E4495 1 113/ 18 DESCRI PTI ON PROCESS FOR
PRODUCI NG HI NOKI TI OL TECHNI CAL FI ELD The present invention relates to a g4495
process for produci ng hinokitiol (another name: [err]-thujaplicin). 13/18
H nokitiol produced in the present inventian has 5 not only antim crobi at

ahd antifungal effect on a w de spectrum of bacteria and fungi but also

cel I-activating effect, inhibitory ef DESCRIPEHONSI Nnase activity,

inhibitory effect on ethylene production in plants, etc. It is effective as
an antim crobial and antifuBRBaCES§eROR1IBRODUCINGCHINOKATEALI nt 0 nedi ci nes,
cosnetics, hair tonics, shanpoos or soaps, and it is incorporated also into
freshness- naintaining films, antim crobial coating nmaterials, etc.

BACKGROUND ART 1 As processes for producing hlnokltlol t he

fol | owi ng pro@E§§§§Cﬁ&vEIEEBn known: (i) a process in which hinokitiol is

pr oduced fron1nethoxytr08ylldene via isopropyltropone and
ami noi sopropyl t ropone (TBEr RR€8EBK. inyentign] reietep) topg@ process for(j )

a process in whi s_produced t hrough st eps such as

acetal|zat|onpﬁ?ﬁngéggﬁFBSgFBﬁ°éf(859§5ﬁ§ ARRRh B@%mae%%%knae
(2p 16299250 (111) FsHERSERRA' BrUfbERer b Bk’ SVSSL0K nas
5 not only antlmlcroblal and antifungal effect on a wide
spectrum of bacteria and fungi but also cell-activating
effect, inhibitory effect on tyrosinase activity,
inhibitory effect on ethylene production in plants, etc.
It is effective as an antimicrobial and antifungal agent
10 when incorporated into medicines, cosmetics, hair tonics,
shampoos or soaps, and it is incorporated also into

- freshness-maintaining films, antimicrobial coating

materials, etc.

BACKGROUND ART
- 15 ' As processes for producing hinokitiol, the
following processes have been known:

(i) a process in which hinokitiol is prod'uced
from methoxytropylidene via isopropyltropone and
aminoisopropyltropone (Tetrahedron., 32, 1051 (1991));

20 (ii) a process in which hinokitiol is produced
through 6 steps such as acetalization after epoxidation of
carvone with hydrogen peroxide (JP-A—62-93250)}

(iii) a process in which hinokitiol is produced

by converting isopropylcyclohexanone or isopropyl-



2 cycl ohexenone to cyanohydrin, and then synthesizing
i s0proepyl cycl ohept anone through two steps, followed by oxidation,
brom nation and dehydrobrom nation (JP-A-63-5048 and JP-A-63-17841); and 5
(iv) a process of reacting bronotropol one2ni th an organotin conpound,
foll owed by reduction with hydrogen in the presence of Pd/C catal yst (J.
Chem Soc., GCrgedoliexenone toseyasdbydt989) andThben pyotheségingnnot be
industrially practical 10 because they conprise nmany steps or the starting
mat eri al s ar el8pprepyileyebohephanonasthnoughr typodtiepsenfpldowed, byhere i s
~ known a process, of obtaining, isopropylcyclopentadiene by the use of
cycl opent adi eP¥188t408¢y shreminahien and dgbydgobhraminpsieon {JPrar8Re5048t he
I sopropyl cycl opent adi epe, _and_subj ecti ng the adduct to solvolysis. This
process is inﬂﬁthPaﬁTgsaHZQﬁ%égeéﬁg because the starting cycl opentadi ene
I's easily available and,{he process congrises a,Snag%enunber gf steps, It

[

is known tRat in this pfb¥éss® RFAGRPEi Bf FSa961BPoREERAtEAPYLlPRE Wit

1-i I dj h ' f i A I I t adi

Therof or o, | WOB<PF4amot EhreBiPadnanoERa GFR Braereteinyuikh RiE%BERG o
he desired . >

(he, desiy o0 CRPOHDLPLAGKLL! O Sh/ECIUBELDE (5OVEhEROTEAETS Ehed.

1-i sopropyl cysbprent adi 8¢, gfﬁtﬁ?EEQEZe production of

1-i sopropyl cycl opent adi ene” w t [ectivity is important in hinokitio
production. As such a prReé€esprbébei€ed’ 8anh8t BEaiR4GstiN811y practical
10 because they comprise many steps or the starting materials
are difficult to obtain.

As another production process, there is known a
process of obtaining isopropylcyclopentadiene by the use of
cyclopentadiene as a starting material, adding a dichloro-

15 ketene to the isopropylcyclopentadiene, and subjecting the
adduct to solvolysis. This process is industrially
advantageous because the starting cyclopentadiene is easily
available and the process comprises a small number of
steps. It is known that in this process, hinokitiol is

20 produced only from l-isopropylcyclopentadiene among three
isomers of isopropylcyclopentadiene. Thefefore, investiga-
tions are conducted in order fo increase the yiela of the
desired compound hinokitiol or reduce the troublesomeness
of a purification step, by selectively synthesizing

25 1l-isopropylcyclopentadiene. That is, the production of
l1-isopropylcyclopentadiene with high selectivity is
important in hinokitiol production. |

- As such a process, there are, for example, the



3 follow ng processes: (v) a process in which hinokitiol is produced by
reacting cycl opentadiene with a Grignard reagent (ethyl magnesi um brom de)
and- i Sopropyl tosylate to obtain 5 1-isopropylcycl opentadi ene with high
selectivity, adding a dichloroketene to thg 1-isopropylcycl opentadi ene, and
subj ecting the adduct to solvolysis (JP-B-51-33901); and (vi) a process in
whi th hi noki tfall1owsimy qetexsskdls « eact i ng cycl opent adi ene with acet one under
basic 10 conditions to obtain 6, 6-di nethyl ful vene, reducing the 6, 6-

di met hyl ful vene with a @dral kylmtegessinmywhicke hinobitiel is produced by
1-i sopropyl cycl opent adi ene sel ectively, adding a dichloro- ketene to the
1-i sopr opyl cyrgaspsingdixskopentadigne with a ferigraxrd xeagentol ysis
(JP—A—8-409712. 15 ) These processes are superior to the above
processes (i)(@hYimaanpsium bremiie) iand | seprepnbdtesyiaterterehkaty

Tt eri Al Butl~ PRSP ORI HeP B U519 HEPSL T ELbEn 2909 1% ng
G al Kyl af um RRHARTRACTE (W7 Snd o Pk Clontf e nn e 608 are
ne e oo cn SPEAGEY 4 IR 0 SELKEEL L CERRTR R0 | Ay
oy obyl et apont an ) SRS Bl AL D S0l ol
present ir““”Bf”féié%Eﬁbté?ﬁléﬁ@ﬂ%hdféﬁ@”ﬁiéﬁ acetone under basic

10 conditions to obtain 6,6~-dimethylfulvene, reducing the 6,6-
dimethylfulvene with a dialkylaluminum hydride to obtain
l-isopropylcyclopentadiene selectively, adding a dichloro-
ketene to the l-isopropylcyclopentadiene, and subjecting
the adduct to solvolysis (JP-A-8-40971).

15 These processes are superiof to the above
processes (i) to (iv) because hinokitiol is obtained by
fewer steps by using easily available and inexpensive
cyclopentadiene as a starting material. But, they haﬁe the
following defects: since a reagent requiring extreme

20 nonaqueoﬁs conditions (i.e. the Grignard reagent in (v) or
the dialkylaluminum hydride in (vi)) should be used, great
precautions are necessary in handling the reagent; a
solvent to be used and the like should be subjected to a
special dehydratioﬁ procedure; and these reagents are

25 generally expensive. Thus, these processes for producing
hinokitiol via l-isopropylcyclopentadiene are also
industrially disadvantageous.

The present inventors found that among isomers of



4 isopropyl cycl opent adi ene, 5-isopropyl cycl opentadi ene is isonerized

sel ectively to 1-isopropylcyclopentadi ene by heat near roomtenperature.
That is, the present inventors found that for hinokitiol production, it is
i mportant to 5 synthesize 5- or 1-isopropylaeycl opentadi ene or a m xture
thereof with high selectivity by the use of inexpensive and easily

handl eabl e r eageprepybbytdopehtbdieng,t Beipopropyilogcibpentadiene is

2-i sopropyl cycl opent adi ene as nmuch as possible. It is generally known that
as described a8omerizedisedekrplivetyopeniadsopropyicybilopentedéenesby 1- and
2-al kyl - cycl opent adi enes due to the positions of the alkyl group. In a

t her nodynani cBeal Beas| soeputemperatnseat eThat askytbgcpsgssnidiloventoran
i somer m xture consisting of substantially equal ampunts of the 1-isoner
and the 15 2- FOBRRr CAAl BOSnhAROkibuRL BFOGRETEORsoREr 1sRimportant to R

R K gelgRekadiene. BAKYLoKe ot adbens, Fdhivbeve anent adi ene
LN, CVEhgREOE HLERSOKpRTSRLLISNS LUOKAR L0SYce" So0bcBaierShd
L0 Pl OHERGTLAPE. rbRsbHeE GAETACRh;BLERh Vib bRoBuLERSh
of 2-isopropylcyclopentadiene as much as possible.
It is generally known that as described above, an
10 alkylcyclopentadiene has three isomers 5-, 1- and 2-alkyl-
cyclopentadienes due to the positions of the alkyl group.
In a thermodynamically stable equilibrium staté, an
alkylcyclopentadiene is an isomer mixture consisting of

substantially equal amounts of the l-isomer and the

15 2-isomer and a small amount of the 5-isémer.

Rl RI Rl

S-Alkylcyclopentadiene  1-Alkylcyclopentadiene 2-Alkylcyclopentadiene

The following various processes for producing an
alkylcyclopentadiene by alkylating cyclopentadiene have
been known though they are not a process for'producing

20 hinokitiol:

(vii) a process of reacting cyclopentadiene with

an aliphatic lower alcohol in the presence of a catalyst in

-a vapor phase (JP-B-4-27215) and a process of reacting



cycl opentadi ene with ethyl ene on a hydrocarbon in a vapor phase (Journal of
Chem cal Society of Japan, 1977 (3), p. 375 (1977)),; (viii) a process of
reacting cyclopentadiene 5 with nmetallic sodiumin liquid anmonia and then
wi th an equal amount of an al kyl halide (12. VWssh. Vchebn, Zaved., Khim
Khi m Technol., 19 (10), p. 1511 (1970)); (ix) a process of reacting
cyclFopent adi engclopkenaadikehel wiihi ethyleae anueaohydrecalrbopndrimxiaderapoirut i on
in 10 the presence of a phase transfer catal yst such as a quaternary

anmoni um sal t phess. (FauznalNof 8hen3ea)l Sodietyr ofedapean,r d&37 (@), P-

cycl opentadi ene with an al kali metal hydroxide in an organic solvent in the
presence of a3d8hydP3a?)Ng agent such as cal ci um oxide to produce a 15

cycl opent adi enyl netal and.reacting the cycl opentadi enyl netal with an
al kyl halide (Russian PAV&Af&)No2 BEOSESSF: Ofx Feachidde SYCLRPHMtAI NG i gnard

' 1 de), i 3. in.th b I,
hnd s 1- Q?Byf‘%‘e‘%bgﬁéﬁﬁié%irs“ng%i%‘ugéﬁatiﬁéie apqngf&%dyg Sherbisitman,
Gi d f I t adi i '
2l kol aul fur; coaad aReRnEoer %ehéﬂﬁﬁ‘, hg138e0u ?*y'gfgr)-??'cﬁ%qmﬁ pr ocess
1 whi ch . . " . in.
the 11 somer PavBH-5 SRARE Kl shi rRERAUE.  Tdob (200 Cran gt RSt Rdm
cycl opent adi ene and an ?h§¥||5tE§PG$$EdoEe%%%b@Qn h%Yf}BP§9t§§?§§§g§9ﬁh

cycl opentadi enyllithiumwth et r onohept anoat e

an alkyl halide in an aqueous metal hydroxide solution in

10 the presence of a phase transfer catalyst such as a
quaternary ammonium salt (U.S. Patent No. 3560583) and a
process of reacting cyclopentadiene with an alkali metal
hydroxide in an organic solvent in the presence of a
dehydrating agent such as calcium oxide to produce a

15 cyclopentadienyl metal and réadting the cyclopentadienyl
metal with an alkyl halide (Russian Patent No. 520341);

(x) a process in which a Grignard reagent (an

alkylmagnesium bromide) is used as in the above prior art
(v) and a l-alkylcyclopentadiene is selectively obtained by

20 reacting a Grignard reagent of cyclopentadiene with an
alkyl halide or an alkylsulfuric acid (Montasch. Chemie.,
91, 805-812 (1960));

(xi) a process in which as the first step in the

production process of a prostaglandin, the l-isomer is

25 produced by obtaining cyclopentadienyllithium from
cyclopentadiene and an alkyllithium and reécting the
cyclopentadienyllithium with ethyl 7-bromoheptancate (JP-B-
53-33583);



6 (xii) a process in which the 1-isoner or 5-isomer is produced by
obtaining a cyclopentadi enyl netal solution fromnetallic sodium and
cyclopent adi ene in an organi c sol vent such as di net hoxyet hane or diglyne
and 5 adding the solution dropwi se to an al&yl ati ng agent (Tetrahedron,
vol . 21, 2313 (1965)); (xiii) a process in which as the first step in the
production process of a(®mbiboraecpreodessvani vbicbythepdniadmenybsodi umis
produced by reacting cyclo- 10 pentadi ene with sodium hydride in

t etrahydr of ur anisemesnis predunedl Ryl abtagnipene ryciopentaddgnydemesaihe

cycl o- pentadlenglsodlun1at a |low tenperature (described in the Referenti al
Exanpl es of J¢°A'§H°B3§B€¥ mﬁﬁﬁl%*Fv?°§1Bmoé§§scYﬁlﬂﬁﬁﬁﬁaééePﬁelPlF§t step

15 th duct f ticall ctive cl opentene- diol, an
o kyl oyl openvharaie PoTRERE: Auahbpe . dimbrRgrusthapent CRERETRPC AR

ef ot ance s ag%@%aﬂ?.éﬁﬁygai %ﬁd%s?wi?%&éﬂ?né 2 5EAAE B HBRE oned. As
t he base, @g{f?ﬁﬁgrgﬁntbgfed “ﬁgf§vfib?§é%9f -alkali netals, alkaline

earth netals dri fes fdes, etc. As a solvent for

t he reaction, there are(gggi?onﬁdgg?§éggl ﬁtQﬁEch” ge{ﬁgefgggkrgggga? ur an,

N, N- dlnethylfornan1de oxl de, etc. IS sta any
sol vent nmay benh#sggo&fct P68 ﬁﬁoeésbaéfng HBQSérﬁaﬁéedéﬂwemea on the

reaction, and solVents are nentioned with al nbst no restriction. However,
in Exanples, tpelepentdesenyeddoohyis pr68uekdr BaCteA8ting cyclo~
10 pentadiene with sodium hydride in tetrahydrofuran solvent,
and an alkylating agent is added dropwise to the cyclo-
pentadienylsodium at a low temperature (described in the
Referential Examples of JP-A-54-63063); and
(xiv) a process in which as the first step in
15 the production process of optically active cyclopentene-
diol, an alkylcyclopentadiene is obtained by reacting
cyclopentadiene with an alkylating agent in the presence of
a base (JP-A-6-239779). 1In this reference, substantially
all kinds of alkylating agents are mentioned. As the base,
20 there are mentioned a wide variety of alkali metals,
alkaline earth metals, metal hydrides, alkali metal
alkoxides, etc. As a solvenf for the reaction, there are
mentioned diethyl ether, n-hexane, tetrahydrofuran, N,N-
dimethylformamide, dimethyl sulfoxide, etc. It is stated
25 that any solvent may be used so long as it has no
undesirable influence on the reaction, and 501vents are
mentioned with almost no restriction. However, in

Examples, there is described only a case of reacting



7 cycl opentadi ene with sodi um hydride in tetrahydrofuran solvent to produce
cycl opent'adi enyl sodi um and then adding an al kylating agent to the
cyclopent adi enyl sodium This process is exactly the sane as the above prior
art (xiii). 5 The process (vii) fhas the follow ng defects: a
speci al apparatus for the vapor-phase reaction is necessary,; the yield of
t he "nonoal kyl cychppentiadiehewhbtbhagedium hipdrpdedint tebrehydubsnirant ed
derivatives having two or nore al kyl groups; and the al kyl cycl opent adi ene
10 obt ai ned |§°éﬁeéﬁutP|BrPGHCﬁ1QYQl@Penﬁﬁdl?nYiﬁédQﬂ@ae§§dd§b§nnéﬂdgnGe
the 5-isomer or the 1-isomer selectively. The process (viii)

di sadvant ageo8® fhkyhatindnageRy &p the F¥§689?§t§§é§nY§59ﬂﬂpmcuIFhaﬁd t hat
t he al kyl cycl o- ?gentad|ene obtained is an equilibriumm xture. The process

15 (ix) does REPCHEE ésrﬁﬁﬁﬁﬁinEﬂﬁlﬁﬁﬂﬁ BFeEBStPBﬁgelﬁrﬂP§ R&ERdI(Xdd1)such

as netalllg sodi um or ?ﬁUId anmon

al kyl cycl opent adi ene ni ﬁrBrﬂﬁefﬁg?Xﬁlx BPFlgb% i?ggﬂé&QHtFSSec?ﬁeh : )

h hi
el oot vity  Phoetal dpfa¥arhicedr SRETkaBPrRIBla8E. LRRLoRTE (1 (el o
practice 'ndUﬁééééééyybecepge%ialangDéhge ﬁﬁaaiﬁ 1f88ﬂb5g§glﬁétg§@9

nonaqueous condi tions ShOU e use r0OCeSSes

Grignard reagﬁééaﬁgéubé Qﬁeuﬁﬁgdhetiéﬁ 8¢ éﬁbgéléﬁieﬁndekﬁ9aﬁhbﬁgl EOEH

shoul d be used in (xi). The process (xii) uses netallic sodium and henc
requires extrewe aﬁnmqneoaxkypndrbupai ahBr epgealkyheycebpeataaikae the

process (xii) describes only a case of adding a primary

10 obtained is an equilibrium mixture, namely, the process
does not give the 5-isomer or the l-isomer selectively.
The process (viii) is disadvantageous in that handling of
the reagents used is difficult and that the alkylcyclo-
pentadiene obtained is an equilibrium mixture. The process

15 (ix) does not use a reagent requiring precautions in its
handling, such as metallic sodium or liquid ammonia, but it
gives only an alkylcyclopentadiene mixture having an -
equilibrium composition.

The processes (x) to (xii) give the S-isomer

20 and/or the l1-isomer with high selectivity. However, the
process (x) and the process (xi) are difficult to practice
industrially because an expensive reagent requiring extreme
nonaqueous conditions should be used in both processes,
namely, the Grignard reagent should be used in (x) as in

25 (v) and the alkyllithium should be used in (xi). The
process (xii) uses metallic sodium and hence requires

extreme nonaqueous conditions. Moreover, the reference for

the process (xii) describes only a case of adding a primary



8 al kyl group. As a result of investigation by the present inventors, it .
has been found that the selectivity of the 5-isoner and/or the 1-isomer is
| ow"when a secondary or tertiary alkyl group having a | ow reactivity, such
as an 5 isopropyl group is added. Thereforeé the process (xii) cannot be
adopted in the_process for producing_hinokitiol of the present invention.
As to the proadkyl(greup. | AsRafceendt efaapvestigakiea by &b@cpr§§fn¢n
detail a process conprising cooling a 10 tetrahydrofuran solution o
cyclopentadieh9V§BHPHﬁTpiEpaﬁédbﬁﬁﬁnfgﬁaﬁuﬁhﬁ?d%h&eS&AG°§}8F§ﬁeﬁ¢agh§ne to
-45[err]C to -55[err]C, ding thereto a primary alkyl brom de, an
stiErinL t he ?éé%??? gaHSZPﬁrghﬁt?rH§°§§ﬁelﬁgﬁﬁérHPG eaf ECONFEGEY Q%d t hen
at -30[err]C to_-45[err or_4.5 hours. In Reference Exanple 15 1, the
propor%ionL 0 efﬁéaigsﬁ#g?ig9F88ReB§VaBEan%ﬂ¥drﬁﬁcgﬁglﬁzsiFPS# 8f e i
al kyl group at scribed.hut it JiS ated int main text that in the
alkgla?iongcaég?ggégg? gﬁoﬁﬁelgnégﬂ%FOn,ébﬁgeg9F§6ngﬁepP585858 éflﬁbrst

i somerizes to -1 S0 she, 2o ' [ : . ‘s
Hovever i n Sanapt beCHRbpRRd tHPeRe BRUREARTERS, BBk fY pipokisio, |

al kyl brom deo¥stnddgdedeApWi ifeh®idnt et r ahydrof uran sol ution of
cycl opent adi enyl sodi um prepared from sodi um hydri de and cycl opent adi ene, at

-50[err] C. This processAéSt6Xﬁné!prbbessawﬁiii)gh&npneﬁeiénEéiEkhmfh5t1%5
the 5-isonmer is selectively obtained at a | ow tenperature and the I-isoner
i s sel ectivel yhebtaisedebyribedii iy detadlr aoprbesper ebmpeisihgr eob3ing a
description about the production of the 2-isoner.

10 tetrahydrofuran solution of cyclopentadienylsodium prepared
from sodium hydride and cyclopentadiene to -45°C to -55°C,
adding thereto a primary alkyl bromide, and stirring the
resulting mixture at the same temperature for 1 hour and
then at -30°C to -45°C for 4.5 hours. In Reference Example

15 1, the proportions of the resulting isomers determined by
the position of the alkyl group aré not described but it is
stated in the main text that in the alkylation carried out
in the invention, the 5-isomer produced at first isomerizes
to the l-isomer and the 2-isomer ihmediately.

20 However, in Example 1 of the prior art (xiv), it
is stated that a primary alkyl bromide is added dropwise to
a tetrahydrofuran solution of cyclopentadienylsodium
prepared from sodium hydride and cyclopentadiene, at -50°C.
This process is exactly the same as the process (xiii), but

25 the 5-isomer is selectively obtained at a low temperature
and the l-isomer is selectively obtained by heating up to

room temperature. There is no description about the

production of the 2-isomer.



9 As described above, the description about the isoners in (xiii) is
different fromthat in (xiv). As a result of investigation on Exanple of
(xiv) by the present inventors, the products obtained by the reaction could
not 5 be identified as the isomers, respectdvely, by the [err] H NWR
described in Exanple. Thus, it could not be confirned that
5-al’kyl cycl opent adi ene Aasdfiesctibeéyabpukpptheadesoripinoheabbusi mhe wit h
hi gh selectivity. The process in Exanple of each of (xiii) and 10 (xiv)
uses sodi um hygemers Snn¢xiddii e dyffedentsfaometbabt inhi(ghvyequises
extreme nonaqueous conditions and is generally expensive, the process is
very difficul regelpraft irveshddgatiral op. Exampdei g4t ( 84vhybyh&her present
i nventors reveal ed that the addition of an iso rogél group 15 as a
secondary al k¥PVERBAES acEBRIPREINELENPRLALBEASBYtDEsTEAFFigR could not
| sopropyl cycl opent adj epe_mi xtu havi ng_such an equilibrium conpesition
that the p opggt% ﬁgkﬁgl?ﬁgaﬁ-ﬁgﬁnéfoﬁgﬁsthEeEPFQ AEPLY e gﬁb§8§nt$3¥¥§
equal . That i LOCESSES iii).and (xiLv) _cannot be applied t e 20
producti on oféﬁ?%g§P€90f9 a éigribgﬁuﬁbo§t,L?Hzaenﬂﬁsgﬁeéﬁ“ﬁﬁﬁ%ﬁgn%nat
process for psogdyel 1G04 1] S| L.t h_hi LYELW: I cost
W t hout extrene ng¥ag%e%§§5%%%§$?ﬁgn§#¥éﬁ&DFS%EggEEELEﬁb%ﬁégﬁﬁghﬁngh $§e
present i nvengheRiRE@ViEeR RighOsEsactekipyoduci ng hinokitiol by
synt hesi zi ng 1-i sopropyl cycl o-
The process in Example of each of (xiii) and
10 (xiv) uses sodium hydride. Since sodium hydride is a
reagent which requires extreme nonaqueous conditions and is
generally expensive, the process is very difficult to
practice industrially. Investigation by the present
inventors revealed that the addition of an isopropyl group
15 as a secondary alkyl group according to this process gives
only an isopropylcyclopentadiene mixture having such an
equilibrium composition that the proportions of the
l-isomer and the 2-isomer is substantially equal. That is,
the processes (xiii) and (xiv) cannot be applied to the
20 production of hinokitiol.
As described above, there has been known no
process for producing hinokitiol easily with high
selectivity at low cost without extreme nonaqueous

conditions.

25 DISCLOSURE OF THE INVENTION
The present invention provides a process for

producing hinokitiol by synthesizing l-isopropylcyclo-



10 pentadi ene fromeasily avail abl e cycl opentadi ene, adding a

di chl oroketene to this 1- |sopropylcyclopentad|ene and subjecting the
adduct to sol volysis, wherein 1-isopropyl- cycl opentadiene is produced
easily with high selectivity at 5 | ow cost 1@ t hout extrene nonaqueous
conditions. As a result of earnest investigation on the problens described
above, the prpeatadienentfaon leasd Lyc availliadled ayled gperdadidne e @dding Ehat
i's, the present invention includes the aspects described bel ow. 10

(1) A procesdirblopoketiensy thi tbidist ilolisapropydeysliopen tadd enegpanst
obt ai ni ng 1-isopropyl cycl opentadi ene from cycl opent adi ene and an
isopropylatinguggéﬁFlNGpﬁb§eﬁ@d@C§ytph@°§@ﬁdﬂ§ushoMMﬁn§HR-lﬁiSMqugyiﬁQ i s
an i sopropyl grou and X s a hal ogen atom a _tosyl group or 15 an

al kyl suI f onat Y&F&Eﬁ“@ﬁﬁ%@!‘estlt?p?roﬂégéﬂ f@sify Yitdo pahy selacdisritadiatne
wi th a dihal oket ene In a ketene adduct econd .st.ep), and
deconposing av kEPE% %hﬁ@? EFtEERSs POTRAUESD Fﬁé%%'conprising t he

foll owi ng three steps:

cycl opent adi eny! met al %goﬁlEfﬁp&ﬁeﬁFa&aéﬁfséﬁgnnggégggrIng°@f§§ehetal
hydr oxi de or gggﬁiﬁhsahﬁgékqgeﬁp LBRFEAt i di%%%e%g %%% %&fﬁ& metal);

b) a step of tai ni ng |sopropylcycloﬁen

ahr ot o pol ar eSS A 10 aleQGV‘aﬁléﬁ%%%%ea&f -
invention includes the aspects described below.

10 (1) A process for producing hinokitiol which
comprises the steps of obtaining l-isopropylcyclopentadiene
from cyclopentadiene and an isopropylating agent
represented by the general formula R - X wherein R is an
isopropyl group and X is a halogen atom, a tosyl group or

15 an aikylsulfonate group (first step), reacting the
1-isopropylcyclopentadiene with a dihaloketene to obtain a
kétene adduct (second step), and decomposing the ketene
adduct (third stép), said first step comprising the
following three steps:

20 a) a step of preparing a cyclopentadienyl metal

 from cyclopentadiene and at least one of a metal hydroxide
or a metal alkoxide (preparation step of cyclopentadieﬁyl
metal);
b) a step of obtaining isopropyléyclopentadiene

25 Dby reacting the cyclopentadienyl metal with the
isopropylating agent in the presence of an aprotic polar
solvent capable of forming two liquid phases when mixed

with isopropylcyclopentadiene as a product (isopropylation



wi th isopropyl cycl opentadi ene as a product (isopropylation step); and c)
a'step of isonerizing 5-isopropylcyclo- pentadiene in the

i sopropyl cycl opent adi ene sel ectively to 1-isopropyl cycl opentadi ene with
heat (isonerization step). 5 (211 A process according to the
above item (1), which further conprises a step of separating a phase
conposed nmai nByepd ;i 88gr opyl cycl opent adi ene, by taking out a | ower |ayer
after standing after the isopropylation step. (3) A process according to
the above item (1), 10 @Gher @i Atepi afapsemerigdngr Ssdsppropydcyicierhy|

sul foxide in the isopropylation step. (4) A_process according to the above
item (1), WnePSPﬁatiFrSnﬁeﬂ-ﬁl thed #EQPH@PV§CN§éQPPﬁt?ﬁée|Bﬁeﬁ&léptdﬁedﬁ’e[5°of
cycl opent adi enyl, neta % rocess according to the above
Yo (D) Caher ELAOBREPKEAFLAPARGAAGENE. WIS Pa DAt AP AROR ELIAT, RESD)

reparatiop step of cycl gpentadi en net a 6) A pr ces accqrdln to the
gboee it;ns( pmhereYn(gﬁ thPSé?FaFFSﬁrgggé tQpE FrPEHVGUﬁtFW e +20

jh|t (fyé a&h%%éﬁ?@%*%s?ﬁ?éﬁ%&?%@ahys%% ¢ 5 BrblzafilorBopbe 5‘”{ ? o,
per nole of tﬁ8ﬁ§%§§92 é%é%? é¥e§§Pb%8P§?g¥n ?ﬁgnﬁggggéﬁy|§§|gﬁk§ 8) A

g;?g??i ggfg:gggﬁvﬁﬁ QﬁyeQnSfEErtQEaﬁgﬁﬁﬁ biEeES ¢hb EQobZprWQ%E%hns%%bq

(3) A process according to the above item (1),

10 wherein said aprotic polar solvent is dimethyl sulfoxide in
the isopropylation step.

(4) A process according to the above item (1),
wherein the metal hydroxide is used in the preparation step
of cyclopentadienyl metal.

15 (5) A process according to the above item (1),
wherein the metal hydroxide is potassium hydroxide in the
preparation step of cyclopentadienyl metal.

(6) A process according to the above item (1),
wherein the isopropylation step is carried out in the

20 presence of an aliphatic hydrocarbon in addition to said
aprotic polar solvent.

(7) A process according to any one of the above .
items (1) to (6), wherein said aprotic polar solvent is |
used in an amount of 4 moles or more per mole of the

25 cyclopentadienyl metal in the isopropylation step.

(8) A process according to any one of the above
items (1) to (7), wherein said aprotic polar solvent is

used in an amount of 6 moles or more per mole of the



used in an amount of 6 noles or nore per nole of the .12 cycl opent adi enyl
metal in the isopropylation step. (9) A process according to any one of the
above ‘i tens (1) to (5), wherein in the isopropylation step, said aprotic
pol ar solvent is used in an anount of 10 mdRes or 5 nore per nole of the
cycl opent adi enyl netal, and a solution containing the cycl opentadi enyl

metal is addedycdopratadipnypy metadg iagehe. isopropylasdess sdepor ding to the
above item (1), wherein in the isopropylation step, said netal alkoxide is
10 pot assi um et hoxi de arﬂa)saAdpa’pc@erC ageoading ren@anys onsedfi then abhewent

of 12 noles or nore 9 mol e of the cyclopentadienyl netal. (11) A process
according to a&%fMSndlof tPhdSaboWheredns l@l}:hteo1§9pr°méaélh¢na5¢%t iseid

tenperature i s not 15 hi her t han SH%err ]Ci,n the isopropyl ation step. (12)
A process accBPEPF&°t8°é ¥ Sﬁévﬁptt &SG@elPtéﬁsa@PPnFo°FlﬂP MRHE@SeiOF an

amount of ter _present eactign mis not t han 3 ol es per
nol e- of th cyngpBﬁFaEPg n@%&ICYHRP g&? @Qg.a2@°1utl°n
T e A ke PRSP SRS 1 68 o
e o corluggeedbytaudh i ot (1) A process secordi g
l.sonmeriza- tion step isQb§rr ACpl-8c88keakkbrding to the above item (1),
wherein in the isopropylation step, said metal alkoxide is

10 potassium ethoxide and said aprotic polar solvent is used
in an amount of 12 moles or more per mole of the
cyclopentadienyl metal.

(11) A process according to any one of the above
items (1) to (9), wherein a reaction temperature is not

15 higher than 30°C in the isopropylation step.

(12) A process according to any one of the above
items (1) to (11), wherein an amount of water present in
the reaction system is not more than 3 moles per mole of
the cyclopentadienyl metal in the isopropylation step..

20 (i3) A process according to any one of the above
items (1) to (12), wherein the preparation step of
cyclopentadienyl metal and the alkylation step are carried
out in an inert gas atmosphere. |

(14) a process according to any one of the above

25 items (1) to (13), wherein a temperature at the isomeriza-
tion step is 0°C to 40°C.

(15) A process according to any one of the above

items (1) to (14), wherein in the third step, the



(15) A process according to any one of the above items (1) to (14), wherein
in the third step, the 13 deconposition of a ketene adduct is carried
out "in the presence of triethylanmne, water and a water-sol ubl e organic
solvent while adding triethylam ne dropw sg@3to the reaction system 5
(16) A process according to the above item (15), wherein the deconposition
of the ket enededdmpbsiitioar pifed &etehy tdduledr izddiaryisd loaastinomheor ganic
acid selected fromthe group consisting of formc acid, acetic acid and
propi oni ¢ aci gregence of triethylpmifepr wates andoadwaderesolabdeove item
(15) or (16), wherein said water-soluble organic solvent is tertiary
but anol . (18) ORIpRaEeSOLluendr Whidet addipgonts iethylamdiney driopstise( tpo the
(17), wherein_a portion of an apparatus used 15 in the third step and a
hi noki ti ol pufFPRFE&PPORYSLEM-which is brought into contact with hinokitiol
I s made of _at | east one(gggerlal sel ected fromthe group consisting of

[

Hastel l oy € glass, res an® PEPGRFEs ACPREIINGC 05 ther afoyauditeg (15).,.
hi nokiti ol of_the 20 i nventi,on i cally faqrmul ated as f,ol| ows:
lerr) <First ehapetd BHECARCopBESItion b}, RRelcRent PERFTCag cabrica
éyLrggEEladleﬁggtﬁgefGQQHEE addﬁhaogktig sQ[%rE]OEGE 32 5%& szgz%fed
from the group consisting of formic acid, acetic acid and
propionic acid. |
10 (17) A process according to the above item (15)
or (16), wherein said water-soluble organic solvent is
tertiary butanol.
(18) A process according to any one of the above
items (1) to (17), wherein a portion of an apparatus used
15 in the third step and a hinokitiol purification step which
is brought into contact with hinokitiol is made of at least
one material selected from the group consisting of
Hastelloy C, glass, resins and ceramics.

The process for producing hinokitiol of the

20 present invention is chemically formulated as follows:

Cl

y

<F1rst step> <Second step> <Third step>
OH
tr——- \ S———-

CPD ~ 1-iPrCPD Ketene adduct Hinokitiol
(B-Thujaplicin)

*CPD : Cyclopentadiene
1-iPrCPD : 1-Isopropylcyclopentadiene



1-i PrCPD: 1-1sopropyl cycl opent adi ene 14 As descri bed above, only
1-isopropyl cycl o- pentadi ene can be converted to hinokitiol and hinokitiol
cannot be produced from 2-i sopropyl cycl opent adi ene or

5-i sopropyl cycl opent adi ene. [err] CPD 14 2-1 PrCPD Ket ene
adduct, [err]-Thujaplicin (derived from2-isoner) [err] CPD
5-i Pr CPD Ket ene addudescribed albdvelhgrapt il isdpipypas,dIom
5-isoner) The first step is chemcally formulated as follows: <Preparation
step of pentadiiemsy lcan de stoaypwerted to hinokdltsimieramhth imolsiteisl

cycl opent adi enyl netal > Metal hydroxide | sopropylating [err] [err]

5-i Pr CPD 1 capnoDbe produced) -frRrCRR iGRPpropyleyclaper tasbirelicny |
Aprotic polar solvent capable of formng two |iquid phases when m xed wth

i Pr CPD 15 Asisepropydeysderentadienst. art, a process for

0=

2.iPrCPD Ketene adduct y-ThuJaplicin
CPD (derived from 2-isomer) .

. - Cl
: . C
0]
—_——— —_— ——
OH
CPD 5-iPrCPD Ketene adduct : a-Thujaplicin

(derived from S-isomer)

The first step is chemically formulated as

follows:
<Preparation step of <Isopropylation step> <Isomerization step>
cyclopentadienyl metal>
Metal hydroxide Isopropylating
: . agent
9 42
CPD Cyclopentadienyl S-PrCPD -1PrCPD 1-PrCPD
metal I

Aprotic polar solvent capable of forming
two liquid phases when mixed with iPrCPD



produci ng hinokitiol via 1-isopropyl cycl opentadi ene and a ketene adduct by
using cyclopentadi ene as a starting material has already been known. 5

In general, an al kyl cycl opent adi ene has three isoners, i.e., 1-isoner,
2-isoner and 5-isoner owing to the differenses of positions of the double
bonds .and the alkyl group. It is known that when a cycl opentadi enyl netal

i s obtained from cycl opast deiserd badd aboves asapt ilceacired W tgrobessAarfor

al kyl ating agent, the 5-isomer is produced at first and then isonerizes to
the 1-isomer pmod2cingmhinokitdlolewiist li—isoprepylicyalllopesrhsslienund a
together with a small amount of the 5-isoner at an equilibriumstate.

Al kyl ati ng ag&eteher gddRct by usiRg cyclopeRtagdiene asCpac|sdjaarttiady enyl

nmet al 5-1sonmer | 1-lsonmer 2-lsoner Equilibriummxture (5-: 1-: 2- = a
little: 1: 1)mpterial has alyeady preesndposm.al . reveal ed the fol | owi ng:

al kyl addi%ion to a cyclopentadi enyl netal gives the 5-isomer at first; the
hydr ogen afom on the cafBodeRESRlof athalkylsyedopertadiiene hasatihneeyr oup

i s bonded undergoes 1,2-hydrqgen transfer, to the adjacent carbon ato
|

result- 20 ing® WeF§0néergti6&SPEthe2rH§QMﬁ£fFQ%u?1%%9@%519&1qgu$gnthe
the. adi acent ~Sattarehbls ofe iRt AgHrn e se: Aobils, dogden s ek,
addition, theyr8h3Q 1t is known that when a cyclopentadienyl metal is
obtained from cyclopentadiene and a base and reacted with
10 an alkylating agent, the 5-isomer is produced at first and
then isomerizes to the l-isomer and 2-isomer, which exist

in substantially equal amounts together with a small amount

of the 5-isomer at an equilibrium state.

Alkylating
agent
' +
M
RI RI R'
CPD Cyclopentadienyl metal S-Isomer 1-Isomer 2-Isomer

Equilibrium mixture (5-: 1-: 2- =alittle: 1:1)

15 V. A. Mironov et al. revealed the following:
alkyl addition to a cyclopentadienyl metal gives the
5-isomer at first; the hydrogen atom on the carbon atom of
the 5-isomer to which the alkyl grdup is bonded undergoes
1,2-hydrogen transfer to the adjacent carbon atom, result-

20 ing in isomerization to the l-isomer; and similarly, the

methylene proton of the l-isomer undergoes 1,2-hydrogen



reveal ed that the isonerization of the 5-isoner to the 1-isoner proceeds
even-at a lower tenperature but that the 5 isonerization of the 1-isoner
to the 2-isonmer requires a higher tenperature (Tetrahedron, vol. 19, 1939
(1963)). Alkylating [err] agent 16Rapi d Sl ow R R R CPD
Cycl opent adi enyl net al 5-1 soner 1-1soner - 2-1soner Proceeds even at
a | ow Requirtngnafergher thenpdrjatente carbenpatamyr ceshdtdhgrdn i n the case
of the isonerization which proceeds owing to 1,2-hydrogen transfer, it is
possi bl e to 1@sopevdeatiohetd- thendriannker. t e addditden,wthey aﬂsbn12|ng

t he production of the 2-isonmer. S. MLean et al. state that the above

i soneri zat i onrgyealedhylatgshet igomerizationf oft the Brisbmexbsentheof a
strong base, and that in the presence of a strong base, an
aIkyIcycIopeniHGF@W?F BEPERELS eV?“pF&décéGW?Fo#ﬁmﬂérgtp§6nbﬂtaﬁ@at the

| soneri zes dlrectl to,an e brium m xture (Tetrahedron, vol. 21, pp.
2313- 2329 ?196%?’)“9 S?Fﬁﬁanbgget g irigomer to theg2-isomer requlp?es a

2. 1 somer ani oRAURSE emper&¥uZl® (BBERRREHEDR, vy d0e 19387 RIS, in

t he presence of'a strong base, selective synthesis of the 5-isoner and/or
the 1-isoner

Alkylating
@ . agent Q Rapid Q Slow Q
CPD Cyclopentadienyl metal -Isomer 1- Isomer -Isomer
Proceeds even at a low Requiring a higher
temperature temperature

Therefore, in the case of the isomerization which
proceeds owing to 1,2-hydrogen transfer, it is possible to
10 produce the 5-isomer and/or the l1-isomer while minimizing
the production of the 2~isomer. S. McLean et.al. state
that the above isomerization by 1,2-hydrogen transfer is
effective in the absence of a strong base, and that in the
presence of a strong base, an alkylcyclopentadienyl anion
15 is produced from the 5-isomer and isomerizes directly to an

equilibrium mixture (Tetrahedron, vol. 21, pp. 2313-2329

(1965)).
Strong base
Z & , Z > + +
Rl R t
-Isomer Alkylcyclopentadlenyl S- Isomer 1-Isomer 2-Isomer

anion Equilibrium mixture



I npossi bl e and an equilibriummxture of substantially equal amounts of the
1-isomer and the 2-isonmer is formed. 5 Accordingly, in other words,
preventing the contact of the produced al kyl cycl opentadine with a strong
base is absolutely necessary for synthesiziling the 5-isomer and/or the
1-isoner selectively. The term "strong base" used herein means a 10

cycl opent adi enyl netal Zheflt ds,cyn dhenpadisemresodi amsdriomign & sfe,om

metal lic sodium and cycl opentadiene. In the prior art processes (viii) and
(ix), the 5-i sedectdvet synthesiseof thebsi-isamerseandlorydhe dbtiziomet hys t he
use of a Gignard reagent of cyclopentadiene or a cyclopentadienyl 15 netal
such as cycloﬂ@ﬁpééﬂbaﬁlBnﬁhﬁ@nﬁﬁﬁléibﬁﬁﬂyemd6¢§r§obieﬁmbsﬂamqiaiiyu
inventors conjecture as follows: the reason for this selective synthesis is
that no al kyl EJURS- APEHNLEi 8fy thgnilodsomes: gadc &pepcigomest ishdamed.

basicity of sych a.cyclopentadienyl netal. Wien the netal of a 20
cyclope%ta%ie%ﬁFoﬁgﬁﬁﬁ&VE an QFﬁgﬁiWREFév breNepsingyith® comtact of the

eycl opent ad CRELAELS! ohiSkl chBpRatbhtas BASH, SRRRULe OpoRecg.eraling the
carrying out AREoLatEly RUBRELALS cBRUBVEPARIRRY SheBrdShnar ARA/R: ain
of cycl opent ad enyr4earem PatarEAvRaYT 9" 18 athane or di gl yme dropui e {0
an al kylating agent. Thehe term "strong base"” used herein means a
10 cyclopentadienyl metal such as cyclopentadienylsodium
obtained from metallic sodium and cyclopentadiene. In the
prior art processes (viii) and (ix), the 5-isomer or the
l1-isomer, or both are selectively obtained by the use of a
Grignard reagent of cyclopentadiene or a cyclopentadienyl
15 metal such as cyclopentadienyllithium in a homogeneous
solvent. The present inventors conjecture as follows: the
reason for this selective synthesis is that no alkylcyclo~
pentadiényl anion is produced because of the low basicity
of such a cyclopentadienyl metal. When the metal of a
20 cyclopentadienyl metal is an alkali metal such as sodium,
the cyclopentadienyl metal itself is a strong base capable
of accelerating the isomerization to an eqguilibrium
composition, though it is necesSary as a reactant in the
system. Therefore, some conéideration is needed for
25 carrying out the reaction.
In the priof art (xii), S. McLean et al. obtain
the 5-isomer and/or the l-isomer with high selectivity by

adding a solution of cyclopentadienylsodium in dimethoxy-



present inventors conjecture that the isonerization to an equilibrium
conposition via an al kyl cycl opentadi enyl anion is prevented by preventing
the substantial presence of free 5 cycl opentadi enyl sodiumin the system by
causing al kyl ation sinultaneously with thel@ropw se addition. Wen the
reacti.on is carried out by the reverse dropw se addition, i.e., the

dr opwi se addi etbanef orhdigligmeadiropwigentot ant lad kyjatdmgniageingny| e um

sol ution, the al kyl cycl opentadi ene 10 produced during the dropw se addition
comes into copr&seng invensorsychojentudiee thiatodthemisomertiziatdony to an

al kyl cycl o- pent adi ene having an equilibrium conposition or a high 2-isoner
content can b8d¥Blabriym TREPPFdtden Viacranpilkydryclepgntadignyl( anion and
that in Exanple of the prior 15 art (xiv) are the sane. In these processes,
an al kyl ati ngl8gBREVERtsddbY BrSNRNEdngo the: pubshantddile Rpessdcemofolfineeon,

R ot e R R R S O

d i bed i t d i.bed i, i), di ]
ity et 1Bt aRBrsy, WEnIERE W8Ty R el St 3o, C WHEEoANE and ¢ he
N . : v ! o oieg L @

Il somer can beacEidn 48 Ehrphed bubpd EheT Vel ARl AdE addi b,
| ! i £ an. : 1gnh sel 0 O
the 5t soner &nd {nens. REcRETSE RUUARR o¥ the A1AFIatin"Sent?i®) the .
process (xiVv)cythepenaaaiehyleblnainsoiaeibal,! ewena1ky1e9eilpentadidne

obt ai ni ng the 19

10 produced during the dropwise addition comes into contact
with free cyclopentadienylsodium, so that only alkylcyclo-
pentadiene having an equilibrium composition or a high
2-isomer content can be obtained. The process in Example
of the prior art (xiii) and that in Example of the prior

15 art (xiv) are the same. 1In these processes, an alkylating
agent is added dropwise to a cyclopentadienylsodium |
solution, namely, the dropwise addition is reverse to that
in the above prior art (xii). The ratio among isomers of
the resulting alkylcyclopentadiene described in (xiii) and

20 that described in (xiv) are different. In (xiii), it is

. stated that the 5-~isomer isomerizes to the l-isomer and the

2-isomer immediately. In (xiv), it is stated that the
5~-isomer or the 1-isomer can be obtained with high
selectivity. Judging from the order of dropwise addition,

25 the description in (xiii) seems correct, however if the
5-isomer and the l-isomer are obtained with high selec-
tivity by the process (xiv), the reason is unknown.

The following is conjectured: for obtaining the



5-isoner and/or the |-isoner selectively by the prior art (xii), it is
necessary that the reaction of the cycl opentadi enyl sodi um added dropw se
with tthe al kyl ati ng agent should be rapid, namely, the reactivity of the 5
al kyl ati ng agent should be high. The reason9is as follows: it can be
specul ated that for exanple, even when the reaction is carried out

accordi ng to Skdspmear aadyopr thesd-(isiomer Gedlenidveldy dyy tdrdipmicrs art
substantially present in the systemif the reactivity of the al kyl ating
agent is 10 | dwiidndithds secesshry rthadt ithe sesicdrbons dformbgeneous, this
strong base conmes into contact with the product alkylcycl opentadiene, so
that the i sonf¥Fiepedtadignyd sodimc pedede drapwimg witihorthe eddydating
fact, only the addition of a primary alkyl group such as a nmethyl group is
15 descri bed PASPhesShrudA Ber rapidy . Ywhéhe geaetividantad £hearri ed out
the al kyl ation.according to such a_prior art, enploynent of a primary

al kyl ati ng ag@#yg'ﬁé"l’rngs agentt seud s g digh.n- gprb@p}]e%ﬁl(fe aga o Ilipws :
5-isonmer and/ -isomer..sel ectively, but employnent of 20 isopropyl
broni de, a segénggﬁy%glﬁyﬁcﬂ&ﬁﬁﬁ %b@%né°§ FﬁﬁmggﬁthWFPy“ﬁ§Wbthe

| sopropyl cycl e + 19X e _of tantially equal _apounts of the
1-isonmer and ?%ge%?ggoﬁgreaf%é 8r%§% g?go 5%% sgo(ii Prdog ﬁF&quﬂfqﬁﬁa

prior art pr0?%&%)QXE&Elb@eﬁ%ﬁhi@ﬁ?éﬁ?ﬁ?ﬁ@ﬁg%n%hi%%E“@Haagﬁfp%%%ﬁ%ﬁbﬁ?@e,is

used in a honogenéous reacCtlon sys he “reason

hecTh o Ryie, gheai Lecchs SORRC,VIGIPGE thelpIyTRE o s N1

10 low, and that since the reaction system is homogeneous,
this strong base comes into contact with the product
alkylcyclopentadiene, so that the isomerization via an
alkylcyclopentadienyl anion proceeds. In fact, only the
addition of a primary alkyl group such as a methyl group is

15 described in the prior art (xii). When the present
inventors carried out the alkylation according to such a
prior art, employment of a primary alkylating agent such as
dimethyl sulfate or n-propyl bromide gave the 5-isomer
and/or the l-isomer selectively, but employment of

20 isopropyl bromide, a secondary alkyl halide having a low
reactivity gave isopropylcyclopentadiene as a mixture of
substantially équal amounts of the l-isomer and the
2-isomer. The prior art process (xiv) is similar to the.
prior art process (xii) in that cyclopentadienylsodium, a

25 strong base is used in a homogeneous reaction system,
though the reason for the highly selective production of
the 5-isomer and/or the l-isomer is unknown. 2ll of the

three alkyl groups described in Examples of the prior art



20 (xiv) are primary al kyl groups and no addition of a secondary or
tertiary alkyl group having a low reactivity is described therein. Wen the
present inventors synthe- sized isopropylcycl opentadi ene according to the
prior art 5 process (xiv), only an equililggum m xture of substantially
egual anounts of the 1-isoner and-the 2-isonmer could be obtained as in the

case of (xii).(xie idvePrHRdiPraligsl! growhd ddn@thar £d8De¥en i et {e
Conpar ati ve Exanple 10 hereinafter described. 10 The present
i nvent ors i nvesdaqyaiaary ampromesitami alkybegroup thianindgaseclswche@Stivit
cycl opent adi enyl sodi um or cycl opent adi enyl potassi um and can inhibits t%e
i soneriza- ti drs \desaniled yihsme ope ntwitere nyie aor esert einventdes cagethé-t he
reaction with a secondary al kylating agent having a low 15 reactivity.
Consequent | y, Skzegsifonrapyicicioperstadiene acckodingetd-thenpricanabe
sel ectively obtained by using an organic solvent capable of form ng two
i qui d phasts BHRSESH xEHL- W 4 IPRME 3t rARELEDRiR yrixkere sof cpebstaatiatly
the foll owi ng was found: although the 20 reaction of . '
cycl opent adi erff iQHHQﬂtﬁaﬂﬁ) tEeA 2OMeT 3R ke i emex necrldybat i ng
agent takes plage . n §he aforesaid solvenf, . the alkylgcycl opentadi ene
produced by tl?g&rae]é}ﬁc* &P i et ?ase Lﬂﬁeb&’o’ek' ph%% FeF et 9 PR om t he
solvent, and t ion prevents the contact of 25 the. progduct
al kyl cycl opent%%ug'g%%]%% &7 ghQD"ggel%uWhea ORRAL T ptFE a%ﬁ‘wgoggum or
cycl opent adi eyl tﬁﬁ%gégndégkégggdru)isonerization via an

nyl anion ta

al kyl cycl opent adi e es place, resulting in the selective
productiongf the The present inventors investigated a process

which uses a strong base such as cyclopentadienylsodium or
cyclopentadienylpotassium and can inhibits the isomeriza-
tion via an alkylcyclopentadienyl anion even in the case of
the reaction with a secondary alkylating agent having a low

15 reactivity. Consequently, it was found that the 5-isomer
and/or the l-isomer can be selectively obtained by using an
organic solvent capablé of forming two liquid phases when
mixed with the product alkylcyclopentadiene.

That is, the following was found: although the

20 reaction of cyclopentadienylsodium or cyclopentadienyl-
potassium with the alkylating agent takes place in the
aforesaid solvent, the alkylcyclopentadiene produced by the
reaction immediately undergoes phase separation from the
solvent, and the phase separation prevenfs the contact of

25 the product alkylcyclopentadiene with the strong base such
as cyclopentadienylsodium or cyclopentadienylpotassium, so
that no isomerization via an alkylcyclopentadienyl anion

takes place, resulting in the selective production of the



21 5-isonmer and/or the 1-isonmer. The follow ng was also found: in such a
process, unlike in the prior art (xii), the reactivity of the al kylating
agent "does not affect the selectivity of the 5 5-isonmer and/or the 1-isoner
at all, the order of dropw se addition of fhe reagents has no influence on
the selec- tivity, and no special consideration is necessary for carrying

out the react Sedsollers and?oye thedd~disea@ri,; omthe principle that the
contact of the product al kylcyclo- 10 pentadiene with the strong base such

‘as cycl opent adi enyl - so@hemfiod Llowdnenwas @l sohequnaize ivemarolt iorprdoess,
practice, it was found that the 5-isomer and/or the 1-isomer can be

sel ectivel y obndiiked iny &hebprieaciairty (aiijl,kthat ineqcigerittys woh tdee i sopr opy
brom de which does not bring about the 15 selectivity in the prior arts
(xii) and (xi @tkyipédadhagend: deesn notowfficed Ahe sehentionidy afhddhe t hat
t he selectiviéy,of the 5-isoner and/or the 1-isoner is increased by
prevent i ng>t he~d8RMEL: aBd/ Ok theodadsomary iady @ldpe thadionserniafh dnepwitseong

base such as 2Q .cycl opent adi enyl sodi um or cycl.opent adi enyl pot assi um by t he
phase separatPgﬁ?¥*ﬁps°%o%g€bF%ﬁ§§nF§rP@& o infduence ony fhey$elacsult of

ear nest inves%L ation_by the present inventors.., A reaction in a honbgeneous
133tya, P e <B

systemis car gut 3R 8P SpECIALaFPL T 1§y NESESEATI0HAT and/ or

el cotivity o Fre By HE ¥netdhsbtTch. “IniRRan] vl RRERE R (o e
states of Onep@snERbeePBRBLS tHRCEBNLRRE! b¥1the pRoWudt Wkylcyclo-

10 pentadiene with the strong base such as cyclopentadienyl-
sodium is prevented by the phase separation. In practice,
it was found that the 5-isomer and/or the l-isomer can be
selectively obtained even by reacting an alkylating agent
such as isopropyl bromide which does not bring about the

15 selectivity in the prior arts (xii) and (xiv).

There has not been known the above-mentioned
concept that the seléctivity of the 5-isomer and/or the
l-isomer is increased~by preventing the contact of the
product alkylcyclopentadiene with the strong base such as

20 cyclopentadieﬁylsodium or cyclopentadienylpotassium by the
phase separation. This concept was formed for the first
time as a result of earnest investigation by the present
inventors. A reaction in a homogeneous system is carried
out in all prior arts for obtaining the 5-isomer and/or the

25 1l-isomer selectively, and there has been no proéess in
which the selectivity of the 5-isomer and/or the l-isomer
is correlated with the states of one or more phases where

reaction is carried out.



22 Furthernore, it is a nore remarkabl e advantage of the present invention
that even if water is present in the reaction system water have very
slight influence on the selectivity of the 5-isoner and/or the 1-isoner.
Al'l the 5 prior arts for selectively obtaipggng the 5-isomer and/or the
1-i somer require extreme nonaqueous conditions and are difficult to
practice industrially. Forthermogegntiti decat motte remaz®ablle widiantageoof
much lowered even if water is present. Therefore, it is not necessary to
use a 10 subthenpregknthinveatponsithataesens idfi hitew tist priesedite in the
i ndustrially, such as a single alkali nmetal or an alkali nmetal hydride, and
a netal hydrokpaetéen Brstem, awRyeysbavehveryi slilgbtpdndiluensed ons thasy to
handle. In practice, when a netal hydroxide is used, water is produced in
an 15 ampunt E8LPABA¥AtY PR Fh&t50ﬂ59ﬂ@rn§ndV0Wy&h@xﬂd@S@mﬁEhg #ld the
- preparatiopn of a cyclopentadi enyl netal. Even if water is contained as a
cont ani nanP i RT48Fi #F5 FBrtﬁ@lﬁ&FéVeBYOBPEéénéﬁglﬁ@etﬁelﬁpgﬁérémﬂd@r t he

selectivity o the 1-isonmer can be kept  hi

Gignard 20 r%gﬁeﬁtlﬁpmﬁrlFFﬁP&ﬁg£8ﬁﬁﬁﬁﬂﬁ BBBBHﬁ8§B§ FH“@H@lﬁb%séH@ea6F

h h
B kyi 2t on | SHSFAPES £8P %%%?g%ﬁ%éus# daddy® 3 B Beskng hase such
as cycl opent aghgaxt38f] ughassawpégmggchx BEESRALn' Bolzen) sl seesul ting

in 25 isomerization onposition.

cannot be uSegagerotal pydeat derHBikogbyes +1akeholnbReeEeyPEEPGLA hon

of a cycl opent adi enyl netal and a sol venf e used e subjected
to a special substance which is expensive and is difficult to handle

industrially, such as a single alkali metal or an alkali
metal hydride, and a metal hydroxide can be suitably used
which is inexpensive and is easy to handle. 1In practice,
when a metal hydroxide is used, water is produced in an

15 amount equimolar with that of the metal hydroxide during
the preparation of é cyclopentadienyl metal. Even if water
is contained as a contaminant in addition to the water
produced during the preparation, the selectivity of the
5-isomer and/or the l-isomer can be keﬁt high. A Grignard

20 reagent or a lithium compound decomposes in the presence of
water, so that no reaction takes place. In the prior art
(xii), the alkylation is retarded by the presence of water,
so that a strong base such as cyclopentadienylsodium is
substantially present in the system, resulting in

25 isomerization to an equilibrium composition. Therefore,
there cannot be used a metal hydroxide which gives water
during the preparation of a cyclopentadienyl metal, and a

solvent to be used should be subjected to a special



23 dehydrating procedure. The production of the 5-isoner and/or the
1-isomer with high selectivity by the use of a nmetal hydroxi de has not been
report’ed and has been achieved for the first tinme by enploying the phase
separation nmethod 5 according to the presem3 i nvention. For exactly the
sanme r.eason as above, a netal al koxi de can be used for preparing a

cycl opent adi edghydertiling prokiesdlurese, Thealpraitiuct ionp o whad S-isomeanount
equimolar with that of the netal during the preparation of 10 the

cycl opent adi eapd/oet &he Butisomeramddibo higiho credest tdoditynddy [theeugeneof a
selectivity in the reaction systeminvol ving phase separation according to
the present i medali dydroxddegh has netabeen repsindbgdatansh hasadieam aahiewest

t he selectivi%y of the 5-isonmer and/or the 1-isoner in a honogeneous 15
reaction suchf®¥ the fdgstofdins kYt PP Ooydmdartthe phase Hapasnajcian method

di scl osed in the %rLor artG&gf), | .e., the process conprising reacting

cycl opent adi eRESPEIARNIadGe PREFENS IVERLFNel hydr oxi de such as sodi um
hydroxi de in the presence of a phase.transfer catalyst such 20 as a

quat er nary annnniun1sa|%°FoeﬁP€%§§é% ISGTE CRRSAN 148 Vm aMEtRddi ng an
al kyl hal i de l.opent adi enyd -, sodi um.i.s utterly different Jin
reaction systé%#%?§9%¥%g%p?%5igggbﬁhFh@ﬁﬁggﬁéﬂsi%nﬁﬁﬁ%QB?n qq%ﬁnd

phases are fofn@EQf}'.St%H'e)‘l}htiQec S0l a3 %1@%1){?1[)%5 %%?@%%4]%‘2% tég'{r)logngaé o

an al kyl ati ng agent, are an dqueous phase "Cco

252 ?L-pzﬁﬁggixg%ér%%%%&% Vi khalt"BTC cHUTRRIET Yur DY W 'RUFAAY of
10 the cyclopentadienyl metal, but the alcohol produced does
not lower the selectivity in the reaction system involving
phase separation according to the present invehtion, though
it retards the alkylation reaction to lower the selectivity
of the 5-isomer and/or the l-isomer in a homogeneous
15 reaction such as that employed in the prior art (xii).
The procéss disclosed in the prior art (ix),
i.e., the process comprising reacting cyclopentadiene in an
aqueous solution of a metal hydroxide such as sodium
hydroxide in the presence of a phase transfer catalyst such
20 as a quaternary ammonium salt to prepare cyclopentadienyl-
sodium, and adding an alkyl halide to the cyclopentadienyl~
sodium is utterly different in reaction system from the
process of the present invention. Two liquid phases are
formed also in the prior art (ix) but before the addition
25 of an alkylating agent, they are an aqueous phase composed
of water and a metal hydroxide and an organic phase
composed of cyclopentadiene and cyclopentadienylsodium, and

the aqueous phase is a lower phase when the two phases are



t he aqueous phase is a | ower phase when the two phases are 24 allowed to
stand.. When the al kylating agent is added to them it reacts with
cyclopent adi enyl sodiumin the organi c phase and the resulting

al kyl cycl opentadiene remain as it is in thegprganic phase. Therefore, the
product al kyl- 5 cycl opentadi ene cones into contact with cycl opentadienyl -
sodi umin the alilgawed tohattandO tWidn iedlRfla0ing i #géit is added to

al kyl cycl opent adi enyl ani on takes place. Consequently, only an equilibrium
conposi ti on oftheme 1t gmeertsanwi theyelcpererad fery Texsd iddeiss atite aoPgahican
be obtained. 10 The reaction systemaccording to the present

i nvention is dilase éand fahemrdsuling relylayckoperftadieme t hemaimsas t ilent s
of the phases. In said reaction system when an al kyl ating agent is added
to a honpgenedds Phdhe Iigsil pliase cy Thprefers erfhe preductealkyknd an
organic 15 _solvent, the resulting al kyl cycl opentadi ene i medi ately

under goes pha&¥SAPERHILIPRY GANGH N ED 1ISARKART et T ekopsRrsadiery L hat

t he contact of_ the alkylcyclopentadiene with the cycl opentadi enyl alkal
nmetal is brok&PUr™ *ﬁ:eﬁ{e i%‘pgfﬂiuﬁi asgr §N WACHIIMNEBLZALIRR BEa ANt he

I e L L L
hyd i de i 3.0 s ' ' h

ot 11 br um moreds & A R A AR RS Wi

pent adi ene  anc 2 gt O ARREADHRDG arfl CHAAY dh e deSANdq | nventi on,

there is
10 The reaction system according to the present

invention is different from that of the prior art (ix) in
the constituents of the phases. In said reaction system,
when an alkylating agent is added to a homogeneous phase
composed of a cyclopentadienyl alkali métal and an organic
15 solvent, the'resulting alkylcyclopentadiene immediately
undergoes phase separation to form an alkylcyclopentadiene
phase, so that the contact of phe alkylcyclopentadiene with
the cyclopentadienyl alkali metal is broken off.
There is no prior art in which the 5-isomer or
20 the l-isomer, or both are obtained with high selectivity by
using at least one material selected from metal hydroxides
or metal alkoxides. When a metal hydroxide is used, the
resulting alkylcyclopentadiene has been only an equilibrium
mixture of substantially equal amounts of l-alkylcyclo-
25 pentadiene and 2-alkylcyclopentadiene.
According to the present invention, there is
provided a process for producing hinokitiol by obtaining

1-isopropylcyclopentadiene from cyclopentadiene, adding a



provi ded a process for producing hinokitiol by obtaining
1:i sopropyl cycl opent adi ene from cycl opent adi ene, addi ng a 25
di hal oketene to the 1-isopropyl cycl opentadi ene, and subjecting the
resul ting ketene adduct to solvolysis, whi el process permts preparation of
1-i sopropyl cycl opent adi ene wth high selectivity at | ow cost by a sinple
procedure 5 widihalbketiene s onahledsdprotdilidyelopenthdiime, RAidNit s
production of hinokitiol with high selectivity at | ow cost by a sinple
procedur e wi t isabtjeettinemt heo reguddinge ketiene mld uditS E oV vy sGARRWHNGHOUT
THE | NVENTI ON 10 The first step according to the present
i nvention is processepenlits greparsitiohheHriedmopropylstyeiadentadiene
cycl opentadienyl netal is a step of preparing a cyclo- pentadienyl netal by
reacting cycl ¥a&ht dighnseliech iz itk at Ay sosde hyr an sigplle gitagedira n a
solvent. In pagc igg, 15 the cycl opentadi enyl netal is ionized into a

éﬁ;P n

cycl opent a2 di CFLIERE HoRSENeoUs, cordidiienn v and henge Rewwits The

metal hydroxide qr the netal .al koxi.de acts as a base which takes a hydrogen .
atom away fr oRFOPELEIOR: 24 i‘ﬂ'@."kﬂ’fé% Wit Mgl selefiidity &t dOWERst bed

in the prior t be used as_a.,base in_ place of the netal hydroxide
or the getal g&k%x%ggggéégrPﬁeﬁﬁgepW&£§ﬂ#% ﬁ%ﬁ%ﬁ%ﬁmHQQﬁﬂqﬂﬂaf are
disadvantageogiﬁ?itggggared with the netal hydroxide in that as described
i n BACKGROUND , precautions are necessary in handling them because they
tend to ignite on 25 reaction with water in the air. In the present

I nventi on,

BEST MODE FOR CARRYING OUT THE INVENTION
10 The first step according to the present invention
is explained below at first. The preparation step of
cyclopentadienyl metal is a step of preparing a cyclo-
pentadienyl metal by reacting cyclopentadiene with a metal
hydroxide or a metal alkoxide in a solvent. 1In practice,
15 the cyclopentadienyl metal is ionized into a cyclopenta-
dienyl anion and a metal ion and dissolved in the solvent.
The metal hydroxide or the metal alkoxide acts as a base
which takes a hydrogen atom away from cyclopentadiene. The
simple metal or metal hydride described in the prior arts
20 may be used as a base in place of the metal hydroxide or
the metal alkoxide used in the present invention, but they
~are disadvantageous as compared with the metal hydroxide in
that as described in BACKGROUND ART, precéutions are
necessary in handling them because they tend to ignite on
25 reaction with water in the air. 1In the present invention,
at least one base selected from metal hydroxides or metal

alkoxides is used as a base in the preparation step of



at | east one base Selected fromnmetal hydroxides or nmetal al koxides is used

as a base in the preparation step of 26 cycl opentadi enyl netal. The
met al hydroxide used in the present invention is an alkali netal hydroxide
or an al kaline earth nmetal hydroxide and ie udes, for exanple, lithium

hydroxj de, 5 sodi um hydroxi de, potassi um hydroxi de, rubidi um hydroxi de,
caesi um hydr oxiyd¢d opengacsiemplhwedtadi.de, cal ci um hydroxi de and bari um

hydr oxi de. O these, sodi um hydroxi de or potassium hydroxide is preferable.
However, sodi um hydr oxi Gheoinedalf dyyderox iglec cised dire tihe tgresempamtertniaf a
10 cycl opentadi enyl netal by the reaction of sodi um hydroxide with

cycl opent adi ed8. ann ailkiad ic aedalp hydroxidenydr @n dd Kagl ipreefeartitl ymetseld.  \When
pot assi um hydroxi de ,is used in _the formof any of flakes, particles and an
aqueous sol ut P¥Aroxidesande inshnsdesi alfor sxampds e ldthiumdydnenide koxi de
15 used-i% t he pres?£? i nvention includes, for exanple, sodium ethoxide,
sodi um net Rox PRI Bo PYILeFIcerhBOtASSitir Pydroside merahidigm hydroxide,

Teal ol kit EOER e BYSR IR Ao ABaman i AYsRed e R S b duc-
B orven: iosBRtIth bRk B Gl e LS SSELED A B
isener " “ohenBE R RN 0 aRaaile | AR "yl 11 10 2
' hydroxide often forms a precipitate in the preparation of a
10 cyclopentadienyl metal by the reaction of sodium hydroxide
with cyclopentadiene. 1In this case, potassium hydroxide is.
preferably used. When potassium hydroxide is used in the
form of any of flakes, particles and an aqueous solution,
it may be commercially evailable one. The metal alkoxide
15 wused in the present invention includes, for example, sodium
ethoxide, sodium methoxide, potassium ethoxide and
potassium methoxide, and is preferably potassium ethexide.
The metal hydroxide is preferable to the metal alkoxide in
view of handleability and price in the industrial produc-
20 tion.

As the solvent used for preparing the cyclo-
pentadienyl metal, any solvent may be used so long as it
dissolves the cyclopentadienyl metal. The solvent need not
be subjected to a special treatment such as drying.

25 However, when there is used a solvent having an undesirable
influence on the reaction of the cyclopentadienyl metal
with an isopropylating agent in the subsequent isopropyla-

tion step, a step of distilling off the solvent should be



I nfluence on the reaction of the cycl opentadi enyl netal wth an

| Sopropyl ati ng agent in the subsequent isopropyla- tion step, a step of
distilling off the solvent should be 27 added after the preparation of

t he cycl opent adi enyl netal and before the r2daction of the cycl opentadi enyl
metal with an isopropylating agent, resulting in a conplicated process.
Therefore, thadded afilerertheapregpardatidieH thd semiopentsabiamyl aetdl st ep
is preferably used also for the preparation of the cycl opentadi enyl netal
because the stamd defdirs itthe mpasftfian e dhentyalopdrsarienyeld metheel rad tlo
bet ween the anounts of cycl opentadi ene and the netal hydroxide(s) or the
met al al koxi défs sepnepy 1ed i @Egantar |sesultiingl iie oaipkicated of the
met al hydroxide(s) or the netal al koxide(s) to cyclopentadi ene ranges
usual |y from ®rPaEssro, Thexafonsy themame sglventy@s ysed ekmtthe from 0. 8

to 1.5. As the reaction tenperature jn the preparation of 15 the
pSeanant {SdRRARTIATION FLeH A PrRLSIRIIE 4aSd (iR for

cycl opent adi eRAPSRIGN
Cerper at ur o | SRS HGRT AT S Hsh SSTOHEIL Bl (s MY \Pedatne e
eaction LR e ol Sl TR SElp YRl R0, pent o ene
LGyt LoTBoTar e et bl S Bl O WO At
pressure or URGHRN tHeCH®Had hjardididd (29 RY Hhe il PEAHLNS) s not

10 particularly limited. The molar ratio of the metal
hydroxide(s) or the metal alkoxide(s) to cyclopentadiene
ranges usually from 0.1 to 10, preferably from 0.5 to 2,
more preferably from 0.8 to 1.5.

As the reaction temperature in the preparation of

15 the cyclopentadienyl metal, a temperature in a range of
-10°C to the boiling tempefature of the solvent may be
employed. When the reaction temperature is too low, the
reaction does not proceed easily. When the reaction
temperature is too high, the dimerization of cyclo-

20 pentadiene proceeds, so that dicyclopentadiene tends to be
produced. Therefore, the reaction temperature is
preferably 0°C to 80°C, more preferably 10°C to 50°C. The
reaction can be carried out at atmospheric pressure or
under pressure. The boiling point of cyclopentadiene at

25 atmospheric pressure is about 40°C, and therefore in an open
system at atmospheric pressure, the reaction is preferably
carried out in a reactor equipped with a reflux condenser,

in order to prevent the loss of cyclopentadiene. Since the



25 atnospheric pressure is about 40[err]C, and therefore in an open system
at atnospheric pressure, the reaction is preferably carried out in a
reactor equi pped with a reflux condenser, in order to prevent the | oss of
cycl opent adi ene. Since the 28 reactlon Q@8 cycl opent adi ene with the netal
hydroxi de(s) or the nmetal al koxide(s) is exothermc, the reactor is
preferably equepptdon bif zycdapenfradiementdith nhe mataie ttardroeitie @ctdon
tenperature. Since the cyclopenta- 5 dienyl netal is apt to be oxidized by
oxygen in thether methd edikoxide (s)stismexothezimticablbhes gxata i@ th an
inert gas such as nitrogen. The reaction tine is usually 10 mnutes to 6
hours. Wien t p¥FefgFabdy eawippedusddh @ meansulfouymaintiadoyimegyd ati on step
is used for the preparat|on 10 of the cyclopentadienyl netal, the solution

of the cycl o- PFEREXGTEARE drgeactdema teEParature or Sidas ithe syglapentse-
used as it _is in ta rqpyl ati on ep w thout any after- treatnent. The -
wat er or aPcofdfny, o@&%@g apt fté"a'iﬁ G144 zede By Oxyigan i he air,

I t adi I b 15 separa d remv bef are carryi ng out
the | Sopr opyl The FERBLTR sa%xe%%pgeﬁ%ﬁ@% o ouyqef

b ohol oher, 5837 sWbf o' niRTRel, | Bhe %r&lmn 8,%3'\ \%‘pl

al cohol can bé renoved ati on. he I Sopr a step

1o T s St i e O g
The '50pr0py|éhb@éqﬁ@ﬁﬂt1%%9@0b91%@&oh5%ﬁ%@pibahsed for the preparation
10 of the cyclopentadienyl metal, the solufion of the cyclo-
pentadienyl metal obtained in the preparation step can be
used as it is in the isopropylation step without any after-
treatment. The water or alcohol produced by the reaction
in the preparation step of cyclopentadienyl metal may be
15 separated and removed before carrying out the isopropyla-
tion step. For example, when a solvent having a boiling
point higher than that of water or the alcohol is used, the
water or alcohol can be removed by distillation.
The isopropylation step is a step of obtaining
20 isopropylcyclopentadiene by the reaction of an isopropylat-
ing agent with the cyclopentadienyl metal obtained in the
preceding step.
The isopropylating agent used in the isopropyla-
tion step is represented by the general formula R - X. 1In
25 the formula, R is an isopropyl group and X is a halogen
atom, a tosyl group or an alkylsulfonate group. The
isopropylating agent includes, for example, isopropyl

chloride, isopropyl bromide, isopropyl iodide, isopropyl



tion step is represented by the general formula R- X In 25 the formula, R
IS an isopropyl group and X is a hal ogen atom a tosyl group or an

al kyl sul fonate group. The isopropyl ating agent includes, for exanple,

i sopropyl chloride, isopropyl brom de, iso@9pyl iodide, isopropyl 29
tosyl ate and diisopropylsul furic acid. The solvent used in the

i sopropyl at i ortostydiaties amde ditiisopropyIsdlfudiguaidhases when mixed w th

t he product isopropylcycl opentadi ene and di ssol ves the cycl o- 5 pentadi enyl
metal . In the reacti on Ghe s@loentopmedadirerbiie netopgropytlation step is

| sopropyl ati ng agent, the nucleophilic attack of the cycl opentadi enyl anion
of the cycl op@meawhdichnyflormst d&iwood igve chlghases whemanitxed with fihest st age,
and hence it is preferable to use a solvent which hardly 10 sol vates the
cycl opent adi eRpPdRSitodsopropylgyelapentadjaneans dissalses e eyelawi ch
has no aci di c_hydrogen atom capabl e of participating in a hydrogen bond,
hardly sol vat 8§ dgﬁé‘ylam?t@ils'soll\’i’eé?%é'%%brﬂ dihen\gyiapentadienyl

remar kabl y sol vati.ng_.t he tal ion of the cycl openta- 15 dienyl,K nmetal by
its high pol amet%?,l g’d‘:’?@i }Tﬂeea&sé’@rﬁﬂyéa&&“& agiqtifontththinie kel k3% 1 qui d

hases wh ' ] t _al kyl | t adi .S | t
et udes sul 1 Srreckbt, T8 BB IeRer T Ao G R o htis A ks
th f P ' hyl lfoxi.de.. di 20 foxide, .etc. O
those, i met hyToaarr merad proae St Snd ity & B s E G sl o
wWhen there i sandeRefBedRtOlisC pplrdiratile’ ¥y widY & GO bt S Ha¥y 1y aui d

phases
10 solvates the cyclopentadienyl anion. Therefore, it is

preferable to use a solvent which has no acidic hydrogen
atom capable of participating in a hydrogen bond, hardly
solvates anions, and dissolves the cyclopentadienyl metal
by remarkably solvating the metal ion of the cyclopenta-

15 dienyl metal by its high polarity, namely, an aprotic polar
solvent which forms two liquid phases when mixed with the
product alkylcyclopentadiene. Such a solvent includes
sulfone compounds and sulfoxide compounds. Specific
examples thereof are sulfolane, dimethyl sulfoxide, diethyl

20 sulfoxide, etc. Of these, dimethyl sulfoxide (hereinafter
abbreviated as DMSO) is preferable. When there is used an
aprotic polar solvent which does not form two liquid phases
even when mixed with alkylcyclopentadiene as a product,
5-isopropylcyclopentadiene and/or l-isopropylcyclo-

25 pentadiene cannot be obtained with high selectivity. For
example, acetonitrile, tetrahydrofuran, demethylformamide,
hexamethylphosphortriamide or 1,3-dimethyl-2-

imidazolidinone is a typical aprotic polar solvent but does



even when m xed with al kyl cycl opentadi ene as a product,

5-i sopropyl cycl opent adi ene and/ or 1-isopropyl cyclo- 25 pentadi ene cannot be
obtained with high selectivity. For exanple, acetonitrile, tetrahydrofuran,
denet hyl f or mam de, hexanet hyl phosphortriamate or 1, 3-di net hyl - 2-

I'm dazol i dinone is a typical aprotic polar solvent but does 30 not form
two |iquid phargs fidren twokadigu id pHisel adhed niHegd cpitic Yehe Dsrédgtene.
Therefore, when such a solvent is used, 5-isopropylcycl opentadi ene and/ or
1-i sopropyl - csdpropplaicioperstratiier . olréretbre ; helery hswseh ext sl vent 5

It is effective to use a hydrocarbon solvent by its supplenmentary addition
in order to asis stsedve Sptisoprsaelicitd lopdntadiene endgfa ub+ isopropyl-

i sopropyl cycl opent adi ene and the sol vent capable of formng two |iquid
phases when nic¥edoRantadigne wannal dembiiioned with high seleenivity. 10
al i phatic hydrocarbon is preferable, but it is not preferable to use a
hydr ocar bor?ysol vent whi cif fidr L feqioiir i dige phahxdragprben seplventdy

sol vent capabl.,e of form ng two |iqguid phases when m xed w th isopropyl -
cycl opent adi ede-S RVRPLEMARTAITAAHHERR nif (e n @ ass ik | Fhe phase s

d, t | t h f . duri ti .. Ther ef
a1 phat 1 0.yt SSERHRT R ARG a5 o Y CEH o SRERRPY LY P e i cand e
| i phatic hyd [t |4 b hed, Pref I
Thereof are nianeoivae cabaie e 'diiftnd il YR RSP Mhch HEFE:
than those despriPqd AV IBE D tAtihS MG dth 'd ORFedO! Lgssen the

effect of the
10 aliphatic hydrocarbon is preferable, but it is not

preferable to use a hydrocarbon solvent which forms a
homogeneous phase together with the solvent capable of
forming two liquid phases when mixed with isopropyl-
cyclopentadiene. When a hydrocarbon having ioo low a
15 boiling point is used, a great loss thereof is made during
operations. Therefore, an aliphatic hydrocarbon having 6
or more carhon atoms is more preferable. The aliphatic.
~ hydrocarbon may be either linear or branched. Preferable
examples thereof are hekane, heptane, octane, cyclohexane,
20 etc. A solvent other than those described above may be
co-used so long as it does not lessen the effect of the
present invention.
The used amount of the aprotic polar solvent
capable of forming two liquid phases when mixed with the
25 product isopropylcyclopentadiene is important. For
obtaining the desired isomer(s) of isopropylcyclopentadiene
with high selectivity, the using amount is 4 moles or more,

preferably 6 moles or more, per mole of the cyclopenta-



present invention. The used anount of the aprotic polar solvent capabl e of
formng two |liquid phases when m xed with the 25 product

i sopropyl cycl opentadi ene is inportant. For obtaining the desired isoner(s)
of 1sopropyl cycl opentadiene with high sele@ilvity, the using anount is 4
nol es or nore, preferably 6 noles or nore, per nole of the cyclopenta-

31 di enyl net diengflemetad .amihen ithd esmountans! Jedsshdmher anglesd, ofhe

2-i sopropyl cycl opent adi ene produced tends to be increased. The reason is
not clear. Thameouadewf i2niscpoopyleys tdpenteakicena pladiaed tewds tdicbe
amount of the solvent 5 is too small, the anount of the cycl opentadienyl
met al cont ai nd@cneasies . sJ@heomdasos dpemaddicieamphaséhe presemasoverstomch.
Particularly when a solution of the cycl opentadi enyl netal is added

dropwi se to t 988§ Hhep yeRsary asydal Igwsto when glie maaunty efidihe splfent 10
hydr ocar bon, the anount of the aprotic pol ar sol vent used_is.freferably 10

nol es or e.ls\/\ﬁ'&‘?. Sheddsi Fhedmeunie 9 thagyalapentadienyl metabroti c
B oot R S ko B o S B e T 15
SO Yo, SHERRAURE S B CHIBRN AN TR g A SR o
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reaction. isopropylating agent without supplementary addition of a
10 hydrocarbon, the amount of the aprotic polar solvent used
is preferably 10 moles or more. When potassium ethoxide is
used, the amount of the aprotic polar solvent used is
preferably 12 moles or more per mole of the cyclopenta-
dienyl metal. The fact that the ratio among isomers of
15 isopropylcyclopentadiene varies depending on the amount of
the solvent used is not found in the homogeneous reaction
employed in any prior art and is thought to be a phenomenon
characteristic of the progress of the isopropylation step
according to the present invention by the two-phase
20 reaction.
The reaction in the isopropylation step proceeds
while forming'the following two phases (phasé A and phase
B):
Phase A: a phase composed mainly of isopropylcyclopenta-
25 _ diene, or a phase composed mainly of isopropyl-
cyclopentadiene and a hydrocarbon optionally

added.



The reaction in the isopropylation step proceeds while formng the
follow ng two phases (phase A and phase B): Phase A: a phase conposed

mai nly of isopropylcycl openta- 25 di ene, or a phase conposed
mai nly of isopropyl- cyclopentadi ene and a 3pdrocarbon optionally added.
32 Phase B: a phase conposed mainly of the solvent capable of formng two

l'i qui d phases PNaae B:x@d phidse icoaipoded aelmied At RN &ARfbit M Ls
pent adi enyl nmetal. 5 The isopropylating agent reacts wth the
cycl opent adi enyl net al ofh fighasingBtera |1iapdid hasay vhen anifedt adi ene
produced by the reaction transfers to phase A immedi ately and hence does
not come into contact with tiseopropydmyctlapiertddidaialand tHe angehnse. 10
The rati o between the anobunts of the cyclopenta- dienyl netal and the

i sopropyl ati ng agent i Pemdadignyilcamiedaly. |inited. The nolar ratio of the

i sopropyl at- ing agent to the cyclopentadienyl netal is usually 0.1 to 10,
preferably20.5 to 3, nofdepdsoprapnlating agent negestsivitie thear ratio is

less than 1 in_the prior_.art (xii), the cyclopentadienyl metal is present
in an unreact E§CSPREIALIENY L 3‘5&")@1014-”5}%'{5@\% Byo anghtisapropylawako-and/ or

the 1-isomer nnot..be obtained wi.th high selectivity. However, in the
present i nven?’%&ﬁ%dﬁﬁ&eepﬁ'é’%ted\sma’é’h %%G%m%tﬁwm@ tRhagmhadse

separation isiﬁh@h&é%%lyTQB% hence does not come into contact with the
cyclopentadienyl metal, a strong base.

10 The ratio between the amounts of the cyclopenta-
dienyl metal and the isopropylating agent is not
particularly limited. The molar ratio of the isopropyiat-
ing agent to the cyclopentadienyl metal is usually 0.1 to
10, preferably 0.5 to 3, more preferably 0.8 to 1.2; When

15 the molar ratio is less than 1 in the prior art (xii), the
cyclopentadienyl metal is present in an unreacted state in
the reaction system, so that the 5-isomer and/or the
l1-isomer cannot be obtained with high selectivity.

However, in the present invention, there is not such a

20 restriction because the phase separation is utilized. This
fact means that the operating latitude in the.reaction is
wide, and it is advantageous particularly when the reaction
is continuously carried out.

 The reaction temperature in the isopropylation

25 step ranges from -20°C to 30°C, preferably from -10°C to
25°C, more preferably from -5°C to 10°C. When the reaction
temperature is lower than -20°C, the reaction is slow. When

the reaction temperature is higher than 30°C, the amount of



fact means that the operating latitude in the reaction is wide, and it is
advant ageous particularly when the reaction is continuously carried out.
The reaction tenperature in the isopropylation 25 step ranges from
-20[err]Cto 30[err]C, preferably from-103grr]Cto 25[err]C, nore
preferably from-5[err]Cto 10[err]C. Wen the reaction tenperature is

| oner than -2QFdscpfopylleycdapentadieny @rodiier tite iRAddguy .t emgsy ature
is higher than 30[err]C, the anmount of 33 2-isopropyl cycl opent adi ene
produced is i careydiad. ofdr thar react iom, tthe risapropyldting saEmp sl ivw
agent may be added to a solution of the cycl opentadi enyl netal dropw se or
in smal | port Rdded &0 & solutiion of tthe oydlopentadienyl Metetlaldmopwise
added to the isopropyl ating agent dropwi se or in small portions. Wen the
cycl opent adi eR¥l 1RefER1ls PRTtdONS/t 1 Ife sicdavriomy okt ithe aysitopantadienyl
tenperaturg | ower _t han -20g§rr]c, the reaction may be carried out by
raising the t Fselali@¥ebeo addsdeto) they isopzopydabime, agente dropwiae or
reactor 10 in.mhichéﬁhe heat generated by the reaction can be effec- tively
removed and tH8 PB4 iBﬁr%éﬁﬁgrat@%@nc§ﬁebEYﬁ%QHﬁﬂﬁﬁQiﬂﬂ¥hﬂﬂ?§ﬂ%nk§
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| copr opyl ati niikeg, With (R 3 edptort1Ating %E%‘S:eo e%ﬁégﬁ%ﬁ%%g °
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and the isoprepmpathRtradest —-98°CPeo " £3¢ ed V‘ME4 & H&ed! :{E ﬁé@(ﬂ} %gxf{zlggtor

reactor. Since the process of the present invention reallzes
10 in which the heat generated by the reaction can be effec-

tively removed and the reaction temperature can be
maintained in the above temperature range, it is possible
to mix the cyclopentadienyl metal and the isopropylating
agent all at once and cause the reaction at the same time.

15 As such a reactor, there may be used a tubular reactor
equipped with a stirring.means such as a static mixer in
which the cyclopentadienyl metal and the isopropylating
agent can be reacted while feeding them to the reactor.
Since the process of the present invention realizes highly

20 selective production of the 5-isomer and/or the l-isomer by
the use of the phase-separation systém, no special
consideration is needed for carrying out the reaction,
unlike in the prior art (xii). |

The amount of water present in the reaction

25 system, inclusive of water produced during the preparation
of the cyélopentadienyl metal by the use of a metal
hydroxide, is adjusted to not more than 3 moles, preferably

not more than 2.5 moles, more preferably not more than 2



20 sel ective production of the 5-isonmer and/or the 1-isonmer by the use of
the phase-separation system no special consideration is needed for
carrying out the reaction, unlike in the prior art (xii). The anount of
water present in the reaction 25 system irg4 usive of water produced during
the _preparation of the cyclopentadienyl nmetal by the use of a netal
hydroxi de, is mdjesst qubrt ool dPrhd heyc Lopentasd il aieéPdy. NOFh®r g5t han
2.5 noles, nore preferably not nore than 34 nol es, per nole of the
cycl opent adi elpdcaustenlwhehithe sanvanttisef Wheetter hs andtdt tdn VBl RS 1 &S, MORE
than 3 noles, the selectivity of 5-isopropyl cycl opentadi ene and/ or
1-i sopropyl cy dedmattiatitaneofl 54 iseprahy Hyelapen tadisémnerand/ong t he fact
that water is produced in an anount of 1 nole per nole of the
cycl opent adi edyliSAREAPYAGYHPRentadiene ats clowdrede Havwepen; acorsider-
netal, the ampunt Qf water of 3 noles neans that, before the preparation,
water may be pgidksdhe ifach thatumater Asmredyred nin aanfaneienticof 1 mole
it neans wide permssible [imts of the

I t adi I |, ly,
arount of - wat BFTMEdE o TR SRR RA AR MR BN | ¥h€ he pr esent
i nvention, th I t. an tarting.materials ed need nqt be subjected to
1’1 \s/pec: al dryg)r%%g\ré%c%é"(?ﬁ g’,fgéﬁlde {q#slq%er}%c(%%r}u@ " AMIRY, 0% si ng
th I t ' t v ) en. the ,r.eaction of, fhe
e, solvent, 2ueels de ke U riil S WL ESSUIGR DS uaver
tank reactor, maly ibe Rl dh G EAnffiitlilo M holdd ¥ moT¥€ of the

10 cyclopentadienyl metal, namely, it means wide permissible

limits of the amount of water present in the reaction

system. Therefore, in the present invention, the solvent

and starting materials used need not be subjected to a

special drying procedure, and this is markedly advantageous
15 for using the solvent and the like after recovery.

When the reaction of the cyclopentadienyl metal
with the isopropylating agent is carried out in a tank
reactor, it is preferably carried out with stirring. The
reaction is carried out at a degree of stirring of

20 preferably 0.1 kW or more, more preferably 0.2 kW or more,
per cubic meter of the reaction solution. This is because
when the degree of stirring is less than 0.1 kW/m®, the
progress of the reaction is slowed down and moreover the
selectivity of 5-isopr0pylcyclopentadiéne and/or

25 1-isopropylcyclopentadiene is lowered.

During the isopropylation, the reaction system is
preferably sealed up with an inert gas such as nitrogen.

This is because the unreacted cyclopentadienyl metal is



reaction is carried out at a degree of stirring of 20 preferably 0.1 kWor
more, nore preferably 0.2 kWor nore, per cubic neter of the reaction
solution. This is because when the degree of stirring is less than 0.1
kWn8, the progress of the reaction is slovwssl dowmn and noreover the

sel ectivity of 5-isopropyl cycl opentadi ene and/ or 25

1-i sopropyl cy dxiptinieatligneiygdroVit athe R N0 Wien | SIe' OPVARE 1O, takEs
reaction systemis preferably sealed up with an inert gas such as nitrogen.
This i s becaugdddes, umseinitele ayat el sicireyduspémded snear 36hexi tyzed- by
oxygen in the air. Wen the oxidation takes place, insoluble materials are
suspended nearlitdwid iiptierfdceofl ihe ardartiod ddikut bactcompesédt dDNtwo
conposed of two liquid phases, in the after-treatnent described below, so 5
that |ayer sepdr@tidhiPhagamesiniithie afterrtreatments desahibed theloweasoent
after conpl etiqn of the isopropylation is as follows. After conpletion of
the reactionh, Y¥hat 1&¥8E Seranakiah hecaen bl irultoin semel ¢ase®s. The

| ower phase is taken out_at first and the 10 upper phase containing an

al kyl cycl opent adi ene i s T |& ek tieatnen A HeER WnRietion ef Bret he

W th water untiCRIEXMRIAE AR ol s - AR HemRIetHe LbethBhase | s
washed after Bt Al b IR £ st S orory
added. The | oygl, Rhase tfRY RdAhHAA L AT flef out at first and the
10 upper phase containing an alkylcyclopentadiene is
collected. For removing a slight amount.of the alkali
contained in the upper phase, the upper phase is repeatedly
washed with water until the washings are no longer
alkaline, or the upper phase is washed after being
15 acidified with a mineral acid such as hydrochloric acid or
sulfuric acid. 1In this case, a hydrocarbon such as hexane
may be added. The lower phase may be taken out after a
mineral. acid is added to the reaction solution composed of
two liquid phases after éompletion of reaction to acidify
20 the whole system. The solution temperature during the
after-treatment is also important and is preferably not
higher than 30°C. This is because when the solution.temper-
ature is higher than 30°C, the amount of 2-isopropylcyclo-
pentadiene produced tends to be increased during the after-
25 treatment.
The isomerization step is a step of isomerizing
5-isopropylcyclopentadiene in the isopropylcyclopentadiene

obtained in the isopropylation step to l-isopropylcyclo-



mneral acid is added to the reaction solution conposed of two liquid
phases after conpletion of reaction to acidify 20 the whole system The
solution tenperature during the after-treatnent is also inportant and is
preferably not higher than 30[err]C. This i3g because when the sol ution
tenper.- ature is higher than 30[err]C, the anmount of 2-isopropylcyclo-

pent adi ene pr peneadiepedwith healtncr dnee e istddmie baldeelsuctb dg agigrent .
The isonerization step is a step of isonerizing 5-isopropylcyclopentadi ene
i n the isopropyclyppentadiatydnmetiallaiise priesdnite iirs aheQyiqtid coaipysdd

1-i sopropyl cycl o- 36 pentadiene with heat. Since no strong base such as
the cycl opent mdiisdyl ofetisopiropyleyedio piem tadd eniey aihd ado ripgo it agied yyfthe

i sopropyl cycl opent adi ene which is obtained by the after-treatnent, the

i someri zat i onaf§egchreasmepy 1 the 3spperdgationist achievashiby Allpt?h-ough t he
| someri zation of the 5-isonmer to the 1-isoner by heat is a reversible
reaction, & vBY{regen tzmpsferoby: heat.. |s@ﬁ§MQEﬂ¥l&?ﬂn%ﬁﬁﬂﬁrkﬂ%ﬁﬂoqrﬁf

i somerization gec use the equilibriymlies to the 1-isoner side.. On the

ot her hand, —LEQMEL] ithe drisemer. hy,hsat; d~st e TRVEF LS| so t akes

Phe rati o L? ?%égwre&véi%'e%' ?ﬁ@%%fw' B n”éé%aeo%-h&»%éi”m e

dezerbed a0oUgeellt Kb SHEHGEAR: adehl Bl bl S SYBR L
as a main progyel By fhkOWL%omdy slilke.! SOt P other hand, the

10 isomerization of the l-isomer to the 2-isomer also takes
place and is also a reversible reaction. In the
equilibrium composition, the ratio of the l-isomer to the
2-isomer is approximately 1 : 1 as déscribed above, but
this isomerization is slower than the iéomerization of the

15 5-isomer to the l-isomer. Therefore, the l-isomer can be
obtained as a main product by allowing only the isomeriza-
tion of the 5-isomer to the l-isomer to proceed by
maintaining a mixture of the 5-isomer and the l-isomer at a
certain temperature for a necessary period of time. In the

20 isomerization, the liquid containing the 5-isomer and the
l-isomer may be either allowed to stand or stirred. The
isomerization temperature ranges from 0°C to 40°C. When the
isomerization temperature is lower than 0°C, it is not
practical because the progress of the isomerization is

25 slow. When the isomerization temperature is too high, the
progress of the isomerization is rapid but the production
of the 2-isomer, an undesirable isomerlis also accelerated

and becomes difficult to control. Although the time



tion of the 5-isomer to the 1-isonmer to proceed by maintaining a mxture of
the 5-.isonmer and the 1-isoner at a certain tenperature for a necessary
period of tinme. In the 20 isonerization, the liquid containing the 5-isomner
and the 1-isonmer may be either allowed to gt7and or stirred. The

| soger. zation tenperature ranges fromO[err]C to 40[err]C. Wen the

| someri zat i onrequieed foe ithd dsemeriizatdorr da@not bes undquinanid s}
because the progress of the isonerization i's 25 slow. Wen the

i soneri zat i ondesepoviaedr becauseo ilti yar itese dependdsyy @n tihe itemperaaireon is
rapid but the production of the 2-isomer, an undesirable isomer is also
accel erat ed af@nPd&dens &bef radic @pongntths isamensugit tthe theginnimy of
required for the isomerization cannot be unequivocally determ ned because
it varies dep&h§ A§OBRTiZ@tiSRyefiCure idodd HURstantdaldy asafsigaws

| somers at th@hbe inningﬁof.the i.sonmerization, etc., it is substantially as

fol l ows. 5-ThdPEsdfgMmerizakion fdmes 18, apprordmately & teo 4bhaurg afh an
mnutes o 10 ROEe antiEeC rehBetRte ff doter B50i 3h FPhES: BB ae
oner| zatton 0 BAAEds B0 10T HoRER ASaSF anghhep Eng o HRRebR AR A0S £iBFe:
produced tendggst geliw REECADEYe }aagggg\eglg ot iorfshzh%t %%n%qgl{d’gs' ng the

three steps, i.e., the preparation _ cycl opentadien t he
i sopropyl ati oB-3kefe2ndst NargeQMeihed! LB Ssdherization time iF'HeifYd

step according to the present
10 the above range, the amount of the 2-isomer produced tends
to be increased.

The above is the first step comprising the three
steps, i.e., the preparation step of cyclopentadienyl
metal, the isopropylation step and the isomerization step.

15 The second step according to the present
invention is a step of adding a dihaloketene to the
l1-isopropylcyclopentadiene obtained in the first step, to
form a ketene adduct.

The dihaloketene is represented by_the general

20 formula CXY = C = O wherein X and Y are independently a
halogen atom selected from chlorine, bromine and iodine.
The dihaloketene includes, for example, dichloroketenes,
dibromoketenes and chlorobromoketenes. Of these, the
dichloroketenes are preferable.

25 Since the dihaloketene is very unstable, it is
preferable to carry out ketene preparation and the ketene
addition in one pot. As a method for preparing the ketene,

either of the following two known methods may be adopted:



invention is a step of adding a dihal oketene to the

1-i sopropyl cycl opentadi ene obtained in the first step, to forma ketene
adduct. The di hal oketene is represented by the general 20 fornula CXY =C=
O wherein X and Y are independently a hal ogsn atom sel ected from chl ori ne,
broni ne and i odi ne. The di hal oket ene includes, for exanple,

di chl or oket enes, di br onkigt erze methdd [ H eyt tane dedydidiesogéngt ion

di chl oroket enes are preferable. 25 Since the dihal oketene is
very unst abl ebyi reasting drdldthylandare wikh aetidred qarestyatiaiidad t he
ketene addition in one pot. As a nethod for preparing the ketene, either of
t he foll ow ng FeRFeEeaeddyhdde geneanaladspmda CH;GiB <1902y .mbtellmt s ok and
carrying out dehydrohal ogenatjion by reacting triethylam ne w a

di ha?/oagetyl Fal; &e%se&e%é&ﬁde@hwet raAdydned sl af fadogenCakem sedEcaed|
wherein X and_Y are.as _defined ahove and Z[err] is a hal ogen atom sel ected
5 from chl dri i&°MF oﬁ&nghd%QQm¥ﬂ§ ang yloding-hod of carrying out .
dehal ogenati on by reacti metal li.¢c zinc powder, with a trihal oacetyl halide

represented by the genelr(_g'lq‘)f ok P CcazmyinghQud rﬁi%alpmtz[% Y are
o oo e s S4ASE e Bty P R AR AL LR Wi
G hal oket ene. by PaShy oY ShaFYoShs” SEnraly toTY iz Refs ginétein x, v
and Z, are as defined above and Z, is a halogen atom
10 selected from chlorine, bromine and iodine.

The second step according to the present
invention is explained below by taking the case of the
method for preparing the dihaloketene by dehydrohalogena-
tion of a dihaloacetyl halide.

15 A dihaloacetyl halide is added to the isopropyl-
cyclopentadiene ocbtained in the first step, and triethyl-
amine is added dropwise to the mixture while maintaining a
predetermined temperature range. Alternatively, a
dihaloacetyl halide and triethylamine are added dropwise at

20 the same time to the isopropylcyclopentadiene. In this
case, triethylamine is preferably added dropwise, but not
all at once. This is because when a predetermined amount
of triethylamine is mixed with the isopropylcyclopentadiene
all at once, l-isopropylcyclopentadiene in the isopropyl-

25 cyclopentadiene is isomerized to 2-isopropylcyclopentadiene
owing to the basicity of triethylamine. Since triethyl-
amine acts also as a polymerization catalyst for the

ketene, it is preferable to prevent the presence of free



15 A di hal oacetyl halide is added to the isopropyl-

cycl opent adi ene obtained in the first step, and triethyl- amne is added
dropwi se to the m xture while maintaining a predeterm ned tenperature
range. Alternatively, a dihaloacetyl halidegend triethylam ne are added
diopwi.se at 20 the sane tinme to the isopropylcyclopentadiene. In this case,
triethyl am ne tirsigohyflamire/ iardeae drexot Son dydtemwtasisutfioiertlyhas is
because when a predeterm ned anmount of triethylamne is mxed with the

i sopropyl cycl messiddiehy alovwlty addind -tsirgndmimne cropweisene $indde

i sopropyl - 25 cycl opentadiene is isonmerized to 2-isopropyl cycl opentadi ene
owi ng to the Bd&® geactdon rintthe Aecend Step is i exothermin nethetdropwisas
a polynerization catalyst for the ketene, it is preferable to prevent the
presence of fAdditiom methadispreferahlr alaetfon myiataining theciently
as possibl%%by sl oqwl ri ethylam ne dropw se. Since the reaction in

the second 2 téﬁchléb&%giﬂr%%étuﬁ% o b RERARIMInAA RAMER: i s preferable
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i sopropyl cycl eipaeradesn @i ve¥dREWAP BY¥iMde, dichloroacetyl bromide

10 and dibromoacetyl bromide. Of these, dichloroacetyl
chloride is preferable.

Although the molar ratio of the dihaloacetyl
halide to the isopropylcyclopentadiene is varied depending
on the proportion of the l-isomer in the isopropylcyclo-

15 pentadiene, it is usually 0.1 to 10, preferably 0.5 to 5,
more preferably 0.5 to 3. The molar ratio of triethylamine
to the dihaloacetyl halide is 0.5 to 2, preferably 0.7 to
1.5, more preferably 0.9 to 1.1. The reason is as follows:
when the molar ratio of triethylamine to the dihaloacetyl

20 halide is lower than 0.5, the amount of unreacted
dihaloacetyl halide remaining in the reaction system is
increased; when the molar ratio is higher than 2, the
amount of unreacted triethylamine remaining in the reaction
system is increased and there is a strong tendency that the

25 isomerization of l-isopropylcyclopentadiene to 2-isopropyl-
cyclopentadiene is accelerated.

The yield of the ketene adducts as products and

the ratio between the adduct derived from l-isopropylcyclo-



on the proportion of the 1-isoner in the isopropylcyclo- 15 pentadiene, it
s usually 0.1 to 10, preferably 0.5 to 5, nore preferably 0.5 to 3. The
nolar ratio of -triethylam ne to the dihal oacetyl halide is 0.5 to 2,
preferably 0.7 to 1.5, nore preferably 0.94igo 1.1. The reason is as
follows: when the nolar ratio of triethylamne to the dihal oacetyl 20

halide is | owpentadiefed,(hidre inafter abbitvdarieal 4 hal iy laddldtde and
remaining in the reaction systemis increased; when the nolar ratio is

hi gher than 2thehaddumedndeafived faoie @ -tisopidopylidyed opetiad ighe n t he
reaction systemis increased and there is a strong tendency that the 25

i someri zat i on (@ isomep adduicty)c lamomg ddiee ke tteme? -ddshyrrtsp wary s pgredimyli ene

is accelerated. The yield of the ketene adducts as products and the ratio
bet ween t he a®duthedamonsd oforhhe diheloketens prepare farmmdilene
(hereinafter ahbreviated as 1-isoner adduct) and the adduct derived from
2-i sopr opyPcy8ibadRESE¥ e halideoaad Addetty lamime used direrthaxdthavs vary
dependi ng on the anount of the di hal oketene prepared fromthe 5
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t he
10 dihaloketene is small, the yield of the ketene adducts is

decreased but the proportion of the l-isomer adduct among
the ketene adducts is increased. This is because the
-addition of the dihaloketene to 1-isopropylcyclopentadiene
proceeds in preference'to that to 2-isopropylcyclo-

15 pentadiene.

The reaction temperature in the second sfep is
usually -30°C to 50°C, preferably -30°C to 30°C, more
preferébly -10°C to 10°C. The reason is as follows: too low
a reaction temperature is not practical because the

20 progress of the reaction is slow, and too high a reaction
temperature tends to causes the isomerization of unreacted
l1-isopropylcyclopentadiene to 2-isopropylcyclopentadiene or
the polymerization of the ketene prepared.

When the reaction in the second step is carried

25 out in a tank reactor, it is preferably carried out with
stirring. The reaction is carried out at a degree of
stirring of preferably 0.1 kW or more, more preferably 0.2

kW or more, per cubic meter of the reaction solution. This



addi tion of the dihal oketene to 1-isopropylcyclopentadi ene proceeds in
preference to that to 2-isopropylcyclo- 15 pentadi ene. The reaction
tenperature in the second step is usually -30[err]C to 50[err]C, preferably
-30[err]C to 30[err]C, nore preferably -10[4rr]C to 10[err]C The reason is
as follows: too |low a reaction tenperature is not practical because the 20
progress of tHs besausen wherslthe deyrdeohiphirrimacis dresengigamt ure tends
to causes the isonerization of unreacted ;-isppropylcyclopentadtene yo
2-i sopr opy! cy® «dp&w/; irebbeoketraeppirgpariedatiendsoftot be pelymerireghriad an
When the reaction in the second step is carried 25 out in a tank reactor,
it is preferalnfreassd praportiion sinsteardy oflftheimnEdded it cisopsopyls at
a degree of stirring of preferably 0.1 kWor nore, nore preferably 0.2 kW
or nore, per CYSlOREXt&digme-he reaction solution. This 41 is because .
when the degree of stirring is less than 0.1 kWnjerr], the ketene prepare
tends to bg pol yreri zed Wl\?q‘aﬁi%&%%%r%ﬁ cﬂfﬁﬂﬁfi?&fﬂﬁft%l ng added
to isopropyl- cycl ntadi ene.. 5 . When thﬁ} i hal oketene is |
prepared by tﬁ@*ﬁg&% &%ﬁi%ﬁﬂﬂ(ﬂf(ﬁ dinpleaceisl: ha 9(k§h?rﬁﬁﬁq§§ﬂﬂon
m xture is prefs di | ut whth a .sol.vent .hecause .a | grqe anount_ of a
hydr ogen hal i é‘%glgtélo P%ie%ﬁﬂb;% %@iustﬁ‘%r‘ﬂ&g‘ asc?qlfYaﬁn%'st ?‘?ar%eg’ecorr}es
difficult in §Q&eC 1 g ent_. . Y, ¢ﬁ§ sed so. | ong
as 1t 0's i ner i g% AREITS P dace b oY St Y e B ety e e
formed, so that stirring becomes difficult in some cases.

10 As the solvent, any solvent may be used so long as it is
inert to the dihaloacetyl halide and the dihaloketene. The
solvent includes, for example, saturated hydrocarbons such
as pentane, hexane, heptane, cyclohexane, petroleum ether,
etc. When the isopropylcyclopentadiene obtained by the

15 after-treatment in the first step is in the form of a
solution in hexane, it can be subjected as it is to the
second step.

The after-treatment of the reaction solution
after completion of the second step is carried out as

20 follows. The hydrogen halide salt of triethylamine is
removed from the reaction solution by filtration,
centrifugation or the like, after which the reaction
solution is washed with a mineral acid such as hydrochloric
acid or repeatedly washed with water. Alternatively, a

25 mineral acid or water is added to the reaction solution to
dissolve the hydrogen halide salt of triethylamine, after

which the aqueous phase, the lower phase is taken out and

the organic phase containing the ketene adducts is



sol vent includes, for exanple, saturated hydrocarbons such as pentane,
hexane, heptane, cyclohexane, petroleumether, etc. \Wen the .

i sopropyl cycl opent adi ene obt ai ned by the 15 after-treatment in the first
step is in the formof a solution in hexand2 it can be subjected as it is
't0 the second step. The after-treatnment of the reaction solution after
conpl eti on of coldesdednd Sthep siat wrmatede hymirtocsrkbith fudddvas al'heo Iyt o giesn
halide salt of triethylam ne is renoved fromthe reaction solutlop by
filtration, cédstiildgsk iofif dromhd&he lobtadinest asgariia iphasactantraiwing i on
is washed with a mineral acid such as hydrochloric acid or repeatedly
washed with wikhé kehens gagdusdis, Afterrithe Aisteild ing+efifrof sthelded to
the reaction solution to dissolve the hydrogen halide salt of

tri et hyl am ne SOHVERE nitiheh keteng, adluctm may hehLurhher m1-brglef4€|$<|1 tQiSkeg oEIJ_th
th ani ¢ _phase_ containin he ketene adducts is, 42 col]ected. e
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or gani ¢ phase nt.ak ni the ketene adducts. After the distilling-o 0

t he sol vent, Fﬁ% %@?%ﬁ@ggﬁguéﬁgiﬁﬂfﬁaywL";her purQLled byt5 ﬂ!sglllatlogh

or used as they are as agkl R I3 I qu hi.r e

t he ot her hand, the rec?&e%&leg%tiﬁ%ﬁthﬁ%d;m%g p:(raéocrs% t% é’%éc eW@fne

cont ai ni ng t herbrdrpeeAqhdloude phalske %fonttraii‘?{]ifhy aéﬁé“%azd%'r?fél} ﬁ Talt
removed by separation from 10 The organi ¢ phase containimng e Ketene
adducts in thef triethylamine, which has been removed by separation from
10 the organic phase containing the ketene adducts in the
after-treatment, is important from the viewpoint of
resources saving. The aqueous phase containing the
hydrogen halide salt of triethylamine is neutralized or
alkalized with an inorganic base such as sodium hydroxide.
15 In this case, if necessary, water is added so that no
precipitated salt may be present. Thus, the organic phase
containing triethylamine and the aqueous phase containing
an inorganic salt such as sodium halide are separated from
each_othex. The aqueous phase is removed, after which the
20 organic phase containing triethylamine is collected and
this triethylamine is purified by distillation. The
purified triethylamine can be reused as a starting material
in the second step.
Next, the third step is explained below. The
25 third step is a step of producing hinokitiol by decomposing
the ketene adducts obtained in the second step, in a mixed

solvent containing a base.

As the mixed solvent, there are known acetic



after-treatnment, is inportant fromthe viewpoint of resources saving. The
agqueous phase containing the hydrogen halide salt of triethylamine is
neutralized or alkalized with an inorganic base such as sodi um hydroxi de.
15 In this case, if necessary, water is adddd so that no precipitated salt
may be present. Thus, the organic phase containing triethylamne and the
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was found that syste using-tr am ne anon Systens "use
systems using triethylamine among the systems used in the

10 above prior arts are preferable because the time required
is short.

As a result of earnest investigation on the
systems using triethylamine, the following was found. 1In
the prior arts, the decomposition reaction is carried out

15 by charging a mixed solvent and starting ketene adducts all
at once. As a result of GPC analysis of the reaction
solution by the present inventors, it was found that in
this case, a large amount of high-boiling substances are |
produced as by-products. Moreover, it was found that the

20- amount of the high-boiling by-products is not significantly
increased in proportion to the reaction tiﬁe and that the
production of the high-boiling by-products is increased in
the initial period dﬁring the reaction. Thus, it is
preferable to add triethylamine dropwise or in small

25 portions instead of charging a predetermined amount of
triethylamine at first, because the production of the high-
boiling by-products is greatly reduced, resulting in an

increased yield of hinokitiol. 1In addition, it was found



10 above prior arts are preferable because the tinme required is short. As a
resul t, of earnest investigation on the systens using triethylamne, the
foll'owing was found. In the prior arts, the deconposition reaction is
carried out 15 by charging a m xed sol vent ggnd starting ketene adducts all
at once. As a result of GPC analysis of the reaction solution by the
present inventulrat, alttheagyi aoetidaicid idisddedess aan asggemtiamt of

. high-boiling substances are produced as by-products. Moreover, it was found

that the 20 amemponsint Ha Hihgh-poniidn reyrts), erployments obttlse grrietyl +y
increased in proportion.to the reaction tinme and that the production of the
hi gh- boi | i ng @R drapyise jaddiddan nethad found By the @resenng the
reaction. Thus, it is preferable to add triethylam ne dropwise or in snall
25 portions |&9M§Q¥Qﬂs¢ﬂﬂh§ﬁrﬂ}ePQﬁ&#h&Qﬂﬁﬁrﬂhtaﬁnnhankltl¢bthWIbmqhe at

first, bec use .t pro uction of, the hlgh boi | i ng_ by products is greatly
reduced, ul¥di %(ﬁcé?é's’z?daﬁ d &b %l%&ﬂ(ﬁ‘il‘?ﬁ hinpkifgiel oks it was -
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: It was also found that the reaction gives a bis-
10 ring compound formed by attachment of a lactone ring to a
5-membered ring (hereinafter abbreviated as "lactone
by-product") as a by-product in addition to the high-
boiling by-products. The lactone by-product has a boiling
point near that of hinokitiol, a desired product. There-
15 fofe, when the amount of the lactone by-product produced is
large, the purification of hinokitiol becomes difficult.
Accordingly,'it is preferable to reduce the amount -of the
lactone by-product produced by the reactioﬁ. As to this
problem, the present inventors found that the production of
20 the lactone by-product can be greatly reduced by using
tertiary butanol as a water-soluble organic solvent in
place of acetone.
Although the ratio among the components used iﬁ
the reaction are not particularly limited, the molar ratio
25 of water to the starting ketene adducts is 0.1 to 30,
preferably 0.5 to 20, more preferably 0.8 to 10. The molar
ratio of triethylamine to the ketene adducts is 0.1 to 10,

preferably 0.5 to 5, more preferably 0.8 to 3. The molar



It was also found that the reaction gives a bis- 10 ring conpound formed by
attachnment of a lactone ring to a 5-nenbered ring (hereinafter abbreviated
as "lactone by-product") as a by-product in addition to the high- boiling
by- products. The | actone by-product has a bygg | i ng point near that of

hi noki.tiol, a desired product. There- 15 fore, when the anount of the

| act one by- pr ariitciio pHdilnedbrgan it gacid ) pto | tx Lethplamindi Dokot el 0.9,
beconmes difficult. Accordingly, it is preferable to reduce the anmount of
the | act one bypnefehablypribdie . Dy mdre rEeeferablAso tvo this. prohienist he
present inventors found that the production of 20 the | actone by-product
can be great | pecaiasewhan tiedgnalar izatyidwhindie asrgamit eacsd| sipl ®oor gani c
sol vent in place of acetone. Although the ratio anong the conponents used
in the reacti SFHOHAMINE tig mare ythamil ecthe heeagt ton rdees St of wat er
to the starting ketene adducts is 0.1 to 30, preferably 0.5 to 20, nore
preferably 0. PEACERH - THLthaugh (he argunt i‘é€ Hyhenhydrephihic kergaric

adducts is 0.1 to 10, preferabh%gp.S to 5, nnrq%freferabl 0.8 to 3. The
nol ar 45 r SPFHC e MY RATIRY RS (bintted nyihgimelax patio ef, the

preferably 0 t 7..smre preferably. 0 to 0.5.. This is because when the
nol ar ratio th%[q%eo p&%@rﬁ COD%IH(%)S‘{]OV'?Q? eﬁ%yifth?nnﬁ%t‘?%e n%‘i‘gu‘fﬁnri?g?ﬁe
reaction does r tyiough t he anmobunt of the hydrophilic organic
solvent is not@éﬁ%iuﬁ%ﬁf% IfTﬂrri ed, the nolar ratio of the hydrophilic

organi c solvent to the kgl qif adthifod ¥WfSerature in the third step,

10 there is employed a temperature higher than those employed
in the first step and the second step. The reaction
temperature ranges usually from 50°C to 140°C. At
atmospheric pressure, the reaction is preferably carried
out at the reflux temperature of the reaction system.

15 The reaction solution containing crude hinokitiol
which has been thus obtained in the third step is properly
subjected to operations such as extraction, washing, etc.
In addition, purification is carried out by distillation,
recrystallization or a combination of distillation and

20 recrystallization, depending on purpose of use or a purity
required of the final product.

An aqueous solution containing triethylamine
hydrochloride is produced as waste water in the extraction
and washing of the reaction solution containing cfude

25 hinokitiol. The triethylamine can be reused after being
recovered from the waste water by the same method as in the
éecond step.

A point to which attention should be paid in the



usually fromb5 to 30. As the reaction tenperature in the third step, 10
there.is enployed a tenperature higher than those enployed in the first
step and the second step. The reaction tenperature ranges usually from
50[err]C to 140[err]C. At atnospheric presage, the reaction is preferably
. carried out at the reflux tenperature of the reaction system 15

The reaction punitfiioatdon aifhithe ommdie MHintmkitiidl W athdash sk € fes
obtained in the third step is properly subjected.to operations such as
extraction, whkemdsg toetform a avdiltaten complidx oaittimniron emd iwshoeitidy
distillation, recrystallization or a conbination of distillation and 20
recrystal | i zatidgd.lydepdatiasy aammlypoduingkitsiolbrserinusly cerpodesl tiet he
final product. An aqueous solution containing triethylamne hydrochloride
i s produced a®PWwAPPRrAHuS made of dratact iBierafPitsmdoia hatenial i tor
sol ution cqntaining crude 25 hingkitiol. The triethylam ne can be reused
after bei n% r &0p PEPEF USIWiD ek JHinakihiqlycongs it Rpragty tife

second step. A_point.to ich attention should be paid in the 46
purification df tpﬁgf&r&a’gn%%ﬁoﬁsﬁ AR APRAFATYR & it & A TFIWm a

ceri ousl y_cor fSSaT AHSICRSHEAEIIOY T 0% ettty of i pined
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Teflon, or an apparatus made of or coated with ceramic.

10 For rectifying hinokitiol, a ceramic packing is preferably -

used. |

Examples of the present invention are described
below but they are not intended in any way to limit the
scope of the present invention.

15 Conditions of gas-chromatographic analysis of the
products obtained according to the present invention are
described below.

1. Analysis of isopropylcyclopentadiene
Apparatus: Type GC-14A of Shimadzu Corp., Chromatbpack
20 CR-4A of Shimadzu Corp.
Column : Capillary Column DB-1 of J & W Scientific
Co. (length 30 m X inside diameter 0.25 mm,
liquid phase thickness 0.25 um).
Temperature conditions: |
25 column 40°C X 5 min. —> 250°C (10°C/min.).

inlet 60°C, detector 250°C (FID).



metal such as Hastell oy C, an apparatus nade of or lined with glass, an
apparatus coated with a resin such as Teflon, or an apparatus nade of or
coated with ceramc. 10 For rectifying hinokitiol, a ceram c packing is
preferably used. Exanples of the present imention are described bel ow but
they are not intended in any way to linit the scope of the present

i nvention. 152. AnalysisCafilitthersidifcignsamh raotalysidiprodedysi s of the
products obtai ned according to the present invention are described bel ow.
1. Anal ysis of ARRRIGEIMscy AvpseGCd nof\Fuimadsn Come. CCHrcnatomhckadzu
Corp., Chromat opack 20 CR-4A of Shimadzu Corp. Col umm :
Capi | I ary Col um DB-l of JQ§1ﬁ3&9ﬁﬂﬁhIMQ§ZR)CQIEmgth 30 m X i nsi de

di anmeter O. 25Iﬂ8 qyld phase t hi ckness 0. 25 q#:? erature
condi ti ons: ol Canridilaky Aniamn @5615 5[ cmpeﬁqc

10 c l et 60 tector 250 C (FIL.D
,(Anal[ ;;:‘]S o;g '?hZa al:lgugts aLg{c’s‘ol i ﬁg 3p¢ u’é'E grr] (étlﬂi“e‘:?’srp@ 25 Ty of

Shi madzu Corp., Chronatopa A of Shi Zu Col u . Capillary
Col um DB-1 of J & W Sci enﬁ':gﬂgg'cg phase r1:hlcqmess0000 3 MBI 30 m X i nsi de
di anet er QZSn@aw&%@d@%ﬁﬁﬂﬂ§g§s025[ew]m Tenper ature

condi ti ons:
column 100°C X 2 min. - 250°C (10°C/min.).

inlet 300°C, detector 300°C (FID).

10 Reagents used in the examples of the present
invention are as follows:
. Cyclopentédiene '
Produced by pyrolyzing dicyclopentadiene (mfd. by
Wako Pure Chemical Industries, Ltd.) at 160°C.
15 - Potassium hydroxide |
85% potassium hydroxide: mfd. by Katayama Chemical
| Co., Ltd.
96% potassium hydroxide: mfd. by Nippon Soda Co.,
Ltd.
20 -+ Sodium hydroxide: mfd. by Katayama Chemical Co., Ltd.
* Lithium hydroxide: mfd. by Wako Pure Chemical Industries,
Ltd.
* Rubidium hydroxide: mfd. by Ishidzu Pharmaceutical Co.,
Ltd.
25 + Caesium hydroxide: mfd. by Kishida Chemical Co., Ltd.
* Potassium ethoxide: mfd. by Aldrich.

* Isopropyl bromide: mfd. by Tokyo Kasei Kogyc Co., Ltd.



colum 100[err]C X 2 mn. [err] 250[err]C (10[err]Cmn.). inlet 300[err]C,
detect.or 300[err]C (FID. 10 Reagents used in the exanples of
the present invention are as follows: Cyclopentadi ene Produced by

‘pyrol yzing di cycl opent adi ene (nfd. by Wako gigure Chem cal Industries, Ltd.)
at 160[err]C. 15 Pot assi um hydr oxi de 85% pot assi um hydr oxi de: nfd. by

Kat ayama Cheni cabifethylt 8ul6%ipet amFdunbly waks BareTchemivali ppon Soda

Co., Ltd. 20 . Sodium hydroxide: nfd. by Katayama Chem cal Co., Ltd. .

Li t hi um hydroxi de: nfd. by Wako Purelfifestriés) nudt i epeciall. graBbi di um

hydroxi de: nfd. by Ishidzu Pharmaceutical Co., Ltd. 25 . Caesium hydroxi de:

nfd. by Kishida Baetppitrdtde: mfd. byPWakesPumeeCheriidal Industyridsiri ch.

| sopropyl brom de: nfd. by Tokyo Kasei Kogyo Co., Ltd. 48 . Di et hyl

sul foxi de: nfd. by Wako Pure Cﬁéd\GaBPEﬁdaétgrede-Ltd speci al grade. .

Acetonitrile: nfd, bx Wako Pure Chem cal I ndustries, Ltd speC|aI grade. 5
Di net hyl for nanPdRethy dfoppapide: puid. Ch¥nWé3P PugesChemdcali d. : speci al

Qrade . 1, 3-di net hyl - 2- |n1dazoI|d|non
ndustrles, Ltd.; special grade.

* 1,3-dimethyl-2-imidazolidinone:
mfd. by Wako Pure Chemical Industries, Ltd.;
special grade.
10 ; n-Hexane: mfd. by Wako Pure Chemical Industries, Ltd.;
special grade.
* n-Heptane: mfd. by Wako Pure Chemical Industries, Ltd.;
special grade.
* n-Octane: mfd. by Wako Pure Chemical Industries, Ltd.;
15 special grade.
* Dichloroacetyl chloride: mfd. by Tokyo Kasei Kogyo Co.,
Ltd.
* Triethylamine: mfd. by Wako Pure Chemical Industries,
Ltd.; special grade.
20 * Acetic acid: mfd. by Katayama Chemical Co., Ltd.;
special grade. |
* Acetone: mfd. by Katayama Chemical Co., Ltd.; first
grade.
* Tertiary butanol: mfd. by Wako Pure Chemical Industries,
25 ' ' Ltd.; special grade.
* Tetrahydrofuran: mfd. by Wako Pure Chemical Industries,

Ltd.; special grade.



by Wako Pure Chem cal Industries, Ltd.; special grade. 10 . n-Hexane:
. hy Wako Pure Chem cal Industries, Ltd.; special grade. . n-Heptane:
. by Wako Pure Chemi cal Industries, Ltd.; special grade. . n-Cctane:
nfd. by Wako Pure Chem cal Industries, Ltd.g9 15 speci al
gf ade.- * Dichl oroacetyl chloride: nfd. by Tokyo Kasei Kogyo Co., Ltd. .
Triethyl am ne: « nEdhahplVahEdRuby Waka Calrel THhestidads IndudtriERsCitald gr ade.
20 * Acetic acid: nfd. by Katayama Chem cal Co., Ltd.; special grade.
Acetone: nfd. by Katayama9@h&mi.cal Co., Ltd.; first grade. * Tertiary
butanol: nfd. by Wako Pure Chem cal Industries, 25
Ltd.; special grade. . Tetrahydrofuran: nfd. by Wako Pure Chem cal
I ndustries, Ltd.; special grade. 49 Et hanol: nfd. by Wako Pure Chemi cal
| ndustries, LEgampde® doy Exanple 1 To 281.3 g (3.6 nols) of dinethyl
sul foxi de were 5 added 49. 3 (0.72 nmol) of cyclopentadiene (purity: 96.3%
‘and 39.6 g (0.60 nol) ofTOpc?tfg'ss% i Rt B (Plrdinetivrbysu ide were

resul ting g XtaLérdeed/\’%) S:It Igr r(E\Od. 7f20rmo]I )5 ohfoucryscllonpeantadiene (purity: 96.3%)

and 39.6 g (0.60 mol) of potassium hydroxide (purity: 85%),
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and the resulting mixture was stirred for 1.5 hours in a

nitrogen stream at room temperature to obtain a cyclo-

pentadienylpotassium solution. The molar ratio of dimethyl
10 sulfoxide to cyclopentadienylpotassium was 6.0.

The molar ratio of water to cyclopentadienyl-
potassium was 1.6.

To the cyclopentadienylpotassium solution was
added 140.0 g of n-hexane, after which 147.6 g (1.2 mols)

15 of isopropyl bromide was added dropwise with stirring over
a period of 50 minutes while maintaining the solution
temperature at 5°C. After completion of the dropwise
addition, 1N hydrochloric acid and n-hexane were added and
then the organic layer was separated. to obtain 309 g of a

20 n-hexane solution containing isopropylcyclopentadiene.

The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 95.9% (0.58 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer

25 = 27.0 : 65.1 : 7.9.

The 5-isomer was isomerized to l-isomer by

allowing the n-hexane solution containing isopropylcyclo-



nitrogen streamat roomtenperature to obtain a cyclo- pentadienyl potassium
soluti:on. The nolar ratio of dinmethyl 10 sulfoxide to '
cycl opent adi enyl potassiumwas 6.0. The nolar ratio of water to

cycl opent adi enyl - potassiumwas 1.6. To theggycl opent adi enyl pot assi um
soluti.on was added 140.0 g of n-hexane, after which 147.6 g (1.2 nols) 15

of isopropyl iyemtadhents atdetaidpt K0°0 EBrSY houds .0V ehed HaRfiicd dnindb0
m nutes while maintaining the solution tenperature at 5[err]C. After
conpl etion of thiee icronmuiss a fakd tihen, isbhdnidacivovas ams dEsTTows hexane were
added and then the organic | ayer was separated to obtain 309 g of a 20
n- hexane sol utli-dsoxen ai H-rigam=npro@H ismmepent®di @ne.1 The: 7 lgexane
sol ution was anal yzed by a gas chromatography to find that the yield of
i sopropyl cycl o- pent adi dife 137&% rphexane \elution avab tadded 294 af i @f anong
its isomers was as follows: 1-isoner @ 5-isonmer : 2-isomer 25 = 27.0 ! 65.1
7.9. The - shifgRnfada shfain &3 @ rf somrhexang |avdutyiemeontriaing
sol ution cont n|n igpgﬁg l.cycl o-, 50 pentadiene, to stand at 20[err]C
for 7 hours. i %’]t)hé’ﬁ s‘r?r%’rré’Pé'f]t"éfCJt‘?Rer}%n%at iBh Waks as
follows: 1-is 5- |s . 2-150 9. To the n hexane
sol uti on was glngle5af§4 1§nn %ﬁetdo Ei?[l)‘t]au‘-’n éQJGGQJ nal), ‘?FOM@
sol ution cont al 51(98 %" pr.o 'hd ope tadl S
n- hexane sol uf |c%% Was ag)&g‘ 9%%1%%J hms)@) goﬁc&/ 3 rh‘ J.eé)hyf
amine was added dropwise with stlrrlng over a period of 2
10 hours while maintaining the solution temperature at 0°C.
The degree of stirring was 0.3 kWw/m’. After completion of
the dropwise addition, the salt formed was dissolved by
adding 1N hydrochloric acid, and then the organic layer was
separated to obtain a n-hexane solution containing ketene
15 adducts.

The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 82% (0.47 mol).

The n-hexane was distilled off from the n-hexane

20 solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 95.7 g (0.42
mol) of a distillate containing the ketene adducts (purity:
95%). The ketene adducts were analyzed by a gas chromato-
graphy.to find that the ratio among the ketene adducts

25 derived from l-isomer, 5-isomer and 2-isomer, respectively,
of isopropylcyclopentadiene was 99.8 : 0 : 0.2.

A mixed solvent consisting of 25 g of acetic

acid, 314 g of acetone and 52 g of water was added to the



acetyl chloride, after which 64.1 g (0.63 nol) of triethyl- am ne was added
dropwi;se with stirring over a period of 2 10 hours while nmaintaining the
solution tenperature at O[err]C. The degree of stirring was 0.3 kWnierr].
After conpletion of the dropw se addition, ghe salt fornmed was di ssol ved by
addi ng 1N hydrochloric acid, and then the organic | ayer was separated to
obtain a n- hexhst iddlatté @omeniming th& dietend Tadditties 5. ardel 05 hgxane

sol ution containing ketene adducts was anal yzed by a gas chromatography to
find that the tristhydfantine ket reidet dicpwibse &Xex Ga 4feridd .of e Holexane
was distilled off fromthe n-hexane 20 sol ution containing the ketene
adducts, and twhdleegiadntadasing sthe |slluticen temperctyresstré00a olham),
95.7 g (0.42 mol) of a distillate containing the ketene adducts (purity:
95% . The ket & IRV ting mixtvye mabs Beatefat HURatfor gnaithert & fi nd
that the ratiq anong the ketene adducts 25 derived from 1-isoner, 5-isoner

and 2-i soner, ct AfHSE cmpleipidp ke e reactiame apalysis by oa:gas 2.
A m xed sol vent consi sting of 25 %ﬁff acetic acid, 314 g of acetone and 52
g of water wa¥ qgraply revealadthatyReaksdieityy the addesks adduct s,

and 105 g of ty.iethyl amne added dr,opwi se over .a period, of_2 hours
whi | e mai nt ai r‘#’lﬁ%&ﬂ% r&ﬁm‘%&r’&%ﬁwhﬂ‘iﬁ&@ VB é?}?t]%'n#eﬁ‘ %% yeldting
m xture was h?%ﬁ%@ %bIQO[err]C for another 5 5 hours. After conpletion of

‘the reaction, ‘anal'ysi $’by a gas chromat ography reveal ed that peaks due to
t he adducts

Example 2
10 Thé process of Example 1 was repeated, except
that in the isopropylation step, the molar ratio of
dimethyl sulfoxide to cyclopentadienylpotassium was changed
and that after completion of the dropwise addition of
isopropyl bromide, the lower layer was taken out without
15 adding 1IN hydrochloric acid and hexane.
To 233.7 g (3.0 mols) of dimethyl sulfoxide were
added 49.8 g (0.72 mol). of cyclopentadiene (purity: 95.1%)
and 39.5 g (0.60 mol) of potassium hydroxide (purity: 85%),
and the resulting mixture was stirred for 1.5 hours in a
20 nitrogen stream at room temperature to obtain a cyclopenta-
dienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 5.0.
To the cyclopentadienylpotassium solution was
added 140.5 g of n-hexane, after which 147.4 g (1.2 mols)
25 of isopropyl bromide was added dropwise over a period of 45
minutes while maintaining the solution temperature at 5°C.

After completion of the drbpwise addition, the organic



di sappeared and that hinokitiol was obtained in 76%vyield (0.32 nol).
Exampl:e 2 10 The process of Exanple 1 was repeated, except that
in the isopropylation step, the nolar ratio of dinmethyl sulfoxide to

cycl opent adi enyl pot assi um was changed and tgpat after conpletion of the

dr opwi-se addition of isopropyl brom de, the | ower |ayer was taken out

wi t hout 15 addiaygrlmasy drepadated taciobtanich [BEpne.ofl @ 3B hekdnd sdLwbisy of
di mret hyl sul f oxi de were added 49.8 g (0.72 nol). of cycl opentadi ene
(purity: 95.1¥pniadndng igoprodylnyicdlofermdisesiesn hydr oxi de (purity: 85%,
and the resulting m xture was stirred for 1.5 hours in a 20 nitrogen stream
at roomtenperature to Gheinrhexand sedntiondivas/ |galagsedirhyrd Waon. The
mol ar ratio of dinmethyl sulfoxide to cyclopentadi enyl potassiumwas 5.0. To
t he cycl opent SHTERALOSraphvUKRes diind dhatashelqield @b SapropHexesin- af t er
whi ch 147. brom de_ was added dropw se over

1.2 | 25 of i |
period of %SQﬁ%ﬁll}Fgg'De\ﬂs‘% W& |3n18%0§ir°rc1)'85y6( Meloand dhateihe Hakio AMMP ] ?:.

After conpleti, f e dropwi_se ition, the organic ., 52 |ayer, was
separated to %{;aﬁ' o%sgw&s &5n- gﬂé’i’f’@'s&l'&t"‘l%?’%o’nt%i‘rﬁ%r : "2-isomer
isopropylcyclgpggy?dLe%%.oTheIQ-%gxane sol ution was anal yzed by a gas
chromat ography 0 find that “t ¢ ‘yi‘el d of isopropylcyclo- 5 pentadi ene was

93.8% (0.56 nol) and thaie Be i) WG ddmed SUP D RS dind P By Vs
1-isoner : 5-isoner : 2-isoner
allowing the n-hexane solution containing isopropylcyclo-
10 pentadiene, to stand at 20°C for 7 hours. The ratio among
the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 86.2 : 1.0 : 12.8.
To the n-hexane solution was added 317 g of n-
hexane to obtain 587 g of a n-hexane solution containing
15 60.7 g (0.56 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 86.8 g (0.59 mol) of dichloro-
acetyl chloride, after which 62.4 g (0.62 mol) of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
:20 completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.
The n-hexane solution containing ketene adducts
25 was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 79% (0.44 mol).
The n-hexane was distilled.off from the n-hexane

solution containing the ketene adducts, and the residue was



= 22.2 : 65.0 : 12.8. The 5-isoner was isonerized to 1-isoner by allow ng

t he n-.hexane sol ution containing isopropylcyclo- 10 pentadi ene, to stand at
20[err]C for 7 hours. The ratio anong the isoners after the isonerization
was as follows: 1-isoner : 5-isoner : 2-is@Ber =86.2 : 1.0 : 12.8. To the
n- hexane sol uti on was added 317 g of n- hexane to obtain 587 g of a

n- hexane sol udistiddedaiundeyr rediced pressifrerid aftain 91.8 g (0.39

i sopropyl cycl opent adi ene. To this n-hexane sol ution was added 86.8 g (0.59
nmol ) of dichl &d) &feydistidliate comtavingng g ketpnd SRiuats (purity:
triethylam ne was added dropw _se over a period of 2 hours while naintaining
the sol uti on Pdfger affhee s tdldajec comtiadning e katiene Eddurtsirvami se
addition, the salt forned was di ssolved by addi ng 1IN hydrochloric acid, and

then the orgafP@Ly. BYa@ 985 chromateyiRphn 0 Lind hatkdihe ivatio
cont ai ni ng ket adducts. The n-hexane, sol utjon contajning ket ene adducts
25 was anglsyzgg'%&g g%fa}eaﬂﬂﬁrﬁ%‘%ﬁﬂf%%%(ﬁh%tlTW‘%g@ Poksqmer

ket dduct 9% (. 44 ol ) . .The n-h istijled off fromth
- hexane. S0l PP 22 ARCHER nd SERSSEAVEY a dthiCHORERRY Y U THAA ERS vassg

distilled undgyg pequgeqd prgssure to obtain 91.8 g (0.39 nol) of a
distillate contai ning thé ‘ketene adducts (purity: 93% . The distillate

fhat the Tatio 5 amongt Ha"ee: vavantcrnefb rfve O T HAMNAD o7

acid, 294 g of ;cetone and 49 g of water was added to the

10 distillate containing the ketene adducts, and 99 g of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
hdurs. After completion of the reaction, analysis by a gas

15 chromatography revealed that peaks due to the adducts |

disappeared and that hinokitiol was obtained in 73%.yield

(0.28 mol).

Example 3
The process of Example 1 was repeated except for
20 carrying out isopropylation at a chénged molar ratio of
dimethyl sulfoxide to cyclopentadienylpotassium.
To 140.7 g (1.8 mols) of dimethyl sulfoxide were
added 49.4 g (0.71 mol) of cyclopentadiene (purity: 95.1%)
and 39.4 g (0.60 mol) of potassium hydroxide (purity: 85%),
25 and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclopenta-

dienylpotassium solution. The molar ratio of dimethyl



and 2-isomer, respectively, of isopropylcyclopentadiene was 98.0 : 0 : 2.0.
A m xed sol vent consisting of 23 g of acetic acid, 294 g of acetone and 49
g of water was added to the 10 distillate containing the ketene adducts,
and 99 g of triethylam ne was added dropw sg over a period of 2 hours while
mai ntai ning the solution tenperature at 60[err]C. Then, the resulting

m xture was heaillddxrides Hce ldyldl Spun tilidiay 1 potH s fum Ald£r3 compl etion of the
reaction, analysis by a gas 15 chronat ography reveal ed that peaks due to

t he adducts di sappear ed TanctHehatydliopsitiddi enyilpattiss nas soluBoiwasl (0. 28
nol ). Exanple 3 The process of Exanple 1 was repeated except for 20 _
carrying out iasiedglilatd g cft re-hexamged after whicln DI7 o net (i) 2 swbIoxi de
to cycl opent adi enyl potassium To 140.7 g (1.8 nols) of dinethyl §quOX|de
were added 49.9f dS@Prrpydobrogiidg staspaddeat] airorise tgvens Period @O.50 g
(0.60 nol) of potassium hydroxide (purity: 85%, 25 and the resultlng

m xture wa® s@iiuges gthifle maintaining tihe Tione diemperatnre eatped At-ur e
to obtain a ciﬁé%fenta- di enyl pot assi um sol ution, _The nolar ratio of

dimethyl 5 T SO St Y Qo 1R AFRASR 1Ad tiAhas! 8. iydaerhlrric

e ol e RSl L P i st TS L s

EF;L??C?f 50 %é@d?&ﬂ%ﬁ‘@&'é%ﬂ?%d“fﬂf“d“%é*Efﬁﬁﬂé§éﬁ£‘ééiﬂ%?é%‘%éiéﬁining
.~ isopropylcyclopentadiene.

10 The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 52.8% (0.31 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 33.7 ¢« 31.6 : 34.7.

15 The 5-isomer was isomerized to l-isomer by
allowihg the n-hexane solﬁtion containing isopropylcyclo-
pentadiene, to stand at 20°C for 6 hours. The ratio among

the isomers after the isomerization was as follows:

64.3 : 1.0 : 34.7.

l-isomer : 5-isomer : 2-isomer
20 To the n-hexane solution_was added 23 g of
n-hexane to obtain 330 g of a n-hexane solution containing
34.1 g (0.31 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 48.75 g (0.33 mol) of dichloro-
acetyl chloride, after which 35.0 g.(0.35 mol) of triethyl-
25 amine was added dropwise over a period of 2 hours while
maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed Qas

dissolved by adding 1N hydrochloric acid, and then the



After conpletion of the dropwi se addition, 1N hydrochloric acid and

n- hexane were added and then the organic | ayer was separated to obtain 307
g of a n-hexane solution containing isopropyl cycl opentadi ene. 10 :

The n-hexane sol ution was anal yzed by a gasshromat ography to find that the
yi el d -of isopropylcyclo- pentadiene was 52.8% (0.31 nol) and that the ratio
anong its i sommganias laydmwiWwas\segaraa®to dhtSNed n-ReiSpeesouBlord !
31.6 : 34.7. 15 The 5-isonmer was isonerized to 1-isomer by

al | owi ng t he canbedmeimgplketieare artdwdts ng i sopropyl cycl o- pentadi ene, to
stand at 20[err]C for 6 hours. The ratio anong the isoners after the

i sonerizati on was as folThevn-hexanasolutsions ormtairing deetene Gldd@uctd. 0
34.7. 20 To the n-hexane sol ution was added 23 g of n-hexane to
obtain 330 g &2, anaFeaad bivlagam cwaratogrpphy 1te findithat )the yield

I sopropyl cycl opentadi.ene. To this n-hexane solution was added 48.75 g (0.33
nol ) of di )cé’nl G&Ofcthfcé‘te;ﬂe%ﬁﬁqws Haser’ Ohi (e 250X (0. 35 nol ) of

triethyl- 25 am ne was ded dropwi se over. a period of 2 hours while '
mai nt ai ni ng the sol uti ot YefbetSHal% was G{Jesr?ﬁée‘ﬁqueﬁ £em  Ehe Rriexane
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mol) of a distillate containing the ketene adducts (purity:
10 94%). The distillate containing the ketene adducts was
analyzed by a gas chromatography to find that the ratio
among the ketene adducts derived from l-isomer, 5-isomer
and 2-isomer, respectively, of isopropylcyclopentadiene was
82.7 : 0 : 17.3.
15 A mixed solvent consisting of 12 g of acetic
acid, 147 g of acetone and 24 g of water was added to the
distillate containing the ketene adducts, and 49 g of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,
20 the resulting mixture was heated at 60°C for another 5
houis. After completion of the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitiol was obtained in 60%

yield (0.12 mol).

25 Example 4

The process of Example 1 was repeated except for

carrying out isopropylation by adding a cyclopentadienyl-



5 of the ketene adducts was 70% (0.22 nol). The n-hexane was distilled off
from t.he n-hexane sol ution containing the ketene adducts, and the residue
was  distilled under reduced pressure to obtain 45.2 g (0.19 nmol) of a

distillate containing the ketene adducts (prity: 10 94%. The distillate:
contai-ning the ketene adducts was anal yzed by a gas chronmat ography to find

that the rati pozsssduitheoleitdon dddgpaiiselderived from 1-isonmer, 5-isomer and
2-isoner, respectively, of isopropylcyclopentadiene was 82.7 : 0 : 17.3. 15

A mi xed sol vent consi st ihog 28f1 .B2 gy (3f. 6ameilisy adf dinkethyld efulaRstiane waxk 24
g of water was added to the distillate containing the ketene adducts, and
49 g of triethgded 48.3ag 4@ddd aodpwicte ayelopentad ishe! (garicy s 98 1%)

mai ntai ning the sol ution tenperature at 60[err]C. Then, 20 the fesultlng

m xture was hé@&dedd%® GO[(&rBPCmody) axfopiodrass ivouhydoshtiste oyt idty 0r85%) t he
reaction, analﬁsis by a gas chromatography reveal ed that peaks due to the
ket ene adddct 8ndi $R§pEesidting mixtugienwas: istinved demilndd howmosnyial d

0.12 mol ). 25.Exanple 4 The process of Exanple 1 was repeated except for
garrying éut P&gspggﬁléFFSﬁmbﬁtaJHPHbtémQﬁQQﬁﬁﬁﬁz%ﬂ @hhain a 56 potassi um

sol ution drop f di met hyl sul foxi de were added

i se. 281. 3 .6 I
49.3 g (0.71 Vﬁ%ﬁ%&?&%ﬁ%ﬁ&&éﬂn‘-’é éﬁgD“E“;Z?ﬂ 1083 7he, meley FaFin oo nol)
of pOtaSS'u”‘ﬁ!ﬂé@ﬁ&iesﬁREE&&ﬁé %%%%YClopentadienylpotassium was 6.0.

To 147.6 g (1.2 mols) of isopropyl bromide was
10 added 140.0 g of n-hexane, after which the above-mentioned
cyclopentadienylpotassium solution was added dropwise over
a period of 70 minutes while maintaining the solution
temperature at 10°C. After completion of the dropwise
addition, 1N hydrochloric acid and n-hexane were added and
15 then the organic layér was separated to obtain 309 g of a
n-hexane solution containing isopropylcyclopentadiene.

The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 94.9% (0.57 mol) and that the ratio among

20 its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 40.9 : 50.5 : 8.6.

The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among

25 the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 90.4 : 1.0 : 8.6.
To the n-hexane solution was addéd 287 g of

n-hexane to obtain 596 g of a n-hexane solution containing



5 and the resulting m xture was stirred for 1.5 hours in a nitrogen stream
at roamtenperature to obtain a cycl opentadi enyl potassi um sol ution. The
nolar ratio of dinmethyl sulfoxide to cycl opentadienyl potassiumwas 6.0. To
147.6 g (1.2 nols) of isopropyl bronide was70 added 140.0 g of n-hexane,
after which the above-nentioned cycl opentadi enyl potassi um sol ution was
added dropwi sélaerg & &7 ablof o) ISSPH@syMYdopentidiendg the spiation
tenperature at 10[err]C. After conpletion of the dropw se addition, 1N
hydrochl ori c acihexane rsdlanaion was aitied] &8d Ip (s60 tivsl prefnd LohByes- Was
separated to obtain 309 g of a n-hexane solution containing

i sopropyl cycl @setyddicdderifiey eitemmhisdi 163 oh g dhinaky &f a gas
chronat ography to find that the yield of isopropylcyclo- pentadiene was

94. 9% (0. 57 ndiiethylaming was fdded drapwice taver anperied of 2 chdurs:

l-isonmer : 5-isaomer : 2-isonmer = 40.9 : 50.5 : 8.6. The 5-isoner was

i somerized o 111390%1’133?1&!1}%% Rl U bk drmperrakyxm ator Bi-ni dfter
among 25 Che FOBRDRLIAN G (HHE R R AL AR o 16| S TR HAS -
2870 of n- heSaRBeRYesh ey £ UF T IERAETLE Ao oAb W 57
51.0,9,(0 7 sl RORM YRR B T SRR SRIRT
g (0.63 mol) @bntaining ketene adducts.

10 The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 81% (0.46 mol).

The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was

15 distilled under reduced pressure to obtain 96.7 g (0.41
mol) of a distillate containing the ketene adducts (purity:
92%). The distillate containing the ketene adducts was
analyzed by a gas chromatography to find that the ratio
among the ketene adducts derived from l-isomer, 5-isomer

20 and 2-isomer, respectively, of isopropylcyclopentadiene was

99.7 ¢+ 0 : 0.3.

A mixed solvent consisting of 24 g of acetic
acid, 306 g of acetone and 51 g of Watef was added to the
distillate containing the ketene adducts, and 103 g of

25 triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60%?. Then,
the resulting mixture was heated at 60°C for another 5

hours. After completion of the reaction, analysis by a gas



triethylam ne was added dropwi se over a period of 2 hours 5 while

mai ntaining the solution tenperature at O[err]C. After conpletion of the
dropwi se addition, the salt formed was dissol ved by addi ng 1N hydrochloric
acid, and then the organic |ayer was separaggd to obtain a n-hexane

sol uti-on containing ketene adducts. 10 The n-hexane sol ution
contai ni ng ketchmmdehgraphya reved et Hat pearies auened agiaketéme f i nd t hat
the yield of the ketene adducts was 81% (0.46 nol). The n-hexane was
distilled of f adduatshelisappeared @nd ithatc driroloitipl heak asletrei meldl ubh s748nd
the residue was 15 distilled under reduced pressure to obtain 96.7 g (0.41
mol ) of a di stilelst d God® &MAing t he ketene adducts (purity: 92%. The
distillate containing the ketene adducts was anal yzed by a gas

chromat ography to find that the ratio anong the ketene adducts derived from
1-isoner, 5-isQner .20 _and 2-isoner, respectively, of

I sopropyl cycl a%ﬁ éne was 99.7 : : 0.3. A mxed solvent consisting of

0 :
i st 1 ateStont & ni hg. A0S SRS A enBhe’ 103135 GepsAted ARl 1R was
femper at ure ac aorary ety dnctneby S e 5 B AR A W err)
L8 o onmt gy AR AT 85 9 ol A A AT B 25, oo
and that hinolgddiigly WS aQQpNate¢ Hydib@arbon.
To 469.3 g (6.0 mols) of dimethyl sulfoxide were
10 added 42.1 g (0.60 mol) of cyclopentadiene (purity: 94.5%)
and 33.2 g (0.50 mol) of potassium hydroxide (purity: 85%),
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclopenta-
dienylpotassium solution. The molar ratio of dimethyl
15 sulfoxide to cyclopentadienylpbtassium was 11.9.
To fhe cyclopentadienylpotassium solution was
added dropwise 124.1 g (1.0 mol) of isopropyl bromide over
a period of 55 minutes while maintaining the solution
temperature at 5°C. After completion of the dropwise
20 addition, 1N hydrochloric acid and n-hexane were added and
then the organic layer was separated to obtain 259 g of a
n-hexane solution containing isopropylcyclopentadiene.
The n-hexane solution was analyzed by a gas
| chromatography to find that the yield of isopropylcyclo-
25 pentadiene was 93.6% (0.47 mol) and that the ratio among'
its isomers was as foliows: l-isomer : 5-isomer : 2-isomer

= 42.5 : 42.8 : 14.7.



yield (0.30 nol). Exanple 5 5 The process of Exanple 1 was
repeat.ed except for carrying out isopropylation at a changed nolar ratio of
di met hyl sul foxide to cycl opentadi enyl potassi umw t hout adding an aliphatic
hydrocarbon. To 469.3 g (6.0 nols) of dinetdgyl sul foxide were 10 added 42.1
g’ (0.60 nol) of cycl opentadiene (purity: 94.5% and 33.2 g (0.50 nol) of

pot assi um hydr oxi de ( puriey:5-83%8meraRéhs NEsdRst] dd\0LdT K. LB SndRSHpt i 11 ed
for 1.5 hours in a nitrogen streamat roomtenperature to obtain a

cycl opent a- diadiypwictgastheim-dmsdre soliitei oW cntain in@f i shpEspylcydlo-

sul foxi de to cycl opent adi enyl potassiumwas 11.9. To the

cycl opent adi epen@dissieymtsolattamh ata HfdEdrd6opoiuse .124hk gatlhid aming of

i sopropyl bronide over a period of 55 minutes while maintaining the

sol ution t enpd&hgt JisOMErss[afitgrC thaf tisromaomidadtiam wes tdwe fblopwse 20 _
addi tion, 1N hydrochloric acid and n-hexane were added and then the organic
| ayer was SepdrdSORary fol—diSPMEID g Lfispmemex e sod Wkidm cohtgi ni ng

i sopropyl cycl opent adi ene. The n-hexane sol ution was anal yzed by a gas

chromat ography to find tiRattheh@-edaneEqligpiihWas adied 23 @ ene was

93.6% (0.47 npl) and that e latiqQ anong its isoners was as follows:
1-i som(er . 5- 5| ne 39 é’%’%@ln: 44?%. 9_:°f912". gi-hepane solwpiomContaiming was

| Somer 1 zed L0sb e §MH0. 9 i3Vl LB AR A e 4 s
I sopropyl cycl 6- _
n-hexane solution was added 72.9 g (0.49 mol) of dichloro-
10 acetyl chloride, after which 52.4 g (0.52 mol) of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
15 organic layer was separated to obtain a n-hexane solution
containing ketene adducts.

The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 73% (0.34 mol).

20 The h—hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue ﬁas
distilled under reduced pressure to obtain 69.7 g (0.30
mol) of a distillate céntaining the ketene adducts (purity:
95%). The distillate containing the ketene adducts was

25 analyzed by a gas chromatography to find that the ratio

among the ketene adducts derived from l-isomer, 5-isomer

and 2-isomer, respectively, of isopropylcyclopentadiene was

97.5 + 0 : 2.5.



pent adi ene, to stand at 20[err]C for 6 hours. The ratio anong the isoners
after .the isonerization was as follows: 5 1-isoner : 5-isoner : 2-isoner =
84.1 : 1.2 : 14.7. To the n-hexane solution was added 234 g of n-hexane to
obtain 493 g of a n-hexane solution contai gghg 50.9 g (0.47 nol) of

I Sopr opyl cycl opent adi ene. To this n-hexane solution was added 72.9 g (0. 49

mol ) of dichloro- 10 acef Wlixdd WdXAentdiddns WY iy 52r 418 § Gob2ad®tic Of

triethylam ne was added dropw se over a period of” 2 hours” while maintaining
the sol ution teenighr &8 ey aif Glowtdrie aAfd €38 cprgpt avder Ghas hedde@Pyé Sehe
addition, the salt formed was dissolved by addi ng 1N hydrochloric acid, and
then the 15 ordjatidlagtyercamts iveiray dilesl ket e addwcts hexmd e7 Bog UbE on
cont ai ni ng ketene adducts. The n-hexane solution containing ketene adducts
was anal yzed Byrigtdwd amtimenadasyradded tdrdpwicse hoster he periad ob f t hehdetene
adducts was 73%,0.34 nol). 20 The n-hexane was distilled off
fromthe nhe esa}é\mwr@m dihe fpkuicloetterperhtinre ating0Che Mwrdue

was distilled ynder reduced pressure to obtain 69. (0.30 nol) of a
distillate cor#‘:ﬁ ‘1< Jéﬁél’%fdd{?a $183k[d 13t %gb f°¥hé‘n@it§1telll |5at e

containing th ketene cts 25 an ed by a gas chronatography to
find that the PRy o rt ome cPcaﬁljé‘tZ*ée FRackkPr Al Lysbrehy & gas

5- |soner and HIRY, Vi i,SQ cI adi ene was 97.5
0 : %hﬁ% iatogr gty %{é egaf‘?‘se%% a%%/df ettr}?eccl(e?ene
adducts disappeared and that hinokitiol was obtained in 71%

10 yield (0.21 mol).

Example 6
The process of Example 1 was repeated except for
carrying out isopropylation without adding an aliphatic
hydrocarbon. |
15 To 273.5 g (3.5 mols) of dimethyl sulfoxide were
added 49.4 g (0.71 mol) of cyclopentadiene (purity: 94.7%)
and 38.5 g (0.58 mol) of potassium hydroxide (purity: 85%),
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclo-
20 pentadienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 6.0.
To the cyclopentadienylpotassium solution was
added dropwise 143.3 g (1.2 mols) of isopropyl bromide over
a period of 50 minutes while maintaining the solution
25 temperature at 5°C. After completion of the dropwise
addition, 1N hydrochloric acid and n-hexane were added and

then the organic layer was separated to obtain 300 g of a



acid, 228 g of acetone and 38 g of water was added to the distillate

contaj ning the ketene adducts, and 77 g of triethylam ne was added dropw se
over a period of 2 hours 5 while maintaining the solution tenperature at

- 60[err]C. Then, the resulting mixture was geated at 60[err]C for another 5
hours. After conpletion of the reaction, analysis by a gas chromat ography

reveal ed t hatnirRalehe vk idie d&iﬁﬁlﬂ@uﬁéc@ﬂb‘]ﬁ?mﬁ@l@ﬁeﬂﬁddiéﬁé.
hi nokitiol was obtained in 71% 10 yield (0.21 nol). Exanple 6 The process

of Exanple 1 was repeat®rte axlsptadi®rschitjomovastanabpzedybpt aogasi t hout
addi ng an aliphatic hydrocarbon. 15 To 273.5 g (3.5 nols) of

di net hyl sul faixiciea twegraptitd et 4Bind gti@t MMhevyiebd efcisppnopyleyelopurity:
94.7% and 38.5 g (0.58 nol) of potassium hydroxide (purity: 85%, and the
resul ting minentadieneiwas ¢ ib¢ 10 S5howel) i and whatoghe satdanamengoom

tenperature to obtain a cyclo- 20 pentadi enyl potassi um sol ution. The nol ar
rati o of di nektHy|isQmersivRS 138 TRl bpient ol EF9MPHt as3TLHPMAE 6. B-iFemeKe

cyclopentadiqpx%gptassiun1so|ution was added dropwi se 143.3 g (1.2 nols) of
i sopropyl br ditfe over? % et i bir®f 50 minutes while maintaining the

solution 25 tenperature_at S[err]C. After_conpletion of the dropw se
addi ti on, 1IN hydrochl oﬁ'}k a%'lhs‘?ik%lr Y9 LT Jr%eédg%d{'é ﬁmf‘ﬁﬁnQYhe organi c

| ayer was separated t obtaHQ 300 o{ 8o 6& Qéhexane.gglggiochggtaining
i sopr opy! cycl oW e n-hexane “solution containing iSopropy .y o-

pentadiene, to stand at 20°C for 7 hours. The ratio among
10 the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 85.6 : 1.4 : 13.0.

To the n-hexane solution was added 278 g of
n-hexane to obtain 578 g of a n-hexane solution containing
59.7 g (0.55 mol) of isopropylcyclopentadiene. To this

15 n-hexane solution was added 85.5 g (0.58 mol) of dichloro-
acetyl chloride, after which 61.5 g (0.61 mol) of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed was

20 dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.

The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield

25 of the ketene adducts was 73% (0.40 mol).

The n-hexane was distilled off from the n-hexane

solution containing the ketene adducts, and the residue was

distilled under reduced pressure to obtain 82.7 g (0.36



The n-hexane solution was anal yzed by a gas chromatography to find that the
yi el d.of isopropylcyclo- pentadiene was 94. 7% (0.55 nol) and that the ratio
anong 5 its isonmers was as follows: 1-isoner : 5-isoner : 2-isoner = 36.2 :
50.8 : 13.0. The 5-isoner was isonerized tg2l-isomer by allow ng the

n- hexane sol ution containing isopropylcyclo- pentadiene, to stand at

20[err] C for mobhpuos.aTAbstallatenoogtafinihg thenketenkbt addults (purity:

i somerization was as follows: 1-isoner : 5-isoner : 2-isomer = 85.6 : ¥.4 :
13.0. To the 95%pxantheofiistbblate eddediAifiggthe kehexanadductlst &as 578 g
of a n-hexane solution containing 59.7 g (0.55 nol) of

i sopropyl cycl apahyaed eb¥. aTgashcBroBahography tol fitindnthas adeedal5cs ¢
(0.58 nol) of dichloro- acetyl chloride, after which 61.5 g (0.61 nol) of
tri et hyl ani ne2M@Rd abledketepdi adduots depiveddfzpm2lrdgomexhi Se isemerai ni ng
the solution tegperature at Oferr]C. After conpletion of the dropw se

addi tion, ?he2Rd|%-13PReH, WESSPOCHLYESYveih}saRTPRY1CNCAPRESSRddENe waisd,
and then the ? ggn[c Igygr was separated to obtain a n-hexane sol ution
cont ai ni ng ketéh 4d@utt€:4The n-hexane sol ution cont ai ni ng ket ene adducts

19 conl yaed Y 2 925 i Ruplasterbintochhadat baL ISV Sl SeZscab e
e SonAt 88, 2B RO EaKE! B 84S yaR:L e’ ST PR
distillate containing the ketene adducts, and 90 g of
10 triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
hours. After completion of the reaction, analysis by a gas
chromatography revealed thét peaks due to the ketene
15 adducts disappeared and that hinokitiol was obtained in 72%

yield (0.26 mol).

Example 7
The process of Example 1 was repeated except for
carrying out isopropylation at a changed molar ratio of
20 dimethyl sulfoxide to cyclopentadienylpotassium without
adding an aliphatic hydrocarbon.
To 213.7 g (2.7 mols) of dimethyl sulfoxide were
added 75.1 g (1.07 mols) of cyclopentadiene (purity: 94.5%)
and 59.2 g (0.90 mol) of potassium hydfoxide (purity: 85%),
25 and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a éyclopenta-

dienylpotassium solution. The molar ratio of dimethyl



"nol) of a distillate containing the ketene adducts (purity: 95%. The
distiklate containing the ketene adducts was anal yzed by a gas

chromat ography to find that the ratio anong the ketene adducts derived from
1-isomer, 5-isomer 5 and 2-isomer, respecté¥ely, of _

i sopropyl cycl opent adi ene was 97.6 : 0 : 2.4. A mxed solvent consisting of
21 g of acet ismlfnxiide6d® cyilopenvadicnylgdtasoiumawvas 8a8.added to the
distillate containing the ketene adducts, and 90 g of 10 triethyl am ne was
added dropwi se over a [j&eithe tyQlopentadihenylpotasaininngoltionl wason
tenperature at 60|err ]C. Then, the resultlngsn1xture was heated at 60[err]C
for anot her drgpwise 32 Bt otl o8 maLs ) caft Leaprapyl ybremigdeaoyes
chronatograph reveal ed that peaks due to the ketene 15 adducts di sappeared

and that hin |H%’r° o%deh%lat% whileimaintaingngothe sRiupien7 The
AR R e R O VR O f°1@§ta{qa¥a£| 3R 'S°pr°py'p2§522. 3Fn
Sul Toxi do ver ik 'rsz?{ _ %{35%‘ acid 40 Feflekand Hors. adusd' 3 gadS%
Fesulti ngom i Thd é;%qé’f?%%wé%%%%éég. 2B88 1S oBEaLe £82 800 Bom
-tenperature1ﬁlﬂgﬁéﬂé‘ébfﬁ%iéﬁmﬁgﬁhafhfﬂalf§5§§§b§f&§918§éﬁ€ad1@ﬁe”Dlar

rati o of dlnethyl
The n-hexane solution was analyzed by a gas

10 chromatography to find that the yield of isopropylcyclo-
pentadiene was 99.0% (0.89 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer

= 41.6 : 28.7 29.7.

The 5-isomer was isomerized to l-isomer by
15 allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 5 hours. The ratio among
the isomers after the isomerization was as follows:
l-isomer : S5-isomer : 2-isomer = 69.2 : 1.1 : 29.7.
To the n-hexane solution was added 468 g of n-
20. hexane to obtain 930 g of a n-hexane solution containing
96.0 g (0.89 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 137.4 g (0.93 mol) of dichloro-
acetyl chloride, after which 98.8 g (0.98 mol) of
triethylamine was added dropwise over a period of 2 hours
25 while maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the

organic layer was separated to obtain a n-hexane solution



sul foxi de to cycl opent adi enyl potassiumwas 3.0. To the

cycl opent adi enyl pot assi um sol uti on was added dropw se 220.7 g (1.8 nols) of
i sopropyl brom de over a period of 80 minutes while maintaining the
solution 5 tenperature at 5[err]C. After cedgpletion of the dropw se
addi-ti-on, 1N hydrochloric acid and n-hexane were added and then the organic
| ayer was sepeontainingoketened4@ddgetk.a n- hexane sol uti on contai ni ng

i sopropyl cycl opent adi ene. The n-hexane sol uti on was anal yzed by a gas 10
chromat ography to find Thet nthexanel dodiitiisnp comfladyding ket isltnotas
99.0% (0.89 nol) and that the ratio anong its isoners was as follows:

1-i soner : 5-¥a8ndpalyzefisbiepn gasichbromagography. to Tiadsthadmihergsield

i somerized to 1-isomer by 15 allow ng the n-hexane sol ution containing

i sopropyl cycl 8% BBft keFene, addustanwast 728[ 4068 mMed)5 hours. The ratio
anong the gsoners afterghhe i sonmeri zation was_as follows: 1-isoner

5-isomer :>2-isoner = 693%¢ - ?§apezy??.d?ﬁtﬂﬂéeﬁ-ﬁéiaﬁ§QHM§hﬁ(ﬂThéﬁ?nﬁdded
f n- btai.n 9 - {i t.aj ni :
96.0°g (0. 39 RBLHCLPt; E8pPRETH By FBpoRaEaRen2arg thr; an. Dk FERBIIR 1
00 ol afsii Pedopier Sealbel BRESSASE! Yo BRLRIR1T a0 G (WisE) PO
whi | i § ni hg s s bl L . ate C .eti
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hydrochloric ggé§l, apHet§estineatblaBhEalinYfl VRS RERANA! adduRtabLAN 2
n- hexane sol ution
10 analyzed by a gas chromatography to find that the ratio
among the ketene adducts derived from l-isomer, 5-isomer
and 2-isomer, respectively, of isopropylcyclopentadiene was
87.7 : 0 : 12.3.
A mixed solvent consisting of 33 g of acetic
15 acid, 419 g of acetone and 70 g of water was added to the
distillate containing the ketene adducts, and 140 g of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
20 hours. After completion of the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitiol was obtained in 65%

yield (0.36 mol).

Example 8
25 . The process of Example 1 was repeated except for
carrying out isopropylation by adding a cyclopentadienyl-

potassium solution dropwise but not an aliphatic



64 contai ning ketene adducts. The n-hexane sol ution containing ketene
adducts was anal yzed by a gas chromatography to find that the yield of the
ket'ene adducts was 71% (0.63 nol). 5 : The n-hexane was distilled
of f fromthe n-hexane sol uti-on contai ni ng @8he ketene adducts, and the

resi due was distilled under reduced pressure to obtain 132.0 g (0.56 nol)
of a distill ayelrowaydon.ng the ketene adducts (purity: 92% . The distillate
containing the ketene adducts was 10 analyzed by a gas chromatography to
find that the ratio anilg 1/ %a& enegl B nsleerof cdimethyl - swbhexide
5-isoner and 2-isoner, respectively, of isopropylcyclopentadi ene was 87.7 :
0 : 12.3. A meusd asisledek2&dhyg st kg o) (phicyckopentadiene, (AUDiRY bf
acetone and 70 g of water was added to the distillate containing the ketene
adduct's, and Y omd Fletthyg ol 3 Rlat Rl RREASH Sen ¥draxsdei od of 2
hours whil e maintaining the solution tenperatureg at 60[err]C, Then,_ the

resul ting 3m XEWE S ednd iR F9TE EIRT JRbXHAYe w39 Hbirted afek,
conpl et 191, oy IS eACt0y, B e 20, UGN St Sel L2 vEgl o0 P
obtanned - SHEEE . SR SPBE R sotyigna, Hie BHOLEET 0o
cycl opent adi gyl RO ABESARPO! 1 AL HORS S& PHp O ad e A1 PERLES ium

was 12.0.

10 To 352.0 g (2.9 mols) of isopropyl bromide was
added dropwise the above-mentioned cyclopentadienyl-
potassium solution over a period of 170 minutes while
maintaining the solution temperature at 10°C. After
completion of the dropwise addition, 1N hydrochloric acid

15 and n-hexane were added and then the organic layer was
separated to obtain 709 g of a n-hexane solution containing
isopropylcyclopentadiene.

The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isoprolecyclo—

20 pentadiene was 93.0% (1.33 mols) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-~isomer
= 49.8 : 43.4 : 6.8.

The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-

25 pentadiene, to stand at 20%3 for 5 hours. The ratio among
the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 92.0 : 1.2 : 6.8.

To the n-hexane solution was added 681 g of



65 hydrocarbon. To 1,342.3 g (17.2 nols) of dinethyl sulfoxide were added
128.5.9 (1.72 nols) of cyclopentadiene (purity: 88.2% and 91.5 g (1.43
mol s) of potassiumhydroxide 5 (purity: 88%, and the resulting mxture
was stirred for 1.5 hours in a nitrogen sté&am at roomtenperature to
obt ai n a cycl opent adi enyl pot assi um sol ution. The nolar ratio of dinethyl
sul f oxi de t o reyhexarenttali aryd ot hs390ngvwaf 42nohe#fne solution Eo6n8a2nl ¢
(2.9 nols) of isopropyl brom de was added dropw se t he above-nenti oned
cycl opent adi ekng -14bi@assi (in 3dInels) ofeisappepybdyolopéftadihehes wrbl e
mai ntaining the solution tenperature at 10[err]C. After conpletion of the
dropwi se addithim nthexgae Relwtien aeasl addedn20h. hegand.d8rmodddedfand
then the organjc | ayer was separated to obtain 709;870f a n-hexane sol ution

cont ai ni ng i SHFHRARARS B rEltpEide, REter hekich u¥i gn(had6amalgiedfby
a gas chromatography. to, find that the_yield of isopropylcyclo- 20
pent adi ene .%&H&%“E@, WRF s?d%.@mw%ﬁ% P¥eT 02 arBRECHt 9fi 2ohenEswas
o oo S e PO e TP o dmb bt i b B ol e
containing | SUUAALS |0 A PEFLALERSagh PLILRT AL ZALET Hhabdr a0
&é;sggg;d: Gg‘ldr‘;égglrvéd %5y SM®{ng O BdrderiorfeBaciy, tD8a"eREXaPReSO! Ution
organic 1ayer was separated to obtain a n-hexane solution
10 confaining ketene adducts.
The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 82.8% (1.10 mois).
The n-hexane was distilled off from the n-hexane
15 solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 227.7 g (0.97
mol) of a distillate containing the ketene adducts (purity:
93%). The distillate containing the ketene adducts was
analyzed by a gas chromatography to find that the ratio
20 among the ketene adducts derived from l-isomer, 5-isomer
and 2-isomer, respectively, of isopropylcyclopentadiene was
99.8 : 0.1 : 0.1.
- A mixed solvent consisting of 58 g of acetic
acid, 730 g of acetone and 122 g of water was added to the
- 25 distillate containing the ketene adducts, and 245 g of
triethylamine was added dropwise over a period of 2 hours

while maintaining the solution temperature at 60°C. Then,

the resulting mixture was heated at 60°C for another 5



66 n-hexane to obtain 1,390 g of a n-hexane solution contain- ing 143.6 ¢
(1.33.nmols) of isopropylcyclopentadiene. To this n-hexane sol uti on was
added 205.4 g (1.39 nols) of dichloroacetyl chloride, after which 147.7 g
(1.46 nols) of 5 triethylam ne was added deppwi se over a period of 2 hours
whi | e *mai ntai ning the solution tenperature at O[err]C. After conpletion of
the dropw se hodirsionAftée samplétiondofashei seakrddnhy anddyedslNy a gas
hydrochl oric acid, and then the organic |ayer was separated to obtain a

n- hexane sol uthvomatogoaphynreyeadednehatidpenks dhe mohehen&etenet i on
cont ai ni ng ketene adducts was anal yzed by a gas chromat ography to find that
the yield of addugrtscdésappearedwandsehay hinoBitdbd) washebtaieednd nvad$s
distilled off fromthe n-hexane 15 solution containing the ketene adducts,
and the resi dtik®Wds( @+ 483iMPdY-under reduced pressure to obtain 227.7 g
(0.97 nmol) of a distillate containing the ketene adducts (purity: 93%. The
distillate containing the ketene adducts was anal yzed by a gas

chr omat ogr ap to find that the ratio 20 anong the ketene adducts derived
from 1-i sotrer - *3"P+Bner and 2-isomer, respectively, of

of 58 6 of acet ¢ aci d TH0PEoRPEa T oREARYS1 VRS0 FRRRLFANEXORRIe 30T,
T 1 PGS Bk 0y L PR 8948 o2 TceR asiania  n
ngtzgl;:'88[%§§§%§?%ﬁrg%géﬁggﬁg&f$§ﬁiggeﬂuttHgtrgﬁugiigﬂagﬁéture was
hydrocarbon.
10 | - To 180.3 g (2.3 mols) of dimethyl sulfoxide were
added 19.6 g (0.28 mol) of cyclopentadiene (purity: 94.0%)
and 14.7 g (0.23 mol) of potassium hydroxide (purity: 87%),
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclo-
15 pentadienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 10.2.

To 49.6 g (0.4 mol) of isopropyl bromide was
added dropwise the abdve-mentioned cyclopentadienyl- |
potassium solution over a period of 120 minutes while

20 maintaining the solution temperature at 0°C. After
completion of the dropwise addition, 1N hydrochloric acid
and n-hexane were added and then the organic layer was
separated to obtain 117 g of a n-hexane solution containing
isopropylcyclopentadiene.

25 The n-hexane solution was analyzed by a gas

chromatography to find that the yield of isopropylcyclo-

pentadiene was 93.7% (0.21 mol) and that the ratio among



67 hours. After conpletion of the reaction, analysis by a gas

chromat ography reveal ed that peaks due to the ketene adducts di sappeared
and that hinokitiol was obtained in 76%yield (0.73 nol). 5 Exanple 9 The
process of Exanple 1 was repeated except f68 carrying out isopropylation by
addi ng a cycl opent adi enyl - pot assi um sol uti on dropwi se but not an aliphatic
hydrocarbon. iBs isomers waSoa&8fo3lgwé2. 3-isbmprof: Siisbmer sul2-dsoterwer e
added 19.6 g (0.28 nol) of cyclopentadiene (purity: 94.0% and 14.7 g (0.23
mol ) of pot asZi &b hyerdide: (pufbty: 87%, and the resulting mxture was
stirred for 1.5 hours in a nitrogen streamat roomtenperature to obtain a
cycl o- 15 pent adi enyl poThesbuifonent waa. ishmemdzed tat ileisbmermbyhy|

sul foxi de to cygcl opent adi eny| pot assi um was 10.2. To 49.6 g (0.4 nol) of

i sopropyl br o?tHeWHRE thecB-Respnes8olRtigpoventainingedseperpydsysdiceny! -
pot assium sol ution.over a perjod.of 120, m putes while 20  maintaining the
sol ution ténp%?%?ﬁ?%e%f'o 8r??€?d ﬁFtéS(ggﬁﬁTeZi¥9P€ﬁ-th%h%rﬁﬁﬁ}geamong
addition, 1N hydrochloric id d n- hexane re added and éhen t he organic
| ayer was sep 3t%ﬁoT%r%b?ggﬁr1€geglﬁ?m§rﬁ?ﬁggﬁﬁewéﬁlGﬁigﬁl 8ME4i ni ng

| sopropyl cycl Lene. 25 . . .~The n-hexgne golutign_was anal yzed
by a gas chroﬁgﬁgégg hy ?61??ﬂﬁrtha?'%ﬁ@mﬁFerggf i50§r8py|§y8ro-

pentadi ene was 93. 7% (Opgl ol h-RBYahB3E010€168! 18s2TRA8d 106 g of

.n-hexane to obtain 223'g of a n-hexane solution containing

10 23.0 g (0.21 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 32.9 g (0.22 mol) of dichloro-
acetyl chloride, after which 23.6 g (0.23 mol) of triethyl-
amine was added dropwise over a period of 2 hours while
maintaining the solution temperature at 0°C. After

15 completion of the dropwise addition, the salt formed was
dissoclved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.

The n-hexane solution containing ketene adducts

20 was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 82.0% (0.17 mol).

The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 35.7 g (0.15

25 mol) of a distillate containing the ketene adducts (purity:
94%). The distillate containing the ketene adducts was
analyzed by a gas chromatography to find that the ratio

among the ketene adducts derived from l-isomer, 5-isomer



68 its isomers was as follows: 1-isonmer : 5-isomer : 2-isoner = 40.1 : 53.2
- 6.7, The 5-isonmer was isonerized to 1-isonmer by allow ng the n-hexane
sol‘uti on contai ni ng i sopropyl cyclo- 5 pentadiene, to stand at 20[err]C for
7 -hours. The ratio anong the isoners afterg9he isonerization was as
follows: 1-isomer : 5-isoner : 2-isomer = 92.7 : 0.6 : 6.7. To the n-hexane
sol uti on was st iiifinay pfrespeciaively, obf aisoRPS8pyleychopehtadihensowasi on
containing 10 23.0 g (0.21 nol) of isopropylcyclopentadiene. To this

n- hexane sol B9 dh wds. ladded. B2.9 g (0.22 nol) of dichloro- acetyl chloride,
after which 23.6 g (0.23 nol) of triethyl- am ne was added dropw se over a
period of 2 hours whil & mix¥edispliventccens istongt efipdrat 0fcagetdrenrid,
After 15 conpletion of the dropwi se addition, the salt formed was dissol ved
by addi ng 1N ¥ARIrdf ATeteRe RRANLS t %Pt t WALSFE juas caddgdr taath8eparated to
obtai n a n- hexane, sol uti on coptai ning ketene adggcts. The nshexang sol ution

cont ai ni ng ket el LRtk 1OBA LRI e ybetens addustenr8Rgt 3grpR¥ to find
t hat the yieug of .t ket ene adqiét% ¥as 82.0% (0.17 noli. Thg g-gexane was
distilled of frir YRS N3H AT FEAPELRT P HFR g2 t REFABERE 4dBBBEE, and
t he residue . di St . 11 d S a] o? O 5 25
nol) of a di ?@ﬁlrdézit%{laéJ(‘:é)ﬁ%jlaﬁy%ﬁgtlg‘%ey‘ﬁgﬁ%ﬁéga%%ﬁé?%gfggéi %g égg/o . ﬁlﬁ%&,
distillate c Wl %?ﬁi t I
chr omat ogr ap%ﬁe?of%éllgld&pﬁ%bﬂf e r%ﬁ?%gaﬁ%%\gé?ﬁ%ekggge%%%cés %I%r? ved from
1-isoner, 5"&5&?5. After completion of the reaction, analysis by a gas
10 chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitiol was obtained in 75%

yield (0.11 mol).

Example 10
The process of Example 1 was repeated except for
15 carrying out isopropylation by adding a cyclopentadienyl-
potassium solution dropwise but not an aliphatic
hydrocarbon.
To 330.0 g (4.2 mols) of dimethyllsulfoxide were
added 35.0 g (0.50 mol) of cyclopenfadiene (purity: 95.0%)
20 and 31.7 g (0.48 mol) of potassium hydroxide (purity: 85%),
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclo-
pentadienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 8.8.
25 To 106.4 g (0.9 mol) of isopropyl bromide was
added dropwise the above-mentioned cyclopentadienyl-

potassium solution over a period of 160 minutes while



69 and 2-isoner, respectively, of isopropylcyclopentadiene was 99.8 : 0.1
0.1. A mxed solvent consisting of 9 g of acetic acid, 116 g of acetone and
19 g of water was added to the 5 distillate containing the ketene adducts,
and 39 g of triethylam ne was added dropwi ge over a period of 2 hours while
mai nt & ning the solution tenperature at 60[err]C. Then, the resul ting

m xture was hmairtadnif@Othéosoantlibar temperasuraf aer 5600pl aftep of the
reaction, analysis by a gas 10 chronatography reveal ed that peaks due to

t he ket ene adeompietiienpp€atbe dmdpwhae bdddkibngl 1Nahydrbehled icn atid
yield (0.11 nol ). Exanple 10 The process of Exanple 1 was repeated except
for 15 carryiaBdodrhexapeoysrset addedyanddithenatbec borgentiadilaygr- wast assi um
sol ution dropw se but not an aliphatic hydrocarbon. To 330.0 g (4.2 nols)
of dinmethyl s%PPR%ABRIEPeORBALR 3870990f0a50-heKpNef solultdpancatitaiaing
(purity: 9§.O9$ 20 and 31,7 g £0.48 nol ) of potassium hydroxide (purity:
85%, and ThelPRRIPPYHGYGIQPEREAGASNErirred for 1.5 hours in a nitrogen

stream at roomtenperatyre to, obtain_a.cyclo- pentadienyl potassi um
sol ution. The nol ar rat#%eo?'a?ﬁﬁPﬁyF°%H¥F89iH stana&yzed by a gas

R e g N IR 8 i N
pot assi um sol yih O PURE FaB€55 96500159 HLT?tSEd“@hk% the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
10 =43.9 : 18.8 : 37.3.

The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 20 hours. The ratio among
the isomers after the isomerization was as follows:

15 1-isomer : 5-isomer : 2-isomer = 61.1 : 0.2 : 38.7.

To the n-hexane solution was added 250 g of
n-hexane to obtain 497 g of a n-hexane solution containing
51.3 g (0.47 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 73.4 g (0.50 mol) of dichloro-

20 acetyl chloride, after which 52.8 g (0.52 mol) of
triethylamine ﬁas added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the

25 organic layer was separated to obtain a n-hexane solution
containing ketene adducts.

The n-hexane solutioh containing ketene adducts

was analyzed by a gas chromatography to find that the yield



70 mai ntaining the solution tenperature at 5[err]C. After conpletion of the
dropwi.se addition, 1N hydrochloric acid and n-hexane were added and then
the organic |layer was separated to obtain 247 g of a n-hexane sol ution
containing 5 isopropyl cycl opent adi ene. The7m- hexane sol uti on was anal yzed
by a gas chromatography to find that the yield of isopropylcyclo-

pent adi ene wasf9®hé%kében& addhctndwhbayO&he0r38i modnung its isonmers was as
follows: 1-isomer : 5-isomer : 2-isomer 10 = 43.9 : 18.8 : 37.3. The
5-isomer was isonerizedThe fa-hesape tasaHlietiddethefif- feoand¢heonrhexane
cont ai ni ng isopropyl cyclo- pentadiene, to stand at 20[err]C for 20 hours
The ratio annﬁ@lﬂgéonséﬁﬁtéla#PGrthnekﬁtgneradduc@ﬁ,waﬂda$hBOMGmmdue&&as
1-isoner : mer_: 2-isoner = 61.1 : 0.2 : 38.7. To the n-hexane

sol ution mas %ﬁﬂ%ﬂl%S@ Bnéﬁrnrﬁéﬂﬁﬁé Psessuzenteopbadn §7n4haxdife 29l uti on
cont ai ni ng g ég % g |sopropylcyclogentad|ene To this n-hexane
sol ution ma %ﬁb d° 3§4dbsF 1igtaprenbaliging & G-kzﬁen&cé@9PCGﬁ|dmwm;ty

f whi ch , dd
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i ng TN hydF SRR £ ok Bk nnFalint %ﬁgaakyﬁpéiﬁﬁed%ﬁég e Zeideated to
obtain a n- ey phul kPefignkahibbd KEHE08aRINg! 1- llgﬁer,hgxa“e 2g ution

cont ai ni ng ketenes a
and 2-isomer, respectively, of isopropylcyclopentadiene was

10 78.4 : 0 : 21.6.

A mixed solvent consisting of 18 g of acetic
acid, 221 g of acetone and 37 g of water was added to the
distillate containing the ketene adducts, and 74 g of
triethylamine was added dropwise over a period of 2 hours

15 while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
hours. After completion of the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitiol was obtained in 52%

20 yield (0.15 mol).

Example 11
The process of Example 1 was repeated except for
carrying out the isopropylation step at 20°C.
To 281.4 g (3.6 mols) of dimethyl sﬁlfoxide were
25 added 49.4 g (0.71 mol) of cyclopentadiene (purity: 95.12%)
and 39.4 g (0.60 mol) of potassium hydroxide (purity: 85%),

and the resulting mixture was stirred for 1.5 hours in a



was anal yzed by a gas chromat ography to find that the yield 71 of the
ket ene adducts was 70% (0.33 nol). The n-hexane was distilled off fromthe
n- hexane sol uti on containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain787.4 g (0.29 5 nol) of a

di stil-late containing the ketene adducts (purity: 95%. The distillate
contai ni ng t heiteoger atdeahsatvasoematgmperhyusegss ebtaimt agezelypedthi-nd
that the ratio anong the ketene adducts derived from 1-isoner, 5-isoner and
2-isoner, res@tenylpoyassiuinssplopgbnycl Thenmedaeneatds & diméthyd : 21. 6.
A m xed solvent consisting of 18 g of acetic acid, 221 g of acetone and 37
g of water weSubfesideoteheydiepentadéenyhpetassdumhwakebee adducts, and
74 g of triethylam ne was added dropw se over a period of 2 hours 15 while
mai nt ai ni ng the sol uti ofot ERPef¥ElPPentaddpayipctasrénm shdutdonl wiasg

m xture mag he q& ﬁ 60[err]C for another 5 hours. After conpletion of the
reacti on, a?@é? 040 ggsoEnroherapeapAfteEvwhieh LAdt: Spgakd -@umols )t he

ket ene adduct s_dj sappear and, that hinQkitiql was obtained in 52% 20 yield
(0. 75 ol ) - ERAHaPREE b BPBLASwaF PAdRH) SrePRASS: SREd: BdPERIes: ofob0
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acid and n-hexane were added and then the organic layer was
10 separated to obtain 308 g of a n-hexane solution containing
isopropylcyclopentadiene.

The n-hexane solution was analyzed by a gas
chroﬁatography to find that the yield of isopropylcyclo-
pentadiene was 93.1% (0.56 mol) and that the ratio among

15 its isomers was as follows: l-isomer : 5-isomer : 2-isomer
=.39.0 : 46.9 : 14.1.

The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among

20 the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 84.8 : 1.1 : 14.1.

To the n-hexane solution was added 275 g of
n-hexane to obtain 583 g of a n-hexane solution containing
60.2 g (0.56 mol) of isopropylcyclopentadiene. To this

25 n-hexane solution was added 86.1 g (0.58 mol) of dichloro-
acetyl chloride, after which 61.9 g (0.61 mol) of
triethylamine was added dropwise over a period of 2 hours

while maintaining the solution temperature at 0°C. After



and the resulting mxture was stirred for 1.5 hours in a 72 nitrogen
stream at roomtenperature to obtain a cycl openta- dienyl potassi um
solution. The nolar ratio of dimethyl sulfoxide to

cycl opent adi enyl pot assi umwas 6.0. To the ggcl opent adi enyl pot assi um

sol uti-on was 5 added 140.0 g of n-hexane, after which 147.5 g (1.2 nols)

of isopropyl bompldeivAsofiddhe dropwise adgitdons’ tdeé @h1%0 formdeadhil e
mai ntaining the solution tenperature at 20[err]C. After conpletion of the

dropwi se addi disapltadhbyr addling tNahydractiloriexasddjeandoddeg and t hen
the organic | ayer was 10 separated to obtain 308 g of a n-hexane solution
cont ai ni ng i sepgapyccisyepewanadseperated mnohebiadnsal m-hexanss svlaitized by
a gas chronmatography to find that the yield of isopropylcyclo- pentadiene
was 93. 1% (0. senﬁa%ylagdkehanetaéduetso among 15 its isoners was as
follows: 1-isomer : 5-isomer ; 2-isomer =.39.0 : 46.9 : 14.1. The 5-isoner
was i somerPzed to 1-i soWBE ByhgraBRi fglukdon- Ferkadndagukeseneo mddudtsy

i sopropyl cycl Q- _pen to stand, at ZOLerr C for 7 hours. The ratio
among 20 the ?§oﬁ%?gyﬁ?$ePytﬂegP§oﬁEFPTSF graply %9 fémdokdat: theyydeld

14.1 n- hexane sol uti on was added

g7gsgn§¥ B hexane g?%? agégcgé yag Zggeﬁhgg4sﬂp #iron containing 60.2 g
tdded 861 g (0.8 ﬁﬁ?ifﬁ PARxEHL"NEs Afptintsh el ZEER R prhsRasty
(0.61 ml) ofgolution containing the ketene adducts, and the residue was
10 distilled under reduced pressure to obtain 89.0 g (0.38
mol) of a distillate containing the ke;ene adducts (purity:
94%). The ketene adducts were analyzed by a gas chromato-
graphy to find that the ratio among the ketene adducts
derived from l-isomer, 5-isomer and 2-isomer, respectively,
15 of isopropylcyclopentadiene was 98.0 : 0 : 2.0.
A mixed solvent consisting of 23 g of acetic
acid, 288 g of acetone and 48 g of water was added toc the
distillate containing the ketene adducts, and 97 g of
triethylamine was added dropwise over a period of 2 hours
20 while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
hours. After completion ef the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitiol was obtained in 73%

25 yield (0.28 mol).

Example 12

The process of Example 1 was repeated except for



triethylam ne was added dropwi se over a period of 2 hours while maintaining
the solution tenperature at O[err]C After 73 conpl etion of the dropw se
addition, the salt formed was dissolved by addi ng 1N hydrochloric acid, and
then the organic | ayer was separated to obtain a n-hexane solution
cont at ni ng ketene adducts. 5 The n- hexane sol ution contai ni ng
ket ene adductcanmalmnadutz echdyisoprespyhaoien ostephytt 80T nd that the yield
of the ketene adducts was 78% (0.44 nol). The n-hexane was distilled off
from t he n-hexane sol utTemR&ba2 ag n{ hgb thelspt @fiedimetbyd, sahflioxhder weredue
was 10 distilled under reduced pressure to obtain 89.0 g (0.38 nol) of a
distillate c@ﬂ%ﬂml‘?fﬂg 4 e @iThanellef scyplepentadiene (purktyendSadidhdts
wer e anal yzed ‘% a gas chromato- graphy to find that the ratio annngﬁthe

ket ene adductah e?r?«feogfm)fﬁq RebheQl Bot@%%umahndyoxé@ﬁe(purét,ﬁec Yeby,
15 of iso J%é; clqpentadlene was 98 0 : A m xed. sol vent
consistindP %}?ﬁ F%n%dWHKtQ%% ﬁ?%fsE£€¥6ﬁef%ﬁdl4§ BOBFsm&PeP was
added to the distillate containin e ket ene adducts 97
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(0.28 nol). To the cyclopentadienylpotassium solution was
10 added 140.0 g of n-hexane, after which 147.4 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 50
minutes while maintaining the solution temperature at 30°C.
After completion of the dropwise addition, 1IN hydrochloric
acid and n-hexane were added and then the organic layer was
15 separated to obtain 309 g of a n-hexane solution containing
isopropylcyclopentadiene.

The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 91.9% (0.55 mol) and that the ratio among

20 its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 49.5 : 13.9 : 36.6.

The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 5 hours. The ratio among

25 the isomers after the isomerization was as follows:

l-isomer : 5-isomer : 2-isomer 62.4 ¢ 1.0 : 36.6.
To the n-hexane solution was added 268 g of

n-hexane to obtain 577 g of a n-hexane solution containing



Exanpl e 12 The process of Exanple 1 was repeated except for 74 carrying
out the isopropylation step at 30[err]C. To 281.2 g (3.6 nols) of dinethyl
sulfoxi de were added 49.4 g (0.71 nol) of cyclopentadiene (purity: 95.12%
and 39.6 g (0.60 nol) of potassium hydroxige (purity: 85%, 5 and the
resul ting mxture was stirred for 1.5 hours in a nitrogen streamat room

tenperature tsp oDt (0 BSWEODy FENLS6) 836penita@ligheon. Tdhentsl ar
rati o of di nethyl <}sluﬁ(bf oxi de t{) cycl%ﬁ%ﬁ?g%{gg%yl p%t assiumwas 6.0. To the

cycl opent adi eiyh¢xdme Ssohatontwaes s8ded08hdped 14058 modh ofhaiahdorotter
which 147.4 g (1.2 nols) of isopropyl brom de was added dropw se over a
peri od of 50 acetykschiotrideni afteni whithe63oBuyi 00.62Mmelat ofetatiethyl-
30[err]C. After conpletion of the dropwi se addition, 1N hydrochloric acid
and n- hexane amine aiiedadded t ivopvheeooyeni 8 peyiodwaf 25heupar whadet o
obtain 309 g of a n-hexane sol ution containing isopropylcycl opentadiene.
The n- hexahe Bdintaipingsthes9lebioy tegperatusraesgPiphy A6ternd that the

yield of isopro cycl o- pentadiene was 91..9% (0.55 nol) _and that, the ratio
fong 20 | o SoBkrLiaRoBothe aEdeulSS; SHRFLOns Fug ar1t Borsneias 40, 5

ri,zed, to 1-i soner omﬁn% t he

: 13.9 : 36.6,, The, 5-| i ; b
- horane oo RITOLTEE T dadPle T8 Brassenl S 38TH, cahas that Hhel
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containing ketene adducts.

10 The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 70% (0.39 mol).

The n-hexané was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was

15 distilled under reduced pressure to obtain 78.2 g (0.34
mol) of a distillate containing the ketene adducts (purity:
95%). The ketene adducts were analyzed by a gas chromato-
gfaphy to find that the ratio among the ketene adducté
derived from l-isomer, 5-isomer and 2-isomer, respectively,

20 of isopropylcyclopentadiene was 80.2 : 0 : 19.8.

A mixed solvent consisting of 20 g of acetic
acid, 256 g of acetone and 43 g of water was added to the
distillate containing the ketene adducts, and 86 g of
triethylamine was added dropwise over a period of 2 hours

25 while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
hours. After completion of the reaction, analysis by a gas

chromatography revealed that peaks due to the ketene



1-isomer : 5-isoner : 2-isomer =62.4 : 1.0 : 36.6. To the n-hexane

sol uti.on was added 268 g of n-hexane to obtain 577 g of a n-hexane sol ution
coent ai ni ng 75 59.6 g (0.55 nol) of isopropylcycl opentadiene. To this

n- hexane sol ution was added 85.2 g (0.58 nmd ) of dichloro- acetyl chloride,
after which 61.3 g (0.61 mol) of triethyl- amne was added dropw se over a
period of 2 Maaﬁﬁwidﬁ%g@éﬁ&iaﬂ@gtﬁé@ IEDhokiolol ewRerabtaened 2hessdC
After conpletion of the dropwi se addition, the salt formed was dissol ved by
addi ng 1IN hydrieeld of0 2®aislh ) and then the organic layer was separated to
obtain a n-hexane sol ution containing ketene adducts. 10 The

n- hexane sol ution containing ketene adducts was anal yzed by a gas

chromat ography to find that the yield of the ketene adducts was 70% (0. 39
mol ). The n- IBxemplenas3 di stilled off fromthe n-hexane sol ution containing
the ketene adducts, and the residue was 15 distilled under reduced pressure
to obtain 78.2 g (0.34 Thaye ois depcxibedikelovitai papg vherkethfewatiglict s

(purity: 95% . The ketene adducts were anal yzed by a gas chronato-ﬁgraphy
to find titat FNESHE i AL IIREKATHRNEHRRERSS YR | Helutioh YapsoRepced
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of 2 hours

example were the same as in Example 1).
To 281.3 g (3.6'mols) of dimethyl sulfoxide were
10 added 50.3 g (0.73 mol) of cyclopentadiene (purity: 96.3%)
and 35.1 g (0.60 mol) of potassium hydroxide (purity: 96%),
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclopenta-
dienylpotassium solution. The molar ratio of dimethyl
15 sulfoxide to cyclopentadienylpotassium was 6.0. The molar
ratio of water to cyclopentadienylpotassium was 1.1.
To the cyclopentadienylpotassium solution was
added 140.0 g of n-hexane, after which 147.6 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 50
20 minutes while maintaining the solution temperature at 5°C.
After completion of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain 309 g of a n-hexane solution containing
isopropylcyclopentadiene.
25 The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-

pentadiene was 90.0% (0.54 mol) and that the ratio among



25 whil e mai nt ai ni ng the sol ution Eenpfge}ure at ﬁO[egrLC. Theg%tthe
resul ting m xture was heated at 60[err or anot her ours. er
codpletign of the reaction, analysis by a gas chromatography reveal ed that
peaks due to the ketene 76 adducts di sappeared and t hat hhngkht:ol was
Case wher et bt s sonéns ousnas bEorlowet obetsetiony] potsomeogk dbomerias
case ere gonérsowasenasofoblows g
reduced by using potassium hydroxide having a | ow water content (except for
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Exanmple 1 To 1 mols) o I met hyl sul f oxi de we
g (gp73 n%l) of cyclogeﬂhadﬁeheoﬂpurwey isomevizeddtesliigomercsbynol ) of
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for 1.5 hour saHaOVAthFla@en-B?xwﬁw 8@ u‘ééﬁnt l@ﬁp‘e‘aanm ]gtsgpmpfgﬂlcar&o-
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containing n-hexane to obtain 565 g of a n-hexane solution containing
10 58.4 g (0.54 mol) of isopropylcyclopentadiene. To this
p
n-hexane solution was added 83.6 g (0.57 mol) of dichloro-
acetyl chloride, after which 60.1 g (0.59 mol) of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
15 completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.
The n-hexane solution containing ketene adducts
20 was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 82% (0.44 mol).
The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 92.8 g (0.39
25 mol) of a distillate containing the ketene adducts (purity:
92%). The ketene adducts were analyzed by a gas chromato-
graphy to find that the ratio among the ketene adducts

derived from l-isomer, 5-isomer and 2-isomer, respectively,



| sopropyl cycl opent adi ene. 25 The n- hexane sol ution was anal yzed
by a gas chromatography to find that the yield of isopropylcyclo-
perit adi ene was 90.0% (0.54 nol) and that the rati o anong 77 its isoners
was as follows: 1-isoner : 5-isoner : 2-ispgrer = 19.8 : 73.4 : 6.8. The
5-isorer was isonerized to 1-isoner by allow ng the n-hexane sol ution
cont ai ni ng i SEriGPrys ey dl gssritad bage was s9%8l at020[@r2]C for 7 hours
The ratio anong the isoners after the isonerization was as foll ows:

1-isoner : 5-isoner : A imixed soBert cdndisting.ofo23 hg of heszehicsol ution
was added 256 g of n-hexane to obtain 565 g of a n-hexane sol ution

cont ai ni ng 1G&GB A 2P4 0y I ratetarie i andréPyy c9f | wpeer adasnadddd tai the
n-hexane sol utjion was added 83.6 g (0.57 nol) of dichloro- acetyl chloride,
after which ebistiglatsrontsining rtke nketenecadiuctgdeandr dpwisefover a
period of 2 hours while maintaining the solution tenperature at Ogerr]C.
After 15 conpte§idiy Himing wRHRALA AXPRYHFE PVRr sal PeFsPfeafwdsharssol ved

by addi ng 1IN hydrochl oric, acid, .and then,the organic | ayer separated to
o%t ain agn- hé'aé‘g‘s? MAREBAP RS LR ‘P(‘é%%et%‘ﬂg%‘é?g‘?r?%%t ngﬁ@an&wut i on
cont ai ni ng ket.ene adducts 20.was_anal yzed a_ga romat ogr.aph o find
that the yi eﬁ&\%frﬁﬂﬁ*}@%@%ﬁ&%ﬁg&%@eﬁgg(519450‘?8@91? ﬁfg‘”ﬂ'??‘i')e/ ne was
distilled of fpdy,m t Nerdle N SOLA ' OF €RO' PLALEToACakEl REs 2HF UG as?nd
chromatography revealed that peaks due to the ketene

10 adducts disappeared and that hinokitiol was obtained in 74%

yield (0.29 mol).

Example 14
There is described below a case where cyclopenta-
dienylpotassium was prepared by using dimethyl sulfoxide
15 with a high water content recovered from the isopropylation
step (except for this preparation, the conditions employed
in this example were the same as in Example 1).
To 296.0 g (3.6 mols) of dimethyl sulfoxide
(water content: 5%) were added 49.0 g (0.71 mol) of cyclo-
20 pentadiene (purity: 96.3%) and 39.1 g (0.59 mol) of
potassium hydroxide (purity: 85%), and the resulting
mixture was stirred for 1.5 hours in a nitrogen stream at
room temperature to obtain a cyclopentadienylpotassium
solution. The molar ratio of dimethyl sulfoxide to
25 cyclopentadienylpotassium was 6.1. The molar ratio of
water to cyclopentadienylpotassium was 2.9.

To the cyclopentadienylpotassium solution was



distilled under reduced pressure to obtain 92.8 g (0.39 25 npol) of a
distillate containing the ketene adducts (purity: 92% . The ketene adducts
were anal yzed by a gas chromato- graphy to find that the ratio anong the
ket ene adducts derived from 1-isoner, 5-ispger and 2-isonmer, respectively,
78 of i sopropyl cycl opent adiene was 99.8 : 0 : 0.2. A mixed sol vent

consi sting ofad¥ed) b40 alegiof an+hex2Ad, gavteacwhdoh and.d49gg (of 2waibak )was
added to the distillate containing the ketene adducts, and 99 g of 5
tri et hyl am neofvabsepitepy lirbpomide owas adgdedi ddopWwilehoves whpeeiodi bifaisoi ng
the solution tenperature at 60[err]C. Then, the resulting mxture was
heated at 60[BiRUEES svhiketheinbahping. thet solubiphetemperature atastCon,
anal ysis by a gas chromatography reveal ed that peaks due to the ketene 10
adducts di sa ’éﬁ%oc%mal?ﬁh?nh‘?%okh?iGFOMésebﬁdﬂhéélOnm 1Mohydybghlorie
nmol ) . Exa le 14 Thg%e .S descri bed SGOM/a case where cycl opent a-
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chromatography to find that the yleld of 1sopropylcyclo—
10 -pentadiene was 89.0% (0.53 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 45.0 : 35.0 : 20.0.
The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
15 pentadiene, to stand at 20%: for 5 hours. The ratio among
the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 78.9 : 1.1 : 20.0.
To the n-hexane solution was added 247 g of
n-hexane to obtain 552 g of a n-hexane solution containing
20 57.0 g (0.53 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 81.6 g (0.55 mol) of dichloro-
acetyl chloride, after which 58.7 g (0.58 mol) of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution'temperature af 0°C. After
25 completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution

containing ketene adducts.



roomtenperature to obtain a cycl opentadi enyl potassi um sol ution. The nol ar
rati o- of dimethyl sulfoxide to 25 cyclopentadi enyl potassiumwas 6.1. The
nol'ar ratio of water to cycl opentadi enyl pot assiumwas 2.9. To the
cyclopentadienylpotassiun130|ution was 8 added 140.0 g of n-hexane,
dafter-which 148.0 g (1.2 nols) of isopropyl brom de was added dropw se over
a period of 50 n1nutesﬂﬂﬁIQ?Qﬁﬁ%ﬂQﬂSﬁ#RF%Qﬂ;%Rﬂﬁﬂ%%#Pgehﬁﬁ?%?uﬁ BEts
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chloride, after 'which 58.7 g (0.58 nol) of
graphy to find that the ratio among the ketene adducts
10 derived from l-isomer, 5-isomer and 2-isomer, respectively,
of isopropylcyclopentadiene was 97.5 : 0 : 2.5.
A mixed solvent consisting of 20 g of acetic
acid, 252 g of acetone and 42 g of water was added to the
distillate céntaining the ketene adducts, and 84 g of
15 triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5
hours. After completion of the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene

20 adducts disappeared and that hinokitiol was obtained in 71%

yield (0.24 mol).

Example 15
The process of Example 1 was repeated except for
using sodium hydroxide in place of potassium hydroxide in
25 the preparation of cyclopentadienyl metal.
To 281.3 g (3.6 mols) of dimethyl sulfoxide were
added 49.4 g (0.72 mol) of cyclopentadiene (purity: 96.0%)



triethylam ne was added dropwi se over a period of 2 hours while maintaining
the solution tenperature at O[err]C. After 25 conpletion of the dropw se
addition, the salt formed was di ssolved by adding 1N hydrochloric acid, and
then the organic |ayer was separated to ob8ain a n-hexane sol ution

cont ai'ni ng ket ene adducts. 80 The n-hexane sol uti on containing ketene
adducts was amedly28dOby 40966 mblpnafogodpim hedirorddehqpuirieyyi @léd)gf the
ket ene adducts was 72% (0.38 nol). The n-hexane was distilled off fromthe
n- hexane 5 soandibhecpasulhing nhrtureewasadticred fod 1h6 hesirdudnwas
distilled under reduced pressure to obtain 78.6 g (0.33 nol) of a
distillate coRibragen Shteamt akeracuutenpepatire: to3optaine akeyede-adduct s
were anal yzed by a_gas chromato- graphy to find that the rati o anpong the
ket ene adductEeﬁﬁa@é?PY%ﬁoﬂiﬁﬂl§° EB#@B- 5Th§om§ia§n§azlpsQﬁedlmethyl

respectively, i I SO gzlc%clo ent adi, ene_was ,97.5 : 2.5, A mxed
sol vent consi SHHEEY e ¢lopentadiepylsodiug Uﬁsaéepone and 42 g of
wat er was added to the is%éllate cont ene_adducts, and 84 g

~of 15 triethylanine was 9 ﬁyﬁbﬂpgggﬁaéﬁgﬁiﬁ8ﬁFﬁﬂ §PLutign, waghadded
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(0.24 mol). minutes while maintaining the solution temperature at 5°C.
10 After completion”of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain 309 g of a n-hexane solution containing
isopropylcyclopentadiene.
The n-hexane solution was analyzed by a gas
15 chromatography to find that the yield of isopropylcyclo-
pentadiene was 51.0% (0.31 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 19.9 : 73.4 : 6.7.
The 5-isomer was isomerized to l-isomer by
20 allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among
the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 92.2 : 1.1 : 6.7.
To the n-hexane solution was added 11 g of
25 n-hexane to obtain 320 g of a n-hexane solution containing
10.7 g (0.31 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 47.3 g (0.32 mol) of dichloro-

acetyl chloride, after which 34.0 g (0.034 mol) of



Exanpl e 15 The process of Exanple 1 was repeated except for using sodium
hydroxi de in place of potassium hydroxide in 25 the preparation of
cycl opent adi enyl metal. To 281.3 g (3.6 nols) of dinethyl sulfoxide were
added 49.4 g (0.72 nol) of cycl opentadi eneg@purity: 96.0% 81 and 25.0 ¢
(0.60 mol ) of sodium hydroxide (purity: 96%, and the resulting m xture was
stirred for 1tBikthy3amine wastr agdedstrepwisie byen lacqRarididiiof 20 Humi N a
cycl o- pentadi enyl sodi um solution. The nolar ratio of dinethyl 5 sulfoxide
to cycl opent awhdhel Badntaindingothe $olultdony tlemperatdirenats @Cum adkeii on
was added 140.0 g_of n-hexane, after which 148.0 g (1.2 nols) of isopropyl
broni de was afeBBleEdépRi 9 Sher dxopwised addisd.omi,ndthes satlitl €ommiedt aias ng
the solution tenperature at 5Lerr£C. 10 After conpletion of the dropwise
addi tion, 1N ﬁ}ggﬁéﬂﬁérpy agdangndNnhydrasdlazis agddd amd tthem tthe or ganic
| ayer was geparated to obtain 309 g of a n-hexane sol ution containing
isopropylcéclBﬁgﬁPéﬂigﬁX?rTWésn§ﬁBg£ﬁ§e§0FGtPéﬁa%asaaﬁamfz@@ebfoduga§m&5
chr omat ogr aph find that the yi.eld of isopropylcyclo- pentadi ene was .
51. 0% (0. 31 n%?§83ﬁﬁlPﬁaFe%ﬁ8?r3§FBcgﬁnng its i somers was as fol |l ows:
1-isonmer : 5-isoner : 2s}80 = .9 5. 73.4 : 6.7. The 5-isoner S
i somerized to 1-i soner %?azggéﬁﬁ8é§n§°EH 100,500k a1040G; | e@@h@ﬁﬁﬁQﬁf
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of the ketene adducts was 82% (0.25 mol).

10 The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 52.5 g (0.22
mol) of a distillate containing the ketene adducts (purity:
92%). The ketene adducts were analyzed by a gas chromatd-

15 graphy to find that the ratio among the ketene adducts

derived from l-isomer, 5-isomer and 2-isomer, respectively,

of isopropylcyclopentadiene was 99.8 : 0 : 0.2.
A mixed solvent consisting of 13 g of acetic
acid, 166 g of acetone and 28 g of water was added to the
20 distillate containing the ketene adducts, and 56 g of
triethylamine was added dropwise over a period of 2 hours
while mainfaining the solution temperature at 60°C. Theﬂ,
the resulting mixture was heated at 60°C for another 5
hours. After completion of the reaction, analysis by a gaé
25 chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitipl was obtained in 73%

yield (0.16 mol).



the isonmers after the isonerizatiﬁn maﬁ as foIIPMf; 1-isonead:d5ihsone¥ -
2-isoner = 92.2 : 1.1 : 6.7. To the n-hexane sol ution was adde go
n-hexane to obtain 320 g of a n-hexane solution containing 10.7 g (0.31
nol ) of isopropyl cycl opentadiene. To this @3hexane solution was added 47.3
g (0.32 nol) of di chl oro- acetyl chloride, after which 34.0 g (0.034 nol)
of 82 tri ebxymphenkéwas added dropwi se over a period of 2 hours while
mai ntaining the solution tenperature at O[err]C.  After conpletion of the
dropwi se addition, the Thétpfocess ofisEampdevidwhy zdgeagedNekyepucifoeric
acid, and then the 5 organic |ayer was separated to obtalq a n-hexanq

sol ution cont%ﬁhﬂ%gnkbeph%naduuchaCEhefnnhheaaaesmhuthenlsoprapyﬂaglbatene
adducts was anal yzed by a gas chromatography to find that the yield of the
ketene adduct$t%@s 82% (0.25 nol). 10 . tThe nagex?ne maz ?hstrlled
off fromthe n-hexane solution_containing the ketene adducts, an e

resi due distilled d%%e?s}eﬁu3e63gge@gﬁﬁé Pgl@bﬂ&§§;§2$?ﬁ§°§@f§2“ﬁ%¥% of
a distillate contaiping the kefene_ adduycts urity:. . ) e ketene
adducts were %%§?§z£%°gyga?%ai£gﬂ?%ha?l-?XSigPSBF§§ESnPiﬁﬂugﬁﬁyftﬁé-ﬂéﬁﬂo
anong the ket dect s, depiv rom 1-1 soner -l.soner. an -1 sonmer
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wat er was ad eda?%h H% ﬂ%?s??ﬁf%#%r%oﬁggiélﬁﬁg?ﬁefégting Qﬁ&ﬁét&? 8nd 56
g of nitrogen stream at room temperature to obtain a cyclo-

10 -pentadienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 6.0.

To the cyclopentadienylpotassium solution was

added 142.1 g of n-heptane, after which 147.6 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 70

~ 15 minutes while maintaining the solution temperature at 5°C.
After completion of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain 309 g of a n-hexane solution containing
isopropylcyclopentadiene.

20 The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 90.4% (0.54 mol) and that the ratioc among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 31.3 : 61.2 : 7.5.

25 The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-

pentadiene, to stand at 20°C for 7 hours. The ratio among

the isomers after the isomerization was as follows:



triethylam ne was added dropw se over a period of 2 hours while maintaining
the solution tenperature at 60[err]C. Then, the resulting mxture was
heated at 60[err]C for another 5 hours. After conpletion of the reaction,
analysis by a gas 25 chronatography reveal &4 that peaks due to the ketene
adduct's di sappeared and that hinokitiol was obtained in 73%vyield (0.16
mol). - 83 Hpmen 6: Theipemerss 2+igomepl e 91vas:réplated.sxcept for
using n-heptane in place of n-hexane in the isopropylation step. 5

To 281.3 g (3.6 nols) ofodrhethyRexane oseliut ienewagdadded. 258 g0of2 nol) of
cycl opentadiene (purity: 95.74% and 39.6 g (0.60 nol) of potassium
h§dro§i de (plTh .als%c%C? obaimeS6@sy fng m—he&aaemaglgt;Lpneqlontbam.lag
hours in a ni en ream roomtenperature to obtain a cyclo-_ 10
pentadienylpméés i%nfébfgﬂwgt? O L LSARFAPY 1 GYF 4OBERBAREERAS s@Pf Rilde to
cycl opent adi SJ was 6. 0. To.the_ cycl opeptadi enyl potassi um
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was anal yzed by a gas
completion of the dropwise addition, the salt formed was

10 dissolved by adding 1IN hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.‘

The n-hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield

15 of the ketene adducts was 82% (0.44 mol).

The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 91.2 g (0.39
mol) of a distillate containing the ketene adducts (pﬁrity:

20 94%). The ketene adducts were analyzed by a gas chromato-
graphy to find that the ratio among the ketene adducts
derived from l-isomer, 5-isomer and 2-isomer, respectively,
of isopropylcyclopentadiene was 99.7 : 0 : 0.3.

A mixed solvent consisting of 24 g of acetic

25 acid, 296 g of acetone and 49 g of water was added to the
distillate containing the ketene adducts, and 99 g of
triethylamine was added dropwise over a period of 2 hours

while maintaining the solution temperature at 60°C. Then,



chromat ography to find that the yield of isopropylcyclo- pentadi ene was
90.4%-(0.54 nol) and that the ratio anbng its isoners was as follows:
1-isonmer : 5-isoner : 2-isonmer = 31.3 :-61.2 : 7.5. 25 The
5-isomer was isonerized to 1-isoner by allgwing the n-hexane sol ution
cont ai'ni ng i sopropyl cycl o- pentadi ene, to stand at 20[err]C for 7 hours.

The ratio anotiget hesutvimrgsmaktaret Wasi heaeedzati go°Qaso2Sahotheyss 84
.1-isomer : 5-isomer : 2-isoner = 91.5: 1.0 : 7.5. To the n-hexane sol ution
was added 25%qQuus$.n-Afkenecompbétion 6f8theotreactibeyanfalysisi By a gas
containing 58.7 g (0.54 nol) of isopropylcyclopentadiene. To this 5

n- hexane sol vthremabegrnaphy BavealedOtBatnpeaksf ddiecbothec &ieglenehl ori de,
after which 60.4 g (0.60 nol) of triethylam ne was added dropw se over a
period of 2 MAAYCHH| désappaasedi agdt hbatohinpkitiedpwast obsained] dmr /G%
After conpletipn of the dropw se addition, the salt fornmed was 10 di ssol ved
by addi ng %hJﬁ&%}gch?o??cmﬁgPd,'and then the organic | ayer was separated to
obtain a n-hexane solution containing ketene adducts. The n-hexane sol ution
cont ai ni ng ketene adducts was anal yzed by a gas chromatography to find that
the yield 15 Qf %ﬁf kg&ene adducts was 82% (0.44 nol). The n-hexane was
distilled of f"¥3 €ht’ n- hexane sol ution contai ning the ketene adducts, and
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using n-octane in place of n-hexane in the isopropylation
step.

10 To 281.4 g (3.6 mols) of dimethyl sulfoxide were
added 49.3 g (0.71 mol) of cyclopentadiene (purity: 95.74%)
and 39.7 g (0.60 mol) of potassium hydroxide (purity: 85%),
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room teﬁperature to.dbtain a cyclopenta-

15 dienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 6.0.

To the cyclopentadienylpotassium solution was

added 139.1 g of n-octane, after which 147.6 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 50

20 minutes while maintaining the solution temperature at 5°C.
After completion of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain 310 g of a n-hexane solution containing
isopropylcyclopentadiene.

25 The n—hexéne solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-

pentadiene was 78.0% (0.47 mol) and that the ratio among



20 94% . The ketene adducts were anal yzed by a gas chromato- graphy to
find that the ratio anong the ketene adducts derived from 1-isoner,

5-isoner and 2-isoner, respectively, of isopropylcyclopentadi ene was 99.7 :
0 : 0.3. A mxed solvent consisting of 24 gegof acetic 25 acid, 296 g of
acetone and 49 g of water was added to the distillate containing the ketene
adducts, and 28sgisébmerkewhy! agi fiellewsadded sdmepi:S G- \sdinedt Qe@Jm%dmééZ
hours whil e mai ntai ning the solution tenperature at 60[err] C. Then,

the resulting=nitftilre #dslheafe8.at 60[err]C for another 5 hours. After
conpletion of the reaction, analysis by a gas chronatogrqphy_revealed t hat
peaks due to the keteneThedﬁcnsomESappeaaeomamdzeﬂatohummsdmeﬁ byas

obtained in 73%5 yield (0.29 nol). Exanple 17 The process of Exanple 1 was
r epeat ed exceﬁ%lPﬁinﬁthg RA-berane Bplptics cpntaliaiage iisepriopylcyclo-

| sopropyl ation ste 3.6 nols) of dinethyl

2
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n-hexane to obtain 491 g of a n-hexane solution containing
10 50.7 g (0.47 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 72.6 g (0.49 mol) of dichloro-
acetyl chloride, after which 52.2 g (0.52 mol) of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
15 completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.
| The n-hexane solution containing ketene adducts
20 was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 82% (0.39 mol).

The n-hexane was distilied off from the n-hexane
solution containing the ketene adducts, and the residue was-
distilled under reduced pressure to obtain 78.1 g (0.34

25 mol) of a distillate containing the ketene adducts (purity:
95%). The ketene-adducté were analyzed by a gas chromato-
graphy to find that the ratio among the ketene adducts

derived from l-isomer, 5-isomer and 2-isomer, respectively,



of i1sopropyl brom de was added dropw se over a period of 50 20 m nutes

whil e-mai ntaining the solution tenperature at 5[err]C. After conpletion of
the dropwi se addition, 1IN hydrochloric acid and n-hexane were added and
then the organic Iayer was separated to obgain 310 g of a n-hexane sol ution
cont ai'ni ng i sopropyl cycl opent adi ene. 25 The n-hexane sol ution
was anal yzed df isgpsopployalopenphiibnef wvag bbab the yiel.g.of

i sopropyl cycl o- pentadi ene was 78.0% (0.47 nol) and that the ratio among

86 its isonmers was as fBlmbwed SolventrconSikssdmgr of 20i gowdr acetdcl @ 43.1
. 7.8. The 5-isoner was isonerized to 1-isonmer by allow ng the n- hexane

sol ution cont%?hdngz5§09r©§yﬂ§9tboe sngdeABagdi ofiewaterswasd addedOfter the f or
6 hours. The ratio_anong the isoners after the isonerization was as
fol l ows: 1- is@h%?lllstﬁs@ﬂﬁ?alnzngséhﬁrketgmezaddmcas, and. 86ogt o€ n- hexane
sol ution mgs added 1 - hexane to obtain 491 g of a n-hexane solution

cont ai ni ng® 10-538%h ﬁfﬁﬁgﬂ? WBF)a@ﬁeﬁsgﬁpsﬁ}FGyEVGEeﬁtE&Féﬁé Ofo2thp§rs
n- hexane gol was. added. 7 i chl or o- chl ori de,
after which g3ﬁ§f3 B3ig aﬁg}?g ghg 8%H§F8ﬁ1%Emﬁﬁ§a§HH€daGr58 sg EDQP&?

[ h t rr]C.
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by addi ng 1h|ﬂ¥@fQChlﬁEt£ra86ﬂ léggoﬁhéf Lhe Qéggg#gntaggaly5155%9arated to

obtain a n-hexane sol Ut on cont alrning keteneé a
chromatography revealed that peaks due to the ketene

10 adducts disappeared and that hinokitiol was obtained in 72%

yield (0.24 mol).

Example 18
The process of Example 1 was repeated except for
increasing the molar ratio of each of dichloroacetyl
15 chloride and triethylamine to isopropylcyclopentadiene in
the second step.
To 281.2 g (3.6 mols) of dimethyl sulfoxide were
added 49.3 g (0.72 mbl) of cyclopentadiene (purity: 96.3%)
and 39.6 g (0.60 mol) of potassium hydroxide (purity: 85%),
20 and the resulting mixture was stirred for 1.5 hours in a
nitrdgen stream at room temperature to obtain a cyclopenta-
dienylpotassium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienylpotassium was 6.0.
To the cyclopentadienylpotassium solution was
25 added 140.0 g of n-hexane, after which 147.4 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 50

minutes while maintaining the solution temperature at 5°C.



The n-hexane sol uti on contai ni ng ketene adducts 20 was anal yzed by a gas
chromat ography to find that the yield of the ketene adducts was 82% (0. 39
mol ). The n-hexane was distilled off fromthe n-hexane sol ution containing
t he ketene adducts, and the residue was di88illed under reduced pressure to
obtain 78.1 g (0.34 25 nol) of a distillate containing the ketene adducts
(purity: 95%AfT¢ex ¢emphetionucfstherdrapuligeecdddyjtdogaslNhhgdebehlotrdehy
to find that the ratio anong the ketene adducts derived from 1-isoner,

5-i somer and #cidoaRd, nrkeyanei verg, added7and thepr bpel oyghnpeniageesnwasas
99.5 : 0 : 0.5. A mxed solvent consisting of 20 g of acetic acid, 256 g of
acetone and 43CRAp¥AtedtEe obtaind2@9tg efeadnshexhneesodntioni agnthdniagene
adducts, and 86 of 5 trjethylan ne was added dropw se over a period of 2
hours while rEFREPRYHEYEHRPeBEadieRet erperature at 60[err]C. Then, the
resul ting gixture was at ed ﬁt GO%erriC for another _5 hours. After

conpl eti or® of the reactTBh, MaRSKIREsSBIULiQB WA, BRALEEREpRY RedaEl ed t hat

bt ai ned 1 n 7L AT SO FeRty "H81 T Ae ERRPCERS i &LH, B2C1eOBPOBRARIFAOT was
P oe ana FeTerTyRAN A8, 0 0L OEenb AN oRRRCRR PRETGCREARELY.,
To 281.2 g (316 "dcnerd WAsCAVECPILGOX #E€1¥6hEr : 5-isomer : 2-isomer

= 29.2 : 63.0 : 7.8.

10 . The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among
the isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 91.1 : 1.1 : 7.8.

15 . To the n-hexane solution was added 180 g of
n-hexane to obtain 489 g of a n-hexane solution containing
58.3 g (0.54 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 159.8 g (1.1 mols) of dichloro-
acetyl chloride, after which 114.6 g (1.1 mols) of

20 triethylamine was added dropwise oﬁer a period of 2‘hours
while maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution

25 cbntaining ketene adducts.

The n-hexane sdlution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 87% (0.47 mol).



added 49.3 g (0.72 nol) of cyclopentadiene (purity: 96.3% and 39.6 g (0.60
nmol ) of potassium hydroxide (purity: 85%, 20 and the resulting mxture was
stitred for 1.5 hours in a nitrogen streamat roomtenperature to obtain a
cycl openta- dienyl potassium solution. The gelar ratio of dinethyl sulfoxide
t o cycl opent adi enyl potassiumwas 6.0. To the cycl opent adi enyl pot assi um
solution was 25 added 1TDeOnghekanehwasndisafildedwoifth fréh 4he (l-hexaies)
of isopropyl bronide was added dropw se over a period of 50 mnutes while
mai nt ai ni ng t#elubiani oantaapéngt the ket&her ad@ucts,8and tthe ceyildiid asf
t he dropwi se addition, |IN hydrochloric acid and n-hexane were added and
then the orgaﬂ%ét#&iéﬁ wadesepaduced p@esbuaEntsogbgaam & Tn2hexdre 4dol ut i on
cont ai ni ng i sopropyl cycl.opent adi ene. The n-hexane sol uti on was
anal yzed by améh %ﬁrénﬁﬂ-ﬁ@?—&bﬁ?}et gonﬁﬁanﬂﬂm thge kgiteng @ﬂtdum dmumw.o-s
n i ene 0% 4 nol) and that the ratio anbng its isoners was a
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A mixed solvent consisting of 25 g of acetic

10 acid, 312 g of acetone and 52 g of water was added to the
distillate containing the ketene adducts, and 104 g of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,
the resulting mixture was heated at 60°C for another 5

15 hours. After completion of the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene

adducts disappeared and that hinokitiol was obtained in 68%

yield (0.28 mol).

Example 19
20 The process of Example 1 was repeated except for
using no acetic acid in the third step.
To 281.0 g (3.6 mols) of dimethyl sulfoxide were
added 49.0 g (0.71 mol) of cyclopentadiene (purity: 96.3%)
and 39.7 g (0.60 mol) of potassium hydroxide (purity: 85%),
25 and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room tempefature to obtain a cyclo-

pentadienylpotassium solution. The molar ratio -of dimethyl



n- hexane sol ution was added 159.8 g (1.1 nols) of dichloro- acetyl
chloride, after which 114.6 g (1.1 nols) of 20 triethylamne was added
dropwi se over a period of 2 hours while naintaining the solution
tenperature at O[err]. After conpletion ofgghe dropw se addition, the salt
formed was di ssol ved by addi ng 1N hydrochloric acid, and then the organic

layer was sepaibt@did® €©0teydlepented bety BpbtasoiuRSwas08t 8lni ng ket ene
adducts. The n-hexane sol ution containing ketene adducts was anal yzed by a

gas chronmat ography to freadthdatyt¢bepegntidienylpetisston sdliucionwaas87%
(0.47 nol). 89 The n-hexane was distilled off fromthe n-hexane sol ution
cont ai ni ng t heddexd ehd0 a@idgico £, nahexahe, raftenewhachdil47i. Bl gd (lndemodeduced .
pressure to obtain 97.2 g (0.41 nol) of a distillate containing the ketene
adduct s (purie¥:isosspyl Throkiderasdadded dreopwinel gver Bypergad of 50
chronato-dgeaphy to find that the ratio anong the ketene adducts deriyved
fromi-is rml®¢%%rﬁhlh%@21$§%h%¥ngrEBﬁeé?lV‘éF—?n gemperature at 5°C.

i sopropyl cycl opent adi ene was 7.7 m xed sol vent conS|st|ng

of 25 g of a tex 1‘5’%1-%1tl‘3112°5 Wea€€?ﬂﬂé53nﬂdg?té°ﬁf wt Bydres éﬂaéﬁ to
the distill at t t he ket 1 f t
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chronatograpmk5§§6§§fg&éfgﬁeﬂggg§egg§ to the ketene

10 The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 87.5% (0.53 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 27.5 : 64.8 s 7.7.

15 The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among
thg isomers after the isomerization was as follows:
l-isomer : 5-isomer : 2-isomer = 91.3 : 1.0 ¢ 7.7.

20 To the n-hexane solution was added 241 g of
n-hexane to obtain 551 g of a n-hexane solution containing
57.0 g (0.53 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 81.5 g (0.55 mol) of dichloro-
acetyl chloride, after which 58.6 g (0.58 mol) of

25 triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 0°C. After
completion of the dropwise addition, the salt formed was

dissolved by adding 1N hydrochloric acid, and then the



adducts di sappeared and that hinokitiol was obtained in 68%yield (0.28

nol ). -Exanple 19 20 The process of Exanple 1 was repeated except
for using no acetic acid in the third step. To 281.0 g (3.6 nol s) of

dimet hyl sul f oxi de were added 49.0 g (0.719nol) of cyclopentadi ene (purity:
96. 3% and 39.7 g (0.60 nol) of potassium hydroxide (purity: 85%, 25 and
the resul ti ngongahiicelagersivasr edpheatdddtbovbtalih A hi-heX@de So1RAMNH
roomtenperature to obtain a cyclo- pentadi enyl potassium solution. The
mol ar rati o otontaiknhpyg keteéflesabifiugtde t o cycl opent adi enyl pot assi um was
6.0. To the cycl opentadi enyl potassi um sol ution was added 140.0 g of
n-hexane, after which 1Zhe8nghexapensbdptdbni soptapyling dketdnerasduddad
dropwi se over a period of 50 5 mnutes while naintaln!qg the sol ution
tenperature a¥aS[apajyzeds bgr acoapl ehromaspgraphyr tonifiadaddiatti ahe HNeld
hydrochloric agid and n-hexane were added and then the organic |ayer was
separ at ed %o bt 5he Sebegeopdduptfcwasc 8281 (0i-43 geAdai ni ng

i sopropyl cycl opent adi en exane sol uti on was anal yzed

10 he n-h
by a gas chronatographyﬁ?ﬁ PTH&X?HQtWPﬁeE}géaélﬁﬁ PE&pEERP &t @-hexane
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cont ai ni ng i sopropyl cyclo-

mol) of a distillate containing the ketene adducts. (purity:

10 92%). The ketene adducts were analyzed by a gas chromato-
graphy to find that the ratio among the ketene adducts
derived from l-isomer, 5-isomer and 2-isomer, respectively,
of isopropyicyclopentadiene was 99.8 : 0 : 0.2.

A mixed solvent consisting of 287 g of acetone

15 and 48 g of water was added to the distillate containing
the ketene adducts, and 96 g of triethylamine was added
dropwise over a period of 2 hours while maintaining the
solution temperature at 60°C. Then, the resulting mixture
was.heated at 60°C for another 2.5 hours. After completion

20 of thé reaction, analysis by a gas chromatography revealed
that peaks due to the ketene adducts disappeared and that

hinokitiol was obtained in 52% yield (0.20 mol).

Example 20
The process of Example 1 was repeated except that
25 in the third step, triethylamine was charged all at once,
but not dropwise. |

To 281.0 g (3.6 mols) of dimethyl sulfoxide were



pent adi ene, to stand at 20[err]C for 7 hours. The ratio anong the isoners
after -the isonerization was as follows: 1-isoner : 5-isoner : 2-isonmer =
91.3 : 1.0 : 7.7. 20 To the n-hexane sol ution was added 241 g of
n- hexane to obtain 551 g of a n-hexane sol gRi on containing 57.0 g (0.53
nmol ) of isopropylcycl opentadiene. To this n-hexane sol ution was added 81.5
g (0.55 nol) afidedchboBog @0eTgl mohl)ovifdeycabpentadiehesq pard tyQ. 5% . 3¥)) of
25 triethylam ne was added dropw se over a period of 2 hours while

mai nt ai ni ng ta&rds3Puli gn(0ebhPemalir ofapopesihfi hidiirex idepairidy :0f8 5%he
dropwi se addition, the salt fornmed was di ssol ved by adding 1N hydrochloric
acid, and t heAnghthe resudtjngi mikstyre was stpxredeforo 1ot ours rnrhexane
sol ution containing ketene adducts. The n-hexane solution containing ketene
adducts was aRatyoganpstregmsathrontt Sgmperaturef ited obtatint ke cyiodlopen tal-

t he ket ene adgucts was 82% (0.43 mol ). The n-hexane was distilled off from
the n-hexare SHEOYIBAtRBALUMNPR4ULABTKet The B@da&: Fatdnd ofhdimesihgle was
distilled underéiedu ed ressire to agtain 90.4 g (0.38 nol) of a

distillate coRtaffFhgethR R¥FLRBSRUAHLLRY PAkASSIuM Hago 6y 0-The ket ene
adduct s ver e anal y2ed. odeHR Ui UL RanSERU Lok 8okt Sl ke ©
eopectIvel ok BpooRYuE! AOBRREHRCTSoIRR TRk .l b S
the distillatgrcpebpt&HP8 bromide was added dropwise over a period of 50

10 minutes while maintaining the solution temperature at 5°C.
After completion of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain 306 g of a n-hexane solution containing
isopropylcyclopentadiene.

15 The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 90.3% (0.54 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 26.8 : 65.4 : 7.8.

20 The 5-isomer was isomerized to l-isomer by
allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among

the isomers after the isomerization was as follows:

l-isomer : 5-isomer : 2-isomer 91.2 : 1.0 : 7.8.

25 To the n-hexane solution was added 256 g of
n-hexane to obtain 562 g of a n-hexane solution containing
58.0 g (0.54 mol) of isopropylcyélopentadiene. To this

n-hexane solution was added 83.0 g (0.56 mol) of dichloro-



t he ketene adducts, and 96 g of triethylam ne was added dropw se over a
period of 2 hours while maintaining the solution tenperature at 60[err]C
Then,” the resulting m xture was heated at 60[err]C for another 2.5 hours.
After conpletion 20 of the reaction, analyad s by a gas chromat ography
reveal ed that peaks due to the ketene adducts di sappeared and that

~hi noki tiol waterylaiolbnitih’aftieadt WwHitRG N0l )g ExB®ImoPP dhie process of
Exanple 1 was repeated except that 25 in the third step, triethylam ne was
charged al | a&rietuhyldminenotasiragiled elropwiXsd dver (8. genidd)oHf 2 dhoetsy|
sul f oxi de were 92 added 49.5 g (0.72 nol) of cycl opentadi ene (purity:
96. 3% and 3%While mRiICEainingfthwtsckitinmyternperrtyperat y0°Bs50Aftan t he
resulting mxture was stirred for 1.5 hours in a nitrogen streamat room

t enper at ure CEMEhSHIPH o dhpHdrwE gl addl birts sthen s3] bt fermedHeasy| ar

rati o of dinethyl sulfoxide to cyclopentadi eny| potassiumwas 6.0. To the
cyclopentéﬁiéﬁf¥ iR¥madding MV drepklri® acid ofand hehemethar ¢ er

beri od of 50 PRI S AARASATEhHR P Ebrb ¢ i RERPRS S oH et Lon
5[err]C. Afte l.et]qn.,o e. drapwi se addition, 1N hydrochloric acid
and n-hexane43§£§2§§§§;%ﬁﬁéQ%éggéﬁégggganic | ayer was separated to obtain
306 g of a n-hexane solyjd q{‘-rfé%&}xgé U Wi SR WL LY L R 0L BdhEN§aadee s
The n-hexane sol uti on was anal yzed by a gas .

was analyzed by a gas chromatography to find that the yield

10 of the ketene adducts was 81.5% (0.44 mol).

The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 89.6 g (0.39
mol) of a distillate containing the ketene adducts (pufity:

15 94%). The ketene adducts were analyzed by a gas chromato-
graphy to find that the ratio among the ketene adducts
derived from l-isomer, 5-isomer and 2-isomer, respectively,
of isopropylcyclopentadiene was 99.8 : 0 : 0.2.

A mixed solvent consisting of 23 g of acetic

20 acid, 97 g of triethylamine, 290 g of acetone and 48 g of
Qater was added to ihe distillate containing the ketene
adducts, and the resulting mixture was heated at 60°C for 8
hours. After completion of the reaction, analysis by a gas
chromatography revealed that peaks due to the ketene

25 adducts disappeared and that hinokitiol was obtained in 67%

yield (0.26 mol).



chromat ography to find that the yield of isopropylcyclo- pentadi ene was
90.3%(0.54 nol) and that the ratio anmong its isoners was as follows:
1-isoner : 5-isonmer : 2-isomer = 26.8 : 65.4 : 7.8. 20 The
5-isoner was isonerized to 1-isonmer by all®#i ng the n-hexane sol ution

cont ai'ni ng i sopropyl cycl o- pentadi ene, to stand at 20[err]C for 7 hours.
The ratio anoExamplkei 2bners after the i sonerization was as foll ows:
1-isoner : 5-isonmer : 2-isomer =91.2 : 1.0 : 7.8. 25 To the

n- hexane sol uti on was addedproecegsodfnExamphe {owabt zepeBbedgexteptnfivexane
solution containing 58.0 g (0.54 nol) of isopropylcyclopentadiene. To this
n- hexane sol §8R9 wesPataRel gdnoplace. 66 aserope dnckher third g3epcet yl

chl oride, after which 59.7 (0.59 nol) of triethylam ne was added dropw se
over a period of 2 hour§°mﬁgie5nﬁih?aﬁnmﬂbsﬂhefSGF@?Fbﬂltéﬁéépéﬂdﬁe were
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adducts (puridyénylpotassium solution. The molar ratio of dimethyl
10 sulfoxide to cyclopentadienylpotassium was 6.0.
To the cyclopentadienylpotassium solution was
added 140.0 g'of n-hexane, after which 147.4 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 50
minutes while maintaining the solution temperature at 5°C.
15 After completion of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain 308 g of a n-hexane solution containing
isopropylcyclopentadiene.
The n-hexane sdlution was analyzed by a gas
20 chromatography to find that the yield of isopropylcyclo-
pentadiene was 91.0% (0.54 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer
= 27.2 2 65.1 3 7.7.
The 5-isomer was isomerized to l-isomer by
25 allowing the n-hexane solution containing isopropylcyclo-
pentadiene, to stand at 20°C for 7 hours. The ratio among
the isomers after the isomerization was as follows:

l-isomer : 5-~isomer : 2-isomer = 91.3 ¢ 1.0 : 7.7.



15 94% . The ketene adducts were anal yzed by a gas chromato- graphy to find
that the ratio anong the ketene adducts derived from 1-isoner, 5-isoner and
2-isoner, respectively, of isopropylcyclopentadiene was 99.8 : 0 : 0.2. A
m xed sol vent consisting of 23 g of acetic9g80 acid, 97 g of triethylam ne,
290. g 'of acetone and 48 g of water was added to the distillate containing
the ketene adducts, andTohtheesnshékagenssluttonawabeatidedake@0igens] C for 8
hours. After conpletlon of the reaction, analysis by a gas chronmatography
reveal ed thatnpkexaneutotobtainkd?eng @F adruhexaressppesiod 2pataiating

hi nokitiol was obtained in 67%yield (0.26 nol). 94 Exanple 21 The
process of Ex28p?ed1(0eB4rmplited sscoppopydcyaippegntabiearcl o phise of
acetone in the third ste To 281.5 (3.6 nols) of dinethyl sulfoxide were
5 added 49.4 @‘]Q%x%enW§UB¥°EyU§%p§ dedi BAe3(gulPeh7 mollvpfaddchIoFog
(0.60 nDI) of S|un1h dr oxi de épur 85% , and the resulting mxture
was stirred ?ﬁ'aaﬁF? o@hhcgtﬁgaﬁ1ﬁt(Peéﬁlﬂeﬁﬂepﬁtﬁﬁéeﬁbyl-

obtain a cyclo enta- d|e éﬁ& aa35|un1solut|on The nolar ratio of _dinethyl
10 sul f oxi de TB*RG FdHeH TPB¥LSE sPVRF wAsPerdodTeE; Rehours while
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' dissolved by adding 1N hydrochloric acid, and then the

10 organic layer was éeparated to obtain a n-hexane solution

containing ketene adducts. |

The n-~hexane solution containing ketene adducts
was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 81.7% (0.44 mol).

15 The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 92.2 g (0.39
mol) of a distillate containing the ketene adducts (purity:
93%). The ketene adducts were analyzed by a gas chromato-

20 graphy to find that tﬁe ratio among the ketene adducts
derived from l-isomer, 5-isomer and 2-isomer, reépectively,
of isopropylcyclopentadiene was 99.8 : 0 : 0.2.

A mixed solvent consisting of 24 g of acetic
acid, 377 § of t-butanol and 49 g of water was added to the

25 distillate containing the ketene adducts, and 99 g of
triethylamine was added dropwise over a period of 2 hours
while maintaining the solution temperature at 60°C. Then,

the resulting mixture was heated at 60°C for another 5



acid and n-hexane were added and then the organic |ayer was separated to
obtain 308 g of a n-hexane sol ution containing isopropyl cycl opent adi ene.
The n-hexane sol uti on was anal yzed by a gas 20 chromatography to find that
the yield of isopropylcyclo- pentadi ene wé® 91.0% (0.54 nol) and that the
rat.ioanong its isonmers was as follows: 1-isomer : 5-isoner :,6 2-isoner =

27.2 : 65.1 hours. TALter complelden ndMe FPaTF IR s ARALYSLDPY a2 | $3F ng

DOLert ] G for CBLRBA OO raphy HRvee et At e s vSq ket Saor T var i on
was as follows:, 1-isamer : 5-isoner. . .2-isoner, =913 : 1.0 :.7.7.: To
the o henancSadrGEro A sappstnes 208 FHat IMBkITIGL g phcaided in 66%

n- hexane sol uti nt,al ni 58.9 0.54 nol) of isopropyl cycl opent adi ene.
To this n-heX&ﬁggsgﬁd?%oﬁmﬁg§ addeg g4.3 g (0?57 nDI)pofpéicKIorg- 5 acetyl

chloride, after which 60.6 g (0.60 nol) of triethyl- am ne was added
dropwi se over a period of 2 hours while maintaining the solution

t enperat uge L Rbeerbe After conpletion of the dropw se addition, the salt
formed was di ssolfved by addi ng 1N hydrochloric acid, and then the 10

organi ¢ layer was sepamfieed o edl Jf Fahgle aNqraad ! AL SP U REHHJe kLt ene

adducts. The n-hexane sol ufion containing ketene adducts was anal'yzed by a
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the preparation of cyclopentadienyl metal.
To 562.5 g (7.2 mols) of dimethyl sulfoxide were
10 added 49.4 g (0.72 mol) of cyclopentadiene (purity: 96.3%)
and 53.1 g (0.60 mol) of potassium ethoxide (purity: 95%),
and the resulting mixture was stirred for 40 minutes in a
nitrogen stream at room temperature to obtain a cyclopenta-
dienylpotassium éclution. Potassium ethoxide was more
15 reactive than potassium hydroxide. The molar ratio of
dimethyl sulfoxide to cyclopentadienylpotassium was 12.0.
To the cyclopentadienylsodium solution was added
140.0 g of n-hexane, after which 147.5 g (1.2 mols) of
isopropyi bromide was added dropwise over a period of 50
20 minutes while maintaining the solution temperature at 5°C.
After completion of the dropwise addition, the salt formed
was dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain 307 g of a n-hexane
solution containing isopropylcyclopentadiene.
25 The n-hexane solution was énalyzed by a gas
chromatography to find that the yield of isopropylcyclo-

pentadiene was 74.0% (0.44 mol) and that the ratio among



15 The n-hexane was distilled off fromthe n-hexane sol ution
contai-ning the ketene adducts, and the residue was distilled under reduced
pressure to obtain 92.2 g (0.39 nol) of a distillate containing the ketene
adducts (purity: 93% . The ketene adducts gwre anal yzed by a gas chronat o-
20 _graphy to find that the ratio anong the ketene adducts derived from

1-isoner, 5-ibteEiscomelrs-wa®n®s  f6EbPRSt | Yeiyometr tsopisphbeye! apesbadirene
was 99.8 : 0 : 0.2. A mxed solvent consisting of 24 g of acetic acid, 377
g of t-butanct 4&hd6 49 3803 walsrlwas added to the 25 distillate containing
t he ketene adducts, and 99 g of triethylam ne was added dropw se over a
period of 2 hours whil efhai St bsomey vas ssomerbaedetpelaisomeat bg0[err] C
Then, the resulting mxture was heated at 60[err]C for another 5 96
hours. After ablewing ckhefnthexarecsobutionat9staibyng jaeprbpyiayodeaphy
reveal ed that peaks, due to the ketene aggucts di sappeared and t hat

hi noki ti ol 3 weReREAdI R | o 688894 el 20 O 6fam|§ hopxsanpThe ratie reregss

of Exanple 1 s repeated except. for usin ot assi um et hgxi de i n place of
potassiun1hydﬂ%%i%ﬁéh?F?r@f%FEpEP%t+%ﬁm%¥g€$EFBBéWP§dP§n§91ﬁ9W§F. To 562.5

Jycl opent ad el 1J:5HEOHEE of (S4SQRET (0. 66~ frof ) 06P pod &sLrum et hoxi de
P S0 L he et ARk IS SY' 8 alihecdoT 416 1 °
n-hexane to obtain 604 g of a n-hexane solution containing
10 47.5 g (0.44 mol) of isopropylcyclopentadiene. To this
n-hexane solution was added 68.1 g (0.46 mol) of dichloro-
acetyl chloride, after which 49.b g (0.48 mol) of triethyl-
amine was added dropwise over a period of 2 hours while
maintaining the solution temperature at 0°C. After
15 completion df the dropwise addition, the salt formed was
dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing ketene adducts.

The n-hexane solution containing ketene adducts

20 was analyzed by a gas chromatography to find that the yield
of the ketene adducts was 81% (0}36 mol).

The n-hexane was distilled off from the n-hexane
solution containing the ketene adducts, and the residue was
distilled under reduced pressure to obtain 73.9 g (0.32

25 mol) of a distillate containing the ketene adducts (purity:
93%). The distillate containing the ketene adducts was
analyzed by a gas chromatography to find thatlthe ratio

among the adducts derived from l1-isomer, 5-isomer and



di enyl pot assi um sol uti on. Potassi um et hoxi de was nore 15 reactive than

pot assi um hydroxi de. The nolar ratio of dinmethyl sulfoxide to

cycl opent adi enyl pot assi umwas 12.0. To the cycl opent adi enyl sodi um sol uti on

was added 140.0 g of n-hexane, after which9847.5 g (1.2 nols) of isopropyl

broni de was added dropwi se over a period of 50 20 mi nutes while naintaining

the sol ution 2eipenerureespeStivel ¢, Aft ésopnopyitiyodopenthdidnepwase

addition, the salt formed was dissolved by addi ng 1N hydrochloric acid, and

then the orga®8e3| ayer:swhs7separated to obtain 307 g of a n-hexane sol ution

cont ai ni ng i sopropyl cycl opent adi ene. 25 The n-hexane sol ution

was anal yzed by a gas chrBisedgsapwentocpngdstihng ofielyi gl efoacetic

i sopropyl cycl o- , pentadlene was 74.0% (0.44 nol) and that the ratio anong

97 its isoner3Cids 432 fBIPgmBCGEOPgoﬁﬁﬂ 405gj 96nwaterowasoadded 4p ghe 38. 3
14.1. Th was i sonerized o | somer hy allow ng _the n-hexane

;olutlon c t%}ﬁFﬂgi?EﬁpFBB§?696F8 tgepEﬁFQEFeﬁéduFﬁsstéﬁé &0 SOPérr]C for
ol love: 1.1 sRerCorEapLanepas Saied drobvaseooves 5 bé%ib%”o%azt peurs
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chi or de. aft ovhrer o3 BEREind uao nbRral, BF Lo fof Miothafis,”
dropw se overngupg!i Oflfebr2cOMpi&tbh! 8f the reaction, analysis by a gas
| 10 chromatography revealed that peaks due to the ketene
adducts disappeared and that hinokitiol was obtained in 72%

yield (0.23 mol).

Preparation Example 1
The process of Example 1 was repeated, except

I15 that in the isopropylation step, potassium hydroxide was
replaced by lithium hydroxide monohydrate.

To 280 g (3.6 mols) of dimethyl sulfoxide were
added 49.3 g (0.72 mol) of cyclopentadiene (purity: 96.8%)
and 25.18 g (0.60 mol) of lithium hydroxide monohydrate,

20 and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperéture to obtain a cyclopenta-
dienyllithium solution. The molar ratio of dimethyl
sulfoxide to cyclopentadienyllithium.was 6.0.

To the cyclopentadienyllithium solution was addéd

25 139.5 g of n-hexane, after which 147.6 g (1.2 mols) of
isopropyl bromide was added dropwise over a period of 50

minutes while maintaining the solution temperature at 5°C.



mai ntai ning the solution tenperature at O[err]C. After 15 conpletion of the
dropwtse addition, the salt fornmed was dissol ved by addi ng 1N hydrochloric
aci'd, and then the organic |ayer was separated to obtain a n-hexane

sol ution containing ketene adducts. The n-9@&xane sol uti on containi ng ketene
adducts 20 was anal yzed by a gas chromatography to find that the yield of
the ket ene additdrs cumplEtidd).¢i6 tine )drdpwise eddieions thetsaledfothefir om
t he n-hexane sol ution containing the ketene adducts, and the residue was
distilled undes rdicksxeldrent dsys iadding ol chiyd7Gc®lorid. 82id@5 and)tbhénathe
distillate containing the ketene adducts (purity: 93%. The distillate

cont ai ni ng tt&rqanxnuiaxnluwasvﬁ&p&ﬁ@@q&eﬁobqbbagasacmfbﬁn#ngraphytlonf|nd
that the ratio anong the adducts derived from 1-isoner, 5-isoner and 98

2-isoner, restaining HopERKIFNTopeRbRGiceene was 98.3 : 0 : 1.7. A

. m xed solvent consisting of 19 g of acetic acid, 239 g of acetone and 40 g
of water was added to t nhexane a?%l‘é‘ém%u‘ﬁ?%galﬁﬂeyft’(%@ehﬁ 4ddd€ts, and

80 f triethyl dded_dr I
i ot 8 ni ng. (S SUARPERPRE o ST St STaBns, 4 ri‘éaﬁerﬁgwgs

eacti on. - andiys t%dl%&r'sm[gﬁ”%%"%% PLdRhef 1o4L Saefkhcr 07 £LhRTac] the

the ketene adducts di sappeared and that hi nokitiol was obtained in 72%
yield (0.23 nn#f

Preparation Example 2

10 The process of Example 1 was repeated, except
that in the isopropylation step, potassium hydroxide was
replaced by rubidium hydroxide.

To 22.6 g (0.29 mols) of dimethyl sulfoxide were

added 4.05 g (0.059 mol) of cyclopentadiene (purity: 96.8%)

15 and 4.92 g (0.048 mol) of rubidium hydroxide, and the
resulting mixture was stirred for 2 hours in a nitrogen
stream at room temperature to obtain a cyclopentadienyl-
rubidium solution. The molar ratio of dimethyl sulfoxide
to cyclopentadienylrubidium was 6.0.

20 To the cyclopentadienylrubidium solution was
added 11.31 g of n-hexane, after which 11.81 g (0.096 mol)
of isopfopyl bromide was added dropwise over a period of 50
minutes while maintaining the solution temperature at 5°C.
After completion of the dropwise addition, the salt formed

25 was dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution

containing isopropylcyclopentadiene.



Preparation Exanple 1 The process of Exanple 1 was repeated, except 15 that
in the isopropylation step, potassium hydroxide was repl aced by 1ithium
hydr oxi de nmonohydrate. To 280 g (3.6 nols) of dinethyl sulfoxide were added
49.3 g (0.72 nol) of cyclopentadi ene (puriltgo 96.8% and 25.18 g (0.60 nol)
of 1ithium hydroxi de nonohydrate, 20 and the resulting m xture was stirred
for 1.5 hours in a nitrogennshesaneasolotivhewpsr ahalgzed bpt ai gas .

cycl openta- dienyllithiumsolution. The nolar ratio of_diqethyl_squOX|d¢
to cycl opent scheempatoghaphywee £iod Thaththeyrhtpenamdngnylki tisomersokvasi on
was added 25 139.5 g of n-hexane, after which 147.6 g (1.2 nols) of

i sopropyl br 0¥ dEolbewsitdbdigeneni seSoispmerper 2edisomes0=n2dudes BMi.l6e

mai ntai ning the solution tenperature at 5[err]C 99 After conpletion of
t he dropw se 2Hd3tion, the salt fornmed was dissol ved by adding 1IN
hydrochl oric acid, and then the organic |ayer was separated to obtain a

n- hexane sol uti on contai ning isopropylcycl opentadi ene. 5 The

n- hexane sl ution . an zed. by, a gas chromatography to find that the
ratio annﬁg i E??%%%€+%naggaggl?o¥loms: 1-i somer : 5-isomer : 2-isomer =

Banpi e 1 was repeat ed IS CBRYCERA OF EFREPLE b BRI ZEPEAEERep X pERELsi um
hydroxi de wasgg£p! AFethdYi d4PFILPALYS 0¥t ES; potassium hydroxide was
replaced by caesium hydroxide monohydrate.
To 280 g (3.6 mols) of dimethyl sulfoxide were
10 added 49.3 g (0.72 mol) of cyclopentadiene (purity: 96.8%)
and 100.76. g (0.60 mol) of caesium hydroxide monchydrate,
and the resulting mixture was stirred for 1.5 hours in a
nitrogen stream at room temperature to obtain a cyclopenta-
dienylcaesium solution. The molar ratio of dimethyl
15 sulfoxide to cyclopentadienylcaesium was 6.0.
To the cyclopentadienylcaesium solution was added
140.0 g of n-hexane, after which 147.6 g (1.2 mols) of
isopropyl bromide was added dropwise over a period of 50
minutes while maintaining the solution temperature at 5°C.
20 After completion of the dropwise addition, the salt formed
was dissolved by adding 1N hydrochloric acid, and then the
organic layer was separated to obtain a n-hexane solution
containing isopropylcyclopentadiene.
The n-hexane solution was analyzed by a gas
25 chromatography to .find that the ratio among its isomers was

as follows: l-isomer : 5-isomer : 2-isomer = 39.1 : 54.0 :

6.9.



To 22.6 g (0.29 nols) of dinmethyl sulfoxide were added 4.05 g (0.059 nol)
of cyel opentadi ene (purity: 96.8% 15 and 4.92 g (0.048 nol) of rubidium
hydroxi de, and the resulting m xture was stirred for 2 hours in a nitrogen
stream at roomtenperature to obtain a cydodpent adi enyl - rubidi um sol ution.
The. mol ar ratio of dinmethyl sulfoxide to cyclopentadienylrubidiumwas 6. 0.
20 Cdmpathativel Bpampadi &nyl r ubi di um sol uti on was added 11.31 g of
n- hexane, after which 11.81 g (0.096 nol) of isopropyl brom de was added
dropwi se over a period Thef@ hEndessribetebehowt ai tasg whersolisbipmopyla-
tenperature at 5[err]C. After conpletion of the dropw se addition, the salt
formed 25 wastipRswasedapyieddonty With9utoaddotuonaofdanaadlphamubhe
organic layer was separated to obtain a n-hexane sol ution contalnln%

i sopropyl cycl Bydre@arkee by usdpgTAcehonikihdesoht RPHORAS RAARYz 60 lyenk
gas chronatogwggﬂ% to fipd that ;the ratio ,anong its isoners was as foll ows:
1-i somer gneoysly iscible WlthSASBPr°E¥13Y°5°PFB§éﬁ&FPGn Exanple

: f | h th
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280 3.6 ' h ' 0 49. 3
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in a
the resulting mixture was stirred for 3.5 hours in a

10 nitrogen stream at room temperature and then heated at 55°C
for 2 hours to obtain a cyclopentadienylpotassium solution.
The molar ratio of acetonitrile to cyclopentadienyl-
potassium was 19.4.

The above-mentioned cyclopentadienylpotassium

15 solution was added dropwise to 47.5 g (0.39 mol) of
isopropyl bromide over a period of 120 minutes while
maintaining the solution temperature at 5°C. After
completion of the dropwise addition, 1N hydrochloric acid
and n-hexane were added and then the organic layer was

20 separated to obtain a n-hexane solution containing
isopropylcyclopentadiene.

. The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 47.0% (0.089 mol) and that the ratio among

25 its isomers was as follows: l-isomer : 5-isomer : 2-isomer

= 44.3 : 0.5 : 55.2.



nitrogen streamat roomtenperature to obtain a cyclopenta- dienyl caesium
solutiron. The nolar ratio of dinmethyl 15 sulfoxide to

cycl opent adi enyl caesi umwas 6.0. To the cycl opent-adi enyl caesi um sol uti on
was added 140.0 g of n-hexane, after whichoR47.6 g (1.2 nols) of isopropyl
brom de was added dropw se over a period of 50 mi nutes while maintaining
the sol ution Camperative Bkampeer2C. 20 After conpletion of the dropw se
addition, the salt formed was dissolved by addi ng 1N hydrochloric acid, and
then the organic | ayer Thaereepardésdribedbbel owaanchseawhere!l lisbpiopyla-
cont ai ni ng isopropyl cycl opéent adi ene. The n-hexane sol ution was anal yzed by
a gas 25 chromengwaphyarpiedndut withbetradditionngfi an aldaphasieas as
follows: 1-isonmer : 5-isomer : 2-isoner = 39.1 : 54.0 : 6.9. 101
Conpar ati ve H¥@¥Peanbamcpy usingstetpahbydroburancass apeoticsppilepyl a-
tion was carried out without addition of an a[ighatic hydr ocar bon by using
acet oni t ri? e, S&HVeRt Aerogengeusty \hscibhenvithebsepyonyieyple-wi t h

i sopropyl cycl opent adi ene. To 151.4 g (3.69 nols) of acetonitrile were added
15.9 g (0.23 W%I‘Sa eS| opent adi ene (purity: 96.1% and 12.5 g (0.19 nol)

for'3.5 nours in a 10 rierbbtme <Fr s dinplsh o8 bet salydrattiranoheneat ed -
o Sl a0 18 PP Tne UG TR AP RENLRBLE= T ERL o e
and 14.92 g (0.23 mol) of potassium hydroxide (purity:

10 85%), and the resulting mixture was stirred for 2 hours in
a nitrogen stream at room temperature, but no cyclopenta-
dienylpotassium was produced at all. When the mixture was
heated at 45°C for 1 hour and then 65°C for 1 hour after the
stirring, an insoluble material was formed. After the

15 mixture was filtered, the filtrate was analyzed to find
that cyclopentadienylpotassium was produced in an amount of
only 0.4% based on the amount of KOH used.

The molar ratio of tetrahydrofuran to KOH
employed above was 10.9.

20 The above-mentioned filtrate was added dropwise
to 56.6 g (0.46 mol) of isopropyl bromide over a period of
60 minutes while maintaining the solution temperature at
5°C. After completion of the dropwise addition, 1N hydro-
chloric acid and n-hexane were added and then the organic

25 layer was separated to obtain a n-hexane solution.

The n-hexane solution was analyzed by a gas
chromatography to find that no isopropylcyclopentadiene was

produced at all.



pot assi um was 19.4. The above-nenti oned cycl opent adi enyl pot assi um 15

sol ution was added dropwi se to 47.5 g (0.39 nol) of isopropyl brom de over
a period of 120 minutes while maintaining the solution tenperature at
5[err]C. After conpletion of the dropw sel®ddition, 1N hydrochloric acid
and. n"hexane were added and then the organic |ayer was 20 separated to
obtai n a n- heCamparsot ive dExamplei hi ng i sopropyl cycl opent adi ene. The

n- hexane sol ution was anal yzed by a gas chromatography to find that the

yi el d of isopropyl cycl dFheeat bsli descnilsed /b€y 0a 088sevwheradisbprophta-
ratio among 25 its isomers was as follows: 1-isonmer : 5-isomer : 2-isonmer =
44.3 : 0.5 : Bpp was qapriedpenttbycusingpa es@lTent cotbedethanbagrbtiow a
case where isopropyla- tion was carried out without addition of an

al i phatic hy POk RALYENES: ng tetrahydrofuran, an aprotic polar 5 sol vent

honngeneogily mscible with iso rgﬁylcyclo- pent adi ene. To 180. 3 a 2.50
nol s) of t2trahydr of ur akP vt 0 adided- Lonebs )y ¢H pshaxaneverecaddedt 48k éne

ity: 96. 19 14. 0. I f t ' hyd id ity: 10
8509 And the 1EEUR 1M % S Tomsated et BP0t Tay 867 T3 PR bgeh o
t t t b, I ta- di t ' d d
2t Al vnen WL S£ aotisd SR iy GETR 9 LPEFILRR BSthngattore "
65[err] C for Aol i @ tifxt{ife was stirred for 3 hours in a nitrogen
stream at room temperature, but no cyclopentadienyl-

10 potassium was produced at all.

Comparative Example 4

There is described below another case where
isopropylation was carried out by using a solvent other
than aprotic polar solvents. .

15 To 52.0 g (1.1 mols) of ethanol were added 15.6 g
(0.23 mol) of cyclopentadiene (purity: 96.1%) and 12.5 g
(0.19 mol) of potassium hydroxide (purity: 85%), and the
resulting mixture was stirred for 3 hours in a nitrogen
stream at room temperature to obtain a cyclopentadienyl-

20 potassium solution. The molar ratio of ethanol to
cyclopentadienylpotassium was 6.0.

To the above-mentioned cyclopentadienylpotassium
solution was added dropwise 47.0 g (0.38 mol) of isopropyl
bromide over a period of 120 minutes while maintaining the

25 solution temperature at 5°C. After completion of the
dropwise addition, 1N hydrochloric acid and n-hexane were

added and then the organic layer was separated.



stirring, an insoluble material was fornmed. After the 15 m xture was
filtered, the filtrate was analyzed to find that cycl opentadi enyl potassi um
was produced in an amount of only 0.4% based on the anpunt of KOH used. The
nolar ratio of tetrahydrofuran to KOH enpligyed above was 10.9. 20

The above-nentioned filtrate was added dropwi se to 56.6 g (0.46 nol) of

i sopropyl brom de over Bheesiganid BﬁyernuaeSanhlyeedabytalgaagchhemato-
solution tenperature at 5[err]C. After conpletion of the dropw se addition,
IN hydro- chlgraphncta fimdnthekane isoprapyidyebdpéehtadibaeowgani c 25

| ayer was separated to obtain a n-hexane solution. The n-hexane sol ution
was anal yzed pyodueged atrahht ography to find that no

i sopropyl cycl opent adi ene was produced at all. 103 Conparative Exanple 3
There is described bel ow a case where isopropyla- tion was carried out by
usi ng a sol vent other than aprotlc pol ar solvents. 5 To 96.0 ¢

(1.1 nol's) ofCompPREGHEVeFRaBpRd> 15. 1 g (0.22 nol) of cycl opent adi ene
(purity: 96.19% and 12. %g (0,19 nol) of potassium hydroxide (purity: 85%,
and the redulting nixtu¥ ﬁ%sl%t¢?$%ﬁlbﬁ¢ Be%ﬁﬁré L Wh??@géﬁOQFPEH%ﬁat

roomtenperature. but no c o adlen Si um wa roduced at
all . @%ar at TR ‘?%ﬂa ]%Yd‘é§ ?%@a g@i‘ﬁﬁ?’éhﬁt hEdrbsazbapernd

dlmethylformamlde, an aprotic polar solvent homogeneously
miscible with isopropylcyclopentadiene.
To 264.4 g (3.6 mols) of dimethylformamide were
10 added 50.2 g (0.73 mol) of cyclopentadiene (purity: 96.0%)
and 39.6 g (0.60 mol) of potassium hydroxide (purity: 85%),
and the resulting mixture was stirred at 30°C for 2.5 hours
in a nitrogen stream to obtain a cyclopentadienylpotassium
solution. The molar ratio of dimethylformamide to
15 cyclopentadienylpotassium was 6.0.
To the cyclopentadienylpotassium solution was
added 139.3 g of n-hexane, after which 147.6 g (1.2 mols)
of isopropyl bromide was added dropwise over a period of 60
minutes while maintaining thé solution temperature at 5°C.
20 After completion of the dropwise addition, 1N hydrochloric
acid and n-hexane were added and then the organic layer was
separated to obtain a n-hexane solution containing
isopropylcyclopentadiene.
The n-hexane solution was analyzed by a gas
25 chromatography to find that the yield of isopropylcyclo-
pentadiene was 89.2% (0.54 mol) and that the ratio among

its isomers was as follows: l-isomer : 5-isomer : 2-isomer



| sopropyl ation was carried out by using a solvent other than aprotic polar
sol vents. 15 To 52.0 g (1.1 nols) of ethanol were added 15.6 g
(0.23 nmol) of cyclopentadiene (purity: 96.1% and 12.5 g (0.19 nol) of

pot assi um hydroxi de (purity: 85%, and thgosesulting m xture was stirred
for.3’hours in a nitrogen streamat roomtenperature to obtain a

cycl opent adi eny48.20: (®o3 assbond@sol ution. The nolar ratio of ethanol to
cycl opent adi enyl pot assiumwas 6.0. To the above-nenti oned

cycl opent adi enyl pot assi um sol uti on was added dropwi se 47.0 g (0.38 nol) of

| sopropyl brom de over a period of 120 m nutes while maintaining the 25

sol ution tenRomparative SExampl2 6 After conpletion of the dropw se

addi tion, 1IN hydrochloric acid and n-hexane were added and then the organic
| ayer was separated. ThemeThe des@nibkedabetoviaa gaaeywberpyisopaopyla-
chr omat o- gr%?h to find that no isopropyl cycl opentadi ene was produced at
all. Cbnparat'%ébEﬂEﬁwﬁ%F?#%ﬂ out by usifigcpR aiiphatirphydrerawbancand

and di et 11 P frenerhefacfnlagolidindug vchl ABROBARGBRIAT BPOERBES wi th
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imidazolidinone were added 51.1 g (0.74 mol) of cyclo-
pentadiene (purity: 96.0%) and 39.7 g (0.60 mol) of
10 potassium hydroxide (purity: 85%), and.the resulting
mixture was stirred for 1.5 hours in a nitrogen stream at
room temperature to obtain a cyclopentadienylpotassium
solution. The molar ratio of 1,3-dimethyl-2-
_imidazolidinone to cyclopentadienylpotassium was 6.0.
15 To the cyclopentadienylpotassium solution was
added 141.3 g of n-hexane, after which 147.5 g (1.2 mols)
of isopropyl bromide was added dropwise over a.period of 60
minutes while maintaining.the solution temperature at 5°C.
After completion of the dropwise addition, 1N hydrochloric
20 acid and n-hexane were added and then the organic layer was
separated to obtain a n-hexane solution containing
isopropylcyclopentadiene.
The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
25 pentadiene was 86.7% (0.52 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer

= 40.1 : 1.7 : 58.2.



in a nitrogen streamto obtain a cycl opentadi enyl potassi um sol uti on. The
nol ar -rati o of dinethylformam de to 15 cycl opent adi enyl pot assi um was 6. 0.
To the cycl opent adi enyl pot assi um sol uti on was added 139.3 g of n-hexane,
after which 147.6 g (1.2 nols) of isopropylpgbrom de was added dropw se over
a perifod of 60 minutes while maintaining the solution tenperature at :
5[err]C. 20 O¥niparaoivs etxampDé T he dropwi se addition, 1IN hydrochloric
acid and n-hexane were added and then the organic |ayer was separated to
obtain a n-hexane sol utThere ois adescwibed pbhobyw cyctapenivhdrengsophopyla-

n- hexane sol ution was anal yzed by a gas 25 chromatography to find tﬁat t he
yield of isoprispyiwas|earpied aoienelviacuBladditdobdofivanh ahdiphhtfict he ratio
anong its isoners was as follows: 1-isonmer : 5-isoner : 2-isoner 105 =
40.7 : 0.3 : hxpcazhemrky i weing bpteabydneferar, dascappetiibepodar case
where isopropyla- tion was carried out by using an aliphatic hydrocarbon
and 5 1, 3- ir%tmntz-h%mfeﬁ%ﬁ%rm%hbhﬁrmtb pePpropploraio-
honogeneousl y_mi

of 15 di ot IRARAL IS ARR ARG VR BRI SA. © g (074 mol) of cycl o

Cpur ty: 8555 . and e TGt g (ARMOLROE 159ROPHl BEGRIGRIGaFn &

nitrogen streapdy JRPNIEIRYE SPént La LB fodidaCl OPERTAZ] eny! pojassi um
tetrahydrofuran solution; Aldrich Chemical Co.) over a

10 period‘of 7 hours while maintaining the solution temper-
ature at 2°C. After completion of the dropwise addition, 1IN
hydrochloric acid and n-hexane were added and then the
organic layer was separated to obtain a n-hexane solution
containing isopropylcyclopentadiene.

15 The n-hexane solution was ahalyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 60.3% (0.084 mol) and that the ratio among
its isomers was as follows: l-isomer : 5-isomer : 2-isomer

= 40.9 : 0.7 : 58.4.

20 Comparative Example 8
There is described below a case where isopropyla-
tion was carried out without addition of an aliphatic
hydrocarbon by using tetrahydrofuran, an aprotic polar
solvent homogeneously miscible with isopropylcyclo-
25 pentadiene. This comparative example was carried out with

reference to the descriptions in Examples of the prior art

(xiii) and (xiv).



solution. The nolar ratio of 1,3-dinmethyl-2- imdazolidinone to

cycl opent adi enyl pot assi umwas 6.0. 15 To the

cycl opent adi enyl pot assi um sol uti on was added 141.3 g of n-hexane, after
which 147.5 g (1.2 nols) of isopropyl bromige was added dropw se over a
period of 60 mnutes while maintaining the solution tenperature at 5[err]C
After conpletion of the3déopirame poidodimol) ldfhydaaahl aydeide qeiid and

n- hexane were added and then the organic | ayer was separated to obtain a

n- hexane sol dispersidm} Npugityopdvpyvaycwaphetadithen-hbranehandnehen

sol ution was anal yzed by a gas chromatography to find that the yield of

i sopropyl cycleefsxednindtkecprasesse 7¢f ( 8le@inun) labbitmahytrddeat mndanong
its isomers was as follows: 1-isomer : 5-isomer : 2-isonmer = 40.1 : 1.7 :
58. 2. 106 £Drpbrefideietahptrallydnefuras wascadded,bafserawbich 9herg

| sopropyla- tion was carried out without addition of an aliphatic

hydr ocar boh b{0 vk$ MRl bt PENGYEEPReRRAAAANGp(BUFEtYs| 87 - §¥3oWaEnpdded

honmogeneousl y . miscible with isopropyl cycl o- pentadi ene, according to prior
art. To 34.4 FFIBHEE PYSE oF P%gb? p?f ﬁrBﬂ?gewﬂégeaﬂaéﬁtaﬁaﬁﬂﬂsghe

cycl opent adi eny] sodi um (0. 14 |, a2 tetrahydrofuran solution;. Al drich
Cheni cal Co. )®BVEYIE ¢ %??%ggﬁ? 3t hgﬁi’s Hhi %"m ft a‘i’Wﬁ%p?Weagb?ﬁYibn
tenper- ature,at: 2le . After conpletion of the dropw se addition, 1N
hydrochl oric %§§1 euué%é#%é%he wer e added and then the

To the cyclopentadienylsodium solution was added

10 dropwise 13.2 g (0.11 mol) of isopropyl Bromide over a
period of 40 minutes while maintaining the solution
temperature at -50°C. After completion of the dropwise
additioﬁ, the resulting solution was heated to 0°C over a
period of 1 hour. A small volume of this solution was

15 sampled, treated with 1N hydrochloric acid and n-hexane,
and then analyzed by a gas chromatography to find that the
yield of isopropylcyclopentadiene was 7.9% and that the
ratio among its isomers was as follows: l-isomer :
5-isomer : 2-isomer = 40.9 : 3.1 : 56.0.

20 After the heated solution was stirred.for 2 hours
while maintaining the solution at 0°C, 1N hydrochloric acid
and n-hexane were added and then the orgénic layer was
separéted to obtain a n-hexane solution containing
isopropylcyclopentadiene.

25 The n-hexane solution was analyzed by a gas
chromatography to find that the yield of isopropylcyclo-
pentadiene was 58.3% (0.053 mol) and that the ratio among

its isomers was as follows: l-isomer : 5-isomer : 2-isomer



organi c | ayer was separated to obtain a n-hexane solution containing

i'sopr opyl cycl opent adi ene. 15 The n-hexane sol ution was anal yzed
by a gas chromatography to find that the yield of isopropylcyclo-
pent adi ene was 60. 3% (0.084 nol) and that 108e rati o anbng its isoners was
as fofFlows: 1-isoner : 5-isonmer : 2-isomer = 40.9 : 0.7 : 58.4. 20
Conparative Eaple 8 Ah®ere 55.%escri bed bel ow a case where isopropyl a-
tion was carried out without addition of an aliphatic hydrocarbon by using
tetrahydrofuran, an aprotic polar solvent honobgeneously m scible with

i sopropyl cycl o- 25 pentadi ene. This conparative exanple was carried out
wi t h ref er encNRUSTREAL ARPLEECABRBITYH Exanpl es of the prior art (xiii) and
(xiv). 107 3.6 Granms_(0.09 nol)  of sodium hydride (oil dispersion,
purity 60% mas mashed BY t Bhe- PEQGASS oA f Fh@nPF@FPH%eanVﬁthenpresence of

alunlnun1I|t drloI11 q& of dried tetrah ran was_added,

af ter whi ch sylonens w%p%ﬁ{laa?eﬂetﬁiaﬁ | $r8,5%57 S tanded

d i h I h I t t

at Slerr] ?’er%fe'g?e;ﬁ&éqw%? Rt edbhurey RE Bt fdak (bvoR SHiBlae e e
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advantageous production of hinokitiol can be achieved.



addi tion, the resufting sotutiom was heated to O[err]C over a period of 1
Hour . ~A smal | vol ' gt | ON was 15 sanpled, treated with 1IN

hydr oehl ori c aci m‘ﬂ[mlamﬁ“ﬂfﬂlm‘d t hen anal yzed by a gas chromat ogr aphy
to find that the yieldd of wsopropyl cycl opav®adi ene was 7.9% and that the
ratio‘anong its isomers was as follows: 1-isoner : 5-isoner : 2-isomer =
40.9 : 3.1 : 56.0. 20 After tCiRAIM&ted solution was stirred for
2 hours while maintaining the solution at O[err]C, 1N hydrochloric acid and
n- hexane wer el added andh tpreocess Loysgpreduaymy hasokiphoktwhich obtain a
n-hexane sol uti on containing isopropylcycl opentadi ene. 25 _ The
n- hexane sol (RIRBEIGES Hhe oep I9f Ohbalintngnbt bgeppopyioyeiagentadiene
yi el d of isopropylcyclo- pentadi ene was 58.3% (0. 053 nol) and that the
rati o anmong i#%?ﬁ!RYE%QPQE%?%53$%I?%@B@n11$%BHEPY1351P€oﬂ§?nF 2-i somer

108 = 41.3 : 2.9 : 55.9 | NDUSTRI AL APPLI CABILITY By the process, of the
present i nverkSRFESeNted, by, the general ~foemela R ‘bexo‘[ﬂ‘ﬁgﬁéﬂ Rr &fh an

CYeL Pt b AR A Pl ' e Bl RVES] BVeBefh Buap gecur e
e hert Dby o WA AL CAGa v dro B ek 1AL | Y 8Py AEagERRGPERAUC! ! O Of
l-isopropylcyclopentadiene with a dihaloketene to obtain a
ketene adduct (second step), and decomposing the ketene
adduct (third step), said first step comprising the
following three steps:

a) a step of preparing a cyclopentadienyl metal
from cyclopentadiene and at least one of a metal hydroxide
or a metal alkoxide (preparation step of cyclopentadienyl
metal);

b) a step of obtaining isopropylcyclopentadiene
by reacting the cyclopentadienyl metal with the
isopropylating agent in the presence of an aprotic polar
solvent capable of forming two liquid phases when mixed
with isopropylcyclopentadiene as a product (isopropylation
step); and

c) a step of isomerizing 5—i§opropy1cyclo—
pentadiene in the isopropylcyclopentadiene selectively to
l-isopropylcyclopentadiene with heat (isomerization step).
2. A process according to.claﬁm 1, which further
comprises a step of separating a phase composed mainly of
isopropylcyclopentadiene, by taking out a lower layer after

standing after the isopropylation step.



109 CLAIMS 1. produ0|ng hi noki ti ol which conprises the
step eof obtaini ng m@g@ Ment adi ene from cycl opent adi ene and an
i sopropyl ating agent ﬂepnes the general formula R - X wherein Ris
an i sopropyl group and X is a halogen atomiga tosyl group or an

al kyl sul fonate group (first step), reacting the 1-isopropylcycl opentadi ene
with a di hal oket ene t o mbprocess kateoedandutd ¢iadmnd,swhpreiandaid
deconposi ng the ketene adduct (third step), said first step conprising the
fol | owi ng t hrapretipspobiyraselvenbf igrdpmethylasuyfompdet ddi €¢hel nmetal from
cycl opent adi ene and at |east one of a netal hydroxide or a netal alkoxide
(preparation Lseprepylyciopestedi enyl nmetal); b) a step of obtaining

i sopropyl cycl opent adi ene by reacting the cycl opentadi enyl metal with the

i sopropyl ati nfy* agent i nRtPECPEES caceoBding tpreladmpdl, awhespiantheapsbhd of
formng two ases en mxed with isopropyl cycl opent adi ene as a

pr oduct (iscmﬂiﬁb?%ﬁg%nl§t%§?d IJthe Brepapabiohsgkep; ofngyclopenta-

5-i sopropyl cy lo ﬁenta ene in the isopropyl cycl opent adi ene selectlvely to
1-isopropylc BAF2he with heat (i somerization step). 2.

5 phase 28?5253;39”;%?;&‘ FEScaly A rel R BEChPoRteRE, Tn, vBaRRLE sﬁepa%%abm?g
Iayerz af ter Sﬁf&%i‘ﬂdé‘ﬁ@p&%@séf&ﬁrRPHJ:@'I:E.&Q iﬁeghe preparation step of
cyclopentadienyl metal.
6. A process according to claim 1, wherein the
isopropylation step is carried out in the presence of an
aliphatic hydrocarbon in addition to said aprotic polar
solvent.
7. A process according to claim 1, wherein said
aprotic polar solvent is used in an amount of 4 moles or
more per mdle of the éyclopentadienyl metal in the
isopropylation step.
8. " A process according to claim 1, wherein said
aprotic polar solvent is used in an amount of 6 moles or
more per mole of the cyclopentadienyl metal in the
isopropylation step.
9. A process according to claim 1, wherein in the
isopropylation step, said aprotic polar solvent is used in
an amount of 10lmoles or more per mole of the cyclopenta-
dienyl metal, and a solution containing the cyclopenta-
dienyl metal is added to the isopropylating agent.
10. A process according to claim 1, wherein in the

isopropylation step, said metal alkoxide is potassium
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110 3. A proc ' to claim1, wherein said aprotic polar
sol vent is dinethyl Hm" @' uﬂ :” Li sopropyl ati on step. 4. A
process according to claiml 'y the metal hydroxide is used in the

preparation step of cyclopenta- dienyl netigll 5. A process according
toclaiml, wherein the netal hydroxide is potassium hydroxide in the
preparation séeipoxideyahdpsaiddappytioepoélarbsolvent id fike@ess agcordi ng
to claim1, wherein the isopropylation step is carried out in the presence
of an ali phatamowydrefal2anoles aodi more persmolleapfothe pgtabpeattudienyl.

A process according to claim1l, wherein said aprotic polar solvent is used
in an anmount ®gtall ol es or nore per nole of the cyclopentadienyl netal in
the isopropylation step. 8. A process according to claim1, wherein
said aprotic bbt ar sol \RRPregesscaceardingnbanclaimel powbereinmare per nol e
of the cyclopentadjenyl netal in the isoprggglatLon st ep.

[ 9. A
process accortRfHgr1QR ctepeEatyre r &8 nneh hi ?§obh6§y3§§3o@ﬂs¥b@, sai d

aprotic polar, solvent,is.used in an anount of 10 noles or nore per nole of
the cycl opent HECRFENA WD ST8RY a sol ution containing the cycl opent a-

ot o o Pars R ABECFPESIHEAISGIRSR! by Srepeinard BRBERE or

al koxi de is Fwaﬁgﬁﬂﬁgﬁsent in the reaction system is not more than 3
moles per mole of the cyclopentadienyl metal in the
isopropyiation step.
13. A process according to claim 1, wherein the
preparation step of cyclopentadienyl metal and the
isopropylation step are carried out in an inert gas
atmosphere.
14. A process according to claim 1, wherein a temper-
ature at the isomerization step is 0°C to 40°C.
15. A process according to claim 1, wherein in the
third step, the decomposition of the ketene adduct is
carried out in the presence of triethylamine, water and a
hydrophilic organic solvent while adding triethylamine
dropwise to the reaction system.
16. A process according to claim 13, wherein the
decomposition of the ketene adduct is carried out by
further adding at least one organic acid selected from the
group consisting of formic acid, acetic acid and propionic
acid. |
17. A process according to claim 13, wherein said

water-soluble organic solvent is tertiary butanol.



111 ethoxide and said aprotic polar solvent is used i t of 12
ol es_or nore per nole of the cycl opentadi enyl netal m! HHEWM ,”mcess
according to claim1l, wherein a reaction tenperature [« L Wan

300C in the isopropylation step. 12. 114 process according claiml,

wher ekn an anmount of water present in the reaction systemis not nore than
3 mol es per npge of theaqyebopest a6¢6pIingetel claimhe,| GRBEERY! at pbeRrt3bap-
13. A process according to claim1, wherein the preparation step of
cycl opent adi anf/| anedppbarartus heséed opi opyéathbpdsseppaandcar hiadkattioln an
inert gas atnosphere. 14. A process according to claim1l, wherein a

t enper- atur epurifiwat somesteptwhickt 9 bsoQfghtr fitbocdfifact] €iths. A
process according to claiml1l, wherein in the third step, the deconposition
of the ket enchinpkitiok itarmade ofitatnleastponeematevialr selkyptedi feromwat er
and a hydrophilic organic solvent while adding triethylamne dropw se to
the reacti on SBRtFFRURconsisting phcBastatteydfngolassl arseins andrein t he
deconposition of the ketene adduct is carried out by further adding at

| east one or X PEF d sel ected fromthe group consisting of formic acid,
acetic acid and propionic acid. 17. A process according to claim 13,
wherein said water-sol uble organic solvent is tertiary butanol.



112 18. . A process according to claim1l, wherein a portion of an
apparatus used in the third step and a hinokitiol purification step whi ch
i's ‘brought into contact with hinokitiol is made of at | east one materi al
spLecEéd fromthe group consisting of HastaBl oy C, gl ass, resins and
cer.amni cs. '
ABSTRACT
A process for producing hinokitiol which
comprises the step of obtaining l-isopropylcyclopentadiene
from cyclopentadiene and an isopropylating agent
represented by the general formula R - X wherein R is an
isopropyl group and X is a halogen or the like (first
step), reacting it with a dihaloketene to obtain a ketene
adduct (second step), and decompdsing the ketene adduct
(third step), said first step comprising the following
three steps:
a) a preparation step of cyclopentadienyl metal;
b) a step of obtaining isopropylcyclopentadiene
by isopropylating the cyclopentadienyl metal in an aprotic
polar solvent; and
c) a steﬁ of isomerizing 5-isopropylcyclo-
pentadiene in the product selectively to 1-isopropyl-

cyclopentadiene with heat.



