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addition of water, 170 mg. (979%) of crude product, m.p. 192—
194°, was obtained. Recrystallization from water gave needles,
m.p. 194-195°. The pyrimidine VI traveled as a single spot on
paper, R: 0.67, solvent system A. Paper chromatography of
the mother liquors showed the same spot only, thus indicating
that the isomeric 2-amino-4-chloro-5-fluoropyrimidine was not
formed in the reaction. The ultraviolet and infrared spectra
were similar to those found by Duschinsky.®
Anal. Caled. for C.H;CIFN;:  C, 32.52; H, 2.03; Cl, 24.04;
N, 28.49. Found: C, 32.46; H, 1.98; Cl, 24.28; N, 28.38.
2,4-Diamino-5-fluoropyrimidine (VII).—A mixture of 80 mg.
(0.54 mmole) of VI, 5 ml. 55 ethanolic ammonia, and 200 mg. of
ammonium chloride was heated at 140° for 19 hr. in a Parr bomb.
The mixture was filtered, evaporated to dryness in vacuo, dis-
solved in 2 ml. of water, and brought to pH 12 witli 0.2 ml. of
109, NaOH. This solution was evaporated to dryness in vacuo,
and the desired product was separated by sublimation at 20 mm.
and 140°, yielding 25 mg. (36%) of VII (m.p. 156-157° with
partial recrystallization, remelting at 161-161.5°). Resublima-
tion raised the m.p. to 164-165° with partial recrystallization,
remelting at 166.5-167°; N2X7Pufer 989 my (log e 3.77); Ane!
2.98, 3.15, 6.00, 6.23, 6.59, 6.71, 6.95, 8.25, 10.13, 10.65, 10.73,
12.90 u.
Anal. Caled. for CH;FN,: C, 37.51; H, 3.93; F, 14.83,
Found: C, 37.65; H, 4.01; F, 15.11.
2-Chioro-4-ethoxy-5-fluoropyrimidine (VIII)—To a solution
of 775 mg. (4.64 mmoles) of 2,4-dichloro-5-fluoropyrimidine (I)
in absolute ethanol was added 2.9 ml. of 1.6 N ethanolic sodium
ethoxide. The mixture was evaporated to 3 ml. and 7 ml. of
water was added. An oil formed which solidified on cooling; this
solid was removed by filtration, giving 800 mg. (969%) of product,
m.p. 31-32°; purification by sublimation raised this to m.p.
35-36°; Am 261.5 mu (log € 3.72); AN™ 3.40, 6.35, 6.78, 6.90,
7.14, 7.45,8.05, 8.21, 8.68, 9.80, 10.32, 10.50, 11.45, 12.45, 13.05 .
Anal. Caled. for CsH(CIFN,0: C, 40.80; H, 3.43; Cl, 20.05;
F, 10.76. Found: C, 40.76; H, 3.40; CI, 19.98; F, 10.52.
2-Chloro-5-fluoro-4-hydroxypyrimidine (IX).—A mixture of
1.96 g. (11.7 mmoles) of I and 6.2 ml. (11.8 mmoles) of 1.9 N
NaOH was warmed to 45° and stirred for 45 min. at the end of
which time the mixture was neutral. Au additional 6.2 ml. of
1.9 N NaOH was added, and the mixture was stirred until the
oil dissolved, requiring 15 min. After cooling, 1 ml. of concen-
trated HCI was added, causing the immmediate precipitation of
1.38 g. of product, m.p. 170-171°, An additional 0.1 g. (same
as above by infrared spectrum) was recovered from the filtrate
giving a total yield of 85%,. KEvaporation of the mother liquors
in vacuo gave a solid material whose infrared spectrum was similar
to the pure product. Paper chromatography gave single identi-
cal spots for the pure compound and the residue in the mother
liquor; solvent system A, R;0.76, for pure compound and residue;
solvent system B, R; 0.93, for pure compound and residue.
Recrystallization from absolute ethanol, prolonged heating
being avoided, raised the melting point to 176-177° with partial
recrystallization and remelting at 228-243°; ALY CH 229 my
(log € 3.72), 258-239 mu (log « 3.70); AX" 6.09, 6.28, 6.48,
6.65, 7.75, 8.00, 8.60, 10.39, 10.90, 12,78, 14.55 u. The material
is the same as that prepared and characterized by Duschinsky.’
Anal.  Caled. for C;H,;CIFN,O: C, 32.34; H, 1.36; F, 12.80.
Found: C,32.35; H, 1.42; F, 14.64,
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In view of the chemical uniqueness of a four-mem-
bered ring fused to an aromatic nucleus and the simi-
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larity of this system to the phenethyl chain, several
amines containing the 1-benzocyclobutenyl group were
synthesized for pharmacological evaluation. TUntil
recently,only two such compounds, 1-aminobenzocyelo-
butene? and N,N-dimethyl-1-aminomethyl-2-phenyl-
benzocyclobutene,? were known. Inaddition to the first
amine, we have prepared four new l-aminomethyl-
benzocyclobutenes and a related morpholine deriva-
tive.

1-Cyanobenzocyclobutenet (Ia), obtained by the
benzyne-niediated cyclization of o-chlorohydrocin-
nanionitrile ® was hydrolyzed to benzocyclobutene-1-
carboxylic acid (Ib). Treatment of the corresponding
acid chloride Ie with sodiun azide in toluene provided
l-aminobenzocyclobutene (Table I, III) in 409, yield.
The direct conversion of the acid Ib to the amine III
with hydrazoic acid? proceeded in somewhat higher

yield.
QEN

Ia, Y = CN IIa, Y = CH,NHCOCH,
b, Y = CO:H b, Y = CH,0Ts
¢, Y = COCl

1-Aminomethylbenzocyclobutene (IV) was prepared
both by hydrolysis of the amide IIa from reductive
acylation of 1l-cyanobenzocyclobutene (Ia) and by
lithium aluminum hydride reduction of the nitrile Ia.

The tosylate IIb of 1-hydroxymethylbenzocyclo-
butene was obtained with some modifications by the
method of Cava and Mitchell®; aminolysis of this
niaterial with methylamine, dimethylamine, and mor-
pholine provided compounds V, VI, and VII, respec-
tively. As reported for the reaction of 1-hydroxy-
methyl-2-phenylbenzocyclobutene tosylate with di-
methylamine,® the tosyl group of IIb is displaced
without any apparent ring enlargement.” In order to
substantiate the assigned structures, N,N-dimethyl-1-
aminomethylbenzocyclobutene maleate (VI) was syn-
thesized independently by reductive alkylation of 1-
aminomethylbenzocyclobutene (IV) and was found to
be identical by melting point and spectral comparison
with the product obtained from the tosylate IIb.

Alkylation of ethyl cyanoacetate with 2-bromo-4-
methoxybenzyl chloride, followed by hydrolysis of the
resulting cyano ester and decarboxylation of the in-
termediate cyano acid, provided 2-bromo-4-methoxy-
hydrocinnamonitrile (VIII). Treatment of VIII with

CH,CH:CN

NaNH,
NH; ON
CH;0 Br CH;0
VIII X

sodamide in liquid ammonia afforded 1-cyano-5-
methoxybenzocyclobutene (IX) in a 559 yield.

(1) After completion of this work, reports of amino- and aminoalkyl-
substituted benzocyclobutenes appeared in the patent literature: (a) K.
Ley, H. Walz, and W. Redetzky, Belgian Patent 630,171 (1963); (b) C.
Kaiser and C. L. Zirkle, U. 8. Patent 3,149,159 (1964); (c) Ciba S. A., French
Patent 1,369,046 (1964).

(2) L. Horner, W. Kirmse, and X, Muth, Ckem. Ber., 91, 430 (1958).

(3) A. T. Blomquist and C. G. Bottomley, Ann., 658, 67 (1962).

(4) M. P, Cava, R. L. Litle, and D. R. Napier, J. Am. Chem. Soc., 80,
2257 (1958).

(5) J. F. Bunnett and J. A. 8korcz, J. Org. Chem., 27, 3836 (1962).

(6) M. P, Cava and M, J. Mitchell, 1bid., 87, 631 (1962).

(7) The quantitative conversion of 1-hydroxymethylindane tosylate
to a 2-hydroxytetralin ester during formolysis has been noted by R. Huisgen
G. Seidl, and 1. Wimmer, Tetrahedron, 20, 623 (1964).
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AMINK DERIVATIVES 0r 1-BENZOCYCLOBUTENE

e @——l (CH., A

No. 1 " i NETRI O
H1 H 0 NI HCL 185 5 187
v H 1 NH,-HCI 214216
v 1 1 NHCH; -H(C1 19:3--195
VI H | N(CH;). maleate 117-119.5H
VIl H I ,\L Oetic) 26-216 5
N OCH, 1 NH. HCl 163-164

# Compownds T and IV were rearystallized from ethanol-ether and the other four from 2-propanol.
¢, 60.10; H.7.006.

H, 6.00. Found: C,65.17; H, 6.04. Caled.:

¢ Anal.

[-Aminomethyl-5-methoxybenzocyclobutene (X)) was
formed by reduction of the bicyelic nitvile IX.

The carbamate X1 and the amide XII, prepared
from the awmiues HI and IV, respecively, were also
evaluated biologically.

X1 0 H
XII

With few exceptions, the deseribed benzocyclobutene
derivatives were of little biological interest. Several
of the amines in Table I exhibited evidence of analgetic
activity as measured in mice by the hot plate method.3
On a milligram basis, IV displayed analgetic action
equivaleut to that of morphiue, but with a somewhat
niore rapid rate of ouset and of appreciably shorter
duration. Noue of the other amines was of comparable
potency.

Experimental!®

1-Cyanobenzocyciobutene (Ia) was prepared from o-chloro-

hydrocinnamonitrile by the methiod of Bunnett and Skorez.?
I 4 typical experiment the chloronitrile (0.12 mole) was allowed
to react with potassium amide (0.41 mole) in 1.2 1. of liquid
ammonia for 30 min.; distillation afforded 10.2 g. (66<7) of
product, b.p. 66-67° (0.2 nun.) [lit.* b.p. 88° (1.3 mm.)].

Benzocyclobutene-1-carboxylic aecid (Ib) was obtained in
yields ranging from 70 to 909 by the alkaline hydrolysis of
nitrile Ia as outlined by Cava aud Mitchell.?

Benzocyclobutene-1-carbonyl Chloride (Ie)—A solution of
henzoeyclobutene-1-carboxylic acid (33 g., 0.36 mole) in 45 ml. of
thionyl cliloride was stirred at 25° for 2 hr., then heated gently
for 30 min. The excess reagent was removed under vacuum,
and the residual liquid was digtilled 1o vield 53.8 g. (9377) of
the acid chloride, b.p. 103° (12 nun.).

Anal. Caled. for CoH;ClO: €, 64.85; H, 4.24: CI, 21.2%.
Found: C, 65.28; H, 4.34; CI, 20.83.

1-Aminobenzocyclobutene Hydrochloride (III).—A solution
of henzoeyclobutene-l-carbouyl chloride (12 g., 0.072 mole) in
50 ml of dry toluene was added to 9.75 g. (0.25 mole) of sodium
azide in toluene (50 ml.), and the mixture was refluxed for 17
hr. The solid was filtered, and the filtrate was refluxed with 75
mml. of concentrated HCl. After 7 hr. the aqueous layer was
separated and evaporated to dryness. Recrystallization of the

(8 N. B. Eddy and D. Leimbach, J. Pharmacol. Ezptl. Therap.. 107,
385 (1953).

(9) ‘This observation is cousistent with the reported analgetic properties
of the aminoalkylbenzocyclobutenes listed in ref. 1¢ and of the isomeric 2-
aminoindane hydrochloride {I.. B. Witkin, C. F. Heubner, F. Galdi, E.
0O'Keefe, P. Spitaletta, and A. J. Plammer, <bid., 188, 400 (1961)1].

(10) Melting points were taken with a Thomas-Hoover capillary apn-
paratus and are corrected.

TR\ P G <=l -

Toenla 1 N 1 N
CyH,CIN 22 7S 9 .00 22 N4 O.00
W HpCIN 20089 N 20 21,02 NP2
CeHLCIN 19 50 0 19,37 700
H1eNO, I SR} 141 5 05
CuHCINO 14.79 Doad 14 66 5ol
CoHLCIND 17,75 02 1798 7oL

Anal. Caled.s O 6497

Found: €, 59.07: H, 7.25.

residual sohd afforded 4.8 g. (40%) of the mnine salt ax pale tan
plates.

The reaction of 74.1 g. (0.5 mole) of benzocyclobutane-1-car-
boxylic acid (Ib) and 0.9 mole of sodium azide in a mixture oF
chloroform and concentrated HaSO, by the procedure of Horner
and co-workers® gave 40.5 g. (567}) of the amine hydrochloride
[11.

1-Aminomethyibenzocyciobutene Hydrochloride (IV). -A
wixture of 1-¢vanobenzocyclobutene (12.9 g., 0.1 wole) and 0.15
g. of platinum oxide in 3 ml. of acetic anhydride was treated
with hiydrogen at 253° aiad an imitial pressure of 3.3 atm. for 32 hr.
The catalyst was removed, and the filtrate was poured ico 300 ml.
of icee water, which then was saturated with NaHCO;  The
orgainice layer was taken up in 300 ml. of ether, which wus dried
(I.CU,) and evaporated.  Distillation of the residual oil afforded
11.2 g. (647%) of N-acetyl-1-aminomethylbenzocyclobutene (Ila)
as a colorless, viscous lquid, b.p. 150-154° (0.5 mn1.).

Anal.  Caled, for ¢, HNO: €, 75.80; H, 7.47;
Found: €, 75.52; H, 7.83; N, 8.15.

An 1 l-g. (0.063-m0le) portion of the wimide 1Ia in 100 ml. of 207,
HCl was refluxed for 22 hr.  The solution was diluted with water,
filtered, and evaporated (o dryness. Recrystallization of the
residue gave 7.0 g, (727) of colorless plates.

Yeduction of 0.1 mole of the nitrile Ia with 0.3 mole of LiAlH,
i ether, followed by treatiuent with ethereal HCI gave 13.4 g.
(797, of the amine hydrochloride IV.

1-Hydroxymethylbenzocyclobutene Tosylate (IIb).- A sohi-
tionn of tosyl chitoride (76.2 g., 0.40 mole) in 150 ml. of pyridine
was added over a 3-hr. period to a solution of 1-hydroxymiethyl-
benzocyvelobutene (46.9 g., 0.34 mwole), obtained 1n 9477 vield
by the TiAIH, reduction of beunzocyclobutene-l-carboxylic
acids (Ib), in 100 ml. of pyridine kept between 0-10°. The
mixture was stirred an additional 16 hr. with cooling and then
was poured into 1 1. of «we water. The separated oil was taken
up in 1 L of ether, which was washed several tines with 250-ml.
portions of 2 N HyS0,, once with 567 NaHCO; (300 ml.), and
fimally with wuter.  Iivaporation of the dried solvent gave an
oil which solidified on refrigeration under Skelly B. "The color-
less granules weighed S84 g (8875), mp. 53-58° (lith m.p.
49-35° and 73--74°). Recrystallization from cyelohexaie and
from t-butvl aleoliol failed (o alter the melting point range.

Anal. Caled. for CHisOs8: €, 66.64; H, 5.59; 8,
Found: C, 66.77; H, 5.63; &, 10.93.

N-Methyl-1-aminomethylbenzocyclobutene Hydrochloride
(V).- A solution of the tosylate ITb (17.3 g., 0.06 mole) in 125 ml.
of benzene saturated at 10° with 1aethylainine was heated in an
autoclave at 100° for 24 hr. The cooled mixture was washed with
dilute NaHCO; solution, then with water, and was dried (N2.80,).
The liquid remaining afier solvent evaporation was dissolved in
anhydrous ether and was treated with dry HCL. The deposite:l
solid was recrystallized to atford 8.0 g. (73%) of white flakes.

N,N-Dimethyl-1-aminomethylbenzocyclobutene maleate (VI)
was prepared from 14.4 g. (0.05 mole) of the tosylate IIb and 100
ml of dimethylamine-saturated benzene as outlined for the mono-
methyl compound V. Recrystallization of the maleate provided
9.9 g. (729%) of colorless needles.

The reaction of l-aminomethylbenzocyclobutene, liberated
from 5 g. (0.03 mole) of the amine hydrochloride IV with aqueous
NaQH, and a mixture of 8877 forniic acid (10 g.) and 37% aqueous

N, T.H4.
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formaldehyde (8 g.) at 100° for 18 hr. gave an amine, which
readily formed the maleate VI (5.05 g.) in 619, over-all yield,
m.p. 117-120°. A mixture melting point with the maleate ob-
tained from the tosylate IIb was 115-119°, Their infrared and
ultraviolet spectra were identical; Mue® 270 mu (e 1960), 265
(2140), 259 (1700), and 252 (1400).

N-(1-Benzocyclobutenylmethyl)morpholine Hydrochloride
(VII).—A solution of the tosylate IIb (10.1 g., 0.035 mole) and
8.7 g. (0.10 mole) of morpholine in 40 ml. of toluene was refluxed
for 20 hr. under nitrogen. The precipitated salt was filtered,
and the filtrate was evaporated. The residual oil was taken up
in ether, which was shaken with water, dried (K2CO;), and satu-
rated with dry HCl. The white needles weighed 6.4 g. (765,).

2-Bromo-4-methoxybenzyl chloride was synthesized from
m-bromoanisole (293 g., 1.57 moles), 379, aqueous formaldehyde
(270 g.), and HCI gas by a published procedure.* The product
amounted to 259 g. (709%), b.p. 127-131° (3.8 mm.), lit.!! b.p.
107° (1 mm.).

Ethyl 2-Bromo-4-methoxybenzylcyanoacetate.—To a solution
of sodium ethoxide (1.55 moles) in 1 1. of absolute ethanol was
added 860 g. (7.6 moles) of ethyl cyanoacetate. The milky
solution was stirred for 1 hr. and then was treated with 358 g.
(1.52 moles) of 2-bromo-4-methoxybenzyl chloride over a 2-hr.
period with the temperature kept near 25°. After an additional
hour of stirring at 25°, the solution was refluxed overnight, The
solvent was removed under vacuum, and the organic residue was
taken up in 500 ml. of ether, which was dried and evaporated.
Distillation of the remaining liquid gave unchanged ethyl cyano-
acetate, followed by 340 g. (729%) of product, b.p. 148-151°

(0.05 mm.). A portion was redistilled for analysis, b.p. 143°
(0.025 mm.).
Anal. Caled. for C;sH,BrNO;: C, 50.01; H, 4.52; N, 4.49.

Found: C, 50.11; H, 4.56; N, 4.37.

2-Bromo-4-methoxybenzylcyanoacetic Acid.—The ester (322
g., 1.03 moles) was added in 15 min. to 550 ml. of 109, NaOH
kept near 20° by external cooling. The solution was stirred for
20 min. and then was acidified with 150 ml. of concentrated HCL
After the addition of the acid, the resulting mixture was stirred
for 1 hr. The gummy solid was filtered, washed with water, and
dried to give 238 g. (819,) of crude cyano acid. An analytical
sample melted at 145.5-148.5° after several recrystallizations
from benzene.

Anal. Caled. for CyH,;,BrNO;: C, 46.50; H, 3.59; N, 4.93;
neut. equiv., 284.12, Found: C, 46.38; H, 3.29; N, 4.9§;
neut. equiv., 281,14,

2-Bromo-4-methoxyhydrocinnamonitrile ( VIII).—A solution
of the crude cyano acid (207 g., 0.73 mole) in 400 ml. of dimethyl-
acetamide was heated in a distillation apparatus until the vapor
temperature reached 150°. At this point distillation was stopped,
and the solution was refluxed for 2 hr., then cooled. After dilu-
tion with 250 ml. of water, the insoluble liquid was extracted
with ether, which was dried and evaporated. Distillation of the
residue afforded 159 g. (919%) of colorless liquid, b.p. 115-120°
(0.15mm.).

Anal. Caled. for CioH,,BrNO: C, 50.02; H, 4.20; N, 5.84.

Found: C, 50.08; H, 4.12: N, 5.74.
1-Cyano-5-methoxybenzocyciobutene (IX).—The nitrile VIII
(36 g., 0.15 mole) was allowed to react with 0.6 mole of commerical
sodamide in 500 ml. of liquid ammonia for 3.5 hr. The reaction
mixture was neutralized with excess ammonium nitrate, and the
ammonia was allowed to evaporate. Water (150 ml.) was added
to the residue, and the erude product was taken up in two 150-
ml. portions of chloroform, After drying (Na:80,), the solvent
was removed under vacuum. Distillation of the remaining liquid
provided 13.2 g. (5659) of the bicyclic nitrile, b.p. 101-105°

(0.6 mm.). A redistilled sample, b.p. 93° (0.1 mm.), was used for
analysis.
Anal. Caled. for C,HNO: C, 75.44; H, 5.70; N, 8.80.

Found: C,75.52; H, 5.52; N, 8.78,

1-Aminomethyl-5-methoxybenzocyclobutene hydrochloride
(X) was synthesized by reduction of 9.6 g. (0.06 mole) of the ni-
trile IX with LiAlH, (2.88 g., 0.076 mole) in anhydrous ether.
Distillation of the crude product provided 5.8 g. of a colorless
liquid, b.p. 90-105° (1 mm.). An ethereal solution of the material
was treated with dry HCI to afford 2.3 g. (199, over-all) of white
granules.

(11) B. Lythgoe. S. Trippett, and J. C. Watkins, J. Chem. Soc., 4060
(1956).
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N-Carbethoxy-1-aminobenzocyclobutene (XI) was prepared

by the reaction of 3 g. (0.019 mole) of the amine hydrochloride 111
in a solution of triethylamine (3.9 g.) and chloroform with 2.1 g.
(0.019 mole) of ethyl chloroformate. The yield of white needles
was 3.4 g. (949), m.p. 76-77.5° after recrystallization from
Skelly B.

Anal. Caled. for CnHNO:: C, 69.09; H, 6.85; N, 7.33.
Found: C, 69.27; H, 6.67; N, 7.41.

N’-(1-Benzocyclobutenyimethyl)-5-0x0-2-pyrrolidinecarbox-

amide (XII)—To the mixed anhydride prepared from 1.55 g.
(0.012 mole) of 5-oxo-2-pyrrolidinecarboxylic acid and equivalent
amounts of triethylamine and ethyl chloroformate in 50 ml. of
methylene dichloride at —10° was added a mixture of amine
hydrochloride IV (2 g., 0.012 mole) and triethylamine (1.2 g.)
in methylene dichloride. Elution of the crude product (1.2 g.)
from a column of alumina (30 g.) with chloroform-methanol
(2:1) gave 0.9 g. (319)) of a white, powdery material, m.p. 103-
108° after recrystallization from chloroform-Skelly B.

Anal. Calcd. for CMHlsNzOzf C, 6883, H, 6.62.
C, 68.70; H, 6.89,

Found:
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In earlier communications!? the synthesis of a new
group of antifibrillant N-{w-aminoalkyl)phthalimides
was reported. Of these, N-[4-(3-methylpiperidino)-
butyl]phthalimide (Ia) and N-[4-(4-methylpiperidino)-
butyl]phthalimide (Ib) has the highest activity. The
3-methylpiperidine compound (Ia) proved to be 1.6
times as potent in auricular and 2.5 times as potent in
ventricular fibrillation as quinidine, while its toxicity
was only 1.6 times higher than that of quinidine.?

Co
@[ N—(CH:)4—N&
R

/

Co
Ia, R = 3-CH3
b R = 4-CH,

In the present communication the nature of the
amino group and the number of the members of the
alkyl chain were varied. The synthesis of the new
compounds was carried out by the following methods.

2HNR:
A. 0-CsH{CO);X(CH;),Br —>

0-C 6H4( CO )QN( CHQ )nR‘g + NRzHg +Br-

(1) (a) K. Hideg and H. O. Hankovszky, Acta Chim. Acad. Sct Hung.,
89, 391 (1963); (b) K. Hideg, L. Szekeres, H. 0. Hankovszky, and J. Papp,
2nd International Pharmacological Meeting, Prague. August 20-23, 1963,
Biochem. Pharmacol., Suppl., 12, 171 (1963).

(2) K. Hideg and H. O. Hankovszky, Acta Chim. Acad. Sci. Hung., in
press.

(3) L. Szekeres, K. Hideg, H. O. Hankovszky, and J. Papp, Acta Physiol.
Acad. Scit. Hung., in press.



