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SUMMARY 

Methods o f  preparat ion o f  carbon-14 and deuterium labeled N- 
n i t  roso-2 ( 3  I ,7 ' -d imethyl-2 ' ,6' -octad i  enyl )ami noethanol s are described. 
The primary s y n t h e t i c  method involved a l k y l a t i o n  of ethanolamine o r  
e t h y l g l y c i n e  w i t h  s u i t a b l e  ch lo r i des  and subsequent m i l d  n i t r o s a t i o n .  
Isomeric 14C-nitrosamines were also prepared by s e l e c t i v e  a-cleavage 
o f  the d i - s u b s t i t u t e d  ethanolamine w i t h  n i t r o u s  ac id .  

C i s- and t rans-N-n i t roso-2(  3 ' ,7' -d irnethyl -2 ' ,6 ' -octad i eny l  )amino- 
ethanol s ,  Carbon-14, Deuteri  urn, Geranio l - l  , I  -2H2,  and Geranyl 
ch lo r i de -  1 , l  -2H,. 

Key words : 

INTRODUCTION 

The increas ing concern w i t h  the  occurrence o f  nitrosamines i n  the environment 

and the p o t e n t i a l  hazard they pose f o r  humans have prompted us t o  i n v e s t i g a t e  the 

p o s s i b i l i t y  o f  t h e i r  format ion from c e r t a i n  nitrogenous f i s h e r y  chemicals. 2-Bis 

(3',7'-dirnethyl-21,6'-octadienyl)aminoethano1 (GD-174). one o f  t h e  known anes- 

t h e t i c  drugs s t r u c t u r a l l y  r e l a t e d  t o  terpenes, i s  a t  present an experimental f i s h  

tox i can t .  I t  has been shown a t  the Nat ional  Fishery Research Laboratory t o  pos- 

sess s e l e c t i v i t y  toward carp and i s  t he re fo re  a candidate c o n t r o l  agent f o r  t h i s  

species. The commercial product ion o f  t h i s  compound (as a mix tu re  o f  c i s  and 

t rans isomers) o f t e n  r e s u l t s  i n  the formation o f  small amounts o f  secondary m i n e  

by-products. I t  i s  known tha t ,  i n  a d d i t i o n  t o  secondary amines, t e r t i a r y  amines 

and quaternary ammonium s a l t s  ( I ,  2, 3) can also serve as precursors of n i t r o -  

samines i n  the presence o f  s u i t a b l e  n i t r o s a t i n g  agents. We have i n  f a c t  detected 

mutagenic c i  s- and t rans-N-n i troso-2( 3 ' ,7'-d imethyl-2 I ,6 ' -octad ieny l  )amino- 
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e thano ls  i n  samples o f  commercial f o r m u l a t i o n s  o f  G D - 1 7 4  c o n t a i n i n g  a m i x t u r e  o f  

t h e  secondary and t e r t i a r y  aminoethanols o r  c o n t a i n i n g  o n l y  t h e  pure t e r t i a r y  

arnine, f o l l o w i n g  the  n i t r o s a t i o n  o f  each sample a t  ambient temperature (4,  5). I n  

connect ion w i t h  o u r  s t u d i e s  on t h e  d e t e r m i n a t i o n  o f  t r a c e  amounts o f  these n i t r o -  

samines and t h e i r  metabol ism i n  model animals,  we needed b o t h  r a d i o a c t i v e  and 

s t a b l e  i so tope  labe led  ni t roso-compounds. W i t h  t h e  l a t t e r  compounds i n  hand, our  

goal  was t o  a t t a i n  t h e  r e q u i r e d  p r e c i s i o n  i n  t h e  a n a l y t i c a l  methodology and t o  

ga in  f u r t h e r  i n s i g h t  i n t o  t h e  me tabo l i c  f a t e  o f  t h e  h i t h e r t o  unknown unsaturated 

n i t rosamines .  T h i s  paper presents  d e t a i l s  o f  the  syn thes i s  o f  t h e  l abe led  com- 

pounds r e q u i r e d  i n  these s t u d i e s .  

RESULTS AND D I S C U S S I O N  

Two b a s i c a l l y  d i f f e r e n t  methods were employed f o r  t h e  syn thes i s  o f  respec t i ve  

t rans-N-ni t roso-2(3 I ,7 ' -d i  methyl -2 , 6  I -octad i eny 1 ) ami noethanol  - 1 ,2-14C2, 2, and 

c i s -  and t rans-N-n i t roso-2 ( 3  I ,7 -d imethy 1-2 ' ,6' -octad i eny 1 ) ami noethanols- l  ,Z-% 2 ,  

2b. I n  method A (Scheme I ) ,  t h e  approach was t o  u t i l i z e  t h e  commerc ia l ly  a v a i l -  

ab le,  u n i f o r m l y  r a d i o l a b e l e d  ethanolamine. React ion o f  t h i s  r a d i o a c t i v e  s t a r t i n g  

m a t e r i a l  w i t h  e q u i v a l e n t  amounts o f  bo th  trans-3,7-dimethyl-2,6-octadienyl c h l o -  

r i d e  (gerany l  c h l o r i d e )  and t r i e t h y l a m i n e  -- an e f f i c i e n t  hydrogen c h l o r i d e  

acceptor  - -  af forded geranylethanolamine-1,2-14C2, l-, i n  moderate y i e l d .  There 

was a l s o  obta ined,  as the  s o l e  s i d e  product ,  t h e  d i - s u b s t i t u t e d  ethanolamine 2 
whose yieTds cou ld  be min imized to about 10% by c a r e f u l  c o n t r o l  o f  r e a c t i o n  v a r i -  

ab les.  The concomi tant  f o rma t ion  of t h i s  compound d u r i n g  t h e  a l k y l a t i o n  d i d  n o t  

pose problems, because i t  c o u l d  e a s i l y  he separated f rom r e a c t i o n  products  by 

t h i n  l a y e r  chromatography and reused i n  r e a c t i o n s  under method B. The mono-sub- 

s t i t u t e d  ethanolamine 1 w a s  i s o l a t e d  and found t o  be f r e e  o f  o t h e r  ethanolarnines 

by t h i n  l a y e r  chromatography. I t  was then t r e a t e d  w i t h  sodium n i t r i t e  i n  aqueous 

a c e t i c  a c i d  t o  a f f o r d  the  i so rne r i ca l l y  pure t rans -n i t rosamine  &. 
c a t i o n  on a s i l i c a  ge l  p l a t e ,  a l i q u o t  samples were i n j e c t e d  s imu l taneous ly  i n t o  

two independent gas chromatographic columns packed i n d i v i d u a l l y  w i t h  Carbowax 20M 

and a methyl s i l i c o n  s t a t i o n a r y  phase. Under normal p r e p a r a t i v e  c o n d i t i o n s ,  t h e  

compound ob ta ined  i n  t h i s  manner was o f  s u f f i c i e n t l y  h igh  p u r i t y  as evidenced by 

- 

A f t e r  p u r i f i -  
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t he  appearance of a s i n g l e  peak on each o f  the chromatograms. 

i d e n t i t y  o f  the compound was es tab l i shed  by gas chromatography-mass spectrometry 

and co-chromatography w i t h  an au then t i c  sample. 

geometrical isomer i s  o f  p a r t i c u l a r  importance i n  s tudy ing the s te reospec i f i c  

metabol ic  pathways by which each isomer proceeds t o  i n t e r a c t  w i t h  b i o l o g i c a l  

subst rates.  

The s t r u c t u r a l  

The use o f  a pure r a d i o a c t i v e  

I n  method B, compound 2 and the  c i s  and t rans m ix tu re  2 (which was made 

a v a i l a b l e  through custom synthesis) were combined and n i t r o s a t e d  d i r e c t l y  under 

opt imized cond i t i ons  t o  f a c i l i t a t e  s e l e c t i v e  a-cleavage a t  the C1’-N bond of the 

terpene group t o  form a m ix tu re  o f  14C-labeled n i t rosamine 2. 
s a t i s f a c t o r y  t o  exce l l en t .  

gel column were unsuccessful. 

d ry  column and t h i n  l aye r  chromatographic system al lowed e f f e c t i v e  separat ion o f  

t he  des i red product from o the r  by-products. The o v e r a l l  recovery was quan t i t a t i ve .  

The radiochemical p u r i t y  o f  the f i n a l  i s o l a t e d  ma te r ia l  exceeded 98%. Comparison 

o f  t he  mass spect ra o f  2 and 2 revealed i d e n t i c a l  spec t ra l  c h a r a c t e r i s t i c s .  Gas 

chromatography o f  the l a t t e r  compound showed, beside a peak superimposable w i t h  

t h a t  o f  &, an a d d i t i o n a l  peak asc r ibab le  t o  the  cis-component which was found t o  

co-chromatograph p e r f e c t l y  w i t h  a sample o f  an au then t i c  cis-compound. 

Y ie lds ranged from 

Attempts t o  p u r i f y  t he  crude product on a small si l ica 

However, an e labo ra te  technique us ing a consecutive 

The synthes is  o f  deuterium labeled n i  trosamines and involved ra the r  

s imple and s t r a i g h t f o r w a r d  reac t i ons  as i l l u s t r a t e d  i n  Scheme 2. In both prepar- 

a t i ons ,  l i t h i u m  aluminum deuter ide was used as the deuterium source. Thedeuter io-  

c h l o r i d e  a, generated by the reduct ion o f  the ac id  4 w i t h  1 i t h ium aluminum deuter- 

i d e  f o l l w e d  by m i l d  c h l o r i n a t i o n  o f  t he  r e s u l t i n g  deuter io-a lcohol  5, wascoupled 

t o  ethanolamine consuming one equiva lent  o f  t he  excess amine f o r  the r e m v a l  o f  

evo lv ing  hydrogen c h l o r i d e  and af forded 1. 
n i t r i t e  a t  room temperature l e d  t o  a product which was i d e n t i f i e d  as 8. I t  was 

necessary t o  use column chromatography f o r  t he  i s o l a t i o n  o f  pure i. Sequential 

e l u t i o n  o f  the crude m ix tu re  w i t h  s u i t a b l e  so lvents  through a s i l i c a  gel column 

a f fo rded  f r a c t i o n s  t h a t  were monitored gas chromatographical ly on two p a r a l l e l  

columns. The compound acquired by t h i s  procedure had the requi red p u r i t y .  The 

ex ten t  o f  deuterium inco rpo ra t i on  i n  1 was g rea te r  than 96% based on i t s  spec t ra l  

Subsequent treatment o f  L w i t h  
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data. 

139 (MD-89) as d isp layed i n  the respect ive mass spect ra o f  nondeuterated and 

deuterated compounds i s  i n d i c a t i v e  o f  the complete deu te ra t i on  o f  the labeled 

ma te r ia l .  

p o s s i b i l i t y  o f  p a r t i a l  deu te ra t i on  o r  isotope exchange throughout the sequence of  

react ions.  We a n t i c i p a t e d  the  l o g i c a l  pathway t o  the p repara t i on  o f  t o  s t a r t  

w i t h  ethanolamine-1 ,1-2H2 fo l lowed by the same scheme o f  conversions leading t o  

8. 

q u a n t i t y  by reducing e t h y l  g l yc ine  w i t h  l i t h i u m  aluminum deu te r ide  o r  l i t h i u m  

t r i e thy lbo rodeu te r ide .  Apparently t he  problem l i e s  i n  the comparatively low par- 

t i t i o n  c o e f f i c i e n t  o f  ethanolamine i n  an o rgan ic  so l ven t  i n  r e l a t i o n  t o  water. 

Continuous l i q u i d - l i q u i d  e x t r a c t i o n  o f  the heterogeneous hyd r ide  r e a c t i o n  m ix tu re  

w i t h  ether  improved the y i e l d s  t o  some ex ten t  but  was inconvenient and ted ious.  

We, therefore,  d i v e r t e d  ou r  a t t e n t i o n  t o  a more expedient rou te  t o  compound as 

o u t l i n e d  i n  method D. I n i t i a l l y ,  e t h y l  g l y c i n e  was reacted w i t h  the isomeric C10- 

terpene ch lo r i des  t o  g i ve  2. Reduction o f  t h i s  terpene s u b s t i t u t e d  e t h y l  g l y c i n e  

w i t h  l i t h i u m  aluminum deuter ide a f fo rded  the  in termediate &. The usual n i t r o s a -  

t i o n  o f  the l a t t e r  proceeded smoothly t o  g i v e  c i s -  and t rans -N-n i t roso -2 (3 ' , 7 ' -  

dirnethyl-2',6'-octadienyl)aminoethanols-l ,1-2H2, Jl-. I n  general,  the y i e l d s  o f  

t he  nitrosamines o f  i n t e r e s t  were observed t o  decrease s u b s t a n t i a l l y  i n  cases 

where a l a rge  excess o f  n i t r i t e  was employed and the n i t r o s a t i o n  reac t i on  was 

continued f o r  a prolonged pe r iod  o f  t ime. A cons iderable amount o f  i n t r a c t a b l e  

polymeric mat ter  was consequently produced. While the mechanism o f  polymeriza- 

t i o n  i s  unc lear ,  t he  heavy dependence o f  n i t rosamine format ion on the n i t r i t e  

concentrat ion would suggest the l i k e l y  involvement o f  the double bonds o f  the 

terpene moiety i n  the  reac t i on  w i t h  the  excess n i t r o s a t i n g  agent. The r e s u l t s  o f  

N M R  analys is  i l l u s t r a t e  the except ional  f a c i l i t y  w i t h  which the  s t r u c t u r e s  o f  

isomers can be d i f f e r e n t i a t e d  by I 3 C  N M R  ( 6 ) .  I n  con t ras t ,  t he  l H  N M R  spect ra o f  

the c i s  and t rans isomers o f  the n i t rosamine under study were r e l a t i v e l y  u n i n f o r -  

mative, although they served t o  v e r i f y  success fu l l y  the l a b e l i n g  o f  deu te r io -  

compounds. 

The s h i f t  by two mass numbers from mass fragments m/e 137 (MH-89) t o  m/e 

The f a c t  t h a t  t he  mass fragment a t  m/e I38 was absent precludes the 

We encountered d i f f i c u l t y  i n  prepar ing ethanolamines-l ,1-2H2 i n  s u f f i c i e n t  - 
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I n  summary, t he  use o f  these new labe led  compounds inc lud ing  labeled i n t e r -  

mediates prepared by the  convenient methods presented here g r e a t l y  f a c i l i t a t e s  

t race  analyses and metabolism experiments on the t i t l e  n i t rosamine -- a potent  

environmental mutagen -- and c e r t a i n  anes the t i c  drugs. 

EXPERIMENTAL 

Perkin-Elmer 337 and Beckman DB-GT instruments were used t o  ob ta in  I R  and 

UV spect ra,  respec t i ve l y .  FT'H ('%) NMR spectra were determined on JEOL FX-90 

(22.5) spectrometer. Chemical s h i f t s  a r e  g iven as 6 values w i t h  re ference t o  

te t ramethy l s i l ane  i n  deuterated chloroform. A n a l y t i c a l  gas chromatography was 

c a r r i e d  ou t  us ing Varian 3700 and 2100 gas chromatographs. 

urements were made on a Varian MAT 112 magnetic-sector, double focusing mass 

spectrometer equipped w i t h  a dual e l e c t r o n  impact/chemical i o n i z a t i o n  source. 

The mass spectrometer was coupled t o  a Varian 1440 gas chromatograph through a 

Varian MAT dual c a p i l l a r y - g l a s s  j e t  i n t e r f a c e  u n i t .  A l l  compounds repor ted here 

were homogeneous by t h i n  l aye r  chromatography ana lys i s  [Analtech U n i p l a t e  (0.025 

X 5 X 20 cm) s i l i c a  gel GHLF]. Beckman LS-8000 l i q u i d  s c i n t i l l a t i o n  counter was 

used f o r  measuri ng rad i oac t  i v i  t y  . 2-B i s ( 3  I ,7 I -d i  methyl -2 ' ,6 -octad i eny l  )amino- 

ethanol-1 ,2-l4CZ was purchased from New England Nuclear (Boston, Massachusetts). 

3,7-Dimethyl-2,6-octadienyl ch lo r i des  -- The pure t rans compound (geranyl ch lo-  

r i d e )  and the  m ix tu re  o f  c i s  and t rans isomers were prepared from the appropr ia te 

a lcohols  and methanesulfonyl c h l o r i d e  as described by Bunton and co-workers ( 7 ) .  

Geranyl c h l o r i d e :  75% y i e l d ,  b.p. 59-60°C (0.03 mm Hg) [ l i t .  (7 ) ,  b.p. 64-65°C 

(0.04 mm Hg)]. Cis and t rans mixture:  79% y i e l d ,  b.p. 6O-7O0C (0.1 mm Hg). Gas 

chromatography showed two peaks i n  a r a t i o  o f  3 : l .  The major peak corresponded 

t o  the  t rans isomer. 

Trans-2(3',7'-dimethy1-2',6'-octadieny1)aminoethanol-1 ,2-14C2, (1) - -  I n  a 5 m l  

Reac t i - v ia l  f i t t e d  w i t h  a screw cap Te f lon  faced M i n i n e r t  va lve were placed 

ethanolamine-1 ,2-14C2 hydrochlor ide (2.7 m C i ,  0.01 mmol) and t r i e t h y l a m i n e  (16.2 

mg, 0.16 m m o l ) .  The v i a l  was heated t o  50°C i n  a metal heat b lock.  The warm 

s o l u t i o n  was s t i r r e d  w h i l e  a s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  geranyl c h l o r i d e  

(13.8 mg, 0.08 mmol) i n  1 m l  te t rahydrofuran was added dropwise by means o f  a 

Mass spec t ra l  meas- 
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syr inge.  The M i n i n e r t  va l ve  was c losed immediately a f t e r  t h e  complete a d d i t i o n  

o f  the c h l o r i d e .  The r e a c t i o n  m ix tu re  was s t i r r e d  cont inuously  f o r  12 hours a t  

65°C. 

under reduced pressure t o  leave a residue. This  ma te r ia l  was p u r i f i e d  by prepar- 

a t i v e  t h i n  l aye r  chromatography ( I  .O mm th ickness precoated s i  1 i ca  ge l  p la tes  

developed w i t h  hexane-ether-methanol-methylene c h l o r i d e ,  2:2:1:2). There was 

obta ined 1'2 mg (2.2 m C i ,  80% y i e l d )  of 1. R f  = 0.34 (benzene-ether-methanol- 

methylene c h l o r i d e ,  2:2:1:2), radiochemical p u r i t y ,  99.5% by TLC; GLC, 6 min (5% 

Carbowax 20 M ,  150°C). 

The m ix tu re  was al lowed t o  cool t o  room temperature and then evaporated 

A small amount o f  a less po la r  minor product was a l so  i s o l a t e d  and character-  

ized t o  be &. 
N - N i  t roso-2( 3 ' , 7 ' -d  i methyl -2 ' ,6'-octad i eny l )  ami noethanol -1,2- 14C2, (2, 2) -- 
Method A (&): 

g l a c i a l  a c e t i c  a c i d  was t rea ted  w i t h  sodium n i t r i t e  (10 mg, 0.15 mmol) i n  0.5 ml 

water. The s o l u t i o n  was s t i r r e d  ove rn igh t  a t  room temperature. Water-ether ( I  : I ,  

10 ml) was then added. 

separated. The aqueous phase was ex t rac ted  w i t h  two a d d i t i o n a l  5 ml por t i ons  o f  

e ther .  The combined ether  e x t r a c t s  were washed successively w i t h  5 m l  water, 10 

m i  10% potassium carbonate s o l u t i o n ,  5 m l  sodium c h l o r i d e  s o l u t i o n ,  d r i e d  over 

anhydrous sodium s u l f a t e  and f i n a l l y  evaporated. The residue a f t e r  p repara t i ve  

t h i n  layer  chromatography ( s i  1 i c a  g e l ,  0.5 mm, benzene-acetone, 1 : l )  y i e l d e d  8 . 6  

mg (1.4 m C i ,  75%) of trans-N-ni troso-2(3',7'-dimethyl-2',6'-octadienyl)amino- 

ethanol-1 ,2-I4C2, 5. 
(5% Carbowax 20 M, 220OC). GC-CI -MS m/e ( 1 % ) :  

137 (100). 

Method B (&) : 

aminoethanols, 3b, (2 m C i ,  72 mg, 0.21 mmol) and the  t rans isomer 2 (0.5 m C i ,  

Geranylethanolamine, 1, ( I  -8 m C i ,  10 mg, 0.05 ml) i n  5 ml 

A f t e r  shaking the m ix tu re  thoroughly, t he  layers were 

Rf  = 0.73 (methylene chloride-methanol, 2:l). GLC, 21 min 

227 (d + 1, 5 2 ) .  196 (25) ,  and 

A m ix tu re  o f  c i s -  and t rans-2-b is(3 '  ,7 ' -d imethy l -Z '  ,6'-octadienyl) 

4.6 mg, 0.014 m m l )  were placed i n  a 50 m l  round bottom f 

r e f l u x  condenser. To t h i s  a s o l u t i o n  o f  10 m l  80% a c e t i c  

a t  pH 4 .5  w i t h  sodium acetate)  was added fo l lowed by 1 m l  

n i t r i t e  (145 mg, 2.1 mmol) i n  water. The m ix tu re  was s t i  

ask at tached t o  a 

a c i d  i n  water (bu f fe red  

s o l u t i o n  o f  sodium 

red magnet ica l ly ,  
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heated t o  90°C and maintained a t  t h i s  temperature f o r  2 hours. The reac t i on  was 

then a l lcwed to cont inue f o r  an a d d i t i o n a l  2 hours a t  room temperature. A f t e r  

workup according t o  the preceding procedure, t he  m ix tu re  gave 46 mg o f  the crude 

product. Th is  ma te r ia l  was chromatographed on a s i l i c a  gel d ry  column (8) ( I C N  

Pharmaceutical Inc. ,  Cleveland, Ohio) us ing benzene-ethyl a c e t a t m e t h a n o l  ( 4 : l :  

0.5) as developing so lvent .  The rad ioac t i ve  f rac t i ons  were co l l ec ted ,  combined, 

and f u r t h e r  p u r i f i e d  by t h i n  l aye r  chromatography ( s i l i c a  ge l ,  1 mm, b e n z e n e  

chloroform-methanol-acetic acid,  8 : S : I : l )  t o  g i ve  39 mg (1.7 m C i ,  68%) o f  2. 
R f  = 0.43 and 0.46 (hexane-ether-methanol-methylene ch lo r i de )  o r  Rf  = 0.72 and 

0.76 (methylene chloride-methanol, 2 : l )  ~ radiochemical p u r i t y ,  99.7% by TLC; GLC, 

19 and 21 min (5% Carbowax 20M, 220'C). G C - C I - M S  m/e ( I %  c i s ,  t rans )  227 (M++ I ,  

28, 55) 196 (14, 251, and 137 (100, 100). 

N-N i t roso-2( 3 ' ,  7 '  -d imethy 1-2' ,6I-octad i enyl )ami noethanol - 1 I, 1 ' - 2 H ~  , (i) -- A 

s o l u t i o n  of 3,7-dimethyl-2,6-octadienoic a c i d  e t h y l  e s t e r  (a g i f t  from Givaudan, 

C l i f t o n ,  New Jersey; 25 g, 0.13 mol) i n  100 ml anhydrous ether  was added s lowly  

through a dropping funnel t o  a s t i r r e d  suspension o f  l i t h i u m  aluminum deuter ide 

(2.5 g, 0.11 m o l )  i n  100 m l  anhydrous ether .  A f t e r  s t i r r i n g  a t  room temperature 

ove rn igh t ,  the m ix tu re  was worked up i n  the usual way and d i s t i l l e d  t o  g i v e  l g  g 

(92%) of c o l o r l e s s  o i l  which was i d e n t i f i e d  as 5 [b.p. 115-118°C (12 m Hg), I R ,  

3400 cm-l(OH)]. 

deuterated c h l o r i d e  [b.p. 65-72"C (0.2 mm Hg)] and the  s u b s t i t u t e d  ethanolamine 

- 7 [b.p. 1O5-12O0C (0.1 mm Hg), I R ,  3400 cm-'(OH), 3200 cm-l(NH)] f o l l ow ing  the 

methods as described e a r l i e r  under the preparat ion o f  &. Thus reac t i on  o f  7 
(16 g, 0.081 mol) w i t h  sodium n i t r i t e  (13.8 g, 0.2 mol )  i n  500 ml 90% aqueous 

a c e t i c  ac id  y i e l d e d  crude ma te r ia l  o f  8 (16.6 g, 91%) which was passed on to  a 

s i l i c a  ge l  column and e l u t e d  i n  sequence w i t h  200 ml each of hexane, hexane-ether 

( 4 : l ,  2:1, 1 :1 ,  1:2, 1:4) ,  e the r ,  ether-methylene c h l o r i d e  (4: l ,  2:1, 1 : 1 ,  1:2, 

1:4) and methylene ch lo r i de .  

t i o n  was analyzed f o r  the compound 8 by gas chromatography on 5% Carbowax 20 M 

and 3% O V - 1 7  columns. The des i red n i t rosamine was normal ly  found i n  the hexan- 

e the r  e luates (13 g, 73%). 

Th is  compound was used t o  prepare the n i t rosamine 8 v i a  the  

F i f t e e n  m l  f r a c t i o n s  were c o l l e c t e d  and each f rac -  

Attempts t o  d i s t i l l  8 under h igh  vacuum resu l ted  i n  
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i t s  decomposi t ion.  However, t h e  0-methyl d e r i v a t i v e  was d i s t i l l a b l e ,  b.p. 

125-126OC (0.6 mm Hg); [un labeled 0-methyl compound, b.p. 124-125OC (0.6 mm Hg). 

Anal .  Calcd.  f o r  C13H24N202: C ,  65.00; H, 10.00; N, 11.67. Found: C ,  65.11; 

H, 10.18; N, 11.50]. UV,  232 nm (€1.0 X l o 4 ) .  I R ,  3400 cm-'(OH), 11174, 1439, 

1285, and 1037 cm-l(N-N=O) (9 ) ,  and 1675 cm-l(C=C). 

=C(CH3)], 2.03-2.12 [m,  4H, = C ( C b ) ] ,  3.68 ( s ,  I H ,  OK), 3.94 (t, 2H, -CH-zOH), 

4.12-4.32 [m,  2H, N(NO)-Ct&-], and 4.81 [d, 2H, N(NO)-C%C=], absent i n  the  

deuterio-compound 8. 
( I % ,  c i s ,  t r a n s ) ,  229 (M+ + 1 ,  35, 60) ,  198 (20, 35) ,  and 139 (100, 100). 

N-N i t roso-2 ( 3  ,7 ' -d  i methy 1 - 2 ' ,6 ' -oc tad  i eny 1 ) ami noethano 1 - 1 , 1 -2H2, (11) -- 2 ( 3 ' , 

7 ' -d i rne thy l -2 '  ,6'-octadienyl)aminoacetic a c i d  e t h y l  e s t e r ,  2, [ (23.9 g, 0.1 mol), 

b.p. l50-16O"C (0.05 mm Hg). I R ,  3200 cm-'(NH), 1765 c ~ - ~ ( C = O ) ]  prepared by sim- 

i l a r  a l k y l a t i o n  o f  e t h y l g l y c i n e  w i t h  t h e  corresponding c i s  and t r a n s  c h l o r i d e s ,  

was d i s s o l v e d  i n  100 ml anhydrous e t h e r  and reac ted  a t  room temperature w i t h  

l i t h i u m  aluminum d e u t e r i d e  (4.2 g ,  0.1 mol) i n  100 m i  anhydrous e t h e r  t o  y i e l d  

18.9 g (95%) o f  E. 
n i t r o s a t e d  as usual  w i t h  sodium n i t r i t e  (13  g, 0.18 m o l )  i n  500 m l  90% aqueous 

a c e t i c  a c i d  t o  y i e l d  15.1 g (88%) of t h e  c rude  n i t rosamine .  

as b e f o r e  by column chromatography, t h e  pu re  deu te r io -n i t rosamine  L w a s  ob ta ined  

as a l i g h t  y e l l o w  l i q u i d  (12 g, 69%) [ i t s  0-methyl d e r i v a t i v e :  b.p. 123-124°C 

(0.5 mm Hg)] .  A sample o f  t h i s  m a t e r i a l  showed i d e n t i c a l  chromatographic charac- 

t e r i s t i c s  as t h e  un labe led  m a t e r i a l s .  'H NMR was s t r i k i n g l y  s i m i l a r  t o  t h a t  o f  8 
except t h a t  t h e  resonance around 6 3.94 was n o t  p resen t .  U V ,  233 nm ( ~ 1 . 1  X lo4) .  

I R ,  3400 cm-l(OH) 1475, 1440, 1283, and I035  cm-'(N-N=O), and 1674 cm-l(C=C). 

1 3 C  NMR 6 16.47 (3'-CH3, t r a n s ) ,  22.86 (3'-CH3, c i s ) ,  51.67 ( I  ' - C H 2 - ) ,  46.25 

'H NMR 6 1.68 [ s ,  9H, 

1 3 C  NMR, super imposable w i t h  t h a t  o f  L. G C - C I - M S  m/e 

Wi thout  f u r t h e r  p u r i f i c a t i o n ,  (15 g, 0.075 mol)  was 

A f t e r  p u r i f i c a t i o n  

(2-CHz-), 58.88 ( I - C H z - ) ,  39-69 (4'-CH2-), 117.2 (2'-C=), 123.4 ( 6 ' - C = ) ,  131.5 

( 3 ' - C = ) ,  141.2 (7'-C=), 26.51 (5'-CH2-), and 50.87 (2'-CH2-). 

c i s ,  t r a n s ) ,  229 (M+ + 1 ,  30, 55) ,  198 (17, 301, and I 3 7  (100, 100). 

G C - C I - M S  m/e ( I % ,  
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