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ORGANIC PREPARATIONS AND PROCEDURES INT. 2 0 ( 4 ) ,  385-392 ( 1 9 8 8 )  

SYNTHESES OF CARCINOGENIC 8-KETONITROSAMINES FOUND I N  

MOLDY MILLET, WHEAT FLOUR AND CORNBREAD+ 

Joseph E.  Saavedra*, Guo-Kui P e i f t  and David W. Farnsworth 

NCI-Frederi ck Cancer Research Faci  1 i t y  
BRI-Basic Research Program, Freder ick ,  MD 21 701 

It has been repo r ted  t h a t  L inx ian ,  a county i n  nor thwest  Henan 

province, People 's Repub l ic  o f  China has t h e  w o r l d ' s  h ighes t  recorded 

inc idence  o f  esophageal cancer.1 

con ta ins  h igh  l e v e l s  o f  N-ni t rosodimethylamine, N -n i t rosod ie thy lam ine  and 

N-ni t r o s o p y r r o l  i d i  ne as we1 1 as e leva ted  amounts o f  secondary a m i  ne 

precursors  toge the r  w i t h  n i t r i t e . 2  

It has a l s o  been found t h a t  t h e  food 

I n  a d d i t i o n  t o  these components, two 

- 1 2_ 

n i t rosamines  o f  unusual s t r u c t u r e  bear ing  a 8-keto group ( a c e t o n y l )  have 

been i s o l a t e d  f rom moldy f o o d s t u f f s  o f  L inx ian .  N-(1-methylacetony1)-N- 

(3 -methy lbu ty l  )n i t rosa tn ine  

m i  1 l e t  and wheat f 1 

n i t rosamine  (NMAMPA, 2) was i s o l a t e d  on ly  f rom moldy m i l l e t  and wheat 

f l o u r . 4  

species o f  fungus which commonly contaminates foods i n  t h a t  area, p lays  a 

NMAMBA, 1) has been found i n  moldy cornbread, 

wh 1 e N - (  1 -methyl acetonyl  )-N-( 2-methyl p ropy l  ) - 

It was suggested by Ji e t  a l . 4  t h a t  Fusarium moni l i fo rme,  a 

key r o l e  i n  t h e  fo rma t ion  of these unusual n i t rosamines .  The biosyntheses 

o f  these compounds can r e s u l t  f rom t h e  occurrence o f  isoamylamine o r  o f  

i sobutylami ne and 3-hydroxy-2-butanone, a c o n s t i t u e n t  o f  corn  f l a v o r .  

Condensation o f  t h e  above m a t e r i a l s ,  f o l l o w e d  by enzymatic r e d u c t i o n  
O l Q S a  by Organic Preparations and Procedures Inc. 
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SAAVEDRA, P E I  AND FARNSWORTH 

t o  t h e  a l k a n o l a m i n e ,  o x i d a t i o n  and f i n a l l y  n i t r o s a t i o n  w o u l d  t h e n  p roduce  

NMAMBA (1) and  NMAMPA (2) r e s p e c t i v e l y .  S i n g e r  -- e t  a l . 5  have demons t ra ted  

t h a t  o x i d a t i v e  n i t r o s a t i o n  i n  d i l u t e  s u l f u r i c  a c i d ,  l e a d s  d i r e c t l y  t o  

s m a l l ,  b u t  s i g n i f i c a n t  amounts o f  t h e  6 - k e t o n i t r o s a m i n e  f r o m  t h e  a l k a n o l -  

ami ne. Compound 1 i n d u c e d  f o r e s t o m a c h  ca rc inomas  as we1 1 as 1 i v e r  tumors  

i n  m i c e  and r a t s  upon g a s t r i c  i n t u b a t i o n . 6  Though n o t  y e t  t e s t e d  i n  

a n i m a l s ,  t h e  ana logous  compound 2 i s  e x p e c t e d  t o  p r o d u c e  a s i m i l a r  s p e c t r u m  

o f  tumors.  

- a l . 4  p r e p a r e d  1. by a s i m i l a r  method. 

c h e m i s t r y  and m e t a b o l i s m  o f  t h e s e  compounds and s y n t h e t i c  methods p e r -  

m i t t i n g  t h e  easy i n t r o d u c t i o n  o f  ca rbon-14  were needed. We now r e p o r t  

t h e  s y n t h e s e s  o f  1 and  2 by  a method based on t h e  a l k y l a t i o n  o f  d o u b l y  

a c t i v a t e d  6 - k e t o n i t r o s a m i n e s .  

J i a n g  e t  a1.7 r e p o r t e d  a t w o - s t e p  s y n t h e s i s  o f  1 and  J i  et 
Very l i t t l e  i s  known abou t  t h e  

S i n c e  t h e  a -me thy lene  g roup  o f  t h i s  t y p e  o f  compound i s  a c t i v a t e d  

b o t h  by t h e  n i t r o s o  and t h e  c a r b o n y l  group,  e n o l i z a t i o n  o c c u r s  r e a d i l y  

and e x c l u s i v e l y  t o w a r d s  t h e  n i t r o g e n  atom.8 

n i t r o s a m i n e  - 3 i s  a r e p r e s e n t a t i v e  compound i n  t h i s  s e r i e s .  

f o r m a t i o n  i s  c a r r i e d  o u t  a t  25' w i t h  sodium h y d r i d e  i n  THF and t r a p p e d  

N - ( A c e t o n y l  ) -N -methy l -  

An ion  

w i t h  methy 

56% y i e l d .  

i somers  i n  

HPLC ( E q .  

3 - 

i o d i d e  t o  g i v e  N-(1-methylacetony1)-N-methylnitrosamine - 4 i n  

T h i s  compound e x i s t s  as a m i x t u r e  o f  4E:4Z r o t a t i o n a l  

1.13:l  r a t i o ,  t h e  s e p a r a t i o n  o f  w h i c h  was a c c o m p l i s h e d  on 

) 09 

N a + O -  No N / O -  -O,N 

(1 1 I Me1 

THF + \  

4 2  (47%) 4E (53%) - - 

The t e c h n i q u e  deve loped  t o  p r o d u c e  t h e  e n o l a t e  a n i o n  o f  3 was a p p l i e d  

t o  t h e  s y n t h e s i s  o f  t h e  two  compounds f o u n d  i n  t h e  L i n x i a n  s t a p l e s .  Reduc- 

t i v e  a l k y l a t i o n  o f  1-amino-2-propanol  w i t h  i s o v a l e r a l d e h y d e  and sodium 

b o r o h y d r i d e  gave 1- ( i soamy1amino) -2-propano l  5 i n  81% y i e l d . 1 0  O x i d a t i o n  
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SYNTHESIS OF CARCINOGENIC 8-KETONITROSAMINES 

o f  5 w i t h  chromium t r i o x i d e - s u l f u r i c  ac id ,  f o l l owed  by i n  s i t u  n i t r o s a t i o n  

gave a 65% y i e l d  o f  N-(acetony1)-N- isoamylni t rosamine 5. 
an ion  o f  5 was formed i n  THF a t  about 0" w i t h  sodium hydr ide .  

was t rapped  w i t h  methyl  i o d i d e  t o  g i v e  a 74% y i e l d  o f  N-(1-methylacetony1)-  

N-(3-methylbutyl)nitrosamine 1. 
CDC13 i n d i c a t e d  t h a t  - 1 e x i s t s  as a m i x t u r e  o f  two r o t a t i o n a l  isomers 

- TZ (65%) and (35%). The s t r u c t u r a l  congener N-( 1-methylacetony1)-N- 

(2-methylpropyl  )n i t rosamine  2 was prepared by a s i m i l a r  procedure. 

I n i t i a l l y ,  l-(isobutylamino)-2-propanol 1. was o x i d i z e d  and n i t r o s a t e d  i n  

66% y i e l d  t o  t h e  cor respond ing  n i t r o s o k e t o n e  S. 
sodium h y d r i d e  i n  t e t r a h y d r o f u r a n  f o l l o w e d  by a l k y l a t i o n  w i t h  methyl  

i o d i d e  gave 1 i n  86% y i e l d .  

2 : l  r a t i o  o f  2Z:ZE r o t a t i o n a l  isomers. 

The e n o l a t e  

The an ion  

P ro ton  magnet ic resonance a n a l y s i s  i n  

Eno la te  f o r m a t i o n  w i t h  

Ana lys i s  o f  t h e  produc t  by NMR i n d i c a t e d  a 

OH 0 NO 

- 5 (R- isoarnyl )  

- 7 (R-isobutyl) 

5 (R-isoamy 1) 

- 8 (R-isobutyl) 

EXPERIMENTAL SECTION 

P ro ton  and carbon NMR spec t ra  were recorded u s i n g  a N i c o l e t  NT-300 
spectrometer o r  a Va r ian  XL-200. 
measurements were c a r r i e d  o u t  on a VG-Micromass ZAB-2F spec t rometer  
equipped w i t h  a V G  da ta  system, Model 2035, o r  a VG-Micromass Model 7070 
spectrometer.  Elemental  analyses were done a t  G a l b r a i t h  L a b o r a t o r i e s ,  
Inc., K n o x v i l l e ,  TN. 

N-(1-Methylacetonyl  ) -N-methylni t rosamine (i).- To a s l u r r y  o f  0.746 g 

(0.031 mol )  of sodium h y d r i d e  i n  10  m l  o f  t e t r a h y d r o f u r a n  coo led  t o  

0" under  n i t rogen ,  was added a 0.5 M s o l u t i o n  o f  3.28 g (0.028 mol )  o f  

N-(acetonyl  )-N-methyl n i  t rosami  ne 3 1  i n  te t rahyd ro fu ran .  The i ce-bath 

was removed and t h e  m i x t u r e  s t i r r e d  a t  25" under n i t r o g e n  f o r  1 h r .  The 

r e a c t i o n  m i x t u r e  was coo led  once aga in  t o  0" and 6.71 g (0.047 mo l )  o f  

Low and h i g h  r e s o l u t i o n  mass s p e c t r a l  
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SAAVEDRA, PEI AND FARNSWORTH 

m e t h y l  i o d i d e  were  added. 

a t u r e  and s t i r r e d  f o r  3 0  min. Water  (0.5 m l ;  was added and t h e  s o l v e n t  

removed on a r o t a r y  e v a p o r a t o r .  The r e s i d u e  was e x t r a c t e d  w i t h  m e t h y l e n e  

c h l o r i d e ,  f i l t e r e d  t h r o u g h  a l a y e r  o f  magnesium s u l f a t e  and t h e  s o l v e n t  

removed on a r o t a r y  e v a p o r a t o r .  P u r i f i c a t i o n  o f  t h e  c r u d e  o i l  was c a r r i e d  

o u t  on d ry -packed  s i l i c a  g e l  and e l u t e d  w i t h  5 : l  m e t h y l e n e  c h 1 o r i d e : e t h y l  

The m i x t u r e  a l l o w e d  t o  warm up  t o  room temper -  

a c e t a t e  t o  

2935, 1720 

(53%) :  6 

( 4 7 % ) :  6 

NMR (CDC13 

11.69 ppm, 

g i v e  2.1 g (56%) o f  - 4, bp. 72" a t  15 mm Hg; I R  ( f i l m ) :  2990, 

1435, 1340 1072, 1040 cm- l ;  l H  NMR (CDC13): E i s o m e r  

.61 ( d ,  3H) 2.22 ( s ,  3H), 2.99 ( s ,  3H), 5.4 (q ,  1H);  Z i s o m e r  

1.38 (d, 3H , 2.11 (s ,  3H), 3.79 (s ,  3H), 5.10 (q,  1H); 13C 

: E i s o m e r :  14.07 ppm, 26.75, 29.63, 66.80, 204.32; Z i s o m e r :  

26.64, 36.42, 58.24, 202.21; MS, m/z ( r e l a t i v e  i n t e n s i t y ) :  

130 (M', 3 ) ,  129 ( 3 0 ) ,  116 ( 2 8 ) ,  115 ( l l ) ,  112 ( 5 ) ,  101 ( 7 ) ,  100 ( 3 9 ) ,  

9 8  ( 8 4 ) ,  8 6  ( Z l ) ,  8 5  ( 8 ) ,  8 4  ( 2 0 ) ,  8 2  ( 7 ) ,  74  ( 2 8 ) ,  7 0  ( 1 6 ) ,  67 ( 2 7 ) ,  57 

( 2 2 ) ,  55 ( 2 1 ) ,  43 ( 1 0 0 ) ;  E x a c t  mass (M'): 130.0767; c a l c d  f o r  C5H10N202 

(M+) :  130.0378. 

Ana l .  C a l c d  f o r  C5H10N202: C 46.14%, H 7.74%, N 21.52% 

Found: C 46.44%, H 7.70%, N 21.37% 

N- (Acetony1) -N- isoamyln i t rosamine @).- A s o l u t i o n  o f  6.5 g (0.0435 m o l )  

o f  1 - (  i soamyl ami n o ) - 2 - p r o p a n o l  ?lo i n  65 m l  o f  w a t e r  was c o o l e d  t o  O'C, 

and 12 m l  o f  conc. s u l f u r i c  a c i d  was added. To t h e  r e s u l t i n g  s o l u t i o n  

was added 7 g (0.07 m o l )  of chromium t r i o x i d e  i n  20 m l  o f  w a t e r ,  and 

s t i r r e d  a t  25°C f o r  12 h r s .  The r e a c t i o n  m i x t u r e  was c o o l e d  t o  O'C, 

75 m l  o f  me thy lene  c h l o r i d e  were added f o l l o w e d  by t h e  d r o p w i s e  a d d i t i o n  

o f  6.9 g (0.1 m o l )  o f  sodium n i t r i t e  i n  20 m l  o f  w a t e r  and t h e  two-phase 

m i x t u r e  s t i r r e d  a t  25" f o r  3 h r s .  The o r g a n i c  l a y e r  was s e p a r a t e d ,  and t h e  

aqueous l a y e r  e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e .  The combined 

o r g a n i c  s o l u t i o n s  were d r i e d  o v e r  anhydrous p o t a s s i u m  c a r b o n a t e ,  f i l t e r e d  

t h r o u g h  a l a y e r  o f  magnesium s u l f a t e  and e v a p o r a t e d  i n  vacuo. The c r u d e  
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SYNTHESIS OF CARCINOGENIC 8-KETONITROSAMINES 

produc t  was p u r i f i e d  on s i l i c a - g e l  column chromatography u s i n g  8:2:7 

methylene ch1or ide :ace tone:e thy l  a c e t a t e  as t h e  e l u e n t  t o  g i v e  4.7 g 

(61%) o f  5, bp. 80' a t  0.3 mm Hg, l i t . 1 2  bp. 80' a t  0.3 mm Hg; IR ( f i l m ) :  

2950, 2865, 1730, 1450, 1350, 1178, 1100, 1035 cm-'; NMR (CDC13): - Z 

isomer (73%): 6 0.92 (d, 6H), 1.55 (m, lH ) ,  1.63 ( m ,  2H), 2.16 ( s ,  3H), 

4.21 ( s ,  2H), 4.228 (m,  2H); E isomer (27%): 6 0.92 (d, 6H), 1.32 (m, 2H), 

1.55 (m, I H ) ,  2.22 ( s ,  3H), 3.60 (m, ZH), 4.96 ( s ,  2H); MS, m/z,  ( r e l a t i v e  

i n t e n s i t y ) :  172.12 (M', 2), 129 (30), 124 (5 ) ,  120 ( 5 ) ,  116 (28) ,  115 

( l l ) ,  101 (7),  100 (40) ,  98 (84) ,  86 (21) ,  85 (8 ) ,  84 (20) ,  82 ( 7 ) ,  71 

(28 ) ,  70 (16) ,  67 (27) ,  57 (22) ,  55 (21 ) ,  43 (100).  

172.1188; c a l c d  f o r  CgH16N202 (M'): 

N-(1-Methylacetonyl  ) -N-(3-methylbutyl  )n i t rosamine,  NMAMBA (1).- To a 

s l u r r y  o f  150 mg (6.25 mmol) o f  sodium h y d r i d e  i n  12  m l  o f  anhydrous 

t e t r a h y d r o f u r a n  a t  0°C was added, dropwise, a 1 M s o l u t i o n  o f  788 mg 

(4.5 mmol) o f  N-(acetony1)-N- isoamylni t rosamine - 6 i n  t e t r a h y d r o f u r a n  and 

s t i r r e d  a t  room tempera ture  f o r  30 min. Methyl  i o d i d e  (1.3 g, 9.15 mmol) 

Exact mass (M'): 

172.1211. 

was added r a p i d l y  and t h e  s t i r r i n g  con t inued  a t  room tempera ture  under 

n i t r o g e n  f o r  an a d d i t i o n a l  30 min. 

a ted  ammonium c h l o r i d e  s o l u t i o n  (ca. 5 m l )  and t h e  o rgan ic  s o l v e n t  removed 

on a r o t a r y  evaporator.  The remain ing  m i x t u r e  was e x t r a c t e d  w i t h  methy l -  

ene c h l o r i d e ,  d r i e d  ove r  sodium s u l f a t e  and f i l t e r e d  th rough a pad o f  

magnesium s u l f a t e .  

p roduc t ,  1, whi ch was p u r i f i e d  by s i  1 i ca-gel column chromatography u s i n g  

8:2:1 methylene ch1or ide :e thy l  acetate:hexane as t h e  e l u a n t  t o  g i v e  630 mg 

(74%) o f  N-(l-methylacetonyl)-N-(3-methylbutyl )n i t rosamine,  NMAMBA, - 1. 

Mass and C-13 NMR s p e c t r a l  p r o p e r t i e s  o f  t h i s  compound a r e  i d e n t i c a l  t o  

a u t h e n t i c  sample prepared by S inger  -- e t  a l .5  The p r o t o n  magnet ic resonance 

spectrum i s  r e p o r t e d  here  f o r  t h e  f i r s t  t ime:  NMR (CDC13): E isomer 

(35%): 6 0.913 (d, 6H), 1.59 (m, lH ) ,  1.635 (d, 3H), 1.73 (m, 2H), 2.206 

The r e a c t i o n  was quenched w i t h  s a t u r -  

Evapora t i on  o f  t h e  s o l v e n t  gave 834 mg o f  crude 
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SAAVEDRA, P E I  AND FARNSWORTH 

( s ,  3H), 3.601 (m, 2H), 5.14 ( 9 ,  1H); Z i somer  (65%) :  6 1.005 (d ,  6H) 

1.367 (d, 3H), 1.59 (m, l H ) ,  1.73 (m, 2H), 2.206 ( s ,  3 H ) ,  4.184 ( m ,  2H), 

4.456 (4 ,  1H). 

N - I s o b u t y l  -N-2-hydroxypropylarnine (L) . -  A s o l u t i o n  o f  18.8 g (0.26 m o l )  

o f  i s o b u t y l a m i n e  d i s s o l v e d  i n  200 m l  o f  w a t e r  was c o o l e d  t o  O O C .  To t h e  

s o l u t i o n  was added 8.9 m l  (0.13 m o l )  o f  p r o p y l e n e  o x i d e  and t h e  m i x t u r e  

was s t i r r e d  a t  25°C o v e r n i g h t .  Excess i s o b u t y l a m i n e  was removed on a 

r o t a r y  e v a p o r a t o r  and t h e  p r o d u c t  e x t r a c t e d  w i t h  d ich lo romethane.  The 

o r g a n i c  l a y e r  was d r i e d  o v e r  sodium s u l f a t e ,  f i l t e r e d  t h r o u g h  a pad o f  

magnesium s u l f a t e ,  and t h e  s o l v e n t  removed i n  vacuo. The c r u d e  p r o d u c t  

was vacuum d i s t i l l e d  t o  g i v e  10.5 g (63%) o f  N- isobutyl-N-2-hydroxypropyl-  

amine 1: b.p. 46-7"C a t  10 mm Hg; I R  ( f i l m ) :  3440, 3180, 2980, 2886, 1456, 

1370, 1112, 928 cm-'; NMR (CDC13): 6 0.9 (d, 6H), 1.14 ( d ,  3H), 1.73 

(m, l H ) ,  2.40 (m, 2H), 2.67 (m, 2H), 3.79 (m, 1H); MS, m/z,  ( r e l a t i v e  

i n t e n s i t y ) :  131 (M+, 5 ) ,  116 ( 5 ) ,  100 ( 3 ) ,  98  ( 8 ) ,  88  ( 6 2 ) ,  86  ( l o o ) ,  

7 0  ( 4 9 ) ,  58  ( 6 ) ,  57 (34) ,  56 ( l o ) ,  42 (23) ,  41 ( 3 3 ) ;  E x a c t  mass (Mt): 

131.1304; c a l c d  f o r  C7H17NO (M'): 

Anal .  c a l c d  f o r  C7H17NO: C 64.08%, H 13.06%, N 10.67% 

Found: C 64.31%, H 13.36%, N 10.01% 

131.1310. 

N- (Acetony1) -N- isobuty ln i t rosamine @).- O x i d a t i o n  and i n  s i t u  n i t r o s a t i o n  

o f  13.14 g (0.1 m o l )  o f  N- isobuty l -N-2-hydroxypropy lamine 1. was c a r r i e d  

o u t  as d e s c r i b e d  above t o  g i v e ,  a f t e r  p u r i f i c a t i o n ,  11.8 g (74%)  o f  

N-(acetony1)-N- isobutylni t rosarnine 8: I R  ( f i l m ) :  2962, 2939, 1730, 

1430, 1346, 1310, 1217, 1171, 1096, 1035, 710 cm-'; NMR (CDCL3): 1. 
i somer  ( 8 7 % ) :  6 0.999 ( s ,  6H), 2.038 (m, l H ) ,  2.198 ( s ,  3H), 4.013 

4.229 (s, 1H); E i s o m e r  (13%): 6 0.842 (d, 6H), 2.004 (m, l H ) ,  2.26 

3H), 3.423 (d,  2H) ,  4.977 ( s ,  2H 

(M+ + 1, l o o ) ,  144 ( 2 ) ,  143 ( 4 ) ,  

mass (MHt): 159.1133; c a l c d  f o r  

1450, 

d, 2H 

( 5 %  

; MS, m/z ,  ( r e l a t i v e  i n t e n s i t y ) :  159 

141 (21, 135 ( 4 ) ,  130 (8.33) ;  Exac t  

C7H15N202 (MH+): 159.1125.12 
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SYNTHESIS OF CARCINOGENIC B-KETONITROSAMINES 

N-(1 -Methylacetony1 )-N-(2-methylpropyl  )n i t rosamine,  NMAMPA (2) .- Eno la te  

f o r m a t i o n  and a l k y l a t i o n  o f  1.466 g (9.28 mmol) o f  N - n i t r o s o i s o b u t y l -  

N-2-hydroxypropyl ami ne 8 was c a r r i e d  o u t  as desc r ibed  above f o r  t h e  

p r e p a r a t i o n  o f  congeners 1. 
amine 2 was ob ta ined  i n  86% y i e l d :  

1385, 1356, 1305, 1101, 948 cm"; NMR (CDC13): 

(d,  3H), 0.866 (d, 3H), 1.694 (d, 3H), 1.970 (m, lH ) ,  2.197 ( s ,  3H), 3.35 

(m, ZH), 4.887 (9, 1H); Z isomer (67%): 6 1.034 (d, 3H), 1.053 (d, 3H), 

1.366 (d, 3H),  2.090 ( s ,  3H), 2.132 (m, lH ) ,  3.954 (m, 2H), 4.342 ( 9 ,  

1H); MS, m/z, ( r e l a t i v e  i n t e n s i t y ) :  

N-( 1-Methylacetonyl  ) -N-(2-methylpropyl  ) n i t r o s -  

I R  ( f i l m ) :  2966, 1721, 1465, 1425, 

E isomer (33%): 6 0.856 

173 (M', l o o ) ,  144 (16) ,  142 ( l l ) ,  

, 71 ( 5 ) ,  69 ( 4 ) ,  56 ( l l ) ,  55 

r e q u i r e d  f o r  C8H17N202 (MH') : 

t h e  one prepared by J i  e t  a1.4 
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Roman 

100 (53) ,  95 ( 9 ) ,  82 ( l o ) ,  81 ( l o ) ,  72 ( 6  

(7 ) ,  42 (10 ) ;  Exact mass (MH'): 173.1290 

173.1278. Th is  compound was i d e n t i c a l  t o  

t h a n i  Drs. B. 
f o r  t h e  mass s p e c t r a l  measurements. 
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