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SUMMARY 

An e f f i c i e n t  one-vessel synthes is  of  ~amphene-8-'~C was devel- 
oped. 
ment of t h e  r e s u l t i n g  phosphonium s a l t  with m e t h y l l i t h i m  produced 
methylene [-  14C]-triphenylphosphorane, which was condensed with cam- 
phenilone t o  provide ~ a m p h e n e - 8 - ~ ~ C .  
pound produced toxaphene- 1 

Methyl- "C iodide was reacted with triphenylphosphine; t r e a t -  

Chlorination of t h e  l a t t e r  com- 
an important p,olychlorinated i n s e c t i c i d e .  
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INTRODUCTION 

Toxaphene, a widely used i n s e c t i c i d e  [ahout 58 mill ion Ib/yr. i n  the United 

S t a t e s  ( I ) ] ,  i s  a complex mixture o f  a t  least 177 polychlor inated hydrocarbons 

(2) t h a t  i s  prepared by ch lor ina t ing  camphene ( I ,  2,2-dimethyl-3-methylenebicyclo- 

[Z.Z.IJheptane) i n  t h e  presence of  u l t r a v i o l e t  i r r a d i a t i o n  u n t i l  t h e  ch lor ine  con- 

t e n t  reaches 67-69% (average composition CloHlOCIB). Our s t u d i e s  of  toxaphene 

required a small amount of 14C-labelled mater ia l  o f  hieh s o e c i f i c  a c t i v i t y .  

Syntheses of both camphene-10-l"C (3) and camphene-8-14C CII) (4) have been 

described. The former was a mult i -s tep synthes is  beginning with t h e  incorpora- 

t i o n  of 0.226 mCi of sodium c y a n i d e - l k  i n t o  2 moles of e thyl  ace toace ta te  

cyanohydrin. The la t ter  was a much simpler process. 

ver ted t o  t h e  Grignard reagent which was i n  turn  added t o  camphenilone (III, 

3,3-dimethylbicyclo[2.2.l]heptan-2-one). The r e s u l t i n g  t e r t i a r y  alcohol was 

converted, v i a  pyrolysis  of i t s  benzoate, t o  11. The overa l l  y ie ld  from 30.5 g 

(0.5 mCi) of methyl iodide was e. 60%. but t h e  two d i s t i l l a t i o n s  involved 

rendered t h i s  procedure of l i t t l e  value for  the  small sca le  (2 m o l )  synthes is  

we wished t o  achieve. 

Methyl-l'+C iodide was con- 
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I 

I1 8-14C 

I11 

BuLi  I11 0 
14CH,I + Ph3P .-) Ph3P-l4CH?- Ph3P=14CH2 ___) I1 

Iv V 

XI + C12 hv \ 14C-toxaphene 

IVe t h e r e f o r e  deve lcped  an a l t e r n a t e  s y n t h e s i s  wherein t h e  e n t i r e  convers ion  

o f  I11 t o  I 1  was achieved  i n  a s i n g l e  v e s s e l .  

was r e a c t e d  with a s l i g h t  excess  o f  t r i pheny lphosph ine  i n  t e t r a h y d r o f u r a n .  The 

r e s u l t i n g  methyltriphenylphosphonium i o d i d e  IV was conve r t ed  t o  t h e  W i t t i g  r eagen t  

V with methy!li thium. Treatment o f  V w i th  I11 gave, a f t e r  column chromatography, 

a so1ut ic .n  (CC1,) o f  e s s e n t i a l l y  pu re  (by gas chromatography) I1 t h a t  was then  

i r r a d i a t e d  and t r e a t e d  wi th  c h l o r i n e ;  t h e  r e a c t i o n  was fo l lowed by gas  chromato- 

g raph ic  a n a l y s i s  of a l i q u o t s ,  and was t e rmina ted  ( a f t e r  E. 7 h r . )  when t h e  gas 

chromatogram o f  t h e  product  approximated t h a t  o f  commercial toxaphene. 

1 4 C  (554 mg, 3 . 4  m C i ,  68% o v e r a l l )  was i s o l a t e d  as a c o l o r l e s s  wax. 

Methyl-14C iod ide  (5 m C i ,  0 .5  mmol) 

Toxaphene- 

EXPERIMENTAL 

?lethy1-14C iod ide  was purchased  froin N e w  England Nuclear  Co. R a d i o a c t i v i t y  

was measured wi th  a S e a r l e  Mark I1  S c i n t i l l a t i o n  Counter u s ing  a PPO/POPOP/toluene 

c o c k t a i l .  

chromatograph wi th  a flame i o r L i z a t i o n  d e t e c t o r  and a 1 .8  rn x 2 r n ~  s t a i n l e s s  

s t e e l  column packed with 3% OV-17 on Gas-Chrom Q, t empera tu re  programed from 

95 t o  140'. 

chromatograph equipped wi th  a 63Ni -e l ec t ron  c a p t u r e  d e t e c t o r  and a 1 .8  m x 4 

mm column packed with 1 : l  15% QF-1 and 10% DC-200 on Chromasorb W at  215'. 

Triphenylphosphine and camphenilone were p u r i f i e d  by sub l ima t ion  i n  vacuo. 

Te t rahydrofuran  was d i s t i l l e d  f r o n  l i t h i u m  aluminum hydr ide  (under N2) j u s t  

Camphene samples were ana lyzed  on a Varian aerograph  S e r i e s  2700 gas 

Toxaphene samples were ana lyzed  on a H e w l e t t  Packard 5709A gas 
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p r i o r  t o  use ,  and was subsequent ly  t r a n s f e r r e d  by sy r inge  through serum s t o p p e r s .  

React ion v e s s e l s  were oven-dried a t  120°, t hen  were assembled and purged wi th  N 2  

while  h o t .  

room temperature  i n  a d e s i c c a t o r .  

Syringes,  need le s ,  etc.  were s i m i l a r l y  d r i e d  a t  120' then cooled t o  

C a m p h e n e - - 3 .  Triphenylphosphine (600 mg, 2.3 mmol) was added t o  a 25 m l  

f l a s k  wi th  a s i d e  arm and con ta in ing  a micro s t i r  b a r .  

nitroger: was a p p l i e d  t o  t h e  s i d e  a n ,  and the t o p  of t h e  v e s s e l  was f i t t e d  w i t h  a 

serum s t o p p e r .  Methy?-14C iod ide  (5 nCi. 5 0 . i  mg, 0.36 m o l )  was d i s s o l v e d  i n  

t e t r ahydro fu rhn  (6.0 ml) ,  and t h e  s o l u t i o n  was i n j e c t e d  i n t o  the r e a c t i o n  v e s s e l .  

Then u n i a b e l l e d  methyl i od ide  (232 mg, 1.64 mmol) was added, and t h e  r e s v l t i n g  

s o l u t i o n  was s t i r r e d  a t  room temperature  f o r  5 hours. 

i od ide  g radua l ly  sepa ra t ed  as a white s o l i d .  The mixture  was then cooled t o  

- ca.  S o ,  and a s o l u t i o n  o f  methyl l i thium i n  e t h e r  c2.1 M, Aldrich Chemical Co.) 

was added dropwise by sy r inge  (1.2 m l  p a s t  t h e  development of a permanent orange 

c o l o r ) .  The r e s u l t i n g  orange s o l u t i c n  was s t i r r e d  without  coo l ing  f o r  15 min.,  

t hen  was again cooled and t r e a t e d  with a s o l u t i o n  of camphenilone (400 mg, 2 .9  

mmol), i n  t e t r ahydro fu ran  (5 ml).  The r e s u l t i n g  s o l u t i o n  was s t i r r e d  a t  room 

temperature  ove rn igh t  du r ing  which time s o l i d  t r iphenylphosphine oxide sepa ra t ed .  

The r e a c t i o n  mixture was poured i n t o  water  (50 ml) and the r e s u l t i n g  mixture  

was e x t r a c t e d  with CC1, (3  x 6 ml) .  The combined o rgan ic  e x t r a c t s  were washed 

with water and with 10% sodium t h i o s u l f a t e ,  t hen  were d r i e d  (MgSO,), f i l t e r e d ,  

and concentrhted by c a r e f u l  d i s t i l l a t i o n  through a 10 cm column t o  a f i n a l  vol-  

ume o f  E. 5 m l .  

resumed u n t i l  t h e  f i n a l  volume was 3-4 m l  ( t he  d i s t i l l a t i o n  i s  f a i r l y  c r i t i c a l ;  

t e t r a h y d r o f u r a n  must be removed because it would p rov ide  unwanted c h l o r i n a t i o n  

p roduc t s  i n  t h e  nex t  s t e p ,  bu t  a t  t h e  same t i m e  one has  t o  be c a r e f u l  n o t  t o  

l o s e  t h e  r e l a t i v e l y  v o l a t i l e  camphene). The f i n a l  r e s i d u e  was t r a n s f e r r e d  on to  

a column o f  s i l i c a  g e l  (16 g) prepared wi th  CCl , ,  and the  column was e l u t e d  

with CC1,. 

t h e  next  40 m l  ( > 9 8 %  free o f  camphenilone and o t h e r  i m p u r i t i e s  by gas 

chromatography). 

An ove rp res su re  o f  d r y  

Methyltriphenylphosphonium 

An a d d i t i o n a l  5 m l  o f  CC1, was added, and d i s t i l l a t i o n  was 

The f i r s t  10 m l  was d i sca rded ,  and camphene-14C was c o l l e c t e d  i n  
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Toxaphene-14C. The CCI, so lu t ion  of  camphene-14C was s t i r r e d  with a l i t t l e  

ac t iva ted  charcoal then was f i l t e r e d  through Celite (previous experience showed 

t h a t  t h i s  treatment removed an unident i f ied  substance which i n h i b i t e d  t h e  chlor- 

ina t ion  reac t ion) .  Chlorine was slowly bubbled through t h e  r e s u l t i n g  so lu t ion  

i n  a Pyrex f lask  equipped with a condenser and a Cam4 drying tube; meanwhile 

the  so lu t ion  was i r r a d i a t e d  with a dual-tube Westinghouse f luorescent  sunlamp 

positioned 6 cm from t h e  f lask .  

moving a l iquots  and comparing t h e i r  gas chromotograms t o  one of a conmercial 

toxaphene sample. After  about s i x  hr. t h e  r a t e  of  chlor inat ion had slowed t o  

such an extent  t h a t  t h e  so lu t ion  was again t r e a t e d  with charcoal and f i l t e r e d  

through Cel i te .  

chromatogram was very s i m i l a r  t o  t h a t  of  t h e  s tandard,  and t h e  reac t ion  was 

terminated. The so lu t ion  was poured i n t o  a mixture of i c e  and aq. NaHC03; the  

layers  were separated and t h e  organic phase was washed again with NaHC03, then 

with 10% Na2S203, and f i n a l l y  with H,O. 

f i l t e r e d ;  removal o f  the solvent  provided 0.554 g of  toxaphene-14C as a color- 

l e s s  wax 13.4 mCi). 

The react ion was followed by per iodica l ly  re-  

Chlorination now proceeded rap id ly ;  a f t e r  45 min. t h e  gas 

The so lu t ion  was d r i e d  p!gSO,) and 

1. 

2. 

3. 

4. 
5. 

REFERENCES 

von Rumker, R. ,  Lawless, E. W., and Meiners, A. F. - Environmental Protect ion 
Agency Report 540/1-74-001 0 9 7 4 ) .  
Holmstead; R. L. ,  Khalifa, S., a d  Casida, J. E. - J. Agric. Food Chem. 22: 
939 (19741. . ,  
Vaughan, W. R . ,  Goetschell, C. T . ,  Goodrow, M. H . ,  and Warren, C.  L. - J. 
Am. Chem. SOC. E: 2282 (19631. 
Roberts, J. D., and Yancey, J. A. - J. Am. Chem. SOC. 5: 3165 (1953). 
Mention of a propr ie ta ry  company or product does not  imply endorsement by 
the U.S. Department o f  Agriculture. 




