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SUMMARY 

The tobacco smoke p a r t i c u l a t e  phase marker do t r i acon tane  
was l a b e l l e d  w i t h  tritium a t  p o s i t i o n s  15, 16, 1 7  and 18 by 
t h e  c a t a l y t i c  r educ t ion  of dotr iaconta-15,  17-diyne. This  
was obtained by o x i d a t i v e l y  coupl ing hexadec-1-yne, i n  t u r n  
prepared by r e a c t i o n  of monosodium a c e t y l i d e  w i t h  m y r i s t y l  
bromide. 
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INTRODUCTION 

S tud ie s  of z e t e n t i o n  of tobacco smoke p a r t i c u l a t e  phase i n  t h e  

r e s p i r a t o r y  system of smoke-exposed l abora to ry  animals ' a r e  f a c i l i t a t e d  by 

inc lus ion  of a s u i t a b l e  p a r t i c u l a t e  phase marker compound i n  t h e  tobacco. 

E a r l i e r  s t u d i e s  a t  

I4C-labelled do t r i acon tane  and un labe l l ed  decachlorobiphenyl t o  determine 

t o t a l  smoke dose. More r e c e n t l y ,  however, high r e s o l u t i o n  autoradiography has 

been used t o  s tudy  p a r t i c u l a t e  phase l o c a l i s a t i o n  w i t h i n  t h e  r e s p i r a t o r y  t r a c t  . 
For t h i s  type of s tudy  i t  was e s s e n t i a l  t o  use tritium l a b e l l e d  do t r i acon tane  

having a s p e c i f i c  a c t i v i t y  of approximately 0.5 Ci/mmol. The t r i t i a t i o n  

procedure descr ibed i n  t h e  ensuing t e x t  should,  however, be s u i t a b l e  f o r  

l a b e l l i n g  a t  a much higher  l e v e l  than warranted by our own needs. 

and o t h e r  l a b o r a t ~ r i e s ~ ' ~  have u t i l i s e d  

6 

Submission of a sample of p u r i f i e d  do t r i acon tane  t o  t h e  Wilzbach l a b e l l i n g  

I procedure a t  The Radiochemical Centre r e s u l t e d ,  a f t e r  r epea ted  column 

chromatographic p u r i f i c a t i o n  and r e c r y s t a l l i s a t i o n ,  i n  m a t e r i a l  of unacceptably 

low s p e c i f i c  a c t i v i t y .  I t  was concluded, t h e r e f o r e ,  t h a t  r educ t ion  of a 
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s u i t a b l e  u n s a t u r a t e d  p r e c u r s o r  u s i n g  t r i t i u m  g a s  might  w e l l  be the most 

a p p r o p r i a t e  means of i n t r o d u c i n g  n o n - l a b i l e  t r i t i u m  atoms i n t o  t h e  molecule .  

This  paper  d e s c r i b e s  t h e  s y n t h e s i s  o f  t h e  d i a c e t y l e n e  do t r i acon ta -15 ,17 -d iyne  

and i t s  r e d u c t i o n  t o  dot r iacontane-15 ,15 ,16 ,16 ,16 ,17 ,18 ,18-  3 H. 

Higher a c e t y l e n e s  may be c o n v e n i e n t l y  p repa red  by r e a c t i o n  o f  monosodium 

a c e t y l i d e  w i t h  t h e  a p p r o p r i a t e  a l k y l  h a l i d e ;  o x i d a t i v e  coup l ing  then  y i e l d i n g  

t h e  d i a c e t y l e n e .  

p repared  by bubbl ing  a c e t y l e n e  through a s o l u t i o n  o f  sodium i n  l i q u i d  ammonia, 

i s  r e a c t e d  w i t h  n i y r i s t y l  bromide i n  d ime thy l  formamide t o  g i v e  hexadec-1-yne (I). 

P u r i f i e d  I i s  o x i d a t i v e l y  coupled  us ing  c u p r i c  a c e t a t e  i n  py r id ine :me thano l  t o  

y i e l d  dot ra iconta-15 ,17-d iyne  ( 1 1 ) .  The d iyne  i s  reduced  t o  t h e  a l k a n e  (111) 

us ing  t r i t i u m  g a s  in  t h e  presence  of Adams c a t a l y s t :  

In  t h e  r e a c t i o n  sequence o u t l i n e d  below sodium a c e t y l i d e ,  

Na m y r i s t y l  bromid 
CH E CH liq.NH> CH = C N a  DMF 5 CH3 (CH2ll3C = CH 

(1) f N a B r  
3 

CuOAc 
C H ~ ( C H ~ ) ~ ~  - c =, c-c E C-(CH 1 CH 2x(1 MeOH/pyr/Et20 '' 2 13 3 

(11) 

CH3 ( C H ~  1 13 ( C H " ~  ) ( CH ) CH H 2 / P t  
'Idioxa? 3 13  3 

EXPERIMENTAL 

Hexadec-1-yne. To l i q u i d  ammonia ( l e  ) coo led  i n  s o l i d  CO / a c e t o n e  w a s  2 

added f e r r i c  n i t r a t e  (0.1 g )  a s  a c a t a l y s t 8  fo l lowed by sodium metal (36.6 g ,  

1.59 mol) added s lowly  ove r  a p e r i o d  of 1-2 h r  . Ace ty lene ,  from which t r a c e s  

of ace tone  had been removed by passage  through a t r a p  coo led  i n  s o l i d  CO / 

ace tone ,  was passed through t h e  above sodamide s o l u t i o n  f o r  approx ima te ly  4 h r  

and then  t h e  ammonia was a l lowed t o  e v a p o r a t e  (CAUTION: on no accoun t  should  

l i q u i d  n i t r o g e n  be used as  c o o l a n t  f o r  t h e  ace tone  t r a p s  i n  view of t h e  e x p l o s i v e  

n a t u r e  of s o l i d  o r  l i q u i d  a c e t y l e n e  (B.pt.-84OC)).  

(173.2g, 0 . 6 2 5  mol) i n  d imethyl  formamide (600 ml)  was added and t h e  mix tu re  w a s  

c a r e f u l l y  hea ted  under n i t r o g e n  t o  65OC and main ta ined  a t  t h a t  t empera tu re  f o r  

3 h r .  The mix tu re  was coo led ,  poured i n t o  d i s t i l l e d  w a t e r / i c e  and e x t r a c t e d  

9 

2 

M y r i s t y l  bromide 
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w i t h  hexane ( 3  x 250 ml ) .  The combined e x t r a c t s  were washed s u c c e s s i v e l y  w i t h  

water, d i l u t e  h y d r o c h l o r i c  a c i d ,  water, sodium b i c a r b o n a t e  s o l u t i o n  and 

s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n  b e f o r e  be ing  d r i e d  over  anhydrous sodium 

s u l p h a t e .  

reddish-brown o i l  having  i n f r a - r e d  a b s o r p t i o n  maxima a t  3310 c m  and 2110 

cm 

and a main f r a c t i o n  (55  g )  c o l l e c t e d  a t  110-ll1°C/0.15mm; nd23 = 1.4416 ( l i t  

value'' = 83-9l0C/O.07mm; nd20 = 1.4420).  Found C,86.0; H,13.6% ( c a l c  f o r  

C16H30: C ,  86.4,H,13.6%). 

Removal of t h e  hexane by r o t a r y  f i l m  evapora t ion  y i e l d e d  a mobi le  

-1 

lo. The o i l  w a s  f r a c t i o n a t e d  a t  reduced  p r e s s u r e  u s i n g  a Vigreux  column 

Dotriaconta-15,17-diyne. Anhydrous c u p r i c  acetate w a s  f i r s t  p repa red  by 

h e a t i n g  c u p r i c  a c e t a t e  monohydrate under r e f l u x  w i t h  a c e t i c  anhydr ide  f o r  

2 h r .  

and d r i e d  i n  vacuo. 

The s o l i d  was coo led ,  f i l t e r e d  o f f ,  washed w i t h  anhydrous d i e t h y l  e t h e r  

Hexadec-1-yne (5 .5  g ,  0.025 moll  and anhydrous c u p r i c  a c e t a t e  (10 g) were 

hea ted  under r e f l u x  on a s team b a t h  f o r  4 h r  w i t h  p y r i d i n e  (330  ml) and 

anhydrous d i e t h y l  e t h e r  (1 1). The c o u r s e  of t h e  r e a c t i o n  was fo l lowed by 

submi t t i ng  p o r t i o n s  of r e a c t i o n  mix tu re  t o  g a s - l i q u i d  chromatography on a g l a s s  

column packed w i t h  SE30 on Chromosorb G o p e r a t i n g  a t  300°C. 

was removed by d i s t i l l a t i o n  and t h e  r e a c t i o n  mix tu re  poured i n t o  water and 

e x t r a c t e d  t h r e e  t i m e s  w i t h  d i e t h y l  e t h e r  ( 3  x 250 ml) .  The aqueous l a y e r  w a s  

d i s c a r d e d  and t h e  e t h e r  l a y e r  washed s u c c e s s i v e l y  w i t h  w a t e r ,  d i l u t e  hydro- 

c h l o r i c  a c i d ,  wa te r  and f i n a l l y  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n  b e f o r e  be ing  

d r i e d  over  anhydrous sodium s u l p h a t e .  

evapora t ion  a f f o r d e d  an o i l  which s lowly  c r y s t a l l i s e d  from e t h y l  a c e t a t e  and 

was i s o l a t e d  a s  sma l l  p l a t e l e t s  (3 .2  g) m.p. = 47OC. 

( c a l c  f o r  C32H58:C,86.8;H,13.'2%). A molecular  we igh t  of 442.8 w a s  confirmed 

by mass spec t romet ry .  

The d i e t h y l  e t h e r  

Removal of s o l v e n t  by r o t a r y  f i l m  

Found CY86.9;H,12.8% 

Dot r i acon tane .  Cond i t ions  f o r  q u a n t i t a t i v e  r e d u c t i o n  of do t r i acon ta -15 ,17 -  

d iyne  were f i r s t  e s t a b l i s h e d  u s i n g  hydrogen. 

gas b u r e t t e  was used i n  o r d e r  t o  measure t h e  volume of hydrogen consumed d u r i n g  

t h e  r e a c t i o n .  

A c l o s e d  sys tem i n c o r p o r a t i n g  a 

A suspens ion  of Adams c a t a l y s t  (0.05 g )  i n  methanol was 
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m a g n e t i c a l l y  s t i r r e d  f o r  2 h r  a t  room t empera tu re  i n  an  a tmosphere  o f  hydrogen. 

A s o l u t i o n  o f  do t r iaconta-15 ,17-d iyne  ( 0 . 2  g ,  0 .45  mmol) i n  d r y  d ioxan  ( 5 0  ml )  

was added dropwise and r e d u c t i o n  a l lowed  t o  proceed  u n t i l  up take  o f  hydrogen 

ceased .  

40 .0  m l ) .  

and s o l v e n t  removed by e v a p o r a t i o n ,  l e a v i n g  a w h i t e  s o l i d  (0.Z.g) which w a s  

r e - c r y s t a l l i s e d  from d i e t h y l  e t h e r  and i s o l a t e d  as sma l l  w h i t e  p l a t e l e t s  

(0.15g, mp 69.7OC). Found C,85.l ;H,14.5% ( c a l c  f o r  C32H66:C,85.3;H,14.8%). A 

molecular  weight  of 450 .8  and a chemica l  p u r i t y  of > 99% (measured a g a i n s t  

a u t h e n t i c  s t a n d a r d )  were conf i rmed by mass spec t romet ry  and g a s - l i q u i d  

chromatography r e s p e c t i v e l y .  

(Expected up take  of hydrogen a t  NTP = 44.8  m l ;  observed  up take  = 

The c a t a l y s t  w a s  c a r e f u l l y  f i l t e r e d  o f f  u s i n g  Kiese lguhr  f i l t e r  a i d  

Reduct ion  of do t r i acon ta -15 ,17 -d iyne  (0 .5g ,  1.13 mmol) u s i n g  gaseous  

t r i t i u m  (5Ci )  was c a r r i e d  o u t  a t  The Radiochemical Cen t re ,  Amersham, u s i n g  

c o n d i t i o n s  e s s e n t i a l l y  as d e s c r i b e  above ( T r i t i u m  L a b e l l i n g  S e r v i c e ,  Code TR3). 

P u r i f i c a t i o n  o f  Reduct ion  Product .  The t o t a l  mass o f  c rude  d o t r i a c o n t a i n e -  

15,15,16,16,17,17,18,18-'H r e c e i v e d  from The Radiochemica l  Cen t re  ( 1 . 0 2  C i ;  

95 .8  mg) was c a r r i e r  d i l u t e d  w i t h  u n l a b e l l e d  d o t r i a c o n t a n e  (404 .3  mg) and t h e  

mix tu re  r e p e a t e d l y  r e - c r y s t a l l i s e d  from d i e t h y l  e t h e r  t o  c o n s t a n t  s p e c i f i c  

r a d i o a c t i v i t y .  

graphy us ing  c o n d i t i o n s  d e s c r i b e d  p r e v i o u s l y  and found t o  c o n t a i n  97.4% 

d o t r i a c o n t a n e  and 2.6% dotriaconta-15,17-diyne. Autorad iograph ic  examina t ion  

of a sample submi t ted  t o  t h i n  l a y e r  chromatography on s i l i c a  g e l  u s i n g  4 : l  

cyc1ohexane:e thyl  a c e t a t e  i n d i c a t e d  a s i n g l e  s p o t  c o n t a i n i n g  a l l  o f  t h e  

d e t e c t a b l e  r a d i o a c t i v i t y .  From t h e s e  d a t a  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  

p u r i f i e d  dotriacontane-15,15,16,16,17,17,18,18- H w a s  c a l c u l a t e d  t o  be 0 .50  Ci/mmol. 

The p roduc t  (342  m C i ;  314 .8  mg) w a s  submi t t ed  t o  g a s  chromato- 

3 
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