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‘DECLARATION IN SUPPORT OF AN APPLICATION_FOR A PATENT

" (Name of
applicant;

(Title)

(Full pame
‘of signatory)

(Address;Of
signatory)
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for a patent for an invention entitled . o 2THETEROCYCLYLIRIO . oo,

PENEMS"
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I,  ..Bri¢,$..Dicker

of .2000 Gall9ping Hill Road;‘KeniiworthyuNeﬁyﬁersey 07033, U.S.A.

-------------------------------------------------
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do solemnly and sincerely declare as follows:-

I. I am authorised by the abovementioned applicant for the
the patent to make this Declaration on its behalf.

2. The name and address of each actual inventor of the
invention is as follows:

Michael Paul Kirkup, citizen of the United States of America,
.residing.at.247.Glastonbury.lLane, .Somerset, .New.Jexsey .Q8873 .U.8.A.

.Amy. Seommese. Boland, .citizen, of the United States qf America,

.............................................

residing at 370 S. Highland Avenue, Apt. 3, Pittsburgh,
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and the facts upon which the applicant is entitled to make this

~application are as follows:

(Delete
paragraphs
3 and 4
-~ for Non=
‘Convention
~application)

................................................................

dated March 7, 1986, and March 11, 1986.
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3. The basic application(s) as defined by Section 141 of
the Act was (were) made as follows: .

Country .Ypited States of America on March 17, 1986 . . . . e
in the name(s) Michael Paul Kirkup and Amy Sommese Boland =~
and in ............; ............ (o} 1 B e T
AN the NAME (S ) vttt ittt ittt et e ettt e e asassoeessonnessas
and in R R R R RIS (o3 o YO S
and in the name(s) ......... ba nenesb s RN Ceeiedin e el
4. The basic applications(s) referred to in the preceding

paragraph of this Declaration was(were) the first application(s)
made in a Convention country in respect of the invention the
subject of this application.

(Place and Declared at Madison, N.J.  this 23 19 87

date of o

signing) Signed: ,
Position:  ..Dyly.AuthqQrized .Qfficer .
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1. - A. compound ;represented by the formula

pharmaceutically acceptable salts or pharmaceutically
acceptable esters thereof, wherein:

R

X represents oxygen or -N- wherein R is
hydrogen, loweralkyl, acetyl or methoxycarbonyl;

Y is carbamoyloxy, hydroxy, lower alkoxy,
amino, methoxycarbonylamino, lower alkylcarbonyloxy, lower
alkylcarbonylamino and loweralkylsulfonylamino; and

the wavy lines indicate cis or trans
configurations or mixtures thereof.
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2-HETEROCYCLYLTHIO PENEMS

This invention.relates to certain penems
substituted at the 2-position by a heterocyclylthio
group, their pharmaceutically acceptable salts and
pharmaceutically acceptable esters, which compounds
possess potent antibacterial activity and have high serum
half-lives. | '

 There is a continuing need for new
antibacterial agents because continued extensive use of
effective antibacterials gives rise to resistant strains

- of pathogens.

Antibacterials of the penem-type are known in
the art. U.S. Patent 4,272;4§7 discloses a large number
of penems including those with a 6~ (l-hydroxyethyl)
substituent as shown e.g., in Examples 41, 58, 60, 61,
62, 63, 64, 65, 66 and 96; Examples 64 and 65 disclose
penems with the 5R,6S stereochemical structure. There

. are no disclosures in the patent of penems with a

heterocyclylthio at the 2-position,

U.S. Patent 4,301,074 discloses.pehems with an
-SR substituent at the 2-position. The R can be a 5-
member heterocyclic group, but not a saturated
heterocyclic group.

AT
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British Patent 2,013,674A discloses penems with
a hydroxyethyl group at the 6-position but no saturated
5-membered heterocyclvlthio groups at the 2-position.

This invention relates to certain novel cis and
trans isomers of 5R,6S,8R 6-(l-hydroxyethyl)-2-
(heterocyclylthio) ~penem-3-carboxylates which possess
antibacterial adtivity, pharmaceutical compositions
thereof and methods for treating bacterial infections
utilizing said compounds and compositions.

More particularly, this invention relates to

compounds represented by the following formula I

and pharmaceutically acceptable salts or pharmaceutically
acceptable esters thereof, wherein
R

[
X represents oxygen or - —-N-

wherein R is hydrogen, lower alkyl, acetyl or
methoxycarbonyl;

Y is carbamoyloxy, hydroxy, lower alkoxy,
amino, methoxycarbonylamino, lower alkyl carbonyloxy,
lower alkylcarbonylamino and lower alkyl sulfonylamino;
and the wavy lines indicate cis or trans configurations
or mixtures thereof.

As used hérein, "lower alkyl" when used alone
or in combination with another moiety means straight or

.
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branched chain alkyl groups having from 1 "to 6 carbon
atoms, e.g. methyl, ethyl, n-propyl, iso-propyl, butyl,
t-butyl, pentyl, hexyl and the like;

Preferred compounds are those wherein X is
oxygen. When X is oxygen it is preferred that Y be
selected from hydroxy, methoxy, acetoxy, carbamoyloxy,
amino and methoxycarbonylamino.

Another group of preferred compounds is that
wherein Y is hydroxy. When Y is hydroxy, it is preferred
that X be selected from -NH-, =505, and -N(COQH3)-. The
coverage of the following stereoisomers is contemplated:

A. cis, 3'R, 4's,

B. cis 3's, 4'R,

C. trans 3'R, 4'R, apd

D. trans 3's, 4'c.

The heterocyclic radicals at the 2-position
include for examples, tetrahydro-3-hydroxy-4-furanyl, 3-
hyéroxy-4-pyrrolidinyl, tetrahydro-3-amino-4-furanyl,
tetrahydro-3-methoxycarbonylamino-4-furanyl, tetrahydro=
3-acetoxy-4-furanyl, tetrahydro-3-methoxy-4-furanyl,
tetrahydro-3-carbamoyloxy~-4-furanyl, l-acetyl-3-hydroxy=
4-pyrrolidinyl, tetrahydro-3-hydroxy-1,l1-dioxothiophene-
4-yl, and the like. ,

"Pharmaceutically acceptable salts" as used
herein means alkali metal salts such as scdium and
potassium salts; alkaline earth metal salts such as
calcium, magnesium and aluminum salts; amine salts formed
from a wide variety of suitable orgariic amines, i.e.,
aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic or
araliphatic primary, secondary or tertiary mono-, di- or
polyamines, or heterocyclic bases, e.g., salts derived

from triethylamine, 2-hydroxyethylamine, di-(2-

hydroxyethyl)amine, tri-(2-hydroxyethyl)amine, 4-
aminobenzoic acid-2-diethylaminoethyl ester, 1-
ethylpiperidine, bicyclohexylamine, N,N'-dibenzyl-
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ethylenediamine, pyridine, collidine, quinoline,
procaine, dibenzylamine, l-ephenamine and N-alkyl-
piperdine. ~“Acid addition salts formed from mineral acids
such as hydrochloric, hydrobromic, hydroiodic, phosphoric
or sulfuric acids, or formed from organic carboxylic or
sulfonic acids such as trifluoroacetic, para-toluene
sulfonic, maleic, acetic, citric, oxalic, succinic,’
benzoic, tartaric, fumaric, mandelic, ascorbic acid and
malic acids. The compounds of this invention which
contain a 3-carboxylic group and a basic group (e.g. in a
nitrogen containing heterocyclic group) form an inner
salt, i.e., a Zwitterion..

"Pharmaceutically acceptable esters" means
physiologically cleavable esters, i.e., metabolizable
esters known in the penicillin, cephalosporin and penem
arts to be easily cleaved within the body to the parent
acid. Examples of such esters are indanyl, phthalidyl,
methoxymethyl, glycyloxymethyl, phenylglycyloxymethyl,
thienylglycyloxymethyl, acetoxymethyl and pivaloyl-
oxymethyl. *

Preparation of the foregoing salts and esters -
may be carried out according to conventional procedures
for forming salts of beta-lactams such as penicillins,
cephalosporins and penems. Salts can be formed, for
example, by treating with metal compounds such as alkali
metal salts of suitable carboxylic acids, or with ammonia
or a suitable organic amine, wherein preferably
stoichiometric amounts or only a small-excess of the
salt-forming agent is used. Acid addition salts are
obtained in the usual manner, for example, by treating
with an acid or a suitable anion exchange reagent. Inner
salts of the compounds of formula I, i.e., a zwitterion,
may be formed by neutralizing salts such as acid addition
salts to the isoelectric point. The esters are
preparable in a manner analogous to the preparation of
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the corresponding esters of penicillins and
cephalosporins.

Salts may be converted in "the usual manner into
the free carboxy compounds.

"inert'organic solvent" means an organic
solvent which is unreactive at the reaction conditions,
typical suitable solvents used in the processes for
making compounds of formula I are tetrahydrofuran (THF),
methylene chloride, diethylether, dimethylformamide
(DMF) , a lower alkanol such as methanol, pyridine,
acetonitrile and the 1like.

The compounds of this invention possess 3 or
more asymmetric carbon atoms indicated in formula Ia
below at the 5, 6, and 8 and the 3' and 4' position
carbon &atoms on the heterocylic substituent.

Ia

_ The absolute stereochemistry at the 5, 6 and 8
positions for the compounds of this invention is SR, 6S,
8R and at the 3' and 4' positions the cis compounds, i.e.
3'R, 4'S and 3'S, 4'R or the trans compounds, i.e. the
3'S, 4'S and 3'R; 4'R stereoisomers.
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When tested in standardized microbiological
assays, the compounds of this invention are active
against ‘such gram-positive organisms as Staphylococcus
epidermis and Bacillus subtilis, and such gram-negative
organisms as E. coli and Salmonella at test levels of
0.06 to 1.0 micrograms/ml. Additionally, they-show
activity against organisms which produce beta-lactamases,
e.g. penicillinase and cephalosporinase, indicating a

resistance to these enzymes.

The compounds of this invention also_display
good serum half-lives, e.g. up to approximately 7 minutes
in mice tests, and they also exhibit low protein
binding. Their metabolites have little or no unpleasant
odor. _

The compounds of this invention are useful for
treating warm-blooded animals (including humans) having a
susceptible bacterial infection. The compounds :can be
administered orally, parenterally, transdermally and
topically. In addition, the compounds can be used to
sterilize materials which are contaminated by susceptible
bacteria, e.g. medical and dental instruments. Thus,
this invention includes within its scope pharmaceutical
compositions comprising the compounds of this invention
in admixture with a pharmaceutically acceptable carrier
therefor. 1In addition, the present invention also
provides a method of treating bacterial infections in
animals, particularly warm-blooded animals including
humans, having a susceptible bacterial infection which
comprises administering to said animal an antibacterial
effective amount of a compound of this invention, or a
pharmaceutical composition thereof. In the foregoing
compositions, the compounds of this invention can be used
as the sole active antibacterial agent or in combinétion
with other antibacterial agents and/or enzyme inhibitors.




-7=

For oral administration, the compounds of this
invention are typically formulated in the form of
tablets, capsules, elixirs, or the like. For parenteral
administration, they may be formulated into solutions or
suspensions. Typical topical formulations are those such
as lotions, creams, ointments, sprays, and mechanical
delivery devices; e.g., transdermal. ’

Typical pharmaceutically acceptable carriers
for use in the formulations described above are
exemplified by: sugars such as lactose, sucrose,
mannitol and sorbitol; starches such as corn starch,
tapioca starch and potato étarch; cellulose and
derivatives such as sodium carboxymethyl cellulose, ‘ethyl
cellulose and methyl cellulose; calcium phosphates such
as dicalcium phosphate and tri-~calcium phosphate; sodium
sulfate; calcium sulfate; polyvinyl pyrrolidone;
polyvinyl alcohol; stearic acid; alkaline earth metal
stearates such as magnesium stearate; vegetable oils such
as peanut oil, cottonseed oil, sesame o0il, olive o0il and
corn 0il; non-ionic, cationic and anoinic surfactants;
ethylene glycol polymers; betacyclodextrin; fatty
alcohols, hydrolyzed cereal solids; water; polyalkylene
glycols; gums; and petroleum{ aé well as other non-toxic
compatible fillers, binders, disintegrants and lubricants
commonly used in pharmaceutical formulations. The
compositions may also contain preservatives, aerosol
propellants and coloring, thickening, suspending,
dispensing, emulsifying, wetting, stabilizing and
buffering agents.

The dosage of the compounds 6f this invention
which is administered is dependent, in the judgment of
the attending clinician, upon a variety of factors, i.e.,
the age and weight of the individual being treated, the
mode of administration, the potency of the administered
compound and the type and severity of the bacterial
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infection being prevented or reduced. ‘Typically, the
dosage administered per day will be in the range of from
about 25 to 160 mg/kg and preferably from about 50 to 100
mg/kg in divided dosages. Typically, the dosage will be
administered in dosage units containing convenient

0.05, 0.100, .0.2556, 0.500, 1 or 2

gms of active ingredien§ combined with a suitable

amounts, for example,
pharmaceutically acceptable carrier or diluent.
The inventive compounds are made by any one of
the following 3 general processes:
A) in presence of base, reaction of a compound

of the general formula

6'

“oea wherein R is an organic radical different from the group

B
.

wherein X and Y are as defined previously and any
" functional groups are protected if necessary or desired
with a compound of the formula
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B) Reaction of a compound of the general

formulas:

COOH

OH

H C—
3

Tinwa

COOH

+
Na

in which any functional groups are protected if necessary
or desired with a compound of the formula

or

wherein L is a leaving group, and X and Y are as defined
previously, and Y' is a radical as previously defined for

Y with one hydrogen atom removed, or
' C) Reaction of a compound of the general

formula




Process A

. =10~

H,C c - N/
z [ T
S X
H N
04, p ‘
C.:_O
COOH

in which any functional groups are protected if necessary
or desired, with a trivalent organophosphorus compound,
The process A, B, or C, veing following by one
or more of the following operation, if necessary or
desired:
(i) deprotection of one or more protected
. groups; |
(ii) separation of stersoisomers;
(iii) conversion of a free acid to a
- pharmaceutically acceptable salt or
metabolisable éster;
(iv) conversion of a salt or ester to a
free acid;
(v) transesterifying an ester or
converting an ester into a
pharmaceutically acceptéble salt;
(vi) converting a salt into another salt or
| an ester. |

involving sulfoxide replacement is usually
carried out in .an ine;t solvent, for example

dichloromethane or tetrahydrofuran. The reaction is
usually carried out under cooling e.g. at -70°C to 10°C,

preferably 0°C to 5°C.
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Wwhen the thiol compound is itself used the reaction is’
generally carried out in the presence of a base, e.g. an
organic base such as diisopropylethylamine or -
triethylamine, or an inorganic base, for example
potassium hydroxide or sodium methoxide. Alternatively,
a reactive derivative of the thiol, for example an alkali
metal salt preferably a sodium or potassium salt may.bé
used.

Process B is generally carried out in a solvent é.g.
an organic solvent possibly containing water e.g.
acetonitrile and water, or an anhydrous organic solvent
e.g. tetrahydrofuran, ethylether or dioxan. Generally
the reaction will be carried out in the presence of a

' base which may be an organic base e.g. triethylamine, or
more usually an inorganic base such as sodium ‘
‘bicarbonate. Reaction temperatures are typically from

about -10°C to 45°C e.g. 10°C to 45°C with room
temperature (about 25°C) being preferred.

‘Preferred leaving groups L are halogen e.g. iodo,

trifluoroacetate and triphenylphosphonium-oxy.

Process C involving cyclisation is usually carried out

analogously to the process described in European Patent
Application Publication No. 58317. Thus it is usually
carried out in an inert solvent, for example an aromatic
hydrocarbon e.g. toluene, benzene, aliphatic ethers, e.g.
diethylether and dipropylether, cyciic ethers e.g.
dioxane and tetrahydrofuran, and halogenated hydrocarbons
e.g. methylene chloride and chloroform.

In general the cyclization reaction is carried out at
temperatures in the range from 20°C to 80°C usually from
40°C to about 60°C for a period of from 6 to 24 hours.
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Suitable trivalent organophosphorus compounds
are cyclic and/or acyrlic trialkylphosphites,
triarylphosphites and mixed aryl alkylphosphites or
phosphoramides. The preferred trivalent ’
organophosphorous compound:: are a trialkylphosphites; the
most preferred is triethyiphosphite.

A more detailed description of the prccesses
follows.

The cis and. trans stereoisomers or racemates of
the compounds of Formula I can be prepared according to
the reaction schemes which follow.

The preferred preparation of the trans
stereoisomer wherein the substituent is a tetrahydrofuran
is shown in the following Reactiori Scheme I.

SCHEME I
NBS } 2 50%NaOH A/ 4
THF(AQ.) Ether o
Q :
1 STEP IA o” STEP IB 3
(Phenyl) 3C3$, H ‘
(phenyl) _CSNa 1) AqNOa/pyridine
- 0 CH ,OH
STEP IC oy H S
4 2
STEP ID
b © CH,CN
s ci CH:, 3 \

) 177]
\\‘\Q‘
oq
=
+
=
w
@
Lo ()‘é
-
.

1 ° -éx 4
2 - NaHCO, (Aq. )
/ 6 00CH,CH=CH;

STEP IE




P{OCH(CH3)2]3

Na (2-ethyl hexanoate)

(AARR AN N

COONa

-3
=

COONa

8a
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In Step IA, the reaction of 2,5 dihydrofuran
and N-bromosuccinimide (NBS) is carried out in an aqueous
mixture of an inert organic solvent and water at from
about 20°C to 30°C, preferably room temperature. A
preferred solvent is tetrahydrofuran (THF) although other
solvents such as diethylether and dimethoxzyethane (DME)
are also suitable. The product, compound 2, is then
recovered by distillation after working up the reaction
mixture with Na;SO3 to quench excess NBS, separating the
organic and aqueous layers and filtering off precipitated
succinimide or N-hydroxysuccinimide.

In Step IB the bromohydrin from step IA is
epoxidized by reacting with an aqueous base in an inert
organic solvent for about an hour at room temperature.
Preferred bases are aqueous potassium or sodium
hydroxides. Preferred inert organic solvents are
methylene chloride or diethyl ether.

In Step IC, the epoxide produced in step IB is
converted to trans 3-=triphenylmethanethio-4-
hydroxytetrahydrofuran by reaction with the sodium salt
of triphenylmethanethiol in an inert, organic solvent at
cold temperatures in an inert atmosphere. The sodium
salt is prepared from triphenylmethanethiol and NaH in an
inert organic solvent, preferably dimethylformamide at
-10°C to 5°C, preferably 0°C, and is reacted with the
epoxide in the same solvent under nitrogen at 20-30°C
until the reaction is complete, usually in about one
hour. Compound 4 is then isolated.

In Step ID, compound 4 in a dry inert organic
solvent such as a lower alkanol, e.g. methanol
substantially free of water, is reacted with silver
nitrate in the same inert organic solvent containing an
organic base, e.g., triethylamine or pyridine. This

causes the silver salt of compound 5 to precipitate. The
reaction is conducted at room temperature for about 30

minutes.
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The precipitate is recovered and suspended in a
suitable inert organic solvent, e.g. acetonitrile, and
treated with hydrogen sulfide gas for about 10-15 minutes
to remove the silver as silver sulfide. Compound 5, in
solution, is then recovered and used in the subsequent
reaction with compound 6 without further purification.
Although compound 5 can be isolated, it is not necessary
when using it to produce penems.

In Step IE, compound 5 in the solution
recovered in Step ID is reacted with compound 6 in the
presence of aqueous sodium bicarbonate until the reaction
is complete, usually about 30 minutes to yield compounds
7 and 8, one as a precipitate and the other as an oil,
Compound 6 is prepared by known methods, e.g. as
described in European Patent Application 0046363,
published February 24, 1982, pages 13, 14 and 15.

In Step IF, the allyl protecting group of
compounds 7 and 8 are removed by known methods, e.g. as
described in U.S. Patent 4,314,942 wherein 2-
ethylhexanoic acid or an alkali metal salt thereof and a
catalytic amount of an organic soluble palladium complex
effects removal of the protecting group. The resulting
products 7a and ‘8a respectively are produced. For
purposes of this invention it is preferred to use the
sodium salt of 2-ethylhexanoic acid and palladium acetate
in Step IF} The resulting penem products are the sodium
salts which can be converted to the corresponding acid by
conventional means.

The preferred preparation of the cis stereo-
isomer wherein the heterocyclyl substituent is a ’
tetrahydrofuran is shown in the following Reaction Scheme
II.
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SCHEME II
(Phony1)3C3% 8 . (C1CO) 5 R (Phenyl) ,C
DMSO > [
Et,N .
) 3 No
CH,C1,
4 Step IIA s
L—SelectrideTM\ (Phenyl) 3¢ H
—> 1)AqNo3 .
STEP IIB Pyridine 4
' ° 2) H,S

Step IIC

10

CH3CN
Nauco3lxq.?

Step IID
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In Step IIA, compound 4 is reacted with the
intermediate generated from the addition of
dimethylsulfoxide (DMSO) to a cold (-50°C) solution of
oxalyl chloride in an inert organic solvent, e.q.
methylene chloride. When the reaction mixture warms to
about =35°C, a trisubstituted organic base, e.g.,
triethylamine, is added in the same inert organic
solvent. After the reaction is complete the solvent is
removed and the product, compound 9, is recovered.

In Step IIB, the oxo group of compound 9 is
reduced to the hydroxy group by reaction with lithium tri
secondary butyl borohydride (L-selectride ) in an inert
atmosphere, preferably nitrogen. After completion of the
reaction, the product, the cis isomer (compound 10), is
recovered.

In Step IIC, compound 10 in a lower alkanol
solvent, e.g. methahol, is treated with silver nitrate
and pyridine in the same solvent to precipitate silver-
(3-hydroxy)-tetrahydrofuran-4-thiolate. After removing
the solvent the silver thiolate suspended in an inert
organic solvent, e.g. acetonitrile, is treated with
anhydrous hydrogen sulfide gas. When the resulting black
silver sulfide ceases precipitating the reaction is
complete. Compound 11 is then recovered and dissolved in
an inert organic solvent, e.g. acetonitrile, for use in
the next step of the process.

In Step IID, compound 6 in the same inert
organic solvent used in the last part of Step IIC, is
added to a cold, i.e. -10°C to +5°C, aqueous solution of
sodium bicarbonate and compound 11 in the same inert
organic solvent. The reacition is conducted under an

"inert atmosphere, e.g. nitrogen, for about-@@hour to

obtain a mixture of compounds 12 and 13 which mixture is
seéarated into the isomers by crystallization from ethyl
acetate. The first crop of crystals is one diastereomer
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and the second crop is the other diastereomer. The
mother liquor also contains the second diastereomer.

In Step 1IE, the allyl protecting groups are
removed. from compounds 12 and 13 by the method of U.S.
Patent 4,314,942, i.e. treatment with palladium acetate,

- triisopropyl phosphite and sodium-2-ethyl hexanoate, to

obtain from compounds 12 and 13, respectively, compounds
14 and 15.
The process of Reaction Scheme II is also
suitable for producing compounds of formula I wherein X
R

is -N-. This is accomplished by using appropriately
substituted pyrrolidines in place of tetrahydrofuran in
the reaction.

The preferred preparation of the trans
stereoisomer wherein the heterocyclyl substituent of
formula I is an amino substituted tetrahydrofuran is
shown in the following Reaction Scheme III.

SCHEME III

1, NCO ROH(R=allyl or
AgNCO f S r
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Step IIIA 17 STEP III B
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18
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In Step IIIA, compound 1 is converted to
compound 16 by means known in the art, i.e. by the
procedure disclosed in Hassner et al., J. Org. Chem. 32,
540 (1967). Hassner et al. involves réacting compound 1
in an irert organic solvent, e.g. tetrahydrofuran (THF),
with a suspension of silver cyanate in THF which has been
previously treated with iodine under an inert atmosphere,
e.dg. nitrogen, at a cold temperature., i.e. about =-20°C to
0°C, preferably about -10°C. After removing the silver
salts and warming to room temperature (about 25°C),
compound 17 is obtained. It is not isolated but is used
in situ in the next step of the process.

In Step IIIB, allyl alcohol or a lower alkanol
is added to the reaction mixture resulting from step IIIA
and allowed to react at room temperature in the dark
under an inert atmosphere until the reaction is
complete. The product, compound 18, is then recovered.

In Stép IIIC, compound 18 in an inert organic
solvent, e.g. DMF, is reacted with sodium hydride
suspended in the same solvent under an inert atmosphere,
e.dg. nitrogen, at about -10°C to 5°C, preferably about
0°C, until the reaction is complete as evidenced by thin
layer chromatography (TLC) of the reaction mixture. The
product, compound 19, is recovered.

In Step IIID, compound 19 is converted to
compound 20 by reaction with sodium triphenyl-
methylthiolate in an inert organic solvent, e.g. DMF,
under an inert atmosphere, e.g. nitrogen, until the
reaction is complete, about 2 to 3 hours, and the
product, compound 20, is recovered.

In Step IIIE, compound 20 is converted to
compound 20 by reaction with silver nitrate in an
alkanolic solvent, e.g., methanol containing an organic

base, e.g., triethylamine or pyridine. The silver is
removed by reacting the resulting silver salt with
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hydrogen ‘sulfide gas in acetonitrile. The product,
compound 21, which results is concentrated to remove
excess H,S gas and used in the next step without further
purification. | '

In Step IIIF, compcund 21, in the solvent from
Step IIIE is reacted with compound 6 under the conditions
illustrated in Reaction Schemes I and II, Steps IE and
11D, respectively, to produce compounds 22a ahd 22b as a
mixture of side chain trans diastereoisomers.

In Step IIIG, the allyl protecting group is
removed from the carboxyl at position 3 of compounds 22a
and 22b and if that protecting group is present at
position 3' of the side chain, by reaction with palladium
acetate and triisopropylphosphite followed by 2-ethyl
hexanoic acid to yield a mixture of compounds 23a and
23b. '

The preferred preparation of the side chain cis
stereoisomer wherein the heterocyclyl substituent of
formula I is an amino substituted tetrahydrofuran is

shown in the following Reaction Scheme IV.

SCHEME 1V
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In Step IVA, compound 18 (prepared as shown in
Reaction Scheme III) is converted to compound 24 by
reaction with sodium tritylthiolate, e.g., the compound
produced when reacting sodium hydride with
triphenylmethylthiol in an inert organic solvent at cold
temperatures in an inert atmosphere as described in Step
IC of Reaction Scheme I.

In Step IVB, compound 24 is reacted with silver
nitrate in pyridine followed by H,S under conditions as
described in Reaction Scheme II, Step IIC, to yield
compound 25 which is not isolated but remains in the
reaction mixture for use in the next step of the process.

In Step IVC, compound 6 is added to a cold
aqueous solution of sodium bicarbonate and compound 25
under conditions described for Reaction Scheme II, Step
IID, to yield a mixture of cis side chain stereoisomers,
compounds 26a and 26b.

In Step IVD, compounds 26a and 26b are

‘deprotected by removing the allyl groups at the carboxyl

and amino substituents as described for Reaction Scheme
IIT Step G, to yield a mixture of cis side chain
stereoisomers, compounds 27a and 27b.

The preferred preparation of the side chain
trans stereoisomers wherein the R! 2-heterocyclic
substituent of formula I is an hydroxy substituted
pyrrolidine is shown in the following Reaction Scheme V.
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In Step VA, the nitrogen on the pyrrole
(compound 28) is protected with an'acyl protecting group,
e.g. allyloxycarbonyl, by reaction with a éompound'of the
formula 2-L wherein 2Z.is an acyl group, e.g. allyloxy-
carbonyl acetyloxycarbonyl or benzyloxyéarbonyl and L is
a leaving group such as a halogen, e.g., iodine, or a
mixed anhydride, e.g., trimethylacetyloxy, to yield
compound 29. '

Compound 31 is prepared by either converting
compound 29 directly to compound 31 by réaction with meta
chloroperbenzoic acid as illustrated ih Step VB or by
converting compound 29 to the bromohydrin (compound 30)
by reaction with hypobromous acid in aqueous THF as
illustrated in Step VC, then epoxidizing in a basic
medium, e.g. 50% KOH in methylene chloride to yield
compound 31, as illustrated in Step VD. The use of Steps
VC and VD is the preferred route because it results in
higher yields and is more widely applicable, whereas in
Step VB when 2 is allyloxycarbdnyl the resulting product
contains significant amounts of a diepoxide side product
which must be separated.

In Step VE, compound 31 is converted to
compound 32 by reaction with sodium triphenyl-
methylthiolate in an inert organic solvent, e.g. DMF,
under an inert atmoéphere, e.g. nitroegen, until the
reaction is complete.

In Jtep VF, compound 32 is.conVerted to

~compound 33 by reaction with silver nitrate in pyridine

under conditions as described in Reaction Scheme III
Step IIIE.
In Step VG, compound 33 is reacted with

- compound 6 in the presence of acetonitrile and agqueous

NaHCO3 to yield a mixture of compound 34a and 34b.
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The protecting allyl groups are removed from
the carboxyl, and the nitrogen, if present, as shown in
Step VH by reaction with palladium acetate and
triisopropylphosphite followed by 2-ethyl hexanoic acid
to yield a mixture of compounds 35a and 35b.

] In cases where the group on the nitrogen is not
allyloxycarbonyl, the substituent remains and only the
allyl on the carboxyl group is removed lea&ing a
hydrogen.

The following reaction schemes show how to

practice processes B) and C).




SCHEME VI, Process B)
OH
Y “Nat
H.C —
37— ¢
t =z
Y
o) coo~ NN
| iﬂ
e — ¢ ~L—‘f
H coomy/ N \
1 7
: [o}
+
Na
“"t 3
se CH C1_/H O
| S 2%2"",
| ST R4N+X— eg. tetra butyl ammonium
Lty .
eers 1 chloride \
[EX /
A\ ‘tet
i3 €g
§ ¢t
] tre
i"
\‘::v e
)
i € tie
& A
) <)
i Ei o
5
Y 1
[ &
Lt &



=31~

OH
" :i OH
s .
z % S i
HC o § o
/, N
0 CO2 72
OH o "
P s S OH
~ = % ‘\\
//__— ! M °
o]
co
2
Pd
- (OAC)2
P{OCH(CH3)2]3 ~ the deprotected products

Na(2-ethyl hexanoate) as sodium salts




-32-

SCHEME VII, Process C)
" HS OH gg oH
?—g = KOH-EtOH :
. + ! 5 pa N
f
0 o cs 27 0-5°c

S R
D & G S

[o]
mixture of CIS

diastereo: ,omers / N N

o -
0o

.
bl 0 —CH, ccl,

TCE O '
)\ SCsS 3 OH O
s Z: jg >
' o]

1 v o +
SR =
C::o.
tree .
fee & /
o
Teeg
ety
et
1 ]
| B
©or TCEO
T2
| ) C]_COCOZ/\//
NH (o] (l—Pr)2N Et
720 .
| o | 2
______ o o
B —
THP 15 H;| 0 I
[A i
z ¢ .
tteo
°
tEsceo
b s




-33-~-

TCEO ) 7 7 OTHP

o P(OEt),

| —_>
| cHCl,

0,4L 55°C

;>r____c02 /’/ﬂ\iﬁp -

OTHP

S
//1\ N  anE
ag, THF, o°C
| . , 4f§§>~

{‘ 2
i OH
: _ OH
1 S S —
: ) pd(oa )
| c 2
1 _ 0 P{OCH(CH3)2]3 ~,
. B _ 7
Z C e | N Na(2-ethyl hexanoate)
tree 04 co /\// ‘
<r:
L o 3 4
. I3 %
1 teee
3 1
Ttee
i the deprotected product
1
: as a sodium salt,
K 4
L ¢
4 Tte
T Lt
PP
L 3 ¢
4 L€
¢ € [
(tus
o
Cts¢6c0
« ®




il

~34-

The following illustrates the preparation of

.
compounds and compositions of this invention.

EXAMPLE 1
d,l-trans~3-bromo-4-hydroxytetrahydrofuran

To a' solution of 2,5-dihydrofuran (10.0 gm) in
THF/H,O (175 mL THF, 20 mL H,0) add N-brome succinimide
(26.5 gm). Keep the reaction mixture at room temperature
overnight. Then add 50 mL of 10% Na,;sS03 and stir the
mixture for 1) hr. Separate the layers by addition of 50
mL water and 50 mL brine. Extract the aqueous layer
with ethyl acetate (EtOAc) (3 x 75 mL). Combine the
organic layers, wash with brine (1 x 100 mL), dry (MgSO,)
and remove the solvent by vacuum distillation. Remove
precipitated succinimide by filtration (washed with Et,0)
and distill the product under vacuum (90°C, 10 mmHg)

“yielding pure title compound. *H'NMR (CDC1lg):

§ 3.2 - 4.7 (6, multiplet, D,0 exchange removes
absorption at § 3.5)

EXAMPLE 2
2,5-dihydrofuranoxide

Dissolve the bromohydrin from Example 1
(6.485g) in 60 mL diethylether (Etzo) and add 10.5 mL of
50% NaOH (ag). Stir the resulting biphasic mixture
rapidly at room temperature for lhr. to separate the
Layers and extract the aqueous phase with diethylether
(Et;0) (1 x 40 mL). Combine the ether layers and extract
with brine (15 mL), dry (MgSO4) and remove the ether by
distillation at atmospheric pressure to yield the title
compound: |
H'NMR (CDCl3): 6 4.03 (d, 2, J=10 H;), 3.76 (s, 2), 3.61
(d, 2, J=10 H,)
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EXAMPLE 3

d,l-trans-3-triphenylmethylthio-4~hydroxytetrahydrofuran

‘To a suspension of sodium hydride (0.18 gm) in
DMF (15 mL) add a solution of triphenylmethylthiol (2.07
gm in 5 mL DMF). Cool the mixture to 0°C and allow to
stir for 15 hr. under N, atmosphere. Add a solution of
the epoxide from Example 2 (0.624 g in 2 mL DMF) and
continue stirring for an additional hour at room
temperature. Add Water (20 mL) and extract the mixture
with ethylacetate (EtOAc) (2 x 25 mL). Wash the organic
layer with brine (1 x 20 mL), dry (MgSO4) and remove the
solvent under vacuum. Purify the title compound by
silica gel chromatography (10% acetone/CH,Cl,) to yield
pure title compound. H'NMR (CDCljy) '

EXAMPLE 4
d,1-trans-3-mercqpto-4-hydrothetrahydrofuran

To a solution of the alcohol from Example 3
(4.21 gm) in dry methanol (50 mL) add a solution of
silver nitrate (1.98 gm) in 15 mL of methanol:pyridine
(15:1). The solution becomes cloudy and precipitation of
the silver salt of the title compound occurs over the
course of 5-10 min. After 30 min., remove methanol by
vacuum distillation and keep the residue under high
vacuum for lhr. Suspend the resulting gummy residue in
acetonitrile (50 mL) and bubble HyS gas through the
mixture with stirring for 5-10 min. until all of the
gummy silver salt reacts leaving a colorless solution of
the title compound and a black precipitate of silver
sulfide. Bubble nitrogen gas through the reaction
mixture for 1 hr. to remove hydrdgen sulfide gas. Remove
the silver sulfide by filtration through Celite. Reduce
the volume of solvent to 30 mL by vacuum distillation and
use the resulting solution of the title compound in the
following step without further purification.
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EXAMPLE 5
allyl-(5R,6S,8R)-6-(l-hydroxyethyl)-2-[tetrahydro-3S-

hydroxy-4S—-furanyl) thio]-penem-3-carboxylate and allyl-

(5R, 6S,8R)~-6=(l-hydroxyethyl)-2-[ (tetrahydro-3R-hydroxy-

4R-furanyl) thio]-penem-3-carboxylate)

To the solution prepared in Example 4 (in
acetonitrile) add a solution of NaHCO; (2.5 gms) in 25 mL
of water followed by 1.94 gm of the penem sulfoxide
identified as compound 6 in Reaction Scheme I in 10 mL of
acetonitrile. After 30 min. the reaction is complete.
Partition the mixture between ethylacetate (50 mL) and
water (50 mL). Dry the organic layer (MgsO,4) and
concentrate to a volume of about 25 mL by vacuum
distillation. Precipitation of one of the title
diastereoisomers occurs during this step, collect the
precipitate by filtration. Wash the filtrate with cold
ethylacetate and dry the crystalline material under
vacuum to yield one diastereoisomer. Concentrate the
combined filtrates to yield a second crop of crystals and
treat in the same manner as the first crop. Concentrate
the filtrate to an oil and purify by silica gel
chromatography (15% acetbne/CH2C12) to give a second pure
diastereoisomer. H'NMR of the first diastereoisomer
(coCly): w 6.2 - 5.7 (m, 1H), 5.79 (4, 1H, J=2 H,), 5.48
(m, 1H), 5.25 (m, 1H), 4.80 (4, 1H, J=5 Hz), 4.60 (m,
2H), 4.4 - 3.4 (complex multiplet, 10H), 2.8 (singlet,
1H, exchangeable with D,0), 1.22 (d, 3H, J=6 Hz).

" The following trans compounds of this invention
can be made following the procedures of Examples 1-5, but
after Example 3 the hydroxy group is derivatized as shown
in Table I:
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Then the procedures of Examples 4 and 5 are followed.

EXAMPLE 6
3-keto-4-tritylthiotetrahydrofuran

Cool a solution of oxalyl chloride (1 mL) in 20
mL CH,Cl, to -50°C. Add a solution of DMSO (1.38 mL) in
20 mL CH2C12 over the course of 2-3 min. via a pressure
equalized addition funnel. Keep the temperature below
-40°C and stir for 10 min., then add a solution of the
alcohol prepared in Example 3 in 15 mL CHyCl, and remove
from the ice bath. 'Allow to warm to -35°C and add a
solution of triethylamine in 20 mL CH,Ci;. The mixture
will warm to about +10°C then add 20 mL 10% ag. tartaric
acid, stir for 5 min., add 20 mL of brine, 50 mL of water
and extract organic layer. Wash CH,Cl, layer with water
(1 x 100 mL) and dry (MgSo4). Remove the solvent via
vacuum distillation and purify the product by silica gel
chromatography (100% CH,Cl,) to obtain the title
compound. H'NMR (CDCly): 6 3.1 - 4.1 (m, 5H), 6 6.9 -
7.7 (m, 15H)

EXAMPLE 7
d,l=cis-3-tritylthio-4~hydroxytetrahydrofuran

To a solution of purified ketone prepared in
Example 6 (1.54 gms) in 15 mL of dry THF, cooled to
-10°C, add 5.13 mL of 1M L-selectride (Aldrich Chemical
Co.) via syringe and allow the reaction to proceed for 1
hr. at ambient temperature under N, atmosphere. Quench
the reaction with 5 mL 10% NaOH (ag) and allow to react
for 30 min. Partition the reaction mixture between
ethylacetate (30 mL) and water (30 mL). Wash the organic
layer with 5% tartaric acid (aq) and dry (MgSO4). Remove
the solvent by Qacuum distillation and purify on silica
gel (5%) Etib/hexane » 7% Et,0/hexane) to obtain the
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title cohpound as a pure cis isomer. H'NMR (CDCl3): §
2075 - 302 (m, 2H), 6 3.35 - 3070 (m, lH), 3071 (d, 1H),
J=1.5 Hz) 4.00 (sextet, 2H, J=4 Hz), 7.0 - .7.76 (m, 15H)

EXAMPLE 8
allyl-(5R,6S,8R)-6-(1-hydroxyethyl)-2-[(tetrahydro-3S-

hydroxy-4R-furanyl)thio] -penem-3-carboxylate and allyl-

(5R,6S,8R)=-6-(1l-hydroxyethyl)=2=[(tetrahydro-3R)-hydroxy-

4-S-furanyl)thio]l-penem-3-carboxylate)

Dissolve the s-trityl alcohol from Example 7
(3.21g) in methanol and add a solution of silvgr nitrate
(1.5 gm) and pyridine (0.80 mL) in methanol (10 mL).
Silver =-(3-hydroxy)tetrahydrofuran-4-thiolate
precipitates from solution as a gum. Decant methanol
when the reaction is complete (15 min.), and place the
reaction flask under high vacuum for 1 hour. Then suspend
the silver thiolate in acetonitrine (50 mL) and bubble
anhydrous hydrogen sulfide gas through the reaction
mixture until precipitation of black silver sulfide
ceases (1-2 min.). Remove the silver salts by filtration
through celite and remove the solvent by distillation
(atmospheric). Redissolve the residue (3-hydroxy-4-
mercapto-tetrahydrofuran) in fresh acetonitrile. Add an
aqueous solution of sodium bicarbonate (2.9 gm in 50 mL
water) to the cold (0°C) acetonitrile solution of 3-
hydroxy-4-mercapto-tetrahydrofuran followed by addition
of the penem sulfoxide (compound 6) (1.5 gm) in
acetonitrile (10 mL). The reaction is complete after 30
min. of rapid stirring under an atmosphere of nitrogen.
Partition the biphasic mixture between ethylacetate and
water (50 mL each) and dry the organic phase (Mgs0Oy) .
Remove the solvent by vacuum distillation then
recrystallize from ethyl acetate to give 2 crops of penem
allyl ester. The first crop (1.3 gms) consist of a
single diastereoisomer. The second crop and the mother
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liquor are predominantly the other possible
diastereoisomer, MS, M/z=373

EXAMPLE 9
Sodium- (5R,6S,8R)-6=-(l-hydroxyethyl)~-2-[(cis-tetrahydro-
3-hydroxy-4-furanyl) thio]l-penem-3-carboxylate

To dry, oxygen free tetrahydrofuran (20 mL) add
palladium acetate (0.0162 gm), followed by triisopropyl
phosphite (0.150 gms) and then sodium-2-ethylhexanoate
(0.240 gms). Finally add the mixture of penem allyl
esters made in Example 8 and stir the reaction under
nitrogen for 1 hour. Colleét the resulting precipitate
by centrifugation, wash the residue several times with
ethyl acetate and ether, and then dry under vacuum to
give a mixture of title compounds wherein the side chains
are cis diastereoisomers.

The‘following cis cémpounds of this invention
can be made following the procedures of Examples 6=9, but
after Example 7 the hydroxy group is derivatized as shown

in Table 2: Example 9
. ;
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TABLE 2

Starting Compound Reaction
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5. CH3I l
i nic
O__e_ inert orga @-—C-S CH3
solvent |
organic base @ o
6. @ sodium isocynate 2
| strong organic @N
\ - -
O—? S, H acid, e.q., @"‘f Hy
@ trifluoroacetic @
o acid 0o i

Then the procedures of Examples 8 and 9 are followed.

A

EXAMPLE 10
trans-3-isocyanato-4-iodo-tetrahydrofuran and trans-3-
allyloxycarbonylamind-4-iodo-tetrahydrofurah

Prepare the trans iodo isocyanate title

-compound in situ according to the procedure of Hassner et
al. J. Org. Chem. 32, 540, (1967), and then transform to

the title allyloxycarbonyl compound without isolation or
purification: '

To a cold (—lQPC) suspension of silver cyanate
(6.07 gms) in dry THF (50 mL) add I, (8.5 gms) and stir
the mixture vigorously under N, for 1 hr. Then add 2,5
dihyrofuran (2.27 mL, 2.1 gms) in 10 mL THF. Remove the
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mixture from the cold bath and stir at room temperature
for 30 min. Remove the silver galts by filtration
through Celite and keep the reaction mixture at room
temperature ih the dark overnight. Tlien add allyl
alcohol (25 mL) along with 2 drops of 1 M lithium
methoxide/methanol and keep the mixture at room
temporature overnight in the dark under nitrogren. Then
partition the mixture between ethylacetate and brine (50
mL each). Wash the organic layer several times with
water (25 mL), dry (MgsO,) and concentrate to an oil
(house-high vacuum). Chromatography on silica gel (100%
CH,Cl, » 10% EtOAc/CH,Cl,) affords the title compound.
H'NMR (CDCl5): & 3.6 - 4.8 (m, 8H), &8 5.15 - 5.5 (m,
2H), 5.6 - 6.2 (m, 24), MS (EI), M/z, 297 (M*).

EXAMPLE 11

‘6-allyoxycarbonyl-3-oxa-6-azabicyclo[3.1.0]hexane

Dissolve the iodo carbamate made in Example 10
(1.21 gms) in DMF (15 mL) and cool tc 0°C. Add a
suspension of sodium hydride (115 mgs) in DMF and the
stir reaction mixture under N, for 1.5 hrs. TLC of the
reaction mixture (15% EtOAc/CH,Cl,) showed complete
conversion to a new compound of slightly higher rf.
Carefully treat the mixture with dilute ammonium chloride
(20 mL) and extract the product into ether (3 x 30 mL).
Wash the organic layer was washed with brine (1 x 20 mL),
dry (MgSO4) and remove the solvent under vacuum to give
the title compound. M%Y/z: 169 H'NMR (CDC13):'6 3.15 (s,
2H), 3.55 (4, 2H, J=6 Hz) 4.15 (d, 2H J=6 Hz), 4.52 (4,
2H, J=4 Hz), 5.1 - 5.45 (m, 2H), 5.61 - 6.15 (M, 1H).
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EXAMPLE 12
d,l-trans-3-triphenylmethylthio-4-allyloxycarbonylamino-

tetrahydrofuran

To a solution of triphenylmethylthiol (3.0 gms)
in DMF (50 mL) add a suspension of NaH.(270 mgs) in DMF
(2 mL)., Stir the mixture rapidly under nitrogen for two
hours or until bubbling ceases. Add the resulting clear
brown solution of the sodium thiolate to a solution of
1.4 gms of the aziridine made in Example 11 in 15 mL of
DMF and allow the reaction to proceed with stirring under
nitrogen for 2.5 hours. Then dilute the reaction mixture
with 50 mL of dilute aqueous ammonium chloride and brine
(50 mL). Extract the resulting product into ether (3 x
75 mL), dry (MgsSO4) and remove the solvent under
vacuum. Chromatography on silica gel (100% CH,Cl,) gives
the title compound as a crystalline product. MS, M+/z =
445 H'NMR (CDC13): § 3.0 -~ 3.95 (m, 6H), 3.9 -4.4 (m,
2H), 4.45 -4.71 (d, 2H, J=4 Hz), 5.0 - 5.5 (m, 3H), 5.6 -
6.2 (m, 1H), 7.1 - 7.6 (m, 15H).

EXAMPLE 13
d,l-trans-3-mercapto-4-(N-allyloxycarbonyl)amino-

tetrahydrofuran

Dissolve the triphenylmethylsulfide made in
Example 12 (1.24 g) in MeOH (15 mL) and silver nitrate
(493 mgs) and add 250 ul of pyridine dissolved in 5 ml of
methanol. The silver mercaptide is quite soluble in
methanol so remove the solvent under high vacuum and
redissolve in acetonitrile (25 mL). Bubble hydrogen
sulfide gas through the solution to immediately form
silver sulfide (Ag,S). Remove the solids by filtration
through Celite and concentrate the filtrate under vacuum
in order to remove dissolved excess HZS° Use the
resulting concentrated title compound in the following -
step without further purification.
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EXAMPLE 14
allyl-(SR,6S,8R)—6-(l-hydroxyethy;)-Z—[(trans-tetrahydrof

3—(N-allyloxycarbonyl)amino—4-furanyl)thiof—g@nem—3—

carboxylate
Add a solution of 4-(N-allyloxycarbonyl)amino-

3-mercapto-tetrahydrofuran made in Example :13 (2.78
mmoles) in acetonitrile (10 mL) to a solution containing
sodium bicarbonate (250 mgs) acetonitrile (3 mL) and
water (1.5 mL). Add to this biphasic mixture 450 mg of
penem sulfoxide (compound 6) in 5 ml acetonitrile. Stir
the biphasic mixture rapidly at room temperature for 15
min., dilute with brine (20 mL) and extract the product
into ethylacetate (30 mL). Wash the organic layer with
brine (2 x 20 mL) and dry (MgSO4). Preparative TLC to
isolate the compound. MS, M+/z = 439

EXAMPLE 15
(5R,6S5,8R)-6-(l-hydroxyethyl)-2-[ (trans-tetrahydro-3-

amino-4-furanyl)thio]-penem-3-carboxylic acid

To dry, oxygen free THF (10 mL), add palladium
acetate (17.5 mgs) followed by triisopropylphosphite (154
mgs) in'2 mL THF and then 2-ethylhexanoic acid (163 mgs)
and the penem-allyl ester made in Example 14 (222.7 mgs)
in 2 mL of THF. Stir the reaction under nitrogen for one
hour. Add diethylether (25 mL) and collect the
precipitate by centrifugation. Decant the solvent and
wash the residue several times with diethylether and
ethylacetate. Dry the residue under vacuum to give the
title compound. '

The following trans compounds of this invention
can be made following the procedures of Examples 10-15,
but in Example 10, a lowér alkoxide is used in place of

allyl alcohol, as shown in Table 3, then Examples 11, 12,
13, 14 and 15 are followed for compounds 7 and 8 and

Examples 12, 13, 14 and 15 are followed for compound 9:
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7. S 4 1 H ﬂ
3 -C-0CH,
H,C=-C -r g et
3773 ) ‘>
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TABLE 3
' Starting Compound Reaction Product
H
1, JNCO I, pN-C-OCH ,
’, W 'zl
:Oj 0
+ lower alkoxide 4+
I co H @
Q‘N- - 1
. OCH,
Ve
(0] 0 :B
I’/,‘ CO —r
1) gt NGl
2) OH™
(o]

acetyl chloride ‘
Hassner et al T, Orq. Chem. 32 540 (1967)
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EXAMPLE 16
N-allyloxycarbonyl-3-pyrroline

To a solution of 3-pyrroline (3.5 gms) in
ethanol (20 mL) was added ~25 mL saturaped aqg. NaHCOj3 and
enough water to allow rapid stirring. The mixture was
cooled to 10°C and allyl chloroformate (5.92 mL) was
slowly added via pressure equalized addition -funnel. The
mixture was removed from ice bath and allowed to stir at
room temperature for 2 hours. Product was extracted into
Ety0 (3 x 150 mL). The organic phase was washed with
water (2 x 50 mL), dried (MgSO4) and solvent was
evaporated at reduced pressure. Purification on silica
(Et,0) afforded pure title compound. MS, M+/z = 154,

H NMR (CDCl3): & 6.5 = 5.75 (m, l1H), 6§ 5.8 (s, 2H),
5.02 - 5.5 (m, 2H), 4.6 (dm, 2H, J = 6.5 Hz), 4.20 (s,
4H) .

SR EXAMPLE 17
N-allyloxycarbonyl-trans-3-bromo—-4-hydroxypyrroline 24

and N-allyloxycarbonyl-3-pyrroline-3,4-oxide

To a cold (0°C) solution of N-allyloxycarbonyl-
3-pyrrcline (9.7 gms) in 200 mL of 20% water in THF, was
added 15.0 gms (1.15 eq.) of N-Bromosuccinimide.  The
mixture was removed from ice bath and allowed to stand at
room temperature for ~1 hour. Then water was added (100

Lo mL) followed by the addition of 25 mL of 10% NaHSO3 (ag.)

and the resulting mixture was stirred at room temperature

5’ ' for 30 minutes. Finally, the pH was adjusted to 8.0-8.5
'[ ' with 1M NaOH and stirring was continued for an additional
30 minutes. The product was extracted into EtOAc (2 x
200 mL) and the organic phase was washed with brine (1 x
:.{l‘ 100 mL), dried (Mgsog) and sclvent was evaporated under
SrrEse reduced pressure. Chromatography on silica gel (Et,0/
Hexane, 7:3) afforded the #itle compound. MS, M+/z =
170, H'NMR (CDCl3): 6 5.7 - &.15 (m, 1H), 5.1 - 5.4 (m,
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2H) 4.55 (d, 2H, J = 3 Hz), 3.85 (dd, 2H, J = 10, 2 Hz),
3.7 (s, 2H), 3.35 (d, 2H, J = 10 Hz).

EXAMPLE 18
N-allyloxycarbonyl-trans-3-hydroxy-4-triphenylmethylthio
pyrroline
| The compound prepared in Example .17 (870 mgs)
was dissolved in 2 mL of dry DMF and cooled in an ice

bath. To this was added a solution of sodium triphenyl
methy ("trityl") thiolate, prepared by reacting 1.42 gms
of tritylthiol with 125 mgs of sodium hydride in 10 mL of
dry DMF. The mixture was zllowed to stir under a
nitrogen atmosphere overnight. Water (25 mL) was
cautiously added and product was extracted into ether (3
X 30 mL). The ether layer was washed with water (2 x 10
mL) and dried (MgSOy). Evaporation of solvent under
vacuum and chromatography on silica gel afforded the
‘title compound. MS, M+/z 445, H'NMR (CDCly): & 7.8-7.1
(m, 15H), 5.9 (m, 1H), 5.2 (m, 2H), 4.5 (br.d, 2H,
J=6Hz), 3.0-3.8 (br.m, S5H), 2.75 (bm, 1H), 1.7 (brm, 1lH,
D,0 exchanged).

EXAMPLE 19
N—allyibxycarbonyl—trans-3—hydroxy—4—mercapto pyrroline
and allyl-(5R,6S,8R)—=6~(1-hydroxyethyl)=-2-[(N=allyloxy-
carbonyl-trans-3-hydroxy—-4-pyrrolinyl)thiol-penem-3-

carboxylate

To a solution of the compound prepared in
Example 18 (660 mgs) in 6 mL of methanol, was added a
solution of silver nitrate (250 mgs) in 6 mL of methanol
and 150 mgs of pyridine. Precipitation of the organic
silver salt occurred over 15 minutes and then solvent was
decanted. The residue was washed several times with
methanol and then dried ﬁnder 0il pump vacuum for several
hours. A suspension of the silver salt in 7 mL of
acetonitrile was treated with a solution of excess H;S in




~ e
. han

-48-

acetonitrile (25 mL). The precipitated silver sulfide
was removed by filtration through celite and solvent was
evaporated with warming (45°C) under reduced pressure.
The residue was redissolved in acetonitrile (10 mL) and
penem sulfoxide (compound 6) (250 mgs) was added. The
mixture was cooled in an ice bath with stirring before
adding a solution of sodium bicarbonate (0.20 gms) in 7
mL of water. The mixture was stirred under nitrogen for
15 minutes. Brine was added (15 mL) and the product was
extracted into ethylacetate (2 x 30 mL). The organic
layer was dried (MgSO,) and solvent was evaporated to
give a yellowish oil. Purification by chromatography on
silica gel (30% acetate, CH,Cl,) gave the title compound,
MS, M+/z = 456, H'NMR, (CDClj): 6.1-5.7 (m, 2H), 5.52-
5.0 (m, 2H), 4.8-4.5 (m, 2H), 4.4-3.3 (m, 15H), -1.36 (4,
3H, J=7Hz).

The following derivatized compounds of this
invention can be made following the procedures of
Examples 16-19, but after Example 18 the hydroxy group is
derivatized as in Table 1I:

H H H

+ 3',4' diastereomer

10.

+ 3',4' diastereomer

11.

4+ 3',4' diastereomer
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EXAMPLE 20
3-hydroxy-4-triphenylmethylthio sulfolane

To a solution of 3-hydroxy-4-chloro sulfolane
(1.7 gms) in 20 mL of DMF, was added a solution of sodium
trityl thiolate (3.0 gms) in 20 mL of DMF. The mixture
was kept under a nitrogen atmosphere for two hours. The
mixture was diluted with water (100 mL) and product was
extracted into ether (2 x 75 mL). The ether layer was
washed with water (2 x 50 mL), dried (MgSO4) and solvent
ws evaporated under vacuum. The residue was purified by
silica gel chromatography (100% CH,Cl,) and crystallized
from ether/hexane to give the title compound as a
solid. MS, M+/z = 378, H'NMR (DMSO-dG): 7.6-7.1 (m,
15H), 6.1 (d, 1H, J=6Hz), 4.20 (m, 1lH), 3.5-2.3 (br.m,
4H), 2.1 (44, 1H, J=15, 1l0HzZ).

° EXAMPLE 21
allyl-(5R,6S,8R)=6=(l-hydroxyethyl)=-2-[ (3-hydroxy-4-

sulfolanyl)thio]l-penem=3-=carboxylate

To a solution of the 3-~hydroxy-4-tritylthio
sulfolane (1.0 gm) in methanol (15 mL) was added a
solution of silver nitrate (0.5 gms) and pyridine (0.25
mL) in 5 mL of methanol. Precipitation of the'organic
silver salt occurred immediately and after 15 minutes the
solvent was decanted and discarded. ‘The residue was
washed with methanol (2 x 10 mL), and dried under vacuum
(oil pump) for several hours. The residue was
resuspended in acetonitrile (10 mL), a solution of excess
Hy,S in acetonitrile (25 mL). The mixture was stirred
rapidly for 30 minutes under a nitrogen atmosphere and
the black silver sulfide precipitate was removed by
filtration through celite. Solvent was evaporated under

reduced pressure and the residue was redissolved in
acetonitrile. The mixture was cooled in an ice bath
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before adding a suspension of NaHCO3 (250 mgs) in water
(5 mL). The mixture was stirred under a nitrogen
atmosphere for 15 minutes. Brine was added (15 mL) and
the product was extracted into ethylacetate (2 x 25
mL). The organic layer was washed with brine (1 x 30
mL), dried (Mgso4) and solvent was evaporated to give a
yellowish oil. Purification by chromatography on silica
gel (30% acetane/CH,Cl,) afforded the title compound.
MS, M+/z, 421; H'NMR (CDCl3). 6 5.95 (m, 1lH), 5.8 (d,
14, J=1.5 Hz), 5.45 (4, 1H, J=15 Hz), 5.20 (4, 1H, J=10
Hz), 4.8-4.5 (dd, m, 2H, J=15, 6 Hz), 4.25-3.7 (m, 3H),
3.62 (d4, 1, J=13, 6 Hz), 3.3 (ddm, 1H, J=13, 6 Hz),
3.15 (dd, 1H, J=13, 6 Hz), 1.27 (d. 3H, J=6.5 Hz).

In the following formulation examples "Drug"
means Sodium (5R,6S5,8R)-6-(1l-hydroxyethyl)-2-[(cis=3(R)~-
hydroxy-4(S)-furanyl)thio] -penem-3-carboxylate or

equivalent amcunts of a compound of formula I.

EXAMPLE 22

Capsule Formula
No. Ingredient mg/capsule
1 Drug 100 250 50
2 Lactose 123 185 123
3 Corn Starch 50 60 70
4 Magnesium Stearate 2 5 7

Total 275 500 700
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Method of Manufacture :

"Mix Item Nos. 1, 2 and 3 in a suitable mixer
for 10-15 minutes. Add Item No. 4 and mix for 1-3
minutes. Fill the mixture into suitable two-piece hard

gelatin capsules usfng suitable encapsulating equipment.

EXAMPLE 23
Tablet Formula
~ No. Ingredient mg/tablet

1 Drug 100 250 500

2 Lactose 194.5 187.5 156.5
3 Corn Starch, as a 10% paste 5 10 15
4 Corn Starch 25 50 75
5 Magnesium Stearate 0.5 2.5 3.5

Total 325 500 750

Method of Manufacture

Mix Items Nos. 1, 2 and a portion of Item No. 4
in a suitable mixer for 10-15 minutes. Granulate the
mixture with Item No. 3. Pass the wet granulation
through a coarse screen (e.g., 1/4") if needed, and then
dry the wet granules. Mill the dried granules. Combine
Item No. 5 and the remaining portion of Item No. 4 with
the dried granules in a suitable blender and mix for 5-10
minutes, Cémpress the mixture to appropriate tablet size
and weight on a suitable tablet machine.
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EXAMPLE 24

Injectable Powder

No. Ingredient mg/ml

1 Drug 0.5 -1.0

2 Sodium Phosphate Monobasic 2.0 (0.8 - 5.0)
3 Sodium Phosphate Dibasic 1.0 (0 - 3.0)

4 Mannitol 5.0 (1.0 - 10.0)
5 Water for Injection g.s. ad 10. ml

Method of Manufacture

Dissolve Items 1-4 in Item 5. Filter the
resultant solution through a 0.22 um membrane filter.
Fill filtered solutions into prewashed and presterilized
vials, and load them into a freeie-dryer. The solution

is frozen and then vacuum-dried in the frozen state.

EXAMPLE 25
Injectable Solution
No. Ingredient mg /sl
1 Drug 0.5 - 1.0
2 Sodium Phosphate Monobasic 2.0 (0.8 - 5.0)
3 Sodium Phosphate Dibasic 1.0 (0 - 3.0)
4 Ascorbic Acid . 0.05 (0.01 =-0.1)
6 Disodium Edetate 0.03 (0.01- 0.05)
7 Water for Injection gq.s. ad 1.0 ml
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Method of Manufacture
' The injectable solution is manufactured by

dissolving Items 1-6 in Item 7. Sterile filter the

resultant solution through a 0.22 y membrane filter.

EXAMPLE 26
Topical Cream mg/g
Drug . 100.0
Cetyl alcohol 40.0
Stearyl alcohol ' 40.0
Isopropyl myrigstate 100.0
Polyoxyethylene (2) monostearyl ether (Brij 72) 10.0
Polyoxvethylene (20) monostearyl ether  (Brij 78) 25.0
Propylene glycol 100.0
Benzyl alcohol 10.0
Purified water g.s. ad 1.0 g

Method of Manufacture

Melt together and heat to about 70° the cetyl
alcohol, stearyl alcohol, Brij 72, Brij 78 and isopropyl
myristatei Add the propylene glycol to water in a
sepidrate container, heat to 70°C, and dissolve in this
aqueous phase the benzyl alcohol. Dissolve or suspend
the Drug in the aqueous phase while stirring. Add the
aqueous phase to the oily phase with agitation. Start
cooling and continue to agitate until the temperature
reaches 25°C.
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EXAMPLE 27
Gel mg/g
Drug 200.0
Propylene glycol 100.0
Hydroxypropylcellulose 25.0
Ethyl alcohol g.s. ad 1.0 g

Method of Manufacture

Disperse or dissolve the drug alcohol with
agitation. Add the propylene glycol and then the
hydroxypropylcellulose, maintaining agitation until the
hydroxypropylcellulose is evenly dispersed. Cool the
resulting gel to allow for completion of hydration.

EXAMPLE 28

L Topical Lotion mg/g

e Drug 250.0

‘Ethyl alcohol 300.0

%u.‘. Polyethylene glycol 400 300.0

Lo Hydroxypropylcellulsse 5.0
£ Propylene glycol g.s. ad 1.0 g

Method of Manufacture

Dissolve or disperse tile drug in the solvent
mixture of ethyl alcohol, polyethylene glycol 400 and
propylene glycol with agitation. Then add the
hydroxypropylcellulose maintaining agitation, until the

caedsy
3 1

hydroxypropylcellulose is evenly dispersed.
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THE CLAIMS DEFINING THE INVENTON ARE AS FOLLOWS:

1. A compound represented by the formula
g H
H c—gﬂ : t
37 2
5 H I (; S
v H) . “coom X

¢

pharmaceutically acceptable salts or pharmaceutically
acceptable esters thereof, wherein:
10
R
X represents oxygen or -N- wherein R is
hydrogen, loweralkyl, acetyl or methoxycarbenyl;
Y is carbamoyloxy, hydroxy, lower alkoxy,
15 amino, methbxycarbonylamino, lower alkylcarbonyloxy, lower
alkylcarbonylamino and loweralkylsulfonylamino; and

W00 '~ the wavy lines indicate cis or trans
2.:: configurations or mixtures thereof.
':fe 2. The compound of claim 1 wherein X is oxygen.
‘eree” 20 3. The compound of claim 2 wherein Y is hydroxy.
‘:x:' 4. The compound of claim 2 wherein Y is methoxy.
E*.”‘ 5. The compound of claim 2 wherein Y is acetoxy.
6. The compound of claim 2 wherein Y is
carbamoyloxy.
25 7. The compound of claim 2 wherein Y is amino.
8. The compound of claim 2 wherein Y is
methoxycarbonyl amino.
9. The compound of claim 1 wherein Y is hydroxy.
10. The compound of claim 9 wherein X is -NH-.
30 11. The compound of claim 9 wherein X is
~N(COCH,) - /
12. The compound of any one of claims 1 to 11 which

ey

is either:

. - the cis, 3'R, 4'S, stereoisomer,

35

the cis, 3'S, 4'R stereoisomer,
the trans 3'R, 4'R stereoisomer, or

o o w »

. the trans 3'S, 4'S stereoisomer.
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13. A pharmaceutical composition which comprises a
compound . as
combination with a pharmaceutically acceptable carrier.
14.
claims 1 to

defined in any one of which claims 1 to 12 in

The use of a compound as defined in any one of
12 for the preparation of a pharmaceutical

composition useful for treating bacterial infection.

15. A compound of general formula I substantially
as disclosed herein with reference to any one of the
Examples.

16. A pharmaceutical composition substantially as

herein defined with reference to any one of Examples 22 to
28.

17.
claims 1 to 12 for the preparation of a pharmaceutical

The use of a compound as defined in any one of

composition useful for treating bacterial infection,
substantially as herein defined with reference to any one of
Examples 22 to 28.

Dated this 22nd day of November 1989

SCHERIN 0 RATION

By their Patent Attorney
GRIFFITH HACK & CO.




