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Antifunga! 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 509 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. Sueccessive decimal
dilutions were made in distilled water. To tubes containing 4.5
ml of Sabonrand’s lignid medium 1.5 ml of the solution of the
drug was added, thereby abtaining coicentrations of 1000, 500,
100, 10, and 1 pg/ml of medium. Control tubes were prepared
by adding 0.5 ml of distilled water to 4.5 m! of medium, alcohol
being added to give coilcentratians identical with the tubes
containing 1000 and 50 pg of the drng. The filamentons
fungi were incibated in Sabonrand’s agar at 23° for 2-3 weeks.
A block of 2 X 2 X 2 mm was then iioculated into the medium.
All cultures were made in duplicate and were incubated at 25°
far 14 days. Readings were then taken and were expressed as
<+ if inhibition at the 100)-ug/ml level was complete and asx + 4+
if total inhibition occurred at 10 ug/ml

Results

The results are summarized in Table II. Clearly,
compounds of type IIIab exhibit excellent fungistatie
activity against several organisms. Optimum effect
is achieved with lower esters 6 and 9. Lengthening of
the chain results in diminished activity, notably against
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2 1-Indanyl CHs + + +

4 1-Indanyl  C:Hs + ++ ++
8 1-Tetralyl CHs + + ++
6 1-Tetralyl CoHs ++ ++ ++
9 1-Tetralyl  n-C:Hs + + ++ ++
10 1-Tetralyl  -C3Hy + + +
11 1-Tetralyl  n-CsHs + ++ ++
12 1-Tetralyl  ¢-CsHo + + + + +
13 1-Tetralyl n-CsHe 0 + +
14 1-Tetralyl CHsCHCH:CH(CHs): 0 0 0

15 1-Tetralyl CH:CH=CH: + ++ ++
16 1-Tetralyl CH:CH:OCHj3 + ++ ++
17 1-Tetralyl CH.CH:OC.Hs + + ++

0]

18 1-Tetralyl CHFG + + +
19 1-Tetralyl CeHu 0 0 ++
20 1-Tetralyl CH:CsHs 0 0 + +

« Tatal inhibition at 100 pg, +; at 10 ug, ++.

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

For comparative purposes sodium undecalenate,
diamthazole,® and chlormidazole* were assayed con-
currently against 1. canis, Trichophyton mentagrophytes,
and Trichophyton rubrum. None of these caused total
inhibition below the 100-ug/ml level. One of our com-
pounds, 1-(1-tetralyl)imidazole-5-carboxylic acid ethyl

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

1-Carbobenzoxy-4-hydroxy-L-proline® was converted
to the benzyl ester (6) and the latter etherified by the
excellent method of Kuhn,* 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-
aminide® using the mixed-anhydride procedure led to
crystalline 4’-depropyl-4’-ethoxylincomyein (3).

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

4’-Depropyl-4’-ethoxylincomyein  (3) and 4’-de-
propyl-4’-czs-ethoxylincomycin (4) have about 29
the activity of lincomyein when assayed in the standard-
curve assay against Sarcina lutea® Both compounds
were inactive when administered subcutaneously at
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320 mg/kg and orally at 800 mg/kg to mice infected
with  Staphylococeus aureus. lincomyein, run as a
eantral, protected at 13 mg/kg when administered
subeutancously and at 49 mg/kg orally.’

Experimental Section®

1-Carbobenzoxy-4-ethoxy-v-proline Benzyl Ester (7). A
mixtnre ol 219 g of l-carbabenzoxy-4-hydraxy-p-praline (5),*
SO b al benzyt aleahal, 300 ml of benzene, and 1 g of p-tahiene-
sulfonie acid wax heated nnder reflux and the distillate was passed
thrangh a Dean—Nrark distillation head.  During 17 hr, an addi-
tianal 400 g of p-taluenesulfanic acid and 100 b of benzene
were added. The reaction mixinre wax separated into nenrral
and aeidic fractions by partition between NaHCO, salution and
benzeue. The oily, nentral fraction weighed 219 g. Thin layer
chramatagraphy using a cvclohexane—acetane system  (1:1)
shawed aie spar at K¢ 0.69 when sprayed with 0.1 ¥ aqueouns I
=alitian.

The erude ester frann abave was dissalved in 750 wil «f dimethyl-
farmamide (DMF) and 372 g of Fal. Silver oxide (462 g) was
added, and the mixture was stirved far 33 days at ambient tem-
perature then filtered, and the residiie was washed successively
with DMF and CHyCl:. The salvent was distilled under vacuuiui.
The residue was dissalved in CHaCl,.  The sahitian was washed
with L0 several tinmes and dried, and the salvent was distilled.
The rexuliing oil, 223 g, shawed ane spat an ile nut as deserihed
nhave (¢ 0.76).

e Coewas, LWL Clgp, ot 3L B Gesd gy yel 1, p 5711
i8) Meliing poinls were takew 'n a Thowas-1loover Urdacell apparacies
atol were coceerled for scead exposure.  Tlin layer clircanatograplyy {tie) was
careiel ot ore aderostules voaced wiae Brivdkinaniesoica gel GFae Opacen
rotilions weee ohserved w269 a1 ¢ ~1. Lufeared and nar dais

D yeguesl,

N ot

Val, 1o

4-Ethoxy-L-proline (8) and 2,7-Diethoxyoctahydro-3H,10H-
dipyrrolo[1,2-a{1,2"-{]pyrazine-5,10-dione 115).--Canipand 7
(17 g1 in 200 mb af MeOH containing 2 g of 100, Pd-(' wis
shetken under Hy far 18 hr. The catalvst wis removed hy tilir-
tiemr. The solvent wax evapornted and the residue waox ervsial-
lizedd from methanal-ether 10 vield 2.9 g of 8, i ING INN7,
The mother liquer was evaparared sl 1he residine was dissolved
ne 1an ml of MeOH and rehydragennied over 2 g of entalvsi,
A adduianal 2.2 g ol 8, mip 194-19%° wax thus olaained. A
anabviieal sawomple was prepared hy 1wo reerystatlizations froia
methanal-ethor. Brmelred at 194-195° aind showed one spot on
tle fmethanol- NTLOTE (17077 0050 deteetion by ninhivdrined;
Tl — 4G i HLO 0

Aread. Caled for ColLaNOg ) 528100 11, S.230 N s,
Famed: €, 52,65 T S46: N S.TT.

The niecalier lignors Trom <ome mns= vielded o more ~olihle
compaund which was purified by recrystalization fram eihyl
neetare~Skellvsolvie Bo Infraved annbvsis indicated the diketo-
piperazine 15, mp 128-125°.

Anad. Caled far CollaNa) €
Fonnd: €, av46: 11 7.92; N, 9.83.

1-Methyl-4-ethoxy-t.-proline (9i.--A mixture of 3.73 g of 8.
300 mg of 1070 Pd-C, 3.0 ml of farmalin, and 1a0 il of MeO}
wis shakercmnder T fea 4l The caralvst was removed o
filrratian and the =solvera wies evapored e cqcvo. Berzems wis
added 1o the resivine md then evaporated in cacio 10 vield
ervstallie vesidne, nirchydrin = negarive.  The erde crvsials
were dixolved in MeOI1l and the xcdution was clavified hy tilira-
tiang erystals precipitated hy the ndditiore of ether. The vield
af 9, mp 100-115° was 2.7 g0 The anadyrieal soanple, mp 117
F1O°, je b —£0° 7 1LOY was prepared hy several reerysialliza-
tions= {romn erthyl acetnte.

A Caled for CyHeND:
Found: ', 753500 1, SR30 N, K08,

4’-Depropyl-4’-ethoxylincomyecin (3 -To o sclition af 5.2 g
of T-methyvl-4-etlnxy-r-proline (9) and 4.9 ml of KN in 200 mil
of neotcanirile coaled 1D was added 4.1 ml af isobuiyl chloro-
formare. The vemenione mixire was stirred for 0.25 hr, and o
solntiorcaf 1095 g oihmerhvl thiolincosmuinide in 1a0 1l of wiaer
was sidded. The mixture was <tirred at 0° far | e and a1 aaunbient
teniperature {or 7 hr, The acetanminrile was ovaporared mder
vacnnil The residine was dilured with water and 1rented with
two 30-g portiones of Dawex 2 (O11 farmn). The sabmioe was
Ivophilized.  The dried resicdie wis shiken with 400 b al neraone
and filtered.  The acerane solntian was acidified with dibie 11C1,
precipitading erde 3-THCT as g which ervsiallized an =tand-
g, 11 owas veervsiadlized by dissalving in water and adding
acetone, The vield of 3 HCD was T.79 g (36670 mp 140 14i0°
ixalvared ). Sl nederial an veervsrallization atfarded o hy-
drate, mp 1701737 dees faiie = 143° 61100,

Aned. Caled for CellaNas: O 43,850 11, 7450 N, L0
N2l Fomul: O 40840 1L 7740 N G.0a0 8, .27 (eorreered
Jor 2.3, 110, Karl-Fiseher titration ).

1-Carbobenzoxy-4-.is-ethoxy-r.-proline Benzyl Ester (12,.
1-Carbahenzoxy-t-nllohyvdraxyv-r-praline (10)% (10 g1 wax exteri-
fedd ind erthylated ax deseriled for the preparaiion of 7. The
crude pradier was ehranwtograplied aver 400 g af Flavisil nsing
skellvsalve B abp 60-71°) with inereasing muaunts of acetone
far eluticae. An wily Tracetian shawing ane spat by tle 110; .74
was ablained and nsed directly i1 the fallowing step.

4-¢is=Ethoxy-t.-proline {13).- -1 1the manuer descrihed :ihave
[or the preparation of 8, 3.4 ¢ af 12 was hydragenated ta vield a
taral af 67657, of 13, mp 1RA-205°, ja|n —36° (H0 v This
nerial was difleatli 1o crvstalllize, forming gels vy veadily,
The melting point of the eryvsrals ubtained varied cansiderahly,
<atte melting ax high as 214-216°.

Anal. Caled for (=1HaNOs: N, <500 Foand: N, 844,

1-Methyl-4-//s-ethoxy-r-proline (14).—-Iu ihe manner de-
scrihed for the prepararion of 9, 1 g of 13 was canveried 1a 14
(ON g, i 163 -163° (From MeOTH=FiOAe), folp —61° (11,0),

Anad. Caled for CiHLNO () J046; 1, X730 N, X090
Found: ¢ a6.05: H, 9020 N, X0

A partian wias converted 1o the hydrachlaride which was e
ervstallized from wethimol ethee, 11 melted au 141- 143°.

Al Caled Tor CGNOTTCT O 45820 1L 70 N, 660,
Feamed: ¢, 46.00: 11 7520 N, 7.0l

4"-Depropyl-4'-ris-alloethoxylincomycin i4). As [revionsly
doserilwd for the prepaoation of 3, 0.02 g ol 14 was 1reated with
109 « of merthyl thiolircoscaninide 1o vield 0.77 g (37,601 of 4,

29.00; 1L T8 N, ez,
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Jr N NI



November 1967

mp 146-152°. A portion was recrystallized from acetone-water.
It melted at 141-146° and had [«]p +132° (H,0).

Anal. Caled for CizHuN:0:8-HCL: C, 45.8%; H, 7.48; N,
6.30; 8, 7.21. Found: C, 45.39; H, 7.60; N, 6.41; 8, 7.09
(corrected for 4.649, 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.? Cells
that lack the IN[P-GMP pyrophosphorylase necessary
for this conversion are resistant to 6-mercaptopurine,?
and to its ribonucleotide,® which is unable to enter
cells intact.* In an effort to overcome this problem
of resistance, a number of derivatives of 6-mercapto-
purine ribonucleotide that might enter cells were
synthesized? One of these, thioinosinyl-(5'—35)-
thioinosine,® was found to be eytotoxic to a subline of
HEp-2 cells resistant to 6-mercaptopurine.? This
observation led us to synthesize the same type of deriv-
ative of the biologically active pyrimidine nuecleoside
analogs (la-c¢ and 6-azauridine). The same general
approach used in our previous work® was employed.
5-Bromo-2’-deoxyuridine (1b) and 2’-deoxy-5-iodouri-
dine (1e) were converted to their 5’-O-trityl derivatives
(2b and ¢) for acetylation. Removal of the trityl
group from the acetylated nucleosides (3b and ¢) gave
nucleosides (4b and ¢) suitably blocked for conversion
to the desired phosphates. The preparation of 3’-O-
acetyl-2’-deoxy-5-fluorouridine (4a) was described pre-
viously.® 6-Azauridine was converted to its 2’,3'-O-
isopropylidene derivative (7). These blocked nucleo-
sides (4 and 7) were then allowed to react with p-nitro-
phenylphosphorodichloridate” 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-5-halouridylyl-(5'—5')-2’-deoxy-3-halour-
idines (6).%* Treatment of the azauridine derivative
(8) with base removed the p-nitrophenyl group, but
removal of the 2,3’-O-isopropylidene group was easily
accomplished by simply refluxing an aqueous solution
of 9 which, in itself, is acidie enough to effect the hy-
drolysis to 10 (see Scheme I).
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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 pratein content,'

(10) V. I, Oyama and H. Eagle, Proc. Soc. Fzptl. Biol. Med., 91, 305
(1956); Cancer Chemotherapy Rept., 38, 57 (1V62).



