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In earlier papers in this series,' we deseribed the
svnthesis of some new thiofluorenes related to the me-
tabolism of the carcinogen 2-acetamidofluorene. Since
we have just received word that the compound named
in the title is identical with the compound isolated
from a reactiou of methionine and 4-acetamidodiphen-
vl N-sulfate? (carried out to eclucidate the path of
carcinogenesis of N-hydroxy-4-acetamidodiphenyl), we
wish to report our synthesis.

Experimental Section®

4-Amino-3-bromodiphenyl.—To a stirred solution of 4-amino-
diphenyl (1.69 g, 0.01 mol) i1 DMSO (8 ml) was added, dropwise,
489, HBr (1.2 ml, 0.01 mol).*  The soliution was stirred overnight
at rovm temperature, and then heated (o 95~100° for 1 hr,
poured into H,OQ (100 ml), and basified with NH,Ol1. The
brown product (1.85 g, 74¢() wax rollected and recrystallized
from EtOH, mp 64-65° (lit.? mp 66°1.

3-Bromo-4-nitrodiphenyl.—A mixture of 4-amino-3-bromodi-
phenyl (2.49 g), 40C, AcO,H (35 ml}, and AcOH (25 ml) was re-
fluxed for 15 min, vonled, and then poured intn H,O (500 mi.
After the light vellow emulsivn was allowed to staud overnight,
the yvellow solid [1.6 g, a mixiure of low-melting (35--40°) prodnet
and high-melting (ca. 140°) by-produet] was collected and purified
by chromatography on alumina (Cgllg).  Fractional cryvstal-
hization from EtOH allbwed separativn of the more soluble
vellow needles (1.25 g, 45¢), mp 41-42° [1t.¢ bp 252-234° (7
mm)]. Anal. (C:H;BrNO.) C, H, N,

3-Methylthio-4-nitrodiphenyl.- -3-Bromo-4-nitrodiphenyl (14
g, 0.05 mol), DMSO (346 ml), and » freshly made? solution ot
NaSCHj; in abs EtOH (36 ml), eontaining 1 equiv of the sulfide,
were stirred together (CaCls tubeg for 48 hir, heated on a steam
bath for 0.5 hr, then diluted with water rontaining o few milliliters
af HCL,  The yellow precipitate was filtered off, washed (H,0),
and dried giving 12.1 g (16¢)), mp 83-D8°.  Chromatography nu

il) (a) Snpported in part by a grance (CA-01744) from thie National
Cancer Institute, National Institutes of llealth, and in part by Research
Career Developinent Award 5-K3-CA-14.991 (T, L. F.): () H.-1.. Pan, M.
1. Namkung, and T. L. Fletclier, J. Med. Chem., 11, 1236 (1968).

(2) We thank Dr. J. A, Miller anil Dr. 1. (!, Miller, MeArille Lalworatury
for Cancer Research, University of Wisconsin, for sending us 1his information
frimca paper by . R. Deltaun. I, C. Miller, and 1. A Miler, Cunrer Res., in
1iress,

130 All welting points were taken on a Yislier—Johns bloek and are cor-
recreld,  Wihere analyses are intbeared only Ty syvinbols of the elements,
analytical results obstained for tliose eleinems were witldn 0.4 of the
1beoretical values. Analyses were performed by A. Bernhardt, Elbach iiber
lingelskirchen, West Germany, and by Sel.warzkopf Laboratories, Woodside,
N. Y.
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alumina (Gelg) aud recrvstallization from EtOH gave shiny
vellow plates, mp 99-100°. Anal. (CsH,,NO,S) C, H, N.

4-Amino-3-methylthiodiphenyl.—-A mixture of 3-methylthio-4-
nitrodiphenyl 4 g), 2,2’-oxydiethanol (50 ml), and 99-1009;
hydrazine hydrate (62 ml) was refluxed for 1.5 hr. The con-
denser was removed and boiling continued until the internal
temperature reached 205°. Refluxing was then resumed for 2.5
hr. The mixture was conled and diluted with H;O. The white
precipitate (3 g, 8677 ) wasisolated and recrystallized from EtOH-
H20 to give an analytical sample, mp 35.5-56.5°.  Anal. (CiHy-
N\s)C, H, N.

4-Acetamido-3-methylthiodiphenyl.-—4- Amino-3-methylthiodi-
phenyl (1 g) dissnlved in Ce¢Hg (5 ml) was mixed with Ar.O
(0.5 ml), boiled gently for 3 min, and evaporated to dryness tn
vield a white product (1.2 g, 100¢;). Recrvstallization from
EtOH gave an analytical sample, mp 120.5-121.5°  Anal.
(CLHLNOS) ¢, I, N, 8,
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Shiee a variety of pharmacological and chemothera-
peutic activities have been reported! for benzimidazole
derivatives, a number of previously unreported com-
pounds containing the benzimidazole nucleus were pre-
pared for biolegical screening. The substances and
associated data are listed in Tables I and II. The
methods of preparation are adaptations of known pro-
cedures.

Experimental Section?

Method A.——Lquimolar amounts of the appropriate 2-methyl-
benzimidazole and aromatic aldehyde® were dissolved in Ac.O
and the solution refluxed for 24 hr during 3 working days. The
A0 was decomposed with ice-H.O and the solution neutralized
with NH,OH. In the case of 2, the acetnxy intermediate could
unt be isolated in a pure state sv it was saponified with NaOlI
to the free phenol which was purified as the hydrochlyride.
Compound 3 was prepared by NaOH hydrolysis of 5 and 4 was
vbtained by heating 7 with pyridine-HCl; yields are based on
the starting materials 5 and 7.

Method B.—FEquimolar amounts (usually about 0.03 mwl or
approximately 5 g) of the appropriate 2-methylbenzimidazole
and aromatic aldehyde were mixed in a large test tube and heated
in a wax bath at 200° fur 2 hr duriug which the H.O which
formed distilled vt of the reactivn mixture. The residual mass

(1) Illstrarive examples inclade (a) cholesterol-lowering: M. L. Blark,
G. Rodney, and D. B, Capps, Biochem. Pharmucol., 17, 1803 (1968): (I
analgetic: A. Hanger, J. Kebrle, A. Rossi, and K. Hoffmann, Fzperientin,
18, 400 (1957): {c¢) antifungal: 8. Herrling, H. Sous, W, Krupe, G. Osterloh,
and H. Muckter, Araneim.-Foreeh., 9, 489 (1959); (d) antivirai: I. Tamm,
H. J. Eggers. R. Bablanian, A. I'. Wagner, and K. Folkers, Nature, 223,
785 (1969); (e) anthehnintic: H. D. Brown, A. R. Matzuk, [. R. Ilves,
L. H. Petarson, S. A. Harris, L. H. Sarett. J. R. Egerton, J. J. Yakstis,
W. C. Campbell, and A. . Cuckler, J. Amer. Chem. Soc., 83, 1764 (1961).

(2) Melting points are correcied., With the exceptions noted in tle
raliles, analytical resulis were vitlin £0.49, of the theoretical values.

(3) Exeept for 4-(2-dimethyvlaminoethoxy)benzaldehyde, wbich was pre-
1rared by the prrocedure of M. W. Goldberg, and S. Teitel, U. 8. Patem
2,879,293 (1939), tlie starting aldehydes were obtained from commercial
SOIrces.
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Tapri I
X N
2.Vinylbenzimidazoles \©[ >—CH=CHR
N
!
Y
Recrystn Yield,
R X Y Method solvent Mp, °C % Formula Analyses
1 GCells H CH"‘@ EtOH 179-180 75 CaHuNo X
2 m-HOCeH: H H A HO(HCI) 286-288 dec® 45  Ci:HiN:0-HCI C, H, N
3 p-HOCsH: H H A EtOH 310-312 dec 93  CuHiN:0-HCI C.H,CP
OH
4 < S oH H H A H:0 275-276 dec 87 CisH12N20:-HCI C, H, CI¢
3 p-CeHOCOCIH: i1 H A EtOH 231-232 30 Ci17H14N20» N
6 —@—ocﬁ;ca;x(caz)z i i A EtOlU 183.5-184.5 11 CisHaNiO c. 11
OCH,
7 ‘C;—OCOCHJ i 1 A DMV-H:0 237-238 34 CisHN:03 C. H
<!
8d *@70 H i A Et0H 258.5-260 82  CuHuCLN: N
4!
g —G—Cl H CH; EtOH 168-169 84 CisI112CLaN> C. H
¢!
10 —@—m NO: H A AmOH 281-282 55 CisHsCl2N30: N
cl
11 —GCI Cl H B Xylene 145-149 71 CuHCLN: Cl
cl
12 _Q H H B EtOH 210-220 52 CuHiClLN: N. Cl
cl
c
13
4@ NO: H B MeOCH.CH.OH  261-262 85  CuHsClN:O: cl
cf
a
14 ‘@ a H B EtOH-H:0 219.5220.5 71  CuHiClNs cl
dec
cl
15 m—BrC;H; H H MeOCH:CH:0H  232-233 80  Ci;HuBrN: C, H. N, Br
16 J:Sj H H EtOH 242-243 dec/ 44 CisHioN2S C.H, N
17 _j[sj NO: H B MeOCH:.CH,OH  287-291 dec 50  Ci;HsN10:8-HCI ClL N, 7
18 J[Sj cl H B Toluene 201.5-202.5 54  CuHsCIN:S s, Cl
19% | H H EtOH 245.5-247.5 70 CisHeBrN,3:HBr S
) Br dec
20 ] cl H MeOCH.CH:0H  208-299 dec 58  CuHsBrCIN:S-HBr 8§
S
Br
@« HCl salt. Base mp 193-194° from xylene (C, H, N). ? HClsalt. H: caled, 4.80; found, 5.40, 5.35. Cl: caled, 13.00; found
13.49, 13.58. < HCI salt. H: caled, 4.54; found, 5.13, 5.40. ¢ Previously prepared by Dr. W. Wenner. ¢ Methiodide mp 287-

288° dec (C, H, N, I). / Mp 234-235° was reported by Kalle A.-G., German Patent 1,105,713; Chem. Absir., 56, 8215 (1962). ¢ Cl:
caled, 11.52; found, 10.85. * HBr salt. Base mp 185-187.5° from EtOH-H:O (Br, N, §). i HBr salt.

was then extracted 3 times with 200-ml portions of boiling H,O,
at which time it usually solidified, to remove unreacted starting
materials. The residue was then crystallized from an organic
solvent.

N-Alkylation (1 and 9).—2-Styrylbenzimidazole* and 109, M
excesses of KOH and PhCH,Cl were dissolved in EtOH and
the solution refluxed for 2.5 hr. The precipitated KCl was

(4) R. Weidenhagen, Ber., 69, 2263 (1936).

filtered and the filtrate diluted with H:O, and cooled, during
which process 1 separated. Compound 9 was prepared from 8
by refluxing 1 hr with excess Mel in EtOH in the presence of
NaOH; the product separated from the hot reaction mixture.
Quaternization of 9 was accomplished by refluxing in Me,CO
with an excess of Mel; the product separated as the reaction
progressed.

Bromination (19 and 20).—The Br-free precursors (16, 18)
were dissolved in glacial HOAc and an equimolar solution of


Cu.H1.N2Oj
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Tapla: 11

R N
Additiomul Benzimifienles \©[ >—— R-
N

' Reerysiu Yiehl.
R® R Methol solveny AMyp, 7O ‘o Foruni Anylyses
DIT
21 “G()l{ I} -0 253251 sS4 il N0 11 N.Ci
22 —@»(u'lu'}l,w‘n . 11 « 304 K101 184-185" #1 Carl L NGO - 20511406 CO00N
23 @-(1('“7('“,\](‘]] i, NO» C 121011 212-914 57 €16 N1 05 Co
]
24 Cl ( 11011 240 5-241.5 i« Crel 1:CLN i
i
25 ﬂ q IS Nylene 226 5-227 & 28 ClCIN S SRR
« NCH=alt: Clraled, 13,490 fonnd 12.56. % Tartarie acid =alt.
Bry in CCL was added slowly with stirring at ronm temperature. TapLe |
Tue hydrobromlde of the bro.mlnated product s_eparated from. the SCHIFF BAsEs PREPARED
reaction mixture. The location of the Br substituent was verified C ==X 13
by nmr spectroscopy. ‘ = )
Method C.—Equimolar anwuuts of the o-phenylenediamine 1’{{"al“"‘\c"[a"l \.\ ‘“‘f'
and aromatic aldehyde were heated in PhNO. in a distillation Tyre e o thena
apparatns nutil the distillate came over clear (H.0 no longer " N ””_,’k“, 7 L
forming, nsually about 30 min). The residual distilland was N B
cooled, and the product was collected and recrystallized. 2 .
L TeCk . , H-2-0H l 400 0.8 :
Compound 21 was prepared by refluxing a solution of 4-(2- Colly —<b] ’ '
benzimidazolyl)guaiacol* in pyridine-HCl for 45 min, then
pouring over ice aud collecting the produet. It was recrystal- <b> Call-1-0O11 101) b il
lized from H,O enntaining small amounts of NaHSO; aud HCL
Cell-2-0H- 401 094 ‘
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Schiff bases are kunown to slow the growth of somc
animal tumors.! AMore compounds of this type have
now been prepared and have been screened by the
Cancer Chemotherapy National Service Center. None
of these compounds showed activity against lymphoid
leukemia [,1210 in the mouse, but some slowed the
growth of intramuscular Walker sarcoma in the rat?
ax shown in Table 1.

1y LML Hoduett and W, Willie, f'rac. Okla, Acud. Sei., 46, 107 (1966).

(2) “Protocols for Screening Chemical Agents and Natural Products
against Animal Tumors and Other Biological Systems,” Cancer Chemother-

apy National Service Center ((CCNSCY), Cancer Chemother, Rept., 28, 1 (1962).
anil as molified (Jan 1966).

« The screening data were supplied through the kinduness of .
Harry B. Wood, Jr., of the Cancer Chemotherapy National Ser-
vice Center, National Institutes of Health, Bethesda, Md. Asx-
<ay~ were performed according to CCNSC specifications as re-
ported in ref 2. * Effectiveness against intramnscular Walker
sarcoma of the rat is measured by weights of timors of treatenl
rats (77) compared to the tumors of control rats (€); the value of
7',C must be 0.53 or less for significant activity. ¢Mp 77-75°.
cnal. (CHN.08) C, H, N. 4G, N, Walker and M. A. Klett,
J.Med. Chem., 9,624 (1966). ¢ Mp 195-196°.  Anal. (C1d1Ny-
0y C, H, N, 7 1. A Savich, V. V. Zeleutrov, and I. Spit=-
yum, Vestnik Moskov Univ. Ser. Mat. Mekh., Astron., Fiz., Khin.,
11, 233 (1956); ('hem. Abst., 53, 1264k (1959).
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