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SUMMARY 

A convenient method for the preparation of ethyl chlorocarbonate- 
14C is described. This has led to a facile synthesis of N-methy1-l4C 
secondary amines by lithium aluminum hydride reduction of an 
intermediate '4C-carbamate. The reaction has also been employed 
in the preparation of N-methyl-2 H3- and N-methyl-3H-amines by 
using lithium aluminum hydride-2H4 and lithium aluminum hydride-3H. 

INTRODUCTION. 

The preparation of N-methyl labeled tertiary amines can usually be 
accomplished by one of a number of available methods (l). The preparation 
of the corresponding secondary amines frequently presents a more formidable 
problem. A number of years ago Easton and co-workers (2) described the 
preparation of ,&S-rnethylamino-4, 4-diphenyl-2-heptanol by the following 
general reaction scheme. 

0 
0 

RNH, --____j RNH--C-OC,H, ----i RNHCH, 
LiAIH, 

I1 
CI-C-O-C,H, I t  

This seemed to offer a promising and versatile approach to the synthesis of 
methyl labeled secondary N-methylamines. 

The application of this method to the synthesis of N-methyl-14C-amines, 
however, required the development of a practical method of preparation 
of ethyl chlorocarbonate-14C. A thoroughly satisfactory method for the 
preparation of this reagent from phosgene-14C has now been devised. The 
procedure is described below in detail. 
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Among the labeled compounds which have now been prepared utilizing 
the labeled ethyl chlorocarbonate in the Easton procedure was the antide- 
pressant, nortriptyline : 

N-methyl-14C-3-phenylpropylamine has also been prepared. 
Although this procedure has been used in the present study to prepare 

labeled secondary amines, it can be used equally well to prepare methyl- 
labeled tertiary amines by starting with the appropriate secondary amine. 

The reduction of non-labeled carbamates with either lithium aluminum 
deuteride (LiAl2H4) (3) or lithium aluminum h~dr ide -~H (LiAlH2H) was also 
explored. Some of the hydrogen-labeled amines prepared in the present study 
are listed in Table I. 

EXPERIMENTAL. 

Materials and Methods. 

The phosgene-'*C, lithium aluminum deuteride and lithium aluminum 
h ~ d r i d e - ~ H  were all obtained commercially and were used as received from the 
suppliers. 

Thin-layer chromatography of the various amines was carried out using 
Silica gel-GF plates (E. Merck) and a solvent system of ethanol-ethyl acetate 
(1 : 1) in an ammonia atmosphere. Eastman Blue Brand X-ray film was used 
for the autoradiographs. 

Ethyl Chlorocarbonate-1". - A dry 25 ml 2-neck flask containing a 
magnetic stirring bar and fitted with a dropping funnel was connected to a 
vacuum system. After addition of 2 ml of a solution of phosgene in toluene 
(49.5 mg/ml), the flask was chilled in liquid nitrogen and was evacuated at 
0.1 mm pressure. There was then introduced by vacuum transfer 9.89 mg 
(0.1 mmole, 1.5 mCi) of phosgene-14C to give a total of 1.1 mmoles of phosgene. 
After 5 minutes the frozen solution was allowed to melt and then was refrozen 
and remelted. 

One and two-tenths ml of a dry toluene solution containing 133 mg 
(1.1 mmoles, 0.145 ml) of purified collidine (distilled from barium oxide) 
and 46 mg (1 mmole, 0.056 ml) of absolute ethanol (distilled from sodium 
and diethyl phthalate) was added dropwise to the stirred phosgene solution 
which was cooled in ice water. The reaction was kept in the ice bath for 2 hours 
and was then stirred at room temperature for 18 hours. The product was used 
immediately for the next step without isolation. 
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5- (y-N-Carbetho~y-~~C-aminopropylidene) - dibenzo[a, d ]  - cyclohepta - 
[ I ,  41 diene. - A solution of 249 mg ( 1 mmole) of 5-(y-aminopropylidene)- 
dibenzo [a, d]-cyclohepta [ 1 , 41 diene, freshly prepared from its hydrochloride, 
and 0.5 ml of purified collidine in 1 ml of dry toluene was added to the above 
solution of ethyl chloro~arbonate-~~C and stirring was continued for 2 hours. 
The mixture was diluted with benzene and was washed three times each with 
water, IN hydrochloric acid, water, 1N sodium hydroxide and water. After 
drying over magnesium sulfate, the solvents were removed under reduced 
pressure and the carbarnate, which crystallizes on standing, was used without 
further purification or assay for radioactivity, Yields of the carbamate ranged 
from 63-71 % based on phosgene. 

A sample of non-labeled carbamate was crystallized from benzene-petro- 
leum ether (b.p. 60-680). It melted at  110-1 12O. 

Anal. - Calcd. for C,,H,, NO, : C, 78.47; H, 7.21. Found : C, 78.40; H, 
1.25. 

5-(y-Methyl-14CC-aminopropylidene) - dibenzo[a, d ]  - cyclohepta - [1,4] 
diene (Nortriptyline-N-methylJ*C) . - The crude carbamate was dissolved 
in I0 ml of dry ether and was added, dropwise with stirring, to 0.5 g(13.2 mmoles) 
of lithium aluminum hydride in 40 ml of dry ether. The mixture was stirred 
and refluxed overnight. It was then chilled in ice water and was hydrolyzed by 
dropwise addition of 0.5 ml of ethanol, 0.5 ml of water, 0.5 ml of 20 % sodium 
hydroxide solution and 1.5 ml of water. The ether was decanted and the residue 
was extracted by stirring with three 20 ml portions of boiling benzene. The 
ether-benzene solution was extracted with three 10 ml portions of IN hydro- 
chloric acid and then with three small portions of water. About 6 drops of 
concentrated hydrochloric acid were added to the combined aqueous solutions 
to produce immCdiate crystallization of the hydrochloride salt of labeled nor- 
triptyline. After chilling overnight, the product was isolated by filtration 
and was dried in air and then in a desiccator over anhydrous calcium sulfate. 
The yield of labeled nortriptyline hydrochloride was 132 mg (40 % overall 
based on the starting phosgene) with a melting point of 212-2140. The specific 
activity was 4.5 p.Ci/mg, 1.36 mCi/mmole. 

The labeled product was co-chromatographed on thin-layer with authentic 
cold material. Liquid scintillation counting of sections of the chromatogram 
showed that all the radioactivity was present in the product spot visible under 
UV light. 

In a subsequent run, if recovered carbamate were considered, the overall 
yield was 49 %. 

N-Methyl-W-3-phenylpropylamine was prepared by the same general 
procedure as the n~rtriptyline-N-methyl-l~C except that the acid extracts 
were made basic and the free base was extracted with ether. After drying 
over magnesium sulfate, hydrogen chloride gas was passed over the surface 
of the solution and the resulting hydrochloride was crystallized from ethanol- 



w
 

P
 

T
A

B
L

E
 

1. 
D

eu
te

ri
um

 a
nd

 T
ri

tiu
m

 L
ab

el
ed

 A
m

in
es

 b
y 

R
ed

uc
tio

n 
of

 C
ar

ba
m

at
es

 

0
 

II
 

RR
 '
N-

C-
OC

2H
5 

Re
du

ci
ng

 A
ge

nt
 

R 
-
-
 

R 
' 

MM
ol

e 
MM

ol
e 

Pr
od

uc
t 

Yi
el

da
, 

q6 

76
 

2
b

 
C5

H5
-C

H2
CH

2C
H2

- 
H 

9.
7 

Li
A 
12
H4
, 
2
0
 

C6
H5

-C
H2

CH
2C

H2
-N

HC
 H
3 

C6
H5

-C
H2

CH
2C

H2
- 

A
3

 
10
.6
 

Li
Al

2H
4,

20
 

C 
~
H
~
-
C
H
~
C
H
~
C
H
Z
N
 

( C
2H

3 
) 

14
 

0.
5 

Li
A1

H3
3H

, 
0.
53
 (
25

mC
i)

 
Li
Al
H4
,0
.5
3 

Li
A1
H4
,2
.1
e 

3
f

 
,C

H2
CH

2N
HC

H2
 H
 

25
 

?cr
 7 i! U
 

a 
Y

ie
ld

s o
f 

th
e 

am
in

e 
hy

dr
oc

hl
or

id
es

 a
re

 b
as

ed
 o

n 
st

ar
tin

g 
ca

rb
am

at
es

. 
m

 
A

na
l. 

C
al

cd
. f

or
 C

lo
H

13
aH

3C
IN

 : C
, 6

3.
64

; H
 +

 2H
, 1

0.
15

. 
Fo

un
d 

: C
, 6

3.
41

 ;
 H

 +
 2H

, 9
.8

4.
 T

he
 m

el
tin

g 
po

in
t 

w
as

 1
37

-1
39

O
. 

F 
C

 
T

hi
s 

is
 a

n 
ov

er
al

l y
ie

ld
 fo

r t
hr

ee
 s

te
ps

 (L
iA

PH
, r

ed
uc

tio
n,

 p
re

pa
ra

tio
n 

of
 c

ar
ba

m
at

e,
 L

iA
I2

H
, r

ed
uc

tio
n)

. T
he

 p
ro

du
ct

 m
el

te
d 

at
 1

38
-1

40
0.

 
d 

T
he

 n
on

-l
ab

el
ed

 c
ar

ba
m

at
e 

w
as

 p
re

pa
re

d 
in

 p
yr

id
in

e 
so

lu
tio

n 
by

 t
he

 p
ro

ce
du

re
 d

es
cr

ib
ed

 f
or

 n
on

-l
ab

el
ed

 e
th

yl
 N

-3
-p

he
ny

l-
pr

op
yl

- 

e 
T

hi
s 

la
rg

e 
ex

ce
ss

 fo
 L

iA
IH

, w
as

 a
dd

ed
 a

ft
er

 8
 h

ou
rs

 o
f 

re
flu

x 
an

d 
he

at
in

g 
w

as
 c

on
tin

ue
d 

fo
r 

an
ot

he
r 

8 
ho

ur
s.

 
f 

T
he

 p
ro

du
ct

 m
el

te
d 

at
 2

12
-2

14
O

. T
he

s 
pe

ci
fic

a c
tiv

ity
 w

as
 7

3.
6 

pC
i/m

g,
 2

2 
m

C
i/m

m
ol

e.
 A

 th
in

-l
ay

er
 c

hr
om

at
og

ra
m

 a
nd

 a
ut

or
ad

io
gr

ap
h 

ca
rb

am
at

e.
 I

t 
w

as
 u

se
d 

w
ith

ou
t 

pu
ri

fi
ca

tio
n.

 

sh
ow

ed
 th

at
 t

he
 s

in
gl

e 
ra

di
oa

ct
iv

e 
sp

ot
 c

or
re

sp
on

de
d 

to
 a

ut
he

nt
ic

 m
at

er
ia

l. 
R

f 
ap

pr
ox

im
at

el
y 

0.
5.

 
i5 P z 0

 
2:

 



ETHYL CHLOROCARBONATE-14C 265 

ether. The product from a 2 mmole (1 mCi of phosgene-14C) reaction was 
obtained in 31 % overall yield based on the starting phosgene. The melting 
point of 143-145O is in agreement with that reported in the literature (4) for 
non-labeled material. The nature and purity of the product was verified by 
thin-layer chromatography and authoradiography. It was shown to be a 
single spot and to have an Rf of about 0.3. The specific activity was 2.45 pCi/mg, 
0.46 mCi/mmole. 

Ethyl N-3-phenylpropylcarbamate. - To a well stirred solution of 0.1 mole 
of 3-phenylpropylamine in 50 ml of dry pyridine was added 12 g (0.1 mole, 
10.5 ml) of ethyl chlorocarbonate at a dropwise rate. Ether was added and 
the mixture was washed thoroughly with water, IN hydrochloric acid and 
water. After drying over anhydrous magnesium sulfate the ether was removed 
under reduced pressure and the resulting product, ethyl N-3-phenylpropyl- 
carbamate, boiled at 146-1 50°/0. 1 mm. 

Anal. - Calcd. for C,,H,,NO,: C, 69.53; H. 8.27. Found : C ,  69.51; 
H, 8.47. 

N-MethyL2H3- and N-methyl-3H-amines. - To 2 mmoles of lithium 
aluminum deuteride, or a mixture of 1 mmole of lithium aluminum hydride-,H 
(LiAlH2H) and 1 mmole lithium aluminum hydride, in 10 ml of dry ether was 
added a solution of 1 mmole of the ethyl carbamate of the appropriate amine 
in 5 ml of dry ether at  a dropwise rate. The mixture was stirred and refluxed 
for 8 hours. It was then chilled in ice water and hydrolyzed by the addition 
of 0.076 ml of water, 0.076 ml of 5N sodium hydroxide solution and 0.238 ml 
of water. After filtration and thorough washing of the residue with benzene, 
the hydrochloride was precipitated from the filtrate by addition of gaseous 
hydrogen chloride and was recrystallized from methanol-ethyl acetate. See 
Table 1 for compounds prepared by this procedure. 

The identity of the deuterated 3-phenylpropylamine derivatives was 
confirmed by comparison of their mass spectra (Hitachi RMU-6-Mass Spectro- 
meter) with those of the corresponding hydrogen compounds. The pertinent 
data showed, where R = 3-phenylpropyl : RNHCH,, mol. wt. 149, mass ion 
149, strong ion peak at 44 for CH, = N+HCH,; RNHC2H,, mol. wt. 152, 
mas ion 152, strong ion peak at 47 for CH, = N+HC2H,; RN (CH,), ( 5 ) ,  

mol. wt. 163, mass ion 163, strong ion peak at 58 for CH, = N+ (CH,),; RN 
(C2H3),, mol. wt. 169, mass ion 169, strong ion peak at  64 for CH, = N+(C,H,),. 
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