
754 Journal of Medicinal Chemistry, 1970, Vol. IS, Xo. XOTLS 

ml of distillate was removed over o hr. Work-up afforded a 
residue which appeared to contain V but which gave 4 spots on tic 
and appeared to he far less pure by nmr than was the V prepared 
as in A. 

14a,17a-Etheno-16a-carbomethoxyandrost-4-en-17-ol-3-one 
Acetate (VI).—A mixture of 41S mg of crude V, 1 ml of methyl 
acrylate, and 5 mg of hydroquinone was sealed in a glass tube 
under reduced pressure, and then heated to 120° for 11(5 hr. The 
mixture was then evapd to dryness under reduced pressure. The 
residue was warmed in Me2C() containing 1 drop of aq H O for 10 
min and then again taken to dryness. The residue was chroma-
tographed over •>() g of acid-washed alumina. Elulion with 
CeHo-EtOAc mixtures afforded material which crystallized from 
KtjO-hexane to afford VI, in a yield of 160 mg CS4'",) as white 
needles: mp 1S3-1N.">°C; jA"i"t 174.") (sh) 1730 (broad) and 167.1 
cm"1 . The nmr had ti-II' singlets at S 1.00 (O-JS-H's), 1.17(C-1!>-
Fl'si, 2.11 (acetate), and 3.6.1 (OMe), and a 1-H* multiplet at 
.1.S and 1-H" doublets at 6.11 and 6.84 !./ = 6 Hz!. Anal. 
(C-aihiO,-,)C,H. 

14a,17a-Etheno-16a-carbomethoxy-5a-androstan-17-ol-
3-one Acetate (VII ) . -A solution of 100 mg of VI in 2.1 ml of 
MeOH was hydrogenated over 10 mg of 10 ( ; Pd -C at 3.6 kg 
cm2 for 10 hr at room temperature. Standard work-up yielded 
VII, which crystallized from EuO-hexane, in a yield of 9s.."> mg, as 
small needles: mp lS2.o-l.S40 c: •>S["-' 1740, 1720, 1710 (sh) 
cm" ' . The nmr spectrum had a (i-JI ' singlet at 5 0.00, 3 - H ' 
singlets at 2.10 and 8.62, a 1-H ! doublet at 6.17 and 6.32 (./ = 
.1.47 Hz for both). Anal. (OiJbjO,) (,',II. 

14a,17a-Etheno-15,16-di(trifluoromethyI)androsta-4,15-
dien-17-oI-3-one Acetate (VIII). A mixture of 2.00 g of V, .1 
mg of hydroquinone, and an excess of hexafluorobutyne-2 was 
kept at 120° for 132 hr in a steel bomb fitted with a glass liner. 
The reaction was worked up essentially as described for VI to 
afford VIII in a yield of 1.00 g !2S'., ),'as needles from MeoCO-
hexane: mp 246.,V-24N°, i»N""J<*1 17.10, 167s em - 1 . The nmr 
showed strong singlets at 5 1.28 (l.s and 10-H's), 2.18 (acetate), a 
multiple I at .1.77 and doublets at 6.73 and 7.08 i.l — 6 Hz). 
Anal.<C1AliAhV6)C,U. 

14«,17a-Etheno-15,16-di(trifluoromethyl)androsta-4,15-
dien-17-oI-3-one (IX).—A mixture of 190 mg of VIII, 4.1 gm 
of KOH, 1.1 ml of .MeOH, and 1 ml of H»0 was stirred at room 
temp for 24 hr. A standard work-up gave IX as rods from CHV 
Cla-hexane, in a yield of 160 mg; mp 262..1-264.5°: jA")"1 

3370, 161.1 cm "'. The nmr has singlets at S 1.21 (C-1S and C-l fi­
ll 's), a multiplet at .1.77 (C-r hydrogen) and doublets ('./ = 4 Hz) 
at 6.64 and 6.71. .1 nal. (C23H.,.-,02F6) C,H. 
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As part of a program concerned with the preparation 
of steroid analogs having hormone antagonist activity, 
some 10-keto steroids have been prepared and bioas-
sayed. We were particularly interested in using syn­
thetic methods previously developed2 to prepare com­
pounds having groups other than Ale substituted at 

(1.1 ,Sli|i|iorli'il. in purl , I >.\ d r a i n ( ' A-Of>()77, Nat iona l Cance r I n s t i t u t e , 
Na t iona l I n s t i t u t e s of t ieai t t i . 

12) For pape r I I I , see R. K. Ju t i ay . It. ituksva. K. Kaiser, and G. W e b b . 
./, Med. Chern., 13 , 314 (1970). 

lit) P resen t a d d r e s s : N o t r e D a m e Unisersit .s ' , Nelson. B. C C a n a d a . 

C-13. 16-Keto steroids have previously been syn­
thesized by Wilds and coworkers4 from suitably substi­
tuted 2-acetonyl-l-phenanthrones. We used this ap­
proach but followed the new scheme2 for preparing the 
acetonylphenanthrones and the unnelation reactions 
(Scheme I). 
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3. R = H 
4. R = COOCH, 
5. R = CH, 

H 

6. R = H 
7. R = COOCH, 
8. R = 0H 

In contrast to the results obtained from the benz[t'j-
indene analog, hydrogenation of 3 gave both isomers of 
6. As the bulk of R increased from Ale to carbome-
thoxy, the trans isomer became predominant. The stereo­
chemistry of the reduction is thus probably deter­
mined by the orientation of the adsorbed substrate 
on, the catalyst.2',v:' 

The configuration of 7{trans) was confirmed by con­
verting 7 into 8{trans) using the method previously 
outlined.2 The cis and trans isomers of 6, 7, and 8 
can be distinguished by differences in both their ir 
and uv spectra. The v C==0 band frequencies of the 
presumed trans isomers were higher by 3-4 cm"1 as 
had been previously observed for the benz[e]indene de­
rivatives.2 Wilds had noted that the uv maxima of 
8{trans) showed a bathochromic shift of about 2 m/j. 
over those of 8{cis). This also proved true for the 
presumed trans isomers of 6 and 7.7 

Reduction of the ethylene ketal derivatives of 6 
with Na ~n-C4H9OH followed by hydrolysis of the enol 
ether produced 9 and 10 which were tested* for an­
drogen, antiandrogen, and antigonadotropic activity. 
In. addition, 3, 6{trans), 6{cis), and 7{trans) were tested 
for estrogen, antiestrogen, and antogonadotropic activ­

ity (a) A. L. Wilds and T . L. J o h n s o n . ./. Amer. Chern. S e c , 70 , l l t i t i 
(1948): (b) A. L. Wilds and W. J. Close, ibid., 69, 3079 (1947): (c) A. I.. 
Wilds . L. W. Beck, a n d T. L. J o h n s o n , ibid.. 68, 2161 (1946): (.1) A. I.. 
Wilds a n d L. W. Beck, ibid.. 66, 1688 (1944). 

(5) A. L. Wilds, J. A. Johnson , a n d R. E . S u t t o n , ibid., 72, "iMJ lliloOi. 
(6) R . P . L ins tead , W. E . Doer ing, S. B. Davis , P . Levine . and It. K. 

W h e t s t o n e , ibid., 64, 198o .1042) . 
(7) Th i s p h e n o m e n o n is probabls- caused by the higher energ.s' of the 

g round s t a t e of t h e more s t ra ined trail* isomers c o m p a r e d ssith t h e r?--. 
Since t he excited s t a tes possess more single bond charac te r , there is less dif­
ference betss'een t h e m resul t ing in a smaller gap betsveen t h e two s t a t e s for 
t h e trans i somers . T h e i somers of 6 shoss- a hypsoch romic shift of 2 m^ 
compared v.-itb t he cor responding isomers of 7 a n d 8, i nd i ca t ing t ha t t he 
c o m p o u n d s ssdth bulk ier a n g u l a r g roups a r e more s t r a ined . N o t e t h a t t he 
c h r o m o p h o r e of all these c o m p o u n d s is t h e m e t h o x y n a p h t h a l e n e mo ie ty . 
T h e m a x i m a of t h e uv s p e c t r u m of 2 - m e t h o x y n a p h t h a l e n e shosv a 1-2 m^ 
blue shift compared with 6(W>). See H. H. .laffe a n d Mi l ton Orchin , 
" T h e o r y and Appl ica t ions of Ul t ravio le t Spec t ro scopy , " J o h n Wiles' A: 
Sons, Inc . , Nesv York, N . Y,, 1962, p 203. 

(8) R. E. J u d a y . L. C u b b a g e . .1. Mazu r , and B . Buksva, ./. Med. Cln-m.. 
11, 872 (1988). 

lS2.o-l.S40
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ity. None of the compounds tested showed significant 
biological activity. 

Experimental Section9 

Methyl 2-AcetonyI-l ,2,3,4-tetrahydro-7-methoxy-l -oxo-2-
phenanthrenecarboxylate (1).—Hydration of 12 in AoOH, 
HCOOH, and H 2 0 catalyzed by Hg2 + 2 produced 1 in a yield of 
95%, mp 160-162°. Anal. (C20H20O6) C, H. 

2-Acetonyl-3,4-dihydro-7-methoxy-2-methyl-l(2.ff)-phenan-
throne (2).—Alkylation of 11 (8.2 g) with propargyl bromide in 
Diglyme using XaH as catalyst, followed by hydration of the 
alkyne,2 produced 13 (6.5 g, 66%), mp 79-81° (80-83°).4b Anal 
(C19H20O3) C, H . 

3-Methoxygona-l,3,5(10),6,8,14-hexaen-16-one (3).—A mix­
ture of 1 (12.0 g), Ba(OH)2-8H20 (45.0 g) in 120 ml H 2 0 and 
120 ml of methoxyethanol was refluxed for 4 hr. Recrystalliza-
tion of the crude product from methoxyethanol gave 8.5 g (91%) 
of 3, mp 177-179°. Anal. (CiSHi602) C, H. 

Methyl 3-Methoxy-16-oxoestra-l,3,5(10),6,8,14-hexaen-18-
oate (4).—The annelation reaction was carried out in refiuxing 
PhMe, containing a small amount of A'-methylpyrrolidone, using 
XaH as the base.2 Starting with 1 (2.0 g) and NaH (0.4 g) and 
recrystallizing the crude product from C6H6, a yield of 1.1 g 
(57%) of 4 was obtained, mp 178-180°. Anal. (C20H18O4) 
C, H. 

3-Methoxy-13-methyIgona-l,3,5(10),6,8,14-hexaen-16-one 
(5).—Starting with 2 (6.4 g) and using the procedure outlined 
for 3, a yield of 4.8 g (80%) of 5 was obtained, mp 203-206° 
(205-206° ).2c 

3-Methoxy-14/3-gona-l,3,5(10),6,8-pentaen-16-one (cis Iso­
mer) and 3-Methoxygona-l,3,5(10),6,8-pentaen-16-one (trans 
Isomer) (6).—Hydrogenation of 3 in PhMe-DMA Csolution, 
using a Pd -C catalyst dried in refiuxing PhMe produced a mix­
ture of 6(M'S and trans) separated by fractional crystallization 
from Me2CO to produce 6(irans): mp 155-157°; X™„231, 268mM; 
p C = 0 1739 cm"1 ; 6(ds), mp 138-140°; X'JL 229, 265 mM; v 
C = 0 1734 cm-1 . Anal, (CiBHi802) C, H. 

cis- and trans-Methyl 3-Methoxy-16-oxoestra-l,3,5(10),6,8-
pentaen-18-oate (7).—Hydrogenation of 4 by the method out­
lined for 3 produced a mixture of isomers containing about 90% 
of the trans and 10% of the cis isomer. Fractional crystalliza­
tion (Me2CO) produced 7 (trans), mp 176-178°; ? w 233, 269 nut; 
v C = 0 (ketone) 1732 cm"1 , and 7(cis), mp 126-129°; X*™* 231, 
267 mM; v C = 0 (ketone) 1730 cm"1 . Anal. (C2oH2004) C, H. 

Conversion of 7(lrans) into 8(trans). A. irons-Methyl 16,16-
ethylenedioxy - 3 - methoxyestra - l,3,5(10),6,8-pentaen-18-oate 
(13).—A solution of 7 (6.3 g) and excess (CH2OH)2 in C6H6 and 
Diglyme, with MeSOsH as catalyst, was refluxed using a Dean-
Stark t rap until evolution of H 2 0 ceased. The product was 
recovered and recrystallized from CeH6 to give 3.8 g (82%) of 13, 
mp 99-101°. Anal. (C22H2406) C, H. 

B. 16,16-Ethylenedioxy-13-hydroxymethyl-3-methoxygona-
l,3,5(10),6,8-pentaene (14).—Reduction of 13 by LAH in T H F 
produced 14 in 79% yields, mp 212° dec. Anal. (C2iH2404) 
C, H. 

C. 16,16-Ethylenedioxy-13-hydroxymethyl-3-methoxyestra-
3,5(10),6,8-pentaene Methanesulfonate (15).—Treatment of 14 
with MeS02Cl in C5HsN produced 15 in 97% yields, mp 172-
173°. Anal. (C22H2606S) C, H. 

D. 8(trans) from 15.—Refiuxing 15 with K I in DMAC, fol­
lowed by hydrolysis of the ketal and hydrogenolysis of the iodide 

(9) All melting points are corrected. Ir spectra were obtained on a 
Beckman IR7 spectrophotometer. Where analyses are indicated only by 
symbols of the element, analytical results obtained for those elements were 
within ± 0 . 4 % of the theoretical values. Nmr spectra were obtained on a 
Varian HA60 spectrophotometer. Spectral results agreed with the sug­
gested structures routine. 
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using the procedure previously outlined2 converted 15 into 
8(trans) showing the original configuration of 7 was trans. 

3-Methoxy-13-methylgona-l,3,5(10),6,8-pentaen-16-one (8). 
—Hydrogenation of 5 over Pd(C) followed by fractional crystal­
lization of the crude product (Me2CO) to give 8, mp 162-165° 
(169.5-171°)4b identical with that obtained from 16. Anal. 
(CigHsoOa) C, H. 

Gona-5(10),6,8-triene-3,16-dione (9).—A solution of 16 (3.3 
g) in 45 ml of n-BuOH was refluxed with Xa (2.5 g) until all 
Xa had reacted. The mixture was then hydrolyzed and the 
crude product allowed to stand 60 min in a mixture of AcOH, 
15 ml of HCOOH, and 5 ml of H 2 0. Addition of H 2 0 followed 
by recrystallization of the crude product from Me2CO gave a 
yield of 1.7 g (63%), mp 134-137°. Anal. (CnH1802) C, H. 

14/3-Gona-5(10),6,8-triene-3,16-dione (10).—The procedure 
used to prepare 9 was followed. Starting with 17 (3.7 g), a 
yield of 1.9 g (63%) of 10 was obtained, mp 126-131°. Anal. 
(C17H1802) C, H. 

3,4-Dihydro-7-methoxy-2-methyl-l(2H)-phenanthrone (11).— 
3,4-Dihydro-7-methoxy-l(2.ff)-phenanthrone was converted into 
11 using the procedure previously outlined for the benz [e] indene 
analogs.2 The overall yield of product was 83%, mp 104-106° 
(108° ).10 

Methyl l,2,3,4-Tetrahydro-7-methoxy-l-oxo-2-(2-propynyl)-
2-phenanthrenecarboxylate (12).—3,4-Dihydro-7-methoxy-
1 (27/)-phenanthrone was converted into 12 by successive con­
densations with Me2C03 and propargyl bromide in DMAC 
using XaH as catalyst, as previously outlined.2 The overall 
yield of product was 88%, mp 115-118°. Anal. (C2oHi804) 
C, H. 

16,16-Ethylenedioxy-3-methoxygona-l,3,5(10),6,8-pentaene 
(16).—The procedure used to prepare 13 was followed, 16 being 
obtained in a yield of 90%, mp 130-132°. Anal. (C20H22O3) 
C, H. 

16,16-EthyIenedioxy-3-methoxy-14/3-gona-l,3,5(10),6,8-penta-
ene (17).—The procedure used to prepare 13 was followed, 17 
being obtained in a yield of 92%, mp 135-138°. Anal. 
(C2oH22Os). 

(10) G. Haberland and E. Blanke, Ber.. 70. 169 (1937). 
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The membrane component of the lactose transport 
system of Escherichia coli, known as lactose permease,2 

contains an SH group which is essential for its activ­
ity.3 Several galactosides protect this SH group from 
attack by SH reagents,3 implying a close spatial re­
lationship between the galactoside binding site and the 
SH group. The galactosides described here were de­
signed as specific and irreversible inhibitors4 of the 
permease—the D-galactose moiety enabling specific 
binding, while the JV-bromoacetyl or iV-(4-acetoxymer-
curi-3-methoxybutyryl) function could then react 
with the essential SH group. Analogs containing other 
carbohydrate moieties were prepared in order to test 
for specificity of inhibition. The unsubstituted gly-

(1) Present address: Department of Radiotherapeutics, Cambridge 
University, Cambridge, England. 

(2) G. N. Cohen and J. .Monod, Bad. Jtev., 21, 169 (1957). 
(3) C. F. Fox and E. P. Kennedy, Proc. Nat. Acad. Sci. U. S., 60, 725 

(1968). 
(4) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme 

Inhibitors," John Wiley & Sons, New York, N. Y., 1967. 


