XLVIII CH;- CH;—
XLIXY CHy CH,-
L CH- C.H;
Il CH;- CH~
L1I CHy C,H,-
1111 CH;- Cyli;—
L1V CyH, - CoH;—
Ly ‘CHz( CHz)JCHz‘
LVI ~CHy(CH,)yCIT -

* Yields are for twice distilled material of 2° bailing range or less.
(1900); Chen. Zentr., 71 11, 945 (1900)).
¢ 3-Phenylamino-3-inethylIpeatane;

(1933)).

R3
CHy—

2-CyHy-
t-Cylg—

CyHs—
1-CsHr—
t-CoHy -

ol o
i-CsHp—

t-CHo~
CoHy—

1-C;H7-
t-C,;Hg*

R3
CoH5—
-Gy
t-CqHo—
CoHy—
Colly—
1-C;Hr—
$-Cyilg—
CeH5—
C.Hs~
C;Hs-
1-CH—

Moaoleenlar — - B.p.-

formula °C.

CliN 110

Cll;; N 122
C.HiyN - 140

CHiy N 77
CoH s N 84
CilInyN 67

Col1oN 84
CiHaN 89

CulluxN 78
CuHaN 93
CpHuN 91

Min.

110
90
25

70
]

18
18
20
13

TaBLE 111

Avrityr Amines, RTR:C(NHR?)CH==CII,

nHn a»
1.4156 0.758
1.4172 N
1.4294 0.778
1.4272 0.779
1.4278 ...
1.4372 0.793
1.4356  .794
1.4360 .796
1.4432  .810
1.4662  .865
1.4649 860
1.4670  .867

of 2° boiling range or less.

Moleenlar -~
formula

C;H; N 115
CsH o N 127
CoHy N 144
CaHyN 121
CsHioN 81
CoaN 87
CioHa N 70
CiHyyN 124
CeHau N 88
CiyHaN 81
CuHzN 85

¢ Melts with decomposition.
lit. b.p. 121 -122° at 17.5 mm. (note d).

-B.p.-—
(,. \lm.

25
110
90
25
18
70
15
15

1%y
1.4053
1.4080
1.4179
1.5250
1.4185
1.4210
1.4290
1.5255
1.4269
1.4540
1.4580

0.

b 2- Lthylammo 2-methylbutane hydrochloride;

4 2-Phenylamino-2-imethylbutane; lit. b.p. 112 -114°

Molecnlar )

Yield, e Nitrogen, %
%  Method Caled.  Obsd. formula
73 B
54 r 12.37 12.02 CiI1,,NCI
81 E 11.01 10.87 CisNCI
54 I 9.92  9.90 CoHyNCI
44 F
89 B 11.01 11.27 GCgH;sNCI
63 E 9.92 10.13 ColIyxNCl
66 E 9.02 9.06 CHx.NCI
73 10
73 I 9.92 10.34 CylIynNCI
74 D) 9.02  9.29 C,Ha:NCI
50 G
62 G 8.27 8.11 C,HyuNCI
77 ¥ 9.14 9.35 CHy,NCI
49 F 8.37 8.38 CuH;NCI
48 G
TaBLe IV
SaTurATED AMINgSs, RIR2C(NHR?)CH,CH;
erld a ~Nitrogen, %— MO](‘Cllldr
4 e Caled. Obsd. formula
78 12.16 12.40 C;H,NCl
.. 73 10.84 10.72 CgHyNCl
767 42 9.78  9.75 Cell;NCI
68
L. 66 10.84 11.12 C3HyNCI
774 59 9.78 9.99 C.HNCI
787 37 8.91 9.33 (.. NCI
. 69
.786 57 9.78 10.22 CoHzpNCl
68 9.02  9.11 ClIuNCl
68 8.27 8.44 C;;HuNCI

M.p.,
°C.

138--140
115-116
203 -204

114-117
116-117
164-166

167-169
196 -198

183-184
181-183
172-174
165-166

M.p.,
°C.

160-161
131-132
218-219°

164-166
194-196
195 -196

189-191
190-191
200-201

56.
58.
60.
58.

.82

60

60.
62.

64.
63.
64.
66.

17

0
82
70
64

82
61

20
30

18

Caled.
55.43

57.98
60.

57.
60.
61.

60.
62.
64.

lit. m.p. 155° (J. Bewad, J. Russ. Phys.-Chem. Soc., 32, 490
at 25 mm. (W. J. Hickinbottom, J. Chem. Soc.,

14

98
14
99

14
64
20

Hydrochlorides
Carbon,
Caled.

(4

Olesd.

56.
58.
.87

60

58.
60.
.50

62

60.
62.

64,
63.
65.
G6.

48
89

54
67

94
81

32
14
11
46

- o7
Carbou, %

Obsd.

55.
.93

57

60.

57

60.
.06

62

60.
62.

70

24

7.61

36

36
52

64.09

Caled.

10.
11.
11.

11

11.
I1.

I1.
10.
10.
I1.

—- ———Iydrochlorides

78
08
34

.08
11.
11.

11

Hydrogen, %

Obsd.

10.
1.

11

11.
11.
I1.

11
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distilled 3-diethylaminopropylainine in 25.5 g. (0.25 mole)
of 3-chloro-3-methyl-I-butyne. The two-layer mixture was
allowed to stand at room temperature for 6 days and then
was poured into 200 ml. of ether and 100 ml. of water.
The ethereal layer was worked up as described above. Dis-
tillation gave 27 g. (559, yield), b.p. 99-135° at 30 mm. Re-
distillation vielded 20 g. (419%,), b.p. 83-86° at 4.5 mm.,
n®p 1.4275.

Preparation of 3-Piperidino-3-methyl-1-butyne (Method
C).%—A mixture of 127.5 g. (1.5 moles) of piperidine, 100 ml.
of ether, 50 ml. of water, 0.3 g. of cuprous chloride and 0.3 g.
of copper bronze powder was prepared under nitrogen in a
three-neck flask equipped with mechanical stirrer. 3-
Chloro-3-methyl-1-butyne (51 g., 0.5 mole) dissolved in 50
ml. of ether was tlien added dropwise with stirring (1.5
hours) under nitrogen while maintaining an inside tempera-
ture of 17-20°.  After stirring for an additional 2 hours at
room temperature, the mixture was poured into 200 ml. of
ether and 100 ml. of water. The ethereal layer was washed
with cold water, dried for 15 minutes with anhydrous potas-
sium carbonate, filtered, redried with potassiun hydroxide
pellets overnight and then distilled. Two distillations gave
51.5 g. (68% vyield), b.p. 83° at 35 mm., m.p. 56-57°.

Preparation of 3-Phenylamino-3-methyl-1-butyne (Method
D).%—A mixture of 27.9 g. (0.3 mole) of aniline, 40.5 g.
(0.4 mole) of triethylamine, 100 ml. of ether, 25 ml. of
water, 0.3 g. of cuprous chloride and 0.3 g. of copper bronze
powder was prepared under nitrogen in a three-neck flask
equipped with mechanical stirrer. 3-Chloro-3-methyl-1-
butyne (25.5 g., 0.25 mole) dissolved in 25 ml. of ether was
added dropwise with stirring (1 liour) while maintaining an
inside temperature of 16-20°. After stirring for an addi-
tional 2 hours at room temperature, the mixture was poured
into 200 ml. of ether and 100 ml. of water. The ethereal
layer was treated as described immediately above. Two
distillations yielded 23.5 g. (599 vield), b.p. 76~78° at (0.2
mm., m.p. 49-50°. The analytical sample was purified by
sublimation.

Hydrogenation of Acetylenic Amines.—Three procedures
(methods E, F and G) were employed. Typical applications
are recited below.

Semi-hydrogenation of 3-Isopropylamino-3-methyl-1-bu-
tyne (Method E).—A solution of 12.8 g. (0.1 mole) of 3-iso-
propylamino-3-methyl-1-butyne in 50 ml. of petroleum
ether (Skellysolve B) containing 0.010 g. 109, palladitun-on-
activated charcoal was subjected to hydrogenation at room
temperature under an initial pressure of 41 p.s.i.g. The
pressure dropped by 6.8 p.s.i.g. within 1.5 hours and by 8.8

(9) Caution must be exercised during the first distillation of product
when this method is used. In several instances vigorous decomposition
of still residue occurred while distillation was in progress. Redistilla-
tions were not troublesome.
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p.s.i.g. after 5.5 hours. corresponding to hydrogen uptake for
semi-hydrogenation. After removal of the catalyst by fil-
tration, two distillations gave 9.2 g. (71% yield) of 3-iso-
propylamino-3-methyl-1-butene, b.p. 121-122°, n%p 1.4172.

Semi-hydrogenation of 3-;-Butylamino-3-methyl-1-pentyne
(Method F).—A solution of 15.3 g. (0.1 mole) of 3--butyl-
amino-3-methyl-1-pentyne in 50 ml. of petroleum ether con-
taining 0.075 g. of 5% palladium-on-barium carbonate was
hydrogenated at room temperature under an initial pressure
of 44 p.s.i.g. as described above. The theoretical amount of
hydrogen was absorbed in less than 2 hours. Two distilla-
tions gave 10 g. (649, vield) of 3-t-butylamino-3-methyl-1-
pentene, b.p. 66° at 25 mm ., n®%p 1.4372.

Hydrogenation of 3-Ethylamino-3-methyl-1-butyne
(Method G).—A solution of 11.1 g. (0.1 mole) of 3-ethyla-
mino-3-methyl-1-butyne in 50 ml. of 959, ethanol contain-
ing 2 g. (wet with alcohol) of Raney nickel® was hydrogen-
ated at room temperature under an initial pressure of 40 p. s.i.
g. The pressure dropped by 22.5 p.s.i.g. within 2 hours and
10 minutes. The catalyst was removed by filtration and the
alcoholic solution was acidified (cold) by dropwise addition
of concentrated hydrochloric acid. The alcohol was then
distilled, the last portion in vacuo. The pasty residue was
dissolved in 100 ml. of water and the aqueous solution was
extracted with two 100-ml. portions of ether (discarded).
The amine was then released from the aqueous solution by
slow addition of cold 409 sodium hydroxide solution. The
amine layer was removed and the aqueous solution was ex-
tracted twice with 75-ml. portions of ether. The amine and
ether extracts were combined, dried and distilled. Two
distillations gave 9.0 g. (78% vyield) of 2-ethylamino-2-
methylbutane, b.p. 112-115°, »n2p 1.4055-1.4051.

Amine hydrochlorides were precipitated in substantially
quantitative yields by addition of dry ethereal hydrogen
chloride to solutions of the amines in anhydrous ether and
were purified by erystallization from a mixture of anhydrous
ethanoland ethylacetate., Melting points listed in Tables I,
II, 11T and IV, were determined in sealed capillaries and are
uncorrected.
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The alkylation of toluene with propylene in the presence of lithium, sodium and potassium catalysts was studied over a

range of temperatures from 100 to 300°.
benzene is an important side reaction.
are also important.

The principal product is isobutylbenzene, but abnormal addition to form »-butyl-
At the higher temperatures hydrogen transfer reactions to form propane an'd"‘coke”
Catalyst activity increases in the order lithium < sodium < potassium. Produet composition also

varies with the alkali metal used. Reaction mechanisms consistent with the observed kinetics and product dis.tribution are
presented. With the active potassium catalyst at low temperatures the reaction is suitable for the preparation of butyl-

benzenes in high yield.

The alkylation of alkylaromatics with olefins
employing an alkali metal catalyst has been pre-
viously reported.!~# Aromatic alkylation with acid-
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