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9, trans 
10, cis 

ity. 
biological activity. 

Sone  of the compounds tested showed significant 

Experimental Section* 

Methyl 2-Acetonyl-1,2,3,4-tetrahydro-7-methoxy-l-oxo-2- 
phenanthrenecarboxylate (I).-Hydration of 12 in AcOH, 
HCOOH, and HzO catalyzed by Hg2+ produced 1 in a yield of 
95%, mp 160-162'. Anal. (C20H2006) C, H. 

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

3-Methoxygona-1,3,5(10),6,8,14-hexaen-l6-one (3).--4 mix- 
ture of 1 (12.0 g), Ba(OH)2,8H20 (45.0 g) in 120 ml H2O and 
120 ml of methoxyethanol was refluxed for 4 hr. Recrystalliza- 
tion of the crude product from methoxyethanol gave 8.5 g (91Yc) 
of 3, mp 177-179'. Anal. (C18H1602) C, H. 

Methyl 3-Methoxy-l6-oxoestra-1,3,5(10),6,8,14-hexaen-18- 
oate (4).-The annelation reaction was carried out in refluxing 
PhRle, containing a small amount of N-methylpyrrolidone, using 
S a H  as the base.2 Starting with 1 (2.0 g) and NaH (0.4 g) and 
recrystallizing the crude product from C&, a yield of 1.1 g 
(57%) of 4 was obtained, mp 178-180". Anal. (C20Hls04) 
C, H. 

3-Methoxy-13-methylgona-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" 

3-Methoxy-l4p-gona-l,3,5(10),6,8-pentaen-16-one (cis Iso- 
mer) and 3-Methoxygona-1,3,5(10),6,8-pentaen-16-one (trans 
Isomer) (6).-Hydrogenation of 3 in PhMe-DMA Csolution, 
using a Pd-C catalyst dried in refluxing PhMe produced a mix- 
ture of 6(cis and trans) separated by fractional crystallization 
from hIe2CO to produce G(trans): mp 155-157". Ai:x 231,268 mp; 
Y C=O 1739 em-'; ~ ( c z s ) ,  mp 138-140"; 229, 265 mp; Y 

C=O 1734 cm-l. 
czs- 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 c is  isomer. Fractional crystalliza- 
tion (?*Ie2CO) produced 7(trans), mp 176-178"; A& 233,269 mp; 
Y C=O (ketone) 1732 cm-l, and 7(c is ) ,  mp 126-129'; 231, 
267 mp; Y C=O (ketone) 1730 cm-'. 

Conversion of 7(trans) into B(trans). A. trans-Methyl 16,16- 
ethylenedioxy - 3 -methoxyestra - 1,3,5(10),6,8-pentaen-18-oate 
f13).-A solution of 7 (6.3 g )  and excess (CH20H)2 in CsHs and 
Iliglyme, with MeS03H as catalyst, was refluxed using a Dean- 
Stark trap until evolution of H20 ceased. The product was 
recovered and recrystallized from C ~ H G  to give 3.8 g (827,) of 13, 
mp 99-101'. Anal. (C2~H2405) C, H. 

B. 16,16-Ethylenedioxy-13-hydroxymethyl-3-methoxygona- 
1,3,5(10),6,8-pentaene (14).-Reduction of 13 by LAH in THF 
produced 14 in 7970 yields, mp 212" dec. Anal. (C21Hz40r) 
C, H. 

C. 16,16-Ethylenedioxy-13-hydroxymethy1-3-methoxyestra- 
3,5(10),6,8-pentaene Methanesulfonate (15).-Treatment of 14 
XTith MeSOpCl in C5HsN produced 15 in 977" yields, mp 172- 
173'. Anal. (C22H2806S) C, H. 

8(trans) from 15.-Refluxing 15 with KI in DMAC, fol- 
lowed by hydrolysis of the ketal and hydrogenolysis of the iodide 

(CisHmOa) C, H. 

(205-206°).2c 

Anal. (ClsHlsOs) C, K. 

Anal. (Cp&@4) C, H. 

D. 

(9) All melting points are corrected. I r  spectra were obtained on a 
IJwknini i  I R 7  spectrophotometer. Where analyses nre indicated only by 
symbols of t h e  element, analytical results obtained for those elements were 
\Tittiin &0.4% of t h e  theoretical values. Timr spectra were obtained on a 
Varian HA60 spectrophotometer. Spectral results agreed v i t h  the  sug- 
gested structures routine. 

using the procedure previously outlined2 converted 15 into 
8(trans) showing the original configuration of 7 was trans. 

3-Methoxy-13-methylgona-1,3,5(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 TTith that obtained from 16. Anal. 
(Ci&oOz) 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 \\as refluxed with S a  (2.5 g) until all 
S a  had reacted. The mixture was then hydrolyzed and the 
crude product allou-ed to stand 60 min in a mixture of AcOH, 
15 ml of HCOOH, and 5 ml of H20. Addition of H2O followed 
by recrystallization of the crude product from Me2C0 gave a 
yield of 1.7 g (63%), mp 134137". Anal. (C17H1802) C, H. 
14p-Gona-5(10),6,8-triene-3,16-dione (IO).-The procedure 

used to prepare 9 was followed. Starting n i th  17 (3.7 g), a 
yield of 1.9 g (63%) of 10 was obtained, mp 126-131". Anal. 
(CnHi802) C, H. 
3,4-Dihydro-7-methoxy-2-methyl-l(2H)-phenanthrone (ll).- 

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

Methyl 1,2,3,4-Tetrahydro-7-methoxy-l-oxo-2-(2-propynyl)- 
2-phenanthrenecarboxylate (12).-3,4-Dihydro-7-methoxy- 
1 (2H)-phenanthrone was converted into 12 by successive con- 
densations with ?rlesCOp and propargyl bromide in DRIAC 
using NaH as catalyst, as previously outlined.2 The overall 
yield of product was 8S%, mp 115-118". Bnal. (C2OH1804) 

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. (C2aH2203) 
C, H. 
16,16-Ethylenedioxy-3-methoxy-l4p-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 92y0, mp 135-138". Anal. 
(C20H2203). 

(10) G. Haberland and  E. Blanke, Ber.. 70. 169 11937). 
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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- 
i tye3 Several galactosides protect this SH group from 
attack by SH  reagent^,^ 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 N-bromoacetyl or N-(4-acetoxymer- 
curi-3-methoxybutyryl) function could then react 
with the essential SH group. Analogs contairling other 
carbohydrate moieties were prepared in order to test 
for specificity of inhibition. The unsubstituted gly- 

(1) Present address: Department of Radiotherapeutics, Cambridge 

(2) 0. N.  Colieii and  J .  Nonod. B i d  I L e v . .  91, 16Y (11157). 
(3) C. F. Fox and E. P. Kennedy, Proc. N a t .  Acad.  Sei. C. S., 60, 725 

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

Inhibitors," John Wiley & Sons, New York, N. Y., 1967. 
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cosylamines were uwd as starting niateri:tls, obviating 
thc  need for blocking groups. 

Compounds 1-4 and 8-10 (Table I) were tested :IS 
irreversible inhibitors of lacto,qe uptake :is previoudj- 
clcwribed.5 Both 1 and 2 were inactive a t  concentra- 
tioils of up to lo-? Jl. However both 3 arid 4 were 
inhibitors, 4 showing 100% inactivation of transport a t  
10-J This finding demonstrates that  a specific in- 
:d iva t ion  had occurred.fi On the other hand, com- 
pourids 8-10 all gave 100%; inactivation a t  IOw4 df. 
This loss of specificity could be due to an  extremely 
rapid rncrcuration of the ehseritial bulfhydryl by the-c 
compound.;. Iletuiled studies of 3 and 4 are in progrehi. 

Experimental Section 

'Fit, \vas ritrried oiit on silica gel G plates uhiiig 3IepCO-lleOl I 
(10: 1 I :is developitig solvent; c~ompounds were detected 1)y 
spraying with coticd HzSOa and heating at 120'. The mercurial.; 
wet'e examined by paper chromatography using i-PrOH-1120 
(4:  1) its solverit,, and detected with it 0.15; dithiaoiie-CHC'lr 
;il)riLy. 

ij-D-(;liiroPy1.aii(~~yi:~riiiiie, ~-u-gxlac.tlJP.\raii(,s~li~iiiiiie, : i t i d  
ru-lactosylamiiie were prepared as de.cribed.7 i.-F~icopyranosyl- 
xmirie (of utiknown aiiomeril: cotifigiuatiou) wiis prepared as 
described for the gliicoititalog. It  vas crystallized from IlyO-- 
i-l'rOIl, mid hat1 nip 14.5-150' dec: [ a j 2 0 t )  + :I.>' (c = 2, ILO!. 

l<romiicetica :tiid viiiylwetic :tiihydrides \ v e x  prepared by t rent- 
iitg the appropriute acid (1 _lI ecluiv), in  dry CCL, with UCI (0 .5 
.lI equiv). Uicyclohexyl urea was filtered off aiid the CC1, re- 
moved in vuciio. 

Acylation.-The glycosylamine ( 2  mmol) suspended in 1131F 
( 2  ml) was t,reated witmh t,he appropriate anhydride ( 2 . 5  mmol). 
:\fter 3 hr at. 25", excess Et20 was added, arid the precipitated A\-- 

:i(.yI derivative filtered and washed well with Et2O. Compoiuitii 
1-7  n-ere foutid homogenous by tlc, arid were formed in alnioht 
i l i ~ : i t i t i t  at.ive >-ieltl. 

Mercuration of 5-7.~--The .~-vinylncetylglycouylamiiie 
( I  miriol) was refluxed with a hirlulioii of Hg(OAc)? (1.1 mmo1)iii 
\ leOIi (10 nil) for BO miti. After removal of solvent and ACOA 
iri ruci io, the residue was cryitallized f rom 3IeOH. Paper chm- 
iiiatography showed compouiitis 8-10 to be homogenous, giviug 
hiiigle oratige spots with tiithizoiie at IZf approximately 0.5.  IIg?', 
which gives it  violet i,olur with dithizorie, was i t o t  detectable. 

,171~i. (C,Hi,n'!Ot) S. 

.- . . . . . . 

( 5 )  J. Yariv, A. J. Iialb, E. Katohalski, R. Goldrnan, and E ,  W. Thomas. 

Both .\--chloroacetyl analogs of 3 and 4 ~ w r e  inactivp. -1ioning that 
S Letters, 6 ,  173 (1969). 

~iolc)rical activity of 3 and 4 lay in their alkylatina capavity. 
) 11. S. Irl,eli and 11. L. Friisli, .I.  Org .  Chrm. .  23, 130!4 (1938j; ( ' ,  

l .<>l)ry de 14ruyf1 nnrl 1'. fi. \ a n  I.caenr, N E C .  T f t , ~ , .  C/! im .  /'oii.-Nii.<, 14, J 
(1895): F. Xliclieel. It. Frier, E. Plate, and ,i, Hiller, Ber. ,  85, 101)2 (1932) .  
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1-Substituted 3-[(5-Nitrofurfur?.lidene)amillo]- 
2-i midazolidinones 

if 
1 

Chemistry. Several path\\ n j  3 11 erc utilized iii t Ire 
preparation of  thc compound*. The firyt route itartcd 
\\ itli :in appropriately S-yubbtituted ethylericdiamine 
(21) which I\ a. hc1atr.d 11 ith urea to form a 1-substituted 
~-iniidazuliditioric~ (2) (see Scheme I). Tliese etliylene- 
ureas \\ere nitrohated and tlieii reduced with Z n  dust 
in 2 N H2S04. Condensation of the resulting 3-amino- 
1-substituted-2-imidazolidinones (22) with 6-nitro-2- 
furaldehyde (3) yielded 9-12. The second route iii- 


