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Samma~T--Svven e~m~ol (E2) derivatives with an ~kynylamidc ~de chin  g the 17~ portion 
we~ synthv~zcd ~ a ~ g  ~om ethynyle~radiol (EE2). The m~n chvmic~ step was the 
coupl~g react~n of the ace~Hde ~n of EE2 with carbon &o~de, ~u~ric anhydride or 
bromoalk~ ortho e s ~  The synth~is of the~ compounds ~ f~t (3-6 ~eps according to the 
compound) and h e a ~  ac~evcd with good yiel& Five compounds with ~ffervnt ~d¢ ch in  
lengths we~ ev~uated for uterotrop~c and antiuterotrophic activi~ ~ the CD-I mouse. None 
of the ~sted compounds shows estrogenic activi~ ~ this sensitive ~ vivo sy~em. At bw do~s 
(I and 3 ~g), a 14-57% ~ f i o n  of ~-induced uterine growth was observed while no 
ad&tional inhibition was observed ~ the 1~ 20 and 30 ~g do~g In human b~ast carcinoma 
cel~ ~ culture, aH compounds show e~rogen~ acti~ty at ~gh concentrations whik 
o~y compound 39 (N-butyl, N -methyl-8-~', 17'~ -dihydroxy estra - 1 ',3', 5~ 103-trien- 17'~ -yl]-7- 
octynamide) pos~s~s antiproliferative or anf i~oge~c  effe~g No ~gnificant corrvlat~n 
could be demonst~texi betwvvn a~yn~amide fide chain length and estrogen~ or antiestro- 
g¢~c a~ivity. Among the compounds ~ s ~  the derivative of EE~ poss~sing a five-methylene 
(CH2) ~de chin  ~ompound 39) posscs~s the best antiestrog~mic acti~ty (44 ± 7% in ~e  
CD-I mou~ u~rus amay at the 3 #g do~ and 57 ± 4% ~ 0.1 nM ~ human ZR-75-1 cancer 
cells ~ culture). 

LNTRODUCTION 

~nce discovery of the fi~t anties~oge~ nam~y 
ethamoxytriphetol (MER2~ [1~ sever~ other 
non-~croid~ compounds, especially narcS- 
dine, endomffcnc, t a m o ~  LY11701~ 
LY15675~ toremifene, drolo~fene and ~ndo~-  
~n  have been descilbed as having antiestrogenic 
activity [2, ~. Among these compounds, tam- 
o ~ n  (Fig 1A) [4, ~ h the best known and ~ 
the only compound cu~ently used in the anti- 
hormon~ therapy of b~ast  cancer ~ women. 
Unfo~unatcly, tamo~fcn posse~cs intrins~ 
esgogenic a~ i~ ty  under both ~ ~tro and ~ v~o 
conditions which could well be responf~c  
for Rs ~mitcd therapeutical efficacy [6, ~. The 
search for pure anticstrogcns or compounds 
dev~d of agonistic activity ~ thus of major 
~ r e s t  for potenti~ improvement of the 
therapy of  estrogen-sensitive cance~ 

Recentl~ steroidM compounds were reported 
to possess antiestrogenic activity with ~wer  or  
no agon~fic cgrogenic action. One of them, 
RU39411 ~ompound ~ Fig. IB) has a ~de 
c h i n  at pofition I1~ of the estradiol (E~) 

*To whom corresponden~ shoed be addmssvd. 

nucMus [8]. The phenoxyalkylamine fide chMn 
~ identicM to that of tamoxifen and ~ 
port ioned to bc anMogous to ffs position in 
t a m o ~ m  The other group of s~roid~ anti- 
es~ogens are 7~-alky~mide derivatives of E 2. 
The discovery of these compounds was based on 
the finding that 7a-substitu~d derivatives of E: 
tinker to an affinity column retain thor affinity 
for the es~ogen receptor during affinity chro- 
matography[9]. Compound ICI 164384 (3b) 
(Fig IB) has been found to posse~ pure anti- 
es~ogenic a~ivity in the rat uterus assay and in 
human breast cancer cel~ [1~ 11]. Addition~ 
modifications of the 7a-alk~amide E~ skdeto~ 
in pan~ular  the D-cycle (compound 3g  
F ig  ! B), have ~d to high~ p o i n t  and specific 
antie~rogens in the mouse u~rine assay [1~ 13], 
human breast cancer cc~s in cukure as well 
as dim~hylbenz(a )anthracene(DM BA)-induced 
mammary carcinoma in the rat IF. Labile ~ a t ,  
unpublished data]. Since the 17a pofition of E: 
~ flso suitable for receiving a substituvnt which 
permi~ effluent binding of the estrogen receptor 
to an affinity colum [9], and we have found that 
a fide c h i n  can be introduced relative~ easi~ 
at th~ portion[14], we have substitu~d the 
17a-~hyn~ group of ethynyles~adiol (EEl) 
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wkh various Mk#amide ~dc chMns and have 
synthes~ed a series of 17u-alkynyhmide E2 
derivatives (Fi~ lC). We have measured the 
biolo#cM acti~ty of these new compounds 
in the following testm (1) relative binding 
affinffy (RBA) to the e~rogen receptor[l~; 
(2) uterotrophic and antiuterotrophic acti~ty 
in ovariectomizcd CD-1 mice[l~ 1~; and (3) 
proliferative and antiproliferative activity in the 
estrogen-sensitive human breast cancer ceil ~ne 
(ZR-7~I) [1~ 1~. 

EXPERIMENTAL 

Chemic~ reagents were purchased from 
Aldrich Chemic~ Co. (Milwaukee, WI) or 
~gma Chemic~ Co. (St Loul~ MO), while mo~ 
solvents were obtained from BDH Chemicals 
(Mon~6~, CanadO. The compounds EM-139 
and ICI 164384 were synthesized ~ our ~b- 
oratory as described previously [7, 1~ 11, 1~. 
T~n-~yer chromatography (TLC) was per- 
formed on ~25mm K~s~gd 60F:~ plates 
(E. Merc~ Darmstadt, Germany), w ~  70-230 
mesh Kiesdgel 60F2~ (E. Merck, Darm~adL 
German~ was used for c~umn chrom~ 
tography When synthesized compounds were 
submitted to ~ o ~ c f l  ~st~ ~st s~p chroma- 
tography was performed with ~es~y ~stil~d 
solvent~ Moreover, compounds tested for 
u~roWophic and antiuterotrophic actififies 
were anMyzed by ~gh performance Hquld 
chromatography (HPLC) (W~ers A ~ o d a ~  

Milford, MA) on C-18 g-Bondapak r e v e ~  
phase columns (Waters Asso~a~O ufing 
CH3CN:H20:MeOH, 6 5 : 3 ~  (v:v:v) or 
40:38:22 (v:v:v) as ~uanL The purity of the 
tested compounds was found to be >99%. 
M~ting points were determined on a GM~n- 
kamp apparatus and are unco~ected. Infrared 
spec~a 0.~) were obt~ned on a Perkin-Elmer 
1310 spectrophotometer while nuclear magnetic 
resonance spectra (NMR) were recorded with a 
Varian EM-360A (60 MH~ or Varian XL-200 
(200 MH~ specffome~r using tetramethylsilane 
(TMS) as in~rnfl ~andard. Ul~a~olet spectra 
(u~0 were obtained on a Beckman DU-6 spec- 
~ophotom~er with appropriate solvent. Mass 
spectra (MS) were recorded with a V.G. M~ro- 
mass 16F while high resolution mass spe~ra 
(HRMS) were prodded by Le Centre Rfi~onfl 
de Spe~romfitfie de Masse, Univerfi~ de 
M o n i S t ,  Montreal Canad~ 

Chemical Syn~es~ 

Preparat~n of E2 derivative with 17~-short amide 
side cha~ (compound ~ Fig. 2) 

Synthesis of N-Imtyi, N-methyl-3-13"-~-butyl- 
oxy carbonyioxy)-l~-hydroxy es~a-l~3", 
3*(lO')-trien-l~-yl~2-propymtmide (11~ To 
carboxyfic acid 10[1~ (200rag, ~588mmol), 
resulting ~om addition of carbon dlo~de to 
EE~ was added dry CH~CI~ ~0 ml) and tri- 
but~amine (425 m~ 2.29 mmol) under anhy- 
drous conditions. This mixture was cooled to 
-10°C and isobutyl chloroformate (337m~ 



17~-Alkynylamide dcdv~fiv~ of ~ediol 

OH 

|0  I 2 (R~ = ~ =  kBLK~O) 

~ Z Ptx-parafion of E 2 derivatives wi~ a ~ort  amide ~de chain at ~o 17= po~fio~ Rcagcn~ a~: 
(=) MtLi, CO=; ~) 0) CICOOf-Bu, N(Bu)~, (2) NHBuM~ (¢) KzCO ~. HzO, MeOH. 

761 

Z47mmol) was then allowed to react for 
30 mira N-methylbutylamine (1A7 & 17 mine0 
was next added in excess and the cooling bath 
was removed. After 3 k CH:CI: was added 
and the orga~c pha~ was washed with HCI 
(1 N) and dried over MgSO, The solvent was 
removed under reduced pressure and the crude 
product was purified by dry column chroma- 
tography (hexane-eth~ acem~, 5: 5, v:v) to 
yield 206 mg (0.405 mmoL 69% ~eld) of amide 
product with the 3-isobutyl carbona~ group 11. 
Vinous colorless oil: i.~ v (nea0 3340, 2940, 
291~ 2860, 221~ 175~ 1610, 1485 crn-~; NMR- 
200 ~ (CDCl~) 0.91 (s, 3H, I~--CH3~ 0.94 (m, 
3H, CH~CH~ 1,00 (d, . J = 7 ~ H ~  6H, 
(CHa)~CH), Z88 (m, 2H, ~-CH:),  Z96 and 
3.18 ~ 3H, CHaNCO), 3.40 and 3.55 (2t, 
J = 7.5 H~ 2H,CHzCH2NCO), ~03 (d, 
J = 6.6 H~ 2H, i-PrCH~OL ~89 (d, J = Z 6 H ~  
1H, ~-CH),  6.94 (d~ ~ = Z 6 H z  and 
J~ = 8.1 H~ IH, 2'-CH), 7~8 (d, J = 8.1 H~ 
IH, I '-CH); MS m ~  ~el. in~nsit~ 509 (M +, 
14), 4a8 ~.9), 370 (5.9), 326 ~.3), 270 (leo); 
HRMS M + calculated for Ca~H4~O~N-- 
50~3141, found--50~3093. 

Synthesis of N-buty~ N-met~yl- 3-(Y , 17"~ -di- 
hyd,'oxy estea- l',3",~'(lO')-teiene-17"m-yl)-2- 
propynamide (4~ To the carbona~ derivative 11 
(188m~ 0.369retool) dissolved in methanol 
(10 ml), K~CO~ (1%, w/v) in aqueous methanol 
(25:75, v:v) (10 ml) was added and the resulting 
solution was stirred at room temperature for 
3 h. The reaction m~ture was a d d l e d  with 
HCI (1 N) and MeOH was evaporated under 
vacuum. The refidue was extracted with ~ h ~  
acetate and the organ~ phase was dried and 
evapora~d. Purification by column chroma- 
tography (hexane-ethyl acetat~ 6.5:3.5, v:v) 
gave 137mg (0.335mmol, 91%) of phenol & 
Amorphous w ~  solid: i.e. v (film) 3320, 2950, 
291~ 285~ 220~ 160~ 1480 cm-~; NMR-200 ~ 
(CDCI~) 0.85 (~ 3H, 18'-CH~L ~97 6, J = 
%0H~ 3H, C H , C H ~  2.74 (m, 2H, ~-CH:~ 
2.99 and 3~2 (2~ 3H, CH~NCO), X44 and 3.59 

(2t, J = 6.8 H~ 2H, CH~CH:NCO), 6.56 (s,~, 
1H, 4'-CH), 6~5 (dd, ~ = Z 2 H z  and 
~ = 8A H~ 1H, ~-CH), 7 .~  ~ ,  J = 8A Hz, 
IH, I'-CH), 7A ~ broad, IH, OH p~nol); ~v. 
~ (MeOI-I-) 280 ~ = 21~)nm; MS m ~  (reL 
inten~ty) ~ 9  (M +, 46), ~ 4  ~.0), ~1  (3.~, 376 
~3) ,  338 (15), ~ 0  (1~); HRMS M + ~lcuM~d 
~ r  C~H~sO~N--409.~17, ~und--4092608. 

Preparat~n of estradiol derivatives will 17~- 
oxygenated alkynylamide side cha~s 5 and 6 
(Fig. 3) 

Synthesis of 7- {3", 1 ~-bkl(tarahydro-2"H- 
pyran-2"-yl)oxyi estra-l~3",~'(lO')-t~en-l~- 
yl}-5-oxo-6-heptynoic acid (13~ In a flam~ 
dried flask under argon atmosphere, ~17fl-bis 
tetrahydropyran~ EE2 12 [11] (704 m~ 
1.52mined was dissolved in dry THF (40ml) 
and hexamethylphosphoramide (HMPA) 
(1.09 ~ 6.07 retool). The solution was cooled at 
-78°C and n-BuLl ~.03mmol) was added. 
After 2 ~  glutafic anhydride (242m~ 
Z12mmo0 M dry THF ~ml)  was added at 
-78°C and the mixture was aUowed to return 
~owly to room temperature and kept at this 
temperature overnight. Then, brine was added 
and the reaction mixture was exha led  with 
eth~ aceta~ (5 x ). The orga~¢ phase was dried 
over MgSO~ and the solvent was removed under 
reduced pressure. The amide product was 
i l l , red on silva gel with hexane-eth~ acetate, 
9:1, v: v in order to remove unreacted matedM. 
The silva gel was then washed with ~hyl aceta~ 
to obtaM the desired producL Th~ product was 
washed with wa~r ~ order to remove refiduM 
HMPA and profided 64 mg (0.110 retool, 7.3% 
#~d)  of carboxylic acid 13. CoMd~s oil: i ~  v 
(neat) 3600-2300, 291~ 2860, 2780, 2190, 1705, 
1660, 1600, 148~ 1450cm-~; NMR-200 ~ 
(CDCI~) ~9~ (s, 3H, IS'--CH~L 2.68 
(t, J = 7.0 H~ 2H, COCH:CH2L 2.83 (m, 2H, 
6'-CH2L 3.56 (m, 2H, OCH2 of THP at 170, 
3~2 (m, 2H, OCH2 of THP at 30, 4.95 and 5.13 
~ 1H, 2"-CH of THP at IT (two ~ome~D, 



762 ~ ~ et ~ 

~ P  

1~ 
12 Ic, d 

OH OR 

6 14 (R = ~ 
~ ( ~ = ~  

~ 3. ~para6on of ~ d¢fiva6~s ~ an oxygCna~ ~ k ~ a ~  s~e chin ~ ~e ~7~ p o ~ o ~  
R ~ n ~  ~ :  ~ DH~ ~ ,  pTSA; ~ (1) n ~ u ~  HMP~ THE ~ ~ u ~ c  a~ydtide; 

~ (1) C1C~t-Bu, ~Bu)~, ~ NHBuM~ ~ pTSA, M ~  ~ NABS. 

~ P  

5.39 (s, IH, 2"-CH of TI-IP at 3'), ~78 
(d, J = 2 . 6 H ~  IH, ~-CH), 6~4 (dd, 
~ =2.6Hz and J2=8.4H~ IH, T-CH), %19 
(d, J = 8A Hz, 1H, I'-CH); MS m~ ~d. in~n- 
sity) 41o (M÷-2 DHP, 8.~, 395 (7.~, 392 (6.1~ 
377 ~ .~ ,  364 (1.~, 349 (1.8), 338 (2.~, 324 
(6.1~ 295 (4.~, 270 (59), 85 000). 

Symhesis of N-butyl, N-methyl- 7 - {3" , l~ -  
bis [(tetra~ydro - 2" H-pyran - 2"-yl )oxy ] es~a- 
1",3",~'(10")- tricn- l ~ - y i } - $ - o x o -  6-heptyna- 
mide (14). Under anhydrous condition~ car- 
boxyfic a~d 13 (63rag, ~109mmol) was dis- 
solved in dry CH2C~ (20 ml) and tribut~amine 
(26 rag, ~140 mmol). After cooling the mixture 
at -10°C, ~obut~ chloroformate (21mg, 
~ 154 mmol) was added and allowed to react for 
30 min. N-methylbutylamine (0.10 ml) was then 
added in excess and the cooing bath was re- 
moved. Afar 2 ~ CH2C12 was added and the 
organic phase was washed with HCI (IN) and 
dried over MgSO~. The solvent was then re- 
moved under reduced pressure and the crude 
product was purified by flash chromatography 
(hexane-ethyl acetate, 5: ~ v: v) to ~ve 44 mg 
(0~68 mmol, 62% yield) of amide 14. C o l o r ~  
oil: i.r. v (nea~ 292~ 285~ 2190, 1660, 163~ 
1485cm-'; NMR-200 6 (CDCI3) 0.93 (m, 
3H, CH2CH3~ 0.95 (s, 3H, I~-CH3~ 2.72 
~, J = 6.8 H~ 2H, COCH2CH~ ~85 (m, 2H, 
6'-CH2~ 2.89 and 2.94 (2s, 3H, CH3NCO), 3.24 
and 3.33 (2t, J = 7.5 Hz, 2H, CH2CH2NCO), 
3.55 (m, 2H, OCH~ of THP at 1TL 3~3 (m, 2H, 
OCH2 of THP at 3'~ 4.96 and 5.12 (2~ IH, 
2"-CH of THP at 17' (two ~omer~), 5.39 
(s, IH, 2"-CH of THP at 3'~ ~79 (s~p~ IH, 

¢-CH), 6.82 (dd, J = 2A Hz and J2 = 8.6 H~ 
IH, T-CH~ %19 (d, J = 8.1 Hz, 1H, I'-CH); 
u~. ) ~  (hexan~ 277 ~ = 1800) nm; MS m~ 
@el. in~nsity) 563 (M+-DHP, ~7), 546 (1.1), 
479 (7.~, 461 (24), 444 (3.1~ 238 (42), 184 (92), 
85 (100). 

Synthesis of N-butyl, N-methyl- 7-(3',lT"~- 
dihydroxy estra- 1", 3', 5' (I 0')-trien- 17' •-yl)- 5- 
oxo-6-heptynamide (5). The ~trahydropyran~ 
derivative 14 ~%0m~ ~042 retool) was di~ 
solved in MeOH (20 ml) and p-toluenesulfonic 
acid monohydra~ (Sm~ 0.026mmol) was 
added. The resulting solution was s~rred at 
room ~mperature for 2 h. Therea~er, water was 
added, MeOH was evaporated under reduced 
pre~u~ and the re,due was extracted with 
~h~  aceta~. Afar evaporation of the organic 
phas~ the crude produ~ was purified by flash 
chromatography (hexane--ethyl acetate, 4:6, 
v:v) to ~ve 13.0 mg (0~27 mmol, 65% ~ d )  of 
hydrolyzed product ~ Colorless oil: L~ v (neaQ 
3300, 291~ 285~ 218~ 1650, 1600cm-~; 
NMR-200 6 (CDCI~) ~91 (s, 3H, I~-CH3~ 
0.95 (m, 3H, CH2CH3~ 2.67 (~ J = 7.2H~ 
2H, COC__~2HCH2~ ~81 (m, 2H, ~-CH2), 
2.91 and ~96 (2s, 3H, CH3NCO), 3.25 and 
3.36 (2t, J = 7.0 Hz, 2H, CH2CH2NCO), 4.76 
~, IH, OH phenol), 6.57 (s~pp, 1H, 4'-CH, 
6.63 (dd, ~ =2.2Hz and J2=8.SH~ 1H, 
T-CH), 7.14 (d, J = 8.1 H~ 1H, I'-CH); u.v. 
~m~ (MeOH) 281 @ = 2400)nm; MS m/e ~ .  
inani ty)  479 (M +, 2.8), 461 (7.~, 446 (1.~, 
374 0 .~ ,  270 (38~ 44 (100~ HRMS M + ca~u- 
~ted for C3~H4~O4N---479.303~ found-- 
479.3041. 
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Synthesis of N-butyl, N-methyl- 7 - ( 3 ' , l ~ -  
dihydroxy estra-l',3',5'(lO~)-~ien-l~a-yl)-J - 
hydroxy-6-heptynamide (6~ A mixture of 
ketoamide 5 (7.5rag 0.0157retool), MeOH 
(10 ml) and NaBH~ On excess) was stir~d at 0°C 
for I h. The~ the reaction mixture was a~dified 
with diluted HCI and MeOH was evaporated 
under ~duced procure. After extraction with 
~ h ~  aerate,  the orga~c phase was dried and 
the sdvent was removed. The crude produ~ 
was purified by TLC (20 x 20cm, ~25mm, 
Kieselgd 60F:~ pla~) with hexane-eth~ acet- 
ate, 2: ~ v:v 0 migrafionO as duent and ~3 mg 
(0~131mmol, 83% ~dd)  of ~cohol 6 was 
ob~ine~ Co~dess ~scous oil: i.r. v (film) 3240, 
2910, 285~ 2240vw, 1605cm-*; NMR-200 ~ 
(CDCI~) ~87 ~, 3H, 18'-CHug ~91 and 0.94 
(2t, J = 7 ~ H ~  3H, CHiCHi), 2.80 (m, 2H, 
~-CHzX 2.90 and 2.96 (2~ 3H, CH~NCO), 3.25 
and 3.35 ~ J = 7~ H~ 2H, CHzCHaNCO), 
4A7 (m, 1H, CHOH), ~87 (s, 1H, OH phenoO, 
6.56 (d, J=Z9H~-- 1H, 4'-CH), &63 (d~ 
~ = 2 . 9 H z  and ~ = 8 . 1 H ~  IH, 2'42H), 7.14 
(d, J = 8.1 Hz, 1H, I'--CH); MS m ~  ~el. in~n- 
fity) 481 (M +, 1.~, 463 (1.9), 448 (l.7L 445 
(5.~, 430 ~.1~ 296 ~.4), 270 ~5~ 213 ~ ,  114 
(44), 44 (100); HRMS M + c~c~a~d  for 
C~I-~30~N~481.319L foundS813192.  

Preparation of bromo side chains 15-22 (Fig. 4) 

General procedure for e~er formation. Under 
anhydrous conditions and an argon atmos- 
phere, bromo acid (17 mmol) was dissolved in 
dry CH~CI: (30 ml) and oxalyl chloride (12 ml) 
was added. The reaction mixture was then 
stirred for 2 h at room temperature. Following 
the reaction, dry benzene was added to the 
mixture and solvent was evaporated under re- 
duced pressure (2 x ) and dried under vacuum. 
This crude product was dissolved in dry CH2Ci~ 
(20m l) and added at 0°C to a solution of 
3-methyl 3-oxetanemethanol 07 rnmol), CH~CI: 
(7m l) and pyridine (l.4ml). The reaction was 
kept at the same temperature for 4-8 h. There- 
afie~ the mixture was diluted with CHIC12, 
washed with NaHCO3 (10%, w/v) and the 
organic phase was dried over MgSO,. After 
removal of solvenL the re,due was purified by 

~ m m ~ o g ~  ~ a ~  ~ ~  
amine, 80: 20:1, v: v : ~  to ~ d d  bromo ester. 

~Bromo hexanoate ester ~ ~ ~  
~ o ~ m e ~ l  oxet~e (1~). ~ g ~  y~ow fiq~d 
01% ~ d ~ :  i ~  v ~ea0  293~ 2 8 ~  172~ 145~ 
13~, ll60cm-~; N M R - ~  6 ~ D ~ )  1.31 
~ 3 ~  C ~  1.1~.1 ~ ,  6H, 3 x C ~  2.36 ~ 
J = 6.0 H~ 2H, C ~ C H ~  3.36 ~ J = 6 H~ 
28, B ~ H ~ L  4.13 ~ 2H, C O O C ~ ,  
4.41 ~ B  ~ e m s  Av =8.3, J = 6 H ~  4H, 
2 x CH~) .  

9-~omo non~oam esmr ~ 3-methyl-3- 
~ o x y m e t h y l  oxemne ~ ~ b ~  ~q~d 
~6% ~ e ~ :  i.r. v ( n e ~  ~ 2 ~  28~, 1725, 145~ 
137~ 1 1 ~ - * ;  NMR~0 6 ~ D O ~ )  1 ~  
~ ÷ m ,  15~ CH~ and 6 x CH:g Z40 ~ J =  
~0 H~ 2H, C H : C H ~ ,  3A5 ~ J = &0 H~ 
28, m c n ~ g  ~ % 2H, C O ~  ~48 
~ B  sy~em A v = 8 ~  J = 6 ~ H ~  4 ~  2 x  
c ~ .  

l l -~omo un~canoa~ es~r ~ ~ l - 3 -  
~ d r o ~ m e ~ l  oxetane ~ C ~ o r ~  ~q~d 
(85% ~ :  N M ~  6 ~ D ~ )  I ~ - 2 ~  ~ ÷ m, 
19~ C ~  and 8 x C ~  2.30 ~ J = 6~ Hz, 2H, 
C ~ C H ~  3.35 ~ J = 6 D H ~  2H, 
B r C H ~ g  ¢12 ~, 2H, C O ~ ,  4 . ~  ~ B  
sys~m Av = 8 ~  J = 6 ~ H ~  4H, 2 x C ~  

12-Bromo do~c~oa~ ester ~ ~ m e t ~ - ~  
h y d r o ~ m ~  oxetane ~ C ~ o d ~ s  ~q~d 
~6% ~ :  i.L v ~ea0 2910, 2 8 ~  172~ 
1450, 13~, !155~-* ;  N M R - ~  6 ~ D ~ )  
i . I ~ A  ~ ÷ ~  21H, C ~  and 9 x C ~ ) ,  Z30 
~ J = 6 D H ~  2H, C H 2 C H ~ ,  3.33 
~ J = 6 . 0 H z ,  2H, B ~ H ~  4.11 ~, 2 ~  
C O O C H ~ ,  4A0 ~ B  ~stcm Av =8 .~  
J = &0 H~ 4 ~  2 x C H ~ .  

Ge~ral proce~re ~ o ~  ester f o r ~ i o n .  
To a sdufion ~ bromo ~ter  0 .4-1¢2 ~ o ~  ~ 
d ~  C H ~ :  ( 1 ~  ~ )  at 0°C was ~ d ~  ~ t h  
~ n g  d~fil~d boron t~uor ide  ~hera~ 
~ 5 ~ 5  m m ~ .  A~er 4 h ~ ~C,  the reaction 
~ u r e  was quenc~d by the ad~tion of t ~  
e t h ~ i n e  0 . 4 - 1 4 . 2 ~  ~ u ~ d  ~ t h  ~-  
eth~ ether and ~ r e d  ~ remove the a ~ n ~ B ~  
com~ex. The fi~rate was evaporat~ and ~e  
mfidue was p ~ i ~ d  by c~omatogmp~ 
~ x a n ~ l  a~tat~tfiethylamine, 80:20:1, 
v : v : ~  to ~ve ~e  bromo or~o ~te~ 

o o. o .  

(n=~8, 10, 11) 15- 18 19o22 

~ .  ~ ~r~p~fion o~ ~our bTomo ~= c ~  ~m~=n~ ~ :  (~) o = ~  c ~ o ~  ~) 3-m=~l-3~x~ 
tanemethan~ pyd~n~ (c) BF~. O(Et h. 

SB~B ~ / ~  
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~ P  

~-~ (n = 5,8, I0, 11) 

c , ~  OH 

H O ~  cm~CH~ 

~ ~ ~ ~ = i - ~ O C O )  27 • ~ ~ = C ~ H 2 C ( C H ~ ( C H  2 ~ 
~ o 4 2  (R=H)  ~ I - ~  ~ = C ~ )  

~ = ~  I~ 11) ~ = ~  1~ II) 
~ 5. ~par~on of ~ defivafiv~ ~th  an ~ k ~  ~d¢ ~ain ~ ~e  17a ~sition. R e a g ~  ~e: 
~ DHE ~ , p ~  ~ (!) n~u~ H~A,  ~ E  ~ B ~ ( ~ C H ~  ~ =~ 8, I~ 11~ 
~ p T ~ ,  M~H;  ~ KO~ H ~  M ~  ~ O) O C ~ G B u ,  N ~ ,  ~ ~ M e ;  ~ ~ C ~ ,  ~ 

M ~  

1-( 5 ~ Bromo penmn yl )- 4-methyl- ~ ~ ~ tri- 
oxabicyc~ [ 2 , ~  octane (19). Co~d~s  oil 
~8% yield): i.r. v (neat) 294~ 291~ 2855, 145~ 
1390, 105~ 980 cm-~; NMR-60 6 (CDCl~) 0.79 
(s, 3H, CHa), 1.2-2.0 (m, 8H, 4 x CH~), 3.35 
~ J = ~0 Hz, 2H, BrCH:CH:~ 3.87 (s, 6H, 
3 x OCH:); MS m ~  (rel. intensit~ 280 (M +, 
• ~ ,  278 (M +, 0.~, 250 ~.1), 248 ~ .~ ,  
197 (7.~, 195 (7.7), 179 (5~, 177 ~1~ 72 ~ ,  
69 (10~. 

l-(8'-Bromo octanyO-4-methyl-2,~ ~gwxa-  
bicyclo [ 2 , ~  octane (2#). Amorphous w ~  
solid ~9% ~ d ~ :  i ~  v (KBO 2940, 290~ 284~ 
145~ 139~ 104~ 985, 950cm-~; NMR~0 6 
(CDCI~) 0.80 (s, 3H, CHa~ 1.33 ~, 8H, 
4×CH2N 1~-2.1 (m, 6H, 3 xCH~), 3.40 
~ J = ~0 H~ 2H, BrCH~CHz~ 3.93 ~, 6H, 
3 x OCH:); MS m ~  (tel. ~ n s i t ~  323 (M +, 
Z l g  321 (M +, 2.0), 292 (4.4), 290 O. 1~ 239 ~ .~ ,  
237 (Zig  221 (34~ 219 03), 69 ~1~ 55 (100). 

l - ~ ~ - Bromo decanyO - 4 - methyl- ~ ~ ~tri- 
oxabicyclo [2,2,~ octane (21). White sol~ (74% 
f i ~ :  m.~ 51-53°C; i.r. v (KBO 294~ 2900, 
2850, 283~ 145~ 139~ 1055, 985, 955cm-~; 
NMR~0 ~ (CDCla) 0.80 ~, 38, CH3), 1.27 
(s, 12H, 6 x CH:), 1.1-2.1 (m, 6H, 3 x CH:), 
3.39 ~, J = 6 ~  Hz, 2H, BrCH:CH:~ 3.87 
~, 6H, 3 x OCHD; MS m/e ~d.  ~ n ~ t ~  
350 (M +, 12), 348 (M +, 1.1~ 321 ~ .~ ,  319 
(7.~, 269 (ZS~ 248 ~7~ 144 (3~, 55 (10~. 

1-(ll~Bromo undecanyl)-4-methyl-2.~ 7-tri- 
oxabicyclo [2,2,2]octane (22). White solid (76%, 
yield: m.~ 47.5-48.5°C; i.r. v (KB0 2900, 283~ 
146~ 1045, 975 cm-~ NMR-60 ~ (CDCI~) 0.79 
~, 3H, CH3~ 1.25 ~, 14H, 7 × CH2), 1.1-2.1 
(m, 6H, 3 × C H ~  3.37 (t, J = ~ O H z ,  2H, 
BrCH2CH2~ 3.85 (s, 6H, 3 × OCH~); MS m~ 
~el. ~ n s i t ~  364 (M +, 3.~, 362 (M +, 3.4), 334 
(1~, 332 (13~ 283 (1~, 263 ~5g 261 ~ ,  144 
~I), 55 (10~. 

Preparat~n of  E2 deranges wi~ I ~-alkyny~ 
amide sMe cha~ 39-42 (Fig. ~ 

Gener~ procedure for coupling rea~ion. In a 
flame-dried flask under an argon atmosphere, 
~17fl-bis te~ahydropyranyl EE2 12 (1.5 retool) 
was ~ssdved ~ dry THF ~0 m~ and hexa- 
me~phosphoramide  (HMPA) (6.0mmol). 
The solution was cooed at -78°C and n-BuLi 
0.0 mmol) was added. After 2 ~ appropd~e 
bromo or~o esmr 19-22 ~.0 mmol) ~ d ~  THF 
(10 ml) was added at -78°C. The mi~u~  was 
allowed to ~turn ~owly to room ~mpcra~re 
and kept at the same temperature over~ght. 
Then, brine was added and ~e  reaction mixtu~ 
was extracted with ~ h ~  a ~ .  The orga~c 
phase was dried over MgSO~ and the s~vent 
was removed under ~duced p ~ u ~ .  The 
crude product was purified by chrom~ography 
(hexane--e~ acetate-trie~ylamine, 96:4:1, 
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v:v:v to 50:50:1, v :v :~  to ~ve c o u ~  
p r o d ~  ~ ~ ~ s~r~d  12 ~1, 22, 
57 a ~  43%, ~ f i ~  ~ d  a ~ q ~ n ~  
~ , ~ n ~ n  ~ o ~ t .  

~ 1 ~ ~ ~ ~  
oxy] estra - 1 ~  Y ~ O % ~ n  - 17'a ~ } -  ~ ~ 
~ t h y l - ~ ,  ~ ~ triox~icyclo [2~ 2',2~ o c t , -  1 ~ 
~ l ~ t y n e  (~ ) .  C ~ o d ~ s  ~ (15% ~ :  
i.~ v ~eaO 292~ 2855, ~ ~ 1 6 ~  1~5 m-~;  
N M R - ~  6 ~ D ~ )  0.75 ~ 3H, C ~  of or~o 
~ r  ~ o u ~ ,  0 .~  ~ 3 ~  1 ~  2 . 8 0 ~  2H, 
~ g  3 . ~ 1  ~ ,  4H, ~ of THP 
g r o ~  3.80 ~, 6 ~  3 x O C ~  of o~ho e~er 
~oup~ 4 ~ - 5 3  ~ ,  l ~  2 " ~ H  of THP at l ~ ,  
5.34 ~ IH, ~ H  ~ THP ~ ~ 6.75 ~ ,  2H, 
2 ' -  and ~ ,  7.19 ~ J = 8 . 0 H ~  l ~  
l ' ~ ;  MS m ~  ( ~ .  ~ n ~  579 ~ + - D H ~  
4 ~ ,  5 ~  (1.1), 494 ( 1 ~  477 ( l~ ,  374 (13g 
85 (10~. 

1 - ~ 1 ~ -  B~[(tetra~dro- ~ H - ~ r a n  - ~ - 
y ~ x y ]  e s t r a - l ~ Y O ~ - ~ i e n - 1 7 ' ~ } - l O -  
~ - m ~ - ~ ,  ~ ~ - ~ x ~ c l o  ~ , ~  oc- 
t a n - l ' - y l ) - l - d e ~  (~ ) .  C ~ o ~  ~ (15% 
~ :  i.r. v OeaO 291~ 285~ 2210 w, 160~ 
1485 ~ - ~ ;  N M ~ 2 ~  6 ~ D ~ )  ~79 ~ 3H, 
C ~  of or~o ester g r o u ~  0~0 ~, 3 ~  18 ~ 
C ~  2.24 ~ J = 6.6 H~ 2H, ~ C H ~  
2.83 ~ ,  2 ~  ~ ) ,  3.55 ~ ,  2H, O C ~  of 
THP ~ 17~, 3.89 ~ 6H, 3 x O C ~  of or~o 
es~r group), 3~5 ( ~  2H, O C ~  ~ THP ~ ~ 
4~8 and 5.19 (2s, l ~  2 ~ H  ofTHP ~ 1T ~wo 
i somer) ,  5.39 ~ l ~  ~ H  ~ T H P  ~ 3~, 6.78 
~ ~ = ~6  Hz l ~  ¢ ~ ,  ~M ~ ~ = 2.6 Hz 
a ~  ~ = S A ~ ,  IH, ~ ,  7.22 ~ 
J = 8A H~ 1H, 1 ' ~ ;  MS m ~  ~ l .  ~ e n s i ~  
620 ~ + - D H ~  4.~, 535 (13~ 518 ~ .~ ,  85 
(1~). 

1- ~ 1 ~ ~is[(tetrahydro- 2" H-pyr~ -2"-yl )- 
o ~ ]  e s t r a - l ~ ~ - t r ~ n - 1 7 ' g ~ 1 2 -  
~ - m e t h y l - ~ , ~  7'-trioxabicyclo ~ ' ~  ~ oc- 
tan - 1 ~ l-dodecyne (~ ) .  C~od~s  ~ o u s  ~ 
~2% ~ :  i.~ v ~ 292~ 285~ ~10  ~ ,  
l ~ ,  l~Sem-~;  N M ~ 2 ~  ~ ~ D ~ )  ~79 
~ 3H, C ~  of or~o ester grou~, ~90 
(~ 3 ~  l ~ L  2.25 ~ J = 6 . 6 H ~  2 ~  
~ C H ~ ) ,  2.83 ~ ,  2 ~  6 ' ~ g  3.55 
~ ,  2H, O C ~  of THP at l ~ ,  3.89 ~, 6 ~  
3 x O C ~  of o~ho es~r g r o ~  3~5 ~ ,  2 ~  
O C ~  ofTHP ~ 33, 5~ a ~  5~ ~ 1H, 2 " ~ H  
of THP at 1T ( ~ o  ~omer~,  5.39 ~ l ~  
2 " ~ H  of THP at 33, &78 ~ J = 2.6 H~ l ~  
4 ' ~ ,  6.84 ~ d ,  ~ = 2.6 Hz a ~  ~ = 8A H~  
~ 2 ' ~ ,  7.21 ~ ,  J = S A H z ,  ~H, V ~ ;  
MS m ~  ~1.  ~ n ~  M9 ~ + - D H E  6.1g 634 
~.~,  5~  ~ 547 (1~  85 ( l ~ .  

~ 1 ~ ~ ~ ~ ~  
~ ~ 1 ~ ~ - 1 ~ ~  
~ 1 ~ ,  ~ ~ r ~  ~ ~, ~ -  1~ 
~ 1 ~  ~ ~ ~ ~ ~5% 
~ :  i ~  v ~ea0  2915, 285~ ~ 2 0 ~ ,  1 ~ ,  
l~0em-~;  N M ~ 2 ~  6 ~ D ~ )  0.80 ~ 3H, 
C ~  of or~o ~ r  ~ o u ~ ,  ~90 ~ 3H, l ~ -  
C ~ g  2.25 ~ J = ~6 Hz, 2 ~  ~ C H ~ ) ,  
2.83 ~ 2 ~  6 ' ~ g  3.53 ~ 2H, O C ~  of 
THP at 173, 3.89 ~ 6H, 3 x ~ of o~ho 
~ r  ~ o u ~ ,  3 ~  ~ ,  2 ~  O C ~  ~ ~ P  ~ 3% 
5~ and 5.2 ~ 1 ~  2 " ~ H  of THP at 1T ~ o  
i somer~  5.39 ~ IH, ~ H  ~ T H P  ~ ~ ~78 
~ J = 22 H~ 1 ~  4 ' ~ ,  6.84 ~ ,  ~ = 2.6 
aM ~ = g 4 H ~  1 ~  ~ ,  721 ~ J =  
8A ~ ,  1 ~  1 ' ~  MS m ~  ( ~ .  ~ n s i ~  662 
~ + - D H ~  8.~, 578 ( 1 ~  5 ~  ~1~ 85 ~ ~ 
( l ~ .  

General procedure for onlm e~er and di-THP 
hydrolysis. The product with or~o ester and 
~-THP group (022-~63 retool) was ~ v e d  
in MeOH ~0-120ml) and p-toluenesulfo~¢ 
ac~ (0.17-0.23 retool) was added. The s~ufion 
was stirred ~ room ~mperatu~ for 2-3 ~ 
Then, water was adde~ MeOH was removed 
under ~duced pressu~ and ~ d u e  was ex- 
tracted with ~ h ~  aceta~. A~er evapora6on of 
s~ven~ the crude product was purified by 
c~umn chromatography (hexane-eth~ aceta~, 
5:5, v:v) to ~ve es~r compound with free 
hydroxyl group. 

8-(3~lT'~-Dihydroxy e s t r a - l ~ 3 ~ Y ( l ~  
~n-lT~-yl)-7-octynoa~ ester of  2~,2~d~hy - 
droxymethylpropanol (27). Co~rle~ ~ o u s  oil 
~0% ~eld): i.r. v (film) 3340, 291~ 2850, 171~ 
1600, 1485 crn-~; NMR-200 6 (CDC13) 0.83 and 
• 86 ~ 6H, I~ -CH 3 and CH 3 of ester group~ 
Z27 (t, J = 6.4 Hz, 2H, C~CCH2CH2~ 2.38 (t, 
J=7.1  H~ 2H, COCH2CH2~ 2.81 (m, 2H, 
~-CH2), 3.54 ~ broad, 4H, 2 x CH2OH), 4.17 
~, 2H, COOCH2C~ 4.87 (s, IH, OH phenol), 
~56 (d, J = 2 ~ H ~  IH, #-CH),  6.63 (d~ 
~ = 2 . 6 H z  and ~ = S A H ~  1H, 2'-CH), 7.17 
(d, J = E4H~ IH, I'-CH); MS m ~  (rel. ~ten- 
fit~ 512 (M +, 14), 494 ~ ,  479 (1~, 466 (11~ 
270 0 ~ ,  159 (100). 

ll-(3~17'fl-Dihydroxy es~a-l",3~5"~O')- 
~ien-17'~-yl)-lO-undecynoate ester of  2~2'- 
dihydroxymethyl propand (28) .  Colofle~ 
fiscous oil (61% yield): Lr. v (film) 3360, 291~ 
2840, 2210vw, 171~ 1600, 1485cm-~; NMR- 
200 6 (CDCla) 0.84 and ~86 (2~ 6H, I~ -CH 3 
and CH~ of ~ter group~ Z24 (t, J = %0 H~ 4H, 
~----~CCH2CH2 and COCH:CH2L 2.79 (m, 2H, 
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6'-CH2~ 3.34 (s broad, 2H, 2 OH), 3.56 ~ 
broa& 4H, 2xCH2OH), ~13 ~, 2H, 
COOCH2C), ~57 ~ ,  1H, 4'-CH), ~63 ~ 
~ = Z 6 H z  and ~ = 8 A H z ,  1H, 2'-CH), 7.14 
(d, J = 8A H~ 1H, I ' -CH) MS m ~  (rel. ~ w  
~ )  554 (M +, 5.0), 536 ~7), 520 (10), 507 ~ .~ ,  
435 (14), 419 ~ ,  270 0 ~ ,  160 ~ ,  133 (10~. 

13-(3% IT~-Dihydroxy estra-lLY,  Y # O ~ -  
~ ien- lT~O-12-~idecyno~e  ester of 2%2~ 
dihydroxymethyl propan~ (29). C~ofl~s 
~ o u s  oil ~8% ~ d ~ :  i.L v (film) 3360, 2915, 
284~ 171~ 1600, 1490crn-*; NMR-60 ~ 
(CDCI~) ~83 (s, 6H, I~-CH~ and CH~ of ester 
~oup), Z25 (m, 4H, C~CCHuCH~ and 
COCH2CH2~ 2.78 (m, 2H, 6'--CH~L 3.53 ~ 
broad, 4H, 2 x CH2OH), 4D9 (s, 2H, 
COOCH~C), ~6 (m, 2H, T -  and #-CH),  7.10 
(d, J = 8 ~  Hz, 1H, I ' -CH~ MS m ~  (r¢l. mten- 
sit~ 582 (M +, 1.0), 563 ~ ,  548 0 .~ ,  535 O.5L 
463 ~.7), 446 (13), 27O (44L 160 (57), 133 (58~ 
55 (100). 

14 - (Y,  1 T fl -Dihydroxy estra - 1 ~ Y,  Y ~ ~ ~ 
trien-17" ~-yl)-13-tetradecynoate ester of  Y 2'- 
dihydroxymethyl propan~ (30). C~ofl~s 
~scous oil (83%, yield: i.L v (tim) 3360, 291~ 
2840, 2220vw, 171~ 1605, 1490cm-~; NMR- 
200 ~ (CDCI~) ~85 0.87 ~ 6H, I~-CH~ and 
CH~ of ester grou~, 2A5 ~ J = 6.6 H ~  2H, 
~ C H ~ C H 2 L  2.33 ~ J = 7 . 1 H z ,  2H, 
COCH~CH~L 2.80 (m, 2H 6'--CH~L 2.9 (m, 2H, 
2 x OH), 3.58 ~ broad, 4H, 2 x CH~OH), ~20 
(s, 2H, COOCH~C), 5.72 ~, IH, OH phenol), 
6.56 (d, J = 2 . 6 H ~  IH, #-CHL 6.62 ~d,  
~ = 2 . 6 H z  and ~ = 8 . 4 H ~  IH, T-CH), 7.15 
(d, J = 8~ H~ 1H, I'-CH); MS m ~  (tel. ~ten- 
sit~ 596 (M +, 2.O), 578 ~ ,  563 (1~, 55O (10, 
477 ~ IL  461 ~2), 270 (64L 160 (100). 

General procedure for ~ydrolysis of  ester 
followed by amide format~n. At a s~ufion of 
ester ~.14-0Mgmmol) ~ MeOH (12-50ml) 
was added an aqtmous so~fion of KOH 10%, 
w/v (6-25 ml) and the mixture was refluxed 
under an argon atmosphe~ for 24 ~ ThereafteL 
water was added and MeOH was evapor~ed 
under reduced pressure. The result~g s~ufion 
was acidified with HC1 and ex~ac~d with 
~hyl aceta~. The orga~c phase was washed 
with wateL brine and dried over MgSO4. With- 
out purification, the crude c a r b o x ~  ac~ 0.~ 
a~d band at 1700 and 2400-3600 crn -~) was 
~ v e d  ~ dry CH~CI: ~0-70 ml) and tri- 
butylamine (0.58-2.04mmol). After cooling 
the mixture at - 10°C, ~obutyl chMroformate 
(0.68-2A1 mmol) was added and allowe~d to 

~act ~ r  30 rain. At tMs time, N-m~hHbutyl- 
amine in excess (4.2-1&0retool) was added 
and the cooling bath was removed. After 2 k 
CH2CI 2 was added and the o ~ a ~ c  phase was 
washed with HCI (1 N) and dried ov~ MgSO4. 
The s~vent was removed and the crude amide 
w ~  purified by cMumn chromatography ~ e ~  
ane-eth~ a~m~,  7: 3, v: ~ .  

N- Butyl, N - me thyl - 8-[3 ~ (i -bu tyloxy carbon - 
yloxy) - 1 T~ -hydroxy estra - 1~ Y ,  ~ ~ 0~ - ~ n  - 
17'x~l]-~oc~namide (35). C~ofl~s  oil ~9% 
~ :  i.r. v ~eat) 3380, 2920, 285~ 1745, 
1620cm-~; NMR~00 fi (CDCl~) 0.87 ~, 3H, 
I ~ - C H ~  ~91 and &94 (2t, d =  7.3H~ 3H, 
CH2CH~ 1.00 (d, J = 6~ Hz, 6H, (CH3)2CH), 
~85 (m, 2H, ~-CH2~ 2.89 and 2~1 ~g 3H, 
CH~NCO), 3.22 and 3.33 (2t, J = % S H z ,  
2H, CH2CH2NCO), ~02 (d, J = 7 ~ H ~  2H, 
i-PrCH20), ~88 (d, J = Z 6 H ~  1H, 4'-CH), 
6.93 ~ ~ = Z 6 H z  and ~ = S A H z ,  1H, 
2'-CH), 7.29 (d, J = 8A H~ 1H, I'-CH); MS 
m ~  (tel. ~ n s f f ~  579 (M +, 1~, 561 ~ ,  546 
(11L 461 ~ .~ ,  447 ~ .~ ,  270 ~4), 57 (100). 

N- Butyl, N-methyl- l l- [ 3 q O - b u ~ x y  car- 
bonyloxy)- 17'~-hydroxy estra- l ~ 3 ~ Y  ~O' ) -  
trien-17" ~ ql]- lO-undecynamide (36). Cdofl~s  
oil ~7% f i ~ :  i.~ v ~eat) 3370, 291~ 2840, 
174~ 1620cm-~; NMR-200 ~ (CDCI3) ~87 (s, 
3H, lV-CH~L ~92 and 0.95 (2t, 2 =6.6 Hz, 
3H, CH2CH3~ 1.00 (d, J = 7 . 0 H ~  6H, 
(CH3)2CH), 2.86 (m, 2H, 6'-CH2L 2.90 and 
2.94 ~ 3H, CH3NCO), 3.24 and 3.35 (2t, 
J = 7 . 3 H z ,  2H, CH2CH2NCO), &03 ~ ,  
J = 6.6 Hz, 2H, i-PrCH20), 6.88 (d, J = Z6 H~ 
IH, ~-CH), 6.93 (dd, ~ = 2 . 6 H z  and 
~ = 8 . 8 H ~  IH, T-CH), 7.30 ~ ,  J = 8 . 1 H ~  
1H, I'-CH); MS m ~  (tel. intenfity) 621 (M +, 
2.1L 606 ~ .~ ,  602 (6.~, 212 ~3~ 159 ~9), 142 
~8), 114 (100). 

N-Butyl, N-methyl- 13 - [3" -O-bu~xy  ear- 
bony~xy)-  I ~ ~ -hy~oxy estra- I L 3 L Y OO')- 
~ien- 1 T~ ~l]- 12-~ide~namide (3~). C~orl~s 
oil ~9% f i ~ :  i.r. ~ ~ea0  337~ 292~ 2840, 
1745, 1620era-t; NMR-200 6 (CDC13) ~87 (s, 
3H, 18'-CH~), ~92 and ~95 (2t, d =  ZOH~ 
3H, CH~CH~ 1.00 M, J = 7 . 0 H ~  6H, 
(CH~)2CH), 2.86 (m, 2H, ff-CH~L 2.90 and 
2~6 ~ 3H, CH3NCO), 3.25 and 3.35 OL 
J = Z 4 H ~  2H, CH2CH~NCO), 4.02 (d, 
d = ~6 Hz, 2H, i-PrCH20), 6.88 (d, d = 22 Hz, 
IH, 4~CH), 6 .93 ~ ~ =2.6Hz and 
~ = S M H ~  1H, T--CH), 7.30 ~ ,  J = 8 . S H ~  
IH, I'-CH); MS m~ ~ .  ~ n s i t y )  649 (M +, 
2~, 633 (15), 631 (18~ 616 ~.2), 531 (15), 516 
(5.~, 270 ~SL 57 (100). 
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N - Buty l  , N -  methyt  - 14 - [ 3 ' ~ - b u t y l o x y  c ~  - 

bonyl-oxy ~ 17~ -hydroxy estra- I ~ 3', ~ ~O')- 
~ien-17' ~-yl]-13-~tradecynamide (3~). Cdo~  
~ oil ~3%, yield: Lr. v (neat) 3380, 2910, 
2840, 175~ 1625 em-~; NMR-200 ~ (CDCI~) 
0.87 (s, 3H, I~-CH3~ 0.92 and 0.95 ~ 
J = 7~ H~ 3H, CHeCH~ 1.00 ~ ,  J = 6.6 H~ 
6H, (CH3)~CH), 2.85 (m, 2H, f f -CH~ 2~1 and 
296 (~, 3H, CH~NCO), 3~5 and 3.36 ~ 
J = 7.4 H~ 2H, CH~CH~NCO), 4~3 (d, J = 
6.6 Hz, 2H, i-PrCH20), 6.88 (d, J = 2~ Hz, 1H, 
~-CH), 6~3 ~ ~ = Z9 Hz and ~ = ~4 H~ 
IH, 2'-CH), 7.30 ~ ,  J = 8~ H~ 1H, I'-CH); 
MS m ~  ~d.  ~ n s i t ~  663 (M +, 4.9), 647 (1~, 
645 (lO), 545 0 ~  88 (100). 

Hydroly~s of carbonate. The hydro~sis of 
carbonates 35--38 was performed using the same 
procedure described pre~ously for hydrdy~s of 
compound 11. 

N- Butyl, N- m~hyl - 8- [3~ 1~ # - dihydroxy 
es~a- 1~ 3~ ~ ( l f f  )- tr~n- 17~ - yl~ 7-octyn- 
amide (39). Purified by cdumn chromato~ 
raphy (bexane-ethyl acetate, 4:6, v :~.  Amor- 
phous white sofid ~8% ~dd):  i.L v (film) 3280, 
2910, 2840, 1610era-l; NMR~00 # (CDCI~) 
0.87 ~, 3H, lg-CH~g 091 and 0.94 (2t, 
J = 7 ~ H ~  3H, CH~CH~g 2.80 (m, 2H, 
6'-CH2~ 2.90 and 2.92 (2s, 3H, CH~NCO), 3.22 
and 3.34 (2t, J = 7.3 H~ 2H, CH~CH2NCO), 
522 (s, IH, OH phenol), 6.57 (d, J = 2.9 Hz, 
1H, ~-CH~ 6.64 (dd, ~ = 2 ~ H z  and 
~ = S A H ~  1H, T-CH), 7.16 (d, J = 8 . 4 H ~  
1H, I'-CH); MS m ~  (teL intenfity) 479 (M +, 
l l) ,  462 (1~, 460 ~ ,  446 (18), 270 ~ ,  114 
06), 88 ~7), 44 (100); HRMS M + ca~ul~ed for 
C~H~O~N~479.3399, foundS79.3369. 

N- Butyl, N- methyl- 11 - [3', 17~ - dihydroxy- 
estra- 1 ~ 3~ if, 00')- ~ien- 17"a-yl]- 10- undecyn - 
amide (40). Purified by column chromatography 
(hexane-eth~ acetat~ 4: 6, v:v). Amorphous 
w~te solid ~3% ~dd):  i ~  v (KB~ 3300, 291~ 
284~ 1610cm-~; NMRQ00 6 (CDCI~) 0.87 (s, 
3H, I~-CHa~ 0.93 and 0.95 (2t, J = 7.0 Hz, 
3H, CHeCH~ ZS0 (m, 2H, 6'-CH:~ 2~1 and 
Z94 (2~ 3H, CHaNCO), 3.23 and 3.35 (2t, 
J = Z3H~  2H, CH2CHzNCO), 5.30 ~, 1H, 
OH phenol), 6.57 (d, J = 2.6 H~ 1H, ~-CH), 
6.64 (d~ ~ = 2 . 6 H z  and ~ = 8 . 4 H ~  1H, 
T-CH), 7.16 (d, J = 8.1 H~ IH, I '-CH); MS 
m~ (tel. ~ n ~ t y )  521 (M +, ~4), 505 (1~, 502 
~6~ 489 ~.7), 487 (8.7), 270 (20), 114 ~ ,  88 
(42), 44 (10~; HRMS M + c ~ c u ~ d  for 
C~H~mO3N--521.386~ found--521.3897. 

~ -  Butyl ,  N - m e t h y l -  13-[  3~ 1 7 ' ~ - d ~ y d r o x y  

estra- I ~ 3', f f  ~O')- ~ n -  1 T~- yl]- 12- tridecyn- 
amide (41). Purified by column chromato~ 
raphy (hexane-eth~ ace~te, 7: 3, v :~ .  Amor- 
phous w ~  solid 08% y~ld): i.r. v ~lm) 3300, 
291~ 2840, 1610cm-~; NMR-200 6 (CDCI~) 
• 88 (s, 3H, I ~ - C H ~  ~93 and 0~5 (2t, 
J = 7 ~ H ~  3H, CH~CH~ 2.80 (m, 2H, 
~ - C H ~  2.93 and 2~7 (2s, 3H, CH~NCO), 3.25 
and 3.38 (2t, J = 7.5 H~ 2H, CH~CH:NCO), 
6.61 (d, J = Z 6 H ~  IH, ~--CH), 6~9 (dd, 
~ = Z 6 H z  and ~ = 8 ~ H ~  1H, 2'-CH), ~87 
(~ 1H, OH phenol), 7.14 ~ ,  J = 8.1 H~ IH, 
I'-CH); MS m~ (tel. intensit~ 549 (M +, 8.7), 
532 (1~, 530 ~ ,  516 (12~ 270 ~0), 114 ~5), 
88 O~,  44 (100); HRMS M + c ~ e u ~ d  ~ r  
C~6H~O~N--549.4182, found--549.4189. 

N- Butyl, N- methyl- 14- [3~ t 7'fl- dihydroxy- 
~tra. 1~ 3 ~ Y ~ ~ ~ ~ien- 17"~-yl]- 13- m ~adecy- 
namide (42). Purified by cdumn chromam~ 
raphy ( h e x a n e - e ~  acem~, 6 :~  v: ~.  Amo~ 
phous w ~  solid 03% ~ d ~ :  i.~ v (film) 3280, 
2915, 284~ 1615cra-~ NMR-200 6 (CDCi~) 
~88 (s, 3H, 18'-CHa~ 094 and 095 (2t, 
J = 7 ~ H z ,  3H, CH~CH~ 2.80 (m, 2H, 
~--CH:~ 2.95 and Z98 ~ 3H, CH~NCO), 3.26 
and 3.39 (2t, J = 7.3 Hz, 2H, CHzCH:NCO), 
&61 (d, J =  2.2H~ 1H, ~-CH), &70 ~ &  
~ = Z 6 H z  and ~ = 8 ~ H ~  IH, T-CH~ 7.13 
(m, 2H, I ' -CH and OH phenol); MS m~ (rel. 
~ n s R ~  563 (M +, 3.~, 545 ~ ,  530 (17), 254 
(1~, 114 (58), 88 (100~ HRMS M + calcu~ted 
~ r  CaTH~O~N--563.4338, found--563.4305. 

Estrogen Receptor B~ding Assay 

The relative ~n~ng a ~ t i ~  for the ~ o g e n  
receptor of the syntbefized and m~mnce com- 
pounds as well as ~ose E~ and EE~ were deter- 
mined by competition of the ~n~ng of ~H]Fa 
to the rat mefine c~osd  r~eptor as demdbed 
by A~elin and Labile [1~. The incubation was 
performed at 25°C ~ r  3 h and non-specific 
~n~ng  was de~rmined ~ ~e  pmmnce of an 
excess (1000 nM) of m ~ n e ~  E~. The a~nities 
were expressed ~ rdafive ~n~ng a t i i ~  
(RBA = 100 x ED~ E~/ED~ tested compoun~ 
wbe~ ED~ ~ ~e  con ju ra t ion  w~ch ~ 
[~H]E: Nn~ng by 50%). 

Uterotroph~ and Antiumrotroph~ Assay 

The ~ ~ o  e~rogen~ activity of ~sted com- 
pounds was me~umd by sfim~afion of ~edne 
we~M ~ ad~t ovariee~mized CD-1 mice 
~ody wt = 19-20 g sacrificed 5 days a~er ovafi- 
e~omy), while their am~s~ogen~ actifi~ was 
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measured by inhibition of the E:induced stimu- 
htion of uterine weight in an assay performed 
under ~mi~r experimental conditions [13, 1~. 
The test compounds (at doses of 1, 3, 1~ 20 or 
30~g) and/or E~ dizened in ethanol were 
injected sx. in the appropra~ groups in a 
solution of 09% (w/v) sodium chloride and 1% 
(w/v) gelatin in a totM volume of ~2 ml, twice 
daily for ~5 day~ ~arting on the day of ovar- 
ectomy for a total of 9 i~ecfion~ E~ was injec~d 
at the dose of 0~1 #g in 0.2 ml of the same 
vehicle, tw~e daily, ~a~ing on the morning 
after ovariectomy for a tot~ of 8 injections. 
A~er sacrfic~ the uteri were rapidly removed, 
freed ~om fat and connective tissue and 
weighed. Resul~ are the means ± SEM of 9-10 
mice per grou~ 

Prol~erative and Antiprol~erat~e CeH Assay 

Maintenance of  ~ock ceH cutups 

The Z R ~  1 human b~ast canc~ cells we~ 
o~a~ed  ~om the American ~pe c u l ~  colle~ 
fion (Rockvil~, MD). The cells were grown ~ 
RPMI 1640 me,urn withom phend ~d, sup- 
plemented with 10% (v/~ ~tfl  bo~ne serum 
(FBS), 1 nM estra~ol, 2 nM L-~mamine, 1 mM 
so~um pyruva~, 15 mM HEPE~ 100 IU peni- 
dllin per ml and 100 #g ~ p ~ m y c i n  sulfate per 
ml[l& 1~. All mesa  and sup~ements we~ 
~om Sigma ~ t  L o ~  Me)  except ~ r  the ~tf l  
bo~ne ~rum w~ch was obtained from Hyclone 
(Logan, UT). The ZR-7~I cells were sub- 
cdtured wee~y and cells at pa~ages 93 to 95 
were used ~ r  th~ ~udy. 

Cell growth experimen~ 

The ZR-7~I cel~ in thor exponenti~ growth 
we~ harves~d with 0.05% trypfin-~02% 
EDTA (w/~ and resuspended ~ RPMI 1640 
medium without phend red supplemented with 
2raM ~ u ~ m i n e ,  1 mM sodium pyruva~, 
15 mM HEPE~ 100 IU pe~d~n  per ml, 100 ~g 
~ p t o m y ~ n  sulfa~ per ml and 5% (v/v) de~ 
tran-coated charcoal-treated FBS (SD me,urn). 
The ce~s were ~ated ~ F~con 24-well tissue 
cfltu~ plates ~ cm~/well) with 1~000 ceas per 
~sh and allowed to adhe~ to subs~ate for 3 
day~ E~rone (E~) and tested compounds were 
added ~om concentra~d stock solutions ~ 
99% ~d~til~d ~hand ~to f~sh SD me,urn. 
Cells were then incubated at 37°C ~ a 
hum~ified atmosphe~ of 5% COz and 95% Mr 
for 10 days with a change of me~um every 
second da~ At the end of the incubation period, 

cell growth was a~es~d by measu~ment 
of DNA con~nt by a mo~fica~on of the 
Fiszer-Szafarz m~hod ~ as p ~ o u ~ y  de- 
~ rbed[ l~ .  Me,urn was carefully ~moved 
from the ~shes and 150#1 of m~han~ was 
added. Pla~s we~ then kR to dry at room 
~mperatu~ and were ~ther ~ozen until as- 
sayed or preceded immedia~ .  Salmon ~stis 
DNA (Pharmaci~ was used as a ~andard. 
Standard solutions conmi~ng 0.5 to 20pg 
DNA/tube ~ 1 M NH4OH were used. Char- 
c o ~ a ~ d  3,5-d~minobenzo~ add (DABA) 
~agent (200 mg/ml) was added (150 #0 to ~an- 
dards and ~shes contai~ng dried fixed ce~s. 
The ~action was carried out for 60 min at 60°C, 
before cooling on ice and dilution with 1.5 ml 
1.0 N HC1. F l u o ~ e n c e  was measu~d with a 
LS2B Per~n--Elmer ~ r  fluofim~er. 

RESULTS AND D~CUSSION 

Chemistry 

The compound with meth~butylamide added 
directly to the ethyn~ group 4 was synthesized 
in 3 steps (Fig. 2). According to the procedure 
described by Bucourt et aL [9], carbon ~oxide 
was added to the acety~de ion of EE2, thus 
yielding carboxy~c acid 10. This compound was 
then ~ansforrned to amide 11 by the gener~ 
procedure of amide formation. In t~s cas~ 
isobut~ chloroformate reac~d with carboxylic 
acid to ~ve a mixed anhydrde wh~h was 
transformed to the amide by the action of 
methyl butylamine. In th~ proce~, the phenol~ 
group reacts ~so with ~obut~ chloroforma~ 
to form a carbona~ group at the 3-position. 
The formation of compound 11 was confirmed 
by i.r. bands at 1750 (C~--O, carbonate group) 
and 1610 (C-----O, amide group). By NMR, 
we observed two doublets at 1.00 and ~03 ppm 
for the isobutyl carbonate grou~ w~le 
the amide group showed two ~ngul~s at 
2.96 and 3.18ppm (N--CH3, two rotame~) 
and two triplets at 3 .40 and 3.55ppm 
(N--CH~--CH~--, two retainers). Hydroly~s 
of the carbona~ group was easily ach~ved with 
K~CO~ in aqueous methanol ~ to ~ve the 
phenol amide 4 in excellent ~dd. 

Synthesis of the EE~ derivatives with oxy- 
genated alk~amide side chains (17~-oxygenated 
~kyn~amide E~-derivative~ 5 and 6 ~ shown in 
Fi~ 3. In the fi~t steps, the two hydrox~ groups 
of ~a~ing ma~ri~ (EE2) were pro~c~d as 
~ahydropyran~ ether 12[1~. The ~tro- 
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ducfion of the oxygen~ed ~de c h i n  was 
then achieved by adding ~utarc  anhyd~de to 
acetyfide of EF.~ ~-THP. As expected in a 
simi~r reaction D4], attack of the carbonyl 
group by the acety~de ion and particular~ the 
acetyfide of EE~ di-THP, ~ not easy and the 
~dd  ~ very low. Neverth~es~ separation of 
the minor acid derivative 13 and the m~or 
unreac~d product 12 was e a ~  achieved by 
simple fii~ation on silica gel. The formation of 
ketoac~ 13 was confirmed by Lr. as a large 
hydrox~ band (2300-3000crn-~; ---COOH), 
two carbon~ bands 0705 cm<; --COOH and 
1660 crn-~; C=O conjugated to ~kyn~ and a 
sharp ~kyne band (2190cm-~; ~ co ,u-  
gated to k~on~. We have observed th~ the 
~rc~hing band of alkyne co~uga~d to ketone 
~ more ~ n s e  than th~ of the non-co~uga~d 
~kyne. By NMR, disappearance of the ~kync 
proton ( ~ - - H )  at 2.6 ppm is characmristic 
of ~de c h i n  in,eduction. 

The carboxyfic ac~ 13 was transformed to 
amide 14 by the above-de~rbed amidation. 
The charac~ristic bands of the amide group 
observed by i.~ and NMR were similar to 
the amide band of compound A To obt~n the 
ketoamide 5 with free hydrox~ groups, the 
~-THP groups were hydr~yzed in good 
yield by p-toluenesulfo~c acid (p-TSA) in 
m e t h a n o l ~ .  Reduction of ketoamide 5 
by NaBH~ permitted to obt~n hydroxyamide 6. 
This compound was confirmed under i.~ by di~ 
appearance of the carbon~ band at 1650 crn -~ 
(C~C--C~--O) and a decrease in the ~kyne 
band intensi~. By NMR, a new ~gn~ co~e- 
spending to one proton appeared at 4A7 ppm. 
This ~gn~ was attrbuted to the proton on the 
n~ghborinpcarbon of the triple bond which ~ 
deshielded by an hydrox~ group. Moreover, the 
new compound 6 does not absorb ~v. fight. 

The four other synthesized compounds 39-42 
posse~ a saturated ~ky~mide ~de c h i n  added 
to the ethyn~ group of EEl. In a fir~ approac~ 
we used the coupling reaction of an acety~de ion 
with bromoalcoh~ di-THP (B~CHe~OTHP) to 
introduce the fi~t part of the ~de c h i n  ~ .  
After hydro~sis of three THP groups and pro- 
~ i o n  of phenol we have atmmp~d to o~dize 
the primary ~coh~ to carboxylic add in order 
to transform the later to a m~h~ but~amide 
dervative. UnfortunateS, we were unabk to 
obtain carboxylic acid sta~ing ~om the primary 
~coh~. We rather observed the formation of 
Em resulting ~om the cleavage between carbon 
17 and the ~de c h i n  with o~dation of the 17- 

hydroxyl group. The second approach was more 
successful and consisted in coupling an acetyhde 
ion with a bromoalky~ side ch in  [1~ 2~ which 
possesses a protec~ng group for carboxyfic add 
(Figs 4 and ~. In our search for this protecting 
grou~ we eliminated ~1 groups ha~ng a ~bfie 
proton able to react with the acetylide of EFt. 
We have finally chosen for this purpose a 
bridged ortho ester group ~3]. 

The bromo ortho este~ 19-22 were easily 
synthesized ~arting ~om approprate bromo 
acids (Fig. 4). Using o x ~  acid chlorid~ the 
appropriate bromo adds were transformed to 
bromo add chlord~ before being e~ehfied by 
~meth~ 3-oxetanemethanol to ~ve the corre- 
sponding bromo este~ 15-18. When these 
este~ were submitted to Lewis add treatment 
(BF~.O(Et) :)~,  the dedred bromo ortho 
es~rs 19-22 were obtained. This was confirmed 
by NMR spectroscopy with fignMs at 0.79 
(~ 3H) and 3.87 (s, 6H) which are characteristic 
of 4-methyL2,6,7-tdoxabicyclo ~ j , ~  octan~ 
group (CHa--C(CH20)~C--) as we~ as by mass 
spe~rome~y. The #obM yields were very good, 
ranging from 59 to 63% (3 ~ep~. 

Following the synthes~ of these bromo Mk~s 
with appropriate acid protectio~ we carded out 
the coupling rea~ion with the acetylide of 
EE: [4] (Fig. ~. The coupling produc~ 23-26 
were obtained in moderate ~ d s  (14-42%), 
although these ~dds were not optimized. In 
all case~ the unreac~d ~eroid was the m~or 
compound obtaine~ while a small quantity of 
unknown matedM was Mso present. The dis- 
appearance of the Mkyne proton at 2.6 ppm in 
NMR ~ chara~eristic of coupling product foe 
marion. MoreoveL the mass spectrum did not 
show the molecuMr peak (M +) but rather a 
M+-84 peak which co~esponds to the loss of 
one ~ahydropyran~ group. The following 
step was an addic treatment (p-TSA/MeOH) 
of compounds 23-26 to hydrolyze the di-THP 
group and thus transform the bridged or~o 
es~r to ester groups 27-30. The hydroxyl 
and carbon~ bands of resulting esters were 
observed by i.r. By NMR, s~nMs at 
~83 ppm (~ 3HL 3.54 ppm ~ broad, 4H) and 
~17ppm ~, 2H) were attributed to the 
--COOCH~C(CH~CH2OH)2 group whi~ the 
~gnM characteristic of the THP group dis- 
appeared. Molecular peak (M +) was Mso 
observed by mass spec~om~ry for the three 
compounds. 

Saponification of compounds 27-30 gave the 
corresponding carboxylic adds 31-34 which 



~6 

OA7 
~ 5  

~ ~4 

~ ~2 
3 
m 

~1 

7 ~  DONALD P o m ~  e t  aL 

oa 

N o ~ C  ~C-X - CON~Me 

compounds 4 5 6 39 40 41 42 

X -- C~CH:): C H O ~ = ~  {CH~ S (G"H~ S ~H~)I0  ~Hs)11 

~ ~ RBA on e s t ro~n  recep~r  of  I~-a~ynylamid© der ivat iv~ of  ~ (compounds 4 -6  and 39-42). 
RBA = (ED~)  o f ~ / ( E D ~ )  oft~st compound × 100, w h e ~  ED~ is ~ ¢  cun~n~af ion  o f ~ b i t o r  ~ q ~ d  
to reduce the ~ n ~ n g  of  t~dum-labe l l~  ~ by 50%. The ~ B A  of  ~ ~ ~k~n as 100%. V~ues  are the 

mean of  2 ~ = ~ ~ d e ~ n d ¢ ~  d©~rminafion~ 

we~ used with no fu~her purification for the 
next ~ep. Ufing the prev~us~ de~fibed pro- 
cedure for amide formatio~ we obtained the 
m~hyl b u ~ m i d e  derivatives 35-38 ~ good 
~dds ~9-89%). In this proces~ the phen~ was 
flso ~ansformed to the ~obut~ carbonate 
group. The spe~ro~o~c data confirmed the 
formation of the defired compounds w~ch have 
the general charac~fig~s of other carbonate- 
amide derivatives fl~ady descfibe~ The finfl 
step was easily performed and confis~d ~ the 
hydr~yfis of the carbonam group ~ to obtain 
compounds with a ~ee phen~ group 39-42. 

B~logical Activity 
In order to assess the potentifl e~roge~c and 

antiestrogenic acfifi~ of the new flkyn~amide 

~ v e ~  we have ~ r ~  ~e thr~ 
f o l l o ~  assays of ~ c ~  a ~ ,  ~m~y:  
(1) ~ative ~n~ng a ~  to the e~rogen 
r~eptor: ~ stimuhfion of u~fin¢ w~g~ 
~ s W ~ e n ~  or ~ n  ~ estro~n-stim~ated 
u~fine w e ~  O ~ e s ~ e ~ O ;  and (~ pro- 
~ ra t ion  of ~e h ~ a n  br~st cancer Z R ~  1 
~ s .  

Althou~, the me~a~sm of action of anW 
estrogens ~ not ~ unde~tood, ~fir  fi~t 
action ~ ~ oug~  to ~ ~ n ~  to ~e e~ro~n 
r ~ p ~ r ,  ~us p~venfi~ ace.s ~ eM~enous 
~ ~ ~s ~e~fic b ~ n g  fi~. F ~ n g  ~ n ~  
to ~e  ~ t r o ~ n  ~cep~r, ~e ange~ro~n ~ o c ~  
• e ~ o n  of an activated comflex w~ch ~ 
r e q ~ d  ~ r  ~ o n ~  action. Ushg the ED~ 
vahes of ~sphcemem by ~ as ~ n c e ,  we 

Tab~ 1. Comp~son ~ ~e  b i o l o ~ l  ~ t iv i~  of ~e  new ~ m h ~ d  ~ m ~  ~ ~ - ~  
and ~¢ ~ a n ~ r o ~ n s  E M ~  n ~  I ~  1~384 acco~ing ~ three ~ o g i c ~  tcs~ 

AUA ~ (%) A P ~  (%) 

Do~ Con~ 
Compounds RBA' 3 ~g 30 ~S ~! nM I #M 
4 ~47 14±3 34± 11 12± I1 0 

39 ~04 44±7  29±6  57±4  29± I 
40 ~ 21±6  8 ± 9  0 0 
41 ~ 27±6  19±6 0 0 
42 ~19 57±5  31 ±6  0 0 
EM-I~  1.2 74±7  9 9 ± C  - 4 ± 1 7  101±7 
ICI 1643B4 1.2 ~ ± 9  86± 1~ 5 ± 4  ~ ± 4  

"RBA: ~lative ~nding a f f i ~  on ~t~gen receptor (see ~ n d  ~ ~ 6), ~ r  EM-I~  and 
IC1 1 6 4 ~  ~ Re~ [13D. 

~AU~ anti~erowoph~ a ~ i ~  in ~ma~ o v a ~ m i z e d  CD-I mice (s¢¢ I o ~ d  ~ Fig. ~, 
~ r  EM-I~  and IC! 1 6 4 ~  Balb/c mice we~ used instead of CD-1 mi~  (s¢¢ R~. [13D. 

~APA: an~oH~rafive acfi~ty ~ Z R ~ I  human breast caner  ~lls (see legend m Fig. ~ 
~At a do~ ~ 20 ~ ~ 
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Hg. Z U~rine woght assay ~ female ovadecto~zed CD-I mi~ ~ compounds ~ ~ - ~  at do~s of 1, 
3, 1~ ~ and ~ pg/i~. (total & 9 ~.~ OVX, uterine wei#t ~ ovari~tomized a~ma~ and OVX + ~ ,  
u~fine wd#t ~ ovad~tomized mi~ treat~ ~ ~ ~ 1  pg/i~). Pa~ ~ compounds ~th short 
l ~ - a l k ~ a ~  si~ ~Mn ~ n = 0 and ~,  n ffi ~ part ~ compounds ~ long l~-Mk~ylamide ~de 

chMn (~-4Z n = E 1~ 1 I). 

have measured the ~lativc Mnding affiMty 
(RBA) of the new compounds to the rat u~rine 
estrogen receptor, ta~ng arMtrarily the Mn~ng 
of estradiol as 100. The RBA vMues of 17~- 
alkyn~amide E~defivat~es were low, ran~ng 
from 0.0001 to 0.47% that of E: (Fi~ ~ .  Such 
Mw RBA vMues are likely to resulL up to a large 
ex~nL from a ~gh  Mv~ of non-specific binding 
to cytos~ components [24]. For t~s  reaso~ 
the RBA4est h relatively insensitive and ff was 
o~y  used as one of the in&cato~ of po~ntial 
es~oge~c or antiestroge&c action. 

When examining the affi~ty for the e~rogen 
receptor versus the alkynylamide chain length, ~ 
can be seen that compounds with ~nger ~de 
chMns (40-42) have better RBA vMue than 
compounds with ~ r m e d i a t e  ~de chain length 
(~, 6 and 39) (0.19-~30% and 0.0001-0.04%, 
respectivdy). R ~ Mso dear that introduction of 
an oxygenated group near the Mkyne ~om- 
pounds 5 and ~ does not improve the RBA 
vMues. Interestingly, the shorter side chMn com- 
pound (4) with no methylene group between the 
Mkyne and amMe groups 0.e. co~ugated 
amidO has the ben RBA vMue (0.47%). From 
this first assa~ ff appears that compounds with 
Mnge~ ~ ffi 8, 10, 11) and sho~er ~ = ~ ~de 
chMns have a bet~r affinffy than compounds 
with i n ~ r m e ~ a ~  ~dc chMn Mngth, the ~de 
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chMn b~ng oxygenated (n = 4) or not (n = ~.  
Wffh another type of 17~-side chain (alk~nyl- 
alcohol,  we have Mready observed that the 
optimum ~de chMn Mngth for competition with 
e~rogen binding ~ ~x carbons [1~. These find- 
ings probably reflect the major impo~ance of 
the f u n ~ n a l i t y  on the ~de chMn, namdy the 
~ i a r y  amide group and the primary a~ohol. 
In~oduction of functionality on the ~de chain 
can favor one conformational form which could 
well affect the actuM Mngtk thus chan#ng 
the influence of the number of carbons. For 
comparative purpose~ the antiestrogen ICI 
164384 has a RBA of 1.2% whim the present 
17u-alkynylamide E2-defivafives have RBA 
vMues ranong ~om ~0001 to 0~7% (Fi~ 6 and 
TaMe 1). In particular, compound 40 which has 
the same side ehMn Mngth as ICI 16438~ but at 
a different position (17x vs 7aL has a somewhat 
lower binding (0.24 vs 1.2%, respectively). 

The compounds ~ 39-42 were then evMua~d 
for thor  ability to sfimula~ mouse uterine 
w~ght (u~rotroph~ or es~ogen~ activity) 
and/or to inhibit the stimulation of uterine 
w~ght induced by E2 (antiutero~ophic or anti- 
e~rogenic acti~ty). None of the compounds 
~sted had stimuMtory effect on u~fine 
w~ght at the doses used (1, 3, 10, 20 and 
30#g/injection) (Fi~ % lower curvesL thus 
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~ & H u m ~  b ~ t  c a n e r  ZR-7~I ~ ~owth  ~ y  ~ m ~  4 ~ d  ~ - 4 2 .  C o n ~  ~sM level 
~ ~11 proli~rafion ~ d  E~: ~lls ~ m ~ a t e d  ~ E~ (1 riM). Pa~ & eompoun~ ~ ~ o ~  1 ~  ~ y l a ~ d e  
side chain ~ n = 0 ~ d  ~ ,  n = ~ and part ~ ~ m ~  ~ t h  long I~ -a lkyny la~d¢  s i ~  e ~ i n  (40-42, 

n = ~  1~ 11~ 

demongrating the ab~nce of int~nsic agonistic 
activity of the compounds in t~s sen~tive 
~ v~o system. As can ~so be seen ~ Fig. 7 
(higher curves), the antiuterotrophic acti~ty of 
the~ compounds h bw at the doses used and 
o~y parti~ revers~ of the stimulatory effect of 
E2 on uterine weight can be observed. In fact, all 
compounds exert the~ ma~m~ (14-57%) ina-  
Ction at ~w doses 0 or 1 0 ~ ,  t~s ~ t i o n  
remai~ng constant up to the ~gbest dose use~ 
namely 30 #~  For compound 40, howeve~ a 
lack of antiestrogenic acti~ty was seen at the 20 
and 30 ~g doses. The best inhibition values we~ 
obta~ed at the 3 og dose for compounds 42 and 
39 (57 ± 5 and 44 ± 7%, respe~ively). In t~s 
~s~ the pure anfie~rogens EM-139 and ICI 
164384 ~v¢ no stimuhtion of uterus wright at 
such doses 0 ~. At the 3 ~ g dose, compounds 39 
and 42 i n ~ t e d  the uterotrophic effect of E: at 
a levd eompara~e to ICI 164384 (44 ± 7 and 
57 ± 5% vs 40 ± 9%) while EM-139 ~ b i ~ d  
by 74±7%. At the 30#g dos~ however, 
w ~  EM-139 and ICI 164384 inhi~tcd by 
99 ± 6 and 86 ± 10%, respectively, compounds 
39 and 42 o~y ~hibi~d the stimulatory effect 
of E: by 29±6  and 31 ±6%, respectively 
(Ta~e 1). 

The t~rd tesh namely the proliferation of 
ZR-7~I cells permits us to assess the ~ vitro 

egroge~c or antiestrogen~ acti~ty of the new 
compounds in es~ogen-sen~tive human breast 
cancer cells. Thus, compounds ~ 39-42 were 
ev~ua~d for thor ability to gimula~ the pro- 
fi~ration of ZR-7~I cells and/or to in ,b i t  
E~timul~ed proli~ra~on of ZR-7~I cells. As 
• uscated ~ Fi~ 8, all new compounds stimu- 
lated ZR-75-1 ceil proliferation at high concen- 
~ation~ Half-ma~m~ stimulatory effects were 
observed at 1~ 3~ 30 and 200 nM for com- 
pounds ~ 3~ 41 and 40, ~spectivel~ while 
compound 42 caused only a 30% increa~ at 
1 pM fol~wed by a nea~O~eau up to the hst 
dose u ~  name~ 1 ~M. It can be s~n ~ the 
same figure that o~y compound 39 exer~d a 
fignificant (but partial) antiestrogenic activity in 
human b~ast car~noma celh ~ c~ture. In facL 
a 57 ± 4% reversal of the sfimuhtory effect of 
estrone was observed at the bw concentration 
of 0.1 nM with a progressive bss of the anfi- 
egrogen~ acti~ty at ~gber concentrations. The 
progressive bss of antiegroge~c acti~ty ~ 
proba~y due to the intfins~ es~oge~c action 
oftbe compound at such concentrations. In t~s 
~ v#ro sys~m, the compounds EM-139 and 
ICI 164384 ~ve no stim~ation of ZR-7~I 
proli~rat~n [6]. Thdr antiproli~rative or anti- 
e~rogen~ acti~t~ although not detectable at 
• 1 nM, caus~ a comple~ revers~ of the stimu- 
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l a t o ~  effect o f  E~ while c o m p o u n d s  ~ 3 9 - 4 2  
had  no  ~gnif icant  e f f ~ t  ( T a ~ e  1). 

In  conclus ion,  t b e ~  new 17~-alkynylamide 
de f i va f i v~  o f  E~ a ~  easily s y n ~ e s i z c d  0 - 6  
s t cp~  s tar t ing ~ o m  EE:. U s ~ g  rat  uterine 
cytosol,  fl l  c o m p o u n d s  have  a low ab i l i~  to 
c o m p c ~  ~ r  E2 ~ n ~ n g  r a n ~ n g  ~ o m  0~001 to 
• 47% ~ h t i v c  to E:. These  R B A - v ~ u e s  a ~  
h o w c v ~  o f  the  same  order  as those  o f  the  p u ~  
a n f i ~ t r o g e n s  EM-139  and  ICI  164384 w ~ c h  
p o s ~  an ~ k y h m i d c  fide c h i n  at  the 7~ 
pos i f i o~  Five c o m p o u n d s  with ~ g h e ~  R B A  
value wcm e v ~ u a ~ d  for u t e r o t r o p h ~  and  anti-  
u t e r ~ r o p ~ c  acf i f i ty  ~ the  m o u ~ .  In  t ~ s  ~ v ~ o  

~ s t c m ,  at the doses  used,  these 5 c o m p o u n d s  
have  no  es~ogenic  or  umro t roph ic  a c f i ~  while 
t h o r  a n t i e s ~ o g e ~ c  or  a n f i u t c r ~ r o p ~ c  acr id-  
tics a ~  relatively b w  except at  the  3 # g  dose 
for c o m p o u n d s  39 and  42 ( 4 4 - 5 7 % ~  In  the 
Z R ~ I  ccR cuRure a s h y ,  aft c o m p o u n d s  show 
an  e ~ r o g e ~ c  effect at ~ g h  c o n ~ n t r a t i o n s  
while o ~ y  c o m p o u n d  39 possesses  a significant 
a n t i e g r o g c ~ c  acfif i ty  at  ~ w  concemra t ions  
~ . 1 - 1 0  nM).  There  ~ no d e m c ~ b ~  co r r eh f i on  
between 17u-fide c h i n  ~ n g ~  and  ~ o ~ c ~  
a c f i d t ~  In  agreement  with r ~ c n t  d a m  ~ ,  the  
p ~ s e n t  f indings sugge ~  tha t  the 17a ~ o n  ~ 
no t  i m p o ~ a m  ~ r  a n f i c ~ r o g c ~ c  action. In  facL 
the p ~ n t  c o m p o u n d s  a ~  ~ s s  a n t i ~ t r o g c ~ c  
t han  ~ e  recently d ~ c f i b e d  pure  ant ies t rogens  
EM-139 and  ICI  164384[6, 7, 1 0 - 1 ~  ( T a l c  1~ 
bu t  ~ s h o e d  be men t ioned  tha t  one o f  t hem 
~ o m p o u n d  39) is more  a n f i e ~ r o g e ~ c  ~ mice 
t han  m m o ~  the c o m p o u n d  current ly  u ~ d  ~ 
the  h u m a n  for breas t  cancer  ~ c r a p y .  In  fac~ 
m m o ~ n  ~ the  ~ v ~ o  uterine m o u ~  assay ~ 
a full ~ t r o g c n  w i ~  no  ~ g ~ f i c a n t  a n f i ~ o g c ~ c  
act i f i ty  [13, 2~ .  
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