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Experimental Section”

Ethyl 2-Phthalimido-2-{2-(1,3-dithiolano)]acetate (6).—To
a stirred solution of ethyl «-phthalimidomalonaldehydate (5)*
(0.02 mole) in 160 m! of dry CHCIl; was added ethanedithiol
(23.5 g, 0.25 mole); the solution was saturated with dry HCI
and stirred at 25° for 12 hr. It was neutralized with 109, Na,CO;
solution, washed (H»0), dried (MgS80O,), and filtered and most of
the solvent was removed at 100° under N,. The oily yellow
residue was dissolved in EtOAc and treated with 59, NaOH
solution. The aqueous portion was extracted again with EtOAc
and the combined EtOAc solutions were washed (H,0), dried,
and evaporated to give a thick red syrup. An orange solid which
was produced by standing overnight at 25° was recrystallized
from EtOH to yield 40.6 g (609,) of 6. An analytical sample
recrystallized several times from C¢Hg and from EtOH melted
at 118°. The nmr spectra were as expected. Anal. (CsHis-
NOS:;) C, H, N, 8.

Ethyl 2-Amino-2-[2-(1,3-dithiolano)]acetate (7).—Compound
6 (20.0 g, 0.066 mole) was dissolved in 500 ml of EtOH, 5.4 ml
of 839 (HaN):-H:0 (0.09 mole) was added, and the solution was
heated under reflux for 2.5 hr. The reaction mixture was cooled
and the solid was removed by filtration. EtOH was removed,
and the remaining liquid was dissolved in CHCl; and MeOH.
This was chromatographed on 130 g of silica gel using hexane-
CHCI; (1:1) as the eluent followed by CHCl; to give 8.0 g (599%,)
of the liquid amino ester 7.

2-Amine-2-[2-(1,3-dithiolano)]acetic Acid (1).—The ester 7
(8.50 g, 0.041 mole) was added to a solution of 3.10 g (0.055
mole) of KOH in 100 ml of H,O. Dioxane (15 ml) was added to
effect partial solution and this mixture was refluxed for 2.5 hr.
The solvent was removed under reduced pressure leaving an
orange solid which was dissolved (H,0), filtered, and neutralized
by passing through an ion-exchange column of 12 g of Amberlite
IRC-50 (H* form). The H;O in the eluate was evaporated with
a stream of air to leave 4.64 g (639;) of amino acid 1, which was
heated with activated charcoal and recrystallized from H,O and
EtOH to yield white crystals, mp 209° dec. Anal. (CsH,-
NO,8:-0.5H,0) C, H, N.

1,1,6,6-Tetracarbethoxy-1,6-diacetamido-3-hexene (9).5—
NaOEt [from 2.3 g (0.1 g-atom) of Na in dry EtOH (225 ml)]
was mixed with 21.7 g (0.1 mole) of diethyl acetamidomalonate
and the stirred solution was heated to reflux for 30 min. A
solution of 10.70 g (0.05 mole) of 1,4-dibromo-2-butene in 50 ml
of dry EtOH was added dropwise over 30 min. The solution
was refluxed for 6 hr, the NaBr was removed by filtration, and
the EtOH was evaporated in vacuo. The residue was partitioned
between CHCIl; and H,O, and the CHCI; extract was dried
(Mg80,) and evaporated i vacuo to yleld 24.7 g (0.05 mole)
of crude 9 {(quantitative yield). Recrystallization from CgHg—
CeH s produced white crystals, mp 118-119° (lit.* mp 112-114°).
Anal. (022H34N2010) C, H, N.

3,3-Dicarbethoxy-3-acetamidopropionaldehyde (10).—Com-
pound 9 (2.43 g, 0.005 mole) was treated with Oy for 1 hr (60
mg/min) in 25 ml of EtOAc at —80°. The solution was warmed
to 25° and N; was passed through for 30 min. EtOAc (75 ml)
and 0.25 g of 539; Pd-C were added; the mixture was hydroge-
nated at 2atm for 1.5hr. The catalyst was removed by filtration
and the EtOAc solution was stored at 4° for 12 hr. The solvent
was removed giving 10 as a thick liquid which was not purified.

2-(2,2-Dicarbethoxy-2-acetamidoethyl)-1,3-dithiolane (11).—
The yellow oil 10 (0.01 mole) was dissolved in 25 ml of AcOH
and 3.0 g (0.03 mole) of ethanedithiol and 5 ml of freshly distilled
BF; Et:0 was added. This solution was stirred for 12 hr,
neutralized with 16.6 g of agueous NaOH, and extracted (CHCl,).
The extract was dried (MgSO.), filtered, and evaporated in
vacuo to produce a solid which was recrystallized from H.O-EtOH
to yield 1.16 g of 11 (0.0037 mole, 379 from 9). An analytical
sample, mp 112°, was prepared by sublimation at 95-100° (0.3
mm). Anal. (CsHaNOsS;) H, N, S; C: caled, 46.53; found,
46.99.

(7) All melting points were taken on a calibrated Thomas-Hoover capil-
lary melting point apparatus. Analyses were performed by Drs. G. Weiler
and F. B. Strauss, Oxford, England, by Midwest Microlab, Inc., Indi-
anapolis, Ind., and on an F & M Model 185, University of Kansas. Spectral
data were obtained using Beckman IR-8, IR-10, Varian A-60, and A-60A
spectrometers. The latter used MesSi as an internal standard except in D20
where 3-trimethylpropanesulfonic acid sodium salt was employed. The nmr
spectra were as expected. Where analyses are indicated only by symbols of
the elements analytical results obtained for those elements are within 0.49,
of the theoretical values,
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2-Amino-3-{2-(1,3-dithiolane)]propionic Acid (2).—A solution
0f 0.5 g (1.5 mmoles) of 11 in 1.3 m! of EtOH and 0.53 g of Na,CO;
in 3.75 ml of H;O was refluxed for 20 hr. The solution was
cooled and partitioned between EtOAc and the basic aqueous
solution. The aqueous extract was acidified with dilute HCI
to pH 3 and extracted with three 75-ml portions of EtOAc. The
combined extracts were dried (Na,SQ,) and evaporated in vacuo
to yield 0.27 g (1.15 mmoles, 78%) of the intermediate amido
acid, mp 189.5-190.5°. The 2-acetamido-3-[2-(1,3-dithiolano)]-
propionic acid (0.27 g, 1.15 mmoles) was refluxed in 5 ml of 1 M
H,80, for 4.5 hr. The reaction mixture was cooled and neu-
tralized by stirring with 40 g of Dowex 3 (OH~ form) ion-ex-
change resin in 50 ml of H:O. The H,0 solution was filtered off
and the resin was washed with 50 ml of H:O. The obtained
extracts were combined and the H,O was evaporated with a
stream of air to yield 0.17 g (0.9 mmole, 789, ) of relatively pure
amino acid 2, which was recrystallized from H,O-EtOH, mp 246°.
Anal. (CsHllNOZSz) C, H

2-(3,3-Dicarbethoxy-3-acetamidopropyl)-1,3-dithiolane (13).—
The crude yellow syrup (0.50 mole) of 128 was dissolved in CHCl;
(200 ml) and 47.0 g (42.7 ml, 0.50 mole) of (HSCH,); was added.
The solution was saturated with dry HCl, and the flask was
stoppered and stirred for 12 hr. The CHC]; solution was washed
to neutrality (H:0), the solution was dried (Na.80,), and most
of the solvent was removed at 100° with N;. The slightly vis-
cous solution ylelded 121 g (76¢) of 13. Recrystallization
(Et;0, aqueous EtOH) produced a white solid, mp 92-93°.
/171/(12. (CMstNOaSz) C, H, N, S

2-Amino-4-[2-(1,3-dithiolano)]butyric Acid (3).—Compound

13 (17.1 g, 0.05 mole) was dissolved in 45 ml of EtOH. A solu-
tion of 125 ml of 1.25 M Na,CO; was added and refluxed for 20
hr. The solution was cooled and extracted with two 75-ml
portions of EtOAc. The aqueous solution was separated and
the EtOAc extract was evaporated in vacuo. This residue again
was treated with 25 ml of EtOH and 50 mlof 1.25 M Na,CO; and
refluxed for 24 hr. The combined aqueous solutions were
acidified to pH 3, extracted with two 75-ml portions of EtOAc,
dried (Na,SOy), and evaporated in vacuo. The residue, a brown
liquid, was chromatographed on a silicic acid column and eluted
with 29 MeOH in CHCI; to yield 7.25 g (0.035 mole, 709 ) of 2-
acetamido-4-[2-(1,3-dithiolano)]butyric acid. Recrystallization
from CHCl; produced a white solid, mp 156.5-157°. The inter-
mediate, 2-acetamido acid (7.25 g, 0.035 mole), and 100 ml of 1
M H,S0, were refluxed for 5 hr. The orange solution was ex-
tracted with two portions of CHCl;. The aqueous solution was
neutralized to pH 6 with Ba(OH); solution, BaSO, was removed
by filtration, and the aqueous solution was concentrated in vacuo
to 150 ml, which yielded 2.5 g of crude amino acid 3 upon stand-
ing. The mother liquor was evaporated to dryness and the
residue was dissolved in a small amount of H,O to yield an addi-
tional 1.52 g of 8. The total yield of 3 was 0.019 mole (36%,)
which was dissolved in boiling H20, heated with activated char-
coal, and filtered to give 3, mp 262-263° dec. Anal. (CiHys-
NO:S;) C, H, N, 8.
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Antimicrobial Activity of a Series of Aminoalkyl
Esters of Benzyldithiocarbamic Acids

Roeert C. Twelr, R. D. Muir, aNp SeTH MIzusa

Chemical and Biological Research Divisions,
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In continuation of our previous work® on the prepara-
tion of water-soluble antimicrobial agents, we have pre-
pared a number of 2-aminoethyl esters of N-benzyl-
dithiocarbamic acids, in an effort to combine water
solubility with the known activity of benzyl

(1) R. C. Tweit, R. D. Muir, 8. Mizuba, and W. R. Crowley, Jr., J. Med.
Chem., 8, 374 (1965).
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Puysteal CONSTANTS AND ANTIMICROBIAL ACTIVITIES OF AMINOALRY L ESTERS 0F BENZYLDEFIITOC VRBAMATER

N

R—@—CH_NHCSCH!CH;NR’;HX

RRef to Lowest level of inhib, pg/mid

ixothio= 7. 7. .
Compd R R’ HX Formula Analyses NMp, ¢ eyunate  foctus aceti  albicans
1 )38 H HCY CrITNeSe - HCL 1, R 174 5-177 a 100 ! 20
2 H CHs HCL HCl 1R 172 5174 o 100 i 20
3 )34 CH;y o, H 86 584 a 100 10 100
4 H CoHs HC N, 1 152-153 " 10 t.000 I
b o CHs HCL O, i 164-166 .5 & 10 1,000 1,000
6 3 CHa(Cllny, I HCL C,H 146, 5-148.H 100 1 1,000
7 ud CHs HCl (ST 1535~136.5 ¢ 100 20
8 H CH;y Hie! Iir, N 128 5~137.5 o 1,000 1,000 10,000
49 1 CHa I N, = Ofl I
10 1-CHly sy HC) [ 60 5—171 - o 1 HO
1 1-Clls Culls T - oo 116-118.5 I 10 100 20
12 1-Clis CuHs Pamolie acid?  CuoHasNaSy Cogl1inOs (G Cilass I 10,000 i {
13 4-(CHyaC CHy HOl CrHusNysa- 1) N, = New 100 i 1,000
1B} 2 5-(CHa)e CHy HCH CralTo N - 1HCH [ ‘ 10 10 1,000
15 2,5-(CHa)» Cals L1 CreHosNoSy - HTL ¢ - 10 1,000 >1.,000
16 2,5-(CHs)z aHs CisHes NSz ¢ H ‘ 100 { 1,000
17 2,5-(CHaz)» Cals C1Br CiiHesBrNode [ £ ¢ 1,000 1,000 100
18 2,4-(CHg)s, 3-COCHy  ClHs Hel CraHaaN208:- HCL . H 157160 New 10 10,000 100
19 2-CHs, 5-NO2 CHa CisH1oN30:82- 0. 25C5 6O €. 1 V10 5-114.5 New 100 1 1,000
20 3-NOg ClHly Hel CeHiNzOz8: - HCL ¢ 158160 i 1,000 1,000 1.000
21 4-F CHa HCI CieHiF NSz HCL [N 174 5-177.5 / 10 100 to
22 3-Cl Clly HCE CisHiFsN N L56—139 J 100 ' 100
23 2-Cl1 CHa HCE CiHiCIN o, H 152 5=153.5 s 10 i 1,000
24 2.1 CHs Het CuHayCIN = L. 5-150.0 & I 1,000
25 3-Cl CHa HCL CrpHiCIN o, 1686.3~168. 5 2 100 10 1
26 4-C1 CHs HCL CrHpCINS, - [ 1411933 i 100 1 20
27 1-Cl ClHiy CrHp(IN =, o, 8285 i 100 100 H
28 1.Cl /‘\N(‘H 2-Maleie acid  CieHaCINGS: - 20 H04 o 1H0-143 i 10, 000 10 3,000
o/
24 2,6-Cle CHy HC1 CrHisCLNS: - HCS 01 1492~101 New 10 1,000 It
30 3,4-Cls CHg 1CI i sCLNN - HCY LS 183.5-187 ! 1.000 1 10
31 3,4-Cla /——\N('H‘ Citrie acid CreHanCLN S Coll, 01 N.oH 103107 ! 1 1 100
_/
32 4-Br CH Heol CrHipBrNas:- HCL Br, ¢, = 1851885 I 1,000 i [
33 4-0CH; CHs 1HC1 CiaHaoN20S - HC'L N, = 180.5-185.5 ¢ 10 10 100
34 4-Ph C g HCL CisHoNaHe- HCL ¢, 1 172 5-174.5 New 100 1 100
« Commercial product. ® CHCH; instead of CHy. ¢ J. P. Trivedi and J. J. Trivedi, J. Indian Chem. Soc., 35, 657 (1958). ¢ (Cl s

instead of CHy. ¢ J. V. Braun and H. Deutsch, Ber., 45, 2188 (1912).
(3-hydroxy-2-naphthoic acid). 7 0.25 mole of acetone. ¢ Reference 6.
J. Indian Chem. Soc., 33, 423 (1036). ¢ Reference 2.

7 CH.CH(CH)CH. instead of CH,CH,. # 4,4-NMethylenehis-
i Reference 5. # J. . Shah, J. P, Trivedi, and J. J. Trivedi,

isothioeyanates and  dithiocarbamate esters.  Other Where the aminothiol or the isothiocyanate is not

workers have reported the preparation of similar
aminoethyl esters of N-phenylthiol-* and -dithiol-
carbamic acids,*® but no mention was made of anti-
microbial activities. Most of the compounds in Table
Iwere prepared by the triethylamine-catalyzed reaction
of the appropriate benzyl isothiocyanate with 2-amino-
ethanethiols.  Since almost all of the compounds pre-
pared were made from dialkylaminoethanethiols, there
was no possibility of reaction at other than the sulfur
atom. In the case of 2-aminoecthanethiol, the use of
the hydrochloride salt prevents reaction at the amino
group, even though as Ferris and Schutz* have shown,
the thiourea is the more stable product.

(2) A. I'. McKay, D. L. Garmaise, R. Gaudry, 1I. A. Baker, G. Y. Paris,
R. W, Kay, G. E. Just, and R. S8chwartz, J. Amer. Chem. Soc., 81, 4328
(1959,

) K. H. Risse and G. Haherland, British Patent 920,755 (1963); Chem.
Abstr., 89, 87626 (1963).

(4) AL I. Terris and B, A. Schutz, J. Org. Chem., 28, 3140 (1963).

(5) L. Cherbuliez, A. Buchs, J. Muarszalek, and J. Rabinowitz, [l
Chim, Actu, 48, 1414 (1965).

available, the substances can be prepared from di-
thiocarbamate salts and aminoalky] halides, although
the yields were poorer by this method.

Some aspects of the nmr spectra of the salts run in
DMSO-ds are of interest.  The benzyl hydrogens ap-
pear as o doublet (J = 5-06 eps) in the dialkylamino
compounds and a singlet where a proton is present on
the amino nitrogen. When the benzene ring is un-
substituted the doublet is centered at § 4.58. A para-
magnetic shift is ecaused by aromatic ring substituents,
such as 2,6-dichloro, 3-trifluoromethyl, and 3-nitro in
order of increasing magnitude. Diamagnetic shifts are
caused by 4-bromo, 2,4-dimethyl-5-acety], 4-methyl,
4-t-butyl, and 4-methoxy. The shifts range from &
+0.11 for 3-NO: to —0.09 for 4-methoxy. The ring
protons appeared as a singlet at § 2.67 in the unsub-
stituted compounds, 2.69 in the p--butyl, and 2.81 in
the p-methyl.  Trom these values the S-hydrogen in
the 2,4-dimethyl-3-acety]l compound could be assigned
wosinglet at 8 2.89 und the 6-hydrogen to the peak at 8
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R@ CH,NCS

R Mp, °C Analyses
(CH;);C 42-435 (not analyzed)
2,4-(CHj), 5-COCH; 46-53 N
2-CH;, 5-NO; Used as an undistilled oil,
809, pure
2,6-Cl, 53.5-55 S
4-Ph 55-60 (only about 939, pure)
2.23. In the compounds examined as free bases, the

benzyl hydrogens appeared as a singlet.

Biology.—The compounds were tested quantitatively
against the two fungi Trichophyton mentagrophytes and
Candida albicans, the protozoan Tritrichomonas foetus,
and the helminth Twrbatriz aceti. In the testing against
T. mentagrophytes, all the compounds tested except 6,
8, and 12 had lowest levels of inhibition ranging be-
tween 1 and 40 ug/ml. Compound 6 was active at
100 ug/ml and 8 and 12 had minimal activity at best.
These results were not included in Table I since the
range of activity was so small.

The most satisfying structure-activity relationship
was found in the T. aceti assay. Here, the parent
compound 1 was active at 1 ug/ml, in vitro. Changing
the amino group to dimethylamino (i.e., 2), n-decyl-
amino (6), or N’-methylpiperazino (31) had essentially
no effect on the activity, but changing to diethyl-
amino (4, 11, 15) reduced the activity by a factor of
100-1000. The free bases were less active than the
hydrohalide salts by a factor of 10-100. This may be
due to lower water solubility which may also explain the
inactivity of the pamoate salt (12). Lengthening the
chain between the S and N atoms from ethylene to 2-
methylpropylene reduced the activity by at least a
factor of 1000.

At the benzyl end of the molecule, adding a methyl
on the benzylmethylene or lengthening this chain to
three carbons reduced the activity by factors of 1000
and 100, respectively. Placing a strongly electro-
negative group such as nitro, acetyl, or fluoro on the
phenyl ring also lowered activity by factors of 100-1000.
Even two chlorines on the ring did not adversely affect
the activity, except in the case of the 2,6-dichloro com-
pound. Here the cause may be steric.

The activities against the last two organisms do not
follow such a neat pattern. In the Candida albicans
assay, the best compounds were active in the 10-40-
pg/ml range, had no substituent or only small meta
or para substituents on the benzene ring, had an un-
branched alkyl chain connecting this ring to the amide
nitrogen, had an ethylene chain between the N and S
atoms, and had an amino, dimethylamino, or diethyl-
amino group at the other end of the molecule. In the
T. foetus assay, still fewer clear-cut effects are ap-
parent. An N’-methylpiperazino group lowers the
activity by a factor of 100 and a 2-methylpropylene
linkage between N and S is also detrimental.

The compounds were also tested qualitatively for
antibiotic activity against the bacteria, Bacillus sub-
tilis, Fscherichia coli, and Diplococcus pneumoniae;
the alga, Chlorella vulgaris; and the protozoan, Tetra-
hymena geleiz, as described in our previous paper.!
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Against the alga, 30 of the compounds were active, 31
killed the protozoan, and 28 prevented growth of D.
pneumoniae. A few of the compounds were tested
quantitatively against the other two bacteria. Com-
pounds 21 and 25, the most active of these, inhibited
growth at 6 ug/ml.

A number of the compounds were found ineffective in
mice intraperitoneally infected with C. albicans when
injected at the 0.5-mg dose level in aqueous 509 propyl-
ene glycol; at higher doses some of the animals died.

Experimental Section®

The corrected melting points, taken in a bath, of the dithio-
carbamates are listed in Table I. Most of them were prepared
as described for the hydrochloride of the 2-dimethylaminoethyl
ester of 4-chlorobenzyldithiocarbamic acid (25). Commercial
samples of dialkylaminoethanethiol hydrochlorides should be
recrystallized from CHCl; to remove the corresponding disulfides
which are difficult to separate from the desired dithioearbamates.
Most of them were obtained in yields of 50-809; and many
were analytically pure without recrystallization. Others were
recrystallized from MeOH or CHCL-EtCOMe.

2-Dimethylaminoethyl 4-Chlorobenzyldithiocarbamate Hydro-
chloride (25).—Triethylamine (6 drops) was added to a mixture
of 184 g (0.1 mole) of p-chlorobenzyl isothiocyanate, 14.2 g
(0.1 mole) of 2-dimethylaminoethanethiol hydrochloride, and
25 ml of MeOH. The temperature rose, the solid dissolved, and
a new solid formed which was separated by filtration, 24.1 g,
mp 188-190°.

The substituted-benzyl isothiocyanates can be prepared from
the corresponding halides by the easy method of Tarlton and
McKay.” The halides are commercially available or were pre-
pared by chloromethylation.® The new isothiocyanates are
listed in Table II. N-(2-Mercaptoethyl)-N'-methylpiperazine
was prepared as described by Risse and Haberland.? Compounds
8 and 23 were prepared by the method below since the necessary
aminothiol was not available.

2-Dimethylamino-2-methylpropyl Benzyldithiocarbamate Hy-
drobromide (8).—A slurry of 56.8 g (0.2 mole) of the NEt; salt
of benzyldithiocarbamic acid? in 150 ml of -PrOH was stirred
while a solution of 34.4 g (0.2 mole) of 3-dimethylamino-2-methyl-
propyl chloride hydrochloride in 50 ml of MeOH and 150 ml of
1-PrOH was added over 20 min. 'The mixture was stirred until all
the solid was gone and then concentrated under vacuum. The
residue was dissolved in CH,Cl,-H,O. The aqueous layer was
separated, washed once with CH,Cl,, and made basic. The oil
which formed was separated and the aqueous layer was extracted
two times with CHyCl;. The combined organic layers were dried
and evaporated. The residue was triturated with ether and 0.18
mole of -PrOH-HBr. The solid which formed was recrystal-
lized (hot H;0) to yield 11.9 g of 8, mp 128.5-137.5°.

The free bases can be prepared as illustrated for 16.  2-Diethyl-
aminoethyl 2,5-Dimethylbenzyldithiocarbamate (16).—The corre-
sponding HCI salt (15) (20.2 g) was added to 100 ml of 3%,
aqueous NaOH and 50 ml of CH,Cl,. The mixture was agitated
and then filtered. The CH,Cl; solution was separated, washed
(H:0), dried, and concentrated. When pentane and Et;O were
added to the residue and the solution was cooled, a solid formed,
16.7 g.

2-Diethylaminoethyl 2,5-Dimethylbenzyldithiocarbamate
Methobromide (17).—Compound 16 (9.3 g) was dissolved in 100
ml of 2-butanone in a citrate bottle. The solution was cooled
while 21 g of MeBr was bubbled in. The resulting solution was
held at 0° for 5 days. A solid formed, was separated by filtration,
and recrystallized from CHCl;-MeCOE® to yvield 8.2 g of 17.

Testing.—Quantitative tests against Twritrichomonas foelus
were run in a modification of Diamond medium containing
209% serum and inoculated with 197 of a 48~ or 72-hr culture of
the organism. Serial dilutions of the compounds were prepared

(6) Where analyses are indicated only by the symbols of the elements,
analytical results obtained for those elements were within £0.4%, of the
theoretieal values.

(7) E.J. Tarlton and A. F. McKay, U. 8. Patent 3,111,536 (1063); Chem.
Abstr., 60, 28257 (1961).

(8) R. C. Fuxon and C. H. Mc¢Keever, Ory. Reuctions, 1, 63 {1942).



346 NEW CoMPOUNDS

in the inoculated medium and incubated at 37° for 48 hr.  The
resulting cultures were examined microscopically for the presence
or absence of motile organisms.

Anthelmintic activity against Turbairir acet? was determined
by preparing series of dilutions of the compounds in washed
suspensions of the nematodes in distilled H;O. These prepara-
tions were incubated at room temperature for 48 hr and examined
for the presence or absence of motile worms.

The quantitative tests with C. albicans and T'. mentagrophyles
were run in Sabouraud dextrose agar. The test compounds were

Vol 12

dizsolved in the hot agar and then diluted serially i tesi tubes.
These were permitted to cool in a vertical position and the text
organisms were inoculated onto the surface of the agar.  Follow-
ing a suitable incubation period, the presence or absence of growth
was determined by visual inspection.

Quantitative auntibacterial tests with Bacillus sublilis and
Escherichia coli were run in nutrient broth.  The test compounds
were dissolved and diluted serially in preinoculated medium.
The preparations were incubated for 24 hr at 37° and then ob-
served grossly for the presence or absence of growth,

New Compounds

Some 3-Alkoxyestra=-1,3,5(10)-trien-173-ols

. J. Tricarr, Ho F. Riprey, axn Do M. Dedlao

Department of Biochemical Pharmacology, School of Pharmacy,
and the Center for Theoretical Biology,
State University of New York at Buffalo,
Buffalo, New York 14214

Recetved Seplember 16, 1968
As part of a program! directed toward the develop-

ment of an irreversibly acting analog of 178-estradiol
we have prepared the new 3-alkoxyestra-1,3,5(10)-trien-

178-0ls listed in Table I. These compounds possess
weak estrogenic activities (at least 0.0001 times as ac-
tive as 178-estradiol); however, a number of them
inhibit the uptake (in wvitro) of 3H-178-estradiol by
mouse uteri. Pharmacological results were supplied by
M. May and C. Liarokes and will be published in de-
tail elsewhere.

Experimental Section

The compounds deseribed in Table 1 were prepared, by stan-
dard procedures,® from 178-estradiol and the appropriate alkyl
halide.

Tapu 1

3-ALKOXYESTRA-1,3,5(10)-TR1EN-178-0Ls.

RO

R Yield, % Ap, °C”
CH,;CH, 61 124-125¢
CH4(CH,). A0 105-106

CH3(CH,)s 31 Hd-HT

CHy(CH,)s 50 76-78

CH;(CH,)s 43 68-70
(CH;),CH(CH,). 453 09-100
HO(CH;); 25 166-168
HO(CHa)s 50 232-233
HO(CIL); 50 150-152
;‘ 42 154-156

OH

(CH3CH:)N(CH,); 70 222-224
(CH3CH; )N (CH,), 54 211-213
(CH3CH,),N(CH.,); 25 215-217

Br(CH.); 40 70-81

Paysican Dava

OH
Crystn”
solvent Formula A\ual_\'sear‘
2 CagllnOy C, H
_) (,‘21}{3003 (‘, I[
1 CouHyO, ¢,
4 CagHg0n CH
1 CusHasOs ¢
4 CasHOy CH
6 CoHils ¢,
5 CoHp0s ¢, 11
5 CuaTaOs ¢, "
4 CosHa Oy ¢, 1
6 CpHpeN Oy HCI ¢, H, N
6 CyeHaNO,y- HCL- H,0O C, H, N
7 CyrHgNO,-HCL C, H, N
3 (,‘gaI‘IsuBl‘()z (,", EI, Br

« 1, petroleum ether (bp 40-60°): 2, petroleum ether (bp 60-80°): 3, petroleum ether (bp 80-100°); 4, CsH,y; 5, Cele: 6, ~PrOH; 7,

MeCN.
Mitheim, Germany.
are within £0.4¢; of the theoretical valuesx.
report mp 115° for this compound.

(1) The rationale of our approach is discussed in a previous publication:
M. May, B. J. Johnson, D). J. Triggle, J. 1", Danielli, and =, 8. H. Gilani, Life
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Analyses are by Dr. A. E. Bernhardt,

(2} (a) N. P. Buu-Hoi, Bull. Noe. Chim. Fronce, 12, 886 (19:45); (b)) W, J.
Hikinghottom, “Reactions of Organic Compounds,” Longmans, Green and
Co.. London, 1457, p 112,



