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Method R. «-(m-Trifluoromethylanilino)phenylacetic Acid.--
A solution of m-trifinoromethylaniline (12.0 g) and a-bromo-
phenylacetie acid (6.5 g) in EtOH {100 ml) was heaved at 100° far
5 hr, and the solvent was evaporated at 40°.  The residne was
equilibrated between HLO (100 mly and E,0 (100 mb}, and rthe
organic layver was extracted witlt 107 NaOITl (three 75-ml por-
tions ),  The combined canstic extracts were extracted repeatedly
with Et.O and neutralized by the addition of THHCL A calorless
otl separated whicl erystallized ov standing as white ervsials
(6.0g).

Method S. «-(u-Trifluoromethylanilino)-p-isopropylphenyl-
acetic Acid.—ISthyl p-isopropyvhmandelate (0.0 g) and SOCL
(6.0 g) were mixed aud heated a( 100° for 1 1o after the iuiial
vigorons reaction had subsided.  Evaporation of (he excess
ROCh ac 0 vielded the fairly pure a-chlbra conponnd 18,5 ¢).

This material (5.0 g) and o-(riflhoromethylaniine (12,0 g)
were stirred at 100° for 8 lir. (O (100 ml) was added and the
heming was continned for 2 hr,  The F(OH was evaporated and
tlte rexidne dissolved in 6O (100 ml).  The organie solintion was
washied siecessively with 2 ¥ HCl and 11LO), dried (Nas=0y), and
evaporated.  This afforded ethyl w-(n-triflnorometliyvlaniling -
p-isoprropylphenylacetate as a brown otl (9.7 gj.  This was dix-
solved i ICOH (10 ml) aud added to a salution of KO (2.8 g)
in 1LO (10 ml).  The mixinre was stirred nuder gentle refiux for
2 hry concentrated (o half-volnme and dilated with IO (50 ml
The elenr agueoas =plution wis extricted with waluene (B0 mil;y.
The nqueons solution was nemralized by the addition of TTCT and
extracted with K0, The dried (N8040 EGO solafion on evap-
arnvion vielded wn ol (7.9 @y Preitoeatioe of the lacter with
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petralennt echer (bp 40-60°) yvielded a white salid (4,64 g3 whirh
wits (he prre expected amine acid.

Method T. 2-{a-Anilinotolyl)pentanoic Acid. -Betizylidine-
mniline (36.2 g) and ethyl 2-browmopenttanoate (42.0 g) gave §.1-
diphenyl-3-a-propyl-2-uzetidinone, np H0-02° by 1 lie brethod or
Gilman and Speeter.™  The yvield was 22 g 807, ) after reerystul-
lizatin from MeOll dael, (OGN0 C)TIL N,

A salntion of KO G0 gi i 1O G0 mly was added vnn <olo-
tion of the azetidinene (100 g) i 1eO (100 ml The mixiare
was stiered nider reflux for 4 he and evaporuteld. The residoe
wits dissnlved ne TLO and exiraeted twice with toliene, Thae
aguentts solirtion wis denteadized with HCU and (e previpita
wis filtered s Berrvsiallization of vhis <olid {rom supnenns
MeOT and then ErOTL vielded the expected aeid 207 g9 o
mp FIN-1209,

Method U. o»-2,3-Dimethylphenoxy jphenylacetic Acid.
Lithyl a-bromophenylacetate (12,15 g) and 2.3-dimethyiphenl
(20,0 ¢) gave ethy] a-123-dimethylphenoxy iphenylacetate (508 g,
37C05 bp ITH073% 01 i, by the method of Guss.ty .
CCWHaO GO NS Thvdrolysis of ihis ester vielded the cirpe-
~ponding aenl.
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Heterocyclic Substituted Ureas. [.
Immunosuppression and Virus Inhibition by Benzimidazoleureas
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I'm an effort to define the striacture -activiey relationships (SAR for inmmmosappression and aundvival activity,

a series of 1-(benzimidazol-2-yD-3-snthstivited nreas and their close analogs have been synthesized.

Many of

these compoads display poteut innumoesuppression in the sheep ervelwoey(e tesi in mice, the most effective

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

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

Our interest in hmmunosuppressive drugs hus been
stimulated by an inereasing nunmber of reports of the
ixe of nzathioprine and other innmunosuppressive agents
in the treatment of lupus ervthematosus,! rheumatoid
arthritiz,? and glomerulonephritis.®  These represent
just o few of the muany disease states which are con-
sidered to be of an autoimmune? nature and therefore
antenable to immunosuppressant therapy.

In our laboratories we have searched for nontoxic
conipounds which alter an animal’s immune responses
and avoid the disadvantages of the drugs now i use.
We wish to report a seriex of benzimidazoleurens which
are potent immunosuppressives and which in addition
are potent protective agents against several experi-

1)t Brico Med. J.0 1, 650 01967 +biy N. Lo Gary, L . Maber, aml
i L. Scehreiner, Clin, Ky, 14, 100 (1966).

J21 () V. K. Pbilipe, W. Bergen, aml N. O. Ruthermieb, 1rthritis Rheu-
mat., 10, 305 11167); (1) R. Gunentber, Wien, Med. Wochsehr.,, 117, 985
PH6TY: G MLF. Kabn and M. Bedoizeait. ’roc. Roy. Soc. Med.. 60, 130
67): ol AL T Michael, R, L. Vernier, K. N. Drumunond, 1. I Levitt,
R. C. Nerdman, A, J. Fish, and R. AL Goerld, New Engl, J. Med., 276, 817
J067) (e) DL AL Alams. A, Gonldon, and M. 1. Moxwell, J. Am. MHed.
clasne., 199, 45D (10671,

13y ¢ai Y. C. Tsao, Brit. Med. J., 11, 107 11066); (b) R. M. R. Winte,
T'roc. Row. Sor. Med., 60, 1164 (1967): (¢) Coore Med. Assoc, J., 96, 52 (19673

j4+ .1, N. Homphrey and R, G. White, "' Immunalugy for Stndents nf Meds-
it 2ot ed, 1o AL Davis Co.. Philadelplia, Pa.. 1964,

In addition, these componnds have potent in vire

mental virus infections in nice.  This series was ox-
tended to determiine more speeifically the strueturnl
requirements for maximum speeific activity in ench
hiological systen.

Inimunosuppressive activity has not, to oar 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 cultnre
systems, and the compounds were not protective or
showed mimmal aetivity in animal infeetions,

Chemistry.--The  requived  2-aminobenzimidazoles
were either purchased or prepared from the appro-
priately substituted o-diamine and cvanogen bromide
by the method of Leonnrd, et al.* The N-substituted
2-aminobenziniidnzoles were prepared by autoelaving
2-chlorobenzimidazole and an  appropriate primary
amine.

These 2-anmmobenzimidazoles were 111 turn treated
with an  appropriately  substituted isoeynnate  or
arbamoy! chloride tn an inert solvent to give the de-

151 PoAY, Sadler, Pharuweel. Rer., 18, 423 (1963).

+6) N.J. Leonard, 1. Y. Cirtin, nnd K. M. Beek., J. Amer. Chew. S
69, 2459 11047,
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TaBLe I
INTERMEDIATE 2-AMINOBENZIMIDAZOLES

N
x~@: S—NH
N
|z

v
No. X Y Z Mp. °C Formula Recrystn golvent
1 5-Cl H H 158-161¢ C;H;CIN, EtOAcSkelly B
2 5-CF; H H 152-155 CsHoF5 N Iit:0-Skelly B
3 4-CH, H H 147-190¢ Cy N, MeCO-Skelly B
4 5-COOC,H; H H 194-197 CioH N0 Me,CO-Skelly B
B 11,6-CH.,0, H H 235-230) CyHzN;0, EtOAc—~kellv B
& 4-N0, 1 1 271-274 C7H:NL0 Me.CO-Skelly B
)
7 @ H I 2072004 CulloN, MeClO—kelly B
6
6
3 @( H H 218-221¢ CuHLN, EtOAc-Skelly B
9 H CH, H 196-198/ CsHoN; EtOAc-Skelly B
10 H H CH, 176-178 CsH N Me,CO-hexane
11 H CsH; H 149-133¢ CrH.N; EtOAc-Skelly B

a N. J. Leonard, D. Y. Austin, and K. M. Beck [J. Amer. Chem. Soc., 69, 2459 (1947)] report mp 167-168°. * B. C. Bishop, A. 8.
Jones, and J. C. Tatlow [J. Chem. Soc., 3076 (1964)] report mp 156-158°. ¢ L. Joseph [J. Med. Chem., 6,601 (1963)] reports 203-204°;
N. P. Bednyagina and 1. Ya Postovskii [Zh. Obshch. Khim., 30, 1431 (1960)] report mp 200-201°. < D.J. Brown [J. Chem. Soc., 1974
(1958)] reports mp 301°. ¢ G. B. Crippa and S. Maffei [Gazz. Chim. Ital., 71, 418 (1941); Chem. Abstr., 37, 120 (1943)] report mp
212.5°, /L. Joseph [J. Med. Chem., 6,601 (1963)] reports mp 202-203°; N. P. Bednyagina and 1. Ya Postovskit [Zh. Obskch. Khim.,
30, 1431 (1960); Chem. Abstr., 55, 1596 (1961)] report mp 200-201°. ¢ L. Joseph [J. Med Chem., 6, 601 (1963)] reports mp 154-
153°; A. M. Simonov and A. F. Pozharskii [Zh. Obshch. Khim., 33, 2310 (1963); Chem. Abstr., 59, 1397 (1963)] report mip 1i1-152°,

TasLe II® patients with mild respiratory illness, produces muscle

KNowN IMMUNOSUPPRISSANTS AND PossIBLE degeneration and flaccid paralysis in addition to respira-

METABOLITES OF 2-AMINOBENZIMIDAZOLES tory involvement in mice.® Activity was initially

Drug level detected using multiple doses, but studies to determine

(ma/ke X8 the effect of dose schedules indicated that single doses

Coe EDs. greater immuno- were almost as effective. ED; values reported in this

No. Strucnure me kg suppression paper are based on a single dose given intraperitoneally

1 Azathioprine >128 100 to mice 3 hr before intraperitoneal infection with about

2 Cortisone 200 1LDyg of virus. Mouse-adapted Coe virus carried in

N this laboratory by passage in mice was used in a

3 @ $—NH, S 128 200 dilution, usually 1:20, of the supernatant of a 109

N gluteal muscle suspension. Dilution of virus suspension

N to give 1LDyy was determined by titration in mice.

4 @\.\>‘NHCONH: >128 400 Compounds were administered as suspensions in 0.25

H ml of sterile 39, “Emulphor”’ in water at levels of 16, 32,

. @NHCONH—-@ 5200 64, and 128 mg/kg. Groups of 10 SPF white Swiss

mice weighing 11-13 g were used for each drug level,

AN @ . and three to five groups of ten mice were used as con-

i @;}\f—CHOH >z trols. Control mice usually died on the 5th to 8th day

postinfection, Animals alive on the 10th day were

7 @_NHC‘)NH@ >128 >800 considered survivors if free from paralysis. The EDs,

¢ All componnds obtained fram commercial sources. was calculated based on number of survivors by the
method of Reed and Muench. !

sired benzimidazoleureas. The activities and melting Procedure for Determining Immunosuppression.—A

points are given in Tables I-IV. modification of the p'rocefiure of 1\athau,_et al.,lf was

Pharmacology. Evaluation of Antiviral Activity.— employed to determine immunosuppressive activity.

Compounds in this series have shown 7n vivo activity ~ Groups of five 20-g Swiss mice were injected intra-
against a wide spectrum of viruses,” e.g., polio, vaceinia, perltoneally with 0.2 ml of 1:80 S‘Eandardmed susperi-
and influenza. The activity against Coxsackie A21  sions of sheep red blood cells (ca. 5 X 107 RBC). At
(Coe) infection in mice appeared to give the most 72, 48, and 24 hr before the red cell injections, test
quantitative measure of activity for structure—activity =~ compounds were injected by the same route. Eight

studies. Coe virus, isolated by Lennette, et al.,® from
(9) G. E. Underwood, C. A, Wisner, 8. D. Weed, and J. E. Gray, thid.,

(7) D.C. DeLong, L. A. Baker, J. D. Nelson, and C. J. Paget, unpublished 76, 124 (1962).
resilts. (10) L. J. Reed and H. Muench, ¢b2d., 27, 493 (1938).
(8) E. H. Lennette, V. L. Fox, N. J. Schmidt, and J. O. Culver, Am. J. (t1) H. C. Nathan, S. Bieber, G. B. Elion, and G. H. Hitcbings, ’ro~

Hyg.. 68, 272 (1959). Soc. Exptl. Biol., Med., 107, 796 (1961).
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I
I
11
11
11
11
11
11
11
11
11
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11
1
I
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I
I
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11
1
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11
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11
11
11
11
i
11
11
11
11
11
11
{1
11
11
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Tavre 1

-OBENZIMIDAZOT 2=y L i-H-SUBsTITE T D TR as

N R
\~@: S—NCONT
Y

R’
CsH.
Cell,
1-Cpll;
4-CIC1 4
3-ClCeHy
2-C1CsH4
4-BrCsl,
2,5-ClCely
3,4-CLCH;
1-FCell,
2-FClly
A=-NOLCell4
3-NOClly
2-NOWCil g
3-NHaCgHy
3-CFyCslly
4-CH,CsH,
2-CH. Gyl
CH,y
('“(v(‘l'l;: 1
ClHy
CHL,CH==C11.,
(‘4”5'
CrCyn
(_(,'”:)11(,'“:;
(CHyClL
Cyelohexyl
Cyelohepiy]
Cyelooetyl
Admmany!
el
1-Chellz
3-ClCally
2-C1C Iy
1-F gl
2-FCeHi
3-N0.CiHy
2-NO»Cely
1-CHECol Ly
3-CHCeltly
Cely,y
CH.
1-Cualls
4-C1CeH
3-CICsH,
2-C1Ce
1-FCel
2-FCells
4-NO,ClHy
3-NOCel4
2-NO,CeHy
3-NHaCel k4
4-CH;CsH
:;-(JI{RCGI'{4
2-CHaCsH)
CeH,
(“GIIJ
1-Ciall;
3-CICeH
(»‘ﬁ}}ll
Cll

N

2

Mp., 7C

348-349
337338
338339
247348
301502
21T 318

300 dec
202 204

o
o

REE A
339-340
204 296
280201
310320
3153106
319 320
32T 328
315316
209-311
30X-310
B3O8 -309
d1u-311
A15-316G
279280
309310
325327
277278
305-307
321323
304--305
310-311
309--310
307 308
320--322
308-309
336--337

dee

Cne viras

Yormnla ¥ Dse, tne Yk

CrllpN O 128
Caolls N R
CuH N0 23
CyH, CINGO 47
CH, CINLO (59
41, CINLO 32
1y BrNO T0
CuHWCLN O B2
Ciy CLNLO 46
CiyH FNLO 20
CuHy N0 AN
CN:O;y =
Chg NGO, ~4
CuH NGO, 32
ClNO N
CrHuFaNLO 152
CuHUNO a2
CuHuNLO 100
N0 239
Cy 1 NLO [l
Cull N0 117
Cy N0 157
CraliyN,O 132
('121'115N4() 47
Cup 5, N0 Tl
CueNLO 15
C N0 jG
Cla”:u.\YAU 130
Craa N0 IN2
CilaNLO 26
11, CINLO T2
(.lwl'llt((;l\‘4() 07
', CLNLO G4
CHpCLNGO > 128
CulCIENLO <16
i HWCIENGO 306
CrWCINGO, 30
CHuCINL Oy > 128
CallCINGD 34
CLBCINGO R
CHCINGO > FAN
Cirhg Ny 30
CalhON,Oy 27
CALCINLO 264
CirHLCINGO, 20
e LOINL O, 32
Crt NGO, 16
CiENLO; 14
CrrHENLO: 16
CrllNLO, I
CHEN:O, 25
CiHENLO; b
CHuNLO; 83
CirHN Oy 32
CiHLNLO; 14
CrrHaaN Oy 30
CrHnFyNLO 128
CallFaNL,O 2}
CiHGCLEN O 30
(;1;}{ 1'.F3N 4() DY
CuHeN O 30
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Drig level
Smg kg XM
{or Tonrinkl
progrealpr
TSP ITEss e
120

1000

> 1000
>100.0
>100.0)
>100.0
>100.0

20

[ I

25 .0
1000
125
>-100 .0
1000
>100.0
50.0
1000
>100.0
=100
>100 .0
100.0
>100.0
U500
125

> 1000
1000
12.5
6.2
>100.0
1000
125

> 1000
> 100 10

100.0
125
2h0
100.0
12.5
50.0
> 1000
100.0

125
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Tavre IIT (Continued)

Drug level

(ing/kg X 3)
for fourfold
Coe virus or greater
No. X Y Z R R’ Mp, °C Formula EDso, mg/kg immunosuppression
62 .-),6-(CH3 )2 H H H 1-C10H7 298-300 C20H13N4O 17 50.0
63 5,6-(CHy), H H H 4-CICsH, 351-352 CisH;CIN,O 26 12.3
64  5,6-(CHy) H 1§ H 3-ClCs 1, 342-343 CsH;CIN.O ]7 >100.0
(i3 3,6-(CH;). I I 1 3,4-Cl,CsHj 343-343 CisHiCLN O 20 100.0
66 5,6-(CHy), 1 1 H 2 3-CL,CeH; 336-337 C¢H.,CLN O >128 23.0
67 1,6-(CH;g)n H H H 4-FCqH, 207-228 dec  CisH:FN,O 43 0.4
68 5,6-(CHy) 11 H H 2-FCe¢H, 321-392 CeHi;FNLO 44 1.6
69 5,6-(CHg) H H H 4-NO.CsH, 297-299 CisHi;N;05 33 23.0
70 5,6-(CHj) H H H 3-NO,CsH, 349-350 CisHi;N;0s 292 >100.0
71 3,6-(CH;), H H H 2-NO,CsH, 327-329 CeHi;N:0;5 74 100.0
72 -1,6'<CH3 )2 H H H: 4—CH3CGH4 344—345 C11H13N4O 119 > 100 . 0
73 5,6-(CHj), H H H 3-CH,CeH, 329-330 Ci:H;sNO 45 >100.0
74 1,6-(CHj) Bl H H 2-CH,CeH, 342-347 CrH;sNO 80 12.5
75 1,6-(CHjh H H H C:H,, 323-326 CsH:N.O 90 50.0
76 56-Cl H H H CsH; 364-36:1 CHCL,N.O 88 12.3
77 5,6-Cl, H H H 1-CoH: 339-340 CisH:CLN,O >128 25.0
7 5,6-Cly H H H CeHy, 363-364 CH;CLN,O >128 10.0
79 5-CH;, H H H CsH; 327-398 C,;HuNO >128 10.0
80 5-CH, H H H 1-C,oH: 315-316 C1,H,eN,O <i6 0.4
81 5-CH, H H H CsHy 320-321 C,;Hy,N.O 174 >100.0
82  4-NO, H H H CsH; 361-362 Ci,H,\N;0;5 101 21.0
83 4-NO, H H H 2.FCsH, 311-316 CH\,FN,;04 >128 3.1
84 4-NO, H H H CH; 340-341 CoH N;0; 128 21.0
8 4-NO, H H H CH(CHj), 372-373 Cy H ;N0 30 0.8
86 4-NO. H £ 11 C:Hu 335 C,HisN:Os <16 6.2
87 1,6-CH,0, 1 11 1 CeH, Chars at 310 Ci;H,,N.O; 51 160.0
88 1,6-CH.O» H H H 1-CyoH: 300 C, H NO; 30 30.0
89  1,6-CH.O. H H H CsH,; Chars at 300 C;H;sN,Os 35 >100.0
90 H H CH, H CeH; 189-190 C,H.N.O >128 10.0
91 H H CH; GCH, C¢H; 174-175 CyHisN,O R6 50.0
92 H H CH, H 3-CIC4H, 138119 C;H;;CINO 52 >100.0
93 H H CH; H 4-CIC:H, 195-196 C:H,;CINLO 78 10.0
94 1 91 CH, H 1-CioH; 20i-206 C.Hi N0 a7 23.0
95 H H CH, H CsH, 176-177 Ci;HypN,O >64, toxic 128 0.0
o H CH; H H CsH; 170-171 CaoH e NLO 41 0.0
07 H Cdi, H H 1-CoHs 166-167 CoHisN,O 84 >10.0
98 H CH; H H CsHyy 166-167 CagHaN,O >128 12.5
99 H CH, H CH, CH; 198-199 CisH eNO >128 231.0
100 H CH, H H Csl; 181-182 Ci;HuN.O 104 3.1
101 H CH; H H 1-C1oHs 238-239 CioHeNLO >128 100.0
102 H CH, H H 3-CIC¢H, 190-191 C;H;CINO 18 6.2
103 H CH, H H 4-CICsH, 199-200 C;H;;CIN,O 64 100.0
104 H CH; H CH; CH; 156-137 CyHNO >128 0.0
103 @( H H H CsH; 362-364 CisHLNO 31 >100.0
6
106 @[ 11 H H I-CmH: 330 dec¢ C22H16N4() 12 10.0
6
)
107 @[ i H H  4FCH, 364-367 CsHFNO 110 30,0
6
bl
108 @[ H H H  CHu 212-214 CisHaoXN,0 i3 >100.0
6
4
109 @[ H H H CH, 318349 CisHuXN,0 108 0.0
4
110 @( H H 0 1-CoH: 331-332 CosHieN,O 76 2.4
b)
4
11 @ H H H 3CCH, 374-357 CisHyCIN,O 22 0.03
a
112 @[ ! H H H 4FGH, 349-330 CisHuFNO 94 23.0

o

a G. Pellizzari [Gazz. Chim. Ital, 51, I, 89 (1921)] reported the synthesis of this compound by another method; the melting point
given was 230°,
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days after the red eell antigen injections, the mice
were bled, and the sera from cach five-moase group
were pooled.  Antibody determinations were made on
the serum pools by @ hemagglutination pattern proce-
dure, nnd comparisons were niade between treated and
control anials.  Our results arve veported as the mini-
nmni levels (mg kg X 3) of dimg necessary to suppress
the hemagglutination titer by a factor of fourfold or
grenter from  coutrol titers,  Generally, somewhat
higher doses than these resulted it suppression of
anfibody to undeteetable levels,

Immunosuppression Structure-Activity Relationships.

Imnmmosuppressive aetivity i general was niore
sensitive  to strnetmal changes  than the  antiviral
activity. Inan effort to be sure that a hydrolysis
product or simple metabolite was not the uctive species,
we tested componnds 3-5 and 7 of Table 11, Thesc

SN R
X—_@[ y((rﬁgn,\'<fox<
‘ N l R
! I Z

N
componnds cmphasize the fact that the mujor struc-
tural requirement of this series is an N, N’-substituted
benzimidazoleuren,  Azathioprine and cortisone (1 and

Dy devi
g, ke KO

Cor virns for trarrobl

1 Des, Drogregler
Myp, " (7 Fartnula me ky IV LS T IDISESD

205 2006 CialeNLO 20 > 100
246247 CrA1eNLO o >
24N 2440 LN LO gl > o
234235 Culla N0 ST 1on
246247 C 1L CINGO 128 el
2782800 CidlsN0 N fou
161 1620 N Ud, Laxie 128 100
208220 Cul LNy >12N > 100
225-220 Cila NS < (.2
242243 Ca TN S <16 120

SN Sato, 3 Massmmnaomo, A Tsnoda, and N Ishida, J. dndibiobes (Tokyo), 19, 172

2) are shown in Tuable 1 for comparison as examples of
2 postantigen and preantigen optimally aetive drug.
The following observations about structure-nctivity
relationsliips ean be made regarding the compounds
reported herein.

When the benzimidazole ring 1= unsubstituted aud
R = H, then R’ must be arvl or substituted arvl to
obtain aetivity (1, Table II1). This aetivity deereases
of R and R’ both are aryl (2).

Generally, when R and X are H, and R’ is an aliphatie
eronp, the compounds are inaetive at 100 mg (23, 26.
27. 30). The two exceptions to this, the isopropyl and
butyl compomnds (20, 24), are active at 12,5 and 50
mg, respectivelv. They both differ from the other
aliphatic groups in being compaet branched struetures.

One X substituent, the 4-NO., vielded aliphatic
urens of outstanding aetivity when R’ = CHjy (25 mg)
or R = CH(CH;), (0.8 mg) (84, 85). All exaniples
when X was not 4-NO, gave less active aliphatic
derivatives.

The N of the urea must be attached directly to the
imidazole ring (x = 0). for when » = 1 the activity s
deereased (1--3. Table IV).

Conversion of the uren to a thiourea decreases the
netivity by one-halt (9, 10, Table IV).

When ¥ = H (1 and 3-5, Table II1) 15 changed to
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Y = CH; (100-103), aryl substituents at R cause a
decrease in activity in three out of four compounds
tested. The one alkyl example (Y = H; Rand R’ =
CH;) goes from inactive at 400 mg to active at 50 mg
when Z = H (21) is changed to Z = CH; (104).

In the case where Y = phenyl, aryl substituents at
R’ (96, 97) decrease activity while alkyl substituents
at R’ increase activity (98, 99).

Removal of the benzene ring from the benzimidazole
structure gives inactive compounds (8, Table I'V).

Substitution of an amide for the urea function de-
creases the activity by roughly eightfold (4-6, Table
IV). Conversion of the urea to a guanidine decreases
activity and increases toxicity (7, Table IV).

Antiviral Structure-Activity Relationships.—The
antiviral activity was less sensitive to structural change.
This activity seemed to depend on the gross shape of
the molecule and each compound’s over-all physical
properties, e.g., solubility, rather than ou fine adjust-
ments of structure.

A few exceptions were noted, one being a definite
preference for the cyclohexyl and adamantyl groups
in the aliphatie series (27, 30, Table III). Some other
trends i strueture-activity relationship could be
noted. The activity was usually best when R was
a-naphthyl, p-fluorophenyl, and m-nitrophenyl. Small
substituents at Y, such as CH;, increased activity, while
large substituents at Y, such as Ph, decreased activity.
When Z was changed from H to CHj, only slight changes
of activity were experienced. Changing » from 0 to 1
had no great effect. A definite increase in potency in
2,3-naphthimidazole over the 1,2 isomer was noted
(105, 106 vs. 109, 110, Table III).

We have included hydroxybenzylbenzimidazole (6,
Table II) in our test to show that the benzimidazole-
ureas are & unique class of drugs and bear no relation-
ship to the class of antiviral benzimidazoles reported
by Eggers and Tamm.!?

Discussion

When describing two types of aetivities for the same
series of compounds, the question arises whether the
two activities are due to the same process. In wvivo
antiviral activity due to suppression of the pathology
caused by antigen-antibody reactions in the host might
explain parallels between the two types of activities.
However, further studies have indicated that antibody
against Coe virus, as measured by plaque reduction,
was not altered by treatment with different dose levels
of these compounds,'® in contrast to the results when
sheep RBC are used as the antigen. Antibody levels
with this type of infection are due to the initial inoc-
ulum since live or formalin-inactivated virus produced
the same high antibody levels.!* These studies would
indicate that the antiviral activity is independent of
the immunosuppresive activity. Similar results were

(12) H. T. Eggers and I. Tamm, J. Exp. Med., 113, 857 (1961).
(13) D. C. DeLong, L. A. Baker, J. D. Nelson, and C. J. Paget, Bacteriol.
Proc. (Abstract V203), 179 (1968).
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noted by Muldoon and Jackson' who observed that 6-
mercaptopurine did not lower antibody synthesis when
avian influenza virus was used as the antigen but showed
a striking immunosuppressive effect with bovine serum
albumin. Whether or not this difference relates to the
structural or chemical differences between the antigens
involved remains to be elucidated. If so, it would be an
exploitable difference in terms of chemotherapy in both
antiviral and immunosuppressant therapy.

Experimental Section

Melting points were taken on a Mel-Temp apparatus and are
ancorrected. Ir bands, nmr, and titrations were consistent for
the proposed structures. All compounds were analyvzed for
C, H, N and gave resnlts within ==0.4%% of the theoretical value.

Generally, the starting amine was checked for solubility in
THF, Me,CO, C¢Hg, and tohtene. The reaction was nsunally
rin in the solveut in which it was niost soluible.

Examples are as follows,

1-(2-Benzimidazolyl)-3-naphthylurea.—To 5.32 g (0.04 mole)
of 2-aminobenzimidazole in 150 m! of THF at 25° was added
dropwise 6.76 g (0.04 mole) of naphthyl isocyanate in 100 ml of
THF over a 30-min period with stirring. The mixtire was then
stirred, refluxed for 6 hr, and allowed to cool; the solid was
filtered and washed twice with 100 ml of THF. The solid was
checked for purity by tle using silica gel plates in EtOAc. If
one spot, the nmaterial was tested withont further purifieation
If impure, recrystallization from Me,CO or a THF-hexane mix-
tire was nsed to obtain pure, one-spot material; yield dryv 11.5 ¢
(959), mp 327-328°.

1-Methyl-2-aminobenzimidazole.—A mixture of 91 g (0.6
mole) of N-methyl-o-nitroaniline was hydrogenated at 3.5
kg/en? in 900 ml of EtOH with 3.5 g of Pd—C. The catalyst
was filtered, the EtOH was removed, and the oil was suspended
in 1 L of HyO at 25° with vigorous stirring. The mixtire was
cooled to maintain a temperature of 20-30° while 63 g of CNBr
was added portionwise. The mixture was stirred overnight and
then extracted three times with 500 nil of Et,(). The aqneous
portion was basified to pH 11, and the precipitated solid was
filtered. This solid crystallized from EtOAe—Skelly B after
decolorization with carbon; mp 196-198°, yield 49.5 g (56<7).

2-Aminomethylbenzimidazole.—A mixture of 0.2 mole of
2-chlorobenzimidazole and 1.2 nwles of 309, aqueons CH;NH,
was autoclaved at 120° for 3 hr. The cooled reaction was freed
of excess amine in vacuo, then acidified to pH 3 and extracted
four times with 100 ml of Et.0. The aqueons extract was basified
to pH 8 and continnously extracted with Et.O for 4 days. A
white crystalline solid precipitated fromt the ether on cooling
and was filtered and recrystallized from Me,CO-hexane; mp
176-178°, vield 19.5 g (66%).

1-(2-Benzimidazoly!)-3,3-dimethylurea.—To a stirred solution
of 13.3 g (0.1 mole) of 2-amiuobenzimidazole in 150 ml of THF,
containing 11 g (0.11 mole) of Et;N, at 5° was added 10.7 g (0.1
mole) of dimethylcarbamoy! chloride in 100 ml of THF. The
mixture was stirred 3 hr at 5° and then at 25° overnight, The
THF was removed nmder vacunm, and 150 ml of H,O was added.
The oil solidified, was filtered, washed with H,O, and recrystal-
lized from Me;CO-hexane; mp 176-177°, vield 6.4 g (3157).
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