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ative to this standard (). Optical rotatory dispersion and circular di-

chroism measurements were made in methanol using a Jasco ORD/

UV-5 spectropolarimeter. Glc data were obtained using an F and M

Model 810 chromatograph with a 10 ft X 0.125 in. OV-17 on Chromo-

sorb W column at a temperature of 260°. Mass spectra were deter-

mined using a Du Pont 21-4'0 mass spectrometer at 70 eV ionization

potential. Unless otherwise noted, all compounds were homogeneous
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John W. Patterson, Jr.,* and John H. Fried

Institute of Organic Chemistry, Syntex Research, Palo Alto, California 94304

Received February 7, 1974

Bis[trans-3-(2’-methoxy-2’-prop-2’-oxy}-1-octenyllcopper 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 E; methyl ester (10). By similar reactions (+)-5,6-dehy-
dro-11-deoxyprostaglandin E; and (%)-11,15-deoxyprostaglandin Eg 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 «,8-unsaturated ke-
tones to vicinally dialkylated ketones.2:3 The use of the
cuprate derived from 3-(S)-trans-1-iodo-l-octen-3-0l in
prostaglandin synthesis vie conjugate addition to 2-alk-
ylated cyclopentenones has been actively investigated in
these laboratories? and elsewhere.? 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

I\/\I‘{/QHK — RCu—\/\I‘-I/CsH11

| i

]
OC(CH,),OCH, Li* OC(CH,),0CH,
1 2
0 oM*
2+ — CH,y
1 i / ‘
i 1
RO RO OC(CH,),0CH,
3 4

6

order to introduce both functionalized side chains charac-
teristic of these natural products. Based on steric consid-
erations, we expected that such an approach would give
prostaglandins, incorporating mainly the trans,trans

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

We wish to describe here the application of this method
to the synthesis of several 11-deoxyprostaglandins.

11-Deoxyprostaglandin E; (10).7 Our initial attempts
to alkylate enolate ion 7 obtained from the addition of
achiral cuprate 2 (R = trans-CH=CHCH[OC-
(CH3)20CH;3]C5sH114), 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-

0~M* 0Si(CH,),

CsH,,

F 2 CSHH

1 t
OC(CH,),0CH, OC(CH,),0CH,
7 8

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
lithium enolate 7 (M = Li) was generated in liquid am-
monia by reaction of silyl ether 8 with lithium amide. An
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-
ride. Aqueous acetic acid removed the methoxy isopropyl
ether group, resulting in a mixture of (£)-11-deoxy-PGEs
and (£)-11-deoxy-15-epi-PGE2 methyl esters (10 and 11).
By use of a fourfold ratio of allylic bromide to enolate ion



11-Deoxyprostaglandins

8 +

AN TN
Br CO,CH,

9

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.® 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-
pentynyl),® we have also prepared optically active PGE,
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 11-deoxy-PGE: and
11-deoxy-8,12-epi-PGE2 methyl esters (10 and 1la) in 40%.
yield.

The proof of structure for compound 10 is based on
spectral and chromatographic identity with 11-deoxy-
PGE; which was prepared independently from PGA; iso-
lated from Plexaura homomalla via reduction of the 10,11
double bond with zinc in acetic acid-methanol.1® The fact
that product 11a differs from 11-deoxy-PGEs methy! ester
only with respect to the absolute stereochemistry of car-
bons 8 and 12 was established by reduction of 10 and 11a
with potassium tri-sec-butylborohydride to the 9« 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.

N N
HIIC:'J

lla — CHQOZC

13

(£)-5,6-Dehydro-11-deoxyprostaglandin E; (15, R =
H). In addition to 11-deoxy-PGEg, we have also prepared
(%)-5,6-dehydro-11-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-
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tions which gave clean monoalkylation. However, the
monoalkylated products (15 and 16, R = CHj3) were suffi-
ciently stable to be removed from the product mixture by
evaporative distillation at 150° (0.005 mm). The volatile
fraction of the product mixture was contaminated with
the nonalkylated cyclopentanone, 3-(trans-3-hydroxy-1-
octenyl)cyclopentan-1-one. This impurity was readily re-
moved by hydrolysis of the methyl esters in compounds 15
and 16, R = CHj, 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 + ICH,C==C(CH,O0,CH; —

14
_CH,C=C(CH,);CO,R
CH;,

_.CH,C==C(CH,);,CO,R

GHy

OH OH
15 6
(£)-11,15-Deoxyprostaglandin E, (20, R = H).1? An
analogous sequence of reactions produced (=)-11,15-
deoxy-PGE; (20, R = H). Hydroalumination!? and bromi-

nation of the intermediate vinyl alane transformed 1-oct-
yne into trans-1-bromo-1-octene (17, X = Br). Reaction

X : NAN
A L1Cu< < )
7 (CH)CH, (CHy)CH
17, X = Br 18
X =L
0SiMe,
N TN
CO,R
“
(CHZ)E}CHS (CH2>5CHJ
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-PGE2 methyl ester (20, R = CHg)
in 60% yield. Saponification gave the free acid, (%)-
11,15-deoxy-PGE; (20, R = H).
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(13) Infrared spectra were recorded with a perkin-Elmer 2378
grating spectrometer. Nmx spectra were obtained with a
Varion HA-100 instrument in deuteriochloroform with THS as
internal standard unless otherwise indicated. Mass spectra
were xecorded on Atlas werke CH=4 Or CH-7 spectrometers.
Combusticn analyses were performed by the Syntex Analyzical

Laborztory.

(#)11-Desoxy Pr landin 3, and (£)11-desoxy-15-epi

Prostaglandin £, methy: esters (10 and 11}, A solution

of 5.0 mmol. of the achiral cuprate 2 was prepared as previcusly

described.? This solution was cooled to ~78° and tusated with

0.396 g of cyclopent-2-enone in 3 m} of ether. The reaction was
stirred at ~78° for 15 min, and then diluted with 25 ml of THF,
Trimethylchlovosilane (3 ml) and triethyl amine (4 ml) were added
and the reaction mixture allicwed to warm to 0°, and then poured

intc 300 ml of hexane and 200 ml of ice water. The organic layer
was separated, dried over anhydrous sodium sulfate and Concentrated
in vacuo. The residuc was dissolved in 20 ml of OMSO and the silyl

ether recovar The combined

G by extraction with hexane (4 x 50 ml}.

hexane extracts were washed twice with 100 ml of saturated sodium

bicarbonate, dried over sodium sulfate and concentrated in vacug £0
4
stirrer. Following the transfer of the vinyl lithium reagent,

the reaction was stirred at =78° for 20 mir and then treated

with 0.80 g of cyclopent-2-erone in 4 ml of ether. Aftcr another

15 min at =78°, 40 ml of THF, 4 ml of chlorotrimethyl silane and
3 ml of HMPA were added to the reaction mixsure. The cooling bath
was removed and the solution allowed to warm to L4 ever 3¢ min.

This mixturs was then poured into 300 ml of hexane, 5 ml of trieshyl
amine and 300 ni of :ce water, The organic phade was separated,

dried over sodium sulfate and concentrated in vacuo. The oily

residue thus cbteined was cissaived In 10 ml of hexsne, cooled to

0° and filtered to remove the precipitated copper pentyna. Tae

filtrate was concentrated in vecuo to yield silyl enol ether § of
suificient puricy for the alkylation reaction. '

A solution of £2 mg of lithlum in 110 rl of amronia ang 36 )
of THF was converted to lizhiun amice by addition of a crystal of
ferric nitrate, Upon disappearance of the hlue color, the ailyl

enol ether (3) from above in 10 ml of THF was added. This reaction

rixture was stirres at ~30° for 10 min and trhen vreated witd 4.0 ¢
of methyl cis~7-bromohept-3-encate in 5 ml of TEF. This addizicn
requ:red 15 sec and the readtion was allowed to stir at -30° fox
an additionsl 2 nin. The reaction was quenchei by addition of
amicnium chloride and the amionia evaporated under a stream of
230 ml of

nitrogen. The residue was poured into 300 ml of ether,

ice and 80 rl of acetic acid. The organic layer was separated and

the agueous layer extracted twice with 100 ml eth The combined

of silica gel and elution with 10 to 25% ethyl acetate/hexans

gave 0.060 g (853 of methyl Sa-hydroxy-15-ketoprosta-5(c) 13

(t)-diencate (12): [=)2%3+3.1° (¢ 0.347, CH0H) 5 uv (@ 0H)

230 my. (e 12,600); ir (filr} 3470 {GH), 1740 (CC,Cify), 1679 and
1625 on™l (CH-CH-C~0); nmr § §.68 {d&, L, J = 16 and Bz, CH=CHCO);
§.07 (&, 1, J = léNz, CH=CdC=0), 5.38 (m, 2, gis CH-CH), 4.23 (m,
1, Cg—Hi, 3.65 (s, 3, COCHg} and 3.83 ppm (t, 3, 3 = 6Hz, CH,CH,
nass spectrum (70 eV) m/e (rel intensity) 350 (4), 332 (3], 226
191 {40) and 99 (130).

2o Caled fox CpiHy0,¢ C, 71.96; 5, 9,73, Found: C,
71.72; H, 9.B2.

Methy? (-)ent-3anhydroxy=15-ketoprosta-s (el 13(k) ~diencate (13},

yield the silyl enol sther ().

The crude silyl ether (8) was dissolved in 10 ml of THF and
2dded to a mixture of lithium amide prepared from 82 Mg of lithium,
80 ml of ammonia, 30 WL of THT and a trace of ferric nitrate.
After 20 min at refiux, 4.0 g of methyl cis~7-bromo-5-haptercate

in 5 ml of THF was added over 30 sec, Tae reaction mi

<are
was allowed to reflux for 3 min. and then quenched with armonium
chloride. A stream of nitrogen was used to remove the arronia,

and when the reaction mixture reached -15°, it was poured into a
slurry of 200 g of ice, 150 ml of ether and 50 ml of acetic acid,
The organic layer was separated and the aqueous layer extracted

with 150 ml of ether. The combined ethsreal solutions were treated
with 20 ml of acetic acid, 20 ml of wakter and 50 ml of mathancl,
and then stirred at room temperature for 1 hr. The ether solution
was then washad twice with 300 ml of brine, dried over sedium sul-

fate and concentrated in vaguo. Toluens {150 ml} was added and

removed in vacuo to azeotrope the acetic acid.

The resulting

residue was chromatographed on 200 g of silica gel eluting with
20 to 30% ethyl acetate/hexane (v/v) © .370 g (21%) of [#]Ll-
desoxy-15-epi-FGZ,
ir (£ilmi 3500 {OH} ané 1740 cn™ (C=0 and CONCHy) 5 Tmr 6 5.6

nethyl ester (il) was eluted fixst:

(m, 2, trang CH=CH), 5.4 m, 2, gis CH=CH), &1 (m, 1, O ;=)
3.67 (s, 3, CO,CH;) and 0.90 ppm (¢, 3, J=6Hz, CH,): mass spectrum

(70 ev) m/e (rel intensity) 350 (51, 332 (65), 300 (14), 279 (21,

131 (23), 108 (47) and 83 (100].

ethexr extracts werg treated with 50 nl of acetic acid and 30 nl of

water and stirred av roon terperature for ope hour,

The sthersal
solution was washed with brine, dried over sodium sulfate and con-
Toluene

centrated in vacus. (200 ul) wes then evapcrated in va

from the residue to azeotropa any zcetic acid present. The resulting

residue was chronatogrephed on 390 ¢ of silica gel, empioying a

continucus gradisn: of 15 to 25% ethyl acetate-hexane to yleld li-
desoxy prostaglandin £, and ll-desoxy-8,12~cpi-prostaglasndin E, methyl

esters (10 and 31}, 0.446 g (138) of (~)ll-desoxy~8,12-

epi-prostaglandin ¥, mechyl ester {1lz) was eluted first:

1

) 3500 (OK) and 1745 ca”

2
101252 +43.6° [ 0.85, CHoHI; r (Film

(c=0 and €G,CH ) ¢ nmx € 5.6 {m, 2, grans CEmCH), 5.4 {m, 2,

ghe CH~CH), 4.1 (m, 1, C. ) 3.67 (s, 3, CO,33) and 6.90 ppm (%,

3, 3 = 6Hz, CHyl: mass spectrum (70 e¥) m/e (rel intemsity) 350 (1),

332 (5), 360 (3), 279 (2), 191 (16), 109 (52) and 83

€, 71.96; B, 9,78,

209) .

anal. caled for C. Found: €,

34
71.68; W, $.78.

0. (=) 11-Desoxy prostaglandin E, methyl ester

L) v @25 ~41.2% (c q,43, I

(£L1m) 3500 (O0H} and 1740 cr™~ (G0 and €O,CH )y rax & 5,6
(m, 2, crang CH~CH), 5.4 (m, 2, ols CHCH}, 4.1 {m, 1, C .-k}, 3.67
(5, 3, CO,CH,) and 0.90 ppm (&, 3, T = 6kz, CHj); mass spectrun (70 ev)
m/e (rel intensisy) 330 (1), 332 (5}, 300 (3!, 278 (2], 191 {i6),
109 (50) and 83 (100).
Anal. Caled for C,.H,,0.: C, 71.%6; ¥, 9.78. Found: C, 72.1%;

1, 9.98.

[

to yleld after silica cel caromatography 0.065 g (6C%) of methyl
ent-9a=hydroxy-l5-ketoprosta~5(c) ;13{t) -dienoate (13): [a]”D

-94.0° (€ 0.39, CE0H) + uv (CHy0H) 231 mu (e 14,1003 ir (fulm
-1

3470 (OH), 174D (CO,CH3i, 1670 and 1625 om™" (CH=CH~C=0}; amr
6 6.68 (ad, 1, J ang gHz, CHwCHC=0); 6.07 (d, 1, J = léHz,
CH-CHC=0} , §.38 (m, 2, gis CH=CH!, 4.23 (m, I, Cg=H), 3,65 (s,
3, CO,CH,) and €.38 ppm (€, 3, 3 = 6Hz, CE,CH;); mass spectzum
(70 eV] m/e {re intensity) 350 (4}, 332 (5), 228 (33), 1%L [4D)
acd 99 (10C).

Anal. Caled £0r € ¥ .0, €, 71.96; ¥, 5.78. Pouna: G,

71.641 H, $.70.

(#)5,6-Dehvdro-1l=desoxyproszaglapdin I, (15, B = i},

In a similar reaction to that described atove, 0.170 g of lledesoxy-

L2

51 PGE, metayl eser (11) was reduced wizh potassiun

sec-butyl berohyéride to 0,133 g (78%) of ent-d1-desoxy-15-epi

per,, mezhyl ester: 161750 ~51.4% [ 0,335, CROK); ir (film) 3450

(oH) end 1735 en”l {CO,CHy} i mir § 5.45 (m, 4, vinyll, 4.20 (m, L,

Cig-H) . 4,85 1, R, .64 (s, 3, O0,CH;) and 0,87 ppm it, 3,
3 = Sliz, CH,QE,); rmass spectrum (7C eV) 334 (4), 31€ (22}, 26 (8),
119 (791 and 67 {160).

anal. Caled for CpHye0,: €, 78.55; &, 10,30, Fouwnd: C,
71,255 H, 0.1

In the ramner Gescribed above for the preparation of methyl
$a-iiydroxy-15-ketoprosta~3ic) ,13(£) ~giencaze (12), 0.104 g of gnt

11-desoxy-18~gpi-PGF, methyl ester was oxidized with DLG in diexane

As described
auove, 2.84 g of (t)-traps-l-lode-l-octen~3-ol wae converted via

the lithio derivative to the wixed cuprate reagent 2 and then %o,

the (2) silyl enol ether §. Tais intermediate (§) was subjected

immediately to the following alkylation prosedure.

A suspension of litaiw zed from 0

amide pri ¢ g of lit

125 £1 of liquid mwmonia, 30 rl of tetrahydrcfuran and a trace of

ferric nitrats was coolsd to -40° and treatsd with crude si ethex
After 10 min at =40°,

(24)

& 4n 10 =l of tetrabydrofuran, 2 solutien of

9.0 ¢ of methyl 7-iodo-S~heptyroats i 10 al of zetrahycrofuran

was added to the reaction mixture. Tig reaccion was allowed to

proceed et ~40° for 5 min, at ~30° for § min and then guencned with
a streem cf

amtoniun chioride. The ammsnia was evaporased under

nitrogen uatil the pot temperature reached ~15°. The residue was
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Anal.

C, 72,165 W,

Foun:

Calcé for CZIHMOA: c, 71.96; E, 9.78.

9.69.

0.429 ¢ (26%) of (2)1ll-Desoxy PGE, methyl ester (10}

was eluted next: ir (£ilm) 3500 (OK) and 1740 > (=0 and

CO,CH,); mmx & 5.6 (n, 2, trans CE=CH), 5.4 (m, 2, ois CHwCH), 4.1

(m, 1, Cyg-H}, 3.67 {8, 3, CO,CH,J and 0,90 ppm (¢, 3, J=g8z, Cighi

mass spectrum (7¢ eV) m/e {rel inteasity) 350 (1), 332 (10), 300
(5}, 279 (5), 181 (2), 103 (87) and 83 (100).
Anal. Caled for CpyH,.04: €, 71.86; #, 2.78. Found: - C, 72.20;

K, 9.86.
(-}11-Desoxy Bx

Proszeglandin E, rethyl esters (10 and 13a).

2.64 g of (+) trang-1-iofo-l-octen-3-ol an 10 ml of isopropenyi

taglandin B, and (+}1l-desoxy-&,12-epi

A solution of
methyl ethter was cooled to €° aad treated with 5 drops of dichloro~

acetic acid. After 15 min, the ice bath was removed and the reaction

allowed to continue at room temperature for 1 hr. Ten crops of tri-
ethyl amine were added and the excess isopropenyl methyl ether

removed in vac

The residue was dissolved in 20 ml of ether, cooled to -78°

and treazed with 14 ml of 1.6 ¥ t-butyl lithium over a 10 min perled
under argon. Afser stirzing at -78° for 20 min, this solution of
vinyl lithium reagpent was transferred via a double~tipped needle to
& second flask containing a solution of 1,30 g of copper pentyne and
4 ml of KMP in 50 ml of ether. The secand reaction vessel was also

cooled in a dry ice/acetone bath and equipped with a mechanical

3

Methyl-(+] Sa-nycéroxy-15-xetoprosta~s(c),13(t) ~8lencate (12},

A solution of ¢,160 g 0f li-desoxy PGE, metayl escer (1D}
in 6 ml of THF was cooled o -35° and treated with 2,0 mi of 0.5 N

tassiu

<rd 1 & de in THF with maghetic stirzin

After 40 min at -30°, the reaction was guenched by addition of 2 m}

of acetone., The reaction mixture was Giluted with 180 ml of zce

water and extracted three tines with 78 ml ethyl acetate, Thae
combined ethyl acetate extracts were washed with brine, dried over
aphydrous sodium sulfate and concentrated &t reduced pressure. The

residue was dried at 50°/0.01 mm to remove tri-sec-butyl borane and

then chromatographed on 70 g of silica gel. Elution with o 20%

(v/v) sthyl acetate/hexane gave €.094 g (53%) of ll-desoxy PGF,

=20
1«1%%D459.6° (0 0.287, CHOH); ir (EAlm 345C (cH)

methyl estexr

and 1735 cn”" (CO,CE,); amr § 5,45 (m, 4, vinyll, 4.20 {0, 1, C)5—H),

4,05 (m, 1, Cy-H), 3.85 (s, 3, CO,CHy) and 0.87 pp (e, 3, J = 6Kz,

CH,CH )t mass spectrum (70 eV) m/e (rel intensity) 352 (1), 334 (4),

316 (20), 281 (5), 175 (40) and 67 (102},
anal. Caled for Cp Ky 0,: €, 71.55; H, 10.30. Fomnd: &, 72.22;
E, 10,37,

A solution of 0.070 g of Ll-desoxy PGF,, meshyl estex and 0.160 g
of DDQ in § ml of dioxane was heated zt 55° under nitrogen for 4 hrs.
fThe reaction mixturs was cooled to room temperaturs, diluted witn
100 ml of 5% aquecus sodium bisulfite and sxtractsd twice with 100 ml
of ether, The esher extracts were dried over sodiur sulfats aad con-

centrated in vacuc. The resulting residue was chromatographed on 70 g

poured into 30¢ mi of ice water and 80 ml cf acetic acid, T
mixture was stirred for 1 hr and then extracted with ether (3 X
100 ml). The comsined ether layers were washed with brine, dried
over sodiun sulfate and conzstrated in vacuo. 100 ml of toluene

was zdded and then reroved in vacuo t¢ azeotrope any acetic acié

present. The resulting resicus (3.1 ) was suzjected to evepora-
tive distillation (150°/0.00% mm) =o yield ¢.242 g of volat:le
products. This nixture of monoalkylated products

ceuld not be chronatograpiically separated, hence was

to the carboxylic acid.

A solution of 0.942 3 of distilled esters L5 and 16,R=Ciy,
10 ml of
water, 10 ml of methazcl and ¢.70 ¢ of potassium hdyrox:zde was
stirrec at room tempexature for 3 hrs. The organic solvents were
reroved in vacue and the reaction mixture diluted wizh 50 ml of

s with ether (2 x 100 ©l),

water. The agueous solution was extrace

(3 x 100 ml).

acidified to pi4 and extracted with ethyl acetate

The cembinad ethyl acetate extracts were wasaed with brine, dried

over sodium sulfate and ccncentrated The resulting cil

n_vacuc.

Zient

was chromatographed on 200 g of silica gel, eluting with a gr
Of 5/2/93 to 25/4/71% ethyl acetate/acetic acié/kexane (V/V} mix-

tures, ané gave acids 15 and 16. 0,312 g (9.3%) of (#)5,5-De

yarn-
. (£ili)
11-desoxy-15- ostaglandin E, (16, R = H) was eluted first: ir

1740 and 1710

(=0} "1 (cogn)s mmr 5 5.65 (m, 2, SeCH), 4.1 (m,

1, €;-H) and 0.88 pzm (5, 3, J =

2],

§Hz, Ci;); rass spectyum (70 V)

m/e (rel intensity) 334 316 (10}, 263 {37), 244 (48], 1B (50},

183 (83) and 43 [100).
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Anal. Calad for CpoHagO,: C, 71.82; H, 9.04. Found: G,
71.48; ¥, 8.96.

0.342 g (10.28) of (£)5,6-Dehydxo-1l-desoxyprostaglandin E,
(15, R = ¥) was eluted next:
nmz § 5.65 (m, 2, CH=CH), 4.1 (m, 1, Cjy—H) and 0.88 ppm (5, 3,
7 = sHz, CHy); mess spectzim (7D eV) m/e (rel intensity) 334 (2),
316 (10), 263 (42), 244 (51), 181 (67), 163 (100), 43 (90),

Anal, Caled for ChgHuq0,: G, 71.82; €, 9.04. TFound: c,’
71.63; H, 8.88,

(#)3-(trens-l-octenvl)-_-trimethyl siloxy cyclopentene (19).

7.64 g of trans-l-brome-l-octene (40 mmol) in 12 ml of ether was
added over 30 min to 0.79 g of lithium wire containing 1% sodiim in
tirring,

40 ml of ether under argon with magneti The reaction

ir (£iim) 1740 (0=0) and 1710 om™t (CO,H);

nmx (CCl,) 5.30 (m, 2, CH=CH), 4.42 (m, 2, OC~CE), 3.2 (m, 1,
C=CH~CH—CH~CH} , 0.91 {t, 3, CH,CH,), and 0.20 ppn [s, 9, Si(cHj)] 4
mass spectrum {70 ev) m/e (rel intensity) 266 (&), 195 (25), 181

(10¢), 75 {18), 73 (30},

Anal. Caled for CpgH;,084: C, 72.10; B, 11.35. Found: C,
71.97; K, 11.45.
(2)11,15-Desoxyprostaglandin B, methyl ester (20, R = CH ).

B solution of 1,331 g of silyl enol ether 19 (5 mmol) in 20 ml of
tetrahydrofuran was added to a suspension of lithium amide prepaxed
from 73 mg of lithiwn, 80 ml of amronia, 30 ml of tetrahydrofuran
end a trace of ferric nitrate. The reaction mixture was stirred

moisture by means of a

tically and from

nitxr . After stirring for 10 min at -35°, a solution

terperature was held at -5 to -10° for 2 hr. This solution was
then added to a slurry of 3,86 g (20 mmol} of cuprows iodide in

lution

of 4,45 g {20 rmmol) of methyl gis-7-bromo-S-heptencate in 5 ml of
tetrahydrofuran was added over a 30 sec interval. Following an

aitional

20 ml of THF at =35°, After stirring at~35° for 15 min, a
f 1.64 g (20 mmol) of cyclopant-Z-enone in & ml of THF was added
to the reaction mixture. Following a 20 min period az -40°, 5 ml
. of chlorotrimetnyl silane was added to the reaction mixture end
the cooling bath removed, On warming to rocm temperature, the

reaction mixture was poured into 200 ml of hexane, 3} ml of tri-

with anwoniur chioride., The ammonia was evaporated under a straam
of nitrogen and the resuiting residue poured into 200 ml of ice

water and 40 mi of acetic acid, This solution was then extracted
with tharee 200 ml portions of ether, the combined ethereal extracts

washe@ with brine, dried over sodium sulfate and concentrated in

tion peried of 3 min at -35°, the reaction was quenched
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sample of 20, R = CH, was evaporatively distilled for spectral

analysis: ir (cCl,) 1750 em™?

4, CH~CB), 3.65 (s, 3, OCK,), and 0.89 ppn (£, 3, CHy); mass

(€0, CHy and C=0): nmx & 5.4 (m,

spectrur (70 eV) m/e (rel intensity) 334 (2), 303 (3), 184 (20)
and 109 (100).

hnal. Caled for CpyHy 041 ©, 75.40; K, 10,25, Found: C,
75.14; H, 10.25,

11 15~Desoxy Prostaglandin E, {20, R = H). A solution of

0.227 g of potassium hydroxide, 10 nl of water, 10 ml of tetrahydro-
furan, 3 ml of nethanol aad 0.304 g of keto ester 20, R = CH; was
stirred under nitrogen for 4 hx. Tl analysis showed the absence
of starting ester and the reaction mixture was diluted with 100 ml
of water, eXvracted twice with 200 ni of ether, acidified to pH2
with concentrated hydrochloric acid, and extracted three times with
100 ml of ethyl acetats. The combined sthyl acetate soletiom were
washed wits brine, dried over sodivm sulfate and concentrated in
vacuc. The residue was evaporatively d:srilled at 150°/0.005 mm
to yield 0,248 g of 20, R = H, ir (CC1,) 1750 (C=0) and 17i5 en™®
(CO,H); nmr 3 8.5 (s, 1, COy4), 5.4 (r, 4, CH=CH) snd 0,89 ppm (¢,
3, CHy); mass spectrum a/e (rel intemsity) 320 (1), 302 (1), 194

(7) and 10¢ (103},

ethyl amine and ice water. The hexane solution was separated, vacuc.

washed with saturated picarbonate, dried over sodium sulfate and to renove acetic acid.

concentrated in vacuc. Short path distillation gave 5.211 g {97%)

1

of enol ether {19}: bp 93-98° (0.1 mm); ir (£ilm} 1640 ca™* (0C=CH);

Remit check or money order for $4.00 for photocopy of $2.00 for
microfiche, referring to code number JOC-74-2506.
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Pyrolysis of spirotrithianes 3-7 at reduced pressure gave volatile mixtures consisting almost entirely of cyclic
thioketones and their enethiols. At higher temperatures volatile products were mixtures of mercaptans and ole-
fins. The nonvolatile residue of higher temperature pyrolysis of cyclohexanethione trimer contained dibenzothio-
phene, tetrahydrodibenzothiophene, octahydrodibenzothiophene,and spiro-2,2-pentamethylenebenzodithiolane
(13). Bicyclo[2.2.1]heptane-2-thione (1) is a further example of a relatively stable thioketone.

Several methods for preparing aliphatic thioketones
have been reported recently.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
reports®7 that pyrolysis of trithianes is unsatisfactory for
preparation of aliphatic thioketones. The results of pyro-
lyzing the structurally related spirotrithianes 4-7 at 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~——
Pyrolysis Pressure, °C Time, 9 dis- A
of mm (external) min tilling 9, thione enethiol
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

¢ Red liquid distillate rapidly crystallized to give trimer.

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



