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HISTORICAL BACKGROUND

The von Braun Reaction

The formation of an alkyl halide and benzonitrile by 
heating an N-substltuted benzamide with phosphorus penta- 
chloride or pentabromide is known as the von Braun reaction.1

II i
c6h5“c-N-R + PC15 Caiy-CN + ciR + POC13 + HC1

The reaction was first observed by von Pechmann^ in 1900. 
He found that when N-methyIbenzamide was heated with an 
equimolar amount of phosphorus pentachloride and the result­
ing mixture distilled at atmospheric pressure, benzonitrile 
and methyl chloride were obtained. The reaction was con­
firmed in 1903 by Ley and Holzweissig^ who found that benzo­
nitrile and benzyl chloride were produced when N-benzyl- 
benzamide was treated with phosphorus pentachloride. In 
1904, von Braundemonstrated that benzamides and naphth- 
amides of secondary amines would also undergo the reaction, 
eliminating one alkyl group with moderate heating and the 
second with distillation at atmospheric pressure.

„ ? /R /I
O6h5-C-N + PC15 — CrHc-C^N-R» + CIR + POCI- R1 A J 3

‘ ____ » C^-CN + CIR'
AA U >

— 1-
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If the second substituent of the nitrogen was aromatic, the 
imldyl chloride produced was stable to heat and the aromatic 
chloride was not produced, von Braun8 also showed that 
benzamides of cyclic amines would undergo the reaction with 
a phosphorus pentahalide to give the open chain dihalide.

6H5 C N\ y + PCI5 "2 + Cl-(CHg )5-Cl + poci3

This reaction could also 
point^.

be Interrupted at the halfway

? (1) FClg 0 H
C6»5-C-O ♦ C6HrC.^(CHg)5-Cl

0 (1) PC15 0 H
^5-C-^ ^(CHg)-Gl

von Braun and Welsmantel7 studied the ease of elimin­
ation of the hydrocarbon portion of secondary amines by 
stopping the reaction of the benzamides of these amines 
with phosphorus pentachloride at the halfway point. They 
found that the hydrocarbon radicals, PhCHg, Me, Et, Pr and 
Bu were eliminated competitively as the alkyl chloride in 
the order given, von Braun, Kuhn and Welsmantel8 found that 
P-chlorobenzyl chloride was eliminated in preference to the 
p-bromo compound and that p-bromobenzyl chloride was elimln- 
ated in preference to p-iodobenzyl chloride. These same 
workers also found that p-chlorobenzyl chloride was
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eliminated in preference to either m-chloro or o-chloro- 
benzyl chloride.

von Braun and IrmischS found that phosphorus penta­
bromide need not be used for the preparation of alkyl brom­
ides. In their hands the benzamide of heptadecylamine gave 
a 6# yield of heptadecyl bromide when treated with an equi­
molar mixture of phosphorus pentachloride and bromine. The 
yield was increased to 73* when pure phosphorus pentabromide 
was used.

Leonard and Nommensen10 studied the reaction in 1949. 
These workers reported that the yield of halide decreased 
with an increase in hindrance at the ^-carbon, but that 
there was a negligible influence of hindrance at the carbon­
yl carbon. They also reported predominant inversion at the 
asymmetric aN-carbon of N-benzoyl-s-butylamlne. The follow­
ing tables contain many of the von Braun reactions which 
have been run.



-4-

TABLE I
von Braun Reactions of Monosubstituted Benzamides

n CgH^-C-N-R % c6h5-cn HXPOX,XR

Amide X Product- • - '-.'rry.,,. - _ _ ,
% 

Yield Ref.
? V

hl C1-CH3 1 2
I 0 H
i c6h5-c-n-c(ch3)3 ; Cl 

1 c6h5-cn + C1C(CH3 )® - 11
OH

H C6H5-C”N"CH2*C6H5 ici : ci-ch2-c6h5 - 3
V........ ■ • 4 ' ..........--------- --------------------------------------------------------------------------------

: Cl Cl-CH2-a-C10H7 65-70 12
, 0 H; h । Br Br-CH2-a-C10H7 - 12

0 H
C^-C-N-tCl^J^-C^ Cl CKCH^^-O^ 75 13

OH 
côh5-c-n-(ch2)5-c6h5
H. . ...... ~

c6h5-c-N-CH2-CH-CH2-C6H5
°6h5

Cl i

--- »____  . ’

C1(CH2)5-C6H5 73-75 13,14

Cl-CHg-CH-CHg-CgH, 
c6h5

■
25 15

C^-C-N-(CHg)^CN Cl Cl-(CHg)5CN 16
: h ,
; C6H5-C-N-(CH2 )8-CH3 Br Br-(CHg)8CH3 70 !

14



TABLE I (continued

Amide X Product % Yield Ref.

(^2 )14"^3
!
Cl ci-(ch2)14-ch3 - i 14

h H 

c6h5-c-n-(ch2)16-ch3 Br ^4CH2)^-CH3 73

4-----------------1
9 1

0 H
c6h5-c!-j4-(ch2)16-ch3 Cl ci-(ch2)16-ch3 50 <

•. —- — -
H H ?
!côh5-c-n-ch2-ch i
J - CH2
Ji--------------------------

Br
^CHg i

Br-CH2-CH :
CH2 I

30 17

' ° H
H C6H5-C-N-CH2-CH— CHg Br

?"2 ^2 i
Br-CH -CH — CHg i 31 17

0 H *^CH3 ' h i
* CH- b f

Cl • 40 18ci-<^'
CH^ CH3

C^Hc-C-N 1
■ 5 ch3>h3

CH
? ? ""3- xch3

*   ——   - - — —

y II C^-C-N-CHg-CI^H^^ (m ’

CtiH5-C-N-CH2-CH(CH3)-C6H5
H " --- -—------- —------- ----I ° ?

^5"cl

b

Cl

Cl

Cl

Cl

CH^
C»3J

Cl-CHg-CHg '

ch3 4
150 18

Cl-CHg-C^-C^-CH^ (m) 50

C1-CH2-CH(CH3)-C6H

ci-(ch2)5-ci

The chloride was not isolated.
Optically active at the site indicated.

25

70-80

19

19
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TABLE III
von Braun Reactions of Aromatic Amides of Cyclic Amines

0 iiAr-C-NR + px5 -* Products

Amide X Product % 
Yield Ref.

fl
Br Br-(CH2)5-Br 65-78 521

220
Cl ci-(ch2)5-ci 70-80 6

0 
c6h5-=-*O Cl

0 H
cgH^-C-N-(CH2)5-Cl - 6

0
a Br-(CH2)5-Br 50 9

% 
0 \ 

C6H5-Ji-N_) Cl
|H3 

C1-(CH2)^-CH-Cl — 23
0 

- C Br (Br-CH2-CH2)2-CH-CH3 65 24

C6H5-Ü-Np

ch3

Br
^3 |*3

Br-CH-(CH2)3-CH-Br 19 10

CH_ CH-0 3

CH^CH3 Br — — - 0 10 

—a. An equimolar mixture of PCl^ and Br2 was usedë
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TABLE III continued

_________ Amide X Product % Ylelc1 Ref.
Ph Ph-C 0 [ ^Fh

Ph l 
C-Ph Ph^

Br Ph C-CH-CH-CH-CH-CPt.^ । । l i 3Br Br Br Br
15 25

h r"
Br Br“(CH2)4-Br 70 26

0 h /
Cl C1(CH2)4-C1 70 26

0 __
CgH^—C—N । Clb ci(ch2)6-ci J, 27

0 _ 1

o
Cl

C1CH2CH2CH2 
0 \n y \C^H^-C-N—\ /) 
\ ■ 50-60 6

0_ II /->a-ci0H7-C-N ;
C'

1— _____

Cl
0 H a“C10H7-^ 

C1-(CH2)^ '
40-50 28

o?

8 ?
_o

UJ
j 

%
uj

O
 

— 
■ 
——

 
—--

,n
 n
 n
 --

- -

Cl
(CB2 y-ci0 H / 2 3ii i V \CgH^-C-N—z >

CH' 

--- ---------------- -----

- 19

b. The product was isolated as the diphenyl ether.
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TABLE III continued

Amide X Product % Yield Ref.
Q

 
up

 
1 0=

0
1

o %
LU

C]

C1CH2CH2CH2 
0 H \_

^6^5"C“N~ OV-CH^ 60 19

0 
c6B5W

NO^

Cl

C1CH2CH2CH2

0 ^'k
C^H^-C-N N02 65 29

0H —\CgH^-C-N

0

Cl

0 H
CgH^-C-N^

_^(CH2 ) Cl 
CgH^-Ç-N-H

6
— 29

0I1 /—x

Cl

Cl

C1CH?CH?CHO2 2 Cl
?

cgH5-C-Nx^ 50-65 29

0_ ii ..—xC-N )

" Cl

Cl
«-(CH.) x

/-> X 
nh2 no2

50 29
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TABLE III continued

Amide « Product % Yield Ref.

Cl C^Hc-C-N6 5 C

ClCHgCH^^"

30 30

Üï'

w Cl
Cl-CH -CH„ 

6^ Y" 1 30-40 31

co
SC 
o

o
1in

K

Cl

CH
Cl-CH_-CH-7 ■L r

0 A-: 50 32

3
c

N0^_

Cl

ch3 
C1-CH_-CH.- 

0H j
C6H5-C-N. ' N02

75 29

? -, CH3 
J

<' x 
_____

Cl
Cl-CH-CHg-NOg

C H -C-N6 5 H
65 29

1- c 1 
''N- " CH,

c5h5-c=o
Cl (p )CI^-(^H^- (o)C^-NHCOCgl

20-2$

15

33

1 , r- f '|
Cl C(gH^-(o)CgH2|-NH-C0-C^ 20-25 33

P __ 
CgH^-C-N ■

\z '■
Cl

ci-(ch2)4 -......
"V

°6H5-Jf-<

0

quant. 34

------- —J
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TABLE IV
von Braun Reactions of N,N'-Dibenzamides of Diamines

O H HO
CgH^-C-N-(CHg)n-N-C-CgH^ + PX^ —► Products

Amide X Product % Yield Ref.

n = 2 Cl ci-ch2-ch2-ci - 35

n = 4 Br BrfCHg^Br 70 36

n = 5 Cl C1(CH2)5C1 60 35

n = 5 Cl ci(ch2)5hh2 25 35 .

n = 6 Cl ci(ch2)6ci 60 35

n = 6 Cl ci(ch2)6nh2 25 35

n = 6 Br Br(CH2)5Br - 37

n = 7 Cl C1(CH2)7C1 60 35

n = 7 Cl C1(CH2)7NH2 25 35

n = 7 Br Br(CH2)7Br - 37

n = 7 Cl
H

(^2 )yC] 40 38

n = 8 Br Br(CH2)8Br 74 39

n = 8 Cl C6H5-t-N(CH2)gCl 30 38



-15-

TABLE IV continued

Amide X Product $ Yield Ref.

n = 9 Cl Cl(CHg )gCl . 60 40

n = 9 Cl
0 H

C6H5-C-N(CH2)gCl - 40

n = 11 C1 ci(ch2)11ci '
i

55 40 1

n = 12 CI
. —-------- f
C1(CH2)12C1 : 60 ; !

14 ;

■________ ___________________». C6H5-C-N(CH2)12-Ci 30 j 38 I
OH CH^ HOH 1 1 | *1C6H5C-NCH2CHCH2CH2N-CC6H5 Cl

?«3 !
CICHgCHCHgCHgCl

!28 | :

n H ï“3 H
C6H5C-NCH2CHCH2CH2N-CC6H5 Br

!

CH_ :
1 !

BrCHgCHCHgCHgCl ■

----- F

40 j

i

41 ;
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Classification of N-Substltuted Amides by Their Reaction 
with Phosphorus Pentahalides and the Stability of the 

Corresponding Imidyl Halides Towards Heat

von Pechmann2, Ley and Holzwelsslg3, and von Braun4 all 

believed that the reaction proceeded through an imidyl halide. 
In fact, the reaction was discovered by von Pechmann in an 
attempt to prepare N-methylbenzimidyl chloride. (The fully 
aromatic imidyl halides, 

Cl(Br)
Ar-C=N-Ar , 

had been known for some time42 prior to the discovery that 

those with an alkyl substituent on the nitrogen decomposed 
with heat into the halide and aromatic nitrile.)

von Braun extended the investigation of Imidyl halides 
to those derived from non-aromatic amides, and as a result 
of his work N-substituted amides can be divided into a number 
of groups on the basis of their reactions with phosphorus 
pentahalides and the stability of the corresponding Imidyl 
halides towards heat.

O H 
Amides of Type I : Ar-C-N-Ar.

These afford the most stable type of imidyl halide which 
can be prepared in nearly quantitative yields42,43 by the 
reaction of N-ary1 derivatives of aromatic amides with a 
phosphorus pentahalide. They are stable enough to be dis­
tilled at atmospheric pressure.
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These compounds give the starting amide when treated 
with water (as do all types of imidyl halides) and they 
undergo a large variety of nucleophilic substitution reac­
tions, some of which are shown in Chart 1.

Chart I
Reactions of N-Phenylbenzimidyl Chlorides

c6h5-c»n-c6h5 + nh3 - c6h5-c=n-c6h5

H

0-R
" + NaO-R — (yU-C-H-C^H-o D O b

(1) (ref. 1,4)

(2) (ref. 45,46)

(3) (ref. 47)

n

, ■ !l0 O-C-RII । l+ NaO-C-R -* ,C6H5-C»N-C6H ii C-R
- » 

c6H5
(4) (ref. 43,48)

CN
+ KCN - c6H5-C=N-C6H5 (5) (ref. 43)

N-OH H
+ HgNOH -♦ CgH^-C---- N-CgH^ (6) (ref. 49)



-18-
C1I C^H^—C=N—

R HO 9
5 + RMgBr -H. C6H5-C=N-C6H5 C^-C-R 

(7) (ref
n HN.

or
NaN3

“* —N-C^H
N N

it

CH, I 3 r C
0—C CH— C—OEt —»

it
- . 9Na^H^-C-OEt

R+ C^Hg-N: 
H

6 5

J.

(8) (ref

A?OH ^CH3

I ? A 
H-N-C-OEt

R R

OH
(10)

A1C1 -EtgO^" CgH^-Ô=N-C^H^

h2

0
c6h5-c-.

+ C6H5NH2
50)

51,52)

53)

6"5

54)

R N " 
"R

55)
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0 H .
Amides of Type lb: Ar-C-N-R,

This type of amide gives rise to the von Braun reaction 
and has already been partially discussed. The imidyl halides 
formed from this type of amide can be isolated, but not with 
the ease of those of type la. They can be distilled, but 
only at reduced pressure, and this becomes more difficult 
the higher the boiling point of the imidyl halide in ques- 
tion56. Imidyl halides of this type are decomposed by heat 

into the von Braun reaction products, aronitrile and alkyl 
halide^.

? ? ?!
Ar-C-N-R + PC15 — Ar-C-N-R --- > ArCN + C1R

A
0 R 

Amides of Type Ic; Ar-C-N .
R'

This type of amide can be further divided into two 
types, one in which both R and R' are alkyl groups, and a 
second in which R Is an alkyl group and R' Is an aryl group. 
The first two steps in the reaction of these amides with a 
phosphorus pentahalide, as postulated by von Braun*'7.57, 
are the same :

° ,R 9^ R Ç1
Ar-C-N + PC15 - Ar-C-N ----- > Ar-C-N-R' + C1R

« f R • △
Cl + poci3
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If R' is an alkyl group, the imldyl halide la of type lb and 
as such will decompose with heat into the aronltrlle and the 
alkyl halide. If R- la an aryl group, the Imldyl halide will 
be of type la, and aa such is stable to heat. Amides m 
which the nitrogen atom is a member of a ring behave in an 
analogous manner^*

ROH 
Amides of Type Ila: R'-c-c-N-Ar.

R"
This type of amide has not received much attention, but 

it is here assumed that the imldyl halide derived from this 
type amide would have about the same stability towards heat 
as those of type la.

von Braun, Joates and Munch58 reported the preparation 
of the imldyl chloride of N-phenylfencholamlde,

CH_« 3 ci 
C=N-C^H^

^3

in nearly quantitative yield by heating the amide with phoa- 
phorus pentachloride.

Stevens and French5? treated N-(p-tolyl)-a-chlorodl- 
phenylacetamlde with an equimolar amount of phosphorus penta 
chloride and obtained the expected imldyl chloride,

c6h5çiçi _
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ln 87^ yield as a solid of m.p. 88.5-90.0°. These workers 
then treated their a-chlorolmldyl chloride with sodium 
iodide in acetone solution and obtained diphenyl-ketene-p- 
tolylimine.

c6h5 V1 . Nai 5'C=M - . c
C^Hc Acetone 36 5

ROH 
Amides of Type lib: R’-C-C-N-R" 

R"
This type of amide gives rise to imidyl chlorides that 

are as stable or even more so than those derived from aro­
matic acids. Thus, the imidyl chloride derived from N- 
methylfencholamide is quite stable, while the imidyl chlor­
ides of N-substituted campholamides

ci
L 

ch3 
when refluxed for some time and distilled at atmospheric 
pressure, give campholonitrile and the alkyl chloride60. 
The imidyl chloride from the reaction of N-ethyl-a-chloro- 
isobutyramide and phosphorus pentachloride can be distilled 
at atmospheric pressure (b.p. 160°) with no decomposition61.

R 0 R111
Amides of Type lie : R1-C-C-N 

lu «IV

This type of amide apparently does not react with
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phosphorus pentachloride♦ von Braun and Heymons60 reported 
that N,N-diethyltrichloroacetamide and N,N-diethylcamphol- 
amlde did not react with phosphorus pentachloride even under 
prolonged heating on a steam bath.

R OH 
Amides of Type Illa : CH-C-N-Ar.

Rx
This type of amide reacts with an equivalent amount of 

phosphorus pentachloride to give the corresponding Imldyl 
chloride,

R Cl 
CH-é=N-Ar

R 
which can be distilled at reduced pressure with very little 
decomposition, von Braun, Jostes and Munch^ treated a,a- 
dichloroacetanilide with one equivalent of phosphorus penta­
chloride and obtained the expected Imldyl chloride,

Cl 
C12-CH-C=N-C6H5 .

They reported that this compound is relatively stable to 
heat. The same results were obtained with the N-p-tolyl 
compound.

Stevens and French^2 reported that the reaction of 
N-(p-tolyl)-isobutyramide with one equivalent of phosphorus 
pentachloride gave them the corresponding imldyl chloride,

CH- Cl i ACH-C=N— >-CHo c< "



b.p. 80-85e/0*8 mm., in 82.5% yield. %ese workers then 
dehydrohalogenated this compound with triethylamine in 
toluene solution to obtain the ketenimlne,

CH3 
^C=C=N--^ ,

ch3 - 3

in 66.3% yield.
Both groups of workers cited reported that an excess 

of phosphorus pentachloride produces an ct-chlorolmldyl 
chloride of type Ila,

Cl Ç1 
R^C^-6=N-C^Hc 

I ° DR*

R. OH 
Amides of Type Illb: R'-CH-C-N-R"

This type of amide reacts with one equivalent of phos­
phorus pentachloride to produce the expected Imidyl halide, 
but von Braun63, in a summary of some of his work, reported 

that Imidyl chlorides of this type are quite unstable and 
usually cannot be distilled. He reported that this instab­
ility is a result of the presence of the alpha hydrogen, 
which undergoes an intramolecular shift to the nitrogen 
atom; and the newly formed product undergoes condensation 
reactions through the reactive N-H bond.
\ ?? PCI, Rx fl R, CIH

CH-C-N-R” --- < > CH-C=N-R" - > C=C-N-R"condensation
Ri' r. n, products



-24-

However, Stevens and French62 reported that the imidyl 
chloride derived from N-(n-butyl)-a-ethylcaproamide was pre­
pared by reaction of the amide with an equivalent amount of 
phosphorus pentachloride and was purified by distillation 
(b.p. 72-7670.7 mm.).

Both groups of workers reported that more than an equiv­
alent amount of phosphorus pentachloride resulted in chlorin­
ation of the alpha position of the amide to give Imidyl 
chlorides of type lib,

R Cl ClI 1 . C — C=N-R".
R*

Amides of Type Ilie :
R O RX 11 /^H-C-N
R' XR

von Braun and Heymons60 reported that N,N-dlethyl-a- 

methylbutyramide reacted with phosphorus pentachloride to 
produce an unstable amide chloride,

CH3 Ç1 Et
^CH-C-N^

CH3CH2 Cl XEt

which reacts with water to give the original amide and
energetically with aniline to give an amidine,

Et
CH^-CHO-CH. C- N 3 2 1 y ■

CH3 N-C.H^ Et
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They reported that on standing the amide chloride loses the 
elements of hydrogen chloride, rather than an alkyl chlor­
ide, to give

' B*
CH^-CHg-Cz= c-N^ .

Et
This latter compound is reported to be relatively stable 
towards water.

O H 
Amides of Type IVa: R-CH2-C-N-Ar.

The Imidyl chlorides derived from this type of amide 
are reported by von Braun and Silbermann64 to be so unstable 
that only those in which the N-aryl group has an ortho sub­
stituent have been isolated. von Braun and Rudolph"^ later 
prepared other Imidyl chlorides of this type. The following 
is a list of percentage yields of undecomposed imidyl chlor­
ides obtained from the reaction of various substituted a- 
chloroacetanlIides with an equivalent amount of phosphorus 
pentachloride : o-MeO, trace; o-Me, 55; o-Cl, 65; o-Br, 70; 
o-F," 80; m-Me, 0; m-Cl, 35; m-F, 60; p-Me, 0; and p-Cl, 
trace.

These imidyl chlorides were stable for a long time In 
the cold, but rapidly thickened to bright yellow compounds 
wita loss of hydrogen chloride when wanned. After investi­
gation of these decomposition products, von Braun, Heymons, 
and Schnltzspahn^ found that they were quinoline deriva­
tives, and reported that the reaction of amides of type IVa
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with phosphorus pentachloride is a good synthetic route to 
quinolines. von Braun, Heymons and Manz67 developed this 
route further and reported that the quinoline results from 
a dimerization of two molecules of imidyl chloride with the 
loss of two molecules of hydrogen chloride.

C1 CH2-R
, ... - r*

2 - 1 " 2PC1r , Cl n“ N-C-CH--R - 5> !... -2HC1 : ■ pH-R
2 - N=C-CHO-R > \ r2 N ^"CHg-r

- ' /R

' r^CH2-R

The quinolines in which R=C1, Me, Ph, Pr, and 
have been synthesized by this method in yields large enough 
to make the route synthetically valuable.

von Braun, Jostes and Munch58 reported that if excess 
Phosphorus pentachloride was used, chlorination of the alpha 
position of the amide occurred to produce heat-stable a,a- 
dichlorinated imidyl chlorides,

2 PCI,. f1 Cl 
r-ch2-c-n-c6h5 — - 5> R_ç C=N_C H 

OH Cl

These imidyl chlorides can be hydrolyzed to the a,a-dlchloro



amide, or further, to the a,a-dlchloro acid. They reported 
that imidyl chlorides are more easily chlorinated in the 
alpha position than the corresponding acid chlorides.

O H
Amides of Type IVb : R-CHg-c-N-R '.

This type of amide reacts with one equivalent of phos­
phorus pentachloride to font very unstable imidyl chlorides. 
Heymons and Rohland68 reported that the decomposition of this 
type of Imidyl chloride proceeds in almost quantitative yield 
to amidines,

N-R'
r-ch2-c-n— C=CH-R 

R' Cl
They further reported that these amidines are also unstable 
and with heat give a chloride salt of a tertiary base, with 
further heating an alkyl chloride is eliminated and a sub­
stituted Imidazole is formed.

h V N-R' Cl
2R-CH2-C-N-R' + 2PC15 r-ch2-c-n-c=ch-r -

I A 
r ci- " -]

N %
R-CHg-C^ XC-R 7H'C1 xc I

R1 _ R' ;
It was not definitely established whether the product was 
a 1,2,4- or 1,2,5-substltuted Imidazole; the intermediate
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imidazolium salt, represented 
group from either nitrogen.

below, might lose the alkyl

[ R' 1 $
N-C-R i

R-CHg-C^ 11
N-C-H l '_ R'

r v; N-C-R
‘ R-CHg-C 11
I 2 %. I'N-C-H

R'
von Braun, Jostes, and Heymons61 reported that this 

type of amide can be chlorinated in the a-position by the 
use of excess phosphorus pentachloride, to give imidyl chlor 
ides of type lib. These workers also reported that the 
imidyl chlorides could be brominated in the alpha position 
with bromine, and hydrolyzed to the a,a-dibromoamide :

h F PCI,. ?! Ry Br O H
Cl-CH2-C-N-Et--- 5> Cl-CH2-C=N-Et j Cl-i - C-N-Et

2 Br
0 R' 

Amides of Type IVc: R-CHg-C-N 
XR"

The reaction of this type of amide with phosphorus 
pentachloride was investigated by von Braun and Heymons60. 
They treated N,N-diethyl-a-chloroacetamide and N,N-diethyl- 
butyramide with phosphorus pentachloride in chloroform solu­
tion, and reported that extensive decomposition occurred 
with the a-chloroacetamide, but was not so pronounced in 
the butyramide case. The butyramide gave an 80% yield of 
material which gave a chlorine analysis that suggested that 
the compound was the amide chloride,
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C1 Et
CH^-CHg-CH^-C-N 

Cl Et

This compound gave the original amide when treated with 
water or lost hydrogen chloride, when distillation was 
attempted, to give a compound that analyzed for

/Et 
CH3-CH2-CH=C-Nx . 

Cl X Et

O H 
Amides of Type Va; CH^-C-N-Ar.

This type of amide reacts with phosphorus pentachloride 
to give Imidyl chlorides that are so unstable that only a 
few in which the aryl group is a substituted benzene nucleus 
have been isolated, von Braun and Silbemann54, and von 
Braun and Rudolph^ reported the isolation of the imidyl 

chlorides derived from the following substituted acetanil­
ides in the percentage yields given : o-Me, 28; o-Cl, 44; 
o-Br, 47; o-F, 44; m-F, 2?J 2,3-Me2, 20; and 2-F-3-Me, 20.

von Braun, Jostes and Heymons^1 reported that this type 
of imidyl chloride dimerizes, with the loss of one molecule 
of hydrogen chloride, to give chlorovinyl amidines;

? V 2 PCI. Cl
2CHj-C-N-C6H5  —> 2CH3-C=N-CgH5: -'HCl, CH^-C-N C=CH£.

C6H5
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0 H
Amides of Type Vb: CH^-C-N-R. ' J

The imldyl chlorides derived from this type of amide 
have never been isolated, von Braun, Jostes and Heymons61 

reported that with an excess of phosphorus pentachloride, 
chlorination of the ^-position of the amide takes place. 
They also reported that if the addition of one mole of phos­
phorus pentachloride was followed by the addition of two 
moles of bromine and the resulting mixture hydrolyzed with 
water, the a-a-dibromoamide could be isolated :

O H h iCH^-C-N-Et
(%) pci5 
(2 ) Br2
(3) h2o

Br 0 H! H I> CH-C-N-Et
iBr

?H 
Amides of Type VI : R-CH=CH-C-N-Ar.

The study of the reaction of this type of amide with 
phosphorus pentachloride was undertaken by von Braun and his 
co-workers03 because it was thought that the intramolecular 

shift of hydrogen from carbon to nitrogen, which had been 
encountered in other studies

Cl
R-CH2-C=N-R'

Cl H । i
-> R-CH=C - N-R* , 

would not take place. This postulate proved to be correct, 
and they were able to isolate six different imldyl chlor­
ides from the reaction of this type of amide with phosphorus 
pentachloride :
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0 H 
h I R-CH=CH-C-N-Ar

PClg 91
D > R-CH«CH-C=N-Ar

These same workers tried without success to reduce the 
imidyl chlorides with stannous chloride to the Schiff base, 
as in the Sonn-Muller reaction. They did find, however, 
that a specially prepared chromous chloride reagent would 
effect the desired reduction and allow hydrolysis of the 
Schiff base to the aldehyde and aromatic amine;

?! CrClp . . 0
R-CH=CH-C=N-Ar ---- > R-CH=CH-CH»N-Ar —P-> R-CH=CH-CH +

H2N-Ar.

The studies of these workers were extended by von Braun 
and Rudolph^, but both sets of workers reported that the 

yields of aldehydes from the N-aryl amides were less than 
50% of the theoretical amount.

Amides of Type VII; Lactams.
von Braun and Heymons70 studied the reaction of 2-plper- 

idone with phosphorus pentachloride and reported that a heat­
stable a,a-dichloroimidyl chloride was produced in 65-70% 
yield. This Imidyl chloride could be hydrolyzed to the 
a, a -di c hloro lac tam, 

0 01 01 Cl Cl Cl n
- 0^ \ —c^ c c

CH2 ’ N-H + 3PC15 —> CH2 N > CH2 N-H
CH2-CH2 CH2-CH2 CH2-CH2
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and further hydrolyzed to the 6-amino-a,a-dlchloro acid, 
which underwent cyclization to a-chloroproline when reflux 
ed in ethanol solution;

o
C -C

CHg N-H
ch2-ch2

h20
HC1

Cl C1 0
C-C-OH

{ EtOH2 △ *
ch2 - ch2 -nh2 • HC1

C-C-OHCH_ XN-H
12 I
CHg — CHg

The formation of the a,a-dlchlorolmidyl chloride of 
caprolactam followed by hydrolysis to the a,a-dlchloro- 
lactam was accomplished in 30-4# overall yield. The reac­
tion of 2-pyrrolidone with phosphorus pentachloride did not 
go well at all, but the lactam of 6-aminoheptanoic acid gave 
the a,a-dichlorolactam, through the dlchlorolmldyl chloride, 
in 60% yield.

Fischer? found that if the lactam was unsaturated and 

contained an N-methyl group, the N-methyl group was elimin­
ated as methyl chloride and 2-chloropyridine was formed on 
treatment with phosphorus pentachloride;

I

OH3

PCI,A A *■ + ch3ci

Fischer also found the same type of reaction in the quin­
oline series;

pci5 
A i + RC1

N CI
R=CH3 or C2«3
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toldes of Type VIII; imides.

Anschutz72 and his co-workers have studied the reac­

tions of some cyclic imides with phosphorus pentachloride 
and have reported that N-phenylsucclnimlde gives a mixture 
of N-phenyltetrachloropyrrole and a compound to which they 
assigned the structure

Cl 0 
C — C '
C- c

C1 C1 XC1

This latter compound gave N-phenyldichloromaleimide,

\ 0 °

IIC C^ 6 I
Cl o

when treated with water.
These same workers found that the unsubstituted imides 

gave the same type of results. Succinimide, when treated 
with phosphorus pentachloride and then water, underwent the 
following reactions :

f»2-c «°̂N-H
C1 0 i hH90 C-C --  > Il "N-H
C-C Cl o
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Bredt and Ivanov^ reported the following reaction of 
camphorimide ;

CH3 CH3

PClc 
D

- CN

I| xs PCI
PC15

CH3 CH
CH3C-Cl

Cl
XCN

CH CH3 
l\ /Cl

ch3 C-ClII0

cone
HC1 c=o

2h>=-n-h
J 0

. ' C-N-H
0

5

/
/

0

Amides of Type IX: Acylated Sulfonamides.

von Braun57 in a review of imidyl halides mentioned un 

published w^k in which it was found that

Cl
CH3-C=N-SO2-CgH5

decomposed with heat to give CH^CN and C1SO_-CÆ.
T 74 5 2 6 5
Jesurun reported that saccharin reacted with two 

equivalents of phosphorus pentachloride to give o-cyanoben- 
zenesulfonyl chloride, which on heating gave the cyclic 
Imidyl chloride.

Cl 
. c-

Fritsch repeated the work of Jesurun, and found that 
the imidyl chloride would react with dimethylaniline, when
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catalyzed by aluminum chloride, to give the Friedel-Crafts
type product, ch3

NI.ch3

Reaction of Amides with Phosgene.

von Braun and Pinkemelle76 found that N-methylbenz- 
imidyl chloride was produced from the reaction of N,N-di- 
methylbenzamide and phosgene, but were persuaded to dlscon- 
tinue the use of phosgene because of its physiological pro­
perties .

Reactions of Amides with Thionyl Chloride.

von Braun and Pinkemelle76 reported that thionyl chlor­
ide reacted with N-substituted amides of aromatic acids to 
give the corresponding imidyl chlorides in nearly quantita­
tive yields. These workers obtained N-phenylbenzimidyl 
chloride in quantitative yield,»from the reaction of thionyl 
chloride with N-phenylbenzamide and with N-methyl-N-phenyl- 
benzamide. They reported further that N-methylbenzamide 
gave N-methylbenzimidyl chloride and that N,N-diethylbenz- 
amide gave N-ethylbenzimidyl chloride w&en treated with 
thionyl chloride.

In this paper von Braun and Pinkemelle stated that
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thionyl chloride is a much better reagent for the prepara­
tion of Imidyl chlorides derived from aromatic acids than 
phosphorus pentachloride, but does not work well for the 
preparation of Imidyl chlorides derived from non-aromatic 
acids.

Elpern77 used thionyl chloride to convert 2-benzamide 
ethanol to N-(2-chloroethyl)-benzimidyl chloride. This 
imidyl chloride was treated with hydrazoic acid to give 
l-(2-chloroethyl)-5-phenyltetrazole.



STATEMENT OF THE PROBLEM

The von Braun reaction has found only limited use as a 
synthetic method. It was believed that this was because of 
the difficulty, often encountered, of separating the alkyl 
halide produced from the by-products of the reaction, benzo­
nitrile and phosphorus oxyhalide.

The overall objective of this research was to explore 
the possibility of extending the synthetic value of this 
reaction. The principal objective was broken down into the 
following specific objectives.

1 .) To explore the use of thionyl chloride as the 
chloridating agent in place of the phosphorus penta- 
chloride, which gave the troublesome by-product, phos­
phorus oxychloride.
2 .) To explore the use of N-substituted aliphatic 
amides in place of N-substituted benzamides, which 
lead to the troublesome by-product, benzonitrile.
3 -) To explore the optical course of the reaction 
in the hope that an optically pure chloride would re­
sult from an optically pure amine, if thionyl chloride 
were used as the chloridating agent.
4 . ) To attempt to isolate intermediates in the re­
action in order to shed more light on its path.
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DISCUSSION

The chief difficulty encountered in the von Braun re­
action has been isolation of the halide produced. Part of 
this difficulty arises from the presence of two by-products, 
the benzonitrile and the phosphorus oxyhalide. When the 
boiling point of the halide is not sufficiently different 
from that of benzonitrile (b.p. 191»), the benzonitrile must 
be removed by chemical means. There have been a number of 
procedures developed to accomplish this separation^'21,78, 
but they all add a complicating factor to the reaction. Not 
only is the same type of difficulty encountered in the sep­
aration of the phosphorus oxyhallde from the product, but 
the phosphorus oxyhallde becomes an undesirable strong ion­
izing solvent as it is produced.

It was believed that if this difficulty in the isolation 
of the halide could be circumvented, the von Braun reaction 
could be developed and could become a good synthetic route 
for the conversion of an amine to the corresponding halide.

In recent times, thionyl chloride has been used in many 
reactions which formerly employed phosphorus pentachloride, 
and it was thought that the von Braun reaction was another 
case in which this reagent could be used in place of the 
more Inconvenient and undesirable phosphorus pentachloride. 
If this reagent could be used as the source of the chlorine, 
one of the above mentioned problems would be solved. Thionyl 
chloride should give only gaseous by-products, which would

-38-
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immediately be removed from the reaction mixture as they 
are formed:

O H il i Ar-C-N-R + SOC12 - ArCN + C1R + SOg t + HClf.

The above reaction was first attempted with N-n-butyl- 
benzamide. The amide was mixed with an equivalent amount 
of thionyl chloride in the cold, the solution slowly heated 
and refluxed for four hours, me n-butyl chloride was iso­
lated by distillation from the reaction mixture at atmos­
pheric pressure and, after purification, was obtained in 

yield. Benzonitrile was obtained as another product 
of the reaction.

A large amount of the starting amide was found in the 
residue from the reaction, an indication that either a longer 
reaction time or a higher ratio of thionyl chloride to amide 
was needed. Another factor indicated by this reaction was 
that a solvent would be advantageous, and after a few pre­
liminary trials, it was decided that nitromethane would be 
a satisfactory solvent.

The reaction was then tried with N-(l-phenylethyl)- 
benzamide, using a three-to-one mole ratio of thionyl chlor­
ide to amide and employing nitromethane as a solvent. After 
the addition of thionyl chloride to the solution of the 
amide in nitromethane was complete, the solution was re­
fluxed for three hours. The solvent was then removed by 
distillation at atmospheric pressure. However, on
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dlstlllation of the residue at a reduced pressure, it was 
found that the 1-phenylethyl chloride could not be separated 
from the benzonitrile by this method. All of the distillates 
were recombined and analyzed for carbon, hydrogen and chlor­
ine. The results of this analysis indicated that the chlor­
ide had been produced in 80-85% yield.

The reaction of thionyl chloride with the benzamides of 
benzhydrylamine and a-cyclopentylbenzylamine, under the same 
conditions as employed for N-(l-phenylethyl)-benzamide, pro­
ceeded very smoothly, and the chlorides were easily isolated 
from the reaction mixture by distillation at reduced pressure. 

The chlorides produced from the reaction of thionyl 
chloride with the benzamides of benzylamine, p-methoxybenzyl- 
amine and 1 - ( p-tolyl)-ethylamine gave some trouble in their 
separation from benzonitrile, but could be Isolated by re­
peated distillations. The redistillations, of course, 
lowered the yields of the chlorides.

A further difficulty was encountered in the purifica­
tion of l-(p-tolyl)-ethyl chloride, owing to the instability 
of this compound. This instability will be discussed in a 
following section of this dissertation.

The chloride could not be isolated from the reaction 
of thionyl chloride with the benzamide of l-(p-methoxy- 
phenyl )-ethylamine. This may have been due to the instab­
ility of the chloride in the reaction mixture, in view of 
the apparently similar instability of 1-(p-tolyl)-ethyl 
chloride.
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The results of these experiments are summarized in 
Table V.

The foregoing reactions of ^-substituted benzamides 
with thionyl chloride demonstrate very clearly that thionyl 
chloride can be used as a reagent in the von Braun reaction. 
However, these reactions also illustrate the difficulty en­
countered in the separation of benzonitrile from some of the 
chlorides by the most convenient method, distillation.

One solution to this difficulty would be Judicious 
choice of an amide which would produce a nitrile with a 
boiling point very different from that of the expected hal­
ide. This could be accomplished by the use of N-substituted 
benzamides which contained a substituent in the benzene 
nucleus and which would, therefore, produce a nitrile whose 
boiling point would be different from that of the expected 
chloride. For example the ortho-, meta- and para-nitro- 
benzonitriles are all solids, and the corresponding tolu- 
nitriles have boiling points between 205e and 220°.

A similar modification which would circumvent the same 
problem would be the use of N-substituted amides of ali­
phatic acids. The lower members of this series would afford 
nitriles which distill at temperatures much lower than the 
boiling points of those halides that could not be separated 
from benzonitrile by distillation.

N-Substituted amides of aliphatic acids have not been 
used in the von Braun reaction because of side reactions 
encountered. These side reactions are believed to be due



-42-

>
«

MD

o 
T5 
•H

O i—1

8 «

O GJ
•H O
jC cq

£ 4-
4D

% «
02 O
<u 

'O 
1 +

8 ?

M in

^4
! S 79 1

j 80 ! 1

■L3
9 «P—

G> OCM c •
g I

CM 
o & 
cm Q tn 

c • 1

Re
 fr

a
In
d

Fo
un
d lû H

I c tn
m in• on un at cm Q inc •

1----------------- 1

Bo
il

in
g 

Po
in
t 

Fo
un

d 
1 Lit

. ... 
i 

,9-LL-V
LL 

_ Jl 
i

j
i ,
i i
1 1

«
i

CM 
6

i

75
-7

6°
74

5 
mm

Tf

o

1 
CM 4 

mm
.

98
-1

00
°

0.
5 
mm
.

% 
Yi

el
d ,o

co

O 
m 
00 
6 
00 80

-8
5

—
—
 --
-— 80
-8

5 m *Î
CM I

•O
IV u
4J 
d 
p

02 OJ
§ 5
CO o
s 10

+

W X
C i
o K-S;
•H |
-P o-o

?
cd 

o

Am
id

e 
Ch

lo
ri

de

0 
H 

!

II
 1 

;

-C
-N

-C
Hg

-C
Hg

-C
Hg

-C
H^
 ; 

Cl
-C

R^
-C

^-
C^

-C
R^

*■
  

—--
--
-
< —

  
--

--
.— __

__
__

_

o o 
1

o

sT 
o° j 

co i
X X 
O U 

t 
x-z 1
O-U 

1

in

! 

u

m 
X 
&

i 
x-z1 
0=0

1

r -....

co 
in o

X l 
MD X 
o—o

o

m o° 
X I

CO X 
o—o 

1 
X — z 

1 
0—01

; 
^D-^O-TO

| 
H 0

j________________
_

MD
X 
\O

& 
VO

in 
x 

MD



-43-

o 8

£ co

o>
cm Q in 
c •

in
§

£
3

£
on
ex Q in 
c •

in
OJ Qc

to 
0) 
o 
s

§

TA
BL

E 
V 

co
nt

in
ue

d

a>

Bo
ll

in
g 

Po
in
t 

Fo
un

d 
1 Lit

.

L 11
3°
 

; 1
0.

5 
nu
n.
 

f. 
...

...
...

.

L . 
.

^-
"5

 i
--

 — - - .
 -• .

 | -----
20

-^ •y o

* 
Yi

el
d

Ï

Q.

cn

§

c 
CD

O 
CM

u 
cd

%

0

o

cd
m

§

SC
SC o

VO sc 
VO

SC™ sc
i

Q.
r

A

0)

SC A co

o

g 0>

03

<d

§
§ 
>
O 
to

cd

S3 o

03

to 
cd

<v 
03 
S3

m 
»

3
I
n

<V

%
CD

o

to 
g
0)

to 
c

& 
cd

cd 
co -o

cd

o C c 
o

I 
sc™

sc-z

i
SC 
_vo

sc 
VO

c o c
0)

o
cd

» -z

in
vo

! to 
to 
S3 
o 
to

cd <D C Ô +> CD 
O û d dp

<d o

x: jc a c cd o> en 
H o O U W M

cd



to the presence of hydrogens attached to the carbon alpha 
to the carbonyl group. It was thought that the substitu­
tion of thionyl chloride for phosphorus pentachloride might 
minimize these side reactions and allow the use of ali­
phatic amides in the reaction.

One type of amide, which at first glance appeared to 
be ideal, is an ^-substituted fonnamide. From the reaction 
of these amides and thionyl chloride all of the stoichio­
metric by-products would be gaseous, and thus facilitate 
isolation of the chloride produced.

8?H-C-N-R + SOC12 -* RON + CIR + SOg + HC1.

The reaction of thionyl chloride with the formamide of 
n-butylamine was run many times under varied conditions of 
temperature, solvent, and proportion of reagents, but n-butyl 
chloride was never isolated in more than trace amounts. The 
major product was a nun-distillable tar, but n-butyl isothio­
cyanate was isolated in small amounts. This compound was 
identified by comparison of its infrared spectrum with that 
of n-butyl isothiocyanate prepared by an independent method, 
and by analysis. There seems to be no rationale for the 
direct production of this compound from the reactants.

The reaction of thionyl chloride with the formamide of 
2-phenylethylamine produced the same type of results as were 
obtained from N-n-butylformamide. The expected chloride was 
never isolated in more than trace amounts.
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The reaction of thionyl chloride with the formamide of 
benzylamine did yield small amounts of benzyl chloride, but 
again, the major product was a tar which gave off the stench 
of sulfur-containing compounds when distillation was attempted

The formamide of 1-phenylethylamlne was the only one of 
the series tried which gave more than trace amounts of the 
expected halide. With it, thionyl chloride in nitromethane 
solution produced impure 1-phenylethyl chloride in approxim­
ately 50$ yields. This chloride contained an impurity which 
produced sharp bands at 2260 and 320 cm'1, in the infrared 
spectrum. These bands were not due to hydrogen cyanide (as 
first suspected), which showed sharp bands at 3220 and 2080 
cm. 1 when dissolved in an authentic sample of 1-phenylethyl 

chloride. Furthennore, the impurity was not removed by wash­
ing the sample with dilute sodium bicarbonate solution or 
with dilute hydrochloric acid.

After these more or less discouraging results, it was 
decided to explore the reaction of N-substituted acetamides 
with thionyl chloride. These amides should afford aceto­
nitrile as a by-product, the boiling point of which (81e) 
is low enough to permit isolation by distillation of those 
chlorides which boil above 100°.

The amide chosen for the initial study was N-(1-phenyl- 
ethyl ) -acetamide, which was refluxed for one hour with a 
large excess of thionyl chloride. The thionyl chloride was 
then distilled off at atmospheric pressure, and the residue 
distilled at a reduced pressure. The yields of redistilled
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1-phenylethyl chloride obtained by this procedure were 
between 20# and 35# of the theoretical amount.

When a 200# excess of thionyl chloride was treated 
with the amide, dissolved in dioxane, the yields of the 
chloride were between 15# and 20#. Treating N-(1-phenyl- 
ethyl)-acetamide, dissolved in cyclohexene, with a 200# 
excess of thionyl chloride gave the chloride in 15# to 30# 
yields. The quantity of the chloride produced was increased 
to 55-65# of the theoretical amount when the amide was dis­
solved in nitromethane and treated with a 200# excess of 
thionyl chloride.

The reaction of a 200# excess of thionyl chloride with 
the acetamide of 2-phenylethylamine was then run in cyclo­
hexene solution and in nitromethane solution. From both 
cases no pure halide could be obtained, although there was 
isolated a small amount of a liquid which contained chlorine 
and whose infrared spectrum corresponded to that expected 
for 2-phenylethyl chloride.

No pure benzyl chloride was obtained from the reaction 
of N-benzylacetamide with thionyl chloride in cyclohexene 
solution. However, from the same reaction in nitromethane 
solution a product was obtained, with the correct boiling 
point for benzyl chloride, corresponding to an 8# yield of 
this compound. The infrared spectrum of this:material was 
nearly identical with that of an authentic sample of benzyl 
chloride. Preparation of a derivative was attempted, but 
the experiment failed to yield any isolable product.
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Benzhydrylamine was prepared and its N-acetyl deriv­
ative treated with thionyl chloride in nitromethane solu­
tion to give benzhydryl chloride in 75# to 85% yields. 
Diphenylcarbinol was prepared from a sample of this chlor­
ide by treating its acetone solution with water.

The p-methoxy derivative of benzylamine was prepared 
and its acetamide treated with thionyl chloride in nitro­
methane solution to give 40% to 50% yields of p-methoxy- 
benzyl chloride. The physical constants of this halide 
agreed with the reported values, and it was hydrolyzed to 
p-methoxybenzyl alcohol, the melting point and infrared 
spectrum of which were identical with those of an authentic 
sample of the alcohol.

From these results it appeared that the success of the 
reaction depended on the stabilization of at least a partial 
positive charge on the carbon adjacent to the nitrogen and 
was also promoted by bulk at this position. A compound 
which would fill both of these requirements is the acetamide 
of a,a-dlmethylbenzylamine. The carbon adjacent to the 
nitrogen not only has two methyl groups adjacent to it, but 
is tertiary and also of the benzyl type.

This compound was prepared and allowed to react with 
thionyl chloride in nitromethane solution, but no a,a-di- 
methylbenzyl chloride could be isolated. This result may 
have been due to the instability of the halide in the re­
action mixture, or more simply to its instability towards 
heat. Of course there is also the possibility that an
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Intermediate decomposed by some other reaction path, causing 
the tar formation which was observed.

Since the yields of halide were much greater when there 
was a methoxy group present in the benzene nucleus of N- 
benzylacetamlde it was thought that the acetamide of l-(p- 
methoxyphenyl)-ethylamine would give a much higher yield of 
the corresponding chloride than had been obtained from the 
acetamide of 1-phenylethylamine. The compound was prepared 
and subjected to the reaction with thionyl chloride in nitro­
methane solution, but the results were the same as obtained 
from the reaction of the acetamide of a,a-dlmethylbenzyl- 
amine. Only a polymeric-appearing residue remained after 
removal of the solvent. The causes of the failure of the 
reaction were most likely the same as suggested for the 
latter reaction.

The acetamide of l-(p-nitrophenyl)-ethylamine was pre­
pared by nitration of the acetamide of 1-phenylethylamine 
and treated with thionyl chloride in nitromethane solution. 
An attempt was made to distill the residue from the reac­
tion after the solvent had been removed, but no distillate 
could be collected before the residue charred - the same 
result as observed from the last two reactions mentioned. 
However, it does not seem likely that this result occurred 
for the same reasons as in the other two cases. Although 
a reference to the expected chloride could not be found in 
the literature, it is now believed that 1-(p-nitrophenyl)- 
ethyl chloride would have been a solid if it had been fomed.
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This conclusion was reached after a comparison of the melt­
ing points and boiling points of similar compounds. This 
would explain why charring occurred before any distillate 
could be collected.

N-l-(p-Tolyl)-ethylacetamlde was prepared and allowed 
to react with thionyl chloride in nitromethane solution. The 
yields of l-(p-tolyl)-ethyl chloride from three separate 
runs were between 2# and 3# of the theoretical amount. 
This chloride partially decomposed on redistillation, par­
tially explaining the results obtained from the acetamides 
of a,a-dimethylbenzylamine and l-(p-methoxyphenyl )-ethyl- 
amine. This decomposition is discussed further in a latter 
section of this dissertation.

Because of the poor results obtained from the reactions 
of thionyl chloride with the acetamides of 1-phenylethyl- 
amines which contained a para-substituent, a search was made 
for a benzylamine that would lead to a benzyl type chloride 
which would be expected to be stable under the reaction con­
ditions. a-Cyclopentylbenzylamine appeared to be a satis­
factory choice for many reasons, although neither the prop­
erties nor physical constants of the corresponding chloride 
could be found in the literature.

From work done on the deamination of this amine^'^ 
go Oh *and others ' , it was inferred that even if the free carb-

onlum ion (at the benzyl carbon) were formed, no rearrange­
ment should be expected. From work done on dehydration of 
the corresponding alcohol^,86, cyclopentylphenylcarblnol.
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and an attempted dehydrohalogenation of the chloride^?, it 
was expected that this dehydrohalogenation would be a minor 
side reaction under the conditions of the experiment.

Another reason for the choice of this compound is its 
structural similarity to two of the amines, I-phenyle thy1- 
amine and benzhydrylamine, whose acetamides gave good re­
sults when treated with thionyl chloride in nitromethane 
solution. It was thought that the a-cyclopentyl group 
should not be appreciably different from the a-methyl group 
in its charge-stabilizing characteristics, and its steric 
requirements should be very similar to those of the a-phenyl 
group.

The amine was prepared and its acetamide subjected to 
the reaction conditions. The yields of redistilled a-cyclo- 
pentylbenzyl chloride produced from this reaction were be­
tween 75% and 85% of the theoretical amount. The a-cyclo- 
pentylbenzyl chloride was identified by c, H and Cl analysis 
and by the following reactions :

Cl
I /—। HNfCHpCHpOHh

C6H5-ChV ----- 5_______ £
h2o

OH
C^-CHV ! 25 

J HOAc
0

♦

Thus the results seem to Indicate that the chlorides would 
have been isolated in much higher yields from some of the 
previous reactions, if the chlorides had been more stable 
in the reaction medium and more stable to heat on distilla 
tion.
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The reaction of the acetamides of cyclohexylamine and 
t^-butylamlne with thionyl chloride were run in order to have 
examples of the reaction of acetamides of amines which were 
not of the benzyl type. No isolatable cyclohexyl chloride 
was obtained from the reaction of N-cyclohexylacetamide with 
thionyl chloride, but t-butyl chloride was obtained from 
the reaction of the reagent with N-t-butylacet  amide. Be­
cause of the difficulty encountered in the separation of 
the excess thionyl chloride from the t-butyl chloride, no 
accurate yield data can be given; however, it is estimated, 
from the amount of liquid obtained, that the chloride was 
produced and distilled from the reaction mixture in 20% to 
50% yield. By repeated distillation there was isolated 
t-butyl chloride whose refractive index and infrared spec­
trum corresponded reasonably with those of an authentic 
sample of this halide.

The results summarized in Table VI show that the chlor­
ide corresponding to the parent amine is indeed a product of 
the reaction of thionyl chloride with N-substituted ali­
phatic amides (at least in some cases), but it was thought 
desirable to ascertain whether or not the nitrile corres­
ponding to the parent acid is likewise a product of the 
reaction.

With this objective in mind the low boiling material 
from the reaction of thionyl chloride with N-(1-phenylethyl )- 
acetamide in nitromethane solution was fractionated, a 
fraction was obtained whose infrared spectrum clearly showed
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the presence of a nitrile, presumably acetonitrile, but it 
was not isolated in the pure state because of experimental 
difficulties. Thus, although this indicates that the re­
action of N-substituted aliphatic amides with thionyl chlor­
ide follows the same path as the reaction of ^-substituted 
benzamides with this reagent, the nitrile band in the infra­
red spectrum does not definitely demonstrate that the ni­
trile corresponds to the parent acid and is not altered in 
some way (e.g., a-chlorinated).

In order to establish the identity of the nitrile an 
N-substituted amide leading to a nitrile which could be 
separated more readily from thionyl chloride, nitromethane, 
the chloride produced, and other by-products present was 
required. N-(l-Phenylethyl)-butyramide appeared to fill 
this requirement, and was chosen for study.

Accordingly it was allowed to react with thionyl chlor­
ide in nitromethane solution and a surprisingly good yield 
(75%) of 1-phenylethyl chloride was obtained. The lower 
boiling material from the reaction was fractionated and 
n-butyronitrile, contaminated with nitromethane, was iso­
lated. The nitrile was converted to the corresponding amide 
with basic hydrogen peroxide and was identified as n-butyr- 
amide, definitely showing that the nitrile produced In the 
reaction corresponds to the parent acid and is not chlorin­
ated in the alpha position.

Because a higher yield of chloride was produced from 
the reaction of N-(1-phenylethy1)-butyramide with thionyl
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chloride than had been obtained from the acetamide of the 
same amine, it was thought desirable to try the reaction on 
another series of acylated amines. Propionamides were 
chosen, partly because of the availability of propionic 
anhydride as an acylating agent, and partly because the 
expected nitrile, propion!trile, would not interfere with 
the purification of the halides produced from the amines 
selected.

The amines selected were those whose acetamides gave 
yields of the chlorides with thionyl chloride, not in ex­
cess of 70#, so that any change in yields would be distinct­
ive in either direction.

The propionamide of 1-phenylethylamine was allowed to 
react with thionyl chloride in nitromethane solution under 
the conditions which gave the best yields of halide from 
the acetamide of this amine. The product was distilled 
from the reaction mixture under reduced pressure and redis­
tilled to give a 72# yield of 1-phenylethyl chloride. This 
corresponds to a 10# increase in yield over that obtained 
from the acetamide.

The same type of results was obtained from the proplon- 
amlde of p-methoxybenzylamine. Redistilled p-methoxybenzyl 
chloride was obtained in 6% yield, better than a log in­
crease over the yield obtained from the corresponding acet­
amide.

A similar improvement was observed in the reaction of 
propionamide of l-(p-tolyl )-ethylamlne and thionyl chloride.
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However, an extra band in the infrared spectra of impure 
samples of the product was noticed: it was a surprisingly 
strong, sharp band at 1635 cm.”1. Traces of it could be 
found in almost all of the spectra of different fractions 
of the halide. It was inferred from the intensity of the 
band in the different fractions that it was due to an im­
purity of a lower boiling point than the chloride. Also, 
when a sample of the chloride (whose infrared spectrum 
showed only a trace of this band) was slowly distilled at a 
higher pressure, it was observed that the intensity of the 
band in the infrared spectrum of the distillate was greater 
than it had been before distillation. The compound that gave 
rise to this band was isolated and identified as p-methyl- 
styrene, by boiling point, refractive index, and preparation 
of a dibromide with the correct melting point for p-methyl- 
styrene dibromide.

The isolation and identification of p-methylstyrene 
indicates that a certain percentage of the chloride pro­
duced dehydrohalogenated to the olefin when the reaction 
mixture was heated and during distillation. The isolation 
of this olefin also lends support to the idea that if the 
halides were formed from the reactions of the acetamides of 
a,a-dimethyIbenzylamine and l-(p-methoxyphenyl)-ethylamine 
with thionyl chloride, isolation from the reaction under 
the conditions employed would be improbable.

The results obtained from the reactions of thionyl 
chloride with ^-substituted amides prompted a closer
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examlnation of the reaction path by determining the optical 
course of the reaction.

Leonard and Nommensen10 have studied the optical course 
of the reaction of phosphorus pentabromide with the benz­
amide of (+)s-butylamine. They report that the reaction is 
accompanied by a "...preponderant inversion of configuration 
with some racemization." They used optically pure s-butyl- 
amine, but the purity of the bromide obtained could not be 
calculated because the rotation of the optically pure bromide 
is not known. The bromide obtained by these workers had a 
specific rotation of -13-52°, while the calculated specific 
rotation for s^butyl bromide varies from 15.4° to 28.6°, 
depending on the source of the value89»90’91. Using these 
extreme values, the bromide isolated had a rotation that 
was from 57$ to 87$ of the rotation of optically pure s- 
butyl bromide.

A priori, it seemed that the reaction of an N-substi- 
tuted amide with thionyl chloride might proceed through the 
intermediate shown below and lead to optically pure chloride 
from optically pure amine.

0 H <<2-Ss
R-C-N-R' + SOClg ^21, R-C =N^Lri _ RCR + + C1R'

Optically pure (-)1-phenylethylamine was prepared and 
its acetamide treated with thionyl chloride, using nitro­
methane as the solvent. When the total time of heating 
the reaction mixture and the distillation step was about
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four hours, the observed rotation of the chloride produced 
was + 3.7° at room temperature. When the total time was 
about two hours, the rotation was + 4.31* at room tempera­
ture. The chloride with a rotation of + 3.7e was dissolved 
in 25 ml. of nitromethane and heated at about 100° for 
approximately two hours, including distillation time. The 
rotation of the chloride recovered was + 3.59 °. A sample 
of chloride with a rotation of + 3.970 was dissolved in 25 
ml. of nitromethane, a 200% excess of thionyl chloride added, 
and the solution heated for approximately 1.25 hours, after 
which the rotation of the halide recovered was + 3.870. The 
maximum reported experimental rotation for this chloride is 
109*92 at 25°, and it has been calculated^2 that the optic­

ally pure chloride should have a rotation of between 126° 
^^d 129 • This data indicates that racemization accompanies 
the reaction and that the halide is not appreciably racemized 
after being formed.

An investigation of the literature showed that these 
results should not be surprising if it is assumed that the 
reaction of thionyl chloride with amides is similar to its 
reaction with alcohols. Boozer and Lewls^ have shown that 
the optical course of the latter reaction is entirely de­
pendent on the solvent and conditions of the reaction. They 
have shown that the configuration of the product varies 
from complete retention to complete Inversion, depending 
on the solvent used. Some of their results are reproduced 
in Table VII.
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TABLE VII

Stereochemical Results of the Décomposition of 
Chlorosulfites* in Various Solvents

fH3
R-CH—OSOCl -* A

Solvent

CH, 1 3
R-CH— Cl + Olefin + S0o

R [a]27 of
Chloride

Optical
Purity

Dioxane n-Propyl +41.9 98.52
Ethylene Chloride Ethyl +18.5 55
Ethylene bromide n-Propyl +16.1 32
Cyclohexanone Ethyl -12.2 36
Acetonitrile Ethyl -21.6 64
Dioxane 10 M C^H^HCl Ethyl -22.7 67
Toluene Ethyl -32.0 95

used were derived from dextrorotatory mcunojis • *

It might be expected that nitromethane would be an 
intermediate case and lead to almost complete racemization. 
Unfortunately the reaction could not be studied in a dif­
ferent solvent owing to the low yields of halide obtained.

von Braun believed that the reaction of a phosphorus 
pentahalide with an N-substituted benzamide proceeded 
according to the following equation.

N ? -POXg f H -HX
c6h5-c-n-r + PX5 -—3. c6h5-c-n-r —. c6h5-c=h-r _ c6h5-cn + XR

X
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Thl3 belief is pointed out in the historical section of 
this dissertation and in most of von Braun's many papers 
on the reaction, von Braun and his co-workers substantiate 
this belief by the isolation of compounds, "amide chlor­
ides", to which they assign the structure,

There are also many well substantiated cases of the Isola­
tion of imidyl chlorides from the reaction of phosphorus 
pentachloride with ^-substituted benzamides by von Braun 
and his co-workers, and by other workers. Some of these 
cases are given in the historical section of this disser­
tation.

Leonard and Nommensen10 believe that "... in no case 
has the existence of such intermediates been definitely 
established". These workers believe the reaction proceeds 
by two different paths; a "blmolecular" process when there 
is no hindrance to rearward attack at the ^-carbon, and a 
"unimolecular" process when there is hindrance at this 
position.

The "blmolecular" process, as visualized by Leonard 
and Nommensen, is reproduced below.



-61 -

CHp
I I „CH2 ^CH2^Br

.CH2
?< ^ÇH2

I I --------
Br-CH2 CH2

ch2
CH2 ^ch2
I I Br"5

Br-CH2 s

_ / 7X > JCgHg ' 0

■CH2.
^2 ^2

Br-CHg CH£-Br
N
HI

+ Ç + POBr3 
^6»5

Their "unimolecular" path of the reaction of phosphorus 
pentabromide with the benzamide of a hindered amine is as 
follows :

Hx R R
XN Ær N <--- , N®----, R* + CfiH,CN

ZC ' EBr, -POBr- CF c \

0 U w,
-H+ Br"

v V
Olefin R-Br

A selected group of the results of Leonard and
Hommensen is given in Table VIII.
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TABIE VIII

von Braun Reaction of Amides

N-Benzoyl derivative Halide produced % yield

Piperidine 1,5-Dibromopentane 78
2,6-Dimethylpiperidine 2,6-Dibromoheptane 19
2,2,6,6-Tetramethyl- 

plperidine — — — 0
n-Butylamine n-Butyl bromide 50
s-Butylamine s-Butyl bromide 61
t-Butylamine t-Butyl bromide trace
1-Phenyl-1-ami nopropane a-Bromopropylbenzene 62
1-Phenyl-2-aminopropane P-Bromopropylbenzene 38

N-Mesitoy1 derivative

s-Butylamine n-Butyl chloride 54
s-Butylamine s-Butyl chloride 30
s-Butylamine s-Butyl bromide 25

The latter workers summarize their experimental results 
by saying that there is "...(a) decreasing yield of halide 
with increasing hindrance at the aN~carbon, (b) predominant 
inversion of configuration at the asymmetric a^-carbon of 
N-benzoyl-s-butylamine, and (c) negligible influence of 
hindrance at the carbonyl carbon, as indicated in the 
N-alkylmesitamide series."
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In view of the present results and the conflicting 
beliefs of these two groups of workers it was thought that 
an attempt to isolate intermediates in the reaction of 
thionyl chloride with N-substituted amides would be Justi­
fied.

In the early experiments with the reaction of thionyl 
chloride with N-substituted acetamides, large amounts of 
the amine hydrochlorides were found in the residues from 
the reactions, and it was thought that they arose from 
hydrolysis of the amides by water present in the solution. 
Accordingly, to avoid this hydrolysis, an attempt was made 
to insure anhydrous conditions by adding benzene to the 
solution of the amide in nitromethane, and distilling the 
solution until the temperature reached the boiling point of 
nitromethane.*

It was noticed that when the acetamides were subjected 
to these conditions a white solid precipitated from the 
cooled reaction mixture after the thionyl chloride had been 
added. Thinking that this solid might be an intermediate 
in the reaction, it was isolated. It contained nitrogen 
and chlorine, was water-soluble, and gave the starting 
amide when treated with water in acetone solution. In an 
attempt to prepare an analytical sample it was discovered 
that this solid afforded the starting amide when heated in

It was later found that the addition of benzene was un­
necessary, as nitromethane itself forms an azeotrope with 
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various solvents and also gave the starting amide when a 
reduced pressure was applied to the solid itself. After 
further investigation it was found that the same solid was 
obtained when the acetamide was dissolved in anhydrous ben­
zene and hydrogen chloride gas bubbled into the solution. 
These data suggest that the solid is the unstable hydro­
chloride of the amide.

Two experiments were run making use of the supposed 
amide hydrochlorides. In the first the solid was isolated 
(from N-benzhydryl acetamide), dissolved in nitromethane 
and treated with thionyl chloride as usual. In the second, 
N-(l-phenylethyl)-acetamlde in nitromethane was treated 
with dry hydrogen chloride for one hour, after which, 
thionyl chloride was added and the reaction continued in 
the usual manner. In both cases the yield of alkyl halide 
fell in the same range as that for the nonnal procedure 
(i.e., without hydrogen chloride). Thus it appeared that 
the amide hydrochloride is simply a fortuitous rather than 
a critical intermediate.

More conclusive evidence that the amide hydrochloride 
is not an intermediate was obtained by the following pro­
cedure. The acetamide of benzhydrylamine was dissolved in 
a benzene-nitromethane solution and the solution distilled 
until the boiling point of nitromethane had been reached, 
cooled, and hydrogen chloride passed into the solution for 
ten hours. The reaction mixture was then treated in the 
usual manner but omitting thionyl chloride. After
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distillation of the solvent, better than ninety percent of 
the original amide was recovered, showing that the hydro­
chloride of the acetamide did not decompose to give the 
von Braun reaction products under the conditions employed 
to bring about this reaction.

After reviewing von Braun's work on the preparation 
of imidyl chlorides, outlined in the historical section of 
this dissertation, it appeared that no intermediates of 
this (or similar) type could be isolated from the reaction 
of ^-substituted aliphatic amides. However, it was thought 
that the reaction of thionyl chloride with N-substituted 
benzamides should follow the same course as for the other 
amides, and that there was a higher probability that an 
Intemediate could be isolated from N-substituted benz­
amides. Accordingly it was decided to verify some of the 
work of von Braun and Pinkernelle^.

The reaction of a 200# excess of thionyl chloride with 
benzanilide proceeded very smoothly to give a good yield of 
N-phenylbenzlmldyl chloride. The identity of this imidyl 
chloride was established by its boiling point, melting 
point, and its reaction with aniline to give a compound 
with the reported melting point of the expected N,N'-dl- 
phenylbenzamidine, thus verifying that Imidyl chlorides 
can be prepared with the use of thionyl chloride as the 
chloridating agent.

Next, thionyl chloride was allowed to react with n- 
methylbenzamide to give a compound with the reported boiling
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point of N-methylbenzimldyl chloride. This compound had 
no trace of a nitrile band in its infrared spectrum, but 
when the compound was heated to 150° for eight hours and 
then distilled at atmospheric pressure, the only distillate 
collected was almost pure benzonitrile. The residue from 
this distillation contained the trimer of benzonitrile, 
cyaphenine. This reaction verifies that benzImidyl chlor­
ides are decomposed by heat into benzonitrile, and presum­
ably an alkyl chloride, although the latter compound was 
not isolated.

In order to determine whether or not the imidyl chlor­
ide could be formed under the conditions of the reactions 
which produced the alkyl chlorides reported in this dis­
sertation, and further to establish the identity of this 
postulated imidyl chloride, the experiment was repeated. 
The Mame amide was dissolved in nitromethane and treated 
with thionyl chloride under the conditions which gave the 
best yields of halides from this type of amide, except that 
the solvent was removed at water pump pressure, instead of 
atmospheric pressure, and the residue was not distilled. 
The infrared spectrum of this residue corresponded very 
closely to that of the imidyl chloride isolated from the 
previous reaction. An analysis of this residue showed the 
presence of chlorine and nitrogen, with only a small trace 
of sulfur.

Part of the residue was dissolved in anhydrous ether 
and treated with an anhydrous ether solution of aniline.
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The known N-methyl-N'-phenylbenzemldlne was procured and 
identified by Ite melting point and the melting point of 
its picrate.

me second part of the residue from the original reac­
tion was treated with a 1# sodium hydroxide solution until 
the resulting solution remained basic. The product obtained 
from this reaction was identified as the starting amide, 
N-methylbenzamlde, by an undepressed mixed melting point 
with a sample of the original amide, and the fact that its 
infrared spectrum was superimposable on that of the original 
««Ide. mese reactions of N-m.thylb.nzlmidyl chloride are 
shown in Chart II.

Chart II
Reactions of N-MethyIbenzImidyl Chloride

OH „
„ „ II 1 S0CloC^Hc-C-N-CHq ----- 2 >

t J CH3NO2

10# NaOH

Cl iGgK^-G-N-CHs CgH.-CN + CH,C1 
, I AA v J

_/ J c6h5-nh2

-°6»5
c6H5-e-N-CH3 + c6h5-nh2.hci

In order to show definitely that the chloride corres­
ponding to the parent «nine was fomed on decomposition of 
an imldyl ehlorid. with heat, the reaction of thionyl chlor­
ide and N-b.nzylbenz.mlde was run under conditions used for 
the von Braun reactions, except that the solvent was removed
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at water pump pressure. This time the residue was dis­
tilled at a low pressure and the distillate divided into 
five fractions, all of approximately the same boiling point. 
These fractions were then subjected to the following four 
reactions.

Part A of the distillate was dissolved in acetone and 
treated with a small amount of water. The resulting solu­
tion was refluxed for three hours and then evaporated. The 
solid obtained was identified as the starting amide, N- 
benzylbenzamlde, by an undepressed mixed melting point with 
the starting amide, and the identity of its infrared spec­
trum with that of the starting amide.

Part B of the distillate was treated with aniline in 
anhydrous ether solution. The product obtained from this 
reaction was identified as the known N-benzyl-N’-phenyl- 
benzamidine by its melting point, the melting point of its 
p-toluensulfonyl derivative, and the similarity of its 
infrared spectrum to that of the previously obtained, 
N-methyl-N1-phenylbenzamidine.

Parts C and D of the distillate were combined and dis­
tilled at atmospheric pressure to give two main fractions. 
After redistillations these fractions were identified as 
benzyl chloride and benzonitrile by their respective boil­
ing points and infrared spectra.

The last part of the distillate, (E), was dissolved in 
anhydrous ether and intermittently shaken with a saturated, 
aqueous solution of sodium benzoate for eighteen hours
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The product of this reaction was identified as the known 
N,N-dibenzoyl derivative of benzylamine by its melting 
point, inspection of its infrared spectrum, and the fact 
that it depressed the melting point of the original amide.

These reactions of N-benzylbenzimidyl chloride are 
shown in Chart III.

Chart III
Reactions of N-Benzylbenzimidyl Chloride

0 H11 1 C1
C6H5-C-N-CH2-C(<H

CH^NOg
C6H5-C=N-CH2-C^H2 6 5

Hg0
Acetone

00
o-c-c^

C6H5-C=N-CH2-C6H5 !
NaO-C-C^H^

H20 C,H^-C-N-CH2-C<H^ 
H

j WNH2
<

0
0 Ç-%

* c6h5-c-n-ch2-c6h5 C6H5-NH2*HC1

The above reactions show that imidyl chlorides are 
formed under the same conditions as used for the modified 
von Braun reactions in this dissertation, and that these 
imidyl chlorides are decomposed by heat to give the von 
Braun reaction products. This conclusively shows that at 
least one path for this reaction involves an Imidyl chloride.



CONCLUSIONS CONCERNING THE NATURE OF 
THE VON BRAUN REACTION

Although no kinetic data are available, or immediately 
likely to become available, there is a considerable body of 
information as to yields of alkyl halides from the von Braun 
reaction. And while it is seldom safe to infer a mechanism 
without kinetic information, it is often informative to con­
sider a reaction in mechanistic terms and assume that the 
yield reflects a kinetic competition between the desired 
reaction and various undesirable side-reactions.

The first question which arises concerns the nature 
of the initial reaction between the Inorganic acid halide 
and the amide. In the case of N,N-dlsubstltuted benzamides 
there can be little question that it may be represented by:

C6H5-C^-R + PX5 

R
c6h5-c=n-r +

R

The ease’ (i.e. good yield) with which mono-N-substituted 
amides plus alkyl halides are produced from such a compound 
under ideal conditions (cf. Table III, p.13, last cpd.) 
where a primary alkyl-nitrogen bond is cleaved suggests a 
typical Sn 2 type reaction (cf. p. 61 and ref. 10):

O-PX
C^H^-C—N— CHg —

Ar-(CH2y3

O-PX4
C6H5~C=N-Ar-(CHg ^-CHg-X.

-70-
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The isolation of a benzimidyl chloride and benzyl chloride 
in 90# yield from the reaction of N-benzyl-N-phenylbenz- 
amide with phosphorus pentachloride* suggests that the next 

stage may be represented by:

x 
c6h5-c=n-c6h5 -+ c6h5-c=^-c6h5 + pox3 .

It is not necessary to countenance von Braun’s suggestion 
that the initial reaction is

? ?
C6H5-C-NR2 + PX5 C6H5-C-NR2 f POX ,

X
but there is no evidence available to rule this out entirely.

Where the newly formed intermediate benzimidyl halide 
is N-alkylated, both von Braun’s^ work and the present in­
vestigation have demonstrated subsequent decomposition into 
an alkyl halide and nitrile; and especially in view of the 
present work it seems reasonable to propose that for a 
simple N-alkylbenzamide the initial stages of the reaction 
with either phosphorus pentahalide (Z = PX^) or thionyl 
chloride (Z = 50) proceeds thus :

0 H O-ZX X
C6H5-C-N-R + ZX2 — c6h5-c=n-r + HX -* C6H5-C=N-R + zo

However, it is possible to consider the essential features 
of the von Braun reaction in terms of the intermediate benz­
imidyl ester shown above. It is only reasonable to suppose
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that upon the "ionization" (separation into an ion-pair) 
shown below, the resultant OZX" will rapidly decompose to 
X and OZ. Reaction conditions (e.g. solvent, temperature) 
will then govern to what extent X combines covalently with 
the paired cation to give an lsolable benzimidyl halide.

The suggestion of Leonard and Nommensen^ that co­
valently bonded -OPX4 first loses X* which then achieves 
Sn2 type displacement on the a^-carbon, concerted with 
cleavage of the carbon-oxygen bond (page 61) is certainly 
appealing but seems less likely than formation of an ion­
pair, for the former reaction path requires a properly 
oriented collision between two species, which is less like­
ly, if only on probability grounds, than "ionization", which 
involves simply further polarization of an already highly 
polarized bond:

c6h5-c-n-r - [c6h5-c=n-r 3^ c6h5-c=n-r]

Accordingly let it be assumed that the critical phase of 
the von Braun reaction involves the ion-pair,

R-C^N-R' , 

either produced directly from the initial imldyl ester as 
shown above, or by "ionization" of the Imldyl halide. The 
"stability" (i.e. longevity) of the hybrid cation is then 
one of two important considerations. The other is the
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lablllty" (scissionability) of the a^-carbon bond. And it 
is the relationship between these factors which necessarily 
determines the course of the reaction. If the cation is 
long-lived, there will be time for further dissociation be­
tween the ions and the consequent possibility that the 
halide can effect an Sn2 displacement on the -carbon, 
always providing that this position is accessible to nucleo­
philic attack on steric grounds and also that the aN-carbon 
bond is not prone to rapid rupture. Where observable, this 
should lead to configurational. inversion at the aN-carbon, 
and it should be obvious from the character of the two 
halide ions that bromide will both "ionize" more readily 
and be a more effective nucleophile than chloride.

This situation is realized in the stereochemical 
studies of the von Braun reaction. (For these and subse­
quent illustrations, see Table IX). In (+)-N-s.-butylbenz- 
amide the a^-carbon is secondary, purely alkyl and com­
paratively accessible to nucleophilic attack (in this in­
stance 0 by bromide ), and the cation is resonance-stabilized :

e CH, ÇHn

/ C^H^-CzM + HC-^Br
H ' ■' 62h5

The partial racemization encountered is a consequence of a 
certain degree of competition from spontaneous "fragmenta­
tion"^.
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.CH, CH 3
A. ---- * O6H5-C=N + A ® Bi®
H ^5 HZ\h5

As in the Snl reaction the optical properties of the result, 
ant alkyl halide are a function of the longevity of the 
carbonium ion, i.e. how "far away" it can get from the de­
parting nitrogen before it captures a bromide. It is also 
obvious that if the carbonium ion can achieve stabilization 
by deprotonation, an olefin (and/or polymer) will also be 
produced.

It is clear that if the resultant carbonium ion possess, 
es a high degree of "stability", the spontaneous fragmenta­
tion will be a more significant competitor to displacement, 
and the resultant alkyl halide should be more extensively 
racemic. This is the case for (-)-N-l-phenylethylbenz- 
amide» from which the alkyl halide has a lower degree of 
optical purity than in the s.-butyl bromide obtained by 
Leonard and Nommensen10. And if one shortens the life of 
the original cationic portion of the ion-pair, the prob­
ability of fragmentation before displacement should be in­
creased. This, too, is observed : (-)-N-l-phenylethyl- 
acetamide affords the corresponding chloride in only 3-4% 
"Optical purity", for the methyl group of the acyl portion 
of the amide is considerably less effective in "stabilizing"

^s^its^^ C" w- B. Reusch, unpublished
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the cation (inductive effect only) than the phenyl group 
(resonance). Thus the stereochemistry of the von Braun 
reaction is in accord with the ion-pair hypothesis.

The probability of fragmentation where the aN-carbon 
is primary and purely alkyl is vanishingly low. Consequent­
ly one should expect satisfactory yields of alkyl halide 
only when the cation is stabilized and the halide is a good 
nucleophile. Furthennore the yields should reflect the 
extent of "stabilization", the nucleophilicity of the halide 
and the accessibility (i.e. lack of steric hindrance) of the 
o^-carbon to nucleophilic attack.

The order of stabilization" of the cationic member of 
the ion-pair depends on the acyl substituent of the amide 
and falls in the order C^- C^H?- C^- CHy H- (resonance 
for phenyl and inductive effect for the others). Compara­
tive yields for corresponding amides do indeed fall in this 
order; and the need for accessibility to nucleophilic attack 
is clearly revealed in a series of N-primary alkylbenzamides 
with increasing ^-substitution.

If the intermediate cation is comparatively stable, 
i.e. electronically, and not prone to undergo competitive 
forms of decomposition (see pages 27-30), a benzyl-type 
carbonium ion should fragment from it (or be displaced) 
fairly readily. Thus for a series of N-benzyl type benz­
amides, one should expect fairly constant yields; this is 
realized. However, where the cation is less effectively 
stabilized (alkanoamides) the product yield should be
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sensitive both to degree of stabilization (as shown above ) 
and the scissionability of the o^-carbon bond. Increasing 
bulk adjacent to this bond will have the effect of decreas­
ing its accessibility to nucleophilic attack but at the 
same time it should assist carbonium ion formation ("B- 
strain"). Thus in the N-benzyl alkanoamides introduction 
of an ^-substituent or an increase in size of such a sub­
stituent should result in improved yields, since the carb­
onium ion will thus be induced to fragment from the original 
cation before the latter can undergo undesirable competitive 
reactions. The series benzyl-, p-methoxybenzyl-, a-methy1- 
benzyl-, a-cyclopentylbenzyl- and benzhydrylacetamides 
afford the corresponding chlorides in yields increasing in 
this order, and the last two are indistinguishable, showing 
that the two groups of comparable bulk but differing elec­
tronic character are equally effective.

The foregoing observations are in accord with the hypo­
thesis that the probability of fragmentation of a short­
lived or unstable" ion-pair is greater than the probability 
of displacement of the alkyl group from the cation by halide, 
for in the latter reaction one would expect increasing bulk 
to disfavor product formation, and, as noted, the reverse 
is true.

In conclusion it is clear that in every respect the 
experimental evidence adduced in the present investigation 
and by others is in accord with the ion-pair hypothesis for 
the critical phase of the von Braun reaction. Thus the
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mechanistic scheme for the reaction shown in Chart IV may 
be proposed. It differs somewhat from the earlier suggest­
ion of Leonard and Nommensen10 in that it incorporates an 
imidyl halide as a true intermediate, and the two modes of 
decomposition can be likened to Snl’ and Sn2• reactions for 
the fragmentation and displacement processes respectively.

Chart IV
Proposed Mechanism of the von Braun Reaction

0
itR-C-NHR* + ZX R-C=N-R' -20^ r-c=N-R'

R-C=N + R’X

olefin and/or 
polymer

' SUMMARY

The yields of alkyl halide produced in the von Braun 
reaction will parallel the accessibility to nucleophilic 
attack at the aN-carbon for benzamides in which this carbon 
is primary and purely alkyl; they will parallel the relative 
stability of the corresponding carbonium ion for amides of 
benzylamines; and they will parallel the stabilizing char­
acter of the radical in the acyl portion of the amide.
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Thionyl chloride may be considered the reagent of 
choice for the von Braun reaction (over phosphorus penta­
halide) only if the alkyl group of the amine affords a com­
paratively stable carbonium ion. Otherwise thionyl chlor­
ide should be used only with alkanoamides of amines whose 
corresponding alkyl halides may be difficultly separable 
from the usual by-products of the benzamide-phosphorus 
pentahalide system, benzonitrile and phosphorus oxyhalide.

These statements and recommendations are based on the 
experimental results of the present and previous investiga­
tions of the von Braun reaction, notably by von Braun and 
by Leonard and Nommensen, and they are in accord with a 
mechanistic scheme for the reaction in which an ion-pair 
intermediate is the critical feature.



EXPERIMENTAL*'b

N-Alkylformamides.--  The procedure described for N-butyl-
formamide is typical for this series of compounds.

N-Butylformamide.— The amine (146 g., 2.00 mol. ) was 
cooled to 0® in a 500 ml. three neck flask, and 98% formic 
acid (101 g.) added dropwise with stirring and cooling. 
After the addition was complete the solution was allowed 
to come to room temperature with stirring. The water and 
excess formic acid were removed by distillation at water 
pump pressure. The yields of five separate runs were be­
tween 85 and 90% of material, b.p. 101-2°/l-2 mm. Blicke 
and Chi-Sung Lu^ report 122-3°/16 mm.

N-(l-Phenylethyl)-formamide.  The amide, after dis­
tillation at 155-6O®/2-3 mm., solidified to a white solid, 
m.p. 41-4°• The yields were between 85 and 90%.

Anal. Calcd. for C^H^NO: 0,72.45; H,7.43; N,9»39 
Found: 0,72.58; H,7-52; N,9.46.

N-Benzylformamide.— The amide was obtained as a 
white solid, m.p. 60.5-61.5°, after recrystallization from 
a chloroform-petroleum ether (b.p. 30-40°) mixture. Blicke 
and Chi-Sung Lu^ report 60-61°.

N-(2-Phenylethyl)-formamide.--  This amide was prepared 
according to the method described by Blicke and Chi-Sung Lu^.

a. All melting points were determined in open capillaries 
and are uncorrected.
b. Microanalyses are by the Spang Microanalytical Laboratory, 
Ann Arbor, Michigan.

-83-
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The amine (163 g.» 1.35 mol.) was cooled to 0® In a 500 ml. 
three neck flask equipped with a sealed stirrer, reflux 
condenser and dropping funnel. The exits were protected 
with calcium chloride drying tubes. Chloral (200 g., 1.35 
mol.), obtained by distilling 291 g. of chloral hydrate from 
an equal weight of cone, sulfuric acid, was added dropwise 
with rapid stirring and cooling. After the addition was 
complete the reaction mixture was stirred at room temperature 
for 2 hr. and then refluxed for 1 hr. The chloroform was 
removed at water pump pressure and the amide distilled at a 
lower pressure to give 111 g. (55*) of material, b.p. 162-3? 
1.5 mm.: Blicke and Chi-Sung Lu^ report 192-194*/20 mm.

N-Alkylacetamides.--  The procedure for N-l-Phenylethylace-
tamide is typical for this series of compounds.

N-Cl-P^nylethyl)-acetamide. - - - The amine ( 60 g., 0.50 
mol.), 25* sodium hydroxide (110 g.) and 150 g. of ice were 
rapidly stirred in a one-liter Erlenmeyer flask immersed in 
a methanol-ice bath while 51 ml. (0.55 mol.) of acetic 
anhydride were added all at once. The resulting mixture was 
stirred for 1 hr. and then filtered by suction. The white 
solid was washed with water and sucked dry on the filter. 
The solid was then dissolved in absolute ethanol and boiled 
with Norit for 15 min. The Norit was filtered off and water 
added to the warm (45°) ethanol solution until it started 
to become cloudy. The solution was allowed to cool slowly 
to room temperature and them cooled to 0* and filtered.
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The solid thus obtained was recrystallized from a benzene- 
petroleum ether (b.p. 30-60°) mixture. The yields by this 
procedure ranged between 49 and 65 g. (60-80#) of material, 
m.p. 75-76°.

Anal. Calcd. for C^H^^NO: 0,73.59; H,8.O3; N,8.58 
Found: 0,73.65; H,7.84; N,8.5O.

(-)N-(1-Phenylethyl)-acetamide.--- The distilled 1-
phenylethylamine was resolved according to the method of 
Campbell, Holeston and Kenyon^ to give the tartrate salt of 
the (-)isomer. The salt was decomposed with a large excess 
of 25# sodium hydroxide and the basic solution steam dis­
tilled. The amine was extracted from the distillate with 
benzene, the benzene solution dried over calcium sulfate 
and the benzene distilled off at atmospheric pressure. The 
residue was distilled at reduced pressure to give a 14-15# 
yield of the (-)amine, b.p. 80-83°/24 mm. 0^3° -36.88 (X, IjO). 
Campbell, Holeston and Kenyon^ report b.p. as 73®/14 mm. 
and -18.28 U> 0.5).

The active amine was acetylated by the same procedure 
used for the d,1 compound. This amide was recrystallized 
from an ethanol-water mixture and from a benzene-petroleum 
ether (30-60°) mixture to give the (-) amide of m.p. 101.0­
102.5°.

N-(2-Phenylethyl)-acetamide.  The acetylated amine 
was recrystallized from a benzene-petroleum ether (b.p. 30­
60°) mixture and from a chloroform-petroleum ether mixture to 
give 50-60# yields of amide, m.p. 53-55°. This amide has a
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strong tendency to oil out of the solvents used. Carothers 
97and Jones^' report the m.p. 51-52°.

N-Benzylacetamide.—- The acetylated amine was recry­
stallized from aqueous ethanol and from a benzene-petroleum 
other (b.p. 30-60°) mixture to give 60-80# yields of amide, 
m.p. 61-63°: Nicholas and Erickson^ report 61°.

N-Benzhydrylacetamide.— The acetylated amine was 
recrystallized from aqueous ethanol and from ethyl acetate 
to give 50-60# yields of amide, m.p. 147-8°. Exner" 
reports 14 70.

N-l-(p-Hethoxyphenyl)-ethylacetamide.--- The acetylated 
amine was recrystallized from aqueous ethanol and from a 
benzene-petroleum ether (30-60°) mixture to give a 64# yield 
of material, m.p. 74.0-75.5°.

Anal. Calcd. for O^N^NO^: 0,68.37; 8,7.02; N,7.25 
Found: 0,68.37; H,7.69; N,7.51.

N^l-(p-Tolyl)-ethylacetamide.--  The acetylated amine
was recrystallized from an absolute ethanol-ether mixture 
and from a benzene-petroleum ether (30-60°) mixture to give 
50-60# yields of amide, m.p. 74-750.

Anal. Calcd. for C H^NO: C,74.54; H,8.53; N,7.91 
Found: 0,74.76; 8,8.45; N,8.04.

N-(q-Cyclopentylbenzyl)-acetamide.--  The acetylated
amine was recrystallized from aqueous ethanol and from a 
benzene-petroleum ether (30-60°) mixture to give a 76# yield 
of amide, m.p. 109-112°: Smith, Baer and Ege®^ report 
109-111°.
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N-(g,g-Dimethybenzyl)-acetamide.-- - The acetylated amine
was recrystallized from an absolute ethanol-ether mixture and 
from ether alone to give a 75# yield of amide, m.p. 103-104°.

Anal. Calcd. for C^H^NO: 0,74.54; H,8.53; N,7.91 
Pound: 0,74.73; H,8.59; N,7.92.

N-t-Butylacetamide.--- The acetylated amine was recry­
stallized three times from a benzene-petroleum ether (30-60°) 
mixture to give a 41# yield of amide, m.p. 97.0-98.5°: 
Scholl, Weil and Holdermann"^^ report 98®.

N-Cyclohexylacetamide.--  The acetylated amine was
recrystallized from an ethanol-water mixture and from a 
benzene-petroleum ether (30-60°) mixture to give a 66# yield 
of amide, m.p. 104-106°: Baeyer101 reports: 104°.

N-P-Methoxybenzylacetamlde.— (Procedure A)- The amide 
was prepared by the same acetylation procedure as N-l-Phenyl- 
ethylacetamide. The product was recrystallized from aqueous 
ethanol to give a 6O# yield of amide, m.p. 94-96°. Exner" 
reports 96°.

(Procedure B)---A solution of 4-methoxybenzonitrile 
(26.7 8•> 0.200 mol.) in 30 ml. of acetic anhydride was 
added to 0.24 g. of Adams* catalyst in 4o ml. of acetic 
anhydride. The mixture was subjected to a continuous pres­
sure of 50 lbs. of hydrogen and shaken until no more hydrogen 
was taken up (48 hr.). The catalyst was filtered off and 
the filtrate neutralized with 25# sodium hydroxide. The 
white solid which separated was filtered off and recrystal­
lized from aqueous ethanol. The material thus obtained was
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recrystalllzed twice from a benzene-petroleum ether (3O-6O*) 
mixture with a Norit treatment giving 25 g. (70%) of amide, 
m.p. 95.5-97.0®.

N-l-(p-Nitrophenyl)-ethylacetamide.  Nitric acid 
(242 ml., sp.gr. 1.5) was placed in a one liter flask and 
cooled to -10® with an ice-salt bath and N-l-phenylethylt 

added, with rapid stirring, at such a rate that the 
temperature of the reaction mixture never rose above 5®. &f - 
ter allthe amide had been added the solution was stirred for 
an additional 25 min. and then diluted with a mixture of ice 
and water (300 g.) until the solution appeared milky. The 
solution was then transferred to a three-liter Erlenmeyer 
flask and neutralized with ammonium hydroxide (sp.gr. 0.9). 
The product which precipitated from the solution was filtered 
off and recrystallized twice from aqueous ethanol to give 
43g. (50%) of material, m.p. 122-124®.

Anal. Calcd. for 0,57.68; H,5.81; N,13.46
Found: 0,57.69; H,5.83; N,13.56.

A portion of the amide (0.7 g.) was heated on a steam 
bath with 2.5 g. of potassium dichromate, 5 ml. cone, sul­
furic acid and 15 ml. of water for 1.5 hr. The crystals 
that separated from the hot solution were filtered off and 
recrystallized from water to give 4-nitrobenzolc acid, m.p. 
239.5-242.5°: Johnson and Guest^02 report 237-238®. 
Alkylbenzamides.-The procedure for N-p-methoxybenzyl- 

benzamide is typical for this series of compounds.
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N-P-Methoxybenzylbenzamide.----The amine (36.0 g., 
0263 mol.), 25# sodium hydroxide (60 g.), and 53 g. of ice 
were rapidly stirred in a 50 ml. Erlenmeyer flask immersed 
In an ice-salt bath while 34 ml. (0.29 mol.) of benzoyl 
chloride were added all at once. The resulting mixture was 
stirred for an hour and filtered by suction. The white 
solid was washed with water, recrystallized from aqueous 
ethanol and from a benzene-petroleum ether (30-60e) mixture. 
This procedure gave 54 g. (85%) of the amide, m.p. 97.5-99.0°.

Anal. Calcd. for C^^^NOg: C,74.70; H,6.27; N,5.81 
Found: 0,74.77; H,6.39; N,5.66.

N-(1-Phenylethyl)-benzamlde.--  The benzoylated amine
was recrystallized twice from aqueous ethanol and dried at 
80° for 24 hr. giving 60-80% yields of the amide, m.p. 122.5­
124.0°.

Anal. Calcd. for C^H^NO: C,79.97; H,6.71; N,6.22 
Found: 0,79.93; H,6.63; N,6.04.

N-Benzhydrylbenzamide.— The benzoylated amine was 
recrystallized from 95# ethanol and from absolute ethanol to 
give a 68% yield of the amide, m.p. 171-172°: Smith and 

104 Bergstrom report l?0.5-171°.
N-l-(p-Methoxyphenyl)-ethylbenzamide.--  The benzoylated

amine was recrystallized from aqueous ethanol and from a 
benzene-petroleum ether (30-60°) mixture to give a 70% yield 
of amide, m.p. 121-122°: Ingersoll, Brown, Kim, Beauchamp 
and Jennings^ report 117-118°.
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N-Benzylbenzamide- The benzoylated amine was recry­
stallized from aqueous ethanol and from a benzene—petroleum 
ether (30-60®) mixture giving 75-85$ yields of amide, m.p. 
104.8-105.8° : Beckmann^^ reports 105°.

N- (a-Cyclopentylbenzyl )-benzamide. — The benzoylated 
amine was recrystallized twice from 95$ ethanol to give a 
66$ yield of the amide, m.p. 162.5-164.0°: Smith, Baer and 

Ro Ege report 166-167°.
N-l-(p-Tolyl)-ethylbenzamide.--- The benzoylated amine

was recrystallized from aqueous ethanol, with a Norit treat­
ment, and from a benzene-petroleum ether (30-60°) mixture 
to give a 70$ yield of the amide, m.p. 118-119°.

Anal. Calcd. for C^H^NO: 0,80.30; H,7.16; N,5.85
Found: C,80.03; H,7.02; N,5.75;

(Trace of ash.)
Benzanilide.--  The benzoylated amine was recrystallized 

from absolute ethanol and dried at 80° for 24 hr. to give a 
74$ yield of the amide m.p. 160-162°: Stephen and Staskun107 
report 161-162®.

N-Methylbenzamide.-— The same procedure was used for 
the preparation of this benzamide as for M—p—Methoxybenzyl— 
benzamide except that a 40$ solution of methylamine in water 
was used instead of the pure amine. The benzoylated amine 
was recrystallized from 95$ ethanol to give an 86$ yield of 
the amide, m.p. 78-80®. Wheeler108 reports 82*.

N-n-Butylbenzamide.— The benzoylated amine was recry­
stallized from ethanol to give a 70$ yield of amide, m.p.
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39-41®. Leonard and Nommensen^ report 41-42®.

N- (1-Phenylethyl )-n-butyramidea mixture of 1-phen- 
ylethylamlne (64 ml., 0.50 mol.), 25% sodium hydroxide (100 
g.) and 100 g. of ice were cooled to below 0° in an ice-salt 
bath and butyryl chloride (54 g., 0.55 mol.) added all at 
once with rapid stirring. More ice had to be added to keep 
the reaction mixture below 0®. The mixture was stirred for 
an additional 0.5 hr. The product separated as an oil which 
was extracted with benzene. The benzene extracts were washed 
with 10% hydrochloric acid, water, 10% sodium hydroxide and 
finally with water. The benzene was evaporated and the oil, 
thus obtained, solidified. This material defied all attempts 
to find a recrystallization procedure. For this reason the 
amide was distilled at reduced pressure, b.p. 10?-108/'0.1 mm. 
This water-white, viscous oil solidified on standing, but 
was too wax-like to obtain a definite melting point.

Anal. Calcd. for O^^NO: 0,75-33; H,8.96; N,7.32 
Found: 0,75-33; H,8.87; N,7-27- 

N-Alkylpropionamides.-- The procedure for N-l-phenylethyl­
propionamide is typical for this series of compounds.

N-(1-Phenylethyl)-propionamide.--  The amine (60 g.,
0.50 mol.), 25% sodium hydroxide (110 g.), and 150 g. of 
crushed ice were rapidly stirred in a 1-liter Erlenmeyer 
flask Immersed In a methanol-ice bath, while 71.5 g. (0.55 
mol.) of propionic anhydride were added all at once. The 
resulting mixture was rapidly stirred for 1 hr., the solid 
filtered off, washed with water, and sucked dry. The solid
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was recrystallized from an ethanol-water mixture and from a 
benzene-petroleum ether (30-60°) mixture to give 73 g. (77$) 
of the amide, m.p. 59.5-61.0°.

Anal. Cal cd. for C-^H^NO: 0,74.51; H,8.53; N,7.9O 
Found: 0,74.55; H,8.53; N,8.02.

N-l- (p-Tolyl )-ethylpropionamide.----The propionylated 
amine was recrystallized from an ethanol-water mixture and 
from a benzene-petroleum ether (30-60°) mixture to give a 
67$ yield of the amide, m.p. 83-84°.

Anal. Calcd. for C12H17NO: 0,75-35; H,8.96; N,7-32 
Found: 0,75.28; H,8.86; N,7.22.

N- (p-Methoxybenzyl )-propionamide. The propionylated 
amine was recrystallized twice from an ethanol-water mixture 
to give a 70$ yield of amide, m.p. 88.0-89.5%

Anal. Calcd. for Cj^H^NOg: 0,68.37; 8,7.02; 8,7.25 
Found: 0,68.21; 8,7.72; N,7.09.

Preparation of Amines.
Anisaldoxlme.----Anisaldehyde (136 g., 1.00 mol. ) and 

hydroxylamine hydrochloride (87.0 g., 1.25 mol.) were added 
to 150 ml. of water in a one-liter three-neck flask and 
cooled to 4®. A solution of 66.3 g. of sodium carbonate in 
125 ml. of water was added from a dropping funnel at a 
rapid rate with fast stirring. The temperature of the reac­
tion mixture at the end of the addition was 26*. The mixture 
was stirred for an additional hour, during which time the 
temperature rose to 35°. The white solid which had separated 
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was filtered off, washed thoroughly, and air dried. The 
product was then recrystallized from a benzene-petroleum 
ether (30-40°) mixture. Air drying gave 135.5 g. (90^) of 
the oxime, m.p. 59-62°. Heilbron^^ reports three forms of 

the oxime, one of which melts at 65°.
P-Methoxybenzylamlne.-— (Procedure A) By Reduction of 

Anisaldoxime.--  Lithium aluminum hydride (28.5 g,, 0.750
mol.) was dissolved in a mixture of 300 ml. of anhydrous 
ether and 200 ml. of anhydrous benzene in a two-liter three- 
neck flask. Anisaldoxime (75.5 g., 0.500 mol.), dissolved 
in an anhydrous mixture of 300 ml. of ether and 100 ml. of 
benzene, was added to the rapidly stirred solution as fast 
as possible without causing too vigorous reflux. The addi­
tion took about 2 hr. The mixture was then maintained at 
reflux by warming, and the mixture was stirred over night. 
The flask was then immersed in an ice bath and 57 ml. of 
water added dropwise, followed by 45.6 ml. of 10# sodium 
hydroxide. The mixture was again stirred over night at room 
temperature and then filtered. The solvent was removed by 
distillation at atmospheric pressure and the residue distilled 
at water pump pressure to 46 g. (67#) of the amine, b.p. 
120-130®/18-30 mm.; Hellbron110 reports 122-4°/l4 mm. The 

reduction procedure was repeated with a 48 hr. reflux period 
and the yield was Increased to 80%.

(Procedure B) By Reduction of Anisonitrile.--  A solu­
tion of anlsonltrlle (66.5 g., 0.50 mol.) in 500 ml. of 
anhydrous ether was added dropwise to a stirred mixture of
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llthlum aluminum hydride (19.14 g., 0.505 mol.) and 500 ml. 
of anhydrous ether, at such a rate as to maintain a steady 
reflux. The addition took about 45 min. After the addition 
was complete the mixture was stirred at room temperature for 
2 hr. At the end of this time the mixture was cooled and 19 
ml. of water added dropwise, followed by 15.3 ml. of 10% 
sodium hydroxide. This mixture was stirred over night and 
then filtered. The filtrate was distilled at water pump pres­
sure to give 36.O g., (52.5%)* of the amine, b.p. 126-128®/ 
16-20 mm.

p-Methoxyacetophenone Ketoxime.--- A mixture of p-meth- 
oxyacetophenone (82.5 g., 0.550 mol.), hydroxylamine hydro­
chloride (60 g., 0.86 mol. ), 200 ml. of 95% ethanol, and 40 
ml. of water was stirred rapidly in a two-liter three-neck 
flask while pellet sodium hydroxide (110 g., 275 mol. ) was 
added in small portions. The mixture became warm, but the 
pellets were added slowly enough to prevent the mixture from 
reaching reflux temperature. After the addition of sodium 
hydroxide was complete the mixture was refluxed for 15 min. 
and then allowed to cool and was poured onto a stirring mixture 
of 1000 g. of ice and 300 ml. of cone, hydrochloric acid in a 
three-liter Erlenmeyer flask immersed in an ice-salt bath. 
The white solid was filtered off by suction and recrystal- 
Hzed from aqueous methanol and from a benzene-petroleum 
ether (3O-6O0) mixture to give 65.0 g. (71.5%) of the oxime, 
m.p. 85-87®: Lyle and Troscianlec111 report 85-87®.

I* Is £e}t that a higher yield of amine would have been 
obtained if a longer reaction time had been allowed.
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1-(p-Methoxyphenyl)-ethylamine. (procedure A)— By Reduc­
tion of B-Methoxyacetophenone Ketoxime-- A mixture of 
4-methoxyacetophenone ketoxime (64.0 g., 0.388 mol.), Raney 
nickel (W-2, 6g.) and 200 ml, of absolute ethanol was 
placed in a copper lined hydrogenation bomb and subjected to 
an initial hydrogen pressure of 1100 p.s.i. The bomb was 
then heated to 100°, with shaking, and this temperature 
maintained for 1.5 hr. The catalyst was filtered off by 
suction, the ethanol removed at atmospheric pressure, and 
the residue distilled at reduced pressure to give 43.8 g. 
(75.0%) of the amine, b.p. 120-128^/15-25 mm.: Lyle and 
Troscianiec111 report 100-101°/9 mm.

(Procedure B) - By Reaction p-Methoxyacetophenone with 
Urea and Formic Acid.--- A mixture of 4-methoxyacetophenone 
(90 g., 0.60 mol. ), urea (72 g., 1.2 mol.), and 98# formic 
acid (110 g., 2.35 mol.) was heated under slow distillation 
conditions to 110-120°, and kept at this temperature for 
2 hr. The temperature of the mixture was then raised, and 
kept between 175-185° for 3.5 hr. The mixture was cooled 
and transferred to a two-liter flask and a solution of 210 ml. 
of cone. hydrochloric acid in 210 ml. of water added. This 
mixture was refluxed for 2 hr. and cooled. A dark red oil 
remained which was extracted from the acid solution with 
benzene. The acid solution was made strongly basic with 
sodium hydroxide and extracted with benzene. The benzene 
solution was dried with sodium hydroxide and distilled. The 
fraction boiling at 126°/20 mm. was collected to give 49 g.
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(54$) of the amine.
Benzophenone KetoximeThis oxime was prepared from 

the ketone by the same procedure as used for the preparation 
of 4-methoxyacetophenone. The product was recrystallized 
from aqueous methanol and washed with petroleum ether (30­
60e) to give an 80$ yield of material, m.p. 140-142°: 
Lachman^12 reports 141-142°.

Benzhydrylamine(Procedure A)—By Reduction of Benzo­
phenone Ketoxime.  A solution of the dried oxime (78.0 g., 
0.395 mol.) in 200 ml. of tetrahydrofuran (freshly distilled 
from lithium aluminum hydride) was added dropwise to a 
rapidly stirred slurry of lithium aluminum hydride (22.5 g., 
0.593 mol.) in 300 ml. of tetrahydrofuran (distilled as 
above). After the addition was complete the mixture was 
refluxed with stirring for 24 hr. The mixture was cooled 
and the excess hydride decomposed with 45 ml. of water, 
followed by 36 ml. of 10$ sodium hydroxide. The mixture was 
then stirred over night and filtered. The solvent was 
removed under water pump pressure and the residue distilled 
to give 50.3 g. (70.0$) of the amine, b.p. 180-86°/20-24 mm.: 
Exner's reports 172-174°/20 mm.

(Procedure B)— By Reaction of Benzophenone with Urea 
and Formic Acid.--  A mixture of benzophenone (109 g., 0.600 
mol.), urea (72 g., 1.2 mol.) and 98$ formic acid (110 g., 
2.35 mol.) was heated at 110-135° for 2 hr. under slow dis­
tillation conditions. Some of the ketone steam-distilled, 
but it was not replaced. The mixture was then heated to 180° 
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over a 1.5 hr. period and kept between 180-185* for 3 hr. 
After the second layer disappeared, the temperature started 
to rise. The mixture was then cooled and transferred to a 
two-liter flask, and 210 ml. of cone. hydrochloric acid, 
diluted with 210 ml. of water, were added and the resulting 
mixture refluxed for 1.5 hr. The mixture was then cooled 
and the white solid which separated was filtered by suction 
and washed with three portions of cold distilled water. 
After being sucked dry the solid was washed with two portions 
of ether and one portion of petroleum ether (30-40°) and was 
air dried to give 103-5 g. (79.0$) of the amine hydrochloride 
m.p. 291-293°• Blitz, Seydel and Hamburger-Qlaser^^ report 
293e-

p-Methylacetophenone Ketoxime.--  A solution of hydrox­
ylamine hydrochloride (76 g., 1.1 mol.) in 92 ml. of water 
was added to a solution of 4-methylacetophenone (120 g., 
O.895 mol.) in 400 ml. of 95$ ethanol in a three-liter three- 
neck flask, and rapidly stirred while a solution of 172 g. 
of sodium hydroxide in 210 ml. of water was added at such a 
rate that the solution became hot, but did not reflux. 
After the addition was complete the resulting mixture was 
stirred for 36 hr., refluxed for 3.5 hr., and allowed to 
stand over night. The mixture was then poured onto 1000 g. 
of ice, and again allowed to stand over night. The solid 
which had separated was then filtered off by suction, recry­
stallized from aqueous ethanol and from a benzene-petroleum 
ether (30-60°) mixture to give 107 g. (82.0$) of the oxime,
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m.p. 84-86®. Campbell and McKenna11^ report 85-87®.
l-(p-Tolyl)-ethylamine. - (Procedure A) — By Reduction 

of --Methylacetophenone.--  The oxime of 4-methylacetophenone
was reduced with hydrogen over Raney nickel by the same 
procedure used for the reduction of 4-me thoxyace tophenone 
ketoxime. The amine (65% yield) boiled at 130®/20 mm.: 
Lyle and Troscianiec111 report 82-83®/4 ran.

(Procedure B) — By Reaction of Methyl p-Tolyl Ketone 
with Urea and Formic Acid.  A mixture of methyl p-tolyl 
ketone (161 g., 1.20 mol.), urea (144 g., 2.40 mol.), and 
98$ formic acid (220 ml., 4.70 mol.) was heated under slow 
distillation conditions to 110-130®, and this temperature 
maintained for 2 hr. The heat was then increased and the 
temperature slowly rose to 155° over a 1 hr. period. The 
heat was removed, and the mixture allowed to stand over night. 
The mixture was then heated to 175-185e, and this temperature 
maintained for 3 hr. The mixture was cooled, a solution of 
200 ml. cone. hydrochloric acid added, and this new mixture 
refluxed for 1 hr. The mixture was cooled somewhat and 
extracted with benzene. A solid separated on further cooling. 
This solid was recrystallized, with difficulty, from an 
absolute ethanol-ether mixture to give 91 g. (53^) of the 
amine hydrochloride. The product was converted directly to 
the acetamide and benzamide.

(Procedure C) — By Reaction of Methyl p-Tolyl Ketone 
with Ammonium Formate.--  A mixture of methyl p-tolyl ketone
(168 g., 1.25 mol.) and ammonium formate (253 g., 4.01 mol.) 
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was heated under slow distillation conditions. After 1 hr. 
of heating, the temperature of the mixture had reached 14o°. 
Heating was continued and a temperature of 185° maintained 
for 2 hr. The heating was discontinued and the mixture 
allowed to stand over night. The ketone which had steam 
distilled was separated and returned to the reaction flask. 
Heating was renewed and a temperature of 1850 maintained for 
an additional 4 hr. The mixture was cooled to room tempera­
ture and extracted with water. The water extracts were 
extracted with two 30 ml. portions of benzene. The benzene 
extracts and 150 ml. of cone. hydrochloric acid were added 
to the non-aqueous layer. The benzene was distilled off and 
the remaining mixture refluxed for 1.5 hr. The mixture was 
allowed to stand over night and then extracted with benzene. 
The acid solution was made strongly basic with 125 g. of 
sodium hydroxide and steam distilled, keeping the pot level 
equal to, or below, the starting level. Most of the amine 
came over in the first liter of distillate. The distillate 
was extracted with benzene and dried with potassium hydroxide 
sticks. The benzene solution was decanted from the drying 
agent and distilled at atmospheric pressure to give 128.3 g. 
(76.0%) of amine, b.p. 199-201°/74o-75O mm.: Smith, Baer and 

82Ege report 188-192e/75O mm.
Cydopentyl Phenyl Ketone.----A solution of cyclopentyl 

bromide (100 g., 0.671 mol.) in 250 ml. of ether was added 
dropwise, over a 1 hr. period, to a stirred mixture of 
magnesium turnings (15.4 g., 0.634 g. at.) and 500 ml. of
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ether. After the addition was complete the reaction flask 
was warmed for 20 mln. A solution of benzonitrile (61.8 g., 
0.600 mol.) in 750 ml. of toluene was added to the rapidly 
stirred mixture over a 2 hr. period. When the addition of 
nitrile was complete, the solvent was distilled from the 
reaction mixture until the distillation temperature reached 
108° (about 5 hr. ). During this distillation the solution 
turns from black to a light orange. The orange solution 
was then refluxed for 10 hr. and cooled to room temperature. 
A saturated solution of ammonium chloride (400 ml.) was 
added dropwise and the resulting layers separated. The 
aqueous layer was extracted with ether and the ether extracts 
added to the organic layer. The ether was distilled out, 
600 ml. of 10% sulfuric acid added to the residue, and this 
mixture refluxed for 2 hr. The layers were separated, the 
aqueous layer extracted with a 1:1 benzene-ether solution, 
and the extract added to the organic layer. The solvents 
of the organic layer were distilled off at atmospheric 
pressure and the residue distilled at water pump pressure. 
The fraction boiling at 147-1550/20 mm. was collected to 
give 64 g. (61%) of the ketone: Smith, Baer and Ege®2 
report 145-146°/l5 mm.

q-Cyclopentylbenzylamine.  A mixture of cyclopentyl 
phenyl ketone (83.9 g., 0.48 mol.), formamide (90 g., 2.0 
mol.), and 10 ml. of 98% formic acid was heated with slow 
distillation of water formed in the reaction. Formic acid 
was added whenever a solid collected in the condenser.
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After having maintained the reaction temperature between 
170-180* for about 5 hr., the heating was discontinued, and 
the mixture allowed to stand over night. The mixture was 
again heated and the temperature maintained between 175-180° 
for 3 hr. A total of 110 ml. of formic acid had been added. 
The solution was cooled and 100 ml. of cone, hydrochloric 
acid added. This mixture was then refluxed for 2 hr. On 
cooling, a white solid separated from the acid solution. 
This solid was filtered off by suction and washed with 
benzene. The amine hydrochloride thus obtained, was recry­
stallized from water and from absolute ethanol to give 68 g. 
(67^) of product. The amine hydrochloride was converted 
directly to the acetamide and benzamide.

orPhenyllsobutyronltrile.--- Sodamide was prepared 
according to the Inorganic Syntheses procedure11^, iron 
(III) nitrate-9-hydrate (1 g.) was added, with stirring, to 
about one liter of liquid ammonia, followed by the addition 
of sodium metal (2 g.at.), cut into small chunks under 
xylene. The sodium was added at such a rate as not to flood 
the Dry Ice condenser with ammonia. The exits of the appa­
ratus were protected with drying tubes containing barium 
oxide. After the addition of sodium was complete, two 
liters of anhydrous ether were added and the mixture allowed 
to evaporate over night. Phenylacetonitrile was then added 
dropwise, with stirring, over a 1 hr. period. The mixture 
was refluxed for 1 hr. and then cooled in an ice bath, a 
solution of methyl iodide (3I3 g., 2.20 mol.) in 900 ml.
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of* anhydrous ether was then added dropwise with continued 
stirring, and about 500 ml. of additional ether was added 
to keep the solution fluid. The mixture was stirred in the 
ice bath for 1.5 hr., refluxed for another 1.5 hr., and let 
stand at room temperature over night. The mixture was then 
refluxed for an additional 1.5 hr. and cooled to room tem­
perature . Ethanol (10 ml.) was added, to react with excess 
sodamide, followed by enough water to dissolve the sodium 
iodide and the mixture was extracted with ether. The ether 
extracts were washed with water, a 10% sodium bisulfite 
solution, again with water, and dried over anhydrous sodium 
sulfate. The ether was removed at atmospheric pressure and 
the residue distilled to give 70.5 g. (49.0%) of a-phenyl- 
isobutyronitrile, b.p. 84-897'4-5 mm.; Cope, Foster and 
Towle11? report 81-82 72.2 mm.

at- Phenyl isobutyramide . The nitrile (70.5 g., 0.48r 
mol.) was added to 730 g. of 80% sulfuric acid (609 g. of 
cone, sulfuric acid and 121 g. of Ice) in a one-liter flask 
equipped with a Tantalum Hershberg stirrer and a reflux 
condenser. The mixture was heated on a steam bath and 
stirred vigorously for 5.5 hr. The solution was then poured 
onto ice and diluted with water to effect separation of the 
amide. The solid was filtered off by suction, washed with 
water, a 5% sodium carbonate solution, and again with water. 
The dried amide was recrystallized from absolute ethanol to 
give 72 g. (90%) of a-phenyllsobutyramide, m.p. 157-162°: 
Cope, Foster and Towle117 report 160-161.5° for the purified



-103-

amide.
2-Amlno-2-phenylpropane.--  A solution of sodium

hydroxide (117 g., 2.39 mol.) in 975 g. of ice water was 
placed in a two-liter three-neck flask Immersed in an ice- 
met hanol bath. Bromine (46.9 g., 0.293 mol.) was added 
dropwise, with rapid stirring. The solution was stirred for 
15 min., and a-phenyllsobutyramide (72 g., 0.441 mol. ) was 
added slowly to the rapidly stirred solution. The mixture 
was stirred in the cooling bath for 5 hr., then was packed 
in ice and allowed to come to room temperature over night, 
with stirring. The mixture was next heated on a steam bath 
for 1 hr., cooled and extracted with ether. The ether 
extracts were dried over anhydrous sodium sulfate, filtered, 
and hydrogen chloride gas was bubbled into the filtrate. 
The white solid was filtered off and air dried to give 37.4 g. 
of the amine hydrochloride, m.p. 236-238°: Cope, Foster 
and Towle ' report 240-241°. The yield was 74.4# based on 
unrecovered starting material. Some 23.7 g. of which was 
isolated by filtration before the ether extraction was made.

Reactions of ^-Substituted Formamides with Thionyl Chloride. 
N-Butylformamide.--- The N-butylformamide (50.5 g.,

0.500 mol.) was placed in a 500 ml. three-neck flask equipped 
with a stirrer (mercury-seal), reflux condenser, and dropping 
funnel. The exits were protected with calcium chloride 
drying tubes. The reaction flask was cooled in an ice bath 
and the thionyl chloride (75 ml., 1.0 mol.) was added drop­
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wise with stirring over a 4$ min. period. After the addition 
of thionyl chloride was complete the dark red solution was 
stirred in the ice bath for 2 hr., the ice bath removed and 
the solution stirred over night. The solution was transferred 
to a 300 ml. flask and slow distillation from an oil bath 
attempted. An acidic gas was evolved when the bath tempera­
ture reached 60°. Only a very small amount of distillate 
was collected, even though the bath temperature reached 170e. 
Distillation of the residue was then attempted at water pump 
pressure. A small fraction of distillate was collected at 
approximately 7O"/4O mm. The residue solidified on cooling 
to what appeared to be a dark brown polymer. On standing, 
a white solid separated from the distillate. This solid was 
filtered off and identified as the hydrochloride of n-butyl- 
amine, some of which was also obtained from the walls of the 
still-head. The filtrate was redistilled, b.p. I70-17I0, 
and identified as n-butyl isothiocyanate.

Anal. Calcd for C^NS: 0,52.12; H,7-87; N,12.16; 8,27.83 
Found: 0,52.22; H,7-92; N,12.25; 8,27.55 

C,52.25; H,7.81; N,12.14; 8,27.62. 
This sample was shown by Infrared spectra to be identical 
with a sample prepared by the method of Vaughan, Andersen, 
Blanchard, McCane and Meyer^^ who report b.p. 165°.

This experiment was repeated using the same conditions, 
but varying the amount of thionyl chloride. Mole-ratios of 
thionyl chloride to N-butylformamide of 1:1, 1:0.9, 1:0.8, 
1:0.5 and 1:0.25 were used with approximately the same results.
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Small amounts of n-butyl chloride, n-butyl isothiocyanate, 
n-butylamine hydrochloride, starting amide and unidentified 
products were isolated.

The reaction was repeated using chloroform and then 
nitromethane as a solvent with a 1:1 ratio of thionyl chloride 
to amide. The reaction was also repeated using nitromethane 
as solvent and the reaction temperature maintained between 
75 and 900. The thionyl chloride was added below the surface 
of the nitromethane solution of the amide, which was kept In 
this temperature range. The solution was maintained at this 
temperature with slow distillation for 1.5 hr. and then 
distillation at a higher temperature was attempted. Once 
again, the results were the same as above.

N-(l-Phenylethyl)-formamlde.--- A solution of N- (1- 
phenylethyl)-formamide (4$ g., 0.30 mol.) in 300 ml. of 
nitromethane was placed in a one-liter three-neck flask 
equipped with a stirrer (mercury-seal), reflux condenser, 
and dropping funnel. The exits were protected with calcium 
chloride drying tubes. The thionyl chloride (90 ml., 1.2 
mol.) was added dropwise with stirring. The solution was 
stirred at room temperature for 0.5 hr. and then kept at 
100° for 4 hr., and allowed to stand at room temperature over 
night. A gas was evolved at the higher temperature, and the 
solution became dark red. The solvent was removed at water 
pump pressure and the residue distilled at a lower pressure 
to give 21 g. (50%) of 1-phenylethyl chloride, b.p. 70-72°/ 
10-12 mm.: Charlton and Hughes87 report 8o-81°/19 mm. The
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Infrared spectrum of this product was identical with that of 
an authentic sample of 1-phenylethyl chloride except for the 
presence of bands at 2260 and 820 cm . These bands were 
not due to hydrogen cyanide which was found to give bands at 
3220 and 2080 cm, when dissolved in an authentic sample 
of the chloride.

N-(2-Phenylethyl)-formamide.--- A solution of N-2- 
phenyle thyIformamide in nitromethane was treated with thionyl 
chloride under conditions identical to those used with the 
1-phenylethyl isomer, but only traces of 2-phenylethyl 
chloride could be identified (infrared spectrum) in the 
products of the reaction. The major product was a nondis- 
tillable tar, along with small amounts of 2-phenylethylamine 
hydrochloride and the starting amide.

N-Benzylformamide.  A solution of N-benzylformamide 
in nitromethane was treated with thionyl chloride under the 
same conditions as used for N-1-phenylethylformamlde. A 
small amount of benzyl chloride was identified as a product 
of the reaction, but again the major product was a non-dis- 
tillable tar.

Reactions of N-Substituted Acetamides with Thionyl Chloride
N-(1-Phenylethyl)-acetamide.-(Procedure A)--  A solution

of N-(1-phenylethyl)-acetamide (48.8 g., 0.300 mol.) in 500 
ml. of cyclohexene was stirred rapidly while thionyl chloride 
(75 ml., 1.0 mol.) was added dropwise. The solution was 
stirred at room temperature for 48 hr. and then refluxed



-107-

for 4 hr. The solvent was removed by distillation at atmos­
pheric pressure and the residue distilled at reduced pressure. 
The fraction boiling at 50-90^/20 mm. was collected and re­
distilled to give 12 g. (28#) of 1-phenylethyl chloride, b.p. 
90-96e/30 mm.

The reaction was repeated with only 2:1 mole ratio of 
thionyl chloride to amide and a shorter reaction time. The 
yield under these conditions was reduced to 14#.

(Procedure B).--  The N-(l-phenylethyl)-acetamide
(20.4 g., 0.125 mol.) was dissolved in 150 ml. of dioxane 
and the solution distilled until the distillation temperature 
remained at 99° for 10 mln., and then cooled to room tempera­
ture. The thionyl chloride (28.2 g., O.375 mol.) was added 
dropwise over a 1 hr. period. During the thionyl chloride 
addition the solution became warm and colored to a very dark 
red. The solution was slowly heated to reflux for 1 hr., 
and then the solvent was removed at atmospheric pressure. 
The residue was distilled at reduced pressure to give 3.14 g. 
(17.9#) of yellow colored product. The reaction was repeated 
twice, but no improvement in yield was noted.

(Procedure C).--  A large excess of thionyl chloride
(50 ml., O.67 mol.) was added to N-(1-phenylethyl)-acetamlde 
(22.3 g., O.I36 mol.) in a 200 ml. flask. The solution 
darkened within 5 mln. and became warm. The solution was 
refluxed for 1 hr. and the excess thionyl chloride removed by 
distillation at atmospheric pressure. The residue was then 
distilled at reduced pressure, b.p. 75-850/20 mm. This latter 
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fraction was redistilled to give 5.1 g. (23$) of 1-phenyl- 
ethyl chloride, b.p. 88-90*/27-30 mm.

The reaction was repeated with cooling the reaction 
flask during the thionyl chloride addition a 2 hr. reflux 
period. The yield of redistilled halide, b.p. 65-67^/17 mm., 
was increased to 35$.

(Procedure D).--- A solution of N-(1-phenylethyl)-aceta-
mide (49 g., 0.30 mol.) in a mixture of 300 ml. of nitro­
methane and 50 ml. of cyclohexene was rapidly stirred while 
thionyl chloride (90 ml., 1.2 mol.) was added over a 15 min. 
period, After the thionyl chloride addition was complete, 
the solution was stirred at room temperature for 1.5 hr. and 
then refluxed for 4.5 hr. The solvent was removed at water 
pump pressure and the residue distilled at reduced pressure. 
The fraction boiling at 90-93°/13~16 mm. was collected and 
redistilled, to give 24.6 g. (58.4$) of 1-phenylethyl chloride, 
b.p. 90°/15 ram.

This latter experiment was repeated up to removal of 
the solvent. After removal of most of the solvent by distil­
lation at water pump pressure, the residue was extracted with 
30-40° petroleum ether. The petroleum ether layer was distil­
led to give 8 g. (19$) of 1-phenylethyl chloride, b.p. 81-83°/ 
20 mm. The nitromethane layer was then distilled to give 
18 g. (43$) of the same chloride, b.p. 79-83*/20 ram.

(Procedure E).--- The N-(1-phenylethyl)-acetamlde
(32.6 g., 0.200 mol.) was dissolved in a mixture of 300 ml. 
of nitromethane and 50 ml. of benzene. The solution was

J
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distilled until the distillation temperature remained at 99° 
for 5 min., cooled to room temperature, and anhydrous hydrogen 
chloride bubbled into the solution for 1 hr. The thionyl 
chloride (45 ml., 0.60 mol.) was then added dropwise. The 
reaction mixture was slowly heated to 75° and kept at this 
temperature for 1 hr. The solution became dark red on heating 
and a gas was evolved. The solvent was removed at atmospheric 
pressure and the residue distilled at reduced pressure to give 
18.0 g. (64.4%) of crude 1-phenylethyl chloride, b.p. 75-77°/ 
12-13 mm.

(Procedure F).--  The N-(1-phenylethyl)-acetamide
(20.5 0.122 mol.) was dissolved in 175 ml. of nitromethane
and the solution distilled until the distillation temperature 
remained at 99° for 5 min. The solution was then cooled to 
below room temperature and thionyl chloride (27.6 ml., 0.368 
mol.) added dropwise. The solution was allowed to stand at 
room temperature for 1 hr. and then slowly heated to reflux 
temperature and kept at this temperature for 0.5-1 hr. The 
solvent was distilled off at atmospheric pressure and the 
residue distilled at reduced pressure. The fraction boiling 
at 76-79V17-18 mm. was collected and redistilled to give 
10.4 g. (60.3%) of 1-phenylethyl chloride, b.p. 82-830/20 mm., 
2^ OeynD~ 1.5250: Charlton and Hughes ' report 8o-81°/lo mm., ■ 

and n^ 1.5252. 

. Anal. Calcd. for C^Ol: 0,68.25; H,6.41
Found: 0,68.22; H,6.43.
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The solvent was redistilled and a nitrile band (2250 
cm.-1) observed in the infrared spectrum of a fraction, 

b.p. 75-90V750 mm.
(-)N-(1-Phenylethyl)-acetamide.--  The amide (20.5 g.,

0.125 mol.) was dissolved in 125 ml. of nitromethane and the 
solution distilled until the distillation temperature had 
remained at 98° for 5 min. The solution was cooled to room 
temperature and thionyl chloride (45 g., 0.38 mol.) added by 
rapid drops. The reaction flask was slowly heated to reflux 
and this temperature maintained for 1 hr. The excess thionyl 
chloride and the nitromethane were distilled off at atmos­
pheric pressure. The residue was distilled at reduced 
pressure to give 10.5 g. (59.5#) of 1-phenylethyl chloride, 
b.p. 82-83e/18-19 mni., o^5 + 3-7 (^ 1.0)).

It has been calculated^2 that the rotation of optically 

pure 1-phenylethyl chloride falls between 109 and 129°.
A sample of this chloride (2.45 g., a + 3.97 (4, 1.0)) 

was dissolved in 25 ml. of nitromethane, 3.2 g. of thionyl 
chloride added, and the solution refluxed for 1 hr. The 
chloride, Isolated by distillation, had a rotation (+ 3.87) 
only slightly less than the original sample.

N-Benzylacetamlde.--  This amide was treated with
thionyl chloride according to procedures D and F. Only 
traces of benzyl chloride were obtained by procedure D, but 
an 8# yield of the chloride, b.p. 62-64*77-9 mm., was obtained 
by procedure F: Charlton and Hughes^? report 66e/13»5 mm.
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»----This amide was treated 
with thionyl chloride according to procedures A, D and F. 
From all three procedures only traces of the expected chloride 
could be obtained.

H-Benzhydrylacetamide.--  This amide was treated with
thionyl chloride twice according to procedure F. The yields 
of benzhydryl chloride were between 80 and 85%, b.p. 126-128°/ 
2-3 mm., 111-114°/! mm.; Gerrard and Shepherd^0 report 
96°/0•2 mm.

The chloride obtained was converted to diphenylcarbinol 
in 70% yield by dissolving the chloride in aqueous acetone, 
allowing the solution to stand over night, evaporating off 
the solvent, and recrystallizing the product from aqueous 
ethanol, m.p. 65-680 : Ward11^ reports 68° .

N2(p-Methoxybenzyl)-acetamide.--  The amide was treated 
with thionyl chloride twice according to procedure F. The 
yields of p-methoxybenzyl chloride were between 40 and 50£, 
b.p. 85-86°/3-4 mm., n^ 1.5470: Sosa81 reports 113°/10.5 
mm. and n^ I.5491.

N.-(a/a-Dlmethylbenzyl)-acetamide.— This amide was 
treated with thionyl chloride according to procedure F, but 
only a red-brown polymeric material was produced.

N-l-(p-Methoxyphenyl)-ethylacetamldg.— This amide 
was treated with thionyl chloride according to procedure F, 
but only a dark brown polymeric material was obtained.

N-Cyclohexylacetamide.--  This amide was treated with 
thionyl chloride according to procedure F. No cyclohexyl
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chloride was Isolated.
N-^t-Butylacetamide.----This amide was treated with 

thionyl chloride according to procedure F. The halide was 
obtained in what appeared to be a reasonable yield (20-50% 
est.), but no accurate yield data can be given because of the 
difficulty encountered in separating the ^-butyl chloride 
from thionyl chloride.
—(p.-Tolyl)-ethylacetamide.--- This amide was treated 

with thionyl chloride three times according to procedure F. 
The yields of l-(p-tolyl)-ethyl chloride, b.p. 65*72-3 mm., 
nD 1-5240, were between 20 and 30%.

Anal. Calcd. for C^Cl: 0,69.91; H,7.17; 01,22.93 
Found: 0,70.04; H,7.25; 01,22.66.

N-(a-Cyclopentylbenzylacetamidel— This amide was 
treated with thionyl chloride according to procedure F to 
give 75-85% yields of a-cyclopentylbenzyl chloride, b.p. 
103-104 72-3 mm., 1.5381.

Anal. Calcd. for O^^^Ol: 0,74.01; H,7.77; 01,18.21 
Found: 0,74.12; 8,7.73; 01,18.31.

A sample of the chloride produced in the latter reaction 
(1.40 g., 0.007 mol.) was dissolved in 30 ml. of a 50% 
aqueous solution of triethanolamine and heated on a steam 
bath for 48 hr. The resulting solution was extracted with 
benzene and the benzene extracts washed twice with 10% 
hydrochloric acid and once with water. The benzene was 
evaporated in a stream of air on a steam bath to give 1.0 g. 
of a slightly yellow oil. The oil was dissolved in 2.5 ml.
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of glacial acetic acid and this solution added with shaking 
to a cooled mixture of 0.7 g. (0.007 mol.) of cromic oxide 
in 2.5 ml. of 80% acetic acid. After standing at room tem­
perature for 48 hr. the reaction mkxture was poured into 
10 ml. of ice water and extracted with benzene. The benzene 
extract was washed twice with 10% sodium bicarbonate solution 
and once with water. The benzene was removed by evaporation 
on a steam bath. The infrared spectrum of the resulting oil 
was identical to that of a previously prepared sample of 
cyclopentyl phenyl ketone. The 2,4-dinitrophenylhydrazone, 
prepared in the usual manner, was obtained as bright, orange- 
yellow crystals, m.p. 142.0-143.5°. Nightingale and Malen- 
thal^ report 144.5-145.5°.

Reactions of N-Substituted Benzamides with Thionyl Chloride.
N-Butylbenzamlde.--  The N-butylbenzamide (50 g., 0.28 

mol.) was placed In a 200 ml. three-neck flask equipped with 
a stirrer, reflux condenser and dropping funnel. The reaction 
flask was cooled in an ice bath and the thionyl chloride 
(21 ml., 0.28 mol.) was added dropwise with stirring. After 
the addition was complete, the mixture was stirred in the 
ice bath for 1.5 hr. and then allowed to stand over night. 
The mixture was slowly heated, refluxed for 4 hr., and dis­
tilled at atmospheric pressure. Two fractions were collected; 
fraction A, b.p. 74-757740 mm., and fraction B, b.p. 174­
183 7740 mm. Fraction A was dissolved in ether and washed 
with a 10% solution of sodium bicarbonate, the ether layer
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dried over anhydrous magnesium sulfate, and distilled to 
give 8.9 g. (34#) of n-butyl chloride, b.p. 75-76®/7^5 mm. 
On distillation of fraction B, benzonitrile, b.p. 185-186®/ 
745 mm., was obtained. The residue from the distillation 
of the original reaction mixture contained a large amount of 
the starting amide.

N-(1-Phenylethyl)-benzamide.--- A solution of N-(1-
phenylethyl)-benzamide (27.8 g., 0.125 mol.) and 150 ml. of 
nitromethane was distilled until the distillation tempera­
ture remained at 98® for 5 mln. and cooled to below room 
temperature. The thionyl chloride (29 ml., 0.39 mol. ) was 
added dropwise with shaking. After the addition was complete 
the reaction mixture was allowed to stand at room temperature 
for 0.5 hr. and then slowly heated to reflux. Reflux was 
maintained for 3 hr. and then the solution was slowly dis­
tilled at atmospheric pressure. After the solvent was 
removed the residue was distilled at reduced pressure to 
give 27.4 g. of distillate, b.p. 75-82°/18 nun. This distil­
late was redistilled and three fractions collected, but the 
infrared spectrum of all fractions were superimposable. 
The fractions were again mixed and analyzed. From the per­
cent composition of the mixture it was calculated that 
1-phenylethyl chloride was produced by the reaction in 
80-85% yield.

N-Benzhydrylbenzamide.--- A solution of N-benzhydryl-
benzamide (28.7 g., 0.998 mol.) and 150 ml. of nitromethane 
was distilled until the distillation temperature remained
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at 99° for 10 min. and then cooled to room temperature. 
The thionyl chloride (25 ml., O.33 mol.) was added dropwise, 
and the reaction flask slowly heated and slow reflux main­
tained for 1 hr. The solvent was then distilled off at 
atmospheric pressure and the residue distilled at reduced 
pressure. Fraction A was collected at 75-77e/17mm. and 
fraction B at 157-167^/17 mm. On redistillation fraction 
A gave 9.0 g. (87%) of benzonitrile, b.p. 36°/l-1.5 mm. On 
redistillation fraction B gave 17 g. (85#) of benzhydryl 
chloride, b.p. 98-lOOVO.l mm., n^^ 1.5935: Gerrard and 
Shepherd®0 report 96*/0.2 mm. and n^° 1.5962.

N-q-Cyclopentylbenzylbenzamide.--  A solution of N-a-
cyclopentylbenzylbenzamlde (24.3 g., 0.872 mol.) and 160 ml. 
of nitromethane was distilled until the distillation tempera­
ture remained at 99° for 5 min. and then cooled to room 
temperature. The thionyl chloride (25 ml., 0.33 mol.) was 
added dropwise, and the reaction flask slowly heated and 
reflux maintained for 1.5 hr. The solvent was distilled 
off at atmospheric pressure and the residue distilled at 
reduced pressure. Fraction A was collected at 770/17-18 mm., 
and fraction B at 145-146*/17 mm. On redistillation of 
fraction A, 7.25 g. (80.5#) of benzonitrile was obtained, 
b.p. 42°/2.5 mm. On redlstillation fraction B gave 14 g. 
(82%) of a-eyelopentylbenzy1 chloride, b.p. 112-114°/4 mm., 

1.5380.
N-(p-Methoxybenzyl)-benzamide.  A solution of the 

amide (30.1 g., 0.125 mol.) in 150 ml. of nitromethane was
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dlstilled until the distillation temperature had remained 
at 100 for 10 mln. The solution was cooled to below room 
temperature and thionyl chloride (47.5 g., 0.399 mol. ) 
added from a dropping funnel. The solution was allowed to 
set at room temperature for 1 hr., slowly heated and reflux 
maintained for 1 hr. The excess thionyl chloride and the 
nitromethane were removed by distillation at atmospheric 
pressure and the residue distilled at reduced pressure to 
give 11.9 g. (92%) of benzonitrile and 8.74 g. (44.9%) of 
p-methoxybenzyl chloride, b.p. 81e/2.5 mm., n^-5 1.5479, 

A small amount of this chloride (1.9 g.) was added to 
a mixture of 25 ml. of anisole and a few crystals of zinc 
chloride in a flask immersed in an ice bath. The bath was 
allowed to melt and the mixture allowed to stand at room 
temperature for 18 hr. with intermittent shaking. The 
catalyst was filtered off and 25 ml. of ice water added. 
The layers were separated and the organic layer washed with 
10% sodium hydroxide, water, dried over magnesium sulfate, 
and evaporated to dryness. The solid obtained was recrystal­
lized twice from methanol to give 1.67 g. (58.8%) of 4,4- 
dimethoxydlphenylmethane, m.p. 50-51°.' Sunagawa^" reports 
51-52°.

N-Benzylbenzamide,—(Procedure A).--  A solution of
the amide (26.4 g., 0.125 mol.) was distilled until the 
distillation temperature had remained at 100° for 10 min. 
and then cooled to room temperature. The thionyl chloride 
(49 g., 0.41 mol.) was added from a dropping funnel and the 
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reaction mixture allowed to set at room temperature for 0.5 
hr. The mixture was then slowly heated and reflux maintained 
for 1 hr. The excess thionyl chloride and the nitromethane 
were removed by distillation at atmospheric pressure and the 
residue distilled at reduced pressure. The yield can not be 
given accurately because of difficulty encountered in the 
separation of benzonitrile from the benzyl chloride.

N-l-(p-Tolyl)-ethylbenzamide.--  The amide (17.5 g.,
0.073 mol.) was dissolved in 125 ml. of nitromethane and 
the solution distilled until the distillation temperature 
had remained at 99e for 5 mln. The solution was cooled to 
room temperature and thionyl chloride (36 g., 0.30 mol.) 
added from a dropping funnel. The reaction mixture was 
allowed to stand at room temperature for 0.5 hr., slowly 
heated to reflux and this temperature maintained for 1 hr. 
The excess thionyl chloride and the nitromethane were 
removed by distillation at atmospheric pressure and the 
residue distilled at reduced pressure to give three frac- 
•tlons. These fractions were fractionally distilled to give 
benzonitrile, b.p. 55-65^/4-5 mm. and 1-(p-tolyl)-ethyl 
chloride, b.p. 65-70°/4-5 mm., n^'1.5240. The yields 

of redistilled chloride were between 20 and 35#.
N-l-(p-Methoxyphenyl)-ethylbenzamide.--  A solution

of N-l-(p-methoxyphenyl)-ethylbenzamide . (25.5 g., 0.100 
mol.) and 230 ml. of nitromethane was distilled until the 
distillation temperature remained at 99° for 10 mln. and 
cooled to room temperature. Thionyl chloride (25 ml.,
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0.33 mol. ) was added dropwise, the solution slowly heated 
to reflux, and reflux maintained for 1 hr. The solvent was 
slowly distilled off at atmospheric pressure and the residue 
distilled at reduced pressure. Only benzonitrile contamina­
ted with a small amount of a chlorine-containing compound 
(by silver nitrate test), and a dark brown polymeric material 
was obtained. The experiment was repeated under the same 
conditions, except that only 170 ml. of nitromethane was 
used. The same type of polymer and 8.1 g. (79%) Of benzo- 
nltrlle (contaminated with the chlorine containing compound, 
b.p. 72-82°/60 mm., were obtained as the only products.

Benzanilide.--  The benzanilide (49 g., 0.25 mol.) was
placed in a 100 ml. flask and thionyl chloride (56 ml., 
0.75 mol.) added. The mixture was allowed to stand at room 
temperature for 2 hr., heated to 50° for 3 hr. and the 
excess thionyl chloride removed at water pump pressure. 
The residue was quickly filtered by suction and distilled 
at reduced pressure. The material boiling, 175-176°/11-12 mm. 
solidified in the receiver, m.p. 40-41", to give 48 g. (89#) 
of N-pheny1benz imidy1 chloride: v. Braun and Pinkernelie 
report b.p., 174-176°/12 mm. and m.p., 40e.

N,N'-Diphenylbenzamidine was prepared by adding an 
ether solution of aniline to an ether solution of the imidyl 
chloride, evaporating off the solvent and recrystallizing 
the product from aqueous ethanol, m.p. 145.5-146.5°:

121Chapman reports 146-147°.
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N-Methylbenzamide.---(Procedure A).---  The N-methyl-
benzamide (34 g., 0.25 mol.) was placed in a 100 ml. flask 
and thionyl chloride (40 ml., 0.53 mol.) added with no 
apparent reaction. The reaction flask was immersed in a 
water bath, heated to 45e for 3 hr., then at 80° for 2 hr. 
and allowed to stand at room temperature over night. The 
excess thionyl chloride was removed by distillation from an 
oil bath at atmospheric pressure and the residue distilled 
at a reduced pressure. The oil bath was never heated to 
above 105°. The fraction boiling at 78-830/7-10 mm., 
was collected and redistilled to give N-methyIbenzimidy1 
chloride, b.p. 88-89mm: v.Braun and Pinkernelle^ 
report 90-93^/13 mm. The infrared spectrum of this product 
had no trace of a band in the nitrile region. This compound 
was placed in a 50 ml. flask, equipped with a reflux conden­
ser, the exit protected with a calcium chloride drying tube, 
and heated to 150* in an oil bath for 8 hr. The material 
was then distilled at atmospheric pressure to give only one 
fraction, b.p. 184-186°/75O mm., which was identified as 
benzonitrile. The residue from this distillation contained 
a solid which was recrystallized from absolute ethanol, 
m.p. 230-2310Cook and Jones^2^ report 232° for the 
trimer of benzonitrile.

(Procedure B).--- A solution of N-methy1 benzamide
(27 g., 0.20 mol.) in 175 ml. of nitromethane was distilled 
until the distillation temperature remained at 990 for 
10 mln. and then cooled to below room temperature. Thionyl 
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chlorlde (72 g., 0.61 mol.) was added and the solution 
heated to a pot temperature of 100° over a 45 mln. period. 
This temperature was maintained for 1 hr. The excess 
thionyl chloride was removed by distillation at atmospheric 
pressure and the nitromethane removed at water pump pressure 
An elemental analysis of the residue showed only the pres­
ence of chlorine and nitrogen. Only a very small trace of 
sulfur could be found. This residue was divided into two 
parts.

Part A was dissolved in anhydrous ether and slowly 
added to an ether solution of aniline. An exothermic reac­
tion took place and a solid precipitated from the reaction 
mixture. The solid was filtered off, 10# sodium hydroxide 
added to the solid until the mixture remained definitely 
basic, and steam distilled to remove aniline. The residue 
was made homogeneous with absolute ethanol and cooled in an 
ice bath. The solid which separated was recrystallized 
twice from an ethanol-water mixture to give N-methyl-N1- 
phenylbenzamidine, m.p. 135-136°; picrate, m.p. I69-I700: 

123 *Pyman J reports 135-136° and 169-170° respectively.
When the original distillation residue was taken up in 

anhydrous ether it was noticed that a solid remained. This 
solid was recrystallized from a chloroform-ether mixture 
and identified as N-methylbenzamidine hydrochloride, m.p. 
224-225°; picrate, m.p. I3I-1320: Pyman123 reports 222-223° 
and I3O-I32°, respectively.
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Part B. of the residue was treated with 10% sodium 
hydroxide until the solution was definitely basic, cooled 
in an ice bath and filtered. The solid obtained was recry­
stallized twice from an ethanol-ether mixture to ^ive 
N-methylbenzamlde, m.p. 78.5-80.5*. a mixed m.p. with the 
starting amide of m.p. 78.5-80.0°, was 79-81°. The infrared 
spectrum of this product was identical with that of the 
starting amide.

N-Benzylbenzamide. — (Procedure B). The amide (21 g., 
0.10 mol.) was dissolved in 150 ml. of nitromethane and 
the solution distilled until the distillation temperature 
remained at 100° for 10 min. The solution was cooled to 
below room temperature and thionyl chloride (46 g., 0.38 
mol.) added. The reaction mixture was allowed to stand at 
room temperature and then heated on the steam bath for 1.5 
hr. The excess thionyl chloride was distilled off at 
atmospheric pressure and the nitromethane at water pump 
pressure from the steam bath. The residue was then distilled 
at reduced pressure. -A forerun and five fractions were 
collected; A, 120-122°/0.3 mm.; B, 122-128°/0.3 mm.; 
C, 128e/0.3 mm.; D, 124-128°/0.2-0.3 mm.; and E, 124°/0.2 mm. 

124 Lander reports of 80-160°/12 mm. for N—benzylbenzimidyl 
chloride produced from the reaction of phosphorus penta­
chloride with N-benzylbenzamide. Lander also reported that 
his material was not pure, and although the compound had 
been reported earlier, it had never been isolated in the 
pure state.
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Fractlon A (2g.) was dissolved in 15 nil. of acetone 
and 5 ml. of water added. The resulting solution was heated 
on the steam bath for 3 hr., most of the solvent evaporated, 
and the residue cooled in an ice bath. The solid which 
separated was recrystallized twice from absolute ethanol 
to give N-benzylbenzamide, m.p. 104.2-106.2°. When mixed 
with the starting amide of m.p. 105*5-106.5°, the m.p. was 
105*5-107°. The infrared spectrum of this material was 
identical with that of the starting amide.

Fraction B (1.8 g.) was dissolved in 15 ml. of anhydrous 
ether and a solution of aniline (1.2 g.) in 15 ml. of anhy­
drous ether slowly added. The reaction mixture was allowed 
to set at room temperature for 1 hr. and then warmed on the 
steam bath. The solid which had separated was filtered off 
and 10% sodium hydroxide added to this solid until the 
mixture was definitely basic. This mixture was steam dis­
tilled to remove aniline, the residue cooled and the solid 
which separated filtered off and recrystallized three times 
from absolute ethanol to give N-benzyl-N*—phenylbenzamidine, 
m.p. 99*5-100.5°: Strain125 reports 99-1000.

A small amount of this amidine was treated with p- 
toluensulfonyl chloride in 10% sodium hydroxide. The solid 
which separated was filtered off and recrystallized from 
absolute ethanol and from a chloroform-ether mixture to give 
the sulfonamide, m.p. 148-149°: Strain125 reports 148°.

Fractions C and D (5*5 g.) were mixed and distilled at 
atmospheric pressure. Two fractions were obtained, but



both were a mixture of benzyl chloride and benzonitrile.
On redistillation, a fraction b.p. 172-177°, n^2-8 1.5351, 
was obtained. Charlton and Hughesreport benzyl chloride 
b.p. 66 /I3.5 mm. and n^ 1.5360. The Infrared spectrum 
of this fraction showed the presence of a small amount of 
benzonitrile. Another fraction, b.p. 177-180° and n^'^
1.5320, was obtained. The infrared spectrum of this frac­
tion corresponded quite well to that of authentic benzoni­
trile, but the liquid showed the presence of chlorine when 
treated with silver nitrate.

A solid was isolated from the residue of the original 
distillation, which when recrystallized from a chloroform­
ether mixture was identified as cyaphenine, m.p. 234-236°.

Fraction E (2g.) was dissolved in 200 ml. of anhydrous 
ether and intermittently shaken with 25 ml. of a saturated 
aqueous solution of sodium benzoate for 18 hr. The layers 
were separated, the ether layer evaporated to dryness, and 
the residue recrystallized three times from absolute ethanol 
to give N,N-dlbenzoylbenzylamine of m.p. 109-110°; Mumm, 

48Hesse and Volquartz ° report 108°. When mixed with the 
starting amide of m.p. 105•5-106.5° the m.p. was 8O~!OO°.

Reaction of an N-Alkylbutyramide with Thionyl Chloride.
N-(l-Phenylethyl)-butyramide.--  The amide (38 g.,

0.20 mol.) was dissolved In 200 ml. of nitromethane and the 
solution distilled until the distillation temperature had 
remained at 99° for 5 min. The solution was cooled to
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below room temperature and thionyl chloride (48 ml., 0.62 
mol.) added from a dropping funnel. The reaction mixture 
was allowed to stand at room temperature for 0.5 hr., slowly 
heated to reflux and this temperature maintained for 1 hr. 
The excess thionyl chloride and most of the nitromethane 
were distilled at atmospheric pressure and the residue dis­
tilled at reduced pressure to give two main fractions;
A, b.p. 35^/50 mm. and B, b.p. 76°/12 nun, Fraction B was 
redistilled to give 21 g. (75%) of 1-phenylethyl chloride, 
b.p. 72°/10 mm.

Fraction A was redistilled to give a fraction which 
appeared to be mostly butyronitrile from its infrared 
spectrum. This material was treated with 6% hydrogen perox­
ide in a basic solution for 4.5 hr. at b0°. The mixture 
was cooled, neutralized with dilute sulfuric acid, evaporated 
to dryness, and extracted with chloroform. The chloroform 
extracts were concentrated and the solid obtained recrystal­
lized from chloroform to give n-butyramide, m.p. 113-1140 : 
McMaster and Moller126 report 114.6°.

Reactions of N-Substltuted Propionamides with Thionyl Chloride.
N-(1-Phenylethyl)-propionamide.--  A solution of the

amide (22.1 g., 0.125 mol.) in 150 ml. of nitromethane was 
diotilled until the distillation temperature had remained 
at 99°for 5 min. The solution was cooled to below room 
temperature and thionyl chloride (28.2 ml., 0.375 mol.) 
added from a dropping funnel. The reaction mixture was
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allowed to stand at room temperature for 0.5 hr., slowly- 
heated to reflux and this temperature maintained for 1 hr. 
The excess thionyl chloride and the nitromethane were dis­
tilled off at atmospheric pressure and the residue distilled 
at reduced pressure to give 12.7 g. (72#) of 1-phenylethyl 
chloride, b.p. 77-79717-18 mm., n^ 1.5269.

N-l-(p-Tolyl)-ethylpropionamide.--  A solution of the
amide (30.5 g., 0.159 mol.) in 170 ml, of nitromethane was 
distilled until the distillation temperature had remained 
at 100° for 5 mln. The solution was cooled to below room 
temperature and thionyl chloride (36 ml., 0.48 mol.) added 
from a dropping funnel. The reaction mixture was allowed 
to stand at room temperature for 0.75 hr., slowly heated to 
reflux and this temperature maintained for 1 hr. The excess 
thionyl chloride and the nitromethane were distilled off at 
atmospheric pressure and the residue distilled at reduced 
pressure to give 8.32 g. (33.8#) of 1-(p-tolyl)-ethyl chlo­
ride, b.p. 67 /3-4 mm. On red!stillation the pure chloride, 
b.p. 88-90710-15 mm., n^ 1.5250 was obtained along with 
p-methylstyrene, b.p. 60-61710-15 mm., n^ 1.5394; dlbro- 
mide, m.p. 44.5-45.5°. Schwartzman and Oorson^^ report for 
4-methylstyrene b.p., 81741 mm., 1.5420 and the dibro­
mide m.p., 44.0-44.5°.

A higher boiling fraction of the original distillation 
yielded more p-methylstyrene, n^^ 1.5401, and impure 
chloride, on redistillation.
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N-(p-Methoxybenzyl)-propionamidea solution of the 
amide (18.4 g., 0.095 mol.) in 150 ml. of nitromethane was 
distilled until the distillation temperature had remained 
at 100° for 5 min. and then cooled to below room temperature. 
Thionyl chloride (22 ml., 0.29 mol.) was then added from a 
dropping funnel, the reaction mixture allowed to stand at 
room temperature for 1 hr., and then slowly heated to reflux 
temperature. After reflux had been maintained by heating 
for 1.5 hr., the excess thionyl chloride and the nitro­
methane were removed by distillation at atmospheric pressure. 
The residue was distilled at a reduced pressure to give 
10.37 g. of product. This material was redistilled to give 
9.55'g. (64#) of p-methoxybenzyl chloride, b.p. 82°/2.5 mm. 
The infrared spectrum of this material is identical with 
that of a previously prepared and identified sample of the 
chloride.
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