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S W A R Y  

The low-resolut ion e l e c t r o n  impact mass s p e c t r a  (70 eV) of 52 , 

N-ni t r o s o  compounds a r e  presented .  A l ipha t i c ,  aromatic ,  and c y c l i c  

n i t  rosamines a r e  represented ,  a s  a r e  ni t rosamino ac ids  and n i t  rosamides . 
Most o f  t h e  compounds showed a molecular ion .  Many o f  them gave a  

fragment ion  a t  M-30 o r  M-31 and an ion o f  m/e 30 o f  v a r i a b l e  i n t e n s i t y .  

A l a rge  number of  t h e  compounds showed an ion  a t  M-17, corresponding 

t o  l o s s  o f  OH. I t  i s  expected t h a t  almost any N-ni t roso compound can 

be cha rac t e r i zed  and i d e n t i f i e d  from i t s  mass spectrum, and t h i s  pub l i -  

c a t i o n ,  with t h e  previous ly  publ ished ORNL-TM-4359, se rves  as  a  source 

of usefu l  comparative s p e c t r a  o f  a  d ive r se  l i s t  o f  n i t rosamines .  



1.0 INTRODUCTION 

The N-ni t roso compounds comprise t h e  most broadly a c t i n g  group of 

carcinogens.  There seems t o  be no spec i e s  n o r  any organ r e f r a c t o r y  

t o  t h e  tumorigenic ac t ion  o f  one o r  more o f  them. Since man can come 

i n t o  con tac t  with t h e s e  compounds, e i t h e r  because they  a r e  present  i n  

the  environment o r  because they  can be formed by r e a c t i o n  o f  n i t r i t e  

with secondary o r  t e r t i a r y  amino compounds, e s p e c i a l l y  i n  t he  a c i d  con- 

d i t i o n s  of  t h e  stomach, a  means of  i d e n t i f y i n g  them i s  needed. Most 

methods a r e  non- spec i f i c  o r  r e q u i r e  l a r g e  q u a n t i t i e s  o f  samples,  a 

s e r ious  disadvantage because t h e s e  poten t  carcinogens would be expected 

t o  occur  only i n  t r a c e s .  The only method t h a t  i s  s u f f i c i e n t l y  s e n s i t i v e  

and ye t  s p e c i f i c  i s  mass spectrometry.  Since most bu t  n o t  a l l  N-nitroso 

compounds a r e  carcinogens,  i t  i s  e s s e n t i a l  t o  d i f f e r e n t i a t e  those t h a t  

a r e  from t h e  i n a c t i v e  compounds. 

We have examined a  l a r g e  number of  N-ni t roso compounds r ep re sen t ing  

a l l  c l a s s e s  and types ,  t h e i r  mass s p e c t r a  be ing  measured under s tandard  

condi t ions  and compared. We have looked f o r  t y p i c a l  f e a t u r e s  o f  t h e  mass 

s p e c t r a  which would enable us t o  i d e n t i f y  an unknown ma te r i a l  a s  an N- 

n i t r o s o  compound and t o  a s s ign  a  s t r u c t u r e  t o  i t .  The mass s p e c t r a  of  

95 of t h e s e  compounds were 'publ ished i n  ORNL-TM-4359 i n  October, 1973. 

Thi-s pub l i ca t ion  o f  an add i t i ona l  52 s p e c t r a  b r ings  t h e  mass s p e c t r a l  i n -  

formation t o  da te .  The i n t e r p r e t a t i o n  and g e n e r a l i z a t i o n s  concerning 

mass s p e c t r a  o f  n i t rosamines  w i 1 . 3 .  be piiblished i n  t h e  open l i t e r a t u r e  i n  

' the n e a r  f u t u r e .  



2.1 INDEX BY COMPOUND T Y P E t I N C L U D I N G  P H Y S I C A L  CONSTANTS 

MOL MP OR BP U  V ABS 
W T  ( TORR SOL 

A L I P H A T I C  N ITROSAMINES 

N-NITROSO- 
METHYL-D3-ETHYLAMINE 
DIETHYL-D10-AMINE 
D I A L L Y L A M I N E  
D I S E C B U T Y L A M I N E  
METHYLUNDECYLAMINE 
D I O C T Y L A M I N E  
METHYLOCTADECYL,AMI NE 
D I D E C Y L A M I N E  
DIDODECYLAMINE 

POLYFUNCTIONAL A L I P H A T I C  NITROSAMINES 

N-NITROSO- 
ETHYL-2-HYDROXYETHYLAMINE 
BIS(Z-HYDROXYETHYLIAMINE 
BIS(2-HYDROXYPR0PYL)AMINE 
B I S ( 2 - 0 X O P R O P Y L ) A M I N E  
B I S ( 2 - C H L O R 0 E T H Y L ) A M I N E  
BIS-(2-CHLOROPR0PYL)AMINE 
B I S ( C Y A N 0 M E T H Y L ) A M I N E  
B I S ( 2 - C Y A N 0 E T H Y L ) A M I N E  
BIS(2-METH0XYETHYL)AMlNE 
B I S ( 2 - E T H 0 X Y E T H Y L ) A M I N E  
BlS(212-DIETH0XYETHYL)AMINE 

PAGE 

AROMATIC SUBSTITUTED NITROSAMINES 

N-NITROSO- 
AT RAZ I NE 

SUBSTITUTED A L I C Y C L I C  NITROSAMINES 

N-NITROSO- 
3 r 5 - b l M E T H Y L P I P E R I D I N E  
6 - T E R T B U T Y L P I P E R I D I N C  
4 - P H E N Y L P I P E R I D I N E  
N O Q N I C O T I N E  
3 -CHLOROPIPERIDINE 
4 -CHLOROPIPERIDINE 
394-D ICHLOROPYRROLIDINE 
3 r 4 ~ D I B R O Y O P Y R R O L I D I N E  
3 1 4 - D I C H L O R O P I P E R I D I N E  
3 t 4 - D I B R U M U P I P E H I D I N E  
2 9 6 - D I C Y A N O P I P E R I D I N E  



2.1 I N D E X  RY COMPOUND T Y P E t I N C L U D I N G  P H Y S I C A L  CONSTANTS 

MOL MP OR B P  U V ABS 
W T ( T O R R )  SOL  PAGE 

D I N I T R O S O  A L I C Y C L I C  N I T R O S A M I N E S  

N I T R O S A M I D E S  

' N-NITROSO- 
NORBUTYLUREA 1 4  5 M 1 8 3  
2-FLUOROETHYLUREA 1 3 5  M 8 1 - 3 1 0 )  
2-CHLOROETHYL UREA 1 5 1  M 4 5 - 4 7  
ltl-DIMETHYL-312-CHLOR0ETHYL)UREA 1 7 9  
1-METHYL-3t3-61512-CHLOR0ETHYL)UREA 2 2 7  
191-DIETHYL-3(2-CHLOROETHYLlUREA 2 0 7  
ltlr3-TRIS12-CHLOROETHYLIUREA 2 7 5 
2-BROMOETHYLUREA 1 9  5 M 4 5 - 4 6  
2-HYDROXYETHYLUREA 1 3  3 M 5 1 - 5 5  

N I T R O S O G U A N I D I N E S  , 

N-NITROSO- 
N-METHYL-D3-N1-NITROGUANIDINE 1 5 0  

NITROSOCARBAMATES 

N-NITROSO- 
E T H Y L  N-METHYL-D3-CARBAMATE 
E T H Y L  N-ETHYL-DS-CARBAMATE. 
METHYL N-PHENYLCARBAMATE 
METHOMYL 
A L D I C A R R  
L A N D R I  N 
BAYGON 
CARBOFURAN 
BUXTEN 



BY MOLECULAR WEIGHT INDEX 

PAGE 

1 0  

11 

12  

13  

1 4  

M / E  INT M/E I N T  M/E INT.  M/E INT  M/E INT 

N-NITQOSOMETHYL-D3-ETHYLAMINE 
4 5  1 0 0  9 1  9 2  4 6  78 3 3  2 4  3 0  2 1  

N-NITROSODIETHYL-D10-AMINE 
5 0  1 0 0  1 1 2  88 62  77  4 4  6 7  7 0  6 0  

N-N I T R O S O E T t I Y L - 2 - t i Y D R O X Y E T t i Y L A M I N E  
4 2  1 0 0  5 7  58  56  53 4 3  5 0  3 1  36  

N-NITROSO-BIS(CYAN0METHYL)AMINE 
1 2 4  1 0 0  4 0  75  6 7  33 ' 1  2 1  3 9  1 0  

N-NITROSODIALLYLAMINE 
4 1  100  3 9  3 9  42  23 1 0 9  1 8  5 4  1 0  

N-NI TYOSO-2- I iYDROXYETt iYLUREA 
3 0 1 0 0  4 2  7 0  57  38  4 1  7 1 1 7  7 

N-NITROSO-BIS(2-HYDR0XYETHYL)AMINE 
4 3  1 0 0  42 4 6  74  29  55  2 7  5 6  25 

N-NITROSO-2-FLUOROETHYLUREA 
4 4  1 0 0  9 2  7 1  59  47  4 7  3 5  102  2 9  

N-N I TROSO-ETtiYL N-METIIYL-D3-CARBAMATE 
6 1  1 0 0  7 8  3 4  4 6  24  45 2 2  7 6  1 6  

N-NITROSO-395-DIMETHYLPIPERIDINE 
5 5  1 0 0  4 2  9 5  4 1  7 4  1 4 2  6 6  3 9  33  

N-NITROSONORBUTYLUREA 
3 0  1 0 0  4 1  97  4 4  82  56 50 5 Y  48 

N-NITROSO-3-CHLOROPIPERIDINE 
4 2  1 0 0  55 7 0  56 3 9  4 3  3 8  3 0  36 

N-NITROSO-4-CHLOROPIPERIDINE 
4 2  1 0 0  1 4 8  7 0  55 43  8 2  3 0  43  25  

N-NITROSC-N-METHYL-D3-N'-NITROGUANIDINE 
3 0  1 0 0  4 4  9 1  47 4 4  72  4 2  4 6  39  

N-NITROSO-ETHYL N-ETHYL-05-CARBAMATE 
3 4  1 0 0  3 0  7 0  58 33 4 5  2 7  4 4  20  

N-NIT90SQ-2-CHLQROETHYL UREA 
6 6 1 0 0  62 96 4 1  2 1  1 1 6  1 7  5 7  11 

N - N I T R O S O - B ~ s ( ~ - C Y A N O E T I ~ Y L ) A M I N E  
3 0  1 0 0  4 0  9 4  54  85 4 2  7 6  4 3  42  

N-NITROSO-BIS(2-0XOPROPYL)AMINE 
4 3  1 0 0  8 6  78  42 55 85  11 8 4  1 0  

N-NITROSODISECBUTYLAMINE 
5 7  1 0 0  4 1  5 6  7 0  48  8 4  3 4  4 2  3 1  

N-NITROSO-BIS(2-HYDROXYPR0PYL)AMINE 
45  1 0 0  4 4  88  42 05  43 7 9  7 0  56  

N-NITROSO-BIS(2-METH0XYETHYL)AMINE 
4 5  1 0 0  59  3 3  42  1 9  58  1 7  6 0  1 6  

N-NITROSO-296-DICYANOPIPERIDINE 
8 0  1 0 0  53 7 7  92 52 1 6 4  5 2  1 0 7  45 

N-NITROSC-394-DICHLOROPYRROLIDINE 
4 2  1 0 0  3 9  46 68 4 6  A 1  4 4  $ 6 8  44 

N-kITROSO-BIS(2-CHLOROETHYL)AMI '4E 
4 2  1 0 0  1 2 1  6 8  63  6 0  9 0  4 2  1 2 3  2 4  

N-NITROSO-4 -TERTBUTYLPIPERID INE 
1 7 0  1 0 0  1 4 0  8 1  57  72 4 2  5 8  5 6  4 9  

N-NITROSONORNICOTINE 
1 0 5  1 0 0  1 1 8  6 6  177  6 0  1 4 7  4 7  7 8  4 4  

N-NITR0S0-lrl-DIMETHYL-3(2-CHLOROETHYLIUREA 
7 2  1 0 0  4 4  4 1  42  23 3 0  1 2  5 6  11 

N-NITROSO-METHYL N-PHENYLCARBAMATE 
9 3  100  6 5  8 9  123  68 9 4  2 8  3 9  17  

M/E INT M/E INT 



MW P A G E  

182 3 8 

190 39 

190 4 0 

191 4 1 

195 42 

198 43 

200 44 

M/E INT M / E  INT M/E INT M / E  INT M/E INT 

N-NITROSO-394-DICHLOROPIPERIDINE 
42 100 116 42 182 42 82 41 53 35 

N-NITROSO-BIS(2-ETH0XYETHYL)AMINE 
59 100 45 84 72 65 56 36 57 31 

N-NITROSO-4-PHENYLPIPERIDINE 
160 100 42 43 91 43 56 39 13,l 30 

N-NITROSOMETHOMYL 
59 100 74 62 104 58 5P 50 47 46 

N-NITROSO-2-BROMOETHYLUREA 
42 100 30 95 56 75 31 23 116 16 

N-NITROSO-01s-(2-CHLOROPR0PYL)AMINE 
42 100 41 91 70 73 135 60 77 37 

194-DINITROSO-293r596-TETRAMETHYLPIPERAZINE 
97 loo 70 98 44 e9 41 71 140 71 

N-NITROSO-~~~-DIETHYL-~~Z-CHLOROETHYL)UREA 
100 100 72 76 44 33 56 22 30 14 

N-NITROSOMETHYLUNDECYLAMINE 
197 100 43 80 44 71 73 49 74 49 

N-NITROSOALDICARB 
89 100 173 66 41 59 6 5 34 85 34 

N-NITROSOLANDRIN 
135 100 136 81 121 76 91 33 79 12 

N-NITROSO-1-METHYL-3~3-BISl2-CHLOROETHYL~UR€A 
63 100 168 71 56 68 42 6 4  170 46 

N-NITROSOBAYGON 
109 100 110 35 81 18 151 14 43 8 

N-NITROSUATHAZINE 
215 100 173 49 200 47 185 44 201 38 

N-NITROSOBUXTEN 
121 100 107 57 163 48 93 35 91 28 

N-NITROSOCARBOFURAN 
163 100 135 58 107 43 164 39 149 23 

N-NITROSO-3t4-DIBROMOPYRROLIDINE 
68 100 41 51 39 41 177 34 179 34 

N-NITROSODIOCTYLAMINE 
49 100 84 67 43 55 57 50 86 47 

N-NITROSO-394-DIBROMOPIPERIDINE 
82 100 55 36 191 34 193 33 38 29 

N-N1TROSO-l~l~3-TRIS(2-CHLOROETHYLlUREA 
6 5  100 92 34 63 32 56 20 54 19 

N-NITROSO-BISl2t2-DIETH0XYETHYL)AMINE 
103 100 75 62 47 58 61 21 89 18 

N - N I T R O S O M E T H Y L O C T A D E C Y L A M I N E  
295 100 296 24 282 21 44 16 43 14 

N-NITROSODIDECYLAMINE 
309 100 183 64 57 39 43 36 310 22 

N-NITROSODIDODECYLAMINE 
365 100 43 46 57 34 366 29 44 27 

M / E  INT M / E  INT 



2r3 INDEX 

BASE PAGE 

3 0 15 

3 0 2 0 

3 0 2 3 

3 0 2 6 

3 4 2 4 

4 1 1 4 

42 12 

4 2 2 1 

4 2 2 2 

42 3 2 

4 2 3 3 

42 3 8 

42 4 2 

4 2 4 3 

4 3 2 7 

43 16 

4 4 17 

4 5 10 

4 5 2 9 

4 5 3 0 

49 . 55 

5 0 11 

5 5 19 

5 6 2 5 

5 7 2 8 

5 9 39 

5 9 4 1 

6 1 18 

BY BASE PEAK 

M / E  INT M/ E  INT M/E INT M/E I N T  M / E  INT M/E INT M / E  INT 

N-NITROSO-2-HYDROXYETHYLUREA 
30100 42 70 5 7 3 8  41 7 1 1 1  7 89 7 58 5 

N-NITROSONORBUTYLUREA 
30100 41 97 44 82 56 50 59 48 57 42 39 38 

N-NITROSO-N-METHYL-D3-N'-NITROGUANIDINE 
30 100 44 91 42 44 72 42 46 39 60 34 57 29 

N-NITROSO-RIS(2-CYAN0ETHYL)AMINE 
30 100 40 94 54 85 42 76 43 42 81 39 52 15 

N-NITROSO-ETHYL N-FTHYI -05-CARBAMATE 
34 100 30 70 58 33 45 27 44 20 61 17 46 16 

CI-NI TR061)DIALLYLAllINC 
4 1 1 0 0  39 39 42 23 109 18 54 10 6H 9 81 8 

N-NITROSOETHYL-2-HYDROXYETHYLAMINE 
42 100 57 58 56 53 43 50 31 36 58 32 87 23 

N-NITROSO-3-CHLOROPIPERIDINE 
42 100 55 70 56 39 43 38 30 36 40 36 82 36 

N-NITROSO-4-CHLOROPIPERIDINE 
42 100 148 70 55 43 82 30 43 25 56 23 150 23 

N-NITROSO-394-DICHLOROPYRROLIDINE 
42 100 39 46 68 46 41 44 168 44 75 42 67 38 

N-NITROSO-BIS(2-CHLOR0ETHYL)AMINE 
42 100 121 68 63 60 90 42 123 24 91 21 35 19 

N-NITROSO-3r4-DICHLOROPIPERIDINE 
42 100 116 42 lE2 42 82 41 53 35 184 28 89 24 

N-NITROSO-2-BROMOETHYLUREA 
42 100 30 95 56 75 31 23 116 16 41 11 87 9 

N-NITROSO-015-(2-CHLOROPR0PYL)AMINE 
42 100 41 91 73 73 1 3 5  6n 77 37 0 25 63 22 

N-NITROSO-BIS(2-0XOPROPYL)AMINE 
43 100 86 78 42 55 85 11 84 10 30 10 5 8 

N-NITROSO-BIS(2-HYDROXYETHYLIAMINE 
4 3 1 0 0  42 46 74 29 55 27 56 25 87 25 72 L4 

N-NI IHOSO-2-FLUOROETl IYLbREA 
44 100 92 71 5 9  47 47 35 102 29 93  28 46 26 

N-N ITROSOYETHYL-D3 -ETHYLAMINE 
45 100 91 92 46 78 33 24 30 21 43 21 59 20 

N-NITROSO-BIS(2-HYDROXYPR0PYL)AMINE 
45 100 44 P R  L2 8 5  43 71 70 56 88 40 41 38 

N-NITROSO-BIS(2-METH0XYETHYL)AMINE 
C S ~ O O  59 33 42 13 5 8  17 60 16 a7 15 e b  rs 

N-NITROSODIOCTYLAMINE 
49 300 A 4  67 43 55 57 50 86 47 41 37 155 34 

N-NITROSODIETHYL-D10-AMINE 
50 100 112 88 62 77 44 67 70 60 64 52 71 46 

N-NITRQS0-3t5-DIMETHYLPlPEK1UlNt 
55100 42 95 41 7 1  142 66 39 3 3  83 29 5 6  i'b 

N-NITRO$O-~-CHLOROETHYL UREA 
56100 42 96 41 21 116 17 57 11 40 9 44 7 

N-NITROSODISECBUTYLAMINE 
57 100 41 56 70 48 84 34 42 31 158 29 56 27 

N-NITROSO-RIS(2-ETH0XYETHYL)AMINE 
59 100 45 84 72 65 56 36 57 31 42 29 100 29 

N-NITROSOMETHOMYL 
59 100 74 62 104 58 58 50 47 46 88 41 42 40 

N-NITROSO-ETHYL N-METHYL-D3-CARBAMATE 
61 100 78 34 46 24 45 22 76 16 60 14 63 14 



M/E I N T  t.:/E I N T  M/E I N T  M/E I N T  M / E  I N T  M/E I N T  M/E  I N T  BASE PAGE 

6 3 49 

6 5 5 7 

6 8 54 

N-NITROSO-l-METHYL-3~3-BIS(2-CHLOROETHYL~UREA 
63 100 168 71 56 68 42 64 170 46 

N-NITHOSO-11193-TRIS(2-CHLOR0ETHYL)UREA 
65 100 92 34 63 32 56' 20 54 19 

K-NITROSO-3e4-DIBROMOPYRROLIDINE 
68 100 41 51 39 41 177 34 179 34 

N-NITROSO-111-DIMETHYL-3(2-CHLOR0ETHYL)UREA 
72 100 44 41 42 23 30 12 56 1 1  

N-NITROSC-216-DICYANOPIPERIDINE 
80 100 53 77 .92 52 164 52 107 45 

N-NITROSO-314-DIBROMOPIPERIDINE 
82 100 55 36 191 34 193 33 38 29 

N-NITROSOALDICARB 
89 100 173 66 41 59 44 34 85 34 

N-NITROSO-METHYL N-PHENYLCARBAMATE 
93 100 65 89 123 68 94 28 39 17 

~ I ~ - D I N I T R O S O - Z ~ ~ I ~ ~ ~ - T E T R A M E T H Y L P ~ P E R A Z I N E  
97 100 70 98 44 89 41 71 140 71 

N-NITROSO-191-DIETHYL-3(2-CHLOR0ETHYL)UREA 
130 100 72 76 44 33 56 22 30 14 

N - N I T R O S O - B I s ( 2 1 2 - D I E T H O X Y E T l i Y L I A M I N E  
103 100 75 62 47 58 51 21 89 18 

N-NITROSONORNICOTINE 
105 100 118 66 177 60 147 47 78 44 

N-NITROSOBAYGON 
109 100 110 35 81 18 151 14 43 8 

N-N I TROSORLJXTEN 
121 100 107 57 163 48 93 35 91 28 

N-NITROSO-RIS(CYAN0METHYL)AMINE 
124 100 40 75 67 33 41 21 39 10 

N-NITROSOLANDRIN 
135 100 136 81 121 76 91 33 79 12 

N-NITROSO-4-PHENYLPIPERIDINE 
160 100 42 43 91 43 56 39 131 30 

N-NITROSOCARBOFURAN 
163 100 135 58 107 43 164 39 149 23 

N-NITROSO-4-TERTBUTYLPIPERIDI t \E  
170 100 140 81 57 72 42 58 56 49 

N-NITROSOMETHYLUNDECYLAMINE 
197 100 43 80 44 71 73 49 74 49 

N-NITROSOATRAZINE 
215 100 173 49 200 47 1 8 5  44 201 38 

N-NITROSOMETHYLOCTADECYLAMINE 
295 100 296 24 282 21 44 16 43 14 

N-NITROSODIDECYLAMINE 
309 100 183 64 57 39 43 36 310 22 

N-NITROSODIDODECYLAMINE 
365 100 43 46 57 34 366 29 44 27. 



3 . 1  PREPARATION OF COMPOUNDS 

Many of  t h e  N-ni t roso compounds were prepared by r e a c t i o n  o f  t h e  

secondary o r  t e r t i a r y  amino compound with a  2- t o  3-fold molar r a t i o  of  

sodium n i t r i t e  i n  a c i d  s o l u t i o n ,  e i t h e r  hydrochlor ic  a c i d  a t  O'C o r ,  

more usua l ly ,  a c e t i c  a c i d  a t  room temperature.  The b e s t  y i e l d s  were 

ob ta ined ,  u sua l ly  with a c e t i c  ac id ,  and o f t e n  approached 100% of  

t h e o r e t i c a l ;  r e a c t i o n  times o f  1 o r  2 hours were adequate .  Most o f  t h e  

amino compounds were from A 1  d r i ch  Chemical Company, Milwaukee , Wisconsin, 

b u t  some were from Eastman Organic Chemicals, Rochester,  New York, and 

K and K Labora to r i e s ,  New York. 

A t  completion o f  t h e  r e a c t i o n ,  t h e  s o l u t i o n s  were e x t r a c t e d  twice  

wi th  an equal  volume o f  e t h e r  o r ,  more u s u a l l y ,  methylene ch lo r ide .  In 

t h e  c a s e  of  t h e  n e u t r a l  n i t r o s o  compounds, o t h e r  than  n i t rosamides ,  t h e  

e x t r a c t s  were shaken with anhydrous sodium carbonate ,  f i l t e r e d  and t h e  

s o l v e n t  was evaporated i n  a  s t ream of n i t rogen  a t  room temperature.  The 

r e s i d u a l  n i t rosamine  was d i s t i l l e d  -- i n  vacuo i f  a  l i q u i d ,  o r  c r y s t a l l i z e d  

from llietharlol i f  a s o l i d .  The e x t r a c t i o n  o f  n i t rosamino ac ids  from t h e  

r e a c t i o n  mixtures  was with e t h e r ,  which was d r i e d  wi th  anhydrous mag- 

nesium s u l f a t e  and t h e  s o l u t i o n  evaporated i n  n i t r o g e n  t o  a  smal l  volume, 

from which t h e  n i t rosamino a c i d s  c r y s t a l l i z e d .  

The n i t r o s o a l k y l u r e a s  and n i t ro soa lky lguan id ines  c r y s t a l l i z e d  from 

t h e  n i t r o s a t i o n  mixtures  and were f i l t e r e d  o f f  and r e c r y s t a l l i z e d  from 

methanol. N i t r o s o t r i a l k y l u r e a s  and n i t rosoa lkylcarbamates  were e x t r a c t e d  

with methylene c h l o r i d e  o r  e t h e r ,  d r i e d  with magnesium s u l f a t e  and, a f t e r  

removal of  t h e  s o l v e n t ,  d i s t i l l e d  -- i n  vacuo. 



Many o f  t h e  polyfunct iona l  o r  s u b s t i t u t e d  n i t rosamines  were. p re-  

pared by r a t h e r  s p e c i f i c  techniques,  depending upon t h e  a v a i l a b l e  s t a r t i n g  

ma te r i a l s .  These procedures have been and w i l l  be publ i shed  i n  papers 

descr ib ing  t h e  r e s u l t s  of  ca rc inogen ic i ty  t e s t i n g  o f  each compound. 

. A l l  nitros.amines were s t o r e d  i n  t h e  dark and n i t rosamides  i n  a  sub- 

zero  f r e e z e r .  

Pu r i ty  o f  t h e  compounds was e s t a b l i s h e d  by sharpness  o f  mel t ing  

po in t  o r  b o i l i n g  p o i n t ,  molar a b s o r p t i v i t y  i n  water  o r  e thanol  and, 

occas iona l ly ,  by t h i n  l a y e r  chromatography and by elemental  a n a l y s i s .  

3.2  MASS SPECTROMETRY 

The mass s p e c t r a  were obta ined  on a  s ing le- focus ing  m & s  spectrom- 

e t e r  [30.5 cm (12 i n )  r ad ius ,  90' magnetic s e c t o r ]  cons t ruc ted  a t  t h i s  

l abo ra to ry .  The s p e c t r a  a r e  low-resolut ion d a t a  (M/AM<1000) recorded with 

a  l i g h t  pen osc i l l og raph .  The d a t a  were t r a n s f e r r e d  manually t o  punched 

cards  f o r  computer reduct ion and p l o t t i n g .  Acce lera t ing  vol tage  was 4 kV, 

and i o n i z i n g  vol tage  was 70 e V .  The source can p re s su re  was maintained a t  

l e s s  than 5 X t o r r  uncorrected.  The sample was in t roduced  v i a  a  

vacuum- lock d i r e c t - i n s e r t i o n  probe opera ted  a t  t h e  lowest temperature r e -  

qu i r ed  t o  g ive  a  s u i t a b l e  spectrum, gene ra l ly  below 100°C. 



4.0 MASS S P E C T R A  

M / E  I N T  
47.0 3.3 
53.0 1rO 
55.0 1.0 
56r0 2.0 
57.0 1.6 
58.0 8.2 
5'3.0 20.0 

M / E  I N T  M / 5  I N T  
6010 12.4 . 76.0 8.6 
61a0 3.2 77.0 0.2 
6210 2.6 90.0 3.0 
63.0 0.6 91.0 92.0 
74.C 9.2 92.0 5.5 
75.0 0.6 93.0 0.6 



YAJOR PEAKS ONLY 



INT 
3.6 
3 . 8  
0 . 5 

14.4 
0 7 

23.3 
3.4 

OBSERVED M E T A S T A B L E S  
3(>.O* 



M/E I N T  M/E I N T  M/E I N T  
31.0 1.5 41.0 20.5 54.0 3.5 
32.0 7.5 42.0 4.5 55.0 2.2 
38.0 6.5 44.0 1.2 65r0 0.7 
39.0 10.0 52.0 1.7 66.0 5.0 
40.0 75.0 53.0 7.0 67.0 33.0 

OBSERVED METASTABLES 
29.99 



N - N I T R O S O D I A L L Y L A M I N E  
MW = 1 2 6  C6aHlO.N2.0 

I N T  
1 a 6  
3 . 9 

7 8  5 
7.2 

190.3  
2 3 . L  

1.5 
0.5 

OBSERVED t4ETASTPBLF.S 
6 0 , 2 *  3L.?, 

I N T  
0 5 
1 a 0  
1 .' 
9.6 
4.5 
3 0 
3 a 8 

M /  E I NT. 
96.0 1.1 
9 8 r 0  0.6' 
99.0 0.5 

109.0 18.9 
110 .0  1.3 
125.0 4.3 
127.3 3.6 



M/E INT 
72.0 0.4 
73r0 0.5 
87.0 2.2 
88.0 0.5 
89.0 6.5 
90.0 . 0.5 . 

114.0 0.1 



M I E  I NT M/E  I NT M/E I N T  
41.0 4.1 54.0 2.0 61.0 2.1 
42.0 45.5 55.0 26.8 69.0 0.6 
43.0 100.0 56.0 25.3 70.0 0.6 
44.0 7.4 57.0 1.8 72.0 24.2 
45.0 20.5 58.0 1.7 73.0 14.1 
46.3 1.4 . 60.0 1.1 74.0 29.1 

OBSERVED METASTABLES 
65.3~ 

M/E I N T  M/E I N T  
75.0 1.1 103.0 6.7 
86.0 403 114.0 108 
87.0 2406 116.0 509 
8810 1.8 117.0 1 .4  
91.0 8.9 133.0 11.9 
10010 0.7 134.0 016 



M / E  I N T  
33.0 1 3 0 8  
38.0 0.4 
39.0 0.6 
40.0 2.0 
41.0 3.1 
42.0 17.2 
43.0 17.7 
44.0 10010  

M/E I N T  
72.0 0.8 
73.0 0.7 
74.0 2.2 
75.0 1.9 
85.0 0.2 
88.0 Om3 
89.0 0.6 



N-NI TROSO-ETHYL N-MET HYL 
YW a 135 C4.H5.03aNZ.03 

M I €  I NT M/E 
33.0 8.6 44. 0 
34.0 5.1 45.0 
35.0 2.6 46.0 
36.0 0 0 5  47.0 
39.0 0.6 48.0 
40.0 13.0 56.0 
41.0 0.8 57.0 
42.0 1.9 58.0 
43.0 7.2 59.0 



I N T  
1.9 

' 6 . 0  
2.0 

' 6.2 
5'. 1 

100.0 
25.8 

3.2 
1 7 
0.4 
0.8 
0 13 
1.8 
1.0 

OSSERVED METASTABLES 
3 6 . 5 ~  61.59 



N-NITROSONORBUTYLUREA 
MW o 145 CSaHllaN3.02 

M / E  I NT M/E  I N T  . M/E  I N T  
30.0 100.0 42.0 16.8 51.0 2.6 
31.0 2.3 43.0 4.6 5 3  3.4 
38.0 4.4 44.0 82.2 54.0 2.5 
39.0 37.7 45.0 406 55.0 17.7 
40.0 6.8 47r0 4.2 56.0 50.0 
41.0 96.6 50.C 2.6 57.0 42.2 

OSSERVED METASTABLES 
19.4~ 34.3~ 40.7, 73.89 91.0~ 



M/E . I N T  
52.0 6.2 
53.0 32.8 
54.0 28.1 
55.0 70.3 
56.0 39.0 
57.0 26.5 
5 8 8 0  ,4.8 
61.0 1.4 
52.0 3.7 
6 3 r 0  2 0 6  
64.0  2.6 
55.0  3.9 
56.0 2.3 
5 7 r 0  7 0 9  
58.0 12.5 
59.0  9.0 
70.0  10.6 

M / E  . I N T  
71.0 10.7 
72.0  1.5 
73.0 1.0 
74.0 -1.0 
75.0  2.5 
76 .0  5.7 
77'. 0 1 5 
78 .0  2.6 
79.0 1.8 
90.0 5.7 
81.0 7 0 3  
92.0 3 5 0 9  
93.0 14.0 
94.0 3.4 
95.0 0.9 
86.0 1.5 
87.0 7.3 





M/E I N T  
30.0 100.0 
31.0 3.8 
32.0 0.9 
33.0 5.0 
34.0 1.1 
35.0 0.9 
40.3 2.e 
41.0 5.4 
42.0 4k.3 
4 3 0 0  27.2 

M/E I N T  
75.G 2.0 
76.0 1.5 
77.0 U.7 
78.0 2.5 
8e.o 1.1 
91.0 0.5 

1,04.C 14.3 
135.0 1 0 3  
110.C 5 . 6  
111.0 5.1 



N-NITROSO-ETHYL N-ETHYL-05-CARBAMATE 
M'd = 1 5 1  C5.H5.D5.&2.03  

I K T  
1 l . U  
2 0  3 
27.0 
16.0 

2 5 
2.4 

11.9 
0.7 
1 . 1  



N-NITROSO-2-CHLOROETHYL UREA 
MW  151 C3.H6.N3*02.CL 

M/E INT M/E IN1 M / E  , INT 
38.0 1.7 44.0 6.7 58.0 0.6 
39.0 2.6 45.0 1.6 59.0 1.4 
40.0 8.9 54.0 1.0 60.0 4.6 
41.0 20.7 -55.0 2.1 70.0 0.3 
42.0 96.4 5600 100.0 7L.0 1.1 
43.0 4.6 57.0 10.7 

M/E . INT 
73i0 0.2 
85.0 , 0.2 
86.0 1.7 
87r0 2.5 
88.0 0.2 



O B S E R V E D  M E T A S T A B L E S  
5 8 . 6 0  8 2 . 5 0  



M / E  INT 
43.0 10010 
44.0 ,. 6.5 
45.0 0.6 
55.0 0.4 
56.0 30.1 
57.0 7.5 
58.0 7.7 

M / E  INT 
59.0 0.3 
66.0 0.3 
6 8 0 0  ' 1.3 
69.3 1.0 
83.0 0.7 
84.0 10.3 
8 5 0 0  11.3 

M / E  INT 
8600  77.8 
87.0 3.5 

109.0 . 0.5 
11500  '. 1.5 
116.0 0.8 
125.0 0.1 

M / E  INT 
128.0 2.2 
129.0 0.5 
130.0 0.0 
158.0 0.1 
159.0 0.4 
160.0 0.0 



OBSERVED METASTABLES 
29.51 

I NT M / E  I N T  
11 5 58.0 5.5 
1 3 68.0 1.1 
6 2 70.0 47.7 
2.0 71.0 3.3 
11.1 72.0 13r3 
2606 73.0 3 0 5  
100.0 



N-NITROSO-BIS(2-HYDROXYPR0PYL)AMINE 
MW a 162 C6.Hl4eN2.03 

M/E INT . M/E INT M/E 
38.0 0.5 55.0 l a 8  70.0 
39.0 6.1 56.0 9.9 71.0 
40.0 1.8 57.0 5.7 72.0 
41.0 38.4 58.0 15.3 73.0 
42.0 84.6 , 59.0 28.8 '74 .6 
43.0 73.0 60.0 9.8 75 a 0  
44.0 88.4 61.0 1.9 84.0 
45.0 100.0 68.0 19.2 86.0 
46.0 23.0 69.0 1.0 87.0 
54.0 1.3 

OBSERVED METASTABLES 
55.7, 98.59 

INT 
55.7 

3.4 
2 5 

, 1.0 
0 16 
0.9 
0 9 

26 0 9 
5.3 

I N T  
48.0 

2 . 5 
1 3 
0,.7 
1.1 
3 8 
1.5 
0.3 
0.9 



OBSERVED METASTABLES 
78.8e 

M / E  I N T  
70.0 0.5 
71.0 1.0 
72a3 0.7 
73.0 0.3 
74.0 0.3 
75.G 8.4 



N-NITROSO-296-DICYANOPIPERIDINE 
MW 164  C7aH8aN4r0 

M/E INT M/E INT 
37 .0  1.9 51.0 4.5 
30.0 3;e .52 .0  14.1 
39.0 20.6 53.0 77.4 
40.0 24.5 54.0 '19.3 
41.0 20.0 55.0 17.4 
42.0 5.1 56.0 1.2 
43.0 2.5 57.0 1.2 
44.0 l a 2  58.0 1.2 
50 .0  1.9 64 .0  2.5 

OBSERVED METASTABLES 
55.49 1 0 9 a 5 r  



I N T  
1.6 
0 a 6 
0 . 7 
0.7 
0.7 
1.0 

25.6 
6 . 3 
9.6 
2.1 

11.3 
7.5 



N-NITROSC-BIS(2-CHLOR0ETHYL)AMINE 
Mh' = 170 C4sH8sN2sOsCL2 



I N T  
49 2 
72.4 
3.7 
1.4 
5.2 
4.0 

23.1 
8.1 
2.0 
1.1 
0 . 8  
2.6 



N-NITROSONORNICOTINE 
MW = 177 C9oHlleN3aO 

INT 
6.0 
5.5 
32.9 
100.0 
12.5 
3.4 
6.3 
14.8 
65.8 
2 1 6 
9.6 
13.3 
8.4 

9 B S E R V E D  METASTABLES 
See09 75.01 81.3, 104.19 122009 143009 144.79 144.79 159.59 176.5, 





N-NITROSO-METHYL N-PHENYLCARBAMATE 
MW m 1 8 0  C8rHBeN2.03 

M/E INT  
50.0  2.7 
51.0  5.1 
55.0  1.5 
56.0  4 .7  
57.0  3.8 
61 .0  0.6 . 
62 .0  1.8 
63 .0  5.6 
64 .0  3.3 

M/E I N T  
107.0  1.7 
123 .0  67.5 
124 .0  5 .0  
125 .0  0.3 
149.0  Om3 
150.0  0 .2  
180 .0  4.5 
181 .0  0 .3  



ORSERVEP Y E T A S T A R L E S  
126.99 l26.9* 





OBSERVED METASTABLES 
107.3s 134.79 



N-NITROSOMETHOMYL 
YW = 1 9 1  C5mH9.N3 .03 .S  

OBSERVED M E T A S T 4 R L E S  
5 2 . 7 ,  8 0 . 7 9  





INT 
1.1 
0 5 
.o .5 
7.0 
1.1 

25.4 
9.8 

1706 
3.5 
2.9 
3.5 
0.5 
5.2 
1.7 



lr4-DINITROSO-2,3rSe6-TETRAMETHYLPIPERAZINE 
MW 200 C8eH16.N4.02 

M / E  I N T  M / E  I NT M / E 
38.0 0.6 54.0 9.1 72 a0 
39.0 1.1 55.0 28.4 73.0 
40.0 2.4 56.0 30.6 79 0 
41.0 71.1 57.0 4.8 8 0  I 0 
42.0 55.5 58.0 6.8 81.0 
43.0 7.1 60.0 1.7 82 00 
44.0 88.08 67.0 1.1 83.0 
45.0 3.1 68.0 10.6 84 0 
51 00 1.0 69.0 6.6 85.C 
52.0 1.4 70.0 97.7 9400 
51.0 4.6 71.0 17r7 Y5.U 

OBSERVED METASTABLES 
67.1 * 69.2 r 81.8,r 115atr 144.56 

\. 

M / E  I N T  
125.0 10.8 
126.0 1.5 
139.0 la4 
140.0 71.1 
141.0 . 6.8 
155.0 11.7 
170.0 14.8 
171.0 1.5 
200.0 406 
201.n Or6 



M / E  I N T  
68.0 0.4 
69.0 1.1 
70.0 3.8 
71.0 3.2 
72.0 75.6 
73r0 3.6 
74.0 0.5 
76.0 0.4 
77.0 0.5 
R3.0 0.5 
e4.0 0.5 

OBSERVED METASTABLES 
41.89 



N-NITROSOMETHYLUNDECYLAMINE 
MW 2 1 4  C12.H26.NZ.O 

M/E  I N T  
184.0 36.2 
185.0 4.9 
197.0 100.0 
198 .0  13.7 
199.0 1.2 
213.0 0.5 
214.0 1.6 
215.0 0.2 

OBSERVED M E T A S T A B L E S  
191 .5e  1 2 0 . 5 ,  



N-NITROSOALDICARB 
MW = 2 1 9  C7eH13mN3*03rS 

M I E  1NT M / E  
30.0 32.5 49.0 
31.0 2.0 50.0 
37.0 1.1 51.0 
38.0 2.2 5 2 0.0 
39.0 22.2 5 3 0 
40.0 4.5 54.0 
41.0 59.2 55.0 
42.0 26.6 56.0 
43.0 6.6 57.0 
44.0 340'0 58.0 
k5.0 19.2 59.0 
46.0 5.9 ' 60.0 
47.0 17.7 '61.0 
48.0 20.7 62.0 

OBSERVED METAS?ARLES 
136.79 



N-NITROSOLANDRIN 
M W  = 222 CllrH14.N2.03 

INT 
0 9 
0.6 
0.2 
0 7 
0 3 
32 5 
4.7 
3 * 2 
0.5 
0.3 
0 a-4 
2.5 
0 8 
6.7 
1 5 
0 9 
1 5 
1 3 

OBSERVED METASTABLES 
46.59 84.89 95.49 101.49 107.79 113009 





N-NITROSOBAYGON 
MW = 2 3 9  Cl l .H14 .N2 .04  

M / E  I N T  
53.0 2.8 
54.0 0.5 
55.0 0.6 
5 6 . 0  1.4 
5 7 . 0  2 .1  
5 8 1 0  1.0 
6 3 . 0  1.6 
64 .0  2.0 
6 5 . 0  1.9 

OBSERVED METASTABLES 
59.69 60.39 7 8 - 7 9  79.69 95.89 





I N T  
2.1 
1.1 
1.5 
0 9 
4.3 
3 . 3 

2 2 . 6  
2 . 7 
C. 9 
15.5 
2.7 
5.3 
1.3 
2.S: 
1.2 
5.6 

O B S E R V E D  K E T A S T A R L E S  
71.59 84.89 lllo8r 129.09 137.79 



N-NITROSOCARBOFURAN 
MW = 250 C12.Yl4eN2.04 

M / E  I N T  M / E 
38.0 ' l a ?  65.0 
39.0 12.9 66 0 
40.0 2.0 67.0 
41.0 13.1, 69.0 
42.0 1.6 77.0 
43.0 7.8 78.0 
44.0 1.5 79.0 
50.0 2c4 80.0 
51.0 10.7 81.0 
52.0 2.4 89.0 
53.0 3.7 91.0 
55.0 7.0 92.0 
56.0 3.7 9300 
57.0 6.8 94.0 
58.0 0.6 95.0 
6200 0.8 96.0 
64.0 2.8 102.0 

M / E  I N T  
103.0 6.5 
104.0 1.3 
105.0 4.9 
136.0 1.5 
107.0 43.2 
108.0 4.5 
109.0 1.1 
110.0 1.9 
11S.t) 7.2 
116.0 1.8 
117.0 17.9 
118.0 3.0 
119.0 4.1 
120.0 3.9 
12k.0 7.8 
122.0 6.3 

M / E  I N T  
123.0 9.6 
124.0 1.4 
127.0 3.2 
128.0 0.7 
131.0 10.3 
132.0 1.7 
133'.0 1.5 
134.0 2.0 
135.13 57.7 
136.0 ,603 
137.0 0.7 
145.0 12.5 
146.0 3.5 
147.0 6.8 
148.0 8.2 
149.0 22.6 

OBSERVED METASTABLES 
84.8s 111.1s 111.8s 113.5s 



M/E INT  
199 .0  1.2 
201.0  1.0 
2 1 0 . 0  0.4 
2 1 2 1 0  0 .6  
2 2 6 . 0  2 .9  
228 .0  6 .0  
230 .0  2 .9  
253.0  0 .3  
255 .0  0.7 
2 5 6 . 0  11 .2  
2 5 i . J  cJ.9 
Z5orO 21.9 
2 5 9 . 0  1.3 
2 6 0 1 0  10.2  
261 .0  0 .5  



N-NITROSODIOCTYLAMINE 
MW 270 C16rH34.N210 

M/E INT 
30.0 9.6 . 
35.0 10.0 
3600 2.3 
37.0 3.2 
39.0 6.2 
41.0 37.2 
42.0 19.6 
43.0 55.1 
L4.0 26.8 
45.0 7.2 
47.0 20.0 
48.0 ,9.5 
c9.0 190.0 
50.0 4.1 

M/E I N T  
72.0 2.4 
74.0 3.1 
81.0 1.2 
82.0 2.4 
83.0 3.6 
84.0 67.2 
85.0 5.1 
86.0 47.2 
'88.0 6.4 
9600 1.0 
97.0 0.9 
98.0 5.5 
99.0 1.7 

M/E INT 
170.0 2.7 
172.0 2.1 
182.0 3.7 
183.0 1.1 
196.0 0.9 
240.0 9.0 
241.0 1.7 
253.0 33.4 
254.0 6.8 
255.0 .0e8 
269.0 0.3 
270.0 1 a6 
271.0 0.3 

OBSERVED METASTABLES 
2Z6.9, 



M / E  INT 
133.0 7.6 
134.0 1.8 
135.0 6.5 
136.0 1.0 
149.3 0.3 
151.0 0.2 
158.0 0.2 
159.0 0.3 
16C.O 4.4 
1 6 1 ~ 0  5.7 
162.0 4.7 
l b 3 r 0  5 . 5  
164.0 0 . 5  
177.0 0.3 
179.0 0.3 
191r0 34.2 
192.0 2.1 
193.0 32.8 





M / E  I NT M/E  
41.0 0.7 60 o 0 
42.0 3.0 61.0 
43.0 5.7 62 . 0 
44.0 7.3 70.0 
45.0 3.8 72.0 
47.0 57.6 73.0 
48.0 0.6 75.0 
56.3 0.7 76.9 
58.0 0.9 84.0 
59.0 2ml 86 m 0 

OBSE4VED METASTARLES 
54.6s 15C.11 

M / E  I N T  
114.0 0.6 
116.0 6.5 
117.0 1.0 
128.0 0.6 
129.0 0.5 
130.0 0.6 
143.0 0.7 
144.0 1.0 
157.0 2 .6  
159m0 0.8 

M / E  I N T  
173r0 0.9 
187.0 6.9 
188.0 0.4 
203.0 0.3 
205.0 0.3 
219.0 3.0 
22010 0.3 
233.0 9.6 
234.0 1.1 



N-NITROSOMETHYLOCTADECYLAMINE 
M W  = 312 C19eH40eN2.0 

ORSERVED METASTARLES 
215.39 

M/E INT 
113.0 0.4 
125.0 0.5 
126.0 0.5 
139.0 0.2 
140.0 0.3 
141.0 0.2 
154.0 0.2 
155.0 0.2 
168.0 0.2 
169.0 0.2 
182.0 0.2 
183.0 0.2 
196.0 0.1. 
197.0 0.1 
210.0 0.1 

M/E INT 
211.0 0.1 
213.0 0.1 
224.0 0.1 
225.0 0.2 
226.0 0.1 
227.0 0.1 
238.0 0.4 
239.0 0.2 
241.0 0.1 
252.0 1.6 
253.0 0.5 
264.0 0.4 
267.0 0.4 
280.0 0.5 ' 

281.0 0.3 



N-NITROSODIDECYLAMINE 
MW = 3 2 6  C2O.H42.Y2.0 

M/E I NT M/E 
39.0 2.0 70.0 
41.0 13.5 71.0 
42.0 7.1 72.0 
43.0 35.7 73.0 
44.C 15.7 74.0 
45.3 1 8 81.0 
5 4  0 1.3 92.0 
55.0 17.1 83.0 
56.0 8.5 84.0 
57.0 39.2 8 5 r 0  
58.0 3.8 8 6 r O  
59.0 0.8 96.0 
6 0 . 0  l e 5  97.0 
67.0 1.7 98.0 
68.0 2.5 99.0 
69.0 9.2 

OBSERVE3 METASTABLES 
167.6r  292.9 r 
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