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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 is a compound
having an infrared absorption at 6.45 . 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 p absorption, was a corresponding
increase at 5.48 u, where a-nitratoisobutyric an-
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hydride absorbs. Thus the 6.45 y 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 N;O, 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,Os 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. Dilis and John O. H. Peterson contributed to
the experimental work reported here.

(16) John F. Brown, Jr., THis JoUurNaL, T7, 6341 (1955).
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The Alkylation of Amines with ¢-Acetylenic Chlorides.

Preparation of Sterically

Hindered Amines!

By G. F. HeENNION AND ROBERT 8. Hanzer?
RECEIVED JaNuary 30, 1960

Aliphatic prim- and sec-amines are alkylated slowly at room temperature, in good yield, by f-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 catalyzed 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,
RIRIC(NR3R#)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

RIRIC(CI)C=CH -+ 2R*R‘NH —>
RIR2C(NR*R*)C=CH -+ R*R*‘NH-HCl

succeeded in 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 #z-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®* for the reaction, it was surprising to

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

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

(3) G. F. Hennjon and K. W. Nelson, TaIS JOURNAL, T9, 2142

(1957).
(4) G. F. Hennion, et al., ibid., 78, 4735 (1951); 78, 1653 (1933).

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 geod 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 f-acetylenic chloride used may
form its acetylide C in the alkaline reaction 1mix-

3]
RIR:C—C=CO RIR2C®—C=C—Cu
A B
RIR2C(C—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
1eact with isopropenylacetylene, CHy=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/BaCQ; or 109, Pd/C in petroleum
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ether.5 Hydrogenation to saturution was equally

T » o 10 %0 oo mwerw o !

®ES S o x & Sxan &l En

g ®  ® o~ o eRs 22D B well accomplished with use of mildly active Raney

L5 ot p

§”§ 2 5 oz 2 5 EERE 233 2 nickel in ethanol® In two instances, however
128 & o o  m ceon com S (compounds XXVIII and XXXII, Table IT), hy-

S A drogenation with Raney mnickel self-terminated

3 S & 2 % 0N ZBRE EERroaz at the olefin stage, indicating steric hindrance to

3o = 0 = ®XS A g 3 ; =

2 2 = g 22%®T 22 o further reaction. In these cases the saturated

o -

# g compounds were not prepared.?

. 1

Soo® o e = 2 ™ oa o~ o Ao , . .

STE B g 2 B 23Rz g8z%z°: All of the amines prepared were examined by
=5 % = = T2 EE%T f=2ncoF way of their infrared spectra. The acetylenic comni-
L . e . % E pounds (Tables T and IT) showed acetylenic hydro-
= e < - Q0 £t o o] o .

TS X @ - 8 2 R gen strongly at about 3.05 4 and the ethynyl group
ITE o —_ = o e = o 2= — - : el
£08 8 B 2 g EZ EET xS weakly near 4.7 . Those having the vinvl group
FE e w o N e mwaw emm TiF {Table 1I1) had absorption bands niear 6.1 and 11 u
SRR s D S i as required. The saturated compounds (Table TV)
vEoe S T e Sedr SIS R had no infrared bands indicative of unsaturation.
vy £ The pKa's of five of the new amine hydrochlo-
. ~ = el ) = N WO S Ho = a J
: < < > = N K bl I - U . . .
g7 2K = 8 asIy 8% Eg rides were measured in the Lilly Research Lahora-
[ - - oo A = = . . . 1 . .
X F 2 2 2 HEZZ 8F2x2 tories, Indianapolis. The following results (in
— - > ¢ @ — =y N D . . -

3 5 669 dimethylformamide at 25°) were reported.®
. — - I3 = - SRS RIRT o055 /M . : ‘

=R g 2 g 259y 298, % 3-t-Butylamino-3-methyl-1-butyne {compd. IX,

EE 2 2 S 2 EEEE FEaRT Table I), 8.2; 3-t-butylamino-3-methyl-1-butenc
LRI I EZ OEEES SiZiu (compd. XXXVT, Table ITI), 10.0; 2-t-butylamino-

o 2-methylbutane (compd. XLVIII, Table IV),

S 2 L E 5 UEBRH Tzaos 10.6; 1-t-butylamino-1-ethynylceyclohexane (compd.

-] g 3 g L A = - oo . .

5 % s < € S SwES anw do XXXII, TableII, 8.2; 1-¢-butylamino-1-vinyleyclo-
@ _— v
g . . > o e @ hexane (compd. XLV, Table IIT), 10.2. It will be
O EE ¢ - 2 & -~oda Tes gy noted that the electron-withdrawing ethynyl group

o 23 c = - = I S - . . STl
o 9 - = Tzl sharply reduces basicity relative to the correspond-
- . N g~ ing allylic and saturated compounds and that two
z TAUSUGROURCUCLACU LR - g bulky groups on nitrogen provide essentially no
— f s = = steric hindrance to basicity. ¢-Butyl-f-amylamine
— = oYL e — i S oo et - — = .
@ é: T A RERSERERNESRE88 g £5 . (XLVIID) is a remarkably strong base.
5 - - . o Further work is in progress to explore more ade-
2 iy = . E RS- R Y mE s . : ¢ :
£ 2 2 g T §% °% 1% quately the chemistry of sterically hindered amines.
z v 2 g = = 2= i i iy
z - - - N e :
= s 2 2 3 s aoan ERogs Experimental
¢ R 2 2 FIEZ =5 . ;
r/‘f =3 02 0§ g T L IRE 2z The ¢-acetylenic chlorides were prepared from the car-
Z e - =2 = —~ =  binols as described previously.?
> T Four procedures (methods A-D) were used for the alkyla-
2R ~ A~ 2= f tion reactions with only minor vatiations in the various ap-
2 ;J = & #3122 plications. These methods are illustrated by the following
. ' S g T examples.
T oon . .

;o 27 Preparation of 3-Isopropylamino-3-methyl-1-butyne

‘Ec =3 Ye) - = oS = S - = - . .

s = F A & 3RT S ZX o wE (Method A).—To 44.3 g. (0.75 mole) of isopropylamine was

g = o £ o added with cooling and shaking 25 ml. of water in 5-ml.

= = S portions. 3-Chloro-3-methyl-1-butyne (25.5 g., 0.25 mole)

6% & 2 22 = = = o . ©2Z2 wasthen added in one portion and the solution was allowed

- R L I ok &= %D g tostand at room temperature for 7 days. The mixture, now

‘ S22  twolayers, was then poured into 200 ml. of ether and 200 ml.

w . s E LT of water. The ethereal layer was washed with two 100-ml.

= . 7z 'z "z 77 7 7 7 20 : c > ! .

EERE Z_ 72 Ei % Z Z: 7— f: é E Z— Z 2. = portions of water, dried superficially with anhydrous potas-

$EZ 5 % % T £ ZIRE EEIog . sium carbonate and finally overnight with potassium hy-

cS U O O dJdU U Jul0 000 <= _E droxide pellets. Distillation gave a series of fractions, b.p.

. SR 110-121°, %D 1.4180-1.4209, wt. 20 g. (649, vield). Re-
i ‘ , I . Do , , , BE= g distillation with use of a 30-cm. Vigreux column gave 18 g.
= =z o=Z Sz = omEmm=z Zmz U (589, vield), b.p. 115-118°, m.p. 27°, #%p (undercooled)
Sovz 1.4189.
= . . . .
e RN = Gt = Preparation of 3-(3’-Diethylaminopropylamino )-3-
£ 5 H o ogmx o2 ERE=2 232 9F r2 methyl-1-butyne (Method B).—A cold solution of potassium
jan) . K = = . jeegies) S Ly
S 9 9 55 3 2Y335 YYE=EST hydroxide (22.4 g, 0.4 mole in 25 ml. of water) was added
Z=" slowly with cooling to a solution of 39 g. (0.3 mole) of freshly
T T T N O
~ Z E = EN : ; ':‘: ; ; : jovloe N oINS g = (3) G. F. Hennion, et al., J. Org. Chem., 21, 1142 (19536).
[ VR VR Y] UL U i :{ ﬁ Y 'E 32 (6) The amount and activity of nickel catalyst used are critical.
:" 5 :i :,E : - = Very rapid hydrogenation, especially with nickel catalysts, results in
%) ) YUz E §‘ extensive hydrogenolysis perhaps due in large measure to rapid rise in
L= 5 -:: ks & “: = g = rSg ot u temperature,
= 5 -5 55 : 5 3 5 YoY9v 5_—-": (7) A private communication from Dr. Nelson R. Easton, The
_’é =z, Lilly Research Laboratories, Indianapolis, Ind., advised that complete
- = = Ej_': : hydrogenation of XXVIII and XXXII (as well as others) was achieved
= — fos) = . — E ; 4 y - ; ‘; ; I ': by hydrogenation of the acetylenic amine hydrochlorides in ethanal
ER o D DhDon o LLnnl SO0 YR with use of platinum oxide as the catalyst.
oA . b WA P4 A A A P == (8) Private communication from Dr, E. C. Kornfeld,



4911

PREPARATION OF STERICALLY HINDERED AMINES

Sept. 20, 1960

166 20§ "way) " ‘urojoduiydry f CA\) ‘mm ¢z e BT gI1 dhq oy fauringiLyloui-g-ounte[Auayd-g p
06¥% ‘z¢ ‘008 -

(p ojou) " ¢y IR Jggl- 121 "d g ) fsuviumadisyow-g-outwefudayJ-¢ ., ((¢€61)
“((0061) S¥6 ‘T1 14 “4maz “way) H(0061)

woy Y- sy g "SSuy f pemdgl ([) ,¢¢T tdw Y[ HpLiojyRoIp Ly durIng [ Pu-g-oure[ -7 ¢

€8°9 189 T9'IT 9L'IT 60°%9 03°F9
¢et L T€°L 8P IT LGTTT 58G9 ¥9°E9
08°2 6L°L ¥TP'GT ¥EGT 9809 TI°09
Sv'L 8L ¢T'Gl 8F'Gl 90°7Y 66719
¥8°L 6L°L 81°¢l FEGT 98709 F1°09
P8 S8 06711 LI'GL 19°L8 86°L9
g8°L 6L°L 935Gl ¥eEL ¥5 09 Y109
1'8 SP'8 G8'I1 L1'GT €6°LY B6'LG
€06 ¥2°6 G8°IT 96°1I 0L°¢S &E¥'6¢
PSQO PIED PSQO  PA[RD PS8y TPRIRD
9, ‘ula3omIN 9, ‘madoipiy 9%, ‘uoqie)
e APLIOIYOOIPAT—— ——
0¢°9 €v'9 ¥FIT TT71T 9%°99 81°99
16°9 28'9 1601 680I T1°¢Y9 ¥8°¥9
€L 8¢°L 81°01 €9°0T #1°€Y 0£°€9
189 189 08°II 9L°1I GE'F9 0Z'%9
TF°L 082 6711 L8711 18°T9 19°¢9
6L°2 88°L CZIT ¥EIT F6°09 809
8¢°L 08€L 6G°TI LG'IT 09°29 ¥9'¢9
TO'8 88°L CSO'IT $&€1T 19709 E809
28°8 98°8 FILIT 8O'IL #4°8¢ 0OL°8S
96°L 88°L EFIT FEIT L8809 28709
8F'8 96°8 EI'TT 80'TII 6885 0L'8Y
€876 9276 TYOT BL0T 8P 9% L1799
‘PSA( pored  PsqO PED PsaO Pared

P

9, ‘udaB0ININ

%, ‘uaBOIpAfY

2, ‘uoqarn)

SIPLIOTYDOIPAT]

103- 003
161061
161681

961~ G61
961161
99T-¥91

06158138
cCI-1eL
191091

Do
Cd

991691
VLI-GLY
€81-181
¥81-€81

861-961
691291

99T-¥91
L1T-9T1
L1I-F11

F0G €08
911-GIT
ov1-8¢1

Do
td

Je[na2jo ]

[DNPH'D  #7
PDNZH"D 11
PDNPHSD 88

DNF "D €87
IDNFH'D  66°
DN“HPD @l

IDNFLD €L
IDNYH*D 3L
JONMTID 0%

'8
6

o1

6
6

11

6
01

cl

B{nuIo} psqO

IBMIBOW ), ‘UIBOIUN— o PPRLA
-

Lg
G0’
8L

16"
8L
i

8L°
i
91

8
6

6

K4

‘Po1EDy

89
89
IAY
69
JAS
6¢
99
89
(44

2

8.

a2z
Ve

98L

18L°
VLL

292

0

08SY ' 1
ey 1
69%F 1
ggee’1
06cy ' 1
1
!
1
1
T
!

01a¥

a8
0668 °
6L11"
080F"
£50%°

Uyt

“wonsodwodap M I »

*$$9] 10 d3ues Suiloq g Jo [PLIRUW PI[IIISIP 32IM] JOf AIB SPIIIA .

CHOPHD (GIHN ) d ‘SANINY GALVANLYS

PDNPHD 31872
ION®HTD 8€°'8
ONTHD GE€'6
PDNYH'D 118

DNTH™D 6276
DN%HD  ¥€01T

DNFHD 9076
IDNYLISD  €T70T
IDNFTHPD 23711

IDN"HD 0676
IONMHD 28701
DN 6073l

enmioy PO

i
—
o elN=riNe ol o

06
66

c0'6
66
T0° 11

266
10711
L8°¢1

PaED

% ‘WaSoInN

Al @19V,
0 biid
G| GL
A 6%
oL L2
0 29
D 0s
G 172
| gL
aJ 192
dq 99
4 €9
G 68
S 24
G e
G 18
Aq ¥4
H €L

PoURIW %
»‘PIRIA

L98°
098"
Go8”
org”

96L°
6L

g6
611
8LL

8G2

wl

0
0

0

0

0L9%°
6F9F
c99%
cEvF’

09¢t”

Gl a8
Gl 18
0L 88
g1 el
Gé 0L
06 18
o1t 18
14 121
%4
22T
S1l
Turgy Do
g -

anm——o
Z_N:c_u
N'HD
Z.::N—Q
.ZM.NESQ
N'HEO
NOHD
.Z:m:o
NFHD
NH®D
N
BRLIO)
IRNODOJA

'ssaf 10 aduer Jullog g Jo

— o

—

9eer 1

CLEF I
8L6%° 1
SX4 ANt

vocr 1
CLIFT L

9GP I

ezt

THO=HD(eWHN)D2 s A ‘SENINY 11TV

1] 913V,

€1 16
0¢ £€6
81 Z8
81 8L
0¢ 68
0L 8
14 LY
06 ¥8
01t LL
orT1
(<4
011
wy Mo
e df - —

N¥H)
Z;m:o
Zf.Zo_O
»Z MWNWH:O

N ﬂwmca\u
NETHD

Z_NHMEO
NETH®D
N¥HYD

Zimno
NP
NEHYD

v[NIMIO)
IRMID[O T

lh: mo |.s
|nmﬂo
—HD
.!mmwo
—SHOT
~HHED
—HO
Iumeo
~SHD7
—H?
1
ed

“SHOM*HD J*HD-- IANT
—HD(*HD *HO~ A%
4D -*H2D AIT
—“H® —*HD ST
—HYD —HD 111
—H% ~fHD 1L
—HD —HD 1
-THD “HD JXI'IX
atie) “FHD HIATX
~HO “HD  IIAIX
~HD “HD  IAIX
s 81 ‘pdmoy

[PLIDIBUT PI[[NISIP ADIM] 0] JIE SP[ILX o

—6 H‘mqouw
- pmmOv.\h

Imm NU
-6 H\Hvovw

!h:molﬁ
—HO

-6 :«O -7
—+H9D?
\m:NO

~H'
l.n:mo\w

—FHDM(*HD HD- AIX
“THO'(*HD P HD~ ATIX
—“HOCCHD)*HO- HITY
—“HD —~H?D ITIX
—“H%D —*H®D 1TX
=H*D “HED 1X
—HD ““HD) XIXXYX
“HED “HD IIAXXX
—“H “THD  IIAXXX
—HD “IID IAXXX
~*HO —HD AXXX
—*HD 1D AITXXX
2l IRl pdwo))



4912

distilled 3-diethylaminopropylamine in 25.5 g. (0.25 mole)
of 3-chloro-3-methyl-1-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 yielded 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 then 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-
siumm carbonate, filtered, redried with potassium hydroxide
pellets overnight and then distilled. Two distillations gave
51.5 g. (68% vield), 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 Lhour) while maintaining an
inside temperature of 16-20°. After stirring for an addi-
tional 2 hours at roon: 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, palladium-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. (719, yield) of 3-iso-
propylamino-3-methyl-1-butene, b.p. 121-122°, #%p 1.4172.

Semi-hydrogenation of 3-f-Butylamino-3-methyl-1-pentyne
(Method F).—A solution of 15.3 g. (0.1 mole) of 3-t-butyl-
amino-3-methyl-1-pentyne in 50 ml. of petroleum ether con-
taining 0.075 g. of 59, 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 yield) 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
aleoholic 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. (789, yield) of 2-ethylamino-2-
methylbutane, b.p. 112-115°, %%p 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 crystallization from a mixture of anhydrous
ethanol and ethyl acetate. Melting points listed in Tables I,
11, IIT 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. Product composition also

varies with the alkali metal used. Reaction mechanisms consistent with the observed kinetics and product distribution 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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