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mol) of 15 in 10 mL of hot HOAc was added over a period of 15 
min. After an additional hour at reflux, the hot mixture was 
filtered. The cooled filtrate was diluted with HzO and extracted 
with CHC13. The CHC13 solution was washed with saturated 
NaHC03 solution and then with HzO and dried. The solution 
was concentrated, and the residue was suspended in ether, filtered, 
and recrystallized from ethanol to give microcrystals: mp 157-160 
"C; yield 2.5 g (46%). Anal. (CI2Hl2BrNO2) C, H, N. 

4-[ (4'-Amino-l'-pentyl)amino]-1,2-dimethoxy-6-bromo- 
naphthalene Fumarate (17a). A mixture of 2.5 g (0.009 mol) 
of 16,3.04 g (0.009 mol) of N-(4-iodo-l-methylbutyl)phthalimide~ 
and 2.5 mL of triethylamine was heated at 140 "C for 4 h. The 
mixture was worked up as usual and chromatographed on silica 
gel with benzene/ether (4:3) as the eluant. An oil was obtained, 
which crystallized under ether. After recrystallization from 
C2H50H the yellow crystals melted at 138-140 "C, yield 1.8 g 
(54%). Anal. (CZ5Hz5BrNz0,) C, H, N. 

A solution of 1.7 g (0.0034 mol) of the above and 3.2 mL of 85% 
HzNNHz.H20 in 50 mL of CzH50H was refluxed under Nz for 
2 h and worked up as usual to furnish the desired amine as a brown 
oil, yield 1.1 g (88%). The fumarate was prepared in CzH50H 
and was obtained as gray microcrystals, mp 209-210 "C. Anal. 
(C17Hz3BrNz02~0.5C4H404) C, H, N. 

4-[ (4'-Amino- 1'-met hylbutyl)amino]- 1,2-dimet hoxy-6- 
bromonaphthalene Fumarate (17b). A mixture of 2.2 g of 16, 
2.3 g (0.0079 mL) of N-(4-bromopentyl)phthalimide,$ and 2 mL 
of triethylamine was heated at 150 "C for 4 h. After the usual 
workup, the crude material was chromatographed on a silica gel 
column using benzene/ether (35') as the eluant. The combined 
fractions were concentrated to leave an oil, which crystallized 
under ether a t  0 "C. Recrystallization from CzH50H-ether gave 
0.39 g (10%) of a crystalline solid, mp 144-146 "C. Anal. 
(CZJ- I~~B~NO~)  C, H, N. 

A solution of 1.7 g (0.0034 mol) of the above phthalimide and 
3.2 mL of 85% HzNNHz.HzO in 50 mL of CzH50H was refluxed 
for 2 h and then worked up as usual to give 1.2 g (89%) of the 
free base as a brown oil. The fumarate salt, prepared in C2H50H, 
crystallized after standing overnight in the cold, mp 174-177 "C. 
Anal. (C1,Hz3BrN2O2.C4H4O4) C, H, N. 
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Novel prostaglandin analogues modified in the w chain were prepared by the reaction of the vinyl aldehydes la+ 
with a variety of organometallic reagents as a key step of the syntheses. Compared with the natural prostaglandin 
Fz, in antinidatory effect, the analogues 4, 7, and 10 were 40 times more potent and the analogue 11  was 50-100 
times more potent in the rat. 

Prostaglandin Fz, has a high luteolytic effect and is of 
interest because it is effective in controlling the repro- 
duction of animals by synchronization of the sex cycle.' 
In order to develop new prostaglandin analogues which 
have more potent antinidatory effects than that of pros- 
taglandin FPa,  we synthesized novel analogues modified in 
the w chain (the lower chain) by the reaction of the vinyl 
aldehydes2 with a variety of organometallic reagents as a 
key step of these syntheses. Some analogues were found 
to show considerably higher antinidatory effects in the rat. 
We report herein the syntheses of these novel prosta- 
glandin analogues and their antinidatory effects. 

In this report the antinidatory effect induced by pros- 
taglandins was examined as an indication of the luteolytic 
e f f e ~ t . ~  The antinidatory effect means a loss of pregnancy 
in the implantation process. Animals were sacrificed on 
day 11 (day 0 = sperm confirmation) in order to examine 
the number of implantation sites. The test group was 
compared with the control group. 

Chemistry. As shown in Scheme I, treatment of the 

(1) B. B. Pharris and L. J. Wyngarden, Proc. SOC. E x p .  Biol. Med.,  
130, 92 (1969). 

(2) (a) H. Wakatsuka, Y. Konishi, S. Kori, and M. Hayashi, Chem. 
Let t . ,  141 (1978); (b) H. Miyake, T. Tanouchi, Y. Yamato, T. 
Okada, Y. Konishi, H. Wakatsuka, S. Kori, and M. Hayashi, 
ibid., 145 (1978). 

(3) Labhsetwar observed the luteolytic effect from the antinida- 
tory effect of prostaglandin E,; see A. P. Labhsetwar, Eiol. 
Reprod., 8, 103 (1973). 

versatile vinyl aldehyde 1 previously reported by us2 with 
a variety of organometallic reagents easily afforded the 
intermediates 3, in some of which the hydroxy function 
at C9 or CI1 was protected with an acetyl or a tetra- 
hydropyranyl (THP) group. Since the vinyl aldehyde 1 
contains not only an aldehyde unit but also an ester 
function in the same molecule, the reaction conditions 
must be carefully controlled in order to avoid side reac- 
tions. The selective reaction of the aldehyde unit in 1 with 
organometallic reagents was realized under the following 
conditions. Using tetrahydrofuran (THF) as solvent, the 
vinyl aldehyde 1 was treated with Grignard reagents at 0 
"C or alkyllithium reagents at -78 to -40 "C. When the 
reaction temperature was raised to higher than that re- 
quired for optimum results, a byproduct was produced in 
which the methyl ester group was alkylated. 

Because the vinyl aldehydes la,c,d possess free hydroxy 
functions, an excess of organometallic reagent corre- 
sponding to the equivalent of the hydroxy functions was 
required. Therefore, it was better to protect these hydroxy 
functions with the acetyl or the T H P  group. When the 
intermediates 3 were converted to the final products, the 
T H P  group in 3d,e and the acetyl group in 3b,c,e were 
removed by acidic treatment (65% aqueous AcOH, 40 "C, 
1 h) and basic treatment (KzC03 in MeOH, 50 "C, 30 min), 
respectively. The stability of the w chain under these 
conditions was considered in the selection of suitable vinyl 
aldehydes, la-e. Summarized in Table I are the combi- 
nation of various vinyl aldehydes and organometallic 
reagents, the yields of the intermediates 3 (as the mixture 
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Table I. Reaction of Vinyl Aldehydes with Organometallic Anions and the Antinidatory Effects in the Rat of 
Synthesized Prostaglandin F,, Analogues Relative t o  That of Prostaglandin F,, 

Hayashi  e t  al. 

vinyl % final 
alde- yield products A N E ~  

of 3 (% yielda) R in final products (PGF,,:: 1) class entry hydes RM (ref) 
A 1 l a  

2 l a  
3 l a  

B 4 l b  
5 l b  
6 l b  

C 7 l b  
8 l b  
9 l a  

D 1 0  l a  
11 l a  
12 l a  
1 3  IC 

1 4  l e  

1 5  I d  
1 6  l a  

C,H,COCH, Li (8) 
rn-Cl-C,H,COCH,Li (8) 
p-Cl-C,H,COCH,Li (8) 
C,H,C&Li (9)  
rn-Cl-C,H,C=CLi (9)  
p-Cl-C,H,C=CLi (9) 
2-benzo[b]thienyllithium (10) 
2-benzofuranyllithium (10) 
1-indenyllithium (11)  
C,H,Si(Me),CH,MgBr (12)  
C,H,OCHLiCOOMe (13) 
o-MeO-C,H,MgBr 
1-( pheny1thio)cyclopropyl- 

lithium (14) 
(cyclohex-1-eny1thio)methyl- 

lithium (15) 
t-BuOCOCH,Li (1 3) 
C,H,OC=CLi (16)  

8 6  
8 3  
79 
8 2  
76 
79  
80 
80 
7 5  
79 
8 6  
82 
8 3  

9 5  

96 
9 5  

4 (86) 
5 (83)  
6 (79)  
7 (98)  
8 (89)  
9 (87) 

10 (80) 
11 (85)  
1 2  (75)  
13 ( 7 9 )  
1 4  (86)  
15c (82)  
1 6  (78)  

17 (85) 

18 (20)  
19 (75)  

-CH,COC,H, 

-CH,COC,H,-Cl-p 
-C&C,H, 

-C&C,H,-Cl-p 

-CH,COC,H,-CI-rn 

-C&C,H,-Cl-rn 

2 -be nzo[ b ]  t hieny 1 
2-benzofuranyl 
1-indenyl 
-CH,Si( Me),C,H, 
-CH(COOMe)OC,H, 
-C,H,-OMe-o 
1-( phenylt hio )cyclopropyl 

(cyclohex-1 -enylthio)methyl 

-CH,COOC,H, 
-C&OC,H, 

40 
10 

40 

1 
40 
50-100 
i 5 
<1 
<4 
1 2  
e: 2 

10 

<l  
1 2 - 4  

4-8 

40-80 

a As a mixture of C,,-epimeric isomers. Antinidatory effects in the rat. The activities relative to  that of prostaglandin 
F,, were calculated based on  the ED, values by the Litchfield-Wilcoxin method. The ED,, value of prostaglandin F,, is 
1.3 (0.90-1.87) mg/kg and its confidence limit is 95%. A mixture of CIS-epimeric isomers. 

Scheme I 

? R '  

+ RM - k? CHO 2 
D'R 

la-e 
l a ,  R' = R2 = H 

b, R' = R2 = AC 
C, R' = Ac; R' = H 
d, R' = H; R2 = THP 
e,  R' = Ac; R' = THP 

OR'  

3a-e 
3a, R' = R2 = H 

b, R' = R' = Ac 
c, R' = Ac; R 2  = H 
d,  R'  = H; R2 = THP 
e, R' = Ac; R' = THP &? C O O M e  

4-19 (final product)a 

I 
d H  OH 

a For R, see Table I. 

of CIS-hydroxy isomers), the structures of final products, 
and their antinidatory effects. 

When the final product was stable to base and acid 
(entry 14; final product 17), the vinyl aIdehyde le was 
selected in which the hydroxy functions at C9 and Cll were 
protected with the acetyl group and the T H P  unit, re- 
spectively. As already reported,2b 3e could be converted 
to not only prostaglandin F,, analogues but also prosta- 

glandin E2 analogues (9-oxo type), since the hydroxy 
functions a t  C9 and CI1 were blocked with different pro- 
tecting groups. The vinyl aldehyde la containing the free 
hydroxy functions was selected in the reaction when the 
dehydration of CIs-allylic hydroxy functions in the final 
products under the acidic or basic condition led undesir- 
ably to the conjugated dienoic type (entries 1, 2 ,  and 3; 
final products 4, 5,  and 61, the conjugated fulvene type 
(entry 9; final product 12), or the conjugated dienoic ester 
type (entry 11; final product 14). The treatment of la with 
the corresponding alkyllithium reagents at -78 "C, followed 
by quenching the reaction at -78 "C, furnished 3a, which 
was subjected to column chromatography on silica gel to 
separate the Cism- and CISd-hydroxy i~orners ,~ respectively. 
The vinyl aldehyde l a  was also used when hydrolysis of 
the protecting groups to the final product containing the 
C-Si bond with base or acid caused desilylation (entry 10; 
final product 13).5 

In the preparation of the acetylenic analogues (entries 
4, 5, 6, and 16; final products 7, 8, 9, and 19) and the 
bicyclic aromatic analogues (entries 7 and 8; final products 
10 and l l ) ,  lb,  in which the hydroxy functions are pro- 
tected not with the THP units but with the acetyl groups, 
was selected, since the final products were stable to base, 
whereas under acidic conditions a considerable amount of 
the C,,-hydroxy byproduct was produced by the 1,3 re- 
arrangement of the C15-allylic alcohol. Similarly, in the 
preparation of an analogue having a cyclopropyl ring (entry 
13; final product 161, the vinyl aldehyde IC was selected, 
where the C,-hydroxy group was protected with the acetyl 
function. When the Grignard reagent could be easily 
prepared, although the final product was stable to base 
(entry 12; product 15), the vinyl aldehyde la ,  whose hy- 
droxy functions are free, was selected. 

(4) Assignment of the C I j  configuratlon based on relative TLC 
mobility has generally been accepted as correct: in the final 
products, the more polar isomer is the CIs,-hydroxy compound 
and the less polar one IS the C,,d-hydroxy one, which is bio- 
logically less active. In these prostaglandin analogues, the 
more polar isomers were determined to be CISo-hydroxy iso- 
mers by comparison of biological activities of CIS isomers. 

(5) P. F. Hudrlik and D. Peterson, J .  Am. Chem. Soc., 97, 1464 
(19751, and references cited thereln. 



Modification of the w Chain of Prostaglandin Analogues 

Since it was difficult to prepare the phenyl acetate anion, 
LiCHzCOOPh, the preparation of analogue 18 was 
achieved by the following sequence: (1) reaction of the 
C1,-OTHP vinyl aldehyde Id with the tert-butyl acetate 
anion, LiCH,COO-t-Bu; (2) separation of the desired 
C15,-hydroxy isomer 20 from the C15 epimer: (3) hydrolysis 
of the tert-butyl ester group and the THP unit at the same 
time by treatment with trifluoroacetic acid-THF (7:3) to 
afford the intermediate 21; and (4) esterification of 21 with 
phenol in the presence of dicyclohexylcarbodiimide to the 
final product 18. c--- COOMe 

, COOR' 

d R '  d H  

18, R' = H; RZ = Ph 
20,  R' = THP; R2 = t-BU 
21, R' = RZ = H 

Although the intermediate 3 was generally a 1:l mixture 
of epimeric C15a- and CIYhydroxy isomers, the C15,- 
hydroxy isomer was obtained fairly selectively in the 
Grignard reaction of the vinyl aldehyde la with the silyl 
reagent, PhSi(Me)&HzMgBr, in a ratio of C15a-OH/ 
C15@-OH = ca. 3:2 (entry 10). In general, C15 isomers4 were 
separated at  the final step by column chromatography on 
silica gel, while some intermediates, 3b-d (entries 7,8, and 
13-15), could be easily separated by chromatography. 
Exceptionally, in the case of the analogue 15, it was im- 
possible to separate the C15-hydroxy isomers, and the 
bioactivity of the C15 mixture was measured. 

All the intermediates and final products of these 
syntheses are viscous oils that retain solvents tenaciously. 
It was impossible to remove the solvents and water com- 
pletely from these compounds, since they decomposed 
partially under the drying conditions suitable for elemental 
analysis (heated at  ca. 50 "C under high vacuum for long 
periods). The structures of all products were supported 
by their NMR, IR, and high-resolution mass spectra. The 
purity was checked by TLC, and the final products were 
confirmed to  be homogeneous by TLC. 

Pharmacological Results and  Discussions 
The abortifacient effect in pregnant rats is currently 

regarded as being an indication of the luteolytic effect of 
pro~taglandins.~ In this report, the antinidatory effect 
induced by prostaglandins was examined for the purpose 
of screening for the effect on the corpus luteum in early 
pregnancy. The antinidation of 50% of the animals was 
achieved by 1.3-mg doses of prostaglandin Fz, ( b i d . ,  3 
days), and the average number of implantation sites of the 
test group in comparison with the control group was ap- 
proximately 50% for the same dose of prostaglandin Fz,. 
A significant decrease in the uterine-fetal weights and in 
progesterone values in the peripheral blood was observed. 
This action was inhibited by the intramuscular injection 
of progesterone (2 mg, single dose, 3 days), and the number 
of implantation sites and the uterine-fetal weights were 
not significantly different from those of the control group. 
From these results, it was considered that this experi- 
mental system could be applied to the indication of the 
luteolytic effect of the novel prostaglandin Fz, analogues 
modified in the w chain. 

The hydroxy group at  CI5 is an important function for 
biological activities of prostaglandins, which are greatly 
influenced by the steric and electronic effects of substit- 
uents near C15 and by their position. The interesting 
biological results were anticipated by the introduction of 

Journal of Medicinal Chemistry, 1980, Vol. 23, No. 5 521 

a phenyl group into the w chain.6 These prostaglandin 
analogues were grouped into four classes, A-D, and are 
shown in Table I with their antinidatory effects relative 
to  that of prostaglandin Fz,. Class A consists of analogues 
containing a phenylcarbonyl moiety. Class B is composed 
of analogues having a triple bond and a phenyl group. The 
aromatic bicyclic analogues containing the hetero atom, 
or not, make up class C. The other analogues modified 
in the w chain belong to class D. 

The analogues 4-6 in class A exhibited higher antini- 
datory effects as compared with that of prostaglandin FZa, 
and the phenyl analogue 4 was 40 times more potent than 
prostaglandin F& In class B, the p-chlorophenyl analogue 
9 showed the same potency as that of prostaglandin FZo, 
while the phenyl analogue 7 and m-chlorophenyl analogue 
8 were 40 and 40-80 times more active than prostaglandin 
FZa, respectively. In classes A and B, there was a marked 
tendency that phenyl analogues 4,7, and 8 were consid- 
erably more potent. In class C, although the potency of 
the indenyl analogue 12 was lower than that of prosta- 
glandin FZa, the benzothienyl analogue 10 and benzo- 
furanyl analogue 11 were 40 and 50-100 times more active 
than prostaglandin F2,, respectively. In class D, the thi- 
ocyclohexenyl analogue 17 and the phenoxy acetylenic 
analogue 19 exhibited 10 and 2-4 times greater potency 
than that of prostaglandin F2,, respectively, whereas the 
others were less potent than prostaglandin Fz,. 

When the phenyl group was attached to C17 or the 
corresponding hetero atom, the potency of the analogues 
was increased (4-8, 10, and 11). Although the analogues 
13, 14, and 16 are analogous compounds, they are less 
potent probably because of the steric hindrance of other 
substituents near by. It is not clear why the potency of 
analogue 9 was not increased. 

Additionally, the uterine contractile activities in the rat7 
of these prostaglandin analogues were examined: excep- 
tionally, analogue 11 was 5-10 times more potent than 
prostaglandin F%, whereas the others were less potent than 
it. 

As previously mentioned, the preparation of the novel 
types of prostaglandin analogues and examination of their 
antinidatory effects resulted in the discovery of some 
highly potent analogues containing the phenyl ketone, the 
phenylacetylene, or the aromatic bicyclic ring moiety in 
the molecule. 
Experimental  Section 

'H NMR spectra were taken on a JEOL PMX-60 or a Varian 
XL-100 spectrometer in CDCl, or CCll under the supervision of 
A. Ishihara. Chemical shifts are reported as parts per million 
relative to Me4% as an internal standard. IR spectra were recorded 
on a Hitachi EPI-G2 model. Mass spectra were obtained on a 
JMS-O1SG double-focusing mass spectrometer under the su- 
pervision of S. Takaoka. Molecular ion peaks of some analogues 
were too weak to be detected because of their low volatility, and 
in these cases the molecular weights and the molecular formulas 
were determined by their dehydration peaks. 

For TLC analysis, throughout this work Merck TLC plates 
(silica gel 60 F2, precoated, layer thickness 0.25 mm) were used. 
Column chromatography was carried out on silica gel (Merck, 
particle size 0.063-0.20 mm; or Mallinckrodt, Silic AR CC-7 
special). Unless otherwise specified, all reactions were carried 
out under an atmosphere of argon. 

~ ~~ ~ 

(6) D. Binder, J. Bowler, E. D. Brown, N. C. Crassley, J. Hutton, 
M. Senior, L. Slater, P. Wilkinson, and N. C. A. Wright, 
Prostaglandins, 6, 87 (1974). 

(7) An increase of intrauterine pressure in the rat on day 20 of 
pregnancy under urethane anesthesia was observed by the 
threshold dose of each prostaglandin analogue (prostaglandin 
F,, = 20 f i g l k ) .  
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17-Oxo- 17-phenyl- 18,19,2O-trinorprostaglandin Fh Methyl 
Ester  (4). To a stirred solution of the aldehyde la (915 mg, 3.1 
mmol) in dry THF (30 mL) a t  -78 "C was added dropwise a 
solution of the anion (LiCH,COPh* 4.5 equiv) in dry THF which 
had been prepared from lithium diisopropylamide and aceto- 
phenone. After stirring a t  -78 OC for l h, the reaction was 
quenched by the addition of AcOH (2 mL), and the mixture was 
diluted with AcOEt (150 mL). The solution was washed with 
water, saturated aqueous NaHC03, and brine, dried over MgSO,, 
and concentrated in vacuo to give a mixture of C15n and C15,j 
alcohols. They were column chromatographed on silica gel 
(Mallinckrodt, 40 g) with 0-40% cyclohexane in AcOEt to provide 
4 [R,O.19 (AcOEt); 389 mg, 30%], the Clw isomer [R,0.28 (AcOEt); 
374 mg, 29%], and their mixture (347 mg, 27%). 4: IR (film) 
3400 (OH), 1740 (ester), 1685 (phenyl ketone) cm-'; NMR (CDClJ 
b 8.1Ck7.83 (2 H, m, aromatic H), 7.73-7.33 (3 H, m, aromatic H), 
5.8@-5.55 (2 H, m, trans olefinic H), 5.55-5.20 (2 H, m, cis olefinic 
H), 4.30-3.84 (2 H, m, Cg and Cll H), 3.66 (3 H, s, COOCHJ, 3.22 
(2  H, d, c16 H); [aIm~ (c 1.6, CHCl,) +9.3". High-resolution MS 
for C24H3005 (dehydration peak from molecular ion): calcd, m / e  
398.20931; found, 398.20865. 

The analogues 5 and 6 were prepared from the aldehyde la 
and the corresponding anions by the same method as applied for 
the preparation of 4. 

17-Oxo- 17-(3-chlorophenyl)-18,19,20-trinorprostaglandin 
F,, Methyl Ester ( 5 ) .  Column chromatography gave 5 (R,  0.25; 
35%), the CI5 epimer [R, 0.34 (AcOEt); 30701, and their mixture 
(18%). 5: IR (film) 3400 (OH), 1740 (ester), 1680 (phenyl ketone) 
cm-'; NMR (CDClJ b 8.00-7.73 (2 H,  m, aromatic H), 7.63-7.30 
(2 H, m, aromatic HI, 5.72-5.54 (2 H, m, trans olefinic H), 5.54-5.20 
(2  H, m, cis olefinic H), 4.90-4.58 (1 H,  m, C15 H), 4.32-3.85 ( 2  
H, m, Cg and Cll H), 3.64 (3 H,  s, COOMe), 3.30-3.05 (2  H, m, 
CI6 H). High-resolution MS for CZ4Hz9O5C1 (dehydration peak 
from molecular ion): calcd, m / e  432.17033; found, 432.17020. 

17-Oxo- 174 4-chloropheny1)- 18,19,20-trinorprostaglandin 
F,, Methyl Ester (6). Column chromatography gave 6 (R, 0.19: 
29%), the C15 epimer [Rf0.30 (AcOEt); 22%], and their mixture 
(28%). 6: IR (film) 3400 (OH), 1740 (ester), 1680 (phenyl ketone) 
cm-l; NMR (CDClJ 6 8.03--7.80 (2 H, m, aromatic H), 7.58-7.30 
(2 H, m, aromatic H), 5.78-5.55 (2 H, m, trans olefinic H), 5.555.20 
(2 H, m, cis olefinic H), 4.90-4.55 (1 H,  m, CI5 H), 4.29--3.80 ( 2  
H,  m, Cg and CI1 H ) ,  3.65 (3 H, s,  COOCH3), 3.30-3.05 (2  H,  m, 
C16 H). High-resolution MS for CZ4H2,O5C1 (dehydration peak 
from molecular ion): calcd, m / e  432.17033; found, 432.16838. 

16,16,17,17-Tetradehydro-17-phenyl-18,19,2O-trinor- 
prostaglandin Fz, 9,ll-Diacetate Methyl Ester  (3b; R = 
C d P h ) .  To a stirred solution of the aldehyde lb (1.05 g,  2.8 
mmol) in dry THF (10 mL) at -78 "C was added dropwise a 
solution of lithi~phenylacetylene~ (1.3 equiv) in THF. After 
stirring at -78 "C for 1 h, the mixture was poured into saturated 
aqueous NH4Cl (20 mL) and extracted with AcOEt (30 mL X 3).  
The extracts were washed with saturated aqueous NaHC03 and 
brine, dried over MgSO,, and concentrated in vacuo. The residue 
was column chromatographed on silica gel (Merck, 50 g) with 1OW 
AcOEt in benzene to afford 3b (R = CzCPh;  1.097 g, 82%). The 
C15 epimer could not be separated by chromatography. 3b (R 
= C=CPh): TLC R, 0.40 (AcOEt-benzene, 1:2); 1R (film) 3400 
(OH), 1740 (ester), 1590 (phenyl) cm-'; NMR (CCl,) 6 7.65-7.03 
(5 H, m, aromatic H), 5.9Fr5.60 (2 H, m, trans olefinic H), 5.55-5.17 
(2  H, m, cis olefinic H), 5.17--4.60 (3 H,  m, C,, CI1, and CI5 HI. 
3.60 (3 H, s, COOCHJ, 2.05 (3 H,  s, CH,COO). 2.00 13 H. 5. 

CH,COO). 
The following intermediates 3b (R = C=CC6H,-C1-m, CE 

CCBH,-Cl-p, and CECOPh) were prepared from the aldehyde Ib 
and the corresponding anions by the same method as applied for 
the preparation of 3b (R = C 4 P h ) .  They were mixtures of Cljo- 
and CISy-hydroxy isomers which could not be separated by 
chromat,ography. 

_____ I - 
i t ; )  (a) I). .J. Cram, "Fundamentals of Carbanion Chemistry", Ac- 

ademic Press, New York, 1965; (b) J. d'Angelo, Tetrahedron, 
32. 2979 (1976): ( c i  I,. M. Jackman and B. C. Lange, ibid.. 33, 
2 i 3 7  (1977). 

(9) (a) P. L. Compagnon and M. Miocque, Ann .  C'him., 5 ,  23 
(1970); (b) A. Schaap, L. Brandsma, and J. F. Arens, Rcci. 
7'rai.. ( 'him. Pays-Bas, 84, 1200 (1965). 

Hayashi e t  al. 

16,16,17,17-Tetradehydro-17-(3-chlorophenyl)- 18,19,20- 
t r inorprostaglandin Fz, 9,ll-diacetate methyl es ter  (3b; R 
= C X C 6 H 4 - C l - m ) :  76% yield; TLC R, 0.41 (benzene--AcOEt, 
2:l); IR (film) 3450 (OH), 1740 (ester), 1600 (phenyl) cm '; NMR 
(CC14) 6 7.60-7.26 (4 H, m, aromatic H), 6.00--5.68 (2 H, m, trans 
olefinic H), 5.65-5.28 (2 H, m, cis olefinic H), 5.28-4.60 (3 H, m, 
Cg, Cll, and C15 H), 3.67 (3 H. s, COOCH,), 2.05 (3 H. CH,COO). 

16,16,17,17-Tetradehydro- 17-( 4-chloropheny1)- 18,19,20- 
trinorprostaglandin Fz, 9,l I-diacetate methyl es ter  (3b; R 
= C=CC,H4-Cl-p): 79% yield; TLC R, 0.42 (benzene AcOEt 
2:l); IR (film) 3430 (OH). 1740 (ester) cm-'; NMK (CC1,) 6 
7.45- 7.10 (4 H, m, aromatic H), 5.97-5.68 (2 H ,  m, trans olefinic 
H), 5.60-5.22 (2 H, m, cis olefinic H), ;i.22--4.67 (3 H, C,, Cil ,  and 
C I j  H), 3.65 (3 H, s, COOCH3), 2.05 ( 3  H, s. CH,COO). 2.01 ( 3  
H, s, CH,COO). 

16,16,17,17-Tetradehydro-17-phenoxy-18,19,2O-trinor- 
prostaglandin F Z n  9,ll-diacetate methyl es ter  (3b; R = C== 
COPh): 95% yield; TLC R, 0.39 (benzene-AcOEt, 2:l); IR (film) 
3740 (OH), 2275 ( C - C ) ,  1740 (ester), 1590 (phenyl) cm-': NMR 
(CDC13) b 7.68-7.00 (5 H, m, aromatic H), 6.02-5.70 (2 H, in, trans 
olefinic H). 5.70-5.28 (2 H, m, cis olefinic H), 5.28- 4.75 (3 H,  m. 

2.02 (3 H ,  S, CH3COO). 

Cg, C11, and C15 H), 3.69 (3 H, S, COOCHJ, 2.10 (3 H. S, CH&OO), 
2.05 (3 H,  S, CH3COO). 

16,16,17,17-Tetradehydro-17-phenyl-18,19,2O-trinor- 
prostaglandin F,, Methyl Ester  (7). A mixture of the com- 
pound 3b (R = CECPh;  1.09 g, 2.26 mmol), anhydrous K&O, 
(830 mg, 6 mmol), and absolute MeOH (10 mL) was stirred a t  
40 to 45 "C for 1 h. The reaction was quenched at  5 "C by the 
addition of AcOH to neutralize the solution, and then the mixture 
was poured into water (50 mL). After extraction with AcOEt (30 
mL x 3), the organic layer was washed with saturated aqueous 
NaHC03 and brine, dried over MgSO,, and concentrated to yield 
the alcohol 7 and the CIS$ isomer. Column chromatography 
on silica gel (Mallinckrodt, 60 g) with 30% AcOEt in benzene-40% 
AcOEt in cyclohexane gave 7 [I?, 0.31 (AcOEt); 342 mg, 38% 1. 
the C,, isomer [R, 0.35 (AcOEt); 288 mg, 32%], and their mixture 
(252 mg, 28%). 7: IR (film) 3350 (OH), 2220 ( C d ) ,  1740 (ester), 
1605 (phenyl) crn-'; NMR (CDCl,) b 7.60-7.10 (5 H, m, aromatic 
H), 5.99-5.63 (2 H, m, trans olefinic H), 5.63- 5.22 (2  H ,  m, cis 
olefinic H), 5.22-4.93 (1 H, m, CI j  H), 4.33- 3.82 (2 H, m, C g  and 

High-resolution MS for CZ4HzsO4 (dehydration peak from mo- 
lecular ion): calcd, m / e  380.19875; found. 380.20026. 

16,16,17,17-Tetradehydro-17-(3-chlorophenyl)-l8,19,20- 
trinorprostaglandin Fz, Methyl Ester  (8). Column chroma- 
tography gave 8 (R,  0.31; 27%), the C15 epimer [R, 0.36 (AcOEt); 
3 3 % ] ,  and their mixture (27%). 8: IH (film) 3400 (OH), 1736 
(ester), 1550 (phenyl) cm~' ;  NMR (CDC13) 6 7.50-7.15 (4 H, m, 
aromatic H), 5.91-5.66 (2 H: m, trans olefinic H), 5.66 - 5.26 (2 H, 
m, cis olefinic H), 5.14-4.98 (1 H, m, C i 5  H), 4.30-2.80 (2  H,  ni, 
Cg and C1, H), 3.65 (3 H: s, COOCH,). High-resolution MS for 
C2,H2;C1O4 (dehydration peak from molecular ion): calcd, m / p  

414.1<5977; found, 414.15953. 
16,16,17,17-Tetradehydro- 17-(4-chlorophenyl)- 18,19,20- 

trinorprostaglandin Fze Methyl Ester  (9). Column chroma- 
tography gave 9 (I?, 0.32; 26% ), the ( pimer [R, 0.38 (AcOEt); 
31%], and their mixture (30%). 9: 18 (film) 3400 (OH), 2220 
IC..rC). 1740 (ester), 1580 (phenyl) C'UI '; iL'MR (CDCl,) 6 7.55--7.13 
(4 H, m, aromatic H), 5.92 5.65 (2 H, m, tram olefinic H), 6.65-5.20 
(2  H. m, cis olefinic H), 5.17 4.98 (1 H, m, Cis H),  4.29 3.83 (2  
H, m, C ,  and CI1 H), 3.65 (3 H, m, COOCH,); (a Iz5~ (c 1.7, CHCls) 
+15.0°. High-resolution MS for CZ4Hz7C1O4 (dehydration peak 
from molecular ion): calcd, nile 414.15977; found, 414.15754. 

16,16,17,17-Tetradehydro-17-phenoxy-18,19,20-trinor- 
prostaglandin FZT Methyl Ester (19). Column chromatography 
gave 19 (Rf0.32; 22%) ,  the CIS epimer [R,  0.40 (AcOEt); 264761, 
and their mixture (27% ). 19: IR (film) 3400 (OH), 2275 (CEC) ,  
1740 (ester), 1590 (phenvl) cm '; NMR (CDCl,) 6 7.50-6.94 (5 H,  
m, aromatic H), 5.90-5.63 ( 2  H, m, trans olefinic H), 5.60-<5.20 
(2  H. m, cis olefinic H), 5.16-4.90 (1 H,  m. CI5  Hi, 4.26 3.80 ( 2  
H, m, C9 and C,, H), 3.64 ( 3  H, s, COOCH,). High resolution MS 
for C24H3006 (molecular ion peak): calcd, m / c  411.20422; found, 
212.20370. 

I j - ( Z - B e n z o [  b ]thienyl)-16,17,18,19,20-pentanor- 
prostaglandin F2,, 9,11-Diacetate Methyl Ester  (3b; R = 2- 

C1, H), 3.64 (3 H, 8, COOCHJ; [CU]"D ( C  1.5, CHCl,) +6.3". 
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Benzo[ blthienyl). To a stirred solution of the aldehyde l b  (1.70 
g, 4.47 mmol) in dry THF (45 mL) at  -78 "C was added dropwise 
a solution of 2-benzo[b]thienyllithium10 (1.5 equiv) in dry THF. 
The mixture was stirred at  -78 "C for 30 min, then -40 "C for 
30 min, and poured into saturated aqueous NH4Cl (50 mL). The 
aqueous layer was extracted with AcOEt (50 mL X 3), and the 
combined organic layers were washed with saturated aqueous 
NaHC0, and brine, dried over MgS04, and concentrated in vacuo 
to yield a mixture of Clk- and Clwhydroxy compounds. Column 
chromatography on silica gel (Merck, 200 g) with 20% AcOEt in 
benzene afforded 3b [R = 2-benzo[b]thienyl; R, 0.43 (benzene- 
AcOEt, 2:l); 740 mg, 32%], the C150 isomer [Rf 0.51 (benzene- 
AcOEt, 2:l); 637 mg, 28%], and their mixture (467 mg, 20%). 3b 
(R = 2-benzo[b]thienyl): IR (film) 3450 (OH), 1740 (ester) cm-'; 
NMR (CDCl,) 6 8.00--7.05 (5 H, m, benzothiophene ring H), 
5.95-5.65 (2 H, m, trans olefinic H), 5.60-5.20 (2 H, m, cis olefinic 
H), 5.20-4.70 (3 H, m, Cg, CI1, and C15 H), 3.63 (3 H, s, COOCH,), 

15-(2-Benzofuranyl)-16,17,18,19,20-pentanorprostaglandin 
Fz, 9,ll-Diacetate Methyl Ester  (3b; R = 2-Benzofuranyl). 
By the same method as described previously, 3b (R = 2-benzo- 
furanyl) was obtained from the aldehyde l b  and 2-benzo- 
furanyllithium.1° Column chromatography gave 3b (R = 2- 
benzofuranyl; 28%), the C15 epimer (29%), and their mixture 
(23%): TLC Rf  (C15, isomer) 0.40, Rf (C150 isomer) 0.48 (benz- 
ene-AcOEt, 2:l); 3b: IR (film) 3440 (OH), 1735 (ester) cm-'; NMR 
(CDCl,) 6 7.80-7.20 (4 H, m, aromatic H), 6.69 (1 H, s, furan ring 
H), 6.10-5.80 (2 H,  m, trans olefinic H), 5.70-4.75 (5 H, m, Cg, 
Cll, C15 H,  and cis olefinic H), 3.68 (3 H, s, COOCH,), 2.10 (3 H, 
s, CH,COO), 2.05 (3 H, s, MeCOO). 

1 5 - ( 2 - B e n z o [  b ]thienyl)-16,17,18,19,20-pentanor- 
prostaglandin F2, Methyl Ester  (10). A mixture of the com- 
pound 3b (R = 2-benzo[b]thienyl; 130 mg, 0.25 mmol), anhydrous 
K2CO3 (70 mg, 0.55 mmol), and absolute MeOH (2.5 mL) was 
stirred a t  50 "C for 30 min and then neutralized by the addition 
of AcOH at  5 "C. Water (2 mL) was added and the mixture was 
extracted with AcOEt (10 mL X 3). The combined extracts were 
washed with saturated aqueous NaHC0, and brine, dried over 
MgS04, and concentrated in vacuo. The residue was column 
chromatographed on silica gel (Mallinckrodt, 5 g) with 40% AcOEt 
in cyclohexane to yield 10 (96 mg, 80%): TLC Rf 0.28 (AcOEt); 
IR (film) 3370 (OH), 1730 (ester) cm-'; NMR (CDCl,) 6 7.60-7.10 
(5 H, m, benzothiophene ring H), 6.10-4.90 (5 H, m, olefinic and 
C15 H), 4.28--3.78 (2 H, m, Cg and Cll H), 3.62 (3 H, s, COOCH,). 
High-resolution MS for C24H3005S (molecular ion peak): calcd, 
m l e  430.18138; found, 430.18144. 

15-(2-Benzofuranyl)- 16,17,18,19,20-pentanorprostaglandin 
F2, Methyl Ester (11). By the same method as applied for the 
preparation of 10, the analogue 11 was obtained in 85% yield using 
the compound 3b (R = 2-benzofwanyl). 11: TLC R 0.29 (AcOEt); 
IR (film) 3360 (OH), 1735 (ester) cm-'; NMR (CDdl,) 6 7.70-7.08 
(4 H, m, benzofuranyl C4, C5, C6, and C7 H), 6.63 (1 H, s, ben- 
zofuranyl C3 H), 5.95- 5.58 (2  €I, m, trans olefinic H), 5.53-5.10 
(3 H, m, cis olefinic and C15 H), 4.28-3.80 (2  H, m, Cg and Cll 
H), 3.64 (3 H, s, COOCHJ. High-resolution MS for C24H2805 
(dehydration peak from molecular ion) calcd, rnle 396.19366; 
found, 396.19278. 

154 1-Indeny1)- 16,17,18,19,20-pentanorprostaglandin Fz, 
Methyl Ester  (12). To a stirred solution of indene (174 mg, 1.5 
mmol) in dry T H F  (7.8 mL) a t  -78 "C was added 1.2 M n-bu- 
tyllithium in hexane (1.25 mL, 1.5 mmol). After stirring a t  -78 
"C for 30 min, to this anion solution" was added at  -78 "C a 
solution of the aldehyde la (100 mg, 0.34 mmol) in dry T H F  (3 
mL). The mixture was stirred a t  -78 OC for 1 h, poured into 
saturated aqueous NH4Cl (10 mL), and extracted with AcOEt (10 
mL x 3). The extracts were washed with water and then brine, 
dried over MgSO,, and concentrated in vacuo to provide a mixture 
of C15,- and C150-hydroxy isomers. Chromatography on silica gel 
(Mallinckrodt, 10 g) with 30% AcOEt in benzene afforded 12 [Rf 
0.25 (AcOEt); 43 mg, 32%], the C150 isomer [Rf  0.40 (AcOEt); 40 
mg, 30%], and their mixture (17 mg, 13%). 12: IR (CHC1,) 3400 
(OH), 1740 (ester) cm '; NMR (CDCl,) d 7.70 6.40 (6 H, m, indenyl 

2.05 (3 H, 9, CH,COO), 2.02 (3 H, S,  CH3COO). 

~~ 

(10) W. E. Parham and B. G. Gadsby, J.  Org. Chem., 25,234 (1960). 
(11) 0. Meth-Cohn and S. Gronowitz, J .  Chem. SOC., Chem. Com- 

mun., 81 (1969). 
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H), 5.70-5.10 (4 H, m, olefinic H), 4.75-4.28 (1 H,  m, C15 H),  
4.28-3.50 (3 H, m, Cg, Cll, and indenyl Cl H), 3.67 (3 H,  s, 
COOCH,). High-resolution MS for C25H3004 (dehydration peak 
from molecular ion): calcd, mle 394.21440; found, 394.21272. 

17-Methyl-17-phenyl-17-sila-19,20-dinorprostaglandin FZa 
Methyl  Ester (13). The Grignard reaction was started by the 
addition of a small amount of dimethylchloromethylphenylsilane 
and a catalytic amount of methyl iodide to a stirred mixture of 
magnesium (236 mg, 9.85 mmol) and dry ether (10 mL). To this 
mixture was added a solution of dimethylchloromethylphenyl- 
silane (1.812 g, 9.85 mmol) in dry ether (10 mL) at  such a rate 
that a moderated reflux was maintained. After the addition had 
been completed, the solution was refluxed for 30 min. The 
Grignard solution was then cooled to room temperature and was 
added to a stirred solution of la (585 mg, 1.97 mmol) in dry THF 
(40 mL) cooled in an ice-water bath. The mixture was stirred 
at  about 5 "C for 1 h, poured into cold aqueous NH4Cl (50 mL), 
and extracted with AcOEt (50 mL x 3). The extracts were washed 
with water and brine, dried over MgS04, and concentrated in 
vacuo. The residue was column chromatographed on silica gel 
(Mallinckrodt, 60 g) with 30% AcOEt in cyclohexane to give 13 
[350 mg, 40%; R, 0.32 (AcOEt)], the C158 hydroxy isomer [233 
mg, 26%; Rf0.42 (AcOEt)], and their mixture (114 mg, 13%) 13: 
IR (film) 3350 (OH), 1740 (ester) cm-'; NMR (CDCl,) 6 7.63-7.15 
(5 H,  m, aromatic H), 5.65-5.18 (4 H, m, olefinic H), 4.40-3.70 
(3 H, m, Cg, Cll, and C15 H), 3.63 (3 H, s, COOCH,), 0.20 (6 H, 
s, Si-CH,). High-resolution MS for CZ5HsO4Si (dehydration peak 
from molecular ion): calcd, mle  428.23826; found, 428.23931. 

16~-Carbomethoxy-16-phenoxy-17,18,19,20-tetranor- 
prostaglandin F, Methyl Ester (14). To  a stirred solution of 
phenoxyacetic acid methyl ester (1.455 g, 9.45 mmol) in dry T H F  
(20 mL) at -78 "C was added dropwise a solution of lithium 
diisopropylamide (9.45 mmol) in dry THF. The mixture was 
stirred at  -78 OC for 30 min and then a solution of la  (800 mg, 
2.7 mmol) in dry T H F  (30 mL) was added. The mixture was 
stirred at  -78 "C for 1 h, poured into cold aqueous NH4Cl (100 
mL), and extracted with AcOEt (50 mL X 3). The extracts were 
washed with water and brine, dried over MgS04, and concentrated 
in vacuo. Column chromatography on silica gel (Mallinckrodt, 
70 g) with 30% AcOEt in benzene afforded 14 [400 mg, 32%; Rf 
0.25 (AcOEt)], the ClSP-hydroxy isomer [362 mg, 29%; R, 0.34 
(AcOEt)], and their mixture (312 mg, 25%). 14: IR (film) 3380 
(OH), 1735 (ester), 1590 (phenyl) cm-'; NMR (CDCI,) 6 7.40-6.78 
(5 H, m, aromatic H), 5.88-5.60 (2 H, m, trans olefinic H), 5.60-5.17 
(2 H, m, cis olefinic H), 4.83-4.40 (2 H, m, C15 and C16 H), 4.30-3.82 
(2 H, m, Cg and Cll H), 3.75 (3 H, s, c16 COOCH,), 3.66 (3 H,  s, 
C1 OOCH,). High-resolution MS for C,H3z07 (dehydration peak 
from molecular ion): calcd, mje 444.21828; found, 444.21800. 

15-(2-Methoxyphenyl)-16,17,18,19,2O-pentanor- 
prostaglandin F2, Methyl Ester (15). To a solution of la  (540 
mg, 1.83 mmol) in dry THF (35 mL) at  5 "C was added dropwise 
a solution of 2-methoxyphenylmagnesium bromide (3.5 equiv) in 
THF which had been prepared by the Grignard reaction of o- 
bromoanisole. The mixture was stirred at  5 "C for 50 min. The 
reaction was worked up as described above to yield the crude 15, 
which was purified by column chromatography on silica gel 
(Mallinckrodt, 30 g) with 40% AcOEt in cyclohexane to give 15 
(604 mg, 82%). The CISBhydroxy isomer could not be separated 
by chromatography. 15: Rf 0.28 (AcOEt); IR (film) 3380 (OH), 
1738 (ester), 1595 (phenyl) cm-'; NMR (CDC13) 6 7.50-6.78 (4 H, 
m, aromatic H), 6.06-5.17 (4 H, m, olefinic H), 4.87 (3 H,  s, 
CH30C6H4), 4.30-3.93 (2 H,  m, C9 and Cll H), 3.67 (3 H, s, 
COOCH,). High-resolution MS for Cz&& (dehydration peak 
from molecular ion): calcd, r n / e  386.20931; found, 386.21085. 

16,16-Ethylene-16-(phenylthio)-17,18,19,2O-tetranor- 
prostaglandin F2, 9-Acetate Methyl Ester  [3c; R = 1-(Phe- 
n~l thio)cyclopropyl] .  To a stirred solution of IC (1.1 g, 3.3 
mmol) in dry T H F  (40 mL) a t  -78 "C was added dropwise a 
solution of l-(phenylthio)cyclopropyllithium14 (2.5 equiv) in dry 

(12) (a) R. J. Ouellette and D. L. Marks, J .  Organomet. Chem., 15, 
315 (1968); (b) G. Fritz and H. J. Vogt, 2. Anorg. Allg. Chem., 
419, 2 (1976). 

(13) M. W. Rathke, J .  Am. Chem. SOC., 92, 3222 (1970). 
(14) (a) W. E. Truce, K. R. Hollister, L. B. Lindy, and 3. E. Parr, 

J .  Org. Chem., 33,43  (1968); (b) B. M. Trost, D. Keeley, and 
B. J. Bogdanowicz, J .  Am. Chem. SOC., 95, 3068 (1972). 
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'THF. The mixture was stirred at -78 "C for 2 h. The reaction 
was quenched by the addition of acetic acid (1 mL) and worked 
up as described above to yield a mixture of Clk- and CIbrhydroxy 
isomers. Column chromatography on silica gel (Merck, 60 g) with 
5070 AcOEt in benzene provided the desired 3c [R = 1-(phe- 
ny1thio)cyclopropyl; 585 mg, 3770 R, 0.50 (AcOEt)], the C1513- 

hydroxy isomer [490 mg, 31%; R, 0.62 (AcOEt)], and their mixture 
(238 mg, 1570). 3c: IR (film) 3450 (OH), 1740 (ester), 1585 
(phenyl) cm-'; NMR (CDClJ 6 7.70-7.00 (5 H, m, aromatic H), 
6.00-1.90 (5 H, olefinic and C9 H), 3.65 (3 H, s, COOCH3), 2.05 
( 3  H, s, CH,COO), 1.30-0.80 (4 H, m, cyclopropyl HI. 

16,16-Ethylene-l6-(phenylthio)- 17,18,19,20-tetranor- 
prostaglandin Fla Methyl Ester (16). 16: R, 0.29 (AcOEt); 
IR (CsHC13) 3400 (OH), 1730 (ester), 1585 (phenyl) cm-l; NMR 
(CDCI3) 6 7.60-7.05 (5 H ,  m, aromatic H), 5.80--5.15 (4 H, m, 
olefinic H), 4.30-3.76 (3 H, m, C9, Cll, and C15 H), 3.64 ( 3  H, s, 
COOCH3), 1.18-0.85 (4 H, m, cyclopropyl H). High-resolution 
MS for C25H3204S, (dehydration peak from molecular ion): calcd, 
m / e  428.20212; found, 428.20375. 

16-(Cyclohex- l-enylthio)-17,18,19,2O-tetranorprostaglandin 
Fk 9-Acetate Methyl Ester 1 l-(Tetrahydropyran-2-y1 ether) 
[3e, R = (Cyclohex-1-enylthio)methyl]. To a solution of 1- 
(methylthio)cy~lohexene*~ (141 mg, 1.1 mmol) in dry THF (2 mL) 
at  -78 "C was added dropwise n-butyllithium (1.1 equiv) in hexane. 
After the solution was stirred at  -78 "C for 10 min, the tem- 
perature was raised gradually up to 5 "C. The mixture was stirred 
at 5 "C for 3 h, then warmed to 20 "C, and was added to a solution 
of the aldehyde l e  (422 mg, 1.0 mmol) in dry THF (10 mL) cooled 
at .-78 "C. After stirring a t  -78 OC for 1 h, the reaction was 
quenched by the addition of AcOH (0.1 mL). The mixture was 
poured into cold wat,er (50 mL) and extracted with AcOEt. The 
extracts were washed with saturated aqueous NaHCO, and brine, 
dried over MgSO,, and concentrated in vacuo. The residue was 
column chromatographed on silica gel (Merck, 50 g) with 3070 
AcOEt in benzene to give 3e [R = (cyclohex-1-eny1thio)methyl: 
216 mg, 3 9 7 ~ ;  R, 0.50 (AcOEt-benzene, 1:2)], the Clsd-hydroxy 
isomer [ZOO mg, 36%; R, 0.55 (AcOEt-benzene, 1:2)], and their 
mixture 1108 mg, 20%). 3e [H = (cyclohex-1-eny1thio)methyll: 
IR (film) 3430 (OH), 1737 (ester) cm-'; NMR (CC14) 6 5.78 -5.45 
(3 H,  m, olefinic H in cyclohexene ring and trans olefinic H).  
5.45--5.15 (2  H, m, cis olefinic H), 5.01 (1 H, m, Cy HI, 4.69- 4.47 
(1 H, m, -0CHO-), 3.62 (3 H, s, COOCHJ, 2.01 (3 H, s, CH3COO). 

1 6- (Cyclohex- 1 -enylthio)- 17,18,19,20-tetranorprostaglandin 
F2- %Acetate Methyl Ester [3c, R = (Cyclohex-l-enyl- 
thio)methyl]. A mixture of the corresponding 3e (550 nig, I 
mmol), 65% aqueous AcOH (10 mL), and THF (1 mLJ was stirred 
at 40 "C for 1 h and then diluted with AcOEt (50 mL). The 
tnixture was washed with saturated aqueous NaHCO, and brine, 
dried over MgS04, and concentrated in vacuo. The residue was 
column chromatographed on silica gel (Merck, 20 g) with 10% 
benzene in AcOEt to give 3c [R = (cyclohex-1-eny1thio)methyl; 
326 mg, 70% yield): R 0.28 (AcOEt -benzene, 21); IH. (film) 3390 

H),  5.01 ( I  H. m, Cy H), 3.64 (3  H, s, COOCH,), 2.01 (3  H. x, 
(",COO). 

~6-(Cyclohex-l-enylthio)-17,18,19,20-tetranorprostagland~n 
F 2 a  Methyl Ester (17) .  17 (361 mg, 8 5 7 ~  yield) was obtained 
from the corresponding 3c (466 mg, 1.0 mmol), anhydrous KIC03 
(500 mg, 3.62 mmol), and MeOH (12 mL) by the same method 
as applied for the preparation of 7. 17: R ,  0.26 (AcOEt): 1R (film) 

(OH), 1736 (ester) cm- i ; NMR ICCIJ 6 5 2 2  5.17 (5 H,  m, olefinic 

Hu.vushi P t  01. 

3340 (OH), 1735 (ester), 975 (t,rans olefin) cm-'; NMR (CDCl,,) 
6 5.79 (1 H, m, olefinic H in cyclohexene ring), 5.52 5.20 (4 H, 
m, olefinic H), 4.27--3.80 (3 H: m, C9, C,l, and C15 H) ,  3.68 ( 3  H. 
s, COOCHJ. High-resolution MS for C:23H3404S (dehydration 
peak from molecular ion): calcd. m/r  406.21777; found, 406.21 4 M  

16-Carbomethoxy-17,18,19,2O-tetranorprostaglandin F,, 
Methyl Ester (18). To a stirred solution of Id (1.1 g, 2.9 mmol) 
in dry THF (30 mL) at -78 "C was added dropwise a solution of 
carbo-tert-butoxymethyllithium'3 (2.5 equiv) in dry THF. The 
mixture was stirred at  --78 "C for 1 h, then poured into saturated 
aqueous NHICl (50 mL), and extracted with AcOEt, (50 mL x 
3). The extracts were washed with water and brine, dried over 
MgSO,, and concentrated in vacuo. The residue was column 
chromatographed on silica gel (Merck. 60 g) with 25% AcOEt in 
benzene to give 20 [474 mg, 39%; R, 0.59 (AcOEt~ benzene. 2:1)], 
the (?],-hydroxy isomer [437 nig, 35%; R, 0.63 (AcOEt- benzene, 
2:l)j, and their mixture (270 mg, 22%). 20: IR (film) 3430 (OH), 
1725 (ester) cm~'; NMR (CDClJ F 5.75-5.20 (4 H, m, olefinic H), 
4.75-4.50 (1 H, m, OCHO), 3.65 ( 3  H ,  s, COOCHJ, 1.50 (9 H. s, 

A mixture of 20 (400 mg, 0.8 mmol), trifluoroacetic acid (7 mL). 
and T H F  (3 mL) was stirred at 25 "C for 15 min and then con- 
centrated in vacuo. The residue was column chromatographed 
on silica gel (Merck, 15 g) with 30% benzene in AcOEt to give 
21 (187 mg, 65% yield): R, 0.18 (AcOEt--HCOOH, 8O:l): IR 
fCHC1,) 3370 (OH), 1725 (ester and acid) cm-'; NMR (CDC13 + 
acetone-d,) h 6.10-5.00 (8 H, m, olefinic H, OH and COOH), 
4.70-4.30 (1 H, m, CI5 H), 3.65 ( 3  H, s. COOCHJ). 

A mixture of 21 (100 mg, 0.28 mmol), phenol (52 mg, 5.6 mmol), 
dicyclohexylcarbodiimide (174 mg, 0.84 mmol), and CHzClz (9 mL,) 
was stirred at about 5 "C: for 2 h and concentrated in vacuo. The 
residue was column chromatographed on silica gel (Mallinckrodt, 
7 g) with 3070 AcOEt in cyclohexane to provide 18 (36 mg, 30% 
yield): R, 0.25 (AcOEt); IR (CC14) 3360 (OH), 1738 (ester) cni I ;  

NMR (CC1,I 6 7.50-6.90 ( 5  H, m. aromatic H),  5.78 -5.10 ( 4  H, 
ni. olefinic H), 4.80-4.40 il H, ni. PIS  H), 1.25- 3.73 (2  H, m, Cq 

and C!, H), 3.64 (3  H, L;. C'OOCHJ. 2.87 2.G3 (2  H, d, J = 7 Hz, 
CI6 H). High-resolution MS for C14H2805 (didehydration peak 
trum molecular ion): caicd, nile 396.19366; found, 396.19234. 

Biological Procedure. Antinidatory Effect. Wistar female 
rats (9 weeks old, body weight 180 200 g) were cohabited with 
males overnight, and every morning mating was determined 
microscopically by the presence of sperm in the vagina. These 
rats were used for  the experiments. A stock solution of prosta- 
glandin analogues was prepared as follows: they were dissolved 
in 10% EtOH-@.4% Tween 80 in physiological saline solution to 
a concentration of 1 mg/mI,. The stwk solution itself or  the dilute 
solution with physiological saline solution (prepared at use) was 
used for administration. 

The day sperms were observed in the vaginal smear was deemed 
day 0 of pregnancy, and three to eight doses of each prostaglandin 
analogue were subcutaneously injected twice daily (1O:OO and 16:OO 
h) for 3 days on days 3, 4,  and 5. Antinidatory effect was evaluated 
on day I!. All animals ( 5  -20 casea/l dose) were killed by ex- 
sanguination on day 11, and t.he numbers of implantation sites 
were recorded. The case of n o  implantation site was evaluated 
to be effective, and the case of partial antinidation was ineffective. 
The antinidation rate was expressed as the percentage of' effective 
cases against the treated cases:. A duseeresponse curve of each 
prostaglandin analogue was drawn in order to estimate the 50% 
antinidation viilue. The relative advi ty  to that of prostaglandin 
F,,, was exhibited by comparison of  the dose showing 50% an- 
tinidation. 
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