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SPECI FI CATI ON PRODUCTI ON METHOD OF POLYCYCLI C LACTAMS
5 Technical Field The present invention relates
to a method of producing polycyclic |actans.
Background Art 10As a nmethod of producing polycyclic
| actans, there is known a nmethod of reacting |actones,
3- oxabicycl o[ 3. 1. 0] FeRBAIPIGAZIWN h pht hal i mi de
potassiumin an N, N-di net hyl f ormam de sol vent, then,
esterifying using an acid carried on a resin,
subsequ@RADUCTIEON eME T @D NQF NPORNICHOEd ARETERES | on
usi ng an am ne conpound carried on a resin (see,
Synlett, 10, 1641(2002)), however, this nethod has a
Teehhlieanf ramiighe standpoi nt of cost because of
necessity of uUse of a special reagent carried on a
restRef BFeerdtr davandri ¥t pDelabesohes aame thiodhaf ni de
pPOUBEShUMp oAl ca snsatdefpgtory also in the yield of
pol ycycli C | actans. e present inventors have
i nvestigated an industrially advantageous net hod of

BRLRIH 'Hg %%ycyclic | actanms, and resultantly found
—T%ag—gg—pegyeyclic | actans can be produced with good
yi eAsl dymeshpng o fCeirlodivtiddhbelyopbyeychiae thad!,0n8sere
as, a raw material. Disclosure of the Invention 30The

19 5RBKR Pniedtiosh Hagear bt eciastoppsyvi dirng a et hod

ot @b 1ey8d8¢aNd . PAMLSRETH I £ dREt B W h B nd99fh i¥ee b t as s ium
_That 1s, the present invention provides the fol'l ow ng
in 13ntR,Ngdimethylformamide solvent, then, esterifying

using an acid carried on a resin, subsequently,
performing N-deprotection reaction using an amine
compound carried on a resin (see, Synlett,. 10,
1641(2002)), however, this method has a problem from
the standpoint of cost because of necessity of use of a
special reagent carried on a resin for the reaction of
lactones and phthalimide potassium, and is
unsatisfactory also in the yield of polycyclic lactams.
The present inventors have investigated an
industrially advantageous method of producing
polycyclic lactams, and resultantly found that
polycyclic lactams can be produced with good yield by
using a certain kind of polycyclic lactones as a raw

material.

Disclosure of the Invention

The present invention has an object of providing a
method for producing polycyclic lactams with good
yvield.

That is, the present invention provides the

following [1] to [9 ].
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[1]. A nethod of producing |actams of the follow ng
formula (1) conprising the following three steps Ato
C 5 [inthe fornula (1), when R3 and R4 are both
a hydrogen atom R represents a substituted nethyl ene
group or an optionally substituted polynethyl ene group
having 2 to 4 carbon atons, when at |east one of R3
and R4 is a 10 substituent other than a hydrogen atom
R represents an optionally substituted nmethyl ene group
or an optionally substituted pol ynethyl ene group

havi ng 0

no- nutaﬁ}i d%]é%gﬁgytmo neFﬁ%Egﬁeﬁgfgégé 8gn%t|tut|ng

t h€opbbyimeg hibemel yr Cp crenprieinhy sbbstplloetndytimree
en ségn% $ne or two ethyl ene groups constituting

P \4 yfene group may be substituted by a

vi nyl ene group, no-nutually-adjacent two nethyl ene

groups, congtituting the pol ynmethyl ene group nmay be

mut uglly ggvne ted via an oxygen atom 20 nethyl ene

hyl 4 group or vinylene group, R3,

5 represent EﬁCh i ndependently a hydrogen

atom om cyanbd'/group, optionally

subsgi Lut | group having 1 to 10 carbon atons,

optioﬁall I substituted al kenyl group having 2 to 10

group;

R4,|§§

car bon at , optionally substituted aryl group having

6 to 20 carbon atons, optionally substituted am no

grou S o ,
?rgngggﬁ eaéﬁ dsgg%aen I%ﬂg rogg%&é a %yd?%gen

atom, R represents a substituted methylene group or an
optionally substituted polymethylene group having 2 to
4 carbon atoms, when at least one of R; and R, is a
substituent other than a hydrogen atom, R represents an
optionally substituted methylene group or an optionally
substituted polymethylene group having 2 to 4 carbon
atoms, and one or no-mutally-adjacent two methylene
groups constituting the polymethylene group may be
substituted by an oxygen atom, one or two ethylene
groups constituting the polymethylene group may be
substituted by a vinylene group, no-mutually-adjacent
two methylene groups constituting the polymethylene
group may be mutually connected via an oxygen atom,
methylene group, ethylene group or vinylene group,

Ri, Ry, Rs and Ry represent each independently a
hydrogen atom, halogen atom, cyano group, optionally
substituted alkyl group having 1 to 10 carbon atoms,
optionally substituted alkenyl group having 2 to 10
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5 al kyl carbonyl group having 2 to 10 carbon atons,

aryl carbonyl group having 7 to 20 carbon atons,

aral kyl group having 7 to 20 carbon atons, al koxyal kyl
group having 2 to 10 carbon atons, trialkylsilyl group
having 3 to 10 carbon atons, al kyl group having 1 to
10 carbon 10 atons or aryl group having 6 to 20 carbon
atons, and R, represents a hydrogen atom al kyl group
having 1 to 10 carbon atons or aral kyl group having 7
to 20 carbon atons.] (Step A) 15a step of reacting

| aca s atfontSWe Omilocmilﬂ;g tobabibuged :aryl 2pfdup theeing
C;zc)a! émn e\ o%% ;%8\/10113125 gx%sé:h@u aml

meani ngs as descri nd T des ofany ot
f ojt@wp Ng-drar gubap, (38}, dr¥p @rd -CBOR. gfdupt I and Rb

f0|nulae (3a (3b)., and A5, AG
%&M@@ﬁp@%@ﬁ@eaeﬂ%ﬁ%ﬁ%n@mq y a
hyadI @cﬂml @aldm%ﬁmlaatlag\ 2NEbT 00 JEQHPon ad tkdths 9T OUD
0

5 haV|ng to 6 n atons, al kenyl group having

t Y kGHIRAT Y GRES RO FEVaRE) 7y teuBSt FRTReH %‘F?}Psgrafﬁj’d- vl
acy#&gﬁ? gbaI\Pir?go TP o¥Bn 9RLWANAL ¥oSybEl{1 Wksip
having 2 to 10 carbon atoms, trialkylsilyl group having
3 to 10 carbon atoms, alkyl group having 1 to 10 carbon
atoms or aryl group having 6 to 20 carbon atoms, and R¢
represents a hydrogen atom, alkyl group having 1 to 10
carbon atoms or aralkyl group having 7 to 20 carbon
atoms.]
(Step A)
a step of reacting lactones of the following

formula (2):

VA

Iy N0

@)

[in the formula (2), R and R; to Rs represent the same
meanings as described above.]
and imides of any of the following formulae (3a), (3b)

and (3c):
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having 2 to 4 carbon atonms or -OR d, Rd represents a
hydr ogen atom al kyl car bonyl group having 2 to 10 10
carbon atons, arylcarbonyl group having 7 to 20 carbon
atons, aral kyl group having 7 to 20 carbon at ons,
al koxyal kyl group having 2 to 10 carbon atons,
trialkylsilyl group having 3 to 10 carbon atons, al kyl
group having 1 to 10 carbon atons or aryl group having
15 6 to 20 carbon atons, and Mrepresents a hydrogen
atomor alkali nmetal atom] to produce the
correspondent carboxylic acids of the follow ng
forrrulae’(’4a),d4b) and (4c): [in the fornul ag
(4a),, (4b) ang,(4c), R R ,CRs, R6, A, al2,

- ‘ d Mrepresent t same
4 (Step—BM a step 0 N —M
estal (; ) i y 6ﬂ.) hds of any of th
or ae a), 3N c){ obt ai nedgy)n t hewost e to
produce wae coré espoﬁdent est er O of tqal’yé 10 foll osvi ﬂg (@)
formul ae (5a), (5b) and (Sc?é 15[in the fornul ae
(5a), %5b) and (Sc), R R3, R4,

[in the’ formulae’ (3a), (3b) &

R?. As, A9, An
meani ngf deeribd abog

nﬁs(’?,cJSZ,GAl, D, A3, A, As,
As, B;, By, As and A, represent each independently a
hydrogen atom, halogen atom, nitro group, alkyl group
having 1 to 6 carbon atoms, alkenyl group having 2 to 4
carbon atoms, optionally substituted aryl group having
6 to 20 carbon atoms, optionally substituted acyl group
having 2 to 4 carbon atoms or -ORg, Rg represents a
hydrogen atom, alkylcarbonyl group having 2 to 10
carbon atoms, arylcarbonyl group having 7 to 20 carbon
atoms, aralkyl group having 7 to 20 carbon atoms,
alkoxyalkyl group having 2 to 10 carbon atoms,
trialkylsilyl group having 3 to 10 carbon atoms, alkyl
group having 1 to 10 carbon atoms or aryl group having
6 to 20 carbon atoms, and M represents a hydrogen atom
or alkali metal atom.]

to produce the correspondent carboxylic acids of the

following formulae (4a), (4b) and (4c):
AP 0 - -
, N oM
A 8 (3 Ra
R O  (av)

A?
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Aa, A2, TL3, AL4, 22151 Pist Ali As, A9 and An
represent the sane neani ngs as descri bed above, and R7
represents an al kyl group having 1 to 10 carbon atons,
al kenyl group having 2 to 10 carbon atons or aral kyl
group having 7 to 20 carbon atons.] (Step C) a step of
reacting the esters of any of the 5 fornul ae (5a),
(5b) and (Sc) obtained in the step B and anines to
produce | actanms of the formula (1), wherein the
| actones of the formula (2) and the im des of any of
the fornul ae (3%, iR are4reacted in

N, N- di met hy| acePdg pFoducti on met hod
according to Caim /M

the fornmula (3a).
according to Clgiom 1 lE i mi des of the
formula (3a) are phth ‘ pum 1 ]. The
producti on nethod according to any e of aims 1 to

3 wherein the carboxylic acids of any of the fornul ae
(4a)n €4d)ramill(e) (4and alabohahs @fict herRf ok{,0W,NgRs, Rs,
formula (7) R7 -OH(7) 20 (wherein, R7 rgpresents ar\b

al Ryl Ryr ofipr Havi Ry a0 210 ar Bon BtodRS Y k&S Yrodg e
hayhfe RedQirdds G RABALYER aboaeal kyl group having 7
to 20 carbon atons.) are reacted to produce esters of
anySeePtBe fornul ae (5a), (5b) and (5c), and the

reSU|ta§tsE%g‘%fségtéyﬂfyyhg the carboxylic acids of any
of the formulae (4a), (4b) and (4c) obtained in the

on net hod

step A to produce the correspondent esters of the

following formulae (5a), (5b) and (5c¢):
Al 0
A2 RS R* AP at
' 7
a2 OR OR7
0O (5a) O R o (5b)
A° P
l R’
Aﬂ)

6
5§ R
R o (59
[in the formulae (5a), (5b) and (5¢), R, Rz, Rs4, Rs, Rg,
A, B,, A;, Ay, As, Bs, BA;, By, Ay and A;, represent the
same meanings as described above, and R; represents an

alkyl group having 1 to 10 carbon atoms, alkenyl group



25 the fornmul ae (5a), (5b) and (Sc) and am nes of the
followng formula (8): R8 -NH2(8) (wherein, RB
represents an optionally substituted am no group or

al kyl group having 1 to 5 carbon atons optionally
substituted with an amino group.) are reacted to
produce | actans of the fornmula (1). 5[5]. The

producti on nethod according to any one of Clains 1 to
4 wherein R5 and R6 represent a hydrogen atom

[6%. The production nmethod accordi ng to any one of

C apWEngd 2 ot G VhetadiherRatanG RAr eprékERt IEOWY drGEr 10
at 7 The production nethod according to
angmo%% %?rkﬁrgi'#so '?o 6 wherein Ris a group selected
frogcepeCr ol | owi ng group: - (CH2) 2-,

(DS Fead P 308 B B2
5 aceor@iDget 05Ny @ eindd @ic)s cbthonéddwWher ehd R és B and
O PSS! €S SIS G oY MBS $02B1a (1),
wherein the lactones of the formula (2) and the

imides of any of the formulae (3a), (3b) and (3c) are

reacted in N,N-dimethylacetamide.
10 [2] . The production method according to Claim 1
wherein the imides are imides of the formula (3a).

[3]. The production method according to Claim 1 or
2 wherein the imides of the formula (3a) are
phthalimide potassium.
15 [4] . The production method according to any one of
Claims 1 to 3 wherein the carboxylic acids of any of
the formulae (4a), (4b) and (4c) and alcohols of the
following formula (7)
R, —OH (7)

20 (wherein, R, represents an alkyl group having 1 to 10
carbon atoms, alkenyl group having 2 to 10 carbon atoms
or aralkyl group having 7 to 20 carbon atoms.)
are reacted to produce esters of any of the formulae
(5a), (5b) and (5¢), and the resultant esters of any of
25 the formulae (5a), (5b) and (5c¢) and amines of the
following formula (8):

Rg -NH; (8)



-(CH2) 2-, -(CH2)2-, -(CH2)4-, (CH2)2Cc. 5[9]. The
production nmet hod according to any one of Clains | to
8 wherein Ris a (CH3)2C< group. Mdes for Carrying
Qut the Invention The present invention will be
illustrated in detail bel ow The step Ais a step
of reacting | actones of the above-described fornula
(2) [hereinafter, abbreviated 5 as |actones (2) in
sonme cases] and imdes of any of the above-descri bed
formul ae (3a), (3b) and (3c) to produce the
corwespontent, gapkexyhts agidst Dénd ey ahmasi tdeedr abedo
f or nul ae and 40) herelnafter q?breV|ated

asgé%‘r‘}Bo%/I?%k}é]m@b‘%OU(PﬁBa 10gpY 5P p4EFrPYp @

reéﬁ@féﬁaﬂ%’asdﬂb&%éﬁ%%h ahnNakbgol gebapes (2) to
be used in the present invention, when R3 and R4

deéﬁelb%@c¢%@e#0EQ%QQRQQ1Lﬁcﬁﬁaﬁoﬁéntﬁ?oﬁ?rmy¥%pF%%ents
5a'SUbStt%Pt 4§§%&dﬁ“ﬁ@%h€ﬁ QBCBEHhﬁ§a£$yany one of

substituted po ene group 15 having 2

cachaimat bntsg %ndumh£m1ak aeasRs@ﬁer@SeHB an@Y¢MO§%na

substituent other than a hydrogen atom R represents

an®bPf'i onal Iy substituted nethyl ene group O an

optionaléy. S'Ulbétp}ﬁcbthﬁﬂuﬂ:@i yrmmlmxal aﬁeogdmng havamg &né¢ oof

4 carbon atonms. One no- nu uaI ja %mg 20

b RGRBReL gF DS RS tut PR, End SBOEFRBERg! BHEZ 8750
10 MytBg. substituted by an oxygen aton1 and one or two

et hyl ene groups constituting the pol ynethyl ene group
may be $UbstTReitRePdicton AR GesQEdirgr tReplly one of

tnggygyrqgl y- 24l @Cad I P ATBINY €Y YeRecEQBSELEM LRE

following group:
- (CH,) 2-, -(CHy)s-, -(CHz)sa-, (CHj).C<, (Cl):C<,
15 (F) 2C< ‘ >CH (C02C2H5) ’

O O
O~ LN 2
mc\o;t} WO\G/NO Q
AN VAN i

T S S A



25 pol ynmet hyl ene group may be nutually connected via
an oxygen atom nethyl ene group, ethylene group or

vi nyl ene group. The substituent optionally substituted
on the above-described nethyl ene group or

pol ynet hyl ene group 30 having 2 to 4 carbon atons
represents, for exanple, a hal ogen atom cyano group,
al kyl group having 1 to 10 carbon atomns, al kenyl group
having 2 to 10 carbon atons, aryl group having 6 to 20
carbon atons, optionally substituted am no group, -ORa
group, SR, ThygmugeluetiCBORethrduprcandima. tRpEENMOR of
re sent. eac i.ndependent |y a_hydr n

BT E borg Bl g 24 B P aPE 8L Gt ene
ar gobrheowinny |lggppupkp having 7 to 20 carbon at ons,

aral kyl grouyp having .7 to 20 carbaon atons,
alkoxyalgyﬁggfoub(ﬂgﬁPﬁg 2%F%2ro'c2FH€ﬁcﬁrons,

trial ky[sj | yingrorgadraviong m%th@dlgc@@l’:aﬂﬂga{:@f@n)ﬁaéﬂfé/'of
group having 1 to 10 carbon atons or aryl group having

6 €62 P0s chrbord athareirERaks 8s (6H: k4%« SFOWP-descri bed
hal ogen atom 10 i nclude a chlorine atom bronm ne atom
fluorine atom iodine atomand the |ike. Anong

t hdodbe viEod eGurihieds glutylthgr doyenhaenng 1 to 10 carbon
atons, exanples of unsubstituted |inear or branched

al kyl groups having 1 to 10 carbon atons 15 include a
met hyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group and the Iike. Exanpl es of

t he al kenyl group having 2 to 10 carbon atons include
a vinyl group, ethenyl group, 1-propenyl group,

2- propenyl group, 1-butenyl group, 2-butenyl
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20 group, 3-butenyl group and the |iKke. Exanpl es
of the aryl group having 6 to 20 carbon atons incl ude

a phenyl group, naphthyl group and the |ike. Exanples
of the optionally substituted am no group 25 include

an ami&opPEQNRt 266 yk&fann%%otb% Pfﬂ%@%é‘%&ﬁaﬁ[ a1l

nethylan1no group, dinethyl-am no group, Denzy
tert-but oxycarbonyl am no group,

benzyAfxyggéggn%LgHLn?ﬁg §p and the | Kgﬁpg%ggg%e%hgf

aiidcyée@m@@n;lbegrﬁldﬁ&uhaw(mg ]{Hékél-ﬂ'l&.alf@.@n abePBviHtRa
and the like, arylcarbonyl gr oups

|
Vﬁ%@aggé% ég cd béﬁm5t6ﬁ§e§ch4ﬁs%ﬂ%ﬁ#&o?f grpupt the
Sl d heedbkene@r AbkiL19LO0YRS hAVIAP) 7, ﬁf gpcfa£gogroduce

atons such as a benzyl group an the
thesarresporienpscanbprylic acifis arborhat absveuch as

& SRy "ES A, 19éof8a§éréﬁ%§ ke trlquglglanter,

groups havi ng on atons _
abbnestimtesn] |33 gavbpxghdct heildiskg,4aal kyl419y oss( hayi ng
% Q; %_ carbon atonms such_as a nethyl group, ethyl

g %ec NSropyt™ of 906, SPE8Fdopyl group, tert-butyl

gr oup am@d tl-ddrieds @2yl tgrpepasBaviing thd G & bon

.ato such as a enyl roup, and the |ike.” Exanples
18V e J%« Qrided hiategeareobatbma

h@hlﬁb'g‘é&rw m%@ﬁréﬂétheg 2 L-%%Q éab agg‘fo%ggh

as an acetyl group and the |ike, ary
QHSVPnQr7qﬂ)QRF%ﬁﬂQk#NaﬁthtsuuhedsP@ﬂmmﬁmhylene group

having 2 to 4 carbon atoms, and when at least one of Rj
and Ry is a substituent other than a hydrogen atom, R
represents an optionally substituted methylene group or
an optionally substituted polymethylene group having 2
to 4 carbon atoms. One or no-mutually-adjacent two
methylene groups constituting the polymethylene group
may be substituted by an oxygen atom, and one or two
ethylene groups constituting the polymethylene group
may be substituted by a vinylene group. Further, no-
mutually-adjacent two methylene groups constituting the
polymethylene group may be mutually connected via an
oxygen atom, methylene group, ethylene group or
vinylene group.

The substituent optionally substituted on the
above-described methylene group or polymethylene group
having 2 to 4 carbon atoms represents, for example, a
halogen atom, cyano group, alkyl group having 1 to 10
carbon atoms, alkenyl group having 2 to 10 carbon
atoms, aryl group having 6 to 20 carbon atoms,

optionally substituted amino group, -OR, group, -SRp

9
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group and the Iike, aral kyl groups having 7 to 20
carbon atons such as a benzyl group and the |ike, 15
al koxyal kyl groups having 2 to 10 carbon atons such as
a met hoxynmet hyl group and the like, trialkylsilyl

@rwsoina@oaﬁ 39£Qup0 sakPRN, aﬁog%cgrﬁylxae}?@esen‘ﬁaeac

trinmethylsilyl group and thé I oups Vi ng
HPQQquﬂ@@tbbnaahwﬂgqmmﬂwaﬂpmarﬁikmlcgrbqpyleghpbpzo

AR 2P0 R, ol deRf R P £ 65850 hagii n
htm@mﬁsnaambﬁlﬁylda@falaﬂt@ll ayxd:dma?]évmg ’alEXtﬂHD?gS

f R of -COOR, roups havin 0
B S < ALKORT o Rt HO A ime 1 £9i 18, sagbon

dtdMPPYE r 05 1sh§ Rr GRVhpd AR A tth@ 16 ksarﬂaﬁ' K¥lowhs
having 7 to carbon atons such "as a benzyl group,

%%HY%rﬁrqwmehav1ng 1 tpxafplcesbem spieand i et sarutt gresp
iR 191065 Kakegh, BEQHBS O L1 (000119 o
- ( CHXatnp 1 <CHBY 2tke éfi&)rééld;as@:%)ﬁ;@d h=(H{0P GRddib) |
1@é¥ﬁg(}qxnﬁf%rlggcaZom, bromine atom, fluorine atom,
iodine atom and the 1like.

Among the above-described alkyl groups having 1 to
10 carbon atoms, examples of unsubstituted linear or
branched alkyl groups having 1 to 10 carbon atoms
include a methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group and the like.

Examples of the alkenyl group having 2 to 10 carbon
atoms include a vinyl group, ethenyl group, l-propenyl
group, 2-propenyl group, l-butenyl group, 2-butenyl
group, 3-butenyl group and the like.

Examples of the aryl group having 6 to 20 carbon
atoms include a phenyl group, naphthyl group and the
like.

Examples of the optionally substituted amino group
include an amino group, acetylamino group, benzoylamino
group, methylamino group, dimethyl-amino group,
benzylamino group, tert-butoxycarbonylamino group,
benzyloxycarbonylamino group and the like.

Examples of R, of the -OR, group include a hydrogen
atom, alkylcarbonyl groups having 1 to 10 carbon atoms
such as an acetyl group and the like, arylcarbonyl
groups having 7 to 20 carbon atoms such as a benzoyl
group and the 1like, aralkyl groups having 7 to 20

carbon atoms such as a benzyl group and the 1like,

10
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9., a) - \HOOCH2 II./ \ 011 Il 5In the formula
(2), 125, R4, R5 and R6 represent each independently a
hydrogen atom hal ogen atom cyano group, optionally
substituted al kyl group having 1 to 10 carbon at ons,

| k 2 to 10
AR Saptr DSt P e uBa P aBeRat0o, B ogogpon as

hamemgo&y&@t&mcagmp 24 Bt heptieaal kyisuRghigiytad
am no group, - group, -SRb group or COOR, group,

aﬁauRS, hey invey 3R tg e e%@moeaeﬁomﬁdépéhdem By a
bydnedsry 13k %}Mﬁag,@@%egismgaggmg g;rtogl@ - having

carbon atons, aryl carbonyl group
istat éﬁscambwlrk)&tcgllsuﬁplﬂavaaga?mEDhgm gabhon ateiys,
al k quR,havi ng, 2to 0, carbon
%?g ﬁyh ?élryl r GUp Havi %r?ByiogngBontchgnQUtéﬂlkyl
group hadi nyel lh.o:e],O awbcxjr@xhpﬂshefrlﬁQYB g60up RAHYYhL
0 20 carbon atons. 20Exanples of the

%B%W@ GUSEr Ple@ MNGHEn HHDWR i nePfdEhE &kkerine at om

br ONEREmBLERY okl RYT bEELBEONER, 0BG pA i AT WSydKEgen
atom, alkylcarbonyl groups having 2 to 10 carbon atoms
such as an acetyl group and the like, arylcarbonyl
groups having 7 to 20 carbon atoms such as a benzoyl
group and the like, aralkyl groups having 7 to 20
carbon atoms such as a benzyl group and the like,
alkoxyalkyl groups having 2 to 10 carbon atoms such as
a methoxymethyl group and the like, trialkylsilyl
groups having 3 to 10 carbon atoms such as a
trimethylsilyl group and the like, alkyl groups having
1 to 10-carbon atoms such as a methyl group, ethyl
group, n-propyl group, isopropyl group, tert-butyl
group and the like, aryl groups having 6 to 20 carbon
atoms such as a phenyl group, and the 1like.

Examples of R, of -COOR. include alkyl groups
having 1 to 10 carbon atoms such as a methyl group,
ethyl group, n-propyl group, isopropyl group and the
like, aralkyls having 7 to 20 carbon atoms such as a
benzyl group, and the 1like.

Examples of specific structures of R include
divalent groups of the following formulae, and the
like.

~CHz-, -(CHz)2-, -(CHz)3~-, -(CHz)4-, (CHj),C<,
(C1),C<, (F),C<, >CH(CO,C;Hs),

11
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Anmong t he above-described optionally substituted al kyl
groups having 1 to 10 carbon atons, exanples of 25
unsubstituted linear or branched al kyl groups having 1
to 10 carbon atons include a nethyl group, ethyl

ar p, n- pyl ’fQ\P, i sopropyl group, n-butyl group
A{i}g Exanpl es of substituted |inear
branche al kyl 30 groups having 1 to 10 carbon
?§E§§ in deggzgggenated al kyl groups such as a
roneta r , dichloromethyl group
trichloronethyl group, fluoronethyl group

di fl uoronet hyl group, trifluoronethyl group and the
| kke; whydr oxyal kyl grog@ 5 such as a hydroxynet hy
grbup/or hydhoxyethyl oup and the |like optionally
subSkltuted Mﬁth a subStituent such as an acetyl

g oup, benzpyl group,o ; hyl group, benzyl group,

p enyl group, methoxymet hyl group, trinmethylsilyl
group and the |ike; am noal kyl groups 10 such as an
am nonet hyl group, am noethyl group and the |ike

opt Tanalhley fothaiid ut2f, Wk h R, SURSt ahdem; S:ldiﬂrérﬁeratﬂ

acetyl group, benzoyl group, nmethyl group, benz

e@‘FB‘u&n";gﬂPé-’dWerg‘f%%p? IEE?F%GPoi‘yFG&b Ot m Cyano

g?%ﬂ&y QPACES DO Qﬁ@gﬁlﬁﬁgehh%lkb&egfg%p having 1 to
droxycarbonyla kyl groups such

1ﬁy§ﬁ@hﬂﬂﬂﬁiﬁmﬁne@hyiogab&ﬁ SH?@ﬁ@@Hﬁﬂdxﬂﬁh%ﬁm&lQrOUP
ngbAu, Ndd N | LAA SR ALBALI Y oDHIBHIAIULE L At futea
th tuent 'such as a nethyl oup, group,
anygr@pﬁugyhnxnngp6opqlzgroapbobemmﬂmqy%nqtznmhlhm
aral |_groups 20 su as_a hen neth rou
Suh xﬁ?%ﬂ% nad Y he” ?Re op 0na¥% és???ut%30R°
gmulp aamfbstai,t RenbnduRh aspaebalno:geracat omd@&mgntly a

up, -OH grou nltro an ro al ky
n By S 4 LU o Er IR nERED BTN Gk SO ¢ he
chirbon 2fdud h%ry%ﬁ@&ﬁflobrbti@ oRiiNAl1 Yro 20 carbon
substituted al kenyl group having 2 to 10 carbon atons

atﬁ&ﬂSud@raﬂlu@ﬁkﬂgJ@%meaﬁaWna 30 @07 CaRRth PRS- such

adRoky1ky EB{Ppl ﬁ&@fﬂy' 2988UR0 Lol ol OUP, 2-
propényl gro p, but'enyl group, 2-butenyl group, 3-

t 3 abnydimyil 1 vk mjlrptamdmhengu Retohydr eapdmth Giydmes ke@}tkyl
A Gt R O R e
6atueﬂhybthnn)atnmwl group, n-propyl group, isopropy
groﬁ&hd%?é@”oéﬁéﬁg)argbéhgeggggbed halogen atom
include a chlorine atom, bromine atom, fluorine atom,
iodine atom and the like.

Among the above-described optionally substituted
alkyl groups having 1 to 10 carbon atoms, examples of
unsubstituted linear or branched alkyl groups having 1
to 10 carbon atoms include a methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group and the
like.

Examples of substituted linear or branched alkyl

groups having 1 to 10 carbon atoms include halogenated
12
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Exanpl es of the optionally substituted aryl group
having 6 to 20 carbon atons include a phenyl group,
napht hyl group and the |ike optionally substituted
with a substituent such as a hal ogen atom al koxy

oup, 5 hydroxyl group, nitro group, cyano group,
%pﬁ}ﬁ gF BHBSh&Why aF taocﬁﬂc%?%b‘htlalfgng??oapyl gr oup

dlﬁdﬁngrémé@h?@ RO G\_Iﬁr@lf&do,ﬁg@h%%kgﬁg anpl es of

the optionally substituted amno gro de am no

Bl erpemephy dngrioyps ulsstf tugrainai il agtGupubst i t uent

SHeh yl uR, zoyl .. gro met hyl —group,
benz%/‘?éﬁélgﬁg%@t&egtrg élg’t %)?y(%gt:}beon ]g%‘r gﬁ%d’éf’xyglkgl droups

$eeir yd ©xy chy donxymgtayl rbiped ikfdroxyetmByangrespCfana

Bf oiilghe -gRa gggup i nclude a hydrogen atom

al kyl'¢aF bBRYT °BFoags SHRFTE Ut ed otle af bsRPAESEeRs such

G Aoty BCGESLPY! BeR A (dikd Kone PhYA CREBARY! penzy1
roups having 7 to 20 carbon atons such as enzoyl

e&wﬁ aWbe’PYlg gFREP . afgltiopxymeduysl remowg. 7 to 20

tGAIOh @i 1By $U engyl 1ghQuUp | i ke

al koxya ky{[ﬁ%rogggaga\%flﬁg%&t C)lgf%’caa?ﬂ%ﬁé%?%% d5eRPSs

SIF GfetdRx§Pbrope thydugrang .t enirndethyl | gt &ypsahil the

' . b h
TR TI o df i ReaR it e % Erfent nushngs

an tagetly cagboup At beBz6eyth gadud ,MidBy 0 §ePup et B¥hzvi
group, tert-butyl §5

rQup, n-propyl group, isopropyl
g%rogl o] é’ﬁ’oepfflh’g ﬁ’?‘g‘é?'aF?th YEREVCARBRP WL tSF PP car bon
beneye oxyade fisory Pheayhp ghadP thand sihe | i ke.

E:é%rrpl es of Rb of the -SRI, group include a hydrogen
hY AT AxYAanh Rty 1 g9 50BBShawchg a5 @ 10 car bon at ons

el u t j n 30
b AL Lo 582000 By dr oAU AL FRoup
agfotheaddkeheontiienablyl kybsyidupsdhaniitny & dub£Oituent

R oeyatkye ot Sl rETBY o SE8 B B N GARYP st
propwlh@vpve.hlerrylipgoowpt aadl itke, 1tikedl kidHikyl groups
such as a phenylmethyl group, phenylethyl group and the
like optionally substituted with a substituent such as
a halogen atom, alkoxy group, -OH group, nitro group,
cyano group, alkyl group having 1 t o 4 carbon atoms,
aryl group and the like.

Further, examples of the optionally substituted
alkenyl group having 2 to 10 carbon atoms include
alkenyl groups having 2 to 7 carbon atoms such as a
vinyl group, ethenyl group, l-propenyl group, 2-
propenyl group, l-butenyl group, 2-butenyl group, 3-
butenyl group and the like; hydroxycarbonylalkenyl
groups such as a hydroxycarbonylethenyl group and the
like optionally substituted with a substituent such as
a methyl group, ethyl group, n-propyl group, isopropyl
group, benzyl group and the like.
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groups having 3 to 10 carbon atons such as a
trimethylsilyl group and the |ike, alkyl groups having
1 to 10 carbon atons such as a nethyl group, ethyl
group, n-propyl group, isopropyl group, tert-butyl 5

ro n the ar s _havin t.0 20 .carbon
gtoﬁgag 165 “as a p fen é%ﬁ%héﬁyaﬁﬁg hé%P%ﬁg SEIAmA TP
hafriRg @f toC@@R cdfwdnidet éh&yingLaaps ahawniemd 1l drould,
carbon _atons such_as a nethyl group, _ethyl group
DRPPEBEY 9 CHEp, al}‘%ofp"l‘%pjy’rk%r%glﬁﬂﬁitlﬂe spb9 lktélted with
adkabkyl tauPsaYi 49 Z 181 80eR20POR, ata‘i‘i%x%z”‘ﬂﬁr&?p a

benzyl group, and the like. Tt is préferablé that
h¥AgoRY 1r gpoaiPontn it 1y dg vefem, acvano| grosppr @flérndblss:oup

d 15_hyd
hégghgﬁzs%%f GF%e o@?ﬁ%@%h e ¥I égggneg’ %cﬁ tooe 20
c8rbrabiatpalsofah®. ﬁ}}ehe.mm 2-one, 3-

oxag%%%gégggp% %Hﬁﬁéﬁ%#%égh{%esubstltuted amino group
1fcfudenahint Jnoal ot Rhdali Pl beKaei2uted AGn a

6, 6- di chl or o- 3- oxabi cycl o[ 3. 1. 0] hexan- 2- one, 6, 6-
SHPPLLSHENS- S¥ah AFc| T At he¥hpUR. oRenzeyl group,

m@%ﬁ?ly g2oReny Joe%ﬂ?(f‘g}fé(\g%’ O Ba st %Q@éQQE%I%%%’yll group

pheny1-3- oxabi cycl o[ hexan- 2- one
opxheprryyokycarbonyiR' ®fekw aaldd oblke 24ike5s

2 d - 3- , +8-

CXSRRRUTERL IR O, BN IESS” G906, hcruae o nyazoses

abamtra&yyﬂchﬁbbnylxbiﬁuhxxhéhfmg31one 1@ carbon atoms
| o[ 5.2. 2 02' 6 d

S358! B obfn g PR Y KT i ) Do, BFSLCATRONS e,

gﬁoﬂbgnhhvin@ 7- to 20 carbon atoms such as a benzoyl
group and the like, aralkyl groups having 7 to 20
carbon atoms such as a benzyl group and the like,
alkoxyalkyl groups having 2 to 10 carbon atoms such as
a methoxymethyl group and the like, trialkylsilyl
groups having 3 to 10 carbon atoms such as a
trimethylsilyl group and the like, alkyl groups having
1 to 10 carbon atoms such as a methyl group, ethyl
group, n-propyl group, isopropyl group, tert-butyl
group and the like, aryl groups having 6 to 20 carbon
atoms such as a phenyl group, and the like.

Examples of R, of the -SR, group include a hydrogen
atom, alkylcarbonyl groups having 2 to 10 carbon atoms
such as an acetyl group and the like, arylcarbonyl
groups having 7 to 20 carbon atoms such as a benzoyl
group and the like, aralkyl groups having 7 to 20
carbon atoms such as a benzyl group and the like,
alkoxyalkyl groups having 2 to 10 carbon atoms such as

a methoxymethyl group and the like, trialkylsilyl
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30 trioxabicycl o[ 3.3.0]octan-6-one, 3,3-dinethyl-2,7-
di oxabi cycl o[ 3. 3. 0] oct an- 6- one, 4, 10-

di oxatricycl o[ 5.2. 1. 02" 6] deca- 3-one, 4, 10-

di oxatricycl o[ 5.2. 1. 02" 6] deca-8-en-3-one and the I|ike,
and optically active bodies of these conpounds and the
g5eps havinfe3apeyd0dEiPe R t e ofiesh (25 fay be,

y | e , .
AP S1ys Broe? o o e (TATRYE ofbupg having
kardwokyl ¢erbendstots) suctb)asra (Mehhyhngbeupbt aihgd,

exampl e, by reacting imdes (3a 3b) o 3 and
qfeth W PpforPd GERRDL"dAdR L Fhaub SopePhabRE 17|
dmsoasSaid, the Aikel veriyl ajybdpl the¥ingfeneeessatyrbon

can be carried 10 out by mxing with heating in the
AFPBRRCHI 28 BaBBePY g W HWRNtand the | hikee jnides

(3a)Ex e®of3R) oA -chér, Lisc1dde é‘iky’.‘i‘G gI%lesAs'

A9 and O represent each independently a hydrogen
bR 9 hal Bgehl acarponi Eteomp aysh akyd meblpl18rhapi ng

on al r i n 0_4
%ﬁ@oﬁggﬁﬁt, n%??@ﬁ%l Ig}}%s%?ﬁs%ﬁootﬁ%%ir y?rélrléu%nﬁa\t/: |hﬁ g
1 Ken, 2rxhkpbngadvops, haptingnal |t Absdatbibedadcys such

roup. havipg 2 to 4 _carhon atons, or -OR, group. Here,
, argfﬁré@éﬂt%r?ﬂg'sg 3&%%}%‘3 descri bed above. In
t he 120 iigrighest  BOd 1 e ABhakb R, AdndN R A& dPvye d6n € 0Nect ed

to forma cyclic structure, and |likewise in the indes .
$50960) 2FRMA10 may be connected to forma cyclic

Struat W pla@dPhEse Ok nhite rRDALAGE R AL QUPAdWd pde, a

chlorine atom bromne atom fluorine atom i odine
hyidnagan atem 25| i ke.

Examples of the above-described lactones(2) include
3-oxabicyclo[3.2.0]lheptan-2-one, 3-
oxabicyclo[3.3.0]octan-2-one, 8-oxabicyclo[4.3.0]nonan-
7-one, 6,6-dimethyl-3-oxabicyclo[3.1.0]lhexan-2-one,
6,6-dichloro-3-oxabicyclo[3.1.0]lhexan-2-one, 6,6-
difluoro-3-oxabicyclo[3.1.0]hexan-2-one, 6-
ethoxycarbonyl-3-oxabicyclo[3.1.0]hexan-2-one, 1-
phenyl-3-oxabicyclo[3.1.0]lhexan-2-one, 4-
oxatricyclo[5.2.1.0%'%]deca-3-one, 4-
oxatricyclo[5.2.2.0°' ® Jundeca-3-one, 8-
oxabicyclo[4.3.0]nonan-3-en-7-one, 4-
oxatricyclo[5.2.1.0%'°]deca-8-en-3-one, 4-
oxatricyclo[5.2.2.0%® Jundeca-8-en-3-one, 3,3-dimethyl-
2,4,7-trioxabicyclo[3.3.0]octan-6-one, 3-phenyl-2,4,7-
trioxabicyclo[3.3.0]octan-6-one, 3,3-dimethyl-2,7-
dioxabicyclo[3.3.0]octan-6-one, 4,10-
dioxatricyclo[5.2.1.0%'%]ldeca-3-one, 4,10-
dioxatricyclo[5.2.1.0% ¢ ]deca-8-en-3-one and the like,

and optically active bodies of these compounds and the
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Exanpl es of the al kyl group having 1 to 6 carbon atons
i nclude a nethyl group, ethyl group, n-propyl group,
i sopropyl group, n-butyl group, cyclohexyl group and
the |ike. 30Exanples of the al kenyl group having 2 to
4. carbon atons include a vinyl group, ethenyl group,
%ﬁﬁﬁbpenyl group, 2-propenyl group, 1-butenyl group,
2- butieyd b @v&Ufe s drhveanila oyl angl) they | bke. for
Exanpl es of the optionally substituted aryl group
FARINEL 6 $PNPDesaredn bat FpeWmdreitrods phehysyptbagized
qangﬁ@} ﬂ%QHBdqu the |ike optionally substituted

it

a substrtuent such as a hal ogen atom al koxy
groum thelrokgb #rotpe wiarboxyldup,aci@mo( ¢abup(4bl)kyr
up.5 having.1.to.6 carbon at , aryl _group havi,
@0"Eh 5 pOHRtALBRE -akd™ KETIRES . EXhnpr 8STHRY; AELdes
(@) ongdby subgBhubad acdtdedn having 2 to 4 carbon
atons include an acetyl group, chloroacetyl group, )
pi vallloyd TR depLoBeR2P Pgr 685 Tdff QP E helf iRecessary, in

AW EsSt Of ahBerBrt@brt Ne £ QR i NnhNdBeacarried
hydrogen atom al kyl carbonyl groups having 2 to 10

oddy duh midhrIsuikhabeatiagetiyl roupresencaecofi Repase in

ar, nyl groups having 7 to 20 carbon atons such
aag%yéﬁ%Pgénzoyl group and the |ike, aral kyl groups

havilmg the oiDdear boa)at ¢Bb )swah (@B h Penzyd, grdup and
N
at myaldodeén | ytogl OHAS olgavi BG ol ,t il & agbedp at AlMky3IUGFoup
ﬂng%g 1 to 6 carbon atoms, alkenyl group having 2 to 4
carbon atoms, optionally substituted aryl group having
6 to 20 carbon atoms, optionally substituted acyl group
having 2 to 4 carbon atoms, or -OR, group. Here, R,

represents the same meaning as described above. In the

imides (3b), As, As, A, and A; may be connected to form

a cyclic structure, and likewise in the imides (3c), A,
and A;o may be connected to form a cyclic structure.

Examples of the halogen atom include a chlorine
atom, bromine atom, fluorine atom, iodine atom and the
like.

Examples of the alkyl group having 1 to 6 carbon
atoms include a methyl group, ethyl group, n-propyl
group, isopropyl group, n-butyl group, cyclohexyl group
and the like.

Examples of the alkenyl group having 2 to 4 carbon
atoms include a vinyl group, ethenyl group, l-propenyl
group, 2-propenyl group, l-butenyl group, 2-butenyl
group, 3-butenyl group and the like.

Examples of the optionally substituted aryl group
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20 trinethylsilyl group and the |ike, alkyl groups
having 1 to 10 carbon atons such as a nethyl group,

et hyl group, n-propyl group, isopropyl group
tert-butyl group and the like, aryl groups having 6 to
20 carbon atons such as a phenyl group, and the |iKke.
hEgring he toi deéscaglpn atlemsoin@eyde \a rRpRREENISOHR .

. : N . _
P 5ol STuoVsh 00UHR R 2954 ASLIE e
aaboves deseenbeduchn des a( Bajlogedb)atosm ( 3x)koxygl| gdeup,

ht halimd 4. 5-di chl ht hal i m de, 30
Y SR F O ITAPP i BEEE0LBEONP: HARe SRy R HEYLo9EOuD

0] | 1i e dé 088rbdn3atothst, elardBtdyduR, Paving 6 to 14
pyrrolidi nedi one, cl ohexene-1, 2-di car boxylic

4-cC
GaF R #ﬁ&%ﬁyﬂ?@pﬁ?ﬁaﬁﬁ#ﬁde, S
3, 4@5@:&4;{ a&wdmehﬁqbgg’b%qu rgg{ R ntfiﬁlgﬂa?f’acyl group

2,3-dinmethylmalerc i and~so s and
hgotiassi Ant s ad t sapvbonhetemisnigesiudmdan hecé txe. group, f

G AGFErE Beubn kaPrabdd andihn aEert o ofbc=ay

thiet Halken de potassium are nore preferably used, and
pht hal i m de pqgassiun1is partic Iarlﬁoﬁreter used.

bl
The ARAMBIERRE oFBE hEs 3oy e 8esORs bEHOPR: 4BELPSE) &
hiydHo g¥n (B€dm | SauryabhybbRylhgrdaige wivoh$ 20té Mol e

ratio, preferabl% 1to2 nmole ratio wth respect to
CEFPOrD| & esueh) as an apgftiHe HIRHR-FRA CFRDetikeep

aty 18R AR R SPLYEPE REviflg FOlPW G4 B aW! 2céhs: sBinlas
aabenzoyl group and the like, aralkyl groups having 7
to 20 carbon atoms such as a benzyl group and the like,
alkoxyalkyl groups having 2 to 10 carbon atoms such as
a methoxymethyl group and the like, trialkylsilyl
groups having 3 to 10 carbon atoms such as a
trimethylsilyl group and the 1like, alkyl groups having
1 to 10 carbon atoms such as a methyl group, ethyl
group, n-propyl group, isopropyl group, tert-butyl
group and the like, aryl groups having 6 to 20 carbon
atoms such as a phenyl group, and the like.

In the imides (3a), (3b) or (3c), M represents an
alkali metal atom such as sodium, potassium and the
like, or a hydrogen atom.

Examples of the above-described imides (3a), (3b)
or (3c) include phthalimide, 4,5-dichlorophthalimide,
4-nitrophthalimide, succinic imide, 3-acetyloxy-2,5-
pyrrolidinedione, 3,3,4,4-tetramethyl-2,5-
pyrrolidinedione, 4-cyclohexene-1,2-dicarboxylic imide,
hexahydrophthalimide, 3,4,5,6-tetrahydrophthalimide,

maleic imide, 2,3-dimethylmaleic imide, and sodium
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0(8) (wherein, Bl and B2 represent each independently
a 15 hydrogen atom or al kyl group having 1 to 5 carbon
atons, 83 represents a hydrogen atom al kyl group
having 1 to 10 carbon atons or aryl group having 6 to

20 cardon po oaBsiands8 tand BINEe benLooaechsd the
f rma cyclic structure ) 20 is preferably used as the
tion solvent. is nore preferable t hat 83

|s E Aty 16 Q4P ggxbng(%bt)ool:o (%%fgg R 8L 52t %h)
group having 6 to 20 carbon atons es of t
so - etz b bedusefidephshadimi@s), :ﬁhhh&ixmmﬂe sodium

R HErh LSt ROLATs B RGR, M o e, uoed. ana

plﬂ,ﬁ‘klchmhyé bid Y4 susi dee, 1B, tiadltﬁ:&:ﬁil)dr&@f Wrdfefably used.

1 2- | idinone, pi peri done,
ne?ﬁ%ﬁcéﬁ?%l réﬁ%Iﬂ&ﬂﬁ?ﬁyﬁbgvﬁyQQﬁﬁﬁ%Qﬁﬂi%W&ﬁ??ké3a)

(3®)Tha: amdle 5o vena1{6) ihnehvdesnRardd M @ty 5 moie
preferably N, N- di met hyl acet am de. The use anDunt of

Bitd- oab RRETRERR 1 hell BPr demedpy@atiof @)itihs nesRety ta the
16R& Jrag ,0.5 to 50 weight ratio, preferably 1 to
10 meighsiggtio with respect to the | actones (2).
| n dadithieormhaye ke stwieedestepbdd ami danistd vwentvént of

+he) &if§u%%§“féfﬁﬁiﬁ.§6§° the reaction may al so be

use toget eaction in the step Ais
carried out by mxing any of imdes (3a), imdes (3b)
ang i mdes (3c),

Bl/

° ®)

(wherein, B; and B, represent each independently a
hydrogen atom or alkyl group having 1 to 5 carbon
atoms, B3 represents a hydrogen atom, alkyl group
having 1 to 10 carbon atoms or aryl group having 6 to
20 carbon atoms, and B, and B; may be connected to form
a cyclic structure.)

is preferably used as the reaction solvent.

It is more preferable that B; is an alkyl group

~having 1 to 10 carbon atoms or aryl group having 6 to

20 carbon atoms.

Examples of the above-described amide solvent (6)
include N,N-dimethylformamide, N-methylacetamide, N,N-
dimethylacetamide, N,N-dimethylpropionamide, N,N-
dimethylbutylamide, N,N-dimethylacrylamide, l-methyl-2-
pyrrolidinone, l-methyl-2-piperidone, N-
methylcaprolactam, l-methyl-2-pyridone and the like.
The amide solvent (6) includes, particularly
preferably, N,N-dimethylacetamide.

The use amount of the above-described amide solvent
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| actones(2), and if necessary, an am de solvent(6), 10
then, if necessary, heating the m xture. The order of
chargi ng of the above-described raw naterial conpounds
and solvent is not particularly restricted, and there

i r a t ' ich y_of .
R R A T e S R 7D
e fanatlly ahdtbatOonesgBY aad idv opped tedmedhi 8o the
ﬂgéﬁt”§ ﬁ?%te heati ng, and ot her nethods. Wen M
19T HES 5 (3a), (3b) or (3c) is a hydrogen atom a
bas e nveyd dier Bskelego t enkhgpevieradesrandd eaet®d so1vent
20Exanpl es of the base in this case include al kal
(Pet-ald RHoMEE ekna0ERVEs teodhemreadidmdt alapoabse ben
WSROI En&Lesi um carbonate and the like, alkali neta
bi car bonat es such as sodi um hydrogen carbonate,
pot ¥ wednidroygein chhéosbep Andst badriledl clitkkady mixing

B U h6) e hafier b et e R

lsediomys (el al arpdt B8 Shase saadyt, hanl iaka.del s Useh appynt

f the above- described base is usually in the range
themy, 35 FORF SRALY 1 RFOLLPICtBFaBRFtELey 5 THSI OTIRK
chialrly inep RAC It 1Y) dWovHea8bexeneas ¢k el tdBides compoun fs
the reaction of the step A, for exanple, the
agfoFelyeat iife P Vasearhticr hardBovesgadatiasbd damd ddsere

atRY mi% tTohld | e &P fE180! %e{ﬂ%th@)d hef yh%&{jgéexgk? of

| actones (2), or a mxture o e above-descri
thei abovendesantidred {Ridemyahd addeoiiidet sod woltufé pnare

nS9BRESSA0 8 0000 657, s HLGRRN YEU (Ruq Wiiyre
whahgehehtifg,0 3D G tipeefre Bhbis80 to 200C. 5Thus, the

COTRRZRONIGH! F ARUALS AEAFS (38) ofhe) s a
hydrogen atom, a base may be added to these imides and
reacted.

Examples of the base in this case include alkali
metal carbonates such as sodium carbonate, potassium
carbonate, cesium carbonate and the like, alkali metal
bicarbonates such as sodium hydrogen carbonate,
potassium hydrogen carbonate and the like, alkali metal
hydrides such as sodium hydride, potassium hydride and
the like, alkali metals such as metal sodium, metal
potassium, and the like. The use amount of the above-
described base is usually in the range of 0.5 to 10
mole ratio, preferably 1 to 5 mole ratio with respect
to the above-described imides.

_ In the reaction of the step A, for example, the
above-described base and the above-described imides may
be mixed in an amide solvent (6) before adding lactones

(2), or a mixture of the above-described imides and
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or (4c) are produced. After conpletion of the
reaction in the step A the above-described carboxylic
acids in which Mis an alkali nmetal nay be used as
they are in the step B, or 10 the reaction [iquid

Pgéﬁbﬂ@g [ tﬁ%f“ﬂﬂ’fﬁd@ﬂ P@tgnge #E%%e% dked of a

crystal I|zat|on oper ati on, sola € reactlion
b2oeuand an amﬁﬂﬁﬂs&iﬂgﬂbt(@h of the reaction in the

s i R Bl 5
f%aﬁﬁée§aﬁﬁetB% FPUEs depPId bed *ifaBHEEB 200°C.

operation include an operati‘on for fi
unnéE@@saryhﬁapermmqunﬂﬂntuparhmgmhlc aahﬁs ddd )t,hd 4b)

n erati.on whi ch water and an organic
soleen? %g%apagpgqffgn1mater are 20 added to the

reacAfver| couplettilod WEXtiHe rsadielbti aihz€HeUsitd® AN the
an aqueoqus |ayer is_renpoved, for the

h
%iﬁﬁ%s e%?rassg. ?ﬁaﬁé’q"rye]e“ba?cb’o‘;@ﬂ% WBigh ¥ ighan
2DOYE: IS AL DRAVC VDR GRCiKklsy AR hhehe stgp # or

operations. Froman organic |ayer obtained in 2
Ypereerohiedr Ligndd P tainsficbusthayetept hemay be once

@.g?:?/cg@&c{:bbgdc & Gar @fog%a& Fét%i{ab%ooqg%laﬁ:e

ol ated by disti |ng o soI cont ai ned
th am¢@cta93rpr6ﬂecabove descri bed carboxylic acids

(4a) 4b) or 0 be mhll maj ntaj nin

sol 4%%ﬁ£ %§etg Qﬁ%%tf g#gp g?pTﬁeya

pmyt-atﬁ@aheepur bi)leeﬁtkiybxﬁrrr&éi hosl cachiea 6QtUFBr
re-crystallization and_ the |ike.

h t ,
OB R T HEn oM RSac i &P br Gan, &1 86F vehiEanples of
IRP A &- 6 98 WBLAS ﬁo@qﬂ%ﬁmm@téﬁebxéieﬁa&%&uae an

sol vents (hexane, heptane, cycl ohexane and the ke),
opedraiten s%'Pveﬁﬁétﬁa@ll@@n@nwwrm%ﬁreﬁéseﬁwhe as

Hiahyaobenzeps aad the Q) & NeSeS2LYSR! In(TRLRY
water and an organic solvent separable from water are
added to the reaction liquid, the mixture is
neutralized using an acid, then, an aqueous layer is
removed, for the purpose of obtaining free carboxylic
acids of the above-described carboxylic acids, and
other operations. From an organic layer obtained in
the operation for removing an aqueous layer, the above-
described free carboxylic acids may be once isolated by
distilling off a solvent contained in this organic
layer.

The above-described carboxylic acids (4a), (4b) or
(4c) may be, while maintaining the solution state, used
in the subsequently step B. They may also be purified
by a method such as column chromatography, re-
crystallization and the like.

Examples of the above-described organic solvent
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5 tert-butyl ether, 1,2-dinmethoxyethane and the |ike),
hal ogenat ed hydr ocarbon sol vents (di chl oronet hane,

di chl or oet hane, chl orobutane and the |ike), ketone
solvents (nethyl ethyl ketone, nethyl isobutyl ketone
and the like), ester solvents (nmethyl acetate, ethyl

SEPaLAR 1R LT BHlt YP 4Tt RCA USR] AHPNF KT | h&ﬁaogérbsm h.
s8R 59! Nﬁé‘&éngﬂy np tusied 'Jﬂzcﬁ%é&l&ﬁ é’xfxdt W‘?eoﬁ.lke)

nor e. he use ammount of “the or gani c sol vent
aa@q@mfam eS¢lYiﬁ11Wat értOIlSIeuguaI}ﬂyylane i eonaelytoppbéngene,

o) re bly 2 20 weight ratio t
respe éﬁgn%%éac gﬁes ke %ﬁﬁﬂ%@ﬂg n%ﬁe(ggw%yq

Hertheuisel éthébe moat-tiﬁe@ttmmactyammmé | amd i théulleke ),
morqgﬁam c acjds [(‘]h ydr o en chl ori de, dr ogen bromni de,

eted hraphOEahon Eoduid thd AIEAT ¢ ReTe Bhane.

AIFAN o SEh Bfe a@ﬁ.ﬁ.bgoa%@neﬂan@ tHE BOkE), ketone
nmet hanesul fonic acid and the |ike). The use anount of

&N i Gee tBy LwaERYV Ketome i Metdy isksiobntyheketone
an%aQ:tHé)rh.i]?e?n QLIE@L:' sg‘itv@lnt%t Q'iﬂ ﬁ@{tﬁloé%efgféhe Eﬁgg.e

of 0.5 to 3 nble ratio, preferably e’ ratli
agetr reespectyloatchitatel kakdi timet dlllaibmaIW]eslo ME@Sthn
I?aesérgqrsell{ ed in %here ctlon aﬂb’lydro eF at om
S ST =Ty t'ﬁ%y fge°6 &n56t6'11§{ % Fattge °or more.
pr efftrealige lamouRt MoEethat begamntile rREpLait tPepdicabase
used The post-treatnent is carried out at

a
EEO S e BOUSHARAYCARa tHRt RANGR At obipt? nlPAeveight
raltave- dassrd Peg1yMhdes deewengh tundaray dﬂi’ﬁ'ﬁ%é@béct to

The terrperature in the post-treatment is usually in
lagd omgfgel DX - 0 to 100C, preferably 10 to 80C when

vat ek o8 Stor Fhe Rici it : "
A6 A7 A AS; éfAl %nchBI not caret?(?)]ilynl i C a??o (4a)

teelgtmem Y aperapienehncindes amnmumgsc:a@s f bhyézrogsp
Eﬁ.’or&% anq'xﬁgrggéﬁnggo}ngdgheslui%%ecs(azélén lé Spf/i\zrlc
acid and the like) and organic acids (acetic acid,
citric acid, methanesulfonic acid and the like). The
use amount of these acids is, when M in the imides used
in the reaction is an alkali metal atom, usually in the
range of 0.5 to 3 mole ratio, preferably 1 to 2 mole
ratio with respect to this alkali metal atom. When M
in the imides used in the reaction is a hydrogen atom,
it is usually in the range of 0.5 to 3 mole ratio,
preferably 1 to 2 mole ratio with respect to the base
used.

The post-treatment is carried out at a temperature
at which a phthaloyl group in the above-described
imides does not undergo hydrolysis. The temperature in
the post-treatment is usually in the range of 0 to
100°C, preferably 10 to 80°C when water coexists.

R, Rz, Ry, Rs, Re¢, Ay, A, A3, Ay, As, A¢, A;, Ag,
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AS, Ag, A7, Ag, Ag, Alg and Mdefined in the imdes
5(3a), (3h) or (3c). Exanpl es of the

above-descri bed carboxylic acids (4a), (4b) or (4c)

i nclude _ o

Mot I aog| 1 hke doopbony1ic Actds 04d)T (W] C¥E'
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yl ) AP Qoptdpa BEXFE)S%ﬁFF&b&SZdia KX ¥ T u%?b-gf’;-
(4D, ,3- @y B©- L4 8) dif¥Qudl 2sqi(Ndal-drhydro-1, 3-dioxo-
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va-)[mett 1ar 1di delt ep 1o BateorobRMYIdin i @~ y29 net hyl ] - bi cy

- 5z epes 24 oxyld 8 2H-is0i -2-
ey it 3 §TE 6 s g SRR S o 2t pg g ngod 2
vdi )met st I- Tigy8e Hoprop anedacholrydyld aaiod d,2-[(1,3-dihydro-
5- , 3-di dro-1, 3-di gxo-2Hi soi - 2-
1y|3£'§i‘ét%§&] - "-bﬁ‘éhﬁ?%‘ :Hﬁﬁ%‘&@ﬁ@ﬂj‘%’r boxylic acid, 2-
pHehy3di dyeh Podase da@B0xZics @didl-2- {/{ ) net 8Yh}dboe51, 3-
di met hyl -t et rahydr of ur an- 3- carboxylic acid, 3 121 3-
RN L0 IR AR b: %Fwéeﬁﬁ&af-lz-‘%mx&w@% j27l1heptane-2-

Y Ol £Le 2a 1] BEP(@N8-AihFahoN | F- @Cdfo - B[ fdo3ndol-
di hydro-1, 3-di oxo-2Hi soi ndol-2-yl )nmethyl]-7- 5 )
2owdbimgtdot - Pigyneel 252e A4 optedyvkyFaEbe¥ydicpagid, 6-

[ - 3] (5, 65dj r Qyl,:3-di 05 ] j Hi soi
[g&g?_gyéff%%é h%/f ?cggpggr ggaﬁ%é) gr‘ﬁ%%l%l (1:y g%‘?%%glg
cjdmnHQMri%éﬁé¢8rUbhyddo-&qm&ﬁwﬁﬂmG&;Bﬂ&bhﬁﬂrpséhﬁdo
0 5k WL £ 8L 205 003RESA RN £ 51 812021 FhEBLIY.
e 10l d £y DeE hy bl ay c Boprapanetiaijdey+ 1 ¢3adidxo2 28~
dinethyl-3-[(3-acet Kl oxy- 2, 5- di oxo- 1-

IRk 2y ) hBe RYY ey BREFCISdfecar DRGSR - 8BPa2Z 2, 2-
SHABE3-468a 3. §-Frhehanelfirls A 53 diP¥Ro 12H-1s0indol-
2-yl)methyl]-2,2—dimethy1-1,3-dioxolan-4—carboxylic
acid, 5-[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-
yl)methyll-2-phenyl-1,3-dioxolan-4-carboxylic acid, 2-
[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl]-5,5-
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15 pyrrolidinyl)nethyl]cycl opropanecarboxylic acid,
2 -

di met hyl- 3-[(3a, 4, 7, 7a-t et rahydr o- 1, 3- di oxo- 2Hi soi ndol
-2-yl)met hyl ] cycl opr opanecar boxylic acid, 2, 2-

di met hyl- 3- [ (hexahydro-1, 3- di oxo- 28- |30|ndo
%f&%’é‘?mrre%wamﬂwéﬁé@w@m@nwiaxlw gcpd di ﬁet[ 1yt 1-33-

@ﬂgi&éﬁﬁ $- BebLBNYHQcbad @-fﬁdaé&g?g?l 72"

hyl Icyc opropaneca oxy i c "acl di et hyl -
dxdbBeyicbrb222- u]pypmameze carboxylic acid, 3-[(1, 3-

%%%&%?QYilgya %roggng%gaéﬁ?%nﬁ ixnd té%f]dlnethyl 3-

ost bt Yyl § cyclzomnnagmeearebx@cyﬂdhlafdﬁlﬁ@l 4si@f alkali
nmetal s such as sod pot assi um and the |ike of the

SRR eketpl (P éddéﬁﬁ'ﬂr&Eﬁd 1. grdtidptdeat 1 43 adi e - 2H-
ﬂHBhﬁﬁbihﬁffﬂzméﬂﬂylh%yc&%%rdﬂ%%égéﬁb&§§f?4h§5f8 %é)_

ester in e carboxylic 30 acids (4a)
i $n[fhe3sﬂébYArpo5omwmnvﬁﬂwﬁ1ﬁnq%@pbmdeablndol-

f%}ﬁn?eﬂ{ I:PB g%g%))arbﬁo J Sc% [Desespatipgl,

abbreV|at

31iﬂﬁyﬁ1dm¢yp 1ﬂ sone cases] In the step B, a genera
les of the

sterlf used, (
Al |]f%//“?1581 ?%E?Y}EEVS 8p§|ogmc§ ¢ AFbHhi ng-2-
dfmfeﬁﬂﬂ(?)[R? 4¢EEF)okyher, gi- mo%-rle-presents an al kyl
havi 1 to 10 5 carbon atons, al kenyl group
dzl%‘g Ype EBY hbRY SLORE OBRANSCAUBAX Y 6t AP nd - 2-
athle&myqarsnzz( AL 9NE, ) - tBeramaahigr2 BRI £d as

al cohol s ( in some cases|, and conpounds obtai ned by
P¥FESitdEkn )mﬁt%yhygygiypropanecarboxyllc acid, 2,2-

dimethyl-3-[(3a,4,7,7a-tetrahydro-1,3-dioxo-2H-
isoindol-2-yl)methyl]cyclopropanecarboxylic acid, 2,2-
dimethyl-3-[ (hexahydro-1,3-dioxo-~2H-isoindol-2-~
yl)methyl]cyclopropanecarboxylic acid, 2,2-dimethyl-3-
[(4.5,6,7-tetrahydro-1,3-dioxo-2H-isoindol-2-
yl)methyl]cyclopropanecarboxylic acid, 2,2-dimethyl-3-
[(1,3-dioxo-2H-pyrrol-2-
yl)methyl]cyclopropanecarboxylic acid, 2,2-dimethyl-3-
[(4,5-dimethyl-1,3-diox0o-2H~-pyrrol-2-
yl)methyllcyclopropanecarboxylic acid, salts of alkali
metals such as sodium, potassium and the like of the
above-exemplified compound, and optically active bodies
thereof and the like.

The step B is a step of esterifying the carboxylic
acids (4a), (4b) or (4c) obtained in the step A to
obtain the correspondent esters of the formula (5a),
(5b) or (5c¢) [hereinafter, abbreviated as esters (5a),
(5b) or (5c), respectively, in some cases].

In the step B, a general esterifying method can be
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10 group of alcohols (7) with a hal ogen atom and the
i ke. The conpounds obtai ned by substitution of a
hydr oxyl group of alcohols (7) with a hal ogen atom
include hal ogenat ed alkyls having 1 to 10 carbon

| ogenat ed al_k Vi 2 to 10 carbo
e 2 HABBLAG B SPH R PIEhSoLRaLBoR
Al BNt # h@hé'k@ll&%iﬁ@' eorafuld’ (7 the al cohols (7)
i ncl ude alkylﬂgroups having 1 to 10 carbon atons such

as Ryl Up, ethyl group, n- propyl group,

| wr but yl rou
B T Sﬂ%?r@%?tﬁ‘éﬁt I SRR R d B R 8 et
c@mhqas dtomsg 21kengd gaplu@nhavmm Sctoe ako acmaabb;tl atoms

ut en roup and th |ke aral oups

Lo L st HRSHRe; gt oo st dedme o oup,

[&féd:é:hﬁaﬁﬂé@ dberebiatalikyls gal’lQimxchlaé/I (m) 7ik oSaﬁe
carbon atons optionally has a substituent. Exanples of

caf€Sdpove- descri bed al cohol's (7) include methanol,

a@ld & p o ¥ O@ﬁf‘ginea B&OE%"B%Itltlftlmﬁ 36‘P|a hydroxyl
2- butanol 2-met hyl - 1- propanol, 2-nethyl-2- 30

gEogPared] aJalelal (:Momtbe@z%ala:lg@dhoatom and the
h
i hgat ho %%e%%%rléa Eﬂ;@é‘%?@gﬂgz}%ﬁggk %gbﬁécé&ut?b% 3y

ove- escr coh concurren
haﬁndxyl%gnnupwnsohﬂenholEhd703®xmhnﬁnhaiog&m atom

A havdeetptferabky s PEEHA SR T fertpppatons.
hh&%@@iiaﬂeﬂi carbexylschaetidy @4a) HAarxBor 4&fomsn the

hsatl%%e%'atlefd nae:?aef%?{%/’hggﬂg (':Iar{:obezousceadrbon atoms and
the like.

Examples of R; in the alcohols (7) include alkyl
groups having 1 to 10 carbon atoms such as a methyl
group, ethyl group, n-propyl group, isopropyl group, n-
butyl group, isobutyl group, sec-butyl group, tert-
butyl group and the like, alkenyl groups having 2 to 10
carbon atoms such as an allyl group, 3-butenyl group
and the like, aralkyl groups having 7 to 20 carbon
atoms such as a benzyl group, and the like. The

aralkyl group having 7 to 20 carbon atoms optionally

-has a substituent.

Examples of the above-described alcohols (7)
include methanol, ethanol, 1l-propanol, 2-propanol, 1-
butanol, 2-butanol, 2-methyl-l-propanol, 2-methyl-2-
propanol, allyl alcohol, benzyl alcohol, p-
methoxybenzyl alcohol and the like.

The above-described alcohols (7) can be used
concurrently as the reaction solvent. The use amount

of the alcohols (7) is usually in the range of 1 to 50
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organi ¢ solvents such as aliphatic hydrocarbon

sol vents 5 (hexane, heptane, cycl ohexane and the

i ke), aromatic hydrocarbon solvents (tol uene, xylene,
nonochl or obenzene, dichl orobenzene and the |ike),

S ts ter but
er? g%%fgloggﬁggE%né'dlne oxyg?% %e and ﬁe Ith),
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compounds. 15Exanpl es of the nethod of esterifying

(¥R | i keRERBS (@ér)cloMbaarm grat) thej hikal eoh@‘loma(tﬁ)c
e e g ati hod usi ng an

Hm:ﬂ%:l catlgolss?b‘gg%}lggl éct%% o?il%de %%%I using a

mﬂﬂqnhlaw¢hgnagent,da0@dmpmunnqu$omménthelmmkaﬁth@¢her

[ 0 _conden |on ent i d
SJh‘peg?r. de‘e@g?ﬁ%*aYﬁ%Pﬁargﬁ al"@i %h o E AP BERA: E%hﬁﬁ_d
1t mdidceanézxanpnealméthb&y@wrﬁmtaiasthéomﬁelysed in
escri bed dehydrati ng condensati onS net hod

b §
BT f o, AT OOHEPAS SOL D 5 ki) UURLO BN haas,

dihagede Zoalé ONtHE o rdBluftdhieC A hhPNPEREPr i §raghd
and the |ike, organic acids such as p-toluenesul fonic

agide byl - (60- YerfoAnc the ¢ tan Aheawk'eheamuecd
an
THAL QEJANIE g@ﬂeﬁtwgg B8 ggpg,iceé%lg? éf’ofobyé}. nd3¢

the li Ke. The anpbunt o be use
dompdynds .

Examples of the method of esterifying carboxylic
acids (4a), (4b) or (4c) using alcohols (7) include a
dehydrating condensation method using an acid catalyst,
an acid chloride method using a chlorinating agent, a
dehydrating condensation method using a dehydrating
condensation agent, an acid anhydride method using an
alkyl chlorocarbonate, and the like.

Examples of the acid catalyst to be used in the
above-described dehydrating condensation. method include
inorganic acids such as hydrogen chloride, hydrogen
bromide, sulfuric acid, phosphoric acid and the 1like,
organic acids such as p-toluenesulfonic acid, camphor-
10-sulfonic acid and the like, acidic ion exchange
resins such as Amberlite, Amberlyst, and the like.

The amount of the acid catalyst to be used in the
above-described dehydrating condensation method is
usually in the range of 0.01 to 1 weight ratio with
respect to carboxylic acids (4a), (4b) or (4c).

Examples of the chlorinating agent to be used in

the above-described acid chloride method include
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30 above-descri bed dehydrati ng condensation nethod is
usually in the range of 0.01 to 1 weight ratio with
respect to carboxylic acids (4a), (4b) or (4c).
Exanpl es of the chlorinating agent to be used in the

- ' i hl.ori d i ncl ude, thi |
R T R e gt
ment achl oride, oxallyll oHiwd e anlat Brel ikge.The

dehydrating condensati on agent to be used in the ]
aboverY ey BEat dBly FoRGeRF addiiera%e R bntAePRoBSEd in

tHE] e da ¥ e e BRWY leearRadid 1 fecodagh Yk 1 3;
dinethylgninopyr?%lyl)-carhﬁﬁiéﬁ%% %ﬁg thégpi&gihOd
mrelud&s| deay el obarydsandodd el dsedl Fathhié-3- (3-

- i [ n i et hod_i ncl udes . et hyl
cﬁiJ?Eg§§@%%§§g?§?%§&36g%ﬁ&£ J@f%%%?b%ﬁgtgﬂgn l?ﬁe 10
| i k&the alkyhechieranaurbionaftet hmhafjd Qﬁi@@giﬂggnge_abo%_
e ed in the acjd_chloride_nethod, the de rating
Etiontad | 2 SoBRYAG 108 Medhadh THLuRRg AP ANY Ay
cHisessai b oila 681 hed opi@ piyhie oot o SaH96 9585 baRAL €nk0

be 15 used in the acid anhydride nethod is usually in
%%h?°range of 0.8 to 10 nole ratio, preferably 1 to 5

Mol @HA R rhdhyh £SBECENEO p?x%*i‘l’fbéldﬁa&“%&'éné”'@%’ FQ”’@sed
_orﬁééf). Wien the esterifying reaction o garboxy e
ixci Zri{dghlonpiieomethoy i $heardeheyidoatingi ng a
J&ﬂd@%§3¥fﬁh agent to be used in the dehydrating
condensation method and the alkyl chlorocarbonate to be
used in the acid anhydride method is usually in the
range of 0.8 to 10 mole ratio, preferably 1 to 5 mole
ratio with respect to carboxylic acids (4a), (4b) or
(4c).

When the esterifying reaction of carboxylic acids
(4a), (4b) or (4c) is carried out using a halogenated
alkyl obtained by substituting a hydroxyl group of
alcohols (7) with a halogen atom, or correspondent
halogenated alkenyl or halogenated aralkyl, it is
preferable that the reaction is carried out in the
presence of an organic solvent and a base. When the
carboxylic acids (4a), (4b) or (4c) obtained in the
step A are an alkali metal salt, the base described
above is unnecessary in some cases.

Examples of the above-described halogenated alkyl
and correspondent halogenated alkenyl or halogenated
aralkyl include bromoethane, l-bromopropane, 2-
bromopropane, l-bromobutane, 2-bromobutane, 1l-bromo-2-
methylpropane, 2-bromo-2-methylpropane, allyl bromide,

benzyl bromide and p-methoxybenzyl bromide, compounds
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al kyl obtained by substituting a hydroxyl group of
al cohols (7) with a hal ogen atom or correspondent
hal ogenat ed al kenyl or hal ogenated aral kyl, it is
preferable that the reaction is carried out in the 25

resence of an._organi ¢ solvent and a base. Wen the
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di chl or get hane, chl orobutane _and the |ike), ketone

dighierebenzensmnd nditylike hy| ekbesnsolvans
(té@?ﬁh&hﬂ@@ﬁyghﬁﬂﬁhﬁﬁfi tert-butyl ether, 1,4-dioxane,

l,2-dimethoxyethane and the like), halogenated
hydrocarbon solvents (dichloromethane, dichloroethane,
chlorobutane and the like), ketone solvents (acetone,
methyl ethyl ketone, methyl isobutyl ketone and the
like), nitrile solvents (acetonitrile, propionitrile
and the like), amide solvents (N,N’'-dimethylformamide,
N,N'-dimethylacetamide, N-methylpyrrolidinone and the
like). The use amount of the organic solvent is

usually in the range of 1 to 100 weight ratio,
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30 like), nitrile solvents (acetonitrile,

- propionitrile and the Iike), am de solvents

(N, N -di met hyl f ormam de, N, N. -di et hyl acet am de,
N- et hyl pyrrolidinone and the like). The use anount of
the organic_solvent is giual in.the range of 1 to

Ly
PESF 7 at? o020 PRAPBEABRAYLS 0 Bh AR &R o

QML LERECEci@sCrERPXY ks yasirdg aAHa) ., (4b) or (4c).
I'n the above-described esterifying reaction, an acid
chl drit dererealiode ude AT L hedapsFerdéydmidh&® e tcstiol saB

a%7i)d q{}gl@ﬁfcm %%Pﬁghngfﬁgsnﬁ:hies a@)ro%fee—r&btgéﬂ:i‘@&?' alcohols
or exanple, into a solution conposed of any o
(Gar Emdy| a cclabodsnédahg @dbhtand E4wfegtstdinetsed. t he

step, A and tﬁg abovE-descr'bgd al cohols (.7),.a

chl S Mat i HY gent 8 arafs?;g LoPn EPERP SEBt S HY o0

cefrvigst £ SadDadg . (£5p) an8) (2 (4c) oBwmiasd@rid ytne
reaction nmay al so be carried qut by, distilling off a

s&@my dntand eqRAY§-frsATAPes dlicohdchtld hi iy any of

RPNV L £ ACh Glen £ 423, d‘:é?})e@r. theredRf Feiding Neny of
step A, adding alcohols (7), 15 then, "dropping a
estlegrs nidid hg 6Yeht andhéSabeve- descri bed esterifying

) : adi .
chi Al TR SR I T SabLH Ay MACHGbnsea gue
byar kicbet i1l facg desff 4a) soltbhtod f( 4c)cessthan forgana c
I t, then,. d i l.caoh . 20T
SBIISHR A ST08ReRE, BRIP40
obrthq 4rcangd fd e d 20nt ©hd 08€eppREf aldding falwBrld o(7) ,
t enperature not higher than the boiling, point of

thedoh SRORPANG 2 r ERLET DAL SR Fe AT Fus TPEs PRY &(5a) ,
dbRriWed Xt £ PPL Gl PEActYBBNmay also be carried out

by adding a chlorinating agent to a solution composed
of any of carboxylic acids (4a)., (4b) or (4c) and an
organic solvent, then, dropping alcohols (7).

The temperature of the esterifying reaction is
usually in the range from -20 to 100°C, preferably from
0°C to temperature not higher than the boiling point of
alcohols (7) or reaction solvent.

Thus, esters (5a), (5b) or (5c) are obtained. When
esters (5a), (5b) or (5c) deposit as a crystal after
the above-described esterifying reaction, the crystal
may be isolated by filtering the slurry. Further, the
deposition rate of the crystal may be enhanced by
distilling off the reaction solvent and the like or
dropping a poor solvent, before performing filtration.

Even if the crystal of esters (5a), (5b) or (5c)
does not deposit in the reaction liquid, a crystal can
be deposited by the above-described distilling off of a
solvent and the like or dropping of a poor solvent, and
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25 esters (5a), (5b) or (5c) deposit as a crystal
after the above-described esterifying reaction, the
crystal may be isolated by filtering the slurry.
Further, the deposition rate of the crystal may be
enhanced by distilling off the reaction solvent and
the like or 30 dropping a poor solvent, before
peitaatriedy ftilerehy operformifgen siofl atthieorcriyisdd o Hf

este (;5b), .,or (.Sc) does no eposit in the

reac ﬁgﬁg%%amﬁﬂ L %r§%?%?'§8ﬁcﬁé%8§p&§¥%ﬁf T%he

abaceidescravigd ub séhldiDfa0lihgobgansolatanty ddeced

%iée or droppi ng of a_poor solvent, and 28 filtrated,
KEregenp SamhadR) 31| B¢ ohlkRerads also begrenpyed | from

the 2Bewardescrddr £ erbfyhag£beAGHPR Wi
chl orinati ng agent and by-%r%duced h&ﬁfgben gﬁhg?ide
ARETEfdon ke igwn we s band eapvedghndm Solventessdpardble

t Qr m hi.ng operatiqn in
EEbH bae et L% S B 0N BT R bty oF o
esampla,badiereagmeouse sl dité @Na hethexanp ehildierL are

neitioged a neagggd§n whi ch a sol vent separable from
AT EPT s SERAES Bt W3R bR 185 0BHdPRed Caftt &0 uieion
¢b0d £ndas airitleed 188 &IYdvd Nde £82€bLANe sWRKEIEYAM JPaSI C

aqueous solution is mxed, then, liquid partitioning
FeaghiPRedVaHer £ RAH? FLeRUS. splukdpnaliso Mised,
VeER s3ii fhe at Y | 59 € separ£h)
et ar L B L e A O SRR thon o
Rethedas| yIti may| hddoobk. permimsitbo bkapebafesebhdding

h r I t. sQl.ution js_dr ed Lnto water, ar
%a%%eggﬁegéﬁaéo%u 9 grjr{o“k h"é#e%' sgf‘) eﬁ?ﬁ‘ggﬁgrr B5ed Aiorihe
neaetios mdgedet preaismdiyudds palledi oniENg. IThRay also

KRt A SReD e o sl *esulEaRt Bpoutapit A drganed

Botyenwktseparabbe ild AUy dochtidenal tRBALI @ solvent
drocar bon sol vents (hexane, heptane, cycl ohexane and

h
SHRATARLE, TEPBHALETsdisvafidsd to cause liquid

partitioning. The washing operation with water or
basic aqueous solution may be repeated.

Examples of the organic solvent separable from
water include aliphatic hydrocarbon solvents (hexane,
heptane, cyclohexane and the like), aromatic solvents
(toluene, xylene, monochlorobenzene, dichlorobenzene
and the like), ether solvents (methyl tert-butyl ether,
1,2-dimethoxyethane and the like), halogenated
hydrocarbon solvents (dichloromethane, dichloroethane,
chlorobutane and the like), ketone solvents (methyl
ethyl ketone, methyl isobutyl ketone and the like),
ester solvents (methyl acetate, ethyl acetate, butyl
acetate and the 1like).

The use amount of the organic solvent is usually in
the range of 1 to 100 weight ratio, preferably 2 to 20

weight ratio with respect to carboxylic acids (4a),
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(tol uene, xylene, nonochl or obenzene, dichl orobenzene
25 and the like), ether solvents (nethyl tert-butyl

et her, 1, 2-di met hoxyet hane and the |ike), hal ogenated
hydr ocar bon sol vents (dichl oronet hane, dichl oroet hane,
chl orobutane and the |ike), ketone solvents (nethyl
et hyl ketone, nethyl isobutyl ketone and the Iike), 30
S brosof $€dts (nethyl acetate, ethyl acetate, butyl
acet t ey agpu 0
orga%%néggseﬁ? }tgliéuébl?asﬁ ytol E?h‘?ggngg g elfbtatgq%oo
amigts radilotipmefievcdhide ZaXloa R0 metght hyadtrios iviesh

espect to_carhaxylic acids a 4R) or ( o
SRR P YRE PRI dks Pt i WL T Aok habL ABAL TRt e
&itali ofetat! vedebdlnedtlds B 1l de@XbEAG teSOPoHAssium
hydr oxi de, potassi um hydroxi de and the |ike), 5 alkal

GRETRENZEE bBRat E8e( dddieUm rhhtBetpdt Risagponates
G PONR By §PE gbRe dalrbOnatd kKbt ABL @hmbhga&'agw es
(sodi um hydrogen car bonat e, potassium hydrogéen
cartiporate and the liike)),, @dldedlineebblphbeopbhbdss
(.14 sodi sphate, dji.sodium hydrogen phosphat 10
(S PELUT, RHBRBERNS A PRSP BER R R
tanip d thees $ L R) phosphaite ,bakigso Oy i @i NRydibgehhyhaspiate
eﬁﬂg theoiike and ammoni.a, and the |ike. The use .
drite of 1¥f 'asa\gepan&s@asc?e% REELALnfer tpdpthydiaming
diB RS Bke FNEnUS ko iid) tdifa rewge1 9ke0. Srhe gQenml €
15 ratio, preferably 1 to 10 nole ratio with respect
QN?QQﬁa%ﬁlE?Pnappﬁg'ﬁﬁﬁﬂiﬁkﬁﬁtbasé ighpot ParﬁicularlY
R desa! | BRE RSERNL0NS Mnd@rlgg 88dol 5A%d 20 moie
partitioning are preferably carried out in a pH range
Hatithi prefieesbdy §r dop ldndal ephtabioywighoupsplec20 to
1S4 ef 51[55)1&1:5_%%) aggn@%)seadre not hydrol yzed. The
no- hydrol'ysis pHA range is usually a pHrange from1l to
10. THeoralpevéodasogibkd abpewertdiencs i bedwapriaygi and of

T P NN I e

range in which an ester group and a phthaloyl group of

esters (5a), (5b) or (5c¢) are not hydrolyzed. The no-
hydrolysis pH range is usually a pH range from 1 to 10.
For performing the above-described operations of
washing and liquid partitioning in this pH rang, there
are mentioned, for example, a method in which a
solution obtained in the esterifying reaction is
dropped into a basic aqueous solution having pH
regulated in the above-described range, a method in
which a reaction solution and a basic aqueous solution
are simultaneously poured into water while controlling
pH in the above-described range.

An organic layer containing the resultant esters
(5a), (5b) or (5c) may be used as it is in the step C,
or a solvent thereof may be concentrated before

effecting the step C. It may be further purified by
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25 solution obtained in the esterifying reaction is
dropped into a basic aqueous sol ution having pH

regul ated in the above-descri bed range, a nethod in
whi ch a reaction solution and a basic aqueous sol ution
are simultaneously poured into water while controlling

Hin the above-descri bed r%égt An organic
&Aﬁn(ﬁﬂﬁ%ﬁ?ﬁ%%r?ﬁgyre§&IF§ﬁ§ %%%FY%RB a%@bfherllke
(5C)R be& usegd asgjt Rf thgzstg Ca,0r B sofveny
ed

thereof may be concenfra béfofé e fectlng *t’he step
o Ao rmgdb’aofmmh’ehepasrtfe;red(bya).cdlﬁhm or (5c¢)

t | izati d i ke, R
%%r%% AR fRNRLRes' 23 'RE M Mg Ry s ang R
AT javedi At tmet.h.ecesherss ((z5a) Ail, 5&3,)2 orA3(,5cz:)4 | eny esSEnt
t he sane neani ngs as R5 and R6 5def|ned

A1y e 1Bact dhes ‘E%ﬁln?\?‘ 1ﬁ2thﬁ31mA$eSA5(3% (a¥o) p@T

(A%) Adhdlal] negeiRedheni rﬁhéeal(c%%ls(égi)o (3c), and
R7 defined in the al cohols &7 . |l es of the

est @P@m(pal)es rfbﬁu‘@i@em'éh?FSZ fl1isclude methyl 2-[(1,3-

10
GQP? thfﬁ] ut%ﬁgégg §§§ a%e met hyl 2-[(1, 3-

dempﬂhylﬂdyaﬁqumembbacbnaglaZe methyl 2-[(1,3-

et SRS S TR ™ LS

yyl))umjﬂyw ]]c%di@'@b&ﬂﬂﬂéaﬁbBbxlydtaQe maidtdy 2, 2- di ppghy! -
% (1,3;di ro-1, 3- di oxo- %FPISOIndol 2-

A Yﬁé%h %%ﬁ(ﬂ?éhéﬁﬁ?ﬁe?}lére net hyl

ya ) #reGhghl 1Q5f@r&ﬁéx§néieayﬂbsayia% edi %%%}i | 50) Nélods ny 1 -

yl ) met hyl | cycl opro anecar boxyl ate, net hyl
32[;!1d|3f-|dl}éwdlac<{v(ll @iﬁyaraﬂilsoamﬁ&-mu soi ndo1- 2-

T O R OIS TRARSBAFRORPIRY oS et HDN  Zithatone-
3= [I1), Betdiyy dxyed op3 ophoroarBeigbando eyl 2-[(1, 3-
RS ARG AL s el ) IR s a1 caporo-
3-[(1,3-dihydro-1, 3- dioxo 2H-isoindol-2-
yl)methyllcyclopropanecarboxylate, methyl 2-
ethoxycarbonyl-3-[(1,3-dihydro-1,3-dioxo-2H~isoindol-2-
yl)methyllcyclopropanecarboxylate, methyl 2-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl]-1-
phenylcyclopropanecarboxylate, methyl 3-[(1,3-dihydro-
1l,3-dioxo-2H-isoindol-2-yl)methyll]-
bicyclo[2.2.1]lheptane-2-carboxylate, methyl 3-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl]-
bicyclo[2.2.2]octane-2-carboxylate, methyl 6-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl]-cyclohex-3-
enecarboxylate, methyl 3-[(1,3-dihydro-1,3-dioxo-2H-~
isoindol-2-yl)methyl]-bicyclo[2.2.1]hept-5-ene-2-
carboxylate, methyl 3-[(1,3-dihydro-1,3-dioxo-2H-
isoindol-2-yl)methyl]-bicyclo[2.2.2]oct-5-ene-2-
carboxylate, methyl 5-[(1,3-dihydro-1,3-dioxo-2H-
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25 1, 3-di oxo- 2H-i soi ndol- 2-yl ) net hyl ] -

bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl ate, nethyl 3-[(1, 3-
di hydro-1, 3-di oxo- 2H i soi ndol- 2-yl ) met hyl ] -

bi cycl o[ 2. 2. 2| oct ane- 2- car boxyl ate, nmethyl 6-[(1, 3-

di hydro-1, 3- dloxo-ZFLIsoindol-2-y|)nethy|I-cyclohex-S-
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CQIIb(OI‘?B]-aeﬁﬁhde%tllYS air éx@—lmtmln-cﬁo-ﬂ Y ammb;onox-

boxyl hyl
oJHYEL L 2 2o d L5051 8RE oy L0 Corboxyl ale, ety
YdﬂMﬁhhylﬂdycﬂanneﬁhhesamm©xylbte, methyl 2,2-dimethyl-
), et | o baxyl.ate, et
3y TR & PP 2B ERERS O it A SRR miRt o2 1 s0i
yaio hehwil Dm%ﬁyahaawmm&&@oxyﬂe&l@l el Hydimethyl-

dlnet | - 153-[ (2, 5-di oxo-
%%%ﬁr%ﬁhyl]cyclopropanecarboxylate met hyl

§r%b®ﬂﬁ¥ﬂ9ﬂ-ﬁ%{ﬁ§l?Eﬁhibﬁkﬁp%n%dﬂfﬂﬁkékate, me hy1l
grrolldlnyl % cycl opr opanecar boxyl at e y
22 22 ddmegA-=3= ( Qcﬁtxlpéﬁrénét-lﬁy-m-ﬂ--dl 0XO0- 1 20

l5i

PR S LT R M UL Gy L BB BRRRTA Y i TR
2n§oﬂd®€ﬂ@yﬁﬁ3wlq3yélépnepQMeamewhmﬂﬁﬂxﬁ dredsbyt 1 -

oF e R KR P By Rafsd habrpate | oo
2222dmmamﬂym 325(3a 4 7. 7; ggtrahg&;o ;,ij%?%fo-ZH—

i 0X0- i soi ndol- 2-

18P\ hiior 3o %ﬂﬂ%&a#se%yp%cwhw methyl
2222ddm@MHﬁ&£8{K@h§x5h939021 B~ A bk@!-22r-isoindol-2-

¥é)nethyl cyclopropanecarboxylate
Y Pﬁﬁpﬁj]?Mﬁ#ﬂﬁ?@P%D??@rB°§Y%§¢ﬁy1mft?Mi(ﬁ«£1§4ms¢hﬁl-

3l1¢2,5,6,7-tetrahydro-1,3-dioxo-2H-isoindol-2-
yl)methyl]cyclopropanecarboxylate, methyl 2,2-dimethyl-
3-[{(1,3-dioxo-2H-pyrrol-2-
yl)methyl]lcyclopropanecarboxylate, methyl-2,2-dimethyl-
3-[(4,5-dimethyl-1,3-dioxo-2H-pyrrol-2-
yl)methyl]lcyclopropanecarboxylate, and the like, and
compounds obtained by converting a methyl ester group
of the above-exemplified compounds into an ethyl ester,
n-propyl ester, isopropyl ester, n-butyl ester,

isobutyl ester, sec-butyl ester, tert-butyl ester,
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30 yl)nethyl]cycl opropanecar boxyl ate, and the |ike,
and conpounds obtai ned by converting a nethyl ester
group of the above-exenplified conmpounds into an ethyl
ester, n-propyl ester, isopropyl ester, n-butyl ester,
i sobutyl ester, sec-butyl ester, tert-butyl ester,

, 3 hut.e ester, benzyl .ester or
%ing%o%g/%g%zw%_Ig)éﬁttee:}walnde?ﬁeerri g?x‘a’%d CEPt e &N P
recthoeybedzgd efs idiesmd oripoundRe , TRAAS PR 1C1S YA ad€ive
of .reacting the esters (5a), 5 (5b) or (5c) obtained
bodieg gfeghssgn&‘%m%sd%o obtain lactanms of the

formua §ddpl benai nafdial, Sbbreyiaigd el agtﬁ@g%g gosai)n,

sone cases]. As the de-protecting netho
(Nt vect{boe gbd@inathdme the neheboRedndf emimeaniice, a

%E ti ] f e.follow formul a
d('%: SQ%ﬁé?%% ()v\l%gétr}% ?Hﬁgla?eﬁ 23&% geérr}la% ifonal | y
ahlirs¢viated asi lacgramsl,l orirmnsah&ytagesqp having 1 to
5 carbon atqons_optional ly suhstituted wth an _am no
gro?{ﬁ {%e[ﬁSFBFE%FFé:ﬁn BERA 4’ RsPEAtRES1yS) grmoup.
t3e CaSefen8Adnedt, et TRamd BH) 2 méBRLA of reacting
Exanpl es of R8 in _the am nes (8) include optionally

e § t of eBPanf RS 1GMERTs (RHLA gf dlp, net hyl grri Eo 2o

gr oup, -Rifhy! am group, phenylanmino group and the
Iike)? ungubsti({gl?t ed al kyl groups having 1 to 5 carbon
(athame {met Ry| rgpoesendishy@n gmiuinalpy opybsgidupted amino

GR35 SUBert Wit g 2PN SR acom,
ogrtviupsa hby | sgb&ttidufedamiicrh atrommsudsgrbéuped With an
[hereinafter, abbreviated as amines (8) in some cases]
and esters (5a), (5b) or (5c).

Examples of Rg in the amines (8) include optionally
substituted amino groups (amino group, methylamino
group, ethylamino group, phenylamino group and the
like), unsubstituted alkyl groups having 1 to 5 carbon
atoms (methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-
butyl group, tert-butyl group and the like), alkyl
groups having 1 to 5 carbon atoms substituted with an
amino group (2-aminoethyl group, N,N-dimethyl-3-
aminopropyl group and the like), and so forth.

Example of the above-described amines (8) include
hydrazines (hydrazine, methylhydrazine, ethylhydrazine,
phenylhydrazine and the like) and hydrates thereof,
alkylamines (methylamine, ethylamine, n-propylamine,
isopropylamine, n-butylamine, isobutylamine, sec-
butylamine, tert-butylamine, 1,2-ethylenediamine, N,N-
dimethyl-1,3-propanediamine and the like), and so

forth.
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25 am no group (2-am noethyl group, N, N-di nmethyl- 3-

am nopropyl group and the like), and so forth.

Exanpl e of the above-described am nes (8) include

hydr azi nes (hydrazi ne, nethyl hydrazi ne,

et hyl hydr azi ne, phenyl hydrazine and the Iike) and
hydrates thereof, 30 al kyl am nes (nethyl am ne,

et hyThfri nee ARPESSy Iofnithe arlsq)‘moé?saﬁih@si amines (8) is
= amn [ | g segh agi_ne,

e a2 B Qo PG b LE2Fa0, preerabiy

IN, i Srembyé- tal-ipr opdiedieaperst ahd eheelriskd)5a )gnd 5310 or

ngth. The use ampbunt of the above-descri bed
aﬁ%%és (8) is usually in the range of 1 to 10 nole

rat i®he pr&¢eamhkytiohno o8y afh otMet Btegseesl WQually
esters_(5a), (5b) or (Sc) 5The | actam zation reaction

GaFEiRA seep &N $hgsPHESEN s BoLveRtt-heApr&bence
A1 sP! Vet erAS ahhg i g o MALSE, B8R Q' 83%e® solvent

solvent, or a m xed solvent of water and organic
ofolwatrr | andsedgabianplodyesft the abede- descri bed

j i ncl ud | cohal I t h I,
ot hanS LY TOE thel UREUEC AKX oL T oL TP apE
iavldeisochveohsl EN1NMendisTHtwHHaie®R M d€hanol, 2-

N, Wdi net h cetam de, Nmet hyl pyrrolidi none and the
EORARO e nSFAZSPOEnaLYon: 12 R L bhe) neegfle soivents
(e -t wé hﬁbrmém&d@i,ommﬁ"-éﬁnéﬂ@%ﬂhﬂﬁﬁ:ﬁﬂ’iﬁ@,hﬁne

and the like), amne solvents (triet %Ian1ne,
methyLoNx 59 hhtheongy andi fdeadd kak. | ¢kkyr Apivends

VIR it PrQi0Ri <] € the I,i
L Al e T PR gl bcane.
ldi2ctd imeth orayiet hahkopolduttiuee ldrke X heaROnéi kelvents

(e ' ocC 0 lLvents (hexane. . heptane,
(Y LB £ BER°R - BRI IA A Y P01 08B PR e,
Lijedne, niorbté| sodiventend aceitohl iormikeaz epfolpﬁ]dnh'.lﬂeile
ik fer.sojvents (nethyl acetate, eth acet ate,
B 1o CEPER b aPALPHENFRS) BIHPC TOR { FOLTRRES 5
(@@ oor i YIEAH & , MBY che otoed Hah AJBIL & 6b@Eah¥0aRE the

qozs. O. t he above-descri bed solvents, organic
ligeental iRRat bP ch¥AFRCAEPOR SoLHeR LS cbhekaBgehheptane,

cYCAdVH xS VERE StHbt RiNaYET adomdt €] &GP ¥ntsePtolyene,

anpl es of the solvents mscible with water |ncruge
Xylene, monochlorobenzene, dichlorobenzene and the
like), ester solvents (methyl acetate, ethyl acetate,
butyl acetate and the like), and so forth. These
organic solvents may be used in admixture of two or
more. Of the above-described solvents, organic
solvents miscible with water or mixtures of such
organic solvents with water are preferably used.
Examples of the solvents miscible with water include
alcohol solvents, amide solvents, ether solvents ,
amine solvents, nitrile solvents, and the like.

The use amount of the above-described solvents is

usually in the range of 1 to 100 weight ratio,

preferably 2 to 20 weight ratio with respect to esters
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30 al cohol solvents, am de sol vents, ether solvents ,
am ne solvents, nitrile solvents, and the |ike.

The use anpbunt of the above-descri bed solvents is
usually in the range of 1 to 100 wei ght rati o,
preferably 2 to 20 weight ratio with respect to esters

( , b) or (Sc). Exanpl es of the lactam zation
(rsgag))ctiégbsngFu&QCA‘net hod in which esters (5a), (5b)
or (E€dmpPdsnes tB: AR tANGALII AN SQANENbnARGJTRS a
and the mxture is 5 adjusted to desired tenperature,

methadoth | vhhBhcBsasinsed X)), akEo ki @yl Y560 . aagdings ofB)

%slegaeéiem gsgwg.%)t and, qnﬁ%&géeg §8£V$3g¢ati)u§re( e

ed 1nfo a solution conpose stérs
agtjYsSpgd abd desdlednttempred-aofvmwes, nethetiodTha mwedeiH on

te in th 0 lactam zatjon i 1y f 0oC
FE Tt L BFE RGESHGRG & A HHAOBor PRAGSRE A Gmines

(t81e &0l VenteaBtebar abliyent the dPowse@f iAol @ 1¥AGtiRh
t he above-described | actanm zation reaction, |actans
cempaged obf aeREaTsAPE) -cdih et?Bn( 2% ) t ARA18 seddendn,

dlteTSHBY REtRBELL €dpRYt rgacea%r At d A £ §LLOVH e
surpl us anmount of am nes (8) or nby-p oducts gener at ed

teri ot Bohi 08 abual 1 Freineadicv & griapefa€ster fot
For renovi ng surplus_anount of

e
5a), (5b Sc) . _F [
h&ﬂzﬁf’e%(f(%%n g%]i.“g o?’z’i‘élflﬁe Pt AT tl¢ i $PLYEBA-may be
' t - ' i ed t aft
PEEd b A n PR UL ERGHORE A0 BY o Ve

sep&yahite famoverdescriibetiha dcataneirz ciasen | Beg&atibag
presen r enpval

out, in the of an acid, efficiency of
lé‘rcte?m%e& X @r%aﬂggglﬁggenhgﬁggﬁ COMPGF Tk PhHethe
rieRictissl bl €néhatmaft Be carplitld Buvfad hepéastaBhz abiron

reaction, an acid which wll forma salt with am nes
regPViin P lusdanpupsc 8€s aminashel &b| Enpyrgroducts

gdniddd &l 9 fae L PEBteBLEdht o QAHGED S O8E HFe2BLBED of
(8) and the acid is renoved.
esters (5a), (5b) or (5c).

For removing surplus amount of amines (8) out of
the system, distillation may be carried out, or water-
washing may be carried out after substituting the
reaction solvent by a solvent separable from water. If
the latter case is carried out in the presence of an
acid, efficiency of removal of amines (8) can be
enhanced. It may also be permissible that after
completion of the lactamization reaction, an acid which
will form a salt with amines (8) is added, and if
necessary, the solvent is distilled off, then, a salt
produced from the amines (8) and the acid is removed.
Removal ofbthe salt in this case is carried out by
filtration.

Examples of the solvent separable from water
include aliphatic hydrocarbon solvents (hexane,

heptane, cyclohexane and the like), aromatic solvents
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30 Renoval of the salt in this case is carried out by
filtration. Exanpl es of the sol vent separable
fromwater include aliphatic hydrocarbon solvents
(hexane, heptane, cyclohexane and the like), aromatic
sol vent s (tol uene, xylene, nonochl or obenzene,

i chl be an €. K et her sqlvents (nethyl

L BB TR TR e o ons Bt Fine "It RE Mg ne
drad ogieaal eRey deat@irbeo Sanent emé thehl eeefebhala. ether,
di chl or oet hane, .5 chl orobutane and the_like), ketone
Lot VP thAEY Ay Paeh ARk difthel 1ot hyhalegsnafedket one
B B8rbbKelo0198hels QQﬂﬁﬂﬂékéﬁg%ﬂgﬁe?Cﬁﬁéhggfﬁﬁ?ﬂane,

acetate, butyl acetate and the like), and so forth.
citnkoxeRuUbABANANEf thigeddkeo| vdirtone sigluehysi f metdyllo

i ght [0, bl t9.20
EREE Roednb? MEENYE THor £ B EI S ARaY (Rp) Take)
§Sxr solvekkanmpimeshyfl taloetactial, tothipl nagesake , Wbdtyl

amnes (8).ipn re ing the am nes (8) by washing with
%&ﬁ%ﬁt?n%%ﬁdgthg?ESHVCQQﬁ(ﬁ?(é%&#%gen chl ori de
hydrogenudd anethdeorsihblld GAGISht PNOSPHSRAE19CHR the
and the_|ike) and organic acids (acetic acid, citric

A Hethah@shPPoNPd IRt Fatsa olRrekaTRPEYI & 46 @Oand
Wi kel s Jhgs pReradpuel W WASEAC 4]y | S( §§Talt°%yé'5%’ :

the range of 0.5 to nole ratio, preferab
nol &ExEmples cof ther aspdctot dosur @ s dnowith oamanieses 8)

(8 - d t [ - tecti N-
P enRy RO AL oREREETB] (IR LG8 ve

inelidie caserdaniexanpbie ¢hydiepasid icilefid&e hydrogen
| etion of the 25

abov.e- descrj ped. by-pr.oducts after, conpl >
SRR o o broT e Pof  Bhos A1 At etinas Likey
aee dgdiid r&éi@s. (htelBy alci@ beipgFid sstbhe that the
reaction solvent is distilled off to increase the .

MEELEN GBI AbEINECHE - t Re TRy USPGRILEODkherrid hend the
lﬁﬂyﬁwUQ%% Ue TRBWeE bY £hbEEakic9Bs Alst FRAT M ¥n the

range of 0.5 to 20 mole ratio, preferably 1 to 5 mole
ratio with respect to surplus amount of amines (8).
By-products generated in de-protecting an N-
protective group in esters (5a), (5b) or (5c¢) may be,
in the case for example of deposition of the above-
described by-products after completion of the
lactamization reaction, advantageously removed as they
are by filtration. It may also be permissible that the
reaction solvent is distilled off to increase the
deposition amount of the by-products, then, the by-
products are removed by filtration. Alternatively, it
may also be permissible to perform substitution by a
solvent which is capable of dissolving lactams (1) and
depositing the by-products, before removal by
filtration. Examples of the solvent which is capable

of dissolving lactams (1) and depositing the by-
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30 may al so be perm ssible to performsubstitution by
a solvent which is capable of dissolving |actans (1)
and depositing the by-products, before renoval by
filtration. Exanples of the solvent which is capable
of dissolving |actans (1) and depositing the by-

%‘“!9? ' i I C on sol vent
p?%%xané? *@%%§%§,§g§§P%%é%an zﬁéﬁ%%hgbiiéyYe%E%natic
(?mﬁﬁsbﬁéptmae, gyy%ehlegflmmiﬁhWMWE, e(lromﬁtiic
i.chl orobenzene and the 1ike), ether solvents (net
SOLVEREH Uk 5 L ee ey XX}EP&i'nE{QWW%W? he Ii kg),
dh NG &tz dydlr gear bae 3akeant s il QI PdRt HapRe thyl

di chl or oet hane, chl orobutane and the |ike), ketone
teatydnt v ¥ rek e F . el hy dRBedhoxyiediiane jawbutye kikehe
' I (et hyd yl
nR3° et g P aEnpY, LT vInel (oS EmE Y |
dTlcd leg elrioame , ofhlbeoboltaeeet antd dthd slidapppllee bbne

di.ssol.ving lactans (1) and depositing the by-products
sP%W%ﬁﬁﬂIéb?€b¥ﬁeeFéﬁgeﬁsgoferomﬁi?£AHiﬁﬂb¥5f oketone
apdeftereall 3k ) | ce 2Oe e ehdlsi qmetHYy T esReEdtd O E8LPLS

15(5a), (5b) or (5c). Thus,_ a sol ution contai ni ng
acg » (PYtYs ¥pehphedand therdikedol ANbre@fLeHER ans

(1) rhleot X i n t 280 FELRRAsBh vERARC GRALIA 14 @aﬁﬂ%@%f
in the above-described 20 solution, and other nethods
dissopnimonaactamnet b ary depesiddmeerithathvronegubes

. if] A hy, - lizati
SBUGIH P £ LRI RERTBEOS i STy AL FRC) o0
pteFerairlgsenttd hzo seakbghtarands adthorddpdd R4, efbers
fined 25 in the |act 2). Exanpl '
BP9 end T 39} Tnclude 30 e

azalrhays! ¢ 3AD]eptesnLa®i€ng3iactams (1) is
azahi cycl o[ 3. 3. 0] oct an- 2- one,
°B3386%ycl o[ 4. 3. 0] nonan- 7- one,

6, 6rdirmaidalrtd-aAz abi CVet0hds 1 () hexar- 2xple, a method
of concentrating a solvent in the above-described
solution, and other methods are mentioned. Lactams (1)
after concentration may be purified by column
chromatography, re-crystallization and the like.

R, Rz, Ry, Rs and R¢ in the lactams (1) represent
the same meanings as for R, Ri, Ry, Rs and R¢ defined
in the lactones (2).

Examples of the lactams (1) include 3-
azabicyclo[3.2.0]lheptan-2-one, 3-
azabicyclo[3.3.0]octan-2-one, 8-azabicyclo[4.3.0]lnonan-
7-one, 6,6-dimethyl-3-azabicyclo[3.1.0]hexan-2-one,
6,6-dichloro-3-azabicyclo[3.1.0]hexan-2-one, 6,6-
difluoro-3-azabicyclo[3.1.0]lhexan-2~one, 6-
ethoxycarbonyl-3-azabicyclo[3.1.0]hexan-2-one, 1-
phenyl-3-azabicyclo[3.1.0]lhexan-2-one, 4-

azatricyclo[5.2.1.0%'°®]deca-3-one, 4-
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30 6, 6-di chl oro- 3-azabi cycl o[ 3. 1. 0] hexan- 2- one, 6, 6-
di fl uor o- 3-azabi cycl o[ 3. 1. 0] hexan- 2- one, 6-

et hoxycar bony1- 3-azabi cycl o[ 3. 1. 0] hexan- 2- one, 1-
phenyl- 3-azabi cycl o[ 3. 1. 0] hexan- 2- one, 4-
azatricyclo[5.2.1.02. 6] deca- 3-one, 4-

azatrlc 2.0 undeca- 3- one, 8-
LR P 3a 20 i HRAEGA hony. 8-

@iﬂiéfM@bPh532oli Q% £] 086 By epnd; oge, 4-

azatricycl o[ 5. .07’ 6]undeca 8- en- 3- one,
ng¢€ﬁﬁﬁph9 5. 3 1 0°*%ldeca-8-en-3-one, 4-

- z3gbi,c ala Sloct a
%%{;1 8§é%ZL§ glgx§ 3%6%%I%[ Pocfan ,ethyl_
Zié%ﬁhox&hylaEabdnquxﬂZBb3ﬂyb¢©¢8n369bﬁeta0~@&ﬂm@1 2,4-

4-aza- atricy 0[5 1. 02' 6] deca- 3-one, aza- 10-
S Ciadl yéFﬁF%cici 8 (ﬁiﬁf%ﬁ%n 3°Bﬁe oﬁt@&&qﬁPYﬂIz’
caed | weab@sie§cgf;[t3h@se) IRRaiglsonandat heal-ike.
According to_the pr gsent i nvention, nfolycycllc | act ans
A BECHEbAlE ed - hi-Oh * Ril§e A w1 PHe ond t ABacaPrespondent
olONere1d S . BOhY o3 CligdBaldldls. AL negoby chigy
production 15 nethod of the present I nventPon ar e
agtaifve mdthenpﬁalthnem remErawids anand the like.

nedl rlcu tural dru t er nedi at es,

sui ta y use gs égprgéhgﬁdéwﬁqﬁ%ﬁ?mﬁpat% 3Fy?ﬁéc

M i ;ovg NGga OBpOpIRA dused wABNMilH 132000 #homhthe one
of antl-hggatlals C drugs 20 (HCV drugs). 25
EEAPI S HEOPLEsent invention will be

i || usid gy&yéyeiber 1b6t@ﬁ1tsa|o|btb§§ﬁ£h Wy XR8P LSl 9Wn

but it is needless to say that the present invention
methad of ffhegrrgsent invention are useful as chemical

raw materials and medical-agricultural drug
intermediates, and can be suitably used as a production
intermediate for the following compound (see, WO
2004/113295) which iskone of anti-hepatitis C drugs
(HCV drugs).

EXAMPLES

The present invention will be illustrated further
in detail based on examples below, but it is needless

to say that the present invention is not limited to

38



ar

10

15

20

25

30

t hese exanples. Exanple 1 Synt hesi s Exanpl e of

(1R 3S)-2,2-dinmethyl1-3-[(1,3- 5

di hydro-1, 3-di oxo- 2H i soi ndol- 2-

yl) met hyl ] cycl opr opanecar boxylic acid 29.70 g

(235 mmol ) of (1R 55)-6, 6-di nmethyl- 3-

thédé cyrhnpd ek .0] hexan- 2- one, 66.8 g of

N, Ndi et hyl acet am de and 48.0 g (259 nmol) of

phthal i m de 10 potassium were nmixed and heated up to
1&hen, stirred for 9 hours, to obtain a reaction

sol ution arcontai ni ng potassi um
(1R 3B thregidi Aeample3-df 1(1R,35)~-2,2-dimethyl-3-[(1, 3-

' -1, 3-di.ax0- i.soindol - 2-
%ﬁ§?§%ﬁ9%]g?%ﬁ&ﬁ%ﬁ%ﬁﬁﬁﬁﬁ%ﬁé@+é§é. This sol ution was
¥ib) ok tippe dcgt 1bp@ opine dd sk y1 di 8celi 67 g of water
and 104 g of toluene. Next, 26.5 ? of 35% hydrochloric
aci o Wal¥ df opped, "Medn, Athed IR 3%} 26 whsdhBatBy lug t o

BB idPeDo [ 5L AViI0d nRAH 17 H A9 96 SgPgr ber fes- As the
organic |layer, 213 g of a solution was obtai ned.

Tigrnt RY sacat ppa deodndl ridd 619 962 %0 (BRI L) pbthalimide

I.R 39) -2, 2-di net.hyl - 3- , 3-di hydro-1, 3-dj,oxo-2Hi soi n
A ASE iR EpRS| T b dinAtebosp 1Fe’ DapeC. CtRenTh
stietredv £Hrr eSABEl-st,0 ol RpaQ 10, H-H& 4B M¥A- 3olution
oxabi cycl o[ 3. 1. 0] hexan-2-one was 96.3% 25The

AR BR Y VRO BaEEANTN AtiRord Sf- 2, 2= @imethyd-3-[ (1, 3-
dilily gl Y9 @5 a8~ Gh4Q A 01 f1cl01- 2-

yl Y met hyl | cycl opr opanecar boxylic acid was effected by

Wi )@re e ¥ bevehopropgaiedt asthosimlalyg apBhisiss ¢ het toh uwas
d(:)lzfoph;;eggI gi?r{gggafggolringgiag a:-grq%rjrﬁt % ra607h’g SonMv?é/_\g(eJ(:Dgnd
104 g of toluene. Next, 26.5 g of 35% hydrochloric
acid was dropped, then, the mixture was heated up to
60°C, then, liquid partitioning was performed. As the
organic layer, 213 g of a solution was obtained.

This solution contained 61.96 g (227 mmol) of
(1R,3S8)-2,2-dimethyl-3-[(1,3-dihydro-1,3-dioxo-2H~
isoindol-2-yl)methyl]cyclopropanecarboxylic acid.

The yield with respect to (1R,5S)-6,6-dimethyl-3-
oxabicyclo{3.1.0lhexan-2-one was 96.3%.

The quantitative determination of 2,2-dimethyl-3-
[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-
yl)methyl]lcyclopropanecarboxylic acid was effected by
high performance liquid chromatography. As the column
of high performance liquid chromatograph, SUMIPAX ODS
D-210FF (4.6 mm¢ x 150 mm, 3 pm)(manufactured by Sumika
Chemical Analysis Service, Ltd.) was used.

The melting point of (1R,3S)-2,2-dimethyl-3-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2-~

yl)methyl]lcyclopropanecarboxylic acid was 159 to 160°C.
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30 D-210FF (4.6 mm$ x 150 mm 3 pm) (manuf actured by

Sum ka Chem cal Analysis Service, Ltd.) was used.

The nelting point of (1R 35)-2,2-dinmethyl-3-[(1, 3-

di hydro-1, 3-di oxo- 2H i soi ndol- 2-

yl) ek dyhd sy 6eneaARARREANI\Ys C Boindk \Agénéﬁ? )t 8r&6Q%own

The neasurenent results of 1H NWR ( are shown
= 7.69 to 7.89 n1(4kb 4. 17 dd (1H),

?3% ;de{t":gn% 7285 1‘ggﬁrhé‘§5°s7 élf%lﬁé}lise) $00%ad® (im)

(1R 854021 2661 met(hyd-31l.4h & (3H), 1.18 s (3H)
dihydro-1,3-d|oxo-2FL|30|ndoI-2-
yl) met hyl ] cycl opr opanecar boxylic acid 10218 g (1.73

FRnpd §1R 5S)-6, 6-di net hyl- 3-
oxab|cyclo[3 1. 0] hexan-2-one, 1090 g of

N, Nfi¥retihgs becEvaingéeand 33R,3Y)-200R nbinethyl-3-[ (1, 3-
sihym.wer.e ni.x and heated up to

iﬂﬁgggéheh§ 8?§g§egﬁfor i?dﬁ&uﬁg to obtain a reaction

ymﬂmﬁthyalﬁycbopabpangcaab@&yhﬂﬁ acid

di hfé‘roqzl éldjfge’%g%ik P§O| I]180|582 -6,6-dimethyl-3-

oWabmiYyel g cycl opnARaRacaLbawy! alobo NeXse & hg-sol vent
was distilled off by concentration under reduced

Jeac%@nld%sng 862t 81 Ydnd® o b ded . plFtuh@hemlde

9 % drochlo i c.a
oA S P hIER ERIOheR R G T OBRET AlG
stdsddd@ntonr JANh6ukrayeob %%aﬁ&n%rﬁdéﬁ@f_bxﬂnﬁ@quﬁgﬂced

ssure to distill of the solvent, then, 1275 of
B To R RO SATEAUR o BBr 48R ~20 20 GLRF Y K oh il § bnd -

AABRiEI M DB 4870 Lo 221111 861 AR -9f-
élR 35)-2,2-di nethyl-3-[ (1, 3-di hydro-1, 3-

) giedbat i e helropaye s aEbREyLafe -opNepdne ddreb ol vent

was Gistilled off by concentration under reduced
pressure, then, 763 g of toluene was added. Further,
693 g of 10% hydrochioric acid was dropped and mixed,
then, liquid partitioning was performed. The resultant
organic layer was concentrated under reduced pressure
to distill of the solvent, then, 1275 g of methanol was
added to obtain 2070 g of a solution containing 427 g
(1.56 mol) of (1R,3S8)-2,2-dimethyl-3-[(1,3-dihydro-1, 3-
dioxo-2H-isoindol-2-yl)methyl]cyclopropanecarboxylic
acid.

The yield with respect to (1R,5S)-6,6-dimethyl-3-

oxabicyclo[3.1.0]hexan-2-one was 90.5%.

Example 3
Synthesis Example of (1R,3S)-2,2-dimethyl-3-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2-
yl)methyllcyclopropanecarboxylic acid
40
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The yield with respect to (1R 58)-6, 6-di met hyl- 3-
oxabi cycl o[ 3. 1. 0] hexan-2-one was 90.5% 30 Exanple 3
Synt hesi s Exanpl e of (1R, 3S)-2,2-dinethyl-3-[(1, 3-

di hydro-1, 3-di oxo- 2H i soi ndol- 2-

y1l) met hyl ] cycl opr opanecar boxylic acid 0.50 g (4.0
mMol0). 5 ¢ 1R 56) mbo 6 dodet( R, 53) -6, 6 dimethyl-3-

b 3.1.0]h 2- 0. 81 f phthalimd
A P L T s OBRERER - APty 1031, o P AbAS e e
ﬂﬁ%@jsﬂﬂﬁi deatedoug be LORGtHyNEn - f+F6EHaiRbnd4ware

hours to obtain a reaction solution containing
migtegk sAnudn &t 88) ul, Rodils®C Oy 1tBep( 1 s3-iditu@irfod, B4

di_ oxo-2H | soi ndol nmet h clo anecar boxyl at e.
DO et T O S op LT PBEARE SOBIOT AT L SLBLRg0] 206
pHQGWT { TR a@sqi was - aqﬂke@hyancb Xt a8t @fhbk6€1Wsth

10 10 of nethyl tert- but¥ ether to obtain a
éﬁr%ﬁﬁ&%@ﬂiné -plgmeghyl Ievigdsiprepanecarboxylate.

I di
T%ﬁ% %%f%%dro %g%ggégﬁowsﬁ-lg&ﬁﬁﬁﬂ EPen 3.2 g of 5%
hyﬁmmgh%dqxqc$©pdopaaeaddbdxyhmd.axtracted twiceThéth
d th re ctt 1R 5 di net hyl- .
oxg%fgig ?ﬁgx % 5 ﬁgkﬁg Q?74§% %&aﬂp?%Eﬂtlon
cSyllttalﬂ&ﬁlrﬁg Exasmlg 08.1 mmol) of (1R,3S)-2,2-dimethyl-3-
drol, 3-di oxo- 2H i soi ndol- 2-

[gé% gﬁgﬁ¥§%ﬁc&cgoﬁ%ﬁgéﬂéEaFSBk%QQ}" T d

yl)methyl]cyclopropanecarboxylic acid.
The yield with respect to (1R,5S)-6,6-dimethyl-3-

oxabicyclo{3.1.0)lhexan-2~-one was 77.5%.

Example 4

Synthesis Example of 2,2-dimethyl-3-[(1,3-dihydro-
1,3-dioxo-2H-isoindol-2-
yl)methyl]lcyclopropanecarboxylic acid

12.0 g (95 mmol) of 6,6-dimethyl-3-
oxabicyclo[3.1.0]lhexan-2-one, 120 g of N,N-
dimethylformamide and 17.6 g (95 mmol) of phthalimide
potassium were mixed and stirred, and heated up to
155°C, then, reaction liguid containing potassium 2,2-
dimethyl-3-[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-
yl)methyl]cyclopropanecarboxylate was obtained. The
reaction liquid was cooled down to 25°C, then, 10.9 g

of 35% hydrochloric acid was dropped, further, 634 g of

water was dropped. This was cooled down to 0°C, then,
the resultant crystal was filtrated. Then crystal was
washed with water, then, dried under reduced pressure,
to obtain 23.3 g of 2,2-dimethyl-3-[(1,3-dihydro-1,3-

dioxo-2H~-isoindol-2-yl)methyl]cyclopropanecarboxylic
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12.0 g (95 nmol ) of 6, 6-di nmethyl- 3-

oxabi cycl o[ 3. 1. 0] hexan- 2-one, 120 g of

N, Ndi et hyl f or mam de and 17.6 g (95 mmol ) of

pht hal i m de potassium were m xed and stirred, and
heated up to 25 155C, then, reaction |liquid containing

ajedt@ssi um 2, 2-
di met hy1l-3-] (1, 3-di hydro-1, 3-di oxo-2H i soi ndol- 2-
yl ) fdtehyd |Vb’p\‘-%p£ﬁéeaf>t§o%ﬂ St RIS B ned.  The

ox@Anld RN & f $IU do YRS x6RCLeddoWnd B 2565 then, 10.9 g
of 351 hydrochloric acid was dropped, further 634 ¢

of FhenatedrswyegmelbppedulTisi $>fvvasl'1-c§‘@’tﬂ ePMEWh oD D2 -

he, r lta t gl Jd pted,; The
Y L T X I T e
yﬂemﬂﬂhylﬂﬁ¥ﬁum§ropanebhmumx&lib(pdﬁd are shown below.
2,2-dimeth 3-[(1, 3-di hydro-1, 3-

di 0Ro=24i ﬂﬂvdﬁ~@5ym)héﬁhylﬁeyél6bﬁd¢@neé%¥ﬁbx@¢lblﬁ)
4 | t t
L J“é dthet . (G 8200 P heet? 2 ofifhas

. 5% The neasurenent results of 1H NWR
2,2- 5
aﬂgﬁkyl 3-[(1, 3-di hydro- 1, 3-di oxo- 2H i soi ndol- 2-
yl ) E@hftyiés:wlmr@p_aseem hexwukilc (AR By shaymbeh 1\/-3-

= 7.60 to 8.15 m (41!'), 4.04 m(1H), 3.78 dd (11!
[1148315&W%0n%(%1d}°><9 Z8-dseipdol-209 s (3H) 10
| f met hyl
(.Ec?R 3%1)%712] %}ﬁwﬁﬁébarﬁﬁ@ﬁa@c&
[ (153-d fsedraf 12 ﬁ@l@ﬁaezsloﬂ%m@olc@talnlng 13.1 kg

Yt's) LA ) Gyl PPk °?§ Sabb @i Yledhs 1% 7 K8, PlafnyQLHERe5.
(solutlon %onta TB 17kg 'y [*p’ § -3
dioxo-2H- 1501ndol 2 yl)methyl]cyclopropanecarboxylic
acid obtained in the same manner as in Example 1 was
concentrated under reduced pressure to distill off

toluene. To this was added 26.1 kg of methanol and the

temperature was controlled at 50°C, then, 6.8 kg of
thionyl chloride was dropped and the mixture was
stirred for 19 hours. To the reaction liquid was added
13.1 kg of toluene, then, the reaction liquid was
dropped into a solution prepared by dissolving 4.9 kg
of sodium hydrogen carbonate in 55.5 kg of water.
Further, 52.3 kg of toluene was added, then, pH was
adjusted to around 7 using 12.7 kg of a 28% sodium
hydroxide aqueous solution. This mixed liquid was
partitioned, and the resultant organic layer was
concentrated under reduced pressure to distill off
toluene, then, 105 kg of methanol was added to obtain
125 kg of a solution containing 13.7 k g (47.6 mol) of
methyl (1R,3S)-2,2-dimethyl-3-[(1,3-dihydro-1,3-dioxo-
2H-isoindol-2-yl)methyl]cyclopropanecarboxylate.
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15(46.8 nol) of

(1R, 39)-2, 2-di net hyl-3-[ (1, 3-di hydro-1, 3-

di oxo- 2H | soi ndol - 2-yl ) net hyl | cycl opr opanecar boxyl i c
acid obtained in the sane manner as in Exanple 1 was
concentrated under reduced pressure to distill off
toIEéneyiﬁidtw3¢NW§eandeu 26. 1 1Rg 36f) 1Rethahivhe binyll t Be

e I contrglled at then, 6.8 kg of
L SRR e A EOBP 5 aad S lr a2 Xt ur o v
y31) merted If Jayy dib st Sne darbbg yaactaiod lwarli gio was. added
13. 1 kg of toluene, then, the reaction |i

i o BN TR AF G\ | S BFEARREG By o SSA Ml B 53Ry~
225 @Em%%‘ﬂg}{m ﬂly[d(Pgﬁnd§ﬁ§BQBatle 3l- @:.%’éco‘impéom&@i -2-

Fur t her . of tol uene was added, then, pH was
yédl[ﬂ@iﬂlard ]tqycaqunma?nagangoleatbegwas £ 26396 todi byn high

pOYehH aql%eaq.li% S&k%fng@ n?bgaj“axig 'th%“'cdo  INfith, o

art| I"oned resul nic lrayer
h¢ghc@Mmﬂunmhnuuknlq@ﬂﬂceﬂrpme$sgmapmq EWIPAX 0bbSs D-
tol uene, then, 105 kg of nethanol was added to obtain

219BFy ¢ 406 amdoputli%h Wont Ai hmhgmesufa?tglr@w by il
C?Ehgégﬁ ?%f%yﬁﬁﬁtﬁﬁF%lffi &tglﬁyg d'oxoZH-|30|n

dongeympmmmmg]ngmﬂtmwbpmeéhnlbolylaseh242 dimetHpe-3-
1R .3 1-3-
oS AR 0 Qeb B R nGe L E

vY i%%h‘w‘ﬂcﬁmocﬂ&r&;pan@&afbe&?hh%eawa@ was 99. g8ec .The

guantifative determ nation o 1R 3S)- 5

2, 2THenBelepLrent el hits oof, éHdNUi&o(EHQJsdl reest -Shown
bghg?ethyl]cyclopropanecarboxylate was effected by high

pertormance |iquid chromatography. As the col um of

hi g& aevteermace Iaiaqud d(ahrprmtpgraah(lﬁw BAX 710G O-
(4.6 mmc manuf act ured by

3
(éﬁhké 7é ewe(rﬁ@a-l ]An%?ygl glgm céd? tod D). Jhdn u(s,Je%l)
178¢ gelikig Aoy Of (s@fhyl (1R 38)-2, 2-di net hyl- 3-

Example 6

Synthesis Example of methyl 2,2-dimethyl-3-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2~
yl)methyl]cyclopropanecarboxylate

30.3 g (110 mmol) of 2,2-dimethyl-3-[(1,3-dihydro-
1,3-dioxo~-2H-isoindol-2-
vyl)methyl]cyclopropanecarboxylic acid andv130 g of
methanol were mixed and the temperature was controlled
at 50°C, then, 47.0 g of thionyl chloride was dropped
and the mixture was stirred for 5 hours. The reaction
liquid was concentrated under reduced pressure to
distill off the solvent, then, 130 g of methanol was
added, and concentrated under reduced pressure again to
distill off the solvent. The resultant solid was dried

under reduced pressure to obtain 31.5 g of methyl 2,2-
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[ (1, 3-di hydro-1, 3-di oxo- 2H i soi ndol- 2-

yl ) met hyl ] cycl opr opanecar boxyl ate was 85 to 86C.

The neasurenment results of 111-NWVR (CDCl13) are shown

15 bel ow. 8 =7.68 to 7.88 m(411), 4.17 dd (1H

3.97 dd (1H), 3.71 s (3H), 1.62 d (111), 1.44 to 1.59

m D, 1.37s (311, 1.15_s (311 Exal 6
AR5 et S B R R 33 S S PR L 22
vy hwdheg-11,c3dli o pah é S8 BERF1dte .

y1) et hyl ] cycl opr opanecar boxyl ate 30.3 g (110 nmol) of

2, 2TBPnddiey & 3Uifhy mespeGHr 60 £3R,35)-2,2-dimethyl-3-
[ {133daKyatd 1504 WPd2 &= 21-1is0indol-2-

yl') met hyl'] cycl opr opanecar boxylic acid and 130 g of
yireneahyll earcd op xepe medatrbhexy éipe agtidr avagas® Tont r ol | ed

at C then, 47 of I onyl 1 ghlori ‘¥%§ roppe

andégﬁemr%a tuurreéne\/\rlgtsg% sllfirgﬁl ‘c¥)r g hgér g% (rjoefgcn?e? onyl

2 30 - i fleitth Wia3 -JOC £34 d Bh edrondes -daduesd Priassindo 1 02 -
distill ﬁff the sol vent, then, 130 of _nmet hanol was

YL 4BEEPYAAFYCHRRIRR AP TRAEY LPLGUEEE FROSEURS LR n
PR bt e8 B T B PR I R R A

dri ed under reduc pressure to obtai
(ne) hyB .322s 43H), 1.65 d (1H), 1.60 to 1.51 m (1H),

dipethyl-3-[1(1,3-dih -1, 3-di oxo- 2Hi soi ndol- 2-
ly#?ﬁﬁtﬁéﬁﬁcyér&ﬁ}dbaﬁgigrboxylate. The yield with
respect to (1R 3S)-2,2-dinethyl- 3-
[ (1, 3-di hydro-1, 3-di oxo- 2H-i soi ndol1-2- 5
EXamRadehy| | cycl opr opanecar boxylic acid was 99%
Synthesis Example of (l1R-cis)-6,6-~dimethyl-3-

azabicyclo[3.1.0]hexan-2-one

125 kg of a methanol solution containing 13.6 kg
(47.4 mol) of methyl (1R,3S)-2,2-dimethyl-3-[(1,3-
dihydro-1,3-dioxo-2H-isoindol-2-
yvl)methyl]cyclopropanecarboxylate obtained in Example 5
was mixed with 5.4 kg (64 mol) of a 60% aqueous
solution of hydrazine monohydrate, and the temperature

was raised to 65°C, then, the mixture was stirred for

25 hours. The reaction liquid was cooled down to 25°C,
1.6 kg of 78% sulfuric acid was added, and the solvent
was distilled off by concentration under reduced
pressure. Further, 54.5 kg of toluene was added, and
again, the solvent was distilled off by concentration
under reduced pressure. ‘To this was added 47.7 kg of
toluene, then, the deposited crystal was filtrated.
From the filtrate, the solvent was distilled off by
concentration under reduced pressure to obtain 36 kg of
a solution containing 5.94 kg (47 mol) of (1lR-cis)-6,6-
dimethyl-3-azabicyclo[3.1.0]hexan-2-one.

The yield with respect to methyl (1R,3S)-2,2-

44



10

15

20

25

30

The nmeasurenment results of 1H NVR (DMSO) of nethyl
2,2-dinmethyl-3-[(1, 3-di hydro-1, 3-di oxo- 2H i soi ndol- 2-
yl ) met hyl ] cycl opr opanecar boxyl ate are shown below. 8 =
7.82 to 7.90 m(4H), 4.02 dd (1H), 3.77 dd 10(1H),

3 5 1-5..25
BRI S A b F0100- By 25
Bn@thymﬂcﬁ&Rogm@ba&dbahhuxY®d;8 wd§ 100%.
bi | o[ 3,1,0]h 125, k get.banol
ol LSS ERORE L ARG e g RY T HRoT) DFretRy S 6"
dﬂﬁ%@ﬁ%lZBZaQbE&bﬁblﬁqi(ﬂ,&%hexan 2-one was effected by
di hydro- 1, 3-di oxo-2H-i soi ndol- 2-

§ighepayEPEPERSE dﬁmé@ar%kﬁamaa%%wwned’*? ntER afglamn.,
6 60%
ébﬁg?xgsogkxﬁy3%%§?h3 non%ﬁ&hﬁ%pghgand t%e teﬁggsggare

WAp(MahgedctarédChyt Brimikaecdnica® naalgtisr Serfvdrce,
25 hours. The reaction |liquid was cool ed down to 25C,
Lt@. kgwaf #86Psul furic acid was added, and the sol vent
25 was distilled off by concentration under reduced
pressure. Further, 54.5 kg of toluene was added, and
Exgamplet Be sol vent mas distilled off by concentration

U”deé%xﬁ@ggﬁﬁg BREHDYC 0f! % déﬂéux@éhfﬁdsd 47.7 kg of

t ol ep05|te crystal"was filtrated. 30
&kmhlchelblBtﬂamdhdxanfaﬂqnﬁn mas distilled off by

conc at i under. [ k
§€o§u9i8§703WP&|nl%u qu K1 7d%@ ?Qg?-@-%§1 3-
dﬂﬁyﬁrs}1636d16mmBQM%h§bfﬁ&&ncyeIo[3 1. 0] hexan- 2- one.
;i)mgkﬁgg]QSEHOE%ﬂﬁiﬁeéé}J§§§?%té1§%§S§ned in Example 6
and 222 g of methanol were mixed and to this was added

5.9 g (118 mmol) of hydrazine monohydrate, and the

temperature was controlled at 78°C, then, the mixture
was stirred for 21 hours. This reaction liquid was
concentrated under reduced pressure to distill off the
solvent. To the resultant solid was added 98 g of
methyl tert-butyl ether and the mixture was stirred,
then, insoluble materials were filtrated. The filtrate
was concentrated under reduced pressure to distill of
the solvent, and the resultant solid was dried under
reduced pressure to obtain 11.1 g of 6,6-dimethyl-3-
azabicyclo[3.1.0]lhexan-2-one.

The yield with respect to methyl 2,2-dimethyl-3-
[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-
yl)methyl]cyclopropanecarboxylate was 99%.

Industrial Applicability

The lactams obtained by the production method of

the present invention can be used suitably as chemical
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44 di met hyl-3-[ (1, 3-di hydro-1, 3-di oxo-2H-i soi ndol- 2-
yl)met hyl | cycl opr opanecar boxyl ate was 100% The
quantitative determ nation of (1R-cis)-6, 6-

di met hy1l- 3- azabi cycl o[ 3. 1. 0] hexan- 2- one was effected
1w Smant ghipest andames ildaid agreidobaaoglaghyg As t he
col um, . SUM PAX ODS D-210FF (4.6 mm x 150 nm 3
PhRnGtakeSred by Sumi ka Chemical Analysis Service,
Ltd.) was used. 10 Exanple 8 Synt hesi s Exanpl e of
6, 6-di met hy1- 3- azabi cycl o[ 3. 1. 0] hexan- 2- one 28.0
g (97 mmol ) of nethyl 2,2-dinethyl-3-[(1, 3-

di hydro-1, 3-di oxo- 2Hi soi ndol-2- 15

yl) met hyl ] cycl opr opanecar boxYl at e obt ai ned i n Exanpl e
6 and 222 g of nethanol were mxed and to this was
added 5.9 g (118 mmol ) of hydrazi ne nonohydrate, and
the tenperature was controlled at 78C, then, the

m xture was stirred for 21 hours. This reaction liquid
was 20 concentrated under reduced pressure to distil
off the solvent. To the resultant solid was added 98 g
of methyl tert-butyl ether and the m xture was
stirred, then, insoluble materials were filtrated. The
filtrate was concentrated under reduced pressure to

distill of 25 the solvent, and the resultant solid was
dri ed under reduced pressure to obtain 11.1 g of
6, 6-di met hy1- 3- azabi cycl o[ 3. 1. 0] hexan- 2- one. The

yield with respect to nethyl 2,2-dinmethyl-3-

[ (1, 3-di hydro-1, 3-di oxo- 2H i soi ndol- 2-

yl ) met hyl ] cycl opr opanecar boxyl ate was 99% Industria
Applicability
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The | actans obtai ned by the production nethod of the
present invention can be used suitably as chem cal 45
raw materi als and nedical -agricultural drug
internedi ates. CLAIMS 1. A nethod of producing |actans
of the followng fornmula (1) conprising the foll ow ng
three steps Ato C Fts 1916 5 [in the fornmula (1),
when R3 and R4 are both a hydrogen atom R represents
a substituted nethyl ene grou r an optionally
substituted pol ynet hyl ene g aving 2 to 4 carbon
atons, when at |east one of and R4 is a 10
substituent other than a h rogen atom R represents
an optFonalAym%%%%@|QﬁnR%93%ﬁq¥ﬂ dretgrsupforhgntollowing
0@5%{&@5' ylﬁué&hbfg%ﬁ?g p&lev%tﬂwvﬁ&% @houR bawhagda2edoc:
car bon atons one or no-mutal I'y-adj acent two
net hyl ene groups constituting the polynethylene group

et h{iz Ryips constituting the pol ynet hyl ene group
nay;be Supsti tuted ?M a vinyl ene group,

no- mup ; djacen two nethyl ene groups constituting
t heRd Qhethylene group may be mutually connected via

an oxygeh atom net hyl ene group, et hyl ene group or

Ykg pgﬁaeg%?§8£a2?f? £%en R g EG & Hﬁﬁﬁpt %%%ﬁogen
atom, R represents a substituted methylene group or an
optionally substituted polymethylene group having 2 to 4
carbon atoms, when at least one of R; and R, is a
substituent other than a hydrogen atom, R represents an
optionally substituted methylene group or an optionally
substituted polymethylene group having 2 to 4 carbon atoms,
and one or no-mutally-adjacent two methylene groups
constituting the polymethylene group may be substituted by
an oxygen atom, one or two ethylene groups constituting the
polymethylene group may be substituted by a vinylene group,
no-mutually-adjacent two methylene groups constituting the
polymethylene group may be mutually connected via an oxygen
atom, methylene group, ethylene group or vinylene group,

Rs;, Rs, Rs and Ry represent each independently a

hydrogen atom, halogen atom, cyano group, optionally
substituted alkyl group having 1 to 10 carbon atoms,
optionally substituted alkenyl group having 2 to 10 carbon
atoms, optionally substituted aryl group having 6 to 20
carbon atomg, optionally substituted amino group, -OR,
group, -SRp, group or -COOR. group, R, and R, represent each

independently a hydrogen atom, alkylcarbonyl group having 2
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hydrogen atom hal ogen atom cyano group, optionally
substituted al kyl group having 1 to 10 carbon at ons,
optionally substituted al kenyl group having 2 to 10
carbon atons, optionally substituted aryl group having
6 to 20 25 carbon atons, optionally substituted am no
group, -OR, group, -SR], group or -COOR, group, R and
RI D represent each independently a hydrogen aton1
al kyl car bon I roup havin %F> g 10 carﬁon ato
aFgl ¢ar BRRyP hedA 5Y209¢&HBo aXiLBﬁﬂ to 20
argkkyh SESHD, f@f«fan%,ﬂ d1 ot RN 7atenso ahkexy ahkaths,
group haV|ng 2 to 10 carbon atoms, trialk I silyl group
ha&kﬁgyglkb 1D- @& BV ErDrs thlll@ylcasb@PoagOlﬁﬁvu ng 1to
10,635 poy Pl APl rﬁ/alvﬁ{ago up RAIoNGaG,ba agoﬁér bothy1
atons, d % sents rogen atom al group
hgvbng naVDngochwbbm Qﬁxhnn(atqmsabeErgﬂogpohavhh@lﬂg 6 to

tq .20 _carbon_at ons tep. A) 1 ste f C
| 48; 6RE O%fa?%%sfo?r%%v&s"né% o)urer?rfif'2 s Hygroﬁf'ééc?% alkyl
f grBubang2ing R ael KRB darim ra&mﬁesem atrhékgangroup having 7
nmeani_ngs as descri bed above. ]
to 20 carbon atoms.]
(Step A)

a step of reacting lactones of the following formula

(2)
Ra R4
Rs @
. Rs o

[in the formula (2), R and R; to R¢ represent the same

meanings as described above.]

and imides of any of the following formulae (3a), (3b) and
(3¢c):
N N
o (B o (3 Ao o (30)

[in the formulae (3a), (3b) and (3c), Ay, Az, A3, D4, A, Ag,
A,, RBg, Ay and A, represent each independently a hydrogen
atom, halogen atom, nitro group, alkyl group having 1 to 6
carbon atoms, alkenyl group having 2 to 4 carbon atoms,

optionally substituted aryl group having 6 to 20 carbon
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and i mdes of any of the followi ng fornulae (3a), (3b)
and (3c): 20[in the fornulae (3a), (3b) and (3c),
A, A2, A3, A4, A5, A5, A, A9, A9 and A10 represent
each i ndependently a hydrogen atom hal ogen atom
nitro group, alkyl group having 1 to 6 carbon atons,
al kenyl group having 2 to 4 carbon atons, optionally
substituted aryl group having 6 to 20 carbon atons,
optionally substltuted acyl %boup haV|n8 % to 4 carb
aBbABS or CPORRRA R Heldteh arydr §eHPatdii g 2 to
aEQ%bgﬁrQ98¥é Qfogﬂhhaﬁﬂnﬂe rd Serlils GANBRIF Rfe@Matom,
aryl carbonyl group haV|ng to 20 carbon atorms,

aa&kkybasbgmoll pIteup MpvAnD 2¢ A0bSATRPBNBLOMS

alko c a

R e A o e R T
5 gg@upphaavmgg 17 t oo 180 caatimom attamss 0. l&oxlyadkyl pghaup ngaving

6 to 20 carbon atons n nt.s h n,a

of &PkaPi CAEPIT %E%m$1aﬁffﬁ b %ﬁiﬁia%ﬁ%?pcégyggﬁondég?lo
canboxyl keomsi ds1ef1 theodplHomimy if @oniloaeatBba), atdiby or
and (4c): 15[|n the formul ae (4a) %gp) %q (4CL R%
R3rYR 9TRYP p5v1¢g 6AQQ %@ c AT N ge Kgs nts a

A%L%d%% e 5@8&1;??”&1@191 S«ﬁé@aﬁ%nﬂgs as descri bed

10 to produce the correspondent carboxylic acids of the

following formulae (4a), (4b) and (4c):
Al 0
A2 RS R* ae AP
3 N oM t%;éé
A 5 “R® 6
4 OR o (4a) gps R 8 (4b)
A9 O Ra F““
I oM
AOO A R6
o (4¢)
15 [in the formulae (4a), (4b) and (4c), R, Rs, Rs, Rs, Re, Ay,

D,, B;, B4, As, Bg, A;, Ag, As, Ao and M represent the same
meanings as described above.]
{(Step B)
a step of esterifying the carboxylic acids of any of
20 the formulae (4a), (4b) and (4c) obtained in the step A to
produce the correspondent esters of the following formulae

(5a), (5b) and (5c):
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a step of esterifying the carboxylic acids of any of
20 the fornul ae (4a), (4b) and (4c) obtained in the
step A to produce the correspondent esters of the
followi ng formul ae (5a), (5b) and (Sc) 5[in the
formul ae (5a), (5b) and (5c), R R3 Rg R5, R6, Al, A2,
A 2, A4, A5, A5, 217, A5, A9 and Al0 represent the
same neani ngs as descri bed above, and R7 represents an
al kyl group having 1 to 10 carbon atons, al kenyl group

havinga? to .10 carbon atons or aral kyl group having 7
t 0,220 dar bo Al 4Step O apst@p of
r eadhAY L any of the fd¥ e (%% R
and m4he ©6rép B and anine MrodyCe o7
| st ans ‘ ‘shaula 1), 15wherein | 20
the fory alld the] im des of afy hesf Rnul al
(3a), b) and (Sc) are reacted in
N, N- di et hyl acet ami de. 2. The production
nmet hod according to Claim1l 20 wherein the imdes are
imdes of the fornufa (3d).
met hod according t8& i
the foinmula (3a) are ght
AlO 8
% pe R
[in the formulae (5a), (5b) and (5¢), R, Ri;, Rs, Rs, Re, A1,

A,, A;, By, As, Dg, Ay, Bg, Ay and A, represent the same
meanings as described above, and R, represents an alkyl
group having 1 to 10 carbon atoms, alkenyl group having 2
to 10 carbon atoms or aralkyl group having 7 to 20 carbon
atoms. ]
(Step C)

a step of reacting the esters of any of the formulae
(5a), (5b) and (5c¢) obtained in the step B and amines to

produce lactams of the formula (1),

wherein the lactones of the formula (2) and the imides

of any of the formulae (3a), (3b) and (3c) are reacted in

N,N-dimethylacetamide.

2. The production method according to Claim 1

wherein the imides are imides of the formula (3a).

3. The production method according to Claim 1 or 2
wherein the imides of the formula (3a) are phthalimide

potassium.
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4. The production nmethod according to any one of

Clains 1 to 3 wherein the carboxylic acids of any of
the formul ae (4a), (4b) and (4c) and al cohols of the
following formula (7) 5R7 -OH(7) (wherein, R7
represents an al kyl group having 1 to 10 carbon atons,
al kenyl group having 2 to 10 carbon atons or aral kyl
group having 7 to 20 carbon atons.) are reacted to
produce esters of any .of the farnulae (5a), 10(5b) an
(Sc), and tHe Rt onegteébg%oﬁcswdi?gt%% O et
(833imé 5D) @ wite idNA RANcALS R 1 Beab olik O¥F Nghy of the
formula (8): R8 -NH2(8) (wherein, R8 represents an

opPTBREREE y (4bst 14Ut eddani4so #5dgRreGRTE! S aPkyFigriuplowing
hayifg1d t#) 5 carbon atons optionally substituted wth

an amno group.) are reacted to produce |actans of the
formul & (-PH (7) 5. The production nethod

SSRELELIY, 8, SR 06 20 AL ool el o R0 cacmon
paddust | @hkemyhog@ge drediimy 0 tany corerbbnChaoms dr taralkyl
oPEAHRL PORLBL hote S GRTRG Ry Jone of Claims 1 to
Bavherghbr &l So R Blraiedf hap bliechel Fovwmilae (5a),
gagg :and (5¢), and the resultant esters of any of the
formulae (5a), {(5b) and (5¢) and amines of the following
formula (8):
Rs -NH, (8)

(wherein, Rs; represents an optionally substituted amino
group or alkyl group having 1 to 5 carbon atoms optionally

substituted with an amino group.)

are reacted to produce lactams of the formula (1).

5. The production method according to any one of

Claims 1 to 4 wherein Rs; and Rs represent a hydrogen atom.

6. The production method according to any one of

Claims 1 to 5 wherein R; and R, represent a hydrogen atom.

7. The production method according to any one of
Claims 1 to 6 wherein R is a group selected from the
following group:

- (CHy) 2-, - (CHz)s3~, -(CHz)as-, (CH;).C<, (Cl),C<, (F),C<,
>CH (CO,C,Hs) ,
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-(CH2) 2-, -(CH2)2-, -(CH2)4 , (CH2)2Ck, (Cl)2Ck, (F)
2C<, >CH (C2C2H5) 30 oty (.?200/\ 1100 11

8. The production nethod according to any one of
Clainms 1 to 7 wherein Ris a group selected fromthe 5
follow ng group: -(CH2)2-, -(CH2)3-, -(CH2)4-,

(CH3) 2Cc. 9. The production nethod according to
any one of Claims 1 to 8 wherein Ris a (CH3)2C<

gr oup.

N A~ -

8. The production method according to any one of
Claims 1 to 7 wherein R is a group selected from the
5 following group:
-(CHy)2-, -(CHy)3-, -(CHz)a-, (CHj)aCx<.

9. The production method according to any one of

Claims 1 to 8 wherein R is a (CH;).C< group.
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