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Prostaglandins (PGs) of the E type exhibit pharmacological profiles which
suggest a number of potential clinical applications, e.9., zls antifertility agents,

gastric antisecretory agents, antithrombotic agents, antiasthma agents, and sev-

eral others. However, the relative chemical instability of the F-hydroxyketone
portion of the PGEs, with respect to dehydration to the PGAs and PGBs,

has presented a continuing nuisance to the drug development of PGEs, particu-
larly those which are not crystalline.

We describe the synthesis of a series of PG analogs in which the C-9 carbonyl
group of several PGEs has been replaced by an exo-methylene group, thereby

affording 9-deoxo-9-methylene-PGEs. Although a methylene group is less polar
than the corresponding carbonyl group, the two functional groups require similar
amounts of space as judged by molecular models. Furthermore , the sp2 hybridiza-
tion at C-9 in the exo-methylene analogs should provide the same flattening
of the ring and constraint on side-chain conformation as that brought about

by the carbonyl group of the PGEs. These 9-deoxo-9-methylene-PGEs constitute
one of several possible solutions to the PGE stability problem, as they are

chemically stable in aqueous media from pH I to 14. Most important, their
biological properties are qualitatively very similar to those of the corresponding

PGEs, and in some cases offer a significant improvement in biological specificity.

The novel 9-deoxo-9-methylene analogs described below and, in particular,
9-deoxo-16,16-dimethyl-9-methylene-PGEz have significant and useful activities
for pregnancy termination. Clinical results to date suggest an important use

both for termination of eady pregnancy and for preoperative cervical dilatation
in late first trimester abortion (2,3,4). 9-Deoxo-16,16-dimethyl-9-methylene-
PGEz, both by vaginal and oral administration, appears to be the best tolerated

compound investigated thus far and is associated with a particularly low inci-
dence of nausea and gastrointestinal side effects (2,3,4).

SYNTHESIS OF 9-DEOXO-9-METHYLENE PGES

The base instability of the PGEs renders several of the more common proce-

dures for converting carbonyl groups to methylene groups inappropriate for
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PG applications. For example, attempted Wittig olefination of PGEz methyl
ester, 11,15-bis(trimethylsilyl ether), led only to mixtures of PGAs and PGBs.
The necessary combination of increased nucleophilicity and decreased basicity
was achieved in the anion of methylphenyl-N-methylsulfoximine, a reagent devel-
oped by Johnson et al. (8) for the methylenation of ketones. Addition of this
reagent to PGEz methyl ester, I 1,l5-bis(trimethylsilyl ether), at -78oC to avoid
attack on the C-1 ester, afforded an intermediate B-hydroxysulfoximine mixture.
Subsequent reductive elimination with aluminum amalgam in a mixture of acetic
acid, water, and tetrahydrofuran (0"C, 30 min) then yielded the desired 9-deoxo-
9-methylene-PcE2 methyl ester.

Using the sulfoximine chemistry, or straightforward modifications thereof,
the following 9-deoxo-9-methylene-PGEs were prepared from the corresponding
C-9 ketones:

9-Deoxo-9-methylene-PGEr (1)

9-Deoxo-9-methylene-PGEz (2)
(l 5S)-9-Deoxo- I 5-methyl-9-methylene-PGBz (3)

9-Deoxo-9-methylene- 16-phenoxy- 17, 1 8, 19,20-tetranor-PGEz (4)

9-Deoxo-9-methylene- I 6-phenyl- I 7, 1 8,19,2D-tetr anor-PGEz (5)

9-Deoxo-9-methylene- I 7-phenyl- I 8, 19,20-trinor-PGEz (6)
sal tY 93o - 9-Deoxo- I 6, I 6-dimethyl-9-methylene-PcE, (7)

9-Deoxo- 16, I 6-dimethyl-9-methylene-cpAa-PGEr (8)

9-Deoxo- I 6, I 6-dimethyl-9-merhylene -5- t ranvPGEz (9)

9-Deoxo- I 6, I 6-dimethyl-9-methylene-PcEr (10)
g-Deoxo- 

1 6, 1 6-dimethyl-9-methylene- tranr-A2-PGE1 methyl ester (1 1)

9-Deoxo- I 6, I 6-dimethyl-9-methylene-PGEz, N-methanesulfonamide (12)

In addition, in the case of 7, several crystalline derivatives were synthesized
by standard procedures to provide more easily handled solids and to offer a
range of aqueous solubilities, e.g., the ;racetamidobenzamidophenyl ester (mp
195-197"C), the phydroxybenzaldehyde semicarbazone ester (mp 85-87'C),
the sodium salt (mp 132-138oC), and the adamantanamine salt (mp 116-118"C).

Analogs 1to 12 provide sufficient structural diversity to allow thorough biolog-
ical evaluation of the 9-methylene modification, as they correspond to a number
of metabolically stabilized PGs, several of which show clinical potential. i .

The preliminary biological screening results for 9-deoxo-9-methylene-PcEr
and -PGEz, summarized in Table l, support the generalization that, qualitatively I
at least, the 9-deoxo-9-methylene analogs bear striking resemblance to their 9- - i
keto congeners. Both 9-deoxo-9-methylene-PGE1 and -PGE2 are depressors of
rat blood pressure and stimulators of gerbil colon. Both are weak antifertility
agents in the hamster, and both are essentially equal to PGE1 in their ability
to inhibit human platelet aggregation. As summarized in Table 1, with the
exception of the gastric antisecretory area,the two 9-methylene PGs (chemically
stable entities) are apparently recognized by many biological systems as being
PGE-like. Further demonstration that 9-methylene analogs carl act as substitutes
for their less stable 9-keto counterparts was provided by Fitzpatrick and Bundy
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(6), who demonstrated that specific, high-affinity rabbit antibodies to 9-deoxo-
9-methylene-PcE2 cross-reacted quantitatively with PGEz itself and made possi-

ble the development of a useful PGEz radioimmuno:uisay procedure.

All of the 9-deoxo-9-methylene analogs t to 12 possessed biological activities
reminiscent of the corresponding C-9 ketones. However, 9-deoxo-16,16-dimethyl-
9-methylene-PcE2 (D and its crystalline derivatives exhibited particularly attrac-

tive biological profiles for fertility control agents (9, l0). 9-Deoxo- 16, 16-dimethyl-

9-methylene-PcE2 was equipotent with 16,16-dimethyl-PGEz as a uterine stimu-
lant (i.v., monkey), while being 300 times less enteropooling in rats (a measure

of diarrhea potential) (Table 2). Additionally, Rhesus monkey core temperature

measurements indicated that 7 was about 300 times less thermogenic than 16,16-

dimethyl-PGEz.

SYNTHESIS OF 9.DEOXO.9,16,16.TRIMETHYL.
AND 9.DEOXO.16,16.DIMETHYL.PGE,

In order to assess the importance of C-9 stereochemistry to the desired selective

biological activity, the 9-deoxo-94-methyl and 9-deoxo-9p-methyl analogs 18

and 19 were synthesized as outlined in Fig. l. 16,16-Dimethyl lactone 13 (12)

was reduced with lithium aluminum hydride, selectively silylated (5) on the

primary hydroxyl, oxidized to the C-9 ketone 14 (Collins reagent), and converted

to 9-deoxo-9-methylene intermediate 15 with sulfoximine chemistry (8). Hydro-
boration--oxidation of 15 yielded 9o-hydroxymethyl derivative 15a, which was

in turn transformed into the corresponding 9a-methyl intermediate (1. MsCl;

2. LiAlHd) and, then following standard procedures, into 9-deoxo-94-methyl

analog 18. The 9B-methyl 19 was obtained by oxidation of alcohol 15a to alde-

hyde 16, equilibration to the more stable 9p-aldehyde 17 (1,5-diazabicyclounde-

cene, CHzCl2), reduction to the 9p-methyl intermediate (1. NaBHr; 2. MsCl;

3. LiAlH4), and elaboration of carboxyl side chain (1. BuaNF; 2. Collins; 3.

Wittig; 4. tetrahydropyranyl ether (THP) hydrolysis).
9-Deoxo-16,16-dimethyl-PcE2 (23, was synthesized (Fig. 2) from 16,16-

dimethyl-PGFza, methyl ester, I l, 1S-bis(tetrahydropyranyl ether) 20 by conver-

sion to 9p-bromide 22 (1. MsCl;2. LLBr/Hl'.dPA), hydrolysis of the blocking
groups, and reduction of the bromide with the ethylenediamine complex of
chromous perchlorate (1 1).

BIOLOGY

Preliminary biological test results for 9-deoxo-16,16-dimethyl-9-methylene-

PGI,27 and closely related compounds 8 to 12, 18, 19, and 23 are summarized

in Table 2 (16,16-dimethyl-PGEz 34 is included for comparison purposes). In
the pentobarbital-anesthetized, pentolinium-treated rat, 7 produced small and

inconsistent pressor, depressor, or biphasic responses in the dose range of 0.01

to nearly l.O y"g/kg. These responses were more like those produced by low
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14, R=O
![R=cH,

15a, R =o CHrOH

t6

OTHP

20, R =oOH
21, R =oOMs
zz, s = pBr

OH

18 19

FlG. 1. Synthesis of 9-deoxo-9,16,16-trimethyl PGEa.

.rr.\:,AAcozn

OH

23

cH3- _ cH3

+
.cH3

I\/ol'
-cHs:

cHe

OTHP

cHs

OH

FlG. 2. Synthesis of 9-deoxo-'|6,16-dimethyl PGE2.
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doses of PGFsc (approximately | 1.t'g/kg) than like those produced by PGEr.

At | 1t"g/kg and above, 7 was only depressor and was equipotent to PGE1 in
this activity. At higher doses, 100 tLgftCand above, tachyphylaxis was observed,

which extended to both PGEr and PGFza. Although several of the anblogs

in Table 2 are, like 7, potent uterine stimulants (e.9., 8, 10' 23)' most are appre-

ciably more enteropooling than analog 7.

SYNTHESIS OF METABOLITES AND LABELED 7

3,3,4,4-Tetradeutero-9-deoxo-16,16-dimethyl-9-methylene-PGEz, needed for
development of a gas liquid chromatography-mass spectroscopy assay (1'7) for
7, was obtained by conversion of the 9-methylene intermediate 15 into the corre-

sponding C-6 aldehyde (1. BurNF; 2. Collins), Wittig reaction with the appropri-

ate tetradeuterated carboxybutylphosphorane (7) and deprotection ofthe hydrox-
yls.

Introduction of tritium into the metabolically stable C-11 position of 7 required

a slightly more circuitous route (Fig. 3). The most polar of the sulfoximine

adducts of 16,16-dimethyl-PGEz methyl ester, 11,15-bis(tetrahydropyranyl

ether) (24), was deprotected, and then selectively silylated, affording diol 26

in high yield. A three-step sequence (1. dihydropyran;2. BurNF; 3. Jones reagent)

gave ketone 27, which on sodium borotritide reduction, aluminum amalgam

reduction, and THP hydrolysis yielded [ltB-aglrt in high yield and purity.

The reduction of ketone tl gave a lloioH/llp-OH ratio of l0:1 with sodium

o NcHe\\//
.cH2s0

cH3 - _ cH3

!{R=rHP
25,R=H

OTHP

27

\\\\\-A.. - cozcH3

- cH3-_ cH3

OH

2a

N\g^.- - co2cH3

N\#ssrcH.

FlG. 3. Synthesis of tritium-labeled 9-deoxo'16,16-dimethyl-9-methylene PGEz.
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R

30, R = xO$\\x
31, R= 

[
o

R

32, R = HoN\H

33, R=

FlG. 4. Synthesis of metabolites of g-deoxo-16,16-dimethyl-9-methylene PGEz.

borohydride and about 4:1 with sodium borotritide. The specific activity of 28
was 6.16 mCi/mg.

Several metabolites of 9-deoxo-l6,16-dimethyl-9-methylene-PGEz (14) were
synthesized (Fig. 4). Treatment of the C-6 aldehyde (from 15) with
methoxymethylenetriphenylphosphorane yielded enol ether 29, which on oxida-
tion with pyridinium chlorochromate (13) followed by hydrolysis gave tetranor
analog 30. Low-temperature Jones oxidation afforded the corresponding l5-ke-
tone 31. The dinor metabolite 32 was obtained directly from 7 by microbiological
p-oxidation with Mycobacterium rhodochrous, while the dinor l5-ketone 33 was,
as above, the sole product of low-temperature Jones oxidation of 32. (The 15-
ketone corresponding to 7 was prepared in the same manner.)

The metabolites 30 to 33 and 15-keto-7 all exhibited greatly diminished biologi-
cal activity in the rat blood pressure, gerbil colon, and primate uterine stimulation
assays (all < lVo of 7).

SUMMARY

A number of PGE analogs have been synthesized in which the C-9 carbonyl
group has been replaced by an exo-methylene group. These chemically stable
9-deoxo-9-methylene-PGEs exhibit biological profiles very similar to their less
stable PGE relatives. 9-Deoxo-16,16-dimethyl-9-methylene-PcE2 (7) retains the
useful uterine-stimulating potency of 16,16-dimethyl-PGEz but is approximately
300 times less enteropooling in the rat. In preliminary clinical trials, 7 has

29

OH

7
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shown efficacy for pregnancy termination by the oral and vaginal routes of
administration, as well as relative freedom from gastrointestinal side effects.
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