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SUMMARY 

S p e c i f i c a l l y  deuterated d e r i v a t i v e s  of the  inha la t ion  

a n e s t h e t i c  enf lu rane  b-chloro- l - (  d i f  luorome thoxy) -1,1,2-  

t r i f luoroethane]  have been synthesized by a f a c i l e  base 

catalyzed exchange. T r i t i a t e d  enflurane has a l s o  been 

synthesized by t h i s  procedure. 
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INTRODUCTION 

Because of the  occasional  r e p o r t s  of hepa t ic  (1) and r e n a l  (1) t o x i -  

c i t i e s  associated with the  inha la t ion  a n e s t h e t i c s  halothane (CF3CHClBr) 

and methoxyflurane (CH30CF2CHC12) respec t ive ly ,  t h e r e  has  been increased 

i n t e r e s t  i n  the  development of s a f e r  a l t e r n a t i v e  drugs. One compound 

t h a t  has become widely employed i s  t h e  f l u o r i n a t e d  e t h e r ,  enf lurane 

(L,Fig. l ) .  

halothane and methoxyflurane, t h e r e  have been recent  r e p o r t s  ind ica t ing  

t h a t  i t  can produce r e n a l  changes i n  both man (2 -4)  and ra t  ( 5 )  s imi la r  

t o  those seen with methoxyflurane. 

Although t h i s  inha la t ion  anes the t ic  appears t o  be s a f e r  than 
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- 1 X = H , Y = H  
- 2 X = D , Y = D  
- 3 X = D , Y = H  
- 4 X = H . Y = D  - 5 X = 'H, Y = 'H 

Fig. 1. S t r u c t u r e  of e n f l u r a n e  (1) and v a r i o u s  
deu te ra t ed  and t r i t i a t  ed d e r i v a t i v e s .  

F luo r ide  ion  appears  t o  be r e s p o n s i b l e ,  a t  least  i n  p a r t ,  f o r  t h e  t o x i c i t y  

a s s o c i a t e d  with t h e  a d m i n i s t r a t i o n  of methoxyflurane ( 1 , 5 , 6 )  and e n f l u r a n e  

( 4 , 5 ) .  This m e t a b o l i t e  appears  t o  be formed predominently i n  t h e  microsomal 

f r a c t i o n  of l i v e r  by cytochrome P 4 5 0  ( 7 ) .  Based upon previous metabolism 

s t u d i e s  wi th  r e l a t e d  halogenated hydrocarbons such a s  chloroform (81, 

chloramphenicol (9,10), ha lo thane  (11) and dihalomethanes (12,13) ,  en f lu rane  

i s  probably metabolized t o  f l u o r i d e  i o n  by a n  o x i d a t i v e  dehalogenat ion mech- 

anism (Fig.2).  

bond of t he  chlorof luoromethyl  carbon (Pathway A )  o r  by o x i d a t i o n  of t h e  C-H 

bond of t h e  dif luoromethyl  carbon (Pathway B).  The a l c o h o l  i n t e rmed ia t e s  i n  

bo th  pathways would be expected t o  dehalogenate  spontaneously t o  produce 

a c y l  h a l i d e s ,  which upon hydro lys i s  produce ca rboxy l i c  a c i d s  and h a l i d e  

ion. 

This r e a c t i o n  may occur by t h e  i n i t i a l  o x i d a t i o n  of t h e  C-H 

One way t o  determine expe r imen ta l ly  t h e  r e l a t i v e  importance of t hese  

pathways of metabolism (Fig.2)  i s  t o  compare t h e  r a t e s  of d e f l u o r i n a t i o n  of 

s p e c i f i c a l l y  deu te ra t ed  d e r i v a t i v e s  of en f lu rane .  Since deuterium 

s u b s t i t u t i o n  decreases  t h e  o x i d a t i v e  dehalogenat ion of chloroform 

(14,151, bromoform ( 1 6 ) ,  and dihalomethanes (13) i n  r a t  l i v e r  microsomes, 

it seemed l i k e l y  t h a t  t h e  s u b s t i t u t i o n  of deuterium a t  t h e  ch lo ro f luo ro -  

methyl carbon should i n h i b i t  Pathway A ,  whereas deuter ium s u b s t i t u t i o n  
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a t  the  difluoromethyl carbon should i n h i b i t  Pathway B (Fig.2). 

order t o  test t h i s  idea ,  we have developed a procedure f o r  the  f a c i l e  

synthes is  of s p e c i f i c a l l y  deuterated d e r i v a t i v e s  of enflurane. Since 

the  only metabol i te  of enf lurane thus f a r  i d e n t i f i e d  has been 

f l u o r i d e  ion we have a l s o  synthesized 3H-labeled enflurane,  which 

should be usefu l  i n  the  i s o l a t i o n  and i d e n t i f i c a t i o n  of other 

metabol i tes  of enflurane. 
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Fig. 2. Po ten t ia l  pathways f o r  the  oxidat ive 
metabolism of enf lurane t o  f l u o r i d e  ion. 

RESULTS AND DISCUSSION 

Synthesis. When enflurane was mixed with two volumes of 0.4 z N a O D  

a t  room temperature f o r  1 4  h r ,  very l i t t l e  exchange occurred a t  e i t h e r  t h e  

difluoromethyl carbon or t h e  chlorofluoromethyl carbon (Table 1). 

However, heat ing t h e  reac t ion  mixture t o  r e f l u x  f o r  20 hr  resu l ted  in an 

87% exchange a t  the  chlorofluoromethyl carbon a s  compared t o  a 13% exchange 

a t  the difluoromethyl carbon. Increasing the  N a O D  concentrat ion t o  2.0 

r e s u l t e d  i n  only moderate increases  i n  exchange a t  both posi t ions.  
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Table 1. Resul ts  of enf lurane exchange under var ious  conditions.a 

% ExchangeD 
NaOD (If) Temp. Aliquat 336a Time ( h r )  CF,D CFClD 

0.4 room temp. 14 1 8 
0.4 re f  lux  - 20 13  87 
2.0 r e f l u x  20 20 88 
1.0 room temp. + 1 6  85 94 
1.oc room temp. + 24 98 99 
c,d r e f l u x  + 2 10  97 

- 

- 

aIn a t y p i c a l  r e a c t i o n ,  a mixture of 1 volume of enf lurane and 2 
volumes of a NaOD s o l u t i o n  were s t i r r e d  a t  room temperature or a t  
r e f l u x  i n  t h e  presence or  absence of 0.1 equivalent  of Aliquat 336 
(tricaprylylmethylammonium chlor ide) .  

bThe percent exchange a t  t h e  CF2H and C F C l H  pos i t ions  were ca lcu la ted  
from the  ion i n t e n s i t i e s  a t  m/e 51,52 and 67,68, respec t ive ly .  

CExchange was performed t h r e e  times. 

dTwo volumes of Na2C03 (pH 8-9) were used i n  place of NaOD solu t ion .  

The r a t e  of exchange a t  both pos i t ions  was s i g n i f i c a n t l y  increased when 

a c a t a l y t i c  amount (0.1 equivalent)  of t h e  phase t r a n s f e r  c a t a l y s t  Aliquat 

336 (tricaprylylmethylammonium c h l o r i d e )  was added t o  the  reac t ion  mixture. 

For example, a f t e r  2 hr a t  room temperature a 28% exchange occurred a t  the  

d i f luoro  carbon while a 94% exchange r e s u l t e d  a t  the chlorof luoro carbon. 

After 1 6  hr a t  room temperature t h e  percent exchange was increased t o  85% 

and 94%,  respec t ive ly  (Table 1). The incorporat ion of deuterium i n t o  both 

pos i t ions  reached a t  l e a s t  98% when t h e  r e a c t i o n  was heated t o  r e f l u x  and 

and re-exchanged two a d d i t i o n a l  times with f r e s h  NaOD s o l u t i o n  (Table 1). 

The increase  i n  the  r a t e  of exchange produced by t h e  phase t r a n s f e r  

c a t a l y s t  permitted t h e  use of l e s s  a l k a l i n e  condi t ions,  thereby allowing 

s e l e c t i v i t y  of exchange a t  the  more a c i d i c  chlorofluoromethyl carbon. 

For ins tance ,  when one volume of enf lurane and 2 volumes of Na2C03 s o l u t i o n  

i n  D20 (pH 8-9) were mixed with 0.1 equiva len ts  of Aliquat 336, heated a t  

r e f l u x  f o r  2 h r ,  and t h e  exchange repeated two addi t iona l  times under 

i d e n t i c a l  condi t ions,  deuterium incorporat ion reached 97% a t  the  chloro-  

fluoromethyl carbon and only 10% a t  the l e s s  r e a c t i v e  difluoromethyl carbon 

(Table 1). 
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When t h e  98% d i d e u t e r a t e d  e n f l u r a n e  (compound 2) was mixed wi th  H20 

(pH 8-9) and 0.1 equ iva len t s  of Aliquat  336, t h e r e  was a s e l e c t i v e  replacement 

of deuter ium wi th  hydrogen a t  t h e  chlorof luoromethyl  carbon. In t h i s  f a s h i o n  

compound 4 w a s  prepared with deuterium i n c o r p o r a t i o n s  of 4% and 89% a t  t h e  

chlorof luoromethyl  and dif luoromethyl  carbons,  r e s p e c t i v e l y .  

T r i t i um l a b e l e d  e n f l u r a n e  (compound 1) was syn thes i zed  by r e a c t i n g  en- 

f l u r a n e  i n  t h e  presence of 3H20, 1z NaOH, and Al iqua t  336 f o r  3 days a t  

67°C. 

s p e c i f i c  a c t i v i t y  of 13.8 mCi/mmol. The r e l a t i v e  inco rpora t ion  of t r i t i u m  

a t  each carbon was e s t ima ted  t o  be i n  a r a t i o  of 1.00 t o  1.07 a t  t h e  d i f l u o r o -  

methyl and chlorof luoromethyl  p o s i t i o n s  by r e p e a t i n g  t h e  r e a c t i o n  wi th  D20 

i n s t e a d  of 3H20 and ana lyz ing  t h e  product by mass spectroscopy.  

I n  t h i s  manner, a 53% recovery of e n f l ~ r a n e - ~ H  was obtained wi th  a 

Mass S p e c t r a l  Evaluat ion.  The fragmentat ion p a t t e r n  of en f lu rane  (1) 
permit ted t h e  f a c i l e  assignment of both p o s i t i o n  and e x t e n t  of d e u t e r a t i o n  

(Fig.3).  For i n s t a n c e ,  t h e  i n t e n s e  i o n  a t  m/e 51 corresponds t o  t h e  d i f l u o r o -  

methyl group. The mass of t h i s  ion is unchanged in compound 3, but  moves up 

1 amu t o  m/e 52 i n  compounds 2 and 5. 
mately 3 t o  1 a t  m/e 67, 69 r e p r e s e n t s  t h e  chlorof luoromethyl  group. This 

i o n  p a i r  i s  a t  m/e 67,69 i n  compound 4 and a t  m/e 68, 70 i n  compounds 2 and 

- 3. The mass s p e c t r a  of t h e  deu te ra t ed  d e r i v a t i v e s  c l e a r l y  demonstrate t h a t  

t h e  i o n  a t  m/e 117 of en f lu rane  is  composed of a difluorornethoxydifluoromethyl 

and a l,l-chlorofluoro-2,2-difluoroethyl fragment in a r a t i o  of approximately 

1 t o  1. 

The ion  doub le t ,  in a r a t i o  of approxi-  

EXPERIMENTAL 

Z-Chloro-l-( d i f  luoromethoxy-d) -1,1,2-tr i f l uo roe thane  - 2 6  ( 2). 

A mixture of 5.0 ml ( 4 1  mmol) of 2-chloro-l-(difluoromethoxy)-1,1,2- 

t r i f l u o r o e t h a n e  (Enflurane,  Ohio Medical Products)  (11, 200 mg (0.41 mmol) 

of tricaprylylmethylammonium c h l o r i d e  (Al iqua t  336, General  Mills Chemicals, 

Inc.)  and 10 ml of 1.0 I1 NaOD (1 ml of 40% NaOD, Ald r i ch ,  99% D; and 9 ml of 

D20, Merck, 99% D) were s t i r r e d  a t  r e f l u x .  

cooled t o  room temperature ,  t h e  aqueous l a y e r  w a s  r ep laced  by an  a d d i t i o n a l  

Af t e r  24 h r ,  t h e  mix tu re  was 
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Fig. 3 Mass s p e c t r a  of e n f l u r a n e  and d e u t e r a t e d  d e r i v a t i v e s .  
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1 0  m l  of 1 .0  M NaOD and t h e  exchange r e a c t i o n  con t inued  f o r  a n o t h e r  24 h r .  

The exchange was r e p e a t e d  a t h i r d  t i m e  w i t h  1 0  m l  of 1.0 M NaOD. A f t e r  2 h r  

t h e  mix tu re  was cooled  t o  room t empera tu re  and t h e  o r g a n i c  l a y e r  w a s  removed 

and washed wi th  1 ml of 1E H C 1  and then  d i s t i l l e d  a t  room tempera tu re  i n  a 

micro  d i s t i l l a t i o n  appa ra tus .  

c o l l e c t i o n  f l a s k  i n  a d r y  ice-ace tone  ba th .  In t h i s  manner, 2.9 m l  (58% 

y i e l d )  of e n f l u r a n e - d z  (2) was ob ta ined .  Mass s p e c t r a l  a n a l y s i s  i n d i c a t e d  

deu te r ium i n c o r p o r a t i o n  of 99% a t  t h e  ch lo ro f luo romethy l  carbon and 98% a t  

t h e  d i f  l u o r  omethyl carbon. 

The product  was c o l l e c t e d  by immersing t h e  

Z-Chloro-l-(difluoromethoxy)-l,1,Z-trif luoroethane-2-d (3 ) .  A m i x t u r e  

of 3.5 m l  ( 2 9  mmol) of e n f l u r a n e  (L), 177  mg (0.36 mmol) of A l iqua t  336 and 

7 m l  of Na2CO-j i n  D20 (pH 8-9) was s t i r r e d  a t  r e f l u x .  

aqueous l a y e r  was r e p l a c e d  by ano the r  7 m l  of D20 (pH 8-9) and hea ted  a t  

r e f l u x  f o r  1 hr .  The exchange w a s  r e p e a t e d  a t h i r d  time. A f t e r  1 hr  1.15 g 

(33%) of e n f l u r a n e d  (3) was ob ta ined .  

deuter ium i n c o r p o r a t i o n s  of 97% and 10% a t  t h e  ch lo ro f luo romethy l  and d i f l u o r o -  

methyl  p o s i t i o n s ,  r e s p e c t i v e l y .  

A f t e r  2 hr  t h e  

Mass s p e c t r a l  a n a l y s i s  i n d i c a t e d  

2-Chloro-1-( d i f  luoromethoxy-d) -l,l, 2 - t r i f  l u o r o e t h a n e  ( 4 ) .  A m i x t u r e  of 

3 m l  (25  mmol) of e n f l u r a n e d 2  (z), 120 mg (0.25 mmol) of A l iqua t  336 and  

6 ml of aqueous Na2C03 (pH 8-9) was r e a c t e d  f o l l o w i n g  t h e  procedure  o u t l i n e d  

f o r  t h e  s y n t h e s i s  of compound - 3. 

2.0 g (66%)  of enf lurane-d  (4) w i t h  deuter ium i n c o r p o r a t i o n  of 89% and 4% 

a t  t h e  d i f luo romethy l  and ch lo ro f luo romethy l  p o s i t i o n s ,  r e s p e c t i v e l y .  

D i s t i l l a t i o n  of t h e  r e a c t i o n  product  gave  

E n f l ~ r a n e - ~ H  (5) .  A mix tu re  of 1 m l  (8 .3  mmol) of e n f l u r a n e  (L), 120  

mg (0.25 mmol) of A l iqua t  336, 40  mg (1.0 mmol) of NaOH, and 1 m l  of 3H20 

(1 Ci; New England Nuclear )  w a s  p l aced  i n t o  a 5 m l  r e a c t i o n  v i a l .  The 

r e a c t i o n  c o n t a i n e r  was s e a l e d  w i t h  a Te f lon  l i n e d  septum and shaken  t o  

d i s s o l v e  t h e  NaOH. The mix tu re  w a s  t h e n  p l aced  i n  a n  o i l  b a t h  a t  67OC and 

magne t i ca l ly  s t i r r e d .  Af t e r  3 days t h e  v i a l  w a s  coo led  i n  an  ice b a t h  and 

t h e  aqueous l a y e r  w a s  removed 

l a y e r  was t h e n  washed 2 times wi th  0 .8  m l  of 0.05 5 HC1 and 1 3  t i m e s  w i th  

through t h e  septum w i t h  a s y r i n g e .  The o r g a n i c  
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0.8 ml H 2 0  to remove r e s i d u a l  3H20. 

800 mg (53%) of e n f l ~ r a n e - ~ H  (2) w i t h  a s p e c i f i c  a c t i v i t y  of 13.8 mCi/mmol. 

Micro d i s t i l l a t i o n  a t  40-50°C gave 

Mass S p e c t r a  Ana lys i s .  Mass s p e c t r a  were o b t a i n e d  on a V.G. Micromass 

16F spec t romete r  a t  a n  a c c e l e r a t i n g  v o l t a g e  of 4kV, a n  e l e c t r o n  energy  of 

70eV, and a source  t empera tu re  of 22OoC. The samples were in t roduced  i n t o  

t h e  in s t rumen t  bo th  d i r e c t l y  through a septum i n l e t  and by i n j e c t i o n  o n t o  a n  

i n t e r f a c e d  Var i an  1400 g a s  chromatograph which was equipped w i t h  a g l a s s  

column ( 2  mm i . d .  x 1.81 m) and packed w i t h  Porapak Q ,  100/120 mesh. The 

i n j e c t o r  and column t empera tu res  were 250° and 150°, r e s p e c t i v e l y .  Ana lys i s  

of t h e  p roduc t s  by gas  chromatography-mass spec t roscopy  i n d i c a t e d  t h a t  a l l  

of t h e  l a b e l e d  e n f l u r a n e  d e r i v a t i v e s  were a t  least  99% chemica l ly  pure.  
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