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Bis[trans-3-(2’-methoxy-2’-prop-2’-oxy)-l-octenyl]copper lithium (2) has been added to  cyclopent-2-enone and 
the resultant enolate ion converted to the silyl enol ether 8. This silyl enol ether was then alkylated with methyl 
cis-7-bromooct-5-enoate to yield 11-deoxyprostaglandin E2 methyl ester (10). By similar reactions (&)-5,6-dehy- 
dro-11-deoxyprostaglandin E2 and (i=)-11,15-deoxyprostaglandin E2 methyl esters (15 and 20) were prepared. 

Conjugate addition of an organocopper reagent followed 
by alkylation of the resulting nonequilibrated enolate ion 
is a convenient method for converting a$-unsaturated ke- 
tones to vicinally dialkylated  ketone^.^,^ The use of the 
cuprate derived from 3-(S)-trans-l-iodo-l-octen-3-ol in 
prostaglandin synthesis via conjugate addition to 2-alk- 
ylated cyclopentenones has been actively investigated in 
these laboratories4 and e l~ewhere .~  With the goal of devel- 
oping a short and converging synthesis of prostaglandins, 
we were interested in employing this conjugate addition in 
conjunction with an alkylation of the resultant enolate ion 
(4) to a protected 4-hydroxycyclopent-2-enone, e.g., 3, in 

OC(CHj),OCHj Lit OC(CHJ20CH, 
1 2 

0 0-M t 

R’O R’O I 
OC(CH,),OCH, 

stereochemical relationship at carbons 8, 11, and 12, while 
the use of the cuprate 2 obtained from 3-(S)-trans-l-iodo- 
1-octen-3-01 methoxy isopropyl ether ( 1)4 would establish 
the natural (Y configuration a t  C-15. Thus the prostaglan- 
dins resulting from such a sequence of reactions would be 
predominantly a mixture of PGE2 (6) and 8,11,12-epi- 

We wish to describe here the application of this method 
to the synthesis of several 11-deoxyprostaglandins. 
11-Deoxyprostaglandin E2 (10) .7 Our initial attempts 

to alkylate enolate ion 7 obtained from the addition of 
achiral cuprate 2 (R = trans-CH=CHCH[OC- 
( C H ~ ) ~ O C H ~ ] C ~ H ~ I ~ ) ,  to cyclopent-2-enone were unsuc- 
cessful under a variety of conditions. Consequently, we 
turned to the expedient of trapping the enolate ion as the 
trimethylsilyl ether (8). This intermediate was not suffi- 

P G E z . ~  

OSi(CH& 
I 

I 

OC(CH&OCH, 
7 

OC(CH~)~OCH~ 

8 
3 4 

5 
0 

‘OZCH3 lithium enolate 7 (G = Li) was generated in liquid am- 
monia by reaction of silyl ether 8 with lithium amide. An 

ciently stable for characterization or extensive purifica- 
tion. However, extraction of the trimethyl phosphite-cop- 
per iodide complex from a hexane solution of 8 with 
DMSO gave silyl ether 8 of adequate purity for the alkyla- 
tion step. 

In the alkylation procedure employed here, the achiral 

i 
Hd HO 

excess of the alkylating agent, methyl cis-7-bromo-5-hep- 
tenoate (9), was added and, after a suitable period at 
-35”, the reaction was quenched with ammonium chlo- 

order to introduce both functionalized side chains charac- ride. Aqueous acetic acid removed the methoxy isopropyl 
teristic of these natural products. Based on steric consid- ether group, resulting in a mixture of (I)-11-deoxy-PGEz 
erations, we expected that such an approach would give and (f)-ll-deoxy-15-epi-PGE2 methyl esters (10 and 11). 
prostaglandins, incorporating mainly the trans,trans By use of a fourfold ratio of allylic bromide to enolate ion 

6 
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B*- COZCH, 
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OH 
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0 0 

OH 
11 

OH 
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and a 3-min reaction period, we have been able to isolate 
the racemic monoalkylation products 10 and 11, essential- 
ly free of polyalkylated materials.8 An overall yield of 
47% for this sequence of reactions consisting of cuprate 
addition, enolate trapping and regeneration, and alkyla- 
tion has been obtained. 

In a similar process, utilizing chiral cuprate 2 (R = 1- 
p e n t ~ n y l ) , ~  we have also prepared optically active PGEz 
methyl ester. Thus the chiral enolate ion obtained from 
cyclopenten-2-one and the mixed cuprate reagent 2 (R = 
1-pentynyl) was trapped with trimethylsilyl chloride to 
yield the chiral enol ethers 8. The copper pentyne was re- 
moved from the crude product by precipitation from cold 
hexane and the silyl enol ether was then alkylated as de- 
scribed above to yield a mixture of ll-deoxy-PGEz and 
ll-deoxy-8,12-epi-PGE~ methyl esters (10 and lla) in 40%, 
yield. 

The proof of structure for compound 10 is based on 
spectral and chromatographic identity with Il-deoxy- 
PGEz which was prepared independently from PGAz iso- 
lated from Plexaura homomalla via reduction of the 10,l l  
double bond with zinc in acetic acid-methanol.1° The fact 
that product lla differs from 11-deoxy-PGEz methyl ester 
only with respect to the absolute stereochemistry of car- 
bons 8 and 12 was established by reduction of 10 and lla 
with potassium tri-sec-butylborohydride to the 9cu alcohols 
followed by oxidation of the 15-hydroxyl groups with DDQ 
to yield hydroxy enones 12 and 13. Compounds 12 and 13 
were identical except for possessing mirror-image ORD 
spectra. 

HO 

10 + 

0 
12 

OH 
I 

lla - c H 3 0 * c y *  

0 
13 

(&)-5,6-Dehydro-ll-deoxyprostaglandin E2 (15, R = 
H). In addition to ll-deoxy-PGEz, we have also prepared 
(&)-5,6-dehydro-ll-deoxy-PGE~ (15, R = H) by use of 
methyl 7-iodo-5-heptynoate (14) as the alkylating agent. 
Unfortunately, in this case we were unable to find condi- 

tions which gave clean monoalkylation. However, the 
monoalkylated products (15 and 16, R = CH3) were suffi- 
ciently stable to be removed from the product mixture by 
evaporative distillation a t  150" (0.005 mm) . The volatile 
fraction of the product mixture was contaminated with 
the nonalkylated c yclopentanone, 3 - (trans-3 -hydroxy- 1 - 
octeny1)cyclopentan-1-one. This impurity was readily re- 
moved by hydrolysis of the methyl esters in compounds 15 
and 16, R = CH3, followed by extraction of the neutral 
products. The free acids 15 and 16, R = H,  were then sep- 
arated by chromatography on silica gel in 19.5% yield. 

8 + ICHlCSC(CH,)jCOLCHj + 

14 

15 16 

(&)-11,15-Deoxyprostaglandin E2 (20, R = H).11 An 
analogous sequence of reactions produced (&)-11,15- 
deoxy-PGEz (20, R = H). Hydroaluminationlz and bromi- 
nation of the intermediate vinyl alane transformed l-oct- 
yne into trans-1-bromo-1-octene (17, X = Br). Reaction 

17, X = Br 
X = Li 

OSiMe, 0 

18 

h CO,R 

19 20 

with lithium gave the corresponding lithium reagent (17, 
X = Li), which was converted to the cuprate 18 by treat- 
ment with cuprous iodide. This dialkylcopper lithium re- 
agent was then treated with cyclopent-2-enone and the 
enolate ion trapped with trimethylsilyl chloride to yield 
the enol ether 19 in 97% yield. This silyl ether was then 
alkylated with methyl 7-bromo-cis-5-heptenoate (9) to 
yield (*)-11,15-deoxy-PGEz methyl ester (20, R = CH3) 
in 60% yield. Saponification gave the free acid, (&)-  
11,15-deoxy-PGE~ (20, R = H).  
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Pyrolysis o f  spirotr i th ianes 3-7 at reduced pressure gave volati le mix tu res  consisting almost ent i re ly of cyclic 
thioketones and  the i r  enethiols. A t  higher temperatures volati le products were mixtures o f  mercaptans a n d  ole- 
fins. T h e  nonvolat i le residue o f  h igher temperature pyrolysis o f  cyclohexanethione t r imer  contained dibenzothio- 
phene, tetrahydrodibenzothiophene, octahydrodibenzothiophene,and spiro-2,2-pentamethylenebenzodithiolane 
(13). Bicyclo[2.2.l]heptane-2-thione (1) is  a fu r ther  example o f  a relat ively stable thioketone. 

Several methods for preparing aliphatic thioketones 
have been reported re~ent ly . l -~ Each suffers from lack of 
generality. The absence of a general synthetic method for 
preparing thioketones, their instability, and the disagreea- 
ble odor of their intermediates all have slowed the investi- 
gation of the chemistry of the thiocarbonyl group. In the 
course of synthesis of thiols we prepared norbornanethione 
(1) by pyrolysis of trithiane 3 in good yield despite previous 
 report^^,^ that pyrolysis of trithianes is unsatisfactory for 
preparation of aliphatic thioketones. The results of pyro- 
lyzing the structurally related spirotrithianes 4-7 a t  re- 
duced pressure are shown in Table I. 

These pyrolyses were stopped after generating workable 
quantities of red distillate and were not necessarily pushed 
to completion. Thioketone content of products was esti- 

Table I 
Pyrolyses at Reduced Pressure 

Composition of 
Pot temp, --distillate--- 

of mm (external) min tilling % thione enethiol 
Pyrolysis Pressure, OC Time, "To dis- %- 

3 -20 210-293 60 85 91 
3' 10 240-278 198 43 96 <1 
4 13 195-247 30 10 >13 34 
5 13-17 290-310 10 68 a 
6 13 165-210 80 45 >34 12 
7 10 180-260 95 23 -33 32 

R e d  liquid d i s t i l l a t e  rapidly c r y s t a l l i z e d  t o  g i v e  t r i m e r .  

mated from the absorption maximum a t  about 500 nm and 
enethiol content was estimated from nmr spectra. 


