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Antifungal Properties.—The fungistatic assay was carried out 
in Sabouraud's liquid (1 g of neopeptone Difco and 2 g of glucose 
Difco per 100 ml of distilled water) in 16 X 160 mm test tubes, 
each containing 4.5 ml of liquid medium which had been auto-
claved at 120° for 15 min. The compounds to be tested were 
dissolved in 50% alcohol at initial concentration of 20 mg/ml. 
The solutions were subsequently diluted with sterile distilled 
water to give a concentration of 10 mg/ml. Successive decimal 
dilutions were made in distilled water. To tubes containing 4.5 
ml of Sabouraud's liquid medium 0.5 ml of the solution of the 
drug was added, thereby obtaining concentrations of 1000, 500, 
100, 10, and 1 Mg/ml of medium. Control tubes were prepared 
by adding 0.5 ml of distilled water to 4.5 ml of medium, alcohol 
being added to give concentrations identical with the tubes 
containing 1000 and 500 pg of the drug. The filamentous 
fungi were incubated in Sabouraud's agar at 25° for 2-3 weeks. 
A block of 2 X 2 X 2 mm was then inoculated into the medium. 
All cultures were made in duplicate and were incubated at 25° 
for 14 days. Headings were then taken and were expressed as 
+ if inhibition at the 100-Mg/ml level was complete and as + + 
if total inhibition occurred at 10 Mg/mk 

Results 

The results are summarized in Table II. Clearly, 
compounds of type IIIa,b exhibit excellent fungistatic 
activity against several organisms. Optimum effect 
is achieved with lower esters 6 and 9. Lengthening of 
the chain results in diminished activity, notably against 

TABLE I I 

ANTIFUNGAL ACTIVITIES 

R ' 0 2 C ^ N " 
I 

R 

Compd 
2 
4 
8 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

19 
20 

R 
1-Indanyl 
1-Indanyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 
1-Tetralyl 

1-Tetralyl 

1-Tetralyl 
1-Tetralyl 

R ' 
C H , 

CsHs 
C H 3 

C i H i 
TI-CJH-

t'-CsHv 
Ti-C4HS 
1-C4HS 
n-CsHn 
CHjCHCH.CHfCHj). 
C H i C H = C H ! 
C&CHsOCHs 
CHsCHaOC^Hs 

CH,HQ 

C8Hu 
CHiCeHs 

L 

M. 

canis 

+ 
+ 
+ 
+ + 
+ + 
+ 
+ 
+ 
0 
0 

+ 
+ 
+ 

+ 
0 
0 

owest level 
-inhibition0 

T. 
menta-

oro-
phytes 

+ 
+ + 
+ 
+ + 
+ + 
+ 
+ + 
+ + 
+ 
0 

+ + 
+ + 
+ 

+ 
0 
0 

of 

T. 
rubrum 

+ 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ 
0 

+ + 
+ + 
+ + 

+ 
+ + 
+ + 

Total inhibition at 100 ,ug, + ; at 10 Mg, + + . 

Microsporum canis. Chain interruption, in one case, 
(13 vs. 17) increases activity. The introduction of 
bulky groups causes greatly diminished inhibition (i.e., 
18-20), while carboxylic acids 3 and 7 are totally inac
tive. 

For comparative purposes sodium undecalenate, 
diamthazole,3 and chlormidazole4 were assayed con
currently against M. canis, Trichophyton mentagrophytes, 
and Trichophyton rubrum. None of these caused total 
inhibition below the lOO-^g/ml level. One of our com
pounds, l-(l-tetralyl)imidazole-5-carboxylic acid ethyl 

(3) AsterolS (Roche). 
(4) PolycidS (Griinenthal GmbH). 

ester (6, proposed generic name, ethonamidate) has 
been selected for clinical evaluation. A more detailed 
pharmacological study of ethonamidate will be pre
sented elsewhere.6 
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Variation in the length of the 4'-alkyl substituent of 
the antibiotic lincomycin (1) produced a series of ana
logs, some of which possessed enhanced antibacterial 
activity.1 This note describes the synthesis and 
antibacterial activity of 4'-depropyl-4'-ethoxylincomy-
cin (3) and its cis isomer 4. These compounds may be 
classified as classical bioisosteres2 of lincomycin and its 
cis isomer 2 in which the methylene adjacent to the 
proline ring in the 4'-propyl substituent is replaced by 
oxygen. 

l-Carbobenzoxy-4-hydroxy-L-prolines was converted 
to the benzyl ester (6) and the latter etherified by the 
excellent method of Kuhn,4 to form crude 7 in almost 
quantitative yield. Hydrogenolysis of 7 afforded 4-
ethoxy-L-proline (8) as well as a small amount of the 
diketopiperazine 15. Reductive methylation of 8 
proceeded smoothly yielding 9. Condensation of 1-
methyl-4-ethoxy-L-proline (9) with methyl thiolincos-
aminide6 using the mixed-anhydride procedure led to 
crystalline 4'-depropyl-4'-ethoxylincomycin (3). 

In a similar manner, l-carbobenzoxy-4-cfs-hydroxy-
L-proline3 was converted to l-methyl-4-m-ethoxy-L-
proline (14) and then to 4'-depropyl-4'-m-ethoxylin-
comycin (4). In 4 the ethoxy substituent at C-4' is 
oriented cis to the L-amide group, the same configura
tion as m-lincomycin.1 

4'-Depropyl-4'-ethoxylincomycin (3) and 4'-de-
propyl-4'-a's-ethoxylincomycin (4) have about 2% 
the activity of lincomycin when assayed in the standard-
curve assay against Sarcina luteal Both compounds 
were inactive when administered subcutaneously at 

(1) B. J. Magerlein, R. D. Birkenraeyer, and F. Kagan, J. Med. Chem., 10, 
355 (1967). 

(2) V. B. Schatz in "Medicinal Chemistry," A. Burger, Ed., 2nd ed, Inter-
science Publishers, Inc., New York, N. Y., 1960, p 75. 

(3) A. A. Patchett and B. Witkop, J. Am. Chem. Soc, 79, 185 (1957). 
(4) R. Kuhn, H. Trischmann, and I. Loiv, Angew. Chem., 67, 32 (1955). 
(5) H. Hoeksema, B. Bannister, R. D. Birkenmeyer, F. Kagan, B. J. 

Magerlein, F. A. MacKellar, W. Schroeder, G. Slomp, and R. R. Herr, ./. 
Am. Chem. Soc. 86, 4223 (1964). 

(6) L. J. Hanka, D. J. Mason, M. R. Burch, and R. W. Treick in "Anti
microbial Agents and Chemotherapy—1962," J. C. Sylvester, Ed., American 
Society for Microbiology, Ann Arbor, Mich., 1963, p 565. 
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8,13,R, = H;R 2 = H;R 3 = OC2H5 

9,14, R, =H; R2 = CH3; R3 = OC2H5 

EtO OEt 

•Y20 nig/kg and orall,y at S00 mg/kg to mice infected 
with Staphylococcus aureus. Lincomycin, run as a. 
control, protected at ]'•] mg/kg when administered 
suhcutaneously and at 49 mg/kg orally." 

Experimental Section8 

l-Carbobenzoxy-4-ethoxy-L-proline Benzyl Ester (7). A 
mixture of 21!) g of l-earbobenzoxy-4-hydroxy-L-proline (5),3 

NO ml of benzyl alcohol, 300 ml of benzene, and 1 g of p-tolueue-
sulfoiiic acid was healed under reflux and the distillate was passed 
through a Dean-Stark distillation head. During 17 hr, an addi
tional 400 mg of p-toluenesulfonic acid and 100 ml of benzene 
were added. The reaction mixture was separated into neutral 
and acidic fractions by partition between NaHCOa solution and 
benzene. The oily, neutral fraction weighed 219 g. Thin layer 
chromatography using a cyclohexane-acetone system (1:1) 
showed one spot at Rt 0.69 when sprayed with 0.1 .V aqueous I2 

solution. 
The crude ester from above was dissolved in 750 ml of dimethyl-

formamide (D.MF) and 372 g of EtI . Silver oxide (462 g) was 
added, and the mixture was stirred for 3 days at ambient tem
perature then filtered, and the residue was washed successively 
with D.MF and CITC1-. The solvent was distilled under vacuum. 
The residue was dissolved in CFFC1.. The solution was washed 
with IFO several times and dried, and the solvent was distilled. 
The resulting oil, 223 g, showed one spot on tie run as described 
above (H, 0.76). 

i7i ( '. Lewis, II. \V. C l a p p . and .1. K. C r a d y , rel ' ti , p ,">7I). 
(%) Mel t ing i jo ims were taken in a T h u i n a s - 1 loover L'nimeli. a p p a r a t u s 

and were corrected for s t em exposure . T h i n layer c h r o m a t o g r a p h y (tic.) was 
carried out on microsliiles coa ted with Orir ikmann silica gel GKj»4. Opt ica! 
to ta l ions u ere observed at 2(1° at ' ~ 1. 1 nfrared and n m r dat t i a re ava i lab le 
on rei tucst . 

4-Ethoxy-n-proline (8) and 2,7-Diethoxyoctahydro-5H,10H-
dipyrrolo[l,2-a:l,2'-c/]pyrazine-5,10-dione (15).- -Compound 7 
(17 g) in 200 ml of MeOH containing 2 g of i l l ' , Pd-C wa> 
shaken under II, for IS hr. The catalyst was removed by fill ra
tion. The solvent was evaporated and the residue was crystal
lized from methanol-ether to yield 2.9 g of 8, nip 1N5 1NS°. 
The mother liquor was evaporated and the residue was dissolved 
in loll ml of MeOH and rehydrogenated over 2 g of catalyst. 
An additional 2.2 g of 8, mp 194--19N°, was tints obtained. An 
analytical sample was prepared by two reerystallizations from 
methanol -el her. ll melted at 194 - KIN0 and showed one spot tin 
tic [methanol \ H , 0 I 1 i'17'7 1 9.5: 0.5: deteclion by ninhvdrin !; 
>ii> -41)° iIU>). 

Anal. Calcd tor C-II,:,XO;i: ('. 52.Nl: II, s.23: X. VM). 
Found: (', .".2.03: II. s.4(i: X. N.77. 

The mot her liquors from some runs yielded a more soluble 
compound which was purified by reerystaliizal ion from ethyl 
acetate-Skellysolve B. Infrared analysis indicated the diketo-
piporazine 15, mp 123-12.")°. 

Arm/. Calcd for C H - X V ) , : (', 59..").">; II, 7.N5: X, 9.92. 
Found: C, 59.40: II. 7.92: X, 9.N3. 

l-Methyl-4-ethoxy-t.-proline (9). A mixture of 3.75 g of 8. 
300 mg of 10'', Pd (', 3.5 ml of formalin, and 150 ml of Met HI 
was shaken under IF for 4 hr. The catalyst was removed by 
filtration and 1 he .solvent was evaporated in ruciio. Benzene was 
added to the resume and then evaporated in vacuo to yield a 
crystalline residue, ninhydrin test negative. The crude crystals 
were dissolved in MeOH, and the solution was clarified by filtra
tion: crystals precipitated by the addition of ether. The yield 
of 9, mp 109 113°. Wits 2.7 g. The analytical sample, mp 117 
119°, \a i) -09° ill2()'i, was prepared by several recrystalliza
tions from el hyl acelale. 

Anal. Calnl for (UI,.,X(.)•,:. C. 55.47: II. N.73: X, N.110. 
Found: C, 55.39: II, N.N5: X, N.Os. 

4'-Depropyl-4'-ethoxylincomycin (3; . -To a solution of 5.2 g 
of l-methyI-4-ethoxy-t.-proline (9) and 4.9 ml of Ft;tX in 200 ml 
of acetoniirile cooled to 0° was added 4.1 ml of isobutyl ehloro-
formate. The read ion mixture was stirred for 0.25 hr, and a 
solution of 10.95 g of methyl thiolincosaminide in 151) ml of water 
was added. The mixture was stirred at 0° for 1 hr and at ambient 
temperature for 7 hr. The acetoniirile was evaporated under 
vacuum. The residue was diluted with water and treated with 
two 30-g portions of Dowex 2 (OH form). The solution was 
lvophilized. The dried residue was shaken with 500 ml of acetone 
and filtered. The acetone solution was acidified with dilute 11C1, 
precipitating crude 3-IIC1 as a gum which crystallized on stand
ing. It was reerystallized by dissolving in water and adding 
acetone. The yield of 3-HC1 was 7.79 g (56.6', ), '»P !•"><> "' , )D 

isolvaled!. Similar material on rocrystallization afforded a hy
drate, nip 170 •175' dec. [<*]u - 145°' i H20 >. 

Anal. Calcd for C,7il:oX207: C, 45.NN; II, 7.4N; X, 0.30; 
S, 7.21. Found: C, 45.N4: 11,7.74: X. 0.05; S, 7.27 (corrected 
for 2 .53 ' , II2(>. Karl-Fischer titration;. 

l-C'arbobenzoxy-4-tvs-ethoxy-i.-proline Benzyl Ester (12i. 
l-Carbobenzoxy-4-allohydroxy-i.-proliue (10)3 (10 g) was esteri-
fieil and elhylated as desci'ibed for the preparation of 7. The 
crude product was ohromatographed over 400 g of Florisil using 
Skellysolve B ibp 00-71°! with increasing amounts of acetone 
for elution. An oily fraction showing one spot by tic i/iJr 0.74 i 
was obtained and used directly in the following step. 

4-r/s-Ethoxy-L-proline (13).- -In the manner described above 
for the preparation of 8. 3.4 g of 12 was hydrogenated to yield a 
total of 07.6',' of 13. mp 1N5-2050, ja|i> - 3 6 ° (ll,,Oi. This 
material was difficult to crystalllize, forming gels very readily. 
The melting point of the crystals obtained varied considerably, 
some melting as high as 214-216°. 

Anal. Calcd for CvIli.-iXO.,: X, NX). Found: X, N.44. 
l-Methyl-4-r/s-ethoxy-L-proline (14).—-In the manner de

scribed for the preparation of 9, 1 g of 13 was converted to 14 
(900 mg), mp 103-165° (from MeOH-EtOAc), [«|i> - 6 1 ° (H20). 

Anal. Calcd for CJI, ;XO ; i : C, 55.46: II, N.73: X, N.09. 
Found: ('. 56.05: H. 9.02: X, N.10. 

A portion was converted to I he hydrochloride which was re-
CIA stallized from methanol ethei. It melted a I 141-143°. 

Anal. Calcd for Cvl I ,.,XO„ • HC1: C. I5.N2: 11,7.09: X, 0.69. 
Found; C. 16.00: II, 7.52: X, 7.01. 

4'-Depropyl-4'-r/.s-alloethoxylincomycin (4). As previously 
described for the preparation of 3, 0.52 g of 14 was treated with 
1.09 g of mcihvl thiolincosaminide to vield 0.77 g (57.6' , ) of 4. 
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mp 146-152°. A portion was recrystallized from acetone-water. 
I t melted at 141-146° and had [<*]D +132° (H20). 

Anal. Calod for Ci7H32N20,S-HCl: C, 45.88; H, 7.48; N, 
6.30; S, 7.21. Found: C, 45.39; H, 7.60; X, 6.41; S, .7.09 
(corrected for 4.64% water, Karl-Fischer titration). 

Acknowledgment.—The author is indebted to Dr. D. 
J. Mason and C. Lewis for antibacterial testing. 
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6-Mercaptopurine must be metabolized to its ribonu
cleotide before it can inhibit the growth of cells.2 Cells 
that lack the IMP-GMP pyrophosphorylase necessary 
for this conversion are resistant to 6-mercaptopurine,2 

and to its ribonucleotide,3 which is unable to enter 
cells intact.4 In an effort to overcome this problem 
of resistance, a number of derivatives of 6-mercapto
purine ribonucleotide that might enter cells were 
synthesized.5 One of these, thioinosinyl-(5'-»-5')-
thioinosine,5 was found to be cytotoxic to a subline of 
HEp-2 cells resistant to 6-mercaptopurine.3 This 
observation led us to synthesize the same type of deriv
ative of the biologically active pyrimidine nucleoside 
analogs (la-c and 6-azauridine). The same general 
approach used in our previous work5 was employed. 
5-Bromo-2'-deoxyuridine (lb) and 2'-deoxy-5-iodouri-
dine (lc) were converted to their o'-O-trityl derivatives 
(2b and c) for acetylation. Removal of the trityl 
group from the acetylated nucleosides (3b and c) gave 
nucleosides (4b and c) suitably blocked for conversion 
to the desired phosphates. The preparation of 3'-0-
acetyl-2'-deoxy-5-fluorouridine (4a) was described pre
viously.8 6-Azauridine was converted to its 2',3'-0-
isopropylidene derivative (7).6 These blocked nucleo
sides (4 and 7) were then allowed to react with p-nitro-
phenylphosphorodichloridate7 and the blocked nucleo
tides (5) were treated with base to remove the acetyl 
group and the p-nitrophenyl group to give the desired 
2'-deoxy-o-halo u r idy l yl-(5'-*-5')-2'-de oxy-5-halo ur
idines (6).8,9 Treatment of the azauridine derivative 
(8) with base removed the p-nitrophenyl group, but 
removal of the 2',3'-0-isopropylidene group was easily 
accomplished by simply refluxing an aqueous solution 
of 9 which, in itself, is acidic enough to effect the hy
drolysis to 10 (see Scheme I). 

(1) This investigation was supported by funds from the C. F. Kettering 
Foundation and the Cancer Chemotherapy National Service Center, Na
tional Cancer Institute, National Institutes of Health, Contract No. PH43-
64-51. 
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(3) J. A. Montgomery, G. J. Dixon, E. A. Dulmadge, H. J. Thomas, R. W. 

Brockman, and H. E. Skipper, Nature, 199, 769 (1963). 
(4) P. M. Roll, H. Weinfeld, E. Carroll, and G. B. Brown, J. Biol. Chem., 

220, 439 (1956). 
(5) H. J. Thomas and J. A. Montgomery, J. Med. Pharm. Chem., 5, 24 

(1962). 
(6) J. Smrt, J. Beranels, and F. Sorm, Collection Czech. Chem. Cominun., 

25, 130 (1900). 
(7) A. F. Turner and II. G. Khorana, J. Am. Chem. Soc., 81, 4651 (1959). 
(8) The synthesis of 2'-deoxy-5-fluorouridylyl-(5'—>-5')-2'-deoxy-5-fiuoro-

uridine by another method has been reported.3 

(!!) 1). G. Parsons and C. Iteidelbcrger, ./. Med. Chen., 9, 150 (1900). 
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Biologic Data.—The cytotoxic effect of these di-
nucleoside phosphates on KB cells is compared to the 
effect of the corresponding nucleosides in Table I. 
The cells were grown on glass and growth was measured 
by determination of protein content.10 

(10) V. I. Oyama and H. Eagle, Proc. Soc. Jixptl. Biol. Med., 91, 305 
(1950); Cancer Chemotherapy Kept., 25, 57 (1962). 


