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SUMMARY 

E thy1 isocyanate, N-methyl acetami de , !-methy lacetami d e - a ,  
and 1-methylacetamide-& were reduced w i t h  l i t h i u m  aluminum deu- 
t e r i d e  and then n i t r o s a t e d  w i t h  sodium n i t r i t e  t o  y i e l d ,  respec- 
t i v e l y ,  n i t rosomethy l ( -d  )ethylamine, n i  trosomethylethyl(a-&) 

($lamine. 
t rometry  i s  described. 

amine, n i  trosomethylethy -? (-&lamine, and n i  trosomethyl ( -$)ethy l  
The cha rac te r i za t i on  o f  the compounds by mass spec- 

Key Words: Deuter i  um-labeled n i  trosomethylethylamines 

INTRODUCTION 

Evidence i s  accumulating t h a t  a r a t e - l i m i t i n g  s tep  i n  the  carc inogenic  

a c t i o n  of nitrosamines i s  the removal of a hydrogen atom from an a-carbon. 

Both n i  trosodimethylamine-d6 and n i  trosomorphol i ne-3,3,5,5-d4 were s i g n i f i c a n t l y  

l e s s  carc inogenic  than nitrosodimethylamine (1) and n i t rosomorphol ine ( 2 ) .  Also 

2,5-dimethylnitrosopyrrolidine and 2 ,h-dimethylni t rosop ipe r id ine ,  i n  which 

access t o  the a-carbon atoms i s  hindered, a r e  non-carcinogenic (3,4). 

tetramethylnitrosopiperidine (41, which has no hydrogens on the a-carbon atoms 

i s  a l so  non-carcinogenic, w h i l e  the unsubst i tu ted nitrosamines a re  po ten t  

carcinogens. 

compared w i t h  n i  t rosodiethy lamine ( 5 ) .  

I n  the  case o f  unsymmetrical a l i p h a t i c  nitrosamines, there i s  some quest ion 

2,2,6,6- 

S i m i l a r l y ,  nitrosodi-isopropylamine i s  very  weakly carc inogenic  

as t o  which o f  the two a-carbon atoms p a r t i c i p a t e s  most i n  the carc inogenic  

process, an impor tant  f a c t o r  i n  e l u c i d a t i n g  the mechanism o f  a c t i o n  of t h i s  

c lass  of carcinogens. To answer t h i s  question, n i  trosomethylethylamine (1) 
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labeled w i t h  deuterium i n  e i t he r  the methyl (2) o r  ethyl group (3  or  z), and 

also i n  both alkyl groups ( g ) ,  were prepared so t ha t  t h e i r  re la t ive  carcinogenic 

ac t iv i ty  i n  ra t s  could be established by oral administration a t  equimlar  doses. 

RESULTS AND DISCUSSION 

Four nitrosomethylethylamines spec i f ica l ly  labeled w i t h  deuterium were 

prepared i n  h i g h  isotopic purity by reduction of ethyl isocyanate o r  the 

appropriate N-methylacetamide w i t h  lithium aluminum deuteride. 

the product had to be carried out i n  non-protonated solvent (P2O5 i n  D20) to 

avoid introduction of unwanted hydrogen, A1 1 products were characterized by 

nmr spectrometry, UV spectrophotometry, and mass spectrometry. The chemical 

and isotopic purity of the products was deemed sa t i s fac tory  for  the biological 

testing of t h e i r  re la t ive  carcinogenic effectiveness. 

Hydrolysis of 

The mass spectra of nitrosomethylethylamine (lJ, and the four deuterium 

labeled analogues (2, 3, 7, 8) show patterns which confirm previous conclusions 

about the fragmentation of the undeuterated compound. 

Each of the f ive  compounds shows a substantial  molecular ion (M)'  and a 

(M-30)' ion, corresponding to  loss of N O ,  which was always 2 to 3% of the 

molecular ion. All three compounds having an ethyl group with CH3 (1, 2, and 3) 
show an (M-15)' ion of re la t ive  in tens i ty  7 to 9%, corresponding to  loss of 

tha t  methyl. 

show a smaller tendency t o  lose CD3. 

The two compounds having an ethyl group containing CD3 (7 and 8) 

An (M-17)+ ion, corresponding to loss of O H ,  was seen only i n  the spectra 

of the three compounds having an ethyl group containing CH3 (1, 2, and 31, 
suggesting tha t  the hydrogen came from the 8-carbon, through formation of a 

four-membered ring s t ruc ture ,  rather than through migration of a hydrogen from 

an a-carbon. 

spectrum of 8, probably a composite of (M-OD)+ and (M-CD3)+; a metastable ion 

corresponding t o  loss of 18 mass u n i t s  i n  both and 8 was analogous w i t h  the 

metastable corresponding t o  loss of 1 7  mass units from the molecular ion of 

the other three compounds. This confirms the loss of hydrogen from the 

T h i s  was confirmed by the re la t ive ly  large (M-18)' ion i n  the 
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8-carbon together  w i t h  the oxygen atom as OH. 
+ 

There was a subs tan t i a l  (M-31) i o n  from the  undeuterated compound, 

i n d i c a t i n g  a l oss  o f  NOH. 

t h i s  ion. 

suggesting t h a t  t he  hydrogen cou ld  come from e i t h e r  a-carbon. S i m i l a r l y ,  t he  

(M-32)' i o n  probably a r i ses  through loss  o f  NOH2, b u t  t he  (M-33)' and (M-34)' 

ions cannot y e t  be explained. 

All o f  the nitrosomethylethylamines except 5 showed 

I t  was, however, l a r g e s t  i n  the  spectrum o f  t h e  undeuterated compound 

The r a t i o  o f  t he  i n t e n s i t i e s  o f  t he  molecular ions o f  each of t he  

deuterated compounds t o  those o f  t he  less-deuterated species present  was 

h ighes t  f o r  2 a t  100:3. 

- 8. 

s ince i n  fewer than 1 molecule i n  10 was the re  a hydrogen ins tead  o f  deuterium 

i n  the  l abe led  pos i t i on .  

The r a t i o  was 100:9 f o r  2, 100:9 f o r  L a n d  100:9 f o r  

Th is  degree o f  p u r i t y  was considered adequate f o r  t he  b i o l o g i c a l  s tud ies,  

2 - 
D2PO4- 

? 1)LiAID4 + HONO 
CH3NHCCH3 - C H ~ N H C D ~ C H J  - CHsNCDzCH3 

2)D3POq D I 
NO 

3 

CH~NHZ-HCI FI 

M O C I  
CDaCOOD CDjCOCi 

5 

5 
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EXPERIMENTAL 

Ni trosomethyl( -ci3)ethylamine (2) 

A so lu t ion  of e thyl  isocyanate (Aldrich; 3.559, 0.05 mol) i n  anhydrous 

e t h e r  (45 ml) was added t o  l i thium aluminum deuter ide (S tohler  Isotope Chemicals; 

4.659, 0.11 mol) s t i r r e d  under a nitrogen atmosphere i n  anhydrous e t h e r  (200 ml). 

The react ion mixture was boi led under re f lux  f o r  9 hrs., cooled t o  room temper- 

a t u r e ,  and hydrolyzed with a phosphoric ac id- i3  so lu t ion .  (This so lu t ion  was 

prepared by adding P205 (14.29, 0.1 moll t o  D20 (309, 1 .5  mol) under a ni t rogen 

atmosphere, and then allowing i t  t o  s tand f o r  1 hr. before  use). When the 

hydrolysis  was complete, the solvent  was evaporated and the aqueous layer  

concentrated i n  vacuo t o  a volume o f  approximately 30 ml. 

(15 ml) and concentrated hydrochloric ac id  (9  ml) were added with s t i r r i n g  t o  

the cooled sample, followed by a suspension o f  sodium n i t r i t e  (34.59, 0.5 mol) 

i n  water (40 ml). 

with water (100 m l ) ,  and sa tura ted  w i t h  sodium chlor ide .  

ex t rac ted  with methylene ch lor ide  (150 ml) three times; the organic layers  were 

combined and washed with 5% sodium bicarbonate unt i l  t h e  aqueous phase remained 

basic. 

under a stream o f  nitrogen t o  give a yellow o i l  (2.49, 52% based on Et-NCO) 

which showed hmax 95% EtoH 346 ( E  8 4 ) ;  nmr (CDC13): 0.96-1.50 ppm (m, 3H), and 

3.38-4.36 ppm (m, 2H); mass spectum: 

Nitrosomethylethyl(a-$)aamine (3) 

Glacial a c e t i c  acid 

The react ion mixture was s t i r r e d  overnight ,  and then d i l u t e d  

The mixture was 

The solut ion in  methylene ch lor ide  was dr ied  (MgS04) and then evaporated 

(See Table I ) .  

A so lu t ion  o f  N-methylacetamide (5.19, 0.07 mol) in  anhydrous e t h e r  

(50 ml) was added t o  a so lu t ion  o f  l i thium aluminum deuter ide (3.79, 0.09 

mol) i n  anhydrous e t h e r  (250 ml) which was s t i r r e d  under a nitrogen atmosphere. 

The react ion mixture was boi led under re f lux  overnight (21 hrs) ,  and then 

cooled t o  room temperature, and hydrolyzed with phosphoric acid- i3 .  

concentrated aqueous layer  was n i t rosa ted  as described f o r  2 using g l a c i a l  a c e t i c  

The 
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a c i d  (21 m l ) ,  concentrated hyd roch lo r i c  ac id  (12.8 m l ) ,  and sodium n i t r i t e  

(489, 0,7 mol). The product  was a y e l l o w  o i l  (2.99, 45% based on N-methyl- 

acetamide). The UV spectrum showed g5% EtoH 346 (E 67); nmr (CDC13): 1.10 

ppm and 1.38 ppm (anti- and syn- 8-CH3 respec t i ve l y ,  i n  r a t i o  1:3.76), and 

3.04 ppm and 3.73 ppm (_syn- and anti- CH3 respec t i ve l y ,  i n  r a t i o  3 .55: l ) ;  

mass spectrum: (See Table I ) .  

Ace ty l  Chloride-A, (4) 

Acety l  Chloride-ci3 was prepared f o l l o w i n g  the method o f  Brown ( 6 ) .  Ace t i c  

acid-$ (Merck, Sharpe, and Dohme; 15.79, 0.25 mol) was added s low ly  t o  benzoyl 

c h l o r i d e  (569, 0.4 mol). 

d i s t i l l e d  through a Vigreaux column. 

(14.79, 73%) was a co lo r l ess ,  fuming l i q u i d  (lit. bp. 48-51' ( 6 ) ) .  

N -Me t hy 1 ace t ami de-$ (5) 

The m ix tu re  was heated and ace ty l  chloride-c13 was 

The f r a c t i o n  c o l l e c t e d  a t  bp. 40-47" 

Methylamine hydrochlor ide (13.59, 0.2 mol) was added t o  a s o l u t i o n  o f  

p y r i d i n e  (329, 0.4 mol) i n  d r y  benzene (150 m l ) .  

f o r  1.5 hrs., then a c e t y l  ch lor ide-g3 (4, 139, 0.16 mol) was added dropwise 

w i t h  s t i r r i n g  and cool ing.  

warm t o  room temperature and the  so l ven t  was removed by r o t a r y  evaporat ion 

(40°, 50-150 mm) l eav ing  a t h i c k  paste, which was exhaus t i ve l y  ex t rac ted  w i t h  

e the r  (Soxhlet ) .  Evaporation o f  the so l ven t  gave a crude o i l  from which N- 

methylacetamide-ci3 was d i s t i l l e d  as a co lo r l ess  o i l  (bp. 103-112"/25m) which 

The m ix tu re  was s t i r r e d  

A f t e r  4 hrs.,  t he  r e a c t i o n  m ix tu re  was al lowed t o  

s o l i d i f i e d  on coo l i ng .  

con ta in ing  N-methylacetamide. 

N i  t rosomethy lethy l ( -3)amine (7) 

The IR spectrum was cons is ten t  w i t h  t h a t  o f  a deuterium- 

A s o l u t i o n  o f  5 (6.19, 0.08 mol) i n  anhydrous e t h e r  (50 ml) was added t o  

a s o l u t i o n  o f  l i t h i u m  aluminum deuter ide (59, 0.12 mol) i n  anhydrous e t h e r  

(275 m l )  which was s t i r r e d  under a n i t rogen  atmosphere. The r e a c t i o n  was 

b o i l e d  under r e f l u x  f o r  20 hrs., hydrolyzed w i t h  phosphoric acid-< and 
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n i t r o s a t e d  a s  described f o r  2. 
based on 5) w i t h  95% EtOH 346 ( L  84) ;  mass spectrum: 

N-Methylacetamide-% (5) 

The product was a yellow o i l  (3.39, 46% 

(See Table I ) .  

Methylamine-i3 hydrochlor ide ( S t o h l e r  Isotope Chemicals, 7.759, 0.11 mol) 

was added t o  a s o l u t i o n  o f  pyr id ine  (209, 0.25 mol) i n  dry benzene (125 ml). The 

mixture was s t i r r e d  f o r  1.5 hrs, then ace ty l  chloride-c13 (4, log,  0.12 mol) 

was added dropwise w i t h  s t i r r i n g  and cool ing.  

up  and the product i s o l a t e d  a s  descr ibed f o r  5. 
t o  give N-methylacetamide-$ a c o l o r l e s s  o i l  (bp. 100-112"/22 mn) which s o l i d i f i e d  

on cooling. 

Ni t rosome thyl  ( -A3) e thy l  ( -3) ami ne (8) 

The reac t ion  mixture was worked- 

The crude o i l  was d i s t i l l e d  

The IR spectrum was t h a t  expected for this N-methylacetamide. 

A s o l u t i o n  of 6 (5.59, 0.07 mol) was reduced and n i t r o s a t e d  a s  descr ibed 
95% E t O H  346 above t o  give a yellow o i l  (3.59, 52% based on 5) which showed $,,ax 

( E  69) ;  mass spectrum: (See Table I ) .  

TABLE I .  MASS SPECTRA OF N-NITROSOMETHYLETHYLAMINES 

m/e (Rela t ive  I n t e n s i t y )  
*CH$HzNCH3( 1 ) 

88 (100) 
73 (8)  
71 (9)  
57 (14) 
56 (20) 
44 (5)  
43 (8)  
42 (97) 

41 (6) 

k0 
CH3CH2yCD3( 2) 

NO 
91 (100) 

90 (4)  
89 ( 2 )  
88 ( 3 )  
76 (7)  
74 (8)  
60 (10)  
59 (16) 
46 (64) 
45 (78)  
44 (15) 
43 (21)  
42 (19) 

CH3CDzYCH3( 3)  
NO 

90 (100) 
89 (2)  
88 ( 1 )  
75 ( 9 )  
73 15) 
72 (4)  
69 ( 5 )  
59 (8)  
58 (10)  
46 (54)  

44 (30) 
45 (79) 

43  (79) 

CD$D2NCD3( 8)  
r;O 

96 (99) 

95 ( 8 )  
94 ( 1 )  
78 (12) 
64 ( 7 )  
63 (16) 
62 (13) 
48 (69) 
46 (100) 
45 ( 2 2 )  
43 (24) 
34 (76) 

*Synthesized by same method a s  ( 2 ) ,  b u t  using l i th ium aluminum hydride.  
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A l l  nmr spect ra were obtained w i t h  a Varian XL-100 w i t h  N i c o l e t  TT-100 

FT System. 

spectrometer (30.5-cm. rad ius,  90" magnetic s e c t o r )  const ructed i n  the  

A n a l y t i c a l  Chemistry D i v i s i o n  o f  the Oak Ridge Nat ional  Laboratory. 

Mass spect ra were obtained a t  70 ev. on a s ing le - focus ing  mass 
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