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centration 16 relaxation determinations were made; the average
values gave a straight line with 1D at 0.09 mg/ml.
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Analgetic activity may be observed with certain
aralkylamines, especially with those compounds that
may he considered as derivatives of phenethylamine.?
A special case of this class of compounds is that of 8-
biphenylylethylamines, which may also be considered
as simplified fragnieuts of the morphine molecule.?
Goldschmidt and Veer* have examined a number of
simple g-biphenylyletliylamines, which failed to show
any analgetic activity. It appeared of interest to
synthesize some 2-(5-methoxy- and -3-hydroxy-2-bi-
phenylyl)ethylaniines; these conipounds constitute
simplified structures derived from the morphine mole-
cule, an important feature being the presence of the
phenolic or ether oxygeu para to the ethylamiue chain.

5-Methoxy-2-biphenylearboxylic acid (1) was used
as the starting material for the synthesis of the title
compounds. The corresponding demethylated acid,
5-hydroxy-2-biphenylcarboxylic acid, has been ob-
tained by cleavage of 3-hydroxyfluorenone’® In a
similar manner the acid 1, mp 173-175°, was prepared
by alkali fusion in diphenyl ether® of 3-methoxyfluor-
enone (2).7 The same structure 1 has recently been
assigned to an acid, mp 98-103°, obtaiied by treating
7-bromo-4-methoxy-2-phenyltropone  with  sodium
methoxide.! The acid of mip 173-175° is, however,
different from the isonter 3, nip 88-90°,° which could
also result from cleavage of the fluorenone 2. An
attempt to prepare the acid 1 by alkaline hydrolysis
of the known 5-methoxy-2-bipheuylearbonitrile!® gave
a neutral product, identified as being the corresponding

(1) Yor a preliminary communication of this work see G. Tsatsas, A.
Psarrea-Sandrig, and C. Sandris, Compt. Rend., 258, 943 (1964).

(2) E. J. Vellows and G. E. Ullvot in “Medicinal Chemistry,” Vol. I,
C. M. Suter, Ed., John Wiley and 8ons, lnc.,, New York, N. Y., 1851, p
391.

(3) J. Lee, ref 2, p 438,

(4) 8. Goldschmidt and W. L. C. Veer, Rec. Trax. Chim., 67, 489 (1948).

(5) G. Errera and G. LaSpada, Gazz. Chim. Itd., 86 I1, 539 (1905);
Chem. Zentr., 1, 849 (1906).

(6) E. H. Huntress and M. K. Seikel, .J. Am. Chem. Soc., 61, 816 (1939).

(7) F. Ullmann and H. Bleier, Ckem. Ber., 85, 4273 (1902).

(8) T. Muroi, Bull. Chem. Soc. Japun, 34, 178 (1961).

(9) G. W. Renner, M. A. Murray, and C. M. B. Tylor, Tetrakedron, 1,
259 (1857).

(10) C. K. Tiradsher and W, J. Jackson, Jr., J. Am. Ckem. Soc., T4,
4880 (107).
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amide 4."' This amide was also obtained by treatiug
the chloride of 1 with ammnionia, which left 1o doubt
as to the structure attributed to this acid and, accord-
ingly, as to the position of the carboxyl group.
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The primary amines 7 and 8 were obtained via the
aldehyde 5. The acid 1 was converted iuto the cor-
responding aldehyde either by Rosemmund reduction
of its chloride, or by deconiposition of its benzenesul-
fonylhydrazide following the niethod of Mcl adyen
and Stevens.!? The sanie aldehyde was also ob-
tained, though iu less satisfactory yield, by the methaod
of Stiles and Sisti,’® starting with d-methoxy-2-hi-
phenyl ilodide!* (see Experiniental Section). The
nitrostyrene 6 was readily prepared by the action of
nitromethane on the aldehyde 5 and was then reduced
by lithium aluminum hydride to the aniue 7, isolated
as the hydrochloride. Deniethylation of the methoxy-
amine 7 with hydrobromic acid afforded the phenolic

amine 8.
O CH,O
CHO ‘ CH=CHNO.

RO
9

7.R=CH,
8 R=H

CH,O

NH.

The acid 1 was converted, by the Arudt-Eistert
reaction, to the ethyl ester of the homologous acid. 3-
methoxy-2-biphenylacetic acid. Reduction of the ester
with lithium aluminum hydride afforded 2-(5-methoxy-
2-biphenylyl)ethanol, which was then converted into
the corresponding bromide. Reaction of the bromide
with the appropriate amines in alcohol gave the sub-

(11) After the preliminary communication of this work appeared,! J. R.
E. Hoover, A, W. Chow, R. J. Stedman, N. M. Hall, H. 3. Greenbiersz, M.
M. Dolan, and R. J. Ferlauto, J. Med. Chem., T, 245 (1964), reported the
preparation of 1, mp 174-175.5°, by hydrolysis of the corresponding nirrile
under more drastic conditions.

(12) J. 8. McTadyen and T. 8. Stevens, .J. Chem. Soc., 184 (1036).

(13) M. Stilesand A. J. Sisti, J. Org. Chem., 25, 1691 (1960).

(14) C. K. Bradsher, V', C. Brown, and H. K. Porter, J. dm. Chem. Soc..
76, 2357 (1954).
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TaBLE I
N-SUBSTITUTED 2-(A-METHONY-2-BIPUENYLY IDETHY LAMINES (Hyprocinonpes)

490
CH.O I
Yield,*

No. NR/R o Mp, ¢ Pormia
0 Diethylamino 40 161-162  CyHCINO
1 Morphaline 43 200-2003 C, I14,CINO,
11 Piperidino 34 181-182 CoeI10CINO
12 Tsaprapylamino 44 139-160 CrlI T CINO

“ Yields vefer (o analytically phrve hydrachlorides,

stituted ethylamines 9-12, isolated as their hydro-
chlorides (see Table ).

The [Dg of the hydrochlorides of the compounds
7-12, evaluated on mice, were found to be between
30 and 50 mg/kg.  Analgetic activity was exanined
by the Haffner, and d’Amour and Sinith tests. The
doses used were equal to one-fifth of the LDg; each
prodiret was diggolved in water and the solution was
inmediately injected  subceutaneously.  Under thesc
canditions na analgetic effeet was noted far any of the
compotmnds tested.

Experimental Section'®

5-Methoxy-2-biphenylcarboxylic Acid (1).—A mixture of 23.8 ¢
of 3-methaxyfluarenane (2),7 94 g of KOTI pellets, and 330 wml of
diphenyl cther was heated at 170-180° during 6 hr with vigarons
<thring.  Ta the cooled mixture were added equal vohimes of
water and ether; after separation of the organic phase, the aqie-
otts phase was acidified with cancentrated HHCl and extracted
twice with ether. The ether extracts were washed with a satu-
rated solution of NaCl, the ether was evaparated, the rvesidue
was dissalved in a dilute =ohttion of NaOH, and the salution wax
trented with chareanl and again acidified with concentrated HCL
The =olid formed was extracted with ether and after evaporation
of the =olvent wax recrystallized from ethanol, vielding 11.6 ¢
(4300), mp 173-173° (¢f. Ht. 1 mp 174-173.5°).

Anal, Caled for CHeO.: G, 73.60; 11,
C, 73.30; 1, a0,

Thix ncid, treated with a cold sohution of cancentrated HaSO,
for 0.3 e and the solution diluted with water, gave crystals »f
3-methoxyfluorenone, myp and mmp 99° (lit." mp HH°).

5-Methoxy-2-biphenylcarboxamide (4). A. From 5-Me-
thoxy-2-biphenylcarbonitrile.—The nitrile® (i3 g) was refluxed
with 10 ml of 30¢( alcohalic KOH for 16 hr. After distillation
af the nleahol, the residue was taken with water and extracted
(CHCL), the salvent was evaparated, and the solid abtained
was recrystallized from ethanal yielding 2.5 g (77°%) of a sub-
stance, mp 182-185°.

Anal. Caled for CulpNO.: ) 74,000 H,
Found: C, 73.83; I, 3.82: N, 6.48.

The agueans phase after acidification and extraction with
ether gave a small amount of a solid which, recrystallized fram
ethanol-water, had mp 171°, The melting point was not de-
pressed when mixed with J-methoxy-2-biphenylcarboxylic acid.

B. From 5-Methoxy-2-biphenylcarboxylic Acid (1).—The
netd (0.7 g) was converted into the chlaride by reaction with
20CL.  Treatment of the chloride with aqueons ammouia guve
a precipitate which was filtered, washed with water, and recrystal-
lized from ethanal; mp and mmp 181-183°.

5-Methoxy-2-biphenylcarboxaldehyde (5). A. From the
Chloride of 5-Methoxy-2-biphenylcarboxylic Acid.—The chloride
from 6.2 g of 1 was reduced in 30 wl of refluxing xylene with
stirring, in the presence of 0.9 g of 477 Pd-BaS0O; catalyst and

3.29. Famd:

5.6 N,

{13 Melting point and hpiling poimn values are not corrected,
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0.1 ml of freshly preparved quinoline-sulfur rvegulator.™  After
cooling, the cataly=t was removed by decantation, the =olntion
was treated with chiarcoal, and the solvent was distilled.  The
oily residue yielded 8.7 g (64¢:) of a colorless hquid, bp 147
{1 unn), which solidified, mp 37--58°,

Anal. Caled for 0.
¢, 78825 T, 5.67.

B. From the Benzenesulfonylhydrazide of 5-Methoxy-2-
biphenylcarboxylic Acid——Acid 1 (S g) was esterified with an
ethereal =alution of dinzamethane.  After evaparation of the
solvent the methyl ester was dixtilled under veduced pressane,
hp 150° (2 mm).

Anal. Caled for (511505
74505 11, 3,70,

The methyl ester (8.5 g) was vefluxed during § hr with 12 ¢ of
OSC hvdrazine in 15 mil of ethanol.  After cooling and addition
of water the hydrazide wus extmcted with ether. The oil
obtained was not puvified further,

Benzenesulfonyl chloride (5.6 g) was added in partions 10 u
tirred =olution of the crnde hydrazide (7.9 g) in 25 ml of pyridine
at 0% The mixture was allowed to stand overnight and was
then poured into n wixtire of ice and concentrated TICL  The
vellow precipitate formed was filtered and reevystallized from
ethanal, vielding 0.2 g of the henzevesndfonylhvdrazide, wp
J16-218°.

Anal. Caled for CudbigNoO,8: ¢, 62815 1
Found: C, G2.80; 11, 4.80: N, 7.40.

Anhydrous Na.CO; (13.7 g) was added to the henzenesulfonyl-
hydrazide in 63 ml of ethylene glycol at 160°.  After 1 hr, when
yhe ivitial reaction had suhsided, hot water wns added, and the
wixture cooled.  Fther extraction, followed hy evaporation of
the solvent nnd distillation under reduced pressure, vielded 4.5 g
nl the aldehyde 5 (64, vield, based on 1), mp and mmp 57-38°,

C. From 5-Methoxy-2-bipheny! Iodide.—For the transiorma-
tien of this todide ta the aldehyde 5 the procedure given by Stiles
and S8 was follawed.,  The jodidel® (42.6 g) was converted
into the corresponding organomagneshnm compaund and this
o renction with p-dimethylaminohenzaldehyde afforded the
carrespanding secondary alcohol, 15.6 g (3077), mp {26-128°,
after recrystallization from benzene--petroleum ether (hp 50-70°),
A =econd recryvstallization gave an analytieal sample, mp 130
140°,

Anal.
Found: €, 79.40; 11, 1,07

Decomposition of 7 g of the secondary aleohol by the din-
ot salt of =ulfantlic acid afforded on distillation 2.65 ¢
(607%) of the aldehyde 5, mp and mmp 36-38°,

1-Nitro-2-(5-methoxy-2-biphenylyl)ethylene (6).--A wmixture
of 4.8 g of 5, 1.2 ml of uitromethane, 0.15 ml of benzylamine, and
12 ml of ethanol was stirred ut 30° for 20 he.  After cooling, the
solid which separated wax filteved and recrystallized from ethanol:
4.0 g (70%7), mp 102-104° The analytical sample, abtained
hy a second recry=tallization from ethanal, had mp 107-100°.

Anal. Caled for Cul1NOs: C, 70590 T, 3,130 N, 548,
Found: C, 70.38; T, 5.15; N, 3.37.

2-(5-Methoxy-2-biphenylyl)ethylamine (7).—The nitra con-
pound 6 (3.8 g) was rveduced with 2.3 g of LiAHT, in 150 wl of
anhydrous ether.  The mixture was refluxed with stivring for 4

7025, M, ayn. Found:

7456, H, as2, Pomd:

4740 N, .52

Caled for CallyNO. O
N, 455

.

70230 1L, .03 N, 420,

6y 10 Mesettie mid R Maozingo, Geg. Reactions, 4, 368 (1048),



May 1967

hr and hydrolyzed with 2.3 ml of water, 2.3 ml of a 159, solution
of NaOH, and 7 ml of water. 'The precipitate formed was filtered
and thoroughly washed with ether. After drying and evapora-
tion of the ether, the amine was obtaiued as an oily residue.
The hydrochloride, formed with an alcoholi¢ solution of HCI,
was recrystallized from absohuite ethanol yielding 1.95 g (509,),
mp 188-189°.

Anal, Caled for C:HisCINO: C, 68.31: H, 6.88; N, 5.31.
Yound: C, 68.08; H, 6.88; N, 5.11.

2-(5-Hydroxy-2-biphenylyl)ethylamine (8).—The hydrochlo-
ride (2.2 g) of 7 was refluxed with 33 ml of 489, HBr for 5 hr.
After concentration under vacuum, the red oily residue was dis-
solved in a small amount of water and treated with a saturated
solution of NaHCO;. Continuous extraction with ether gave a
solid material which was converted into the hydrochloride with an
ethereal salution of HCL.  After recrystallization from absolute
ethanal-anhydrous ether, the hydrochloride presented mp 209°
dec, vield 1.55 g (749).

Anal. Caled for CyHCINO: C, 67.34; H, 6.46; Cl, 14.20;
N, 5.60. Fouud: C, 67.22; H, 6.30; Cl, 14.50; N, 5.40.

Ethyl 5-Methoxy-2-biphenylacetate.—Acid 1 (11.4 g) was
transformed iuto the chloride by reaction with 10 g of oxalyl
chloride in 30 ml of benzene. After the usual treatment, the
acid chloride was dissalved in 30 ml of anhydrous benzeune, and
the solution was added drapwise with stirring in a cooled ethereal
solution of excess diazomethane. The mixture was left overnight
at room temperature and the solvents were evaparated uuder
vacuum. The diazo ketone thus obtained, a yellow solid of mp
72-75°, was dissolved in 150 ml of absalute ethanol, the solution
was heated at 55-60°, aud an aleohalie suspension of Ag.O (pre-
pared from 2.5 g of AgNO; and 2 ¥ NaOl) was added in portions.
The mixture was then refluxed for 15 min, treated with charcoal,
and filtered, and the solvent was evaporated. Distillation of the
residue yielded 7.8 g of the ester (58¢; vield, based an the acid),
bp 184° (2 mm).

Anal. Caled far CpllOy:
75.30; 11, 6.60.

Saponification of the ester with aleahalic NaOH affarded the
carrespanding aeid, mp 114° (lit.2 mp 115-116°).

2-(5-Methoxy-2-biphenylyl)ethanol.—The abave ester (12.7 g)
was reduced in 150 ml of anhydrous ether with 4.8 g of TiAllls.
After decomposition of the complex with water aud 3¢ H,SO,,
the arganic phase was separated, the solvent was evaparated
and the residue was distilled under reduced pressure yielding
R.95 g (8467) af the aleohol, bp 160° (1 mm).

Anal. Caled for Ci:H ;5020 C, 78.02: T, 7.02. Found: C,
78.88; H, 7.20.

2-(5-Methoxy-2-biphenylyl)ethyl Bromide.—A solution of 1.4
ml of PBr; in 6 ml of benzene was added dropwise in a cooled
solution of 8.9 g of 2-(3-methoxy-2-biphenylyl)ethanol in 8 ml
of anhydrous benzene. The mixture was kept in an ice bath
for 3 hr, then warmed at 60° for 3 hr, cooled, and poured into
crushed ice. The organic layer was separated, washed succes-
sively with 109, NaOH, 109; HC], and water, and dried, and the
solvent was evaporated. The residue yielded on distillation 7 g
(619) of the bromide, bp 166° (1 mm).

Anal. Caled for C,;H;BrO: C, 61.86; H, 5.20; Br, 27.44,
Found: C, 62.06; H, 5.09; Br, 27.10.

The method used to prepare the amines 9-12 (see Table I) is
illustrated by the following procedure.

N,N-Diethyl-2-(5-methoxy-2-biphenylyl)ethylamine (9)—
2-(5-Methoxy-2-biphenylyl)ethyl bromide (3 g) in 20 ml of ab-
solute ethanol was refluxed with 3.7 g of diethylamine for 4 hr.
The ethanol was distilled, and the residue was taken up with
saturated NaHCO; and extracted with ether. After washing,
drying, and evaporating the ether, the yellow oil was converted
into the hydrochloride with alcoholic HCL. The salt was re~
crystallized from absolute ethanol-anhydrous ether; yield 1.3 g
of white needles (see Table I).

C, 75.33; 11, 6.71. Faund: C,
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Recently, Shimamoto and co-workers have described
tbe pharmacology of a new bradykinin antagonist,
2,6-pyridinedimethanol bis(N-methylcarbamate) (R, =
R, = CH;NHCO,CH, in the general structure of Table
I), which exhibited powerful antiatherosclerotic proper-
ties when fed orally to rabbits.!? TPurther studies®*
have led to the claim that the compound has beneficial
effects on human vascular occlusive diseases associated
with atherosclerosis, and that it is useful 111 the treat-
ment of inflammatory disorders such as rheumatic
fever and rheumatoid arthritis.

It should be noted that 2,6-pyridinedimethanol
bis(N-methylcarbamate) and related compounds® show
structural resemblances to a series of substituted-
propanol carbamates with antiinflammatory proper-
ties.® Other pyridineniethanol carbamates have been
tested for sedative and anticonvulsive activities.”

We have now prepared additional carbamate and
urea analogs of 2,6-pyridinediniethanol bis(N-methyl-
carbamate) and these are listed in Tables I-VI, All
the compounds were prepared by standard procedures.

Pharmacology.—All the compounds were found to be
inactive when tested orally in rats for possible anti-
inflammatory activity, using the earrageenin-induced
edema technique.® Representative compounds of the
various structural types were also tested for an inhibi-
tory effect on the reversed passive cutaneous anaphylac-
tic reaction in guinea pigs,® with ouly compounds 29,
50, and 123 showing activity.

Experimental Section'®

Unless indicated otherwise, the alcohols, thiols, amines, iso-
cyanates, isothiocyanates, and carbamoyl chlorides nsed to pre-
pare the carbamates and ureas in Tables I-VT were obtained from
commercial sources.

Acyl Isocyanates.— Acetyl isocyanate was prepared from acetyl
chloride and silver eyanate.’ Chloroacetyl isocyanate, butvryl

(1) T.8himamoto, Asian Med. J., 6, 12 (1963).
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Biich, Arch. Ezptl. Pathol. Pharmakol., 288, 92 (1960).
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p 218.
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