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Plaintiffs Sankyo Company, Limited and Daiichi Sankyo, Inc.
(hereinafter “Plaintiffs”), for their Complaint against Defendants Mylan
Pharmaceuticals, Inc. and Mylan Laboratories, Inc., allege as follows:

NATURE OF ACTION

1. This is an action for patent infringement.
PARTIES

2. Plaintiff Sankyo Company, Limited (“Sankyo Japan™) is a
corporation organized and existing under the laws of Japan, having a place of
business at 5-1, Nihonbashi Honcho 3-chome, Chuo-ku, Tokyo 103-8426, Japan.

3. Plaintiff Daiichi Sankyo, Inc. (“Sankyo U.S.”) is a corporation
organized and existing under the laws of the State of Delaware, having a principal
place of business at Two Hilton Court, Parsippany, New Jersey 07054,

4, On information and belief, Mylan Pharmaceuticals, Inc.
(“Mylan Pharmaceuticals™) is a corporation organized under the laws of the State
of West Virginia, having an office and place of business at 781 Chestnut Ridge
Road, Morgantown, West Virginia 265035,

5. On information and belief, Mylan Laboratories, Inc. (“Mylan
Laboratories™) is a corporation organized under the laws of the State of
Pennsylvania, having an office and place of business at 1500 Corporate Drive,

Canonsburg, Pennsylvania 15317,
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6.  On information and belief, Mylan Pharmaceuticals is a wholly-
owned subsidiary of Mylan Laboratories, and the acts of Mylan Pharmaceuticals
complained of herein were aided and abetted by and done with the cooperation,
participation, and assistance of Mylan Laboratories. On information and belief,
Mylan Pharmaceuticals and Mylan Laboratories have officers or directors in
common,

7. Mylan Pharmaceuticals and Mylan Laboratories are hereinafter
collectively referred to as “Mylan.”

JURISDICTION AND VENUE

8. This action arises under the patent laws of the United States of
America. This Court has jurisdiction over the subject matter of this action under
28 U.S.C. §§ 1331 and 1338(a).

9. On information and belief, Mylan Pharmaceuticals is registered
to do business in New Jersey and has a registered agent in New Jersey. In
addition, Mylan sells various products and does business throughout the United
States, including within this judicial district. Upon information and belief, Mylan
has submitted to the jurisdiction of the United States District Court for the District
of New Jersey. This Court has personal jurisdiction over Mylan by virtue of, inter

alia, the above-mentioned facts.
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10.  Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b)
and (c¢), and 28 U.S.C. § 1400(b).

CLAIM FOR RELIEF - PATENT INFRINGEMENT

11.  Plaintiff Sankyo U.S. holds an approved new drug application
(“NDA”) No. 21-286 for Benicar”® tablets (5 mg, 20 mg and 40 mg), which tablets
contain the active ingredient Olmesartan Medoxomil. Benicar® tablets were
approved by the United States Food and Drug Administration (“FDA™) on April
25, 2002, for treatment of hypertension. Olmesartan Medoxomil is an angiotensin
IT receptor antagonist.

12.  Sankyo Japan is the owner of United States Letters Patent
No. 3,616,599 (““the ‘599 patent™). The *599 patent was duly and legally issued on
April 1, 1997. A true copy of the ‘599 patent is attached ilereto as Exhibit A.

13.  The ‘599 patent claims various chemical compounds including
Olmesartan Medoxomil specifically, as well as pharmaceutical compositions
containing these compounds, and method for the treatment or prophylaxis of
hypertension administering these cpmpounds.

14, The °599 patent was assigned by the inventors to Sankyo Japan

and remains assigned to Sankyo Japan.
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15.  Sankyo U.S. is a licensee under the ‘599 patent and is
marketing and selling in the United States the Benicar® tablets manufactured by
Sankyo Japan.,

16. Mylan Pharmaceuticals submitted to the FDA an abbreviated
new drug application (“ANDA”) under the provisions of 21 U.S.C. § 355()),
seeking approval to engage in the commercial manufacture, use, offer for sale, sale
and/or importation of generic Olmesartan Medoxomil tablets 5 mg, 20 mg and 40
mg (hereinafter referred to as “Mylan’s ANDA Product™).

17.  Mylan submitted its ANDA to the FDA for the purpose of
obtaining approval to engage in the commercial manufacture, use, offer for sale,
sale and/or importation of Mylan’s ANDA Product before the expiration of the
“599 patent.

18. By filing the ANDA under 21 U.S.C. § 355(j) for the purpose
of obtaining approval to engage in the commercial manufacture, use, offer for sale,
sale and/or importation of Mylan’s ANDA Product before the expiration of the
‘599 patent, Mylan has committed an act of infringement under 35 U.S.C. §
271(e)(2). Further, the commercial manufacture, use, offer for sale, sale and/or
importation of Mylan’s ANDA Product for which Mylan seeks approval in its

ANDA will also infringe one or more ¢laims of the ‘599 patent.
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19. Mpylan made, and included in its ANDA, a certification under
21 U.S.C. § 355G)(2)(A)(vi1)(TV) that, in its opinion and to the best of its
knowledge, the ‘599 patent is invalid.

20. Plaintiffs are entitled to the relief provided by 35 U.S.C.

§ 271(e)(4), including an Order of this Court that the effective date of any approval
of the aforementioned ANDA relating to Mylan’s ANDA Product be a date which
is not earlier than April 25, 2016, the expiration of the ‘599 patent, or any later date
of exclusivity to which Plaintiffs become entitled. Further, Plaintiffs are entitled to
an award of damages for any commercial manufacture, use, offer for sale, sale
and/or importation of Mylan’s ANDA Product, and any act committed by Mylan
with respect to the subject matter claimed in the 599 patent, which act is not
within the limited exclusions of 35 U.S.C. § 271(e)(1).

21.  On information and belief, when Mylan filed its ANDA, it was
aware of the ‘599 patent and that the filing of its ANDA with the request for its
approval prior to the expiration of the ‘599 patent was an act of infringement of
this patent.

22, The relevant statute (21 U.S.C. § 355(3)2)B)(1v)(I)) requires
that a notice of the Paragraph IV certification (“Notice Letter”) “include a detailed
statement of the factual and legal basis of the opimion of the applicant that the

patent is invalid or will not be infringed.” The FDA Rules and Regulations (21
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C.F.R. § 314.95(c)(6)(ii)) further require that the detailed statement include “[f]or
each claim of a patent alleged to be invalid or unenforceable, a full and detailed
explanation of the grounds supporting the allegation.”

23, On or about June 19, 2006, Mylan sent a Notice Letter,
purporting to comply with the provisions of 21 U.S.C. § 355()(2)(B)(iv)(II) and
the FDA regulations relating thereto, to Plaintiffs. The Notice Letter, as sent by
Mylan, was received by Sankyo U.S. on June 20, 2006 and by Sankyo Japan on
June 21, 2006.

24. Inthe Notice Letter, Mylan failed to comply with the statutory
provisions set forth in paragraph 22, above. The Notice Letter does not present a
prima facie case of invalidity of the claims of the ‘599 patent. Mylan’s Notice
Letter does not allege that the ‘599 patent was unenforceable. Other than the
allegation of invalidity, Mylan’s Notice Letter does not provide an independent
allegation of noninfringement. On information and belief, Mylan lacked a good
faith basis for alleging invalidity when the ANDA was filed. Mylan’s ANDA and
certification filing is a wholly unjustified infringement of the ‘599 patent.

25, Mylan has violated its duty of due care to avoid the known
patent right of the ‘599 patent.

26.  This is an excepticnal case and Plaintiffs are entitled to an

award of reasonable attorneys fees under 35 U.S.C. § 285.
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PRAYER FOR RELIEF

WHEREFORE, Plaintiffs respectfully request the following relief:

A.  Judgment that Mylan has infringed one or more claims of the
‘599 patent by filing the aforesaid ANDA relating to Mylan’s ANDA Product;

B.  Judgment that manufacture, use, sale or offer for sale of
Mylan’s ANDA Product will infringe Sankyo Japan’s 599 patent;

C. A permanent injunction restraining and enjoining Mylan and its
officers, agents, attorneys and employees, and those acting in privity or concert
with it, from engaging in the commercial manufacture, use, offer to sell, sale
within the United States, or importation into the United States, of Mylan’s ANDA
Product as claimed in the ‘599 patent;

D.  An Order that the effective date of any approval of the
aforementioned ANDA relating to Mylan’s ANDA Product be a date which is not
earlier than the expiration of the right of exclusivity under the ‘599 patent, or any
later date of exclusivity to which Plaintiffs become entitled;

E.  Damages from Mylan for any commercial activity constituting
infringement of the ‘599 patent;

F. Judgment that this is an exceptional case under 35 U.S.C. §
285, and Plaintiffs are entitled to the costs and reasonable attorneys fees in this

action; and
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G.  Such other and further relief as the Court may deem just and
proper.

JURY DEMAND

Pursuant to Fed. Rule Civ. P, 38 (b), Plaintiffs hereby demand trial by
jury of all claims and issues triable to a jury.

CERTIFICATION PURSUANTTO L. CIV. R. 11.2

Pursuant to Local Civil Rule 11.2, T hereby certify that the within
action is not the subject of any other action pending in any Court, or of any

pending arbitration or administrative proceeding.

Dated: July 31, 2006 s/ William J. Heller
William J. Heller
McCARTER & ENGLISH
Four Gateway Center
100 Mulberry St.
Newark, New Jersey 07102
Phone: (973) 622-4444
Facsimile: (973) 624-7070

Attorneys for Plaintiffs
Sanyko Company, Limited
Daiichi Sankyo, Inc.

Of Counsel:

Robert L. Baechtold

Joseph M. O’Malley, Jr.

Lisa B. Pensabene

FITZPATRICK, CELLA, HARPER & SCINTO

30 Rockefeller Plaza

New York, NY 10112-3801

Phone: (212) 218-2100

Facsimile: (212) 218-2200
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wherein R® is alkyl or alkenyl; R? and R? are hydrogen,
alkyl, alkenyl, cycloalkyl, aralkyl, aryl, or aryl fosed to
cycloalkyl; R* is hydrogen, alkyl, alkanoyl, alkenoyl, aryl-
carbonyl, alkoxycarbonyl, tetrahydropyranyl, tetrahydrothi-
opyranyl, tetrahydrothienyl, tch‘ahgdmfuryl. a group of for-
mula —SiR“R’R°, in which R%, R® and R are alky! or ary],
alkoxymethyl, (alkoxyalkoxy)methyl, haloalkoxymethyl,
aralkyl, ary} or alkanoyloxymethoxycarbonyl; R3 is carboxy
or —CONR®R®, wherein R® and B® hydrogens or alkyl, or
R® and R® together form alicylene; RY ig hydrogen, alkyl,
alkoxy or halogen; R’ is carboxy or tetrazol-S-yl; R,'ia
hydrogen, alkyl, cycloalkyl or alkanoyl; R_?is a single bond,
alkylene or alkylidens; R.* and R,* are’each hydrogen or
alkyl; R, is carboxy or tetrazol-5-y}; and X, is oxXygen or
sulfur; and phermacentically acceptable salts and esters
thereof. The compounds are ATl recepror antagonists and
thus have hypotensive activity and can be used for the
treatment and prophylaxis of hypenension. The compounds
may be prepared by reacting a biphenylmethyl compound
with an imidazole componnd.

42 Claims, No Drawings
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ANGIOTENSIN 1L ANTAGOSIST
. LBIPHENYLMETHYLIMIDAZOLE
COMPOUNDS AND THEIR THERAPEUTIC
USE

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation-in-part application of application
Ser. No. 07/839,482, filed Feb. 20, 1992 and application Ser.
No. 08/069,595, filed Jun. 1, 1993, both now abandoned.

BACKGROUND TO THE INVENTION

‘The present invention provides a series of novel 1-(bi-
phenylmethyl)imidazole compounds which are antagomists
to angiotension IT (hereinafter referred to as “ATF"), These
compounds have valnable hypotensive activitles, and which
may, therefore, be used in the treatment and prophylaxis of
hypertension, including diseases of the heart and circulatory
systern. The invention also provides methods and composi-
tions using these compounds, as well as processes for their
preparation.

It is known that the renin-angiotension system provides
one of the important -mechanisms for maintaining the
homeostasis of blood pressure in living animals,. When
blood pressure is reduced or the sodium ion concentration of
the body fiuids falls, this system is activated, As a result, the
enzyme renin and angiotensin converiing enzyme (hersin-

. after abbreviated, as is conventional, as “ACE") are acti-
vated and act on angiotensinogen, which is first decomposed
by the renin to produce angiotensin I (hereinafter abbrevi-
ated as “AI”). This Al is then converted by ACE to AT
Sirice AIT induces strong contractions of hlood vessels and
accelerates the secretion of aldosterone (which is a hormone
produced by the adrenal glands that controls the excretion of
sodium by the kidneys and thereby maintains the balance of
salt and water in the body fluids), the activation of the
system results in an elevation of blood pressure. Inhibitors
or suppressors of the xenio-angiotension system, such as
renin inhibitors, ACE inhibitors and AT antagonists, dilate
bload vessels, caase lower blood pressure and improve the
circulatory function, which is the basis for the use of these
agents in the treatment of heart diseases.

At present only ACE inkibitors are used clinically,
elthough renin inhibitors and ATl antagonists are under
investigation for such use. Of these, some peptide type ATL
antagonists, such as saralasin, have been known for many
years, while cerain non-peptide type antagonists have
recently been discovered (for example, European Patent
Publications No. 28 833, 28 834, 245 637, 253 310, 323 841,
324 377, 380 959, 399 732, 399 731, 400 835 and 492 105
and in JYapamese Patent Application Kokai No, Sho
§7-98270). Cloze prior ari is considered to be Buropean
Patent Publications No. 253 310 and 324 377 and Germen
Patent Publication 4 036 706. )

European Patent Publication No. 253 310 discloses a
series of l.phemyl, 1-phenethyl or l-benzyl imidazole
derivatives which are said to have the ability to inhibit tha
activity of AIL Included in the scope of these prior art
compounds are a number of l-biphenylmethylimidazole
derivatives, which, however, differ from the compounds of
the present invention in the nature of the substitient at the
imidazole 4- or 5- positdon,

European Patent Publication No. 324 377 discloses 2
seties of 1-(substituted phenyl)-, 1-(substituted phenethyl}-
or 1-(substigted benzyl)- imidazole derivatives which are
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said to have the ability to inhibit the activity of AL Included
in the scope of these prior art compounds are a number of
1-biphenylmethylimidazole derivatives, which, however,
differ from the compounds of the present invention in the
nature of the substituent at the imidazole 4-position.

German Patent Publication No. 4 036 704 also discloses
a series of such compounds, differing from the compounds
of the present invention in & stmilar manner. The activitics
of all of these prior art compounds, however, including those
of Buropean Patent Publications Ne, 253310 and 324 377
and German Patent Publication No, 4 036 706, are not
sufficient and more potent AII antagonists are sought For
better clinical results.

‘We have now discovered a limited series of 1-(bipheny]-
methyl)imidazole-3-carboxylic acid derivatives, fncluding
compounds with specific substitnents at the imidazole 4-po-
sition having su excellent AIl receptor antagonist activity,
and which are therefore useful as antihypertensive drugs and
for the therapy and prophylaxis of heart diseases,

BRIEF SUMMARY OF INVENTION

1t is, therefore, an object of the present invention pravide
a series of new 1-(biphenylmethyl)imidazole-§-carboxylic
acid dervatives,

It iz a further object of the invention to
compounds having ATl inhibitory activity. .

Other objects and advantages of the present invention will
become apparent as the description proceeds.

Thus, the present invention provides compounds of for-
mula {f):

R2 R?

Ri.f N Il QR*
T RS
CH

provide such

m

RE.

wherein:

R' represents an alkyl group having from 1 to 6 carbon
atoms or an alkenyl group having from 3 to 6 carhon
atoms; !

R? and R? arc independently selected from the group
consisting of:
hydrogen atoms;
alkyl groups having from 1 to 6 carbon atoms;
alkeny! groups having from 3 to 6 carbon atoms;
cycloalkyl groups having a total of from 3 to 10 carbon-

aloms in one or more saturated carbocyclic rings;
aralky} groups in which the alkyl part has from 1 to 6
carbon atomns and the aryl patt is as defined below;
aryl groups as defined below; and
fosed ring systems in which an aryl group, as defined
below, is fused to a cycloalky! group having from 3
© 10 carbon atoms;
R* represents:
a hydrogen atom;
an dlkyl group having from 1 to 6 carbon atoms;
an alkanoyl group. having from 1 to 6 carbon atoms;
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a substimuted alkanoyl group having from 2 to 6 carbon
atoms and substituted by at least one substituent
selected from the group consisting of halogen atorns
and atkoxy groups having from 1 to 6 carbon atoms;

an alkenoyl group having from 3 to 6 carbon atoms;

an arylearbooyl group in which the aryl part is as
defined below;

an atkoxyearbonyl gronp in which the alkyl part has
from 1 to 6 carbon atoms;

a tetrahydropyranyl, tetrahydrothiopyranyl, tetraby.
drothieny] or tetrahydrofory] group;

a substituted tetrabydropyranyl, tetrabydrothiopyranyl,
tetrahydrothienyl or tetrahydrofuryl group which is
substinned by at least one sebstituent selected from
the group consisting of halogen atoms and alkoxy
groups baving from 1 to 6 carbor atoms; a group of
formula—S8iR“R®R*, in which 1, 2 or 3 of the groups
represented by R R* and R® are independently
selected from the group consisting of alkyl groups
having from 1 to 6 carbon atoms, and 2, 1 or G of the
groups represented by R®, R” and R® are indepen-
dently selected from the group consisting of aryl
groups, as defined below; alkoxymethyl groups in
which the alkoxy pert has from 1 to 6 carbon atoms;

(alkoxyalkoxy)methyl proups In which each alkoxy
part has from 1 to 6 carbon atoms;

haloalkoxymethyl groups in which the alkoxy part has
from 1 10 6 carbon atoms;

aralky] groups, in which an alkyl group having from 1
to 6 carbon atoms is substimted by at least one ary]
group, as defined below; or’

slkanoyloxymethoxycarbonyl groups in which the
alkanoyl part has from 1 to 6 carbon atoms;

R? represents a carboxy group or & group of formula
—CONR®R®, wherein R® and R® are independently
selected from the group consisting of
hydrogen atoms,
unsubstituted alkyl groups having from 1 to 6 carbon

atoms, and

substituted alkyl groups which have from 1 to 6 carbon
atoms and which are substituted by at Jeast one
substituent selected from the group consisting of
substimiénts (a), defined below, or

R® and R® togesher represent an unsubstitoted alkylene
group having from 2 {o 6 carbon atoras or a substituted
alkylene gronp which has from 2 to 6 carbon atoms and
which is substituted by at least one substituent selacted
from the group conmsisting of carboxy groups and
elkoxycarbonyl groups in which the alkyl part has from

. I to 6 carbon atoms;

R® represents a hydrogen atom, an alkyl group having
from 1 to 6 carbon atoms, an alkoxy group having from
1 to &6 carbon atoms or a halogen atom;

R7 represents a carboxy group or a tetrazol-5-y! group;

said substituents (a) are selected from the group consist-
ing of:

aryl groups as defined below;

beterocyclic groups having 5 or 6 ring atoms, of which
from 1 to 4 are hetero-atoms selected from the group
consisting of nitrogen, oxygen and sulfur atoms;

halogen atoms:

hydroxy groups;

alkoxy gronps having from 1 to 6 carbon atoms;

carboxy groups

alkoxycarbonyl groups in which the elkyl part has from
1 t0 6 carhon stoms;
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4
amino groups; and
&cylamino groups, in which the acyl part is an alkanoyl
group having fiom 1 to 6 carben atoms or en
arylcarbonyl group, in which the aryl part is as
defined below;
safd aryl groups are aromatic carbocyclic groups which
have from 6 to 14 ring atoms and which are nnsubsti-
tuted or are substituted by at least one substituent
selected from the group consisting of substiments (L),
defined below; and

said substituents (b) are selected from the group consist-
ing of nitvo gronps, cyano groops, halogsn atoms,
unsubstitmted carbocyclic aryl groups having from 6 to
10 ring atoms, alkyl groups having from 1 1o & carbon
atoms, alkoxy groups having from 1 to 6 carbon atoms,
carboxy groups, alkoxycarhonyl groups in which the
glkoxy part has from 1 to 6 carbon atoms and alky-
lenedioxy and alkylidene- dioxy groups having from 1
to 3 carbon atoms;

anrd pharmacentically scceptable salts and esters thereof,

The invention also provides a pharmaceutical composi-
tion for the treatment or prophylaxis of hypertension, which .
comprises an effective amount of an anti-hypertensive agent
in admixture with a pharmaceutically acceptable carer or
diluent, wherein the anti-hypertensive agent is selected from
the group consisting of compounds of formwla (I) and
pharmaceutically acceptable salts and esters thereof, ‘

The invention further provides a method for the treatment
‘or prophylexis of hypertension in a mammal, e.g, a human
being, which comprises administering an effective amount
of an anti-hypertensive agent to said mammal, wherein the
anti-hypertensive agent is selected from the group consisting
of compounds of formula () and pharmaceutically accept-
able salts and esters thereof,

The invention stll further provides processes for the
preparaiion of compounds of formula (!) and pharmacenti-
cally acceptable salts and esters thereof, which are described
in more detail hereafier. ‘

In accordance with the present invention, there are also
provided compounds of formula (I),,:

N Rg? g;; @
Rpl—X,—R7 _<{ l
N ‘

COOH
iy

@
in which:

R, represents a hydrogen atom, an alkyl group having
trom 1 to 6 carbon atoms, a cycloalkyl group having.
from 3 to 6 xing carbon atoms or an alkanoyl group
having from 1 to 6 carbon atoms;

R,? represents a single bond or an alkylene or alkylidens
group having from 1 to 4 carbon atoms;

R.? R, are independently selected from the group con-
sistmg of hydrogen atoms and alkyl groups having
from 1 to 6 carbon atoms;
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5 6 :
® represents a carboxy group or & tetrazol-5-yl group; 2-methyl-3-pentenyl, 4-pentenyl, 1-methyl-4-pentenyl,
pe
and 2-methyl-4-pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl,

X, represents an oxygen or sulfur atom;
and pharmaceutically acceptable salts and esters thereof.

The invention also provides a pharmaceutical COmpOsi-
tion for the ireatment or prophylaxis of hypenension or of a
cardiovascular disease, which comprises an effective
amount of an anti-hypertensive agent in admixture with a
pharmaceutically acceptable canier or diluent, wherein the
anti-hypertensive agent is selected from the group congisting
of compounds of formula (I),, and pharmaceatically accept-
able salts and esters theraof,

The invention further provides a method for the treatment
or prophylaxis of hypertension or of a cardjovascalar disease
in 2 mammzl, e.g. a human being, which comprises adnin-
istering an effective amount of an anti-hypertensive agent to
said mammal, wherein the anti-hypertensive agent is
selected from the group consisting of compounds of formula
(), and pharmzceutically acceptable salts and esters thereof,

The invention still further provides processes for the
preparation of compounds of formula (D), and pharmacen-
tically acceptable salts and esters thereof, which are
described in more detail hereafier,

DETAILED DESCRIPTION OF INVENTION

. In the eompounds of the present invention, where R', R?,
R?, R*, R, R®, R® or substituent (b) is an alky! group, this
13 an alkyl group having from 1 1o 6 cerbon atoms, and may
be a straight or branched chain group having from 1 t0 6
carbon atoms; examples inclede the methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, t-pentyl,
2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, 4-methylpen-
tyl, 3-methyipentyl, 2-methylpentyl, 1-methylpcntyl, 3,3-
dimethylbutyl, 2.2-dimethylbutyl, 1,]-dimethylbutyl, 1,2-
dimethylbutyl,  1,3-dimethylbutyl, 2,3-dimethylbutyl,
2-gthylbutyl, hexyl and ischexyl groups. R! preferably rep-
Tesents a siraight or branched chain alkyl group containing
from 2 to 5 carbon atoms, and more preferably a straight
chain group, i.¢. most preferably an ethyl, propyl or butyl
group. Each of R? and R* which may be the same or
different, preferably represents a straight or branched chain
alkyl group containing from 1 to 4 carbon atoms, more
preferably a methy!, ethyl, propyl, isopropyl or t-butyl
£roup, and most preferably a methyl or ethyl group when R*
represents a cerboxy group, or an isopropyl or t-butyl group
when R represents a group of formula —CONR®R?, R* or
R® prefersbly represents a straight or branched chain alkyl
group containing from 1 to 4 carbon atoms, more preferably
a methyl or ethyl group. Where R® and R® are alkyl groups,
these may be the same or different, and each is preferably an
alkyl group containing from 1 to 4 carbon atoms, more
preferably a methyl, ethyl, propy! or butyl group, and most
preferably 2 methyl or ethyl group. In the case of substituent
{(b), when this represents an alkyl group, it preferably has
from 1 ta 4 carbon atoms, and the methyl and cthyl groups
are more preferred.

Where R, R® and R® represents an alkenyl group, this
may be 2 straight or branched chain alkenyl group contsin-
ing from 3 to 6 carbon atoms. Examples of such groups
include: the 1-propenyl, 2-propenyl, 1-methyl-2-propenyl,
2-methyl-1-propenyl, 2-methyl-2-propenyl, 2-gthyl-2-pro-
penyl, 1-butenyl, 2-butenyl, 1-methyl-2-butenyl, 2-methyl-
2-bntenyl, 3-methyl-2-butenyl, 1-ethyl-2-butenyl, 3-bute-
nyl, 1l-methyl-3-butenyl, 2-methyl-3-butenyl, 1-ethyl-3-
butenyl, 1-pentenyl, 2-pentenyl, 1-methyl-2-pentenyl,
2-methyl-2-pentenyl,  3-pentenyl, 1-methyl-3-pentenyl,
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4-hexenyl and 5-hexenyl groups. R! preferably represents a
straight or branched chain alkenyl group containing 3 or 4
carbon atoms, and mare preferably a i-propenyl or 1-bute- -
nyl group, Each of R* and R*, which may be the same or
different, preferably represents a straight or branched chain
atkenyl group containing 3 or 4 carbon atoms, and more
preferably 2 2-propenyl or 2-butenyl group.

‘Where R? ar R? represents a cycloalky] group, this has a
total of from 3 to 10 carbon atoms in ore or more saturated
carbocyclic rings, and the or each ring preferably has from
3 to 6 carbon atoms. Where the group is a multiple ring
system, this may be a bridged or fused ring system.
Examples of such groups include the evclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl and
adamantyl groups. Of these, we prefer those groups having
from 3 to 6 carbon atoms in a single ring, and most prefer
the eyclopentyl and cyclohexy! groups.

Aliernatively R?, or R? may represent an aralkyl group, in
which the alkyi part has from 1 to 6 {more preferably from
1 to 4, still more preferably 1 or 2, and most preferably 1)
carben atoms and the aryl part is an aromatic carbocyclic
groups which has from 6 to 14 (preferably from 6 to 10, and
mmore preferably § or 10) ring atoms and which is vnsubstk-
tuted or is substituted by at least one substituent selected
from the group consisting of substituents ¢b), defined above
and exemplified below. Specific examples of alkyl groups -
which may form the alkyl part are as given abovs in relation
to the alkyl groups which may be represented by R?, and
specific examples of the aryl groups which may form the
aryl part are as given below in relation to the aryl groups
which may be represented by R”. Examples of such aralkyl
groups include the benzyl, 1- and 2-naphthylmethyl, inde-
nylmethyl, phenanthrenytmethyl, anthracenylmethyl, diphe-
nylmethyl, = triphenylmethyl, 1-phenylethyl, phenethyl,
1-naphthylethyl, 2-naphthylethyl, i-phenylpropyl, 2-phe-
nylpropyl, 3-phenylpropyl, 1-naphthylpropyl, 2-naphthyl-
propyl, 3-naphthylpropyl, 1-phenylbutyl, 2-phenylbutyl,
3-phenylbutyl, 4-phenylbutyl, 1-naphthyfbutyl, 2-naphthyl-
butyl, 3-naphthylbutyl, 4-naphthylbutyl, I-phenylpentyl,
2-phenylpentyl, 3-phenylpentyl, 4-phenylpentyl, S-phenyl-
pentyi, 1-naphthylpentyl, 2-naphthylpenty!, 3-naphthylpen-
tyl, 4-naphthylpentyl, S-naphthylpentyl, 1l-phenylhexyl,
2-phenylhexyl, 3-phenylhexy], 4-phenylhexyl, 5-phenyl-
hexyl, 6-phenylhexyl, 1-naphthylhexyl, 2-naphthylhexyl,
3-naphthylhexyl, 4-naphthylhexyl, S-naphthylhexyl and
G-naphtiylhexyl groups. In those cases where the aralkyl
group contains 2 naphthyl group, this may be & 1- or 2-
naphthyl group. Of these aralkyl groups, we prefer those
groups in which the alkyl part has from 1 to 4 carbon atoms,
the benzyl group being most preferred, These groups may be
unsubstituted or they may be substituted by one or more of
substiients (b), defined above and exemplified below.
Examples of the substituted groups include those unsubti-
tuted groups exemplified above but in which the ary! part is
replaced by one of the substituted aryl groups given below.
However, the unsubtitated groups are preferred.

Where R* or R? represents an aryl group, this is an
aromatic catboeyclic group which has from 6 to 14 (pref-
erably from 6 to 10, and more preferably 6 or 10) ring atoms
and which is unsubstituted or is svbstituted by at least one
substituent selected from the group consisting of substi-
ents (b), defined above and exemplified below. Such groups
may be munsubtituted or they may be substituted by at least
one, and preferably from 1 to 3, of substituents &), for
example: ’
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aitro groups;

CYaNo groups;

helogen atoms, such as the fluorine, chlorine, bromine or

iodine atoms, of which the fluorine, chlorine and bro-
mine atoms are preferred;
unsubstituted carbocyclic aryl
below in relation to R? and
alkyl groups, as exemplified above, most preferably the
methyl group;

alkoxy groups having from 1 to 6, preferably from 1 to 4,

carbon atems, such a5 the methoxy, ethoxy, Propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy, t-butoxy,
pentyloxy, neopentyloxy, 2-methylbutoxy-, 3-methyl-
bulaxy, 1-sthylpropoxy, 4-methylpentyloxy, 3-methyl-
pentyloxy, 2-methylpentyloxy, l-methyIpentyloxy, 3,3-
dimethylbutoxy, 2,2-dimethylbutoxy, 1.1-
dimethylbutoxy, 1,2-dimethylbotoxy, 1,3-
dimethylbutoxy, 2,3-dimethylbutoxy, 2-ethylbutoxy,
hexyloxy and isohexyloxy groups, most preferably a
methoxy or ethoxy group;

alkoxycarbonyl gronps in which the alkoxy part has from

1 10 6, preferably from 1 to 4, carbon atoms, such as the

methoxycarbonyl, ethoxycarbonyl, propoxycarbony!,

isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbo-

nyl, t-butoxycarbonyl, pentyloxycarbonyl and hexy-

loxycarbonyl groups, of which the methoxycarbonyl

and ethoxycarbonyl groups ‘are most preferred;
carboxy groups;

alkylenedioxy and alkylidenedioxy groups having from 1

to 3 carbon atoms, for example the methylencdioxy,
sthiylenedioxy, propylenedioxy, trimethylenedioxy, eth-
ylidenedioxy and isopropylidenedioxy groups, of
which the methylenedioxy group is most preforred.

Of these, the alkyl and alkoxy substituents are preferred
where R or R? represents a substituted aryl group.

Where (he group is substituted, the nimber of substituents
is not critical, zud is only limited by the number of substi-
tutable positions, and possibly by steric constraints. How-
ever, in practice, we normally prefer 1, 2 or 3 substituents.

Examples of substituted and unsubstituted aryl groups
include the phenyl, naplithyl, phenanthrenyl, anthraceny],
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-eth-
ylphenyl, 3-propylphenyl, 4-ethylphenyl, 2-butylphenyl,
3-pentylphenyl, 4-pentylphenyl, 3,5-dimethylphenyl, 2,5-
dimethyiphenyl, 2,6-dimethylphenyl, 2,4-dimethylphenyl,
3,3-dibutylpbenyl, 2,5-dipentylpkenyl, 2,6-dipropyl-4-me-
thylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methox-
yphenyl, 2-ethoxyphenyl, 3-propoxyphenyl, 4-ethoxyphe-
nyl, 2-butoxyphenyl, 3-pentyloxyphemny] and
4-pentyloxyphenyl groups, of which the phenyl, 2-meth.
¥lphenyl, 3-methylphenyl, 4-methylphenyl, 2-methoxyphe-
nyl, 3-methoxypheny] and 4-methoxyphenyl groups ars the
most preferred.

Where R? or R® represents a fused ring system in which
an aryl group iy fused to a cycloalkyl group having from 3
to 10 carbon atoms, the aryl and cycloalkyl parts may be as
exemplified above, and preferibly the aryl part is & phenyl
or naphthyl group, and the cycloalkyl part has 5 or f cashon
atoms. Examples of such fused ring systems include the
indanyl, tetrahydronaphthyl and tetrahydroanthryl groups,
of which the indanyl and tetrabiydronaphthyl groups are
prefemred.

R® can represent an alkanoyl group; such a group may be
a straight or branched chain group and has from I to 6
carbon atoms. Examples of soch groups include the formyl,
acetyl, propionyl, butyryl, isobutyryl, pivaloyl, valeryl and

groups, e.g. as exemplified
R
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isovaleryl groups, of which the formyl and acety] ETOUps are
preferred.

Alternatively, R* may be a substituted alkanoyl group in
which the subsiituent or substituents is or are selected from
the group consisting of the halogen atoms and the alkoxy
groups, Bxamples of soch substituted alkanoyl grosps
inclade the chloroacetyl, dichloroacetyl, trichloroacetyl, -
Hluoroacetyl and methaxyacety! groups, of which the chio-
roacetyl and triflnoroacetyl groups are preferred. ’

Where R* represents an alkenoyl group, this may have
from 3 to 6, preferably from 3 to 5, carbon atoms, and
examples include the acryloyl, methacryloyl, crotonoyl,
3-methyl-2-tutenoyl and Z-methyl-2-butenoyi, eapecially
(E)-2-methyl-2-butenoyl, groups.

Where R* represents an arylcarbonyl group, the aryl part
may be any of those aryl groups exemplified sbove in
relation to R® However, in this case, if the group is
substituted, the substituents are preferahly selected from the
group consisting of halopen atoms, alkyl groups, alkoxy
groups, mitro groups, alkoxycarbonyl groups and unsubsti-
tuted aryl groups, more preferably the methyl, methoxy,
fluoro and chloro substituents. Examples of the arylcarbonyl
groups inciudeé the benzoyl, o-maphthoyl, B-naphthoyl,
3-fluorobenzoyl, 2-bromobenzoyl, 4-chlorobenzoyl, 2.4.6-
trimethylbenzoyl, 4-toluoyl, 4-anisoyl, 4-nitrobenzoyl, 2-ni- -
trobenzoyl, 2-(methoxyearbonyl)benzoyl and 4-phenyiben-
2oyl groups, of which the berzoyl, 4-toluey}, and 4-anisoyl,
graoups are preferred,

Where R® represents an alkoxycarbonyl group, the alkoxy
part has from 1 to 6 carbon atoms, i.c. the group as a whole:
has from 2 to 7 cathon stoms, and examgles of such groups
inchzde the methoxycarbonyl, ethoxycarbonyl, Propoxycar:
benyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycar-
bonyl, t-butoxycarbonyl, pentyloxycarbony] and hexyloxy<
carhonyl groups, of which the methoxycarhonyl ami
ethoxycarbonyl groups are preferred. e

Where R* represents a tetrahydrapyranyl, tetrahydrothi-
opyranyl, tetrahydrothienyl or tetrahydrofuryl group, this
may be substiited or unsubstitated. If substituted, the
substituents are selected from the group consisting of halo-
gen atoms and alkoxy groups having from ! to 6 carbon
atoms, which may be any of those groups and atoms
cxemplified above in relation to R*, prefersbly the chloro,
bremo and methoxy substituents, Examples of these substi-
tuted and unsubstituted groups include the tetrahydrapyran.
2-yl, 3-chlorotetrahydropyran-2-yl, 3-bromotetrahydropy-
ran-2-yl, 4-methoxytetralydropyran-2-y1,

Lty

- tewrahydrothiopyran-2-yl, 4—meﬂ10xytetrahydrothiopyran12-

¥, tetrahydrofuran-2-yl and tetrahydrothien-2-yl groups, of
which the tetrahydropyzan-2-y], 4-methoxytetrahydropyrac-,
2-y), tetrahydrothiopyran-2-yl and 4-methoxytetrahydrothi-,
opyran-2yl groups are preferred, -

Where R* represents asilyl group of formula —SiRFRYRE.
in which 1, 2 or 3 of the gronps represented by R=, R® and
R? are independently selected from the group consisting of .
alky! groups having from 1 to 6 carbon atoms, and 2, 1 or
0 of the groups represented by R, R” and R€ are indepen-
dently selected from the group consisting of aryi groups, as’
defined above, the alkyl and aryl parts may be any of those.
groups exemplified above in relation to R and R?, prefer-
ably the methyl, ethyl, t-butyl and phenyl gronps. Examples
of such silyl groups inclnde the trimethylsilyl, triethylsilyl,
isopropyldimethylsilyl, t-butyldimethyleilyl, methyldiiso-
propylsilyl, methyl-di-t-butylsilyl, trifsopropylsilyl, diphe-
nylmethylsily, diphenylbutylsilyl, diphenylisopropylsilyl
and phenyldiisopropylsilyl groups, of which the trimethyl-
silyl, t-butyldimethylsilyl and diphenylmethylsityl groups
are preferred, )
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Where R* represents an alkoxymethyl group in which the
alkoxy part has from 1 to 6 catbon atoms, the alkoxy parnt
may be any of the alkoxy groups exemplified above in
telation to substituents (b). Examples of such alkoxymethyl
groups include the methoxymethyl, 1,1-dimethyl-1-meth-
oxymethyl, ethoxymethyl, propoxymethyl, isopropoxym-
eilty], butoxymethyl and tbutoxymerhyl groups, of which
the methoxymethyl and ethoxymethyl groups arc preferred.

Where R* represents an (elkoxyalkoxy)methyl group,
each alkoxy part has from 1 to 6 cerbon atoms and may be
any of the alkoxy groups exemplified above in relatien to
substituents (b). Examples of such (alkoxyalkoxy)methyl
groups include the methoxymethoxymethyl, 2-methoxy-
ethoxymethyl, 2-methoxypropoxymethy! and 2-methoxybu-
toxymethyl groups, of which the 2-methoxyethoxymethyl
group is preferred.

Where R® represents & haloalkoxymethyl group, the
atkoxy part has from 1 to 6 carbon atoms and the halogen
atoms and alkoxy groups may be any of the atoms and

- groups exemplified above in relation to substituents (b).

Examples of such haloalkoxymethyl groups include the
2,2.2-richloroethoxymethyl, 2,2,2-trihromoethoxymethyl,
bis(Z-chloroethoxy)methyl and bis(2-bromoethoxy)methyl
groups, of which the 2,2,2-trichloroethoxymeshy! and bis(2-
chloroethoxy)merhyl groups are preferred.

Where R® represents an arstkyl proup, in which an alkyl
group having frem 1 to 6, preferably from 1 to 4, carbon
atoms is substituted by at least cne ary! group, the alkyl and
aryl parts may be any of the alkyl and aryl £roups exem-
plified gbove in relation to R! and R% Examples of such
gralky]l groups include the henzyl, o-paphthylmethyl,
B-naphthylmethyl, diphenylmethyl(benzhydryl), triryl,
o-naphthyldiphenylmethyl, S.anthrylmethyl, 4-methylben-
#%yl, 6-phenylhexyl, 2,4,6-trimethylbenzyl, 3.4,5-trimethyl-
benzyl, 4-methoxybenzyl, 4-methoxyphenyldiphenylm-
ethyl, 2-mitrobenzyl, 4-nitrobenzyl, 4-chlorabenzyl,
4-bromobenzyl and 4-cyanobenzyl groups, of which the
benzyl, 4-methylbenzyl, 4-methoxybenzyl, 4-chlorobenzyl
and 4-bromobenzyl groups are preferred.

Where R* represents an alkanoyloxymethoxycarbony!
group, the alkanoyl part has from 1 to 6 carbon atoms and
mey be any of the atkanoyl groups exemplified sbove in
relation to R, Examples of auch alkanoyloxymethoxycar-
bonyl groups ioclude the formyloxymethoxyearbonyl,
acetoxymethoxycarbonyl, propionyloxymethoxycarbonyl,
butyryloxymethoxycarbonyl and pivaloyloxymethoxycar-
bonyl groups, of which the pivaloyloxymethoxycarbonyl
grousp is preferred.

R? represents a carboxy group ar a group of formula
—CONR®R’. Where it represents a group of formula
~—CONR®R®, and R¥ or R® represents an alkyl group, this
may be an unsubstituted alkyl group baving from 1 to 6
carbon atoms, such as those groups exemplified above, or a
substituted alkyl group, which has from 1 to 6 carbon atoms
and which is substituted by at least one substituent selected
from the group consisting of substituents (a), defined sbove
and exemplified below.

Where R® and R® together represent an alkylene group,
this has from 2 to § carbon stoms and may be substituted or
unsubstitnted; it may also be a straight or branched chain
group, Examples of the unsubstitated groups include the
cthylene, trimethylene, propylene, ethylethylene, tetrameth-
ylene, pentamethylene and hexamethylene groups, of which
those groups containing 4 or 5 carbon atoms are preferred.
In such cases, the group of fornmla —NR®R® is & nitrogen-
containing heterocyclic group having from 3 1o 7 ring atoms
{one being the nitrogen atom), for example, when the
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alkylene group contains 4 or 5 carbon atoms, it is a 1-pyr-
rolidinyl or piperidino group, respectively, Where the group |
is substituted, there may be one or more substituents selected
from the group consisting of carboxy groups and alkoxy-
carbonyl groups in which the alkoxy part has from 1 0 6
carbon atoms. Examples of such substiments include the
carboxy, methoxycarbonyl, ethoxycarbonyl, Ppropoxycarbo-
nyl, butoxycarbonyl, isobutoxycarbonyl, t-butoxycarbonyl,
pentyloxycarbonyl and hexyloxycarbonyl groups, of which
the carboxy, methoxyarbony! and ethoxycarhony! groups are
preferred. .

Where R® represonts a carboxy group, the compound is 3
carboxylic acid and can, therefore, form esters, in which the
carboxy group represented by R is replaced by & group of
formula —COOR™, in which R® represents an ester resi- -
due (in the case of the carboxylic acid, R® represents a
hydrogen atom). It can also form salts, examples of which .
are g3 exenoplified below in relation to R”. The nature of the
ester so formed is not critical to the invention, except where -
the ester is to be used for pharmaceutical pirposes, in which ~
case it should be pharmaceuticaily acceptable, i.e, it should
not have increased, or unaccepiably increased, toxicity or
reduced, or unacceptably reduced, activity, as compared
with the parent acid. However, where the ester is to be used
for other purposes, e.g. as intermediates for the preparation
of other, and perhaps more active, compounds, even this -
restriction does not apply, and any ester residue common in -
the art may be used and may be selected on the basis of its-
functionatity and commercial advantages. However, it is .
well known in the art that certein ester residues confer
advantages on compounds incorporating them, for example
easier or better absorption in vivo, and, if desired, such ester
residues may be used in the present inverttion,

Examples of such ester residues include:

dlkyl groups having from 1 to 6 carbon atomns, such as
those exemplified above in relation 10 R};

haloatkyl groups having from 1 to 6, preferably from 110
4, carbon atoms, in which the alkyl part may be as .
exemplified above in relation to R!, for example the -
trifuoromethyl, 2,2,2-wichloroethyl, 2,2,2-triflucroet~
hyl, 2-chlorocthyi, 2-fluorcethyl, 2-iodoethyl, 4-fluo-
robutyl, 3-chloropropyl and 6-iodohexyl groups, of -
which the 2,2,2-trichloroethyl and 2-chloroethy] groups
are preferced; ’

hydroxyaikyl groups having from 1 10 6, preferably from
1 to 4, carbon atoms, in which the alky] part may be as
exemplified above in relation to R*, for example the
2-hydroxyethyl, 2,3-dihydroxypropyl, 3-hydroxypro-
P¥L, 3.4-dihydroxybutyl and 4-hydroxybuty] groups, of
which the 2-hydroxyethyl group is preferred;

alkoxyalkyl and alkoxyalkoxyalkyl groups in which the -
alkoxy and the alkyl parts each have from 1 to 6,
preferably from 1 1o 4, carbon atoms, and may be as
exemplified above inrelation to substituents (b) and R?,
respectively, for example the methoxymethyl, 2-meth-
oxyethyl, 2-ethoxyethyl and 2-methoxyethoxymethy]
groups, of which the methoxymethyl group is pre-
ferred;

phenacyl groups and phenacy! groups which are substi-
tuted by one or more of substiments (b), of which the

. unsubstituted phenacyl group is preferred;

alkexycarbonylalkyl groups, such as the methoxycarbo-
nylmethyl group;

cyanoalkyl groups having from 1 to 6, preferably from 1
to 4, catbon atoms, in which the alkyl part may be as
exemplified above in relation to RY, for example the
2-cyanoethyl and cyanomethyl groups; :
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alkylthioalkyl groups in which each alkyl part has from 1
to 6, preferably from 1 to 4, carbon atoms, and may be
s exemplified above in relation to R, for example the
methylthiomethyl and ethylthiomethyl;

arylthioalkyl gronps in which the alkyl part has from 1 to
6, preferably from 1 to 4, carbon atoms, and may be as
exemplified above in relavon to RY, and the aryl part
may be zs defined and exemplified above in relation to
R?, for example the phenylthiomethyl group;

alkylsulfonylalkyl ‘groups in which each alkyl part has
from 1 to 6, preferably from 1 to 4, carbon atoms, and
may be as exemplified above in relation 1o R and may
be unsubstituted or sobstitated by one or miore halogen
atoms, for example the 2-(methanesulfonyl)ethyl or
2-(triflucromethanesulfonyl)ethyl ETOUpS;

* arylsulfonylalkyl groups in which the alkyl part has from
1 0 6, preferably from 1 ta 4, carbon atoms, and may
be s exemplified above in relation to R, and the aryl
part may be as defined and exemplified above in
relation to R?, for example the 2-(benzenesulfonyl)
ethyl and 2-(p-toluenesulfonyl)ethyl groups;

aryl Eoups such as those exemplified above in relation to
R%

aralkyl groups such as those exemplified above in relation
10 R?, especially the benzyl, p-methoxybenzyl, p-ni-
trobenzyl and 4-acetoxy-3-methoxybenzyl groups, of
which the benzyl group is preferred;

groups of formula —SiR“RR (in which R, R® and B are
as defined above in reletion to R, R? and R%), such as
those exemplified above in relation to R*:

elkanoyloxyalkyl groups in which each of the alkanoyl
and the alkyl parts has from 1 to 6 carbon atoms and
may be as exemplified above in relation to R* and R?,
respectively, and preferably the alkanoyl part has from
110 5 carbon atoms and the alkyl part has from 1 to 4
carbon atoms and mare proferably the alkanoyl patt has
from 2 to 5 carbon atoms and alkyl part bas from 1 to
2 carbon atoms; examples of such alkanoyloxyalkyl
groups include the formyloxymetnyl, acetoxymethy),
propionyloxymethyl, butyryloxymethyl, pivaloy-
loxymethyl, valeryloxymethyl, isovaleryloxymentyl,
hexanoyloxymethyl, 1-(formyloxy)ethyl, 1-(acetoxy)
ethyl, l-(propionyloxy)ethyl, 1-(butyryloxy)ethyl,
1-(pivaloyloxyetiyl, l-(valeryloxy)ethyl, 1-(isov-
dleryloxy)ethyl, 1-(hexanoyloxy)ethyl, 2-(formyloxy)
cthyl, 2-(acetoxy)ethyl, 2-(propionyloxy)ethyl, 2-(bu-
tyryloxyjethyl, 2-(pivaloyloxy)ethyl, 2-(valeryloxy)
ethyl, 2-(isovaleryloxy)ethyl, 2-(hexanoyloxy)ethyl,
1-{formyloxy)propyl, 1-(acetoxy)propyl, 1-(propiomny-
loxy)propyl, i-(butyryloxy)propyl, l-{pivaloyioxy)
propyl, 1-{valeryloxy)propyl, 1-(isovaleryloxy)prapyl,
1-(hexanoyloxy)propyl, 1-(acetoxy) butyl, 1-(propio-
nyloxy)butyl, 1-(butyryloxy)outyl, 1-(pivaloyloxyibu-

. tyL, 1-(acetoxy)pentyl, 1~(propionyloxy) pentyl, 1-(ba-
tyryloxy)pentyl, 1-(pivaloyloxy)pentyl and
1-{pivaloyloxy)hexyl proups, preferably the formy-
loxymethyl, acetoxymethyl, propionyloxymethyl,
butyryloxymethyl, pivaloyloxymethyl, 1-(formyloxy)
ethyl, I-(acetoxy)ethyl, 1-{propionyloxy)ethyl, 1-(bu-
tyryloxy)ethyl and 1-(pivaloyloxy) ethyl groups, and
more preferably the acetoxymesthyl, propionyloxym-
ethyl, butyryloxymethyl, pivaloyloxymethyl, 1-(ac-
etoxyethyl, 1-{propionyloxy)ethyl, 1-(huryryloxy)
ethyl and 1-(pivaloyioxy)ethy! groups and most pref-
erably the pivaloyloxymethyl and i-(pivaloyloxy) ethyl
groups;
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cycloalkanoyloxyalky! groups in which the cycloalkyl

part has 5 or 6 carbon atoms and the alkyl parts has
{rom 1 to 6 cerbon atoms, each as exemplified above in
relation 1o R preferably the alky] part has from 1 to 4
carbon atoms and more preferably 1 or 2 carbon atoms;
examples of such cycloalkenoyloxyalkyl groups
include the cyclopentanoyloxymethyl, cyclohexanoy-
loxymethyl, 1-(cyclopentanoyloxydethyl, 1-(cyclohex-
anoyloxy)ethyl, 1-(cyclopentanoyloxy)propyl, 1-(cy-
clohexanoyloxy)propyl, I-(cyclopentanoyioxy)butyl
and 1-(cyclohexancyloxy)butyl, groups, preferably the
cyclopentanoyloxymethyl, cyclohexanoyloxymethyl,
1-{eyelopentanoyloxy)ethyl, and  1-{cyclohexanoy-
loxy)ethyl groups;

alkoxycarbonyloxyalkyl groups in which each of the

alkoxy and the alky! parts has from 1 to 6 carhon atoms
as exemplified above in relation to substituents (b) and
R, respectively, and preferably cach of the alkoxy and
the alkyl parts has from 1 to 4 carbon atoms and more
preferably the alkoxy part has from 1 to 4 carbon atoms
and alkyl part has from 1 to 2 carbon atoms; examples
of such alkoxycarbonyloxyalkyl groups include the
methoxycarbonyloxymethyl,  ethoxycarbonyloxym-
ethyl, propoxycarbonyloxymethyl, isopropoxycarbo.
nyloxymethyl, butoxycarbonyloxymethyl, isobutoxy-
carbonyloxymethyl, pentyloxycatbonyloxymethyl,
hexyloxycarbonyloxymethyl, 1-(methoxycarbonyloxy)
ethyl, 1-(ethoxycarbonyloxy)ethyl, I-(propoxycarbo-
nyloxy)ethyl, 1-(isopropoxycarbonyloxylethyl, 1-(ops
toxycarbonyloxy)ethyl, 1-(isobutoxycarbonyloxy)
ethyl, 1-(pentyloxycarbonyloxy)ethyl, 1-(exylokycar
bonyloxy)ethyl, 2-(methoxycarhonyloxy)ethyl,
2-(ethoxycarbonyloxy)etiyl, 2-(propoxycarbonyloxy)
ethyl, 2-(isopropoxycarbonyloxy)ethyi, 2- (butoxyears
bonyloxy)ethyl, 2-(isobutoxycarbonyloxy) “ethyl,
2-(pentyloxycarbonyloxy)ethyl, 2-(hexyloxycarbomy-
loxy)ethyl, 1~(methoxycarbonyloxy)propyl, 1-(ethoxy-
carbonyloxy)propyl, 1-(propoxycarbonyloxy) propyl,
1-(isopropoxycarbonyloxy)propyt, 1-(butoxycarbony-,
loxy)propyl,  1-{isobutoxy-carbonyloxy) propyl,
1-(ventyloxycarbonyloxy)propyl, 1-(hexyloxy carbo-
nyloxy)propyl, 1-(methoxycarbonyloxy)buryl,
1-(ethoxycarbonyloxy)butyl, I«(propoxycarbonyloxy),
butyl, 1-(isopropoxycarbonyloxy)butyl, 1-(butoxycar-
bonyloxy)butyl, 1-(isobutoxycarbonyloxy)butyl,
1-(methoxycarbonyloxy)pentyl, 1-(ethoxycarbony-
loxy)pentyl,  1-(methoxycarbonyloxy)hexyl and,
1-(ethoxycarbonyloxy)iexyl groups, preferably the,
methoxycarbonyloxymethyl, ethoxycarbonyloxym-
ethyl, propoxycarbonyloxymethyl, isopropoxycarbo-.
nyloxymethyl, butoxycarbonyloxymethyl, isobutoxy-
carhonyloxymethyl, 1-(methoxycarbonyloxy)ethyl,
1-{ethoxycarbonyloxy)ethyl, 1-(propoxycarbonyloxy)
ethyl, 1-@sopropoxycarbonyloxy)ethyl, 1-(butoxycar-.
bonyloxy)etizyl, I-Cmnbutoxycarbonyloxy)ethyj,‘
1-(methoxycarbonyloxypropyl, 1-{ethoxycarbony-.
loxy) propyl, 1-(propoxycarbonyloxy)propyl, 1-(ise-
propoxycarbonyloxy)propyl, 1-(butoxycarbonyloxy)
propyl, 1-(isobutoxycarbonyloxy)propyl, I-(methoxy-
carbonyloxylbutyl,  I-(ethoxycarbonyloxy)  butyl,
1-{propoxycarbonyloxy)butyl, 1-(sopropoxycarbony-
loxy)butyl, 1-(butoxycarbonyloxy)buty), 1-(isobutoxy-
carbonyloxy)butyl, morse preferably methoxycarbony-
loxymethyl, ethoxycarbonyloxymethyl,
propoxycarbonyloxymethyl, isopropoxycarbony-
loxymethyl, butoxycarbonyloxymethyl, isobutoxycar-
bonyloxymethyl, 1-(methoxycarbonyloxy)ethyl,
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1-(ethoxycarbonyloxy)ethyl, 1-(propoxycarbonyloxy)
ethyl, 1-(isopropoxycarbonyloxy)ethyl, 1-(hutoxycar-
bonyloxy)ethyl and  1-(sobutoxycarbonyloxy)ethyl
groups and most prefersbly the methoxycarbony-
loxymethyl, ethoxycarbonyloxymethyl, isopropoxycar-
bonyloxymethyl, 1-{methoxycarbonyloxy)ethyl,
1-(ethoxycarbonyloxy)ethyl and I-(isopropoxycarbo-
nyloxy)ethyl groups;

cycloalkoxycarhonyloxyalkyl groups in which the
cycloalkyl part has 5 or 6 carbon atoms and the alkyl

14

cycloalkanoyloxyalkyl groups in which the cycloalkyl :
parthas 5 or 6 carbon atoms and the alkyl part bas from
1 to 4 carbon atoms;

alkoxycarbonyloxyalkyl groups in which each of the .
atkoxy part and the atkyl part has from 1 to 4 carbon -
avoms; -

cycloalkoxycarhonyloxyalkyl groups in which the
cycloalky} part hag 5 or 6 carbon atoms and the alkyl
part has from 1 to 4 carbon atoms;

: ¢ [5-(phenyl or alkyl-)-2-oxe-1,3-dioxolen-4-yl]methyi '
Daris has from 1 to 6 carbon atorns, each as exemplified . :
above in relation 1o R?; preferably the alkyl part has agxroup§ 1ax1ndw1uch the alkyl part has from 1 10 4 carbon
from 1 to 4 carbon atoms and more preferably 1 or 2 oms; ‘
carbon atomis; exarmples of such cycloatkoxycarbony- phihalidyl groups. L
loxyalkyl groups include the cyclopentoxycarbony- s More preferred ester residues are, for example,
loxymethyl, cyclohexyloxycarbonyloxymethyl, 1-(cy- C;-C, alkyl groups; .
clopentyloxycarbonyloxy)ethyl, . '
1-(cyclobexyloxycarbonyloxy)ethyl 1-{cyclopenty- the benzyl group;
loxycarbonyloxy)propyl, 1-(cyclohexyloxycarbony- alkanoyloxyalkyl gronps in which the alkanoyl part has
loxy)propyl, 1-(cyclopentyloxycarbonyloxy)ybutyl and from 1 to 5 carbon atoms and the alkyl part has 1 or 2 _
i-(eyclohexyloxyearhoryloxy)butyl groups, preferably 20 carbon atoms;
the cyclopentyloxycarbonyloxymethyl, cyclohexy- cycloalkanoyloxyalkyl groups in which the cycloalkyl
loxycarbonyloxymethyl, 1-(cyclopentoxycarbonyloxy) part has from 5 to 6 carbon atoms and the afky] part has
ethyl and 1-(eyclohexyloxycarbonyloxy)ethyl groups; 1 or 2 carbon atoms: ) :
(5-(ary)-  or  alkyl-)-2-0x0-1,3-dioxolen-4-ylmethy] alkoxycarbonyloxyalkyl groups in which the alkoxy part
groups in which the alkyl part has from 1 to 6 carbon 25 bas from 1 to 4 carbon atoms and alky] part has 1 or 2
atoms and may be as exemplified sbove in relation to carbon atoms:
R* and R? and the ary] part is as defined and exem- y : . S
plified above in relation to R? (and is preferably z cycloalkoxycarhony]oxyalkg} EgOUPS in ‘Zh“’h th‘; :
substinited or unsubstituted phenyl group); preferably cycloalkyl part has 5 or carbon atoms and the atkyl .
the alkyl part has from 1 to 4 carbon atoms and more 3g part has 1 or 2 carbon atoms; .
preferably 1 or 2 carbon atoms; examples of such [S-(phenyl or alkyl-)-2-0x0-1,3-dioxolen-4-yllmethyl
[5-(aryl- or alkyl-)-2-0%0-1,3-dioxolen-4-yljmethy] groups in which the elkyl part has 1 or 2 earbon atoms; :
groups include the (5-phenyl-2-oxo-1,3-dioxolen-4-y1) and .
Tt FemeeAmeidain gt pion g
yllmeti'iyl, [5-(d- cI-ﬂorophanyl)-Z—axo—l:a _dioxolen.4. 35 The most preferred cster residues are, for example, piv-

aloyloxymethyl, ethoxycarbonyloxymethyl, i-(ethoxycar-
bonyloxy)ethyl, isopropoxycarbonyloxymethyl, (1-isopro-
poxycarbonyloxy)ethyl, (5-methyl-2-oxo-1,3-dioxolen-4-
ylmethy] and phthalidyl groups, )

Bxamples of the groups and astoms which may form -
substituents (2) include:

ylimethyl, [5-(4-Huorophenyl)-2-oxo-1,3-digxolen-4-
ylimethyl, (5-methyl-2-0x0-1,3-dioxolen-4-yDmethyl,
{5-ethyi-2-ox0-1,3-dioxolen-4-yl)methyl, (5-propyl-2-
axo-1,3-dioxolen-4-ylimethyl, (5-isopropyl-2-oxo-1,3-
dioxolen-4-yl)methyl and (5-butyl-2-oxo-1,3-digx-
olen-4-yDmethyl groups, preferably the (5 -phenyl-2-

oxo-1,3-dioxolen-4-yl)methyl, (S-methyl-2-0xg-1,3-
-dioxolen-4-yl)methyl and  (S-ethyl -2-oxo-1,3-
dioxolen-4-yl)methyl gronps and more preferably the
(5-methy]-2~oxo—1S—dioxolen-d-yl)methyl group; and

phthalidyl proups. -

Preferred ester residues are, for example:

Cy—C,atkyl gronps .

phenyl, naphthyl and substitmted phenyl groups having
one or more, preferably from 1 to 3, methyl, ethyi,
methoxy, ethoxy, fluoro and chloro substituents, which,
in the case of 2 or 3 substituents, may be the same or
different;

benzyl, diphenylmethyl and o- and B-naphthylmethyl
groups, and substituted benzyl groups having one or
more, preferably from 1 to 3, tethyl, ethyl, methoxy,
ethoxy, fluero and chloro substituents, which, in the
case of 2 or 3 substituents, may be the same or different;

45

50

aryl ip,mups, such as those exemplified above in relation to
R% .

heterocyclic groups having 5 or 6 ring atoms, of which
from 1 to 4 are hereto-atoms selected from the group
consisting of nitrogen, oxygen and sulfur atoms, and as
exemplified below; . :

halogen atoms, alkoxy groups and alkoxycarbonyl
groups, such as those exemplified in relation to sub-
stitents (b);

hydroxy groups, carboxy groups and amino groups; zmd

acylamino groups, in which the acyl part is an alkanoyl
group having from 1 10 6 carbon atoms or an arylcar- .
bonyl gronp, in which the ary! part is as defined above,
of which the acyl part is as exemplified above in
relation t R*, e.g. a benzamido group, and preferably
an alkanoylamino group having from I to 4 carbon

atoms, and more preferably an acetamido or formamido
group,
Where substituent (a) is a heterocyclic group, this has 5 or
§ ring atoms, of which from 1 o 4 ate hereto-atoms selected :
from nitrogen, oxyger and suifur hereto-atoms. Where there
are 4 hercto-atoms, we prefer that all 4 shouid be nitrogen
atoms, ‘Where there ave 3 hereto-atoms, we prefer that at :
least one (more preferably 2) should be a nitrogen atom and
one or two should be nitrogen, oxygen or sulfur zioms (and, | 1

groups of formala SIR“R°R/ in which 1, 2 or 3 of the ¢
groups represented hy R, R* and R axe independently
selected from the gromp consisting of alkyl groups
baving from 1 to 4 carbon atoms, and 2, 1 or O are
rhenyl groups;

alkznoyloxyalkyl groups in which the alkznoyl group has 65
from 1 to 5 carbon atoms and the alkyl group has from
1 10 4 carbon atoms:
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where there are twa, they may be the same or different),
Where there are two hercto-atoms, these may be the same or
different and they are selected from nitrogen, oxygen and
sulfur atoms; however, more preferably one is a nitrogen
atom or an oxygen atom and the other is 3 nitrogen, axygen
or sulfur atorm. Examples of such heterocyclic groups
include the pyrrolyl, furyl, thienyl, imidazolyl, oxazolyl,
thiazolyl, oxadiazolyl, thiadiazoly], triazolyl, tetrazalyl and
Pyridyl groups (preferably a faryi, thienyl, imidazolyl,
oxazolyl or thiazolyl group), preferably a furyl or thienyl

group. -

Preferably the benzene ring for formula (1) which bears
the substitvuents represented by R and R7 is at the 3- or 4~
position of the benzyl group te which it attaches, more
preferably at the 4-position, ie. the preferred compounds
have the formula (Ia):

(s}

R may represent a hydrogen atom, an alkyl graup having
from 1 to 6 carbon atoms (such as those exemplified above)
or an dlkoxy group having from 1 to 6 carbon atoms or 2
halogen atom, both of which are as exomplified above in
relation to the same groups or atoms which may be repre-
sented by substituents (b). R® is preferably at the G-position
of the benzene ring,

R” may represent a carboxy group or a tetrazol-5-yl
group. When it represents a carboxy group, or when sub-
stituent (a) is a carboxy group, the resulting compounds may
form salts or esters, There is no particular restriction on the
nature of these salts or esters, provided that, where they are
intended for therapeutic use, they are pharmaceutically
accepteble. Where they are intended for non-therapeutic
uses, e.g. as intermediates in the preparation of other, and
possibly more active, compounds, even this restriction does
nat apply, Examples of such salts include: salts with an
alkali metal, such as sodivm, potassium orYithivm; salts with
an alkaline earth metal, such a5 barium or calelum; salts with
another metal, such as magnesium and aluminem; organic
base salts, such as a sslt with guanidine, triethylamine,
dicyclohexylamine; and salts with a basic amino acid, such
as lysine or arginine, Examples of ester groups may bs as
exemplified ebove in relation to RS

Preferably R” represents a carboxy group or a tetrazol-5-
¥1 group, and, where R? represents carboxy group, salts of
these compounds are alse preferred, R? is preferably at the
2- or 3- position of the phenyl group, and more preferably
at the 2-position.

‘The above compounds of the present invention necessar-
{ly contain at least one basic nitrogen atom in the imidazole
ring and can therefore form acid addition salts, Bxamples of
such acid addition salts include: addition salts with inorgenic
acids, snch as hydrochlore acid, hydrobromic acid, sulfaric
acid or phosphoric acid; and addition salts with organic acids
such as malefc acld, fumarie acid, wartaric acid or citdc acid.

16

Preferred classes of componnds of formula () (and salts
and esters thereof) include; ) ’
R! represents an alkyl group having from 2 to § carbon
atoms or an alkenyl group having from 3 to 5 carhon
atoms;
R? and R® are independently selected from the group
consisting of;
hydrogen atoms, ‘
alkyl groups having from 1 to 4 carbon atoms,
alkeny! groups having from 3 to 5 carbon atoms,
cycloalkyl groups having 5 or 6 cachon atoms, benzyl,
naphthyl and phenyl groups, and
substituted benzyl and pheny! groups which are sub-
stitated by at least one substituent selected from the
group consisting of substivents (b"), defined below;
substituents (b") are selected from the group congisting of
methy], ethyl, methoxy and ethoxy groups and fluorine and

" chlorine atoms;

20
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R* represents:

& bydrogen atom, )

an alky! group having from 1 to 4 carbon atoms

an alkanoyl group having from 1 ta 5 carbon atoms,

a substituted alkanoyl group which has 2 or 3 carbon
atoms and which is substitured by at least one
subsiitucnt selected from the group consisting of
fiuorine and chlorine atoms and meathoxy and ethoxy.
£rOups, : -

an alkenroyl group having frem 3 to 5 carbon atoms,

2 naphthoyl group, o

a benzoyl group,

a substituted benzoyl gronp which {s substituted by af
least one substituens selected from the £ronp con-
sisting of substitwents ('), defined below, an alkoxy-
carbonyl group having from 2 to 5 carbon aloms, .,

a tetrahydropyranyl, tetrahydrothiopyranyl, tetrahy-
drothienyl or tetrahydrofuryl group, : ue

‘a substituted tetrahydropyranyl, tefrahydrothiopyranyl,;
tetrahydrothieny] or tetrahydrofuryf group which is
substituted by at least one substituent selectad Som
the group consisting of chlorine and broming atoms
and methoxy groups,

a group of formula ~—SiR*RPRF, in which 1, 2 or 3 of
the groups represented by R, R and R® are inde-
pendently selected from the group consisting of alkyl
groups having from 1 t0 4 carbon 2loms, and 2,10r
0 of the groups represenied by R®, R® and R® are
pheny! gronps, .

a methoxymethyl, 2-methoxyethaxymethyl, 2,2.2-
trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
benzyl, diphenylmethy! or naphthylmethy] Eroup or
a substituted benzyl group which is substiteied by at
least one substituent selected from the group con-
sisting of substituents (b7, defined below, or 2 piv-
aloyloxymethoxycarbonyl group; .

R? represents a gronp of formula —COQR
of formmia —CONR®R® in which:

R™ represents
& hydrogen atom, .
an alkyl group having from 1 to 4 carbon atoms, .
a phenyl, naphthyl, benzyl, diphenylmethy! or naph-.

thylmethy] group,

a substituted phenyl or benzyl group which is sub-
stituted by at least one substituent selected from
the group consisting of substituents ®7, defined
below, -

"a group of formula —SiR“RPR?, in which R?,

R® and R® ure as defined sbove,

.1

or & group
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an alkanoyloxyalkyl group, in which the alkanoyl
part has from 1 to 5 carbon atoms, and the aikyl
part has from 1 to 4 carbon atoms,

& cycloalkanoyloxyalkyl group, in which the cycloal-
kanoyl part has 6 or 7 carbon atoms, and

the alkyl part has from 1 to 4 carbon atoms,

an alkoxycarbonyloxyalkyl group, in which the
alkoxy part has from 1 to 4 carbon atoms, and the
alkyl part has from 1 to 4 carbon atoms,

a cycloalkoxycarbonyloxyalkyl group, in which the
cycloalkoxy part has 5 or 6 carbon atomns, and the
alkyl part has from 1 to 4 carbon atoms,

a [5~(phenyl- or alkyl-}-2-oxo-13-dioxolen-4-yIl-
methyl group in which the alkyl part has from 1 to
4 carbon atoms, or :

18

R* represents

a hydrogen atom,

an atkyl group having from 1 to 4 carbon atoms,

a benzyl group, .

an alkanoyloxyalkyl group, in which the alkanoy!
part has from 1 to 5 catbon atoms, and the alkyl
part is & methy! or ethyl group,

a cycloalkanoylexyalkyl group, in which the cycloal- -
kanoyl part has 6 or 7 carbon atoms, and

the alky] part is a methyl or ethyl group, ‘

an alkoxycarbonyloxyalkyl group, in which the
alkoxy part has from 1 to 4 carbon atoms, and the '
alkyl part is a methyl or ethyl group, -

a cycloalkoxycarbonyloxyalky? group, in which the
cycloalkoxy part has 5 or 6 carbon atoms, and the

a phthalidy! gronp; 15 alkyl part is a methy] or ethy! group,

R® and R9 are independently selected from the group a [5-(phenyl-, methyl- or ethyl-)-2-oxo-1,3-diox- '
consisting of* olen-4-yljmethyl group, or ‘
hydrogen atoms, a phthalidyl group;

alkyl growps having from 1 to 4 carbon atoms, and
substituted alkyl groups which have from 1 to 4
carbon atoms and which are substituted by at least
one substituent selected from the group consisting
of substituents (a"), defined below;
or R® end R? together represent an unsubstituted alky-
lene group which has 4 or 5 carbon atoms or 2
substituted alkylene group which has 4 or 5 carbon
atoms and which is substituted by at least ome
substituent selected from the proup consisting of
carboxy groups, methoxycarbonyl groups and

RF and R® are independently selected from the group

consisting of:

hydragen atoms,

methyl groups,

ethyl groups, and ;

substituted methyl and ethy! groups which are sub-
stimted by at least one substiment selected from
the group consisting of carboxy groups, methoxy-
carbonyl groups and ethoxycarbony! groups;

or R® and R” together represent an unsubstituted alky-

lene proup which has 4 or 5 carbon atoms or a

ethoxycarbonyl groups; - substituted alkylene group which has 4 or 5 casbon
substituents (g) are selected from the group consisting of atoms and which is substimted by at least one
pheny! groups, furyl groups, thienyl groups, fuorine substituent selected from the group consisting of
atoms, chlorine atoms, hydroxy groups, methoxy carboxy groups, methoxycatbonyl groups and :
groups, ethoxy gronps, carboxy groups and alkoxycar- ethoxycarbony! groups;

bonyl groups having from 2 to 5 carbon atoms;

35 R® represents a hydrogen atom, or it tepresents a methyl ‘
R® represents a hydrogen atom, an alkyl group having

group, an ethyl group, a methoxy group, an ethoxy

from 1 to 4 carbon atoms, an alkoxy group havitg from group, a fluorine atom or a chlorine atom on the

1 t0 4 carbon atoms, a fluorine atom, a chlorize atom or G-position of the benzene ting;

a bromine atom; R represents a carboxy group or a tetrazol-5-yl group at
R7 represents a carboxy group or a fetrazol-5-y1 group; 40 the 2- or 3- position of the benzene ring; and :

and the benzene ring which bears the substituents represented
the benzene ring which bears the substituents represented by R® and R is at the 4-position of the benzyl group to

-by R® and R” is at the 3- or 4- position of the benzyl which it is attached.

group to which it is attached. Still more preferred classes of compounds of formula (1)

More prefcrreq classes of compounds of formula (I) (and 45 (and salts and esters thereof) include;
salts and esters) inciude: R? represents an alkyl group having from 2 to 5 carbon

R? represents an alkyl group having from 2 to 5 carbon atoms;
atoms or an alkenyl group having from 3 to 5 carbon R® and R® are independently selected from the group
atoms; 50 consisting of hydrogen atoms and alky! groups having
R? and R® are independently selected from the group from 1 to 4 carbon atoms;

consisting of:

R® represents a hydrogen atom, a methyl grong, an ethyl
hydrogen atoms, P Y- ros " Y P Y

up or an alkanoyl group having from 1 to § carbon
alkyl groups having from 1 to 4 carbon atoms, igmﬂ; v o 5
alkenyl groups having from 3 to 5 carbon atoms, 5 Sa
cycloalkyl groups having 5 or 6 carbon atoms, and > @ © orfegémt: E&%%%ﬁo?:ui?m:i? QOR™ ar 2 group
benzyl and phenyl groups; R represents ’
R* represents; a hydrogen atom,
a hydrogen atom, a methyl, ethyl or benzyl group,
& methyl or ethyl group, 60 zn alkanayloxymethy] group, in which the alkanoyl
an alkanoy! group having froin 1 to § carbon atoms, part has from 1 to 5 carbon atoms, :
an alkenoy! group having from 3 to 5 carbon atoms, ;

& l-(alkanoyloxy)ethyl group, in which the alkenoyl
a benzoyl group, or . part has from 1 to 5 carbon atoms,
an alkoxycarbonyl group having from 2 to 5 carbon an alkoxycarbonyloxymethyl group, in which the :
atoms; &s adlkoxy part has from 1 to 4 carbon atoms,
R*? represents a group of formula —COOR™ or a group a 1-(alkoxycarbonyloxy)ethyl group, in which the :

of formula —CONR®R? in which: elkoxy part has from 1 to 4 carbon atoms,
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a [5-(phenyl- or methyl-)-2-oxo-1,3-dHoxolen-4yl}
methyl group, or
a phthalidyl group;

R? and R® are independently selecied from the group
consisting of hydroger atoms, methyl groups, ethyl
groups, methoxycarbonylmethy] groups, ethoxycar-
bonylmethyl growps and carboxymethyl groups; or
R® and R? together represent a tetramethylene, pen-
tamethylene, 1-carboxytetramethylene or 1-carhoxy-
pentamethylene group;

R® represents a hydrogen atom, or it represents a methyl
group, an methoxy group, a fluorine atom or & chlorine
atom at the 6-position of the benzene ring;

R’ represents a carboxy group or a tetrazol-S-yl group at
the 2-position of the benzene ring; and

the benzene mlF which bears the substituents represented
by R® and R is at the 4-position of the benzyl group to
which it is attached.

Even more preferred classes of compounds of formula (T)

(including salts and esters thereof) include:
either

R! represents an ethyl, propyl or butyl group;

R® and R® are independently selected from the group
consisting of hydrogen atoms and methyl groups;

R* represents a hydrogen atom or 2 methyl group;

R® represents a group of formula ~COOR", in which
R represents & hydrogen atom, 2 pivaloyloxymethyl
group, &an  ethoxycarbonyloxymethyl group, a
1-(ethoxycarbonyloxy)ethyl EZLOUp, an isopropoxycar-
bonyloxymethyl group, a 1-(isopropoxycarbonyloxy)
cthyl group, a (3-methyl-2-0x0-1,3-dioxolen-4-yl)m-
ethyl group, or & phthalidyl group;

R® represents a hydrogen atom;

R represents a carboxy group or a tetrazol-5-yl group at
the 2-position of the benzene ting; and

the benzene ring which bears the sybstituents represented
by R® and R7 is at the 4-positicn of the benzyl groug o
which it is attached,

or

R} represents an ethyl, propyl or butyl group;

R2 represents an fsopropyl group or a t-huty] group;

R? yepresents a hydrogen atom:

R* represents a hydrogen atom or & methyl Eroup;

R® represents a group of formula “CONR®R?, in which R®
and R® arc independently selected from the group
consisting of hydrogen stoms, methyl groups, meth-
oxycarbonyimethy!, ethoxycarbonylmethyl groups,
and carhoxymethyl gronps;

R® represents a hydrogen atom;

R represents a carboxy group or a tetrazol-5 -y1 group at
the 2vposition of the benzene ring: and

the benzene nn7g which bears the substituents represented
by R and R” is at the 4-position of the benzyl group to
which it is attached.

The most preferred classes of compounds of formula (I}

(and salts an esters thereof) include:

R! represents an ethyl, propyl or butyl Broup;

R? and R? both represent methy] groups;

R® represents a hydrogen atom 6r a methyl group;

R® represents & group of formule —COOR>* in which RY%
Tepresents 2 hydrogen atom, a pivaloyloxymethyl
group, an  ethoxycarbonyloxymethyl group, &
1-(ethoxycarbonyloxy)ethyl group, an Isopropoxycar-
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bonyloxymethy! group, a 1-(isopropoxycarbonyloxy)
ethyl group, a (5-methyl-2-oxo-1,3-dioxolen-4-yDm-
ethyl group, or a phthalidyl group; ‘

R® represents a hydrogen atom;

R? represents a carboxy group or 2 tetrazol-5-y] group at

the 2-pusition of the benzene ring; and

the benzene n‘n')g which bears the substituents represented

by R® and R” is at the 4-position of the benzyl group to
which it is attached.

The compounds of the present inveotion may contain one
or more asymmelric carbon atoms in thelr molecules, and
can $hus form optical isomers, Although these are all rep-
resented herein by a sinple molecular formula, the present
invention includes both the individual, isolated isomers and
mixtures, including racemates thereof, Where stereospecific
synthesis techniques are employed or optically active com-
pounds are employed as starting materials, individuzgl {so-
mers may be prepared directly; on the other hand, if a
mixture of isomers s prepared, the individoal jsomers may
be obtained by conventional resolution techniques.

Where R,', R,® or R,* represents an alkyl gronp having
from 1 to 6 carbon atoms, this may be a straight or branched
chain group having from 1 to 6 carbon atoms, and examples
include the methy), ethyl, propyl, isopropyl, butyl, isobutyl;
sec-butyl, t-butyl, pentyl, fsopentyl, neopentyl, t-peatyl;
2-methylbutyl, 1-ethylpropyl, 4-methylpentyl, 3-methyipen-
tyl, 2-methylpentyl, 1-methylpentyl, 3,3-dimethylbutyl, 2,2-
dimethylbuty], 1,1-dimethyibutyl, 1,2-dimethyTbutyl, 1,3-
dimethylbutyl, 2,3-dimethylbutyl, 2-ethylbutyl, hexyl and
ischexyl groups. Of these, we prefer those alkyl groups.
having from 1 to 4 carbon atoms, preferably the methyl,
athyl, prapyl, isopropyl, butyl and isobutyl groups, mare
preferably the methyl and ethyl groups, and most preferably.
the methyl group.

Where R,! represents a cycloalky) group, this has from 3
to 6 ring carbon atoms, and examples include the cyclopro-
pyl, eyclobutyl, cyclopentyl and cyclobexyl groups, prefer
ably the oyclopropy! group. :

Where RPrepresents an alkanoyl group baving from 1 to
6 carbon atoms, this may be a straight or branched chain
group having from 1 to 6 earbon atoms, and examples
include the formyl, acetyl, propionyl, batyryl, isabutyryl,
pivaloyl, valeryl, isovaleryl and hexanoyl groups, of which
we prefer the acetyl and propionyl groups, most preferably
the acetyl group.

Where R,? represents an alkylene or alkylidene group,
this is a bivalent saturated aliphatic hydrocarbon group,
having from 1 to 4 carbon atoms, Where the two “free”
valencies are on the same carbon atom, the group iz gener-
ally referred to as an “alkylidene” group; where they are on
different carbon atoms, it is cominonly referved to as ag
“alkylens”" group. The term “alkylene” is also often used to'
embrace both types of group. Bxamples of such groups
include the methylene, ethylene, timethylene, propylene,
cthylethylene, tetramethylene, cthylidene, propylidene,’
butylidene and isobutylidene groups, of which thoss groups
having 1 or 2 carbon atoms are preferred, particularly the.
methylene group. ‘

The compounds of formula (D of the present invention
contain a carboxy group at the S-position of the imidazole
group aud may contain another carboxy group if thig is the
meaning of R,% These groups can of course, form esters,
There is no particular testriction on the nature of the estar
group, provided that, where the compound is intended for
therapeutic purposes, it iy pharmacentically acceptable (i.e.,
it is not less active, or unaceeptably less active than the free
acid, and it is not more toxic, or unacceptably more toxic,
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than the free acid). Where, however, the compound is
intended for non-therapeutic purposes, for example &s an
intermediate in the preparation of other, and possibly more
active, compounds, even this restriction does not apply. In
general, however, any protecting group commonly used in
the field of synthetic organic chemisiry or any ester group
capable of conversion to a carboxy group under physiologi-
cal conditions, to form a pro-drug, may be used,

The compounds of formula (1), and their esters may
collectively be represented by the formula (a),:

g RAL B
OH
vt 1
N

d@a)p

COOR,S

CHz

©
&

(in which: R,', R,%, R, R,* and X,, are as defined above;
R, represents a hydrogen atom or an ester group; and R,
Tepresenis  carboxy group, an esterified carboxy group or a
tetrazol-5-yl group).

Examples of such ester groups which may be represented
by R,” or may be included in the esterdfied carboxy group
represented by RPY include:

alky! groups having from 1 to 6 carbon atoms, such as
those exemplified sbove in relation to R, etc;

baloalkyl groups having from 1 10 6 carhon atoms, such
as the fluoromethyl, trifivoromethyl, trichloromethyl,
2,2,2-triftnorocthyl, 2,2,2-trichioroethyl, 2-fAivoroethyl,
2-chlorocthyl, 2-iedoethyl, 3-chloro- propyl, 4-fluo-
tobutyl and 6-jodohexyl groups, of which we prefer the
2,2, 2-trichlorcethiyl and 2-chlorosthyl groups;

hydroxyalkyl groups having from 1 to 6 carbon atoms end
having at least one, and preferably 1 or 2, hydroxy
BT0ouDs, such as the 2-hydroxyethy), 2,3-dthydroxypro-
pyl, 3-hydroxypropyl, 3,4-dihydroxybuty! and 4-hy-
droxybutyl groups, of which we prefer the 2-hydroxy-
ethyl group;

alkoxyalkyl and alkoxyalkoxyalkyl groups, in which the
or #ach alkoxy part has from 1 to 6 carbon atoms and
the alkyl part bas from 1 to 6 carbon atom, for example
the methoxymethyl, 2-methoxyethyl, 2-ethoxyethyl,
3-methoxypropyl, 4-methoxybutyl, propexymethyl,
butoxymethyl and Z-methoxyethoxymethyl groups, of
which we prefer the methoxymethyl gronp;

the phenacyl group;

alkoxycarbonylalky] groups, in which the alkoxy part has
from 1 1o 8 carbon atoms and the alkyl part has from 1
to 6 carbon atoms, such as the methoxycarbonylmethyl,
ethoxycarbonylmethyl, propoxycarbonylmethyl, iso-
propoxycarbonylmethyl, butoxycarbonylmethyl, t-bu-
toxycarbonylmethyl, pentyloxycarbonylmethyl, hexy-
loxycarbonylmathyl, beptyloxycarbonylmethyl,
octyloxycarbonyhmethyl, 2-methoxycarbonylethyl,
2-ethoxycarbonylethyl, 2-propoxycarbonylethyl, 2-iso-
propoxycarbonylethyl, 2-butoxycarbanylethyl, 2-t-bu-
toxyearbonylethyl, 2-pentyloxycerbonylethyl, 2-hexy-
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22 .
loxycarbonylethyl, 2-heptyloxycarbonylethyl,
2-octyloxycarbonylethyl, 3-methoxycarbonylpropyl,
3-ethoxycarbonylpropyl, 4-methoxycarbonylbutyl,

4-ethoxycarbonylbutyl, S-methoxycarbonylpentyl,
S-ethoxycarbonylpentyl, 6-methoxycarbonythexyl and
6-cthoxycerbonylhexyl groups, of which the methoxy-~
carbonylmethyl group is preferred; ‘

cyanoalkyl groups, in which the alky! pert has from 110 .
6 carbon atoms, such as the cyanomethyl, 2-cyancet- -
byl, 3-cyanopropyl, 4-cyanobutyl, S.cyanopentyl and
6-cyanohexyl groups, of which the cyanomethyl and -
2-cysnaethyl groups are preferred;

alkylthiomethyl groups, in which the alkyl part has from -
I to 6 caxbon atoms, such as the methylthiomethyl, -
ethylthiomethyl, propylthiomethyl, butylthiomethyl,
pentylthiomethyl and hexylthiomethyl groups, of
which the methylthiomethyl and ethylthiomethy!
groups are preferred;

arylthiomethyl groups, in which the aryl part is & car
bocyclic eromatic ring having from 6 to 10 ring carbon
atoms and is unsubstituted or substituted, preferably
unsubstiited, for example the phenylthiomethyl and
naphthylthiomethyl  groups; alkanesulfonylalkyl
graups, in which each alkyl part (which may be the .
same as each other or different from each other) has
from 1 to 6 carbon atoms and in which the alkane part
is umsubstitwted or substituted by al least one hatogen.
atom, for example the 2-methanesulfonylethyl and
2-trifinoromethanesulfonylethyl groups;

arylsulfonylatkyl groups, in which the aryl part has from
6 to 10 ring carhon atoms and the alkyl part has from
1 to 6 carbon atoms, and where the aryl part is
unsubstitated or is substitated, preferably by at least
one alky! group, for example the 2-benzenesulfonyl-
ethyl, 2-(1-naphthalenesuifonyDethyl, 2-p-tolucne-
sulfonylethyl, 3-benzenesulfonylpropyl, 3-(1-naphtha-
lenesulfonylipropyl, 3-p-toluenesulfonylpropyl,
6-benzenesulfonylbexyl, 6-(1-naphthalenesulfonyl)
hexyl, 6-p-toluenesulfonylhexyl, benzenesulfonylm-
ethyl and p-toluenesulfonylmethyl groups, and prefer-
ably the 2-benzenesulfonylethy] and 2-p-toluenesulfo-
nylethyl groups;

aralkyl groups, in which an alkyl group having from I to
6 carhon atoms is substituted by at least one {and
preferably from 1 to 3) aryl greups which have from 6
to 10 ring carbon atoms and which are unsubstituted or
are substituted, preferably unsubstituted; examples
include the henzyl, diphenyimethy), triphenylmethyl,
1-naphthylmethyl,  2-naphthylmethyl, phenethyl,
1-phenylethyl, 3-phenylpropyl, 2-phenylpropyl, I-phe-
nylpropyl, 4-phenylbutyl, 3-phenylpenty! and 6-phe-
nylhexyl groups, of which the benzyl, diphenylmethyl
and 1-naphthylmethy! groups ate preferred and the
benzyl group is most preferred; ‘

aryl groups having from 6 to 10, preferably 6 or 10, ring
carbon atoms, which may be unsubstitited or substi-
tuted (preferably unsubstituted), for example the phe-
nyl and naphthyl groups, of which the phenyl gronp is -
preferred;

alkanoyloxyalkyl groups, in whicl the alkanoy] and alkyl
parts both have from I to 6 carbon atorns, for example
the formyloxymethyl, acetoxymethyl, propiouyloxym-
ethyl, butyryloxymethyl, piveloyloxymethyl, valery-
loxymethyl, isovaleryloxymethyl, hexanoyloxymethyl,
1-formyloxyethyl, l-acetoxyethyl, 1-propionyloxy-
ethyl, 1-butyryloxyethyl, 1-pivaloyloxyethyl, 1-valery-
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loxyethyl, 1l-lsovaleryloxyethyl, 1-hexanoyloxyethyl,
2-formyloxyethyl, 2-acetoxyethyl, 2-propionyloxy-
ethyl, 2-butyryloxyethyl, 2-pivaloyloxyethyl, 2-valery-
loxyethyl, 2-isovaleryloxyethyl, 2-hexanoyloxyethyl,
1- formyloxypropyl, 1-acetoxypropyl, 1-propionyloxy-
Ipropyl, l-butyryloxypropyl, 1-pivaloyloxypropyl,
l-valeryoxypropyl, I-isovaleryloxypropyl, l-hex-
anonyloxypropyl, I-acetoxybutyl, I-propionyloxybu-
tyl, I-butyryloxybutyl, I-pivaloyloxybutyl, 1-acetoxy-
pentyl, I-propionyloxypentyl, 1-butyryloxypentyl,
1-pivaloyloxypentyl and 1-pivaloyloxyhexyl groups, of
which we prefer the formyloxymethyl, acetoxymethyl,
propionyloxymethyl,  butyryloxymethyl, pivaloy-
loxymethyl, 1-formyloxyethyl, I-acetoxyethyl, 1-pro-
pionyloxyethyl, 1-butyryloxyethyl and 1-pivaloyloxy-
ethyl groups and more prefer the acetoxymethyl,
propionyloxymethyl, butyryloxymethyl, pivaloy-
loxymethyl, 1-acetoxyethyl, 1-propionyloxyethyl,
1-butyryloxyethyl and 1-pivalayloxyethyl groups, the
pivaloyloxymethyl and 1-pivaloyloxyethyl groups
being most preferred;

cycloalkanecarbonyloxyalkyl groups, in which the
¢ycloalkane part has 5 or 6 ring carbon atoms and the
alky! part has from 1 10 6 carbon atoms, for example the
¢yclopentanecarbonyloxymethy], _cyclobexanecarbo-
nyloxymethyl, 1-cyclopentanccarbonyloxyethyl, I-cy-
clohexanecarbonyloxyethyl, 1-cyclopentanccarbony-
loxypropyl, 1-cyclohexanecarbonyloxypropyl,
l-cyclopentanecarbonyloxybutyl and I-cyclobexan-
ecarbonyloxybutyl gronps, preferably the cyclopentsn-
ecarbonyloxymethyl, cyclohexanecarbonyloxymethyl,
1-cyclopentanecarbonyloxyethyl and
l-cyclohexanecarbonyloxyethyl groups;
alkoxycarbonyloxyalky! groups, in which the alkoxy and
alkyl parts both have from 1 to 6 carhon atoms, for
example the methoxycarbonyloxymethyl, ethoxycar
bonyloxymethyl, propoxycachonyloxymethyl, isopro-
poxycarbonyloxymetiyl, butoxycarbonyloxymethyl,
isobutoxycarbonyloxymethyl, pentyloxycarbony-
loxymethy}, hexyloxycarbonyloxymethyl, i-methoxy-
carbonyloxyethyl, I-ethoxyoarbonyloxyethyl, 1-pro-
poxycarbonyloxyethyl,
1-isopropoxycarhonyloxyethyl, 1-butoxycarbonyloxy-
ethyl, 1-isobutoxycarbonyloxyethyl, 1-pentyloxycer-
bonyloxyethyl, 1-hexyloxycarbonyloxyethyl, 2-meth-
oxycarbonyloxyethyl, 2-ethoxycarbonyloxyethyl,
2-propoxycarhonyloxyethyl, 2-isopropoxycarbony-
loxyethyl, 2-butoxycarbonyloxyethyl, Z-isobutoxycar-
bonyloxyethyl, Z-pentyloxycarbonyloxyethyl, 2-hexy-
laxycarbonyloxyethyl, 1-methoxycarbonyloxypropyl,
I-ethoxycarbonyloxypropyl, 1-propoxycarbonylox-
ypropyl, 1-isopropoxycarbonyloxypropyl, 1-butoxy-
carbonyloxypropyl, 1-iscbutoxycarbonyloxypropyl,
l-pentyloxycerbonyloxypropyl, 1-hexyloxycarbony-
loxypropyl, 1-methoxycarbonyloxybatyl, l-ethoxycar-
bonyloxybutyl, 1-propoxycarbonyloxybutyl, 1-isopro-
poxycarbonyloxybutyl, 1-putoxycarbonyloxybutyl,
1-isobutoxycarhonyloxybutyl, 1-methoxycarbonyloxy-
ventyl, 1-ethoxycarbomyloxypentyl, l-methoxycarbo-
nyloxyhexyl and I-ethoxycarbonyloxyhexyl groups, of
which we prefer the methoxycatbonyloxymethyl,
ethoxycarbonyloxymethyl, propoxycarbonyloxym-
ethyl, isopropoxycarbonyloxymethyl, butoxycarbony-
loxymethyl, isobutoxyearbonyloxymethyl, 1-methozy-
carbonyloxyethyl, 1-ethoxycarbonyloxyethyl,
l-propoxycarbonyloxyethyl, 1-isopropoxycarbony-
loxyeilyl, 1-butoxycarbonyloxypropyl, l-isobntoxy-
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catbonyloxyethyl, l-methoxycarbonyloxypropyl,
I-ethoxycarhonyloxypropyl,  1-propoxycarbonyjox-
ypropyl, I-isopropoxycarbonyloxypropyl, I-butoxy-
carbonyloxypropyl,  1-isobutoxyearbonyloxypropyl,
l-methoxycarbonyloxybutyl, 1-ethoxycarbonyloxybu-
tyl, 1-propoxycarbonyloxybutyl, 1-isepropoxycarbo-
nyloxybutyl, 1-buioxycarbonyloxybutyl and I-isobu-
toxycarbonyloxybutyl groups, and more prefer the
methoxycarbonyloxymethyl,  ethoxycarbonyloxym-
ethyl, propoxycarbonyloxymethyl, isopropoxycarbo-
nyloxymethyl, butoxycarhonyloxymethyl, isobutoxy-
carbonyloxymethyl, 1-methoxycarbonyloxyethyl,
1-ethoxycarbonyloxyethy), 1-propoxycarbonyloxy-
ethyl, 1-sopropoxycarbonyloxyethyl, 1-butoxycarbo-
nyloxyethyl and 1-isobutoxycarbonyloxyethy! groups,
the methoxycarbonyloxymeitiyl, ethoxycarbonyloxym-
ethyl, isopropoxycarbonylexymethyl, 1-methoxycar-
bonyloxyethyl, I-ethoxycarbonyloxyethyl and 1-ise-
propoxycarbonyloxyethyl groups being most preferred;
cycloalkyloxycarbonyloxyalkyl groups, in which the
eycloalkyl part has 5 or 6 ring carbon atoms and the
alkyl part has from 1 to 6 carhon atoms, for example the
cyclopentyloxycarbonyloxymethyl, cyclohexyloxycar-
bonyloxymethyl, 1-cyclopentyloxycarbonyloxyethyl,
1-cyclohexyloxycarbonyloxyethyl, I-cyclopentyloxy-
carbonyloxypropyl, 1-cyclohexyloxycarbonyloxypro-
pyl, l-cyclopentyloxycarbonyloxybutyl and 1-cyclo-
hexyloxycarbonyloxybutyl groups, of which we prefer
ths  cyclapentyloxyeatbonyloxymethyl, cyclohexy-
loxycarbonyloxymethyl, 1-cyclopentyloxycarbony-
loxyethyl and 1-cyclohexyloxycarbonyloxyethyl
groups; '

[5-(aryl or alkyl}-2-ox0-1,3-dioxolen-4-yI}methyl groups,
In which the aryl group is a carbocyclic aromatic group
having from 6 to 10, preferably 6 or 10, ring catbon
atoms (and is subsiitted, preferably with a halogen
atom, an alkyl group or an alkoxy group, or unsubsti-
tuted, preferably unsubstituted), and the alkyl group has
from 1 10 6 carbon aroms, for example the (5-phenyl-
2-oxa-1,3-dioxolen-4-yl)methyl, {5-(4-methylphenyl)-
2-ox0-1,3-dioxolen-4-yilmethyl, [5-(4-methoxyphe-
nyl)-2-ox0-1,3-dloxolen-4-yl]methyl, [S5-(4-
fluorophenyl}-2-ox0-1,3-dioxolen-4-ylJmethyl, [5-(4-
chlorophenyl)-2-0x0-1,3-dioxolen-d-yIjmethyl,
(5-methyl-2-0x0-1,3-dioxolen-4-yl)methyl, (5-ethyl-2-
0x0-1,3-dioxolen-4-ylymethyl, (5-propyi-2-oxo-1,3-di-
oxolen-4-ymethyl, (5-isopropyl-2-ox0-1,3 -dioxclen-
4-ylymethy] and (5-buryl-2-oxo-1,3-tioxolen4-
yDmedhy! groups, of which we prefer the (5-phenyl.2-
oxo-1,3-dioxolen-4-ylymethyl, {5-methyl-2-oxo-1,3-
dioxolen-4-yl)methy! and (S-ethyl-2-oxo-1,3-Hoxolen-
4-yDmethyl groups, and more prefer the (5-methyl-2-
oxo-1,3-dioxolen-4-yl)methy! groop; and :

the phthalidyl group. :

In the above groups for formula (0. where an aryl group

is referred to as substituted, examples of suitable substitu
ents include:

alkyl groups having from 1 to 6 carbon atoms, such as
those exemplified above in relation to R,! etc.;

alkoxy groupe having from 1 to 6 carbon atoms, such as
the methoxy, ethoxy, propoxy, isopropoxy, t-butoxy,
pentyloxy and hexyloxy groups;

halogen atorns, such as the flucrine, chlorine, bromine and
iodine atoms;

preferably alkyl groups having from 1 to 4 carbon atome,
alkoxy groups having from ! to 4 carbon atoms, and forine,
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chlorine or bromine atoms, most preferably a methyl, ethyl,
methoxy or ethoxy group, or a fiucrine or chlorine atom.

Examples of such prefexred ester groups for formula O,

include:

alky! groups having from 1 to 4 carbon atoms;

phenyl groups which are unsubstituted or are substituted
by at least one substiment selected from the group
consisting of methyl groups, ethyl groups, methoxy
groups, ethoxy groups, fluorine atoms and chiorine
atoms;

naphthyl groups;

benzyl groups which are ynsubstiteted or ars substituted
by at least one substituent selected from the group
congisting of methyl groups, ethyl groups, methoxy
groups, ethoxy groups, fluotive atoms and chlorine
atoms;

diphenylmethyl grouips;

naphthyimethyl groups;

alkemoyloxyalkyl groups in which the elkanoyl past has
from 1 to 5 earbon atoms and the alkyl part has from 1
to 4 carbon atoms;

cycloalkenccarbonyloxyalkyl groups in  which the
cycloalkane part has 5 or 6 ring carbon atoms and the
alkyl part has from 1 to 4 carbon atoms;

alkoxycarbonyloxyalkyl groups in which the alkoxy and
alkyl parts both have from 1 1o 4 carbon atoms;

cyclealkyloxycartbonyloxyalkyl groups in which the
cycloalkyl part has 5 or 6 ting carbon atoms and the
alkyl part has from I to 4 carbon atoms;

[5-phenyl- or S—alkyi-z-oxo-1,3-dioxolen—4—yi]methy1
groups in which the alky! part has from 1 to 4 carbon
atoms; and

the phthalidy? group.

St1! more preferred ester groups for formula (B, incinde:

alkyl groups having from 1 to 4 carbon atoms;

the benzyl group;

alkanoyloxyalkyl groups in which the alkanoy] part has
from 1 to 5 carbon atoms and the alkyl part has 1 or 2
¢arpon atoms;

cycloalkanecarbonyloxyatkyl proups in which the
cycloalkane part has 5 or 6 ring carbon atoms and the
alkyl part has 1 or 2 carbon atoms;

alkoxycarbonyloxyalkyl groups in which the alkoxy part
bas from ! to 4 carbon atoms and the slkyl part has 1
or 2 carbon atoms;

cycloalkyloxycarbonyloxyalkyl groups in which the
cycloalkane part has 5 or & ring carbon atoms and the
alkyl part has 1 or 2 carbon atoms;

[5-phenyl-, 5-methyl. or 5-ethyl-2-oxo-1,3-dioxolene-4-
y1lmethy? groups; and

the phthalidyl group.

The moast prefecred ester groups for formula (L), include
the pivaloyloxymethyl, ethoxycarbonyloxymethyl,
t-(ethoxycarbonyloxy)ethyl, isopropoxycarbonyloxym-

ethyl, 1-(isopropoxycarbonyloxy)ethyl, (5-methyl-2-ox0-1,
3-dioxolen-4.yl)methyl and phthalidyl groups,

Proferred compomnds of fermula (I), or (a), (and salis

and (where appropriate) esters thereof) inclade:

(A) R,' represents a hydrogen atom, a methy] group, 2a
ethyl group, a cyclopropyl group or an acetyl greup,
panticuiarly & methyl or ethyl group;

(B) R,? represents 2 single bond, 4 methylene group, an
ethylene group or an ethylidene group;
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(©) R,? and R,* are the same or different and each
Tepresents a hydrogen atom, a methy) group or an ethyl
group, particularly 2 methyl or ethyl groap;

(D) R, represents
a hydrogen atom,
an alkyl group having from 1 to 4 carbon atoms,

a phenyl group,

a phenyl group substituted by at least one substituent
selected from the group consisting of methyl ETQUpS,
ethyl groups, methoxy groups,

ethoxy groups, fluorine atoms and chlorine atoms,

a naphthyl group,

2 benzyt group,

d benzyl group substimted by at least one substituent
selected from the group consisting of methyl groups,
cthyl groups, methoxy groups, :

ethoxy groups, fluorine atoms and chlorine atoms,

a diphenylmethyl group,

a naphthytmethyl group,

an alkanoyloxyalkyl group in which the alkanoyl part.
has from I to 5 carbon atoms and the alkyl part has
from 1 to 4 carbon atoms,

& cycloalkenecarbonyloxyalkyl group in which the
cycloalkane part bas 5 or 6 carbon atoms and the
alkyl part has from 1 to 4 carbon atoms, '

an alkoxycarbonyloxyalkyl group in which the alkoxy
and alkyl parts each have from 1 to 4 carbon atoms,

a cycloalkyloxycarhonyloxyalikyl group in which the
cycloalky] part hag 5 or 6 carbon atoms and the alkyl
part has from 1 10 4 carbon atoms, a (5-phenyl-2-
0%0-1,3-dioxelen-4-yl)methyl group, a (S-alkyl-2-
©ox0-1,3-dioxclen-4-yl)methyl group, in which the
alkyl part has from 1 %6 4 carbon atoms, or

2 phthalidy! group;

) R,* represents a carboxy group or a tetrazol-5-yl
group.

Of formulas D), and {Ta),, we particulatly prefer those
compounds of formula (Ia), and salts and esters thereof in
which R, is as defined in (A) above, R, ? is as defined in (B)
sbove, 15,3 and R,* are as defined in (C) sbove, R,% is ms
defined in (I} above and R, is a5 defined in (E) above.

More preferred compounds of the present invention are
those compounds of formula (I), or (Ia), and salts and
(where appropriate) esters thereoff in which:

(F) the group of formula R,'—X,—R_2— represents a
methoxymetilyl group, an ethoxymethyl group, a
L-methoxyethyl group, a 2-methoxyethyl group, a
2-ethoxyetiyl group, a methylthiomethyl group, an
ethylthiomethyl group, a 1-methylthioethyl group,
2-methylthicethyl, & 2-ethylthiosthyl group, a meth-
yithio group or an ethylthic group;

(8) R.® end R,* are the same or different and each
represents a methyl or ethyl group;

(H) R.® represents a hydrogen atom, an alkyl group
having from 1 to 4 carbon atoms, = benzyl group, an
alkanoyloxyalkyl group in which the alkanoyl part has
from 1 to 5 carbon atoms and the alkyl parthas 1 or 2
carbon atoms, a cycloalkanecarbonyloxyatkyl group in
which the cycloalkane part has 5 or 6 carbon atoms and
the alkyl pact has 1 or 2 carbon atams, an alkoxycar-
bonyloxyalky! group in which the alkoxy part has from
1 1o 4 carbon atoms and the alkyl part has 1 or 2 carbon
atoms, a cycloalkyloxycarbonyloxyalkyl group in
which the eycloalky} part has 5 or 6 carbon atorns and
the alkyl past has 1 or 2 carbon atoms, a {5-phenyl-,
S-methyl- or 5-ethyl- 2-0x0-1,3-dioxoten-4-yl)methyl
group, or a phthalidyl group.
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Particularly preferred compounds are of formula (a), and
salts and esters thereof in which R,'~—X,—R,? is as defined
in (F) above, R, and R,* are as defined in (G) above, R,?
is a3 defined in (H) above and R, is as defined in (E) above.

The most preferred compounds of formala (D, or @a),
- and salts and (whers appropriate) esters thereof, are in
which:

() the group of formula R,'—3X,—R, %— represents a
methoxymethyl group, an ethoxymethyl gronp, a meth-
Yithiomethyl group, a methylthio group or an ethylthio
group;

M R,? and R,* both represent methyl groups; and

(K) R,” represents a hydrogen atom, 2 pivaloyloxymethyl
group, an ethoxycarbouyloxymethyl gronp, a
1-(ethoxycarbomyloxy)ethyl group, an isopropoxycar-
bonyloxymethyl group, a 1-(isopropoxycarboryloxy)
ethyl group, a (5-methyl-2-0x0-1,3-dioxolen-dylm-
ethyl group or a phthalidyl group.

Particulardy preferred compounds of formule (Iz), and
salts and esters thereof are in which R, X, —] .2 is as
defined in (T} above, R,3 and R‘,,4 are as defined in (I} above,
R, is as defined in (K) above and R, is a3 defined in (E)
above.

Specific examples of individual compounds of the present
invention are shown in the following formulae (I-1), (I-2),
{(I-3), @-4), (E-5)and (J-63:

R2 ~ P 1)
|

N
~,
R! _.(/ I Or*
N

|
CH;

COOR

R? B3 -2

13

-30

50

55

63

28
) ;continued
R: /R

v \C“*om
T
N

COOR#

. _(, ICH\OR‘

N COOR%
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-3}

14

5)

-6}

In these formulae, the meanings of the various substituent

groups are as given in the following Tables 1 to 6, in whick
Teble | relates to formula ([-1), Table 2 relates to formala
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(I-2), Table 3 relates to formula (I-3), and so on. Io the -continued
Tables, the following abbreviations are used: Me methyl
Mea medhoxycarbonyl
Mod {3-methyl-2-0x0-1,3-dioxclen-
Ac acetyl 5 4-ylmethyl .
Boz benzoyl Ph phenyl
Bu buryl Fhth phthalidyl
iBo 1sobutyl Ply pivaloyl
tBu t-butyl Pn poniyl
Huc butoxycarbonyl ¢Pn cyclapentyl
iBuc jsobwoxycmrbonyl 10 ifn isopentyl
Bz benzyl ) Pr propyl
Et ethyl i isopropyl
Ete ethoxycarbonyl iPro isopropoxycarbonyl
Fo formyl Pm prapionyl
Fu 2-firryl Tz tetrazol-5-yl
. cHx cyclohexyl Th 2vhieny}
Tm 4-imidezolyl 13
TABLE 1
Cpd,
No. R! R? R R* R RS R
-1 Pr H H H H H H
1-2 Bu H H H H H H
1.3 —CH=CH-B N B H H H H
14 Pn H H H H H H
-5  Bo H H H Me H H
16 Bu H H H Et H H
117 Bu H H a Bu H H
1-8  Bau H H i Bz H H
-8 Ban H H Me H 24 H
.10 Bm H H Et H H H
I-11 By H H Fo H H H
1-12 Bu H B Ac - H H H
1-13  Bu H B Baz H H H
1-14 Bu H H Me ¥t B H
1-1§ By H B Me  FivOCH,— H H
116 Bu H H H H c
1-17 Bu H H H Et o] H
1-18  Bu H H H H OMe H
1-12 Bu H H H Et OMe H
1-20 Bu H H H H OEL H
121 Rg H H H Et OEt H
122 Bu H H H Mod H H
125 Bu H H H  EeOCH—~ H H
124 Bu R H H 1-(BteC)EL H H
1-25 Bu Ms H H H H H
126 Bu Me H H Et H H
127 Bu Me H H PvOCH,— H H
128 Ha Me H H Mod H H
129 Bn Me H Ao H H H
1-30 Buo Me H Ac Et H H
131 Buo Me Me H H H B
132 Bu Me Me H bt H H
1-33 Bu Me Me H Bu H H
1-34 Bu Me ™Mo H Me H H
1-35 Bu Ms Me H PivQCH,— H H
1-35 Bu Me Mes H Mod b3 H
137 Bo Me Me Me H H H
13§ Bo Ma Me Me BEt H H
1-39 Bu Me Me Fo M H H ;
140 Bn Me Ms Fo Et H K .
1-41 Bu Me Me Ac H H H ;
142 Be Me Me Ac Et H H :
143 Bo Me Me Boz H H H i
144 By Me Me Bozx Bt H H i
145 Bu Me Me H H [} H B
146 Bu Mo Ms H =3 ol H .
147 Bu Me Me H H OMe H
1-48 Bu Mse Me H Et OMe H ;
143 Pr Me Me H H H "
1-50 Pr Me Me H Bt H H
1-51 Pr M Me Ac IRt H H {
152 Pr Me Me H H OMe H
153 Pr Me M: H w8t OMe H i
1-54 Pa Me M= H H H H ;
1-55 Po Me Mo H Bt H H ;
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TABLE l-continned ;
Cad. ;
No. R! R* R R¢ R™ RE R™
1.5 Et Me H H H H H
.57 Et " Me H " Et H H
1-58 Et Me H H PvOCH,~ H H
1-5% Bt Me H H Mo H H
1-60 Bt Me H H EwOCH,— H H
1-61 Bt Me H H 1-(BteQEe H H
1-62 Ban B B H H H H
1-63 Bu E H H E H H
1-64 Bo BB H H =&’ a H
1-65 Bu BE H H R ¢ H
1-66 Bu Et H H H OM: H
1-67 Bu E H H BE OMe H
168 Bu fr H H H H H
169 Bu r H H Er H H
170 Bu i®P H H Bn .1 H
1-7t Ba it H H B Ccl H
172 Ba ir H H H OMe H
173 Bn ir H H B OMe H
1-74 Bu By H H H H
175 Bu By H H & H H
176 Bu Ba H H H €1 H
177 Bu Bu H H & ¢ H
1-78 Bu B H H H OMe H
179 Bu By H H Et OMe H
1-80 Bu Ph H H 8 H H
1.81 Bu Pp H H I H H
82 Bu EE Me H H H H
1-8%3 Bu Et Me H Bt H H
.84 Bu Et Et H H H H
1-85 Bo Et Et H Et H H
1-85 Bu E E H H c H
1-87 Bu E EBE H E ct H
1-88 Bu EE E N H OMs H
1-89 Bu Bt E H Et OMs H
1-90 Ba P H H H H H
191 Bu r H H E H H
192 Pr B H K H H =
193 Pr P H H & H =H
154 Be H H H Me H  tBu
1-95 Bu H H H B H  {Bu
1-96 Bu H H H H H  1Bu
1-97 Bu H ®H H PvOCH— H iBu
1-88 Bu H H H PWOCH— H §
18% Ba H H Me Ms H th N
1-100 Pr H H H Et H H ;
1101 Fr H H H B HE H 3
1-102 Pr H H H PFvwWCH—~ H H i
1103 Pr H H H Mo H H k!
1-104 Pr H H H H a H H
1.10S Pr H H H =R . H i
1-106 Br H H H H OMe H g
1107 Pr H H H =® OMe H !
1-108 Pr Me M: H H ¢ §u i
1-105 pr Me Me H Bt c H
1110 Pr Ms Me H H H Et i
1-111 Pr Me Me H H H Bo i
1-112 Pr Mse Me ¥ H H . PIVOCH,—
1-113 Bu Me Ms H H H Et ;
1-114 Bu Mo Mc H H H B 1
1-115 Bu Me Me H H H  PivOCH— h!
1-116 By Me Me Mo H H H
1-I17 Bu Me Me Eww H H b3 i
1-118 Bu Me Me H E H o
- 1-118 Fr Me Me H Ei H 8o
1-120 Bu Me Me H H F H
1-12L Ba H H M Me H ¥
1122 Bu Me Me H H Cl B N
1-323 Bu Me Me H Et Cl iBu
1-124 Bn Me Me H H OMe {Bu i
1-125 Bu Me Me H Et OMa By
1.126 Pr Me Me H H Cl  Bu
1-127 Pr Me Me H Et Cl iBu i
1-128 Pr Me Mo H H OMe (Bu i
1-129 Pr Me Me H Bt OMe tBu 3
1-130 Et Me Me H B H  tBa
1-131 Bt Mce Me H Et H H
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TABLE 1-continued
Cpd,
Ne. R! R? R R* R™ R® R™
1-132 Bt Me Me H B H H L
1-133 Pr Mc H H PivOCH,— H H i
1-13¢ Pr Me H H  Mod | H H
1-135 Pr Me H H EtcOCH,— H H
1-136 P M:e H H 1-(EtcO)EL H H
1-137 Pr Me H H Pirh H H
1.188 Er H H H H 3] H
1-139 Et H B H PivOCH,—~- H H
1-140 Et H H o Mod B H
1141 B H H H EwQCH,~—~ H H
1-142 Et H H H 1-{(EwO)Ee H H
1-143 Et H H H Fhth H H
TABLE 2

Cpd.
Ne. R R R* R' R™ RS R
=1 Pr Me Me H H B 2-Tz
22 Ba Me Me H H H 2Tz
2-3 Pn Mse Me H H H 2Tz
2-4  ~—~CHexCH-—Et Me Me H H H 2Tz
25 Pr Me M Me H H 2Tz
2-6 PBu Me Me Me H H 2Tz
7T Pr Me Me H Bt H 2Tz
28 By Me Mo H Et H 2.Tz
Z9 Pr Me Ms H Me H 2Tz
2-10 Bu Me Me H Me H 2Tz
2-11 Pr Me Me Me Me H 2Tz
2-12 Bu Me Ms Me Me H 2Tz
213 Pr Me Me Me E: H 2-Tz
2-14 Bu Me Me WMe Et H .7z
215 Pr Me Me H PivOCH;— H 1Tz
2-16 Bu Me Me H PivOCH,— H 2-Tz
2~17 Pr Me Me H Mod H 2-Tz
2-18 Bu M Me H Mod H 2Tz
21% Pr Me Me H EteOCH,— H 2-Tz
220 Ba Me Me H EwGCH,;— H Tz
2.21 Pr Me Me H  IPeOCH H 2Tz
222 Bu Me Me H  iPreOCH,— H 2Tz
223 Pr Me Me H 1-{EtcO)Et H 2Tz
224 Bn Me Me H 1-{Etc0)Et n 2Tz .
225 Pr Mo Me H 1-GPrcOE H 2Tz :
2-26 Buo Me Me H 1-{iPred)EL H 2Tz K
2-27 Pr Me Me Me HeOOH,— H 2-Tz )
228 Bu Me Me Me ExOCH— H 2-Tz,
22% P Me Ms Me iPreOCH,— H 2Tz
230 Bu Me Me Me jPreOCH,— H 2Tz
2-31 Pr Me Me Ne  BivOCH,— H 2Tz
232 Bu Mse Me Me PiOCH— H 2Tz
233 Pr Me Me H H 6-Cl 2Tz
2-34 Bu Mz Me H H &1 2Tz
235 P Me Me H H 6-0Me 2Tz
2-36 Ba Me Me H H 6-CMe 2-Tz
237 B Me E H H H 2Tz
238 Bu Me Et H H H 2Tz
2-99 Pr Bt Et H i1 H 2Tz
240 Bu Er E H H H 2Tz
241 Fr Me Me H Bz H 2-Tz
242 Pr Ms Me H Bu H 2-Tz, i
243 Bu M: Me H Bz H 2-Tz X
244 Bu Me Me H Bu H 2Tz .
245 Pr Et Et H Et H 2Tz
246 Pr Me Me H )21 H 3-Tz i
2-47 Pt Me Me H R " 4Tz
248 Pr Me Me K (-0Ac)- H 2Tz

~(3-OMe)Bz i
249 Pr Me Me H Fa H 2-Tz
250 Pr Me Me X Ac H 2Tz
2-51 Pr Me Me H H GCE 3Tz :
252 Bu Mo Me H H 601 3Tz : :
253 Pr Me Me H a 6-0Me 3-Tz :
2-54 Bu Me Me H H 6-0Me 3-Tz ]
2-55 Pr Me Et H H H 3Tz
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TABLE 2-continued
Cpd.
No. R! R? R*® RY Riv R* R
2-56 Bu Me Et H H H 3Tz
2-57 Pr B E H H R 3Tz
2-58 Bu B2 E H H g 3Tz
2-59 Pr Me Me Me Et H 3Tz
260 Pr Me Me Me H H 3Tz
2-61 Bu Mo Me Me Et H 3Tz
2-62 Bu Me Me Me H H 3Tz
263 Pr Et % H E H 3.Tz
2-64 Pr Me Et Me H H 2-Tz
265 Pr Me Me H  Puh H 2Tz
2-66 Pr Me Me Me Mod H 2Tz
267 Bu Me Me Me Mod H Tz
2-68 Et Me Me H H H 2-Tz
268 Et Me Me H  PivOCH,— H 2Tz
270 Et Me Me H  EwOCH,— H 27z
271 Et Me Me H  iPreOCH— H 2Tz
272 Et Me Me H R H 2Tz
73 Et Me Me H M H 2Tz
2-74 Et Me Me H Phth H 2Tz
275 Et Me Me Me H H 2Tz
2-76 Et Me Me Me PivOCH.— H 2Tz
277 E Me Me Me Mod H 2Tz
25
TABLE 3 TABLE 3-continued
X d.
1%1: rR R? R R* R ﬁg. R' R? R R R
31 P Me Me K BIVOCH,— 7 3% Be me Me H 1-(BueQ)Et
3.2 Pr Msa Me H AcQCH,— 347 Bu Ms Me H BucQTH~—
33 B Me Me H -(PivO)Ex 348 Bu Me Me H 1-(iBucO)Er
34 B M Me H 1-(AcO)Et 349 Bu Me Mo H 1-{cFaD.CO.0)E
335 P M» Me H cPuCO.OCH,— 350 Bu Me Me H 1-{gHx0.CO.0)Et
36 P Mo Me H £H%CO.0CH - 351 Bu Et Bt H Mod
37 Pr Me Me H CHy— EX) 35 Bu Mo Me H Fhth
3.8 P Me Me H 1-(MecO)Et 3.53 Pr Me Me Ma PivOCH,—
39 P Me Me H EteQCH,— 3254 Pr  Me Me Me AcG
310 Pr Me Me H 1-(BtcOYE: 355 Pr Me Me Me I-(PIvO)Et
311 Pr Me Me H 1-(EwD)2-MePr 35 B Me Me Mo 1-(AcO)E:
312 Pr Me Me H 1-(EtcO)Pr 357 Pr Me Me Me cPRCO.OCH~—
313 Pr M Me H iPre0 40 358 Pr Ms Me Me cHxCO.QCH—
314 Br Me Ma H 1-GPrcOjE: 359 Pr  Me Me Me MecOCH,—
315 Pr Me Me H 1-QPrc0)-2-MePr 360 Pr Me Me Me 1-(MecO)Er
316 Br  Mec Me H 1-GPeO)Fr 361 Pr Me Me Me
317 P Mo M H €PrQ,CO.QCH, — 162 Pr Me Me Me 1-(EteO}Ec
318 pr Me Me H ¢Hx0.CO.0CH 363 Pr. Me Ms Me 1-{E1c0)-2-MePr
319 Pr  Me Me H BucQCH,— a8 364 Pr  Me Me Mc 1-(EcO)Pr
30 Fr Me Me H 1-(BucO)Et .65 Pr M Me Me
321 Fr Me Me H iBueOCH,— 3.66 Pr Me Mc Me 1-4PrcO)Er
322 Br Me Me ) ] 1-({BucO)Et 3-67 Pr Me Me Me 1-(EPre0)-2-MePr
33 PFr  Me Me H 1-(ZPn0.CO.0)Et 368 Pr. Me Me Me 1-(iPreQ)Fr
324 Pr  Me Me H 1-(cHx0.CO.0JEt 369 Pr Mo Mo Me £Fn0.CO.OCH,—
325 Fr  Me Me H Mod 50 370 Pr  Me Mo Me Hx0.CO.GCH,— .
326 Pr Me Me H Phth 31 Pr Me Me Me BueOCH,— :
327 Bu Et Et H PivOUH,— 372 P Me Me Me I-(BucOiE
328 Bu M Me H AcOCH,— 373 Pr  Me Me Me {BuchCH,— :
329 Bu Ms Me H 1-(PivO)EL 4 Pr  Me Mc Me 1-{{BucO)Rt i
330 Bu Ms Mo H 1-{AcO)BL 375 Pr Me Me Me 1 (@PnD.CO.OE: :
331 Bu Mo Me H cPuCO.0CH— 376 Pr  Me Me Me 1-(cBx0.CO.0)E
332 Bu  Me Me " ¢HxCO.0CH,— 55 377 Pr Mo Mo Me Mod ;
333 Bu Mo Me H MecOCH,— 378 Pr  Me Me Me Phth
3-34 By Me Me H 1-MecOYEL 379 Bu  Me Me Me PivQCH,—
335 By Me Me H EtcOCH,— 380 Bu Me Me Me ACOCH,— :
8.3 Bu Me Me H 1-(BtcO)E 381 Bu Me Ms Me 1-(BivO)Et
337 Bu Me Me H 1-(EtcQ)-2-MePr 382 Bu Me ' Me Ma 1-(AcOIE: i
338 Bu Me Me H 1-(BieO)Pr &0 3.83 Bu Me Me Me FaCO.OCR,— !
339 Bu Me Me H PreOCH,— *8 Bu Me Me Me gHxCO.0CH, — :
3.40 Bu M Me H 1-(Pre)Bt 3.85 Bu Me Me Me MecOCH,— 3
341 By Me Me H 1-@Prc0}-2-MaPr .8 Bu Me Me Me 1-{MetO)Et !
342 By Mec Me H 1+ )Ex 387 Bu Me Me Me EtcQCH,— .
343 Bu Me Me H €Pn0.CO.OCH, ~— 388 Bu Mo Me Me 1-(BICOJEL i
344 Bu Ms Mo H eHx0.CO.0CH,— 65 389 Bu Me Me Me 1-(EseOr2-McPr
345 Bu Me Me H BueQOCH,— 380 Bu Mo Me Me 1-(EtcO¥Pr 1
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TABLE 3-continued TABLE 4-continued
Cpd. Cpd
Ne. R! R? R? R* R No. R R R R%
5
391 Bu  Me Me Me PreOCH,~ 423 PP H Fo Mod
392 Bu Me Me Me 1-({PreONE: 4.24 S ¢ Fo Pinth
393 Bu Me Me Me 1-(PreQ)-2-MePs 425 B H Ac H
594 Bu Me Me Me 1-{PreQ)Pr 436 Pr H Ac PivOCH,—
395 Bu Me W Me ¢Pn0.C0.OCH,— 4-27 Pr B Ac Mod
396 Bu Me Me Me ¢Hx0.CO.0CH ~ 0 4.28 Pr H Ac Phik
397 Bu Me He Mo BueQCH— 420 Pr Me H H
398 Bu Me Me Me 1-{BucO)Er 430 Pr M H Et
3.9 By Me Me Me iBucCGCH— 4-31 Pr Me H PivOCH;—
3100 Bu Me Mo Me 1-EBucO)Et 432 BFr Me H Mod
3101 Bo Mo Ms Me 1-(ePnQ.CO.0)EL 433 Pr Mo H EwOCH,—
3102 Bu Me Me Me 1.{gEix 0. CO.O)EL 15 434 Fr  Ms H FrcOCH,~-
3103 Bu Me Me Me Mod 435 P Ma H Phth
2104 Bu  Ma Me Me Phth 435 Pr  Me Mo H
3.105 Et Me Me H PivOCH,— +37 Pr Ms Me B
%106 Bt Mg Me H AcOCE,— 438 Pr Me Me PivOCH,—
3107 Ex Me Mo H EtcQUH— 4-39 Pr Me Me Mod
3108 Et Mo Me H 1-(EcO)Et 440 B Me Me Phth
3109 Bt Me Me H PreOCH,— 20 4-al - H H
TL0 B Me Mo H 1-(PO)EL 442 O H Bt
3411 Bt Me Me H Mod 443 Fr  Et H PIVOCH,—
2112 Be  Me Me H Phth ad4 r Bt H Mod
3113 Pn Me Me H PivOCH, 445 r B H Phth
3114 Pn  Me Mo H AcOCH— 446 Ba H H o}
3115 Pn  Me Me H EtcQCH,— 2% 447 Bu H H Mc
3116 Pn Me Me H 1-(E1CO)EL a4 Bu H H Et
317 Pn Me Me H 1PrcOCH,— 449 By H H PivOCH,—
3118 Pn M Me H 1-GPrcO)E 450 Bu H H Mod
3119 Pn  Me Me H Mod 451 Bu H H EtcOCH,—
3120 Pn  Me Me H Phth 452 Bu H H {Pro
3121 Br Me Et H FivOCH,— 30 4-53 By H H 1-(EtQ)EL
3122 Pr Me Bt H AcOCH,— 454 Bu H H 1-{PrcOYBt *
3123 Pr Mo Et H EtcQCHE,— 4.55 Bu H B Fhth
3124 B Me Bt H 1-(Elc0)E: 455 By H Me H
3135 Pr Me o H iPre — 457 By H Me Me
3026 Fr  Me Bt B 1-GPrcO)Et 4-58 Bu H Me Er
3127 v Me Et H Mod 35 4-59 Bu H Me PivOUH,~-
3198 Br  Me Bt H Phuby 4-60 Bu H Me Mod
3.129 Br  Et Et H PiVOCH,— 461 Bu H Me EtcOCH,—
3130 r Bt Et H AcOCH,— 462 By H Me iPreOCH,—
3131 Br Kt Et H EtcOCH - 463 Bu H Me 1-{EcQ)Et
3132 r  Et Bt H 1.(BreOjEt 4-64 Bu H Me 1-{iPrco)Et
3133 Br Et Et H iPrcOCH— 3-65 Bu H Me Phth
3134 Br Bt Et H 1-GPreD)EL 40 465 Bu H Fo H
3135 Br Bt Bt H Mod 467 Bu H Fo PivOCH,—
36 B B Et H Fhih 468 Bu H Po Mod
465 Bu H Fa Fleh
470 Bu H Ac H
471 Bu- H Ac PIvOCH,—
TABLE 4 45 472 Bu H Ac Mod
Cpd. 473 Bu H Ag Fhih
No. R! R? R* R t;; g: ﬁi E E,
476 Bu Me H PivOCH,—
“+1 L H H 477 Bu Me H Mod
42 B H H Me 50 478 Bu Me H BeOCH,—
4-3 Pr H H B 479 Bu Me H {PrcOCH,
4 Pr H H PivOH;— 4-80 By Me H
45 B H H Mod 481 Bu Me Me H
46 o H H EteOCH,— 482 Bu Mo Ms Me
47 Pr H H iPrc 4.83 Bu Me Me PlvOCH,—
48 Pr H H 1-(EtcQ)Er 4-84 Bu Me Me Mad
4.8 Pr H- H 1-(iPrcO)Er 35 4-85 Bun  Me Ms Phih
4-10 Pr H H Phth 4.86 Bu Bt H ¥
411 B H Me H 487 Bu Bt H Me
4-12 Pr H Me Me 488 Bu Et H FivOCH,—
413 BPr H Me Bt 489 Bu Et H Mod W
4-14 Pr H Me PivOCH,— 490 Bu B H Phth
4-15 Pr H Me Mod 1] 4.91 Et H H H
416 Pr H Me EcOCH,— 4-92 B H Et o
417 Pr H My iPreOCH— 4.93 E H Et PivOCH, —
418 Pr H Me 1-{EteO)EL 494 Bt H Bt Mod
419 Pr H Me 1-({PreQ)EL . 4.95 He H Ft Phth
4-20 Pr H Me Phth 496 Pn H H H
421 L Fo H 65 497 Pn H H Et
422 P H Fo PivOCH,— 498 Pn H H PivOCH,—
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TABLE 4-continued TABLE 4-continued
d, Cpd. ;
gﬁ. RF m3 R* R™ No. R R R* R :
5
495 Pa H H Mod 4-108 EE Mo H B
4-100 Pn H 54 Fhih 4109 B Me e PivOCEH,—
4-101 Pr iPr H H * 4110 E Mo H Mod
4102 P iPr H PivOCH,— 4111 Et Me H Phth :
4-103 Pr iPr H Mod 4112 B H H FivOCH,— :
4-104 b H H 10 4113 Bt H H Mod ‘
4-108 B 1Bu H FivOCH,— 4114 Bt Me H . PivOCH,—
4-106 Pr  {Bu H Mod 4.115 Et  Me H Mad
4-107 B M H H
TABLE §
Cpd.
Ne. R* RZ R* PR R R R
521 Fr H H H COOH H H .
52 Pr Me H H COOH H H K
53 B B H H CODH H H :
4 Pr P H H COOH H H
55 Pr fr H H COOH H H T
56 P By H H CooH H H ;
57 P+ Me Mec H COOH H K P
S8 Pr Ms Bt H COOH H H :
5 P H H Me COOH H H B
510 fr H H Et COOH H H
S11 Pfr Me H Ms COO™ H H ;
512 Pr E H Me COOH H H ;
513 Pr i H Me COOH H H ‘
514 Pr iBu H Mc COOH H H®H ;
515 F H H Fo <COOH H H ;
5 B Me H Fo COOH H H j
517 &7 B H Fo CODH E H
518 Pr ir H TFo COOH H H :
519 Pt Bz H Fo , COOH K H ;
520 r H H Ac COOH H H :
521 Fr WMe H Ac CODH H =§H
522 Fr E H Ac COOH H H
523 B iPr H Ac COOR H =
524 P+ By H Ac COOH H H
523 " H H H COOH H Me
526 Pf H H H (ODH H &
52 r H H H COOH B P :
52 Pr H H H COOM B iPr f
526  H H H CODH H jBs K
530  H H H COOH H P :
$31 r H H HW COOH Me Me
532 Pr H H H Tz H H :
53 Pr Me H H Tz H H i
53 Pr B H H Tz H H
535 P P H H Tz E H :
536 Pr Pr H H Tz E § ;
337 & s H H Tz H H |
588 Pr Me Me H:' Tz H H ;
53 Pr Me Et H Tz H H
540 Fr H H Me Tz H H N
540 r H H E Tz H H 1
542 Pr Ms W Me Tz H H K
543 Fr Bt H Me Tz H H :
54 Fr {Fr H Me Tz H H :
5-45 Pr tBu H Me Tz H H i
546 Pr H H Fo Tz H H 2
547 Pr Me H Fo Tz H H d
548 Pr Bt H Po Tz H H s i
549 Pr #® H Po Tz H H !
55 Pr ®Bu H Fo Tz H H A
551 Pr H H At Tz H H 4
552 Pr Me H A Tz H H
553 Pr Bt H A Tz H H -
554 Pr ir H Ac Tz H H i
55 Pr Bu H  Ac Te H H
Pr H H TE H Mo
Pr H H Tz H =t
Pr H H Tz H Pr
Pr H EBE Tz H i
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TABLE 5-continued
d.
;‘(;f,_ R R R R R R* R
560 Pr H H H Tz H tBu
561 Pr = H H Tz H itn
562 Pr H H H Tz Me Me
363 Bu H H H [ala/a) 24 H H
564 Bu Mas H H CODH ‘H H
565 Bu R H H COOH H H
5-66 Bu Pr H H COOH H H
567 Bu iPr H " CODH H H
5-68 Bu tBu H H CODH H H
5-68 Bu Me Me B CO0H H H
570 By Me ZEl H COOH H H
5711 Bu H H Me COOH B H
572 Bu H H Bt coon H H
573 Bu Me H Me COOH H H
5-74 Bu Et H Me COOH H H
373 Bn i W Me COOH H "
57 Bu (Bu H M= COOH H n
577 Bu H H Fe  COOH H H
3718 Bu Me H Fo coon H H
579 Bu Bt H Fo COOR H H
580 Bu iPr H Fo CQOH H H
58l Bu 1Bu H Fo CQOH H H
582 Bu H H Ac  CoOH H H
5-83 Bu Me H Ac COOH H H
584 Bu Et H Ac  CODH H H
5-85 Bu {fr H Ac  CODH H H
5-86 Bu tBu H Ac COOH H H
587 Bu H H H CO0H H Mo
5-8% Bu H H H COOR H Et
58 Bu H H " COOH H Pr
59 Bu H H B COOH H iPr
591 Bu H H H COOH H 1Bu
552 Bax H H H coon H iPn
583 Ba H H H CO0H Me Me
394 Bu H H H Tz H H
585 Bo Me H H Tz H H
5389 Bu Et H H Tz ;4 H
397 Bu Pr H H Tz H H
398 Bu {Fr H H Tz H H
58 Bu tBu H H Tz H H
510 Bu Me Me H Tz H H
5-101 Bu Me Egt H Tz H ;1
5102 Bu H H Ms T: H ¥
5.103 Bu H H Et Tz H H
5104 Bu Me H Mes Tz H H
5-105 Bu Er H Me Tz H H
5.106 Bn  {fr H M Tz H H
5-107 Bu tBu H Ms Tz H H
5-108 Bu H H Fo Tz H H
3109 Ba Me H Fo Tz H H
5:110 Bu E H Fo Tz H H
5-111 Ba iFr H Fo Tz H H
5-112 Bu By H Fo Tz H H
3113 EBu H H Ac Tz B H
3-114 Bu Me = Ac Tz H H
§-115 Ba  Et H As Tz H H
5116 Ba Pr H As Tz H H
5-117 Ba  tBu H Ac Tz H H
5-118 Bu H H H Tz H Me
J-119 Bu H H H Tz H Et
5170 B« H H H Tz H Pr
£121 Bu H H ®H Tz H iPr
5-122 Bu H H H Tz H iBn
5123 Bu H H H Tz H ipn
54124 Bu H H H Tz Me Me
5125 Bu H H H COOH H CH,CO0H
5-126 Bu H H H COOH H CH,COOE:
§5-127 Bu H H H COOH H 1-(HOOCIE
5128 Ba H H H COOH H 1.(Et)Et
5-120 Bu H H H COOR H 2-(HOOC)EL
5-130 Bn H H H CO0H H 2-(Bret
5-131 Bu H H H COOR H & (HOOD) Bz
5-132 Bu H H a COOH H 1-(HQOOC)-2-(Ph)Et
3-133 Bu H H H COOH H 1-HOOC)-2-(Fu)Er
5-134 Bu H H H COooR H 1-(HOOC)-2-(Th)Bt
3135 Bu H H B COOk H 1-(FO0C)-2-(Fm)EY

42




-...Case Z.88eck:834620000 -MBPoflonentei?@1 FileitedW313062006ge Bage 38 BAGEID: 34

5,616,599
43 44

TABLE 5-continned

Cpd.

No. RP R* R* R* g7 R® R*

5136 Bu H ;4 H COOH H 1-(HQOC)-2-(HO)EL

5127 Bt H H H COOH H 1-HOOC)-2-(MeOHEL

5138 Bu Me H H CQoH H CH,COOH

513 Bu Me H H COOH H CH;COOEL

5140 Bu Me H H COOH H 1.(HOOC)Et

5341 Bu Me H H COOH H 1-(Bte)BL

5042 Bu Me H " COOH H 2-(HOOC)E:

5143 Bu Me H H COOH H 2-(Bilc)Et

5144 Bu Me H H COOH H a-(HOOC)-Bz

5-145 Bu  Me, H H [elals; ] H 1-(HOOC)-2-(Fh)Bt

5146 Bu Me H H CODH H 1-(HODC)-2-(Fu)Et

5147 B0 Me H H COOE H 1-{HOOC)-2-(Th)Et

5148 Bu Me H H COOH H 1-{HOOC)-2-(Im)Er

5142 Ba Me H H COCH H 1-(HOQC)-2-(HO)EL

5150 Bu Me H H COOH H 1-(HOO0C)-2-(MeOYE:

3-151 Bu ipr H H {£00H B CH,COOR

5152 Bu  jFr H H COOH H CH;COOE:

5153 Bu iPr H B COOH H 1-(HOOC)EL

5.154 Bu iPr H H CQOH H 1-{Erc)Bt

5155 Bu Pr H H COOH H 2-(HOOO)EL

5.156 Bu ifr H H CooH H 2-(Etc)Bt

5-157 Bn  jPr H H COOH H a-(HOOC)-Bz

5-158 Bu  ifr H H cooH H 1-(HOOC)-2-@h)Ee

5159 Bu ¥ B H COCH H 1-(HOOO)-2-(Fu)E

5-160 Bu {Pr H H cooH H 1«HOOC)-2-(Th)Et

516t Bu ifr H H COOH H 1-(HOOC)-2-(0m)Et

51620 Bu {Pr ¥ H coon bid 1-(HOOC)-2-(HO)Et

5163 Bk iPr H H COOH H 1-(HOOC)-2-(MeO)Et

5164 By tBu H H COOH ] CH,COOH

5.165 Bu fBu H H COOH B CH,CO0E:

5166 Bu (Bu H H COOH H 1-(HOOCR

5167 Bu iBu H H COCH H 1-(Btc)Bt

5-168 Bu 1Bu W H CO0H H 2-(HOOC)Et

5169 Bu Bz H H COOH H 2-(Btc)Et

5170 B Bc H H COOH H o(HOOC)Bz

5-171 Bu 1B H H CO0H H I-{HOOC)-2-(Ph)

5172 Bu Bu H H CODH H 1-(HOOC)-2-(Fu

5173 Bo [Bn H H COOH H 1-(HOOC)-2-(Th)Et

5174 Bn fBu H H coon H 1-(HOOC)2-(lm)EBt

5175 Bu e H H COOH H 1-(HOOC)-2-(HO)EL

5.176 Bu Bu H H Ccoon 54 L-(HOOCK-2-MeO)Et

5177 Bu H H H Tz H CH,CQOH

578 B K H H Tz H CH,COOE;

579 Bu H H H Tz H 1«(HODCE:

5180 85y H N H Tz H 1-(Bte)st

518 Bu H H H Tz H 2-(HOOC)E:

5182 Bu H H H Tz H 2-(Bic)Et

5.183 Bu H H H Tz H a-(HOQOC)-Bz

5184 Bu H H H Tz b+ 1-(HOOC)2-(Ph)Et

5-18 Bu H H H Tz B 1-(BC0C)-2-{Fu)Et

5186 Bu H H H Tz H 1-(HOOC)-2-(Th)Et

5-187T Bu H H H Tz H L-HOOC)-2-(km ¥t

5-188 Bu H H H Tz H 1-(HOOC)-2-(HO)E:

5.8 Bu H H H Tz H 1-(HOOC2-MeO)Bt

5190 Bu Me & H Tz H CH,COOH

§-191 Bu Ms R H Tz H CH.COOB:

5192 Bu Me = H Tz H 1-(HOOC)E!L

5193 Ba Me H H Tz H 1-(Etc)Et

5194 Bu Me H H Tz H 2-HOQGC)Et :
5195 Bn Me H H Te H 2-(Bic)Er
5196 Ba Me H H Tz H a-(HOOC)-Bz2 E
5197 Ba Me H H Tz B 1-(HQOC)-2-(PL)Ft
5198 Bu Me H H Tz H 1 (HOOC)-2-(Fa)Et- H
5199 Bu Me H H Tz H 1-{ROCO)-2-(Th)xe

5200 B Me W H Tz B 1-(HOOC)-2-(Tm)Ex

5201 Bu Me H H Tz H 1-(HOOC)-2-(HO)FL

5202 By Me H H Tz H 1-(HOOC)-2-(MeQ)EL

5203 Bu {Fr H H Tz u CH,COOH

52064 Ba i H H Tz H CH,COOE:

5208 B I H H Tz H 1-(HOOC)EL

5206 Bu iPfr H H Tz H 1-{Ete)Et :
5207 Bu & H H Tz H 2-{HOOCT)E: i
5208 Bu iFr W H Tz H 2-{Etc)BEt H
5209 Bu iFr H H Tz H a-(HOOC)-Bz
5210 Bu {PFr H H Tz H 1-(HOOC)-2-(Ph)Et H
5211 Bu ir W b4 Tz h:] 1-(HOOC)-2-{Fu)Ee




se.206ec?:8346200001 -MPoQonenter26:-1 FiledtedW312062006ge Bags 86 BA46ID: 35 .

. 3,616,599
45 46
TABLE S-continued

bcrg‘.i R ® R R* R r® R*
5212 By Br H H Tz H 1-{HOOC)-2-(FH)E
%213 Bu jfr H H Tz H 1-{HOOC)-2-(Tm)Et
5214 Bu fr H H Tz H 1-HOQC)-2-(HO)EL
525 Bu {Pr H H Tz H 1-{HOOC)-2-(MeO)EL
5216 Bu By H H Te H  CH,COOH
5217 Bu Ba H H Tz H  CH.COOE:
5218 Bu tBu H H Tz H 1{HOODE:
5-219 Bu Bu H H Tz H 1{Ee)Et
5220 Bu tBa H H Tz H  2-(HOOCE:
5221 Bu Ba H H Tz H  2@Ee)E
52722 Bu Bu H H Tz H  o{H00C)-Bz
§223 B ®1 H H Tz H 1-{HOQC)-2-(Fh)Et
524 Bu ®u H H Tz H 1-{HOOC)-2-(Fu)Ex
5225 Bu "1Ba H H Tz H 1-{HOOC)-2-(Th)Et
522 Bu 8w H H Tz H 1-{HOOC)-2-{Im)EL
5227 Bu $n H H Tz H 1-{HOOC)-2-(HO)E:
5228 By Be H H Tz H 1-(HOQC)-2-(MeD)Et
5220 Pr  H H H COOH H  CH;CODH
5230 r H H H COOH H  CH,COOE:
5231 r H H H COOH H 1-{HOOC)E:
5252 fr H H H COQOR H 1-(Etc)Et
5233 r H H H COOH H  2.{HOOCE
§234 7 H H H COOH H  2(EE
5235 Pr  H H H COOH H  ofHOQC)-Bz
5236 Fr H H H COQH H 1-{HQOC)-2-(F)EL
5237 Pr H H H COOH H 1-(HOOC)-2-(Fu)Et
5238 fr H H H cCOOH H 1HOOO)-2-(ThyzEe
523 r H H H COOH H 1-{HOOC)-2-Am)Er
5240+ H H H COOR H 1-{HOQO)-2-(HO) B
5241 r H H H COOH H 1-(HOOC)-2-(MeO)EL
5242 Fr Me H E CODH H  CH;COCH
5243 Pr Me H H COOH H  CH,COOEt
5244 r Me H H COOH H 1-(HOOC)EL
5245 Pr Mse H H COOH H 1-(B1c)Be
5246 t Me H H COOH H  2-(HOOO)E:
5247 PFr Me H H COOH H  2-HEE
528 Pr Me H H coon H  a(HOOC)}Bz
5248 Br Me H H COOH H  1-(HOOC)-2-(PhEt
5250 r Me H H COOH H 1-(HOOC)-2-(Fu)Et
5251 r Me H H coon H E-(BOOC).2-(Th)Bt
5252 Pr Me H H COOH H 1-(HOOC)-2-Am)EL
5253 Pr Me H H COOH H  1-(HOOC)2-(HOE
5254 Pr Me H H COOH H 1-(H0O0C)-2-(MeQ)Et
5255 Pr #r H H  COOH H  CH,CO0H
525 Pr {fr H H CcooH H  CH,COOE:
5257 Pr i#fr H H COOH H L(HOOC)E
5258 °Pr r H H COOH H 1-(Etc)Et
S299 % r H H COOH H  2-(HOODOEt
5260 Pr {fr H H  COOH H  2-(Ew)Bt .
5261 r i M H COOH H  CH,(PHOO0H k
5262Pr & H H COOH H 1-HOOC)-2-(PL)Et i
5263 Pr {fr H H COCH H 1-HOOC)-2-(FU)Et
5264 r ifr H H COOH H 1-(HO0C)-2-(Th)E
5-265 Pr Fr H H COOH H 1.(HQOC)-2-(Im) By
5266 r ifr H H COOH H 1-(HOGE)-2-(HO)EL
5267 Pr Fr H H COOH H  1-@EHQ00)-2-MeO
528 Pr Bu H H COOH H  CH,COOH
‘5269 Pr  tBu H H  COOH H  CH,COOE:
5270Pr 1Bu H H COOH H 1-(HOOO)E 1
5271 % Bu ¥ H COOH H 1-(Btc)Et
522 Pr tBa B H COOH H  2{HOQO)E:
5273 P+ {Ba H H COOH H  2{EdEt
5214 P Bua H H COOH H  o-(HOOC)Bz
5255 PFr s H H COOH H  1-(HOOS)-2-FhEL
5276 Pr Bn H H COOH H 1-(HOOC)-2-(Fu)Et
8277 Pr 1B H H COOH H  1-{HOOC)}2-(Th)Et
5278 r ®Gu H H CODH H 1-(HO0C)-2- (tm)Bt
5219 % @a H H COOH H 1-(HOOC)-2-(HO)EL
5280 Fr Bu H H CODH H 1-HOOC)-2-(Me0)EL i
521 " H H H Tz H CH,COOH
522 pP H H H Tz H  CHCOOE ;
523 P H H H Tz H 1-(HOODE:
52864 *r H H H Tz H 1-(Exc)Et !
5285 r H H H Tz H  2-HOOGE :
5286 r H H H T H  2@om
5287 H EHB H Tz H o-{(HOOC)-Bz
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TABLE 5-continued :
d.
g. R!' R* R R W R* R°
598 »r H H H® Tz H 1-(HOOC)-2-(Bh)EL ;
5289 Pr H H H Tz H 1-(HO0C)-2-(Fu)Et :
520 r H H H Tz H  1.(HOOC)-2-(Th)Bt
5291 r H H H Tz H 1-(HOOC)H2-{Im)Et
522 P H H H Tz H  1-(HOQC)-2-HOMRL
523 Pr H H H Tz H  [-(HOOC)2-(MeO)Et
5204 pr Ms H H Tz H  CHC00H
%25 PFr Me H H Tz H  CH,CO0E:
S Me H H Tz H . 1-(HOOOE
529/ r Me H H Tz H 1-(EE
5298 r Me H H Tz H  2-HOOOER
5299 Pr Me H H Tz H  2EoR
5300 r Me H H Tz H  o(HODO)-Bz
5301 r Me H H Tz H  1-(HOOC)-2-Ph)EL
5302 Pr Me H H Tz H  1-MHO00C)-2-(Fu)Bt
5303 r Me H H Tz H  1-(HO0C)-2.(ThE:
S34 Pr Me H H Tz H  1.H0CC)-2-{Im)Et
5305 Fr ™Me H H Tz H 1-(HOQC)-2-(HOYEL
5306 r Me H H Tz H  1-(HOOC)2-(MeO)EL
537 Fr ik H H Tz H  CH,CODH
5308 r iPr H H Tz H  CH,C00E:
5309 Fr iy H H Tz H 1-(HOOC)Bt
5310 r iPr H H Tz H  I-{Ec)E
30 pr i{r H H Tz H  2{HCOC)E
5312 Fr iPr H H Tz H Z(EC)EL
5.313 Pr ifr H H Tz H o~-{HOOC)-Bz
§314 % Pr H H Tz H 1-(HOOC)-2- (Ph)EL
531s F r H H T=z H 1-HOOC)-2-(Fu)Et
536 r Pr H H Tz H 1-(HOOC)-2-(ThyEt
‘5317 Br  jPr H H Tz H 1-(HOOC)-2-(lm)Bt
5318 Pr iPr H H Tz H  1-(HOOG)-2-(OE
5319 Pr Pr H H Ts E  1-{HOOC)-2-{MeOYE!
5320 Pr tBu H H Tz E  CHCODH
5321 Pr Ba H ® Tz H  CHCO0R
532 P tBu H H Tz H  1.(HOOCE:
5-323 Pr tBhs H H Tz H 1-(Etc)Bt
5324 Br Bu H H Tz H  2{HOCOR
5325 By H H Tz H  24Ew)E
5326 Fr tBu H H Tz H  o(HOOC) Bz
5321 By H H Tz H  1.(HOOC)}2-(Ph)Bt
532 Pr Bu H H Tz H  1.(HOOC)2-(Fu)EL
5329 Fr tBn H H Tz H  1{(HOOC)-2-(Th)Et
5330 Pr {Bu H H Tz H  1-HO0C)-2-(hm)E:
5331 Pr tBu H H Tz H  1-(HOOCHZ-(HO)Bt
5332 PFr Bu H H Tz H 1{HOOC)-2-(MeQ)EL
35-333 Bu fr ™ H COOH B H
53 Bu H H H cCood —{CH,)=CH({COOH)—
533 Bn H H H ©OOH —~{H,);CH(COOMe)—
S3 Pr H H H —COOCH— H H :
—QPly
5337 r Me H H ~COOCH,OBv H H :
5338 Pr Me Me H ~COOCH, OPiv H H :
533 P H H H —COO0Mod H H H
530 Pr Me H H  —COOMod H H :
5341 Pr Me M H —COOMud H H
532 Bu H H H —CODCHOPMv H H
5§33 Bu Me H H ~CODCH,OPiv H H
5344 Bu Me Me H —COOCHOPiv H H
5345 B H H g —C00Mod H H
536 B Me H H —COOMod H H
5347 Bu Me Me H  —COOMod H R
538 Bt P H H Tz H H
5349 & ™ H H COOH H H
5350 Bf tBa H H Tz H H
5351 t fBa B H  COOH H H
&0 .
TABLE 6 TABLE 6-continued
Cpd. Cpd. .
No. R* BR* R* R*® R* RS R’ Noe. R* R* g3 R* R™ RS r? i

6-1 PBr Me Me B H H 2Tz 53 63 Bu me M H H &Cl 2-Tz
62 Pr Me Me H H 6-Cl 2Tz 64 Pr Ma Me H H 6-QMe 2Tz

[P TP
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TABLE 6-continned
Cod.
NU . R.l. R2 RB R“ RSn RE RT
65 Bu Me Me " H §-0Me 2Tz
66 Pr Me Et H H H 2Tz
&7 Bu M Et H H H +Tz
&8 Pr Et Ex H H =4 2Tz
69 Bu EL Et H H H 2-Tz
510 Pr Me Me Me &t H 2Tz
611 Pr Me Me Me H H 2Tz
612 Bu Me Me Me Et H Tz
613 Bu Me Me Me H H 2:Fz
&14 Pr Fi Et H Bt H 2Tz
€15 Et Mz Me H H H 2Tz
6-16 Et Me Me H Br H 2-Tz
617 Bt Me Me H  iPreOCH,— H 2Tz
6-13 Et Me Me H PlvOCH,— B 2Tz -
619 Et Me Me H Mod H 2-Tz
6-20 Et Ma Me H Fhtb H 2Tz

Of the compounds listed above, the following are pre-
ferred, that is to say Compounds No, 1-1, 1-2, 1-3,1-9, 1-11,
1-12, }-15, 1-23, 1-23, 1-24, 1-25, 1-27, 1-28, 1.31, 1-35,
1-36, 1-37, 1-39, 1-41, 1-49, 1-54, 156, 1-58, 1-59, 1-60,
1-61, 1-62, 1-82, 1-84, 1-98, 1-102, 1-103, 1.132, 1-133,
1-134, 1-138, 1-139, 1-140, 2-1, 2-2, 2-3, 2-4, 2-5, 2-6, 215,
2-16, 2-17, 2-18, 2-19, 220, 2-21, 2-22, 2-23, 2-24, 2-23,
2-26, 2-27, 2-28, 2-29, 2-30, 2-31, 2-32, 2-37, 2-38, 2-39,
240, 2-49, 3-50, 2-64, 2-65, 2-66, 2-67, 2-68, 2-69, 2-70,
2-71,2-73,2-74, 2-75, 2-76, 2-T7, 3-1, 3-9, 3-10, 3-13, 3-14,
3-25, 3-26, 3-27, 3:35, 3-36, 3-39, 3-40, 3-51, 3.52, 3-53,
3-61, 3-65, 3-77, 3-78, 3-79, 3-87, 3.91, 3-103, 3-104,
3-103, 3-107, 3-109, 3-111, 3-112, 3-121, 3-127, 3-128,
3-129, 3-135, 3-136, 4-1, 4-4, 4-5, 4-6, 4-7, 4.8, 4.9, 4-10,
4-11, 4.14, 4-13, 4-16, 4-17, 4-18, 4-19, 4-20, 4-21, 4-22,
4-23, 4-25, 4-26, 4-27, 4-29, 4-31, 4-32, 4-33, 4-34, 4-35,
4-36, 4-38, 4-39, 4-41, 4-43, 4-44, 4-46, 4-49, 4-50, 4-51,
4-52, 4-53, 4-54, 4-35, 4-56, 4-59, 4-60, 4-61, 4-62, 4-63,
4-64, 4-65, 4-66, 4-67, 4-68, 4-70, 4-71, 472, 4-74, 4-76,
4-77, 4-78, 4-79, 4-80, 4-81, 4-83, 4-84, 4.85, 4-91, 4-96,
4-98, 499, 4107, 4-109, 4-110, 4-112, 4-113, 4-114, 4-115,
3-1, 5-2, 5-3 , 5-5, 5-6, 5-13 , 5-14, 5-18, 5-19, 5-23, 5-24.
5-32, 5-33, 5-34, 5-36, 5-37, 5-44, 5-43, 5-49, 5.50, 5-54,
3-§5, 5-63, 5-64, 5-65, 5-67, 5-68, 5-75, 5-76, 5-80, 5-81,
5-83, 5-86, 5-94, 5-95, 5-96, 5-98, 5.99, 5-106, 5-107,
5-111, 5-112, 5-116, 5-117, 5-125, 5-138, 5-151, 5-164,
5-177, 5-190, 5-203, 5-216, 5-229, 5-242, 5-255, 5-26%,

13

5

30

35

5-281, 5-294, 5-307, 5-320, 5-348, 5-349, 5-350 and 5-351, -

of which Compounds No. 1-22, 1-25, 1-27, 1.28, 1-31, 1-35,
1-36, 1-37, 1-49, 1-54, 1-56, 1-58, 1-59, 1-132, 1.133,
1-134, 2-1, 2.2, 2.3, 2-5, 2-6, 2-15, 2-16, 2-17, 2-18, 2-19,
2-20, 2-21, 2-22, 2-23, 2-24, 2-25, 2-26, 2-27, 2-28, 2.2,
2-30, 2-31, 2-32, 2-65, 2-66, 2-67, 2-68, 2-69, 2-70, 2-71,
2-73,2-74, 2-75, 2-76, 2-77, 3-1, 3-9, 3-10, 3-13, 3-14, 3-25,
3-26, 3-35, 3-35, 340, 3-52, 3-53 3-61, 3-65, 3-77, 3-78,
3-79, 3-87, 3-91, 3-108, 3-104, 3-105, 3-107, 3-109, 3-111,
3-112, 44, 4-5, 4-6, 4-7, 4-11, 4-14, 4-15, 4-16, 4-17, 4-20,
4-29, 4-31, 4-32, 4-33, 4-34, 4-35, 4-36, 4-38, 4-39, 4-41,
443, 4-44, 446, 4-49, 4.50, 4-51, 4-52, 4-55, 4-56, 4-59,
4-60, 4-61, 4-62, 4-65, 4-74, 4-76, 4-77, 4.78, 4-79, 4-80,
4-81, 4-83, 4-84, 4-91, 496, 4-107, 4-109, 4-110, 4-114,
4-115, 5-5, 5-6, 5-13, 5-14, 5-32, 5-36, 5-37, 5-44, 5-45,
5-63, 5-67, 5-68, 5-75, 5-76, 5-80, 5-81, 5-94, 5-U8, 5.99,
5-106, 5-107, 5-348, 5-349, 5-350 and 5-351 are more
preferred, and Compounds No. 1-28, 1-31, 1-35, 1-36, 1-49,
1-56, 1-58, 1.59, 1-132, 1-133, 1-134, 2-1,2-2, 2-3, 2-5, 2-6,
2-15, 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22, 2-23, 2.24,
2-25, 2-26, 2-27, 2-28, 2-29, 2-30, 2-31, 2-32, 2-65, 2-66,
2-67, 2-68, 2-69, 2-70, 2-71, 2-73, 2-74, 2-15, 2-76, 277,
3-1,3-9, 3-10, 313, 3-14, 3-25, 3-26, 3-53, 3-61, 3-65, 3-77,
3-78, 4-29, 4-31, 4-32, 5-36 and 5-37 are still more pre-
ferred. The mest preferred compounds are Compounds No.:

45

50

55

63
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1-31. 2-Butyl-1-[(2'-carboxybiphenyl-4-yl)methyl)-4-(1-hy-
droxy-1-methylethyl)imidazcle-5-carboxylic acid;

1-35. Pivaloyloxymethyl 2-butyl-1-[(2'-carboxyhiphenyl-4-
yhmethyl]-4-(1-hydroxy- 1-methylethyl)imidazole-5-car-
hoxylate;

1-36. (3-Methyl-2-0x0-1,3-dioxolen-4-yljmethyl 2-butyl-1-
[@-carboxybiphenyl-4-yl)methyll-4-(1-hydroxy-1-meth-
ylethyl)imidazole-S-carboxylate;

1-49. 1-{(2"-Carboxybiphenyl-4-ylmethyl}-4-(1-hydroxy-1-
methylethyl)-2-propylimidazole-S-carboxylic acid;

1-132, 1-[(2-Carboxybiphenyl-4-yljmethyl]-2-ethyl-4-
(1-hydroxy-1-methylethyl)imidazole-5-carboxylic acid;

2-1. 4-(1-Hydroxy-1-methylethyl)-2-propyl-1-{4-[2-(tetra-
zol-5-y)phenyliphenyl}methylimidazole-5-carboxylic
acid;

2-2. 2-Butyl -4-(1-hydroxy-1-methylethyl)-1-{4-[2-(tetra-
zol-3-yDphenyl]phenyl}methylimidazole-Scarboxylic
acid;

2-15. Piveloyloxymethyl 4-(1-hydroxy-1-methylethy])-2-
propyl-1-{4-[2-(tetrazol-5-y1)phenyl]
phenyl}methylimidazole-5-carboxylate;

2-16, Pivaloyloxymethyl 2-butyl-4-(1-hydroxy-i-methyl-
ethyi)-1)-1-{4-[2-(tetrazol-5-yl)phenyl]
phenyl}methylimidazole-5-carboxylate;

2-17. (5-Methyl-2-ox0-1,3-dioxolen-4-yl)methyl 4-(1-hy-
droxy-1-methylethyl)-2-propyl-1-{4-[2-{tetrazol-5-
ylphenyllphenyl}methylimidazale-5-carboxylsate;

2-18. (5-Methyl-2-0x0-1,3-dioxolen-4-yl)methyl 2-butyl-4-
{1-hydroxy- 1-methylethyl)-1-{4-[2-(tetrazol-5 ~yDphe-
nyliphenyl}methylimidazole-S-carboxylate;

2-19. Ethoxycarbonyloxymethyl 4-(1-hydroxy-1-methyl-
eibyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenylphenyl}-
methylimidazole-3-carboxylate;

2-21. Isoprapoxycarbonyloxymethyl 4-(1-hydroxy-lmeth-
¥lethyl)-2-propyl-1-{4-[2-(tetrazol-5-yi)phenyl]
phenyl }methylimidazole-5-carboxylate;

2-23. i-(Ethoxycarbonyloxy)ethyl 4-(1-kydroxy-1-methyl-
ethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyllphenyl}-
metkylimidazole-5-carboxylate;

2-25. 1-(Isoprapoxycarbonyloxy)ethyl-(1-hydroxy-1-math-
yiethyl)-2-propyl-1-{4-[2-{tetrazol-S-yl)phenyl]
phenyl}methylimidazole-5-carboxylate;

2-68. Pivaloyloxymethy! 2-ethyl-4-(l-hydroxy-1-methyl-
ethyl)-1-{4-[2-(tetrazol-5-yT)phenyl]
phenyl}methylimidazole-5-carboxylate;

2-73. (3-Methyl-2-o0x0-1,3-dioxolen-4-yl)methy] Z-ethyl-d-
(1-hydroxy-1-methylethyl}-1-{4-[2-(tetrazol-5-y1)phe-
nyljpbenyl}methylimidazole-5-carboxylate;

3-1, Pivaloyloxymethyl 1-§(2-carboxybiphenyl-4-yl}m.
ethyl]-4-(1-hydroxy-1-methylethyl)}-2-propylimidazole-
5-carboxylate;

3-25. (5-Methyl -2-0x0-1,3-dioxolen-4-yl)methyl 1-[(2-car-
boxybiphenyl-4-ylymethylj-4-(1-hydroxy-1-methyl-
ethyl)-2-propylimidazele-5-carboxylate;

3-26. Phthalidyl 1-[(2'-carboxybiphenyl-4-yl)methyl]-4-(1-
hydr.oxy-1-me.thylethyl)-:Z—propylinﬁdazole—S-carboxy~
late;

4-29. 4-(1-Hydroxyethyl)-2-propyl-1-{4-[2-(tetrazol-5-
yhphenyl)phenyl }methylimidazole-5-carboxylic acid;
4-31, Pivaloyloxymethyt 4-(1-hydroxyethy!)-2-propyl-1-
{4-[2-(tetrazol-S-yl)phenyllohenyl }methylimidazole-5-

carboxylate; and

4-32, (5-Methyl-2-0x0-1,3-dloxolen-4-y)ymethy! 4-(1-hy-
droxyethyl)-2-propyl-1-{4-[2-(tetrazol-5-yl)phenyl}
phenyl}methylimidazole-5-carboxylate;

and pharmaceutically acceptable salts therenf.

Specific examples of compounds of formula (Ia),, shown
above, in whichR, "X —R,*— R * R,* R *and R are

37
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a3 defined in the following Table 7. In the 'Table 7, the
following abbreviations are employed: . TABLE 7-continued
cﬂmpmd 2, Z 3 4
Bu batyl 5 Ne. R & B & R
Et eyl 5 EBOCH~ E ¥t H COOH
f.,‘ﬁ ;d;&xﬁmbml 60  EOCH— EE Et H Tz
Mod (5-methyl-2-oxo0-1,3- g; %CH,-— E: Ef g -%f o
Phih gx_;;m-:;fﬂmmyl 65 BOCH,~ Et BB H COOH
Pom pivaloyloxymethyl 10 2; g::gmﬁ* gl o H &
e S, PrOCH— t Bt H COOH
Ha o 1 66  {PrOCH,— E B H Tz
fee oopropsl sl 6 Leo)E B B H COOH
B lsoprogoxycarbany 68 MOt B E H T=
¥ 69 2(MeO)Et E E R COOH
15 W 2(Mec)Et Et Bt H Tz
7 amom B B R T
H Tz
TABLE 7 73 MeSCH,~ E E H COOH
e EE -
No. Ly »2 3 4 s 3 — t H COOH
RAXR2 R RS ORY R, % gﬁ 11&3 B E H Tz
T e Me e H 7  1MeS)B: B Bt H COOR
2 MotH— e Mo B o 78 Loesm BoBOH =
3  EOCH,— Me Mo H coon 73 MeS— B B H CO0H
4 BOCH,— Me Me H Tz 80 MeS— 2 B H Tz
5 BOCH— Me Mo H COOH 8  BS— BB OH COoH
§ POCH— M. M. H b 82  ES— B B H Tz
7 B Me Me H coo B 8  PS— B B H COOH
8 BuOCHM— Mc Mo H Tz B BES- BB H P
5 PO M Ms B CooH 85 McOCH,~ Me Me Pom cooH
0 maazm’_—. M: Me H T2 B6 McOCH— Ms Me Pom Tz
I LMD Me Me H COoH &  HOCH~ Me Mo Pom caon
12 (MeOBt Me Mc H Tz 88 EOCH,— M: Me Fom Tz
3 2oMeoE M Mo B coom 30 80  MeSCH,— Mc Mo Pam COOH
14 2McOEr Me Me H Tz %0 MeSCH—~ M Mo Pom Tz
15 2EOBt  Me Me H COOH 3 MoS— Me M Pam coon
16 2(EIO)Bt Mc Me H Tz 92 MeS—~— Me Me Fom Tz
17 MeSCH— Me Me H COOH 3 ES- Me Me FPom COCH
18 MeSCH,— Me Me H Tz 3 ES— Me Mo FPom =
15  ESCH—~ Me Me H COOH 35 Se  MOCH—~  Ms Me Mo $ooH
D ESCH,—  Me Me H Tz 3  MeOCH— Me Me Mud Tz
21 1.(MeS)E: Me Me H COOH 97 EtOCH,— Me Me Mod COOH
22 LMeSlER  Me Me H Ta % HOCH~— Me Me Mo Tz
2% Meso Me Me M coon 99  MeSCH;~ Me Mt Mod COOH
24 MeS— Me Mo H Tz 00 MeSCH,— Me M Mo
25 RS Me Ms CO0E 4 0 MeS— Me Me Mod CODH
2% R Me Me H Te 102 MoS— Mz Me Mod Tz
27 P5— Me Me B ool 103 BtS— Me Me Meod COOH
2 PS— Mo Me o T 104 ES— Me Mec Mod Tz
29  MeOCH—~ Ms B & OO 105 MeOCHy- Me Me FEw0OCH,— COOH
0 MOCH— Ms Bt Te 106  MeOCH— Me Me FwOCH;—~ Tz
31 EOCH. Me Bt W COOH 107  BOCH~- M Me BOCH,—~ COOH
2  EOCH— M. B O T2 45 108 EQCH,—~ Me Me EwOCH— Tz
3B MOCH— M: B N COOH 109 MeSCH~ Me Me EwOCH;— COOH
34 POCH— Me Bt H 10 MeSCH,— Me Me EwOCH,— Tz
35 BOCH—~ M Bt K coon o Mes— My Mo EwOCH,—  COOH
36 BuOCIL— Me Et a Tz 112 MeS— Me Ms EtcQOCH,— Tz
37 POCH— Me B H coon 13 BS— Me Mo EwOCH,—  COOH
38 MOCH— Me B H Tz 50 14  ESe. Mc Me BiOCH— Tz
3 MOt Me Bt H coon s Me0 M. Me [PeOCH—  COOH
40 1-(M=O)Et Me Et H Ty 116 MeOlCH e Me Me CHy— Tz
31 2.MeOEr Me He B COOR 117 EtOCH,-—-—- Me Me ’.PI'GOCHQ— COCH
42 2(MeOEt Me E H Tz 18 — Me Mo PoOCH— T2
PP vedion Me E B Coo 119 MeSCH;~ Me Me PrOCH,— COOH
4 2(EON: Me B H Ta a5 120 MeSCHr— Ms Me {PrOCH~ Tz :
45 MeSCH,—~ Me B H COCH 121 MeS— Me Ms [PrcOCH,— COOH :
4% MSCH— Mo E H Te 122 MeS— Me Me PrOCH~ Tz 1
47  ESCHA~ Me B H COOR 123 EtS— Me M= iPrOCE—~ COOH 1
4 BSCH— Me B o 124 ES— Mo Ms IPreOCH— Tz i
49 l{MeS)Et  Me Et H COCH 125 MeOCH,— Me Me 1-BwO)Et  COOH
0 LMeSE: My B H . 126 MeOCH,~ Me Me L(BicO)Et Tz i
51 o5 Me B coou 127 EOCH,~ Me Me I-(EwO)Et  COOH
52 MeS— Me Bt H Tz 128 BOCH,— Me M 1-(EcQ)E&t Tz
3 BS— Me B H coon 120 MeSCH,— Me M= 1ExO}Et COOH
54 Bt§~ Me Kt H Tg 130 MeSCHym— Me Me 1-(EtcOQ)Et Tz i
3 pE M. B H coou 131  MeS— Me Me I.BcO)Bt  COOH
% P Me E N T 132 MeS— Me Me 1(EwOE Tw
57 McOCH—~ ®B B H coon S5 133 E5— Mo Mn  LEwOE  COCH
58 Gl B B 13¢  E5— Me Me (BOE T
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TABLE 7-continued TABLE 7-continued
Compound . Compound
No.  R)X-RA RS R RS R, No.  RMXsRP R RS ORY Ro*
5

135  MeOCH,— Me M: L(PrcO)Et  COOH 211 BS— Me Et iPxOCH,~ T2

136  MeOCH~ Me Me I-(iPrcO)Bt Tz 212 MeOCH;~ Me Ei  1-{ExcO)E COOH

137 EWOCH,— Ms Me L{PrcO)t COOH 213 MeOCH,— Me Bt 1-{FwcO)Et Tz

138 EOCH— Me Me I-PrcQET Tz 214 MeSCH,— Me B 1-(ExO)E: COOH

139 MeSCH;— Me Me 1-PxOEt COOH 215 MeSCHp— Me B 1-ExO)E: Tz

140 MeSCHy~ Me Me I-{PreO}t Tz 10 216 MeS— Me Bt I-(EeOE COOH

141 Mes— Me Me I{PrcO)Et COOH 217 MeS— Me B 1-EcOE Tz

142 MeS— Me Me 1-(iPrcOEx Tz 218 MeOCH,— Mc Et  1.GPrOQ)Bt COOH

143 Ei§— Me Me ILPrcO)t COQH 219 MeQCH,— Me E I-IPmQ)Et Tz

144 Ei5— Me Me L(PrcOMEt Tz 220 Me5CH— Me Bt 1-(PreO)St  COOH

145 MeOCH,— Me Me Fih COOH 221 MeSCH,— Me B 1-(PrcOEt Te

146  McOCH,—~ Me Me Phth Tz 1 222 MeS— Me & 1-(PrcO)Et  COOH

147  EWOCH,— Me Me Phth COOR 225 MeS— Me Et  IGPcO)Er Tz

148 E1OCH,— Me Mt Phth Tz 224  MeOCH,— Me FEt  Phth COOH

149 MeSCHy~— Me Me Puth COOH 223 MeOCH,— Me E: Phth Tz

150  MsS— Me M=z Fhth Tz 296  MeSCHp—~ Me FEt  Phth COOH

151 MeS— Mc Me Phth COCH 227 MeSCH,— Me Bt Phiu Tz

152 MeS— Mc Mo FPhk Tz 228 MeS— Me Et  Phm CO0H

153  EtS— Me Me Fum CODH 20 229 MeS— Me Et Phh Tz

15¢  EBtS- Me Me Pum Tz 230 MeQCH,— Me H H cooH

155  MeOCH;—~ Ms Me Me COOH 23] MeOCH,—~ Me H H Tz

156 MeOCH,— Ma Mo Me Tz 232 EQCH,— Me H H COCH

157 BOCH.— Me Me BEt COOH 233 EtDCH,— Me H H Tz

158 EtOCH,— Me M= Et Tz 234 1(MeD)E: Me B H COOH

158  POCH— Me Me Pr COOH 25 235  1-(VisOJE Me H H Tz

160 POCH,— Me Me Fr Tz 236 MeSCH— ™Me H H COOH

161 ,— Me Ms {Pr COOH 237 MeSCH,~ Me H H Tz

162 i Me Me {Pr Tz 238 ESCHy— Me H H COOH

163 1-(MeO)E: Me Me Me CODH 239  EtSCHy— Me H H Tz

164 1L.(M=D)EL Me Me Mo Tz 240  1-(MeS)Et Me H H COOH

165  MeSCH;— Ms Mz Et COOH 30 241 1-(MeS)Et Me H H Tz

166 MeSCH;,— Me Me Bt Tz W2 MeS— Me H H COOH

167 MoS— Me Me Et coor 245 MeS—— Me H H . Tz

168 MeS— Me Me Bt Tz 244  Ei5— Mc H R CooH

169  EiS— Me Mo Bt CODH 245 EiS— Me H H Tz

170 EiS— Me Me R Tz 246 MeOCH;— Me H  Pom COOH

171 PS— Mse Me Et COOH a5 247 . MeOCH,— Me H  Fom Tz

172 PeS— Me Me Et Tz 248 MeSCH;— Me *H  Pom COOH

173 1-(BO)E: Me Me H COOR M9  MeSCH;— Me H  Pom Te

174 1-(BO)E: Me Me H Tz 250 MoSwm Me H Pom COOH

175 1-(BWO)E: Me Me Pom CODH 251  MeS— Me H  Pom Tz

176 1-(BLOYE: Me Ms Pom Tz 252 MeOCH,— Mc H  Mod COOH

177 1-(BtO)E: Me Me Mod COOH 253 MeOCH,— Me H  Mod Tz

178 1-(Bto)EL Me Mc Mod Tz 40 254  MeSCHy~ Me H  Mod COOH

179 1{EO)E: Mc Me Et COoH 255 MeSCHr— Me H  Mod Tz

180 1-(EtO)Et Me Me Ei Tz 256 MeS— Me H Mod COOH )
181  HOCH,— Me Me H COOH 257  MeS— Me H Mot Tz

182 HOCH,- Me Me H Tz 258 Ei§— Me H  Mod COOH

183 HOCH,— Me Me Et COOH 259  BtS— Me H  Mod Tz

184 HOCH,— ¥Me Ms Et Tz 45 260 MeOCH,— Me H  EwOCH,— Tz

189 — Ms Et Pom COOH 261  MeSCH,~ Me H  EwOCHy— COOH

186 MeOCH,— Ms Et  Pom T 262 MeSCH,— Me H  EcwOCH,— Tz

187 MeSCH,—~ Me Et Pom COOH 263  MeS— Me H  EwOCH,— Tz

188 MeSCH,— Me Et Pums Tz 264 MeQCH,— Me H  PreOCH,— COOH

189 MeS— Mt Et Fom COOH 265 MeOCH,— Me H  {ProCH-— Tz

1% MeS— Me B Pom Tz 50 266 MeSCH,— Me H  PoOCH— COOH

151 MeOCH,— Me ©PBt Mod COCH 267 MaSCH,— Me H  PrOCH,— Tz :
192 MeOCH,— Me 5 Mod Tz 268  MeSm- Me H  IPrQCH,— COOH ‘
153 MeSCHy— Me Et Mod COOH 269  MeS— Me H P Tz

194  MeSCH,—~ Me Et  Mod Tz 270 MeOCH,— Me H  1-(EteD)E; Tz

195 MeS— Me Et Mod COQH 271 MeSCH,— Me H  I-(EicOE cood

196  MeS— Me Bt Mod Tz ss 272 MeSCHp~ Me H  1-(EwO)E: Tz

197 EisS— Me Et  Mod COOH 273 MeS— Mse H  I-(Etwc0)Bt COOH ;
198 EiS— Me Bt Mod Tz 274 MeS— Me H  1-(EteO)Er Tz
199  MeOCH,—~ Me Et BwOCH,— COOH 275 MeOCH,— Me H  1-(PcOEt Tz
200 MeOCH,— Me Ei  EwcOCH,— Tz 276 MeSCHy— Me H  1.(PxO)EL Tz :
201 MeSCH,— Me Et  EcOCH,— CODH 277 MeS— Me H  1{PeQEt 1Tz

202 MeSCH,—~ Me Nt EwOCH,— Tz 278  MeOCH,— Me H  Phth Tz

203 MeS— Me Et BwOCH,— CODH 0 279  MeSCH;— Mec H  Path Tz

204 MeS— Me Et EtcOCH,;— Tz 280 MeS— Me H Phth COOH ;
205  MeOCH,— Me Bt  iProOCH,—~ COOH 281 Me3— Me H  Phth Tz

206  MeOCH— Me FEt  {PreOCH;— Tz 282 MeOCH,— H H | Tz

207 MeSCH,— Ms Et iPeOCH,— COOH 283 BOCH,— H H H COOH

208 MeSCH,— Me Bt PreOCH,—~ Tz 284  EWOCH,— H H H Tz H
209 MeS— Me Bt CH,— COOH 65 285 1-(McORt H H H Tz {
210 MeS— Me Et  {PreOCH~ Tz 286 MeSCH,— H H H COOH




e C2S €. L A6CRB340200001 -MP oQonente?2d:-1. EileitcdW3130620R6ge Pagd 46 BEG6ID: 40....

5,616,599

55
TABLE 7-continued
Compound
No, RX B R RS RS R,¥
287 MeSCH— H H H Tz
288 CH,— E H H COCH
289 BtSCH,— H H H Tz
290 1-(MeS)Es H H H COOH
291 1-(MeS)Ee H H H
292 MeS— H H H CQOH
253 Me8— H H H Tz
294 BtS— H H H COOH
295 BtSe. H H " Tz
296 MeOCH,~ H H  Pom Tz
297 MeSCH.— H H  Fom COOH
298 MeSCH— H H  Pom Tz
259 MeS— H H Pom Tz
300 MeOCH,— H H Mod CQOH
301 MeOCH,— H H  Mod Tz
302 MeSCH.— H H  Mod cooH
303 MeSCH;— H H Mod Tz
and MeS— H H Moad COCH
505 MeS— H H Mad Tz
305 Etfi— H H Muod COoH
Eltr) Et8— H H Mod Tz
308 MeOCH,— H H EicOCH,— Tz
308 MeSCH,— H H EteOCH,— Tz
310 MeS— H H EwO0CH,~— Tz
31 MeOCH— H H PreOCH— Tz
312 MeSCH,— H H PrcOCH,— Tz
213 MeS— H H Tz
314 H H I-(BreOdEL Tz
315 MeSCH,— H H 1-(EtcO)E Tz
316 MoeS— H H 1-(BtcO)EY Tz
317 MeOCH,— H H 1-(iPrcO)EL Tz
318 MeSCH = H H 1-(iPrcOJEL Tz
319 MeS— H H 1-({PreO)EL Tz
320 MeOCH,— H H Pk Tz
321 MeSCH— H H Phth Tz
30 Me5— H H Phth COOH
323 MeoS— H H Phth Tz
324 ErQCH— Mz H Fom COOH
325 EBOCH;—~ Me H Pom Tz
326 BQCH— Me H Mod COOH
327 CH,— Me H Mod Tz
328 EOCH,— Me H  EcOCH,— COOH
329 EBOCH,~ Me H EOCH— Tz
330 EOCH— e H iPreOCH—~  CODH
331 EOCH— Me H IPreQCHy— Tz
332 EwQCH,~— M H 1-(iPreO)EL COOB
333 ExOCH— Me H 1-({PrcO)EL Tz
33 EOCH,~ Me H  Pht COOH
335 EOCH— Me H Futh Tz
336 BtOCH— H H Fom GO0
337 BOCH,~ H H  ErQCH— Tz
338 FOCH,— H H 1{EteO)Bt Tz
339 EQCH,— H H Phth Tz
340 MeQCH— H H H CO0H

Of the compounds illustrated above, preferred compounds
are Compounds Ne. 1, 2,3, 4, 5,6,9, 10, 11, 12, 17, 18, 19,
20, 23, 24, 25, 26, 27, 28, 85, 86, 87, 88, 89, 90, 91, 92, 03,
94, 95, 86, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 130, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 230,
231, 232, 233, 236, 237, 242, 243, 244, 245, 2486, 247, 2438,
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260,
261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272,
273,274, 215, 276, 277, 278, 279, 280, 281, 282, 283, 284,
286, 287, 288, 289, 202, 203, 294, 205, 296, 297, 298, 299,
300, 301, 302, 303, 504, 305, 306, 307, 308, 309, 310, 311,
312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323,
324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 338, 33% and 340; and more preferred compounds
are Compounds No, 1, 2, 3, 4, 17, 18, 19, 20, 23, 24, 25, 26,

10

15

30

35

45

an

55
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835, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,

101, 1062, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,

113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,

231, 233, 247, 253, 260, 265, 270, 275, 278, 282, 284, 296,

301, 308, 311, 314, 317, 320, 325, 327, 329, 331, 333, 335,

337, 338 and 339.

The most preferred specific compounds are Compounds

No.:

2. 4-(1-hydroxy-1-methylethyl)-2-methoxymethyl-1-{d-[2-
(tetrazol-3-yDphenyliphenyl Jmethylimidazole-5-car-
boxylic acid;

4. 2-ethoxymethyl-4-(1-hydroxy-1-methylethyl)-1-{4-[2-
(tetrazol-3-yi)phenyl]phenyl }methylimidazole-5-car-
boxylic acid;

26, 2-ethylthio-4-(1-hydroxy-1-methylethyl)-1-§4-[2-( tet-
razol-5-ylphenyliphenyl }methylimidazole-5-catboxylic
ecid;

86. pivaloyloxymethyl 4-(1-hydroxy-1-methylethyl)-2-
methoxymethyl-1-{4-[2-(tetrazol-5-yl)phenyliphenyl }-
methylimidazole-5-carboxylate;

88. pivaloyloxymethyl 2-ethoxymethyl-4-(1-hydroxy-1-me-
thylethyl)-1-{4-[2-(tetrazol-5-y1)phenyl]
phenyl}methylimnjdazole-5-carboxylate;

94, pivaloyloxymethyl 2-ethylthio-4-(1-hydroxy-1-methyl-
ethyl)-1-{4-[2-(tetrazol-5-yl)phenyl]
phenyl}methylimidazole-5-carboxylate;

96.  (5-methyl-2-0xo-1,3-dioxclen-4-yl)methyl 4-(1-hy-
droxy-1-methylethyl)-2-methoxymethyl-1-{4-[2-(tetra-
zol-5-yl)phenyl]phenyl }methylimidazole-5-carboxylate:

98. (3-methyl-2-0x0-1,3-dioxclen-4-yDmethyl 2-ethoxym-
ethyl-4-(1-bydroxy-1-methylethyl)-1-{4-[2-(tetrazol-5-
yY)phenyllphenyl} methylimidazole-5-carboxylate;

104, (5-methyl-2-ox0-1,3-gioxolen-4-ylymethyl 2-ethylthio-
4-(1-brydroxy-1-methylethyl)-1-{4-[2-(tetrazcl-5-yBphe-
nyl]phenyljmethylimidazole-S-carboxylate;

106. ethoxycarbonyloxymethyl 4-(1-hydroxy-1-methyl-
cmyi)v2~mcthoxymethy1—1—{4~I2-(temazol—5~y1)phenyl]
phenyl}methylimidazole-5-carboxylate;

108. ethoxycarbonyloxymethyl 2-ethoxymethyl-4-(1-hy-
droxy-l-met.hy]ethyl}-1-{4—[2-(wuazol-5-yl)pheny]]
phenyl}methylimidazole-5-carboxylate;

114. ethoxycarbonyloxymethyt 2-ethylthio-4-(1-hydroxy-1-
methylethyl)-1-{4-[2-(tetrazol-5-y)phenyl]
phenyl}methylimidazole-5-carboxylate;

116. isopropoxycarbonyimethyl 4-(1-hydroxy-1-methyl-
ethyl)-2-methoxymethyl-1-{4-[ 2-(tutrazol-5-yIphanyl]
Phenyl}methylimidazole-5-carboxylate;

118. isopropoxycarbonyloxxymethyl 2-ethoxymethyl-4-{1-
hyd.roxy-1—msthylethyl)—1—{4—[2-(t.etraqu—5-yl)phenyl]
phenyl}methylimidarole-5-carboxylate and;

124. isopropoxycarbonyloxymethyl 2-ethylthio-4-(1-hy-
droxy-1-methylethyl)-1-{4- [2-(tetrazol-5-yY)phenyl)
phenyltmethylimidazole-5-carboxylate;

and pharmacentically acceptable salts and esters thereof.
The compounds of formula (D of the present invention

can be prepared by a variety of methods well known n the

art for the preperation of compounds of this type.
The example, in general termms, the compounds of formula

(D may be prepared by rescting a compound of formula (§13H

Rl N Rd am
T T
H/N Rt
in which:
R’ is as defined above and RY represents a group of

formula
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Rr?
|
_?,.Rs

OR?

wherein R?% R? and R* are as defined above,
or R¥ represents & group of formula —COOR’ wherein R
represents a carboxy-protecting group, RY represents a
group of formula —CORZ, wherein R is as defined
above or RY represents a cyano group; and
R* represents a cyano group, a carboxy group or & group
of formula —COOR/, wherein R/ is as defined above,
with a compound of formuta (TI):

}’( : {1
CH;

R R*

in which: R® is as defined above; R7 ropresents a pro-
tected carboxy group, a cyano group, a protected tet-
razol-5-yl group, & carbamoyl group or an alkylcar-
bamoyl group; and X represents a halogen atom;
to give a compound of formula (TV):

R rY

wherein RY, R®, R, R® and R7 are as defined above; and
in any ordes, removing protecting groups, and, if nec-
essary, converting said group R? to a group of formula

R
1

- l.i'_'——Rl
OR¢

wherein R?, R® and R* arc as defined above,
and, if necessary, converting said group R* to a group R,
converting said group R™ to a group R7, or alkylating
or acylating a hydroxy group in R*, to give a compound
of formula (I}; and
optionally salifying or esterifying the product,
Preferably, R represents a protected carboxy group, when
R represents a protected earboxy group, 2 ¢yano group, a
protected tetrazolyl group, a carbamoyl group or an alkyl-
carbamoy]l group, and R* represents a cyano group when R72
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fepresents 4 protected carboxy group or a protected tetra-
zolyl group.

In more detail, the compounds of formula {I) of the
present inventdon may be prepared as described below in
Reaction Schermes A o F.

Reaction Scheme A:

In this Reaction Scheme, a compound of formula (I) is
prepared by reacting an irtidazole-5-carboxylic acid or ester
thereof of formnula (V) with a biphenylmethy! halide of
formula (III), and then, if desired, removing protecting
groups, converting the group of formula —COOR™ o any
other group represented by R, converting the group repre.-
sented by R” to any other group represented by R? andfor
alkylating or acylating a hydroxy group in R*, as shown
below:

Resction Scheme A:

R2
R! N R3
Y | OR* +
N
" COORS
o
R‘.‘c
XCH, Re-SERAL
(1D
RZ
R N R3
~ I OR*
1'1‘1 coomss SttpA2 =
Loz )
R R7¢
(a)
RZ
R} N RF
~ | oRs
I
| RS
CHy
RS R?
4]

In the above reaciion scheme, R, R2, B3, R?, RS, R4, RS,
R’ R and X are a5 defined above, and R>® preferably
Tepresents a group other than a hydrogen atom.

RO TR SRR
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Where R7 represents a protected carhoxy group, the
protecting gronp may be any of the ester residues illustrated
gbove in relation to R4, Alternetively, R’ may -be a
carbamoyl group or & substituted carbamoyl group of for-
mula —CONHR, where R represents 2 hydrogen atom or an
allyl group baving from 1 to 6 carbon atoms, for example
any of those illustrated above in xelation to R, Examples of
such carbamoyl groups which may be represented by R
include the carbamoyl, methylearbamoyl, ethylearbamoyl,
propylcarbamoyl, butylcarbamoyl, t-butylcarbamoyl, pen-
tylcarbamoyl, t-pentylcarbarnoyl and hexylcarbamoyl
groups, of which the carbamoyl, t-butylcarbamoyl and
t-pentylcarbamoyl groups are preferred. Where R repre-
sents a protected tetrazolyl group, the protecting group may
be any protecling group commonly vsed to protect tetrazolyl
groups in conventional compounds of this type. Examplcs of
suitable protecting groups include the aralikyl proups defined
and exemplified sbove in relation to R?, but is preferably a
benzyl, diphenylmethyl (benzhydryl) or triphenylmethyl
(trityl group), most preferably a trityl group.

X represents & halogen atom, preferably a chlorine, bro-
mine or fodine atom).

In Step Al of this Reaction Scheme, a compound of
formuta (In) is prepared by reacting an imidazole-5-carboxy-
late compound of formula (V) with a biphenylmethyl com-
pound of formula (XI). The reaction normally and prefersbly
takes placs in an inert solvent and preferably in the presence
of & base.

The reaction s normally and preferably effected in the
presence of a solvent. There I no particular restriction on the
nature of the solvent to be employed, provided than it hias no
adverse effect o the reaction or on the reagents involved
and that it can dissolve the reagents, at least to some extant.
Examples of suitable solvents include: hydrocarbons, pref-
erably aromatic kydrocarbons, such as benzene or toluens;
ethers, such as tetrshydrofuran or dioxane; slcchols, such as
methano], ethanol or t-butanol; amides, such as N,N-dim-
ethylacetamide, N,N-dimethylformamide or N-methyl-2-
pymralidinone; ketones, such as acetone or mathyl ethyl
ketone; nitriles, such as acetopitrile; and sulfoxides, such as
dimethyl sulfoxide. Of these, we prefer the amides, ketones,
nitriles and suifoxides.

The natuve of the base employed in the reaction is
likewise not critical, and any base capable of reacting with
the acid H-X can be used in this reection. Preferred
examples of bases which may be used include: alkall mesal
carbonates, such as sodium carbonate or potassinm carbon-
ate; alkali metal hydrides, such as sodtum hydride, potas-
slum hydride or Hthium bydride; alkali metal alkoxides,
such s sodium methoxide, sodium ethoxide, potassinm
t-butoxide or lithium methoxide; and alkali meta} bicarbon-
ates, such as sodium bicarbonate or potassium bicarbonate,
©Of these, we prefer the alkali metal carbonates, alkali metal
hydrides or alkali metal alkoxides.

The reaction can take place over a wide range of tem-
peratures, and the precise reaction termperature is not eritical
to the invendon. In general, we find it conventent to
out the reaction at a temperature of from —10° C. to 160°
€., more preferably from 0° C. to 80° C. The time required
for the reaction may also vary widely, depending on many
factors, notably the reaction temperatore and the natere of
the reagents and solvent employed. However, provided that
the reaction is effected under the preferred conditions out-
lined above, 2 period of from 30 minutes to 24 hours, more
preferably from I to 16 hours, will usually suffice.

After completion of the reaction, the desired compound of
formula (Ia) can be recovered from the reaction mixture by
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conventional means. For example, one suitable recovery
procedure comprises: removing the solvent by disiillation
under reduced pressure; mixing the residue with water
extracted the residue with a water-immiscible solvent, such
as ethyl acetate; drying the extract over, for example,
anhydrous sodivm sulfate; and frecing the product from the
solvent by distillation. The resulting product can, if neces-
sary, be purified by conventional means, for example, by
recrystallization, or the various chromatography techniques,
notably preparative thin layer chromatography or column
chromatography.

Step A2 may comprise any one or {if appropriate) more of
the following reactions:

(i) removing the carboxy-protecting groups either selec-
tively or mon-selectively from the group of formula
—COOR* andfor the group R77, to convert it or them to
& free carboxy group as represented by R* R7;

(i) esterifying any such free carboxy group to provide an
ester of the §mup'. for example as illustrated above in
relation to R™; )

(ifi} converting such a frec carboxy group represented by R
to a group of formula —CONRERSY;

(iv) removing the tetrazolyl-protecting group;

(v) converting a cyano group represented by R” to 2
tetrazolyl group;

(vi) converting monoalk%lcarbamoyl group or a carbamoyl
group represented by R’ first to a cyano gronp and then
toa :etrazol‘y] gronp;

(vii} where R* represents a tri-substitated silyl group, an
aralkyl group, an aliphatie acyl group, en alkoxymethyl
group, an alkoxyalkoxymethyl grony, a haloalkoxymethyl
group, a tetrahydropyranyl group, a tetrahydrothiopyranyl
group, a tetrahydrothienyl group, a tetrahydrofuryl gronp
or 2 substimted tetrahydropyranyl, tetrahydrothiopyranyi,
tetrahydrothienyl or tetrahydrofuryl group having a halo-
gen or alkoxy substituent, 2!l of which can be regarded as
hydeoxy-protecting groups, removing the protecting
group to produce a compound in which R* represents a
hydrogen atom; and

(viii) where R represents 2 hydroxy group, alkylating or
acylating this group.

(i) Removal of catboxy-protecting groups:

The pawre of the reaction employed to remove the
carboxy-protecting group will, of course, depend on the
nanre of the group to be removed and are well known in the
field of organic synthesis,

For example, where the carboxy-protecting group is an
aralkyl group, for example a benzyl or p-nitrobenzyl group,
the protecting group may be removed by catalytic reduction,
in the presence of hydrogen, which may be under atmo-
apheric pressure or superatmaspheric pressure, for example
up to § atmospheres pressure. The reaction normally and
preferably takes place in an inert solvent (prefersbly an
elcohol, such as methanol or ethanol, or & carbexylic acid,
such as acetic acid) and in the presence of a catalyst. Any
catalyst commonly used for catalytic hydrogenation or
reduction may egually be employed here, preferably palls-
diuvm-on-charceal or platinum oxide.

‘Where the carboxy-protecting group is 4 t-butyl or diphe-
nylmethyl group, it may be removed by reacting the pro-
tected compound with an acid (preferably & mineral acid,
such as hydrogen chloride or sulfuric acld, or an organic
acid, such as triflnoroacetic acid, methanesulfonic acid or
p-toluenesulfonic acid) in an ipert solvent {preferably an
alcohol, such as methanol or ethamol; an ether, such as
tetrahydrofuran or dioxane; water; or a mixture of water and
one or more of the above organic solvents),
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Where the carboxy-protecting gronp s a silyl group, thiz
may be a group of formula —SiR*RR?, in which R?, R and
R® are as defined sbove, In this case, the protecting gronp
may be removed by reacting the protected compound with
an acid (preferably a mineral acid, such as hydrogen chlo-
1ide, or an organic acid, such as acetic acid, tiflnoroacetic
acid, methenesulfonic acid or p-toluenesulfonic acid) or
with a fluorine salt, such as tetrabutylammonivm fluoride.
The reaction normally and preferably takes place in an inert
solvent (preferably am ether, such as tetrahydrofuran or
dioxane; an alcohol, such as methanol or ethanol; an amide,
such as NN-dimethylformamide or N,N-dimethylaceta-
mide; water; or & mixture of water and ane or more of the
above organic solvents),

Where the carboxy-protecting group is an ester residue,
the protecting group may be removed by hydrolysis using a
base (preferably an alkali metal hydroxide, such as lithinm
hydroxide, sodium hydroxide or potassium hydroxide, or an
alkali metal carhonate, such as sodium carbonate or potag.
sium carbonate) in an inert solvent (prefersbly an alcohol,
such as methanol or ethanol; an ether, such as tetrahydro-
furan or dioxane; water; or a mixture of water and one or
more of the above organic solvents). Where R* represents an
acyl group, it is removed simultanecusly in the course of this
reaction,

The reaction can take place over a wide range of tem-
peratures, and the precise reaction temperature Is niot critical
to the invention. In general, we find it convenient to carry
out the reaction at a temperatere of from 0° C. to 100° C,,
more prefersbly from about room temparature to 60° C. The
time required for the reaction may also vary widely, depend-
ing on many factors, notably the reaction temperature and
the nature of the reagents and solvent employed. However,
provided that the reaction is effected wnder the preferred
conditions outlined above, a perjod of from 30 mrinutes to 24
hours, more preferzbly from 1 to 16 hours, will nsually
suffice,

After completion of the reaction, the desired compound
may be recovered by conventional means, the nature of
which will depend on the mature of the reagiion. For
example, where the deprotection is camried out by catalytic
reduction, the desired product can be recoversd by filtering
off the catalyst and by distilling off the solvent. Where the
deprotection is carried out using an acid, the desired product
can be recovered by collecting the precipitate in the reaction
system by filtration or by concentration of the reaction
mixture. Where the deprotectlon Is carried oul by alkaline
hydrolysis, the desired product can be recovered by distili-
ing off the solvent and then neutralizing the tesidye with an
agueous moid, after which the precipitate in the aqueous
solvent may be collected by filtration: alternatively, it may
be recovered by neutralizing the agueous layer obtained by
extracting the reaction mixture with a water-immiscible
organic solvent (such as ethyl acetate or diethyl ether),
extracting the neutralized solution with a water-immiscible
orgariic solvent (such as ethyl acetate), and then distélling off
the solvent. The reaction product may, if necessary, be
further porified by conventional means, for example by
recrystallization or the various chromatography techniques,
notably preparative thin layer chromatography or column
chromatography.

Each of the protecting groups represented by R3% and R7
can be selectively eliminated by appropriate choice of the
protecting groups and the specific reaction conditions
employed to remove them.

{ii) Esterification

Where a compound conteining one or more free earboxy

groups is produced, this group or these groups may be
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esterified, by methods well known in organic chemistry. For
example, the reaction may be carried out by reacting the
corresponding carboxylic acid with a compound of formula,
R®.Y fin which R®™ mey represent any of the groups
defined above for R® other than a hydrogen atom, and Y
Tepresents a halogen atorm, such as a ¢hlorine, bromine or
iodine atom, a group of formula —OSO,R**(in which R¥
is as defined above) or a sulfonyloxy group, such #s a
methanesulfonyloxy or p-toluenesulfonyloxy group]. The
reaction is carried out in the presence of a bage, for example:
an organic argine, such as triethylamine, pyridine or N-me-
thylmerpholine; an alkali metal carbonate, such as sodium
carbonate or patassium carbonate; or an alkali metal hydro-
gencarbonate, such as sedium hydrogencarbonate or potes-
sium hydrogencarbonate, It is also normally and preferably
carried out in an inert solvent (preferably an amide, such as
N,N-dimethylformamide or N,N-dimethylacetamide; a
halogenated hydrocarbon, prefersbly a halogenated aliphatic
hydrocarbon, such as methylene chloride; a ketone, such as
acetone or methyl ethyl ketone; or an cther, such as tetrahy-
drofuran or dioxane), Where the desired ester group is en
alkyl group, the reaction is carried out by reacting the
carboxylic acid with the corresponding dialkyl sulfate.

The reaction can iake place over a wide range of tem-
peratures, and the precise reaction temperature is not critical
to the invention. In general, we find it convenient to carry
out the reaction at a temperature of from 0° C. to 120° C,,
more preferably from 20° C. to 80° C. The time required for
the reaction may alse vary widely, depending on many
factors, notably the reaction temperature and the nature of
the reagents and solvent employed, However, provided that
the reaction is effected under the preferred conditions out-
lined above, a period of from 30 minutes to 24 hours, more
preferably from I to 16 bours, will usually suffice.

Whete a carboxy-protecting group is a C;-Cg alkyl group,
the esterification reaction may be carried out by reacting the
carresponding carboxylic acid with a C,—C, alcohol, such as
methanol, ethanol, propanol or hexanel, in the presence of
an acid catalyst, such as hydrogen chloride or sulfuric acid,
in an inert solvent (for example: one of the C,;—Cj alcohols
which may be used as the starting material described above;
@ hdlogenated hydrocarbon, such as methylene chioride; or
an ether, such as tetrshydrofuran or dioxane) at a tempera-
ture of from 0° C. to 100° C. for a period of from 1 to 24
hours, or by reacting the corresponding carboxylic acid with
a halogenating agent (e.g. phosphorus pentachloride, thionyl
chloride or oxalyl chiloride) in an inert soivent (for example:
a halogenated hydrocarbon, such as methylene chloride; an
ether, such as tetrahydrofuran or dioxane; or an aromatic
hydrocarbon, such 13 benzene or toluene) at a temperature of
about room temperature for 2 period of from 30 minutes to
5 hours to yield the corresponding acyl halide, which is then
reacted with the corresponding alcohol in an inert solvent
(e.g. benzere or methylene chloride) in the presence of a
base (for example triethylamine; in case of the t-butyl ester,
potassium -butaxide is used as the preferred base) at a
temperature of about room temperature for a perod of from
30 minutes to 10 hours, The desired compound can be
recovered by conventional means, for examgple, by a similar
method to thet described in Step Al,

(iif} Pormation of a carbamoyl group

Conversion of a carboxy group represented byR°toa
group of formula —CONR®R®, in which R and R® are as
defined above, may be carried ot nsing well known meth-
ods, for example by reacting the carboxylic acid compound,
in which the group R” is protected, with 2 compound of
formula (VI):




--Case. Z.06ec2:8346200001 -MPofwoemefRa-1 . Filedc0M3130620B60e Pagds 48 BEG6ID: 44. ... . . ._

5,616,599

63
RPR°NH 1}

wherein R® and R® are a3 defined above).,

This reaction consists of the formation 6f a peptide bond
and is generally well known in organic synthetic chemistry,
It may be carded cut in an inert solvent (preferably a
halogenated hydrocarbon, more preferably 2 halogenated
aliphatic hydrocarbon, such as methylene chioride or chlo-
roform; an ester, such as ethyl acetate; an sther, such gs
tetrahydrofuran or dioxame; or an amide, such as N,N-
dimethylacetamide or N,N-dimethylformarmide) in the pres-
ence of a4 condensing agent,

Examples of condensing agents which may be used in this
reaction include; carbodiimides, such as N,N-dicyclohexy-
Iearbodiimide or 1-(3-dimethylaminopropyl)-3-ethylcarbo-
diimide hydrochloride; phosphoryl compounds, such as
diphenylphosphoryl azide or diethylphosphoryl cyanide;
carbomyldiimidazole; and triphenylphosphine-diethyl azodi-
carboxylate. Of these, we prefer the cerbodiimides and
diphenylphosphoryl azide. Where 2 phosphoryl compound
is used, the reaction is preferably carried out in the presence
of a tertiary amine, such as tristhylamine or N-methylmor-
pholine.

Alernatively, the reaction in this step can be accom-
plished by reacting the carboxylic acid with a lower alkyl
chloroformate, such as ethyl chloroformate or isobutyl chlo-
toformate, in the presence of a tertiary amine, such as
wriethylamine or N-methylmorpholine, to produce a mixed
acid gaohydride, or by reacting the carboxylic acld with
N-hydroxysuccinimide, N-hydroxybenzotriazole or p-niteo-
phenol or the like in the presence of a carboditmide, such as
N,N-dicyclohexylcarbodiimide, to produce the comrespond-
iog active ester, and subsequently reacting the mixed acid
anhydride or the active ester with the amine compound of
formula (VI).

As a further alternative, the reaction in this step can be
camried out by reacting the carboxylic acld with a Esloge-
nating agent, such as phosphorus pentachloride, oxalyl chlo~
tide or thionyl chloride, in an inert solvent (for example: a
halogenated hydrocarbon, such as methylene chloride; an
ether, such as tetrahydrofuran or dioxans; or an aromatic
hydrocarbon, such as benzene or toluene) 1o give the cor-
responding acyt halide, and then reacting the acyl halide
with the amine compound of formula (VI),

All of these reactions can tzke place over a wide range of
temperatures, and the precise reaction temperature ix not
critical to the invention. In general, we flud it convenient {o
carry out the reaction at a temperature of from -20° C. to
100° C., more preferably from -5° C. to 50° C. The time
required for the reaction may also vary widely, depending on
many factors, notably the reaction temperature and the
nature of the reagents and solvent employed. However,
provided that the reaction is effected under the preferred
conditions outlined ghove, aperiod of from 30 minutes to 24
hours, more preferably from I to 16 houts, will usuglly
suffice.

After completion of the reaction, the reaction product can
be recovered from the reaction mixture by conventional
means. For example, insoluble materials in the reaction
system are filtered off; & water-immiscible organic solven,
such as ethyl acetate, and water are added to the filtrate; the
organic solvent layer is separated and dried over a drying
agent, such as anhydrous magnesium sulfate; and then the
solvent is distilled off to leave the desired product, The
reaction produci may, if necessary, be further purified by
conventional means, for example by recrystallization or the
various chromatography techniques, notebly preparative
thin layer chromatography or column chromatography.
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(iv) Removal of tetrazolyl-protecting groups

This may be accomplished by reacting the protected
compound with an acid, The reaction is normally and
preferably effected in an inert solvent.

The reaction is normelly and preferably effected In the
presence of a solvent. There is no particular restriction on the
nature of the solvent to he employed, provided that it has no
adverse effect on the reaction or on the reagents invalved
and that it can dissolve the reagents, at least to some extent.
Eixamples of suitable solvents include: water; an organic
acjd, such as acetic acid; an ether, such as tetrahydrofurzn or
dioxane; an alcohol, such as methanol, ethanel or t-butanol;
a ketone, such as acetone or methyl ethyl ketome; or z
mixture of any two or more of these sclvents. OF these, we
prefer water, an organic acid, an alcohol or a mixture
thereof,

There is no particolar Emitation upon the nature of the
acid used in the reaction, provided that it can normally
function as a Bronsted acid. Preferred examples of such
acids include; organic acids, such as acetic acid, formic acid,
oxalic acid, methanesulfonic acid, p-toluenesulfonic acid or
triflucroacetic acid; and inorganic acids, such as hydrochlo-
tic acid, hydrobromic acid, sulfurie acid or phosphoric acid.
Of these, we prefer acetic acid, formic acid, trifluoroacetic
acid or hydrochloric acid,

The reaction can wke place over 2 wide range of tem-
Deratures, and the precise reaction temperature is not critical
to the invention, ¥n general, we find it convenient to carry
out the reaction at & temperanue of from —10° C. 0 120° C,,
more preferably frem 0° C. to 100° €. The time required for
the reaction may also vary widely, depending on many
factors, notably the reaction temperature and the nature of
the reagents and solvent employed., However, provided that
the reaction is effected under the preferred conditions out-
lined shove, a period of from 0.5 to 24 hours, more prefer-
ably from 1 to 16 hours, will usnally suffce.

After completion of the reaction, the desired product of
this reaction can be recovered from the rezction mixture by
conventional means, For example, after distilling off the
solvent, the residue is dissolved in water and & water
immiscible organic solvent. The organic layer containing the
desired compound is’ separated and dried over anthydrovs
magnesium suilfate, After distilling off the solvent, the
desired compound can be oObtained. The reaction product
may, il necessary, be further purified by conventional means,
for example by recrystallization or the various chromatog-
raphy techniques, notably preparative thin layer chromatog-
raphy or column chromatography. .

(v) Conversion of a cyano group to a tetrazalyl group

In this step, a cyano group is converied (o a tetrazolyl
group by reacting the cyano compound with an alkali metal
azide.

The reaction is normally and preferably effected in the
presence of a solvent. There is no particular restriction on the
nature of the solvent to be employed, provided that it has no
adverse effect on the reaction or on the reagents involved
and that it can dissolve the reagents, at Jeast to some sxtent.
Examples of suitable solvents include: armnides, such as
N,N-dimethylformamide or N,N-dimethylzcetamide; ethers,
such as dioxane or 1,2-dlmethoxyethane; and sulfoxides,
such as dimethyl sulfoxide.

Exampies of suitable alkali metal azides include lihlum
azide, sodium azide and potassium azide, of which sodinm
azide is preferred. There is no particular restriction on the
amount of alicali metal azide employed, but we generally
prefer to use from 1 to 5 equivalents, more preferably from
1 to 3 equivalents, of the alkall metal azide per equivalent of
the cyano componnd.
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‘We also prefer to carry out the reaction in the presence of
an ammonium halide, for example ammonium fluoride,
emmonium chloride or ammonium bromide, of which
ammonjum chloride is preferred. There is no particular
restriction on the amount of ammonium halide employed,
but we generaily prefer to use from 0.5 to 2 equivalents,
more preferably from 1 to 1.2 equivalents, of the ammonium
halide per equivalent of the cyano compound,

The reaction can take place over a wide mange of tem-
peratures, and the precise reaction temperature is not critica?
to the invention. In general, we find it convenient to carry
out the reaction at a temperature of from 70° to 150° C.,
more preferably from §0° to 120° C. The time required for
the reaction may =lso vary widely, depending on many
factors, notably the reaction temperature and the nature of
the reagents and solvent employed, However, provided that
the reaction is effected under the preferred conditions out~
lined above, a peried of from 10 hours to 7 days, more
preferably from 1 te 5 days, will nzoally suffice.

Alternatively, the cyano group may be converted to a
tetrazolyl group by reacting the cyano compound with a
trialkylin azide or triaryltin azide, and then treating the
resulting n compound with an gcid, a base or an alkali
snetal fuoride,

The reaction of the cyano compound with the trialkyltin
azide or triaryltin azide is normally and preferably cffected
in the presence of a solvent. There is no particular restriction
on the natore of the solvent to be employed, provided that it
has no adverse effcct on the reaction or on the reagents
involved and that it can dissalve the reagents, at least to
some extent. Examples of suitable solvents include: hydro-
carhons, which may be aliphatic or aromatic hydrocarbons,
such as benzene, toluene, xylene or heptane; halogenated
hydrocarbons, especially halogenated aliphatic hydrocar-
bons, such as 1,2-dichloroethane or chloroform; ethers, such
as dioxene or 1,2-dimethoxyethane; amides, such as NN«
dimethylformamide or N,N-dimethylacetamide; and esiers,
such as ethyl acetate or butyl acetate.

Although there is no particnlar Hmitation on the natre of
the tialiyltin or traryl #in azide, and any such compound
commonly used in reactions of this type may equally be
employed here, we generally prefer to use: a trialkyltin azide
in which each of the alkyl groups (which may be the same
or different, although they are preferably the same) have
from 1 1o 4 carbon atoms, for example trimethyltin azide,
triethyltin azide or trdbutyltin azide; or a triaryltin azide in
which each of the aryl groups (which may be the same or
different, although they are preferably the same) is as
defined above in relation to the aryl groups which may be
represented by R?, preferably a phenyl or substituted phenyl
group, for example triphenyltin azide or titolyltn azide,
The amount of the frialkyltin azide or tiaryltin azide
employed is not critical, although an amount of from 1 to 3
equivalents per equivalent of cyano compound is preferred,
and from 1 to 2 equivalents Is more preferred.

‘The reaction of the cyano compound with the trialkyltin
azide or tdaryltin azide can take place over a wide range of
temperatures, and the precise reaction tempersture {s not
critical to the invention. In genersl, we find it convenient to
camy out the reaction at & temperature of from 60° to 150°
C., more preferably from $0° to 120° C. The time required
for the reaction may also vary widely, depending on many
factors, notably the reaction temperature and the natare of
the reagents and solvent employed. However, provided that
the reaction is effected under the preferred conditions ont-
Iined above, a period of from 8 hours to 7 days, more
preferably from 1 to § days, will usually suffice,
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The tin-contzining compourd produced by this reaction is
then treated with an acid, a base or an alkali metal finoride,
to convert it to the desired tetrazoly! compound. Any acid,
base or alkali metal fluoride commonly used for this type of
reaction may be used, and examples of snitable compounds
include: acids, especially mineral acids, such as hydrochlo-
tic acid or sulfuric acid; bases, especially inorganic bases,
such as alkali metal carbonates and hydrogencarbonates {for
example sodium carbonate, potassium cerbonate, sodium
hydrogencarbonate or potassivrn hydrogencarbonate) or
alkali metal hydroxides (for exampie sodinm hydroxide or
potassiom hydroxide); and alkali metal fuorides, such ag
lithiym flueride, sodium Auoride or potassiunm flvoride,

The reaction is normeally and preferably effected in the
presence of a solvent. There is no particular restriction on the
nature of the solvent to be employed, provided that it has no
adverse effect on the reaction or on the reagents involved
and that it can dissolve the reagents, at least to some =xtent.
Examples of suitable solvents include those listed above for
the reaction of the cyano compound with the trdalkyltin azide
or triaryldn azide and other solvents, such as aleohols (for
example methanol or ethancl), water or aqueous alcohols.
The reaction can take place over a wide range of tempera-
tures, and the precise reaction temperature is not critical to
the invention. In general, we find it convenient to carmy out
the reaction at a temperature of from 0° C, to 100° C.,
preferably about room temperature. The time required for
the reaction may also vary widely, depending on many
factors, notably the reaction temperature and the nature of
the reagents and solvent employed. However, provided that
the reaction is effected under the preferred conditions out-
lined above, a pedod of from 30 minutes to 3 days, more
preferably from 1 hour to 24 hours, will usually suffice.

A further alternative method of converting a ¢yano group
1o & tetrazoly! group is to react the cyano componnd with a
trialkyltin halide or triaryltin halide, in the presence of an
alkali metal azide, and then treating the resulting tin com-
pound with an acid, a base or an alkali metal Ruoride.

The reaction of the cyano compound with the trialkyitin
halide or triaryitin halide in the presence of an alkali metal
azide is normally and preferably effected in the presence of
a solvent. There is no particuler restriction on the natore of
the solvent to be empioyed, provided that it has no adverse
effect on the reaction or on the reagents involved and that it
can dissolve the reagents, at least to some extent, Examples
of suitable solvents include: hydrocarbons, which may be
aliphatic or aromatic hydrocarbons, such as benzene, tolu-
ene, xylene or heptune; halogenated hydrocarbons, espe-
cially halogenatéd aliphatic hydrocarbons, such as 1,2-
dichloroethane or chloroform; ethers, such as dioxane or
1,2-dimethoxyethane; ketones, such as acetone or methyl
ethyl ketone; amides, such as N,N-dimethylformamide or
N,N-dimethylacetamide; and esters, such as ethyl acetate or
butyl acetate,

Although thers Is no particular Himitalion on the nature of
the trieikyltin or traryl tin halide, and any such compound
commonly used in reactions of this type may equally be
employed Tere, we generally prefer to use: a trialkyltin
halide in which each of the alkyl groups (which may be the
same or different, although they are preferably the same)
have from 1 to 4 carbon atoms, for example trimethyltin
chloride, trimethyltin bromide, ticthyltin chloride or rmibu-
tyltin chloride; or atriaryltin halide in which each of the aryl
groups (which may be the same or different, although they
are preferably the same) is as defined above in relation to the
aryl groups which may be represented by RZ, preferably a
phenyl or substituted phenyl group, for example triphenyliin
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chioride or tritolyitin chioride. The amount of the trialkyltin
halide or triaryltin halide employed is not eritieal, although
an amount of from 1 to 3 equivalents per equivalent of cyanc
compound is preferred, and from 1 t0 2 equivalents is more
preferred.

There is no particular restriction on the alkali metal azide
which is also employed in this reaction. Examples include
lithium azide, sodivm azide and potassium azide, of which
sodivm azide is preferved. The amount of the alkali metal
azide employed 8 not critical, although an amount of from
1 to 3 equivalents per equivalent of cyano compound is
preferred, and fiom 1 to 2 equivalents is more preferred,

The reaction of the cyano compoumd with the trialkyltin
halide or triaryltin halide in the presence of an alksli metal
azide can take place over a wide range of temperatures, and
the precise reaction temperature is not critical to the inven-
tion. In general, we find it convenient to carry out the
reaction at & temperature of from 60° to 150° C., more
preferably from 80° to 120° C. The time required for the
reaction may also vary widely, depending on maay factors,
notably the reection temperature and the nature of the
reagents and solvent employed, However, provided that the
reaction i3 effected under the preferred conditions outtined
above, a period of from § hours to 7 days, more preferably
from I to 5 days, will usnally suffice.

The tin-containing compound produced by this reaction is
then treated with an acid, a base or an alkali metal fluoride,
1o convert it to the desired tetrazolyl compound. The reac-
tion is essentially the same as the reaction of the tin-
containing compound (produced by reacting the cyano com-
pound with g tislkylin azide or tdaryltin azide) with an
acid, a base or an alkali metal fluoride, and may be carried
out using the same solvents and reaction conditions.

(vi) Conversion of an alkylcarbamoy! group or a carhamoyl
group to & cyano group

To convert an alkylcarbamoy? group to 2 cyano group, the
alkylcarbamoyl compound is reacted with a halogen com-
pound capable of acting as a halogenating agent, preferably
chlorinating agent, for example oxalyl chloride, phosphorus
oxychloride or sulfonyl chloride, There is no particular
restriction on the amount of halogen compound employed,
although we generally find it-convenient to use from 1 to 3
equivalents, more preferably from 1 to 2 equivalents, per
equivalent of the carbamoyl compound,

The regction is normally and preferably effected in the
presence of a solvent. There is no particular restriction on the
natore of the solvent to be employed, provided that it has no
adverse effect on the reaction or on the reagents involved
and that it can dissolve the reagents, at least to some extent.
Examples of suitable solvents include: hydrocarbons, which
may be aliphati¢ or aromatic hydrocarbons, such as benzene,
toluene, xylene or heptane; halogenated bydracarbons, espe-
cially halogenated aliphatic hydrocarbons, such as methyl-
ene chloride or chloroform; ethers, such as dioxane, tetrahy-
drofiran or diethyl ether; and esters, such as ethyl acetate or
butyl acetate.

The reaction can take place over a wide range of tem-
peratures, and the precise reaction temperature is not eritical
to the invention. In general, we find it convenient 1o carry
out the reaction. at a temperature of from —10° to 100° C,,
more preferably from 0° to 50° C. The time 1equired for the
reaction may also vary widely, depending on many factors,
notgbly the reaction temperature and the nature of the
reagents and solvent employed. However, provided that the
reaction is effected under the preferred conditions outlined
ghove, a period of from 10 minutes to 16 hours, more
preferably from 30 minutes to 6 hours, will vsually suffice,
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To convert a carbamoyl group to a4 cyano group, the
carbamoyl compound is reacted with a dehydrating agent,
for example acetic anhydride, trifluoroacetic anhydride,
methanesulfonic anhydride, trifluoromethanesulfonic anhy-
dride, oxalyl chloride or sulfonyl chloride, in the presence of
an organic amine, for example trethylamine, pyridine or
N-methylmorpholine.

The reaction is nonmally and preferably effected in the
presence of a solvent, There is no particular restriction on the
nature of the solvent to be employed, provided that it has no
adyerse effect on the reaction or on the reagents Involved
and that it can dissolve the reagents, at least to some extent.
Examples of suitable solvents include: hydrocarbons, which
may be aliphatic or aromatic hydrocarbons, such as benzene,
toluene, xylene or heptane; halogenated hydrocarbons, espe-
cially halogenated aliphatic hydrocarbons, such as methyl-
ene chioride or chloroform; ethers, such as dioxane, tetrahy-
drofuran or diethyl ether; and csters, sech as ethy] acetate or
butyl acetate.

The reaction can take place over & wide range of tem-
peratures, and the precise reaction temperature {s not critical
to the invention. In general, we find it convenient to camry
out the reaction at a temperature of from —10° to 100° C,,
more preferably from {° to 50° C. The time required for the
reection may also vary widely, depending on many factors,
notzbly the reaction temperature and the nature of the
reagents and solvent employed. However, provided that the
reaction is effected under the preferred conditions ouflined
above, & period of from 10 minutes to 16 hours, more
preferably from 30 minutes to 6 hours, will usually suffice,

The desired product of these reactions can be regovered
from the reaction mixture by conventional mesns, for
example by neutmlizing the mixture with a weak base, such
as sodium hydrogencarbonate and then worldng up the
product in a similar manner o that described in Step AT of
Reaction Scheme A.

The cyano compound thus obiained may then be con-
varted o the comresponding tetrazolyl compound, using any
of the reactions described above.

(vii} Removing hydroxy-protecting groups

Where R represents a ti-substimited silyl group, an
aralkyl group, an acyl group, alkoxymethy! groups, a tet-
rahydropyranyl group, a ietrahydrothiopyranyl group, a tet-
rehydrothieny]l group, a tetrahydrofuryl group or a snhsti-
tuted  tetrahydropyranyl,  tetrahydro-  thiopyranyl,
tetrabydrothienyl or tetrehydrofuryl group, all of which can
be regarded as hydroxy-protecting groups, the protecti
group is remaved, to prodoce n compound In which R
tepresents a hydrogen atom, The natwe of the reaction
employed to remove the protecting group, will, of course,
depend on the nature of the protecting group, as is well
known in the art, and any of the many welf known reactions
used for deprotecting compounds of this typs may equally
be used here, ~

Where the hydroxy-protecting group is a sily? group, it
can normally be removed by treating the protected com-
pound with a componnd capable of forming 2 finorine anion,
such as tetrabutylammonivm fluoride, The reaction is nor-
mally and preferably effected in the presence of a solvent,
There is no particular restriction on the nature of the solvent
to be employed, provided that it has no adverse effect on the

reaction or on the reagents involved and that it can dissolve -

the reagents, at least to some extent, Examples of suitable
solvents include ethers, such as tetrahydrofuran or dioxane,

The reaction can take place over a wide range of tem-
peratures, and the precise reaction temperature is not critical
1o the invention. In general, we find it convenient to cary




