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tion (MIC) at 48 hr of incubation, or an absence of organisms in a (5) 
subculture after 24 hr of incubation for the minimum lethal con­
centration (MLC). Cultures were incubated at 35°. (6) 

In vivo activity was determined by a mouse-mortality model. 
Male CF-1 mice, 18-20 g, were inoculated with 2 X 106 T. foetus (7) 
intraperitoneally. Compounds were suspended in a carboxy-
methylcellulose vehicle15 and administered orally twice daily for 2 
days beginning 24 hr after infection. The median survival time and 18) 
number of survivors were used as criteria to assess activity. The 
dose of metronidazole affording 50% survival was approximately 
22 mg/kg. 
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The preparation, characterization, and estrogenic activity of the two new steroids 3-(cyclopentyloxy)-2',3'-dihydro-
estra-l,3,5(10)-trieno[16a,17a-6]furan-17fJ-ol and 2'.3'-dihydroestra-l,3,5(10)-trieno[16«,17n-6]furan-3,17f(-diol 
are described. The compounds were found to be 0.1 and 0.002, respectively, as potent as estrone in a test designed to 
measure the uterine weight gain of treated immature mice relative to controls. 

A po ten t , orally active estriol-like steroid, diol l a , useful 
in t he t r e a t m e n t of menopausa l syndrome and other condi­
t ions of estrogen deficiency has been synthesized recently 
in our laborator ies . 1 ' 2 In the course of s tudying the chemi­
cal react ivi ty of th is diol, it was noted from thin- layer chro­
matograph ic observat ions t h a t the react ion of l a with mild 
base resul ted in t rans format ion to a less polar compound . 

High-resolut ion mass spec t romet ry indica ted tha t this 
new compound h a d an identical molecular formula to the 
s t a r t ing diol, while t he mass spec t rum of the silylated de­
rivative ( T M S I ) of t he compound showed the presence of 
only one t r imethyls i lyl group. T h e infrared spec t rum re­
vealed t h a t the - C = C H moie ty was absen t and a double 
resonance n m r expe r imen t indicated the presence of two 
1-proton double ts in the olefinic region. These da ta are 
consis tent with alcohol 2a, 3-(cyclopentyloxy)-2' ,3 '-dihy-
droestra-l,3,5(10)-trieno[16ff,17a-6]furan-17/3-ol, as the 
s t ruc ture of t he less polar t ransformat ion p roduc t from l a . 

OH ("|LI 

, C H = C H 

— 0 

la, R = cyclopentyl 
b, R = H 

2a. R = cyclopentyl 
b. R = H 

An a l ternat ive s t ruc ture containing a 16a ,17a-methy-
leneoxetane moiety is mechanist ical ly possible;3^5 however. 
it does not fit t he analytical da ta . T h e ir spec t rum of the 
p roduc t assigned s t ruc tu re 2a lacks t he s trong absorpt ion 

indicative of a methy lene moiety exocyclic to a cyclobutane 
or oxetane r ing6 and, fur thermore , the chemical shifts (Ha 
= 6.2, H : i = 4.8) and J value (J = 2.6) of the olefinic pro­
tons in the n m r spec t rum of the model compound 2,3-dihy-
drofuran ' are in excellent agreement with t he observed 
data . 

Al though there are many examples of 7- lactones fused 
onto the D ring of a steroid nucleus 8^ 1 0 and the re are a few 
sapogenin derivat ives t h a t conta in a furan or reduced furan 
ring in a similar posi t ion,1 1 '1 2 compound 2a is the first ex­
ample of a steroid containing a [16<n,17a-?)]furan moiety 
with an alcohol function at Ci~. 

T h e relative s tereochemis t ry of 2a was ascer ta ined by 
not ing t he pyr id ine- induced solvent shift of t he Cis-methyl 
group in its n m r spec t rum. T h e observed shift (<5 CDC1 :!-
C5D5N) indicates t he Cis methy l moiety is syn to the ( V 
O H group. 1 3 Diol 2b was m a d e from l b in a manne r similar 
to the p repa ra t ion of 2a from l a . T h e spectroscopic and an­
alytical da ta for 2b are consis tent with the proposed struc­
ture . 

T h e estrogenic act ivi ty of 2a ,b was measured by t rea t ing 
groups of ten i m m a t u r e female mice each, subcutaneously . 
with the compound under tes t for 3 days a t different dose 
levels (see Figure 1). A control group is ma in ta ined which 
receives only t he injection vehicle. T h e average increase in 
the u ter ine weights of the t rea ted mice as compared to 
those of t he u n t r e a t e d mice de te rmines estrogenic activi­
ty.1 4 Using groups of ten mice each yields stat ist ical ly sig­
nificant resul ts . Relat ive to estrone, the potency of 2a was 
found to be 0.1 while t h a t of 2b was approx imate ly 0.002. 
This demons t r a t ed biological activity of the two new com­
pounds is no t surpris ing. Diverse s tudies cont inue to reveal 
t ha t t he s t ruc tu ra l cri teria for estrogenic act ivi ty are much 
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Figure 1. Uterine weight gain compared to controls of immature 
mice after sc injections of estrone, 2a, and 2b. 

less exact ing t h a n for o the r classical hormona l activi­
t ies . 1 5 ' 1 6 

E x p e r i m e n t a l S e c t i o n 

Melting points were determined on a Mel-Temp apparatus. In­
frared spectra, reported in reciprocal centimeters, were taken on 
either a Perkin-Elmer 221 or Beckman IR 12 spectrophotometer. 
The nmr spectra were determined on a T-60A spectrometer; chem­
ical shifts are reported in 6 from (CH3)4Si and J values are given 
in Hz. Mass spectra were determined on a Hitachi RMU-6D spec­
trometer at 70 eV. Elemental analyses obtained were within +0.3% 
of the theoretical values. 

3-Cyclopentyloxy-2',3'-dihydroestra-l,3,5(10)-trieno[16a,-
17a-6]furan-170-ol (2a). A solution of 1.0 g (2.64 mmol) of 3-cy-
clopentyloxy-19-nor-17a-pregna-l,3,5(10)-trien-20-yne-16a,17/3-
diol (la) in 250 ml of 0.05 M methanolic KOH was allowed to re­
flux for 24 hr. The methanol was then evaporated on a rotary evap­
orator and the resulting yellow solid was immediately chromato-
graphed over a column of 50 g of Woelm silica gel, activity 1, using 
5% EtOAc in benzene as the eluent. Alcohol 2a was eluted as the 
first band, 850 mg (85%), mp 130-131°. Further elution afforded a 
small amount of starting diol la. Both thin-layer chromatography 
(Brinkmann silica F254, eluent 1:1 EtOAc-benzene, Rf 0.43) and 
glc17 revealed 2a to be homogeneous: mass spectrum exact mass at 
m/e 380.2358, calcd for C25H32O3 380.2351; ir (KBr) 3490 (OH), 
2930 and 2860 (CH), no peaks from 2800-1620; nmr (pyridine-d 5) 
7.4-6.8 (3 H, m, aromatics), 6.7 (1 H, d, J = 2.5 Hz, olefinic), 5.2 (1 
H, d, J = 2.5 Hz, olefinic), 5.0-4.6 (2 H, m, CH adjacent to O), 
3.0-1.3 (ca. 22 H, m), 1.2 (3 H, s, CH3). A double resonance exper-
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The hypotensive effects of a variety of guanid ine deriva­
tives are well documen ted . 1 T h e t i t le compounds were in­
vest igated since they may be considered to be isosteric an­
alogs of guanid ine derivat ives fused to an a romat ic r ing. 
The series of compounds invest igated may be represented 
by formula I where R = H, aryl, aralkyl, cycloalkyl, acyl, 
or aroyl; R ' = alkyl; X and Y = H, alkyl, halo, or alkoxy. 

T h e 3-alkyl-2-iminobenzothiazolines bear ing an u n s u b -

I 
R' 

I 

iment revealed that the doublets at 6.7 and 5.2 were coupled to one 
another—irradiation of either doublet caused collapse of the other 
to a singlet. From nmr measurements in CDCI3, a (5 CDCl3-pyri-
dine-ds) value of —0.22 for the angular Cis methyl moiety was ob­
tained. This is consistent13 with a 1,3-diaxial relationship between 
the Ci8 methyl function and the C17 OH group. Anal. (C25H32O3) 
C,H, O. 

2',3'-Dihydroestra-l,3,5(lO)-trieno[16a,17a-A]furan-3,170-
diol (2b). This diol was generated from lb in 70% yield in a man­
ner similar to the preparation of 2a from la. Purification via col­
umn chromatography (eluent 7% EtOAc in benzene) afforded the 
diol as a pale yellow solid: mp 210-212°; ir (KBr) 3400 (OH), 2950 
and 2850 (CH), no peaks 2800-1670; mass spectrum exact mass at 
m/e 312.1721, calcd for C20H24O3 312.1725. Anal. (C20H24O3) C, 
H. 
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results. 

s t i tu ted 2-imino moiety were synthesized by t rea t ing the 
appropr ia te phenyl th iourea wi th bromine in chloroform 
solvent2 or by alkylat ing the corresponding 2-aminoben-
zothiazole with either alkyl iodides in refluxing e t h a n o l 3 ' 4 

or methyl fluorosulfonate in refluxing chloroform. Com-
merically unavai lable 2-aminobenzothiazoles were synthe­
sized by following known procedures . 5 - 6 

T h e d i sp lacement of the imino group of 2-imino-3-
methylbenzothiazol ine (1) was achieved by t rea t ing it 
with the appropr ia te p r imary amine a t 220° under a n i t ro­
gen a tmosphere . 

The acylat ion of 1 was conveniently effected by treating 
it with an acylat ing agent in pyr idine . 

Unexpectedly , compound 43 was isolated dur ing the 
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