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ORGANIC PREPARATIONS AND PROCEDUFES IXT. 17( 3 ) ,  155-162 (1985)  

REDUCTIVE CLEAVAGE OF N-NITROSOOXAZOLIDINES TO AMINES WITH A1-Ni ALLOY. 

REDUCT I ON TO SECONDARY N-ALKYLALKANOLAM INES' 

Joseph E. Saavedra 

L B I - B a s i c  Research Program 
L a b o r a t o r y  o f  Chemical  and  P h y s i c a l  C a r c i n o g e n e s i s  

N C I - F r e d e r i c k  Cancer  Research  F a c i l i t y ,  F r e d e r i c k ,  MD 21701 

R e c e n t l y ,  we demons t ra ted  t h a t  a - n i t r o s a m i n o a l k y l  e t h e r s  undergo  e l -  

e c t r o p h i l i c  a d d i t i o n  a t  t h e  a - p o s i t i o n  t o  g i v e  f a i r  t o  e x c e l l e n t  y i e l d s  

o f  t h e  a l k y l a t e d  o r  h y d r o x y a l k y l a t e d  p r o d u c t s . 1  T h i s  e s t a b l i s h e d  a new 

method f o r  umpo lunq  r e a c t i v i t y  of p r i m a r y  amines. P r i m a r y  1 , 2 - a l k a n o l -  

amines can be r e a d i l y  c o n v e r t e d  t o  N-nitrosooxazolidines2~3 w h i c h  a r e  

c y c l i c  congeners o f  a - n i t r o s a m i n o a l k y l  e t h e r s .  These compounds g e n e r a l l y  

undergo  d e u t e r i u m  exchange a t  t h e  a - p ~ s i t i o n . ~  R e a c t i v i t y  umpo lunq  i s  

p l a u s i b l e  f o r  t h i s  system; t h e r e f o r e  a n i t r o s o o x a z o l i d i n e  1 i s  a B-hy- 

d r o x y  p r i m a r y  amino c a r b a n i o n  s y n t h o n  (la-),4 o r  a 6 -hyd roxy  secondary 

amino c a r b a r l i o n  s y n t h o n  (E). 

HO 

- - NH T N - R  H "YNNfiQ - Ho-+ R '  R '  

Rh 
R 

l a  l b  - 1 - 

Our i n v e s t i g a t i o n  o f  t h e  umpo lunp  r e a c t i v i t y  o f  N - n i t r o s o o x a z o l i -  

d i n e s ,  l e d  t o  t h e  r e q u i r e m e n t  o f  a method t o  t r a n s f o r m  t h e s e  compounds 

t o  a p r i m a r y  o r  a secondary  amine as a demasking s t e p .  H y d r o l y t i c  and 

r e d u c t i v e  methods f o r  t h e  c o n v e r s i o n  o f  n i t r o s a m i n e s  t o  t h e i r  c o r r e s p o n d -  

i n g  p a r e n t  secondary  amines have been d e v e l o p e d  by Seebach e t  a l . 5  How- 

e v e r ,  because o f  t h e  a l k y l i d i n e  (O-C-N) f u n c t i o n a l i t y ,  n i t r o s o o x a z o l i -  

d i n e s  e x h i b i t  a c h e m i s t r y  o f  t h e i r  own and must be c o n s i d e r e d  s p e c i a l  
"1986 by Organic Preparations and Procedures Inc. 
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SAAVEDRA 

cases. These compounds a r e  h y d r o l y t i c a l l y  c leaved by a c i d  t o  fo rm t h e  

pr imary  alkanolamine ~ a l t . ~ ~ ~  Nace and Goldberg demonstrated t h a t  n i -  

t rosooxazo l i d ines  a re  i n e r t  towards Adams p la t inum8 and were t o t a l l y  

reduced over Raney-Nickel c a t a l y s t  t o  a m ix tu re  of p r imary  and seconary 

a m i n e ~ . ~  However, t h i s  does n o t  c o n s t i t u t e  a p r a c t i c a l  de-masking 

s tep  due t o  i t s  l a c k  o f  s e l e c t i v i t y .  The method descr ibed by Lunn g 
- a1.* f o r  t h e  d e n i t r o s a t i o n  o f  var ious  n i t rosamines  proved t o  be very 

e f f e c t i v e  i n  reduc ing  n i t rosooxazo l i d ines .  Th is  i n v o l v e d  adding aluminum- 

n i c k e l  a l l o y  t o  a bas i c  s o l u t i o n  o f  t h e  n i t rosamine.  The c a t a l y s t  gener- 

a tes  Raney-nickel - -  i n  s i t u  w i t h  adsorbed hydrogen, making an e x t e r n a l  

source o f  t h e  gas unnecessary. I n  a t y p i c a l  experiment, N-n i t roso-2-  

me thy loxazo l i d ine  was d i sso l ved  i n  0.25 N aqueous potassium hydroxide, 

a f i v e - f o l d  excess (by we igh t )  of aluminum-nickel a l l o y  was added 

s l o w l y  and t h e  m i x t u r e  s t i r r e d  a t  room temperature.  A f t e r  1.5 h r  t h e  

produc ts  were analyzed by gas l i q u i d  chromatography and t h e  y i e l d s  ca lcu-  

l a t e d  u s i n g  - n-butanol  as t h e  i n t e r n a l  standard. Ethylamine (6%), d i e t h y l -  

ami ne (2%) , ethano l  (1  9%), ethano l  ami ne ( 4 4 % ) ,  and 2-e thy l  ami noethanol 

- 3 (31%) were formed. The mechanism shown i n  Scheme 1 accounts f o r  a l l  

t h e  produc ts  formed. 

EtOH + EINHl + EllNH 

Scheme 1 
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REDUCTIVE CLEAVAGE OF N-NITROSOOXAZOLIDINES T O  AMINES 

The n i t r o s o  group i s  reduced t o  a hydraz ine  which, under these con- 

d i t i o n s ,  i s  sho r t - l i ved ,8  l o s i n g  ammonia t o  t h e  o x a z o l i d i n e  S c h i f f  base 

mix tu re .  Loss o f  acetaldehyde g ives  ethanolamine, w h i l e  reduc t i on  o f  

oxazo l i d ine  prov ides  t h e  secondary amine 2. A t  t h i s  stage, i t  i s  poss- 

i b l e  t o  make t h e  r e d u c t i v e  degradat ion o f  n i t r o s o o x a z o l i d i n e s  i n t o  a 

u s e f u l  r e a c t i o n  by f o r c i n g  t h e  fo rma t ion  o f  a S c h i f f  base and concomitan- 

t l y  reduc ing  i t  t o  t h e  secondary alkanolamine. The f o l l o w i n g  r e a c t i o n  

i s  an example. A s o l u t i o n  o f  1.5 mmoles o f  1. i n  10 m l  o f  0.5 N KOH 

( l : l ,  methano1:water) was t r e a t e d  w i t h  500 mg o f  aluminum-nickel a l l o y .  

The m ix tu re  was s t i r r e d  a t  25" f o r  2.5 h r s  g i v i n g  a 0.8:l r a t i o  o f  e t h -  

anol  -amine: 2-ethylami noethanol  . Two equ iva len ts  o f  acetaldehyde were 

added t o  t h e  m ix tu re  and s t i r r i n g  was cont inued a t  25' f o r  18 h r s  t o  

g i ve  2-ethylaminoethanol 2 i n  near q u a n t i t a t i v e  y i e l d .  S i m i l a r l y ,  N- 

n i t r o s o o x a z o l i d i n e  - 4 was reduced t o  a m ix tu re  o f  ethanolamine 2 and 

2-(methy1amino)ethanol 5 w i t h  aluminum-nickel a l l o y  i n  0.5 N aqueous 

potassium hydroxide. Fo r  t h e  second stage o f  t h e  reduc t ion ,  t h e  m ix tu re  

was t r e a t e d  w i t h  f o r m a l i n  t o  g i v e  93% o f  5. The two-stage reduc t i on  o f  N- 

n i t roso-5 -methy loxazo l id ine  5 gave a 98% y i e l d  o f  3-(methylamino)-2-pro- 

panol 1. 3-(n-Propylamino)-2-propanol 9 and 3-( isoa1wlamino)-2-propanol  

- 17 were ob ta ined  f r o m  2-ethyl-5-methylnitrosooxazolidine 8 and E- i sobu ty l -  

5-methylni trosooxazol idine 10 respec t i ve l y .  

Aluminum-nickel a l l o y  i n  base i s  a v e r s a t i l e  c a t a l y s t  f o r  degrading 

N-n i t rosooxazo l id ines .  These n i t r o s o  compounds were reduced t o  a m ix tu re  

of p r imary  and secondary amines. Fo r  s y n t h e t i c  work a two-stage reduc- 

t i o n  procedure which leads t o  t h e  convers ion  o f  t h e  n i t r o s o o x a z o l i d i n e  

i n t o  a secondary amine i n  f a i r  y i e l d  was developed. T h i s  conversion 

e s t a b l i s h e d  t h a t  N -n i t rosooxazo l i d ines  may be cons idered s y n t h e t i c  equ i -  

va len ts  o f  B-hydroxy a-secondaryami no carbanions 2. 
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SAAVEDRA 

WARNING! A l l  t h e  n i t r o s o  compounds h e r e i n  desc r ibed  a r e  ca rc ino -  

gen ic  and/or m u t a g e n i ~ . ~ ~ ~ ~  

H 
1) Al-Ni HOWN, 

v OH 

4 5 6 - - - 7 - 

EXPERIMENTAL SECTION 

Pro ton  magnet ic resonance spec t ra  were measured on a Var ian  XL-100 
o r  a Perkin-Elmer R-12B spectrometer w i t h  CDCl3 o r  D20 as t h e  s o l v e n t .  
The I R  spec t ra  were ob ta ined  on a Perkin-Elmer 467 spectrometer.  Low 
r e s o l u t i o n  mass s p e c t r a  were taken  on a F inn igan  3300 mass spectrometer 
equipped w i t h  a F i n n i g a n  6000 MS da ta  system. H i g h - r e s o l u t i o n  spec t ra  
were ob ta ined  f rom a VG Micromass ZAB-2F mass spectrometer equipped w i t h  
a V G  2000 d a t a  system. Gas. chromatographic analyses were c a r r i e d  o u t  on 
a Shimadzu Model 4BM gas chromatograph equipped w i t h  a Hewlet t -Packard 
18652A A / D  conver te r  coupled t o  t h e  reco rde r  o f  a f lame i o n i z a t i o n  
de tec to r .  A 2.5 m, 8% Hi-FFF-1BP-coated Gas Chrom Q, and a 2.5 rn, Tenax 
GC 80/100 g lass  columns ( A p p l i e d  Science D i v i s i o n )  were used, n-butanol  
was used as t h e  i n t e r n a l  standard.  M e l t i n g  p o i n t s  were determined on an 
E l e c t r o t h e r m a l  c a p i l l a r y  m e l t i n g  p o i n t  apparatus and were n o t  cor rec ted .  
The s t a r t i n g  m a t e r i a l s  were ob ta ined  f rom A l d r i c h  Chemical Co. S i l i c a  
Gel 60 (70-230 mesh, E. Merck) was used f o r  dry-column separa t ions .  

Reduct ive  Degradat ion  o f  N-n i t roso-2-methy loxazo l id ine  ( 2 )  w i t h  Alumin- 

um-Nickel A l l o y .  - To a s o l u t i o n  o f  120 mg (1.03 mmol) o f  1. i n  0.25N 

aqueous po tass ium hyd rox ide  was added 500 mg o f  n icke l -a luminum a1 l o y .  

A l l  t h e  n i t rosamine  was reduced w i t h i n  15 min. GLC a n a l y s i s  revea led  a 

44% y i e l d  of ethanolamine 2, 31% o f  2-ethylaminoethanol  3, 6% o f  e t h y l -  

amine, 19% e thano l ,  and 2% d ie thy lam ine .  

Two-stage r e d u c t i o n  o f  N-nitroso-2-methyloxazolidine (2 ) .  - - A s o l u t i o n  o f  

135 mg (1.16 mmol) o f  2 i n  10 m l  of 0.25 N aqueous potassium hydrox ide  

was t r e a t e d  w i t h  500 mg o f  aluminum-nickel  c a t a l y s t ,  and s t i r r e d  a t  room 
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REDUCTIVE CLEAVAGE OF N-NITROSOOXAZOLIDINES M AMINES 

temperature f o r  30 min. To t h e  m ix tu re  was added 200 u1 o f  acetaldehyde 

and s t i r r e d  a t  25" f o r  18 hrs .  - n-Butanol (16 mg) was added as an i n t e r n -  

a1 s tandard  and t h e  m i x t u r e  was analyzed on GLC g i v i n g  a 97% y i e l d  o f  

2-ethylaminoethanol  - 3. There i s  no evidence o f  t e r t i a r y  amine format ion.  

On a p r e p a r a t i v e  scale, 1.56 g (0.013 m o l )  o f  - 2 i n  140 ml o f  0.25 N 

aqueous potassium hydrox ide  was reduced w i t h  7 g o f  n ickel-aluminum a l l o y  

f o r  30 min. To t h e  r e a c t i o n  m ix tu re  was added 616 mg (0.014 mol )  o f  

acetaldehyde and t h e  m ix tu re  was s t i r r e d  a t  room temperature overn igh t .  

The m ix tu re  was f i l t e r e d  th rough C e l i t e  and t h e  f i l t r a t e  cont inuous ly  

e x t r a c t e d  w i t h  methylene c h l o r i d e  f o r  24 hrs .  The organ ic  l a y e r  was d r i e d  

over sodium s u l f a t e ,  f i l t e r e d  th rough a l a y e r  o f  magnesium s u l f a t e  and 

t h e  so l ven t  removed on a r o t a r y  evaporator.  The res idue  was d i s t i l l e d  

-- i n  vacuo t o  g i ve  847 mg (73%) o f  2-ethylaminoethanol  (3) bp. 102-103°/100 

mm Hg, l i t 1 2  102-103° a t  100/mm Hg; nmr (CDC13): 6 1.13 ( t ,  3H), 2.66 

(4, 2H), 2.75 ( m y  2H), 3.17 ( b y  3H) NHzOH, 3.68 ( t ,  2H). 

Reduct ion o f  N -n i t rosooxazo l i d ine  (4r-A s o l u t i o n  o f  137 mg (1.34 mmol) 

o f  N -n i t rosooxazo l i d ine9  ff. i n  10 m l  o f  0.5 N aqueous potassium hydrox ide  

was t r e a t e d  w i t h  500 mg o f  aluminum-nickel a l l o y ,  and s t i r r e d  a t  room 

temperature f o r  1 h. Two hundred m l  o f  f o r m a l i n  was added and t h e  m ix tu re  

was s t i r r e d  a t  25OC f o r  4 h. The r e a c t i o n  m i x t u r e  was f i l t e r e d  th rough 

C e l i t e ,  and n-butanol  (16 mg) was added as an i n t e r n a l  standard. GLC 

a n a l y s i s  o f  t h e  s o l u t i o n  gave 93% y i e l d  o f  2-(methylamino) e thano l  - 5. 

Reduct ion o f  N-nitroso-5-methyloxazolidine @).-This r e d u c t i o n  was c a r r i e d  

ou t  i n  two stages as descr ibed f o r  N -n i t rosooxazo l i d ine  5. GLC ana lys i s  

o f  t h e  r e s u l t i n g  s o l u t i o n  revea led  a 98% y i e l d  o f  3-(methylamino)-2-pro- 

panol  - 7 which was i d e n t i c a l  t o  an a u t h e n t i c  sample.11 

Reduct ion of i somer i c  N-nitroso-2-ethyl-5-methy70xazol i d i n e  @).-A so lu -  

t i o n  o f  212 mg (1.5 mmol) o f  g4 i n  0.25 N aqueous KOH was reduced as 
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SAAVEDRA 

descr ibed f o r  compound 2. A t  t h e  second stage o f  t h e  reduc t i on  0.144 m l  

( 2  mmol) o f  propionaldehyde were added t o  t h e  mix tu re ,  which was then  

s t i r r e d  a t  25OC f o r  1 h. The m ix tu re  was f i l t e r e d  th rough C e l i t e  and 

t h e  produc t  e x t r a c t e d  cont inuous ly  w i t h  methylene ch lo r i de .  The s o l u t i o n  

was d r i e d  over  sodium s u l f a t e  and f i l t e r e d  th rough a l a y e r  o f  magnesium 

s u l f a t e .  Evapora t ion  o f  t h e  s o l v e n t  gave 93 mg (53%) o f  3 - (n -propy l -  

amino)-2-propanol 9. T h i s  compound was i d e n t i c a l  t o  t h e  a u t h e n t i c  sample 

o f  2 ( v i d e  i n f r a ) .  

P repara t i on  o f  an a u t h e n t i c  sample o f  1 -(n-propylamino)-2-propanol  (2) . - 
A s o l u t i o n  o f  2 m l  (0.0286 mol )  o f  p ropy lene ox ide  i n  10 m l  (0.12 mol)  

o f  n-propylamine was s t i r r e d  a t  25°C ove rn igh t .  The excess amine was 

evaporated i n  vacuo t o  g i ve  a v iscous o i l .  The crude produc t  was vacuum 

d i s t i l l e d  t o  g i ve  500 mg (15%) o f  - 9: bp 50-51OC a t  3 mm Hg; m.p. 24-5OC; 

IR ( f i l m )  3410 cm", 2960, 1458, 1380, 1121, 1078, 840; NMR (CDC13) 6 0.94 

(t, 3H), 1.16 (d, 3H), 1.49 ( sex te t ,  2H), 2.32-2.73 (m, 4H), 3.76 ( m y  1H). 

N-Nitroso-2-isobutyl-5-methyloxazolidine @),-A s o l u t i o n  o f  11.3 g (0.15 

mol)  o f  1-amino-2-propanol i n  50 m l  o f  water was cooled t o  0°C and a c i d i -  

f i e d  w i t h  14 m l  (0.23 mol)  o f  g l a c i a l  a c e t i c  acid. To t h e  c o l d  s o l u t i o n  

was added 15 g (0.17 mol )  o f  i sova le ra ldehyde and t h e  m ix tu re  was s t i r r e d  

fo r  1 h. Sodium n i t r i t e  (31 g, 0.45 mol)  i n  50 m l  o f  water  was added 

and t h e  r e a c t i o n  m i x t u r e  k e p t  a t  4°C overn igh t .  The m i x t u r e  was made 

bas c by t h e  s low a d d i t i o n  o f  potassium hydrox ide  p e l l e t s ,  and t h e  p r o -  

duc e x t r a c t e d  i n t o  methylene ch lo r i de .  The s o l u t i o n  was f i l t e r e d  th rough 

a pad o f  magnesium s u l f a t e  and t h e  so l ven t  removed on a r o t a r y  evaporator.  

The r e s i d u a l  o i l  was vacuum d i s t i l l e d  t o  g i v e  12.8 g (50%) o f  a cis and 

t r a n s  m i x t u r e  o f  N-nitroso-2-isobutyl-5-methyloxa~olidine: bp 64-5OC 

a t  0.2 mm Hg; IR ( f i l m )  2942 cm-1, 2880, 1415, 1295, 1250, 1087; NMR 

(CDC13): t h e  r a t i o  o f  c i s : t r a n s  was c a l c u l a t e d  t o  be 1.6:l. The s te reo -  
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REDUCTIVE CLEAVAGE OF N-NITROSOOXAZOLIDIBES TO AMINES 

chemical assignments were based on p r e v i o u s l y  repo r ted  observa t ions  on 

o the r   congener^.^ The cis isomer shows an u p f i e l d  chemical s h i f t  f o r  

t h e  C-2 p ro ton  a t  6 5.64 ( t ,  1.2 H) and a down f i e l d  chemical s h i f t  f o r  

t h e  C-5 methyl  s u b s t i t u e n t  a t  6 1.43 (d, 1.86 H). The t r a n s  isomer 

e x h i b i t s  a down f ie ld  s h i f t  f o r  t h e  C-2 p ro ton  a t  6 5.93 (t, 0.8 H) and 

an u p f i e l d  s h i f t  f o r  t h e  C-5 methyl  group a t  6 1.32 (d, 1.14 H). Common 

s h i f t s  are: 6 1.02 (d, 6H), 1.96 (m, 2H), 2.0-4.72 (m, 4H); MS, m/z (%) 

172 (M', 1.3), 116 (6.47), 115 (7.91), 97 (2.27), 96 (1.88), 85 (3.09), 

84 (2.01), 83 (2.83), 81 (2.40), 69 (4.33), 57 (6.61), 44 (6.80); exac t  

mass (Mi) 172.1226, r e q u i r e d  f o r  ~ 8 ~ 1 6 ~ 2 0 2  (M+) 172.229. 

Reduct ion o f  u1 t o  1-(isoamylarnino)-2-propanol (11). - To a p a r t i a l  so lu -  

t i o n  o f  1.76 gm (0.0102 mol)  o f  N-n i t roso-2- isobuty l5-methy loxazol id ine 

- 10 i n  100 m l  0.25 N aqueous potassium hydrox ide  was added 7 g o f  aluminum- 

n i c k e l  a l l o y  over  a 10 min per iod .  The m ix tu re  was s t i r r e d  f o r  1 h a t  

25OC. GLC a n a l y s i s  a t  t h i s  stage i n d i c a t e d  a 1.5:l r a t i o  o f  3-( isoamyl-  

amino)-2-propanol lJ:l-amino-2-propanol w i t h  no t r a c e  o f  s t a r t i n g  n i t r o s -  

amine be ing  detected. Isobuty ra ldehyde 1.3 g (0.015 mol )  was added t o  

t h e  mix tu re ,  and s t i r r e d  a t  room temperature overn igh t .  The m i x t u r e  was 

f i l t e r e d  th rough C e l i t e  and t h e  f i l t r a t e  e x t r a c t e d  w i t h  methylene c h l o r -  

ide .  The o rgan ic  l a y e r  i n  t u r n  was e x t r a c t e d  w i t h  20 m l  o f  10% hydro- 

c h l o r i c  acid.  The aqueous l a y e r  was made b a s i c  w i t h  aqueous sodium 

hydrox ide  and e x t r a c t e d  w i t h  methylene ch lo r i de .  The s o l u t i o n  was f i l t e r -  

ed th rough a l a y e r  o f  magnesium s u l f a t e ,  t h e  s o l v e n t  evaporated and t h e  

r e s i d u a l  o i l  vacuum d i s t i l l e d  t o  g i v e  816 mg (56%) of 11: bp 69-70°C a t  

2 mm Hg ( l i t 1 2  70-1°C a t  2.3 mm Hg); t h e  amine c r y s t a l l i z e d  on standing, 

mp = 157-9°C; I R  ( f i l m )  3380 cm-l, 2955, 2800, 1466, 1130, 735; NMR 

(CDC13) 6 0.94 (d, 6H), 1.30 (d, 3H), 1.75 (m, ZH), 3.09 (m, 5H), 

4.34 ( sex te t ,  1H); MS, m/z ( % )  145 (Mt, 3.9), 114 (3.3), 100 (41),  88 

(18), 81 (26.6), 80 (25),  70 (16),  44 ( l oo ) ,  30 (37.8). 
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