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Methyl N-Acetyl-7(S)-chloro-7-deoxylincosaminide (7). -
Aevlation of 1 g of methyl 7(8)-rhloro-7-depxylincosaminidn (4
with A0 in MeOH gave after veervstallization Trom FtOAr
Skellvsolve B 930 mg of 7, mp 174-176°. The rotaiicy was
+290° (MeOID).  laud. (CHwCIONS) ) H, (1, N

Solvolysis of Methyl N-Acetyl-7({ S)-chloro-7-deoxythiolincos-
aminide {7). -~A solntion ol 2.0 g of 7 in SO ml of 1.0 wax heated
at reflux for 5.5 e Tle (CHCL-MpOLL 40 1) showerl the gradual
disappearance of 7, with two slower spots gradinally inereazing in
ronceniration.  The solintion was lvaphilizell.  The residne was
chromatographel pver siliva gel nsing CHCL-NMeOT (4:1) for
ehition. A frartion of 11ty myg, ileptitiml by the as 7, was vlnted
in the parly Trartions.  Thix wax followml by a 153-mg and o
1.06-g fraction, respertively.  Crvstallization of the major frac-
tion from MeOH gave 470 mg of crinle 8,1 222-226°. Recrvstal-
lization allorlell 360 mg of 1vvstals, mp 255-2558°, whose infrared
speetrinn was lentical with a known sample of 8.* Dy another
experiment, a frariion similar to the 135-mg fraction Trem above
gave a prolinet, inp 178-1%82°, whose infrared spertrir. was very
similar to that ol 8 snggesting the 7(.S) isower.

Attempted Solvolysis of Methyl N-Trifluoroacetyl-7(S)-chloro-
7-deoxythiolincosaminide (6).-—A solntion of 300 mg of 6 in 30
ml of T1.0) was heaterl under reflux for 1S hr. Tle (CHCL~MeOl,
G: 1) indicaterl chiefly unreacted 6. and also a small ammint of a
slower moving spot, but no 7-hydroxy rompound 5. When
worked 1p ax above 220 mg bf recovered 6 aml 55 mg of a more
polar oil whirh resisted rrystallizativn were obtained.  Crystal-
lization from ~PrOH afforderl 110 mg of 6. mp 72-81°. Ir dara
confirmed the identity of 6.

1’-Carbobenzoxy-1'-demethylclindamycin {cis-(rans) (10,
R = u-CH:)—1-Carbubenzoxy-4-(eis and {rans)-a-propyl-i-
prolinet (2,33 g) was lissolved i 150 ml of MeCN routaining
112 mi of BN, The solntion was coolil to 0° aml 1.18 mi of
isobntyl chlomformate adiled.  After 10 min at 0°, a solirion of
2,17 g of 4 1n 401l of MeCN and 40 ml of 11,0 was added. The
mixlnre was stirreil for 2 hr at ambient temperature and the
MeCN distilled in racvo to yield 1rystals which were collected
Ly filtration.  The vield of 10, mp 180-183°, was 3.56 g. Re-
ervstallization (KtOH) vaised the melting point to 184--192°,
Anal. ((;)‘)Hg"(IN_)()'\\) ( H, (.71, N.

1-Carbobenzoxy-1'-demethylclindamycin (14).—1'-1)emethyvi-
Ihmamyein hydroehloride (428 mg) was treated with earbobenzyl-

()8) A satarated hydrocarhon fraction, bp ¢0-7 1%, Ske)ly O3l Co., Xansas
iy, Mo.
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oxy chlbritle® to yiehl 500 mg of 14, mp 152--165°. Rerrystalliza-
tion (ItOAr Ha)) gave 330 mg of 14, mp 173-177°. Twn re-
crvstallizations Trom the <onn solvent allordml crvstals, mp
176-178°, [ajv +109° daal. (CullaN2063) C, T, N
1’-Demethylclindamycin (¢7s and {rans) Hydrochloride (11b).

A selintion ol 22,9 ¢ of 10 was ilissolved in 500 ml of MeOH ami
G gl 104, Pd-C was alded.  Hydrogmolysis and ervstalliza-
tiom was s previonshy eseribed.” The vield of 11b, mp 218-223°
Heo, was 155 ¢ 80.20 5 Rerrystullization (ArdMe Ha()) af-
fonlal 107 g of 11b, mp 228 254° adee, faofb +159° (O
Firther dilntiore with AeMe gave 2.96 g ol steond 1rop ervstals,
mp 226-250° dec.

1’-Demethyl-4'-depropyl-4'-pentylclindamyein (1le). - 1'ri-
phenyiphosphine €22 g1 in 400 ml of MeCN was treatell with
368 g of CLto prohice a colorless solntion ol (Cel)PCL. To
thix <olininn 4 g ol alemethyvi-4-depropyl-4/-pentylincomy cin
hydvochloride ¢127% wax aldinl.  Alter stirring at 26° for IS hry
15 ml of MeOI wos mhleid anl the solvent distilled @ vacwo.
Thre resihine was shaken with 250 mnl ol EtOAce 2.0 t1:13 and
filtereil.  The resithn: (15,7 g) was partitioned between H.() and
ItOAL annd the prodimet was rerovereil from the agneous sohition
by Ivophilizing.  This residiue »f 8.5 g was further pnrified by
chromatography over silica gel nsing CHCL-2MeOH {4:1) for
ehition. Themajor Trartion of 2.09 g waslissolved in ArMe aml
aridifierll with HCE to give analvtically pire 11e, myp 222-22°,
Anal. (('lgIIgs(ﬂp\.;l);b) (.‘, }i, N, =

1’-Demethylclindamycin Hydrochloride (11c). Method A.--
I"-Demethylincomyein hvdrovhloride (8) t1.72 g) was chlorinatel
as above to give hvlrochloride 11e, mp 212-216°, weighing 0.75 ¢
(40.50 05 Reervstallization tArde-1.07 gave 550 myg of hydre-
chlovitle, mp 217-221°1ee, [alp +155° O doal. (Crlla-
(‘I;N;()JSl ('. II N. N,

Method B. thw gram of 14 was= rhibrinated mnl subjectid 10
hydrogeuvlvsis: after chromatography it gave 103 mg ol 1le.
This prodinet was converted to itz rrvstalline hydrochloritde anl
wentified on the hasis of tle data. Tt melted ar 227-220)° and
weighril D5

Acknowledgment.- - The authors arc indebted to Dr,
D. J. Mason and . Lewis for antibacterial and anti-
malarial testing and o R. J. Reid for teehnical nxsix-
tance.

16F T D0 Greensiein and M. Winitz, “Chemstry of the Amino Aerds”
Vo). 2, Johu Wiley and Sons, Inc., N. Y., 1061, p 831.

The Preparation and Antimycotic Properties

of Derivatives of 1-Phenethylimidazole

Ik 170 Goverror, JAN HEerEs, Jax vax Cursem,
ANy Pavn AL J. JANSSEN

Rescureh Laboraloriu, Junssern Phaouacodica a.e., Beerse, Belyiou

Receved April T, 10689

The synthesis of a large number bf g-substituted I-phenethylimidazoles is deseribed.

Many appropriately

N-substituted 1-(3-aminuphenethyl)imidazoles and «yidie ketals derived from 2-(1-imidazolyl)acetophenones

were quite active against dermatophytes.

Ibwever, 1-(3-benzyloxyphenethyl)imidazoles displayed potent.

broad-spertiim aitivity, not only against dermatophytos bou also wgninst yeast cells (Canditle albicans) and

gram-positive bacteriz.

I'or some years Interest in our laboratories has been
directed toward the synthesis and biologieal evaluation
of imidazole derivatives."* As part of thiz program we
prepared o series of 1-phencthylimidazoles. when it
beeame apparent thal certain O- and N-substituted
erivatives of a-plienylimidazole-1-ethanol (A, X =
OH) and 1-(8-aminopheunethylimidazole (A, X =

c1 L 1L Lialefeod, ) AL 0L danssen, CoAL ML Var der Eyveken, AL (LML
T, Van Neerunm, and C. 0 I, Niemrogeers, J. Jed. Clem., 8, 220 (1963).

12y E. T. Godefroi, J. van Cimisem, (. AL M. Van der Eycken, and P. AL T,
Janssen, 1644, 10, 1160 (1967).

[;j [:j O~
|

| /N
CH,—CH—X (‘H._.—(,\ X
CeH, \ 07
C.H.
A.X=0H.NH, B. X =alkvlene

N1, respectively, displayved outstanding and broad-
spectrum  antimyeotic  activity.  This observition
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TasLe I
2-(1-IMIDAZOLYL)ACETOPHENONES
N
(J
|
R—C——-(ﬁ—Ar
R O
Compd R R/ Ar Method Yield. & Mp, °C Formola Analyses
1 H H 5-Chloro-2-thienyl A 69 160-162 CyH:CIN,0S8-HNO; C H
2 H H 2-Thienyl B 23 136-13% CyHeNOS-HNO; C,H N
3 H H 2,4-CL.C¢H, B 71 161)-170 CiH;CLN,O-HNO;, C,H N
4 H H p-BrCeH, B 46 167-168 C;HBrN.O C, H N
5 H H 0-CICsH, B 69 179-180 G HyCIN.O-HNO; C, H
6 H H p-CICeH, A T 160-161 CuH,CIN.O
228-229 C,H,CIN,O-HCl C, H N
1— H H p-FC3H4 B :)8 1:)4—1{.)6 CquFNzO C, H, N
8 H H CiH; A 62 117-118 CiHpN,0¢ C, H N
9 CH, H CeH; A 80 139-140 CieHuN.O-HNO; C H
10 H H 0-CH;CsHy B 57 167-168 CH,;:N,0-HNO, C, H
i1 H H p-CH,CeH, B a9 136-138 CuHuXN:0 C,H
12 H H 0-CH;0C:H; B 49 220-221 CH2N0.-HCI C,H N
13 H H p-CH,OCH, B 77 171-172 C.H,:N.O, - HNO; C,H N
14 CH: CH;, CeH- B 45 167-168 Cy3H) . NLO-HNO; C, H N

prompted an expansion of our syuthetic efforts, en-
compassing a large number of derivatives of A 1 order
to investigate the structure-activity relationships
governiug this class of compounds. Moreover, during
the course of this work it was found that many cyclic
ketals derived from 2-(1-imidazolyl)acetophenone, i.e.,
type B, showed significant biological activity. In the
present paper we wish to report the syuthesis and
antimyeotic and antibacterial properties of compounds
derived from aund related to A and B.

Chemistry.—The 2-(1-imidazolyl)acetophenones
(compounds 1-14, Table I), required as starting ma-
terials, were prepared by the reaction of the arvl
bromoalkyl ketones with excess imidazole i1 MeCN or
DMT at room temperature (method A). The literature
method? for preparing 8 in alcohol was tried but was
unsatisfactory as it led primarily to quaternary salts.
Our method was subsequently simplified by brominating
the prerequisite acetophenone followed by treatment of
the crude reaction mixture with a fivefold excess of
imidazole (method B).

The reaction of a-bromopropiophenone with imida-
zole furnished 9 in 689 yield. Its authenticity wuas
established by its identity to the methylation product
of the anion of 8 [hexamethylphosphoramide (HMPA)/
NaH]. Compound 14 wuas prepared by successive
treatmeut of isobutyrophenone with Br, and imidazole.

a-Arylimidazole-1-ethanols, shown in Table II, were
obtained by three methods. Compound A (X = OH)
was produced conveniently and directly by the base-
catalyzed reaction of imidazole and styrene oxide, but
commercial Inaccessibility of substituted aromatic
epoxides made extension of this method unpractical.
NaBH, rednetion of the ketones gave the desired al-
cohols i excellent vields (method ). Previous
experience! had shown that the imidazole anion was
most advantageously alkylated in a dipolar aprotic
=olvent snch wx DMF. Therefore sodium imidazole

(3) German Patent 488.681 (1934):
Organisclien Chemie.” Vol. 23 (II). p 37.
4) E. F. Godefroi, J. Org. Chem., 38. 860 (1968).

F. K. Beilstein, ““‘Handbuch der

was treated with a-bromomethyl-p-chlorobenzyl aleohol
in DMT, giving 19 in 839 yield (method D). This
method also allowed for the preparation of tertiary
alcohols 22 and 24, since the prerequisite chlorohvdrins
are acecessible from the reaction of chloroacetone and
Grignard reagents.’

When the oxime of 8 was hydrogenated i the pres-
ence of Raney N1, compound A (X = NH.) was ob-
tained. Schemes involving catalytic reductions pre-
cluded preparation of halogenated derivatives, so that
attention was focussed on treatment of the ketones with
a variety of amines to vield the corresponding imines.
Reduction of the latter by NaBH, gave amines 28-54
(see Table III). Performing the reduction at 5-25°
was found to be essential, as even at these temperatures
the reaction was at times accompanied by formation of
dibenzylamines. Elevated temperatures promoted this
side reaction.

The sodium salts of alcohols 15-27 reacted smoothly
with benzyl chlorides in DAY, THI, or HMPA, most
favorable results being obtained with the latter at
The resultant ethers are listed in Table IV.
Nitrophenvl ethers 56 and 57 were obtained by treat-
ment of the appropriate aleohol anions with p-nitro-
fluorobenzene or 24-dinitrochlorobenzene. Chemical
reduction (IFe—aqueous NH.CL) furnished amine 58.

Initial efforts to ketalize 8 by conventional procedures
were unsatisfactory, due to unacceptably low couver-
sions. Attention was therefore turned to the direct
alkylation of sodium imidazole with 2-bromomethyl-2-
arvldioxolanes and the corresponding 1,3-dioxanes in
DAIF. Some of the dioxolanes had already been pre-
pared by Patel and Oneto.?

Our own approach was prompted by work of Garbish,”
and consisted of brominating acetophenones in the
appropriate 1,2- or 1,3-diol. This gave 96-114 iu fair
to good vields. Oftentimes ketalization had to be

3-25°.

(5) M. 8. Mabinovskii and A, G. Yadagina, Zh, Obsheli, Khim,, 80, 1831
(1960); Chem. Abstr., 65. 7341 (1961).

(6) A. R. Pate) and J. F. Oneto, J. Pharm. Sci., B2, 588 (1963).

(7} E. W. Garbish, Jr., J. Org. Chem.. 830, 2109 (1863).
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Co o CING- 2HCL- 510

OH
Ar Method Yietd, < Mp,
5-Chlyrn-2-thienyl ¢ N 156
2,4-CLCyHl, (! s 154~
p-BrCll, ¢ NT 191~
OACICGH.; C h Y| 99
p-CLCIT C 99 185
D N
p-EFCsH, (¢ 0 145
Cgli; B1S| 149
p-ClCsl 14 1) s 159
0-CH3CGsly C NG 131
CelHs 9] ) 121~
p-CH;3CeH ¢ Uy 153G
O-CH;;()C,‘(;E‘I{ (& NG 174
NZNC(CH LCHIOEC H ¢ = 129 -
Tanre I
N-SUBSsTTLTED 1-(3-AMINOPHENETUYL)IMIDAZOLES AND RELATED CHMIDUNDS
N
L)
CH.CHNH(CH,), Ar’
Ar
1 Ar Ar/ My oC
I 2-Thienyl pi-CIC 245-250)
0 p-CICIT, CHx 180181
t) 11z (el 176-17N
) p-FCsH, 0-CICgIT, 211212
1 p-ICelly p-CICs1H, 21021
1 p-CICI ) 0-CICel1y 194195
| (‘hII‘ p-CI()n“: 2603264
1 CqH:, 0-CICsH, 254256
I p-F(fslh Cell; 2IN-210
] CxIL (‘r“ '.3-.):}'-‘—)-'-):)
2 p-CICeH; CeH- 147148
1 p-CICsH, p-CH,;Cel, 271274
I p-CH,;Csll: p-CICsH4 256208
1 p-CIC:H, p-CH,0CIH, 257238
! p-I G, Cels 153 154
1 p-FCell, p-CHCells 205 22
1 -FCaH p-CHOCIL, 1tis 170
1 Cylls p-CH,CH, 261263
2 CsHs CsH; 166167
1 (sHa p-CH3;0C 1. 252203
2 [.)-CI‘I;;C&H,’ Cslls 155 156
1 p-CH3Col, p-CHOCL, 240 247
1-Im-CH~ CHNHCH,-p-CICI 236- 257
CHy CeH.
I-In-CH--CHNHCH.CelITL 251252
CH, Gl
1-Im-CH,CHNHCHC s, 1655~ 16
Cell, CH;
1-Im-CH,CHNH-1-tetralyvl 19%-199
p-CICsH,
L-Ti-CHL,CHNH- L-totralyvl 159 140
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TaBLr IV
ks DERIVED FROM a-ARYLIMIDAZOLE-1-RTHANOLS
N
(J
IT R
CH,—CO(CH.), Ar’
Ar

Compd n R Ar Ar’ Mp. °C Formula Analyses
55 1 H 5-Chloro-2-thienyl 0-CICeH, 125-126 CisH, CLN.OS-HNO; C, H
06 0 H 2,4-CLCsH;s 2,4-(NOy),Csl1,s 167-168 C\7H,.CLNO; - HNO;4 C H
.37 0 II 2,4-CIQC3H3 p'NOECSH-i 169_170 CI?H(3C12N303'HN03 C, H
o8 0 H 2,4-CIQC5H3 p-NHECsH:; 95-96 C17H(5C12N30 C, H, N
59 1 H 2,4-Cl,CsHj 2,4-CL,CsH, 184-185 CisH1sCLN,0-HNO; G, H N
60O 1 H 2,4-ClL,CeH, 2,6-ClCeH; 182-183 CisH,,CLN,0 -HNO; C,H N
61 1 H p-FCeH, 2,4-CLCsH, 120-121 CisH,;CLFN,0 -HNO; C,H N
(32 1 H 2,4-C12C3H3 p'FC6H4 139_140 ClsHmCI_FNzOHN(); C, H, N
(OF) 1 H 2,4-Cl,CeHj 0-FCgH, 147-148 CisH,;CLFN0-HNO; C, H, N
()4 1 H 2,4-CIQCsH3 O-CIC3H4 131—152 Clng‘,CIgNgOHNOg C, I{) X
65 1 H p-ClCsH4 2,6-CLCeH, 144-145 Ci:H,;CLN,0-HNO; C H N
66 1 H 2,4-Cl,CeH; p-CICsH, 164-165 CisH;:CLN.O- HNO; C, H, N
67 1 H p-CICeH, 2,4-C1LCsH, 119-120 CisHi;CLN,0 - HNO; C, H
()8 1 H 0-CICsH4 2;4'CIECSH3 127—129 ClstaCIaNzO'HNO:; C, H
69 1 H p-BrCeH, 0-CICsH, 124-125 CisHBrCIN:0- HNO; C, H, N
70 1 H p-BrCeHy p-CICeH, 160-161 CieH¢BrCIN.O-HNO; G, H N
71 1 H p-FCsH; p'CIC6H4 122-123 ClsHmCIFN:O‘ HNO; C, H, N
72 1 H p-FCsH, 0-CICeH, 95-96 CisH;sCIFN,;0 - HN O, ¢, H, N
3 1 H 0-CICsH, 0-CICs 161-162 CisH,sCLN,O-HN O, C,H X
T4 1 H p-CICsH, 0-CICsH? 125-126 CisHisCLN.O- HNO, C, H N
5 1 H 0-CICH 1, p-CICIT, 120-130 CisH,sCLN 0 - HNO, ¢, H,N
76 1 H p-CICsH.4 p-CICsI{4 154-155 ngILeCIzNgO'H‘.\v():‘ C, I{, N
7 1 H C3H5 p-CICsI{‘; 150—137 C(anCINuO'HI\‘();; Q. H, N
75 1 H CsH; CsH; Ho-91 CisH N0 - HNOy C,H, XN
n 1 CH; p-CICsH4 2,4-CLCeH, 167-168 CiyHi:CLNLO - HN O C,H, N
80 1 H p-CHaCsI‘I.; 2,4-C12C6H3 129-130 C“‘H|SCI:N20'I‘IN();‘ (‘) H) N
81 1 H 0-CH;CsH,4 2,4-ClLCeH; 138-139 CisH ;5CLN,O- HN O C, H
82 1 Cl, CeH; 2,4-CL,CsH; 187-1%8 CisH,;sCLN.O - HN O C H
8 1 CH. p-CICsH, p-CICsH, 172-173 C1oH sCLNO - HNO, ¢, H, N
K4 1 H 2,4-ClLCell; 0-CH;CeH, 124-125 Ci:H;,CLN.O-HN O, C. H
85 1 H 0-CH;CeH4 2,4-Cl,CsH, 131-132 Ci:H,CLN, O - HN O C.H, N
R6 1 H 2,4-C12Csl'13 77L-CH30C51{4 114-115 C(!»ngCIQN:O:'HN();‘ (‘, H, N
87 1 H 2,4-Cl,CeH; p-CH;0C¢H, 149-150 CieHi;CLNO,- HNOYy C, H
8K 1 H p-CICsH4 O-CH3C3H4 135-136 CmH;gCINQO'HNO:‘ (,‘, H, N
80 1 H p-CH,CsH, 0-CICsH, 125-126 C1aH,,CIN,0 - HNO, ¢, H, N
90 1 H 0-CH;CsH, 0-CICsH, 166-167 CisH)sCIN,0O - HNOx C,H N
91 1 CH, CsH; p-ClCsH, 172-173 CiyH1yCIN,O-HN Oy ¢, 1, N
)2 1 H 0-CH;CsH4 p-ClCsH, 125-126 CoH,»CIN,O - HN Oy ¢, 1, N
b3 1 H p-CH;CsHy p-CICsH,4 122-123 CiaH o CIN,O - HN Oy ¢, H N
b4 1 H 0-CH;0CsH, 0-ClCsH, 160-161 CioH,oCIN,O-HN O, ¢, N
95 ].-Illl-c(C}{3)2CIIOCHQC(§H4-])-CI B]) ]()()—2()() Conz;CINzO (.‘, |61

|
CsH-

driven to completion by azeotropic removal of H,O
with C¢Hg (method E), but this was unnecessary for
101, 103, 104, and 105, which crystallized out of the
crude bromination mixture (method F). All bromides
were then treated with sodium imidazole in DMF to
furnish ketals 115-134 which were best isolated as
nitrate salts. A compilation of ketals is offered in
Table V.

Biological Results.—All compounds deseribed were
tested against an array of microorganisms according to
the method deseribed earlier.2 The in vitro assays were
conducted primarily on Aspergillus fumigatus, on the
yeast Candida albicans, the dermatophytes Micro-
sporum canis, Trichophyton rubrum, and Trichophyton
mentagrophytes, the gram-positive bacteria Eryso-

(0.4 1mn)

pelotriz insidiosa and Staphylococcus hemolyticus, and
on the gram-uegative Fscherichia coli.

The test results are given in Tables VI-VIII and
have been recorded as the lowest dose levels causing
total inhibition of the substrates’ growth. For com-
parative purposes ctonam, tolnaftate, griseofulvin,
diamthazole, and nystatine were assayed concurrently
with our compounds and these test results have been
included i Table VIII.

The amines shown in Table VI were found to be
moderately active agaiust dermatophytes, but essen-
tially inactive against yeasts and bacteria. The poor
activity of the parent compound 37 was somewhat im-
proved by phenyl substitution and the highest potency
was achieved by introduction of para substitucuts (32,
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TasrLE VIII
ANTIFUNGAL AND ANTIBACTERIAL ACT1VITIES
N
L
N R
CH,—CO(CH,), Ar’
Ar
Lowest level of total inhib,%® ug/ml
C. M. T. menta- T. A, E. S.
Compd? wlbicans cantz grophytes rubrum Sumigatus insidiosa hemolyticus

H6 X X 100 100 10 100 X
58 X 100 100 100 10 X X
78 X 100 10 10 100 10 10
82 X 100 10 10 X 10 100
7 X 10 10 10 100 10 10
H0 X 10 <1 <1 100 10 10
91 X 10 <l <1 10 10 10
02 X <1 <1 <1 <1 10 10
T4 100 100 10 10 100 10 10
80 100 100 10 10 100 10 100
83 100 100 10 10 100 10 100
88 100 100 10 10 100 10 10
& 100 100 10 10 100 10 10
72 100 100 10 <1 100 10 10
&1 100 10 10 <1 10 10 10
5 100 10 10 10 10 10 10
87 100 10 10 10 100 10 100
86 100 10 10 10 100 10 10
6Y 100 10 10 10 100 10 10
63 100 10 10 10 100 10 10
62 100 10 10 10 10 10 10
bn 100 10 10 10 100 10 X
HD 100 10 <1 <1 100 0.1 10
61 100 10 <1 <1 10 0.1 100
73 100 10 <1 <1 <1 10 10
77 100 10 <1 <1 10 10 10
01 100 10 <1 <1 100 10 10
n3 100 10 <1 <1 10 10 10
60 100 <1 0.1 0.1 10 0.1 <1
84 100 10 0.1 0.1 10 0.1 <1
64 100 10 0.1 0.1 10 0.1 10
68 100 <1 <1 <1 <1 10 10
85 100 <1 <1 <1 <1 10 100
71 100 <1 <1 <1 10 10 10
75 100 <1 0.1 0.1 <1 0.1 10
66 100 0.1 0.01 0.1 <1 0.01 <1
65 10 100 10 10 100 0.1 01
59 10 <1 0.1 <1 10 0.01 0.01
67 10 10 <1 0.1 10 0.1 10
70 10 <1 0.1 0.1 <1 0.01 10
76 10 <1 0.1 0.1 10 0.1 <1

Etonamte X 100 10 <1 x X X

Tolnaftae x X 10 <1 X X X

Griseofnlvin X 10 10 10 X X X

Asterol X 100 100 100 X X X

Nystatin 35 333 333 333 333

«The symbol “x'" denotes partial growth at 100 gg/mml.  # Figures preceded by “< represent the lowest dose levels tested. ¢ For

stictures, see Table 1V.

34 and 40). Alteratious i the most promising com-

pound 34 are permissible; these include replacement of

phenyl by thienyl (28) or aliphatic homologation (50).
Ketals (Table VII) were also active against dermato-

phytes but not against veasts or bacteria. Aromatic
substitution increased inhibitory activity against
dermatophytes (e.g., 124 »s. 117, 119, 121). Modifica-

tion of the dioxolan ring, such as ring enlargement (125
and 126) or methyl homologation (133 and 134), was
permissible.

The ethers offered in Table VIII comprised by far
the most interesting group. Not only were some
members of this series highly active against dermato-
phytes, effecting total iuhibition at dose levels as low
as 0.01 ug/ml, but they also exhibited excellent activity
against C. albicans and against gram-positive bacteria.
They were essentlally inactive against Z. cole. The
activity against the veast cells is particularly unote-
worthy, as few of the currently available antimycotic
agents are effective against such infections. Our
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synthetic program was thereafter guided primarily by
the anti C. albicans activity, with dermatophyvte aud
bacterial inhibition playving au ancillary but, nonethe-
less, very desirable role.

The unsubstituted parent compound (78) was com-
parable i aetivity to the corresponding amines and
ketals.  However, whereas phenyl substitution in
these latter types resulted in ouly moderately inereased
activity, incorporation of similar substituents in the
ethers led to vastly enhauced potency. Compound 76
totally inhibited C. albicans at 10 pg/ml. whereas 78
was cffective ouly at £ 1000 ug/ml.

Highest poteuey was observed for combinations of
para and ortho-pare substituents, as exemplified by
59, 65, 67, 70, and 76. Compouuds bearing ortho
substituents only, e.g., 73, 90. and 94, were generally
less active.  Ethers derived from tertiary aleohols, such
a5 79, 82, 83, and 91, also showed diminished activity.

It appears therefore that the ethers deseribed above
constitiute a novel class of broad-spectrum antimycotic
agents, which, morcover, are nlso highly active agaiust
gram-positive bacteria.  OQur 7 vivo test results will be
reported elsewhere.  The most promising enandidates are
undergoing clinical evaluation.

Experimental Section®

4'-Chloro-2-(1-imidazolyl)acetophenone (6) (Method A).—To
a slurry of 350 g (5.2 moles) of inidazole in 250 ml of DAME at
5° was added portionwise and with stirring 234 g (1.0 mole) nf
4"-chloro-2-bromoacetophennne while keeping the temperature
below 15°. The solution was then stirred on ice for an additional
2 hr after which it was poured onto 5 1. of HyO/L of Csls.
The product was filtered off. washed with Cslls, and sucked as dry
as possible.  Adhering Ha) was best removed by means of azeo-
tiopie distillation with 1.5 L nf PhMe. When all H,;O had been
removed, the hot solution was filtered to remove iraces of quater-
nized material. Cooling. filtration, and washing with Et,0 gave
170 g (779%) vf pruoduct, mp 155-157°. Reerystallization (MeCN
gave np 160-160.5°.

2'-Chloro-2-(1-imidazolyl )acetophenone Nitrate (5) (Method
B).—Br; (160 g, 1.0 mole) was addeill dropwise to a sohition of
155 g (1.0 mole) of 2’-e¢hlumacetophenone in 400 ml of Et20/200
ml vf dioxane. The brpmination was initiated at room tempera-
ture and was then carried through at 5-10°. Upun rompletion
vf the addition, 350 g (5.2 mblex) of imidasole in 300 ml of MeOH
was introdiced with eonling.  After 18 hr, 1.2 1. of H;O was added
and the proiluct was extrarted mto CHCl;. Sueceessive additions
of 1L nf AeMe and excess HN(); to the organic phase gave 194 ¢
(699) of 5, \np ~173°.  Remvstallization (95 KtOH) gave
platelets, mp 179-180°.

2-(1-Imidazolyl)propiophenone Nitrate {9).---A mixture of 9.5
2 (0.0 mole) nf 8, 2.5 ¢ (0.052 mole) of 50 Nall dispersion, and
25 ml of HMPA was stitred at 5~10° for 1 hy, aind then at 45°
for annther hr. 'I'n the rerooled mixine was mlded ¥ g (0.057
mle) ol Mel, anl the reartion was allowed to proceerl for IN hr
at room temperatne.  Addition of 1.0, extraction of the basic
fractinpn with Et.0, and introduction uf HINO; to the dried organin
phase gave 7.2 g (55%%) uf prodoet afier reerystallization (MeOH--
AcMe—-Pr,0), mp 139-140°. ‘This material was in all respents
identiral with the prothnet obtained from 2-bromopropiophenomn
and imilazole (method A).

w-Phenylimidazole-1-ethanol? { 21 )—-A soluiion of 140 g (2.0
mples) of imidazole in 500 ml of absolute EtOH containing & ml
nf GH,N was bronght to ~75°, wheu 240 g (2.0 moles) of sivrene
nxide was introducell drpwise at sinch a rate that the temperatine
remained at 80-85°. Upon eompletion vf the exothermic reartion,
thir temperature was allowed t» drop to 50°. Approximately
500 ml of 7-Pr,O was added and the mixtinre was ponred into 1 1.

18y Melting peints (aken vo a Fister-Jotos Hloeky wnd boling points are
nncorrected.  Anglyses are given in 1he la)des,  Analylica) roesn)rs Lhercin
pertain Lo 1lose elements whose values fall within £0.47 of the theoreticn)
valurs,

of 1LO. Cooling, tiltration, and washing (CHLOOUTL, Tn,0);
gave 147 g (399,) of off-white prditet, mp 149-150°.

a=(0-Methoxyphenyl)imidazole-1-ethanol Hydrochloride (26
tMethod C).--A 12-g portion vf NaBLH (0.30 nmwled was wlded
portionwise to a solition of 110 g t0.52 molel of 12 in 300 ml of
MeOH at 5107 After | hr the mixtinte was reflaxed for v adsli-
tipnal 1 hr, alter which 400 ml of solvent was taken ol aml ve-
placed with 400 wl of H.O.  Acilifivation (HCH, veflaxang <10
min). and basification then gave 9N g of solil prodiet. The 1171
sale (D54 ¢ EuOIl-AeMe~-Pro)) had mp 1751747

a=(p-Chlorophenyl)imidazele-1-ethanol (19 Method D T
asohution of 255 ¢ (1.1 g-atoms) uf Naoin 500 il of MeOT1 wax
added 75 g (1.1 moles) of lmidazole 1n 100 ml of MO, The
sblvent was taken off antil the internal temperainre mached 859,
and 500 ml of DM was then introlmeserl. Solvents were again
rempved until the internal temperatnre reached 125°. A solution
of 203 g (0.56 mole} of e-bromomethyl-p-rhlbrobeyzyl alrohol e
250 ml of Celly was ntradined at sich o moe that solvents
distilled off at 100--125° (interual trmperatare),  The heat =onree
wis removed and stirring was continnerl for 10 min; DN (250
mi), 1.0 (500 iy, and 1 g of NaBH, were added at this poind,
the latter serving to decolorize the mixtmn, Addition of mon
[I.O t the cloml point at 100° initiated 1evstallizatione. The
produrt wis filtered olf, washed with 11O then Int.0. md dried;
vield 156 g (834, mp IN5.0-184°,

2-(1-Imidazolyl acetophenone Oxime. -A solhipion o 35 ¢
10,205 mole) of 8, 2.9 g (0.435 mole) of NH,OH-HCL and 500
utl of 959 FiOH was bronght tn pll 11 with 15 .V NaOIL
Alter refluxing for 3 hry the solvent was removed, H.0 wie added,
aml trave impurities were filtered olf.  The filtrate was they
rendererl a-id to congn red and basified with NaldCt).  Cooling,
filtrativy, and  rverrystallization  (-PrOH-<PrO3 gave 45 ¢
(764 ) of prnhnet, mip 165-166°. 1aal. (C HuN;O) C, 1L

1-[3-Aminophenethyl)imidazole Dihydrochloride (A, X = NH.).

A mixvare of 44 ¢ (0.22 moh) of the above pxime in 250 ml of
950 LKtOI containing ~50 g of Raney Ni was hydrogenated at
an initial pressive of 3.5 kgrem? Upon completion of the 1,
uptake 36 hry the catalysl was removell aml 1he solvent was
evaporated.  Distillatibn of the resilue gave 51 g (T00:) of
amine, bp 172-175% .2 mw The 21ECT salt, meerystallizenl
(95%¢ IO -AeMeqn, had mp 254-256° dual, 1O TN, 2HCD
¢, H, N.

1<t 3-Benzylaminophenethyl)imidazele Dihydrochloride { 37 .
A solntion vf 37.2 g (0.20 mole) vl 8, 23 ¢ (0.215 molr) of bouzyi
aming, 1.0 g of p-toluenesnlfnnie arid {TSA), and 150 ml ol
Phire wias refluxell with azeotropin HaQ) romoval for 55 e Tine
solvent was pvaporated and replaced with 150 ml ol MeUIL To
the ice-cold solntion was addel portionwise 3.0 g {0.075 nle) of
NaBH, wherenpon the niixtume was stirred ovirmght. 110
(200 ml) was then adderl, the pH was bronght to ~ (concentralnd
FICEH, aml 200 ml of solvent was aken oI, ‘The mixtire was
male strongly acd and then refnxed Tor 15 min. Cooling cansed
deposition of =olit] by-prodime, which was filtered oy, Basilica-
tion of the filtrare, exurnetion of vhe prodiei nao Calde diving
ol the brgame phase, and solven mimoval Jeft o oily bhases Ay
alephiolic sohition of the latter, nponreatinent with «-Proll ¢
gave £4 2 (62001 of proditet, mp 245--245°,

1-| 3= p-Chlorebenzyloxy )phenethyl imidazole Nitraic 77 ..
Coraponnd 21 ¢S50 g 0425 moler in 250 ml of HMPA was bicvo-
daem dropwise into o stneey of 22 ¢ s taolio o) Mot dispersioss
br 100 b of HTMPA (rontaining antitaam e at 5 107 anl wos
stirred till Ty evolntion veasel, The iixtioe wos theyn wirmned
to 0% Dor 1 hee Tooahe meoolal mixtore was mildal, porionwise,
SO g 1000 moles of w,palichlomtolaenrs, while Keephyie thy ren-
peratire below 25° After 1 hrav 257 and then 1 hrw 45390 1LY
wax alded awl the prabiet waos extenerrd 1are st Addidica
of a slight exerss o N ol carganie plise gave the peadner,
which after filvration snd o ribnmicrc OO0 ¢ WO AcMed had mp
152-134°, viehl 152 g (820 ).

1-!3=( p=Nitrophenoxy i-2.4-dichloerophenethyl|imidazole Ni-

trate (37« 1o wn HaD-free mixonre of DNHP-CGIL (30:25 ml;
eontaining 5.4 g 1007 mole) of S0, Nall dispersion, was added
8.7 g (0031 mole) of 16, Scirring was rontbamd il He evaboion
ceased. wherenpon 5.0 g of MOy and S0 g ol p-rdtroflnorc-
hinzene were it codnced while cooling the mixtare orcier. Altey
Sl ot yoom vemperatar, the solids were removerl by Lilomion
threagh Hytlow, Thie filtrate was ohen dibited wirh 110 and
extrneed wirh Calle. Drying aud stripping ol the organie phioase
left 4 vesidial oil, whirh was taken up in CH;COCIH; and 1reated
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with a slight excess of HNO;.  Filtration of the product (8.0 g) and
recrystallization (MeOH—-Pr,0) gave 5.2 g, mp 169-170°,

1-[B+(p-Aminophenoxy )-2,4-dichlorophenethyl]imidazole (58).
—A 20-g (0.053 mole) portion of 87 (base) was added to a re-
fluxing mixture of 13.5 g of Fe dust, 10.6 g of NH,Cl, and 150 ml
of H,O. Refluxing was continued for 6 hr. To the cooled mixture
was added 100 ml of CH,Cl;, and solids were removed by filtra-
tion. Stripping of the dried organic phase left crude product,
furnishing 10.0 g of amine after recrystallization from 7-Pr,0;
mp 95-96°.

2-(Bromomethy!)-2-(p-chlorophenyl)dioxolane® (10) (Method
F).—Br. (320 g, 2.0 moles) was introduced dropwise to a sohition
of 310 g (2.0 moles) of 4’-chloroacetophenone in 600 ml of eth-
viene glycol at 75°. The colorless mixture was subsequently
stirred for 1 hr at 5°. The crude filtered product was taken up
in 1 1. of CH,Cl; and washed with dilute NaOH. Drying, re-
moval of solvent, and recrystallization of the residue from MeOH
gave 465 g (849) of the product, mp 61-62°.

2-(Bromomethyl)-2-(memethoxyphenyl)dioxolane (112)

(Method E).—3‘-Methoxyacetophenone (150 g, 1.0 mole) in
Et,O-dioxane (400:200 ml) was brominated [160 g (1.0 mole) of
Bry] at 3°. To the decolorized mixture was added 250 ml of
ethylene glycol, wherenpon solvents were removed till the tem-
perature reached 150°. The solution was cooled, 1 1. of C¢H; and
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5 g TSA were added, and HyO was removed azeotropically for
18 hr.  Washing of the solution with ditute NaOH, drying of the
CsHs phase, and removal of the solvent left crude product; this
was purified by distillation over 10 g of K;CO;, giving 120 g of
product, bp 145-155° (1.4 mm). The distillate solidified on
standing and was triturated with -PrOH to give 102 g of ma-
terial, mp 60-61°,
1-[2-(p-Chlorophenyl)-1,3-dioxolan-2-ylmethyl}imidazole

Nitrate (121).—To a solution of sodium imidazole (1.5 moles) in
500 ml of DMF (see preparation of 19) was added 277 g (1.0
mole) of 101, whereupon the solution was kept at 140-145° for
4 hr. Dilution of the mixture with HyO and subsequent cooling
cansed deposition of the product base. This was filtered off, dis-
solved in AcMe—-Pr,0, and treated with a slight excess of HNO;,
giving 290 g (889) of product, mp 199-200°.
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A series of imidoylureas have been synthesized and examined for antihookworm activity in dogs.

Among

the various types prepared, the alkylimidoyl-substituted phenylureas were found most active, and 1-(p-chloro-
phenyl)-3-pentanimidoylurea was selected as the compound of choice, effective in a single dose of 10 mg/kg.

It has been estimated that more than one-fourth of
the world’s human population is infected with one or
more intestinal nematodes.! The consequences of
severe and widespread infections with the hookworms
Aneylostoma duodenale and/or Necator americanus are
well documented.2—* Because remedies currently em-
ployed in the treatment of these infections leave much
to be desired we have been engaged in the synthesis of
compounds with potential antihookworm properties.

In the course of sereening compounds in dogs
against Aneylostoma caninum and/or Uncinaria steno-
cephala, it was discovered that a series of imidoylureas
of the general formula, R;C(==NR,)NHCONR;R,,
and related structures exhibited interesting activity.

Chemistry.—All of the compounds in Table I with
the exception of 24 and 25 were prepared by treatment
of equivalent amounts of the appropriate amidine
livdrochloride and isocyanate in acetone or chloroform
in the presence of a base such as Et;N or Na in acetone.

RsN=CO

hase

The svuthesis of compounds 33 and 34 was Initiated
from the thioamide® I which was treated with ethyl

(1) (a) N. R, Si0ll, J. Parasitol,, 38, 1 (1847): (b) WHO Chronicle, Vol.
22, World HealJth Organization, Geneva, 19868, p 289.

(2) P. C. Beaver, Public lealth Papers No. 10, World Health Organiza-
tion, Geneva, 1861.

(3) E. (. Faust and P. . Russe)), "Clinical Parasitology,”” C. F. Craig
and E. C. Faust, Ed., Lea and Febizer, Philadelphia, Pa., 1964.

(4) M. Roche and M. Layrisse, Am. J. Trop. Med. Hyg., 15, 1032 (1966).

(3) H. Erlenmeyer and K. Menzi, Helr. Chim. Acta. 81, 2065 (1948).

ScueEME I
RCSNH, + BrCH,COCOOCH, -—
I
CH._
T (’JICOOC.;H,-, S | NH,0H
—_— ——
RC=NH 0 4 R/KN: “COOC,H,
HBr mo
|
S— P.0s S CH,OH
l — ] —
R*NJ\CONHg CsH-.OSrOgC) R/kN o O
v \
/Js\j\lhlvH NH,(C) S-j\'leH
N
R” N"CocH, R/KN CNH, HCI
Vi Vila.R =H
b.R=CH,

bromopyruvate to produce the keto ester II (Scheme I).
The latter was not isolated but immediately converted
to the thiazole I11.5* Compound III was converted to
the amide IV7 by treatment with NH,OH, and IV was
then dehydrated to the nitrile V.2 In the case of IV
(R = CHj), dehydration was achieved with benzene-
sulfonyl chloride?® in 659, vield. However, under these

(6) M. Erne, F. Ramirez. and A. Burger, thid., 38, 143 (1853).

(7) H. Erlenmeyer and C. J. Morel, {bid.. 28, 362 (1943).

(8) R. Menassé, B. Prijs, and H. Erlenmeyer, ibid.. 40, 554 (1957).

(8) C. R. Stephens, E. J. Bianco, and F. J. Pilgrim, J. 4Am. Chem. Soc..
77, 1701 (1933).



