1006 D). Iovans, A= Lo MACKINTOSH, AND S, =S, SZINal

preparation of - s-{p-nitrophenoxy Jpropyt hromide from the
corresponding phenol and 1,3-dibromopropane. ™

Method F--Compound 15 was prepared by the merhad ol
Heminger in the preparation of  A-(p-chlorophenoxy propin-
pitrile’ except that the condensing agent nsed was Triton B
imstend of NaOMe.

Method G .—Conmponds 37-41 were prepared as deseribed by
Knoevenagel for phenyvlminoncetonitrile (370.%  YNote:  see
also nuder method C for amides)

Method H.--Componnd 21 was prepeaed by the method of
Gatternzmm and  Thsknecht in the prepamition of phenyl
thioeyannte.”

Method 1.--T'he method of Grebenvak pnd Tsnkervanik!™ was
n=ed 1o prepare componnd 438,

Tetrazoles (Table IITI). Method A. -Componds 58 :nd 74
were preparved by a procedure reported by 1’Orazio for ne-i-
1 a-phthalimido-g-phenyiethyDtetrazole.

Method B.--Componnds 47-57, 59-67, 69-73, 75, and 78-87
were prepared by the procedure nf Finnegin, of al., Tor S-propyl-
tetrnzola, s

Method C. - Compounds 53 and 68 were prepared by o novel
methal as deseribed for 5-18-t3-chlorophenylthio)ethyierrazole
153). Taoamixtre ol d-rhloropropionitrile (17.9 g, 0.2 mole) nnd
NaN (39 g, 0.0 maole) in 30 ml of dev THTF was added a solution
ol anhyvdrons AICH €30 ¢, 0.22 molel in 400 ml of 'THEF. The
resnbamt mixtire was stirred and heared v reflux for 22 hr
The mixture was cooled in an iece bath, and abom 200 mb of
O was added dropwise and with stirring.  The THIEF was
evaporated mnder reduced pressure, and the residinal agueons
salntion was acidified with conceutrated HCL satiraved with
NaCL avd extrneted with three portions of F0. The combine:l
extracts were dried (MgRO0 and evaporated, viebling 2000 g
VTR0 of oo vellow solid, mp 97-104°0 Heervatallization from
CHCL gave white needles of A-tg-chlororthybtetrazole, mp 3.5
106,57,

Toscsolntion ol H-chlorophenol (208 ¢, 0.02 mole) in 70 i of
ey DAY coaled o an dee bath were wadded a 33,8, Nall disper-
sion (.08 g, equivalent to 0.94 mole of Nal) in nineral oil and
A-(g-chloroethyDtetrazole 12,66 g, 0.02 mole).  After the vigorous
t evolntion had ceased the cooling was discontinned, and the
mixtnre was stirred at room temperamre nutil the He evohition
hdd completely ceased.  After addition of abont 0.2 g of Nal
vealalyst), the mixnre was stirred and hented at ca. 100° Tor
I8 hr.  Abont 30 mlb ol H.O was added and the mixtire was
concentrated mder rechiced pressire on a steam hath to o siall
volnme,  The residnal sohition was seidified with concentrated
HCHwnl extracied with Et.0, The F6O extracts were combined
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atd extracted with o salhirated  sgueons NallCO; sobiion.
Upon acidification of the NaliCOjy exivacts, 2.1 ¢ of a white solid
GHLTT Y wees obtained. Crevstallizadon (CHCL-CCLY slTorded
53, mp [28-1507,

Method D -Compmind 76 was prepared Ivo componud 61 hy
the procechive of Gihnan and Beaber {or the oxidation of »-
byt p-rolyt snlfide to the corresprmding snlfone.

Method E. -Componnd 77 waos prepared [rom d-aminotetrie-
role mmohydrate and 4-chlombenzenesnlfonyt ehloride by s
procedimmy described hy Jlensen and Pedersen for the prepariation
of J-aceryisnlfapilamidotetrnzole 2

Method F. -5-i3-Chlorophenyithiomerhyb)-2-methylteimzole
(883 mal J-U3-chlorophenvhrhiomethyh)-T-methyltetrazole 189)
were ohinined by renting 3-(4-chlorophenyhhiomethyDterazale
(621 19.07 o1 with CHoNG in E6O and seprrating the resnlting
mixinre on an abnning cohmy. The 2-methyl isoner 88 wnx
elnted with Cghly 2 7.6 g, 7927 Land Divther puritied by distilla-
tion thrangh a Vigrenx colimun: bp Fi0-143° (008 nm); v
(CDHCLY 8 450 03 L CELN < The T-methyl i=omer 89 was
elnted with CHCE 200 g, 208001, il arvstallizatioe from
~PrOHE gnve white ervstals, mp 63-6G7°, mme (CDHCLY 8 4.00
2 b CHEN O,

2-Azido-2-(5-tetrazolyljpropane VI --T¢ o mixture o d-
chlorophenoxyisolmtyronitrite (3.0 g, 256 mmoles) and NaN,
O g 7Y mmolest wis added a solution of avhydrons AICL
GG g, 50 nmnsles) 1 70wl of dey THE. The mixtinre was
stirred sad hewted arethnx for 45 hree Phe THI was distilted
fran the reaction wixtinre while sulficiem TLO was added drop-
wise 1o nintain o constant volimne.  An oil separvated from the
squeons sobition.  Fiher and o0 1D, aqueons NaOll sobition
were added ad the avers were separated. The alkaline extract
was aeidiied winth 6V HCT and then extracted with KGO and
CHCL. Phe combined organie extveets were dried (MgR0,) nnd
evaporated, oftarding a vellow oil. Crystallization frem CClL
enve ST 2 ool o whihe sohd 222070 Heervstalliznion {rom
CHCL-CCL gove white needles of VID mp 87-00° dee; iv v
(B ot 30, 3000, U880, 2740, 1720, 2630, 2140, 1270, 1160,
1050 e 0 pone perdk 1 CDCLat s 1996 H, singlet, C{CH ;)20

dnul. Caled for CyFRN:: O, SLsti; H, 4.61:0 N, 64,00,
ool O, 81550 HL 4800 N 64,20,
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Some Substituted Phenylalkanoic Acids and N-Substituted

Malonanilic, Succinanilic, and Anilinoalkanoic Acids as

Potential Antiinflammatory Agents

D, Evans, AN T MackiNrosH, avn S0 S0 SziNnat

Loty B senveh Conlee Ll Windlesham, Sy, England

levervd November 18, 168

Thirty one of the title companuds were prepared and, together with some of the intermedizae esters sud nitriles,

were sereened for antiinflanmatory activity,

None of the caompounds showed appreciable activity in the car-

rgeenin-indueed edeme test, but thirteen of the acids were effective in stabilizing a1 bovine sernm albumin frac-

tion against heat coagnlation.

Whitehouse and Skidmore! have suggested that acidie
antiinflammatory  dmgs may exert their therapeutie
effect by interaction with the essential lysyl e-amino
groups of the enzyme systems implieated in the inflam-
matory response of animal tisses. We consider that

(1 MW Wlanetsose amt Lo Fo Skidevre, S0 Plarm. Phovnenat o 17,
L EARIGEYR

this reaction need not be restricted to the ionic type of
interaction envisaged by these investigators and have
examined the reaction between phenylbutazone 1 and
certain aliphatic amines which waould aet as cmde
maodels for the lvsvl e-inino group.

We have found that phenylbutazone reacts smoothly
with a-butyluine nud n-pentvlamine at 100° to give
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high yields of the open-chain hydrazide amides 2a and
2b. The related hydrazide acid 2¢ bears a resemblance

(\‘HRfCOR2
C;H.:N—CO © co
/CH—Bu-n SN
R \N_
C:H: cO CHAH
1 2a, R' = -Bu; R?* = NH(CH.),CH.,
b, R! = n-Bu;R?=NH(CH,),CH,
c¢. R"=n-Bu:R*=0H
CH.O,
mCH:COJH
-\l' CH,
p-CIC:H,CO
3

to indomethacin (3) and possesses structural features
allowing a good fit with the hypothetical antiinflamma-
tory receptor site which was proposed by Shen? and by
Scherrer.® These factors made us consider that 2¢
may be a hitherto unidentified active metabolite of
phenylbutazone and that compounds related to this
may incorporate the desirable properties of both 1 and
3. J. R. Geigy S.A. have subsequently described the
preparation of the acid 2¢ and claim that it is active in
the formalin-induced edema test in rats.* While this
appears to lend weight to the idea that phenylbutazone
acts vig the postulated metabolite 2¢, the possibility
also exists that 2¢ is a precursor of 1 in vivo.

The above observations have been incorporated into
our search for new antiinflammatory drugs and we have
synthesized three series of compounds, represented by
the structures 4-6, which incorporate certain structural

<c|HRl)nco_,H ?HRﬂCO_,H
Y
[ l co ‘©\ (CHR"),
N~ 1\|1/
CH.X Z—CsH,X
4, X=NH, CH,; 5, X =CH,, CO, CS, SO,
'=H n-Bu Y,Z=H, Cl, CF,, Me;
n=12

R, R*=H,Me, Et; n=0,1,2

Y‘©\ _(CHR),COH
ClH
X
)

6, X =NH, O, CH,;
Y,Z=H, Me, {-Pr, CF;;
R=H,nPrn=01

features of both acids 2¢ and indomethacin 3. These
compounds, together with some of the intermediates,
are enumerated in Tables I-III and the methods of syn-
thesis are described in the Experimental Section.
Some of the acids of type 5 were isolated as gums and

(2) T. Y. Shen, International Symposium on Non-ateroidal Anti-inflam-
matory Drugs, Milan, 1964, Excerpta Medica Foundation, Amsterdam,
1964, p 13.

(3) R. A. Scherrer, “Annual Reports in Medicinal Chemistry,” Academic

Press, New York, N, Y., 1965, p 225.
(4) J. R. Geigy 8. A., French Patent 3853M (1966).
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were subsequently converted into their erystalline so-
dium or benzylamine salts for biological testing.

All of the compounds except for 2a, 2b, 13, 15, 23, 24,
and 34 were screened for antiinflammatory activity in
the carrageenin-induced edema test in rats® but none
gave greater than 309, reduction of swelling compared
with the controls when doses of 100 mg/kg were given
0.5 and 3 hr prior to the injection of carrageenin,

The compounds were also tested in a modified form?®
of the Mizushima test” which involves the measurement
of the degree of stabilization of a bovine serum albumin
fraction against heat coagulation in the presence of the
test compound. Mizushima observed a good correla-
tion between the degree of stabilization and the anti-
rheumatic properties of a large number of compounds,
Our results are given in Tables I-ITI. Compounds 7,
11,12, 16, 17, 19, 22, 27, 28, 43, 45, 47, and 49 were very
active and three of these, namely 11, 12, and 22, were
retested against carrageenin edema using the subcu-
taneous route of administration. However, no redue-
tion of the edema wax obsgerved which indicates that
the lack of oral activity may not be due to poor absorp-
tion from the gastrointestinal tract and that the positive
rexults in the modified Mizushima test may be examples
of the nonspecificity of the test,

Experimental Section®

All of the compounds are new except the ones noted otherwise,
Examples of the reaction procedures are given below. Further
details of the individual compounds are given in Tables I-III,

Method A. N-Anilino-2-n-butylmalonanilic Acid n-Butyl-
amide.—Phenylbutazone (1.00 g) and n-butvlamine (5.0 ml)
were heated at 100° for 3 hr. The yellow sohition was concen-
trated at 50° under reduced pressire and the residual gum was
triturated with petrolenm ether (bp 40-60°). The resulting
white solid was filtered off and recrystallized from EtOH-
petroleum ether (bp 60-80°) yielding the diamide as white rods
(0.70 g). Amide I absorptions were at 1635 and 16335 em™!; corre-
sponding absorptions in phenylbutazone are at 1705 and 1750
cmTL

Method B. N-Anilinosuccinanilic Acid.—A mixture of
hydrazobenzene (3.6 g) and sucecinic anhydride (2.0 g) in cyclo-
hexaue (100 ml) was heated under reflux for 6 hr. The cooled
mixture was filtered, and the solid was washed with cvelohexane
and dried. The pure acid was thius obtained as white erystals
(4.8 g).

Method C. N-Benzyl-N-phenyleyanoacetamide. —N-Benzyl-
aniline (18.3 g), cvanoacetic acid (8.5 g), and dicyclohexylearbo-
diimide (22.0 g) were dissolved in THF (100 ml). After 4 hr,
the precipitate of dicyclohexylirea was filtered off and the filtrate
was evaporated nnder reduced pressure. The residue was dis-
solved in EtOAc (250 ml), washed repeatedly with 2 N HCI, then
with a 109, solution of NayCO;, and finally with H,O. Evapora-
tion of the dried (Na,S0,) organic solution yielded yellow crystals
(17.6 g) of the pure cyanoamide.

Method D. N-Benzyl-2-n-butylmalonanilic acid.—Ethyl N-
benzyl-2-n-butvimalonanilate was prepared by method C from
n-butylmalonie acid monoethyl ester (4.7 g) and N-beuzylaniline
(4.6 g). The undistilled ester (5.5 g) was dissolved in EtOH
(15 ml) and added to a solution of NaOH (2.4 g) in H,O (15 ml).
After being stirred overnight at room temiperature, the mixtire
was filtered and the filtrate was evaporated under redicced pres-
sure. The residue was dissolved in HyO (530 ml), extracted with
Et,0 (two 30-ml portions), and acidified with HCL. The lib-

(3) D. Evans, I{. S. Hallwood, C. 1. Cashin, and H. Jackson, J. Me/.
Chem., 10, 428 (1967).

(8) C. H. Cashin and M. E. Tarrant, British Pharmacology Society Win-
ter Meeting, Nottingham, England, 1967.

(7) Y. Mizushima and H. Suzuki, Arch. Intern. Pharmacodyn., 187, 115
(1965).

(8) Melting points are uncorrected. Where analyses are indicated only
by symbols of the elements, analvtical results obtained for those elements
were within £0.49; of the theoeretical values.
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N-SUBSTITETED MALONANILIC AND Sreciy oxnae Acins o T Dugivaries
CALNCOCTTT, L
CalliX
Neso
Yieid rustzolo
Na. N " Rt R* Met)unl AVATRRS ', Fareeceets Analyses sy
da NH 1 u-Bul CONHi{CHa i M e A 147144 N Cay e N30, ¢, H, N
RIS h e 1 n-Bu CONH{CTL ) Me A 125120 titi CasHis N4, O IL N 1l
7 Nl 2 T 'O, H B 10170 St el NL Oy ¢, H, N s
N Clh I I N ¢ an- 02 nt a1 NLO ¢, LN 1)
0 Clls | i CO.H b U500 10 Cll:NOy ¢, I, N ]
t) Clh I n-Bu COLl P INTEENS 44 Caol LN Oy ¢, H, N 12
11 Cls 2 I Ol I 122- 124 45 - H s N Oy ¢, H, N 10

2 Kignres represent the per cent stabilization with the test componnd contpared to the comrol: 1T nunaole of the somponds wis nsed.

T'aBre 11

N-SUBSTITITED ANILINOALKANOC

Acins azn THEN Dumvanves

€1
l\lI(CHR’)nCHRQR"

Z—-CHX

N X Y % n RYOR? Meihodl My, 7O
12 CH 1 1 a 1 I3 > 30D
13 CHe 40t 1 0 bE{ G 58
14 Cll: 401 n n H G 128130
15 CHe 4-C1 1-C' a 1 G 1001033
16 Clh 4-Cl $-Ct 0 1 G 143131
7 Cle 3-CFo o 1-Ct 0 1 G 195127
18 CH: 1 1 Ionu 1

19 CHe U 1 LI B ! 1

20 (He 4-C1 1 I %

21 CHy Il 11 I Me 1 G

s Cll 1 1 I Ae 1 % P11 Ly?
REI S I PR 1 1M Me G

1 CH. U 1t WS D B P G 110- 112"
25 CH, 1 I J0 I 1 3780
26 Clls 1 1 I I S 1

47 alL M 1 LI B 1 108101«
U8 [g{¢] 1§ 1-C'1 [¢] It K 154153
un CO o 24-Cl 2A-CL 1 1 1. 132153
30 CO 10l 2400 Q o I 172173
4 co n 1 T H ol M

3 co 1 1 1 nu M 83517
33 CO 401 1 IS R M

i O 4-Cl H 1o M 1221230
350 CO 1 H 1 Me 1 N 130 135
30 co 1 1 201 1 O 00- 70
¥ co I 1 v H N 1 11D 12
38 O 3CF. 24-Cl 2 10 1 I 118111
397 s H 1 0 1 I 176178
100 RO: 1 4Me 11 Q [FESRETH

« See footnote ¢, Table 1. »Ree vef 9.
© Obtained as guni, n?2n 1.5860.
tained as gnm.
and analysis given for hemihyvdrate.

s 13662, » Ree ref T

erated oil was extracted with It,0 which was diied (N a.80) and
evaporated.  The residnal oil eventnally solidified and was re-
eryvstallized from CCli-petrolenm ether thp 60-80°) vielding the
snbstititted malomanilic acid (2.25 gj.

Method E. N-Benzylsuccinanilic Aecid.- A mixture of N-
henzylaniline (18.0 g), suceinie anhydride (20.0 g), and coneen-
trated H;S0 0.5 ml) was stirred at 140-150° for 45 min.  The
mixtire was poured mto H.0O (400 ml) and stirred at 60° for 30
nmin.  ‘The cooled mixtnre was exiracted with CHCl; (three 100-
il portions) and the extracts were washed with H,O (two 30-
ml portions), dried (Nas80,), and evaprated.  The residne was
recrystaltlized from Cgflg-cvelohexane 10 give the required acicd
1125 g).

Method F. N-Benzyl-N-phenylglycine Sodium Salt. - By the

1 . Pfanz. Is. Jassimann, aml H, Breslawer, Kas) German Patent 12000
JUETHR

= Free acid nbtained as gn.
Distilled with decompasition aramd 160° (0.03 nmo.
Melting point and analysis given for benzylamine salt.
+ Nee ref 12,

e
Crg-
Yiebl, aln
B, “C anomt Y oricola Analvses 1es1?
a0 CislleNNaQ: . N BES
un CirHsCINO: ¢, H N
80 CsHCINO- .1 N b}
89 CorH s CLNO.
8 C51H:CLNO. N a7
5 Cia N CH AN Oy ¢ 1IN o
173180 101, &3 3 sl NO> ¢, HON a
i 10 CrilleN Oy ¢, N 10
210217 4Dty ! T CicHaeCIN On ¢, 1N 0
FA0- 183 ¢0 g3 an CnlaNO2 C, H. N 1
gl CisHy o N O (. H N 01
104--200 . Ty} i Coalla? o1 N
12 CarPheaN(C ¢, LN
170171 10 P Ce Ny C, LN 1
17017 ) e m CyyH: O, N 0
t4 (G E N av
38 Vs CIN O, C, H. N 0t
11 CisThCUN O3 LN a
206 Cri e CEN O, .11, N 0
172177 0 &t Tt C N O COH,N il
ol Cal s NOa-) 30 CO LN 0
D205 10 35 il ColTaCINO; LN 0
GO Cul Ly CINOG LN 0 LN
Il CoHNO,y O, 11N a
153G - 172 00 1 A N0 ¢, ILN 0
S CalhisNOx ¢ 11N 0
1 CoHelCl LN a
10 Cip LN OpS . H, N il
anh CrglTe NS , 11, N G

2 1LATG6]
* Free acid ob-
"Melting point

Melting point and analvsis given Tor Nua salt,
Ta¥n 1LATSA. n®u 13704,
S LAH66, 4 o 1.0544,

]

Tty 13T,

method deseribied by Pranz, ef of,,* N-heuzylaniline (12,2 g,
chloroaceric acid (6.3 g), and NaOAe 13,7 g) gave the wanino acid
as a colorless gmu (3.5 g) which refused to cry=tallize. A cry=tal-
line Na =alt, mp >300°, wax prepared from thix in the recom-
mended manner,

Method G. Methyl N-Benzyl-g-anilinobutyrate and the
Corresponding Acid.--A mixture of methyl g-anilinobntyrate
(4.0 g), benzyl chloride (4.8 g), NaOAc (4.6 g), and L, (two cryx-
tulz) were heated at 140° for 2 I and at 170° for a further | hy.
The cooled mixtire was triturated with 1,0 (100 mt) and filtered.
The filtrate was washed with 1,0 (50 ml), dried (Na:S0,), and
evaporated. Fractionauion of the residual oil 7n vacieo vielded the
reqliired ester as a light vellow oil (3.1 g).

This ester (2.1 g) was dissolved in EtOH (15 mb) and heated at
100° for 1 hr in the presence of 4 ¥ NaOH (13 ml). The solntion
was colicentrated to half-voline, diluted with water (30 ml), and
aeidified with 4 N HCL  The required acid separated as a
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TaspLe III
SUBSTITUTED PHENYLALKANOIC ACIDS

€,
CH

X

Z
No. X Y VA n R Method
41 NH H 3-CF; 0 R
42 NH 4-i-Pr 3-CF; 0 S
43 NH 4-1-Pr 2,3-Me, 0 S
44b NH H H 1 H T
45 NH H H 1 n-Pr T
46 (6] H H 0 U
47 (0] H 2,3-Me, 0 U
48 O 4-i-Pr 2,3-Me, 0 U
49 CH. H 4-OH 0 ¢
a See footinote a, Table I.  ® See vef 13.

viscons gum which refused to crystallize. Treatment of an
ethereal solution of the acid with benzylamine (3.0 ml) yielded a
crystalline benzylamine salt (2.65 g) which was filtered off and
recrystallized (CeHs).

Method H. Ethyl N-Benzyl-3-anilinopropionate and the Cor-
responding Acid.—Ethyl acrylate (5.0 g) was added dropwise
during 30 min to a stirred solution of N-benzylaniline (9.2 g)
in HOAc (25 ml) kept under N, at 100°. The solution was
heated for a further 9 hr, cooled, and diluted with Et;O (100 ml).
The mixture was washed with H,O (three 50-ml portions), then
with 59, NaHCO; solution (fonr 50-ml portions), and finally with
H,0 (50 ml). Fractionation of the dried (Na,SO,) organic sol-
vent gave the expected ester as a pale yellow oil (6.1 g).

Hydrolysis of the ester afforded the required acid as a gum. A
crystalline salt could not be prepared.

Method I. N-Benzyl-y-anilinobutyronitrile,—A mixture of
v-anilinobutyronitrile (16.0 g), benzyl chloride (25.0 g), and
K,CO; (28.0 g) was stirred at 100° for 7 hr. The cooled product
was partitioned between an equal volume of Et,O and H,0, and
the Et,O layer was dried (NaxSO,). Fractionation of this solu-
tion vielded the N-benzyl compound as a viscous oil which
crystallized from EtOH at a low temperature,

Method J. Ethyl N-Benzyl-v-anilinobutyrate and the Cor-
responding Acid.—The above nitrile (10.0 g) was dissolved in a
saturated solution of HC! in EtOH (80 ml). H.O (0.8 ml) was
added and the solution was heated at 100° for 2 hr. The filtered
solution was concentrated to a small volume, HyO (75 ml) was
added, and the mixtnre was neutralized by the addition of K;CO;
solution. The mixture was extracted with Et,0 (three 75-ml
portions) and the combined organic extracts were washed with
H,0 (75 ml) and evaporated. Distillation of the residue yielded
the required ester as an almost colorless oil (8.3 g).

Hydrolysis of the ester vielded the acid as off-white needles
from CCl,.

Method K. N-(p-Chlorobenzoyl)-N-phenyliglycine.—p-Chlo-
robenzoyl chloride (11.6 g) was added in small portions to & vig-
orously shaken solution of XN-phenylglycine (10.0 g) in 16%
NaOH solution (50 ml). After 1 hr, the solution was cooled to
5° and acidified with HCl. The precipitate was filtered off,
washed with H,0, and recrystallized from aqueous MeOH yield-
ing the required produict as colorless crystals (11.4 g).

Method L. N-(2,4-Dichlorobenzoyl)-N-(2,4-dichlorophenyl)-
glycine.—2,4-Dichlorobenzoyl chloride (17.3 g) was added
dropwise during 1 hr to a stirred solution of 2,4-dichloroaniline
(16.2 g) and Et;N (20.0 g) in anthydrous Et,0 (200 ml). After
3 days at room temperature, the mixture was washed successively
with H.O (two 100-ml portions), 2 & HCI (100 ml), and H,O
(three 100-ml portions). The organic solution was dried (Nao-
S0,) and evaporated. The residue was recrystallized from aque-
o1 MeOH yielding N-(2,4-dichlorobenzoyl)-2,4-dichloroaniline
as crystals (14.0 g, 409 ), mp 158-160°.

NaH (0.8 g) was added to a stirred solution of the above (12.0

/(CH R),CO,H

Heat
Yield, coagoln
Mp, °C %% Formula Analyses test?
103-104 6] C:H,,FsNO, C, H, N 20
124-125 33 CisH)sFsNOy C, H N 17
122-123 41 C];}HgsNOg C, H, N 80O
134-135 81 C;H,NO, C, H, N 9
118-120 34 CisHyNO, C H N 89
108-109 62 CuH,,05 C, H 0
116-119 35 C1sH160s C, H 97
139-141 50 CioH0s C, H 97
175-178 Ci:H,.0; C, H 17

¢ Supplied by K & K Laboratories, Inc., New York, N. Y.

g) in dry THF (150 ml). After 3 hr at room temperature, ethyl
bromoacetate (3.1 g) was added and the mixture was stirred under
reflux for 8 hr. The precipitated NaBr was filtered off and the
filtrate was concentrated under rediiced pressure. Distillation
of the residuie gave ethyt N-(2,4-dichlorobenzoyl)-p-chloroanilino-
acetate as a yellow oil (4.3 g, 29%), bp 211-213° (0.1 mm).

The ester (4.2 g) was dissolved in a =olution of NaOH (4.0 g)
in 809 aqueons KtOH (75 ml) and kept overuight at room tem-
peratire.  Moxst of the salvent was removed at 30° under rediiced
pressure, then H:0 (530 ml) was added, and the solution was
acidified with HCl. A viscous gum which =eparated from the
solution solidified af(er 1 hr and was recrystatlized from agneons
FtOH yielding the required acid ax white cry=tals (3.7 g).

Method M. N-Benzoyl-g-anilinopropionic Acid.—Benzoyl
chloride (3.5 g) was added dropwise during 10 niin to a stirred
solution of ethyl g-anilinopropionate (4.5 g) in freshlyv distilled
Et;N (15 ml). An exothermic reaction ocemred and a white
precipitate was prodnced.  After 30 min, C¢H (25 ml) wax added
and the mixtie was filtered.  The solid was washed with CgH,
(10 ml) and the combined organie solutions were evaporated.
Distillation of the residue yielded ethyl N-benzoyl-g-anilino-
propionate as a pale yellow viseous oil (5.1 g).

The ester (1.0 g) was dis~alved in E1OII (8 ml) and treated with
4 N NaOH (8 ml). After 5 days at room temperature, the =oli-
tion was evaporated to half-volume at 30° under reduced pres-
sure. H,O (15 ml) was added and the =olution was extracted
with Et:O (two 15-ml portions). Acidification of the aqueous
solution with AcOH yielded a precipitate which was filtered off,
dried, and reerystallized from CgIls. The expected acid waz thus
obtained as a hemihydrate (0.65 g).

Method N. N-Benzoyl-gs-anilinobutyric Acid.—PhCOCI (2.6
g) was added to 109 NaOH (18 ml) containing methyl g-anilino-
butyrate® (3.5 g). The mixture was stirred for 2 hr, left over-
night, and extracted with Et;O (three 23-ml portions). Acidi-
fication of the agneons solution with HCI caused a gum to sepa-
rate from the solution. The gum solidified on standing and was
filtered off. Recrvstallization of the solid from CsHg-petrolenim
ether (bp 60-80°) yielded the pure acid (2.6 g).

Method O. N-Benzoyl-y-anilinobutyronitrile.—The N-ben-
zoylated nitrile was prepared from y-anilinobutyronitrile (16.0 g)
as in method M and was obtained as white crystals (13.2 g) from
ethanol.

Method P. N-Thiobenzoylanilinoacetic acid was prepared
by the method of Lawsou and Milest!t from N-phenylglycine
ethyl ester.

Method Q. Toluene-p-sulfonyl-3-anilinopropionic Acid.—
‘Toluene-p-sulfonanilide (18.5 g) and g-iodopropionic acid (15.0
g) gave the required acid (6.8 g) by the method of Clemo and
Perkin.!?

(10) J. B. Dickey and J. G. McNally, U. S. Patent 2,470,094 (1949),
(11) A. Lawson and D. H. Miles, J. Chem. Soc., 2865 (1939).
(12) G.R. Clemo and W, H. Perkin, ibid., 135, 1608 (1924).
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Method R. «-(m-Trifluoromethylanilino)phenylacetic Acid.---
A solution of m-trifluoromethylaniline (12.0 g) and a-bromeo-
phenylacetie acid (6.3 g) in EtOH (100 ml) was heated at 100° for
5 hr, and the solvent was evaporated at 40°.  "The residue was
cqnilibrated between HyO (100 mly and EwnO 71100 ml}, and the
organic laver was extracted with 107, NaOU (three 75-ml por-
tions),  The combined canstic extracts were extracted repestedly
with Et.O and nentralized by the adilition of TICL A calorless
oil separated which eryvstatlized on standing as white erystals
(6.0 g).

Method S. «-(m-Trifluoromethylanilino)-p-isopropyipheny!l-
acetic Acid.—Iithyl p-lsopropyvhuandelate (9.0 g) and SOCL
(6.0 g) were mixed and heated at 100° for U hr after the inital
vigorotls reaction  had snbsided.  Eyaporation of the  excess
ROC at 30° vielded the fairly pinre a-chloro componnd (8.5 g).

This material (8.0 g) and m-trifhhoromethyvlaniline (12,0 g)
were stirred at [00° for 8 hr. FAOH (100 mb) was added and the
heativg wos continned for 2 hr. The FtOH was evaporated and
the residne dissolved in K0 (100 ml).  The organic solntion was
washed suervessively with 2 N IHCHand TLO, dried {Nuag=0,), and
evapornted.  This atforded ethyl e-On-trifluoromethykaniline)-
p-isopropylphenylacetate as a brown oil (9.7 gl This was dis-
sotved in EtOTL (10 ml) and added to a solution of KO (2.8 ¢)
i HLO (10 mlb). The mixinre was stirred nudar gentle refinx for
A4 hry concentrated to half-volnme and diluted with THLO (30 mli.
The clear aqueotts sahition wax extracted with tobene (30 mly,
The agneons solution was nentralized by the addition of HHCEand
extracted with I, Phe dried (Na20)) EO solntion on evap-
vration vielded an oil (7.9 g1, Pritoratiom of the better with

Pacer, KisNER, SToNE. AND DElLoxa

Vol 12

petrolemn ether (bp 40-60°) viclded a white sulid o164 g7 which
wis the pure expected nmino acid.

Method T. 2-(a-Anilinotolyl)pentanoic Acid. -Benzyvhdine-
miline ¢36.2 g) and ethyl 2-bromopentanoate (42.0 g) gave 1.1-
diphenyl-3-n-propyl-2-azetidinone, mp 90-92° by 1he method of
Gilman and Speeter.”™  The vield was 32 2607, 1 after resrystal-
lization from MeOLL cInel. 10 1HNO) C, I N,

A sobiion of ISOTT 6.0 gy in HLO 210 mb) was added 19 a2 =abi-
tion of the azetidinene (10,0 g1 s FEtOHE (100 ml, The mixtire
was stirred nnder reflux for 4 b aud eviporated. The residne
wis dissalved i TLO and extracted rwice with tobwene, The
squesns sohitiew was entenlized with HCT and the precipitore
was filtered olfe Hecrvstallization of vhis solid from aqmnns
MeOTL and then ExOTL vielded the expected aeid 10,7 g, 9007 5,
mp 1I8-120°,

Method U. ,+-12,3-Dimethylphenoxy iphenylacetic  Acid.
Ethyl a-bromophenyicetate (12,15 g) and 2.3-dimethviphenof
1200 @) gave ethyl e-724-dimethyiphenoxy jphenylacetate (305 g,
S0, hp IVT-074% 01 v, by the method of Gossd o nal.
(OO0 C0 T NS Hvdrolvsis of this ester vielded the emne-
sponding seid.
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Inqneffort to define the structire -netiviey relationships 'SATH for immmnosnppression and avtiviral activity,

a series of 1-(henzimidazol-2-v)-3-snbstitnted wreas and their vlose analogs have been synthesized.

Many of

these compoinds dixplay potent immunosnppression in the sheep ervtliroeyte test in mice, the mosy effective

being approximately 2000 times as active as azathioprine. , .
We have defined the antiviral SAR 11sing mice infected with Coxsackie

antiviral activity in severnl viral diseases,
A21 virus (Coe).

Our interest in immunosuppressive drugs has been
stimulated by an inereasing number of reports of the
uxe of azathioprine and other immunosuppressive agents
in the treatment of lupus ervthematosus,! rheumatoid
arthritiv,® and glomerulonephritis.®  These represent
st a few of the many disease states which are eon-
sidered to be of an autoimmune? nature and therefore
amenable to iImmunosuppressant therapy.

In our laboratories we have searched for nontoxic
compounds which alter an animal’s immuue responses
and avoid the disadvantages of the dmgs now in use.
We wish to report a series of benzimidazoleurens which
are potent immmnosuppressives and which in addition
ave poteut protective agents ogainst several expen-

(11 oty Brit. Ve, J.o 1 GR0 (18967); by N L. Gy, 10 I Maber, ansl
(i, I, Selreiner, Clyn. Res., 14, 100 11966).

121 tad V. K. Philips, W. Bergen, and N. O. Rmberntel, Urthritix Rpen-
wstt., 10, 305 1067): 1) R. Goemker, Wien, Men. Wocharhr., 117, 985
(et (e M. F. Kabe and M. Bedoisear, oo Koy, Soc. e, 60, 130
(19671 11r AL . Aichael, R. L. Vernier, K. N. Drommond, I. 1. Leviin,
R. . Hephuan, A, 1 Fish, and R. A Gawl, Newe Eugl, J. Meld., 276, 817
96T te) DAL Adaoes. A Gordon, and M. L Miswell, . Am, MHed.
Aesur.. 199, 450 (1067,

(31 G Y. C. Tsao, Brit. Med. J., 11, 1037 51960); () R. H, R, Whike,
I'roe, Roy. Sne. Med., 80, 1164 (1967); () Con. Med. Assoc, J., 96, 52 (19677,

11: ), N. Hornpbrey and R, G. Wlite, "'Immunolugy for Students of Medi-
sine.” Wl wl FooAL Davis Co.. Pliladelplda, U'a.. 1964,

In addition, these compounds have potent in vire

mental vims infections in mice.  This series was ex-
tended to determine morve specifically the structural
requirements for maximum speeific activity in each
hiological svsten.

Immunosuppressive activity has not, to our knowl-
edge, been reported for any benzimidazoles.  Antiviral
activity has been reported for urea derivatives” and for
some benzimidazole derivatives.® However, most of
the previous antiviral work was based on tissue cultire
systems, and the compounds were not protective or
showed minimal activity 1n animal infeetions,

Chemistry.--The required 2-aminobenzimidazoles
were either purchased or prepared from the appro-
puiately substituted o-diamine and cyanogen bromide
by the method of Leonard, et al.® The N-substituted
2-aminobenzimidazoles were prepared by autoelaving
2-chlorobenzimidazole and an  appropriate  primay
amine.

These 2-aminobenzimidazoles were m tarm treated
with an appropriately substituted isoeyanate or
carbamoyl chloride in an inert solvent to give the de-

1) PLAY. Sadler, Sharmacel. fter., 15, 123 119631,

i6) N.J. Leonard, I, Y. Cartin, el K. M. Becek. J. Amer. Chen. Si-.
69, 2459 110471,
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