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200 ml of hat EtOH, and clarified, HyO wus added, and the cyano-
guanidine (1) precipitated.

Using a similar procedure and the same niolar quantities of the
reactants, 1-f-amyl-3-cyanoguanidine (2) was prepaved from the
corresponding amine hydrochloride.

N-Cyano-3-carboxamidino-3-azabicyclo[3.2.2]nonane  (8). -
T'o a solution of 1.25 g of the azabicvelononane it 1w of cou-
centrated HCL and 4 ml of HyO was udded 0.9 g (0.01 mole) of
sadinm dievanamide. The mixture was refluxed for 2 hr: how-
ever, within 20 min of refluxing a solid had precipitated.  The
reaciion nuxture was cooled and the solid was filtered ofl and
recrystallized from aqueous EtOH.

1-/-Butyl-2-cyano-3-methylguanidine (17).--A steel  auto-
clave equipped with n glass liner was charged with 3.2 ¢ (0.025
mole) of 1-cyvano-2,3-dimethyl-2-thiopsendourea, 15 mt of t-butyi-
amine, aud (G0 il of FtOH and was heated at 125° far 6 hir.
The vessel was cooled, and the light brown solution was ve-
moved and evaporated to a svrup. Wheu this svrup was dis-
solved in a 509, EtOH-H,0O) mixture by warming and the solu-
tinn was decolorized with charcoal, 1.2 g of an unidentified
weiterinl melting at 201-211° was ohtuined. The filtrate from
it, ou further dilution with 30 ml of H.0), gave 0.7 g of the desired
pratduet. It was recrystallized fronmt dilute E(OH.

1-Cyclohexyl-2-cyano-3-(2-morpholinoethyl)guanidine {18).--
A mixture containing 2.61 g (0.009 mole) of 1-cvelohexyl-3-(2-
warpholinocthylythiourea (Aldrich Chemical Co.), 2.72 g (0.011
mole) of lead eyanamide, and 16 wl of EtOH wus stirred and
refluxed for 18 hr. The reaction was not comnplete as abserved
by the formation of mercurie sulfide when n clarified aliquot of
the mixture was heated with vellow mercurie oxide.  Another
0.5 g of PONCN was added ta the reaction mixtare and refluxing
was cantinued for 7 hr longer. The precipitated sulfide was
filtered off and the cyvanoguanidine was isolated hy cooling the
filtrate. 16 was recrystallized from ECOF,
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‘I'he physical coustants, yields, and ather pertinent data Tor

the individual compounds are given in 'I'able 1.

7-Chloro-1,3-dithydro-6-methyl-2H-pyrrolo|3,4-¢|pyridine-2-
carboxamidine Dihydrochloride (19}.---A mixture containing i.¢
¢ (0.04 mole) of 7-chloro-6-niethyvlmeriniine,!? 5.6 g (0.02 mole’
of S-methvipseudothiourea sulfate, and 30 wl of .0 was ve-
fluxed for 18 hir. The hot mixture was decalorized with charcoal
and filtered. A solid which precipitated an cooling was filtered
and dried. A satisfactory elemental aunalysis for the sulfate of
the desired coarmpound could not be obtained even after repented
reerystallizations, By newtralizing an agneaus sohuian of the
sulfate with NallCO; and then dissolving it in ethanolie 11
20 g (229) of (he dihyvdrochloride was abtained: recryvstullized
from 9579 EtOH, mp 285-295° dec.  Anal. (C.l1,CIN,-2HCDH
(’, H, N.

1-{2-(7-Chloro-1,3-dihydro-6-methyl-2H-pyrrolo|3,4-¢|pyri-
dine-2-yl)ethyl]guanidine Sulfate Hemihydrate (20).---A mix-
ture cantaining 1.06 g (0.005 mole) of the base of the merimine
used in the preparntion of 16, 0.7 g (0.0025 mole) of 2-methyl-
thiopseudourea sulfute, and & wil of HaO) was refluxed far & hr.
The solid which precipitated an cooling was filtered, washed with
cold H.0, and dried o5 yield 0.93 g (606), mp 217-221°; recrys-
tallized from MeOM and Ei.0, mp 210-222°  Anal. [(ChHe-
CINg). - Hao80,-H,07 ¢ H, N
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The preparation of 2,6-difluoraphenyllithinim, and it= conversion into a range of 2,6-diflioroaramatic can-
pouuds (see Chart I), has led to the svitthesis of several difluare analogs of knowu pharmacologically active

compatinds such as lidacaine and xylocholine.

Their local anesthetic activity, adreuergic nenrone blocking ne-

tivity, uicotinie activity, and some of the effects that these compounds have ou the behaviar of conscious niice

nre reported and discussed.

A wide variety of pharmacologically active 1,2,3-t11-
substituted aromatic compounds in which the 1 and 3
subxtitnents are chlorine or methyl have been deseribed.
These include the local anesthetics lidocaine (28),' 2-
(2,6-dichlorophenoxy)ethyldimethyvlamine (14), and
xvlocholine (19), and the adrenergic neurone blocking
drugs xylocholine (19) and its guanidino analog (11).

This paper deseribes the completion of the seriex of
compounds to which the foregoing belong by the syn-
thesis of the 2.6-difluorophenyl analogs, and we report
a study of the comparative pharmacology of the unsub-
stituted, the difluoro, the dichloro, and the dimethyl
componnds (Table I). A series of related ureas has also
been prepared and tested for their effect on the behavior
of conscious miee.

2.6-Difluorobenzoic  acid? and

(le The ccnponnds stndied in (his wihrk bave Leen assigned (he nombers
sbown in Table [ Per(inenc references (v the origin ol the commponnd and,
d previcasly desceribed, (o its pharmacolory are civen in (he Tostuoces to
Talle 1.

20 L Thowns avd ). Caney, J. [harm. Phovsaceol., 14, 78T 5 11620

2 G CL Yinger, M. Gortadowski, IR UL Sldley, and R, H. Wldce, J.
e Chene, Sec., 81, 44 c1ahas,

2.6-difluorophenol®

are both known compounds, but when this investiga-
tlon started, they were not easily prepared in quantity.
We therefore set out to find a convenient aud suitably
versatile synthesis for these and other 2.6-difluoroaryl
compounds. The emiploynent of an aryllithiun inter-
mediate seemed feasible,* and we found that 1.3-di-
fluorohenzene in tetrahydrofuran, or in mixtures of
THT and hexane or heptane (2:1-4:1), formed a stable
arvllithium (I) when treated with n-butyllithium a(
below —50°. This was demonstrated by the forma-
tion of 2,6-difluorobenzoic acid (IT) in 819, vield after

(4) Weare grateful co Dr. J. N. Garduer for saggesting tlis reaccion (0 as
H. Gilman and T. 8. Saddy, J. Org. Chem., 22, 1715 (1957), converted
fhiorobenzene inco 2-fhiarophenyllithium, which was stable in THF at
—60°, and then into 2-flnorobenzoic acid. G. Wittig and W, Merkle, Ber..
75, 1491 (1942), demonstratel that 1,3-dilluorolienzene was 1netallated by
phenyl- nr by methyllithium in etlier; the prodnets of their reactions, which
were evndacted at 15 or 0%, were cousistent with the formation of a sub-
sticoted henzyue froar g pataiive 2,6=diflnorophenyllithivin,  J. Uine and
1'. B. Langiocd. J. vy, Chesn., 27, 4149 (1962), Jlemonstrate] the acidity of
(he hydrogen i the 2-varboa in LI difinorobenzene by denterium exchanee
stanlies,
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TasLE I
SERIAL NUMBER AND STRUCTURE OF COMPOUNDS STUDIED

X
R
X
~~~~~~~ Compd no.- ———-——
X______

R H Fe Cl1 CH;
CH,NHC(NH;)=NH 1t 2 S 3b.d
CH,CH,NHC(NH,)=NH 4be 5 b2 b
OCH,CH,NHC(NH,)=NH 8p-e 9 10/ 11b.e9
OCH,CH,N(CHj), 1264 13 144k 15ik0
OCH,CH,N +(CH3);- Y~ 16mn 17 18me  1Qhme
OCH,CH,N +(CH;),CoHs- Y ~ . 20 21« 22m.r
NHCOCH,N (CH;), ... 23 24hs .
NHCOCH,N(C,H;), 25t 26 27hs 28h.u
CH,NHCONH, 29v 30 Ce 31¢
CH,CH,NHCONH, 32w 33 344 354
OCH,CH.NHCONH, 362 37 38 39v

a See Table II. ¢ 0.5 H,SO4 ¢ R. Fielden, A. L. Green, and
G. L. Willey, Brit. J. Pharmacol., 24, 395 (1965). ¢ A, L., Green,
unpublished. ¢ D. I. Barron, P. M. G. Bavin, G. J. Durant, 1.
L. Natoff, R. G. W. Spickett, and D, K. Vallance, J. Med. Chem.,
6, 705 (1963). 7 Unpublished. ¢ A. L. A. Boura, F. C. Copp,
A. F. Green, H. F. Hodson, G. R. Ruffell, M. F. 8im, E. Walton,
and E. M. Grivsky, Nature, 191, 1312 (1961); D. I. Barron,
1. L. Natoff, and D. K. Vallance, Brit. J. Pharmacol., 25, 534
(1965). * HCL. 8. Kuroda and S. Koyama, J. Pharm. Soc.
Japan, 63, 382 (1943). i HBr. * Reference 19. ! Reference 23.
mY = Br. » Reference 17. ° R. A. McLean, R. J. Geus, R. J.
Mohrbacher, P. A. Mattis, and G. E. Ullyot, J. Pharmacol.
Ezxptl. Therap., 129, 11 (1960). » K. A. Exley, Brt. J. Pharma-
col., 12, 297 (1957). ¢Y = I. Unpublished; ¢f. P. Hey and G.
L. Willey, British Patent 765,830 (1957). *P. Hey, unpublished;
see ref 16. +L. 8. Fosdick and J. A. Carbon, J. Am. Chem,
Soc., 76, 1296 (1954). ¢ H. Erdtman and N. Lofgren, Svensk
Kem. Tidskr., 49, 163 (1937). » N. Lofgren, Arkiv Kemt Mineral.
Geol., 22A (18), 1 (1946). *E. Paterno and P. Spica, Gazz.
Chim. Ital., 5, 388 (1875); J. 8. Buck, A. M. Hjort, and E. J.
de Beer, J. Pharmacol. Exptl. Therap., 54, 188 (1935). = 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).
= 8. Gabriel, Ber., 47, 3028 (1914). v G.J. Durant and 8. H. B.
Wright, J. Med. Chem., 9, 247 (1966).

carbonation.’ Analogous reactions have been carried
out on 1,2-difluorobenzene (749, vield of 2,3-difluoro-
benzoic acid) and 1,3-dichlorobenzene (759, of 2,6-di-
chlorobenzoic acid); in the latter reaction a careful
search did not reveal any 2 4-dichlorobenzoic acid.
2,6-Difluorophenyllithium (I) gave 2,6-difluorobenz-
aldehyde (II1) in good yield by the action of N-methyl-
formanilide, and 2,6-difluoroacetophenone (IV) in poor
vield by the action of acetyl chloride (Chart I). The
acetophenone was advantageously obtained from 2.6-
difluorobenzovl chloride (V) by reaction with diethyl
cthoxymagnesiomalonate,® followed by hydrolysis and
decarboxylation, Reduction of the aldehyde (III) by

(3) (a) A. M. Roe, R. A. Btirton, and D, R, Reavill, Chem, Commun., 582
(1965); 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 was ascribed to the induective 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, 2385 (1964), and C. Tamborski and E. J. Soloski, ibid., 81, 743, 746
(1966), of this and similar reactions has delineated the most satisfactory
conditions for metallation and carbonation of fluoroaromatic compounds in
general.

(6) H., G. Walker and C. R. Hauser, J. 4m. Chem. Soc., 68, 1386 (1946).
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CHART I
ArQCH.CH,NR, ArCH.CH:NH, ArCH,NH,
XVII XVI XV

f s

ArOH ArCHO —> ArCH,OH
XII 111 VI
ArF
\ T / XIV

ArCOMNe <— ArLi —> Arl

IV I VII /
ArCOCl  <«— ArCO,H —> ArNH; —> ArNO,
A% II XI XIIT
ArCONH; ——> ArCN or ArCONHCHO

VIII IX X
Ar = 2,6-F206H3

LiAlH, gave 2,6-difluorobenzyl alecohol (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;” dehydration of 2,6-difluorobenzamide
(VIII) by thionyl chloride in DMF produced two com-
pounds, depending on the conditions. Reaction with
2 moles of SOCl; at 80° for 0.5 hr gave the required
nitrile (IX) in 909 vield, whereas reaction with 1 mole
at room temperature for several days (a procedure rec-
ommended? for benzonitrile itself) gave only N-formyl-
2,6-difluorobenzamide (X) in 469, vield. 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-difluorophenyl)-2-phenyl-1,2,4-
triazole.

Our next synthetic objective was the preparation of
the hitherto undescribed 2,6-difluoroaniline (XI) and
of the known 2 6-difluorophenol (XII).? The aniline
was obtaiued in 869 vield 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 erystalline 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 59 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 NaNO; in the pres-
ence of copper powder, and by the formation of 1,2,3-
trifluorobenzene (XIV).52 No useful products were
obtained from 2,6-difluoro- or 2 6-dichlorobenzenedi-

azonium fluoroborate and acetic acid or acetic anhy-
dride.®

(7) 2,6-Dichlorobenzonitrile has been used as a herbicide: H. Koopman
and J. Daams, Nature, 186, 83 (1960); G. E. Barnsley, Proc. British Weed
Control Conf. 5th, Brighton, 1860, 597 (1961).

(8) J. C. Thurman, Chem,. Ind. (London), 752 (1964).

(9) H. L. Haller and P. 8. Schaffer, J. Am. Chem. Soc., 58, 4954 {1933);
L. E. Smith and H. L. Haller, 7bid., 61, 143 (1939).



816 RoEg, Burtoy, WIiLLEY, BAINES, AND RASMUSSEN Vol. 11
TanLe 11
2,6-F.CeH R CompounDps PREFARED FOR PHARMACOLGGICAL STUDY
Crysn
Compd R Mp, “C anlven Farmnla Mualyses
23 NHCOCH,N(CH,z),- HCt 25052310 n-BuO11 CoHCHFLNL O ¢ 1, CLN
26 NHCOCH,N(C.H;),- HCH 179-180.5 Me.C'D) CpHizClF NGO o RN
CH,NH,-HC1 196197 n-BuOH (5HsCIFN C, I, F, N
CHN(CH;), - HCH 200.57-201.5 n-BuOH CH,,CLF, N ¢, H, ¥, N
30 CH,.NHCONH, 1485149 1,0 Cs N0 C, I, P, N
2 CH,NHC(NH:)=NH - HN(; 1805181 .5 H.0) (g FeN 4Oy C, H, F, N
CH,N *(CHj),- 1 240241 EtO11 CiHy By IN COHFN
CH,N *(CH;3).C,H;- 1 184 .0-185.4 n-BuOI1 ChleFIN C, I, FN
CH,CH,NH,-HCl 164164 .1 Me,CO) CH,CIF,N C, M, Cl, N
33 CH,CH,;NHCONH. 125.5-126 .5 H,O) CylFuN.O C, H, ¥, N
B CH,CH,NHC(NH.)=NH 1IN0, 18851895 H.0 CoH W FaNO; C, H, F, N
13 OCH,CH,N(CH;),- HC 150126 n-BuOH e HCIFNO ¢, i, F, N
37 OCH,CH,NHCONH, 94,5055 11,0 CalTpFoNL O, ¢, H, F. N
0 OCH.CHyNHC(NH,)=NH -HNOQO; 130.5-131.5 H,0 Cal1yFo N4 Oy ( H, F, N
17 OCH,CHyN +(CHy)- 1 73.5-174.0 F1OH CnThFyINO C, H, FON
20 OCHCH,N (CHuColly- 1 120 E(OH-EGO) CulgFINO ¢, 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.'® Treatment with triniethyl borate at be-
low —30° gave the arylboronic ester which, without
isolation, was hydrolyzed and oxidized to 2,6-difluoro-
phenol (XII) in an over-all yield of 4197 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 euter this series of 2,6-di-
fluorophenyl compounds were unsuccessful but instrue-
tive. 2,4-Dichloronitrobenzene reacts with dry KI" in
dimethy! sulfone at 170° to give 4-chloro-2-fluoronitro-
benzene followed by 2,4-difluoronitrobenzene, with no
2-chloro-4-fluoronitrobenzene being formed.!!  Accord-
ing to Starr and Finger “this shows that in dimethyl
sulfone the stronger ortho activation predominates over
the steric considerations of the nitro group, and that the
2-chlorine atom 1s the first to be replaced.”! 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 ortho
activation.

This failure can be explained if the results of Starr and
Pinger!! are ascribed not to oitho aetivation, 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
trausition 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{awthorne, J. Org. Chem., 22, 1001 (1957); T. L. Yarbor»
and C. Karr, 1bid.. 24, 1141 (1939); (1) G. M. Brooke, B. &, Furniss, W. K\,
R. Musgrave, and M\, A, Quasem, Tetrahedron Letfers, 2991 (1965), have
snccessinlly adapted this method to the preparation of penta- and tetra-
orophenols,

11) L. D, Starr aud G, C. Finger, Ckem. [ni. (London), 1328 (1962),

fluorouitrobenzene (from 2,.4-dichloronitrobenzene) nor
2-chloro-6-fluorouitrobenzene  (from  2,6-dichloro-
nitrobenzene) is obtained beecanse the nitro group in
both is prevented by a 2-chlorine atom from achieving
coplanarity with the ring. This effect!® explaing both
Starr and Finger’s™ and our own results more satisfacto-
rily.!3

Pharmacological Results. Adrenergic Neurone
Blocking Activity.—The adrenergic neurone blocking
activities of the guanidines and the aryloxyethylani-
monium salts were estimated' on the nictitating mem-
branes of conscious and anesthetized cats. Table III
shows the subentaneous doses that cause 309, relaxa-
tion of the nictitating membranes of conscious cats, and
the minimum intravenous doses that abolish the re-
spouse of the eat uictitating membrane to postgan-
glionie 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 ix contrary to what is observed in the
aryloxyethylguanidines (8-11) and aryloxyethylam-
monium salts (16-22) and may be due i 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 stinulation.

In the aryloxyethylguanidine series (8-11), the sub-
stituted are all more active than the unsubstituted comn-
pound 8, the difluoro derivative 9 being the most active
o1 couscious cats,

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

(12) J. F. Bunnect and R, E, Zahler, Chem. Her., 49, 273 (1011,

(13) Some recewut reports on the mucleophilic replacement of activaiedl
aromatic clhlorine ntams are in agreement with this interpretation. 2,6-
Dichloronitrobenzene does not reacc with azide ion or ammonia, whereas 2,6-
dichloronitrosobenzene does react with azide ion!t and 2,6-lichlorolienzoni-
trile can he converted into 2,6-difluorobenzonitrile,’ there lyeing no steric
inhihition of resonance in these two examples.

(11) A. J. Boulton, ', B, Ghaosh, and A. R. Katritzky, J. Ckem. Sor., B,
1004 (1966),

(13) (a) G. C. Fineer, D, R, Dickerson, T. Adl, and T, Hodgins, Chem.
Commun,, 430 (1963); (b) R. Battershell, 3rd International Symposiuin on
Fruorine Cliemnistry, Munich, 1963.

(16) R. Fieklen, A, M. Roe, and G, L, Willey, Brit. J. [Ynosucol., 23, 458G
(19643,
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TasLE III TaBLE IV
ADRENERGIC NEURONE BLOCKING ACTIVITY LocaL ANESTHETIC ACTIVITY
Compd mg/kg® mg/kg’ Equi-
1 c 25 effective o ——% anesthe.sia : -
- conen,* Time after injection of equieffective conen, min
2 50 10 Campd  g/100ml 10 30 60 120 180 240 300 360
3 25 i 23 3.2 69 22 0
4 ¢ 10 24 1.2 64 21 0
! 25 5 2 1.6 8 19 0
6 50 10 2% 1.0 - 3 0
7 ¢ 3 27 1.3 88 11 0
8 ¢ 10 28 0.5 80 6 0
9 b J 12 039 64 28 7 0
10 >10 5 13 053 54 30 6 0
11 10 5 14 006 50 44 35 3 0
16 d d 15 0.07 55 36 17 0
17 4.-'—)e -—) 16 b b
if’ ‘i 2 17 3.4 40 64 61 36 19 14 T 6
' 20 » 18 0.33 36 64 60 53 35 28 22 11
20 2..:» 10 19 0.76 39 68 69 44 28 11 8 4
2! 2.5 10 20 3.3 309 58 55 44 27 16 4 0
22 10 25 21 027 42 69 67 42 35 4 0
@ Subcutaneous dose that causes 309 relaxation of the nicti- 29 0.47 35 67 73 44 35 13 8 0
tating membranes of conscions cats, measured at time of peak o Estimated by the method of Biilbring and Wajda.® © See

action (5 hr). ® Minimum intravenous dose that abolishes the
response of the cat uictitating membrane to postganglionic
stimulation of the cervical svmpathetic nerve (50 pulsesy/sec, 0.5
maec). ¢ No relaxation following injection of 50 mg,/kg. ¢ Nico-
tine-like stimulant compound. ¢ After 24 hr,

s'x conscious cats. The order of activity i1s 18 > 19 >
17. Comnound 16 shows marked nicotine-like stimu-
lant activity; verv 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
effectivensss 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 N-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 Biilbring and Wajda
technique.’® Table IV shows the concentrations that
cause a mean anesthetic effect of 509, 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 14!
is the most active; 15 is slightly less potent and its

(17) (a) P. Hey, Brit. J. Mkarmacol., T, 117 (1852); (h) M. E. Coleman-
A. M. Haine, and W. C. Nolland, J. £*hvormacol. Ezptl. Therap., 148, 66 (1965),

(18) E. Balhring and I, Wajda., {bi.d., 86, 78 (1945).
(19) P. Hey and G. L. Willey, Nature, 198, 390 (1963).

Discussion.

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 aryloxyvethyldimethylamines
(13-15). The concentration of 16 required to cause
509, anesthesia could not be estimated owing to its
high nicotinic activity. However, intradermal in-
jection of a 29, 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)Y7
were followed by a single dose of the test drug, and the
activity was estimated by interpolation. Nicotine-like
activity was confirnied 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.%

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 LDgg and of the dose that caused depression
of motor activity in 509 of the mice (DDj;g) 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 nicotinie pressor activity that was
originally reported.1’* The impurity responsihle for that activity has heen
clearly identified by E. R. Clark and M. deL. 8. A. Jana, Brit. J. IMarmacol .,
27, 135 (1966), as 1-2¢; of the 2-tolyloxy analog.
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higher than those that cause motor depression. The
anbstituted arylethylureas (33-35) are more uctive
than the substituted benzylureas and abolish the
pinnal reflex at doses of the same order as those that
cause motor depression. However, the difluoro coni-
pound (33) does 1ot show the same degree of selectivity
for polysvnaptic reflexes as the dimethyvl compound
(35); a similar reduction in selectivity is also seen in
the benzyl- (30 and 31) and in the aryvloxyethylureas
(37 and 39).

Discussion

The effeet that the presence of halogen atoms, nnd in
particular fluorine atoms, has ou the pharmacological
properties of a 1olecule has been discussed?t and
broadly categorized into the effects due to the lability
of the halogen, primary steric effeets, electronic effects,
and obstructive steric effects.  The nnique position of
fluorine is due to its size and electronic properties and
is well documented.**

Although the extent of the present work 1s not suffi-
cient to define those constitutional factors that are
determining maximun activity in the tests stndied,
some comments may be made.

The activities (but not the duration of action) of the
quaternary ammouium compounds lie in the same order
for ndrenergic neurone blockade as for local anesthesia,
that1s 18 > 19 > 17 > 16. This would seem to support
the original view?® that the activity of these adrenergic
neurone blocking drugs derives from their anesthetic
effect; alternatively, both responses mayv be the result
of a similar physicochemical effect.”®* Whatever the
mode of action, the primary sterie effect would appear
to be predominant in these qnaternary conpounds and
alzo it the related tertiary amines, siuce the activities
of the methyl and the chloro compounds are of the
sanie order.

Clark and Williams** have suggested that nicotine-
like stimulant activity of the aryloxyvethylammoninm
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 eertain evelic

(21) M. B. Chenoweth aud L. P, MeCarcy, £'harm. Fer., 18, 673 51963«

22) E.gp.o NP Bou-Hoi, Iyogr Dewg Res,, 8,0 110Gt s,

233 ', Hey and G, L. Wdley, B, J. [heorpowal.. 9, 171 010010

2 IR, Clark, P. M. Dawes, and S, G Willimans, Comanmicidioc,

Bricisle Pharmacolsgical Snciecy Meetiny, Ddy 1061 Fo R Clark and S0 G
Willias, J. Chesm, Soc., B, 350 (12467),
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ethers, the present work would appear to support ¢his
view, since 18 and 19 have very low nicotine-hke ac-
tvity and are the most sterically hindered, whereas 17
lias an activity intermediate beoween 18 or 19 and the
wos( active componind (16), which can cike up a planar
conforniatiolr.

We are nor suggesting chat o sterie effect is the only
one operating in substituted arvloxvethylammonium
sales; the results of Hev'™ and others® demonstrate
that che eleetronie nature of substituents nela and
para to the side chain have o significant effeet ou the
biological activity

Finally, we st record the nicotine-like stimuland
activity  of 23-dihydrobenzofuran-3-yvl trimethylan-
momuni iodide " which has the eriteria for high activity
snggested by Clark and Williams** but in {aet ix only
0.035 thmes as netive as 16,

Experimental Section

2,6-Difluorobenzoic Acid (II).--A solution of nw-Bula i THI
(210 ml, 1.25 37, 0.262 mole) was added during 0.5 1w to a <tirred
salittion of 13-diflnarebenzene (30.9 g, 0.27 male) in dry THY
{200 mi} which was naintained at below —350° and protected
frant maisture iy dey Naoo The mixture was kept under {hese
conditions for a further 2-5 lr and then poaured into a shury of
dry EGO and =alid COs The resulting suspension was extracted
with 2V KOH and the extract was neidified with 2 .V TICL The
acid wax coltected nd eryvstallized from M0 (34.7 g, 8497), mip
129-160°.  'Thanus and Cauty? record mp 155-1436°.

2,6-Difluorobenzoyl chloride (V), bp 76-79° (15 nuu}, wasx
prepared fren the acid with SOCLE n the usual way.,  Methanaly-
six gave methyl 2,6-difluorobenzoate, L2 90-01° (15 ). .1nal.
(CHLELO) G L B

Fithanaly=is of the acid eblaride gave ethyl 2,6-difluoroben-
zoate, by 90.5-102° (1o ). dral. (CH POy C) HL T

Anumoualysis of the aeid eliloride gave 2,6-difluorobenzamide
{ VIII), which erystallized fram Colls in needles, mp 144.7-145.5°.
Anal. (CHILENO) C, H, /) N

2,6-Difluorobenzaldehyde (III),--n-Bul.i in heptane (130 wl,
2.8 17, 0.364 male) was added (o stirred salution of 1,3-difluoro-
Lenzene (40,0 g, 0533 male) it dey THE (300 ) uminrained at
—50° and protected from moisture.  After 1.5 hr at —3a0°,
N-methylformanilide (47.5 g, 1.35 wale) in dey THE (100 mb
was added during 21 niin and the mixture was stirred at — 307
for 1.3 hr wave. . The mixture was panred inta dilute H,S04 and
ice, aud the aldelivde was callected tn 1.0 and distilled at 85-87°
20mm) Baa g 7190 L back, elal ¥ vecord bp 82-84° (15 nun .

2,6-Difluorobenzaldoxime separated from 1LO in needles, mp
114.5-115° Ana (CALENOY C, T 1N

2,6-Difluoroacetophenone (IV: (a; l.;-Difluorobenzene (230
g, .22 male) wis couverred into a sohution of 2,6-difluarephenyl-
lithiunt in g mixtave of THI (275 ml) and heptane (105 ml).

This solution was trented at below —50° with AcCl {17.7 g,
0.226 mate) in THE 175 mly After initial darkening, the clear
arange solurion wis kept below —30° for 1.4 hr and then poured

inte dilwte 1,804 and ice.  The organic phase wax separated and
wished with ditute NaOF and 109 aqueaus NaCl The dried
salution was evaparated and the acetoplienone was twice dix-
titled to give a ealcadess Tiquid, hp T6-70° (13 mn) (2.8, G749«
Anal. (CsHFOY O 1L F.

b)Y 2,6-Difluarahenzaat chloride (.30 g, 0.048 male) was
treale:] with diethyl ethoxvmagnesiomalonate (1.044 male):
the veaction was cinvied auc ax deseritbed by Walker and Hanser
and 2.6-diflucraacetaphenane (530 g, 7367) was abtained.

20 N N Sekel and WL O, Hodloal, . Thaceneael. Faptl, Theop,, 138,
R RN

(267 Moltive poits olerermined in capillary tabes in a gas-heated blaek)
were corrected Ly use of 2 epfibraied thermoineter. u-Buki was prepared in
THF [H. Gilman awd B, L Gaj, . (1ey. Chene. 22, 1165 (1957) [ or in hexane
w1 heptane (purchased ivola Plizer Ltd., Samlwicl, Kent), Micraanalyses ol
Vice elmoeacs iplictied weee waldan 0.8 of (e theoretival valoes and were
ciceriel ont Ly AL Bernlecedn t Matheamt, The mne specira of raany of 1hese
coanponds lave Leen soeliel by R, 1 Abralam, D). B, Macdanalil, and £, X,
Poppee, Chem, Cononn o, M2 Q06CH: S, Chem, Sow., I3, 835 71067,

07 Gl lael, 1 Sieics, and W, Cossaer, Ber,, 69B, 2253 710:36).
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2,6-Difluoroacetophenone oxime separated from petrolenm
ether (bp 60-80°) as colorless needles, mp 94.5-95.5°. Anal.
(CsH.F.NO) C, H, F, N.

2,6-Difluorobenzyl alcohol (VI), bp 88° (14 mim), was obtained
(70¢%) from 2,6-diflnorobenzaldehyde with LiAlH; in refluxing
Et,O for 6 hr. The 3,5-dinitrobenzoate was crystallized from
EtOH and had mp 168.5-169°.  4nal. (C1.HsF.N20¢) C, H, F, N.

2,6-Difluoroiodobenzene (VII).—1,3-Diflucrobenzene (5.0 g,
0.044 mole) in THF (50 ml) was converted mto 2,6-difluore-
phenyllithium in the usual way. Iodine (5.8 g, 0.023 mole) in
THF (75 ml) was added and the niixture was stirred below — 50°
for 1.5 hr. Isolation of the neutral liquid gave 4.53 g (439)
of VII, bp 70.5-71° (14 mm), mp 22.5-25.5°. Anal. (CeH;F.I)
C,H,F, L

The same iodo compound was obtained (28¢7) when KI was
added to an aqueous solution of 2,6-difluorophenyldiazonium
chloride.

2,6-Difluorobenzonitrile (IX).—SOCl, (12.0 g, 0.1 mole) in
DMF (20 ml) was added dropwise to 2,6-difluorobenzamide
(7.06 g, 0.045 mole) in DMF (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 Et,O, washed with 109
aqueotis NaCl, dried (MgS0Oy), 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°.2  Anal.
(C:H3F.N) C, H, F, N.

N-Formyl-2,6-difluorobenzamide (X).—S0Cl; (5.8 g, 0.049
mole) was slowly added to 2,6-difluorobenzamide (7.57 g, 0.049
mole) in DMF (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 CHCl,,
washed with dilute Na,CO;, and dried (Na,80;). Evaporation
gave X (4.08 g, 469;), mp 109-129°, unchanged after several
recrystallizations from petroleum ether (bp 80-100°): wvmax
(Nujol) 1625, 1656, 1688, and 1732 em~L Anal. (CsH;F.NO.)
C, H, F, N. N-Formylbenzamide itself has ymax (Nujol) 1672,
1692, and 1729 em L

Treatment of the foregoing compound with phenylhydrazine
i 30% AcOH gave 3-(2,6-difluorophenyl)-2-phenyl-1,2,4-tri-
azole, mp 92-93.5° after crystallization from petroletun ether
(bp 60-80°). Its ir spectrum was similar to that of 2,3-diphenyl-
1,2,4-triazole. Anal. (CiHF2N;) C, H, F, N.

2,6-Difluoroaniline (XI).—2,6-Difluorobenzoic acid (19.9 g,
1.125 mole) was stirred in concentrated H,SO4 (65 ml) at 60°
for 1.5 hr. NaNj; (10.0 g, 0.134 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 NH,OH, Et,O extraction
afforded XTI (14.0 g, 869;), bp 31-52° (15 mm), »¥p 1.5040.
Anal. (CeH;F.N) C, H, F, N.

2,6-Difluoroacetanilide separated from 509, aqueons EtOH in
needles, mp 144.5-146.5°.20  Anal. (CsH:F,NO) C, H, N.

2,6-Difluorophenyldiazonium Fluoroborate.—2,6-Difluoro-
aniline (12 g, 0.093 mole), dissolved in 42¢; fluoroboric acid (40
ml), was stirred at about 5°. Finely powdered NaNO, (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 59 fluoroborie acid, followed by Me,CO-Et,O
(2:3). The dried (H,804 in vacuo) solid (19.5 g, 929 ) decom-
posed at about 167°.

A portion was crystallized from Me,CO-Et,0 and decomposed
at ubout 180°.  Anal. (CsH3;BFeN:) C, H, B, F, N.

2,6-Difluoronitrobenzene (XIII).——The foregoing diazonium
«alt (7.73 g, 0.034 mole) was stowly added to a stirred mixture of
NaNQ, (58.5 g, 0.85 mole) and Cu powder (11.8 g, 0.186 g-atom)
in Hy;O (125 ml). After a further 1).5 hr at room temperature the
mixture was acidified (HoSOq) and extracted with Et,O0.  Distilla-
tivn gave the nitrobenzene (1.88 g, 359,), bp 91-92° (11 mim),
which solidified ou cooling to 0°.  Anal. (CeH;F.NO,) C, 11, F, N.

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

(28) This nitrile has previonsly been described as a liquid, bp 89° (20
min). 1%

(29) N. Ishikawa, M. J, Namkung, and T. L. Fletcher, J. Org. Chem., 80,
3878 (1965), prepared this anilide, mp 144.5~145°, by a circuitous route froin
2,4-difluoroaniline.
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TasLE VI
VPC ANALYSIS OF THE REACTION OF 2,4-DICHLORONITROBENZENE
wiTH PoTassiom FLuoribE. RETENTION TiMES AND ESTIMATED
WEIGHTS OF PrODUCTS®

Temp, °C 153-158  153-158 204212 204-212
Reaction time, hr 6 23 6° 23¢
Retention time, 4.3(1.5) 4.3(1.5) 4.3(1.0) 1.5(0.03)
min (wt, g) 3.2(0.09)¢
2.6(0.07) 2.5(0.13)

& Measured on Autoprep A 700, SE30 colunin 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. °* Slight
charring oceurred. ¢ Considerable charring occurred. ¢ 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. (CI2H6F4N20) C, H, F, N

2,6-Difluorophenol (XII).—1,3-Difliorobenzene (25.0 g, 0.22
mole) in THF (200 ml) was converted into 2,6-difluorophenyl-
lithium in the usnal way and poured into trimethyl borate (23.0
g, 0.22 mole) in dry THF (200 ml) at —50°. The reaction was
kept at —530° for 2 hr and then at room temperature for 48 hr.
The gum obtained on evaporation under reduced pressure was
dissolved in CgHg (250 ml) and treated with 5 .V HCl until the
aqueous layer remained acidic on shaking. The C¢H; 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 306, H,0, (50 ml) during 30 min,
and heating under reflux was coutinued for 2 hr. The cooled
solution was washed successively with H,O, 109 acidified FeSOy,
and HyO. The phenol was extracted to 5 N NaOH, liberated
with concentrated HCI at 0°, aud extracted into E;0. Distilla-
tion of the dried (MgSOs) solution gave 11.55 g (41%), bp 39-
61° (17 mm), mp 42°. Finger, et al.,* 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 g-nitrostyrene (which was not characterized) both by reduie-
tion with LiAlH, in refluxing Et,O. The aryloxyethylamine
(XVII, R = H) was obtained from the aryloxyacetonitrile by
reduction with LiAlHs in Et,O at 0°; N,N-dimethyl-2-(2,6-di-
fluorophenoxy )ethylamine (XVII, R = CHj;) was obtained from
the phenol and 2-dimethylaminoethyl chloride directly. In ad-
dition, the following intermediates were characterized.

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

2-(2,6-Difluorophenoxy )ethylamine (XVII, R = H) hydro-
chloride crystallized from nitropropane, mp 111.5-112.5°.
Anal. (CH,CIF:NO)C, H, CL, F N.

2,6-Dichloronitrobenzene.?*—A solution of 2,6-dichlorcaniline
(40 g, 0.247 mole), 309, H,0, (300 ml), concentrated H,SO4 (20
ml), and glactal AcOH (11.) was heated for 3 hr on the steam bath.
More 3097, Ho0, (150 nil) and glacial AcOH (500 ml) were added
to the deep amber solution, which was then kept on the steam
bath for 20 hr. The coaled solution was poured into H,O (8 1.)
and the yellow solid was collected. Crystallization from cvelo-
hexane gave the nitro compound (20.4 g, 439%), mp 70.5-71.5°
(lit.1 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,O (50 ml) and
extracted with Et0. The dried (MgS0O4) solution was evapo-
rated, and the residiie was warmed with a measired volume of
eyelohexane and filtered. This solution was applied ta a vapor
phase chromatograph: the amount of each product (see Table
VI) was esthimated by comparison with standard solutions of
2,6-dichloro- and 2,6-difluoronitrobenzene.
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(30) This oxidation has recently Ireen carried out in two stages by isolating
2,6-dichloronitrosobenzene, in an over-all yield of 714,14



