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TETRAHYDROPYRROLO[I,2—a]PYRAZINE-4-SPIRO—3'—PYRROLiDINE
DERIVATIVES, PROCESSES FOR THE PREPARATION THEREOF AND

PHARMACEUTICAL COMPOSIfIONS CONTAINING THE SAME .

This invention relétes_to novel tetrahydropyrrolo-

. [1,2-a]pyrazine-4-spiro-3'-pyrrolidine derivatives having an

aldose reduqtaSe.inhibitory activity,'processes‘forsthé
preparation.thereof, a method of uéing the same, and pharma-
ceutical compositions containing‘said cémpound as an active
ingredient.

Prior Art . .

European_?atént 365324—A-discloses spirofisdquinoline—

pyrrolidine tetrones of the formula:

ané analogues thereof wherein the fused benzene fing is
replaced by a fused thiophen, pfrldlne or furan ring,
wherein R! and R? are 1ndependently hydrogen, alkyl

contalnlng 1 to 6 carbon atoms, halogenﬁ lower alkoxy

contalnlng 1 to 6 carbon atoms,,
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alkylthlo whereln fL;ower P.ky;l ?0%1‘?@?35‘

/f-ni ;

Y
. “;

dialkylamino wherefi alkyl contalns l to 5?

nitro, aryl, or arvl(lower alkyl)oxy whereln aryl contalns 6
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" to 10 carbon atoms and lower alkyl contains 1 to 6 carbon

atoms; R3 is hydrogen, lower alkyl containing 1 to 6 éarbon
atoms, aryl; aryl{lower alkyl) or halogen substituted aryl-
(lower alkyl) Qherein aryl contains 6 to 10 carbon atoms and
lower alkyl contains 1 to 6 carbon atoms, acyl or hetero-

cyclic(lower alkyl) of structural formula:

—pt ,. ‘ I A
o

N

wherein R? is lower alkylene containing 1 to 3 carbon atoms;

X is lower.alkylene containing 1 to 3 carbon atoms, oxygen,.

sulfur or'-NH-; Y and Z are independently oxygen or sulfPr;
M and.ﬁ are in@ependéntly carbonyl, thiocarbonyl, suifo;yl,
sulfoxo or lower alkyleneﬂcontaining 1 to 2 carbon atoms,
with the proviso that M and W are not both lower alkylene
when X is -NH- and the pharmaceutically acceptable salts
thereof. The compounds are disclosed to be useful as aldose
reéQctase inhibitors for the prevention or treatﬁent of:
complications associated with diabetes mellitus.
The'compounds of this invention are clearly distin-
guished ffqm the compounds of the above Eurbpean éatent in
the chemica; strﬁcture, that is, as_is_cigar_fﬁpmﬂthe
formula (I) disclosed herglnéfté},g‘;{:h@cgnpgmﬁs ffE) of this

invention have a basic nucleus of pyrrolofl,2-alpyrazine

ring which is clearly different from thé basic nucleus of



the ébove compounds of the European patent.

Diabetic patients have been symptomatically treated
with insulin or oral hypoglycemic agents. However, none of
these treatmehts is able to reinstate entirely normal
glycemic condition, and complications associated with
prolonged hyperglycemia, such as cataract, retinopathy,
keratopathy, neuropathy and nephropathy, devélop dd;ing
long~-term diabetic period. Therefore, the prevention of the
initiation and piogression of the diabetic compliéations are
becoming one of the most important subjects of,nowadays for
the treatmént of the diabetes'mellitus.

The abnormality of polyol metaﬂolic pathway is
postulated-to.be a common biochemical link to the
pathogenesis of various diabetic complications. Aldose
reductase, the key enzyme of polyol pathway, catalyzes the
qonversion of glucose to sorbitol. The influx of glucose
into target tissues éf diabetic complications (e.g. blood
vessals, peripheral nerves, ienéeé and kidneys) is gfeater
in Qiabetics as compared with that in.nofmal tissues. Thé‘
increase in glucose activates aldose reductase and thereby

accelerates sorbitol formation, resulting in an accumulation

of sorbitol in these tissues. The intracellular accumula-

tion of sorbitol is considered to produce a hyperosmotic
effegt‘which results in an accumulation of £luid, which, in
turn, produces cellular damage and causes pathogenesis of

diabetic complications [P.F. Kador et al., Ann. Rev.



Pharmacol.'Toxicpl., gé,.691-714 (1985‘]. Accordingly, it
is considered that a compound having aldose reductase
inhibitory activity will be effective fér the prevention and
treatment of diabetic complications and many researchers in
the world have investigated various types of compounds for
developing a new aldose reductase inhibitory agent. Until
now, cnly two aldose reductase inhibitory agents, N-[[6-
methoxy-5~(trifluoromethyl)~-l-naphthalenyl]thioxomethyl]-N-.
methylglycine [generic name: tolrestat, cf. Merck Index, |
1lth E4d., 9451 (1989)) and (E,E)-5—(2—methylf§-phenyl-2—
propenylidénej—4—oxo-2—thioxo—3-thiaéolidineacetic acid
{generic namé: epalrestat, cf. Merck Indéx, 11th Ed., 3556
(1989)]) are commercially available in some countries:.
However, these compounds do not have necessarily sufficient '
activity [cf. the experiments disclosed hereinafter, and N.
Simard-Duquesne, 2t. al., Metab. Clin. Exp.,.gg, 885~-892
{1985)]. Thus, there has been seeked a new compoﬁnd having
more potent aldose reductase inhibitory activity with less
toxicity.

Brief Description of the Invention

The preéent inventors have intensivel& investigated
to £ind a desired new compound having superior aldose
reductase inhibitory activity with less toxicity and as a
result have found cthat some compounds having a tetrahydro-
pyrrolo{l,2-z)pyrazine-4-spiro-3'-pyrrolidine nucleus

possess the desired properties.
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Thus, an object of the invention is to provide
novel tetrahydropyrrolo(l,2-alpyrazine—-4-spiro-3'-
éyrrolidine derivatiyes'having excellent aldose reductase
inhibitory activity. Another object of the invention is to
provide processes for the preparation of the new compounds.
A further objec£ of the invention is to provide use of the
compounds for the prevention and treatment of diabéﬁic '
complicatiqné. Still further object of the invention is to

provide pharmaceutical compositions containing as an active

ingredient said compound which are useful .for the prevention

and treatment of diabetic complications. These and other
objects'and advantages of the invention will be apparent to
those skilled in the art from the following description.”

Detailed Description of the Invention

The tetrahydropyrrolo[l,2-a)pyrazine-4-spiro-3'-
pyrrolidine derivatives of this invention are compounds of

the formula:
R

TN
_=/. (1)

wherein R! and R? are independently hydrogen, halogen, tri-

fluoromethyl, alkyl having 1 to 6 carbon atoms, alkoxy
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having 1 to 6 carbon atoms, or nitro, and rR3 is hydrogen,
halogen or alkyl having 1 to 6 carbon atoms,.and
pharmaceutically acceptable salts thereof.

The pharmaceutically acéeptable salts of the
compounas (I) include salté with ihorganié bases (e.g.
sodium, potassium, and ammonium) and salts with organic
bases (e.g. isopropylamine, diethylamine, ethanolam?ner
triethanolamine, piperidine, and lysine).

The compounds (I) and their salts may be present in
the form of a hydrate or a solvate, and these hydrate and
solvate are also included in this invention. '

Besides, the compounds (I) contain at ;east one

asymmetric carbon atom, that is, the spiro carbon atom at

3'-position of the rrolidine ring, and hence, various
g

stereoisomers may be present. These stereoisomers and their
mixture and racemic compounds are also included in this
invention. 1In case of the compounds of the formula (I)

wherein Rl,_R2 and R3 are 211 a group containing no

asymmetric carbon atom, one enantiomer has more potent

aldose reductase inhibitory activity than the other
enantiomer.

Through the specification and claims, “halogen"

- denotes fluorine, chlorine, bromine and iodine. "Alkyl"

" denotes, for example, methyl, ethyl, propyl, isopropyl.

butyl, isobutyl, pentyl, and hexyl, preferably alkyl having

1l to 3 ca;bon atoms.
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“Alkoxy" denotes, for example, methoxy, ethpxy,
Propoxy, isopropoxy, butoxy, isobutoxy, pentyloxy, and
hexyloxy, preferably alkoxy having 1 to 3 carbon atoms.

The group of the formula:

R2

includes, for example, benéyl, 2-bromobenzyl, 2-chloro-
benzyl, 2-fluorobenzyl, 3-bromobenzyl, 3—ch%9robenz§l, 3~
flﬁo;obenzyi, 4—broﬁobenzy1, 4—chlorobenz§i, 4-fluorobenzyl,
4-iodobenzyl, 4-bromo-3-chlorobenzyl, 4—5romo—2-fluoro-
banzyl, 4-Ehloro-2—f1uorobenzyl} 2,4~dichlorobenzyl, 3,4-
dichlorobenzyl, 3,5-dichlorobenzyl, 2,4—dibromobenz§1,_3,4~

dibromobenzyl, 3,5-dibromobenzyl, 2,4-difluorobenzyl, 2-

- fluoro-4-iodobenzyl, 4-trifluoromethylbenzyl, 4-methyl-

benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxy-
benzyl, and 4-nitrobenzyl.

| Preferred compounds are compounds of the formula
{I) whe;ein R3 is hydrogen, halogen, or 7-methyl, and
pharmaceutically acceptable salts thereof. More preferred
compounds are compounds of the formula (I) wherein R} and R2
are independently hydrogen or halogen and R3 is hydrogen,
halogen, or 7-methyl, and pharmaceutically acceptab}e salts
thereof. Other more preferred compounds are compounds of

the formula (I) wherein Rl is alkyl having 1 to 3 carbon



atoms or alkoxy having 1 to 3 carbon atoms, and R3 is
hydrogen, halogen, or 7-methyl, and pharmaceutically

acceptable salts thereof. Particularly preferred compoﬁnds

are compounds of the formula (I) wherein R! is hydrogen or

halogen, R? is halogen and R3 is hydrogen.

'Preferfed stereoisomers of the compounds (I) are
racemic compounds and enantiomers thereof having mor? potent
aldose reductase inhibitory activity compéred with the other
enantiomers.

Specific examples of the particularly preferred
compounds are the followiné compounds and énéﬁtiomers
thereof having more potent aldose reductésé inhibitory
act1v1ty compared with the other enantiomers:

2-(4-bromo-2-fluorobenzyl)-{1,2,3,4- tetrahydro—
pyrrolof[l,2-a)pyrazine-4~spiro-3'-pyrrolidine}-1,2',3,5'-
tetrone, ' _

2-(3,4-dichlorobenzyl)~[1,2,3,4-tetrahydropyrrolo-
{1,2-alpyrazine—-4—spiro-3'-pyrrolidinel}-1,2',3,5'~tetrone,

2—(4—bromobenzyl)—[l,2,3,4-§etrahydropyrrolo[l,2—
a]pyrazine—4-spiro—3'—pyrrolidine]~l,2',3,5‘—tetrone, and

2-(4-chlcro-2-fluorobenzyl)-(1,2,3,4-tetrahydro-
pyrrolo[l,2-alpyrazine-4-spiro-3'-pyrrolidine}-1,2',3,5'-
tetrone.

The most preferred compound is a compound of the

formula (I'):
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Specific examples of said most preferred compounds
are as follows:

2-(4-bromo—2~fluorobenzyl)-[1;2,3,4-tetréhydro~
pyrrolo[l,zfa]pyrazine-4—spiro—3'-pyrrolidiﬂéj—l,Z',3,5'—
tetrone, aﬁd |

an enantiomer of 2—(4-bromo-2—fluorobenzyl)—
[1,2,3,4~tetrahYdropyrrolo[l,2-a]pyrazine-4—spird-3'-
pyrrolidine]—l,2',3,5'—tetrone having the féllowing specific
rotation: [u]g7'5 = +1.96° (c=1.02, ethyl acetate): [u]lz)8 =
=7.6° (c=1.02, methanol); and [ulzgs: = -33.0° (c=1.02,
methanol).

The following compounds and enantiomers thereof are
also enumerated as examples of compounds of the formula.(I)
as well as the compounds of working examples gi§en herein-
after. |

2-(2—fluoro-4-iodobenzyl)-[1,2{3,4-tetrahydro— _
pyrrolo[l,2-a]pyrazine-4—spiro—3'4pyrrgiidine]—l,2',3,5'—
tetroﬂe,

' 2—(4—bromo—3-chlorobenzy1)—[1,2}3,4ftetrahydro—

pyrrolofl,2—a]pyrazine—4—spiro~3'—pyrrolidine]—l,2'r3,5'-
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tetrone,

2—(2,4-dibromobenzyl)—[l}2,3,4—tetrahydropyrrolo—
[l,24a]pyrazihe—4-spif073'—pyrrolidine]-l,Z',3,5'—t¢trone,

2-{3,4-dibromobenzyl)-~[{1,2,3,4-tetrahydropyrrolo-
[1;2-a}pyrazine-4—spir6-3'-pyrrolidine]—l,z',3,5'-tetr0ne,

2-(3,S-dibromobenzyl)-[l,2,3,4—tetrahydropyrrolo¥
[1,2—a]pyrazine-4—spiro-3'—pyrrolidine]—l;Z',3;5*—fe€fone,
and |

2-(4-bromo-2-fluorobenzyl)-7-methyl-[1,2,3,4~-
tetrahydropyrrolo(l, 2—a]pyrazlne—4—sp1ro—3'—pyrrolldlne]—
1, 2 35" —tetrone.

The compounds of this invention may be p;épared,

for example, by the following processes.

Process (a):
The compounds (I) can be prepared by reacting a

compound of the formula (II):
cocx3 |
&/N OOR*

=0

NH

(11)

0

wherein R3 is as defined above, and R4 is a carboxy-.
protecting group, and X is halogen, with a compound of the

formula (I1I):

SR
HZN——CHZ-C:\} «(III)
R2 '
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wherein R! and R? are as .defined above.

The “carboxy-protecting group" for R4 in the above-
compound (II) means all conventional protecting groups
capable of being eqsilf removed by conventional means such
as hydrolysis and hydrogenolysis which are usually used ih‘
the field of peptide synthesis. Suitable examples of the
protecting-groups removable by hydrolysis are lower ?lkyl
groupé such as methyl, ethyl, and propyl, and suitaﬁle
examples of the protecting groups removable by hydrogeno-
;ysis are benzyl, 4-methoxybenzyl, and 4-nitrobénzy1. The
hydrogenol&sié includes various means such'aé-éatalytic
reduction and catalytic transfer hydrogeﬁation. .

The reaction of the compouﬁd (II) and the compound
(III) is usually carried out in a solvent which dées'n6£
adversely influence the reaction.  Suitable solven£ may be
selected in accordance with, for example, the kinds of the
starting compounds, and includes, for example, aromatic
hydrocarbons such as benéene and toluene; halogenated
hydrocarbons such as dichloromethane and chloroform; ethers
such as tetrahydrofuran and dioxane; and dimethylformamide.
These solvents may be used alone or in combinatibn of two or
more théreof. The above reaction is preferably carried out
in the presence of a basic‘substance, which includes, for
examplé, organic bases such as triethylamine, tributylamine,
diisopropglethylamine} N;methylmorphéline, pyridine, and

N,N-dimethylaniline; and inorganic bases such as alkali
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metal carbonates (e.g. sodium carbonate and potéssium
carbonate), or alkali metal hydrogen carbonates (e.g. éodium
hydrogen carbonate and potassium hydrogen carbonate).
Rlternatively, an excess amount of the compound (III) may be
used instead of using the specific basic substance. The
reaction temperature may vary depending, for example, on the
kinds of the starting compounds, but is usually in.t?e range
of about 0°C to about 100°C, preferably in the_range.of
about 25°C to -about 70°C. The compound (III) may also be
used in the form of an acid addition salt, which is
converted into a free base in the reaction syéfgm.

Some of the compounds (III) archommerciall§
available and others can be prepared by a process known per
se. The compounds (II) are novel and can be prepared,'for
example, by the process as shown in the following Reaction

Scheme—-I.
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Reaction Scheme-I

R3
\’ﬁ : .
NN__coont + Y-CHyCOORS — s NN coors

Y 4 ' ‘Step 1 \ COOR%
COOR COORS
(V) (VI) (VII)
R3
_ \<§ﬁ \\>~
—_—_ \\,N coord &/N COOR4
Step 2 COOR? * step 3 ' COOR%
COOH , CONH;
(VIII) (IX)
\ .
}Ij R NG00,
4
COOR \\,N COOR%
Step 4 0 Step 5 o}
: NH NH
o o)
(X) | (II)

wherein R3, R? and x are as defined above; R> is tert-
butyl or a protecting group removable by hydrogenolysis, and
Y.is halogen, provided that when R% is a protecting group
removable by hydrogenolysis, RS is tert-butyl.

Each step in the-abbve Reactién Scheme-I is carried
out as follows.
(Step 1):

The compound (V) can be prepa¥ed for example, by
the method as disclosed in J. Med. Chem. , 21, 962-964
(1978).



The reaction of the compound (V) and the compound
(VI) is usually carried out in an appropriate solvent in the
presence of a basic substance. The solvent includes, for
example, cyclohexane, benzene, toluene; xyléne, tetrahydro-
furan, dioxane, mathénol, ethanol, isopropyl alcohol,
pyridine, and dimethylformamide. The basic substance
inciudes, for example, alkali metals (e.g. lithium;isodium,
and potassium), alkali metal hydrides (e.g. sodium hydride),
alkali metal hydroxides (é.g; sodium hydroxide and potassium
hydroxide); alkali metal carbonates (e.qg. sod?um carbonate
and potaSsium carbonate), alkali metal hydroéen carbonates
(e.q. sodium hydrogen carbonate and potaésium hydrogen
carbonate), and alkali metal alkoxides (e.g. sodium
methoxide, sodium ethoxide, and potassium tert—butokidé).

The reaction is usually carried out at a temperature of

about ~10°C to about 150°C.

(Step 2):'

The "protecting group removable by hydrogenolysis"
for R? in the formula (VII1) means a group capable of being
easily remcved by catélytic reductién or catalytic transfer
hydrogenation, and includes, for example, benzyl, 4-nitro-
benzyl, and 4-metho£ybenzy1.

The éompound of the formula (VIXI) wherein R® i;
tert-butyl can be converted into-the compound (VIII) by
treating with trifluoroacetic acid in an appropriate solﬁent

such as dichloromethane or chloroform. The reaction is
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- usually carried out at a temperature of about 25°C to about.
50°C.

The compound of the formula (VII) wherein RO is a
protec;ing group removable by hydrogenolysis can be
converted into the compound (VIII) by hydrogenating in the
presence of a catalyst such as Raney nickel or palladium-
carbon-in an appropriate solvent, or alternatively. hy
- reacting with a hydrogen donor (e.g. ammonium formafe_or
cyclohexene) in the presence of a catalyst such as
palladium—-carbon in an appropriate solvent. The solvent
includes, for example, water, methanol, ethahél, acetic
acid, dioxane, and tetrahydrofuran. The reaction is usually
carried out at a temperature of about 25°C to abéut 80°C at
atmospheric pressure or under pressuie. |
(Step 3): )

The compound (VIII) or a reactive derivative at the
carboxyl group thereof is reacted with ammonia under a
conventional condition suitable for amidation reaction to
give the compound {IX).

The reactive derivative at fhe carboxyl group of
the compound (VIII) includes acid chlorides and active
" esters (e.g. N-hydroxysuccinimide ester and N-hydroxyphthal-
imide ester). When the compound (VIII) itself is used, the
reaction is - usually carried out inlthe presence of a
conventional condensation agent, sucﬁ as dicycloheiyl—
carbodiimide, l—ethyl-B—(3—dimethy1aminopropyl)carbodiimide

hydrochloride, or N,N‘-carbonyldiimidazole. The reaction is
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usually carried out.iﬁ an appropriate solvent, such as
benzene, toluene, dichloromethane, chloroform, tetrahydro-
furan, dioxane, acetonitrile, or dimethylformamide, at a
temperature of about 0°C to.about 150°C.
{(Step 4): |

The comppund.(IX) obtained in the above step 3 is
subjected to cyclization reactioh in the presence oﬁ;a basic
substance to give the compound (X). The reaction may be
carried out by using the same basic substance and solvent as
used in Pfocéss (b) disclosed hereinafter. The reaction is
usually carried out at a temperature of about -20°C tg'about
60°C. |
{Step 5):

The compound.(X) obtained i? the above step 4 is
reacted with a trihalogenocacetic halide of the formula:
'CX3COZ (wherein X is as defined.above, and Z is a halogen
such as chlorine or bromine) or a trihalogenoacetic
anhydride of the formula: (CX3C0),0 (wherein X is as defined
above) in the absence or presenée of an appropriate solvent
to give the compound'(II)._ The solv;nt includes, for
example, dichloromethane, chloroform, diethyl -ether, tetra-
hﬁdrof;ran, and dioxane. The reaction may be carried 6ut in
the presence of a basic substance, such as organic bases
{e.g. triethylamine, pyridine, and NLN—dimethylaniline), or
inorganic bases (e.g. sodium carbonaée, potassium carbonate,
-sodium hydrogen carbonate, and potassium hydrogen

carbonate). The reaction temperature is in the range of
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about 25°C to about 150°C.
In the above Process (a), when the compound (II)
and/or the compound (III) has one or two asymmetric carbon

atoms, the configuration as to the asymmetric carbon atom(s)

is retained in the £final compound (I). That is, from the

compound (IXI) and the compound (III) in the form of racemic
compound, there is obtained the éompound (I) in the -;forn_l- of
racemic compound..

The enantiomers of the compounds of the formula
(II) wherein R is hydrogen can be prepared, for-example, by
separatin'g.the product (XV) o:btained in thé ste:p 3 in the

following Reaction Scheme-II into two kinds of enantiomers,

_.converting each enantiomer into the compound (X') in the .-

step 4, followed by subjecting to the reaction as in the
step 5 in the above Reaction Scheme-I. The resolution of

the compound (XV) into each enantiomer can be carried out,

for example, by forming diastereomeric salts thereof with an

- optically active acid by a conventional method, separating

into two kinds of 'diaster-eomeric salts and then converting
each diastereomeric salt into the co.rresponding free base.
The optically active acid used as a resolving agent in the
above resolution includes, for example, (+)-camphoric acid,
(1S)—-(+)- or (1R)—(-)—éamphorsu1fonic -acid, L-(+)- or D-(-)-
tartaric acid, L- or D—.pyrogl.utamic acid, (S)-(-)- or (R)-
{(+)-malic acid, (S)-(+)- or (R)-—(-)—i.l'-binéphthyl-z,2'-—
diyl hydrogen phosphate, (-)- or (+)—2'—nitr6ta'rtranilic

acid, D-(+)-tartranilic acid, (-)-dibenzoyl-L-tartaric acigd,
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(+)-dibenzoyl-D~tartaric acid, and (-)-diacetyl-L-tartaric

acid.
Reaction Scheme-II
REHN.. COOR% I RSHN.__COOR*
oY +  YOHCOORT ———  ~<oy
CN ' . Step 1 COOR’
(XI) (XII) o (XIIT) - O
REHN,_ COOR4  HoN__COOR#
—_— 0 —— =0
Step 2 NH Step 3 . /—NH
o .
(XIV) C(XV)

<
\N._ _COoR*

(x')

wherein R? is as defined above, Rr® ig benzyloxycarbonyl
or tert-butoxycarbonyl, and R7 is a carboxy-protecting
group, provided that when Ré is benzyloxycarbonyl, RY is a
protecting group removable by- hydrolysis.

| Each step in the above Reaction Scheme-1I1 is
carried out as follows.
(Step 1):

The compound (XI) can be prepared by introducing a
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protecting group An the amino groﬁp-bf 2-amino-2-cyanoacetic
acid ester by a conventional method, said 2-amino-2-cyano-
acetic acid ester being prepared by the method as disclosed
in Chem. Ind. (London), 1980, 541-542.

The reaction of the compound (XI) and the compound

(XIX) is carried out in the same manner as described in the

step 1 in Reaction Scheme-I.
(Step 2):

The conversion of the compound (XIII) into the
compound (XIV)-can be carried out by alknown method which is

usually used in the hydrolysis.of nitrile to amide, for

exémple, the method as disclosed in Synthesis, 1930, 243~

244.
(Step 3):

The conversion of the compound (XIV) into the
compound (XV) can be carried out in the same manner és
described in the step 2 in Reaction Scheme-I.

(Step 4): |
. The conversion of the coﬁpoupd_(XV) into the
compound (X') can be carried out by a known method, for

example, the method as disclosed in J. Med. Chem., 21, 962-

964 (1978).

Process (b):

The éompounds (I) of this invention can also be

prepared by cyclizing a compound of the formula (IV):



- (IV)
X/N o R2

COOR41
CONH,

wherein R, R? and R3 are as-défihed above, and R4% %s &
carboxy-protecting group or an alkyl residue of an pbtically
active alcohol, provided that when rR*1 is an alkyl residue
of an optically active alcohol, the configuration at the
carbon gtod at 4-position of.tetrahydropyrfolb[1,2—a]—
pyrazine ring is S or R. The'cyclization.is cargied out in
the presence of a bas;c substance. _

The alkyl residue of an optically active alcohol
for r41 in the above formula (IV) means a group derived from
an optically active alcohol having one or more asymmetric

carbon atoms by removing the hydroxy group therefrom, and

includes, for example, (-)- or (+)-menthyl, (-)- or (+)-1-

'phenylethyl, {(-)- or (+)-2-butyl, and (-)-bornyl.

The cyclization reaction is usually carried oﬁt in
an appropriate solvent. Suitable examples of the solvent
are aromatic hydrocarbons such as benzene and toluene;
ethers such as diethyl ether, tetrahydrofuran, and dioxane;
and dimethylformamide. - The basié'substance used therein
includes; for example, alkali metals (e.g. lithium, sodium,

and potassium), alkaline earth metals (e.g. calcium), alkali
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metal hydrides (e.g. sodium hydride), alkaline earth metal
hydrides (e.g. calcium hydride), alkali metal hydroxides
(e.g. sodium hydroxide and potassium.hydroxide), alkali
metal carbonates (élg. sodium carbonate and potassium-
~ carbonate), alkali metal hydrogen carbonates (e.g. sodium
hydrogen carﬁonate and potassium hydrogen carbonate), and
- alkali metal zlkoxides (e.g. sodium methoxide, sodium
ethoxide, and potassium tert-butoxide), organic 1i;ﬂium
compounds (e.g. lithium bis(trimethylsilyl)amide, lithium -
diisopropylamide,. and n-=butyllithium), organic acid salts
(e.q. sodium acetate), and organic bases Xe:g. triethyl-
amine, pyridine, lutidine, and l,8-diazdbicyclo[5.4.0]—
undecana). The reaction is usually carried out ét a
tamperature of about -78°C to about 25°C, preferably ﬁ£out
-78°C to about -20°C.

The compounds of'the formula (IV) wherein R4 is
the same as R%, i.e. a carboxy-protecting group, ére hoyel
compounds and can be prepared, for example, by the process

as shown in the following Reaction Scheme-III.
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Reaction Scheme-I111

. - . |
@ . R \,ﬁ/cocxs Compound (I1I)
N\ COOR Step 1 NN coort . Tseep 2

Goort COOR?4

(V) : (XVI)

31 Cornpound

R_\NHL “C\ —uh, \VZL(CO

Step 3 Step 4
°°°R4 | | coonr4
(XVII) | COORS®
(XVIII)
Step S
COOH . CONH,
(XIX) (Iv')

wherein Rl, Rz, R;i" R? and RS are as defined above, provided

that when R? is a prbtecting group removable by hydrogeno-

lysis, R> is tert-butyl.

‘Bach step in the above Reaction Scheme-III is

carried out as follows.

(Step 1):

This step can be carried out in the same manner as

described in the step 5 in Reaction Sche_me-—'I.
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(Step 2):

This step can be carried out in the same manner as

_described in the above Process (a), preferably in an inert

atmoéphere.

(Step 3): .
The compound (XVII) and the compound (VI) are

reacted in the same manner as described in the step 1 in

Reaction Scheme-I to give the compoﬁnd (XVIII). The

reaction is preferably carried out in an inert atmosphere.

(Step 4):

The compound (XVIII) can be converted into the
compouﬁd (XIX) in the same manner as descfibed in'the step 2
in_Reaction.Scheme—I.

(Step 5):

The compound (XIX) or a reactive derivative at the
carboxyl group thereof is reacted with ammonia in the same
manner as described in the step 3 in Reaction Scheme-I to
give the compound (IV').

The compounds of the formula (IV) wherein r4! is an
alkyl residue of an optically active alcohol are novel
compounds and can be prepared, for example, bylthe process

as shown in the following Reaction Scheme-IV.
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Reaction Scheme-1V

RS R3
NG , ST
QQ,N coort -+ R8OH —— \_N. _coor?
' Y 4 : Step 1 Y
COOR _' COOR8S
(V) (v')

LX)

S ————(—

3 Steps

: 0 R R
\ .
3 CH —4<T:?
N-~N o) RZ ) '
. COOR8 :

COOR®

- (XvIIT')
'Separation of diastereomers
O

1 ¢) . 1
7~ R R
3 CHo— % 3 CH ——<<it}7

S =|
COOR8 ' f COORS
COORS_ COOR®
(XVIII'a) (XVIII'b)
! 2 Steps . J 2 Steps '
6] 1 . ' o) 1
“_R R
3 CHo—C 5 3 CH'——<€?>(
G O
COOR® . _ f Coor® - .
CONH, CONH,
(IV'a) (IV'b)

wherein Rl, R2, R3, R? and R® are as defined above, and R8



is an alkyl residue of an.optical;y active alcohol.

Each step in the above Reaction Scheme-iIV is
carried out as follows.
(Step 1):

The reaction of the compoﬁnd (V) and a compqund of
the formula: R8om (wherein R® is as defined above) is
usually carried out in the presence of a catalyst.- ZThe
catalyst includes those used usually in ester exchange
reaction, for exampie, sulfuric acid, benzenesulfonic.acid,
p-toluenesulfonic acid, sodium, potassium, sodium methoxide,
and tetraeéhyl titanate.. The reaction is'usually carried
out at a temperature of about 25°C to abéut 200°¢, prefer-
ab;y about 100°C to about 200°C. ‘

[Conversion of the compound (V') into the compound (XVIII')]:

_The conversion can be carried out in the same
manner as described in the steps 1 to 3 in Reaction Scheme-
III.

[Separation -of the compound (XVIII') into each'diéstereomer]:
| The compound (XVIII') is obtained as a mixture of
two kinds of diastereomers in the preceding step. This
compound can'be separated into fwo kinds-of diastereomers,
| i.e. the compouﬁd (XVIII'a) and the compound (XVIII'b), by
conventional metﬁods, such as fractional crystallization and
column chromatography. '
{Production of the compound (IV'a)Iand the compound (IV'b)]:

The conversion of the .compound (XVIII'a) and the
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compound (XVIII'b) into the compound (IV'a) and the compound

(IV'b), respectively, can be carried out in the same manner

as described in the steps 4 and 5 in Reaction Scheme-III.

The products prepared by the above processes can be
isolated and purified by conventional methods, such as
chromatography, recrystallization, or reprecipitation.

The compounds of the formula (I) wherein R3: is
hydrogen can be converted into the corfesponding combounds
wherein R3 is halogen by reacting with a halogenating agent
such as a halogen (e.g. chlorine or b}dmine) or suifuryl-

chloride. The reaction is preferably carried out in an

appropriate solvent, such as carbon disulfide, dichloro-

‘methane, chloroform, l,2-dichloroethane, or dimethyl-

formamide, at a temperature of about -20°C to about 100°C.
The reaction may also be carried out in the.presence of
aluminum chloride.

When the compound (II) in which r3 is halogen,

which is prepared by halogenating a compound (II) in which

R3 is hydrogen,. is used as a starting compound in Process

(a), the halogen can be introduced a£ a position different
from that of the product obtained by halogenation of the
compouhd (I) in which R3 is hydrogen as mentioned above.
The halogenation of a compound (II) in.which R3 is hydrogen
can be carried out in a conventional manner as shown in
Reference Examples 22 and 23 hereinafter.

The compounds of the formula (I) can be converted
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into their salts by freating with inorganic or organic bases
in a usual manner. 'Suitable examples of the inorganic and
organic bases are hydroxides, carbonates 6: hydrogen
carbénates of alkali metal (e.g. sodium or potassium),
ammonium hydroxide, isopropylamine, diethylamine,.
ethanolamine, piperidine, and lysine. This reaction is’
usually carried out at a temperature of about- 0°C ?oiabout
25°C in an appropriate solvent. The solvent'includgs, for
example, lower alcohols (e.g. methanol, ethanol, and |
isopropyl alcohol), ethyl acetate, acetonitgile, dioxane,
and toluené, or a mixture thereof.

The pharmacological activities of the cqmpounds of
this invention are illustrated by the following exper?ments,
which were carried out for the representative compodnds of
this invention.

The following compounds were used as a reference
compound:

: Epalfestat: an aldose reductase inhibitor commer—
cially available in Japan, and

(£)-Sorbinil: an aldose reéuctase inhibitor whose
chemical name'is 6-fluoro-2,3-dihydrospiro[4H~l—benzopyran—
4,4'-imidaéolidine]-2',5'-dione [cf. Merck Index, 1llth EQd.,
8679 (1989)]. .

Test 1 Aldose reductase inhibitory activity (in vitro):

This test was carried out aécording to the method

of S. Hayman and J.H. Kinoshita {J. Biol. Chem., 240, 877-
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882 (1965)].

. Preparation of.crude eﬁzyme solution

Lenses iéolated from porcine eyes (Tokyo Sibaura
Zouki Co., Ltd., Japan) were homogenized with 5 mM phosphate |
buffer (pﬁ 7.4) containing 2 mM mercaptoethanol, and
centrifuged at 10,200 g for 10 minutes. The supernatant was
sequentially precipitated with ammonium sulfate-at-39%, 40%
and 60% saturation. The precipitate at 60% saturation was
dissolved in a homogenizing. buffer and used as a crude
. enzyme prepé:ation."the unit of enzyme activity was defined
as the amodnt of anzyme which oxidized 1 umoiés of

NADPH/minute under the following assay condition.

Enzyme assay
| The standard reaction mixture was composed of iOO
mM phosphate buffer (pH 6.5), 0.2 mM NADPH, 1.5 mM D,L-
glyceraldehyde, 0.4 M lithium sulfate, enzyme solution (7.0
mU/ml) and- test compounds at various concentrgtions. The
reaction mixture was incubated at 37°C, and the decrease in
absorbance at 340 nm was monitored by a spectrophotometer
(Hitachi 150-20). The enzyme éctivity was calculated based
~upon the rate of dec;ease in the absorbance over a period of
1 minute from 1 minute after the onset of the'enzymé
~reaction. The concentration of compounds required for 50%°
inhibition of enzyme acﬁivity (ICgg) was estimated from
graphs of the log céncentration - response curve. The

resulcs are shown in Table 1.
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Table 1 Aldose reductase inhibitory activity

Test ICgy (uM)  Test ICgq (uM)
compound _ : compound
1% 0.050 13 " 0.11
2 0.033 15 0.11
.3 0.099 16 0.041
4 0.061 17 0.052
5 0.031 18 0.037 - i
6 0.12 . 19 0.050
7 0.033 . 20 0.10
8 0.047 ’ 22 0.039
9 0.080 24 0.023
100 0.072 26 0.040
11 0.052 27 0.035
12 . 0.046
Epalrestat 0.073 (x)-Sorbinil 3.8

*) The numbers of test compounds correspond to the
Example Nos., and for example, Test compound 1 is the
compound obtained in Example 1. All test compounds in the
above table and also the other table hereinafter are
indicated in the same way.

.As shown in Table 1, the compounds of this
invention were remarkably more potent than (*)-sorbinil in
the aldose reductase inhibitory activity, and most of them
were equipotent to or more potent than epalrestat.

Test 2 Inhibitory activity on sorbitol accumulation

(in vivo):

Male Wistar rats (200-250 q) were used in groups of

4 animzls each. ‘The rats were made diabetic by single i.v.

injection of streptozotocin (40 mg/kg) freshly dissolved in
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physiological saline.

From one week after the induction of diabetes, the
rats were orally given test compounds, suspended in 0.5%
tragacanth solution, once a day for S days. The sciatic

nerves were isolated from the rats 4 hours after the final

administration, and sorbitol contents in the nerve tissues.

were determined by the enzymatic fluorospecttophotometric

" method of R.S. Clement et al. [Science, 166, 1007-1008

(1969)) using sorbitol dehydrogenase from sheep liver as an

.enzyme preparation. The activity of test compounds was

expressed as the inhibition percent of sorﬁit61 accumulation
at given doses, which was calculated aécording t9 the
following equation.
Inhibition % = (S - T)/(S - N) x 100
S: Sorbitcl content in sciatic nerve from diabetic
control

T: Sorbitol content in sciatic nerve from diabetic
rats given test compounds |

N: Sorbitol content in sciatic nerve from normal rats.

The results are shown in Table 2.
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Table 2 Inhibitory activity on sorbitol accumulation -

Test compound Dose (mg/kg/day) Inhibition (%)
l 30 ) 114.6
1.0 104.7
2 " 30 - 97.1
' 3.0 30.5
3 30 ' 69.1
2 10 ' 73.5
1.0 47.2
5 30. 99.4
3.0 . - 44.2
8 30 _ 55.8
7 30 104.6
3.0 69.7
8 3.0 104.7
10 30 ~ 98.0 -
- 3.0 33.3
11 30 65.8
15 | 30 | 102.2
3.0 7.4
16 : 1.0 ) 61.0
22 1.0 107.3
0.3 : 77.6
24 30 111.8
, 1.0 70.9
Epalrestat | 200 5.7
(%x)-Sorbinil 30 . 106.9

3.0 60.7

ks shown in Table 2, the compounds of the present

. invention were remarkably more potent than epalrestat in
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inhibitory activity on sorbifol accumulation. The compounds
of Exampies 1, 4, 5, 7, 8, 16, 22 and 24 were equipotent . to
or more potent than (%)-sorbinil. Further, the effegt of
the compounds of Examples 1 (21) and 22 was long-lasting.
Test 3 Acute toxicity:

Male &dY mice (18-25 g) were used in groups of 5
animals each. The compounds of Examples 1 (21) and ?2,
suspended in 0.5% tragacanth solution, were orally
administered at a dose of l.g/kg to the animals. The
. mortality was observed for 7.days after the .administration.
_None of the mice died during this period.

A§ is clear from the above expefimental results,
the compounds of the formula (I) have excellent aldose
reductése inhibitory activity with less toxicity, and hence,
fhey are useful as-an agent for treating diabetic compli-
cations. They can be used in the prevention and treatment
of various complications associgfed with diabetes mellitus
in mammals including human being, such AS cataract, retino-
pathy, keratopathy, nedropathy or nephropathy.

The compounds of the invention can be administered
by any route, such as oral route, parenteral route, intra-
rectal route, or topical route, but preferably by oral route.
The clinical dose of the compounds of the invention may vary
in accordance with, for example, the kinds of the compounas,
administrafion routes, severity of the diseases, and ages.of
the patients, but is usually in the range of 0.0l to 20

mg/kg/day, preferably 0.05 to 10 mg/kg/day, in human.
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The compounds of the invention are usually
administered to patients in the form of a phérmaceutical
composition which contains a non—toxic and effective amount
of the compounds. The pharmaceutical composition is usually
prepared by admixing the active cqmpounds Vith conventional
pharmaceutically acceptable carriers or diluents which are
unreactive with the active coﬁpounds.

Suitable examples of the carrier and diluent are
lactose, glucose, ﬁannitol,,dextrin, starch, sucrose,
magneéium aluminometasilicate, synthetic alu@inum silicate,
'crystalliné cellulose, carboxymethylcellulése sodium,
hydroxypropylstarch, cﬁrboxymethylcellulose calcium, ion
exchange resin, methylcellulose, gelatin, gum arébic,
hydroxypropylcellulose, low substituted hydroxypropyi—
cellulose, hydroxypropylmethylcellulose, polyvinyl-
pyrrolidone, polyvinyl alcohol, light anhydrous silicic
acid, magnesiﬁm stearate, talc, carboxylvinyl polymer,
titanium oxide, sorbitan fatty acid esters, sodium lauryl
sulfate, glycerin, giycerin fatty acid esters, purified
lanolin, glycerogelatin, polysorbate: macrogol, vegetable
oils; wax, liquid péraffin, white petrolatum, nonionic
surfactants, propylene glycol, and water.

The pharmaceutical composition may be in the dosage
form of tablets, capsules, granules, powders, syrups,
suspensions, suppositories, ointments, gels, adhesive

preparations, injections, or ophthalmic solutions. These



preparations can be prepared in a conventional manner. The
liquid preparation may be in the form of a soiid preparétion
convertible into liquid when used, that is, it is dissolved
or suspendéd in water or any other appropriate vehicle'when
used. The tablets and granules may be coated with a
conventional coating agent in a usual manner.

These pharmaceutical composition may contaie tﬁé
compound of the invention in an amount of 0.0l % by weight
or more, preferably 1 to.70-% by weight, based upon the
whole.ﬁeight of the.composition. These compqsitions may
further contain one or more other pharmaceutically active
ingredients such as oral hypoglycemié agent.
| The pharmaceutical composition containing as an
active ingredient the compound of the invention suitable for
the prevention or treatment of diabetic complications may be
used togéther with insulin or any other oral hypoglycemic
agent such as gliclazide, glibenclamide, tolbutamide,
acetohexamide, or glymidine sodium.

Examples |

This invention is illustratéd By the following
Examples and Reference Examples, but should not be construed
to be limited thereto; In these examples, the compounds
were identified by elementary analysis, mass spectrum, IR
spectrum, NMR spectrum, high performance liguid chromato-

graphy (HPLC) and the like.
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Example 1

Preparation of 2-(4-~bromo-2-fluorobenzyl)-
'[1,2,3,4~tetrahydropyrrololl,2-aljpyrazine-4-spiro-3"'-
pyrrolidine]-l,Z',3,5'-tetr6né: _

A mixture of Z;ethoxycarbonyl-z-(2—trichloroacetyi-
pyrrol-li-yl)succinimide (14.8 g), 4-bromo~2—fluofobenzy1-
amine hydrochloride (10.2 g) an& triethylamine (S,d,g, 12.3
ml) in anhydrous diméthylformamide (150 ml) was stirred at

25C for 20 hours. _The reaction mixture was. poured into 5%

- -

hydrochloric acid and extracted with ethyl acetate. The
extracts were dried -over anhydrous sodium sulfate and
“concentrated under reduced preésuré. The residue was .
chromatographed on silica gel using chloroform as the
eluent. Fractioné containing the title coﬁpound were

‘ pooled.and evaporated under reduced pressure.  The residue
was recrystallized from ethyl acetate/n-hexane to give the
title compound (6.5 9,143.6%) as colorless.crystals,

mp 192-193C .

| NMR spec£rum (DMSO-ds , 200 Mﬁz): & 3.56 (s, 2H,.
-CH. CO-), 5.00 (dd, 2H, J=21.0 Hz, '15.0 Hz, jEELfAr), 6.52
(ad, 1H, J=4.0 Hz, 2.8 Hz, pyrrole-H), 7.12 (44, 1H, J-3.8
Hz, 1.4 Hz, pyrréle-_r_l), 7.14 (t, 1H, J=8.2 Hz, Ar-H), 7.36
(dd, 1H, J=8.4 Hz, 2.0 Hz, Ar-H), 7.54 (dd, 1H, J=9.8 Hz,
2.0 Hz, Ar-H), 7.72 (dd4, 1&, J=2.6 H:z, 1.6 Hz, éyrrole-g_).
12.18 (s, 1H, NH).

IR spectrum (KBr, cm™*): 3230 , 3120, 1785, 1720,
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1700, 1650, 1330, 1320.
Example 2 |

Preparation of 2-(2-chlorobenzyl)-[1,2,3,4~
tetrahydropyrrolo[l,2—a]PYrazine-4-spiro—3'-éyrrolidine]-
i,2',3,5'-tetrone: |

A mixture of 2-ethoxycarbonyl-2-(2-trichloroacetyl-
pyrrol-l-yl)succinimide (2.4 g), 2—chlorobenzy1aminé (1.1 g)
and triethylamine (1.3 g, 1.8 ml) in anhydrous dimethylform-
amide (15 ml) was stirred at 25C for 20 hours. The
reaction mixture was poureé into 5% hydrocplbric acid and
extracted with ethyl acetate. The extracts were dried over
anhydrous §5dium sulfate and concentrated under reduced
pressure. - The regidue was chromatographed on silica gel
using chloroform as the eluent. Fractions containing the
title csmpound were pooled and evaporated under reduéed
pressure. The residue was recrystallized from ethyl
écetate/n-hexane ﬁo give the title compound (0.96 .9, 45.7%)
as colorless.crystals; mp 156-158T .

Examples 3 to 18

The following compounds listed in Table 3 were
prepared in sﬁbstantially the same manner as described in
Example 2, using the corresponding amine in place of 2-
chlorobenzylamine in Example 2. After recrystallizatioﬂ
from ethyl acetate/thexané, all comﬁounds wefe obtained as

colorless crystals.
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Table 3
o A
=~ N/C%r_<:i\4.
_\ N o 925
o)
NH
(o)

Example | R? R? Melting Point (c ).
3 H H 157 -159°
4 2-F H 166 -168
5 3-C1 H 161 -163
6 4-F H 189 -190
7 4-C1 B 195 -198
8 4-Br H 158 ~-160
9 4-CF, H 182 -183.5

10 2-F 4-F 321.5-223
11 4-CH, H 154 -158
12 4-OCH, H 184 -185
13 3-0CH; 4-OCH, 191 -193
14 2-OCH, 4-OCH, 166 -168
15 4-NO; H 211.5-213 (dec.)
16 2-F 4-C1 196 -199
17 2-Br H 226 -229
18 3-Br B 152 -153
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Example 19 |
| Preparatioﬁ of 2-(4—bromo—2—fluorobenzy1)—7-.
_chloro—[1;2,3,4-tetrahydropyrrolo[l,2—a]pyrazine-4;spiro-'
3'-pyrrolidine}-1,2',3,5'-tetrone:

A mixture of 2-(4-chloro-2-tfich10roacetY1pyrrol-
1-yl)-2-ethoxycarbonylsuccinimide (2.1 g), 4-bromo-2-
fluorobenzylamine hydrochloride (1.5 g) and trietﬁyiamine
(1.9 g, 2.6 ml) in anhydrous dimethylformamidé (30 ml) was
stirred at 25T for 20 hours. The reaction mixture was
treated 'in substantially the same manner as described in
Example 2. The product was recryséallized from ethyl
acetate/n—hexéne_to give the title compound (1.2 g, 5?:2%)

as colorless crystals, mp 227-229C . - : .

Example 20°
| Preparation of.7—bromo-2-(4-bromo-2—f1uo;obenzyl)-'

[1,2,3,4~-tetrahydropyrrololl,2-a)pyrazine-4-spiro-3"'-

pyrrolidine]-l,Z',3,5'-tetrone:

A mixture of 2-(4-bromo-2-trichloroacetylpyrrol-

. 1—y1)-2-ethoxycarbonylsuccinimiée (2.1 g)., 4-brom042f

fluorobénzylaming hydrochloride (1.3 g) and t;iethylamine
(1.6 g, 2.2 m1) in anhydrous dimethylformamide (30 ml) was
stirred at 25C for 20 hours. The reaction mixture was
treated in substantially the same manner as described in
Example 2. The product was-recrystailized from ethyl
acetate/n-hexane to givé the title compound kl.2 g, 52.2%)

as colorless crystals, mp 112-114%C .
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Example 21

Préparation of 2—(4—bromo—2-f1uorobenzyi)-
[1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-4-spiro—3'-
pyrrolidiné]—1(2',3;5'—tétrpne {the same compound as that
of Example'l): a

A stirred solution of 2-(4-bromo-2-fluorobenzyl)-
4—carbamoy1methy1-1,3—dioxo-1,2,3,4—tetrahydropyfﬁoio- ‘
[1,2-a]pyrazine-4-carboxylic& acid ethyl ester (1.9 g) in
anhydrous dimethylformamidée (;5 ml) was cooled to -20C ,
and then sodium hydfide (65% dispersion in mineral oil, 0.29
g) was added portionwise. The resulting mixture was
stirred at -20C for 15 minutes, poured into 5% hydrochloric
acid, and extracted with ethyl acetate. . The_extraéts.were
dried over anhydrous sodium sulfate and concentrated under
reduced Pressure. The residue was chromatographed on
silica gel using chloroform/methanol (500:1) as the eluent.
Fractioﬁs containing the title compound were'pooled and
evaporaﬁed under ;educed pressure. The residue was
recrystallized from ethyl acetate/n-hexane to give the title
compound (0.6 g, 40.0%) as colorless crystals, ﬁp i92—1931>.
Example 22

| Preparation of an éﬁantiome; of 2-(4-bromo-2-

_fluorobenzyl)—[1,2,3,4—tétrahydropyrrblo{1,2-;]py;azine44_
spiro—3'—pyrrolidine]—l,Z';3,5'—tetr6ne (Enantiomer A of
compound of Example 1 or 21):

A stirred solution of 2-(4-bromo-2-fluorobenzyl)-
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4-carbamoy1methy1-1,3—dioxo-i,2,3,4—té£rahydropyrrolb-
[1,2-a)lpyrazine~-4- carboxyllc acid (-)~-menthyl ester
(Diastereomer A) (26.7 g) in anhydrous tetrahydrofuran (120
ml) was cooled to -78C , and then lithium bis(trimethyl-
silgl)ahide (1 M solution in tetrahydrofuran, 93 ml) was
added. dropwise over a f minute period, while a stream of
argon was passed'évei the mixture. The resulting @igture
was stirred at -78C for 5 minutes, poured into a cold
agueous anmonium chloride solution, acidified with dilute
hydrochlorig acid, and extracted with ethyliacetate. ihe
extracts were washed with saturated agueous sodium chloride
solution, dried over'anhydréus sodium sulfate, and .
concentrated under reduced pressure. The residue Qas
chromatographed on.silic& gel using chloroform/methanol

- (200:1) as the eluent. Fractions containing the ﬁigle
compound were pooled and evaporated under reduced pressure.
The residue was recrysﬁallized ffom'ethyl acetate/n-hexane
to give the title compound (14.0 g, 72.2%) as colorless
crystals, mp 187-189C . '

The enantiomeric puritj was determined by
analytical HPLC, on ULTRON ES-OVM 64 x 150 mm kshihwa kakoh,
Japan) and was found to be greater than 99%.

[« ]37 -3 ='+1.96' (c=1.02, eéhyl acetate);

[d.]o = -7.6° (cii.oz, methanol);

8
(a ]?os'= -33.0° (c=1.02, methanol).
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Example 23

Preparation'of an enantiomer of 2-(4-bromo-2-
fluorobenzyl)—[l,2,3,4—tetrahydropyrrolo[1,2-a]pyrazine;4-
spiro-3'-pyrrolidinel-1,2',3,5'-tetrone (Enantiomer B of
compound of Example 1 or 21): |

The procedure of Example 22 was repeated except
that 2—(4-bf6mo—2—fluorobenzyl)—4—carbamoy1methy1{;é3-dioxo-
1,2,3,4-tetrahydr0pyrr610[1,2-a]pyfazine-4-barboxylic acid
(-)-menthyl ester (Diastereomer B) (22.2 g) was used in
piace of ﬁhe corresponding Diastereomer A. éhe title
éompound (11.3 g, 69.7%) was obtained as célorless crystals,
mp 187-189T)(recrystallized from ethyl acetate/nrhexang);.

The enantiomeric purity was détermined by o
analytical HPLC, on ULTRON ES-OVM column 6¢ x.150 mﬁ and was
found to be greater than 99%.

[ ﬁ7'5 = -1.67° (c=1.02, ethyl acgtate);

[a ﬁ8 ='+6.1° (c=1.02, methanol);

[« 128, = +33.2° (c=1.02, methanol).

Example 24

Preparation of 2-(3,4-dichlorobenzyl)-{1,2,3,4~
tetrahydropyrroloTl,2-a]pyrazine-4-spiro-3'-Pfrroli@ine]?
1,2',3,5'~tetrone:- ' .

. The procedure of Example 21 Qas_repeated except
that 4—carbamoylmethy1—2—(374—dicﬁlorbbenzyl5-1,3—dioko-
1,2,3,4—tetrahjdropyrrolo[l,2—a]pyraiine-4—¢arboxylic acid

benzyl ester was used in place of 2-(4-bromo-2- 1
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fluorobenzyl)-4-carbamoylmethyl-1,3-dioxo-1,2,3,4-
tetrahydropyrrolb[l,2-a]pyraziqe—4—carboxylic acid ethyl
ester. The title compound was obtained as coloriess
crystals, mp 221-223C (recrystallized from ethyl acetate/n-

hexane).

Example 25

Preparation of 6-bromo-2-(2-chlorobenzyl)=

{1,2,3,4-tetrahydropyrrolo{1l,2-alpyrazine-4-spiro-3'-

PYrrolidinel-1,2',3,5"'-tetrone:

~To a stirred sblution of 2-(2—cnlbiobenzy1)-
[1.2,3,4-tetrahydropyrrolo[1,2—a]pyrazine;4—séiro-3'?
PYrrolidine}-1,2',3,5'-tetrone (0.5 g) in chloroform (80
ml) was added portionwise anhydrous aluminum chloridé;(0.93
g) at 25C , followed by dropwise addition of a solution of
bromine (0.48 g) in chloroform (4 ml); The résulting
mixture was stirred at 25C for. 15 hours, poured into ice-
water, and extracted with chloroform. The extracts were
drieq over sédium sulfate and concentrated under reduced
Pressure. The residue wés applied to a medium pressure
column chromatography on Diaion CHP-20P (tradgmark) [high
porous polymer (75-150 & m); Mitsubishi Kasei Corp., Japan],
using 61% acetonitrile as the .eluent. Fréctions containing
the title compound were pooled and evaporated under reduced
PrESSuge. The residue was-recrystaliized from ‘ethyl

acetate/n-hexane to give the title compound (0.37 g, 60.7%)

as colorless crystals, mp 201-203C .
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Exémple 26

Preparation of G-bromo-z-(4-bromo-2-fluorobenzyl)—
[1,2,5,4-tetrahydropyrrolo[1,Z-a]Pyrazine—4—spiro—3'—
pyrrolidinel-1,2',3,5'-tetrone:

To a stirred solution of 2—(4-$romo-2-
fluorobenzyl)-[l,2,3,4-tetrahydropyrrolo[l,2-a]pyrézine—
4-spiro-3'-pyrrolidiné]-l,z‘,3,5'étetrone (0.9 g).ii
chloroform (350 ml) was added portionwise anhydrous aluminum
chloride (1.4 g) at 25, followed by dropwise addition of
a solution of bromine (0.68 g) in chloroform (7 mi). The
resulting mixture was stirred at 50C fof 15 hours, poured
into ice-water, and extracted with chiofoform. ‘The extracts
were dried over sodium sulfate and concentrated under
reduced pressure. The residue was applied to a medium

pressure column chromatography on Diaion CHP-20P using 61%

acetonitrile as the eluent. Fractions containing the title

compound were pooled and evaporated under reduced pressure.

The residue was recrystallized from éthyl acetate/n-hexane

to give the title compound (0.34 g, 30.9%) as colorless

crystals, mp 209-211°C (decomp.).

Example 27

Preparation of 2-(4-bromo-2-fluorobenzyl)-6-
chloro-[l,2,3,4—tetrahydropyrroloj1,2-ajpyrazine-4—spird—
3'+pyrrolidiﬁe]-l,2',3,5'—£etrone:

To a stirred solution of 2-(4-bromo-2-

fluorobenzyl)-{1,2,3,4-tetrahydropyrrolo[1l,2-alpyrazine-
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4-spiro-3'-pyrrolidinel-1,2',3,5'-tetrone (0.9 g) in
chloroform (350 ml1) was added portionwise sulfuryl chlori@e
(0.68 g) at 25C . The resulting mixture was stirred at
25C for 4 hours, poured into ice-water, and extracted wiﬁh
chlorofgrm, The extracts were dried over sodium sulfate and
concenfrated under reduced pressure. The residue was
applied to a medium pressure column chromatography én
Diaion CHP-20P using 50% acetonitrile as the eluent.
Fractions containing the title compound were pooled and
evaporated under reduced pressure. The rési&ue was
recrystallized from ethyl acetate/n-hexane to give the
title compound (0.56 g} 50.9%) as colorless crystals, mp
207-209%C . | ‘

The starting materials used in the foregqing
Examples were prepared as follows. |

Reference Example 1

Preparation of 2-(pyrroi—1—yi)malonic acid

dibenzyl estér:
fo a solution of 2-(pyrrol-l-yl)malonic acid diethyl

ester (75.7 g) in benzyi alcohol (200 ml) was added
tetraethyl titanate (3.0 g), and the resultiné mixture was
stirred at 110C for 15 hours. After removal of the
benzyl alcohol under reduced pressure, the residue was
chromatographed on silica §e1 using ﬁ-hex;ne/ethyl-acetate
(10:1) as the.eluent. Fractions containing the title

compound were pooled and evaporated under reduced pressure.



- A5 -

The residue was recrystallized from ethyl acetate/n-hexane
to give.the_title compound (102.5 g, 87.3%) as colorless
crystals, mp 48.5-49C .

Reference Example 2

Preparation of'2-(pyrrol-1fyl)malonic acid ethyl
(-)-menthyl ester:

To a mixture of 2-(pyrrol-l-yl)malonic acia
diethyl ester (300.0 g) and (-)-menthol (417.0 g) was added
tetraethyl titgnate (10.0 §), and the resulting mixture was
stirred at 110C for 19 hours. After removai of the
(-)-menthol under reduced pressufe, the ;e;idue was
chromatographed.on silica gel using n-hexané/ethyl acetate
(50:1) as the eluent. Fractions containing the title
compound were pooled and evaporated under reduced p;essure
to give-the title compound (142.0 g, 31.8%) as a colorless
oil.

Reference Example 3

Preparation of 2-benzyloxycarbonylmethyl-z-
(pyrrol-i-yl)malonic acid diethyl eéter:

To a stirred solution of 2—(pyrrol—;—yi)maionic
acid diethyl ester (53.0 g) in_anhydréus dimethylformamide
(300 ml) was added portionwise sodium hydride (63% |
.dispe}sion in minerﬁl oil, 10.0 g) ﬁnder_ice cooling. The
resulting mixture was stirred at 25%. for 30 minutes and
thereto was added benzyl bromoacetate (70.1 g). After

stirring at 25C for 15 hours, the reaction mixture was



poured into water and extracted with ethyl acetate. The
extracts were dfied ovef anhydrous sodium sulfate and
concentrated under reduced pressure. The residue was

" chromatographed on silica gel using n-hexane/ethyl acetaﬁe
(10:1) as the eluent. Fractions containing the title
compound were pooled and evaporated under reduced pressure
to give the title compound (80.0 g, 91.0%) as a colBrless
oil.

Reference Example 4

Preparation of 2—carboxymethyl—%f(éyrrol—l—yl)—
malonic acid diethyl ester:

A mixture of 2—benzyloxycarbopylmethyl—z-(py{rol;
l-yl)malonic acid diethyl ester (80.0 g) in dioxzane (150
ml) was hydrogenated o&er 10% palladium-carbon (500 mg) at
40T . After the calculated amount of hydrogen was
absorbed, the catalyst was filtered off and the filtrate
was evaporaﬁed under reduced pressure. The residue was
recrystallizéd from éthyl acet&te/n-hexane to give the title
compound (48.7 g, 80.2%) as colorless crystals, mp 93-94C .

Reference Example 5

Preparation of 2-carbamoylmethyl-2-(pyrrol-1-yl)-
malonic acid diethyl ester:

A mixture of 2—carboxygethyl—2—(pyrrol—l—yl)-'
malonic acid diethyl ester .(36.0 g),.N—hydroxysuccinimide
(16.1 g) and l—éthyl-3-(3—dimethy1aminopropyl)carbodiimide

hydrochloride (29.2 g) in dichloromethane (200 ml) was
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stirred at 25°C for 1 hour, followed by addition of 7.8%
(w/w) ammonia in acetonitrile (110 ml). The fesulting
mixture was stirred at 25€ for 1 hour and concentrated
under reduced pressure at the same temperafure, The

residue was dissolved in ethyl acetate. The solution was
washed with 5% hydrochlorié acid and then with saturated
agueous sodium.chloride sélution, dried over anhyégsus
sodium sulfate, énd evaporated under reduced pressure. The
residue was recrystallized from ethyl acetage/n-hexane to give
the title qoméound (29.0 g, 80.8%) as colorless crystals, mp
94-95C .

Reference Example 6

Preparation éf 2-ethoxycarbonyl-2-(pyrrol-1-yl)-
succinim}de: .

' To a stirred solution of 2-carbamoylmethyl-2-
(pyrrol-l-yl)malonic acid diethyl ester (29.0 g) in
anhydrous dimethylformamide (30 ml) was added portionwise
sodium hydride (63% dispersion in mineral oil, 4.3 g) under
ice cooling. The resulting mixture was stirred unﬁer ice
cooling for 1 hour, poured into 5% hydrochlo;ic acid/ice-
water, and extracted with ethyl acetate. The extracts were
washed with saturated agueous sodium chloride solution,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was chromatographed on silica
gel using n-hexane/ethyl acetate (2:1) as the eluent.

Fractions containing the title compound were pooled and
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evaporated under reduced pressure to give the title compound
(23.0 g, 94.7%) as a colorless oil.

Reference Example 7

Preparation of 2-ethoxycarbonyl-2-(2-trichloro-
acetylpyrrol-l—yl)succinimide-1/2 dimethylformamide:

To a solution of 2-ethoxycarbonyl-2-(pyrrol-l-yl)-
succinimide (18.0 g) in chloroform (40 ml) was addbi
trichloroacetyl chloride (42.0 g), and the resulting
mixture was refluxed for 67 hours. The reaction mixture was
concentrated under reduced pressure, and th; residue was
dissolved in ethyl acetate. The solu£ion was wéshed with
10% aqueous sodium carbonate solution éhd then with
saturated -agueous sodium chloride sélution, dried over
anhydrous sddium sulfate, and cbncentrated under reducéd
pressuré. The residue was chromatographed on silica gel.
using n—hexane/ethﬁl acetate (4:1) as the eluent.

Fractions containing the title compound were pooled and
evaporhted uﬁder reduced pressure; The crude pr6duct
obtained as a colorless o0il was treated with
dimethylformamide (5 ml) to crystallize. Recrystallization
from ethyl acetate/n-hexane gave the title compound (28.5 g,

89.3%) as colorless crystals, mp 94-97C .

Reference Example 8
Preparation of 2-(2-trichloroacetylpyrrol-1-yl)-
malonic acid diethyl ester:

To a solution of 2-(pyrrol-l-yl)malonic acid
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diethyl ester (100.0 g) in chloroform (100 ml) was added

trichloroacetyl chloride (161.4 g), and the resulting
mixture was refluxed for 15 hours. Thé reaction mixture was
concentrated under reduced pressure, and the residue was
dissolved in.éthyl acetate. The solution was washed with
10% aqueous sodium carbonate solution and then with
saturated aqueous sodium chloride solution, dried.over
anhydfous sodium sulfate, and evaporated under reduced
pressure. The residue was recrystallized from isopropyl
ether to give the title compound (146.4 9, 59.0%) as
colorless crystals, mp 67-69C . .

Reference Example 9

Preparation of 2-(é—trich1oroacetylpyrro{-i~yl)-
malonic acid ethyl (—)-menth§l ester:

To a solution of 2-(pyrrol-l-yl)malonic acid ethyl
(-)-menthyl ester (64.0 g) in chloroform (80 ml) was added
trichloroacetyl chloride (69.0 g), and the resulting mixture
was refluxed for 7 ﬁours. The reaction mixture was
concentrated under reduced pressure, and the residue was
diésolved in ethyl acetate. The solutipn was'washed with 5%

agueous sodium carbonate solution and then with saturated

aqueous sodium chloride solution, dried over anhydrous

sodium sulfate, and concentrated under reduced pressure.
The residue was chromatographed on silica gel using n-
hexane/ethyl acetate (50:1) as the eluent. Fractions

containing the title compound were pooled and evaporated
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under reduced éressure to give the title compound (87.0 g,
94.9%) as a colorless oil.

Reference Example 10

Preparation of 2-(trichloroacetylpyrrol-1i-yl)}-
malonic acid dibehzyl ester:

The procedure of Réferehce Example 8 was repeated
except that 2-(pyrrol-l-yl)malonic acid dibenzyl eséer waé
used in place of 2—(pyrroljl—y1)malonic acid diethyl ester.
The title éompound was qbtéined as colorless.crystals, mp |
74-76C (recrystallized from ethyl acetate/n;hexane).

Referénce Example 11

Preparation of 2-(4-bromo-2—f1uorobenzy1)-l,?-'
diogo-l,2,3,4—tetrahydropyrrolo[1,2—a]pyrazine—4-cayboxy1ic
- acid ethyl es%er: | ' |

A mixture of 2-(2—trichloroacetylpyrrol-l—yl)-
malonic acid diethyl ester (40.0 g), 4-bromo-2-
fluorobenzylamine hydrochloride (29.0'9) and triethylamine

(54.8 g, 75.0 ml) in anhydfous'dimethylformamide-(100 ml)

 was stirred under the stream of nitrogen at 70C for 1 hour.

After cooling, the ;éactioh mi#ture was poureq'into 5%
hydrochloric acid and extracted with ethyl acetate. The
extracts were dried over anhydrous sodium sulfate and
évaporated under reduced pressure. The residue was
recrystallizéd from ethyl acetate/n—ﬁexane to. give the
title compound (38.0 g, 86.0%) as colorless crystals, mp

114-115% .



Reference Example 12

Preparation of 2—(4-bromo—2—fiuorobenzyl)—1,3-
dioxo-l,2,3,4—tetrahy&ropyrrolo[1,2-;]pyrazine—4-carboxylic
acid (-)-menthyl ester:

A mixture of 2-(2-trichloroacety;pyrrolfl—y1)-
malonic acid ethyl (-)-menthyl ester (87.0 g), 4-bromo-2-
fluorobenzylamine'hydrochloride (53.0 g) and trieth&lamine
(66.4 g,.91.0 ml) in anhydrous dimethylformamide (200 ml)
was stirred under the stream of nitrogen at 75C for 2 hours.
The reaction mixture ﬁas'concentrated under.reduced
pressure and the residue was dissolved in ethyl aceéate.
The solution was washed with 5% cold hydrochloric acid.énd
then with séturated aqueous sodium chloride solutiop,-dried
over anhydrous sodium sulfate, and evaporated under reduced
pressuré. The residue was recrystallizéd from methanol to
give the title compound (74.0 g, 78.7%) as.cqlorlesé
crystals, mp 98-99TC .

Reference Example 13

Preparation of 2-(3,4-dichlorobenzyl)-1,3-dioxo-
l,2,3,4—tetrahyd;opyrrolo[1,2-a]pyrazine—4-carboxy1ic acid
benzyl ester:

A mixture of 2-(2—trichloro;cetyipyrrol—l—yl)—
malonic acid dibenzyl ester (30.0 g), 3,4-dichlorobenzyl-
amine (11.7 g) and triethylamine (1854 g; 25.0 ml) in
anhydrous dimethylformamide (70 mi) was stirred under the

stréam of nitrogen at 70°C for 2 hours. After cooling,
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the reaction mixture was poured into 5% hydrochloric acid
and extracted with ethyl acetate. The éktracts were dried
over anhydrous sodium sulfate and concentrated under

reduced pressure. The residue was chrométograéhed on silica
gel using n-hexane/ethyl acetate (3:1) as the eluent.
Fractions containing the title compound were pooled and
evaéorated under reduced pressure. The residue was.
recrystallized from ethyl ace£ate/n—hexape'to give'the titie
compound (16.0 g,.59.5%) as colorless Erystéig,

mp 104-106%C . |

Reference Example 14

Preparation of 4-benzyloxycarbonyl—2-(3,4— )
dichlofobenzyl)—l,3—dioxo—1,2,3,4-tetrahydropyrrolo!1,2-
a]pyrazihe—4—acetic acid tert-butyl estér:

| To a stirred solution of 2-(3,4—dichlordbenzyl)-
;,3-dioxo—1,2,3,4—tetrahydropyrrolo[1,2¥a]pyrazine—4—
cérboxylic acid benzyl ester (9.4 g) in anhydrqqs
dimgthylformémide (40 ml) was added portionwise sodium
hydride (63% dispersion in minerél oil, 0.7 g) under icg
cooling, while a stréam of nitrogen was passed over the
mixture. The_resu;ting mixture was stirred at 25*) for 1
hour and thereto Qas added tert-butyl bromoacetate (4.3'g).
The mixture was stirred at 25%C ﬁor 15 hours, poured into
water, and extracted with ethyl acetéée. The extracts were
dried over anhydrous sodium sulfate and concentrated under

reduced pressure. The residue was chromatographed on-silica
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gel using n-hexane/ethyl acetate (20:1) as the eluent.
Fractions containing the title compound were pooled and °
evaporated under reduced pressure. The residue was recrys-
tallized from ethyl acetate/n-hegane to give the title
compound (9.2 g, 78.0%) as colorless crystals, ﬁp'86-88b'.

Reference Example 15

Preparation of 2—(4—bromo—2—fluorobenzyi);4—
ethoxycarbonyl-1,3-dioxo-1,2,3,4-tetrahydropyrrolo(1,2-
alpyrazine-4-acetic acid tert-butyl ester:

A mixture of 2*(2-trichléroacetglb&frol-l-yl)—
malonic acid diethyl ester (25.0. g), 4-bromo-2-fluorobenzyl-
amine hydrochloride (17.8 g) and triethylamine (22.5 g, 30.8
ml) in anﬁydrous dimethylformamide (100 ml) was sti;féd
under the stream of nitrogen at 70C for 1 hour and
concenﬁrated under reduced pressure. The residue was
.dissolved in anhydrous dimethylformamide (100 ml) ahd to the
stirred solution under the stream of nitrogen was added
portionwisg:sodium hydride (63% dispersion in mineral oil,
5.6 g) under ice cooiing. The resulting mixture was stirred
at 25C for 1 hour and thefeto was added tert-butyl
bromoacetate (31.6 g). The mixture was stir?ed at 25f> for
15 hours, poured into water, and extracted with etﬁyl
acetate. The extracts were dried over anhydrous sodium
sulfate and concentrated under reducéd pressure. The
residue was chromatographed on siliéa gel using n-

hexane/ethyl acetate (8:1) as the eluent. Fractions
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containing-the title compound were pooled . and evaporated
under reduced preésure to give the title compound (28.7 g,
81.3%) as a colorless oil.

Reference Example 16

Preparation of a diastereomer of 2-(4-bromo-2-
flﬁorobenzyl)-4—(-5;menthyloxycarbonyl-l,3-dioxo—1,2,3,4-
tetrahydropyrrblo[i,2-aprrazine-4—acetic acid tegtébutyl
ester (Diastereomer A and Diastereomer B):

(1) A mixture of-2-(4-bromo-2-fluorobenzyl)-1,3-
dioxo-l,z,3,4-tetrahydropyrroio[1,z-a]pyraziné-4—carboxylic
acid (—)—menﬁhyl ester (67.0 g), anhydrous'potasqium
carbonate (36.0 g) and tert-butyl bromoacetate (33.0 g) in
anhydrous dimethylformamide (200 ml) was stirred under- the
stream of'nitrogenlat 70C for 2.5 hours. After re#oval of
the insoluble materials by filtrdtion, the filtrate was
poured into water and extracted with ethyl acetate. The
extracts were washed with saturated agueous sodium chloride
solution, dried over anhydrous sodium sulfate, and |
evaporated under reduced pressure. The residue waé
recrystallized from n-hexane to give the title compound
(Diastereomer A) (23.5 g, 28.8%) as.colorleés.cfystals,
mp 99-100% . |

The diastereomeric purity wag detefmined by
analytical HPLC, on CAPCELL PAK C18 4.6¢ x 150 mm (Shiseido
Co., Ltd., Japan) and was found to be greater than 99%.

2 .
. [a 106 = -24-8° (C=l-01', ethan01)
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(2) The mother ligquor obtoined after separation
of the above Diastereomer A was evaéorated under reduced
pressure. The residue_&as purified by chromatograbhy-on
silica gel, using n-hexane/dichloromethane (1:1) as the
eluent, to give the title compound (Diastereomer B) (26.7 g,
32.7%) as a colorless oil.

The diastereomeric purity was determined oy the
same method as above and was found to be greater than 99%.

Reference Example 17

Eroparation of.2—(4-bromo-2—fluorooenzyl)f4—
ethoxycarbonyl-l,3-dioxo-1,2,3,4—tetrahydropyrrolo[1,2-
alpyrazine-4-acetic acid:. . |

A mixture of 2—(4-bromo—2-fluorobeniy1)—4; .
ethOxycarbonyl—ly3—dioxo—l,2,3,4—tetrahydropyrrolo[l,é—
alpyrazine-4-acetic acid tert-butyl ester (28.7 g) and
trifluoroacetic acid (125.1 g, 84.5 ml) in dichloromethane
(100 ml) was refluxed for 3 hours and concentrated under
reduoed pressure. The residue was chromatographéd on
silica gel using chloroform as the eluent. Fréctions
containing the title compound were. pooled and:evaporated'
under reduced pressure. The.residue was recrystallized from
ethyi acetate/h-hexane to give the ti;le compound (21.4 g,
83.6%) as colorless crystals, mp 142-144C .

Reference Example 18

Preparation of a diastereomer of 2-(4-bromo-2-

fluorobenzyl)-4-(-)-menthyloxycarbonyl-1,3-dioxo-1,2,3,4~
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tetrahydropyrrolo{1,2-alpyrazine-4-acetic acid
(Diastereomer A and Diastereomer 3;:

(1) A mixture of.2—(4-b;omp—2—fluorobenzyl)—
4—(-)—menthyloxycarbonyl—l,3—dioxo-l;2,3,4-tetrahjdro-
pyrrolol[l,2-alpyrazine-4-acetic acid tert-butyl ester
(Diastéreomer A) (30.0 g) and trifluoroacefic acid (112.5 g,
76.0 ml) in anhydrous dichloromethane (120 ml) was Eefluxed
for 1.5 hours and concentrated under reduced pressure. The
residue was dissolved in a mixture of acetonitrile and
toluene. The resulting solution was evapq?;£ed under
reduced pressure to give the title compound (Diastere&mer a)
(27.3Ig, quantitative) as a brown oil.

(2) Repeating the above procedure, using 2-(4-
bromo-2~fluorobenzyl)-4-(-)-menthyloxycarbonyl-1,3-dioxo-
1,2,3,4-tetrahydropyrrolo[l,2-a]pyrazine—4-aqetic acid tert-
butyl ester (Diastereomer B) (26.7 g) in place of the
corresponding Diasteréomer A, gave the title compound
(Diasteredme£ B) (23.7 g, quantitatiye).

Reference Example 19

Preparation of 2-(4-bromo-2-fluorobgnzy1)—4-
carbamoylmethyl-l,3—dioxo—1,2,3,4-tetrahydropyrrolo[1,2-
a]pyraiine—4—carboxylic acid ethyl es;ér:

A mixture of 2-(4-bromo-2-fluorobenzyl)-4-
ethokycarbonyl-l,3-dioxo-1,z,3,A—tetéahydropyrrolotl,z—
alpyrazine-4-acetic acid (21.4 g), N—hydroxysuccinimide

(5.8 g) and l—ethylvB—(3—dimethylamihopropy1)carbodiimide
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hydrochloride (10.5 g) in dichloromethane (150 ml) was
stirred at 25C for 1 hour, and 7.8% (w/w) ammonia in
acetonitrile (40 ml) was added. The resulting mixture was
 stirred at 25C for 1 hour, poured into 5% hydrochloric
acid, and extracted with dichloromethane. The extracts.
were dried over anhydrous sodium sulfate and evaporated
under reduced pressure. The residue was recrystaiiized
from ethyl acetate/n-hexane to give the title compound
(18.5 g, 86.4%) as colorless crystals, mp.l90¥192% .

ﬁeference Example 20

Preparation of a diastereomer of 2-&4—bromo—2—
fluorobenzyl)-4-carbamoylmethyl-1,3-dioxo-1,2,3,4-
tetrahydropyrrolo[l,2~alpyrazine-4-carboxylic acid.
(-)-menthyl ester (Diastefeomer A and Diastereomer B):

(1) To a solution of 2-(4-bromo-2-fluorobenzyl)-
4—(—)—menthyloxycarbonyl—l,3—dioxo—1,2,3,4—tetrahydro-'
pyrrolo[;,2—a]pyrazine-4—a¢etic acid (Diastereomer A) (27.3
g) in anhydrous dichloromethane (80 ml) was added thionyl
chloride (14 ml). The resulting solution Qas refluxed for
2 hours and concentrated under reduced Pressure. The
- residue was dissolved in dichloromethane (80 ml) and the
solution was concentrated under reducgd pressure. ToO a
solution of the residue in dichloromethane (100 ml) was’
~added 7% (w/w) ammonia in acetonitriie (50 m1) under ice
cooling. The resuiting mixture was stirred at 25C for 30

minutes and concentrated under reduced pressure. The
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residue was dissolved in ethyl acetate. The solution was
washed with water, drie§ over anhydrous sodium sulfaté, and
evaporaﬁed under reduced pressure. The residue was
recrystallized from ethyl acetate/n-héxane to give the title
compound (Diastereomer A) (26.7 g, 97.8%) as colorless
crystals, mp 207-209C .

(2) Repeating the above procedure,.usiﬁgiz-(4-
. bromo-2-fluorobenzyl)-4-(-)-menthyloxycarbonyl-1,3-dioxo-
1,2,3,4—tetrahydropyrrolo[I,Z—alpyrazine44—§qetic acid
(Diastereomer B) (23.7 g) in place of the pofresponding
Diastereomer A, gave the title comfound (Diastereomer B)
(22.2 g, 93.7%), mp 122-123C (recrystallized from ethyl

acetate/n-hexane). . ) | .

Reference Example 21

| Preparation of 4-carbamoylmethyl-2-(3,4-
dichlorobenzyl)-1,3~dioxo0-1,2,3,4~-tetrahydropyrrolofl,2-
alpyrazine-4-carboxylic acid benzyl ester:’

Thé procedure of Reference Example 17 was repeated
except that 4—benzyloxycarbonyl—2—(3,4—dichlorobenzyl)41,3-
dioxo-1,2,3,4—tetrahydr0pyrrolo[1,2—a]pyrazine—4-acetic acid
tert-butyl ester was used in place of 2-(4-bromo-2-
fluorobenzyl)-4—ethoxycarbonyl—l,3—di9xo-l,2;3,4—
tetrahydropyrrolo{l,2-a)pyrazine-4-acetic acid tert-butyl
estér. There was oObtained 4—benzyloiycarbonyl;2-(3,4—
dichlorobenzyl)-1,3-dioxo-1,2,3,4-tetrahydropyrrolof{1,2-

alpyrazine-4-acetic acid. The product was treated in
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substantially the same manner as described in Reference
Example 19 to give the title compound,-mp 134-136C
({recrystallized from ethyl acetate/n-hexane).

Reference Example 22

Preparation of 2-(4-chloro-2-trichloroacetyl-
pyrroi-1~yl)-2—ethoxycarbony1succinimide:

TOo a gtirred solution of 2-ethoxy¢arbonf1;é—(2—
trichloroacetylpyrrol-1-yl)succinimide (6.0 g) in
chléroform (50 ml) was added dropwise a solution of
§u1furyl chloride (4.8 g) in chloroform (5 ml) under ice
cooling. The resulting mixture was stirred under ice
cooling for 30 minutes, ﬁoured into water, and extractgd
with chloroform. The extracts were dried over sodium
sulfate and concentraéed under reduced pressure. The
residue was chromatographed on silica gei using n-
hexane/ethyl acetate (2:1) as the eluent. Fractions
containing the title compound were pooled and evaporated
. under reduced pressure. The residue was recrysﬁallized
from eﬁhyl acetate/n-hexane to give the title compound (2.5
g, 41.7%) as colorless crystals, mp 182—185T>;

Refererice Example 23

Preparation of 2%(4—bromo-2jtrichloroa¢ety1pyrrol~'
'1-y1)-Z-ethdxfcarbqnylsuccinimide:

To a stirred solution of z;ethoxycarbonyl—z-(z-
trichloroacetylpyrrol-1-yl)succinimide (6.0 g) in

chloroform (30 ml) was added dropwise a solution of bromine
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(6.9 g) in chloroform (18 ml1) undef ice cooling.' The
resulting mixture was stirred under ice cooling for 30
minutes, poured into agueous sodium bicarbonate solution,
and extracted with chloroform. The extracts were dried over
sodium sulfate and céncentréted under reduced pressure.

The residue was_chromatographed on silica gel using
chloroform/methano} (2000:1) as the eluent. fractiéns
containing the title compound Qere pooled and evaporated
under reduced pressure. The residue was recrystallized from
ethyl acetate/n-hexane to give the title ?oﬁpound (2.4 g,.
36.4%) as colorless crystals, mp 196-198C .

Reference Example 24

Preparation of 2-benzyloxycarbonylamino-2-

cyanoacetic acid ethyl ester:

To a stirred mixture of 2—amino;2-cyanoacetic acid
ethyl ester (19.7 g) and pyridine (12.2 g) in water (123
ﬁl) was added portionwise benzyloxycarbonyl chloride (27.9
g) under iCe'cooling. The resulting ﬁixture was stirred
under ice cooling for 1 hour. Precipitated crystals were
collected, washed'thoroughly with water, and recrystallized
from ethaﬁol to give the title compound (24.2 g, 60.2%) as
colorless crystals; mp 111-112C .

Reference Example 25

Preparation of 2-benzyloxycarbonylamino-2-

cyanoéuccinic acid diethyl ester:

To a sodium ethoxide solution, which was prepared
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from sodium (2.11 g) and ethanol (400.m1), were added in
turn 2-benzyloxycarbonylamino-2-cyanoacetic acid ethyl
ester (24.0 g) and ethyl bromoacetate (15.3 g). The
fesulting mixture was stirred at 25C for 3 hours and

concentrated under reduced pressure. The residue was

diluted with water and extracted with chloroform. The

extracts were washed with water, dried over anhydroﬁs sodium
sulfate, and evaporated under reduced pressure to give the
title compound (31.6 g, 99%) as a colorless oil.

Reference Example 26

?reparation of 2—benzyloxycarbony1amino—z--
ethoxycarboﬁylsuccinimide:

A solution of 2-benzyloxycarbonylamino-2-
cyanosuccinic acid diethyl ester (15.4 g) in
dichloromethane (50 ml) was cooled to ice-bath temperature,
and then 30% hydrogen-peroxide.(21 ml), tetrabutylammonium
hydrogen sulfate (3.0 g) and 20% aqueous sodium hydroxide
solution (16.6 ml) were.added in turn. Thé resuiting
mixture was stifred under ice cooling for 30 minutes and

then at 25C for 1 hour. The organic layer was separated,

‘'washed with water, dried over anhydrous sodium sulfate, and

- concentrated under reduced pressure. The residue was

heated at 80C for 1.5 hours to give the title compound
(11.5 g, 81.2%), which was recrystallized from ethyl

acetate/n-hexane to give the pure product, mp 105-1067T .
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Reference Example 27

Preparaﬁion of 2-amino-2-ethoxycarbonylsuccinimde:

a2 solution of 2—benzyloxycarbonylamiho—2—
ethoxycarbonylsuccinimide (60.0 g) in acetic acid (350 ml1).
was ﬁydrogenated over 10% palladium-carbon (6 g) at 25T .
After the calculated amount of hydrogen was absorbed, the
catalyst was filtered off and the filtrate was concéntrated
under reduced pressufe.- The residue was diluted with water(
adjusted to the pH of about 7 with saturated agqueous sodiuﬁ
' bicarbonate solution, and extracted with qthyi acetate. The
extracts were dried over anhydrous sodium sulfate and
evaporated under reduced pressﬁre. The residue was -
recrystallized from e£hanol to give the title compognd
(12.8 g, 37%) as colorless crystals, mp 107-108C .

Reference Example 28

Preparation of 2-ethokydafbony1-24(pyrrol-l—Yl)"
succinimide (the same compound as that of Reference Example
6): |

To a solution of.z-amino—2aethoxycarbonyl—
succinimide (7.0 g) in acetic acid (35 ml) was added 2,5-
dimethoxytetrahjdrofuran (5.0 g). The resulting mixture
was refluxed for 50 minutes and concentrated under reduced
pressure. The residue was diluted with ethyl acetate,
washed with agqueous sodium bicarbonafe solﬁtion and then
with water, and dried over anhydrous sodium sulfate. After

removal of the solvent under reduced pressure, the residue
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was chromatographed §n silica ‘gel using n-hexane/ethyl
acetate (2:1) as the eluent. Fractions containing the
title compound Qere pooled and evaporated under reduced
pfessure to give the title compound (8.0 g, 90%) as a
colorless oil. .

Example 28
per 1,000 tablets

Enantiomer A of 2-(4-bromo-2-fluorobenzyl)-{1,2,3,4-tetra-

hydfopyrrolo[l,2-a]pyrazinéF4-spiro-3‘-pyrro;idine]-l,Z',3,5'—

tetrone (cqmpouna of Example 22) crrecccccroccrscccs 14
Corn starch ..;..............;.....;;............... 25 g
Lactose "'""'"'"'°'ff';""""""""'7""" ~'§8 g
Crystalline cellulose .b..,.....a.f.g......:......:. - 11 g
H.ydroxypropylcellulose. R R R R R R 3 g
Light aﬁhydrous silicic acid e l1g
Magnesium stearate =s*cccecctcrccsccccrscccanocnrances | lg

~ The above components are blended, granulatéd and
‘made into 1,000 tabiets each weighing 100 mg by a -
canventional method.
Example 28

fine granules

2-(4-Br0m0-2-fluor°benzy1)-[l,2,3,4-te;rahYdropyrrolo[l,2—
a)pyrazine-4-spiro-3' -Pyrrolidine)-1,2',3,5"'~tetrone
(compound of Example 1 OF 21) setecesecenssenoneanes 10 g
Corn starch. R T R LRI .1 I

Lactose *cctrcrerTtcreccciena, AEEER R R 730 g
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Hydroxypropylcellulose aeo 008 eu Perescersssarves e 30 g
Light anhydrous silicic acid +eececrrerecacsanssones 10 g
The above components are blended and made into

fine granules by a conventional method.
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 TETRAHYDROPYRROLO(1,2~a) PYRAZINE-4-SPIRO-3'-PYRROLIDINE DERIVATIVES,

.PROCESSES FOR THE PREPARATION THEREDF AND PHARMACEUTICAL COMPOSITIONS
CONTAINING THE SAME.

What is claimed is:

1. A compound of the formula:

0

‘n3 ‘\(R
NN o) R2
=0

NH
0)

whereln Rl and R? are 1ndependently hydrogen, halogen,. tri-
fluoromethyl, alkyl hav1ng "1 to 6 carbon atoms, alkoxy
having 1 to 6 carbon atoms, or nitro, and R3 is hydrogen,
halogen or alkyl having 1 to 6 carbon atoms,

or a pharmaceutically acceptable salt thereof.

2. A coﬁpound according to claim 1, wherein R3 is
hydrogen'or halogen, or methyl at the 7-position, or a
pharmaceutically acceptable salt thereof.

3. A compound ‘according to ctlaim 2, wherein R and
R? are independently hydrogen or halogen, or a pharmaceutic-
ally acceptable salt thereof.

4. A compound according to claim 2, wherein Rl is
alkyl having 1 to 3 carbon atoms or alkoxy having 1 to 3
carbon atoms, and R? is hydrogen, or a pharmaceutically
acceptable'salt ;hereof. .

S. A compound according to claim 1, wherein R is _

hydrogen or halogen, R? is halogen and R3 is_ hydrogen.

-

AR
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.6. A'compouﬁdlacco;diqg to claim 5, which is in
the form.of one enantiomer having more potent aldose
reductase inhibitbry acﬁivity compared with the-other
 enantiomer. .

7. A compound according to c;aim's, which is in
the form of racemic compound.
8. A compound which is represented by the

following formula:

Br

9. Tﬁe compound according to claim 8, which is in
the form of an enantiomer.having the following specific
rotation: [d]g7'5 = +1.96° (¢c=1.02, ethyl acetate)-;.[u]lz)8 =
-7.6° (9=1.02, methanol); and [a]zgs = -33.0° (c=1.,02,
methanol). |

10. A compound according to claim 8, which is 2-
(4—br6mo—2—fluorobenzyl)-[1,2,3,4-tetrahydropyrrolo[l,2—a]—
pyrazine-4—spiro—3'—pYrrolidine]—l,Z',3;5'-te£rone.

11. A compound according to élaim's, which is

selected from the group consisting of

2-(3,4-dichlorobenzyl)-{1,2,3,4—tetrahydropyrrolo-

AR
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[l,2-a]pyrazine-4—spir6—3'—pyrrolidine]—l,Z',3,5'-tet;one,
2-(4-hromobenzyl)—[1,2,3,4rtetrahyerPYrrolo[l}2— .
a]pyrazine-4-spiro-3'-pyrrolidine]-l,z',3,5‘—tetrone; and
-2-(4-chloro-2-fluorobenzyl)-[1,2,3,4-tetrahydro-
pyrrolo[l;2-a]pyrazine—4-spir073'-pyrrolidine]—l,z',3,5';
tetrone, ' '
and its enantiomer having more potent aldose ‘reductase
inhibitory activity bompared with the other enantiomer.
12. A process for preparing a compound of the

formula:

o -
. 1
3. XA -
A Ao
O 1, ()
O ' '

: NH
o

wherein R', R? and R3 are as defined in claim 1, -or a
pharmaceutically acceptable salt thereof, which comprises

(a) reacting a compound of the formula:

R cCOCX
ST
. o .
NH
0 .

wherein R3 is as defined in claim 1, RY is a carboxy-

(AT
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protecting group, and X is halogen, with a compound of the

— / X

wherein Rl and R2 are as defined in claim 1, or

formula:

(b) cyclizing a compound of the formula:

wherein‘Rl,‘R2 and R3.are as defiﬁed in claim 1, and r41 is
a carboxy~-protecting group or an alkyl residue of an
optically active alcohol, provided that when R4 is an alkyl
residue of an optiéallj active alcohol, the configuration of
the carbon atom at 4-position of tetrghydropyrrolo[l,2-a]-
pyrazine ring is S or R, in the presence of a basic
substance, |

and when a compound of the formula (I) whergin R3 is
hydrogen is obtained, optionally ﬁalogehating the product,
o?tionally followed by converting the product into the
desired pharmaceutically acceptable salt thereof.

13. A pharmaceutical composition comprising a

I
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compound as set forth in any one of claims 1 to 4, or a
pharmaceutically acceptable salt thereof and a pﬁarmaceutic-
ally~acceptébie carrier or diluent. o

14. A pharmaceutical comppsiﬁion comprising a
compound as set forth in any one of claims 5 to 11 and a

pharmaceutically acceptable carrier or diluent.

T

| A o



