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a d d e d at 0 to — .">°. After s t i r r ing for 3D inin, MeXH-2 was slowly 
b u b b l e d for '.'> hr in t h e m i x t u r e m a i n t a i n e d from 0 10 5° . 

T h e mixed a n h y d r i d e , which had sepa ra t ed , slowly redi-solvcd 
and the clear solut ion was allowed to Maud overnight at room 
t e m p e r a t u r e a n d then e v a p o r a t e d . T h e residue »; i- I'ry.-lallized 
from KtOAc and weighed 1.2") g, nip 171 17-" . 

N,N-Dimethyl -2-n i tro-5-e thyl - l - imidazoIeacetamkle (591. 
Method 1. T o a solut ion of .1 g nf e thy l 2-nit ro - .Vethyl imida /o le -
a c e t a t e in lot) ml of M e O l l , (is g of M c A ' H was added . T h e 
m i x t u r e was hea t ed S hr at 40° and , after one night at room 
t e m p e r a t u r e , refluxed for (> hr. l ' v a p o r a t i o n of the solvent 
afforded an oily res idue which solidified on s t and ing . After 
c rys ta l l iza t ion ( M e O l l i-Vr-O) T o g of vellow crysta ls was ob
ta ined, m p 9 4 - 9 u ° . 

l -Methyl -2-ni tro-4-ethyl imidazole a n d l - \Tethyl -2-ni tro-5-
ethylimidazole ( 6 0 - 3 1 ) . M e t h o d M . A suspens ion of 1.0 g 
of silver 4 ( . j ) -e thy l -2-n i t ro imidazole and 2 ml of C U T in fit) ml 
of M0'>(!() was refluxed for 4 hr. T h e inorganic p rec ip i t a t e 
formed du r ing the react ion was filtered off and the solut ion was 
e v a p o r a t e d to d ryness . T h e oily residue on tic (silica gel, KtjO -
pe t ro leum e ther (bp M0-.")0°i 1 :1 ; showed one spot <!', 0.1 i 
co r responding to l- inethyl- .")-ethyl-2-nitroimidazole and a furtlier 

spot hav ing A't (1.2. T h e two p r o d u c t s were s e p a r a t e d th rough 
a 2 X 20 cm silica gel column e lu ted with pe t ro l eum e ther cou-
la iu ing increasing quan t i t i e s of Kt •.•(). T h e fractions were pooled 
accord ing In lie analys is . T h o s e con ta in ing the product hav ing 
A'i 0.2 gave 7 so nig of I -met hyl-2-uit ro-1-el hyl imidaznle lafter 
rcii y>talhz;]l ion from i-Pr..(>, nip 10 ."ilti". f r o m I hose cnn la in -
uig the cn inpnund having // 0.1 wa- ob ta ined I do mg nf | -
inel hyl-2-ilit ro-.Vet hyli tuidazole, ident iral with a s ample pt 'cpared 
from l-methvl- 'J-uinino-.Vet hy l imidazole accord ing in m e t h o d ( i . 

l - :2-Hydroxyethyl i -2-ni lro-4-methyl imidazole (61) . Method 
M . T o a suspension of 1.17 g nf silver 4('."i)-methyl-2-nitro-
imidaznle, in 00 ml of ('Ib.CoIl.-,, ().."> ml of b romoe thano l was 
a d d e d and the mix tu re was refluxed 7 hr unde r s t i r r ing. T h e 
inorganic salt was filtered off and the organic phase was e v a p o 
ra ted . T h e residue was ex t r ac t ed >everal t imes wi th boil ing 
Ib<) and , after purification with charcoal , I he solut ion w:i> 
e v a p o r a t e d In an oily - y r u p which solidified on s t and ing . By 
recrystal l izat ioi i from Kl<>.\c was o b t a i n e d 400 mg of yellow 
crys'taU, rap 124 12.-)'. 

Acknowledgment. We arc greatly indebted 1" Dr. 
.\i. Korralunga for tin1 toxicity determinations. 

Lincomycin. VIII. 4 '-Alkyl-l ' -demethyl-4 /-depropylclindamycins, 
Poten t Antibacterial and Antimalarial Agents ' 
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The Research Laboratories, The Upjohn Company, Kalamazoo, Michigan 

iieccireil April 18, l'.iH'J 

T h e p r e p a r a t i o n of m e t h y l 7( jS ' )-chloro-7-deoxythiol incosaniinide (4) is descr ibed a n d ev idence f avor ing t h e 
7(<S) conf igura t ion for t h e 7-chloro s u b s t i t u e n t is p r e sen t ed . Th i s compoi.md was used in the p r e p a r a t i o n of 4 ' -
a l k y l - 1 ' - d e m e t h y l - 4 ' - d e p r o p y l c l i n d a m y c i n s shown to b e potent a n t i b a c t e r i a l and a n t i m a l a r i a l agen t s . 

.Replacement of the 7(/t')-hydroxyl group of linco
mycin (1)- and of a number of its 4'-alkyl-4'-depropyl 
analogs3 bv chlorine afforded derived antibiotics which 

1, R, = 0 H ; R , = H 
2, R, = H ; R , = n 

possessed enhanced antibacterial potency. As part of 
a program to delineate the potentiating effect of this 
substituent the synthesis of l '-demethyllincomycin 
analogs containing a 7(<S')-chloro-7-deoxy grouping was 
undertaken. The 7(<S)-cliloro substituent was intro
duced into lincomycin2 and 4'-alkyl-4'-depropyllinco-
mycin analogs by treatment of the parent antibiotic 
with SOOb.3 This procedure was not applicable to the 

(1) Rrosented in par t ill the lottrd N a t i o n a l M e e t i n g uf the Amer ican 
Chemica l Society, M i a m i Beach , l ' la. . April 9 14. 1967, and at t he E leven th 
Medicinal C h e m i s t r y Sympos ium, Quebec , C a n a d a , J u n e lt>08. 

(2) (a) R. D . Bi rkenmeyer , A b s t r a c t s of Papers , Eiftli In te r sc ienee Con
ference on Ant imicrob ia l Agents a n d C h e m o t h e r a p y and I V t h I n t e r n a t i o n a l 
Congress of C h e m o t h e r a p y , W a s h i n g t o n . D. C . Oct, 17 -21 , 1965, p 17; (t») 
R. D . B i r k e n m e y e r a n d F . K a g a n . to be pub l i shed : (c) B. J . Mager le in , 
R. D . B i rkenmeyer , a n d F . K a g a n , Antibacterial Agents Chemotherapy, 72" 
11966). 

('.'>) B. .1. Mager le in , R. D, B i rkenmeyer , a n d F . K a g a n , J. Med. Chew., 
10, tCiii (1967). 

synthesis of certain types of chlorinated lincomycins, 
particularly those possessing reactive groups in the 
amino acid moiety. Maximum flexibility in analog 
synthesis appeared to be attainable by chlorination of 
methyl thiolincosaminide (MTL) (3), followed by 
condensation of the resulting chloro sugar (4) with an 
appropriately substituted proline derivative. To this 
end, our initial efforts were directed toward the syn
thesis of mothvl 7(N)-ehloro-7-deoxvthiolincosaminide 
(4). 

AH hough lincomycin can be cleaved with hydrazine 
hydrate to yield the sugar, methyl thiolincosaminide 
(3),4 similar treatment of clindamycin'"1 (2) did not afford 
the corresponding chloro sugar 4. Therefore the direct 
introduction of CI into methyl thiolincosaminide (3) 
was investigated. Treatment of 3 with excess tri-
phenylphosphine dichloride in MeC'X afforded a 
monochloro substituted product in 4 0 % yield. Conden
sation of this product with Zr«/(.s'-l-methyl-4-«-propyl-
L-proline'; yielded clindamycin (2) identical, both 
chemically and microbiologically, with that prepared 
front lincomycin (Chart I). This conversion indicated 
that the CI in 4 was in the same position and configura
tion as the 7-C1 of clindamycin (2). 

Since the configuration about the 7-earbon of clinda
mycin (2) was uncertain tit the time that methyl 7-
ehloi'o-7-deoxythiolineosaminido (4) was first prepared, 
experiments wore directed toward establishing the 

(4i W. Schroede i . II. Bannis ter , and t l . l l oekse ina . -/. Aw, Chem. Sor.. 
89, 2448 (11)67). 

i."o C l indamyc in is the generic n a m e for 7(&)-chioro-7-deoxyl incomycm. 
(6) B. J. Mager le in , R. D. B i rkenmeyer . R. R. Herr , and F, K a g a n , 

,/, .•tin. Chem. So,-., 89, 2459 (1967), 
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stereochemistry at C-7 for the chlorinated sugar. A 
consideration of the mechanism of chlorination of 
lincomycin must take into account the possibility of 
anchimeric assistance by the amide carbonyl group.7 

Although amide participation was not possible during the 
chlorination of methyl thiolincosaminide (3), participa
tion of the amino X could not be ruled out. To obviate 
participation of the amino N during introduction of 
the 7-chloro group, M T L (3) was converted to the 
X-trifluoroacetate 5. The trinuoroacetyl group is 
known to be a poor neighboring group in SN'2 reactions8 

and, further, trihaloacetyl groups fail to play any role 
in "front-side participation" to form ortho acid deriva
tives.9 The powerful electron-withdrawing property of 
the trinuoroacetyl group would make it highly unlikely 
tha t the X atom could act in a neighboring-group 
fashion. 

Treatment of X-trifluoroacetate 5 with triphenyl-
phosphine dichloride yielded the substituted chloro 
sugar 6. When 6 was dissolved in dilute alkali the 
trifluoroacetyl group was removed affording methyl 
7(<S)-chloro-7-deoxythiolincosaminide (4) identical with 
that prepared by direct introduction of CI into 3. The 
configuration of the 7-C1 in 4, prepared directly from 3 
or by way of its trifluoroacetyl derivative, is the same as 

(7) For a detailed discussion of the mechanism of the chlorination of 
lincomycin see ref 2b. 

(8) R. G. Strachan, W. V. Ruyle. T. Y. Shen, and R. Hirschmann, 
J. Org. Chem., 31, 507 (1966). 

(9) R. Boschan and S. Winstein, J. Am. Chem. Soc, 78, 4921 (1956). 

t ha t in 2 prepared from lincomycin. Therefore we 
conclude tha t neither the amide carbonyl in lincomycin 
nor the amino X in methyl thiolincosaminide partici
pated during the introduction of halogen. Since the 
replacement of OH by CI using Rydon reagents'" is 
known to proceed with inversion, except when an-
chimerically assisted by a neighboring group,11 the 7-C1 
substituent seemed likely to be introduced with inver
sion resulting in the 7(S) configuration. 

Further chemical evidence in favor of the 7(S) con
figuration for 4 was obtained by solvolysis studies. 
After heating an aqueous solution of methyl X-acetyl-
7(»S)-ch]oro-7-deoxythiolincosaminide (7) under reflux 
for 5 hr, only 5 % of 7 remained and methyl N-acetyl-
thiolincosaminide (8) was isolated in about 50% yield. 
An unidentified product, possibly epimeric with 8 at 
C-7, was isolated in 7% yield. In contrast methyl 
X-trifluoroacetyl-7(*S)-chloro-7-deoxy thiolincosaminide 
(6) was recovered in 4 4 % yield after refluxing in aqueous 
solution for 18 hr. Xo evidence of 7-OH compound 5 
was noted by tic. Since the solvolysis of 7 was much 
faster than tha t of 6 which contains the nonparticipating 
trifluoroacetyl group, we concluded tha t hydrolysis of 
X-acetyl-7(<S)-chloro compound 7 was anchimerically 
assisted by the neighboring CO. The reaction very 
likely involves transition state 7a and acetoxonium ion 
7b. The at tack of this intermediate by water would be 
favored at the carbonyl carbon12 to yield 8 as indicated. 

These solvolysis studies therefore suggested tha t 
replacement of 7-C1 by OH was accompanied by inver
sion. Since the 7-OH of 8 has the same configuration 
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as does the 7-OH of lincomycin [i.e., 7(R)] the CI in 7 
and accordingly in 4 and 2 must be in the 7(<S) con
figuration. 

While the chemical evidence presented above strongly 
suggested that the 7-C1 was introduced with inversion, 
subsequent degradation of clindamycin (2) showed un
equivocally tha t inversion has occurred and the abso
lute configuration at C-7 was indeed (S).2 b 

WTe previously reported tha t 4 ' -alkyl- l ' -demethyl-4 '-
depropyllincomycins possessed significant antibacterial 

(10) S. R. Landauer and H. N. Rydon, J. Chem. Soc, 2224 (1953). 
(11) (a) G. A. Wiley, B. M. Rein, and R. H. Hershkowitz, Tetrahedron 

Letters, 2509 (1964); (b) J. P. Schaefer and D. S. Weinberg, J. Org. Chem., 
30, 2639 (1965). 

(12) S. Winstein and R. Boschan, J. Am. Chem. Soc, 72, 4669 (1950). 
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activity.3 These analogs were particularly interesting 
because they showed greater activity against strepto
cocci than would be predicted on the basis of the 
standard curve assay. To assess the antibacterial 
activity of l '-demethyllincomycin analogs in the 
clindamycin series, 4 was condensed with a variety of 
4-substituted prolines. The preparation of l ' -de-
methylclindamycin ( l ib ) was further stimulated by the 
isolation of a polar metabolite from the urine of 
humans treated orally with clindamycin.13 Preparation 
of l i b afforded material which could not be separated 
from the urinary metabolite by tic.13 

In the initial step of the s\*nthesis of 4 ' -a lkyl- l ' -
<lemethyl-4'-depropylclindamycin (Chart I I ) , 4 was 
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condensed with the appropriate l-carbobenzoxy-4-
alkyl-L-proline (9)3 to form 10 (see Table I) . Hydro-
genolysis of the carbobenzoxy group led to the isolation 
of l ' -demethylclindamycin analog 11 as a mixture of 
isomers at 4 ' . The compounds thus prepared are given 
in Table I I . Since separation of the isomers was 
difficult, the mixture of approximately 70%, cis and 
••$0% Ivans isomers was used for microbiological testing. 
An alternate method was also investigated in which 
CI was introduced into 1'-demethyllincomycins 12 and 
133 at the final step. In this mariner the trans isomer 
l i e was prepared from l '-demethyllincomycin 13.14 

The preparation of l i e from 13 by wray of the 1'-
carbobenzoxy derivative 14 did not improve the over-all 
yield. 

Antimicrobial Activities.—The antibacterial activity 
of lincomycin analogs is markedly lowered when Me on 
the amino acid X atom is replaced by H, e.</., 1'-

il.i) T. F. ISroda*k>, A. I). Aiyoudelw. and T. K. Elite, ,/. A,'tibial. 
(Tokyo), 21, 327 (1968). 

(14) A. D. Argoudelis, J. A. Fox, and L). .]. Mason, Biochemistry, 4, 710 
(1965). 

demethyllincomycin shows only 2C
0 of the ant imicrobial 

activity of lincomycin. In sharp contrast, clindamycin 
analogs containing H on the amino acid X atom showed 
unexpectedly high antibacterial activities compared to 
their I ' -Me congenors. A summary of the antibacterial 
activities of the 1 '-demethylclindamycins (11) i> 
presented in Table III . The compounds were tested 
against Sarcina lutea. Staphylococcus, aureus OSU284. 
S. aureus V.Co.')2, Streptococcus faecal in ['V.i'2o~>, 
h'scheviclvia coli ATCC28. Proteus vulgaris ATCC8427. 
Salmonella scliottiuuellcri, and Diplococcus pneumoniae 
1. These data show that antimicrobial potency in
creases with the chain length of the4 ' -a lkyl substituent. 
reaching a maximum when the 4'-alkyl group is pentyl. 
This behavior is similar to that observed in the 4'-
alkyl-4'-depropyllinconwcins; : i however, the /// viva 
data for the 1'-demethylclindamycins (Table III) more 
closely parallel in vitro potencies than in the lincomycin 
series. 

Evaluation of the chlorinated lincomycin analogs 
against Plasmodium bergliei infected mice produced 
surprising results1''1 (cf. Table IV). Whereas lincomycin 
was essentially inactive. 1 '-demethyl-7(S)-chloroanalogs 
demonstrated potent antimalarial activity, several 
having CD.50's comparable to chloroquine and dimethyl-
diphenyl sulfone (DDS) and in this assay. Anti
malarial potency appeared to closely follow in vivo 
antibacterial potency. 1 ' -Demethyl-4'-depropyl-4'-
pentylclindamycin ( l i e ) also showed good activity 
against ehloroquine-resistant and D D S - resistant strains 
of mouse malaria.1''' Antimalarial activities of l'~ 
demethyl-4'-depropyl-4'-pentylclindamycin and clinda
mycin vs. Plasmodium cijnomnlgi in monkeys will be 
published shortly."1 

Experimental Section17 

Methyl 7(iS)-ChIoro-7-deoxylincosaminide (4).—To a solution 
of 393 g of (CJI,-,)3P in 3 1. of anhydrous MeCX was added 105 g 
of Cl2 keeping the temperature at. less than 40° by cooling. 
.Methyl thiolincosaminide (101 g) was added. After stirring at 
26° for 24 hr, 200 ml of MeOH was added. The solution was 
concentrated under vacuum. The residue was partitioned 
between CHC13 and H>0. The aqueous solution was adjusted to 
pH 5.2 by the addition of K H C 0 3 and extracted with CHC13. 
The addition of KOH to pH 9 precipitated crude 4. The crystals 
were collected bv filtration and dried. Kecrystallized from 95% 
EtOH yielded 31.0 g (29.2%) of 4, mp 171-178°. A second crop 
of 11.7 g (10.8%) °f 4> mp 164-173°, was obtained by concentrat
ing the mother liquors. Ilecrystallization of a portion of first 
crop crystals afforded an analytical sample, mp 177-180°, 
[<*]D +348° (DMSO). Anal. ( C 9 H I 8 C 1 N 0 4 S ) C, H, CI, X, S. 

Methyl N-Trifluoroacetylthiolincosaminide (5).—To a suspen
sion of 25.3 g of methyl thiolincosaminide (3) in 250 ml of MeCX, 
16.5 ml of Et3X, and 25.25 ml of t rifluoroacetic anhydride were 
added simultaneously with stirring and cooling. After 24 hr at 
26° the solvent was removed under vacuum. The residue was 
dissolved in EtOAc, washed successively with dilute acid and "•>% 
XaHC0 3 solution, and dried. A red oil (20 g) was obtained on 
concentration. This oil was dissolved in 100 ml of MeOH and a 
few drops of Et3X was added. After 18 hr at 26° the solvent was 

(15) C. Lewis, ./. PurasitoL, 64, 169 (1968). 
(16) L. H. Schmidt, J. Harrison, E. Ellison, and P. Worcester, Am. J. 

Trop. Med. Hyg., in press. 
(17) Melting points were taken in a Thomas-Hoover Unimelt apparatus 

and are corrected for stem exposure. Tic was carried out on microslides 
coated with Brinkman silica gel GFs,,*. Column chromatography em
ployed silica gel 0.05-0.20 mm for chromatography, Brinkman Instrument*, 
Inc.. WTestbury, L. I.. \ \ Y. Where analyses are indicated only by symbols 
of the elements, analytical results obtained for these elements are within 
= 0.4% of the theoretical values. Absorption bands of spectra (ir, nmr) 
were as expected for all compounds. 
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TABLE I 

4'-ALKYL-r-CARBOBKNZOXY-4'-DEPROPYLCLINDAMyCINS (10) 

Yield, 
% Mp, °C Formula 

CS4HS5C1N207S 
189-192 C25H37C1N207S 

55 185-187 C26H3SC1N20,S 
72 185-187 C28H43C1N207S 
31 175-177 C30H47ClN2O7S 

Analyses 

C, H, N 
C, H, N 
C, H, N 
C, H, N 

CI 

: Tic data on two systems showed one spot moving as expected. No elemental analyses were obtained. 

C2H5 (cis-trans) 
C3H7 (cis-trans) 
?i-C3H7 (trans)" 
n-C4H9 (cis-trans) 
n-CsHn (cis-trans)" 
re-CeHi3 (cis-trans) 
ra-C8Hl7 (cis-trans) 

TABLE II 

4 ' - A L K Y L - 1 ' - D B M E T H Y L - 4 ' - D K P B O P Y L C L I N D A X M Y C I X S (11) 

Yield, 
% 

82 
41 
58 
28 
62 
62 

irrespond 

Mp, °C 
240-242 
228-234 
217-221 
207-209 
222-223 
219-221 
201-203 

iing lincomycin analog. 

k K 
deg (H2O) 

+ 159 
+ 159 
+ 155 
+ 1346 

+ 139 
+ 142 

" MeOH. 

Formula 

C,6H3„C12N205S 
CnH^CljNjOjS 
G7H32C12N205S 
C18H34C1N205S 
Ci9H36Cl2N205S 
C2oH3aCl2N2OjS 
C22H42C12N20,-,S 

c See footnote a, Table I. 

Analyses 

C, H 
C, H, N 
C, H, N, S 
N, S, mol wt 
C, H, N, S 
C, H, CI, N, S 

c 

TABLE I I I 

ANTIBACTERIAL ACTIVITIES OF 4'-ALKYL-1'-DEMETHYL-4'-DEPROPYLCLINDAMYCIN HYDROCHLORIDES (11) 

Std 

Compd 

Lincomycin 
11a 
l i b 
l i e 
l i d 
l i e 
1 If 

H g 

curve 
assay 
with 

S. lutea" 

1 
0.9 
3-5 
4-7 
5 
4 
1 .8 
0.1 

S. aureus 
OSU284 

0.4 
0.2 
0.05 
0.05 
0.05 
0.025 
0.025 
0.05 

—serial um 

S. aureus 
UC552C 

0.8 
0.2 
0.1 
0.1 
0.05 
0.025 
0.025 
0.025 

i uu i i min ima 

*S. faecalis 
UC3235 

12.5 
3.2 
1.6 
3.2 
1.6 
0.05 
0.05 
3.2 

,i u i inu i tu iy 

E. coli 
ATCC28 

400 
200 

50 
25 
12.5 
12.5 
25 
12.5 

uuuijciitiauiuii 

P. vulgaris 
ATCC8427 

800 
200 
100 
50 
12.5 
50 

200 
>200 

S. schotl-
muelleri 

ATCC9149 

4000 
>200 

50 
50 
12.5 
12.5 
50 
25 

, 
.—s. 

Sc 

1 
2.8 
5.8 
4 .0 
4.0 
4.0 
3.7 

-Mouse protection assay** * 
aureus > 

Oral 

1 
1.0 
3.5 
2.3 
2.3 
3.0 
2.5 
0.2 

D. pneumoniae I 
Sc 

1 

15.1 
11.4 

19.6 

Oral 

1 

13.9 
7.5 

18.8 

a L. J. Hanka, D. J. Mason, M. 11. Burch, and R. W. Treick, Antimicrobial Agents Chemotherapy, 565 (1962). b Determinations 
made in Brain Heart Infusion medium (Difco). Inocula consisted of about 105 organisms/ml of medium. Twofold dilutions of the 
antibiotic were used in each sensitivity determination. End points were read at 20 hr and are expressed in minimal inhibitory concen
tration of compound in /xg/ml. c Organism resistant to penicillin, streptomycin, tetracycline, and erythromycin. d Method of C. 
Lewis, H. W. Clapp, and J. E. Grady, Antimicrobial Agents Chemotherapy, 570 (1962). 

TABLE IV 

ANTIMALARIAL ACTIVITY OF 4 ' - A L K Y L - 1 ' -

DKMETHYL-4'-DKPROPYLCLIXDAMYCIN 

HYDROCHLORIDES (11) IN Plasmodium berghei 
INFECTED M I C E " 

Compd 

Lincomycin 
11a 
l i b 
l i e 
l i d 
l i e 
1 If 
l i s 
Chlonxuiiue 
DDS 

" The authors are indebted to C. E. Lewis of these laboratories 
for the use of the data. ' C D M is median protective dose (95% 
limits). 

distilled in vacuo and the residue was chromatographed over silica 
gel. A fraction of 12.7 g, which was eluted with CHCl3-MeOH 
(4:1), was crystallized from MeCN-EtsO. The yield of 5, mp 
144-146°, was 7.0 g (20.0%). A portion, recrystallized twice 
from MeCN, melted at 146-147°, [ « ] D +240° (DMSO). Anal. 
(C„H I8F3N06S) C, H, F, N. 

Sc 

>160 
47 
19 
16 
3.7 
4.7 
6.6 

30 
8.1 

25 

Oral 

>400 

37 
28 

12 
14 

14 
38 

Methyl N-Trifluoroacetyl-7((S)-chloro-7-deoxythiolincosami-
nide (6).—Six grams of 5 was halogenated with (C6H5)3PC12 

prepared from 10.6 g of Cl2 and 40.8 g of (C6H-,)3P in 375 ml of 
J\ teCN. The crude product was chromatographed twice over silica 
gel using CHClj-MeOH (6:1) for elution to give 4.8 g of oily 6 
which was crystallized from i-C3H7OH. The yield of 6, mp 
78-85° (solvated), was 2.18 g (34.5%). A portion was recrystal
lized from i-PrOH. I t melted at 66-72° (solvated) and showed 
[a]D +239° (DMSO). Anal. (CnH17ClF3N06S) C, H, F , N. 

Methyl 7(jS)-Chloro-7-deoxythiolincosaminide (4) from Methyl 
N-TrifluoroacetyI-7(<S)-chloro-7-deoxythiolincosaminide (6).— 
One gram of 6 was dissolved in 5 ml of 1 N NaOH. After 1 hr at 
room temperature crystals formed which were collected and 
dried. These crystals, mp 170-173°, weighed 670 mg (90.4%). 
One recrystallization raised the melting point to 173-179 . 
The optical rotation was [a]o +361° (DMSO). Ir and nmr data 
confirmed this compound as 4. 

Clindamycin Hydrochloride (2) from Methyl 7(S)-Chloro-7-
deoxythiolincosaminide (4).'—4-n-Propylhygric acid (915 mg) 
was condensed with 1.09 g of 4.6 Tic on silica gel using CHC13-
MeOH (4:1) and EtOAc-AcCH3-H20 (8:5:1) showed that the 
major component of the reaction mixture moved with clindamycin 
(2), both when run separately or mixed with known 2. Bio-
autograph vs. S. lutea was also identical with 2. 

Chromatography over silica gel using CHCl3-MeOH (7:1) for 
elution gave a major fraction, 380 mg, of clindamycin (2) identi
fied by tic. Conversion to the HC1 salt followed by recrystal
lization gave 180 mg of 2, mp 158-160°, whose infrared curve 
was identical with that of a known sample of clindamycin hy
drochloride (2). 
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Methyl N-Acetyl-7(&)-chloro-7-deoxylincosaminide (7). 
Acylatioti of 1 g of methyl 7(>S)-chloro-7-deoxylmcosamiiiide (4) 
with Ac'2(.) in AleOH gave after recrystallization from EtOAc 
Skellvsolve B18 930 mg of 7, nip 174-176°. The rotation was 
+ 290° (MeOII). Anal. (CnIl,0ClO,NS) (.', H, CI, X. 

Solvolysis of Methyl X-Acetyl-7(\S)-chIoro-7-deoxythiolincos-
aminide (7).--A solution of 2.0 g of 7 in NO ml of Ih.O was heated 
at reflux for .">.."> hi-. Tic (0HC1:) A let 111, 4:1) showed the gradual 
disappearance of 7, with two slower spot.- gradually increasing in 
concentration. The solution was lyophilized. The residue was 
chromatographed over silica gel using CHCl3 .MeOII (4:1) for 
elulion. A fraction of 110 mg, identified by tic as 7, was eluted 
in the early fractions. This was followed by a 155-mg and a 
1.00-g fraction, respectively. Crystallization of the major frac
tion from MeOII gave 470 mgof crude 8, mp 222-226°. Uecrystal-
lizalion afforded 360 mg of crystals, mp 235 -238°, whose infrared 
spectrum was identical with a known sample of 8.4 In another 
experiment, a fraction similar to the 155-mg fraction from above 
gave a product, mp 178-182°, whose infrared spectrum was very 
similar to that of 8 suggesting the 7(S) isomer. 

Attempted Solvolysis of Methyl N-Trifluoroacetyl-7(.N>chloro-
7-deoxythiolincosaminide (6).—A solution of 500 mg of 6 in 30 
ml of IhO was heated under reflux for IS hr. Tic (CHCl3-MeOII, 
(i: 1) indicated chiefly unreaded 6, and also a small amount of a 
slower moving spot, but no 7-hydroxy compound 5. When 
worked up as above 220 mg of recovered 6 and 55 mg of a more 
polar oil which resisted crystallization were obtained. Crystal
lization from /-PrOII afforded 110 mg of G, mp 72 -81 °. Ir data 
confirmed the identity of 6. 

1 '-Carbobenzoxy-1 '-demethylclindamycin (eis-lrans) (10, 
R = M-CJHT). l-Carbol>enzoxy-4-(r/s and (/'«rt.s)-n-propyl-L-
proline11 (2.153 g) was dissolved in 150 ml of MeCX containing 
1.12 ml of Et3X. The solution was cooled to 0° and 1.18 ml of 
isobutyl chloroformate added. After 10 miu at 0°, a .solution of 
2.17 g'of 4 in 40 ml of MeCX and 40 ml of H 2 0 was added. The 
mixture was stirred for 2 hr at ambient temperature and the 
MeCX distilled in vacuo to yield crystals which were collected 
by filtration. The yield of io, mp 180-183°, was 3.36 g. He-
crvstallization (EK)H) raised the melting point to 189-192°. 
Anal. (CSH3,C1X207S) C, II, CI, X. 

1-Carbobenzoxy-1'-demethylclindamycin (14).— l'-Demethyl-
lincomycin hydrochloride (428 mg) was treated with carbobenzyl-

(18,) A s a t u r a t e d h y d r o c a r b o n fract ion. Up tiO-71 °. Skelly Oil Co., Kansas 
Ci ty , M o . 

oxy chloride19 to yield 500 mg of 14, m}) 152-103°. Recrystalliza
tion (EtOAc IL.O) gave 350 mg of 14, mp 173 177°. Two re-
crystallizations from the same solvent afforded crystals, mp 
176-178°, |„Ji, +109°. Anal. <CW I^-W >S!S) C, II, X. 

1'-Demethylclindamycin (n.sand I runs) Hydrochloride ( l ib ) . 
A solution of 22.9 g of 10 was dissolved in 500 ml of MeOII and 
6 g of 10' , Pd (' was added. Ilydrogenolysis and crystalliza
tion wits as previously described.3 The yield of l i b , mp 218-223° 
dec, was 15.8 g (SO.2',1. Hecrystaliization (Ac.Me H-jO) af
forded 10.7 g of l ib , nij) 228 234° dec, [<»]i> +159° (H-.O). 
Further dilution with Ac.Me gave 2.90 g of second crop crystals, 
mp 226 230° dec. 

r-Demethyl-4'-depropyl-4'-pentylclindamycin ( l i e ) . Tri-
j)henylphosphine (22 g) in 400 ml of MeCX was treated with 
5.68 g of C1L, to produce a colorless solution of (C6Il,-,j;,PCl:. To 
this solution 4 g of 1 '-demethyl-4'-depropyl-4'-pentylIincomychi 
hydrochloride (12r was added. After stirring at 26° for 18 hr, 
15 ml of MeOII was added and the solvent distilled in vacuo. 
The residue was shaken with 250 ml of EtOAc EuO (1:1) and 
filtered. The residue (13.7 g) was partitioned between Hot) and 
EtOAc and the product was recovered from the aqueous solution 
by lyophilizing. This residue of X.5 g was further purified by 
chromatography over silica gel using CHCL-MeOH (4:1) for 
elulion. The major fraction of 2.09 g was dissolved in AcMe and 
acidified with IICI to give analytically pure l i e , mp 222 223°. 
Anal. (CH,H 3 6 C1 2 X,O S S) C, H, N, S. 

1'-Demethylclindamycin Hydrochloride ( l i e ) . Method A. 
1 '-Demethyllincomycin hydrochloride (3) (1.72g) was chlorinated 
as above to give hydrochloride l i e , mp 212-216°. weighing 0.73 g 
(40.8' , ). Recrystallization (AcMe- H-..0) gave 550 mg of hydro
chloride, mp 217-221° dec, [«|i> +155° (11.,()). Anal. (C'nlls-
C1,X,05S) C, II, X, S. 

Method B. One gram of 14 was chlorinated and subjected to 
hydrogenolysis: after chromatography it gave 103 mg of l i e . 
This product was converted to its crystalline hydrochloride and 
identified on the basis of tic data. It melted at 227-229° and 
weighed 95 mg. 
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The synthesis of a large number of /3-substituted 1-phenethylimidazoles is described. Many appropriately 
X-substituted l-(/3-amitiophenethyl)imidazoles and cyclic ketals derived from 2-(l-imidazolyl)acetophenones 
were quite active against dermatophytes. However, ]-(f3-benzyloxyphenethy])imidazoles displayed potent, 
broad-spectrum activity, not only against dermatophytes but also against yeast cells (Candida albicans') and 
gram-positive bacteria. 

For some years interest in our laboratories has been 
directed toward the synthesis and biological evaluation 
of imidazole derivatives.1'2 As part of this program we 
prepared a series of 1-phenethylimidazoles, when it 
became apparent that certain (J- and X-substituted 
derivatives of a-phenylimidazole-1-ethanol (A, X = 
OH) and l-Q3-aminophenethyl)imidazole (A, X = 

I 1) i:. V. t lodefroi . 1'. A. ,1. Janssei i , ( ' . A, M. Van .let- Kyoken, A. II. M. 
T. Van H e e r t u m . and ( ' . .1. E . NiemoKeers. ./. Me,I. Chem.. 8, 220 (196o!, 

(2) E. E. t lodefroi , J. van C u t s e m , ('. A. M. Van der Hycken. a n d P. A. J. 
J ans sen . ihvl.. 10, 1160 (1967). 
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C E — CH—X 
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C6H;, 

A. X = OH. NH, 

N 

O L - C X 

C6H, 

R. X-a lkv lene 

.ML.). respectively, displayed outstanding and broad-
spectrum antimycotie activity. This observation 


