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Thirty-six halogenated Me  Et ethers have been synthesized for evaluation as volatile general anesthetics. 
Eleveii of the ethers were too unstable t,o test, and, of the remaining 25, 13 had promising anesthetic properties 
in mice and are suitable for study in larger animals. Those ethers having one H with a t  least 2 halogens other 
than F or 2 or more H with a t  least one Br or one C1 were the best anesthetics. 

The first study of the anesthetic properties of fluori- 
nated hydrocarbons was reported by Robbins' in 1946. 
Since that time many fluorinated compounds, both 
hydrocarbons and ethers, have been found to  have 
anesthetic properties in laboratory animals, and several 
have progressed to  clinical trials in humans2 Three 
are presently in clinical use : fluroxene, CF&H20CH= 
CH,; halothane, CF3CHC1Br; and methoxyflurane, 

In  an attempt to find a new agent superior to these 
three we have synthesized 36 new halogenated Me Et 
ethers by photochlorination and thermal bromination; 
25 of these have been evaluated as anesthetics in mice 
(Table I). The remaining 11 were too unstable to 
test. 

Synthesis.-All compounds were synthesized by 
photochlorination or thermal bromination of 9 fluori- 
nated Me E t  ethers. Chlorination of CH3OCFzCHClF 
(1) follov ing the published procedure4p5 gave mixtures 
of 6 chlorination products resulting from simultaneous 
chlorination of starting material and reaction products 
as outlined in the folloning equation. The percentage 
figures given represent the maximum percentages found 
in any chlorination mixture. The maximum amount 
of monochloro product was formed after reaction of 
about 1 mole of C12, the maximum amounts of dichloro 
products after reaction of about 2 moles of C12, and so 
forth. Yields of perhalogenated products were above 

CH30CF2CHC12. 

95%. 

CH3OCFzCHClF + 

1 

/ CHClzOCF2CHClF - CCl3OCF2CHCIF 

\ 5,30% >-. CH2C10CFzCHClF 4,60% 

2J "% CH2C10CF2CC12F - CHC1,0CF,CC12F 
3,5% 6,20% 

CC130CFzCC12F 
7 

These results do not agree with those reported by 
Park4s5 who described the reaction as L'stepwisel' and 
reported that the H on the CHClF carbon was the last 
to be replaced. 

Similar results were found in the chlorination of both 
CH30CF:CHBrF (8) and CH30CF2CHClz (14) except 
that the H of the OCF2CHC12 group was more reactive 
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and larger amounts of CH2C10CF2CCL (17) (corre- 
sponding to 3 were formed. 

CH30CF2CHBrF - CH2C10CF,CHBrF - 
8 9,80% 

CC130CF,CHBrF 

CH ClzO CFZCH BrF l1l 25% > CC130CF2CBrCIF 
10,65% 'CHC1zOCF,CBrCIF 13 

12,20% 

CH3OCF2CHCl2 - 
14 

CHC120CFzCHC12 --t CC130CF2CHC12 
CHZClOCFzCHC12 16,40% \ &IO% > 

6 6 0 %  \r CH2C10CF2CC13 .- CHC120CF2CC13 
17,15% 19,402 

CC130CF2CC13 
20 

The reactivity of the CF2CHC12 group compared to 
CF2CHClF or CFzCHBrF shows that chlorination is 
directed away from a C having an F substituent as well 
as a m y  from a C adjacent to  a F-substituted C as re- 
ported by P a r l ~ . ~  This directive influence of F on the 
same C is also clearly shown in the chlorination of 
CH30CF&HF2 (21) where the H on the CHF2 group 
reacts very sloivly and good conversions into the 3 
products chlorinated on Me are found. 

CH~OCFQCHFZ + CHzClOCFzCHFz + 
21 22, 80% 

CHClzOCFzCHFz + CClsOCFzCHF? + 
23, 80yo 24, 80% 

CCliOCFzCClFz 
25 

Additional examples of the directive influence of 
F substitution on the same C and on an adjacent C are 
found in the chlorination of CF3CH20CH3 (29) where 
CH30 is more reactive than OCH2CF3 and good yields 
of CHCl2OCHlCF3 (31) are formed and in the chlorina- 
tion of CF&H20HCF2 (35) where the OCHR group 
is much less reactive than the CH2 group adjacent to 
CF3 and good yields of CF3CHC10CHF2 (36) and CF3- 
CC120CHF2 (38) are formed. 

CF3CH20CH3 ---t CF3CHzOCHZCI - 
29 30,60% 

CFICHCIOCHClz 
CF3CH20CHC12 32135% > CF3CHC10CC13 

31,80% CF3CH20CC13 34 

33,3576 
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Compd 

CH,OCF,CHCIFf' 
CIlzClOCF2CHCIF~ 
CH2ClOCF2CClJF 
CHCIgOCF2CHCIFr 
CC1jOCFzCHCIFc 

T ~ B L E  I 
PROPERTIES OF HALOGE:N.~T~.:D METHYL ETHYL ETHI.;KS 

I3p. o c  

70 
110 
120 
114 

i m m )  

6 2  (50) 

r13 (30 )  
60 (50) 
49 

129 
137 
62 (2 .5)  
56 ( 2 . 5 )  
66 (20) 

105 
144 
I .?I 
157 
172 
166 
4s ( . 5 )  
36 , .-I 

x.5 , 5 

-- 
( I  

10,i 
11% 
I24 
173 
1 \6 
i11.2 
77 
$11 

11% 
106 
6:; 17.i) 
2 9 
4 \ . . 5  
:3 i 
60. .5 
.-I3 
7 4 . 5  
64 . .5 
2 V .  .i 
24 
4 .i 
. iG  , .I 
64 
S:l 

74 
.io . 2 
4::. 7 

_ -  
. I . )  

,,2'1D 

I . M72 
1 ,40S!I 

1 ,3982 
1.41S8 
1 .36(32 
1 . 4033 
1 ,4130 
1.4315 
1.4229 
1 ,4410 
1 , ::sf51 
1.4187 
1.4264 
1 . 4 : m  
1 ,4440 
1.43h2 

1 . :351 .i 
1 . 4 1 ,s:3 
1 , 4,520 
1 ,4640 
1.2942 
1 , :j:340 

1.4046 
1 , 26.5:3 
1 . :;002 

1 , Y2.iO 
1 ,3142 
1 , :3439 
1 , :12w 

1.5030 
1 . :32:1.; 
1 . :;.510 

.\naiyses' 

C, H ;  iinir 

C, H,  F ;  iimr 

c, I 
e,  H 
C, 11, F ;  iimr 
C, H, F;  iimr 
C, F 

c, H 
C, H 
C, €1; iimr 
c, €I; IlIll1' 

C, H ;  timr 
c, F 

C, H 
c, JI 
C, H ,  E'; timr 
e:, F 
e,  Hj F 
C, II ,  F; 1l1Il l '  

e,  H, e1 
c, 11, F 
C, €I, F; 11mr 

C, H,  F ;  nrrir 
C, H ;  rimr 
e, 11,  F 
C, H,  F 
c> 11, F: 111111 

c, IT, F 
c, T I ,  Cl 
c, c1 
c, 11 
c, I €  
C:, 11; iinir 
C, I f ;  i i n u  

e, II 
e,  11, F 
v, Id, F; 111i11' 

C, T I  
C, 11, F 

C, H, F ;  i imr 
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CF3CHCIOCHF2 + CF3CC120CHF2 The OCHFy group is also less reactive than OC1"~- 
CHClF or OCF2CHF, since chlorination of 42 :itid 45 
gives good yields of the @-substitution products. 

The thermal bromirtatioii of both 42 mid 45 gives thc  
corresponding bromo ethers 44 arid 47, but ill lo\ver 
yields, and the bromination of 35 gave 41 in loiv yield 
ni t  h many degradation products resultirig from c1e.a~- 

CFJCH20CHF2 /" 34 80% \ 3 8 ~ 5 %  + 
35 CF,CH@CCIF, - CF,CHCIOCC1F2 

37,5% 39,576 

CF3CCI20CCiF, 
40 
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CHFZOCFZCHF, + CHFZOCF2CClF2 
42 43, 80% 

45 46, 80% 
CHFZOCF2CHClF + CHFZOCF2CClnF 

age of the C-0 bonds. In none of the bromination 
reactions \vas any evidence of bromination of the 
CHF20 group found. 
CHFnOCF2CHF2 --f CHF?OCF2CBrF2 

CHFnOCF2CHClF + CHF20CF2CBrC1F 

42 44 (25%, conversion, 6074 yield) 

45 47 (60% conversion, 70y0 yield) 

CF3CH20CHF2 + CF3CHBrOCHF2 
35 41 (157, yield) 

Pharmacology.-All compounds Ivhich were stable 
were evaluated as anesthetic agents in mice. In  gen- 
eral, those ethers having OCH2C1, OCHCIZ, or OCCl, 
groups \\-ere the least stable although some could be 
stabilized sufficiently to permit testing by the addition 
of I<?C08. Eleven new compounds (9, 10, 16, 17, 
18, 19, 27, 28, 30, 32, and 33) and 4 lm)n-n compounds 
\\-ere too unstable to test (2, 4, 15,22). 

The anesthptic properties of 9 compounds (1, 7, 8, 14, 
26, 29, 35 plus CE'&HBrCI and C1>3CH20CH=CH, 
have been reported p r e v i o ~ s l y ~ - ~ , ~  arid testing of these 
compounds was repeated for comparison with the new 
compounds. Our screening results \\-ere in good agree- 
ment ivith those reported. 

-About one-half of the compounds screened had good 
nnest hetic activity in mice ivith the remainder about 
equally divided lietiveeii very weal; or inert compounds 
and convulsants. 

In general, i t  \\-as necessary to have at least one H 
present in order to have anesthetic activity as all the 
perhalogenated compounds (7, 13, 20, 25, 40) n-ere 
weak anesthetics or convulsants. These results are 
in agreement with the ohservations of I<rantz.2 

Those compounds Ivhich had one H with at least 2 
halogens other than 1; or 2 or more H with at least one 
13r or one C1 were t h e  best anesthetics. Among these 
ivere 14 ne\\- compounds (3, 11! 12, 23, 24, 39, 46, 31, 
36, 38. 41, 45, 47, 49), and all, except 31 n-hich is irri- 
tating, :irp suitable for study in larger animals. Some 
of this work has beell reportedG--8 and other studies are 
in progre 

(G) R .  I\-. Yirtiie, I,. 0.  Lunil, h lc i i .  Plielps, J r . ,  J. €1. I<. Vogel, I f .  

( i )  .I, I ( .  Dolikin, R .  G .  lleinricli, .J. S. Israel, .l. .1. Levy, J. F. Neville, 

( 8 )  S .  .i. hlcl)o~vel l ,  I< .  1). Hall, and  C. R. Stephen, Brit. J .  Anaesth., 

I 3ecL iv i t t ,  a n d  .\I. Jieron, C a n .  Anaesth.  S o r .  J . ,  13,  233 (1966). 

J r . ,  and  l<. Ounkasen,  nneht i ,es io logl / .  29, 273 (1968). 

40, 511 (1968) .  

Experimental Sect ion 
Pharmacology.--All compds screened were routinely checked 

for purity by gas chromatography and all were 99.57, pure or 
better. 

All screening was done using mice, and 6, 11, 12, 13, 20, 29, 
and 34 were administered by ip injection as 0.6 M emulsions.~ 
The remainder were administered by inhalation in admixture 
with 0 2 . 9  All pharmacology was done by J. C. Krantz, Jr., 
F. G. Rudo, and H.  F. Cascorbi a t  the Jlepartmeiit of Pharma- 
cology, University of Maryland School of Medicine, Baltimore, 
PIId., arid The Hiintingdon Research Center, Iiic.,  Baltimore, 
N d . ,  and A. B. Ilobkiii and P. H. Byles at the Department of 
Anesthesiology, State University of New Tork, Upstate 1Zedical 
Center, Syracuse, N.  Y. 

Synthesis.-Boiling points were dctermiiied by distu or by the 
Siwoloboff method and are uiicorr. S m r  spectra were detd 
in CC14 (Mersi) wing a Varian A-60 spectrophotometer. 

Compds 1 ,  8, 14, 21, 29, 42, aiid 45 were prepared according 
to  pitblished procecures, referenced in Table I ,  

CH30CF2CHBrCl (26).--P\Ta (75 g) was dissolved in  abs MeOH 
(700 g),  and CF3CHDrCI3 (540 g )  was added slowly. After 
refluxing for 24 hr, the mixt was poured into H 2 0  (3 1.). The 
crude prodiict (500 g)  was fractionated to yield uiireacted mate- 
rial (200 g), CI&0CF2CHUrC1 (125 g) ,  bp 68" (100 mm), aiid 
(CIT30)8CCIIBrCl (125 g), bp 86" (10 mm),  n% 1.4727. Anal. 

CFZCHZOCHF, (35) and CHF2OCHXHF2 (48).---11ito the stairi- 
less steel liner of a 1-1. autoclave was placed a soln of GO g (1 
mole) of KOH pellets iii 374 g (3.7 moles) of CF&H20H a i d  26 
g (1.1 moles) of HnO. The aiitoclave was then sealed and while 
beiiig stirred and heated a t  80-!)5", GO ml (0.8 mole) of liquefied 
CHCIF:! was added ill iiicremeiits to reach ari aiitogenous pressitre 
of 8.08 kg/cm2. The aitloclave \vas maititailled a t  approx 90" 
for 2 hr after the additioii of the reactants axid was then cooled. 
The gases from the autoclave were vented through a Dry-Ice 
trap condeiisitig 13 g of liq. The contents of the liner were dirtd 
to give 40 g of crude CF$H?OCHF, (bp 27-40') p l w  mi addi- 
tional 27 g collected i l l  a Ilry-Ice trap coiineded to the still. 
Low-temp distil of the combined 40 g from the Dry-Ice traps 
gave 24 g of recovered difluorochloromethaiie and 16 g more of 
CF3CH20CIIF2. The combined product, 65 g, represents a 
56.55; coilversion of CHClF,. 

CHFnOCH2CHF2 was synthesized from C H F ~ C H Z O H  i n  t,he 
same way with about 2556 conversion. 

Chlorination of Ethers.--All chlorinat,ions \yere dolie by the 
method of Park.',$ The amount of C12 was estimated by titra- 
tion of the effiuent HC1 gas which was scrubbed into H 2 0 .  lteac- 
tioh mixts were aiialyzed using an F and 31 Model 202 chromato- 
graph with thermistor detectors and a 3-m 10% nonylpherioxy- 
(poly(ethylenoxy))ethanol, 15yc Ucon LB-550-X on "Chromo- 
sorb" column, or a Wilkins aerograph Model A-330 with a hot 
wire detector and a 2-m Se 30 column. He flow was 50 cm3 miti. 
Products were isolated by fractioiial distn, prep chromatography 
using a Wilkins "autoprep" chromatograph, or a combination of 
the two. 

Bromination of Ethers.-Brominations were done by passiiig a 
stream of ?J2 into a mixt of Brt and the ether and then through a 
30 X 2.5 em glass t,ribe a t  450-475". Products were collected 
in a Ihy-Ice trap and purified by distn or gas chromatography. 

(CjHioBrClUa) C, H.  

(9) H. F. Cascorlii and  F. G .  Rudo, Anesth. Annlg.  (Cleve land) ,  4S, 163 
(1964). 


