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200 ml of hot EtOH, and clarified, H 2 0 was added, and the cyano-
guanidine (1) precipitated. 

Using a similar procedure and the same molar quantities of the 
reaetants, l-(-amyl-3-cyauoguanidine (2) was prepared from the 
corresponding amine hydrochloride. 

N-Cyano-3-carboxamidino-3-azabicyclo [3.2.2] nonane (8). 
To a solution of 1.25 g of the azabicyclononane in 1 ml of con­
centrated HC1 and 4 ml of H 2 0 was added 0.9 g (0.01 mole) of 
sodium dicyanamide. The mixture was refluxed for 2 hr: how­
ever, within 20 min of refluxing a solid had precipitated. The 
reaction mixture was cooled and the solid was filtered off and 
recrystallized from aqueous E tOH. 

l-i-Butyl-2-cyano-3-methylguanidine (17).- -A steel auto­
clave equipped with a glass liner was charged with 3.2 g (0.025 
mole) of l-cyano-2,3-dimethyl-2-thiopseudourea, 15 ml of 7-butyl-
amine, and 60 ml of EtOH and was heated at 125° for 6 hr. 
The vessel was cooled, and the light brown solution was re­
moved and evaporated to a syrup. When this syrup was dis­
solved in a 50% EtOH-H>0 mixture by warming and the solu­
tion was decolorized with charcoal. 0.2 g of an unidentified 
material melting at 201 - 211° was obtained. The filtrate from 
it, on further dilution with 30 ml of ITO, gave 0.7 g of the desired 
product. It was recrystallized from dilute EtOH. 

l-Cyclohexyl-2-cyano-3-(2-morpholinoethyl)guanidine (18). 
A mixture containing 2.61 g (0.009 mole) of l-cyclohexyl-3-(2-
morpholinoetby] (thiourea (Aldrich Chemical Co.), 2.72 g (0.011 
mole) of lead eyanamide, and 16 ml of EtOH was stirred and 
refluxed for 18 hr. The reaction was not complete as observed 
by the formation of mercuric sulfide when a clarified aliquot of 
the mixture was heated with yellow mercuric oxide. Another 
0.5 g of PbXCX was added to the reaction mixture and remixing 
was continued for 7 hr longer. The precipitated sulfide was 
filtered off and the cyanoguanidine was isolated by cooling the 
filtrate. I t was recrystallized from EtOH. 

A wide variety of pharmacologically active 1,2,3-tri-
substituted aromatic compounds in which the 1 and .3 
substituents are chlorine or methyl have been described. 
These include the local anesthetics lidocaine (28).1 2-
(2,G-dichlorophenoxy)ethyldimethylamine (14), and 
xylocholine (19), and the adrenergic neurone blocking 
drugs xylocholine (19) and its guamdino analog (11). 

This paper describes the completion of the series of 
compounds to which the foregoing belong by the syn­
thesis of the 2,(i-difluorophenyl analogs, and we report 
a study of the comparative pharmacology of the unsub-
stituted, the difluoro, the dichloro. and the dimethyl 
compounds (Table I). A series of related ureas has also 
been prepared and tested for their effect on the behavior 
of conscious mice. 

2,6-Difluorobenzoic acid2 and 2,0-difiuorophenol3 

U j T h e c o m p o u n d s s tud ied in this work h a v e been ass igned t h e n u m b e r s 
shown in T a b l e I. Pe r t inen t reference-, to tile origin of t h e c o m p o u n d and, 
if previously descr ibed, to its pha rmaco logy are given in t he footnotes to 
' t a b l e I. 

(2l .1. T h o m a s and .1. C a n t y , ./. 1'harm. I'htirnmrol.. 14, 587 11H02). 
i.'-S) O, C. Finger, M. J . Gor tu towsk i , I{. II. Shiley. and It. H. Whi te , ./. 

A m. ('In in. Sor.. 8 1 , !) 1 ( Hl.Wi. 

The physical constants, yields, and other pertinent data for 
the individual compounds are given in Table I. 

7-ChIoro-l ,3-dihydro-6-methyl-2H-pyrrolo [3,4-cj pyridine-2-
carboxamidine Dihydrochloride (19). A mixture containing 6.7 
g (0.04 mole) of 7-chloro-6-methylmerimine.1- 5.6 g (0.02 mole'i 
of S-methylpseudothiourea sulfate, and 30 ml of H2() was re­
fluxed for 18 hr. The hot mixture was decolorized with charcoal 
and filtered. A solid which precipitated on cooling was filtered 
and dried. A satisfactory elemental analysis for the sulfate of 
the desired compound could not be obtained even after repeated 
recrystallizations. By neutralizing an aqueous solution of the 
sulfate with NaHCOs and then dissolving it in ethanolic 11C1 
2.5 g (22'7) of the dihydrochloride was obtained; recrvsfallized 
from 95'7 EtOH, mp 285-295° dec. Anal. <T\Hn(TNY2Hei) 
0 , H, X. 

l-[2-(7-Chloro-l,3-dihydro-6-methyl-2H-pyrrolo[3,4-(]pyri-
dine-2-yl)ethyl]guanidine Sulfate Hemihydrate (20). A mix­
ture containing 1.06 g (0.005 mole) of the base of the meriminc 
used in the preparation of 16, 0.7 g (0.0025 mole) of 2-methyl-
thiopseudourea sulfate, and 5 ml of H>0 was refluxed for 8 hr. 
The solid which precipitated on (tooling w'as filtered, w7ashed with 
cold H A and dried to yield 0.93 g (60 r , ), mp 217-221°; recrys­
tallized from MeOH. and EM), mp 219-222°. A mil. [fCnH„r 
C1NS)..'H..S04-TI..01 O, H. X. 
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are both known compounds, but when this investiga­
tion started, they were not easily prepared in quantity. 
We therefore set out to find a convenient and suitably 
versatile synthesis for these and other 2.(i-difluoroaryI 
compounds. The employment of an aryllithium inter­
mediate seemed feasible,4 and we found that 1,3-di-
fluorobenzene in tetrahydrofuran, or in mixtures of 
THF and hexane or heptane (2:1-4:1), formed a stable 
aryllithium (I) when treated with w-butyllithium a1 
below —50°. This was demonstrated by the forma­
tion of 2,6-difluorobenzoic acid (II) in 81% yield after 

(4) W e are grateful to Dr. J . N . G a r d n e r for suggest ing this reac t ion to us 
H. O i lman and T . S. Soddy, .7. Org. Chem., 2 2 , 1715 (1957), c o n v e r t e d 
nuorobenzene in to 2-f luorophenyl i i th ium, which was s t ab l e in T H F a t 
— 00° , a n d then in to 2-fluoroben«oic acid. G. Wi t t ig a n d W. Merk le , Btr.. 
78 , 1491 (1942), d e m o n s t r a t e d t h a t 1,3-difluorobenzene was m e t a l l a t e d hy 
plienyl- or b,y methy l l i th i t lm in e ther ; t he p r o d u c t s of thei r r eac t ions , which 
were conduc ted at —15 or 0° , were cons is tent wi th ttie fo rmat ion of a s u b ­
s t i t u t ed benzyne from a p u t a t i v e 2 ,b-dif luorophei iy] l i thium. J . U ine a n d 
I'. IS. Langford. ./. to-,;. Ch.em.. 27 , 4149 (1962), d e m o n s t r a t e d the ac id i ty of 
the hydrogen at the 2-carbon in 1 .;>-diHuorobenzene by deu t e r ium exchange 
s tudies . 
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The preparation of 2,6-difiuorophenyllilhium, and its conversion into a range of 2,6-difluoroaromatic com­
pounds (see Chart I), has led to the synthesis of several difluoro analogs of known pharmacologically active 
compounds such as lidocaine and xylocholine. Their local anesthetic activity, adrenergic neurone blocking ac­
tivity, nicotinic activity, and some of the effects that these compounds have on the behavior of conscious mice 
are reported and discussed. 
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TABLE I 

SERIAL NUMBER AND STRUCTURE OF COMPOUNDS STUDIED 

CHART I 

ArOCH sCH2NR2 ArCH2CH2NH2 ArCH2NH2 

XVII XVI XV 

c 
R 

CH2NHC(NH2)=NH 
CH2CH2NHC(NH2)=NH 
OCH2CH2NHC(NH2)=NH 
OCH2CH2N(CH3)2 

OCH2CH2N
+(CH3)3-Y~ 

OCH2CH2N +(CH3)2C2HS • Y -
NHCOCH2N(CH3)2 

NHCOCH2N(C2H5)2 

CH2NHCONH2 

CH2CH2NHCONH2 

OCH2CH2NHCONH2 

X 

X 
. 

H 
lb c 

4t>,c 

8b.e 

12*.'' 
lQm,„ 

25' 
29" 
32" 
36* 

Compd no.- — 

¥" 

2 
5 
9 

13 
17 
20 
23 
26 
30 
33 
37 

Si. 

CI 

&>•* 

W 
14 ' .* 
18">.° 
21« 
24»,» 
27*. . 

34<* 
38/ 

CH3 

$>,d 

~b,d 

\\b.e,g 

15'-*.' 
10,2,m,p 

22™.'' 

28*." 
31J 

35d 

39» 

t 
ArOH 
XII 

ArCOMe 
IV 

t 
ArCOCl 

V 

1 
ArCOXH2 

VIII 
» See Table I I . h 0.5 H2S04. C R. Fielden, A. L. Green, and 

G. L. Willey, Brit. J. Pharmacol, 24, 395 (1965). d A. L. Green, 
unpublished. « D. I. Barron, P. M. G. Bavin, G. J. Durant, I. 
L. Natoff, R. G. W. Spickett, and D. K. Vallance, / . Med. Chem., 
6, 705 (1963). ' Unpublished. " A. L. A. Boura, F . C. Copp, 
A. F. Green, H. F . Hodson, G. R. Ruffell, M. F. Sim, E. Walton, 
and E. M. Grivsky, Nature, 191, 1312 (1961); D. I. Barron, 
I. L. Natoff, and D. K. Vallance, Brit. J. Pharmacol., 25, 534 
(1965). * HC1. ' S. Kuroda and S. Koyama, J. Pharm. Soc. 
Japan, 63, 382 (1943). ' HBr. * Reference 19. ' Reference 23. 
m Y = Br. » Reference 17. ° R. A. McLean, R. J. Geus, R. J. 
Vlohrbacher, P. A. Mattis, and G. E. Ullyot, J. Pharmacol. 
Exptl. Therap., 129, 11 (1960). " K. A. Exley, Brit. J. Pharma­
col, 12, 297 (1957). - Y = I. Unpublished; cf. P. Hey and G. 
L. Willey, British Patent 765,850 (1957). T P . Hey, unpublished; 
see ref 16. • L. S. Fosdick and J. A. Carbon, </. Am. Chem. 
Soc, 76, 1296 (1954). ' H. Erdtman and N. Lofgren, Svensk 
Kem. Tidskr., 49, 163 (1937). " N. Lofgren, ArkivKemiMineral. 
Geol., 22A (18), 1 (1946). <• E. Paterno and P. Spica, Oazz. 
Chim. Ital, 5, 388 (1875); J. S. Buck, A. M. Hjort, and E. J. 
de Beer, J". Pharmacol Exptl. Therap., 54, 188 (1935). w J. 
S. Buck, J. Am. Chem. Soc, 56, 1607 (1934); E. J. de Beer 
and A. M. Hjort, J. Pharmacol Exptl. Therap., 52, 211 (1934). 
* S. Gabriel, Ber., 47, 3028 (1914). « G. J. Durant and S. H. B. 
Wright, / . Med. Chem., 9, 247 (1966). 

carbonation.6 Analogous reactions have been carried 
out on 1,2-difluorobenzene (74% yield of 2,3-difluoro-
benzoic acid) and 1,3-dichlorobenzene (75% of 2,6-di-
chlorobenzoic acid); in the latter reaction a careful 
search did not reveal any 2,4-dichlorobenzoic acid. 

2,6-Dinuorophenyllithium (I) gave 2,6-difluorobenz-
aldehyde (III) in good yield by the action of N-methyl-
formanilide, and 2,6-difluoroacetophenone (IV) in poor 
yield by the action of acetyl chloride (Chart I). The 
acetophenone was advantageously obtained from 2,6-
difluorobenzoyl chloride (V) by reaction with diethyl 
ethoxymagnesiomalonate,6 followed by hydrolysis and 
decarboxylation. Reduction of the aldehyde (III) by 

(5) (a) A. M. Eoe, R. A. Burton, and D. R. Reavill, Chem. Commun., 582 
(196S); A. M. Roe and R. A. Burton, British Patent 1,080,167 (1967). (b) 
At about the time this work was done, P. L. Coe, R. Stephens, and J. C. 
Tatlow, J. Chem. Soc, 3227 (1962), reported that pentafluorophenyllithium 
was stable in ether at 0°; its enhanced stability over other 2-halogeno-
phenyllithium derivatives w-as ascribed to the inductive effect of the five 
fluorine atoms; it was also reported that pentafluorobenzoic acid could not 
be obtained by carbonation of the aryllithium. However, an extensive 
study by R. J. Harper, Jr., E. J. Soloski, and C. Tamborski, J. Org. Chem., 
29, 238S (1964), and C. Tamborski and E. J. Soloski, ibid., 31, 743, 746 
(1966), of this and similar reactions lias delineated the most satisfactory 
conditions for metallation and carbonation of fluoroaromatic compounds in 
treneral. 

(6) H. G. Walker and C. R. Hauser, J. Am. Chem. Soc, 68, 1386 (1946). 

t / 
ArCHO 

I I I 
ArCH2OH 

VI 

\ t 
ArLi 

I 

ArCOaH — > • ArNHa — > ArN02 

II XI X I I I 

+• ArCN or ArCONHCHO 
I X X 

Ar = 2,6-F2C6H3 

LiAlH* gave 2,6-difluorobenzyl alcohol (VI). 2,6-Di-
fluoroiodobenzene (VII) was prepared from the aryl­
lithium by the addition of iodine in THF. 

The preparation of 2,6-difluorobenzonitrile (IX) was 
of interest;7 dehydration of 2,6-difluorobenzamide 
(VIII) by thionyl chloride in DMF produced two com­
pounds, depending on the conditions. Reaction with 
2 moles of SOCl2 at 80° for 0.5 hr gave the required 
nitrile (IX) in 90% yield, whereas reaction with 1 mole 
at room temperature for several days (a procedure rec­
ommended8 for benzonitrile itself) gave only N-formyl-
2,6-difluorobenzamide (X) in 46% yield. Proof of the 
structure of the latter compound rests on its analysis, 
ir spectrum, and conversion by reaction with phenyl-
hydrazine into 3-(2,6-dinuorophenyl)-2-phenyl-l,2,4-
triazole. 

Our next synthetic objective was the preparation of 
the hitherto undescribed 2,6-difluoroaniline (XI) and 
of the known 2,6-difluorophenol (XII).3 The aniline 
was obtained in 86% yield by a Schmidt reaction on the 
benzoic acid. Unexpectedly, the phenol could not be 
obtained from this aniline. The diazotized aniline was 
heated in solution in the presence of various salts, under 
various different conditions, and the crystalline diazo-
nium fluoroborate was also variously treated, but the 
phenol could not be isolated. This behavior was paral­
leled by the analogous 2,6-dichloroaniline, which gave 
less than 5% of 2,6-dichlorophenol under the usual con­
ditions. 

That the diazonium group could be replaced was 
shown by its conversion into 2,6-difluoroiodobenzene 
(VII) when treated with KI, by its conversion into 2,6-
difluoronitrobenzene (XIII) with NaN02 in the pres­
ence of copper powder, and by the formation of 1,2,3-
trifluorobenzene (XIV) .6a No useful products were 
obtained from 2,6-difluoro- or 2,6-dichlorobenzenedi-
azonium fluoroborate and acetic acid or acetic anhy­
dride.9 

(7) 2,6-Dichlorobenzonitrile has been used as a herbicide: H. Koopman 
and J. Daams, Nature, 186, 89 (I960); G. E. Barnsley. Proc. British Weed 
Control Con!. 6th, Brighton, I960, 597 (1961). 

(8) J. C. Thurman, Chem. Ind. (London), 752 (1964). 
(9) H. L. Haller and P. S. Schaffer, J. Am. Chem. Soc, 65, 4954 (1933): 

L. E. Smith and H. L. Haller, ibid., 61, 143 (1939). 
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TABLE II 

^ o m p d 

23 
26 

30 
2 

33 

."> 
13 
37 

i) 
17 
20 

2,6-FaCeH R CoMPOt 

H 

XHC0CH2X(CH3)2-HC1 
XHCOCH2N(C2H5)2 • HC1 
CH2XH2-HC1 
CH2X(CH3)2-HC1 
CH2XHCOXH2 

C H 2 X H C ( X H 2 ) = X H • H X 0 3 

CH 2 N+(CH 3 ) 3 - I -
CH2X+(CH3)2C2H5-I~ 
CH2CH2XH2-HC1 
CH 2CH 2XHCOXH, 
CH 2 CH 2 XHC(XH 2 )=XH • HX0 3 

0CH2CH2N(CH3)2 'HC1 
OCH2CH2XHCOXH2 

OCH 2 CH 2 XHC(XH 2 )=XH • H X 0 3 

0CH 2 CH 2 X + (CI1 3 ) 3 - I -
OCH2CH2X -t(CH3)2C2H6 • I -

•NDS PREPARED FOR 

M p , "C 

250.5-251.5 
179-180..") 
196-197 
200.5-201.5 
148.5-149 
180..V-181 5 
240-241 
184..r)-18r>.o 
164-164.5 
12o..-.-126..') 
188..")-189.5 
155-156 
94,5-95.5 
130.5 131.5 
173 .5-174 .5 
120 

PHARMACOLOGICAL 

Cryst n 
solver, i 

n-Bu(>II 
Me2CO 
n-BuOH 
n-BuOH 
H2() 
11,0 
EtOH 
K - B U O H 

Me2C<> 
H,0 
H20 
rt-BuOH 
H20 
H,() 
KtOH 
E tOH-Et 2 0 

STUDY 

F o r m u l a 

C10H13ClF2X2O 
CI2H17C1F2X20 
C7H8C1F2X 
C3H12C1F2X 
CS,HSF2X2(> 
(\H10F2X4O3 

C O I I M F J X 

C„H I 6F2IX 
C,II10C1F2X 
C9H,0F2X2O 
C9H I2F2X403 

C,„H„C1F,X() 
O„H,0F2X2t), 
(\H,2F,X.,04 

C,J11 6F2IX0 
r 1 2 H„F, IXO 

(' 
(' 
c 
c 
c 
c 
(':. 
(': 
C. 
0: 
C. 
C, 
C. 
C. 
C, 

c, 

Analyses 

, 11, CI, N 
, II, F, X 
, II, F, X 
, H, F, X 
,11, F, X 
, H, F, N 
, H, F, X 
, H, F, N 
, 11, CI, X 
, H, F, X 
, H, F, X 
, H, F, X 
, H, F, X 
, II, F, N 

H, F, X 
, H, F, N 

Several methods for the conversion of an aryllithium 
or an aryl Grignard reagent into the corresponding 
phenol were tried before succeeding with the method of 
Hawthorne.10 Treatment with trimethyl borate at be­
low — 50° gave the arylboronic ester which, without 
isolation, was hydrolyzed and oxidized to 2,6-difluoro-
phenol (XII) in an over-all yield of 41% from 1,3-di-
fluorobenzene. 

With the intermediates now available, we were able 
to prepare, by routine methods, the compounds listed 
in Table II for pharmacological examination. 

Our earliest attempts to enter this series of 2,6-di-
fluorophenyl compounds were unsuccessful but instruc­
tive. 2,4-Dichloronitrobenzene reacts with dry KF in 
dimethyl sulfone at 170° to give 4-chloro-2-fluoronitro-
benzene followed by 2,4-difluoronitrobenzene, with no 
2-chloro-4-fluoronitrobenzene being formed.11 Accord­
ing to Starr and Finger "this shows that in dimethyl 
sulfone the stronger ortlw activation predominates over 
the steric considerations of the nitro group, and that the 
2-chlorine atom is the first to be replaced."11 We con­
sidered it possible that 2,6-dichloronitrobenzene would 
give 2,6-difluoronitrobenzene by this reaction. How­
ever, a series of reactions at various temperatures gave 
very disappointing results, maximum conversion into 
2,6-difluoronitrobenzene being only a few per cent. 
The products of the reaction were analyzed by vapor 
phase chromatography, and the results (Table VI) show 
that the presence of a 6 substituent hinders the replace­
ment of the 2 substituent, there being no effective ortlw 
activation. 

This failure can be explained if the results of Starr and 
Finger11 are ascribed not to ortlw activation, but to 
steric inhibition of resonance. Maximum activation of 
groups to nucleophilic displacement by an o- or p-nitro 
group requires the nitro group to be coplanar with the 
ring in the transition state. This is possible in the 
transition state for the formation of 4-chloro-2-fluoro-
nitrobenzene since the chlorine atom has moved out of 
the plane of the ring. However, neither 2-chloro-4-

(10) (a) M . F . H a w t h o r n e , J. Org. Chem., 22, 1001 (1957); T. L. Y a r b o r o 
a n d C. Kar r , ibid.. 24, 1141 (19S9); (b) G. M . Brooke, B. S, Furn i s s , W . K. 
H. M u s g r a v e , a n d M d , A, Quasem, Tetrahedron Letter.?, 2991 (1965), h a v e 
successfully a d a p t e d this m e t h o d to t he p r e p a r a t i o n of pen t a - a n d t e t r a -
Huorophenols . 

(11) I.. U. S t a r r and G. (.'. Finger, Chem. [mi. ( L o n d o n ) , 1328 (1962). 

fluoroniti'obenzene (from 2,4-dichloronitrobenzene) nor 
2-chloro-6-fluoronitrobenzene (from 2,G-dichloro-
nitrobenzene) is obtained because the nitro group in 
both is prevented by a 2-chlorine atom from achieving 
coplanarity with the ring. This effect12 explains both 
Starr and Finger's11 and our own results more satisfacto­
rily.13 

Pharmacological Results. Adrenergic Neurone 
Blocking Activity.—The adrenergic neurone blocking 
activities of the guanidines and the aryloxyethylam-
monium salts were estimated16 on the nictitating mem­
branes of conscious and anesthetized cats. Table III 
shows the subcutaneous doses that cause 30% relaxa­
tion of the nictitating membranes of conscious cats, and 
the minimum intravenous doses that abolish the re­
sponse of the cat nictitating membrane to postgan­
glionic stimulation of the cervical sympathetic nerve. 

The aralkylguanidines (1-7) are either inactive at 
50 mg/kg or only weakly active on conscious cats, but 
they are apparently more active on anesthetized cats. 
This pattern is contrary to what is observed in the 
aryloxyethvlguanidines (8-11) and aryloxyethylam-
monium salts (16-22) and may be due in part to the 
marked and sustained contraction of the nictitating 
membranes of anesthetized cats caused by the ar­
alkylguanidines (particularly 1, 4, and 7) completely 
masking the effect of electrical stimulation. 

In the aryloxyethylguanidine series (8-11), the sub­
stituted are all more active than the unsubstituted com­
pound 8, the difluoro derivative 9 being the most active 
on conscious cats. 

The adrenergic neurone blocking activity of the aryl-
oxyethylammonium salts has been studied extensively, 
particularly on conscious cats. Compounds 17-19 have 
been tested using a cross-over technique with a group of 

(12) .). F. B u n n e l l and R. E . Zaliler, Chem. Her.. 49, 273 (1951; . 
(13) Some recent repor t s on t he nucleophi l ic r ep l acemen t of a c t i v a t e d 

a r o m a t i c chlor ine a t o m s are in ag reemen t with this i n t e r p r e t a t i o n . 2,6-
Dich lo ron i t robenzene does not react wi th azide ion or a m m o n i a , whereas 2,6-
d ich loroni t rosobenzene does react wi th azide i o n u a n d 2 ,6-dichlorobenzoni-
tr i le can be conve r t ed in to 2 ,6-d inuorobenzoni t r i l e , l s t h e r e being no s ter ic 
inhib i t ion of resonance in these two examples . 

(14) A. J . Bou l ton , P . B. Ghosh, a n d A. R. K a t r i t z k y , ,/. Chem. Soc, B. 
1004 (1966). 

(15) (a) G. V. Finger , D. R. Dickerson, T. Adl, a n d T. Hodgins , Chem. 
Commun., 430 (1965); (b) R, Bat te rshe l l , 3rd I n t e r n a t i o n a l S y m p o s i u m on 
Fluor ine C h e m i s t r y , Mun ich , 196.5. 

(16) R. Fielden, A. M. Roe, and G. I.. Willey, Brit. J. I'h.irmacol., 23 , JSli 
(19641. 
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;> 
10 
10 
d 
4.5" 
2 
3.5 
2 .5 
2 .5 

10 

• i 

5 
5 

d 
5 
2 
5 

10 
10 
25 

TABLE I I I 

ADRENERGIC NEURONE BLOCKING ACTIVITY 

Compd nig/kg" mg/kg6 

1 c 25 
2 50 10 
3 25 5 
4 c 10 
5 25 5 
6 50 10 
7 c 5 
8 c 10 
9 
10 
11 
16 
17 
18 
19 
20 
21 
22 

" Subcutaneous dose that causes 30% relaxation of the nicti­
tating membranes of conscious cats, measured at time of peak 
action (5 hr). b Minimum intravenous dose that abolishes the 
response of the cat nictitating membrane to postganglionic 
stimulation of the cervical sympathetic nerve (50 pulses/sec, 0.5 
msec). c No relaxation following injection of 50 mg/kg. d Nico­
tine-like stimulant compound. ' After 24 hr. 

s:x conscious cats. The order of activity is 18 > 19 > 
17. Comnound 16 shows marked nicotine-like stimu­
lant activity;17 very weak blocking activity can, how­
ever, be demonstrated in the anesthetized cat when 
pretreated with hexamethonium bromide. 

The time of maximum effect and the duration of 
effectiveness of equiactive doses in conscious cats show 
clear differences. Compounds 18 and 19 have a similar 
onset and duration, peak action occurring at 5 hr and all 
effects disappearing within 48 hr. On the other hand, 
17 exhibits peak action at 24 hr, relaxation being still 
apparent after 72 hr. 

Compounds 20-22 are less active than their N-tri-
methyl analogs (17-19) on the anesthetized cat. How­
ever, 20 and 21 show a similar order of activity to that 
of the X-trimethyl compounds on conscious cats, an 
effect which is not accounted for by ganglion blocking 
activity. 

Local Anesthetic Activity.—The local anesthetic 
activities of the lidocaine analogs (23-28), the aryloxy-
ethylamines (12-15), and their quaternary salts 
(16-22) were assessed by the Bulbring and Wajda 
technique.18 Table IV shows the concentrations that 
cause a mean anesthetic effect of 50% over a 30-min 
period and also shows the per cent anesthesia produced 
by these equieffective concentrations at intervals after 
injection. 

Lidocaine (28) is twice as potent as the next most 
potent analog, the order of activity being 28 > > 26 > 
27 > 25. However, with the dimethylamino com­
pounds, the dichloro (24) is more active than the 
difluoro compound (23). All these compounds cause 
rapid onset of anesthesia, but equieffective doses of 
12-15 cause more prolonged effects. Compound 1419 

is the most active; 15 is slightly less potent and its 

(17) (a) P. Hey, Brit. J. Pharmacol., 7, 117 (1952); (b) M. E. Coleman-
A. H. Hume, and W. C. Holland, ./. Pharmacol, lixptl. Therap., 148, 66 (1965). 

(18) E. Bulbring and I. Wajda., ibid., 86, 78 (1945). 
(19) P. Hey and G. L. Willey, Nature, 198, 390 (1963). 

TABLE IV 

LOCAL ANESTHETIC ACTIVITY 

Equi­
effective % anesthesia- • 
concn,° Time after injection of equieffective concn, min 

Compd g/100 ml 10 30 60 120 180 240 300 360 

23 3.2 69 22 0 
24 1.2 64 21 0 
25 1.6 86 19 0 
26 1.0 78 3 0 
27 1,3 88 11 0 
28 0.5 80 6 0 
12 0.59 64 28 7 0 
13 0.53 54 30 6 0 
14 0,06 50 44 35 3 0 
15 0.07 55 36 17 0 
16 b b 
17 3.4 40 64 61 36 19 14 7 6 
18 0,33 36 64 60 53 35 28 22 11 
19 0.76 39 68 69 44 28 11 8 4 
20 3.3 39 58 55 44 27 16 4 0 
21 0.27 42 69 67 42 35 4 0 
22 0.47 35 67 73 44 35 13 8 0 

° Estimated by the method of Bulbring and Wajda. 
Discussion. 

'See 

duration of action is shorter. Compounds 12 and 13 
are much less potent still and even shorter acting. 

The quaternary salts (17-22) have the same relative 
potencies as the related aryloxyethyldimethylamines 
(13-15). The concentration of 16 required to cause 
50% anesthesia could not be estimated owing to its 
high nicotinic activity. However, intradermal in­
jection of a 2% solution of 16 causes slight local 
anesthesia which is less than that produced by a 2% 
solution of 17. The maximal anesthetic effects of all 
the quaternary salts are apparent 30-60 min after 
injection; the duration of the effect is much more 
prolonged than with the tertiary bases (12-15 and 
23-28), the most prolonged being the trimethylam-
monium salts (17-19). 

Nicotinic Activity.—The nicotinic activity of the 
trimethylammonium salts (16-19) was estimated on 
atropine-treated (2 mg/kg, ip) spinal cats using a 2 + 1 
assay technique. Two doses of the standard (16)" 
were followed by a single dose of the test drug, and the 
activity was estimated by interpolation. Nicotine-like 
activity was confirmed by the abolition of the response 
with hexamethonium bromide. Compound 16 is the 
most active; the activities of the other drugs relative 
to 16 (activity = 1.0) are 17 = 0.026, 18 = 0.002, and 
19 = 0.001.20 

The Effect of Substituted Ureas on Conscious Mice.— 
As part of a wider (unpublished) investigation into the 
behavioral pharmacology of substituted ureas, the 
compounds shown in Table V were examined. Esti­
mates of the LD50 and of the dose that caused depression 
of motor activity in 50% of the mice (DDS0) were made 
from dose-range studies. All these compounds inhibit 
polysynaptic reflexes (indicated by the abolition of the 
pinnal reflex) at doses lower than those that inhibit 
monosynaptic reflexes (corneal reflex); see Table V. 

Benzylurea (29) and its substituted derivatives (30 
and 31) abolish the pinnal reflex only at doses much 

(20) When pure, 19 does not show the nicotinic pressor activity that was 
originally reported,1711 The impurity responsible for that activity has been 
clearly identified by E. R. Clark and M. deL. S. A. Jana, Brit. J. Pharmacol., 
27, 135 (1966), as 1-2% of the 2-tolyloxy analog. 
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TABLE V 

Kl)si> OF SntsTi'iTTEi) I'REA.S FKOM M O I S E DOSE-K.WOK S'l'I'DV 

•ED, , , :. kg ,w 

C'ompd 

211 

:!() 
:!1 

32 

.'5:! 

:!4 

35 

30 

37 
38 

39 

LUfto, mir/kjr 

570 

>1600 
>3200 

2260 
710 

110 
142r, 

>3200 
>32()0 

1800 
>3200 

Vic tor 
depression 

(it) 

no 
140 

110 

.">.") 
. • > 

oo 
00 

140 

00 

360 

Aboli t ion 
of 

corneal 
reflex 

1430 
1S00 

>3200 
1130 
280 

70 
570 

2600 
1400 
000 

3200 

Ahoii lk 
of 

pinnal 
reflex 

ISO 

4S0 

000 

450 

00 

20 

00 

505 

350 

2S0 

330 

higher than those that cause motor depression. The 
substituted arylethylureas (33-35) are more active 
than the substituted benzylureas and abolish the 
pinnal reflex at doses of the same order as those thai 
cause motor depression. However, the difluoro com­
pound (33) does not show the same degree of selectivity 
for polysynaptic reflexes as the dimethyl compound 
(35); a similar reduction in selectivity is also seen in 
the benzyl- (30 and 31) and in the arvloxvethvlnreas 
(37 and 39). 

Discussion 

The effect that the presence of halogen atoms, and in 
particular fluorine atoms, has on the pharmacological 
properties of a molecule has been discussed21 and 
broadly categorized into the effects due to the lability 
of the halogen, primary steric effects, electronic effects. 
and obstructive steric effects. The unique position of 
fluorine is due to its size and electronic properties and 
is well documented.2 2 

Although the extent of the present work is not suffi­
cient to define those constitutional factors that are 
determining maximum activity in the tests studied, 
some comments may be made. 

The activities (but not the duration of action) of the 
quaternary ammonium compounds lie in the same order 
for adrenergic neurone blockade as for local anesthesia, 
that is 18 > 19 > 17 > 16. This would seem to support 
the original view23 tha t the activity of these adrenergic 
neurone blocking drugs derives from their anesthetic 
effect; alternatively, both responses may be the result 
of a similar physicochemical effect.23 Whatever the 
mode of action, the primary steric effect would appear 
to be predominant in these quaternary compounds and 
also in the related tert iary amines, since the activities 
of the methyl and the chloro compounds are of the 
same order. 

(-lark and Williams24 have suggested tha t nicotine­
like stimulant activity of the aryloxyethylammonium 
salts is observed when the benzene ring, the ether oxy­
gen, and the adjacent methylene group are capable of 
lying in the same plane. Although this suggestion was 
mainly based on an examination of certain cyclic 

(21) M . B. C h e n o w e t h and I.. P. M c C a r t y , ['harm. Rev., 15, 673 U!)«3l. 
(22) E.g.. N . P. Bul l -Hoi , I'rogr. Drug Itr,.. 3, '.I i l f l l i l ) . 
i2:ij } ' . Hey ami G. L. Wille.v, Brit. J. I'l,nrm<trul.. 9, 171 > l!l.">l;. 
12-1) I). R. Clark , P. M . Dawes , and S. ( I . Wil l iams. < ' o m m u n i c a t i o n . 

British Pharmacolog ica l Society Meet ing . Ju ly 11161; 17 H. Clark and S. (;. 
Wil l iams, J. Chem. ,Soc, H, 85U I1HB7). 

ethers, the present work would appear to support this 
view, since 18 and 19 have very low nicotine-like ac­
tivity and are the most sterically hindered, whereas 17 
lias an activity intermediate between 18 or 19 and the 
most active compound (16), which can take up a planar 
conformation. 

We are not suggesting that a steric effect is the only 
one operating in substituted aryloxyethylammoniuni 
salts: the results of Hey'7" and others'-'5 demonstrate 
that the electronic nature of substi tuents ineta and 
para to the side chain have a significant effect on the 
biological activity 

finally, we must record the nicotine-like stimulant 
activity of -\:>-dihydrobenzofuran-3-yl trimethylani-
monium iodide16 which has the criteria for high activity 
suggested by Clark and Williams24 but in fact is only 
0.(W.> times as active as 16. 

Experimental Section26 

2,6-Difluorobenzoic Acid (II).--A solution of n-BuLi in T H F 
(210 ml, 1.2.") M, 0.262 mole) was added during 0.5 hr to a stirred 
solution of 1.3-difIuorobenzene (30.0 g, 0.27 mole) in dry T H F 
(200 ml) which was maintained at below — .">0° and protected 
from moisture by dry TV... The mixture was kept under these 
conditions for n further 2-.") hr and then poured into a slurry of 
dry Et2() and solid C02 . The resulting suspension was extracted 
with 2 A' KOIl and the extract was acidified with 2 A' IICI. The 
acid was collected and crystallized from H20 (34.7 g, S4 r , '), mp 
159-160°. Thomas and Canty2 record mp 155-156°. 

2,6-Difluorobenzoyl chloride (V), bp 76-79° (15 mm), was 
prepared from the acid with SOds in the usual way. Methanoly-
sis gave methyl 2,6-difluorobenzoate, bp 90-91° (15 mm). Anal. 
(CSHBF,02) C, II, F. 

Ethanolvsis of the acid chloride gave ethyl 2,6-difluoroben­
zoate, bp 99.5-102° (15 mm). Anal. (C.,II«F202) C, H, F. 

Ammonolysis of the acid chloride gave 2,6-difluorobenzamide 
(VIII), which ervstallized from C6Hti in needles, mp 144.5-145.5°. 
Anal. (C7IT0F..XO) C, If, F, X. 

2,6-Difluorobenzaldehyde (III). /i-BuI.i in heptane (130 ml, 
2.8 .1/ , 0.364 mole) was added to a stirred solution of 1,3-difluoro-
benzene (40.0 g, 0.35 mole) in dry T H F (300 ml) maintained at 
— 50° and protected from moisture. After 1.5 hr al —50°, 
X-methylformanilide (47.3 g, 0.35 mole) in dry T H F (100 ml) 
was added during 20 min and the mixture was stirred at ~-50° 
for 1.5 hr more. The mixture was poured into dilute II2SO4 and 
ice, and the aldehyde was collected in E t 2 0 and distilled at 85-87° 
i 20 mm) (35.5 g, 71'',' .). Lock, el al.,'11 record bp 82-84° (15 mm). 

2,6-Difluorobenzaldoxime separated from II20 in needles, mp 
1 14,5-115°. Anal. (C--H;,F2NO) C, II, F, X. 

2,6-Difluoroacetophenone (IV.i. (a) 1,3-Difluorobenzene (25.0 
g, 0.22 mole) was converted into a solution of 2,6-difiuorophenyl-
lithium in a mixture of T H F (275 ml) and heptane (105 ml). 
This solution was Healed at below —50° with AcCI (17.7 g, 
0.226 mole) in T H F (75 ml). After initial darkening, the dear 
orange solution was kept below —50° for 1.5 hr and then poured 
into dilute H2SOt and ice. The organic phase was separated and 
washed with dilute XaOH and 10r) aqueous X'aCl. The dried 
solution was evaporated and the acetophenone was twice dis-
lilled to give a colorless liquid, bp 76-79° (15 mm) (2.3 g. 6.7' ,' 1. 
Anal. (C.a-r6F,0)('\ II, F. 

lb) 2,6-Difluorobenzoyl chloride (S.50 g, 0.048 mole) was 
treated with diethyl ethoxyrnagnesiomalonate (0.044 mole): 
the reaction was carried out as described by Walker and Hauser'' 
and 2,6-difliioroact'tophenone (5.50 g, 73 r , ') was obtained. 

:ul ami U . <'. Hol land, ./. I'hnrmrtei,!. Exiitl. Therap., 133, 

t ing po in ts . .determined in capi l lary tubes in a gas -hea ted block) 
ted b y use o( a ca l ibra ted t h e r m o m e t e r . H-BuLi was p repared in 
i lman a n d H, .1. Ciaj, ./. Org. Chem.. 22, 116.5 (19.57)] or in hexane 
(purchased t rom P i k e r Ltd. , Sandwich , K e n t l . Mic roana lyses of 
v ind ica ted u en- u i ihin i ( ) . ! ' ; oi' t he theoret ical values a n d were 
l>\ \. Bernhardt iMlllhi'Min. '.the nmr spec! Ill of m a n y of 1 hc-e 
lave been s tudied by !{. .1. A b r a h a m , 1). B. Macdona ld , a n d E. S. 
[W. (''nun*;*,,, ",[2 i l h h h ) : ,/. Che?)'. .Sec, H. H.iry (1U6T). 
.ock. !•:. S l o b s , and II, f i lassncr, /hr.. 69B , 2253 (l'.t:«)). 

,2.5) A. \ 
:(bi (u i ( i i ) . 

(26) 
were c. 

THF [ 
or hepl 
1 he ele 

Melt 
:>rrect 
H. G: 
aire ( 
men! 
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2,6-Difluoroacetophenone oxime separated from petroleum 
ether (bp 60-80°) as colorless needles, mp 94.5-95.5°. Anal. 
(C8H,F2N0) C, H, F, X. 

2,6-DifluorobenzyI alcohol (VI), bp 88° (14 mm), was obtained 
(70%) from 2,6-difluorobenzaldehyde with LiAlH4 in refluxing 
Et 2 0 for 6 hr. The 3,5-dinitrobenzoate was crystallized from 
EtOH and had mp 168.5-169°. Anal. (Ci4H8F2X206) C, H, F, N. 

2,6-Difluoroiodobenzene (VII).—1,3-Difluorobenzene (5.0 g, 
0.044 mole) in T H F (50 ml) was converted into 2,6-difluoro-
phenyllithium in the usual way. Iodine (5.8 g, 0.023 mole) in 
T H F (75 ml) was added and the mixture was stirred below —50° 
for 1.5 hr. Isolation of the neutral liquid gave 4.53 g (43%) 
of VII, bp 70.5-71° (14 mm), mp 22.5-25.5°. Anal. (C6H3F2I) 
C, H, F, I. 

The same iodo compound was obtained (28%) when K I was 
added to an aqueous solution of 2,6-difluorophenyldiazonium 
chloride. 

2,6-Difluorobenzonitrile (IX).—SOCl2 (12.0 g, 0.1 mole) in 
DMF (20 ml) was added dropwise to 2,6-difluorobenzamide 
(7.06 g, 0.045 mole) in D M F (30 ml). The temperature rose and 
the mixture was kept at 80° for 0.5 hr. After pouring the mix­
ture onto ice, the solid was collected in E t 2 0 , washed with 10% 
aqueous NaCl, dried (MgS04), and distilled to give the nitrile 
(5.63 g, 90%), bp 81-83° (13 mm), which solidified and separated 
from petroleum ether (bp 40-60°) in plates, mp 29-30 °.28 Anal. 
(C,H3F2N) C, H, F, X. 

N-FormyI-2,6-difluorobenzamide (X).—SOCl2 (5.8 g, 0.049 
mole) was slowly added to 2,6-difluorobenzamide (7.57 g, 0.049 
mole) in D M F (25 ml) which was stirred at 0°. After 2 hr at 0°, 
the mixture was kept at room temperature for 8 days, when a 
portion was withdrawn and shown (ir) not to contain nitrile. 
The reaction mixture was then heated at 100° for 1 hr, cooled, 
and poured onto ice. The resulting solid was dissolved in CHCI3, 
washed with dilute X"a2C03, and dried (Na2S04). Evaporation 
gave X (4.08 g, 46%), mp 109-129°, unchanged after several 
recrystallizations from petroleum ether (bp 80-100°); cmax 
(Nujol) 1625, 1656, 1688, and 1732 cm"1 . Anal. (C8H5F2N02) 
C, H, F, X. N-Formylbenzamide itself has pmax (Nujol) 1672, 
1692, and 1729 cm-1 . 

Treatment of the foregoing compound with phenylhydrazine 
in 307 c AcOH gave 3-(2,6-difluorophenyl)-2-phenyl-l,2,4-tri-
azole, mp 92-93.5° after crystallization from petroleum ether 
(bp 60-80°). Its ir spectrum was similar to that of 2,3-diphenyl-
1,2,4-triazole. Anal. (Ci4H9F2N3) C, H, F, X. 

2,6-Diftuoroaniline (XI).—2,6-Difluorobenzoic acid (19.9 g, 
0.125 mole) was stirred in concentrated H2SO4 (65 ml) at 60° 
for 1.5 hr. NaN3 (10.0 g, 0.154 mole) was added in small por­
tions while the temperature was kept at 65°. The mixture was 
then stirred at room temperature for 42 hr. After cooling to 0° 
and basification with concentrated NH4OH, E t 2 0 extraction 
afforded XI (14.0 g, 86%), bp 51-52° (15 mm), n"-5D 1.5040. 
Anal. (C6H5F2N) C, H, F, X. 

2,6-Difluoroacetanilide separated from 50%, aqueous EtOH in 
needles, mp 144.5-146.5°.29 Anal. (C8H,F2NO) C, H, X. 

2,6-DifluorophenyIdiazonium Fluoroborate.—2,6-Difluoro-
aniline (12 g, 0.093 mole), dissolved in 42% fluoroboric acid (40 
ml), was stirred at about 5°. Finely powdered XaN0 2 (10.0 g, 
0.145 mole) was added in small portions and the mixture was 
stirred at 5° for a further hour. The solid was colle ted and 
washed with cold 5% fluoroboric acid, followed by Me2CO-Et20 
(2:3). The dried (H2S04 in vacuo) solid (19.5 g, 92%) decom­
posed at about 167°. 

A portion was crystallized from Me2CO-Et20 and decomposed 
at about 180°. Anal. (C6H3BF6X2) C, H, B, F, N. 

2,6-Difluoronitrobenzene (XIII).—The foregoing diazonium 
salt (7.73 g, 0.034 mole) was slowly added to a stirred mixture of 
XaX0 2 (58.5 g, 0.85 mole) and Cu powder (11.8 g, 0.186 g-atom) 
in H 2 0 (125 ml). After a further 0.5 hr at room temperature the 
mixture was acidified (H2S04) and extracted with E t 2 0 . Distilla­
tion gave the nitrobenzene (1.88 g, 35%), bp 91-92° (11 mm), 
which solidified on cooling to 0°. Anal. (C6H3F2N02) C, II, F, N. 

2,6,2',6'-Tetrafluoroazoxybenzene was the only compound 
isolated when 2,6-difluoroaniline was oxidized by the method 
that converts 2,6-dichloroaniline into 2,6-dichloronitrobenzene 

(28) This nitrile has previously been described as a liquid, bp 99° (20 
mm).15a 

(29) N. Ishikawa, XI. J. Xamkuns;, and T. L. Fletcher, J. Org. Chern., 30, 
3878 (1965), prepared this anilide, mp 144.5-145°, by a circuitous route from 
2,4-difluoroaniline. 

TABLE VI 

VPC ANALYSIS OF THE REACTION OF 2,4-DICHLOHONITROBENZENE 

WITH POTASSIUM FLUORIDE. RETENTION TIMES AND ESTIMATED 

WEIGHTS OF PRODUCTS" 

Temp, °C 153-158 153-158 204-212 204-212 
Reaction time, hr 6 23 6b 23c 

Retention time, 4 .3(1.5) 4 .3(1.5) 4 .3(1.0) 4.5(0.05) 
min (wt, g) 3 .2(0 .09) d 

2.6(0.07) 2.5(0.13) 

° Measured on Autoprep A 700, SE30 column at 272-275°, in­
jection temperature 323-326°, He flow rate 200 cc/'min; the 
retention time of 2,6-dichloronitrobenzene is 4.2 min and the re­
tention time of 2,6-difluoronitrobenzene is 2.4 min. b Slight 
charring occurred. " Considerable charring occurred. d The 
identity of this material is not proven, but presumably it is 2-
chloro-6-fluoronitrobenzene. 

(see below). After crystallization from petroleum ether (bp 
40-60°) and sublimation at 70° (0.1 mm) it had mp 88.5-90.5°. 
Anal. (Ci2H6F4X20) C, H, F, X. 

2,6-Difiuorophenol (XII).—1,3-Difluorobenzene (25.0 g, 0.22 
mole) in T H F (200 ml) was converted into 2,6-difluorophenyl-
lithium in the usual way and poured into trimethyl borate (23.0 
g, 0.22 mole) in dry T H F (200 ml) at - 5 0 ° . The reaction was 
kept at —50° for 2 hr and then at room temperature for 48 hr. 
The gum obtained on evaporation under reduced pressure was 
dissolved in C6H6 (250 ml) and treated with 5 .V HC1 until the 
aqueous layer remained acidic on shaking. The CeH6 layer was 
separated, washed twice with 10% aqueous NaCl, and concen­
trated to about 150 ml. While being heated under reflux the 
solution was treated with 30% H202 (50 ml) during 30 min, 
and heating under reflux was continued for 2 hr. The cooled 
solution was washed successively with H20, 10% acidified FeS04, 
and H 20. The phenol was extracted into 5 X XaOH, liberated 
with concentrated HC1 at 0°, and extracted into E t 2 0 . Distilla­
tion of the dried (MgS04) solution gave 11.55 g (41%), bp 59-
61° (17 mm), mp 42°. Finger, el al.,3 record mp 46°. 

Table II lists the compounds prepared for pharmacological 
study. 2,6-Difluorobenzylamine (XV) was obtained from the 
benzaldoxime (see above), and the arylethylamine (XVI) from 
the /3-nitrostyrene (which was not characterized) both by reduc­
tion with LiAlH4 in refluxing Et 2 0. The aryloxyethylamine 
(XVII, R = H) was obtained from the aryloxyacetonitrile by 
reduction with LiAlH4 in E t 2 0 at 0°; N,N-dimethyI-2-(2,6-df-
fluorophenoxy)ethylamine (XVII, R = CH3) was obtained from 
the phenol and 2-dimethylaminoethyl chloride directly. In ad­
dition, the following intermediates were characterized. 

N-(2,6-Difluorophenyl)chIoroacetamide crystallized from pe­
troleum ether (bp 60-80°), mp 141-142°. Anal. (CSH6C1F NO) 
C, H, F. 

2-(2,6-Difluorophenoxy)ethyIamine (XVII, R = H) hydro­
chloride crystallized from nitropropane, mp 111.5-112.5°. 
Anal. (C8Hi0ClFsNO) C, H, CI, F N. 

2,6-Dichloronitrobenzene.30—A solution of 2,6-dichlorcaniline 
(40 g, 0.247 mole), 30% H202 (300 ml), concentrated H2S04 (20 
ml), and glacial AcOH (11.) was heated for 3 hr on the steam bath. 
More 30% H202 (150 ml) and glacial AcOH (500 ml) were added 
to the deep amber solution, which was then kept on the steam 
bath for 20 hr. The cooled solution was poured into H 2 0 (8 1.) 
and the yellow solid was collected. Crystallization from cyclo-
hexane gave the nitro compound (20.4 g, 43%), mp 70.5-71.5° 
(lit.14 mp 70°). 

Reaction of 2,6-Dichloronitrobenzene with Potassium Fluoride. 
—2,6-Dichloronitrobenzene (2.0 g, 0.0104 mole) and anhydrous 
KF (2.4 g, 0.0414 mole) were heated with dimethyl sulfone (4.0 
g). The resulting mixture was diluted with H 2 0 (50 ml) and 
extracted with E t 2 0 . The dried (MgS04) solution was evapo­
rated, and the residue was warmed with a measured volume of 
cyclohexane and filtered. This solution was applied to a vapor 
phase chromatograph; the amount of each product (see Table 
VI) was estimated by comparison with standard solutions of 
2,6-dichloro- and 2,6-difluoronitrobenzene. 
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(30) This oxidation has recently been carried out in two stages by isolating 
2,6-dichloronitrosobenzene, in an over-all yield of ~\'-'/GM 


