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General lntrodⅦction

~■-･■･-･■

Natural macrocyclic compounds including macrocyclic musksl･2 and macrolides

antibiotics3 have been the one of the most challenglng Synthetic target of academic and

industrial organic chemists for an interest in their characteristic cyclic structures and highly

commercial value.3

Macrocyclic musks are important perfumes used for over 900 years. The term musk,

which derives &om the name of an animal, the musk deer, lS uSed to designate this entire

group of odorants.1 Muscone (1), civetone (2), cyclopentadecanone (3), and

cyclopentadecanolide (4) are representative macrocyclic musks.

muscone (1) civetone (2) cyclopentadecanone (3) cyclopentadecanolide (4)

Macrolides･ are used.to express the macrocyclic lactones that have a山ibacterial and/or

antifungal activities･ The macrolide'占that l mention in this thesis r,ontain reciEeiolide (5),

patulolide A (6), pyrenophorin (7).

･J,･ rL.
retifeiolide (5) p atulolide (6)
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Two strategleS are uSed fbr the synthesis of macrocyclic compounds. One is an

intramolecular rlng Closure ofthe bifunctional precursors and the other is a rlng eXPanSion of

smaller rlng COmPOunds･ In the former strategy, 1ntramOlecular reactions with bifunctional

precursors are usually ln COmpetition with intermolecular reactions･ How to n喝-Close the

bifunctional precursors intramolecularly with higher efFICiency and how to prepare the

bifunctional precursors are the key polntS in the synthesis of the macrocyclic compounds･

Long chain fatty acids can use as startlng materials for the bifunctional precursors of the

macrocyclic compounds that need long methylene chain.

●----(
intramol ecular reactions

bifunc也onal precursors

intemolecular reacti ons

cyclic compounds

⑳-----@-----(

1inear compounds

From these viewpolntS, I have studied on the synthesis of some macrocyclic compounds

starting &om long chain fatty acids uslng lntramOlecular rlng Closure methods of the

bifunctional precursor, and the practical synthesis of the bifunctional precursors for the

intermediate of macrocyclic compounds since 1986･ My work was published as papers and

patents･4J9 This thesis is a selective part of my work that was mainly reported by papers, and

consists ofthe fbllowlng 5 cbapters.

Chapter l deals with the synthesis of (j=)-Patulolide A (6), a macrolide isolated f,.m a
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Penicillium urtcae mutant, from 12-hydroxydodecanoic acid. This was the first total synthesis

ofPatulolide A, and the structure ofthe natural compound was confirmed by this work.

0

(+) - Patulilide A

Chapter 2 deals with the novel synthetic method at that time of cyclopentadecanolide

(4),1･2 a macrocyclic musk, and other related lactones &om methyl o'-hydroxyalcanoates by

uslng lipase in organic solvents, and kinetic resolution of racemic methyl

(o-1)-hydroxyalcanoate stereospecific leading to the formation of (R)-isomer of lactones. The

lipase-catalyzed lactonization in organic solvents was a plOneer WOrk and the related studies

have been done extensively aRer this work.20

?oocH3 1ipase

(? H2)n-1
CH20H solvent, 40oC

Chapter 3 deals with tbe practical sy血etic methods of 1 5-hydroxypentadecanoic acid, the
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precursor of cyclopentadecanolide (4), from l, 15-pentad9Canedioic acid by using selective

hydrogenation with the Ru-Sn-Al203 0r Re-Sn-Al203 Catalysts･ A practical synthesis of

15-hydroxypentadecanoic acid is a key polnt Of the industrial production or

cyclopentadecanolide (4) because there are excellent intramolecular ring closure methods fbr

synthesis of cyclopentadecanolide (4) include my work.

?ooc"3?00Bal/2
ｰ(SH2)13 → (GH2)13 -→

COOCH3 COOCH3 COOC=3

COOH

f

'?"2'13

L?H+20H +

Chapter 4 deals with the synthetic methods of cyclopentadecanone (3),1,2 a macrocyclic

musk, from dimethyl l, 1 5-pentadecanedioate by using catalytic liquid-phase dehydration of

2-hydroxycyclopentadecanone as the key step･ The catalytic liquid-phase dehydration could

work at considerably lower reaction temperature than the conventional vapor-phase reaction;

therefore, this dehydration would be preferable to be used in multi-purpose plant for

producing fine chemicals･ Cyclopentadecanone was given by a catalytic hydrogenation of the

products orthis debydratlOn, 2- and 3-cyclope山adecenones. Because the new route is carried

out in catalytic manner, this protocol is more ecofriendly and green than the present process.
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0

Si-Al

85% quant.

0

chapter 5 deals with the synthetic methods of Z-civetone (2),l･2 a macrocyclic musk, from

dimethy1 9-octadecenedioate by uslng a TiC14 mediated Dieckmann condensation

(intramolecular Claisen condensation). This method seems to be one of the most practical

synthetic methods of Z-civetone. This cyclization reaction has some advantages compared

with the traditional basic Dieckmann condensation such as higher concentration (100-300

mM), lower reaction temperature (0-5 oC), shorter reaction time (1-3 h), use of

environmenta11y benign (low toxicity and safTe) reagents (TiC14 and Et3N or Bu3N), and

economical reagents and solvents. 15-, 17- and 19-membered saturated P-keto esters were

also prepared by the present method.

co2Me TiC[4- Et3N

CO2Me

1)OH~

2) H+
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Chapter l･ The Total Synthesis of (j=)-Patulolide A

1-1. Summary

The first total synthesis of (j=)-patulolide A, a new macrolide isolated from a PenicillilLm

urtcae mutant, was achieved &om 12-hydroxydodecanoic acid. The structure of the natural

product was conflrmed by this synthesis.

1-2. Introduction

A new 12-membered macrolide, (+)-patulolide A (1), was isolated from the culture broth

ofPenicillium urtcae SllR591 that is a patulin-minus mutant of P. urtcae % 2159A.2

Patulolide A shows weak antibacterial activities and relatively high antifungal activities.3

The structure of patulolide A is rather simple but it has a characteristic structuralfeature, one

double bondflanked with lactone carbonyl and ketone group, which is common with some

antifungal metabolites such as pyrenophorin4, pyrenolides5, 6, vermiculine7, and A26771B.g

Thus it is interestlng tO Synthesize this new 12-membered macrolide in order to provide some

knowledge of the chemistry of these compounds･ From this viewpolnt, I undertook thefirst

total synthesis of (i)-patulolide A (1), from 12-hydroxydodecanoic acid (2), and therefore

ascertained the chemical structure ofthe natural product as shown below.

○

(+) - Patulilide A (1)

-8-



ト3．ResultsamdDiscussion

Firsttheretrosyntheticanalysisof¢）一Patul01ideA（l）wasdone．Macrolidelcouldbe

Obtainedbytheintramolecularcyclizationofcorrespondingseco－aCid2uslng％maguchi

lactonization9・Theseco－aCid2couldbederivedfromll－aCetOXy－2－dodecenoate3byallylic

OXidation，theprotectionwithketal，andhydrolysisofacetylandmethylestergroups・The

acetate3could be prepared倉omll－hydroxydodecanoic acid（4）by using selenoxide

eliminationasakeystep．Theacid4couldbeyielded倉ommethylll－dodecenoate5by

OXymerCurationfo1lowedbyreductionofNaBH4．Thentheester5could synthesize丘om

12－hydroxydodecanoic acid　6　by bromination，eSter抗cation and dehydrobromination

（Schemel）．

OH

4

＋〉

OH

0、／モ＼

0

（≠ト1

0

・〉

＝＝＝〉　HO

ミさ、COOH

O O

］

2

■　■〉

COOH　＝＝＝〉　ク′

COOH

‘

SchemelRetrosyntheticanalysisof¢）－PatulolideA（1）

OAc

5

3

も、C00CH3

COOCH3

According the retrosynthetic study；Brst the hydroxyacid（6）was converted to

12－bromododecanoicacid（7）byrefluxinginhydrobromicacidsolution．10Thebromoacid7

WaS tranSformedtothemethylester＄byrenuxingwithhydrochloric acidinmethanol．

ー　9　－



Overa11yieldof8＆om6was63％・Theester6wasdehydrobrominatedbyheatlngwith

SOdiumiodide（1equiu）inhexamethylphosphoramide（＝M『A）11at1700Cfbr3htogive

methylll－dodecenoate（5）andNndimethyl－11－dodecenamide（9）in26and51％yields

respectively・Theamide9wouldbeobtainedbythereactionwith＝M払（Scheme・2）．

HO

Br

6

c∞H旦B．

C00CH。明野　グ
26％（句
51％（タ）

Scheme2Syntheticrouteto5。

7c。。H堕型互63％（2st印S）
COR

5R＝OCH3

タR＝N（CH3）2

Thedodecenoate5wastreatedwithFg（OAc）2（1・03equiv）inT肝－＝20（1：1）atroom

temperature　for O・5　h　fo1lowed by rectionwith NaBH4（1・9　equiv）to　give

ll－hydroxydodecanoicacid（4）in97％yield・12Reaction ofthe hydroxy acid4with

methanol－hydrochloric acid gavethe methylesterlO，Which was tranSformed to

tert－butyldimethylsilylether（11）13in85％overallyieldfrom4・Theamide？wasconvertedto

ll－hydroxydodecanamide12bythesameprocedureastheester5．Theamide12was

hydrolyzedtothehydroxya？id4byrenuxingin3N－HCIsolution（Scheme3）．

Theesterllwasconvertedtoα，β－unSaturatedester13byusingselenoxideeliminati。n．

Tfeatmentofllwithlithiumdiisopropylamine（LDA）（1・2equiv）intetrahydrbfuran（TW）at

－78OCforlhandthenwithbenmieselenenylbromide（1・2equiv）at－78－AOOCfor2hgave

thephenylselenide，Whichwass叫ectedtoreacdonwithhydrogenperoxidesolution（30％）

andaceticacidatOOCtogivellin63％oveallyield・14Astheteriibuty1dimethylsdylether

didnotresistthenextoxidationstep＞thisprotectivegroupwasreplacedtoanacetylgroupin

－10－



90％yieldbytreating13withanhydrousFeC13（0．15equiv）inaceticanhydrideat5OCfor20

5

i）Hg（OAc）2

叫NaBH4

97％

TBDMSCl，imidazole

OH

85％（2steps）

，

りHg（OAc）2

叫NaBH4

quant．

OH

4

0Si（CH3）2ヰ・Bu

ll

12

Scheme3Syntheticroutetoll．

。。。H＿竺空耳

C00CH3

OH

HCl■

CON（CH3）2　‾　■‾≠‾“さ　4

10

minutes．15Theacetate3thusobtainedwasoxidizedtotheketone14withCtO，（5equiv）in

acetic anhydride－aCetic acid－benzene（1：1：2）at200Cforlhourin42％yield．16Itis

noteworthy that application ofthe chromic anhydride oxidation to12－membered

a，β－unSaturated macrolide17togive patulolide A was unsuccessfu1whereas Seebach

successfu11yoxidizedthe16－memberedα，β－unSaturateddiolide18topyrenophorin（19）17．

X

0　ゝ　　　0　／ク

0

17

0

X

X＝Ⅰち（18）

Ⅹ＝0（19Pyrenophorin）

Thecarbonylgroupof14wasprotectedasanethyieneketaltoglVe15bytreatlngwith
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ethyleneglycol (1･5 equiv), triethyl orthoformate (1.03 equiv) and a catalytic amount of

boron trinuoride-etherate in boiling benzene for 24 h in 91% yield･18 The ketal ester was

quantitatively hydrolyzed to the hydroxy acid 2 in 2N二KO=-methanol at room temperature

for 5 h･ The hydroxy acid 2 was cyclized to the lactone 16 by reaction with trichlorobenzoyl

chloride (1 equiv) and triethylamine (11 1 equiv) in T肝at room temperature for 2 h then aRer

the removal oftriethylamine hydrochloride and TI現the resulting mixed anhydride in toluene

was added to refluxing toluene by high dilution method･9 The cleavage of cyclic ketal to

patulolide A (1) in acetone with p-toluenesulfonic acid gave a complex mixture, although this

procedure was successful in pyrenophorin synthesis･19 Deprotection of the ketal group was

successfu11y carried out by Barton's method20 using trityl nuoroborate (1･1 equiv) in

dichloromethane in 32% (Scheme 4).

11

i) LDA, phSeBr

ii) H202, AcOH

13

COOCH3

HO (CH2)20H, HC (OEt)3

C rO3

42%

COOCH3

OAc

Ac20, FeC13

14 o

COOH

cooH C13rPhCOCl

Scheme 4 Final synthetic route to (g-1｡
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ThespectroscopyandRfvaluesonTLCofsyntheticpatulolideAwereidenti丘edwith

thoseofthenaturalproduct．

1－4．Conclusion

In conclusion，Iachieved the丘rst totalsynthesis of匪）－Patulolide A（1），＆om

12－hydroxydodecanoicacid（2）．ThestruCtureOfthenaturalproductwascon丘rmedbythis

Sy血hesis．

A鮎rmythesis，21thesynthesisof（士）一PatulolideA？2，23andtheasymmetricsynthesisof

（＋）－PatulolideA？4－29havebeenreported．

l－5．ExperimcIltalsection

General

Meltingpointsareuncorrected．1HNMRspectrawererecordedonaJEOL（100MHz）

spectrometer．1HNMRspectrawerereportedaschemicalshiRsinparts－Per－million（ppm）

basedonaTMSinternalstandardinCDC13．Couplingconstants（ガarereport占dinHertz（叫．

SilicagelcolumnchromatographywasperformedonaMerck70－230mesh．Commercially

availablereagentswereusedwithoutfurtherpurincatioh．

StartingMaterials．

12－Hydroxydodecanoicacid（6）waspurchased倉omAldrich．Theotherreagentswere

PurChased倉omWako。

－13－



Brominationandesterincationof12－hydroxydodecanoicacid（6）

12－Hydroxydodecanoicacid（6；25g，0．116mol）wasrefluxedwith6．3mLofsulfuricacid

in24・7mLofhydrobromicacidsolution（47％）at1600Cfor7．5hwithstirring．Thereaction

PrOductwasextractedwithCH2C12anddriedoveranhydroussodiumsulfateandthesolvent

WaSeVaPOratedtogivecrudebrownishoilof12－bromododecanoicacid（7）．Thiscrudeoil

WaSdissolvedin300mLofMeOHanddryHClgas（15g）wasintroducedintothes。1uti。n．

Thesolutionwasrenuxedat800Cforl・5・h・Thereactionmixturewaspouredinto300mLof

H20andextractedwithCH2C12・Theextractwasdriedoveranhydroussodiumsulfateand

COnCentratedtoglVe30・8gofcrudeoil・Theproductwaspuri鮎donsilicagelcolumn

Chromatographyuslnghexane－EtOAcassoIventsystemtoglVemethyl12－bromododecanoate

（＄；21・4g）・lHNMR（100MHz，CDC13）83・65（3H，S），3・38（2H，t，J＝6Hz），2・1－2．7（2It

m）．mcm－11740．

Debrominationofmethyl12－bromododecanoate（8）

Thebrorhoester＄（21g，71・7mmol）washeatedwithsodiumiodide（10．75g）in50mL

OfHMPAat1700Cfor3h・TbthereactionmiⅩture200mLofwaterwasaddedandwas

extractedwithhexane・Theextractwasw？Shedwithsodiumthiosulfatesolution，HCIsolution

andwateLAiterdryingoveranhydroussodiumsulfatethesoIventwasevaporatedtoglVe

12・3gofcrudeoil・Thecrudeproductwaspuri鮎dbysilicagelcolumnchromatography

usinghexane－EtOAc（10‥1）・TheBrst＆actionwasmethylll－dodecenoate（5；4．Og）andthe

SeCOnd＆actionwasNNldimethylll－dodecenamide（9；8．2g）．

5：1HNMR（100Ⅶiz，CDC13）85・6－6・0（1H，m），4・8－5・1（2H，m），3・62（3qs），2・29（2Ⅰも

t），1・85－2・15（2Ⅰもm）・取cm－11740，1650・MSmk212（M＋），180・Anal・CalcdforC13日2402：

－14－



C，73・52；托11．40．Found：C，73．21；H，11．56．

9‥1HNMR（100MHz，CDC13）85・6－5・95（1H，m），4・8－5・1（2托m），3・0and2．95（3H，S，

CH3N），■2・28（2H，t），1・8－2・2（2H，m）・MSmk225（M’）．Anal．CalcdforCl．H2jNO：C，

73・76；H，12・33；N，6．09，Found：C，74．60；H，12．09；N，6．22．

0ⅩymerCurationandreductionofmethylll－dodecenoate（5）

TbtheTHFsolutionofmethyldodecenoate（5）（1ginlOmL），1．56gofHg（OAc）2in

20mi・OfTHF－H20（1：1）wasaddedinoneportionandthemixturewasstirredforO．5h．Then

20mLof3NNaOHsolutionwasaddedtothereactionmixtureandstirredforO．5h．NaBH4

（0・36g）wasaddedportionwiseanda氏erlhthereactionmixturewasacidifiedwith6NHCI

SOlution．TWwasevaporatedandthesolutionwasextractedwithEtOAc．Thee幻ractwas

driedoveranhydroussodiumsu肋teandev叩Oratedtogivell－hydroxydodecanoicacid（4；

0・99g）・Whitecrystals‥mP39－4lOC・MSnui216（Mつ，198，183，172，129；1HNMR（100

MHz，CDC13）83・1－4・1（1H，m），2．35（2H，t），2．20（3H，d）．

Oxymercuration，reductionandhydrolysisof弼NIDimethylll－dodecenamide（9）

Theamide9（1・Og）wastreatedwithHg（OAc）2andNaB鵠inTHFandH20accordingto

the same procedurewith that ofthe ester5・The hydroxy amide12was obtained

quantitatively（1・08g）・Whitecrystals‥mP48－490C．MSmk243（M＋），225，100，88；

1Hm（100Mh，CDC13）83・75（1H，h），3・01and2・91（3H，S，CH3N），2．30（2H，t），1．18

（3H，d）・Anal・CalcdforC14H29NO2‥C，69・07；現12．02；N，5．76．Found：C，68．51；H，11．94；

N，5．52．

Thehydroxyamide12washydrolyzedhrenuxing3NHCIsolutiontoglVethe－hydroxy

－15－



acid4。

Esterincationofll－hydroxydodecanoicacid（4）

AnhydrousHCl（5・7g）wasintroducedintotheMeOHsolutionofll－hydroxydodecanoic

acid（4）（3・OginlOOmLMeOH）andthesolutionwaskeptatroomtemperatureovemight．

ThereactionmixturewaspouredintoH20andextractedwithdichloromethane．Theextract

WaSdriedoveranhydroussodiumsulfateandevaporatedtogivecrystallinemethylester（10；

3・Og，93・9％）・Rcm．13350，1730；MSmk230叩十），186，143，87，74；1HNMR（100MHz，

CDC13）83・8（1H，m），3・7（3H，S），2・4（2Itt），1・22（3H，d）．Anal．CalcdforCl，Ⅰも60，：C，

67・77；托11．39．Found：C，67．64；H，11．27．

ProtectionofmethyIll－hydroxydodecanoate（10）

The hydroxy methylesterlO（5．31g）was dissoIvedinlO．62mL ofDMF and

tert－butyldimethylsilylchloride（4・19g，1・2equiv）andimidazole（3．93g，2．5equiv）was

added・Thereactionmixturewaskeptatroomtemperatureforovernight．托Owasaddedto

thesolutionanditwasextractedwithEtOAc・Theextractwasdriedoveranhydroussodium

SulfateandevaporatedtoglVe8・8gofcrudeoil・Theoilwasdistilledunderreducedpressure

andmethylll－tert－Butyldimethylsilyloxydodecanoate（11）wasobtained（7・76g，90・2％）．

Colorlessoil（bp147－1480C／2mmHg）・MSmk344（M’），329，314，287，256，159，107，75；

1Hm（100MHz，CDC13）83・75（1H，m），3・68（3H，S），2・30（2Ⅰもt），1・10（3H，d），0．9（9H，

S）・Anal・CalcdforC19払003Si：C，66．22；托11．71．Found：C，66．09；H，11．76．

Dehydrogenationofmethylll－tertrButyldlmethylsiIyloxydodecanoate（11）

ー16－



Lithium diisopropylamide (1.2 equiv) was prepared in 20 mL of THF from O.56 mL of

diisopropylamine and butyllithium (1.06 M in hexane, 3.85 mL) at -78 oC for 20 minutes with

sti汀i喝･ The ester ll (1.15 g, 3.4 mmol in 4.5 mL ofTHF) was added dropwise to the solution.

Benzeneselenenyl bromide (4.08 mmol, in 4.5 mL of THF) that was舟eshly prepared from

O.63 g of diphenyldiselenide and llO pl of Br2, WaS added to the reaction mixture. It was

stirred at -78 oC fbr l h and tben at -40 oC fbr 2 h･ The tempera山re orthe solution was raised

to O oC and 2 mL ofH20, 0.4 mL ofacetic acid and l.67 mL ofH202 (30 %) was added to it.

A氏er stlrrlng for 30 minutes, the solution was neutralized with diluted NaHCO3 SOlution and

extracted with dichloromethane･ The extract was washed with H20, 0･1 N HCl, and agaln

‡もO and then dried over a血ydrous sodium su肋te. A氏er evaporation of the solvent, the

residue was purified by silica gel column chromatography using hexane-EtOAc (500: 1) to

give Methyl l l-tert-Butyldimethylsilyloxy-2-dodecenoate (13; 0.72 g, 62.6 %). 1HNMR (100

MHz, CDC13) 8 6･9 - 7･2 (1H, m), 5.9 (1H, d, J- 16Hz), 2.25 (2托m), 3.75 (3H, s), 1.12 (3托

d), 0.93 (9H, s). R cm'1 1730, 1660. MS m/z 342 (M'), 327, 311, 295, 285, 254, 159, 75.

Anal. Calcd for C19H3803Si: C, 66.61; H, 11.19. Found: C, 65.72; H, 11.17.

Acetylation of Methyl l1-tert-Butyldimethylsilyloxy-2-dodecenoate (13)

tert-Butyldimethylsilyloxy ester (13; 1.06 g, 3. 1 mmol) was dissolved in 2 mL of acetic

anhydride and stirred under argon with ice-bath cooling･ To the solution 76 mg of anhydrous

FeCl3 WaS added and it was stirred for 20 minutes. H20 was added to the solution and it was

extracted with hexane･ After drying over anhydrous sodium sulfate and evaporation of the

solvent; 0･99 g of crude oil was obtained. It was purifled by middle pressure column

chromatography (Licroprep Si 60) using hexane-EtOAc (20:1) togive _methyl
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11－Acetoxy－2－dodecenoate（3；0・77g，89・9％）‥1HNMR（100MHz，CDC13）86．65－7．10（1H，

m），5・79（1一托d），4・9（1H，m），3・72（3Its），2・20（2H，m），2・0（3H，S），1・20（3H，d）．Rcm－1

1740，1735，1660・MS〝諺270（M＋），238，195，177，150，136，113，105，87．

0Ⅹidationofmethyl11－Acetoxy－2－dodecenoate（3）

Tothemi加・reOfaceticanhydride（11・12mL）andaceticacid（22．25mL），Chromic

anhydride（4・45g，5equiv）wasaddedportionwisewithstirringunderice－COOling．A鮎r

adding22・25mLofbenzenetoit，theacetoxyester（3；2．40g，8．9mmol）in4．45mLof

benzenewasaddeddropwisetothereactionmixturekeeplngthetemperatureunder200C．

A鮎rtheaddition，ltWaSStirredforlhatroomtemperature．H20wasaddedtothereaction

mixtureanditwasneutralizedwithlNNaOHsolutionandextractedwithEtOAc．A鮎r

dryingoveranhydroussodiumsulfateandevaporationofthesolvent，2・60gofcrudeoilwas

Obtained・Itwaspuriaedbysilicagelcolumnchromatographyuslnghexane－EtOActoglVe

methylll－Acetoxy－4－0Ⅹ0－2－dodecenoate（14；1・07g，42・4％）・1H皿（100M＝z，CDC13）8

7・08and6・65（1ftd，J＝・16馳），4・90（1ftm），3・82（3H，S），2・64（2H，り，2・04（3ⅠもS），1．21

（3H，d）・Rcm－11730，1705，1650■UVnmO221（11，000）・MSnu2284（M・）．Anal。Calcdfor

C15日2405：C，63・34；H，8・51・Found‥C，63．11；H，8．85．

ProtectionwithethyIeneketalofmethyl11－Acetoxy－4－0Ⅹ0－2－dodecenoate（14）

Theketoester（14；1・07g，3・77mmol）wasre鮎Ⅹedwithethyleneglycol（323pl，5．80

mmol），triethylorthoformate（643pl，3．87mmol）andtraceamountofb。r。ntrinu。，ide

etheratein14・5mLofbenzenefor24h・＝20wasaddedrtothereactionmixtureanditwas

extractedwithEtOAc・TheextractwasdriedandconcentratedtoglVeethyleneketalof

－18－



methyl ll-acetoxy-4-oXo-2-dodecenoate (15; 1.12 g, 90.6 %). 1Hm (100 MHz, CDC13) 8

6･75 and 6･04 (1H, d, J- 16Hz), 4.89 (1H, m), 3.86 (4H, m), 3.72 (3H, s), 2.0 (3ft s), 1.20

(3H, d). MS m/z 328 (M'), 297, 270, 243, 157, 113.

IIydrolysis of ethylene ketal of methyl 11-Ⅱydroxy-4-oXo12-dodecenoate (15)

The ester (15; 1.13g) was dissolved in 23.4 mL ofMeOH and ll.7 mL of2N KOH

′

solution was added to it. After 5 h reaction at room temperature, the reaction mixture was

poured into the ice water and pH was adjusted to 3 with lN HCl. The solution was extracted

with dichloromethane and it was dried ovsr anhydrous sodium sulfate･ Evaporation of the

solvent gave ll-hydroxy-4-oxo-2-dodecenoic acid (2; 0.95 g). Crystals (mp 55 - 56 oC).

1Hm(100MHz, CDC13)8 6.80 and 6.11 (1H, d, J- 16Hz), 3.9 (4H, m), 1.12 (3H, d). R

cm11 1700, 1640; MS m/z 254, 239, 227, 201, 99･Anal･ Calcd for CliH2405: C, 61.74; H, 8.87.

Found: C, 61.12;托8.90.

Lactonization of 11-hydroxy-4-oXo-2-dodecenoic acid (2)

The hydroxy acid (2; 0･11 g, 0.4 mmol), triethylamine (0.44 mmol) and 2, 4,

6-trichlorobenzoyl Chloride (0. 1 g, 0.4mmol) were dissolved in 4.4 mL ofTHF and stirred for

2 h at room temperature･ The precIPltate Of triethylamine hydrochloride was removed by

filtration and THF was evaporated by nushing with nitrogen gas. The residue was dissolved in

220 mL of toluene and it was added dropwise fbr 8 h to the refhxi喝SOlution of

41dimethylaminopyridine (0.27 g, 2.2 mmol) in 44 mL oftoluene. The reaction mixture was

diluted with ether and washed with 3 % HCl, H20, NaHCO3 SOlution and H20. The solve山

Iayer was dried over anhydrous sodium sulfate and concentrated･ The residue was purified by
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Silicagelcolumnchromatographyandethy19neketalof＠）－PatulolideA（16；70mg，68．1％）

WaSObtained・1HNMR（100MHz，CDC13）86・72and6・10（1ftd，J＝16Hz），5．1（1H，m），

3・9（4Itm），1・3（3托d）・MS朋々254，239，210，199，182，143，125，113，98．

DeprotectionofethyIeneketaIof（土）－PatuloIideA（1）

Theketal（16；37mg）and53mgofPh3CBF4WaSdissolvedin6mLofdichl。r。methane

andthesolutionwasstirredatroomtemperatureundernitrogenfor4h．H20wasaddedtothe

SOlutionanditwasextractedwithdichloromethane・A鮎rdryingoveranhydroussodium

Sulfhte，thatwasconce血tratedandtheresiduewaspuri鮎donpreparativeTLCuslng

dichloromethanetogive＠）－PatulolideA（1；12・6mg）．1crystals（mp78－790C）．
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Chapter2・Lipase・CatalyzedSynthesisofMacroeyelicLactonesin

OrganicSolvents

2－1．Summ見け

Anewmethodforthepreparationofmacrocycliclactones倉omo－hydroxyacidmethyl

estersisdeveloped・Thismethodutilizesintramoleculartransesteri鮎ationcatalyzedbylipase

inorganicsoIvents・AchirallactonelSPreParedbythisprocedure・

2－2．Introductiom

The potentialofenzymes as practicalcatalystsfor organic synthesis especia11yfor

asymmetric synthesisis becomlngincreaslngly recognized．1Among、enZymeS SO払r

investlgated，1ipases areoneofthemostadvantageous，becauseit doesnotrequlreany

COfactorregeneration，andarecommerciallyavailable，Stableandinexpensive．Lipaseshave

been widely usedforthe resolution ofracemic alcohoIs and ca沌oxylic acids through

asymmetrichydrolysesofthecorrespondingesters・2Inadditiontohydrolysis，1ipasescanalso

Catalyzedi飴rentreactionswherecompoundotherthanwaterserveaSnuCleophiles・Actually；

1ipasesarereportedtocatalyzetransesteri6cation，3esterincation，4aminolysisoroximolysis・5

This property prompted me toinvestigateintramolecular transesteri茄cationinstead of

intermolecular one catalyzed bylipase，1eading stereospeciBc synthesis ofmacrocyclic

lactones・Followingthisproposal，thecatalyticpotentialoflipasetowardmethylestersofo－

and（0－1）－hydroxyalkanoicacidinorganicsoIventswasexamined。Asaresult，Ifoundthat

lipasecanbeusedforfacile，PreParativeandefncientcatalystinsynthesizingmacrocyclic

lactones，andfbrpreparationofachira11actonethroughkineticresolutionofaracemic
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（0－1）－hydroxyalkanoicacid・Thislactone－Symthesis，eSPeCiallyasymmetriclactone－Synthesis

hassomeimportantadvantagesovertheconventionalchemicalsymthesisoflactonesutilizing

apyridinethiolester（M址aiyama－Corey method），6aahalopyridinium salt（Mukaiyama

method），6bamiⅩedanhydridewith2，4，6－trichlorobenzoylchloride（協maguchimethod），6ca

mixedanhydrideof2，4，6JtrichlorobenzoylchloridewithahighconcentrationofDMAP

（modi鮎d協maguchimethod），646ediethylazodiformate（旭tsunobumethod）6fandthe

recently developed chemicalsynthesis oflactones utilizingp－Orifu1uoromethyl）benzoic

anhydrideandacatalyticamountOftitamium salttogetherwithchlorotrimethylsilane，6g

P－nitrobenzoicanhydrideandacatalyticamOuntOf＿SCandiumtrinuoromethaneSulfonate，6h

dealuminatedHYzeolite，6iapolymerboundcarbodHmide，句ethoxyacetyleneandacatalytic

amountof【鮎Cl2軌cymene）］2，6kand2－methyl－6－nitrobenzoicanhydride．6l

？0∝H31ipase
（？H2kl
CH20H soIvent，400C

l ハn・。（H£二‡二二‾
0

2－3．Re5ultsamdDi5C那Siom

At nrst severallipasesfortheirlactone symthesizing actlVlty uSlng methyl

16－hydroxyhexadecanoate（1a）（n＝15）inbenzeneweresurveyed．Tbthesubstratesol。ti。n

（1mMinbenzene）wasaddedapowderofea9hlipase（5mg／mL），andthesuspensionwas

Stirredvigorouslyat400C・Thereactionwasmonitoredbygaschromatographyofthe

PeriodicallywithdrawnsamPles・TheseresultsaresummarizedinTablel・Thelipasep＆om

heuLbm耽乎・andtheporcinepanCreaticlipasecouldcatalyzelactonizationefncientlyto
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givethelactone2ain78％and73％yields，reSPeCtively（entriesland2）．Theotherム1ipases

SuChasRhiz甲uSj喀，Onicu，Rhiz甲uS鹿hner，伽L＃ゐq）Hndbcea，andWheatgerm，however，

Showedlittleornoactivity（entries3・6）．Theseresultsindicatethatthelactonizationactivity

isnotthecommonfeatureoflipasesbutseemedaspecinccharacterofsomelipases．The

CharactermightbecausedbythediffbrenceofthestruCtureOflipasesthatshowsthegood

StabilitylnOrganicsoIvents．LactoneformationbyLipasePinbenzeneproceededlinearlyup

tolOh，andreachedplateauat、ca・25hwith79％conversion，PrObablyduetothelow

COnCentrationofthesubstrate．Judging丘omthefactthatlactoneformationendedatc．a。80％

yieldwithlmMsubstrate，CatalyticactivityofLipasePbecomesnegligibleatthesubstrate

COnCentrationlowerthanO．2mM．Actua11y，LipaseP catalyzedlactonizationinbenzene

obeyedMichaelis－Mentenkinetics7withKmformethy116－hydroxyhexadecanoateof9・61

mM，indicatlngthatatO．2mMsubstrate，reaCtionratedecreasedtol／1000fthemaximal

Velocity．Michaelis－Mentenkineticsisbasedontwoassumptions．1）Thereactionbetweenthe

enzymeanditssubstrateremainsinequilibrium（eq．1），anyeffbctoftheequation20nthis

equilibriumbeingassumedtobenegligible．Theseconditionswillbeachievedwhentherate

OfbreakdownoftheEScomplexbacktothe倉eeenzymeandsubstrateismuchgreaterthan

thera士eofitsbreakdownto倉eeenzymeandproducts（k＿1＞＞k．2）．2）Theconcentrationof舟ee

Substrateremainsessentiallyunchangedduringtheinitialperiodofthereaction，SOthatineq．

1and eq．2the concentrationof倉ee substraiecanbetakenasbeing equaltothetotal

Substrateconcentration・Therateoftheoverallreaction（v）willbedeterminedbytherateof

breakdownoftheenzyme－Substratecomplexaccordingtoeq・2aseq・・3，WhereVmaxisthe

maximumvelocityobtainedwhentheenzymeissaturatedwithsubstrate，Kmisthevalueof

SubstratewhichisexperimentallyfoundtoglVehalfthemaximumvelocity・Thisphenomenon
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is discussed later agln.

E+S
k+1

ES

k_1

k.2

ES - E+products

eq. 1

eq. 2

v-Vmax [S]/(Km + [S]) eq･ 3

Table l･ EfrlCiency of several lipases in lactone synthesis from methyl

1 6-hydroxyhexadecanoate (1 a)a

Origin of lipas.e 2a, Yield / %b

1

2

3

4

5

6

Pseudomonas sp･

Porcine pancreas

Rhizopus JaPOnicus

Rhizopus delmer

Candih cylindracea

Wheat germ

78

73

2

0

0

0

a) Reactions were pe血-ed at 40 oC in lOO ml dry benzene
w地500 mg ofeach lipase and l mM ofmethyl
16-hydroxyhexadecanoate (1a) for 72 hr. b) Yields were

detemined by GLC.
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Because enzyme-catalyzed reactions in organic solvents are reported to be affected by

solvents used,8 the effect of solvents on the lactonization was examined･ Lactonizaction yields

of 2a for 4 h in various solvents are summarized in Table 2.Among of the solvents used,

cyclohexane showed the best yield (35%, entry l). The order of the other solvents were as

follows, tetrachloromethane (33%, entry 2), hexane (20%, entry 3), 1,1,1,-trichloroethane

(19%, entry 4), heptane(16%, entry 5), benzene (12%, entry 6), toluene(7%, entry 7),

iso-octane (6%,, entry 8), 1,4-dioxane (2%, entry 9), trichloroethylene (0･8%, entry 10), and

l,1,2,2-Tetrachloroethane (0.4%, entry ll). The lactonizations in ethyl acetate and

dimethylesulfoxide were not observed (entries 12, 13).

From the Table 2, more than 87-fold difference in the yield of2a for 4 h was observed

(entry l vs. entry ll). The yields related roughly the dielectric constants of solvents_ Polar

solvents, such as ethyl acetate, seemed badly for the lactonizat10n, Which agreed we11 with

the tendency in lipase catalyzed ester synthesis･9 The low activity oflactonization with lipase

in some polar solvents might be due to the loss of the water &om lipase in polar solvents,

which need to keep ltS PrOPer COnformation, by polar solvents･ The reason why the polar

solvent, 1, 1, 1,-trichloroethane, showed 19 % yield is not clear.
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Thble　2・Survey Of Solvents fbr、Lipase P Catalyzed Lactonization of Methyl

16－Hydroxyhexadecanoate（1a）a

C00CH3

（？Hカ14
CH20日

la

1ipase

二＝‾三二≡

EntⅣ Solvent Dielectricconstantb　2a，Yield／％C

1

2

3

4

5

6

7

8

9

10

11

12

13

Cyclohexane

Tetrachloromethane

Hexane

l，1，1－Trichloroethane

Heptane

Benzene

Toluene

ね0－Odane

l，4－Diox弧e

Trichloroethylene

l，1，2，2－Tetrachloroethane

E血ylacetate

DimethylsulfoⅩide

2．052（200C）

2・238（200C）

1．890（200C）

7．53（200C）

1．924（250C）

2．283（200C）

2・24（200C）

1．943（200C）

2・235（250C）

3．409

8・00（200C）

6．02（200C）

48・9（200C）

35

33

20

19

16

12

7

6

2

0．8

0．4

0

a）Reactionswereperfbrmedat300CinlOmisolventwith50mgof

lipasePandlmMofmethyl16－hydroxyhexadecanoate（1a）fbr4hr．b）

IIHandbookofSoIvents一，，ed・byT・Asaharaetal・，Kodan－SyaScienti鮎

T？kyo，1998b）YieldsweredeteminedbyGLC．

Tbknowmoreaboutthee飴ctofsoIvents，thetimecourseofthelactoneformationwas

analyzedusingsomegoodsolventsforthelipasecatalyzedlactonization（Table3）．Theimitial

ratewaso・67nmolesmg－1min－1inheptane（entryl），0・65inhexane（entry2），0．59in
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CyClohexane（entry3），andO．09inbenzene（entry4）．AsshownintheTable3，theinitialrate

inheptanewasmorethan7－fo1dhigherthanthatinbenzene，Whilethesamelactoneyieldwas

Obtaindinbothcasesinsufncientreactiontime．Theinitialratemightbedeteminedbythe

rateofbreakdownOftheenzyme－Substratecomplex，WhichischangedbythesoIvent．

’払ble3。E鮎ct of SoIvents onthe Reaction Rateand the Yieldin Lipase Catalyzed

LactonizationofMethyl16－Hydroxyhexadecanoate（1a）a

C00CH3

（？H2）14
CH20日

la

1ipase

Entry SoIvent Reacdonrateb

／nmolemg mln

「＝‾：三≡

Reaction　2a，Ⅵeld／％C
点me／h

1　　Hep也ne O．67

2　　　Hexane o．65

3　　Cyclohex弧e O．59

4　　Benzene o．09

10

6

8

30

78

80

79

78

a）Reactionswereperfbrmedat400Cin300misoIventwithl．5gof

lipasePandlmMofmethy116－hydroxyhexadecanOate（la）．b）Reaction

ratewascalculated丘omtheinitiallinearpartofthesynthesis．c）Yields

WeredeteminedbyGLC．

Next，thelipase－Catalyzedlactonizationofothero－hydroxyacidmethylesters（1b－1d）

WaS Camied out・The results are summarizedinTable4・The TeaCtion of methyl

13－hydroxytridecanoate（lb）gavelactone2bin38％yieldtogetherwiththecorresponding

diolide3bin25％yield（entryl）・Inthecaseofmethy114－hydroxytetradecanOate（lc），the
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yieldoflactone2cwas64％andtheyieldofcorrespondingdiolide3cwas9％（entry2）．

Methyl15－hydroxypentadecanoate（1d）gavelactone2din78％yieldwithnodetectionof

COrreSPOndingdiolide3d（entry3）・Inthecaseofmethyl16－hydroxyhexadecanoate（la），the

yieldoflactone2awas78％andtheyieldofcorrespondingdiolide3awas3％（entry4）．The

yieldoflactone2increasedwiththeincreaseofthechainlength，andontheotherhands，the

diolide3formationdecreasedwiththeincreaseofthechainlength，andbecomenegligiblein

the cases of methyl15－hydroxypentadecanOate（1d；nOt detected）and methyl

16－hydroxyhexadecanoate（1a；3％yield）・Therefore，WithLipaseRsomeproperdistanCe

between ester and　倉ee OH group would need　for the e用．cient　血ramolecular

transester抗cation．

取ble4・Lactonizationofo－HydroxyacidMethylEsterslwithLipasea

？00CH31ipase
？H2）か1
CH20日 凸n＋。（H≦

0

。八

ヨカn
Y 3

C）

Entry HOC鞄イCq2）n．1－COOC‡ち　2，Yield／％b　3，Yield／％b

1

2

3

4

n＝12（1b）

n＝13（1c）

n＝14（1d）

n＝15（1a）

38

64

78

78

25

9

ND

a）Reactionswereperfbrmedat400Cin300misolventwith3goflipase

PandlmMofeachesterfbr72h．b）Isolatedyield．
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Toascertaintheasymmetricnatureofthelipase－Catalyzedlactonization，Iusedracemic

methyllO－hydroxyundecanoate，（旦S）－1e，aSaSubstrate．Becausediolideformationisgreater

With shorter chainlength（n＝8）as mentioned table4，Ionlyisolated45mg ofthe

COrreSPOndingdiolide3e録omlO8mgof（旦S）－1e．Inordertoestimateabsolutecon丘gulation

Oftheproduct，3ewashydrolyzedwithKOH／MeOHandmethylatedwithdiazomethane．The

resultinglewasfoundtobe（杓－isomerbycomparisonofthespecincrotation（［α］D25＝－6．30，

c＝1．4inMeOH）withthatreported（［α】D25＝－5．軍0，C＝2．5inMeOHfor岬［1e）．10The

opticalpurityof（称1ewas97％ec，WhichwasdeteminedbylHヰm瓜oftheMTPAester

usingEu（fodわ．Therecoveredleofthelactonizationwasrichin（みisomer（【α］D25＝＋1．80，

C＝2．9inMeO鱒）．Therefore，itcanbeconcludedthatlipasePcancatalyzestereospeci丘c

intramolecular transesteri負cationleading to theformation of岬＞isomerlactone through

kineticresolutionofaracemic（0－1）－hydroxyacidmethylesterlA12－memberedmacrolide，

（＋）－Patul01ideA，Whichdiscussedinch叩terl，COuldnotsynthesizedbythismethod，butthe

diolidewasobtained．11

0

1e

HO　＊

H3C00C

3e

1ipase
：≧；ニー

H3ち
′

H
O

0　2e

1）KOH，CH30H rt。OH

2）diazomethane

H3G

H＿j

＋　　0

匹）－1e
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2-4. Conclusion

ln summary, 1t WaS reVealed that lipase could be used for facile, preparative and efrlCient

catalyst in synthesizing macrocyclic lactones in organic solvents.Also the effect ofthe solvent

and the effect ofthe methylene chain length of hydroxyester on lactonization was elucidated.

Lipase P can catalyze stereospecific intra･molecular transesterification leading to the formation

of (R)-isomer through kinetic resolution of a racemic (o1 1)-hydroxyacid methyl ester.

Since my initial report,12 the lipase-catalyzed intramolecular transesterification of

o-hydroxy esters has beeh investigated extensively. 13~21 shorter-chain γ一hydroxy esters (n-3)

underwent lactonization with a high yield･13･14 with a medium-sized hydroxy ester (n-9) the

product gave a complex, consistlng Of a mixture of di-, tri-, tetra-, and pentalactones.15

Macrocyclic lactones via direct condensation of diacidswith diols were reported.16 Mevinic

acid analogue17, (R)-recifeiolide18, and several macrolide pheromones19 were synthesized by

uslng enantioselective lactonization･ Lipase catalyzed formation of lactones via irreversible

intramolecular acyltransEer (vinyl esters)20 and the utilization of immobilized lipase21 were

also investlgated.

2-5. Experimental Section

Gemeral

Melting points are uncorrected･ 1H NMR spectra were recorded on a JEOL (100 MHz)

spectrometer･ 1H N- spectra were reported as chemical shiRs in parts-per-million (ppm)

based on a TMS internalstandard in CDC13･ Coupling constants (J) are reported in Hertz (Hz).

Silica gel column cbromatography was perfb-ed on a Merck 70 - 230 mesh･ Commercially

available reagents were usedwithoutfurther puriflCation･ Lipases of Pseudomonas sp･ and
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RhizopusjaPOnicus were supplied by Nagase Biochemicals Ltd･, Osaka･ Lipases of porcine

pancreas, CandLda cylinLiracea and wheat germwere.purchased丘om Sigma･ Lipases of

Rhizopus delmer were purchased from Seikagaku Kogyo Co･, Ltd･, Tokyo･ Lactones and

diolides were determined by Hitachi 163 gas chromatograph equlPPed with FID. For lactones,

a glass column (5 mm, 1 m) packed with Silicone OV-17 was used. Column and injection

temperatures were 190 and 250 oC, respectively･ For diolides, a glass column (5 mm, 1 m)

packed with Silicone DC-QF-1 was used. Column and injection temperatures were 250 oC.

Starting Materials.

16-Hydroxyhexadecanoic acid was purchased fromAldrich･ 1,131Tridecanedioic acid,

1, 14-tetradecanedioic acid and l, 15-pentadecanedioic acid were kindly provided by Nippon

Mining Co., Ltd., To吋o.

Methyl 16-hydroxyhexadecanoate (1a)

Anhydrous HCl (2 g, generated from NaCl and sulfuric acid) was introduced into a

solution of 16-hydroxyhexadecanoic acid (4･16 g, 15.3 mmol) in MeOH (40 mL)｡ The

solution was refluxed for l ･5 h, and kept at room temperature overnight･ The reaction product

was extracted with CH2C12 and dried over anhydrous sodium sulfate and the solvent was

evaporated in vacuo togive la (4･56 g, 100%)･ 1a: white solid mp 54 oC. R (nujol) 3260,

2950, 2915, 2845, 1745, 1740 cm･l; MS m/z 287 (M'+1); )･ 1H NMR (100 MHz, CDC1,) ∂

3･52-3176 (2ft m), 3･67 (3H, s), 2･31 (2H, t), 1.16-1.80 (26H, m).Anal. Calcd for C17H3.0,:

C, 71･26; H, 11･97･ Found: C, 71.38; H, 12.01.
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Methyl13－hydroxytridecanoate（1b）

RedAlsolution（82mmol）dilutedwithtoluene（40mL）wasaddeddropwisetoasolution

Ofl，13⊥tridecanedioicacid（5・Og，20mmol）inTHF（200mL）atOOCduring2．5hundera

nitrogenatmosphere・Themixturewasfurtherstirredfor2・5hatthesametemperature・

Then，3NHCl（300mL）wasaddedcarefu11ytothestirringmixture．Theresultingmixture

WaSeXtraCtedwithCH2C12，WaShedwithwater；anddriedoveranhydroussodiumsulfateand

thesoIventwasevaporatedinⅦCuOtOgivecrudehydroxytridecanoicacid（4．79g）thatwas

usednextreactionwithoutanypuri鮎ation・Esterincationoftheproductwascarriedoutas

describedforla・Columnchromatographyofthecrudeproduct（CH2C12：AcOEt＝20：1）

gavelb（1・26g，25％）・1b：Whitesolidmp370C．R（nqiol）3275，1740cm．1．MSHui245

（M＋＋1）・lHNMR（100MHz，CDC13）83・52－3・70（2H，m），3・67（3王もS），2・31（2H，t），

1・16－1・84（20Ⅰもm）・Anal・CalcdforC14H2％03：C，68．80；托11．56．Found：C，68．47；H，11．47．

Methy114－hydroxytetradecanoate（1c）

Reactionofl，14－tetradecanedioicacid（5・Og，19・4mmol）similartOthatforlbgavelc

（2・07g，41％）aRercolumnchromatography（CH2Cl2：AcOEt＝20：1）・1c：Whitesolidmp

430C・IR（nqiol）3300，2920，2840，1740cm’1；MSm々259（M＋＋1）．1HNMR（100MHz，

CDC13）83・52－3・70（2H，m），3・67（3ⅠちS），2・31＠H，t），1．12－1．84（22H，m）．Anal．Calcdfor

C15H3003：C，69・71；H，11・71・Found：C，69・69；H，11．70．

Methyl15－hydroxypentadecanoate（1d）

Reactionofl，15－Pentadecanedioicacid（1・71g，6・3mmol）similartothat．forlbgaveld

aftercolumnchromatography（C王もC12：AcOEt＝20：1）．1d：Whitesolid．mp50．50C．R
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（nujol）3275，1740cm，1．MSmk273（M＋＋1）．1HNMR（100MHz，CDC13）83．52－3．76（2托

m），3．66（3H，S），2．30（2H，t），1．12－1．84（24H，m）．Anal．CalcdforC16H3203：C，70．53；H，

11．85．Found：C，70．11；H，11．79．

MethyllO－hydroxyundecanoatel（1e）

EsteriBcationoflO－undecenoicacid（5．Og，27．2mmol）asdescribedforlbgavethecrude

ester（5．77g）．

Tb a solution ofthe ester（5．77g）in THF（50mL），Hg（OAc）2（9．08g，28．5mmol）in

THF－H20（1：1，100mL）wasaddedinoneportionandthemixturewasstirredforlh．Then

3NNaOH solution（100mL）was addedtothe reaction mixture and stirredfor30min．

NaBH4（1．96g，51．8mmol）wasaddedportionwise．A鮎rstirringforlh，thereactionmixture

WaSaCidinedwith6NHCIsolution．THFwasevaporatedinvacuoandthesolutionwas

extractedwithEtOAc，driedoveranhydroussodiumsulfateandthesolventwasevaporatedb7

ⅦCuOtOgivethehydroxyacid（5．45g）．EstriBactionofthehydroxyacid（5．45g）asdescribed

forlbgavele（5・33g，91％inthreesteps）a氏ercolumnchromatography（CH2C12：AcOEt＝

50：1）．1e：COlorlessoilR（neat）3350，1740cm‾1．MSmk217（M＋＋1）．1HNMR（100MHz，

CDCl3）81HNMR（CDC13）83．5－4．0（4H，m），2．1－2．5（2ftm），1．1－2．0（14H，m），1．16（3H，d）．

Anal．CalcdforC12H2403：C，66．61；H，11．19．Found：C，66．62；H，11．26．

TypicalProcedurefbrMacrocyclicLactonizationwithLipaseinOrganicSoIvent

Tbasolutionofmethy116－hydroxyhexadecanoate（1a；85．8mg，0．3mmol）inbenzene

（300mL）wasaddedapowderofLipaseP負・OmPTeudbmon∬乎（3．Og），andthesuspension

WaSStirredvigorouslyat400Cfor58－72h・A鮎rseparationoflipasebynltration，nltratewas
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COnCentratedtoglVethecrudeproduct・Theinsolublecompoundinhexanewasnltratedto

give cyclohexadecanediolide（3a；2・O mg）・Soluble product was pu坤ed by column

Chromatography（hexane‥AcOEt＝20‥1）togivecyclohexadecanolide（2a；60．9mg）．

Similarreactionsoflaaswellasthoseoflb－eWereCarriedout・ReactionsuslngOtherlipase

andsoIventsforthedi飴rentreactiontimearesummarizedinTablesl＿4．

Cyclohexadecanolide（2a）

Ⅵeld80％：Whitesolidmp28．5－300C（1it．13350C）」R（両01）2930，2850，1740cm－1．MS

mk254（叶）・lHNMR（100MHz，CDC13）83．9－4．2（2H，m），2．1－2．4（2Ⅰもm），1．1－1．9（26H，

m）・Anal・CalcdforC16nOO2：C，75．52；H，11．89．Found：C，75．09；H，11．82．

Cyclohexadecanediolide（3a）

Ⅵeld3％‥WhitesolidmplO9－1100C（1it・131080C）；IR（両ol）1730cm－1．1＝NMR（100

MHz，CDC13）83・9－4・2（4Ⅰちm），2・1－2・5（4H，m），1．1－1．9（52It m）．Anal．Calcdfor

C32H6004：C，75・52；現11．89．Found：C，74．09；H，11．80．

Cyclotridecanolide（2b）

Puri鮎dbycolumnchromatography（hexane‥AcOEt＝50：1）・Ykld32％：faintyellow

Oil；MSmk212叶）；1HNMR（100MHz，CDC13）84．15（2‡もm），2．36（2H，m），1．1－1．8

（20H，m）．

Cyclotridecanediolide（3b）

Purinedbycolumnchromatography（hexane‥AcOEt＝50：1）・Ⅵeld28％：Whitesolid；
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MS m/z 424 (M+); 1HNMR (CDC13) 8 4.09 (4H, m), 2.29 (4H, m), 1.08-1.80 (40托m).

Cyclotetradecanolide (2c)

Purified by column chromatography (hexane : AcOEt - 20 : 1). Yield 64 %: colorless oil;

MS m/z 226 (M').

Cyclotetradecamediolide (3c)

The insoluble compound in hexane; Yield 9%: white solid; MS m/z 452 (M').

Cyclopentadecanolide (2d)

Purified by column chromatography (CH2C12). Yield 78%: white solid; mp 30-32 oC (1it.13

32oC); R (nujol) 1727 cm-1｡ MS m/z 240 (M+)｡ IH NMR (100 MHz, CDCl,) 8 4.14 (2托m),

2･35 (2H, m), 1･37 (24Ⅰもm)･Anal. Calcd for C15H2802: C, 74.93; H, 11.75. Found: C, 74.50;

H,11.71.

Asymmetric Lactoni2;ation from Racemic Methyl 10-Ⅱydroxyundecanoate (1e)

To the solution ofmethy1 10-hydroxyundecanoate (1e; 108 mg, 0.5 mmol) in hexane (500

mL) was added a powder ofLipase P &om Pseudomonas sp (2.5 g), and the suspension was

stirred vigorously at 40 oC for 31 h･ A鮎r separation of lipase by filtration, filtrate was

concentrated to glVe the crude product･ The product was purified by column chromatography

(hexane : AcOEt = 10 : 1) togive (3R, 14R)-3,14-dimethyl12,13-dioxadocosane-1,12-dione 3e

(45 mg, 0･12 mmol, 14 %)･ 3e: white solid; MS m/z 368 (M'); lHNMR (100 MHz, CDC13) 8

4･95 (4H, m), 2･26 (4H, m), 1･10-1･80 (28H, m), 1.19 (6托d);-[-α]D2? -=一-14.8 -o (c O.63,
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MeOH）．

AlkaliⅡydroIysisof3en）1lowedbyTreatmentwithDiazomethane

Tbthesolutionof3e（40mg）inMeOH（2mL）wasadded2NKOHaq（1mL），andstirred

atroomtemperaturefor6dqys・Then，3NHClaqwasaddedtothestirrlngmixture，the

resultantmixturewasextractedwithCH2C12，andtheoTganicphasewaswashedwithwater；

driedoveranhydroussodiumsulfateandthesoIventwasevqporatedinvacuotoglVethe

Crudehydroxyacid（whitecrystals，30．4mg）．

Tb the solution ofthe crude productin ether was added carefu11y a solution of

diazomethaneinetheLThereactionmixturewasstirredatroomtemperatureovernightand

COnCentratedin一耽uO・The crude product ofmethylester was puriBed by column

Chromatography（CfhC12：AcOEt＝20‥1）togivemethyl（10R）－10－hydroxyundecanoatele

（28・Omg，70％鮎m3e）・le‥［α］D25＝－6・30，C＝1・4inMeOH（1it．10（尺）－1，［α】D25＝－5．8。，C

＝2・5inMeOH）．
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Chapter 3. Practical Synthesis of 15-Hydroxypentadecanoic Acid,

the Precursor of Cyclopentadecanolide, by Using Selective

Hydrogenation with Ruthenium or Rhenium Catalysts

3-1. Summary

The selective hydrogenation of l,15-pentadecanedioic acid derivatives

(1,15-pentadecanedioic acid, methyl hydrogen l,15-pentadecanedioate, and dimethyl

l, 1 5-pentadecanedioate) to 15-hydoxypentadecanoic acid, which is an important precursor of

macrocyclic mdsk cyclopentadecanolide, has been studied uslng Ru-Sn-Alor Re-Sn-AI

catalysts prepared by the sol-gel method. The ability of the selective hydrogenation catalysts

and reaction conditions were evaluated by an apparent hydrogenated ratio of the two terminal

functional groups, which was termed kl此2 Value, determined by comparison of the

experimental results and the calculation under an estimated kinetic model･ Serendipitously it

was found that l, 15-pentadecanedioic acid, which has the same terminalfunctional groups,

gave 1 5-hydoxypentadecanoic acid with high selectlVlty.

3-2. Introductiom

New practical synthesis of natural macrocyclic musks is one ofthe most important topICS

in the perfume industry because the natural macrocyclic musks areknown to be safer and

more biodegradable than the others, polycyclic musks and nitro-musks.1

Cyclopentadecanolide (1) is one of the represented macrocyclic musk perfumes isolated from

the Angelica root･2 Three industrial routes areknown for the manuEacture of ･1. Thefirst

industrial route for the synthesis of l is known as the Story synthesis3, 4 (scheme l). The next
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routeisusingtheringenlargementofcyclododecanone（4）5（Scheme2）．Thelastoneis

achievedusing15－hydoxypentadecanOicacid（6）asanimportantintermediate（Scheme3）．

0醐良。H〈
凸竺H
胃
OH

2

．≡ニ

CuSO4

見
習
二氾→1
3

SchemelThe丘rstindustrialrouteforthesynthesisoflknown’astheStorysynthesis

0

．　　　■＝こ

4 5

0

→ン　1

Scheme2Thesecondindustrialrouteforthesynthesisoflstarted倉omcyclododecanone（4）

Inthelastroute，thesynthesis’ofl＆om6isachievedinexcellentyieldbyCarothers，

method6・7thatusesthepolymerizationof6tothepolyester7andthedepolymerizationof7to

lorbyCollaud，smethod8・9・10，11thatusesvacuumdistillationofglycerolester＄・Therefore，

theeconomicalsynthesisof6isthem句OrPrObleminthisroute5。
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Scheme3ThethirdindustrialrouteforthesymthesisofluslnglntramOlecularCyClization

Started＆om15－hydroxypentadecanoicacid（6）．

Thehydroxyacid6canbepreparedfioml，15－Pentadecanedioicacidderivatives（12，13）

（Scheme　4）・Ⅱhas been reported that the selective reduction of methylhydrogen

l，15－Pentadecan6dioate（12）to6withreducingagentsorhydrogenationcatalysts（BuiNBn12，

Cu－Cr13，Co－La－Pd14），Wherethediffbrenceofthereductionratebetweentheacidgroupand

thefnethylestergroupISutilized・Similarly；theselectivereductionofacidchloride13to6

withareducingagentorahydrogenationcatalyst（NaBH415，Pd／C15）hasbeenreportedusing

thedif托renceofthereductionratebetweentheacidchloridefunctiohalgroupandthemethyl

estergroup・IbelievedthatacatalytichydrogenationofthesederivativesisanaPPrOPriate

WaytOPrePare6economica11y．
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Scheme 4 The synthesis of 15-hydroxypentadecanoic acid (6) from l,15-pentadecanedioic

acid derivatives･ a; reduction or hydrogenation, b; hydrolysis･

Recently, Mizukami and Niwa have developed a Ru-Sn-alumina16 and Re-Sn-alumina17

catalysts that could reduce oleic acid to oleyl alcohol･ These precious metal catalysts would be

better than the popularly used Cu-Cr catalyst because the precious metal catalysts can

hydrogenate a carboxylic acid and an ester group at lower hydrogen pressure. Moreover, these

catalysts are more eco&iendly because they do not use heavy metal such as Cr.

Based on these polntS Of view, I studied on the behavior of these Ru_Sn_alumina and

Re-Sn-alumina cぬ1ysts in tbe selective hydrogenation of methyl hydrogen

l,15-pentadecanedioate (12) to 6･ In this study, I evaluated the ability ･of the selective

hydrogenation catalysts and reaction conditions uslng an aPParent hydrogenated ratio of two

teminalfunctional groups, which was termed kl/k2 Value, determined by comparison of the

experimental results and the calculation under an estimated kinetic model. Moreover l found

that l,15-pentadecanedioic acid, which has same terminalfunctional groups, gave

1 5-hydoxypentadecanoic acid with highselectlVlty. This new method would be effTective r.ute

of industrial preparation or 1 5-hydoxypentadecanoic acid.
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3-3. Results and I)iscussion

Dicarboxylic acid 9 has been industrially available by the fermentation of pentadecane

with Candida18･ Esterification of 9 with methanoland a catalytic amount of sulfuric acid gave

dimethyl eater lO. Half saponification of lO with barium hydroxide in methanolfurnished

barium methyl l,15-pentadecanedioate 1119 as a white precIPltate, and the subsequent

acidification afforded methyl hydrogen l, 1 5-pentadecanedioate 12 (Scheme 4).

The hydrogenation reaction was ca汀ied out in a lOO-mL or 500-mL autoclave reactor at

the required temperature that was charged with the startlng material, solvent and catalyst, and

pressurized with hydrogen to the reaction pressure. A丑er the appropriate time, the reactor was

cooled and the reactionmixture was recovered for analysis. The reaction mixture was

analyzed as the trimethylsillyl ether and/or ester by gas chromatography a氏er the hydrolyzed

with sodium hydroxide in methanol-water solution to glVe hydroxy acid 6, diol 14 and

dicarboxylic acid 9, followed by treatment with trimethylsi11yl chloride/pyridine (Scheme 5).

?ooH (1)hydrogenation?00H

(?H2)13 '(?Hi).3 '
COOH cooH

ﾀ6

?H20H

(?H2) 13
COOCH3

(2) hydrolysis

1之

Scheme 5 Hydrogenation of 12.

?H20H

(?Hｶ.3
CH20H

14

The typICal concentration-time profile for hydrogenation of methyl hydrogen

l,15-pentadecanedioate (12) to 15-hydroxypentadecanoic acid (6) with Ru-Sn-alumina

catalyst is shown in Figure l･ The concentration of9 (0), which is the hydrolyzed product of

12, fe11 monotonously, while the concentration of the intermediate 6 (耳) rose maximum and
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then fe11. On the other hand, the concentration of the final product, diol 14 (○), rose

monotonously.

Figure l Typical concentration-time profile for hydrogenation of methyl hydrogen

l,15-pentadecanedioate (12) to 15-hydroxypentladecanoic acid (6) with 3.O wt% Ru and 3.5

佃% Sn-alumina catalyst at 6.4 Mpa (65 kg/cm2). Reaction conditions: 6, 50 g; catalyst, 6 g;

decaline, 100 g; temp., 250 oC. 0 9 (hydrolyzed product of recovered 12); 4 6; +

1 , 1 5-pentadecanediol (14).

I assumed that hydrogenation of 12 obeys the 2-steps successive first-order reaction path

shown in Scbeme 7.
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c00Rl

（？H2）13
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／

＼

？H20日

（？H2）13
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B

COORl

（？H∂13

CH20H

C

＼

／

？H20日

（？H∂13
CH20日

D

Scheme7Proposedhydrogenationpathofpentadecanedioicacidderivatives．

Itisknownthattheconcentrationofanintermediateina2－StePSSuCCeSSivefirst－Order

reaction dependsontheconversionofstartingmaterialandtheratio ofthe2－StePSrate

constantsofeachstep20・Theyieldoftheintermediatecanbederived＆omthem。Iapplied

theserelationshipstoanalyzetheselectivehydrogenationof12withamod漬cationasshown

below Tb simplifythemodel，Isupposedalsothatthereactionrateconstantofthesame

functionalgroupwasalwayssame，andind甲endentoftheotherterminalfunctionalgroupof

thecompounditselfinthispath．Basedonthepostulatedmodel，thereactionrateconstantsof

bothAtoBandCtoDarerepresentedbykl，andthatofbothAtoCandBtoDbyk2．

When a starting materialAis methylhydrogenl，15－Pentadecanedioate（12），the

COnCentration of the recovered starting material12　thatis measured as　9（［A］），

15－hydroxypentadecanoic acid（6）（担】＋【C］），andl，15－Pentadecanediol（14）（［D］）in

reactionmixturelSglVenaSfunctionoftime；

［1之］（［タカ＝［朗＝［勾oe叩（－（kl＋k2）t）
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[6] - [B] + [C] - [A]o [exp (-klt) + exp(-k2t) - 2exp(-(kl+k2)t)]

[14】 - [D] - 【A]o [1 - exp (-klt) - eXp(-k2り+ 2exp(-(kl+k2)t)】

where kl - hydrogenation rate constant of the terminal group, k2 - hydrogenation rate

constant oftheotherterminal group, kl >= k2, [A] - [A]o, [B] - [C] - [D] -O att- 0.

Therefore, the conversion of 12 and the yield of6 were glVen aS;

Conversion of12 - [[A]o - [A]o exp(-(kl+k2)t)] / [A]o = 1 - exp(-(kl+k2)t) (eq. 4)

Yleld of6 - ([B] + [C]) / [A]o - exp (-klt) + exp(-k2t) - 2exp(-(kl+k2)t)] (eq. 5)

Then a hydrogenated ratio of the two terminal functional groups is glVen aS kl/ k2 Value.

Because orthe de丘nition, kl/ k2 Value is larger than l.

The relationships between the yield of 6 and tbe conversion of 12, which is calcula土ed fbr

kl/ k2 Values = 1, 5 and inflnity, are shown in Figure 2･ These relationships are called the

time-independent plots21 ･

T血e time-independent plot ortbe experimental result orFigure l, which is superposed on

Figure 2, showed good agreement with that ofthe calculation with kl/ k2 Value - 5. Therefore,

I used the kl/ k2 Value, which is determined by comparison ofthe experiTlental results and the

calculation under an estimated kinetic model, to evaluate the relsults of experiments. The kl/

k2 Value is time-independent and could be determined by slngle data polnt When the

conversion is &om c･a･ 40 to 90%, consequently, the kl/ k2 Value is convenient for the direct

comparison orthe result orvarious screenlngS･
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Conversion（％）

Figure2Relationshipbetweenyieldandconversionfor．glVenkl／bvalues．ThedatapolntS

arethesameresultshownonFigurel．

Ahigherkl／k2ValuelSPreferabletotheeconomicalpreparationof6．Whenakl／k2Value

is high，eaChthe maximum yield of6and the conversion ofstarting materialis high．

Therefbre，the high conversion of startlng material　would not need to separate

l，15－Pentadecanedioicacid（9）＆omreactionmixbr占濾erthehydrolysis．Ontheotherhand，

Whenakl／k2Valueislow；theconversionofstartlngmaterialneedstobelowinorderto

avoidobtainingunwanted14insteadof6．Becausethelowconversionofstartlngmaterial

leadsalargeamOuntOf9，thenecessityofaseparationof9wouldhurteconomicalmeritof

thehydrogenationroute．

Inordertoexplorebettercatalystsandconditionsforthepreparationof6，Istudiedthat

the e晩ct of the temperature on　the hydrogenation of methylhydrogen

l，15－Pentadecanedioate（12）usingRe－Sn－Alcatalysts（Tablel），thee飴ctofthehydrogen
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PreSSureOnthehydrogenationof12usingRe－Sn－Alcatalysts（Thble2），thee飴ctofatomic

ratioofRetoSnonthehydrogenationof12usingRe－Sn－Alcatalysts（Table3），theeffbctof

CalcinationandactivationconditionofRu－Sn－Alcatalystsonthehydrogenationof12（Table

4），theeffbctofthesecondmetaladditiveforRe－Alcatalystsonthehydrogenationof12

（Table5），andtheeffbctofstartingmaterialsusi喝Ru－Sn－Alcatalyst（Table6）．

勒blel・Effbct of the temperature on　the hydrogenation of methylhydrogen

l，15rpentadecanedioate（12）usingRe－Sn－Alcatalystsa．

（手芸二」量琴鍔ご
C00CH3

12

EntⅣ　　Temp．

／OC

COOH

慧憲n慧‡；許¢慧‡ヲ％b的
1　　　　　220

2　　　　　250

3　　　　　265

4　　　　　280

3　　　　　　　94

15　　　　　　93

23　　　　　　90

28　　　　　　9l

3　　　　　d

14　　　　d

21　　　　d

25　　　　d

a）Reactionconditions‥Catalyst，Re207（2wt％）／Sn（OE【h匹e／Sn＝1

／0・5）／aluminumisopropoxide．activatedat400OCfbr4hinastream

Ofhydrogen・4・Og；PreSSure，6・5MPa；reaCtiontime，3h；methyl

hydrogenl，15－Pentadecanedioate12，50．Og；decaline，100．Og．b）

ⅥeldsweredeteminedbyGLC・C）Selectivity＝Yield／Conversion．d）

Thekl此2valuecouldnotbedeteminedbecauseoflowconversion．

UsingtheRe－Sn－Alcatalyst，thee飴ctofthehydrogenationtemperaturewasexamined

（Tablel）・Theconversionat2200Cwaslowat3・4％（entryl）・Increasingthehydrogenation

temperatureto2800Cledtotheincreasedconversionanddecreasedselectivity（entries2－4）．
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The effect on kl/k2 Value of these conditions could not be determined because of the low

conversion ofthem. I chose 250 or 280 oC fbr the experime山herea免er.

Moreover the effect of the hydrogenation pressure was investigated (Table 2).Asshown

Table 2, increaslng the hydrogenation pressure from 3.O to 12.O MPa improved the conversion

(entries l-3). The effect on kl/k2 Value ofthese conditions could not be determined because of

the low conversion of them in these cases｡ I chose 6.5 or lO.O Mpa for the experiment

hereafter.

Table 2. Effect of the hydrogen pressure on the hydrogenation of 12 uslng Re-Sn-AI

catalystsa･

EntqｱSsaure :fOln2Ve;o;.:n.Sfe16e許c芸e:ｦ%b kl/k2
1 3.0

2 6.5

10 90 9 d

15 93 14 d

3 12.0 23 89 21 d

a) Reaction conditions: catalyst, Re207 (2 Ⅵけ%)/ Sn(OEt)4畔e / Sn = 1

/ 0.5) / aluminum isopropoxide. activated at 400 oC fbr4 h in a stream.

ofhydrogen･ 4･O g; temperature, 250 oC;'reaction time, 3 h; methyl

bydrogen l,15-pentadecanedioate 12, 50.O g; decaline, 100.O g. b)

Yields were determined by GLC. c) Selectivity- Yield / Conversion. d)

The kl収2 value could not be determined because oflow conversion.

Next, the effect of atomic ratio ofRe to Sn on the conversion, selectivity, yield and a kl/

k2 Value in the hydrogenation of monoester 12 was investigated (Table 3). In the absence and

very low ratio (1:0.01 - 0.1) ofSn, the catalyst was highly active and showed a conversion of

about 60 - 80 % with kl/ k2 Value - 1(entries l-3). The increasing incorporation of Sn into the

catalyst clearly modified the actlVlty Ofthe catalyst, and the conversion decreased under 20 %
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andsokl／k2Valuecouldnotbedetermined（entries5－7）．Theprolongedreactiontime（24h）

WithmodinedreactionconditionuslngRe／Sn＝1：0・5catalystshowedthekl／k2Value＝4

（entry4），Therefore，theatomicratioofRe／Snofl：0．5－2mightshowkl／k2Value＞1。The

SOurCeOfSndidnota飴cttheresults（Sn（OEt）4：entry6，SnC14：entry7）．

取bIe3・E飴ctoftheatomicratioofRetoSnonthehydrogenationof12uslngRe－Sn－AI

叫慧諾箋㌘io慧諾；訝慧慧；許C≡‡ヲ％b的
1

2

3

4

5

6

7

1／0　　　　　74

1／0．01d　　79

1／0．1d　　　61

1／0．5f　　　85

1／0．5e　　　21

1／1e　　　　20

1／2d　　　15

8　　　　1／2e　　　　12

63

55

63

71

95

96

97

96

47　　　　1

44　　　　1

38　　　　1

60　　　　　4

20　　　　＿g

19　　　　＿g

15　　　　＿g

ll　　　＿g

a）Reactionconditions‥Catalyst，ReC13（2Ⅵ確％）／Sn（OEt）40rSnCl4／

aluminumisopropoxide．activatedat4000Cfor4hinastreamof

hydrogen・1・5g；temPerature，2800C；Pressure，10・OMPa，reaCtiontime，

3h；methylhydrogenl，15－Pentadecanedioate12，15・Og；decaline，30．O

g・b）ⅥeldsweredeterminedbyGLC．c）Selectivity＝Yield／

Conversion・d）SnsourceisSn（OEt）4．e）SnsourceisSnC14．f）Reaction

COndidons：Catalyst，ReC13（2wt％）／Sn（0放）4／aluminumisopropoxide。

activatedat4000Cfbr4hinastreamofhydrogen・4・Og；temPerature，

2500C；Pressure，6・5MPa，reaCtiontime，24h；12，50・Og；decaline，

100・Og・g）Thekl此2Valuecouldnotbedeterminedbecauseoflow

Moreoveritwasstudiedthattheeffbctofcalcinationandactivationconditionsofthe

→52－



Ru－Sn－Alcatalystsonthehydrogenationofmethylester12（Table4）．AsshowninTable4，

thecalcinationofRu－Sncatalystat400to6000Cgavethekl／k2Valueof4（entries4，5），and

theactivationofthecatalystat400to8000Calsogavethekl／k2Valueof4（entriesl－3）．

Activationandcalcinationconditionsofcatalystswerefoundhardlytoa飴ctthecatalytic

activityandselectivity．

1払bIe4，Effbct of calcination and activation condition of Ru－Sn－Alcatalysts onthe

hydrogenationof12a．

E叫芳n血諾血慧慧n≡；慧訝e慧言ヲ％。構

1

2

3

4

5

Ru（2．Owt％）

600　　　　　400

600　　　　　600

600　　　　　800

Ru（3．Owt％）

400　　　　　400

600　　　　　400

45

48

55

81

75

90　　　　　　40　　　　　4

89　　　　　　42　　　　　4

87　　　　　48　　　　　4

73　　　　　　59　　　　　4

80　　　　　60　　　　　5

a）Reactionconditions：Catalyst，Ru（acaり30rRuCl3／Sn（OEt）4匹u／Sn＝1／1）／

aluminumisopropoxide．1．5g；temPerature，2800C；Pressure，10．OMPa，reaCtion

time，3h；methylhydrogenl，15－Pentadecanedioate12，15．Og；decaline，30．Og．b）

Thecatalystiscalcinatedinair．c）Thecatalystisactivatedinhydrogen．d）Yields

WeredeteminedbyGLC．9）Selectivity＝Yield／Conversion．

Itisexaminedthatthee飴ctofthesecondmetaladditiveforRe－Alcatalystsonthe

hydrogenation ofmethylhydrogenl，15－Pentadecanedioate（12）（Table5）．Underthe占e

COnditions，thecatalystcontainingtranSitionmetalssuchasFe（entry2），Co（entry3），Ni

（entry4），Cu（entry5），Zn（entry6）didnotshowanye銑ctscomparedtotheRecatalyst
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(entry l)･ The catalysts containing group IV elements such as Sn (entry 7), Pb (entry 8) and

group V elements such as Sb (entry 9), Bi (entry lO) decreased the conversion･ I chose S甲aS

the second metal fbr my study according to the catalyst fbr the hydrogenation of oleic acidxx;

however, Pb, Sb, and Bi would show good selectivity from this result.

Table 5･ Effect ofthe second metal additive for Re-Alcatalysts on the hydrogenation of 12a.

?ooH i)hydro!en?tion?H20H
ii) hydrolysis

(?H2)13
COOCH3

12

Entq :eec.oJd.?1n2Ve/r.:i.:n.?fe16e;t5%Tc :fie:ｦ%b klk2
1 nOne

2 Fe

3 Co

4 Ni

5 Cu

6 Zn

7 Sn

8 pb

9 Sb

lO Bi

74 63

82 53

79 54

68 64

62. 69

79 55

20 46

8 57

6 50

29 84

47 1

43 1

43 1

43 1

43 1

43 1

9

4

3

25

d

d

d

d

a) Reaction conditions: catalyst, Re207 0r ReC13 (2切%)/ metal

ethoxide (Re / Sn - 1 / 1) / aluminum isopropoxide. activated at 400 oC

fbr 4 h in a stream ofhydrogen･ 1･5 g; temperature, 280 oC; pressure,

10･O Mpa; reaction time, 3 h; methyl hydrogen l, 15-pentadecanedioate

12, 15･O g; decaline, 30･O g･ b) Yields were determined by GLC. c)

Selectivity - Yield / Conversion. d) The kl/k2 Value could not be

determined because of low conversion.
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Finallydicatboxylicacid9anddimethylesterlOwereexaminedtocon鮎mthatthe

reactionmechahismshownabovecouldbeextrapolatedtothem（Table6）．Ihadexpectedthat

bothdicarboxylicacid9anddimethylesterlOshouldshowkl／k2Value＝1becausethese

COmPOundshavesamefunctionalgroupsattheirterminalsrespectively．DimethylesterlO

Showedthatkl／k2Value＝1，however；dicarboxylicacid9showedthatkl／k2Value＝6

againstmyexpectation．Thehydrogenationof9gaveoneofthebestyieldsof6（62％）（ehtry

l）。

The preparation of6倉om9is much advantageousforindustrially agalnStthe

COnYentionalroute＆om12becauseofshortenlngthereactionstep．

1払ble6．Hydrogenationresultofl，15－Pentadevanedioicacidderivatives，dicarboxylicacid9，

dimethylesterlOandmethylhydrogenl，15－Pentadecanedioate12a。

（…器」笹（…器
，Rl＝が＝H

lORl＝が＝CH3

12Rl＝H，R2＝CH3

E叫慧；芸慧慧。′％b慧芸訝C慧ごヲ％b埴
1　　　　，　　　　　　94　　　　　　　　66　　　　　62　　　　　6

2　　　　10　　　　　　43　　　　　　　　80　　　　　34　　　　1

3　　　　12　　　　　　48　　　　　　　　88　　　　　42　　　　4

a）Reactionconditions：Catalyst，RuCl3／Sn（OEt）4／（Ru／Sn＝1／1）

aldminumisopropoxide．1．5g；temPerature，2800C；Pressure，10．OMPa，

reactiontime，3h；Stardngmaterial，15．Og；decaline，30．Og．b）Yieldswere

determinedbyGLC．c）Selectivity＝Yield／Conversion．
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Theseresultscanbeexplainedreasonablybytwohypotheses．The丘rstoneisdescribed

below DimethylesterlOis hydrogenated by the route A shownin Scheme9．The

hydrogenation oflO bythe Route Ashowsthat kl／k2Value＝1because the terminal

functionalgroupISSame．

RouteA

COOCH3

（？＝2）13聖・
COOCH3

？H20H　？H20日

（？＝2）・13曳望。（？＝2）13
COOCH3　　　CH20H

15 14

Scheme9ProposedreactionpathwayonhydrogenationoflObasedontheLrsthypothesis・

Ontheotherhand，dicarboxylicacid9ishydrogenatedby2routes，BandCshownin

SchemelO・Th占routeBisthe2－StePSSuCCeSSive丘rst－Orderreactiondiscussedabove。The

hydrogenationof9bytherouteBshowsthatkl／k2Value＝1becausetheterminalfuncti。nal

groupISSame・TherouteCisthepathwaythattheesteri鮎ationisconcerned・Thehydroxy

groupof6reactsacatboxylicgroupof9toglVetheester16・Next，OneCarboxylicgroupof

16ishydrogenatedtoglVe17。Thenthehydroxygroupof17reactsacatboxylicgroupof

another9bytheesteri鮎ation・TherepeatedthesereactionsglVePOlyesterl＄，Whichis

COmPOSedofadiol14and2nof6・Therefore，theproductsoftherouteBaremainly6，andit

SeemSqPParentlythattheselectivehydrogenationisdonea鮎rhydrolysisofl＄．Thuswhile

thehydrogenationof9showsthatkl／k2Value＞1apparentlybythecontributionoftheroute

C．
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？00H　？H20H　　？H20H

RouteB　（？H2）13聖・（？H2）13曳望・（？H2）13
COOH COOH CH20H

， ‘

RouteC　9bg・6竺（芋冨：聖・
CH2？
C

l

（？
C

O

H2）13

00日

1‘

C00日

「

H

？H20

（？H2）1
CO
】

CH20

（？H2）13ミ（？H2）13
CH2？
CO

（？H2）1
CH20

17

CH20

乙「

］n

】

CO

（？H2）13

CH2？
18　日

1

SchemelOProposedreactionpathwaysofhydrogenationof9basedontheBrsthypothesis．

These results can be also explained reasonably by the other hypothesis that the

hydrogenationrateofthecarboxylgroupof9and6wouldnotbeequalbythediffbrenceof

theintermolecularhydrogenbonds（Schemell）．The hydrogenationrateofthe carboxyl

group，Which does notmaketheintermOlecularhydrogenbondwouldbefasterthanthe

hydrogenationrateofthecarboxylgroup，Whichmaketheintermolecularhydrogenbond。

Therefore，thehydrogenationof9showsthatkl／k2Value＞1．Thehydrogenationrateofthe

estergroupoflOand15areequal，becausetheyarenota銑ctedbythehydrogenbonds．

（H㌢（CH2）n｛：二㌻（CH2）n－くHだ1－√（CH2）n一鴬ニ㌻（CH2）nr。H）′2
9　　　　　　　　　　　　　　　　　　　　‘

／‾（CH2）㌃ヽ＿HH－0

14

Scheme11Proposed reaction pathways of hydrogenation of9based on the second

hypothesis．
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3-4. Conclusion

The selective hydrogenation of l,15-pentadecanedioic acid derivatives

(l, 15-pentadecanedioic acid (ﾀ), methyl hydrogen l, 1 5-pentadecanedioate (12), and dimethyl

l,15-pentadecanedioate (10)) to 15-hydoxypentadecanoic acid (6), which is an important

precursor of macrocyclic musk cyclopentadecanolide, has been studied uslng Ru-Sn-Alor

Re-Sn-Alcatalysts prepared by the sol-gel method. The ability of the selective hydrogenation

catalysts and reaction conditions were evaluated by an apparent hydrogenated ratio of the two

terminalfunctional groups determined by comparison of the experimental results and the

calculation under an estimated kinetic model. I found that l,15-pentadecanedioic acid (9),

which has same terminalfunctional groups, gave 15-hydoxypentadecanoic acid (6) with high

selectlVlty･ This new method would be effective route of industrial preparation of 6.

3-5. Experimental section

GeJl eral

Silica gel column chromatography was performed on a Merck Art. 7734 and 9385｡

Commercially available reagents were used withoutfurther purification.

Starting Materials.

1,15-pentadecanedioic acid (9) was prepared by the microbial oxidation (Candiゐ

Tropicalis) of n-pentadecane･ Dimethyl l,15-pentadecanedioate (10) was prepared by the

esterification of 9 with methanol and sulfuric acid･ Saponification of lO with barium

hydroxide in methanol gave methyl hydrogen l,15-pentadecanedioate-Ba､ salt ll as a
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PreCIPltate，andfo1lowlngaCidi丘cationgavemethylhydrogenl，15－Pentadecanedioatemethyl

ester12。

CatalystPreparation

Sol－gelRu－SnAluminaCatalysts

Sol－gelRu－SnaluminacatalystswereprepareduslngMizukamiandco－WOrkersprotocol．

MetalprecursorswereRuC13・3H20，SnC12・2H20andaluminumiso－PrOPOXide．SoIventsused

Wereethanolandhexyleneglycol（KantoReagents）．

Solutionsofl．5gofRuC13・3H20and2．55gofSnC12・2H20inlOmLand30mLethanol，

respectively，Were added to123．5g ofhexyleneglycol．ThenlO6．5g of aluminum

iso－PrOPOXidewasaddedtothissolution，andthemixturewasstirredfor4hat80－900C．Tba

homogeneoussolutionobtained，42gofwaterwasaddedandtheresultantmixturewasaged

for3hatthesametemperature．Thegelobtainedwasdriedat1700Cundervacuum。

Sol－gelRu－SnAluminaCatalysts（ChlorideFree）

Thirtygrams ofconcentratednitric acidwas addedto30mLofsuspended solutionof

ethanoIcontaining3gofRu（acac）3，andthemixturewasstirredfor2hat80－900C．An

additiona123gofconcentratednitricacidwasthenadded，andthecomplexadheringtothe

Wallofthevesselwaswashedoutintothesolutionwithassmallanamountofaceticacidas

POSSible．A丘erheatlngforanother3－4hat90－1000C，thesolutionbecameredandclear．

Nhrogenoxidewasgeneratedduriqgheatlng・A丑erthesolutionwasevaporated，163．7gof

hexyleneglycoland142gofaluminumiso－PrOPOXidewereaddedtotheresidue，andthe

mixturewasstirredfor4hat80－900C．Then4．5gofSn（OEt）4WaSadded，andthemixture
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WaSStirredforanotherhouratthesametemperature・Then42gofwaterwasadded，andthe

gelobtainedwas喝edfor2hatthesametemperaturebeforebeingdriedat1600Cunder

Sol－gelRe－SnAluminaCatalysts

Sol－gelRe－SnaluminacatalystswereprepareduslngMizukamiandco－WO止ersprotocol。

MetalprecursorswereRechloride（ReC13），andammoniumperrhenate（N払ReO4）forRe；

StannOuSChloridehydrate（SnC12・2日20），Stannicchloridehydrate（SnC14・nH20）andstannic

tetraethoxide（Sn（OEt）4）forSn；andaluminumiso－PrOPOXide．SoIventsusedwereethanoland

hexyleneglycol（KantoRe喝entS）．

SolutionsofO・94gofReC13and2・25gofSnC14・nH20in300mi・and300mLethanol，

respectively；Were added to132・8g ofhexylene glycol・Thenl14・8g ofaluminum

iso－PrOPOXidewasaddedtothissolution，andthemixturewasstirredfor3hat80－900C．Tba

homogeneoussolutionobtained，46gofwaterwasaddedandtheresultantmixturewasaged

forlhatthesametemperature・Thegelobtainedwasdriedat1700Cundervacuum．

ⅡydrogenationReaction

ThehydrogenationreactionwascarriedoutinalOO－mLor500－mLreacterequlPPedwith

apressureregulatorlThereactorwaschargedwithstartlngmaterial，Catalyst，SOlventand

additivetogetherandpurgedwithhydrogenfourtimestoremoveairThereactorwasthen

heatedtotherequiredtemperatureandpressurizedwithhydrogentothereactionpressure，

Whichwasmaintainedthroughoutthereaction・StirringwasmaintainedataboutlOOOrpm．At

theendofthespeci丘edtime，thereactorwascooledandthereactionproductwasrecovered
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for analysis.

Analysis of Products

The aliquot (200 mg) of reaction products was hydrolyzed with a l ml of 6 N sodium

hydroxide solution and 2 ml ofmethanol at 70 oC for 2 h･ Then, 1 ml of6 N hydrochloric acid

was added to the hydrolyzed mixture, and th6 mixture was extracted with ether, and

concentrated. About lO mg of crude solid was derivatized with 250 pl of trimethylsillyl

chloride/pyridine (GL Sciences lnc., Tokyo) at 1 50 oC. The derivatized reaction products were

analyzed by gas chromatography with a 25 m and O.25 mm OVI column (GL Sciences lnc･,

Tokyo) operated with 200 oC and with helium as a carrier gas･ Aflame ionization detector

was used.
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Chapter4．PracticalSynthesis ofCyclopentadecanone byUsing

Catalytic Liquid－Phase Dehydration of

2－Hydroxycyelopemtadecanone

4－1．Summary

A new and e伍cient synthesis of cyclopentadecanone，One Of the representative

macrocyclicmu正perfumes，WaSaChievedbymeansofcatalyticliquid－Phasedehydrationof

2－hydroxycyclopentadecanone（acyloin）under3000C as the key step．This dehydration

reactionispracticalwithrespecttoavailabilityofequlPmentCOmParedwiththeconventional

VaPOトPhase method requiring a higher reaction temperature（540－560　0C）．Using a

Silica－alumina solid acid catalyst，Iobtained a mixture of2－CyClopentadecenones and

3－CyClopentadecenonesin　85％　combined yield under optlmized conditions，and the

Subsequent hydrogenation ofthem gave cyclopentadecanone quantitatively．This2－SteP

Synthesis，WhichwascarriedoutinacatalyticmanneちCanbesaidtobemoreeco倉iendlythan

the presently used・PrOteSS．Furthermore，this route opens a practicalsynthetic way of

muSCOne．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

4－2．Introduction

Anewpracticalmethodforthesynthesisofnaturalmacrocyclicmusksisoneofthemost

importanttopICSintheperfumeindustrybecausethenaturalmacrocyclicrrmsksareknownto

besafbrandmorebiodegradablethantheothers，l・e・，POlycyclicmusksandnitro－rrmSks．1
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NO2

macrocyclic musks nitro-musks

(ex･ Cyclopentadecanone) (ex. musk xylol)

polycyclic musks

(ex. Galaxolide)

Cyclopentadecanone (1)2, one of the representative macrocyclic musks isolated from the

muskrat by Stevens and Erickson,3 has been produced in an industrial process uslng a

modification of Prelog.s method4,5 since the 1980,s by the acyloin condensation of dimethyl

pentadecanedioate (2) and the Clemmensen-type reduction6 of 2-hydroxycyclopentadecanone

(3) (Scheme l)･ The diester 2 was derived from the esterification of pentadecanedibic acid

which was the fermentation product of pentadecane obtained with Candiゐmaltosa.5 since

the Clemmensen-type reduction uslng Zinc and hydrochloric acid is a stoicbiometric reaction

and, moreover, a part of the zinc and hydrochloric acid is consumed regardless of the

reductlOn, this step suffers &om much waste as ZnCl2 and acidic water･ From the viewpolnt Of

atom efficiency and an environmentally benign process, the industrial process for synthesis of

l would be better if the zinc reduction step were replaced by an alternative method, e･g･,

catalytic dehydration and catalytic hydrogenation.

coocH3 Na, toluene卜

(?H3)13
COOCH3 90%

2

Scheme l･ Industrial process of l uslng a mOdiflCation ofPrelog･s method.
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To my bestknowledge, the synthesis of cyclopentadecenone by the one-step dehydration

of acyloin 3, which does not use a protective and a leavlng grOuP for the synthesis, was only

reported by Stoll in the 1940,s for the preparation of 2-cyclopentadecenone7, the key

intermediate of muscone, and related compounds8･ while a catalytic hydrogenation of

cyclopentadecenone would be an interestlng aPPrOaCh lfor the synthesis of

cyclopentadecanone (1), the necessity of the special equipment for the Stoll one-step

dehydration, Ⅵ血ich was achieved by using alumina at high temperature (540-560 oC) in

vapor-phase, hampers adopting iL Therefore, I developed an efrlCient synthesis of l by uslng

a practical catalytic liquid-phase dehydration of 3 at a lower temperature as a key reaction in

order to use a multi-purpose plant for industrial production. (Scheme 2).

dehy drado n

cataly st
hydro genatio n

cataly st

Scheme 2. Synthetic route to cyclopentadecanone (1)

4-3. Results and Discussion

First, I screened various acid catalysts fbr the liquid-phase dehydration of 3 under reaction

conditions shown in Table l･ Acyloin 3 was prepared by the acyloin condensation of 2 in an

industrial process and used without purification (purity 68%, by-products were mostly

oligomers arising from intermolecular condensations). The yield, based on acyloin 3, was

determined by internal standard (eicosane) method of GLC analysis using a SE30-packed

column.
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The catalytic dehydration with phosphoric acid at 240 oC for O･3 h gave cis- and

irans-2-cyclopentadecenone 49 together with cis- and irans-3-cyclopentadecenone 59 in 64%

combined yield (entry l)･ The ctude products with low boiling points were separated in 2

fractions by column chromatography on silica gel, One fraction, at the earlier retention time in

GLC analysis uslng a SE30-packed column, contained cis-4, cis-5 and trans-5 as an

inseparablemixture･ The other, at the later retention time, contained trans-4. Formation of the

4 isomers is not troublesome because the followlng hydrogenation of these isomers can afford

only the desired ketone, 1･ Prolongation of the reaction time (1 h) caused a decreaseinthe

yield (entry 2)･ Polyphosphoric acid was also effective togive 4 and 5 in 65% yield (entry 3).

In tbe case of mぬphosphoric acid, phosphorus pentoxide, and boric acid, the yields

decreased considerably (entries 4J)･ Moreover, the reaction with p-toluenesulfonic acid gave

4 and 5 in only 7% combined yield (entry 7). The low yield might be due to formation of

by-products with bigh boiling polntS. Similar treatment with oxalic acid resulted in no

increase in the yield (entry 8)･ The catalytic dehydration using a solid acid catalyst such as

su胞ted zirconia alumina (SZA291/03)10 also触nished 4 and 5 in 49% yield with 5.O g orthe
■l■

catalyst (entry 9)･ Thereafter, I chose solid acid catalysts for this research because they

seemed to be preferable with respect to green chemistry･
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Table l. Catalytic dehydration of 2-hydroxycyclopentadecanone (3)

3 (6.Og, 17mmol)

catalyst (0. 1 g)

Li qui d-Ph ase

(with out Solveflt)

yield (%)

enby catalyst temp (oC) dme (h) conv (%) 4and 5a)

1 H3PO4

2 H3PO4

3 H4P2 07

4 HPO3

5 P205

6 HBO3

7 p-TsOH

8 (COOH)2

240

240

240

240

180

290

120

180

9 SZA29 1/03b) 200

0.3 93

1 97

0.3 96

1

1

1

1

1

1

36

71

64

73

11

99

a) Detemined by GLC analysis. b) Sulfated zirconia almina (solid-acid) (5 g).

Next, I examined the effect of the concentration of 3 uslng the SZA291/03 catalyst was

used･ The lower･ the concentration of 3 by diluting with tetradecane, the better the yield, as

shown in Table 2･ It is reasonable that lowerlng the concentration would prevent the formation

of by-products derived from intermolecular side reactions･ The catalytic dehydration with

homogeneous catalyst such as phosphoric acid might show the same effect.

Compared with homogeneous acid catalysts, heterogeneous (solid) acid catalysts would

have several advantages such as easy separation, re-use of recovered catalysts, no need for

neutralization, and the resultant decrease in waste･ Thus, I investlgated the dehydration

activity of some solid acid catalysts. Since l found that the lower the concentration of 3, the

better the yield, I used a solvent such as tetradecane and toluene as shown in Table 2.
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恥bIe2・E飴ctofconcentrationofacyloin30ndehydrationuslngSZAcatalyst・

0

OH

3（6．Og，17mmol）

SZA291／03（5g）

C14H30，2000C

0

4

1

＋

0

5

yleld（％）

entry C14H30（g）　　time（h）　　conv（％）　　4and5a）

1

2

3

4

5

0

12

24

54

114

1

3

5

4

6

99

99

99

97

97

49

64

70

73

77

a）DeteminedbyGLCanalysis．

Asa’resuk，COmmOnlyusedsolidacidssuchassilica－alumina（Si－AlHA＠andLAP）and

ZeOlheqeolyte⑧cBV720）showedfairtogooddehydrationactivity（Tbble3；entries2－7）in

additiontothesulfatedzirconiaalumina（SZA291／03；entryl）．Underoptimizedconditions，

thedehydrationwithSi－AlHA⑧gave4and5in85％yield（entry3）・Thedehydrationcatalyst

（Si－AlHが）couldbeeasilyrecoveredby凸1trationandre－uSed（entries4，5）・Thedehydration

withthere－uSedcatalystresultedinslightlyloweryield・Si－AILA⑧gave4and5in76％yield

andzeolite（Zeolyte㊨cBV720）gave4and5in41％yield（entries6，7）
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Thble3・DehydrationactlⅥtyOfsilica－aluminaandzeolite

OH

0

3（6．Og，17mmol）

孤叫　　　Cぬ1y㌔

Gぬ1yst（1．Og）

0

1

C14H）0

4

C14H30　　　temp　　　　壷m8

＋

0

5

カeld（％）

（g）　　（OC）　　匝）　∽nV（％）　　4and5切

1　　　SZA291／03

2　　　Si＿創ⅧAm

3　　　Si＿山欄Am

4C）　si＿A⊥HATM

5C，d）　si＿山HATM

6　　　Si＿刃L〟M

7　　Z印1yt¢CBⅥ2dm

114　　　　　　200

12　　　　　220

54　　　　　　220

108　　　　　　240

10g　　　　　240

54　　　　　　200

12　　　　　220

6　　　　　　　　97

2　　　　　　　　93

7　　　　　　　　93

3　　　　　　　100

3　　　　　　　　98

2　　　　　　　　96

12　　　　　　　81

77

66

85

76

57

76

41

a）Commercial1yavai1ablc録omCatalysts＆ChemicalsIndustdcsCo，Ltd．andZ印IystIntemational・b）DcteminedbyGLC

analysis．c）3（12g，34mmol），Cataly率（2．Og），andtolueneassoIvent・

d）Therecovered由血1ystofcntry4wasused，

Finally；Catalytichydrogenationofamixtureof4and5with5％Pd／Cunderahydrogen

atmosphereatroomtemperaturefor6hgavelquantitatively．

Largerscaledehydrationintoluenewascamiedoutina500mlautoclavereactortoisolate

the ketonel．The yield ofdehydration determined by GLC was77％，and a氏er the

hydrogenation，theconcentratedreactionmiⅩtureWaSPur抗edbysplnnlngbanddistillationto

glVelin63％overallisolatedyieldbasedon3．

Thecatalyticdehydration－dehydrogenationprotocoIshowsimprovedatomefnciencyover

thezinc－hydrochloricacidprotocol．Theprocessgivesonlywaterasby－PrOduct，Whilethe

Zinc－hydrochloricacidprotocolgivesZnC120therthanwater（Scheme3）．

InadditiontotheimprovementofatomefnciencyandanenVironmentalissuewhichis
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already described, this process has the advantage of being able to produce

lrans-2-cyclopentadecenone (4) that is the key compound for a synthesis of muscone (6).

Natura11y occurring (R)-muscone can be synthesized by asymmetric Michel additionll 'of the

methyl group to trans-4, and (R,S)-muscone can be also synthesized by Michel additibn9

(Scheme4).

3

Catalytic Dehydration-Ⅱydrogenation Protocol

3+H2 → 1+H20

Zinc-ⅡydrochJoric acid Protocol

3+Zn+HCl ～ 1 +H20+ZnC12

Scheme 31 Comparison of an atom efTICiency ofthe catalytic dehydration-hydrogenation

protocol and the zinc-hydrochloric acid protocol.
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0

3

OH

Catalytic

Dehydration

一鱒20

0

4

0

5

h

Michael

Addition

Catalytic

恥血ogen如io

H2

0

6musCOne

O

1

Clemmensen－typeReduction zn，HCI

Scheme4．Advant喝eOfthecatalyticdehydration－hydrogenationoverthezinc－hydrochloric

acid；thesyntheticrouteformuscone（6）倉omenone4・

4－4．Comclusion

In conclusion，Ihave developed a new efncient route　for　the synthesis of

cyclopentadecanOne（1）by using　the catalyticliquid phase dehydration of

2－hydroxycyclopentadecanOne（3）asakeyreactioninsteadofstoichiometriczincreduction・

Sincethe2－StePtranSformationoftheacyloin3totheketonelwascaniedoutinacatalytic

manner；thewastewasreduced，and，therefore，theprocesscanbesaidtobeeco倉iendly・

F血hermOre，thisrouteopensapracticalsyntheticwayofmuscone（6）

小5．ExperimemtalSectiom

General
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Yieldsofdehydrationandhydrogenationweredeterminedbyinternalstandard（eicosane）

methodofGLC‾analysisuslngaSE30－PaCkedcolumnwithShimazuGC9A・

StartingMaterials．

Acyloin3waspreparedbytheacyloincondensationof2inanindustrialprocessandused

Withoutpuri鮎ation・Thesamplehas68％purlty，includingby－PrOductswhichconsistof

mostlyoligomersbyintermolecularcondensations・

CatalyticDehydrationof2－Ⅱydroxycyclopentadecanone（3）

InalOOmlthree－neCkedround－bottomedflaskequlPPedwithathermometeちaCOOler；

andamagneticstirriqgbarwerecharged3（6．Og，17．1mmol），aCid，andsoIventshownin

Tableslto3undernitrogen．Themixturewasstirredatthetemperaturefortheperiodalso

ShowninTableslto3．InthecasesofusingtolueneasasoIveht，3（12．Og，34．2mmol）was

Subjectedtodehydrationuslnga300miautoclavewithanautomatictemperaturecontroland

anagltatOrlThenthemixturewasanalyzedbyGLC．Inthecaseofsolidacids，the別tratewas

analyzeda氏eraseparationofthecatalystbyaBltration．TheresultsaresummarizedinThbles

l・tO3。Ch－2－CyClopentadecenone（4）andcis－andim－3－CyClopentadecenone（5）didnot

SeParateClearlybyGLC．

CatalyticⅡydrogenationofCyclopentadecemones（4amd5）

InalOOmlround－bottomednaskequlPPedwithamagneticstlrrlngbarwerechargedthe

tetradecanesolutioncontaining4and5（14・5mmol）obtainedbyreactionshowninTable3，

entry3，and5％palladium－Ccatalyst（0．10g）underhydrogen。Themixturewasstirredat

一72－



roomtemperaturefor6h．A鮎raseparationofthecatalystbyanltration，the創tratewas

analyzedbyGLC，Showingcyclopentadecanone（l）（14．3mmol，99％）．

IsolationofCyclopentadecanone（l）

Dehydrationof3（209．1mmol）intoluenecarriedoutintwopotsasdescribedaboveusing

a500mlautoclavereactortogivethesolutionof4and5（161．8mmol，77％）intoluene．A

PartOfthesolutionwasusedinthenextdehydrogenationwithoutpuriLcation．Usinga500ml

round－bottomedflask，hydrogenationoftheabove solution（395．2g）containing4and5

（130・6mmol）with5％palladium－Ccatalyst（0．36g）wereundertakenunderhydrogenas

described above．A氏er stlrrlngfor5h，the mixture was別tered and the創trate was

COnCentratedunderreducedpressuretogivearedbrownoil（60．2g），Whichwaspuri茄edby

SPinning band distillation（135－137OC／3mm耳g）to a氏〉rdl（23．9g，106．7mmol，82％

isolatedyield丘om4and5，63％isolatedyield倉om3）．Thespectraldataoflwereconsistent

WiththoseoftheaLrthenticsample・
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Chapter5・PracticalSynthesis of ZJCivetone Utilizing TiC14

MediatedDieckmannCondensation

5－1．Summa叩

Ane茄cient，PraCtical，andstereocontrolledsynthesisofZIcivetone，arePreSentativemusk

perfume，has been performed utilizing aTiCl4　mediated Dieckmann condensation

（intramolecularClaisencondensation）ofdimethylZ－9－OCtadecanedioate asthekey step・

ThiscyclizationreactionhassomeadvantagescomparedwiththetraditionalbasicDieckmann

COndensation such as higher concentration（100－300mM），lower reaction temperature

（0－50C），Shofter．reactiontime（1－3h），uSeOfenvironmentallybenign（lowtoxicityandsafb）

reagents（TiC14andEt3NorBu3N），andeconomicalreagentsandsoIvents・15－，17－and

19－memberedsaturatedβ－ketoesterswerealsopreparedbythepresentmethod。

5－2．Introduction

Practicalsynthesisofnaturalmacrocyclicmusks，eSPeCiallymusconeandcivetone，1SOne

ofthemostimportanttopICSintheperfumeindustrylThesetworepresentativenaturalmusks

Originally come倉omglandularsecretions ofmuskdeerand civet cat，reSPeCtively．The

Washingtontreaty；ConventiononInternationalTradeinEndangeredSpeciesofWildFauna

andFlora（CITES），however；ClaimsthatharveStingmuskconstitutesi11treatmentofwild

animals．ZICivetone（1）isanattractiveingredientofcivetcよrmsk2andhasbeenoneofthe

most challenglng Synthetic targetsfor producing macrocyclic musks due toits unlque

Symmetric17－membered structure．Severalhithertoreported syntheses ofl，howeveちare

limited by thelaboratory methods used because oftheirlow yields and／or multistep
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procedures･ 3

Recently, Tanabe reported a short step symthesis of E-rich civetone utilizing the TiC14

mediated Claisen condensation and rlng-Closing metathesis･4 However, the Grubbs,

metathesis catalyst is expensive and this method requires high dilution conditions (ca. 4 niM ),

which are undesirable for large scale production･ Moreover, most of theknown syntheses,

including Tanabe's work, are not stereocontrolled. There are only two stereocontrolled

examples to my knowledge. One is Tsuji and Mandai's method,5 which requlreS 17 steps

starting from nitromethane and butadiene, and the other is Ftirstner and Seidel's method,6

which seems to be one of the most efrlCient to date (5 steps), but requires a high dilution

teclmique of ring-closing metathesis,

From these points ofview, I studied on a practical synthesis ofZ-civetone (1) utilizing the

TiC14 mediated Dieckmann co血densation7 (scheme l).

01eic Acid (2)

0

i) microbial

oxidati on

ii) MeOH, H+

Scheme l Synthetic route to Z-civetone (1)

C:=: :22 cC :;
3
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5－3．ResultsandDiscussion

DimethylZ」9－OCtadecanedioate（3）was prepared by the known microbialoxidation

（Cbdiゐ旅picaHs）ofcheapandavailableoleicacid（Z19－OCtadecenoicacid，2），fo1lowedby

esterincationinMeOHwiththecompleteretentionofZJgeometrYiTiC14andZrCl4has

exhibited powerfu1reactlVltyln Claisen－tyPe COndensationsbetween various catboxylic

esters．9　This characteristic merit would promise alarge rlng Closing with higher

concentrationsandspeed・Therefore，Icarriedoutreactionsof3withTiC14inthepresenceof

tertiaryamineunderavarietyofconditions・TheresultsaresummarizedinTablel。

AnimportanttechnicalnoteisthatconformltyOfthemolarratioshouldbemaintainedto

realizesmoothcondensationuslngamicrofbederapparatusequlPPedwithdualsyrlngeS・That

is，tWOlotsofsolutionswereprepared‥OneWaSamixtureofdimethylester3andaminein

soIventandtheotherwasTiC14inthesamesoIvent．Tbkeepthemolarratiobalan9eOfthe

reactantsandreagents，thesesolutionsweresimultaneouslyandproportionallyaddedtoa

solution placed beforehandin the reaction vessel・Ifthis protocoIwas notfo1lowed，

Slgni丘cantcompetitiveintermolecularorlgOmerizationoccurred．

Reactionsof3（100mM）withTiC14（1．2eq．）andBu3N（1．4eq．）inC田2Cl2atO－50C

gavethe17－memberedringβ一ketoester4in23％yield，andthedouble－Sized，34－membered

ringdiester5in5％yield，tOgetherwith45％oftherecovery3（entryl）．Usingmoreamounts

OfTiC14andBu3Ncausedanincreaseintheyieldof3（2．4eq．ofTiC14，3．Oeq．ofBu3N，41％，

entry2；2．8eq．ofTiCl4，3．Oeq．ofBuiN，52％，entry3）。Similarreactionof3withTiC14（2・8

eq．）andEt3NinsteadofBu3N（3．Oeq．）gave4in54％yield（entry4）．Thereactionintoluene

gaveloweryieldof4comparedtothatinCH2Cl2（entry5）．Theyieldof4wasdecreasedwith

higher（300mM）andlower（50mM）concentrations（entries6，7）comparedtolOOmM，and
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with lower (-15 - -10 oC) and higher (10 - 15 oC) reaction temperatures (entries 8, 9)

compared to at O - 5 oC. Prolonged adding time (reaction time) from l to 3 h did not effect

the yield of4 (entry lO).

Table l. TiCl4 mediated Dieckmann condensation ofdimethyl Z-9-octadecanedioate (3).

Cﾆ=○…;記
3

TiC14 - Et3N

enq :fqiviCl. ET3nve/ solvent詣･t(eomc3 tlLdei;hg,謡1d'%'a'. 5
1 1.2 Bu3N/1.4 CIちC12

2 2.4 Bu3N/3.O CH2C12

3 2.8 Bu3N/3.O CH2C12

4 2.8 Et3N/3.O CH2Cl2

5 2.8 EちN/3.O toluene

6 2.8 Et3N/3.O CII2C12

7 2.8 Et3N/3.O CIちC12

8 2.8 Et3N/3.O CH2Cl2

9 2.8 Et3N/3.O CH2C12

100 0-5

100 0-5

100 0-5

100 0_5

100 0-5

300 0-5

50 0-5

1 45 23 5

1 7 41 22

1 trace 52 1 3

1 trace 54 1 4

1 5 44 17

3 trace 47 1 6

1 15 37 22

100 -15 ‥10 1 trace 42 33

100 10- 15 1 22 34 17

10 2.8 Et3N/3.O CH2Cl2.100 0-5 3 trace 54 12

a) Isolated yields. b) Recovery.

There are some advantages compared with the traditional Dieckmann condensations uslng

the basic system (ⅩH or KHMDS reagent / THF solvent); (a) higher concentrations (100｢300
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mM), lower reaction temperature (0-5 oC), and shorter reaction time (1-3 h), than those ofthe

basic methods10 (25 mM, 60 oC, 2-10 h); (b) use of environmentally benign (low toxicity

and safe) reagents; and (c) more economical and practical reagents and solvents (it is not

necessary to use the strict dryness conditions required for the THF solvent)･ Yield ofthe TiCl4

mediated Dieckmann condensations, however, slightly lower than the basic method (63%). 10b

Fina11y, hydrolysis and decarboxylation of P-keto esters 4 gave the desired Z-civetone (1)

in 95% yield according to the reported method･4･ 10b

TiC14 mediated Dieckmann condensations of 1 5-, 17- and 19-membered saturated β-keto

esters (6a-Sa) were also performed by the present method (Table 2)･

Dieckmann condensation of dimethyl hexadecanedioate (6) with the best reaction

condition determined by the reaction of 3 gave the 15-membered ring β-ketoester 6a in 8%

yield, and the double-sized, 301membered ring diester 6b in 3 1% yield (entry l)･ Using more

equivalents or TiC14 and Bu3N and prolo喝ed reaction time caused a slightly increase in the

yield of 6a (entry 2)･.The similar treatment of dimethyl octadecanedioate (7) gave the

17-memberedring β-ketoester 7a in 33% yield, and the double-sized, 34-membered ring

diester 7b in 18% yield (entry 3). Further usage of TiCl4 and Bu3N and prolonged reaction

time caused a slightly increase in the yield of 7a (entry 4). The condensation of dimethyl

eicosanedioate (8) gave the 19-membered ring P-ketoester Sa in 46% yield, and the

double-sized, 38-membered ring diester 8b in l l% yield (entry 5)｡

In the case of 6, the 30-memberd diester predominated over the 1 5-memberd β-keto ester.

Major by-products in the other cases of 7 and 8 were double-sized, 34- and 38-membered

dieste.rs, respectively.
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1払ble2・Ti－Dieckmanncondensationofsaturateddimethylcarboxylicesters（6－8）．

′「00CH3空塑空望（CH2）n＿1

＼J OOCH3
CH2C12

（100血M）

6：n＝15　　　　　0－50C

7：n＝17

8：n＝19

官七。。CH。

n　　　　　＋

a

叫EsterEqivEqiv

ofTiC140fEt3N

∇co。CH，冒c。。CH3

2n　　　＋　　　2n

H3C00C o

b

Addingyield（％）可

血e（h）ab

0
COOCH3

1

2

3

4

5

6（n＝15）　　2．8

‘（n＝15）　　3．5

7（n＝17）　　2．8

7（n＝17）　　3．5

＄（血＝19）　　3．5

3．0

3．7

3．0

3．7

3．7

1

3

1

3

3

8　　　　　31

15　　　　41

33　　　　18

45　　　12

46　　　11

a）Isolatdyields。

The reasons　for TiCl4　mediated Dieckmann condensation workingin higher

COnCentrations comparedwith traditionalbasic systemmight be explained by faster

COndensationreactionrate・OneofaplausiblereactionpathinTiC14mediatedDieckman

COndensationisshowninScheme2・Thetitaniumenolate8generatedbytheabstractionof

α－hydrogenof3attacksthenucleophilic carbonof・the secondestergrouptoformthe

intermediate9。Elimination ofthe methoxideion glVeS the desired compound4。The

nucleophilicattacktoaneStergrOuPOftheotherdiestermoleculewouldleadtheundesired

linearproduct・Therefore，ltlSlmPOrtanttObeconsumedtheunreacteddiesterinthereaction

SyStemaSSOOnaSPOSSiblebeforeaccumulationofitinordertosurpresstheintermolecular
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reaction．Sincethecarbonyloxygeniswell－knowntocoordinatestronglytotitaniumatomof

TiC14，itisreasonabletoconsiderthattheotherestergroupwouldcoordinate・tOthetitanium

atomoftheenolatemoietylntheintermediate8・Ifanothermoleculedoesnotexistnearthe

titaniumatom，thecoordinationmentionedabovecausesthemoresmoothClaisen－tyPebond

formationthanthatintraditionalbasicsystem・Inthisreactionsystem，thealmostequlmOlar

amounts ofthe diester and TiC14areloadedintothe reactionvesselatthe sametime・

Therefore，aChanceforothermoleculetoaccessthetitaniummoietywouldbelow

BecausetheTiCl4mediatedDieckmanncondensationwasconsiderablyfasterthanthe

Dieckmanncondensationoftraditionalbasicsystem，9theamountoftreateddiesterwiththe

TiC14mediatedDieckmanncondensationwithinaunittimeislaTger；andhencethe血al

concentrationofdiesterusedwithinreasonablereactiontimecouldincrease．

Me嘉乳Me
U

8

3　－・　　＞ －　　　　　＞＝」

Cl∫レ1
0ノi o

OMe

，

OMe

Scheme2PlausiblereactionpathofTiCl4mediatedDieckmanncondensatlOn・

0

4

COOMe

5－4．Comclusion

Inconclusion，WeaChievedtheBrstsimpleandpracticalsynthesisofZJcivetone（1）

utilizingtheTiC14mediatedDieckmanncondensations，WhichisapromlSlngCandidateforthe
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industrialproductionofZ・Civetone（l）andprovideanovelmethodologyforconstructlOnOf

largecarbonrlngCOmPOund．

5－5．ExperimentalSection

General

MeltingpointsweredeterminedonahotstagemlCrOSCOPeaPParatuS（Yanagimoto）and

areuncorrected．1HNMRspectrawererecordedonaJEOLα（400MHz）orVarianUMTY

Plus（300MHz）spectrometer．1HNMRspectrawerereportedaschemicalshi鮎in

PartS－Per－mi11ion（ppm）basedonaTMSinternalstandardinCDCl3．Couplingconstants（〃

arereportedinHertz（鱒）．13cNMRspectrawerereportedaschemicalshi鮎inppmbased

Onthemiddlepeakofchloroform－d（77．Oppm）．IRspectrawererecordedonaJASCO

FTnR－8000spectrophotometer；absoTPtionpeaksarereportedinrecIPrOCalcentimeters．Silica

gelcolumnchromatographywasperformedonaMerckArt・7734and9385・Commercially

availablereagentswereusedwithoutfurtherpurincation．

StaれingMaterials．

DimethylZ19－OCtadecanedioate（3）waspreparedbythemicrobialoxidation（Ckm成ゐ

7㌢甲ica肋）ofoleicacid（乙9－OCtadecenoicacid，2），fo1lowedbyester漬cationinMeOHwith

the complete retention of Zlgeometryg Dimethylhexadecanedioate（6），dimethyl

OCtadecanedioate（7），anddimethyleicosanedioate（＄）werealsopreparedbythemicrobial

OXidationofcorrespondingn－alkaneandesteriAcation
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General Procedure of TiC14 Mediated Dieckmann Condensation of I)imethyI

Z-9-Octadecenedioate (3)

Two lots of solutions (A) and (B) were prepared; (A) TiC14 (9･23 niL, 84･O mmol) diluted

with CH2Cl2 (147 mL) under an argon atmosphere and (B) mixed solution of dimethyl

Z-9-octadecenedioate (3; 10.21 g, 30 mmol) and Et3N (9･11 g, 90 mmol) in CH2C12 (133 mL)･

solutions of (A) and (B) were simultaneously and proportionally added to a stirred CH2Cl2

solvent (30 mL) at O-5 oC during l h under anargon atmosphere, using a microfeeder

apparatus equipped with dual syringes (Note: this procedure is critical as described in the

text.).Alter completion of the feed, the mixture wasfurther stirred for 15 min at the same

temperature. Then, water (100 mL) was added to the stirring mixture for 5 min with

vlgOrOuSly stlrrlng, Which was evaporated uslng a rOtary eVaPOratOr tO remOVe CH2Cl2･ The
● ● ●

resultant mixture was extracted with toluene (150 rnL x 3), and the combined organic phase

was washed with water, brine, dried (Na2SO4) and concentrated. The obtained crude oil (9･83

g) was purifled by SiO2-COlumn chrdmatography (hexane : AcOEt - 20 : 1) to give

2-methoxycarbonyl-Z-cycloheptadecen-9-one (4; 4.83 g, 52%) and 2,17(or

1 9)-bis(methoxycarbonyl)-Z,Z-cyclotetratriacota-9,26-diene- 1 , 1 7-dione (5; 1 ･27 g, 1 4%) ･

4: Colorless oil. 1H NMR (400 MHz, CDCl,) 8 1.18-1.44 (16H, m), 1.53-1.71 (2H, m),

1.75-1.87 (1H, m), 1.88-2.09 (5H, m), 2.52 (2H,ちJ- 6.8 Hz), 3.49 (0.93H, dd, J- 9.O Hz,

5.4 Hz; keto form), 3.70 (2.79H, s; keto form), 3.75 (0.21H, s; enol form), 5.乏8-5.40 (2H, m),

12.72 (0.07H, s; enol fbrm). 13c NMR (100 MHz, CDC13) 8 23.34, 26.58, 26.79, 27.05,

27.95, 27.99, 28.08, 28.15, 28.35, 28.45, 28.98, 29.01, 41.54, 52.24, 58.42, 130.07, 130･14,

170.22 (keto form), 175.51 (enol form), 206.34. R (neat) 2928, 1748, 1713, 1437, 1242 cm-1.
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5: Colorless oil. 1H NMR (300 MHz, CDC13 ) ∂ 1.18-1.41 (32H, m), 1.47-1.68 (4H, m),

1･77-1･89 (4H, m), 1｡93-2･08 (8H, m), 2･40-2･62 (4H, m), 3.45 (1H, t, J - 7.3 Hz), 3.45 (1H, t,

J - 7.3 Hz), 3.71 (6H, s), 5.26-5.40 (4H, m). 13t NMR (75 MHz, CDCl3) 8 23.36, 27.01,

27･03, 27･38, 28･21, 28･74, 28177, 28･87, 28･90, 28･95, 29･03, 29･04, 29･43, 29･49, 41･77,

41･89, 52･19, 58･78, 58184, 129･78, 129･83, 129･86, 129･90, 170.35, 205.51. R (neat) 2928,

1746, 1715, 1437, 1200 cm-1.

6a: Pale yellow oil. 1H NMR (300 MHz, CDC13) 8 1.20-1.43 (20H, m), 1.54-2.04 (4Ⅰちm),

2･56 (2H, t, J- 6･9 Hz), 3･54 (1H, dd, J- 9.1 Hz, 5.4 Hz), 3.70 (3H, s). 13c NMR (75 MHz,

CDCl3) 8 22･71, 26･17, 26.34, 26.51, 26.61, 26.77, 27.01, 27.33, 27.97, 41.56, 52.26, 58.01,

170.27, 206.55. IR (neat) 2930, 2857, 1750, 1717, 1460, 1240 cm-l.

6b: Colorless crystals; mp 69･5-71.5 oC｡ 1HNMR (300 MHz, CDCl,) 8 1.18-1.37 (40H, m),

1･48-1･69 (4fI, m), 1･76-1･96 (4托m), 2･42-2.62 (4fI, m), 3.47 (1H, t, J- 73 Hz), 3.48 (1‡もt,

J- 7･3 Hz), 3･71 (6q s). 13cNMR (75 MHz, CDCl,) 8 23.35, 27.21, 27.27, 28.28, 28.75,

28･80, 28･98, 29･01, 29･06, 29･13, 29･18, 29･22, 29･30, 29･33, 41｡76, 41･94, 52･21, 58.56,

58.62, 170.34, 205.85｡

7a: Colorless oil･ 1H NMR (400 M=z, CDC1,) 8 1･21-1･42 (24H, m), 1･52-1･73 (2H, m),

1176-1･99 (2H, m), 2･54 (2H, t, J- 7･1 fk), 3･51 (0･89H, dd, J- 8.8 Hz, 5.9 Hz; keto form),

3･70 (2･67H, s; keto form), 3･75 (0･33托s; enol form), 12.76 (0.11H, s; enol form). 13c

NMR (100 MHz, CDC13) 8 23･10, 26･54, 26.67, 26.78, 27.00, 27.09, 27.12, 27.38, 27.61,

27･74, 28･05, 28･07, 28･11, 41･77, 52･24, 58.23, 170.24, 206,34. IR (neat) 2920, 1750, 1715,

1460, 1246 cm･1｡ /

7b‥ Colodess crystals; mp 69･5-72･O oC･ 1HNMR (300 MHz, CDC13) 6 1.18-1.36 (48H, m),

1･52-1･68 (4H, m), 1･77-1･93 (4Ⅰもm), 2･42-2･62 (4H, m), 3･46 (1H, t, J- 7.4 Hz), 3.47 (1H, t,
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J- 7.4 Hz), 3.71 (6托s). 13cNMR (75 MHz, CDC13) 8 23･36, 27･22, 27127, 28･26, 28･78,

28･81, 29.02, 29･07, 29･18, 29･21, 29･27, 29･33, 29.39, 4l･79, 41･86, 52･20, 58･62, 58･67,

170.34, 205.80.

sa: colorless oil. 1H NMR (400 MHz, CDC13) 8 1･22-1･37 (28H, m), 1･52-1･72 (2H, m),

1.76-1.98 (2H, m), 2.46-2.61 (2H, m), 3.50 (0･96H, dd, J- 8･5 Hz, 611 Hz; keto form), 3･70

(2.88H, s; keto form), 3･75 (0･12H, s; enol form), 12･75 (0･04H, s; enol form)･ 13c NMR

(100 MHz, CDCl3) 8 23.27, 26.86, 27･27, 27･44, 27･47, 27･57, 27.65, 27･83,-27･95, 28･15,

28.19, 28.22, 28.26, 28.53, 41.95, 52.25, 58･33, 170･28, 206･31･ R(neat) 2928, 1748, 1717,

1460, 1242 cm･1･

8b: Colorless crystals; mp 89.0-91.O oC. 1HNMR (400 MHz, CDC13) 8 1･19-1･33 (56H,.m),

1.51-1.66 (4托m), 1.78-1.92 (4托m), 2.43-2･59 (4H, m), 3･46 (1H, t, J- 7･3 Hz), 3･46 (1H, t,

J- 7.3 Hz), 3.71 (6It s). 13cNMR (75 MHz, CDC13) 8 23･39, 27･25, 27･28, 2S･26, 28.81,

28.84, 29.07, 29･12, 29･22, 29･25, 29･30, 29･33, 29138, 29･41, 29･45, 29･48, 41･80, 41･85,

52.20, 58.68, 58.71, 170.36, 205.75.

Ⅱydrolysis and Decarboxylation of 2-Methoxycarbonyl-Z-9-cycloheptadecenone (4)

Aqueous lO%-NaOH (36 mL, 90 mmol) was added to a stirred solution of

2-methoxycarbonyl-Z-9- cycloheptadecenone (4; 9.25 g, 30 mmol) in MeOH (36 mL) at

20-25 oC, and the mixture was re凸uxed for l h･ After cooling down, the mixture was made

slightly acidic (pH - 1) with lO% H2SO4, followed by refluxed for 30 min･ The mixture was

evaporated under reduced pressure to remove MeOH･ Then residue was extracted with ether

(100 mL x 3), and the combined organic phase was washed with water, brine, dried Pa2SO4)

and concentrated. The obtained crude oil (7.60 g)l was purified by SiO2-COlumn
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chromatography (hexane : AcOEt - 40 : 1) to give the desired Z-civetone (1; 7･12 g, 95%)･

colorless crystals. mp 31.0-32.O oC. 1H NMR (400 MHz, CDC13) 8 1.24-1.39 (16H, m),

1.57-1.67 (4H, m), 1.96-2.06 (4Ⅰもm), 2.40 (4托t, J- 6.7 Hz), 5.30-5.39 (2H, m). 13cNMR

(100 MHz, CDC13) 8 23.84, 26.68, 28.11, 28･19, 28･58, 29･01, 42･41, 130･12, 212･50･ IR

(neat) 2926, 1713, 1460, 1364, 718 cm-l.
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GeneralConclusion

In this thesis，Synthesis of the naturalmacrocyclic compoundsincluding some

macrocyclicmusksandamacrolideantibiotichasbeendescribed・Theresultsmentionedin

eachchapterofthisthesisaresummarizedasfo1lows・

InChapterl，ithasbeendescribedthatthe伽sttotalsynthesisof（土）－PatulolideA，a

macrolideisolated丘omaPeniciHiumuricaemutant，from12－hydroxydodecanoicacid。The

StruCtureOfthenaturalproductwasconBrmedbythissynthesis．

In Chapter2，it has been described that the novelsynthetic method at that time of

CyClopentadecanolide and other relatedlactones庁om methylo－hydroxyalcanoates，and

StereOSPeCi且cintramoleculartransesteri負cationleadingtotheformationof岬）－isomer倉om

methyl（0－1）－hydroxyalcanoateby usinglipasein organic soIvents．Thelipase－Catalyzed

lactonizationinoI苫anicsoIventshasbeeninvestigatedextensivelya氏erthiswo血

In Chapter　3，it has been described that the practicalsynthetic methods of

15－hydroxypentadecanoic acid，　the precursor of cyclopentadecanolide，　倉om

l，15－Pentadecanedioic acid by uslng Selective hydrogenation with the Ru－Sn or Re－Sn

Catalysts．Thepracticalsynthesisof15－hydroxypentadecanoicacidisthekeypolntOfthe

industrialproductionofcyclopentadecanolide．

InChapter4，ithasbeendescribedthatthesyntheticmethodsofcyclopentadecanone丘om

dimethyll，15－Pentadecanedioate by using catalyticliquid－Phase dehydration of

2」lydroxycyclopentadecanoneasthekeystep・Thecatalyticliquid－Phasedehydrationcould

WOrkatconsiderablylowerreactiontemperaturethantheconventionalvapor－Phasereaction；

therefore，this dehydration would be prefbrable to be usedin multi－PurPOSe Plantfor

PrOducing血echemicals・Cyclopentadecanonewasgivenbyacatalytichydrogenationofthe

PrOductsofthisdehydration，2－and3－CyClopentadecenones．Becausethenewrouteiscarried

Outincatalyticmanner；thismethodismoreeco丘・iendlyandgreenthanpresentprocess．

InChapter5，ithasbeendescribedthatthesyntheticmethodsofZ－Civetone倉omdimethy1

9－OCtadecenedioatebyuslngaTiC14mediatedDieckmanncondensation．Thismethodseems
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to be one of the most practical synthetic methods of ZICivetone･ This cyclization reaction has

some advantages compared w地tbe traditional basic Dieckmann condensation such as higher

concentration, lower reaction temperature, shorter reaction time, and economical reagents and

solve山s.

present studies on this synthesis of macrocyclic compounds startlng from long chain fatty

acids might offer some new approaches of indust;ial production, an efficient method of

lactonization fbr natural compounds, and an insight of new compounds･
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