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SO, according to ref 26 was carefully added to a well-stirred,
ice-cooled 40% aqueous solution of NHMe,. The N,N-di-
methylsulfonamide, which precipitated immediately, was re-
crystallized twice from water: mp 103 °C (lit.?” 102-103 °C).
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The interesting bronchodilator activity of certain dl-11-deoxy-3-thiaprostaglandins and their preparation by the
conjugate addition of appropriately substituted (£)-1-alkenyllithio cuprate reagents to requisite cyclopentenones

are described.

A recent report® from these laboratories described the
preparation of several dl-11-deoxyprostaglandins which
could be presumed to be resistant to fatty acid oxidation,
a major route of prostaglandin metabolic inactivation.?
One of the compounds reported, dl-11-deoxy-3-thia-
prostaglandin E,; (10), was found to be a potent bron-
chodilator in the guinea pig bronchodilator assays* (Table
I) showing an extended duration of effect.

In order to further develop this interesting observation,
we have prepared a series of dl-11-deoxy-3-thiaprosta-
glandins wherein the « chain (C,~C-) has been abbreviated
or homologated by one carbon. Also prepared were several
congeners in which the 8 chain was altered by the in-
troduction of alkyl substituents'® at C,; or C,g, features
that would make these compounds ineffective substrates
for 15-hydroxyprostaglandin dehydrogenase,® the primary

agent of prostaglandin metabolism.’

Chemistry. Our approach to the synthesis of the d!-
11-deoxy-3-thiaprostaglandins’ relies on the facile lithio
cuprate conjugate addition of fully elaborated alkenyl
3-chain precursors to requisite cyclopentenones by the
procedure of Sih and co-workers.® Sequential treatment
of vinyl iodides 1,2 2,! and 3! with tert-butyllithium and
copper(I) pentyne (CuCiCC;H-)? in hexamethylphos-
phorous triamide® afforded the lithium cuprate reagents
4-6. The conjugate addition of cuprates 5 and 6 to cy-
clopentenone 8,'° followed by acidic removal of the tri-
methylsilyl (Me;Si) protecting group of the conjugate
adducts, dry column chromatography, and alkaline hy-
drolysis, furnished di-11-deoxy-15¢-methyl-3-thiaprosta-
glandin E, (12)!! and d!-11-deoxy-16,16-dimethyl-3-
thiaprostaglandin E, (13) and its C,; epimer 14." The
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Table I. Bronchodilator Activity of dl-11-Deoxy-3-thiaprostaglandins
S_ _COH
Guinea pig bronchodilator assays,® ED,,, g/kg
Compd® n  g-Chainvariant?  Formula Analyses® Yield,® % Serotonin Histamine  Acetylcholine
10/ 1 None 1.29 x 10=¢  5.07 x 10-* 5.14 X 10~°
117 1 15-Epi 23.3x 10~  11.3 x 10~° (200 x 10-°¥
12 1  15¢-Methyl C,,H,,0,S C,H,S 33 (80)" 5.40 x 10-° 1.85x 10~¢ 19.3 x 10-¢
13 1 16,16-Dimethyl C,H,,0,S C,H,S 40 (87) 52.3 x 10-¢ 24.2 x 10-* 604 x 10-¢
14 1 16,16-Dimethyl, C, H,;0,S C,H,S (87) 32x 10+ 324 x 10 i
15-epi
15 0 None C.H,,0,8 17 (59 i i i
16 0 15&¢-Methyl C,H;,0,S C/H,S 24 (76)" i 2.99x 10°* ¢
17 2  None C,,H,,0.S C,H,S L) i i
18 2 15-Epi C,,H,,0,8 C,H, S (79) i i i
19 2 16,16-Dimethyl C,,H,;,0,8 ! 10 (84)¢ i i i
dl-11-Deoxyprostaglandin E, (20)™ 0.397 x 10" 3.4x 10-° 32x 10-¢
dl-11-Deoxy-15-methylprostaglandin E, (21)? 6.99 x 10-* 4.24 x 10-° (3.2 X 10-°)¥
dl-11-Deoxy-16,16-dimethylprostaglandin E, (22)" 25.9 x 10-° 4,17 x 10 42,9 x 10-°

% Spectral data for all compounds are consistent with the assigned structures.
Yields without parentheses denote total yield of purified conjugate

letter only are within £0.4% of the calculated value.

b Reference 7. ¢ Analyses indicated by

addition products. Yields in parentheses refer to saponification yields of 15-epimeric racemates separated at the ester stage

by dry column chromatography (see Experimental Section).

in at least four guinea pigs for each of the spasmogenic substances at each dose level.

¢ The broncholytic activity of each compound was measured

Average standard errors (log units)

for ED,, values of the test compounds were 0.2, 0.30, and 0.30 for serotonin, histamine, and acetylcholine, respectively.

f Reference 2.
# Reference 11.

& The lowest dose providing >50% inhibition of constriction; a flat dose-response effect was obtained.
' At 3.2 mg/kg the inhibition of bronchoconstriction was less than 50%. 7 Calculated for C,;H,,0,S

(M- H,0): 324.1758. Found: 324.1764. * Reference 12. ! Calculated for C,,H,,0,S (M - H,0): 380.2385. Found:

380.2413. ™ Reference 15. ™ Reference 1.

corresponding 4-nor (152 and 16'!) and 4-homo (17-19'2)
congeners of this series were analogously prepared using
cuprates 4-6 and cyclopentenones 7'* and 9,%° respectively.

OR R' OR R -
I L [H?%Ecmw
R" R" R R"
1,R=Tr;R' = 4, R=Tr;R'=R"=H
R'= 5 R=Me,;Si;R'=CH,;R"=H
2,R=Me,Si;R' = 6, R = Me,Si; R'= H; R" = CH,
CH;;R"'=H
3, R=Me,;Si;R'=
H;R" = CH,
M S COzR
2
7,n=0;R=n-C,H,
8,n=1;R=C,H,
9,n=2R=C,H;
0
WS (CHy ), - ~ A0
/ 1516
OH
10,n=1
11, n=1; 15-epi
12, n = 1; 15¢-methyl
13,n=1; 16,16-dimethy!
14, n = 1; 16,16-dimethyl, 15-epi
15,n=0
16, n = 0; 15¢-methyl
17, n=2

18, n = 2; 15-epi
19, n = 2; 16,16-dimethyl

Biology. The di-11-deoxy-3-thiaprostaglandins of this
report were evaluated as bronchodilators by the previously
described procedure.? The candidate compounds were

administered intravenously to guinea pigs suffering
bronchconstrictions induced by serotonin, histamine, or
acetylcholine. The results are summarized in Table 1.

It is evident from these data that replacement of carbon
with sulfur in the 11-deoxyprostaglandin series, e.g., dl-
11-deoxy-3-thiaprostaglandin E,; (10), affords congeners
that are highly potent in this assay. For comparison, the
bronchodilator profile of di-11-deoxyprostaglandin E,
(20),' dl-11-dzoxy-15¢-methylprostaglandin E, (21),! and
dl-11-deoxy-16,16-dimethylprostaglandin E; (22)! has been
included in Table 1.

dl-11-Deoxy-3-thiaprostaglandin E, (10), when given in
the anesthetized dog by aerosol administration, reduced
pilocarpine bronchoconstriction'® by 50% at doses of
1.6-3.2 pg/kg. In contrast to [-PGE,, which was sub-
stantially more potent but short acting, these effects
persisted for the duration of the experiment (1 h). On the
other hand, the maximum effect (50%) that could be
attained at any dose was significantly less than the
maximum bronchodilator effect of I-PGE, (70% inhibition
at 0.016-0.032 ug/kg) or of isoproterenol (80% inhibition
at 16-32 ug/kg) similarly administered. The 15-methyl
derivative 12 gave similar results in both assays and the
16,16-dimethyl derivative 13 seemed to show a somewhat
diminished potency in the guinea pig assay. In the guinea
pig assays the 15-methyl compound 12 did not demonstrate
the initial but brief spasmogenic effect which we have
observed in general for other 15-alkyl' and 16-alkyl!!®
derivatives; however, the 16,16-dimethyl-3-thia derivative
13 was initially spasmogenic.

Homologation or abbreviation of the a chain furnished
dl-11-deoxy-3-thiaprostaglandin E, congeners which were
relatively ineffective in the guinea pig assay at the dose
levels studied. The poor activity observed for the 4-nor
compounds is surprising since examination of molecular
models indicated a good similarity in chain length between
the o chain of these compounds and that of PGE,.
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It is worth summarizing our observation to date con-
cerning the bronchodilator structure-activity relationships
with respect to variations of the o chain. Thus, we have
found that the introduction of a methyl or phenyl group
at C,,! or a gem-dimethyl feature at C,,'® was not consistent
with good activity in the guinea pig bronchodilator assays.
However, substitution of oxygen! or sulfur for C; did
furnish potent bronchodilators. We have also observed in
this study and for a series of dl-11-deoxy-16,16-tri-
methyleneprostaglandin E, congeners'® that homologation
or abbreviation of the « chain did not afford congeners that
were effective bronchodilators.

Experimental Section

All organometallic reactions were performed under an inert
atmosphere of argon or nitrogen. All organic extracts were dried
with anydrous MgSO,. Solvents were removed under reduced
pressure using a Biichi evaporator.

Infrared spectra were recorded with neat samples on a Per-
kin-Elmer Model 21 spectrophotometer. Proton magnetic res-
onance spectra were determined in CDCl; using Varian A-60 or
HA-100D spectrophotometers. Chemical shifts are given in parts
per million downfield from an internal (CHj),Si standard. Those
analytical results indicated by symbol only were within +0.4%
of their calculated values. Ultraviolet spectra were obtained using
a Cary recording spectrophotometer in the indicated solvent. Mass
spectra were recorded on an AEI MS-9 at 70 eV. Only certain
characteristic spectral data are presented for each compound.

General Conjugate Addition Procedure. Preparation of
dI-11-Deoxy-15¢-methyl-3-thiaprostaglandin E, Ethyl Ester.
To a stirred solution of 6.32 g (18.6 mmol) of (E)-1-iodo-3-tri-
methylsilyloxy-1-octene (2) and 15 mL of dry ether, cooled to -78
°C under an argon atmosphere, was slowly added 49 mL (39 mmol)
of t-BuLi. After 40 min, the reaction mixture was warmed to -10
to =5 °C for 1 h and recooled to -78 °C, and to it was added a
solution of 2.63 g (20.1 mmol) of copper(I) pentyne,* 8.5 mL of
hexamethylphosphorous triamide, and 35 mL of dry ether. The
solution was stirred for 1 h when 20 mL of dry ether containing
4.74 g (18.5 mmol) of 2-(6-carbethoxyhexyl-5-thia)cyclopent-2-
en-1-one (8)12 was added. After 20 min, the reaction mixture was
warmed to —15 to —10 °C for 1.5 h, poured into a saturated NH,Cl
solution, and stirred for 1 h. The resulting blue solution was
extracted with 500 mL of ether in three portions. The combined
ether extracts were washed with 1% HySO, and brine, were dried,
and concentrated in vacuo to furnish 8.09 g of an amber oil. A
solution of the oil and 100 mL of acetic acid-THF-water (4:2:1)
was stirred at ambient temperature for 30 min, diluted with
toluene, and concentrated in vacuo providing 6.57 g of a brown
oil. The oil was dry column chromatographed using 1300 g of
silica gel (3 in. flat X 49 in. packed; EtOAc-benzene (1:4); 450
mL of eluent was collected).

Isolated from the column at Ry 0.31-0.51 was 2.449 g (33%)
of dl-11-deoxy-15¢-methyl-3-thiaprostaglandin ethyl ester as a
vellow oil: IR 3500, 1740, and 980 cm™%; '"H NMR 6 5.64 (m, 2
H, C-13,14 H), 4.20 (q, 2 H, -OCH,CHj,, J = 7 Hz), 3.20 (br s,
2 H, C-2 H), 1.28 (s, 3 H, -CH3), and 0.88 (t, 3 H, C-20 H). Anal.
(CyoH30,8) C, H, S.

‘General Saponification Procedure. A solution of the ester
and MeOH-H,0 (1:1) containing KOH or NaOH (4 equiv) was
stirred at ambient temperature under an argon atmosphere from
24 to 72 h. The reaction mixture was extracted with ether and
the ether phase was discarded. The remaining aqueous phase
was acidified with 5% HCI and extracted with ether. The ether
extracts were washed with brine, dried, and concentrated in vacuo
to give the product acid.

Obtained by this procedure was 800 mg (80%) of di-11-
deoxy-15¢-methyl-3-thiaprostaglandin E; (12) as a yellow oil: IR
3500, 2800, 1740, and 975 cm™; 'H NMR 5 7.20 (s, 2 H, OH), 5.63
(m, 2 H, C-13,14 H), 3.23 (s, 2 H, C-2 H), 2.67 (t, 2 H, C-4 H),
1.33 (S, 3 H, —CHg), and 0.90 (t, 3 H, C'20 H) Anal. (Cz()H3404S)
C,H, S

For other di-11-deoxy-3-thiaprostaglandins prepared in this
manner see Table 1.

Guinea Pig Bronchodilator Assay. Hartley guinea pigs of
either sex, weighing 250-500 g, were anesthetized by intraperi-

Notes

toneal injection of urethane (1.5 g/kg) and given an intravenous
injection of gallamine. They were artificially ventilated through
a tracheal cannula (60 strokes/min), the respiratory volume being
adjusted according to the weight of the animal and the rate of
the pump.!® The two jugular veins were catheterized, the first
one being used for curarization and administration of the drugs
and the second for the injection of the spasmogenic agent. This
injection was made at different selected speeds with a perfusion
pump (Braun Unita 1). The intratracheal pressure was measured
with a transducer (Sanborn 267 AC) connected to the tracheal
cannula and recorded on a Sanborn polygraph.

Bronchial spasms were produced by intravenous injection of
acetylcholine, histamine, or serotonin. The speed of injection of
the spasmogenic solution and its concentration were chosen to
produce an increase of the tracheal pressure of 20-50 cm of water.
For acetylcholine that dose varied from 40 to 150 ug/kg, for
histamine from 5.6 to 22.5 ug/kg, and for serotonin from 7.5 to
30 ug/kg.

Injections of 12-s duration were repeated every 5 min
throughout the assay. When three successive control bron-
choconstrictions of similar intensity were obtained, the animal
was considered to be ready for the assay and received the first
dose of the candidate drug 2 min later.

Soluble compounds (sodium salts) were injected through the
jugular vein. The drug injection took 1 min and was repeated
three or four times per animal at 15-min intervals so that three
or four doses, in logarithmic progression, were assayed.
Water-insoluble compounds (esters) were dispersed in 10%
aqueous ethanol and administered in the same way.

The broncholytic activity of each compound was measured in
at least four guinea pigs for each of the three spasmogenic
substances. The amplitude of the three spasms (i.e., the difference
between the maximum total tracheal pressure during the spasms
and the normal insufflation pressure without spasm) following
the administration of the drug was expressed in centimeters of
water. For each spasm the mean difference vs. the control [i.e.,
Z(treated spasm - control spasm)/control spasm] was calculated.
For an easier expression of the results, the mean difference was
transformed into a percentage of variation. When the percent
of variation of the first spasm following any dose of the drug
reached at least —50%, a regression line of the percent of variation
vs. the dose was computed in a semilogarithmic system. The EDjy,
(dose producing a —50% variation) was then calculated.

When a compound was not active enough to allow the cal-
culation of an EDj, the ED;, was considered to be greater than
the maximal dose administered.
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3-(3-Substituted prop-1-enyl)cephalosporins!
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The synthesis of cephalosporin derivatives possessing a 3-substituted prop-1-enyl group at the 3 position is described.
This was achieved using the reaction of vinylmagnesium chloride with the 3-formyl derivative 1 to give a vinylcarbinol
which readily underwent allylic rearrangements to give the desired side chains. The new derivatives exhibited potent

in vitro and in vivo antibacterial activity.

Due to the important role played by cephalosporin
antibiotics in current medical practice, considerable effort
has been invested in the search for cephalosporin deriv-
atives with improved therapeutic properties. While, as
with penicillins, much of the effort involved attaching new
acyl groups to the amino group at the 7 position, im-
provements in activity have also been achieved by varying
the substituent at the 3 position.

Early work involved simply replacing the acetoxy group
by other groups (A — B), where typically X can be H,
alkoxy, acyloxyl, alkyl and arylthio, azido, pyridinium, and
many others.? Recent work has involved more radical
modification at this position (A — C), with Y being H,%
CO,Me,*® CN,** CH=CHCO,Me,*d OMe,’ Cl% or
NHCOMe?* to mention just a few.

Our finding that the aldehyde group in the 3-formyl-
2-cephem system readily undergoes Grignard reaction with
vinylmagnesium chloride to give the 3-[(1-hydroxy)-
prop-2-enyl] derivative provided us with an entry into the
as yet undescribed 3-(3-substituted prop-1-enyl)cep-
halosporin system (D) with Z being acetoxy or arylthio, for
example. Such a modification involves insertion of a trans
olefinic unit (CH==CH) at the 3 position of the conven-
tional cephalosporin (A or B).

Chemistry. When the aldehyde 1 was allowed to react
with an excess of vinylmagnesium chloride at low tem-
perature, the desired vinylearbinol 2 was obtained in good
yield as an approximately equal mixture of isomers.
Attempts at inducing 2 to undergo an allylic substitution
reaction were rewarded when treatment of 2 in 1:1
THF-acetic acid and a catalytic amount of p-TsOH at 40
°C led to the acetoxy derivative 4. Similarly, treatment
of 2 with 1.1 equiy of 5-mercapto-1-methyltetrazole and
a catalytic amount of p-TsOH in THF at 40 °C led to the
thioether 5. Although p-TsOH was preferred as catalyst,
other acids such as perchloric and hydrochloric acid were
found to be similarly effective. The solvent was found to
be an important variable, with THF giving superior results
to nonbasic solvents such as CH,Cl,. The isomeric mixture



