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SUMMARY

Erenaphila rotundifoTia has yielded a nurnber of intercsting

sesquiteq)enes and diterpenes incl-ud.ing the novel erennacetal (6). The

2,8-dioxabicylooctane ring skeleton of er€nnae€tal and its derivatives ha,s

been reported. to undergo a nunber of j-nteresting reactions sone of vùtidl

have been considerred in detail in this thesis.

Ctrapter I deal-s with the formation of tetrahydrofurans from sone

substituted. 2,8-dioxabicyco{3.2. 1}oct-}ylnethanols with oxal-ic acid in

aqueous nethanol solution. The reactions were shown to occur stereo-

specifically with inversion of configr-rration at a tertiary carbon and are

consj-dered to prrcceed by a nÊchanism involving the carbonyl grcup generated

by hydrolysis of the acetal function.

Ckrapter II describes the lithium in annnnia fission of the acetal-

of sone 2,8-dioxabicyclo{3.2.1}oct-3-y1 derivatj-ves to yield both monofission

and difission products. The nnde of initial carbon-o>rygen bond fission, either

CI-O2 or C1-08, would appear to be dependant on the nature of the C3 sub-

stituent. The lithiun in annonia reductions of sone simpler rn¡del- Fsubstituted

furan conpognds with a benzylic* type o>rygen substituent have also been

studied. The synthetic nndels include series of benzylic cyclic ethers

and hydrp>ry and benzylo>ry benzylic acetals. The ease of the reduction and

the product conposition were shov¡n to be dependant on the cyclic ether ring

size and also on the ability of lithium cation to chelate between the acetal

o>rygen and the oxygen substltuent of the side chain.

Ctrapter III describes the synthesis of the reduction substrates.

The reaction of nrethylmagnesium iodide with rnethyl ( 1R ,3q ,5E) -1-

(furan-3'-y1)-5-net;nyl'-2,8-dioxabicyclo{3.2.1}octane-3-carboxylate (138)

* Refers to a substituent adjacent to a furan ring.
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was observed to give acetal cleavage products, in addition to the usuaJ-

tertiary alcohol. The cleavage products arose from regioselective carbon-

o>rygen bond fission and interrn¡lecular transfer of the nethyl group of the

Grignard reagent to the internediate oxocarbonir.rn ion.

Ckrap[ers IV ancl V deal with the isolation and characterisation of a

nrrnber of new terpenes isolated from the wood extracts of ø. rotundifoLia.

T\¡¡c related diterpenes, ( 18I, 1qq)-5 ,18:13,1&-diepo>rysermlat-14-en-8'o1 ( 150a)

and 5,8-d.ihydro><yserrulat-14-en-18-a1 ( 158) were isolated. The structures

were dedrced from chemicaJ- and spectroscopic data. The structure of (150a)

was confirned and the absotute configuration deterrnined by a single-crysta1

X-ray analysis of its p-bronobenzaate. A ctremical interrel-ation of the

two ùiterpenes established the absolute structure and confi-grrration of

(158). The Imov¡n sesquiterpene freelingyne (2) was also isolated and was

shown to rmdergo a novel base catatysed. rearrangenent. Fina-lly, the

erenophiJ-ane, erenophila-1O,11(13)-diene-9,12-dione (168), was isolated and

subsequently characterised by its @nversion to the lmor¡,n erenophilone ( 1a) .
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EremophiJa is a large indigenous Australian gemrs of predcnLinantly

desert adapted shrrrbs containing upwards of two hundred species'r Since

the isolation frcm E. mitcheLJ.i of the biologically aberrant sesquiterpene

erenrcphilones (Aa)'àand(1b)'b about twenty species of the genus have been

studied by ctremists.l-l 3 It is interesting that no other EremophiTa

s¡recies has yj-elded erennphilane sesquiterpenes although several other

examples have been isolated from ¿'. mitcheTlj and frrcm other genera.

o
o

o

R

o

(1a) FH
(1b) FOI{

(2)

The essential- oils of EremophiTa aJ|e rich in sesquiterpenes and

many of those isolated extribit interesting stmctr;ral features. The npst

coffincn type are the acyclic furans, typified by the higbly unsaturated

and biogenetically obscqre freelinglme (2), isolated frr¡m E. fteeTingii'3

Recently, sesquitelpenes with the (R,R)-calanenenea {e.g. (3a) and (3b)},

eudesmane {e.g. (4)}s and prezizaene {e.g.(5)}6 skeletons have been isolated

from Eremophila speci-es. E. rotundifolia ha,s provided a mrrber of 3-furano-

sesquiterpenes including a novel bicyclic acetal naned erenpaceta,l (6).

Erenxracetal and. its derivatives form the sr,:bject of sone of the dlemistry

discr:ssed in this thesis.
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g

H
oR OH

( 3a) FH
( 3b) h-oH

(5)

OH

(4)

(6)

o

H

The genus Eremophi¡a has also yielded a nunber of unusual diterpenes

whictr can be divided into a few main groLPS. The first grÐup includes a

ngrnber of acyclic diterpenes, rnique in that they contain two internal

dor-rbte bonds u/trich are cis with respect to the carbon cha-in {e.g. (7)}1 .

Sone rnacrocyclic cernbrane diterpenes {e.g. (S)}t have also been isolated.

Another group of whictr erenplactone (9)s is the prototypical exanple, possess

the non-isoprenoid eïemane skeleton. A further group includes sone

apparently lci-ogenetically related conpounds typified by the decipiane

diterpenes {e.g. (10)}1 0 a¡d the serrulatane diterpenes, for example,

dihyd:ro>ryserrulatic acid ( 11) . t I Recently, exanqrles of a new class of

diterpenes, nanÞd viscidane {e.g. (12)},r2 have been isolated from

E. viscida.r 2
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The only exanples of C3 s @Irpoulds to be isolated from Eremophila

species are two related erenìophilone sesquiterpene dimers (13a) and (13b).13
OH

co2H

(7) (8)

OH

OH

OH
CO,H

H\ ,rH

OH

(e) (11) ( 10)

OH

No triterpenes have been reporÙed. In this thesis a nurnber of new terpenes,

with the lsrown ererncphilane and serru-l-atane skeletons, have been isolated

frun E'. rotundifoTia -

ll

H

o

H
OH

H

o

H

R

H
H

H

o (13a) ÞoII
(13b) R=OH

H

H
(12)
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Several stable dioxabicyclooctane systens, e.9. the pherenones

brevicorninl a and nn¡l-tistriatinl 5 
' 

1 6 , have been r€ported. Erenrracetal (6) ,

a Sesquiteïpene of interest in this thesis, also possesses a Stable

dioxabicyclooctane aßetai- where the equilibriun undeï mildly acidic conditions

strongly favorus the acetal form.7 't7,!8 However, extended acid catalysed

hydrrolysisof erenpaeætai- (6) yields a rnixbure of diene (14) and realrallged

a11y1ic a-lcohol- ( 15) possibly forned via the dihydroxy ketone (76) ' 
7 't 7

Alternatively, (1a) and (15) may have forned by a concerbed opening of the

acetat followed by either loss of a proton or reaction with water. Mild

treatnent of erenoacetaJ- (6) with acid in D2o gave deuterirrn incorporation

at C7, presr.rnably by acid catalysed exchange o, to the carbonyl grolæ

of (16).I7

oo

H
H

(14) (15)

o

HO OH

( 16)

I1¡e 2,8-dioxabicyclooctane ring skeLeton of erern¡acetal" (6) and

its derivatives has been reported to rndergo a nrrrber of interesting

reactions. Althougtr the acid catalysed ring opening yielded (14) and (15),

it was formd. that solvolysis of erenoacetal (6), by heating it in aqueorls

pyridine,, gave dihydro>ry ketone (16) in 3O% isolated yield.

Mesylates (+Oc) and (23b.) undel.go what is formally a two step

reduction w-ith lithium aJ-uninir-rn hydride to yield tetrahydrofirrans. r s

Hd

a'
H
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Mesylate (4Oc) gave alcohol (17) while nresylate (23b) gave two prrcducts

ctraracterised as alcohols (18) and (19) in the ratio of t:2. Ttre reductj-on

of the CI-OT bond of the acetal has been shown to occur wittr retention of

o

H OMs

CH2OMS

o

(aoc) (23b)

OR H

o

o
(2aa) ÞH
(24b) R=[,fs

configuration to yield an interrrediateepoxide { e.g. (20)}vftìich is further

reduced under the reacti-on conditions. A sirnilar lithirrn aluniniun

hydride r.eduction of nresylate Qab) gave the parent alcohol (%a) as the

only product, a resul-t which presrrnably reflects a strong conformational

dependence for the internediate epoxide formation. On this basis it is

apparent that the reaction requires a trans antiperiplanar arrangenent

of the Ca-O2 and nresylate bonds.rs

The reaction of sonie sulcstituted hydroxy acetals {e.g. (21)} wit¡r

oxa1ic acid. in aqueous nrethanol solution has been observed to yield

tetrahydrofurans {e.g. (25a)} stereospecifically and in good yield,I8 a

reaction whictr is discussed in detail in drapter one'



t)

H HOH
OH

H

(17) (18)

o

TI H

(20) ( 1e)

Ttre lithium in a¡nnonia :reduction of erernoacetal (6), a nnlecule

containing both @nzy|13 and a11ylic t¡rye ether oxygens, both with and

without a proton source, gave prodgets in whictr the furan ring had been

OH

--, o
=

H

OHH

(¿a)
(25a)

OH
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neduced.lT Subsequently, an extensive study of the reduction of sirrpler

synthetic 2-20 ¿¡td 3-2r substj-tuted. furan derivatives with a benzy1.ie

type o><ygpn substituent* was undertaken.22 Ttre lithiun in anrn¡nia reduction

of the Fsubstituted fi¡ran derivatives {e.g. (6Ob) , (6Oc) and (62)} in the

aSsence of an extcrnal proton source gave producLs derived frcrn benzylic

type cleavage. When ethanol was present during the reduction exbensive

R

csHu
csHrr

(60b) R.-OAc

(60c) FOMe

(62)

saturation and fission of the furan ring occurred,.2t Th" reùrctions of

a nrrber of other synthetic 3-sr¡bstituted, furan derivatives have been

studied i¡ this thesis and. the results obtained are discussed in chapter

tlo.

*Benrylic type o><ygen substituent refers thrrcughout the thesis to an

o>(ygen substituent adjacent to the fi¡ran ring.
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fic Format ion of Tetrahvdrrr furans from Substituted

2 , 8-Dioxabicyclo{ 3.2 . 1}oct-3-ylnethanols

1.0 It ha,s been found, that a nrrnber of derivatives of erenrcacetal (6)

bearing an hydroxyl substituent at C1 gave tetrahydrofirran formation under

mild acidic conditj-ons. The ex¡rerinental conditÍons were not expected to

yield such derivatives fnrm the 1,4-diol function of the presr.ured acyclic

keto alcohol internediates (d.iscussed later). Diol (2!), the major iscrner

frorn the oxidation of erenpacetal with osrnir¡n tetroxidel e, gave

tetrahydr.ofgran (25a) on heating at 50o in aqueous nethanol containing 5%

oxalic acid.. similarly, the epineric d::ol- (22) ga\¡e an epineric product (26a) '

HoH OH
t\

R

R

o

(21) R=OH

(23a) k-H

HOH

(22) R-4H

(24a) þH

(25a) FOH

(27) FH

(26a) R{H
(28) FH

OH

R

R
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Under identical reaction conditions epineric alcohols (23a) artd (24a) 
'

nnde by hydroboration/oxidation of erennacetdt t, gave a single prrcduct , (27)

and (28) respectivety. Tlnat (25a) and (26a) were tetrahydrcfurans and not

tetratrydropyrans was clear since both forned nnnoacetates on acetylationl 7.

The infraned, rH n.m.r., and. 13C n.m.r. specLra we1.e in accord with the

structures (25a) , (26a), (27) and (28)r 7.

1.1 Since the tetrahydrofuran products (25a), (26a), (27) and (28)

obtained were isonericatly pure, and since diols (21) and (22) and a-lcoho1s

(z1a) artð, (24a) had lmown configr-rrations,l 7'ls then the determination of

the tetrahydrofuran product configurations should elucidate the nechanism

of their forrnation. Iurther, since it was anticipated that alt the

tetrahydrofi:ran products woul-d, form via a comltcn nectranism, the

determination of the confi-guration of one product shoul-d reveal that

of the others. Indeed, tetrahydrofuran (27) lnas been s¡mthesized frsn

(25a) by prrctecting the secondary hydro>cy g1Ðup as the acetate, followed

by dehydration with thionyl ctrloride, deprotection and finally hydro-

genation of the isolated double bond. in the presence of P2 nidrel

catalyst .t 7'2, This interconversion denonstrates that the two series

of conpounds, starting fromeither the alcohol (23a) or the diol (21),

have the sane stereochemistry and excludes any ctrange in configuration

car.rsed by an ext.ra tertia:y hydro>ry grory in diol (21)'

Evidence for the relative configuration at C4" and C5" of (25a), (26a),

(27) and, (28) is available. Firstly, otr attenpted conversion of diols

(25a) and ( 26a) 1nto their acetonides only (26a) reacted, (25a) could not

be induced to form the derivativer 7. An inspection of molecular nndels

reveals that in a tv'ans relative configuration at C4" and C5" the two
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hydro>g/l gro1ps are nsre rennte and hence less like]y to form an acetonide'

This res¡lt is consistent with a tv,ans rrelative configuration at C4" and

C5"for (25a).

Fr.lrt¡er evidence for the relative configr.rrations at C4" and -C5" can

be found from the value of J.4,,,5,,. Literature values of approximately

6-7 Hz for tyarLs coupling and 3-4 Hz lor cis cotrpling have been r"eported

for 2-sr-rbstituted furan-Fols.2a ¡25:26 J4,,,5rr colÐlilg constants of

5.0 and 2.6 llz for tetrahydrrcfurans (25a) and (26a) respectively, a¡e

consistent with the assigned trans and. eis stereochemistries. Similarly,

tetrahydrofurans (27) and, (28) have J4,,,5,,cor-pling constants of 7.0

and 2.4 Hz.

It is clear from the above evidence that the rel-ative stereochernistry

at Ø" and C5" in the tetrahydrofi-lran ploducts corlesponds to the

relative stereochemistry at the corresponding centres ifl the starting

alcohols and diols, a resu.ft that is consistent with either retention

or j-nversion of configuration at both centres. It would also be e>çected

that the configqration at C2" for each of the tetrahydrofuran products

would be identical, the result of either inversion or retention. Hence,

the determination of the configurations at Q" and C4" in ttre tetrahydro-

furans r¡ou1d reveal the absolute stereochemistry and consequently the

stereochemical- transformations involved in their formation.

Ttre determination of the configr.rration at C2" and Ø" in

tetratrydrofuran (25a) was aclrieved. by degrading it to lactone (29)

(corresponcling centres C5 and C3, r€spectively) by reactions unlíke1y

to alter the configuration at Q" and C4" of (25a) (Sdrene 1.1). Althougtt

unknor¡¡r, ttre absolute stereochemistry of lactone (29) was deterrnined by
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Schene 1.1

(6)

---tÞ

o o

OHH

o

+
H

(21) major

OH

OH

OH

(22) minor

( 32)

(31)

OAc

OAc

+

(25a)

o

(2e)
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corpaxison with lactone (30b) of larown absolute stereoctremistly.

oOA.
OR

O

(2e) ( 3oa) FH
(3Ob) R=Ac

T?eatnent of erern¡acetal (6) with osmiuntetroxide and N-methyl

nnrpholine N-oxideLe t2T gave epineric diols (21) and (22) vftich were

separated by fractional crystall-ization. Reaction of major diol (21)

with oxalic acid in aqueoqs nethanol solution gave the required

tetrahydrofuran (25a). Protection of the secondary hydro><yI groræ as the

acetate foll-owed by dehydration with phosphorus oxychloride in pyridine

yielded. a rnixbure of the required enol ether (31) and minor alkene (32)

in a ratio of S:1. A simirar reaction with thionyl cLrLoride in pyridi-ne

gave (31) and (32) in a ratio of 1:1. Ozonolysis of the crude mixbure

of (31) and (32), obtained from the phcsphorr,s oxyctrloride reaction, in

nethanol/dinethyl sulphide at -78o, with a single equivalent of ozone,

gave selective ozonolysis of the electron rictr enol ether double bond

to yield lactone (29) and rrecovered a^lkene ( 32) . Although furans are

attacked rea.d.i1y by orcne the furan ring in ( 31) and ( 32) is deactivated

by conjugation with the carbonyl grolp'

o
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Isoneric lactone (3Ob) wa,s also prepared from erenoacetal (6)

(sctrene 1,2). oxidative cleava€e of diol (21) with lead tetraacetate

gave aldehyde (33) of lmov¡n stereoctremistryls. rn sjtu silver oxide

oxidation2s of aldehyde (33) followed by acidification with dilute

acid and acetylation gave lactone (30b). It was e4)ected that the

acid ( 34) from the oxidation would be in equilibriun w-ith the ring+pened

Schene 1.2

H

(6) (2]-)

OAc

<_

o ( 33)
( 30b)

OH

o

acid. (35)rmder the acidic work-r4l cpnd'itions (Sctrene 1'3)' Lactonization
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woul-d then yield (30a). Innediately after acidification and exLraction

npre than \qo ú the acid (34) could be detected by lH n.m.r', ho"vever,

intenrediate acid. (35) wa^s not evident. Again the stability of the

dioxabicyclooctane system is denpnstrated.

Sctrene 1.3

co2H

o (34)

o

o

HO HOH
( 33)

( 35)

OH

( 30a)

The absolute stereoctremistry assigned to lactone ( 30b) assures that

its formation occurred with retention of configuration and also that (304)

is optically stable at low pH. This is consistent with the isolation

of a sirrgle lactone isoner and with the findings of Sandberg that

:racton]rzation of opt i ca11y act ive 4hydro><y4-nethylhexano ic aci d ( 36 )

occurË with retention of configuration2e.

o

H

(s)
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Sctrerne 1.4

OH

s

A

H

Schene 1.3

o (33)

(40a) È-H

(4ob) FAc

( 37)

R

HO HOR
(30a)

(38a) F-H

( 38b) ÞAc

o

B
HO HOR

(41b) R=fI

(41c) R:Ac
o
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OR

@2a) and (43a) ÞH
(42b) and (43b) ÞAc

A confirnration of the stereochemistry of lactone (30b), deened necessary

due to the presence of the ca:bonyl gror-p in ( 35) and also si¡ce

tetratrydr.ofi;ran formatj-on had been obserwed rmder acidic conditions in the

previor:s exafiples, was achieved by preparation of the diacetate (38b)

from both l-actone ( 30a) and al-cohol (4Oa) . It was expected that all the

reactions in¿otved woufd "%ra.t the stereoctrernistry (schene 7,4),

Lithirrn al¡ninium hydride reduction of the thioacetal of lactone (30a)

followed. by ctrronratography gave the triol ( 38a) and an inseparable rnixture

of epineric hemiacetals (42a) and (43a). Acetylation of (38a) gave the

required d,iacetate (38b). Acetylation or (42a) and (43a) gave an

inseparable rnixture of epireric diacetates (42b) and (43b). The diacetates

reveaJ-ed characteristic downfield shifts (1 p.p.m.) for the two proton

r€sonances geminal to the hydro>ryl groups. I\-üther littriurn aluniniun

hydride reduction of epimeric hemiacetals (42a) and (43a) gave triol (38a)

v/hich on acetylation give diacetate (38b,) identical to that previously

s¡mthesized.

Lithium alrrninirrn hydride reduction of aldehyde (33) and acetylatlon

of resultant alcohol (4Oa) gave acetate (40b) (route B, Scheme 1.4). It

had been established earlierT that erernoacetal (6) could be equilibrated

with the dihydro>ry ketone (16) by heating in aqueor.rs pyridine (Scherne 1.5).
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Sdrene 1.5

o

HO OH
s

H

(6) (16)

s

o
o

OHH s
OHHHOo

(aoa) GLa)

A sími1ar solyolysis of alc¡hol (40a) gave an equilibrium rnixture,

by tH n.m.r., containing ring opened trihydro><y ketone (J1a) (Sdreme 1.5)

whictr wa^s not possi-ble to isolate. Neither could it be reduced in the

crude rnixture with sodium borohydride. However, acetú,e (40b) on

solvolysis in aqueous pyridine gave an equilibrium rnixture containing

di11ydro>ry acetate (41b) G5%bV lH n.m.r.) and starting material

(55%bV tH n.m.r.). Again it was not possible to isolate (41b) but

acetylation of the mixture gave the diacetate (Jlc) vfuiù on formation

of the thioacetal gave a product identical wittr (3Ec) (Schene 1.4). The

conpounds obtained from both routes gave identicat lH n.m.r., 13C n'm'r',
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Talole 1.1 r 3C n.m.r. (2o .1 MFIz) and lH n.m.r. ( 80 MIIz) (Both in

CDCII ) Spectral Data for Lactones (29) and ( 30b) in

p.p m. rel. to TI\{S.

C-Nunber (2e) ( 30b)

rH n.m.r. 13c n.m.r. rH n.m.r. r3c n.m.r.

2

3

4

5

5-lvle

1'

2t

3r

2"

3tt

4"

5tt

0c0 Me

5.50 (t)

1.50 (s)

2.e0 (m)

7.97 (m)

6.70 (m)

7.40 (m)

2.16 (s)

176.6 (s)

6e.1 (d)

40.6 Ct)

83.9 (s)

25.1 (q)

34.6 (t)

34.3 (t)

193.4 (s)

747.6 (d)

127.5 (s)

108.7 (d)

a4.7 (d)

26.6 (q)

169.e (s)

5.48 (t)

1.40 (s)

2.90 (m)

7.e8 (m)

6.70 (m)

7.35 (m)

2.10 (s)

!74.2 (s)

6e.o (d)

3e.8 (t)

83.6 (s)

20.5 (q)

35.0 (t)

A.4 (t)

193.6 (s)

L47.7 (d)

127.5 (s)

108.7 (d)

14.7 (d)

25.e (q)

170.0 (s)0C0 Me
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infrared spectra, mass spectra and optical rotations ({u}!orr., : +4'4o,

{cl}s28r.,- = +5.4o). Ttre configuration previously assigned to lactone

(3Ob) is supported by the a.bove correlation'

Lactone (30b) had. physical data, Table 1.1, døncnstrating that it

wa,s diastereoneric with lactone (29). In order to deterrnine whether the

üwo lactones (30b) and (29) were epineric at C3 or C5 it was decided to

prepaïe Ûre unsaturated lactones (44) and (45). Attenpted dehydration

of alcohol ( B0a) with thionyl ctrloride in pyridine gave only dtlorolactone

(46). However, pyrrclysis of (29) and (30b) at 6000/0.1nm gave (44) and

(45), respectively, by elimination of acetic acid. Both unsat¡rated

Jo'

s

o

(2s) (+4>

o

OR

(45)

cr

( 3oa) FH
( 30b) FAc

(46)

lactones gave identical spectral data but opposite optical rr¡tations (Table 7'2)'

The lactones (29) and (3Ob) are therefore epineric at C5. Qonsequently,

during the formation of the tetrahydrofurans under acidic conditions

o

o
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Table 1.2

{cr}sqe.,,

the tertiary carbon (Q") has undergone an inversion of configuration,

but the other two ctrirat carbons (C4" and. C5") retain their configurations.

Ttre direct formation of tetrahydrofurans from, e.g. (.2a), via intra-

rn¡lecular displacenent by the hydrrc>ryl group seens r:n1ike1y on steric

grounds. Therefore, it is 1ikely that the acyclic 1,4-dio1s, €.9. (48)

are involved in the rnechanism. Indeed, ready ring opening at room

tenperature u:rder mi1d1y acidic conditions rtras observed for erenpacetal (6),

H OH OH

HO

o

20
{c!}s zz.s

20

(23a) R--H

(21) HH

(M) (45)

+4go

+5Bo

H

RR
OHH

(47) R--H

(48) R=oH

dlhydroererncacetal_ (39) and diol (21) as evidenced in eactr case by

deuterir.un exchange in the region around 6 2.4 corr€sponding to exchange
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cr tc¡ the carbonyl grolp in, e.g. (48). The diol (21) did not yield

tetrahydrofuran (25a) until the mix'true was warrned. Oonrronly used nethods

for the conversion of 1,4-dio1s to tetrahydrofurans require the presence

of a strong acid, e.g. sulfuric and p-toluenesulfonic, and invariably

inr¡olve an intertrediate carbonjum ion. For example, racemic 2-ethyl-Z-

nrethyltetrahydrofuran (50) was obtained from p-toluenesulfonic acid

treatnent of (-)-(S)-4-methylhexane-1,4-dio1 (49)'o . This result is

consistent with a nectranism involving loss of the tertiary hydro>nrl $Ioqp

to yield an internediate carbonirm ion with subsequent cyclJ^zation to

the tetrahydrofuran. Similarly, loss of the secondary hydro>ryl group

from either (1¡ or meso-hexane-2,5-dio1 with sulfi¡ric acid would accollnt

for the observed rnixbure of cjs- and trans-2,5-dfurpthyltetrahydrofuran

products3l. Therefore, in order to e>çlain the obserwed stereospecific

OH

OH

(4e) (50)

formation of tetrahydrofurans from, e.g. 1,4-dio1 internediates (47) and

(48), under umrsually mild acidic conditions,it seens necessary to inr¡olve

the carbonyl gzoup in the mechanism.

Indeed, tetrahydrofurans were not observed on the treatnent of

1,4-dio1s (b1), (76) and (38a) with oxalic acid under identical reaction
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conditions to thqse enrployed earlier. These results exclude the

possibility of a nechanism involving protonation of the tertiary hydro>521

in e.g. (48) with synchronous ring closure and eljmination of water.

Ph otI

(51)

HO H
.\

lì
HO

s
HOH

(76)

H

HO HOH

( 38a)

A nechanism which is consistent with the stereochemistry of the

tetrahydrrcfuran products and rvhich involves the carbonyl grrcr-p is

outlined in Schene 1.6. Acetal- hydrolysis of diol (21) rnder acidic

condi-tions would establish an equilibrium mixture of (48) and

hemiacetals (53) and (54), presrunably via a carbonir.rn ion stabilized by

an o>rygen atom and the furan ri-ng. Subsequent concornitant intrarmlecular

attack by the hydro><yl group of (54) and forrnation of the ca:bonyl grotÐ

wou.l-d yield the tetrahydrcfuran (25a) -

S
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Sctrenle 1.6 HOH

OH
HO OH

H OH
(48)

H

OH

(2\) o
OH

(53)

+

HOH
(54)

OH

OH

(25a)

Interestingly, tertiary alcohol (70) gar¡e tetrahydrrcfuran (55) on

heating at 50o in aqueous nethanol contaÍning 5% o><a|ic acid. The

nechanism indicated in Schene 1.6, if applicable in this exarrylle,

o r'

\ H
HO

+ HOH
¿..,HOOH

oz

OHH

H

olIr\
o

I

I

I

I

ì

l

l

I

I



-24:

necessitates that the tetrahydrofuran (55) is forned via an intrarmlecuJar

attack by a terbiary hydro><y gl.oup on a tertiary centre with inversion

of configuration.

OH

OH

(55)
(70)

An internediate 1,3-dioxolenirrn ion (57), stabilizedby two o><ygen

atons rather than an o>rygen atom and a furan ring as in the present study,

has been proposed for the r€arrangenent of aceto>ry epoxide (56) to yield

tetrahydrofuran (58¡32,:a. In an analagous malìner to the present study

attack by the o><ygen of j-nterrediate (57), as shov¡r, results in the

formation of the tetrahydrofuran.

Schene 1.7

o

o

CHt

+

-+

o\
-cH'

V
(CH,). + H

CH,

CH

(CH).

CHt o

BIIt

(56)
I

CH,

(58) o'UH

CHr'-

BFr-
-J", (57)
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Lithium in Arrmnia Reduction of 3-Substituted Furans

2.O A variety of organic rmlecules aI€ reduced with a netaJ- in

annonia, either in the presence of a proton donor or followed by treatnent

with à pnrton donor.3s The alkali netals and calcium are rnost connonly

enployed and generally in solutions in liquid annnnia or less frequently

in 1ow nplecular weight arnines. The netats dissolve in liquid arnronia to

give solutions which behave as if they contain rnetal cations and "solvated

electronsrr.34' 36

Although many organic conpounds are soh;bIe to a useful exbent in

liquid annÐnia, solubility usually ca¡ be enhanced by using a co-solvent

often terahydrofuran. A nunber of reduction variables are therefore

evident for dissolving metal reductions. Firstly, the sohicility of the

organic substrate in liquid anrncnia influences whether or not a co-solvent

is employed. Solubility and also stability of reaction intermediates is

dependent on r¡Èrether the anrnrnia is at boiling point (-33o) or at a lower

ten¡rerature. The purity of the annonia is known to affect the reduction

potential of the netal in solution, for exanple iron impurities lower the

reducing ability of the metal ammnia solution. 3s Reaction tinre and

whether air is rigorously excluded from the reduction system are also

irrportant. Lithium is usually the netal- of choice for the reductions due

to its high solubility in liquid arnnrnia.

It is well docunented that a.Lly1ic and benzylic ethers'u, ",
acetals3s,37,38 and tO a leSser eXtent al-cOholS3s'3 7-4s are reductively

cleaved in netal- annpnia solutions. Attenpted reductive cl-eavagp of

erennacetal (6), rvhich contains both a11ylic and benzylic aceta1- o>$/gens,

in solutions of lithir:m, sodirrn or ca-l-ciun in liquid annÞnia, bottr with

and without an externaJ- proton source, gave conqrlex rnixturesl 7. The furan



26

ring cl-eaxly underwent reduction siuce the crude rnixture revealed no furan

resonances by tH n.m.". As a result of these observations the lithium in

annonia reductj-on of both 2-20 and. 3-2r substituted furans was extensively

studied.

Reduction of acetate (60b) with tithirm in a¡nroniafor 15 mi-n gave

alkylfnran (59) (75%) and al-cohol (60a) (25%) due to hydrogenolysis and

acetate reduction respectively. An identical reduction of ether (60c)

R

t7

crHrr

(59) R-H

(60a) R{H
( 60b ) R{Ac
(60c) R4Me

(61) R{HzCHzOH

(62)

gave a mixture of alkylfuran (59) Q4") and recovered starting material

(89"). Similarly, the acetal (62) on treatnent with lithirrn in anrnrnia

for 15 min gave alkylfurzn (59) (29"), al-cohoI (61) (59") and starting

material (IW"). Therefore, hydrogenolysis of the first acetal o><ygen is

faster than hyclrogenolysis of the second acetal o><ygen {to give (59)} an¿

is also faster than hyù'ogenolysis of the methoxyl grcup in the ether (60c).

It would also appear that the rate of reductive fission of the carbon-

o>grgen bond in (61) and that of the rnetho>ry grclæ in (60c) are similar.

Consequently, the lithium alkoxide derived from (61) nn-lst have little

influence on its subsequent reductive cleavage'

Reduction of acetal (62) with lithium and annnnia in the presence

of ethanol gave extensive reduction and cleavage of the furan ring.2t In

contrast with the reduction of the 3-substituted eompou:rds the following

observations wer€ made with the 2-substituted series. Lithiun in anrn¡nia
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recluction of acetate (64), both with and without an external proton solrrce,

gave 2-a1J<ylfuran (63) as the exclusive product.zo A similar reduction

of the acetal (65) for t h gave 2-alt¡ylfuran (63) in quantitative yietd.

ccHn Hrz
o

R

(63) R=H

(64) R{Ac

(65)

With an added proton source acetal (65) gave 2-aJ-l<ylfuran (63) as the

predominant product (957o) and a smaJ-I annr¡nt of furan reduction (5%).

The 3-substituted furan exanples discussed above undergo benzylic

hydrogenolysi-s nmch npre slow1y than the 2-sr-rbstituted furans; con-

sequently with an exùernal proton source present, prrcton addition to the

furan ring can conpete favoura.bly with hydrogenolysis.2l Within the

3-substituted. furan series the rate of substituent renoval appears to

para11e1 the staloility of the leaving gr\rllp. 21

2.L Eren¡cacetal (6) and its derivatives provide suitable nodels for

the investigation of the netal in anm:nia cleavage of the dioxabicyclo-

{5.2.1}octâne system.I T In particular, these conpounds have a clearly

defined. stereochemistry and a11ow a study to be made involving the select-

ivity of bond cleavage. AIso, the possible infl-uence of lithium chelation
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Table 2.1. Lithiirn in Anrl¡nia Reductions of the Dioxabicvclooctane

Derivatives
HOH

A

o
HO

o

H

R

3 H

HB
o

H

Isolated Pnrducts (Oonpound No.)

monocleavage dicleavage

R
o

{If2Gr(cÍI3 )2
( 3e)

{II20H
(40a)

-GIzOCI{zOGTI:

(40d)

OH,H

ì'äc*,>.
(66a)

OHH\J
-C GIs

(67a)

OHH'zt
-C CXI¡

(68a)

-cIIzCoH(GI3 )2

( 6e)

-coH(GI3 )2

(70)

R

HHdC

R
(h)

TirrÊ

31 7

71 7

5.5

5.5

S.M

69"

3úo

427o

æl_

40%

\ryo B (7r)
2Øo B (7L)

34% B

n"B

n" (73)

4q" (73)

4]r% (7aa-)

689" (75)

3n" (76)

eq" ç7)

7q" (Í8)

6Ø" (79)

6ry" (æ)

a

3

3

7Øo

]..8f"

l-Úo detected by lH n.m.r. in the crude ¡ni:<tr¡re'a

J
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can be assessed because of the ease of synthesis of a variety of alcohols

with the hydroxyl g\lup in the side chain at C3. In prelimina:y studies,

significant differences were observed in the reduction rate and product

conposition for the lithiun in anrmnia reduction of erenoacetal, dihydro-

erenpacetal (39) and alcohol (40a). As a consequence, a nunber of other

exan¡rles were studied in detail (Table 2.I). The lithium in annonia

reductions wer€ perforned at -33o rmder standard.ized conditions (see E¡ç.

Section) with no added prrcton source unless specified. T?eatment of

dihydroerenoacetaJ- (39), prepared by hydrogenation of erernracetal- (6)',

vúith lithium in anrn¡nia for 15 min returned 9Wo starting material-. A

sirnilar reduction of (39) for 3 h afforded starting materiaf rc37"), oxepanes

(71)* GTiò and diol (73) (fl"), but after 7 h reduction, 307o starting

material was reco\¡ered in addition to oxepanes (71) Qq") and diol (73) (4O7").

The cleavage of the acetal was quite slow and, interestingly, none of the

terahydrofuran isoners (72) were detected.

A 5.5 h lithium in anrn¡nia reduction of primary alcohol (40a) gave

starting rnaterial (44ù, triol Qaa) Ø9") and 34% of rnaterial tentatively

assigned as oxepane nrrnocleavage product. Triol (74a) wa^s characterized

as its diacetate (74b). In con4rarison, reduction of the protected

al-cohol (40d) with lithir.rn in annpnia for 5.5 h gave di-cleavage product (75)

(69") arrd only Wo staxting material.

Lithj-r¡n in anrn¡nia reduction for 3 h of the secondary alcohol (66a),

prepared frrcm aldehyde ( 33) ,1 
7,1 s gave starting materiaL GØ") and triol

(76) (3n"). By conparison, the epinreric secondary alcohols (67a) and (6Ba),

prepared fncm aldehyde (33),17 wer€ rapidly reduced a^fter 3 h. A 3 h

* diastereonprs were separablel 7
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l-ithirmi in annonia reduction of tertiary alcohols (69) and (70) revealed

the following; (69) gave starting material (LWù and triol (79) rcq")

vfrrile (70) gave starting material- (789") and triol (8O) rcry").

No tetrahydrofuran npnocleavage products werre detected in any of

the lithirrn in annonia reductions. Consequently, it was not clear wtlether

the reduction of tetratrydrofuran nonocleavage products {e.g. (72)}, tt

forned, occuped rapidly relative to the oxepanes {e.g. (71)}, or vùrether

preferentiaJ- cleavage of the C1-O8 bond had occurred.

The relative rate of cleavage of tetrahydrofuran (72a) and oxepane

(T1¡a) was established by a conpetitive reduction.l T A mixture of oxepane

(7La) and independently synthesized tetrahydrofuran (72a)t t (1'1) was

reduced with lithium in a¡nmnia for t h. Isolation and ctraracterisation

of the products revealed the following; tetrahydrofuran (72a) had been

>g5% reduced, whereas oxepane Qaa) appeared inert (9o% teenvered).

Diol (73) was also isolated (5Øo yield).

o
H

(72a) (7ta)

HO

.t-

o

HO

.t'OHH

OHH

lltttt

(72b) (71b)
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Clearly, the tetrahydrofuran (72a) hacl been rapidly reduccd to diol (73).

Thesè observations have been confirned with other npdel compounds that will

be discr:ssed later. Therefore, if tetrahydrofuran (72a) had been forned

in the initial reduction of (39) it would have been rapidly reduced tc¡

diol (73).

It has been postulated that the hydrogenolysis of a benzylic

leaving grcup with lithirm in a¡nrnnia proceeds via the addition of tlo

electrons to pnoduce a dianion species.3 5,3 7 

'\6 't+ 
7 Ttre addition of a

second electron to a system already negatively ctrarged is presuma'bly

s1ow, althougþ solvation by anrnonia may stabilize the dianion. Regardless

of wtrether the transition state for the reductive fission involves a

dianion oï an anion radical the benzylic cleavage witl ultimately yield

ei-ther of trvo dianion species {(83) and (84) Schene 2.L} a process

facilitated by the ability of the a¡cmatic nucleus to stabilize a

negative charge and by the high affinity for electrons of the oxygen atons

present in the dioxolane ring.

CI-OZ cleavage yi-elds the tetrahydrofuran dianion (84) while

C1-08 cleavage yields the oxepane dianion (83), both of whictt rrrust be

sufficiently basic to suffer protonation by annnnia. A further electron

addition with subsequent benzytic cleavage v¡ould yield a connDn diol (87)

(Schene 2.7).

The electron addition is usually reversible and the equilibrirrn

position is affected by solvation, a probable reason for the favotlrable

effect of annnnia on ion production, and also by the structure of the

organic sgstrate.35,46 The greater the degree of unsaturation, the

higher the electron affinity of the system, ild the greater the ground

state strain, the npre the equilibriun will favour a.dd.ition.35 Ttre
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Schøne 2.1

(81)

L¡+-O

e-

e-

I

R

^.

R

e-

e-

--5.2

Dianion

H o-Li+

(82)

e e-

s

o R
H

H+

L¡+rc

(83)

o
H

(85)

(84)

H+

H -Li+
H

---

(86)

(87)

R
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reducibility of the system depends on wtrether it adds an electron and

also on whether the resulting anion radical can be irreversibly transforrred.

Also, despj-te rmcertainties about the reaction kinetics, it isprobable

that the rate of reduction is dependent, a,s one factor at least, on the

equilibrium position of the electrr¡n addition and hence the initially

forned anion radical concentration.

The reduction rate and pnrduct conposition are clearly dependent on

the nature of the group R in (81) (Scherne 2.L). When R does not contain

an o>(ygenated substituent, €.8 (39), the reduction rate is slow and

oxepane, €.8. QI), was isolated. Horrever, r¡tren R contains an o>rygenated

sr-rbstituent (Table 2.1) the reduction rate is significantly enhanced and

sma11 quantities, if any, of the oxepane products were isolated.

Either the reduction prrcceeds exclusively via one of the two

alternative pathways of Schene 2.1, irrespective of R, where the nattlre

of R in (81) governs the rate of that pathway, or alternatively, the

natr.rre of R deternines whether C7-O2 or C1-08 cleavage is observed and

possibly the rate of sr,rbsequent reduction of (83) and (8a) {c.f. (7La)

and ( 72) ennpetitive reduction].

The reduction of dihydroerenoaceta:- (39) with lithirrn in annpnia

for 7 h gave epirneric oxepanes (7ta) and (71b) in the ratio of 20:1. A

conpetitive reduction of a mixbure of (71a) and (71b) for 3 h gave approx-

imately equal reduction of eactr congronent. Oonsequently, the difference

in rates of reduction of these epirners is insignificant and the inplication

is that (71:a) is forned nore ra¡ridly by a preferential protonation from

the relevant face of the conuDn oxepane internediate {e.g. (83)}. Interest-

ingly the conpetitive reduction of (77a) and (71b) for 3 h gave diol (73)

Ln 7Øo yield, a figrue which is similar to that obtained for the 3 h

reduction of dihydroerennacetal (39) ufrrich yielded diol (rc) (q"). The
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reduction of dihydroeremoaceta.l (39), at least, would therefore appear to

pnrceed predominantly, if not exclgsiveJ-y, via the oxepanes (71).

It is 1ike1y, therefore,that when R in (81) (Sdrerne 2.1) is oxlzgenated

the reduction proceeds significantly and in sone ca,ses exclusively via

the tetrahydrofuran interned.iate (84) which, on ttrebasisof the corpetitive

reduction of (71a) a¡d (72a) and, on the study of npdel conpounds (see later),

would cleave raPidlY.

A preference for oxepane forrnation (c1-o8 cleavage) with

dihydroerenpacetal ( 39) is d.ifficult to rationalize. The reaction pathway

taken by anion ra.d.ica1 (82) will clearly be that which is energetically

npst favourable. It is likely that the conforrnation of the furan ring

is crucial for the required overlap of the orbitals necessary for the

preferential formation of the oxepane (83).

The presence of an additional o>gzgenated substituent in the C3

side chain of the reduction substrate {e.g. in (40a), (40d), (66a), (67a),

(68a), (69) and (70)] nny enhance the coordination of a solvated lithirm

cation to the benzylic type o>rygen, a process that would be oçected to

a,ssist electron addition to the aronøtic system. Lithirm cation is knov¿n

to coordinate via 4,5 (nost favourable) and.6-rnenhered internediates.4s'4s

ErenoacetaJ_ derivatives (4oa), (40d), (66a) , (67a), (68a) and (70) have

the potential to c¡ordinate lithir¡n to 02 and 0R'in the C3 side chain via

a five nprnbered ring; the chelation rnight be expected to predominate

between the o>gzgenated substituent (OR) a¡d 02 (5 membered system) rather

s .Li
I

I
]

I

o
2

o

'oRl
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than with OB (7 nenbered system). Preferential chelation may, thcrefore,

stabilize the transition state for C1{2 cleavage relative to C1-O8, such

that C1-02 c\eavage wou-l-d predominate to yield tetrahydrofuran (84)

(Sctrene 2.1). It has been reportedls that nesylate (aOc) undergoes a

two step stereospecific reduction with lithirm alrrniniun hydride to yield

tetrahydrofuran (77), a reaction probably involving coordination. Similarly,

the reaction of nethyt ester (138) with nethylmagnesiurn iodide gave, as

o

CH¿OMs

o
(77)

(40c)
2'

o

MeO2C to

(139a) and (140a)

CO2Me

o

o

(138)

(141a) and (L42a)

cleavage products, tetrahydrofurans (139a) Io (t42a) with no detected

oxepane.so This reaction, which is dlscr:ssed later, is asstrned to be

d.irected by a selective coordination of the Grignard reagent.

The resul-t of preferential Cl-O2 cleavage would be tetrahydrofuran

o

o

H
OH

H

H

t

H

-oHHO
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formation which, on the basis of the conpetitive reduction of (71a) and

(72a), would rapidly r-educe to the dicleavage product. Indeed, (ßa) ,

(4Od) , (66a), (67a), (68a) and (70) were all reduced uore readily than

dihydroerenpacetal (39) and gave Iitt1e or no detected oxepane product.

These observations can also be e><plained by an enhanced rate of oxepane

interned.iate cleavage due to a similar lithiun coordination involving 0R

and the benzylic o>rygen of the oxepane dianion (83) (Schene 2.1).

Interestingly, the protected primary alcohol (40d) was cleaved

with lithirm in annpnia substantially faster than the parent alcohol (40a).

In the reduction rnedium an hydro>gzl sulcstituent rrçould readily deprotonate.

Although the alkoxide would form a stable nretal alkoxide, further addition

of an electron to a system that is already negatively charged may be

inhibited,35,46 a probable reason for the slow reduction of benzylic

alcohol_s. Although the protected alcohol (40d) does not possess the free

hydro>+2l grcup it would still permit favourable lithirm coordinatiou. The

inhibition of electron addition to the negatively charged alkoxide would

be offset sonewtrat by the forrnation of the netal alkoxide and by anrnonia

sol-vation.

The lithium alkoxide derived from (61) and the netho>ry grotp of

(6Oc) are cleaved at similar rates by lithirrn in anrmnia,2r thus indicating

o OMe

csHn CsHlz

(61) (60c)



- Jt -

that the lithirrn alkoxide of (61) has 1itt1e influence on the reduction

in this ca.se.

The seconda:y alcohols (67a) and (6Ba) show a substa¡tial

enhancernent in the rate of reduction as conpared to primary alcohol (40a).

A secondary hyd¡g>q/l sr-lbstituent is less acidic than a primary presrrnably

due to a decrease in solvation of the corresponding alkoxide by the

solvent, in this case anflDnia, whiclr tends to stabilize t}r.e anion. However,

a decrease in solvation and hence a decrease in acidity may enhance lithiun

chelation and hence the reduction rate. A del-icate bal-ance between anion

solvation and lithirrn chelation would appear to exist.

Ttre seconda:y alcohot (66a) was reduced sr-ùsta¡rtially slower than

either (67a) or (68a). Presr.rnably, both lithium ctrelation and annnnia

solvation are sterically hindered by the bul-k of the isopropyl group. The

results obtained for the te?b-ary alcohol (70) appear to support these

conclusions (Table 2.L) .

Tertiary alcohol (69), \¡hich can form a l-ithirm chelate between

the C3 side chain hydro>ryI groræ and 02 via a 6-nemberred ring system

was observed to reductively cleave at a rate conparable to (7O).

The rate of lithiun in annonia cleavage of the benzylic dioxa-

bicyclooctane system woul-d appear to be dependent on the position and

nature (primary, secondary or tertiary) of the o>rygen sr-lbstituent in (40a),

(4Od), (66a), (67a), (68a), (69) and (70). OnIy in the absence of the

oxygen substj-tuent, e.g dihydroerenpacetal (39), \ryas a significant

anpunt of npnocl-eavage product oxepanere.g. (7a), observed. In accord

witlr this observation it has been reportedr 7 ttrat a t h lithium in

arnronia reduction of acetal (88) returned starting material (Wo), diols
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(89) (22%) and a mixture of oxepanes (90) (35%). Again none of the

tetrahydrpfura¡ npnocleavage prrrduct was observed.

(88) (8e)

o

(e0)

2.2 Both the position of the orygen substituent in the C3 side chain

of the reduction substrate and also the reasons for the vast differences

j-n the observed rate of reduction of oxepane (71a) and tetrahydrofuran (72a)

and indeed acetal (62) would appear to be significant in controlling the

outcorne of the reduction. A systematic study of the lithirrn in annpnia

reduction of simpler sSmthetic 3-substituted furan derivatives \ryas rmder-

taken in an attenptto rationalizæ the results obtained. It was decided

to study the reduction of benzylic cyclic ethers of varing ring size

(5,6,7) and also exanples with an hydro>ryI group at varying carbon chain

lengths frr¡m the !';r;nzy1-ic dio<olane ring.

o

HO OH
o
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Table 2.2. Lithium in Anrn¡nia Reductions of the Benzvlic CVclic Ethers

zoH
n

Product s.l\{.

G.C. Isolated G.C. . Isolated

Substrate line (rnin)

(91)n=1
(92)n=2

(93)n=3

cn

65%

74%

15

15

15

(e4)

(e5)

(%)

99"

fg"

]..37"

9q"

t7Y"

L31o

<L%

7q"

6%

Sr-rbstrates TfuÞ (rrin) % neduced (G.C.)

(91)n=1
(92)n=2
(93)n=$

11

Loqo

7qo

g"

(92)n=2
(60c)

77
Wo

7%
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AlI the reductions wer€ carried out by use of a sol-ution of

lithiun netal- in a reflr.lxing (-33o) mixture of liquid annpnia and tetra-

hydrofuran ( cesolvent) . The reductions wer€ perforned without an externa.l-

proton sou-rce unless otherwise stated. The crude ether extracts from the

reductions were analysed directly by g.l.c. and the products were

subsequently isolated and characterized. A mrrber of sr-lbstrates were

reduced under conpetitive conditions in order to accurately assess their

relative rates of reduction. All the reductions \üere carried out under

carefully standardized c¡nditions (see Û<perinental Section) .

An examination of the results sunnørized in Tab1e 2.2 reveals

that after 15 rnin reduction, with lithium in anrpnia, the tetrahydrofuran

derivative (91) was reductively cleaved substantially quid<er

(9f,o reduced.) than either the tetratrydropyran (92) (187o reduced) or the

oxeparre (93) (19o reduced). The conpetitive reduction of (91), (92) and

(93) sr¡pports this observation. The rates of reductive fission of the

carbon-o>qzgen bonds in tetrahydropyran (92) and nethyl ether (60c) are

conqrarable.

It is docunented that the ring<pening rates of cyclic ethers

norrnally follow the order 3- > 4- > 5- > 6- menrbered ring. s 3 The ease

of ring opening of the cyclic ethers can be related directly to their

therrncdynamic properties.sa The resul-ts of PelI and Pilcher,sac *ho

measured the heats of combustion of the cyclic ethers and subsequently

the strain energies, are tabulated in Tab1e 2.3. Ooxs4o considered

the slight strain in the six-rnernbered ether ring to be angular in origin,

since a carbon-o>rygen bond is slightly shorter than a carbon-carbon bond.
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Table 2.3 Strain EnerEies in Cvclic Ethers (Kcal/rnole) s4c

Ring Size Alkane Ether

3

4

5

6

27.43

26.M
6.05

4.O2

27.28

25.51-

5.63

1.16

It is evident that the fiveqrembered cyclic ether possesses approximately

five ti¡nes the strain energy of the G-nembered cyclic ether, a result

reflected by the lithirm in a¡nrpnia reduction rates of (91) and (92),

(Table 2.2). Presrrnably, the 6- and 7- nembered cyclic ethers, (92) and

(93) respectively, possess little strain energy and hence are cleaved

at a rate couparable to methyl ether (60c).

Attenpts to rank the basicities of the cyclic ethers have been

sonewhat conflicting.ss Consequently, any attenpts to rationalize tine

differences in the rate of carbon+xygen bond cleavage of (91), (92) and

(g3) on the basis of electron sharing capacitj-es and hence abitity to

coordinate lithitrn cation rm:st be treated with caution.

Reduction of acetal- alcohol (97a) with lithirm in a¡nmnia for

15 min gave a mi:rLure of alkylfuran (1O3) (55%), diol (100) (a31"),
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'lab].:e 2.4. Lithiur in Amrpnia Reductions of the Alcohols

o/YoH
.¿OH .¡OH

n Cn

o

Cn .¿OH

o

B

.zOHC¡
A

C

Substrate

TiITE

(rnin) (A) rnrno-
cleavage

(B) di-
cleavage

(c) turan
reduction

Products (G.C. yields)
S.M.

(97a) n=0

(98a) n=l

(97a) n=O

(98a) n=1

(97a) n=0

(99a) n=3

15

15

,fr1
¿lo

2qo

(1oo) 1370

(101) 1oøo

(103) 55%

QÐ 4qo

(7C4,) lqo
(105) 5%

CompetitÍve Reductions

15
(7@) 74o

(1:O]-) L4o

15

(ñl
¿'lo

43/"

) a4" Go3) 527o (to4) t4%

) ag" (!6) 4a% a

,úl
olo

33/,.

(7O3) 4wo

@I) 1qo

(t04) tg"
(7o5) 2%

100

LO2

(

(

à Rrran reductj-on product not observed
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starting materi-al (9ò artd furan reduction product (104)(tq") (Table 2.4).

The 2,b-dihydrofuran (104) was isolated and subsequently distinguished

from the isoneric alkenes (106) and (107) (Schene 2.3) by rH n.m.a. spectroscopy

(ô 5.50, 1-II, bs, H4' ) and I3C n.m.r. (6 23.7, t, C2; 30.9, t, C3; 62.7,

t, C1; 76.3, t, Q', C5'; 119.6, d,e4'). In conparison, the lithiun

in annpnia reduction of acetal (62) , with an added prrcton sorrce, gave the

2,5-dihydrofuran (108) (6.4%) as the major furan reduction pnrduct.zr

l9

c¡Hn

(62) (108)

The acetat alcohol (98a), vfrren submitted to reduction with

lithiun in anrnrnia for 15 min, afforded the alþlfuran (94) (4go), diol

(101) Gqù, starting material (29") and.2,5-dihydrofi;ra¡r (105) (5%).

Significantly less reduction of (98a) relative to (97a) was therefore

evident, a result confirmed by a conpetitive lithirm in annonia reduction

of (97a) and (98a) (Table 2.4).

The reduction of acetal- alcohol (99a) with lithirm in armn¡nia

for 15 min was also significantly slower than the reduction of (97a),

A conpetitive reduction of the acetal alcohols (97a) and (99a) for 15 min

gave alcohol (96) (47%), diol (LOz) (tg") and starting material (99a) (49")

for (99a) (Table 2.4).

A m:nber of trends enÞrge from the above exan¡rles. Firstly, the

rate of benzylic acetal cleavage is dependent on the position of the non-

benzyl:l3 hydro>çf] gÐup. It is clear from prevÍogs work2l that furan

o
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Table 2.5. Lithir¡n in Anmonia Reductions of the Benzvloxv Acetals

o

,zOCH2Plt zoHn Un

o
.zOHCn

AB

Tine

Substrate (min)

(98b) n=l
(99b) n=3

(97c) n=0

(99b) n=3

15

Prtcducts

(A) r¡pno-

cleavage

(GoÐ a%

(Go2) a6Yo

15

15

Competitive Reduction

panent

alcohol

(,99a) aflo

(?ea) 54%

(B) di-
cleavage

(vL) 4L%

(96) 2w"

Gæ) 7qo

@6) zqo

(e7a) 47o (100) 137,

( sa) aW" (éoz) tW"
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reduction occurs rapidly in the plesene.e of an added proton Source.

However, it is unlikely that the enhanced rate of reduction of (97a)

relative to both (98a) and (99a) is attributable to the anptrrt of furan

reduction. A conpetitive reduction of benzylo>5r acetals (97b) and (99b)

(Table 2.5) under the sarne conditions as tJrose used above gave the parent

al-coho1 (g7a) (4%), npnocleavage product (100) (739") and atiq/lfuran (103)

eqù. Significantly, rapid. hydrogenolysis of the benzylo>$r acetal (g7b)

was observed with no furan reduction. The fr.lran reduction observed for

(g7a) is acccn¡ranied by a corresponding decrea,se in the anr¡unt of acetal

cleavage {..f. (97a) and (97b)}. This would suggest that a conpetition

exists between the protonation and acetal cleavage of a cqnnon interrediate

where the formation of the internediate nrust be rate determining.

Ttre lithium in anrmnia reduction of. a funzylic ether is knov¡r to

occur rapidly, e.g. abenzyLi.c ether can be selectively reduced with

U-thium in annnnia at -78o in the presence of a benzylic acetal. s1 Con-

sequently, it was assr.rred tlnat (9Tb) would initially form the nretal alkoxide

,¡ùrich would subsequently reduce to (100) and (103). Bibenzyls2 was also

detected in the crude product mixture obtained frrcrn the lÍthiun in

annr¡nia reduction of (97b) presunably as a result ofbenzyl radical coupling

It is unclear vhether the qffect of the hydro><yl grÐW is to

alter the ease with i¡ùrictr an electron is added to the system or whether

it alters the rate of cleavage of one of the reduction internrediates.

Perhaps the hydro>ryl grot-p of (97a) can intrarnrlecularly protonate a

reduction interrnediate and hence facilitate that pathway or, perhErs

lithirm cation can coordinate between a benzylic oxygen, 03, and the

hydro>ry1 gr.oup via a favourable 6-rnenbered ring (Sctrene 2.2) such that

electron addition to the arrrmatic system is facilitated. The latter is
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rÐr€ likely to be the case since the rate oI aætal cleavage is al-so

drarnatical-ly affected by the position of the benzylic ether nniety in

(97b), (98b) and (99b) (Tab1e 2-5).

Schene 2.2
+n ¡L

I
o

The reductive fission of benzylic alcohols is connpnly inhibited

by placing a negative ctrarge on the oxygen through salt fornation.3s'36

However, such exam¡rles invariably involve sodirrn and since the above

exanlrles {e.g. (97a), (98a), (99a)} were cleaved efficiently by lithiun

in annnnia, further support for a lithir.m coordination facilitated

rnechanism is evident.

Ttre hydrogenolysis of hyd:no>çr acetals (97a), (98a) and (99a)

gave sonìe furan reduction, the exbent of which was dependent on the

position of the hydrrc>g/1 grcup. Hydrr:>ry acetal (97a) gave 7Øo of the

2,5-dihydrofuran (104), (98a) gave only 57o of ttrle 2,5-dihydrofuran (105)

while (99a) gave little or no furan reduction.

Ttre p¡oposed rnechanism for the fornation of t};re 2,5-dihydrofurans

is outlined in Sctrene 2.3. Electron addition to the aceta]- {e.g (97a)}

woul-d produce either of two anion radicals (109) and (110). The aromatic

system of an alþlfuran possessing a o-electrrcn withdrawing benzylic

substituent is destabilized.relative to the a1ky1furan.2l,s6 TTris
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R

(10e)

oN
R

,H*

o''--'/

R

(100) R{IIzCIIzOH

/-\./

/t o

a

oo

R

(97a) R{IIzCT{zOH

o

R

R

(111)
e

O-L¡+

olYo
-L¡+

R

(LL2a)

e
OR

O-L¡+

(110)

g/--.-.2

R

o

f-l O-L¡+

OH

o-Li+

r\¡ R

+
H,H*ee

R

RR

(103) R{HzCIIzOH

(113)

R

2e

RR

(104) R{II2CI{2OH

+

(106) R{IIzCIIzOH

+

+
,2H

(107) R{IIzCHzOH
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woul-d lead to a higher concentration of anion radical ùrring reduction

with lithium in annpnia and enable these derivatives to reduce, even

though the alklyfurans are inert to the reduction conditions.2l Acetal

cleavage of (110) ultimately yields the acetal hydrogenolysis products

{e.g. (1OO) and (1O3)}. Protonation of (109) at carbon 2, ej-thiet by an

exbernal proton source or via the hydro>çy1 grotp, followed by elirnination

of one acetal o>rygen would yield the diene (111). Dienes are known to

be reduced rapidly by lithir-un in a¡rmonia.3s Electron addition to diene

(111) woutd give an anion radical of which one r€sonance contributor is

shown (712a). Sgbsequent protonation of (112a) and elimination of the

second aætal o>$/gen would give diene ( 113) . Ttre diene ( 113) would not

be isolated, but would rapidly reduce under the reaction conditions to

yield predominantly the 2,5-dihydrofuran {e.g. (104)}.

Ttre lithium in a¡nmnia reduction of both dihyd:rceremoacetat (39)

andbenzyloxy acetal (97b) in the presence of an equivalent of t-butyl alcohol

gave no furan reduction. It is therefore Iikely that the furan reduction

observed, particularly with (97a), is due to an intranolecular proton

transfer. In supporb, it was noted that the anpurt of furan reduction

product obtained decreased in the order (97a) > (98a) > (99a) (Tab1e 2.4)'

as a fgnction of the hydro>ryl grrrup position. The ease of intranplecular

proton transfer u¡culd be expected to be greatest when n=1 (Sctreme 2.4)

{e.g. for (97a)}; this wa,s the observed result. No furan reduction

prroducts were detected for the lithirm in annnnia reductions of the

benzylo>ry acetals (97b), (g8c) and (99b), or for the acetal (62).

A1l the aceta| sgbstrates bearing a non benzy1.i.c o>rygen substituent

{e.g. (97a), (98a), (99a), (97b), (98b), (99b)} gave significantly less

npnofission product than, for exan¡r1e, acetal (62) (39"). Ttris trend
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wa,s aJ-so observed for the dioxabicyclooctane exangrles, (Table 2.L), where

only dihydrrcerennacetal (39) gave npnocleavage products. It is also

Sckrene 2.4

o-
Gn

ttH'-
I

o

noteworthy that the reduction of 2-nethyl-2-phenyl-1,3-dioxolane with

only trvo equivalents of sodium in nethanol and anrnonia gave ethylbenzene

(3Wù together with starting material, but none of the npnofission

product.3T If a two-stage nechanism is in fact involved in the renoval

of the acetal o>$/gens, then the second stage must be easier in this case.

2.3 Ttre lithir¡n in a¡nrnnia reductions of trvo 4-substituted dioxolanes

were also investigated and the results are sunrnarized in Table 2.6.

G.l.c. analysis of the crude reaction product revealed the nature and

percentage yield of each conponent.

The 4-substituted dioxolane systens were of interest for two

rea,sons. First1y, a,s indicated in Schene 2.5, either of two npdes of initial

ageta) cleavage are feasible, both of r¡ùrich would subsequently yield

Fnonylfuran (59). The npnocleavage product (116a), isolated frtrm the lithiun in

a¡nmnia reduction of (114) was characterised as its diacetate (116b).

Acetylation produced a characteristic dov¡nfield shift of 0.5 p.p.m. for

three proton resonances, a result u/hidr is consistent only with structure

(116a). The absenee of products derived fron pathway 1 in Scherne 2.5

o
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Tab1e 2.6. Lithiun in Annpnia Reduction of the ÞSubstituted

Dioxolanes

C¡-OR'

cnHn

Substrate TiJrE Products

nþno-

cleavage

di-
cLeavage

(114,R'=H)n=1 15 min

3h

(115b,R'=Cll2Ph)n=f, 15 min

(114) 957o

(114) 737"

(1154,R'+\) 9Ø"

a"

(116a) q"

ilcr,þ

à
b

Not observed
Undraracterized
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supports the notion that lithium chelation ptays an irrportant ::o1e in

controlling these reductions. According to the ideas discussed previously,

lithirm chelation might be expected topredominate between the hyd:rc>ryl

Sctrene 2.5. 4-Sr.rbstituted Dioxolane System Cleavage

C¡-ORt

csl-I1?

Cn-OR

(116a) R1=R2=H, l=1
(116b) RI=R2=Ac, r=1

)

2

I

csHr

(114) R=H, n=1

(115b) R=CIIzPhr n=1

1

C¡-OR

R2

cElltT

grÐup and 03 rather than with 01 (Sctrerre 2.6), suclr that r€gioselective

e-O3 aætal- cleavage woul-d occur.

Sctrene 2.6

----Ll1

crHn
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The second reason for studying the  -substituted dioxolane systers

wa.s that they nnr"e closely resenble the sr¡bstitution pattern of the

dioxabicyclooctane exanples {e.g. (68a)} studied earlier' However, the

reâs¡ons for the slow rate of reduction in both instânces remain rlrclear

and deserve further inr¡estigation.
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synthesis of the Reduction Substrates

3.0 Dioxabicvclooctane Derivatives

Treatrnent of aldehyde (33) with methylmagnesium iodide at -7Oo

gave an inseparable mixture of epirneric alcohols (67a) and (68a) (50:28).ls

Ttre corresponding acetates (67b) and (68b), however, were readily

separated and gave the alcohols on lithir¡n ah¡niniun hydride reduction.

.{lcohol GOa), obtained by lithirrn al-rrninir¡n hydride reduction of

aldehyde (33)ts, readily fonred the nretho>çynethyl ether (40d) on treat-

nent with chlorornethyl nethyl ether and ethyldiisopropylarni¡e "

Samptes of dihydroerern¡acetal (39) and teriary alcohol (69)'

synthesized by Dimitriadis from erenpacetal (6) via P2 nickel catalysed

hydrogenationT and oxynercurationl 7 respectively, were available.

Alcohol (66a) was readily prepared by hydroboration of

ereur¡acetal (6). t t
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(4oa)

cHo

( 33)

OR H

(66a) FiI
(66b) ÞAc

HOR

(68a) ÞH
(68b) R=Ac

o  o/

ROH

(67a) R=II

(67b) ÞAc

(40d)

o

(3e)

oo

o

(6) (6e)
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3.1 3-Substituted tr\,rans

The reaction of alþllithiun reagents with furancarbo><y1ic

acids to givefurylketones has been reported.s8,ss,60 Ketone (121) has

been synthesized by preparing the alkyllithíun reagent from benzylo>ry

chloride (117b) in the presence of lithirrn furan-3-carbo><y1ate.60 In

addition to the desired ketone (121) (687") srnall qua¡tities of diketone

(130) (4.5%) and ketone (131) (Ú") weve isolated. When the alþ11ithium

ocH2Ph

o

(13o) ( 131)

was prepared separately, only a low yield of the required ketone (127)

was obtained. The product consisted rnainly of prrctonated alþllithium

and furan-3-carbo>ry1ic acid.

Despite the literature precedence, the pt p"ftion of ( 121_), and

similarly of (722) and (723), was only achieved after considerable effort.

Reasona.ble yields of the desired ketones were only obtajned when sodium

doped lithiun (27, sodiir.m) was used.6L '62 The attempted preparation

of ketone (722) with conmercially available nethyllithirrn-lithium brornide

complex or with n-butyllithiun gave a Iow yield of the desired ketone (122).

When tetrahydrrcfuran wa,s used as solvent, instead of diethyl ether, the

o

o

h



Rc

Sctrere 3.2

R

( 117a) F-II

(117b) FClI2Ph

(120)
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oR2

Rl R2

(118a) oH H

(118c) OH GI2Ph

( 118c) Cl C[I2Ph

RI R2

(119a) oH H

( Il_gb) oH cÍr2Ph

(119c) Cl CÍI2Ph

( rtgd) cr TTIP

Cn /ocHrPh

(J21) n=1

(122) n=2

(123) n=3

OH

Cn ,zOCHtPh

2

I

I

i
I

I

;
I

o
H

o

Cn

(98b) n=1

(99b) n=3

Cn

(98a) n=1

(99a) n=3

(97a) n=0

,zOCH2Plt

OH

./OH

o

n

cn

(91) n=1

(92) n=2

(93) n=3

o
./OH
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reaction oI the netal was fasterand the resultant alkyllithiwt nnre

reactive. Instead. of the desired ketone (722) the reaction gave

5-phenylpentan-1rc1 (133) and benzyl ether (1.,32) by intranolecular and

intenncleculax aIþ11ithirm reactions, respectívely (Schene 3.3). The

Schene 3.3

Li cH2Ph

ocH2Ph

ocH2Ph
(.132)

v
( 133)

Ph

enhanced reactivity of alkyllithirrn reagent in tetrahydrofi;ran has been

noted in the 1iterature.60,63 When the tetrahydrrcpyranyl halide (119d)

wa,s nsed, instead of benzylo>y cLrloride (119c), only7}-757oof the desired

ketone was obtained.

Ttrus, ketones G2Ð, (122) and (123) wer"e best synthesized in

diethyl ether by the nethod of Dimitriad.iso 0 with rnethyllithium prepared

from methyl iod,ide,6 a and sodium doped lithirm ( 27o sodiurn¡ . 6l , 6 2 In

addition, the benzyl ether and not the tetrahydropyranyl ether protecting

group gave the highest yield of the desired ketone.

Benzylo>cy chloride ( 117b) was readily prepared from 3-chloropropan-1-

-o1 ( 7a7{ by treatrnent with sodj-um hydride and benzyl brornide. The

benzylo>ry chloride (118c) wa,s prepared, by the following rrcute. The mcno-

benzyl ether (118b), prepa.red frorn 1,4-butanediol (118a), was converted

Ph

L¡

PhH
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into the chloride (11Sc) by using the 'Lriphenylphosphine and carbon

tetractrloride procedure.6s HydroboratÍon of 5-Ðenzylo><ypent-1-ene

gave the nnnobenzyl ether (119b) which was @nverted into the chloride

( 119c) using triphenylphosphine and carbon tetrachloride.

Formati-on of the acetal (98b) from ketone (121) followed by

selective U-thium in anrmnia reduction at -78o gave the acetal al-cohol

(g8a) in good yield. In order to form the cyclic ether (91) the carbonyl

grcup of ketone Ç2Ð wa,s r€duced with sodir¡n borohydride. Lithirrn in

annpnia reduction of the resultant alcohol (!24) at -78o gave the

1,4-dio1 (127) whicLr readily cycl.ízed to (91) in dicLtloronethane con-

taining a trace of ¡toluenesulfonic acid.

A sequence of reactions similar to that used for the synthesis of

(91) and (98a) was enployed for the preparation of (92), (93) and (99a).

Formation of the acetal (135) from the B-keto ester (134)66 with

subsequent lithir¡l aluninium hydride reductj-on of the ester rnciety gave

the acetal- alcohol (97a) (Scheme 3.4).

Scheme 3.4

CO2Et CO2Et

-+

(134) (135)

o

(97a)
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Alcohol (114) and dio><olane (115b) were prepared from ketone (136)

by reaction with glycerol and 5-benzyloxy¡lentane-1,2-dio1 (137¡:1 s 
'r 

I 7

nespectirrcly.

t7
caHrr

(136) (114)

Ph
17

(137) (115a) R=H

(115b) R{IIzPh

o

R

OH
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3.2 Tertiarv Alcohol (70) The Stereochemistrv of Acetal Cleavage

with Methvlma"erres i-um I odi de

The ester (138) wa,s plepared. from the correspond.ing aldehyde (33)te

by anin sltu silver oxide oxidation followed by nethylation with

diazonethane. Ttre bicyclic acid (3a) is known to be rmstable at 1ow

pH and exists in equilibrium with the acyclic acid (35) which can

subsequently undergo ring closure to lactone (30a) (Scheme 3.5). Never-

theless, with ca:eful acidification at Oo the equilibrium is strongly

in favour of the bicyclic acid (34) such tlnat diazønethane m,ethylation

of the crude rnaterial afforded ester (138) in 427o yield.

Schene 3.5
o

cHo COrH
+

( 34)

HO

( 35)

o

o
O

CO"H

s\ì
OHH

( 33)

oo

o
OH

OH

<-
CO.Me

( 30a)
( 70) o (138)

Reaction of ester (138) with methylmagnesium iodide in diethyl

ether for 2h at 25o gave the tertiary al-cohol (70) (41¡%) and an

unexpected mixture of acetal cleavage products (139 - 142; FH) (39")'
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Ckrromatography of the prrcduct rnixüure gave a fraction containing ( 139a) ,

(laOa) and (70) and another containing (14La) and (742a). Acetylation

of the first fraction, followed by ctrromatography permitted separation

of the epinreric acetates (139b) and (14Ob) (t1%) from the tertiary

alcohot (7O) (4!%). F\rther chromatography of the second fraction gave

(tal:a) Gg") ard ( L42a) (97") as pure conpounds.

o
H

o MeO2C -on MeO2C
?..

OR

H

(139a) ÞH
(139b) ÞAc

(1a1a) Rr-H

(141b) ÞAc

\_
t

(140a) R-JI

(140b) R=Ac

Qa2a) k=al

(142b) R=Ac

o
H H

HO
toR 2 OR

Neither the mixture of (139a) and (74Oa) nor their corresponding

acetates (139b) and (140b) could be separated by chromatography. However,

the spectraJ- data for ( 139a) and ( 74Oa) and their acetates lilere @nsistent

with the a.ssigned structure. In particular, the resonances of the two
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Figure 3.2. lH n.m.r. Spectnrn ( 80 MHz) of Diol (].42a) in CDC13
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Figure 3.3. rH n.m.r. Spectrum (3O0MHz) of Prop anoates (139a) and (14Oa) in C5D6
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Figure 3.4. IH n.m.r. Spectn¡n (80 Wz¡ of Ketone (143) f¡ Cnqc
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furan protons II2" and H5" overlapped at ô 7.13 vñich is consistent with

a single o>rygen substituent on the carbon benzylic to the fi;ran ring.

Tþe nrethyl ester group of (139b) and (140b) was evident by rH n.m.r. a,s

a three proton singlet at ô 3.61 and by ma,ss spectrrcscopy, m/Z 279 (M-CT{30).

Tçinning of the acetate nethyl proton r€sonanc€ of (139b) and (140b) wa.s

consistent with a diaster€oneric rnixture and the ability of (139a) and

(140a) to form acetates excl-uded the alternative oxepane structure which

\À,ou,l-d be the result of C1-08 bond cleavage.

The spectral data for (I41ra) and (1-:42a) were consistent with the

proposed. tetrahydrrcfuran structures. Again, the dlernicaJ- shift of the II2"

and H5" furan pnctons overlap for both isoners. 112 appears at ô 3.54 in

(Laaù as a triplet and at ô 3.70 as a doublet of doublets in (142a), and in

addition, each isoner gave a npnoacetate in whictt these n.m.r. resonances

shifted. downfield by apprrcximately 1,.2 p.p.m. Tl:e I3C n.m.r. (Table 3.1)

and mass spectra INZ 268(M),253(M-Me)] are also in fu11 accord with the

structures (141a) and (ir42a). In particular, a conparison of the 13C

ctremical shifts obtained for (A{aa) and (742a) indicates that the two com-

pounds are probably diastereoners.

The structures of (139b) and (140b) were related directly to those

of (141a) and (742a). Treatnent of the isolated mixture of acetates

(139b) and (140b) with nethylmagnesirm iodide gave diols (141a) and (742a),

identical- by ma,ss spectroscopy and ^H n.m.r. to the conpounds previously

described, ffid an inseparable mixture of epineric hydroxy esters (139a)

and (]¡4Oa). Both the epiners (139a) and (tA0a) were cl-ear1y evident from

the twinning observed. in the tH n.m.r. of the rnixture (Figure 3.3). In

particular, nesonances for the furan proton H4" wete evident at ô 6,42,6.45,

methyl ester at ô 3.5O, 3.60, hydro>ryl group at ô 3.45, 3.15, 5'-Me at

6 1.68, 1.65 and for 2'-Me at ô 1.61, 1'50.
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Table 3.1 .
I3C n.m.r. of (141a) , (742a) . ( 143) and ( 144) in CDCIa

C-Nr¡nber (]a];a) (\a2a) (143) (144)

1

2
t)
.J

4

3-Me

2'
3'

4',

5'
2'-Me

5'-Me

2"

3rt

4"
5"

42.5 t
75.2 d
72.8 s
3O.6 q

29.4 q

80.7 s
36.8 t
38.6 t
4.4 s

26.0 q
23.8 q

137.9 d

133.1 s

108.8 d

143.7 d

4t.4 t
75.3 d
72.5 s
30.0 q
29.4 q
81.0 s
35.5 t
38.9 t
85.1 s
26.0 q

24.2 q

137.9 d

134.1 s

109.1 d
143.3 d

48.3 t
a

76.9 s
30.5 q

27.6 q

80.9 s
38.6 t
38.0 t
82.8 s
26.5 q

26.7 q

138.0 d

à

109.0 d

143.6 d

48.5 t
a

77.O s

29.8 q

27.3 q

81.9 s

38.6 t
37.5 t
83.3 s
26.5 q

26.7 q

137.9 d
a

109.0 d
143.5 d

à not observed.

It is Iikely that only one asymÞtric ca¡bon centre is ilvolved j¡r the

reaction of (138) with nethylmagnesium iodide since only two of the

possible diol isoners and the corresponding hydroxy ester iscrners were

forned. Methylmagnesium iodide cleavage must involve C1 in (138) but

woul-d clearly unal-ter the configuration at C5 in (138). However, in

order to confirm that the isoneric products were not epineric at @ (in

139-L42) it was decided to oxidize the diols, (141a) and (A42a), to the

corresponding ketones, (143) and (7M). Ttre tr¡¡¡ ketones were clearly

d.ifferentbytH n.m.r. (Figures 3.4 and 3.5) and t 3C n.m.r. (Table 3.1).

Consequently, the two ketones and the corresponding diols are epineric

at C5' a,s a result of attack by rnethylmagnesium iodide from both faces

of an internediate oxocarbonium ion.
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( 143) (744)

Eactr of the diols, (141a) and (142a), reveaLed four distinct

quateïîary nethyl group prÐton resonances and the chernical shifts of wttictt

permitted a tentative assignnent of configuration (Figures 3.1 and 3.2).

The furan ring is known to produce a shielding effect on neighbouring

substj-tuents which approach the ring face,67-6s and this effect has been

obserwed vrith (-)-ngaione (1a5) wtrich e>ùribits a smal-l upfield shift

for the isopropyl doublet relative to its @' epiner, (-)-epj¡gaione

(a46).70 The 5'<nethyl gr'gup at the benzylic position of both (741.a)

and. (1:42a) is a,ssigned a,s the lowest field nethyl resonances at ô 1.57

and 1.52, respectively (Figures 3.1 and 3.2). Ttre isopropyl nethyl

o

o o

(145) (746)

resonances of diol (1a1a) are 0.06-0.10 p.p.m. upfield relative to

those of diol (1a2{ and the 2'-nethyl of (a42a) is shielded by

O.1b-0.19 p.p.m. relati-ve to (141a). The chernical shifts obserwed for

o

HO

HH
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the four quaterna:y nethyl grÐllps of diols ( 1 1a) arid ( 742a) are con-

sistent with the assigned stereochemistries. A similar, but smal-1er

gpfield shift of 0.11 p.p.m. for the 2'-nrethyl was observed in the

spectrun of the mixlure of epiners (139a) and (74Oa); the 2'-nethyl

r€sonance appeared atô 1.50 in (140a) and atô 1.61 in (139a). The

chemical shifts for the four quaternary nethyl grolps of ketones (143)

and ( 7M) further sr-rptrrcrt the assigned stereochemistries of the cleava.ge

products. In particular, the lH n.m.r. spectra of the ketones (143)

and (1aa) (Figures 3.4 and 3.5) closely parallel those obtained for the

respective diol precrusors (Figures 3.1 and 3.2). The 3-nethyl and

(Ha) ¡ resonances of diol (1a1.a) and the corÍesponding ketone (143) occur

at distinct chemical shifts whereas the sarne r€sonances in diol (142a)

and ketone Qaa) overlap. As a consequence of the shielding influence

of the furan ring the 2'-nethyl of ketone (744) is shielded by 0.O7 p.p.m.

relative to (143) and the isoprrcpyl nethyl resonances of (143) are tpfield

by 0.06-0.08 p.p.m. relative to (144), shifts which a^re conparable to

those obtained for diols (1ah) and (742a). The 5'-nethyl resonance of

ketone (143) appeared at 6 l-.54 and at L.57 for the precursor diol (747a).

Similarly, the 5'-nethyl resonance of ketone (1'44) and diol (742a)

appeared at ô 1.48 and 1.52 respectively. It is a^lso noteworthy that the

2'-nethyl resonance for ketone GaÐ and (-)-epingaione (746),70 compounds

which have the sane relative stereochemistry, occrlr at similar chemical-

shifts (ô 1.28 and 1-.27 respectively). In conparison the 2'-nrethyl

resonance of ketone (143) appeared at ô 1.35.

Treatnent of tertiary alcohol (70) with rnethylmaenesiun iodide gave no

acetal fission products as revea.Ied by rH n.m.r. spectroscopy. Therefore,

the diols (7 7a) and (A42a) are considered to have arisen from the

internediate nragnesiun derivatives of the hydro>ry estets (139a) and (140a).

The reaction of rnethylmagnesiun iodide with ester (138) in ether solution
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is sunmarized in Sctrenre 3.6. A conpetition exists between addition to

the ester firnction to give tertiary alcohol (7O) (47%) and cleavage of

the aceta-l (39"). Selectivity for cleavage of the C1-02 bond of ester

(138) wa,s evident with no detected oxepane derivatives. The prefel€nce

Sctrene 3.6" Reaction of Methvlma"snesium Iodi.de with Ester (138)

CO2Me

(138)

(147)

o

(148)

o
+

o

)

Me

o

Me

o
Me

(70)
lH+ H+

(141a) + (t42a) (139a) + (140a)

for C142 bond cleavage over C1-08 bond cleavage presunably reflects

the preferentiaJ- ctrelation between nethylmagnesium iodide, 02 and the

ester function. A similar selectivity for C7-O2 bond cleavage was

observed in the lithirrn alrrriniun hydride reduction of sone 2,8-dioxabicyclo-

t3.2.!oct-3-y1 nethanesulphonatesls and rnay in fant ac,enunt for the
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observed differences in the rate of the lithium in anrnonia reduction

of scrne benzylie 2,8-dioxabicyclo{3.2.1}oct-3-y1 derivatives (Cttpt . 2) .

Ttre chelation of nethylmagnesium iodide with ester (138) would facilitate

acetal cleavage to yield the oxocarbonirrn ion (a47) i¡/hich is stabilized

by both the o>rygen substituent and the furan ring. Subsequent reaction

of methylmagnesium iodide frqn both faces of (t 7) would account for

the epinreric cleavage products observed.

The major cleavage product issners isolated, (139a) and (a47a), are

the result of methyl transfer frun the face of oxocarbonium ion (747)

flanked by the 2'-nethyl group. Such an attack is not possible by an

intranplecular transfer of the nethyl grolæ of the internediate oxo-

carbonium ion ( a47) and, consequently the magnesiun derivative of (139a),

at least, nrust arise by the reaction of further Grignard reagent on

the ion (747).

Se¡¡era] reports have appea¡ed concerning reactions of Grignard

reagents with acetals in \Ãhich one of the carbon-o>(ygen bonds undergoes

replacement with an a^1þl gaÐup. Acetal-s of cl,ß-unsaturated aldehydes, 7l 
' 
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aryI ethyl acetals," a,3-dioxolanesTs and orthoestersT6-78 have been

studied. Although much of the work has been oriented towards synthesis,

e.g. the preparation of acetals frrrm orthoesters, sonp studies have been

concerned mainly with nechanistic aspects.

The reaction of 2-nethoxy-1,3-dioxanes with Grignard reagents has

been reported to proceed with retention of configurration, TT however, it

has been suggested. that the reaction of ethylrnagnesium bromide with aryl

ethyl acetals is \2 like.7a It is therefore evident that it is difficult

to draw mechanistic generali-zations concerning the reaction of Grignard

reagents with acetals.
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The reaction of Grigrard reagents with 2-substituted 1,3-dioxolanes

have been reporbed to give ring cleavage products, fonred from attack of

Grignard reagent at C2, or enol ethers arising from attack on the $-hydrogen,

depending on conditions. Ts In this instance, it was considered that

conplexation of the dioxotane with (EtMgtsr.EtsN)z would give a conplex with

oxonir.rn ion character. Ttris conplex could be converted to products, via

RCH2

cH3cH

\

\ NEt¡(t{e)

species (\49) or via a second order reaction with another Grignard entity.

(749) was considered to exist as a disc ete, but unstable, interrediate

frrcm i¡frrich the prrcduct would arise intranplecularly via a four centre

transition state. Ts

The present study, using the bicyclic acetal (138), supporbs the

presence of a relatively long-lived oxocarboniun i-on, but does not srpport

the formation of prrcducts exch¡sively via an internediate four centre

transition state.

o

\ cH2cH3
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Diterpenes frcm Eremo phiTa rotundi fol-ia

4.O The uood of E. rotundifolia contained a nunber of interesting

diterpenes. CLrronatography of the wood extract allowed the isolation of

the major constituent, serrulatenol (150a), a.s a colourless crystall-ine soIid.

The nornenclature of this compound and its derivatives, is based on the lcrov¡n

serrulatane skeleton for whlch the absolute configr-rration ha^s been defined.l l

The nrrlecular fornula C2sH2503 was established for (150a) by elemental

analysis and high-resolution Írâ,ss measurernents. The ultraviolet spectrum

t'r.H

H

(150a) k-H

(150b) FAc
(150c) Fp-@PhBr

of (150a) showed an absorption band "t À*" 289 nm (3500) vùrich shifted to

a longer wavelength (Àm* 302) on passing from neutral to alkaline conditi-ons

The observed shift to longer wavelengthTs indicated. the presence of a

phenolic group which was supported by strong infrared absorptions at 3560

and. %4O cm r. Acetylation of (150a) with aceti-c anhydride in pyridine

R
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Table 4.1. 13C n.m.r. Spectral Data and C-H Chemical Shift

Correlation for (150a) (CÐC13). P.p.m. rel. to TMS

B

4

13
16

t4

77

19

B

2ctq

a

L2
1

11 20

15

18

7

C-Nunber Chem.
shift

Multi-
plicity

Proton Correlati-on (ô)
Single Bond Iong Range

1

2

3

4

5

6

7

8

I
10

11

12

13

L4

15

16

L7

18

t9
20

27.3

28.2
ooo

32.9

444.3

125.4

115.0

L48.7

726.2

129.1

48. 8

38.0

75.7

724.7

437.9

25.8

18.5

105.1

L5.2

19.6

3.07

1.55;

1.55;

2.56

1.80

2.20

d

t
t
d

S

S

d
c

S

S

d

t
d

d

S

q

q

d

q

q

1.23 (rf2o) 3

L.23 (f12O) 3

6.44

2.30

1.87; 2.O2

5.15

5.20

L.74

L.74

5.30
2.t8
L.23

5.30 H18

1.74 (H1:6) s (H17)s

1.74 (H].:6) ¡ (H17) g

2.18

2.48

2.t8
6.44
I De

2.20

(Hil') s

(H19) 3

(H19) ¡

H7

(H20) s

H3ß

2.O21fl.28
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Tah,le 4.2. rH n.m.r. SPectral Data (300 MiIz) for (150a) in CDC13

C

Þ

4

13

16
L4

17

19

d

ß

2
q

20

1

11

g

L2

15

18

5 I

Proton Chem.
shift

Multi-
plicity

J-
(Hz)

Pncton Chem.
shift

Multi-
plicity

J
(IIz)

If1

H2g

ll2a.

H3ß

H3o

H4

Tt7

8-OH

3.O2

1.55

1.80

2.20

t.94
1.55

1.27
2.56

6.44

4.50

6,7

3,7,t!

3,7,10

H11

1\28

ll].2a

H13

H14

(H16) 3

(H17)¡

H18

(H19)3

(tr20) ¡

2.30

2.O2

t.87
5.15
5.20

1-.74

L.74

5.30

2.18

1,.23

ddt

ddd

dt
ddd

dqq

df
df
d

S

d

b

b

b

tq

a"

a

ddt

a

9 lines
ddd

S

L.2, 5.6, 10

7.2, 5, 13

13, 10

5, 9, 10

o 1t 19
{t L.4, L'4

L.2

1.2

5.6

7

b
c
d

e

f

Resonance obscured.
Data obtai¡ed in (E) Benzene.
Chenrical- shift is concentration dependent.
Ctlemical shift va"lues r€present the centre
of each resonanc€.
Coupling constants have been deterrnined on
first order principles and hence ale approxjmate.
Only observed on resoluti-on enha¡cqnent
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Figure 4.2. IH n.m.r. Spectrurn (3O0 MHz) of (150a) in C5D5
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gave a phenolic upnoacetate (150b) which showed a characteristic infrared

absorption at 7760 cm-r.

Examination of the I3C n.m.r. spectn:m of (150a) (Table 4.1)

revealed a].]- 20 carbon ïesonances. The low field r€sonances at ô 115.0 (d),

125.4 (s), 126.2 (s) 129.1 (s) IM.s (s) and 148.7 (s) were consistent with

a penta,substituted phenolic ring and those at 6124.1 (d) and 137.9 (s)

were assigned to the carbon atcns of a trisubstituted double bond. These

assignments wer€ sl¡pported by the forrnation of two diastereoneric npno-

epoxides (151) and (152) from (150b) and by the appearance of a single

arornatic pnoton resonaTlce at 6 6.44 fot (150a) (Figure 4.1, Table 4.2)

Ttre l3C resonance at ô 105.1 (d) was assigned to the acetal carbon,8o

C18. Therefore, the nature of all three o><ygen atons present in the nol-ecule

was established. F:rthernpre, the t 3C resonances at 6 148.7 (s) and

AM3 (s) suggested that the phenolic ring bore a second oxygen sr¡bstituent.

A resonance at 6 75.7 (d) was consistent with an atlylic ether carbon bearing

a nethine proton and consequently, the structural unit (153a) was established.

T7

16 L8
f¡r

H

( 153a)

The vinylic nethyl gïÐups, C16 and C17, were assigned to the r tC resonances

at 6 25.8 and 18.5 respectively.sl An examination of the olefin proton

resonance, H!4, confirned the existence of the vinylic nethylgroups". At

first sight the olefin proton r€sonance at ð 5.20 appeared as a doublet

1
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Figure 4.3. Contour Plot of the Proton Correlati-on

Spectrr-u'n (COSY) of (150a) in CDCIc
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Figure 4.4. Contour Plot of the Proton Correlation Spectrr¡n

(COSY. Hish Field Expans ion) of (150a) in CDCIa
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(Figr:re 4.1, Table 4.2) with two off-diagonal CO;SY*cïoss peaks to the H13

resonance (Figures 4.3, 4.4). A closer examination revealed H14 to be

al1y1ica1Iy coupled (J 1.2 tlz) to the six proton r€sonance centred at 6 1.74

(OSY off-diagonal cross peaks were also evident between the H14 and vinylic

nethyl resonances, Figure 4.3)

The IH n.m.r. spectrr.rn of (150a) revealed benzylic nethj-ne resonances

at 6 3.02 and 2.56. Ttre resonance centred at 6 3.02, H1, with corresponding

13C resonance at 6 27.3 {as shown by t tC - IH cLrernical shift correlation

(Tab1e 4,t)\ appeared a.s a triplet of quartets. H1 wa,s coupled to the nethyl

doublet r€sonance at ô 1.23 (J 7.O llz) and to the two resonances at ô 1.55

and 1.80, (IÐ)2. The proton resonances at ô 1.55 and 1.80 were confirrned

a,s a nethylene pair by ctremical shift correlation with the l3C resonance at

ô 28.2 (t). Double irradiation at the II20 nrethyl resonance collapsed the H1

signal to an apparent triplet (J 6 Hz). Off-diagonal @SY cross peaks

between the H1, (II20)¡ and (II2)2 r€sollmces confirned the interrelation. The

above rH n.m.r. data firmly established the partial structure (153b).

1 2

2

CH

Ph-cH
Me

( 153b)

A conplex resonance at ô 2.56 (ddd), a,ssigned to the benzylic

proton H4, was simplified to a dd by irradiation at ô 2.30, H11. H4 was,

therefore, eoupled to H11 and to a furbher two protons indentified as the

nethylene pair (H3)2. Again, 13C- lH chemical shift correlation permitted

the nethylene pnotons (H3)z and the nethine pnrtons H4 and II11 to be assigned

to 13C resonances at 6 23.3 (t), 32.9 (d) and 48.8 (d), respectively. OSY

(

*-@SY refers throughout this thesis to proton correlation spectroscopyt t s
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Table 4.3. COSY Ooupling Data for (150a)

e

ß

4

13

L4

L7

19

P¡oton L 29 2ø 3B 3a 4 7 11 Lzg t2a 13 L4 L6 L7 18 19 20

B

2o

20

1

11

ct

L2

1516

18

7

x

x

xxL
xxxx
xxxx

xxxx
xxxx

xx

H1

2g

2a

3ß

3a

4

I

11

L2g

L2o.

13

L4

16

t7
18

19

20

x
xx x

x

x

X

x
x

x
x

x

x
x

xx
x

x
x

x
x

L Refers to long range.
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off-diagonal cross peaks also interrelated the proton r€sonances. The

structural unit (153c) is therefore established, where the nethylene in

this case is distinct from that shown in (153b) (each nethylene was

c¡rrelated w-ith a different I 3C r€sonânce, Table 4.t).

4

3

cHr-

11

18

CH

Ph-cH (
11

-cH ( T2 13
CH CHr-ç¡1/

( 153c) ( 153d)

TTre parbial structure (153c) can be exbended on the basis of the

following data {partial structure (153d)}. H11, ô 2.30 (ddt), \¡/as further

coupled to H18, ô 5.3O (d), and unequally to a third nethylene (H72)2,

ô 1.87 (dt) and 2.O2 (ddd). The protons H11, H18 and (H12)2 were correlated

with t 3C resonances (Table 4.L) and were interrelated by double irradiation

studies and by OSY n.m.r. (Figure 4.3 and Table 4.3). The nethylene

protons (H12)2 r€vealed geminal coupling (J 13 IIz) and vicinal coupling to

both Il11 and H13.

-?4,F_
A.rè#¡nination of the above rH n.m.r. data {partial structr.ues (153a) -

(153d)Ì gives the isoprenoid skeleton of (150a), where the indicated

aromatic substitution is eonsistent with an isoprenoid origin.

Ttre rnrst difficult assignnent in the lH n.m.r. spectrum of (150a)

was that of the nrethylene protons GÐ)2, (H3)z and (If12)2. Eactt nethylene

pncton was chernically distinct, presuna.bly due to the close proximity of

the aromatic ring, and the resonances were partly, ffid in sqne cases totál1y

obscured (Figurc 4.L). An identification of the nethylene proton resonarìces

and indeed all the proton r€sonances, was only possj-ble when the protons
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,üeïì-ô @rrelated w-ith 13C resonances of known nrr.rltiplicity. The lH n.m.r.

spectrun of (150a) in (D6) benzene (Figure 4.2) did, however, unravel a

nrxrber of otherwise obscured resonances. The individual protons of eacfi

of the three nethylenes wer€ only assigned to a particular resonance when

the configuration of (150a) was confirned (Section 4.2). It wa.s then

possible to make assignnents on the basis of coupling constants (Section 4"2).

It is inportant to realize that the tH n.m.r. spectn-rn of (150a)

has been analysed purely on first order principles. This was perforned

partly becau,se of the complexity of the spin systems involved in (150a)

but also because it was felt that the high field spectroreter

r:sed ( 3OO MIlz) gave sufficient dispersion of the resonances to permit a

reasonable analysis. Simila¡ approaches to the analysis of the lH n.m.r.

high field spectra of natural products have been reported. s2 The structure

of (150a) was confirned by a single-crystal X-ray a¡alysis which also

estabtished the absolute configuration (Section 4.2).

A close exami-nation of the long Range lH-l 3C corre]-atj.on (Table 4.1)

and @SY (Tigures 4.3, 4.4) data further supports the structure assigned

to (15Oa). In particular, the aromatic ring substitution pattern was con-

firned. Ttre aromatic nethyl grcup (H19)3, 6 2.18, was correlated to the

a¡arnatj.c carbons C5, 6 and C7. Similarly, a prorninent OSY off-diagonal

crrf,ss peak was evident between the H7 and (H19)3 resolÌârì@s. H7 was also

correlated with the carbon bearing the phenolic grrcup, C8. Other significant

1g- 1aç correlations existed between C9 and the nrethyl group, (H20)s and

another, although weak, between C10 and H3g.

The ortho relationship between the phenolic group and the aromatic

proton, H7, was confirned on exarnination of the lH n.m.r. and l3C n.m.r.

spectra of the acetate (150b). Ttre resonance for H7 in the acetate (150b)
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wa.s shifted to lower field by O.27 p.p.m. whictt is in line with previously

reported exanqrles.83 A conparison of the a¡rcrnatic r3C ctremical shifts

for (150a) and (150b) is given in Table 4.4. The observed chemicaJ- shift

Tahle 4.4 Oonparison of the Arrcrnatic 13C Cfrernical Strifts

of (150a) and ( 150b) (in CDCIa)

Arqnatic
C-Number (150a) (150b) Shift

E>çectedo a

shift

5

6

7

8

I
10

14a.3 (s)
t24.4 (s)
115.0 (d)

1a8.7 (s)
726.2 (s)
129.1 (s)

1a8.8 (s)
125.6 (s)
L27.7 (d)

143.1 (s)
131.2 (s)
128.a (s)

+ 4.5
+ o.2
+ 6.7

- 5.6
+ 5.O

+ O.7

+ 5.3

- o.4
+ 6.7

- 3.9
+ 6.7

- o.4

ctranges are in close agreement with the published figures. Ia For exanple,

acetylation shifted the r€sonance for C8 to higher field by 5.6 p.p.m.

(1it.e3 - 3.9 p.p.m.) and the resonances for C7 and C9 to lower field by

6.7 and.5.0 p.p.m., r€spectively (lit.as + 6.7 p.p.m.).

A nunber of other informative long ïange lH - 13C correlations

were evident (Table 4.Ð. A long range lH - I 3C correlation existed between

the nethyt groræ protons (II20)s and both C1 and Q and similarly, between

the acetal nethine prrcton H1B and both C13 and. C12. The above information

is in fuI1 accord with the stmcture assigned to ( 150a) .

Sonre of the functionalities associated with (150a) were confirned

by the synthesis of a nunber of simple derivatives. The isoneric epoxides

(151) and (152) prepared frøn (150b) with m-chlorrcpero>grbenzaic acid, gave



Figure 4.5. IH n.m.r. Spectnrn (300 MIIZ) of the Epoxide (L52) in CDC13
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Figure 4.6. rH n.m.r. Snectrwn (300 MHz) of the Epoxide (151) in CDCIg
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spectroscopic praperties simitar to those obserwed for the parent (150a)

except for a few noticeable shifts. Ttre 300 I\,[Iz lH n.m.r. spectra of both

isoneric epoxides (Figures 4.5, 4.6) revealed a new doulclet resonance for

Iil4, 6 2.79 (H Rf isøner), 2.BZ (L Rt isoner), which was shown by double

r€sonance studies to be coupled to the ether proton H13, 6 4.21' (H Rt isorer),

4.29 (L R, isorner). Ttre nethyl resonances for (H16)s and (H17)a of both

"'4.H

(151) and (152)

epoxides gave characteristic shifts to higher field. l'C resonances at

6 65.1 (d) and 59.3 (s) (H Rf isoner) and at ô 65.3 (d) and 57.4 (s)

(L Rt iscrner) (Table 4.5) were at positions typical of a trisubstituted
A' A LepOxade."'' -'

Serrulatenol (150a) was reduced by catalytic hydrogenation with

aØo palladiunron-carbon for 40 min. Ttre products isolated, (154a) and

(155a), indicated that an initial conpetition existed between saturation of

the double bond and ally1ic hydrogenolysis. The major product isolated was

the serrulatanol (754a). Catalytic hydrogenolysis is connpnly found in

rnolecules with an al1ylic or benzylic 1eaving grolæ.8s However, the

hydrogenolysis pnrduct (155a) in this ca.se was a herniacetal, which on

c

H
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Table 4.5. rtC n.m.r. (2O.! MHz) Data of (150a) and

its Derivatives (CDC13 ). P.p.m. rel. to TMS

20 I
R

1
72

J 6

19
HHH

l+

araar.H

5
H

t2

13

""hH

14
15

16

(150a) R=H

(150b) R=Ac

.,.,,.H

H

(151) mj-nor

(L52) major

.,,,,,H

R2

(155b) R1=Ac, R2=ÐAc

(156) R1=Ac, R2=H

t7

(154a)

c-Nu¡nber (150a) (150b)a (ffi1)a (75Ða (:r54a)a (155b)a ($6)a

1

2

J

4

5

6

7

8

I
10

11

72

13

a4

15

-Lt)

a7

18

19

20

0@Me

0COMe

27.3 d

28.2 t
23.3 t
32.9 d

144.3 s
125.4 s
115.0 d

148.7 s
126.2 s
129.1 s
48.8 d

38.0 t
75.7 d

12r.1 d

137.9 s
25.4 q
18.5 q

105.1 d

1.5.2 q.

19.6 q

27.8 d

28.2 t
Z:'.,J L

32.6 d
148.8 s
125.6 s
721-.7 d

143.1 s
131.2 s
128.4 s
48.5 d
37.9 t
75.3 d

124.0 d

137.1 s
25.7 q
18.5 q

Lo4.7 d

45.4 q
19.8 q
2O.9 q

469.7 s

28.0 d
28.6 t
24.O t
32.5 d

148.5 s
725.7 s

722.0 d

143.3 s
131.4 s
727.9 s
47.8 d

35.4 t
76.4 d
65.1 d

59.3 s
24.6 q
19.0 q

1@.9 d
15.5 q
2O.2 q

21.L q
170.0 s

28.O

28.5

23.8

33.0

148.8

726.O

122.1

143.3

431_.4

128.2

47.8

v.o
78.6

65.3

57.4

25.7

19.8

105.5

1:5.7

20.2

21_.2

170.1

27.2 d
28.1 t
23.0 t
32.9 d

148.4 s
125.1 s
4a4.7 d

144.0 s

128.9 s

126.0 s
48.4 d

37.5 t
77.6 d
4.1 t
23.0 d
25.6 q

23.3 q
105.0 d
1'5.2 q,

19.5 q

28.6 d b

28.6 t b

bb
32.6 d 37.5 d

145.9 s 749.4 s

124.O s 123.3 s

122.7 d 122.2 d

742.7 s 141.5 s

131.2 s 131,7 s

e 724.2 s

æ.8 d 38.7 d

bb
bb

39.3 t 39 .4 t
22.9 d b

28.0 q 26.7 q

bb
90.5 d 70.0 t
16.0 q L6.2 q

bb
2L.42xq 21,.2 q

L7O.22><s 170.2 s

a Assignnents are based on the dternical shifts of (150a)
a¡ld hence are only tentative.

b Difficult to assign.
c Not obse¡ved.
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acetylation gave a diacetate which underwent further catalytic hydrogenolysis.

Catatytic hydrogenolysis of (155b) in ethyl acetate for 2 h gave (156) whictr,

,,..,.H

RR

H

(É4a) r-H
(154b) FAc

n.rr.H

OR

(155a) R=H

( 155b) FAc

in conparison to (150b), had lost one o>rygen atom. An extended reaction of

(150a) in etLryl aætate for 48 h with tOTo palladiurn-on-carbon gave the

OH

HO

H

H

(156) (157)



Figure 4.7.
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Figure 4.8. Contour Plot of the Proton Correlation

S'oectn¡n (COSY) of ( 154a) in CDCIa
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expected pr¡oduct (baa), however, (155a) wa^s not obtained. The cyclic

hemiacetal had instead ring opened to give the serrulatanal (157) vùtich

closely resenbled a second serrulatane diterpene (158) (discussed in

Section 4.L).

The spectroscopic data obtained for serrulatanol (154a) prcvided

further proof for the pnrposed structure. The only point of note frcm the

l3C n.m.r. spectrr-l'n of (154a) was the appearance of the new lesonances

at 6 M.1 (t) and23.0 (d), assigned to C14 and C15 respectively and the

absence of the corr€sponding olefinic resonane€s of (150a) (Table 4.5). A

conparison of both the lH n.m.r. (Fig. 4.7) and @SY (fig. 4.8) spectra of

GSaa) reveals a m:¡¡ber of interesting proton couplings. The high field

region of the lH n.m.r. spectrum is conplex and in any ca,se the couplings

are similar to those previously reported for (150a). More jnteresting ar€

a nqrnber of long-range couplings clearly evident in the 1ow field region

of the @'SY spectrum (the off-diagonal cnf,ss peaks for the couplings di-s-

cussed below have been higiligbted in Fig. 4.8).

Apart from being coupled to the arornatic nethyl grlltp (H19)2, ffi

is also weakly cor-pled to H4 as evidenced by an off-diagonal COSY cross

peak between the t'wo resonances., Benzylic coupling of this t¡rpe is well

Icrown. e6 Another well docr.rrented ty¡le of long-range coupling is the so

ca1led "W-coupliflgrre5 and exam¡r1es of this a¡e clearly evident bet¡reen

protons H18/H13 and H18/II12ß (Figue 4.8).

The H18 resonane€ for hemiacetal (155a) occurred at ô 5.48

(apparent doublet) and was observed to shift to a lower field by 1.03 p.p.m.

on forming the diacetate (155b) (ô 6.51, d, J 1.9 Hz, Figure 4.9). A

nqnber of other prcton r€sonances of (155b) were readily assigned (FigUre4.9)

H7 appeared at ô 6.68 (s), H1 and H4 were evident at 6 2.95 (sex.) and
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Figure 4.10. 1H n.m.r. Snectn¡n ( of (156) in CeDs300 MHz)
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2.55 (dt) respectively and the nethyl grcups B-aeetate (6 2.28), (Hf9)s

(6 2.13), 18-acetate (ð 2.07), (II20)3 (1.27, d, J 6.8flz), ffid (H16)z/(fl7)s

(0.87, 0.S, each 3H, d).

Ttre C18 resonance for (155b) appeared at ô 90.5 (d) (Tab1e 4.5) v/hickì

is 14.6 p.p.m. upfield relative to the parent (150a). On the other hand,

the resonance for C18 appeared at ô 70.0 as a triplet for (156), sorne 20.5

p.p.m. further upfield. (156) gave two proton resonances of an AI\'D( system

at 6¡ 4.32 (dd, J 3, lO Hz) and ôM 3.58 (t, J 10 Hz) \Ãñiú were assigned

to (H18)z (Figure 4.10). Double irradiation at either of the nethylene

prrctons (H1B)2 cotlapsed the other to a dor¡blet and therefore both were

vicinally coupled to H11. The remainder of the rH n.m.r. spectrun of (156)

(Figure 4.10) conpal€s favourably with that of (155b) (Figure 4-9).

4.L A second biogenetically related serrul-atane diterpene, serrulatenal-

(158), was also isolated from the wood exbract of ¿. rotundifoJ-ia. (158)

prpved difficult to purify and hence was characterized as the triacetate (159b).

,',H .,.H OR

o H2OR

( 159a) r-H
(159b) ÞAc

RH

( 158)
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Table 4.6. 1'C n.m.r. (2O.t MHz) Spectral Data of the Serrulatenyl

Acetate (159b) and the Dihydro Derivative (f:62) (Both in CDCIg )

20

10

,"H Ac "'H OAc

Ac

9
7

6

2

19h

1

l2

13

c H2OAc H2OAc
18
14

15

L7 16

(159b)

C-ñ¡nber

(762)

(159b ) (].:62)

1

2

3

4

t)

7

8
q

10

lit
12

13

t4
15

a6

t7
18

8-Me

1-Me

OCOI\IE

0COMe

27.4 (d)

æ.8 (t)
25.6 b

33.e (d)

146.6 (s)a
128.5 (s)a
122.6 (d)

145.6 (s)a
132.0 (s)a
131.0 (s)a
41.4 (d)
26.6 b

17.8 b

124.2 (d)

c

25.8 b
19.6 b
66.2 (t)
16.5 (q)
20.9 b

2L.O, 21.2,22.2 b

a7L.2, 169.5, 168.7 (3>s)

27.8 b
30.7 (t)
25.5 b

33.7 (d)

146.6 (s)a
128.4 (s)a
122.6 (d)

145.6 (s)a
132.1 (s)a
134.0 (s)a
41.8 (d)

25.8 b

22.O b

3e.1 (t)
22.7 b

27.3 b
22.5 b
66.3 (t)
16.4 (q)
21.0 b

t9.6,20.8,20.9 b

171-.2, 169.5, 168.8 (3xs)

a
b

c

It4ay be interchanged with each colurn.
DÍffÍcu1t to assign nultiplicity and assignnents are
therefore tentative.
Not observed.



Figure 4.11. 1H n.m.r. Soectrunn (300 MIIz) of the Triacetate (159b) in CDC13
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A conparison of the 13C n.m.r. spectnrn of the triacetate (159a) (Tab1e 4.6)

with that of (150a) (Table 4.5) reveals a similar distribution of r€sonances.

Noticeable exceptions are the disappearancesof the acetal C[8 resonance

of (150a) {now evident as a primary acetate carbon resonance atô66.2 (t)}

and also the alIyIic ether carbon resonance, C13.

The lH n.m.r. spectrum of (159b) (Figuïe 4.11) reveals a single

aromatic r€sonance at ô 6.79. Also present is a broad triplet resonance

centred at ô 4.89 (H14) which is coupled to the vicinaJ- protons II13 and

also weakly to the aI1y1ic nethyl gïoups (H16)3 and (H17)s. A trvo proton

doublet resonance for the nethylene at C1B was assigned as the Az parb of

an AzX system (ôA 4.00, d., J 7.2 IJz; 6y 2,115, m, H11). The lH n.m.r.

spectrum (60 MHz) of the corr€sponding primary alcohol (159a) showed the

(H18)z resonartce to be 0.4 p.p.m. upfield relative to the acetate (159b) as

a partly obscured nn-r1tip1et (probably the AB part of an ABX system).

TÞo multiplets at ô 2.8O and 2.92 for (159b) (Tigure 4.11), the

latter showing coupling (7 Hz) to the seconda:y rnethyl at 6 1.11, were

assigned to the benzyLic protons H4 and H1, respectively. Both the

phenolic acetate nethyl r€sonances of (159b) were clearly evident at ô 2.31

and.2.28 as was the primany acetate nethyl rÊsonance at ô 1.96. The

infrared spectrwn of (159b) confirned the presence of both the phenolic

and primary acetates with absorptions at 7760 and 1735 crn-l .

The structure of (158) and indeed that of (15Oa), was further

supported by the conversion of (158) into the ketone (160) and the

1-,4-benzaquinone (161b). Catalytic hydrogenation of the triacetate (159b)

with 10% palladiurrron-carbon gave the dihydro conpound (762). Pyrolysis of

(762) at 6SO0/0.05 nm gave (163). Ozonolysis of (163) in nrethanol/dimethyt

sutfide at -7Bo gave the required ketone (160). The distinguishing features



Figure 4.12. ]H n.m.r. Snectnm ( 30O MIIZ) of the Ketone (160) in CDC13
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of the IH n.m.r. spectrr-rn of (160) (Fig. 4.L2) \,i/ere resonances at ô 3.57

(an apparent dor¡blet, H4) and2.48 (dt, one of the H12 rnethylene protons).

o

o

H2OR

(160) ( 161a) FII
(161b) FAc

Ttre second Hl2 methylene resonance was obscured presunably rmder the arornatic

nethyl resonance. The resonance at ô 3.57 ïvas at an unr¡suaJ-ly low field

OAc OAc

H2OAc

(t62) (163)
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for a methine proton o, to a ketone. In comparison, the resonance for H4

in (163) occgrred at ô 3.31 (bd) also at a low field position. TWo

resonances were observed for the exocylic rnethylene pair of (163) at 6 4.82

(apparent dt, J !.2, t.5 Hz) alrtd,4.05 (apparent dd) (J gern.= 7.5 Ib).

Resonances for C4 and C11 were present at 6 47.4 (d) and 41.4 (t), Ies-

pectivety, for ketone (160) and at ô 39.9 (d) and 39.3 (t) for (163).

The l,4-hydroquinone moiety of (159a) was confirned by its ready

oxid.ation with Jones reagentl2o àt Ooto the. correspondlng 1, -benzaquinone

(161a). (161a) readily forned the npnoacetate (161b) which had spectrnscopic

data consistent with a 7, -benzaquinone functionallty.E tThe lH n.m.r.

spectrr.rn revealed a quartet at ô 6.50 (quinoid proton H7) which was a.llylically

coupled to the methyl doublet at ô 1.99 (J 1.6 flz). Infrared absorptions

at 1640 crn-l (G0 vibration) and at 1600 cm-l (weak GC vi-bration) were

also consistent with literature figures.sT 1,2-Benzoquinones generally

absorb at higher wave numbers between 1660 and 169O ctn-r.87 7,4-Benzaquinone

(161b) was isol-ated as a ye1low oi1 with ultraviolet absorptions À*.* tt

A7 (LO3O), 285 (22oO) and 259 (15000) nm.

The lH n.m.r. spectrun of (161b) at 80 It4IIz showed B lines for the

methylene (H18)2 as the AB part of an ABX system. However, at 300 MIlz the

ABX system clearly simplified to an AIVX system (ôA a.97, {U t7.4Hz,

JÆ( 4.7 Hz; ôM 3.84, UU, JVX 9-O Hz).

4.2 The structure of (15Oa) was confirrred and the absol-ute configuration

determined by a single-crystaI X-ray analysis of the p-brornobenzaate

derivative (15Oc). The final atomic coordinates, thermal paraneters, bond

lengths and bond angles are given in Tables 4.7 - 4,10 and the tabulated

struct¡ra] factors can be found in Appendix 1. Figr.rre 4.13 is a PLIIIO plot
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Ta]ole 4.7. Final Atonic Coordinates and Thermal Parameters for CztHzgBrO,*

At"-É uitL) tJ ( 21) u(93) u(?3) l,(13) u(l?)
flr.( 1 )
0(t)
rJ(2)
0(J)
0(4)
t;il.)
c(t )
c(3)
c(,1)
c(5)
ri(ó)
ti (,r )
{1il})
c(9)
c( Ll))
0(11)
t1(r:)
tì (J3)
D( t4)
c(15)
ii(:ló)
C(:17)
C (:tu )
cil,j,)
0(?o)
u(:11)

ü(:ll)
i:(2ii)
t;( ió )

-J.7?05 ( 5 )
4J6B(4)
'l6lt4t,JI

10.t 09 ( :t )
1156r(.1)

!4(5)
t1:i4 (li)
il4?5 ( 5 )
:l5t:i:i( 4 )

r'lóìi(5)
t;':L(.'i)

.J919(5)
óü¿1(ü)
iJ1t0 (:i )

t01,t8(iit¡
ut,2I (,t )
75,t 'i (,1 )

ô1:r2{,t)
4i?7 (4.\
4007(ó)
51IB(':i)
1,.r3t(!)
7Bi;ó ( 4 )

10.f31(5)
97).7 (5'

113¿\c ( 5)
lí:5;7ú ( 5 )
1.{óri¡, ( 5 )
14T07(¿)
r:,;t)9(t,

-!5010(14)
-57:15<4t
-35i0(4)
-4?+0 ( 4 )

-54ù;'i ( 4 )
-3 tó,{(ri)
-t:140 ( 6 )

-4()ó1(li)
-'l? 7 t (':t.\
-/ìli;ltl ( i:t )
"45.¡4(ti)
- 377 r (3)
- 31¡-t?(15)
-3,-liJ (5)
-35ó3 ( ú ¡
-4()il? ( 4 )

-4t'14 ( 4 )
- J9ç'9 ( li )
-41,t5 ( 5 )

-41't!?( 6t
-4:1fÌ1(ó)

-5,ì'lrt(3)
-5415(5)
-54û5 ( ó )

-4Ü04 ( 5 )
-iil :!l(6)
- 4:itili ( ii )
-ilfl¿Ii ( 7 )
-2tlrr'I(í))

-2?077 ( 4 )
BO2(3)

3a::!.7 (2)
51óJ ( ;l )

-1310(3)
^9?6(4'
-258(4)

B(:i)
-416(3)

-1067 ( 4 )

7"4(3'
1941(3)
1521: ( 3 )

fIl¡0(3)
11739 ( 4 )
31ó2(ã)
359?(3)
?954(3)
3411(4)
i50ó(4)
440ó(4)
5159 ( :t )
47J7 (,5'
11050 ( J )
4454(3)
ó1:i4(.i)
610L(4)
¿,95I ( 4,'740e(4'

-r7 43 (4 
'71:0(ó)

39:l (3)

?3(l )
17il )
-t4 ( l? )

38 (:1)

4ó(3)
40(2)

154 ( lt )
43(:,ì)
3:iil)
42(3)

!Á(2)

4.i(.1)
:if(?)

:-lo (;l )
::t4(?)
Jfr(?)

3¿,(i1)
41(:i)
5ó(3)

6BÌt3',
45(?)
43(2)
49 (?'

5l (3)
43(J)
4?(5)
41(2)
39(3)
4ó (:J )
4?(J)

:¡8(?)
34(2)
58(3)
31(î)
?r:J(?)

51(3)
ó5(4)
54(3)
53(3)
33(:t)

40(2)
51(3)

41(3)
44(3'
t-\¡'t,4)
59(4)

785(4)
70 <?')
5t(2)
48(2)
30(?)
37 ("t
è7 (3'
ó5(3)
33(2)
4L(2)
4U(3)

4t <?)

41(?)
45(3)
39(?)
40(?)
40(2)
56(3)
70(3)
55(ii)
47 (3)
3ó(2)
48(:r)
43(f)
JB (.'l )
IiS(il)
54 (:r )
44(?'
5,J(3)
95(5)

-11(3'

-B(2)
l(2)
1(r)

12(3)
8(3)

-1(?)
0(:t)

-4 (:t )

-3(?)
-?(?)
-4(2)

'Ja1\
3(?)

-¿(!)

-B(3)
-t(?)
-3(2)

4 (2'
10(2)

L4 (")
5(2)
9(:r)

?7 (3t

-L44 (2'
-13(r)
-10( 1 )

5(1)
6(1)

-s (:l )

-6(3)
7 (?,\

-!(2)
0(?)

5(?)
8(2)

4(2)
4(2)
4(î)
7 <?)

1L(2)
1B(?)
13(il)
6(2\
É(!)
5 (:'l )
5(2)

-ó(!Ì)
-7 ().)

-5(::)

90(3)
7 <2''
ó(1)
o(1)

10(?)
L (2'

-3(?!
-6(?)
1(?)

-s(?)
0(2)
4 <2)
3(?)
0(r)'t(?)
0(?)

-1(?)
o(?)
o(2)

1û (:J )

3(2)
-1(2)

4(:1)

0(:l)
-il(?)
3(?)

-1(3)
-1.1(3)

fBr coordinates x 10s, others x 104
Br thermal parameters x 1O+, others x 103

Table 4.8. Hydrogen Parameters for CzzHzsBrO,*

,Ä¡*orn u(r.L)

t-¡(1)
H(2)
H(3)
H(4)
t-t(5)
t-t(ó)
H(7 )

H(B)
H(9)
H(1C)
H(1I)
H(t")
H( 13)
t-¡tt4)
It(15)
lt( Ió)
l-t( 17)
H(18)
H(r9)
l-l (30)
H(?1)
H(2")
Ft (23)
H(:4)
H(15)
l-t( ?ó )

H<?7)
H(i8)
H(2?)

1017(5)
3Jl1(5)
1575(5)
-417(q\
719 6 (3)
9Ê190 ( 5 )

10e09(5)
10ó5?(5)

39,5? ( 4 )
31?e(6)
3óçç(ó)
4¿173 ( à,
4:4',J ( 5 )
5313(5)
ó15?(5)
óó:5(5)
B3;'2 ( 4 )
B:J97 ( 4 )

1 ô I ?? / q I

9:5-1 ( 5 )
989ó(5)

LI?ê7 (3)
1?ó10(g)
15r05 ( ó )
L379'L ( ê)
14óéO(ó)
L4LAA (7 )
L30ï7 (7 )
14625(7 )

-1178(ó)
-19S6(ó)
-6048 ( 5 )

-5228 ( 5 )

-3414(5)
-3ó11(ó)
-4J20 ( ó )
-2700 ( é )
-4ó7ö ( 5 )
-?99t ( E)

-4944 ( ó )

-3356 1 6)
-48?7 ( 6 )

-3409 ( it )

-ó?1.1(5)
-48311 (ó)

-41rìO ( 7 )
-497?(7 )

-2îéO ( ó )
-741J. ( ê)
-314ó(é)

-11¿0(4)
77<4)

-207 (3)
-1390 ( 4 )

7"3(3)
1000(4)
?003(4)
T947 (4'
2953 ('t )
37úr<4)
?871(4)
õ??e(4)
4709(4)
4!ó2(4)
5J1.3 ( 3 )

57 t-<? (J)
5047(3)
490ú (,i )
4009(3)
ó55,' ( J )

ó443(3)
ó13S(4)
7?7Û(4)

-Lîo0( 4)

-147? ( 4 )

7 67A< (r)
ó¿18(ó)
ó804(ó)

42(6)
4?í6)
4?(ó)
4?(6)
42(ó)
E1(11)
B1(11)
8L ( 1.1)

8t(a)
81(Ë)
B1(8)

43(5)

4?(5)
42(5r
42 ('.-i )
4?(5)
¿a r q I
4?(J)
4?¡,5)

81(El )

Bl ie)
B1(U)
81(8)
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Table 4.9. Bond Lenslfrs fÂ) for C, zHr qBt0'.

Cir)
t:(7)
il(i:]i
r'¡ati
i:: (:i.i )

ü(dl
u(4)
ü(7)
ri()\
c(:10)
ü( J.:li)
üil 4)
ü ( .l-l:i )
(i ( :i../ )

i'f ')1 ì

ü)(f:i)
i'd')T l

8r.lr)
utr.)
t.J(.íJ
ü(;t)
üt4)
f'1r \

c(:i)
ti(,:li
rlt[])
ü i,.;¡ j
L:(l.ü)

Ll(l.q)
c(J.ii¡
ü i l.t] )

ü(tli)

t.sqt(+)
J. . .i.(jrü ( i; i
1."/i09(ii)
1 . 4i¿ô (,! )

l. ,.illi:L ( ri )
J. ..ici7 ( Ë) )

;l.";tftt(û)
:1../i b'$(c;)
'| ? (:t r: ¡ -:! 1.

1..407({;)
.Lr.lùJ.(C),l
1. .:i,?li ( 51
:1 ,113ö i ci )
J..I;i:10(7)
{ rlï.¿ / -{: \

l.,li,l'f(7)
l- , i'i;ll (;')
l. ":r:10 

( ;r )
1. .,1ü7 ( i:] )

i"ll1':!ì

fl(ill.)

L!.JJ
Ë($)
L.\írl
f'íi¿\

rl(:tJ.]
il(:i-ì)
t:(:lt)
C(:r.d)
c(J$)
il(:.t0)
ü(22)

u (:ró )

0(;¿)
c](.i)
(l(.1+)

ÇÜ.)

{l( 4)
t-i(Lii
tl (i:J)
u(Lc\)
c(I:it)
c(r.3)
Ë(15)
c ( 1.7')
t(19)
(:l(1i0)
ü(?.3r
c (::5 )

l. ..-r'13: ( ¿ )
I ..)7';] ( 4 )
.l t 7'T ¡ r:: \

:1 .]fi]ü(7)
J..37¿(¿)
1;304(ri)
1 'ï'1 i:i / 1: \¡4r,.,/r.¡rrfi

:1 .,5¿7 ( C¡ )

1,.5ö4(7)
J..4üi;(ó)
L.iri00(ci)
l" , i';il:l ( l.J )
I . ..r"::.., \ Ò /
1..5/+¿(é)
L.ii;:14(r¿r)
1..4i:ltrió)
l..50it(7)

Table 4.10. Bond Ansles (o) for Cc rH, qBtO,*

ü(e)
c(?:j)
u(6)
c(J)
c('J)
c(7)
c(5)
ü(4)
c(9)
C(J.,1)
il(11)
cil.:1 )
ü ( :t-::t )

cil.1 )

c(:Lir)
r.:(J.li)
L,(l¿)/

t.: i l. ;:' )

f'¡a!1 i

ü t:ìf, )
a r'':!,i 1

c<::7 )

- t)(2)
- 0(4)
- c( I )

- c(?)
- c(4)
- il(4)
- C(ci)
- L\ / )

- D(8)

- ü(tÇ)
- ii(:L:i)
- ü( J.,'T), i) ( 1.?, )

- ctl4)
- Ü(:t3)
". (:: { I ii )

- t(:tI )

- Ll ( ?4 )
. u (:l:i )

- L\/ I

- c ( !1 i
- Êr(1)
- c(1)
-. c(:5)
- 0(u)
- t; (1)
- üil.)
.- r)(12)

'. t]((j))
- Ccl.)
- ü(;l)
" c ( tll )

- c(t4)
- ü(I('r)
- ü(l7l

- Ë(r9)- c(:I )

ú(-{)- ü(:!o)
- ü(4)
- L:(Irl)
- r;(!4)

11?.il(4)
r08.7(3)
120.4(4)
l-19.ó(5)
119.r.(4)
1J.9.:',(4)
l. 1?.0(4)
125.rJ(4)
1.1.ó.:r(4)
r?;5.7(4)
Llìì0.tì(4)

tL1.h,2(4)
I Lc/.1(4)
J.2ï; . [] ( 4 )
J2ì3.5(4)
1.t,1.1(?Ì)
113.4(l::i)
1.12.i.(4;
'l08.il(4)
J.1ü. ri t'1 )

Lt\3.4(iã)
J. 1î. Z ( 4 )
103.5(4)
L0{3.;./(4)
I 2Cr . C¡ ( 5 )
1:13. ¿1 ( li )

rttll \

ü(t)
L(ù'

c) (4)
c(7)
c(ó)
0(t)
(:(4)
c(14)
c ( ro )

c(1:t )

c(:t0)
c(tJ)
il(:19)
ü ( 1.3 )

c{15)
c(r7)
U(t{,J)
C( 1B)

0(4)

t' ¿ a!') \

it i -1.14 )

c(?ó)
ü (:17 )

- 0(3)
- cfi.)
- c(1)
- c(3)
- c(4)
- c(r-i)
- c(7)

- cft))
- c(9)
- ti(l_0)
- c(1?)

- L ( j.J,'

- C(1rì)
- l) (:! 4)

- 1., \ iJ,f
- t(r7)
- cil9)
'. u ( 19 )

- (: ( :;:1. l
c(l)1)

,- c(1ì3)

- c(25)
t{l'''-.'

.- f'¡'t'?\

- Irr(l)

- c(3)
- c|4)
- o(1)
- 0('f )

- 0(:l).- c(t )

- 0(:5)
-. c(1.01
- c(12)
- t($)
- c(13)
- c(14)
- c(15).. C(t-3)

.- Û(.r_9)
-. 0(3).- ü(4)
- 0(4)

- 0(24)
- C(2C¡)

1I?.5(J)
r.r.B.4(4)
't?1..0(4)
120.2(5)
1:1f..3(4)
1?0,9(5)
l_t4.1(4)
110.1(4)
119.3(4)
L1.9,4(4)
Lr?.o(4)
1t0.4 ( 4 )

1?3.3(4)
1l_5.0(3)
117.2(4)
1:t 9.4(4)
1ûç. t) (; )

r)2..:2(4)
1..1.2,7(3)
l.r4.i:;(4)
J.14.Ð(^1)
:r07.9(4)
107.0(4)
10I.9(4)
1Ir'r. t ( 4 )
r21.4(5)
115.0(5)
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of the nplecule showing the absolute configuration and the atønic nr:nrbering

schene enployed.

A sr-rbsequent detail-ed analysis of the proton-proton couplings of

(150a) (Table 4.2) wa.s c.onsistent with the assigned stereochemistry and

also perrnitted the assignnrent of each proton of the three nethylenes to a

particular resonance in the lH n.m.r. spectrr.rn.

Ttre resonance due to H1 (Table 4.2, Fig;r.e 4.1) collapsed on

irradiation at the C1-Me resonance to a triplet of 6 Hz coupling. Tltis

was consistent with the C1-Me grÐup being axial and H1 equatorial. Con-

sequently, H1 is coupled equally to both the protons (II2)2. The protons

associated with the resonances at ô 1.80 (H2o) and 2.2O (H3B) were coupled

with J !7 Ilz, a value consistent with axial-axial corp1ing.88 The coupling

between H3ß (axia1) and H4 was 7 Ífz,ravalue u/hich is consistent with a small

clihedral ang1e.88 H4 was further coupled to H3o (equatorial) (J* 3I1z)

and to H11 (Jaå LO Hz, a value consistent with a I,2-dj.axial type arrange-

nent88). H11 was coupled urequally to the (H12)2 nethylene prrctons

(Jrr,rzß !,2 Ilz, dihedral angle is approaching 9Oo, J1r,12o, AO Hz).

4,3 Ttre second serrulatane isolated, serrulatenal (158), was inter-

related with serrulatenol (150a) in order to confirm the assigned structure

and to establish its absolute configuration. The dihydro conpound (f62)

had been previously prepa^r€d from (158) by lithiun ahminirm hydride

reduction, acetyl.ation and finally catalytic reduction (Section 4.7). Reduction

of the diacetate (155b), obtained from (150a) via catal-ytic hydrogenolysis,

with lithium aluninirm hydride followed by acetylation gave (762). It had

spectrat data {I 3C n.m.r. (Table 4.6) tH n.m.r., and I.R.} and optical

rotation (, " tli, -tt")identical rvith those of the sanple previously

described.
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ot{ c

o c H2OAc
OAc

(158) (!62) (155b)

It is therefore evident that the serrulatanes (150a) and (158)

har¡e the sane absolute configr:ratj-on and it is probable that (158) is in

faci- a þiogenetic pr€cursor of (150a). Ttre serrulatanes isolated frsn

difJerent EremophiLa speciesr r have the sane absolute configuration at

C1, C4 and C[1.

cH

H

t'+r.H
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SesquiterBenes frum ¿'remophiTa rotundifoJ- ia

5.0 Ttre wood of r. rotundifolia al.so yielded a nunber of jnteresting

sesquiterpenes including freelingyne (2) which had previously only been

isolated from E. freelingii.s It was noted during the structural

elucidation of frreelingyne (2) that the reaction of (2) with refluxing

aqueous nrethanolic sodium hydroxide for 7 h, afforded a r€a.rranged acid

for which structure (a€/¡ù was tentatively assigned. Bs The reaction of

freelingSme (2), isolated frrcm a . rotund.ifoLia in the current work, under

RI

o
o

o

2OR

(2) (764a) Rl=R2=H

(1eb) Rl=l!{e, R2=H

milder conditions, aqueous nethanolic sodiun hydroxide at 2Oo for 48 h,

gave the acid ( 764a) whidt was nethylated with dia^ænethane to yield the

@rresponding nethyl ester (164b). Consequently, a detailed structuraJ-

analysis of (164b) was rmdertaken.

The nplecular fornn-úa CrsHrsOr+ \ryas established for conpotrrd (164b)

by elenental analysis and high resolution mass nea,surernents. The I3C n.m.r



Figure 5.1.
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spectnm of (164b) I€vealed the presence of an ester ô 170.4 (s), a fulan

ring {6 143.8 (d), L42.L (d), 130.2 (s),772.7 (d)}, a trisr,¡bstituted

phenol {ô 153.4 (s), 138.6 (s), !37.6 (s),727.7 (d), 118.8 (s), 115.5 (d)}

and an olefin conjugated with both the arunatic ring and the nethyl ester

{6 135.S (ct), !a4.9 (s)}. Three nrethyl 13C resonances wer€ also evident

at ô 51.6 (nethyl ester) , 27.3 and 2O.8.

The solution j¡frared spectrum of (164b) revealed a sharp phenolic

hydro><yI stretctr (3510 crn-l), an unsaturated ester (1700 sn-t) and a furan

rj¡rg ( 870 cm-l).

The a^ssigned isoprenoid structure of (Læb), and in particular the

neta relationship of the two aromatic protons, was confirned by 300 MHz

rH n.m.r. (Fig. 5.1). The lH n.m.r. spectrum revealed aJ-1 the pnrton

r€sonances whictr were interrelated by dor;ble irradiation studies. A dot-lblet

n--sonance at ð 1.96 was assigned as the vinylic methyl g¡oup (coupled to

the olefinic proton resonaneæ at õ 6,47 with a cotpling constant of 1.6 Hz).

It is difficult to assign the stereochernistry of the conjugated double

bond on the basis of the mag¡ritude of the al1y1ic coupling constant unless

both geonetric isonels can be conparred,.06 Attenpts to isonerize (164a) both

photochemicatly and with iodj-ne proved fruitless.

The singlet resonances at ô 2.26, 3.57 and 5.15 (D20 exctranged)

were assigned to the arcmati-c nethyl, nethyl ester and phenolic hydro>yl

glÐups, respectively. Ttre furan proton resonances were clearly evident at

ô 7.55 (H5"),7.48 (I2") and 6.46 (H4"). Brrcad singlet resonances at

6 6.70 and 6.58 were observed for the neta substituted arornatic protons.

Irradiation at 6 2.26 (a:'omatic nethyl r€sonance) sinplified both the broad

singlets to an AB quartet. Ttre A and B resonances were mutually coupled

w-ith a coupling constant of 1.5 Hz, wtrere literature values of 1-3 Hz

have been reported for meta proton couplings.86,88
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Schene 5.1. Hydrolysis of Freelingyne (2) with Sodium Hydroxide
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=
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=

Na+
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)

(767)

+
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-o

OR

(164a) R=H
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A possible nechanism for the formation of (L64a) from freeliagyne (2)

is outlined in Schene 5.1. The lactone rnoj-ety of freelingyne uoul-d readily

hydrolyse under the conditions to yield an intermediate keto-acid (165).

fsonerisn of the keto-acid (165) would yield allene (166) vlhich would

undergo further nucleophilic attack by hyd:oryl ion as indicated. Subseqt.tent

enolate protonation, cyc1-ization and dehydration- y-guld yield the acicl (164a).

The stereoctrernistry of the conjugated double bond in (164a) has been drawn

as in freeling¡me (2), however, it i.s plausible that isornerization has

occurred.

5.1 Dione (168), an er€rnophilane sesquiterpene, was isolated from the

wood of E'. rotund,ifoLia. In recent years many sesquiterpenes possessing

the nonísoprenoid decal-in nucleus of erennphilone have been isolated,.so

The erennphilanes, e.g. erunophilone ( la) ,'^ are distinguished from the

valencanes, ê.g. valencene (169),t" by the all cis relative stereochemistry

of the tuo nethyl substituents and the isopnrpenyl grroup.e3

cHo

(1a) ( 168) ( 16e)

Eremophilone (1a) was first isolated in 1932 frorn the wood of

E. mitcheili:rr¡hich until nolr wa.s the only EremophiTia species to yield.

erennphilane sesquiterpenes. After considerable deliberation, the correct
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structure for erennphilone (1a) was proposedsa and subsequently validated

in the decades to follow.es In 1959 the relative and absolute con-

figr-rration of erenophilone (1a) was determined.so In addition to the

i¡teresting biogenetic a¡rd stereochemical aspects the erennphila¡e-valencane

sesquiterpenes have also been of considerable interest to the synthetic

chemist with a nrrnber of sSmtheses of erennplilone (1a) having been reported.eT

The structure of dione (168) was established by spectroscopic

nethods and. via an interrelation with erenrrphilone (1a) of known absolute

configuration. The rH n.m.r. (Fig. 5.2 and Table 5.1) and 13C n.m.ï.

(Tab1e 5.1) spectra are consistent with the assigned structure. 13C

resonances at ô L94.O (d), !44.4 (s) and 133.8 (t) suggested the presence

of an cl,g-unsaturated aldehyde carrying two protons on the carbon ß to the

a-ldehyde group. lH resonances at 6 9.48 (lII,s), 6.01 , 6.27 (eadr, lII, s)

wer€ @nsistent with the c,B-unsaturated aldehyde. The r 3C n.m.r. spectrun

of (168) also reveal-ed the presence of an cl,ß-unsaturated ketone with

r€sonances at 6 203.2 (s), a52,8 (s), 135.9 (d). Again, this was confirned

by the apparent triplet proton resonance at ð 6.50 (Xpart of an A2Xsystem).

The infrared spectrtrn of (168) confirned the prnesence of the cl,ß-unsaturated

atdehyde a¡d ketone functionalities with stretctres at 1685 and 1620 crn-l .

Ttre high fieldnCresonance at ô 36.3 (s) was assigned a,s the tetra-

substituted ring junction carbon C5.

Ttre 300 l\ftIz lH n.m.r. spectrum of dione (168) (Fig. 5.2 and

Table 5.1) srpported the above structural assignnents and, in addition,

levealed ttre presence of trvo nethyl groups with resonances at ô 0.86 (3H, d)

andO.88(SI, s). A mrnber of the 1H ïesonances of (168) were interrelated

by double resonance studies.



Figure 5.2. IH n.m.r. Spectrum (300 MIIz) of the Dione (168) in CDC1.

cHo
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Table 5.1. rH n.m.r. (300 MFIz) and 13C n.m.r. QO.L MIIz) Ckremical

Strifts of Dione (168) ( CDC1.) in p.p.m. re1. to TIvLS

t0

13

11
15

b
14

L2

C-Nurnber rH n.m.r. c 13c n.m.r.

T

2
9

cHoa

I

7

1

2

3

4

5

6d

2.83 (ü, m)

2.35 ( 2;11., d, J 8.8 IIz)

d
7

8

I
10

11

72

13

t4
15

6.50 (1H, t, J 3.9 Írz)
2.a7 (2H, m)

L.42 (2H, m)

7.62 (ffi, m)

9.48 (fi, s)

6.01, 6.27 (eaeh ffi, s)

0.86 (3H, d, J 6.3 rlz)
0.88 (3H, s)

135.e (d)

2.oo (1H, dd, J 4.9,13.7 rrz)
L.42 (711, m)

Ha
IIb

4L.5
25.6

30.7

36.3

26.5

(t)a
( t)b
(d)
(s)
(t)b

(d)
(t)a
(s)
(s)
(s)
(d)
(t)
(q)
(q)

38.3

42.8
203.2

L52.8

74.4
1194.O

133.8

16.0

25.O

àrb
c

d

Sjmilar values may be inversed

Ctremical shift values represent the centre of each r€sonance.

(H6)z and H7 can be considered as an AIvX spin system.
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Irradj-ation of the one-proton rnrì-tiplet cæntred at ô 2.83 (H7)

resulted in the simpU-fication of a nrurber of other resonances. The

apparent two-proton doublet centred at ô 2.35, assigned to (H8)2, collapsed

to a singlet thus ænfirming (HB)2 as the Az Part of an A2X systern. Sirnilarly,

the (H6)2 riethyleneresonances centred at ô 2.00 and L.42 en1-lapsed to an

AB quartet (6A2.01,ô8 !.4O , ¿ *fa.7 IJz). Irradiation of the one-proton

multiplet at ô 1.62 (H4) resulted in the collapse of the nethyl doublet

at ô 0.86 to a singlet.

An analysis of the proton-proton coupU-ngs of (168) st-pported the

proposed structure and revea1ed an interesting inherent conformationa"l

featgre of the nplecule. Firstly, the one-proton appar€nt triplet resonance

ar ô 6.50 (H1) was cor.pled to the nethylene p:rotons (IP)2 with a coupling

constant of 3. 9Hz* (A2X system), a value v/hich is consistent with the six-

nembered ring system. II

Ttre cis relationshÍp between the three aJlryl groups of the

erennphilanes forces the systern either to have the rnethyl and isopropenyl

groups on the cyclohexanone ring 1,3 diaxial- or to distort the cyclohexanone

ring toward aboat conformation. With dione (168), at least, the forrer

would appear to be the favoured conformation as vindicated by the appearance

of the twr nethylene protons (H8) 2 ãs à doublet (42 part of an A2X systern).

In the a.1l chair form, H7 is equatorial and hence would be eoupled to both

(H8)z nethylene protons equally, as was the observed case. If on the

other hand the isopropenyl group was equatorial, then each rnethylene proton

(H8)z wculd be unequally coupled to H7.

The retn¡-Diels-Alder fragrrentation observed in the mass spectrun

of dione (168) (M-C3H6, base peak) confinred the positions of the ring

double bond and the two rnethyl groups.

*
Oouplj¡g constant is based on first order analysis.
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Table 5.2. rH n.m.r. (80 MIIZ) Chemical Shifts of (170a) (170b)

and (171) (CDC13) in p.p.m. r€1. to ÎlfS

H

10
1

OR

2

I

I

7
13

4 5 11

15

(170a) R=H

(170b) R=Ac

H20R H2OH
1|+ TZ

(L77)

Prcton (170a) (170b) (171)

H1

(II2)z

(H3)z

H4

(H6)z

(H7)

(H8)z

(rre)

(\112)2

(H13)z

(rila)s
(H15)3

0OMe

5.7O (bs)

à

à

à

a,

à

à

4.50 (b)
4.08 (s)
4.92, 5,.03 (2xs)

0.84 (d)
0.88 (s)

5.55 (bs)

b

b

b

b

b

b

5.45 (b)

4.50 (s)
5.@, 5.02 (2xs)

0.85 (d)

0.88 (s)
2.O7,2.03 (2xs)

5.64

c

c

c

c

c

c

d

4.A (dd, J 3.9, 7.6 rlz
4.08 (s)
4.91, 5.01 (2><s)

0.85 (d, J 4.9 llz)
1.09 (s)

Hz(t, J 3.4 )

)d

a, b, c

d

Overlapping resonances

lst Order analysis.
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Tab1e 5.3 13C n.m.r. (20.1 MHz) (tremicaJ- Sttifts of (170a)

(170b) and 171) (CDCla) i¡ p.p.m. rel. to TIvIS

2 10

7 I3

I

9R
z

I

H

(171)

H2O H

4 6 11

1l+

15

(170a) R=II

(170b) R=Ac

(170a)

H20R
r2

C-Nunber (17010) (r7L)

1

2

3

4

5

6

7

I
I
10

11

12

13

a4

15

It7.7
37.O

27.1
gr.2

38.1

25.O

39.1

118.0 (d)
37.0 (t)

127.5 (d)

37.5 ( t
27.O (t
34.3 (d
37.2 (s
25.6 (t
38.6 (d
40.5 (t

c

c

c

65.4 (t)
108.8 (t)
15.8 (q)

23.8 (q)

(d)

(t)"
(t)b
(d)
(s)
(t)b
(d)

^ ^)

)b

)

)

)b

4o.7 (t)
66.e (d)

152.9 (s)
146.4 (s)
65.4 (t)

108.4 (t)
L6.2 (q)
21.0 (q)

26.8 ft)b
34.6 (d)
37.5 (s)
25.1 (t)b
38.3 (d)

à
39.2 (t)
6e.2 (d)

1a6.e (s)
141.a (s)
66.6 (t)

112.1 (t)
16.2 (q)

20.6 (q)
77O.4, 472.O (2xs)

27..1, 27.4 (2xq)

a
)

)
a"

0@Me

0C0Me

ârb Values in the sa¡re colunn may be interchanged.

Not observed.c
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Dione (168) was reduced with sodir.rn borohydride in the presence

of cerir¡n trictrlorides I to yield two separable epineric diols ( 170a)

and (171). The major diol (170a) readily forned a diacetate (170b) whicfi

gave a ctraracteristic dor¡ynfield shift for the H9 and (H12)2 r€sonalL@s

(Tab1e 5.2). 13C resonances at ô 65.4 (t) and 66.9 (d) for diol (170a)

were assigned to the carbons of a primary and secondary a.Ilylic alcohol,

r"espectively (Tab1e 5.3). Accord.inglV, the l3C resonances at ô 194.0 (d)

and 203.2 (s) a.ssociated with dione (168) are missing. Similar shifts

were observed for the minor diol (171-).

A nunber of the prcton r€sonances of the nrajor diol (170a) were

interrelated by double r€sonance studies. For exanple, irradiation of the

proton r€sonance at ô 4.50 (II9) sirplified the bncad resonance at ô 5.70

to an apparent triplet (X part of an AzX systern). This evidence suggested

that H9 and H1 were a1lyIically cotpled. No suctr ally1ic coupling was

evident for the rninor diol (171) wtrere H1 appeared as an apparent triplet

resonance (X pa¡t of an A2X systern) (J 3.+ llz).

Al1y1ic couplíng has been formd to be dependent on the dihedral

angle o between C-Ha and C-Hc (Fig. 5.3) . s s, 10 0 ,10 t t". is a maximun

vrlrre* when o approaches 90o. In many câses the atlylic cor-rpling causes

brr¡adening rather than the eSpected seconda:y cor4lling.l 01 For exan4r1e,

Figrue 5.3

C 
-Ha

Hg/"-"<Hc

*
Maxinnm value denotes absolute magnitude. A11y1ic coupling constants

aïe geneïa11y negative. l o o
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it was found that the vinytic proton H6 in (1-72) ga\¡e a broader doublet

than i¡ (173), presrunably due to additional coupling with H4t01'I02

(t72) ( 173)

{o+9oo lor (]r72), o}Oo for (173)}. A similar steric restriction on

al1y1ic coupling has been observed in a series of G-substituted

cholest-4æn-3ænesl03 a¡rd in nu¡rerous other conplex natural prrrducts.l0l

Only the major diol (170a) gave significant aI1yIic corpling between

H1 and I{9, as indicated by the broadening of the resonance for H1. On the

ba,sis of the above exanqrles a tentative assignment of the configuration of

( 170a) was made where II9 is a;cial and the 9-hydro>ry1 group is equatorial-.

The configuration assigned to the major diol (170a) infers that the reduction

of the a,ß-r:nsaturated ketone nn-rst have occurred via an intranplecular

transfer of hydride from the sterically hindered $ face. The H9 resonance

observed for the minor aIIyIic alcohol (171) appeared as a dor:blet of

doublets rather than a triplet vhich infers that the ring system is distorted

frorn the al-1 chair form.

Dione (168) was interrelated with trwo lcnown sesquiteryenes,

e::ennphilone (1a)24 a¡d. erennphilene (L74)t ou, in order to confirm the

assÍgned strueture and establish the absolute configr:ration. Ttre inter-

relation excluded the possibility of (168) ¡rossessing the valencane

skeleton, e.g. valencene (169)s2.

It was anticipated that the reduction of the diacetate (170b) with

lithir¡n in a¡nrcnia wor:ld yield erennphilene (174), ba^sed on the l$ou/n

reduction of 11,12-dihyd:rcerermphilan-9-y1 acetate (175) to the corresponding
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hydrocarbon (176)10s The reducti-on, however, gâve rminly the atlylic

al-coho1 (177) in addition to an inseparable mixture of erenophilene (174)

and its isoner (178). The lH n.m.r. spectrr-m of the mi:rùr:re of (774)

and (178) was consistent with that r"eported for erernophilene (174)104c,

(L76) (r-75)

(477) (]l74) ( 178)

however, the I3C n.m.r. spectrr.rn ctearly rrevealed the presence of both

isqners. The r 3C n.m.r. nesonances reported for erennphi-Iene (774)106

were evident in the mixture.

Oxidation of the allylic alcohof G77)s 7a with Collins reagentl 0 7

gave erqmphj-1one (1a) rafrrich gave an optical rotation2a and lH n.m.r.

spectrunl0s identical with those of the naturally isolated materiat. Ttre

isolation of dione (168) from E. rotundifolia provides only the second

exam¡:le of an EremophiJa species yielding an elqncphilane sesquiterpene.

Until nou/, erenþphilanes had only been isolated from E. mitcheTli.

9H
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Gn{ERAL

Melting points were determined usi¡1g a Kof]er hot-st4ge nelting

point apparatus gnder a Reidrert microscope and a.re un@rrected.

Ivlicroanal-yses were perforned by the Australian Microanalytical

Service, Melbourne.

Infrared spectra were r€corded either on a Jasco IRA-1 or

Jasco A-LO2 infrared spectrophotoneter. TLre 1603 crn-I band of polystyrene

was used as a reference. CLrloroform was used a,s the solvent for solution

infrared sanples.

Ultraviolet spectra were recorded on a Pye-Unicam SP8-100 ultra-

viofet spe ctnrphotoneter.

Optical rotations were deterned on a Perkin-Elrer 141 MC polarirreter.

Mass spectra were recorded on either a Hitadri Perkin-Elner RI\ÍU-7D

double focussing mass spectncneter or an AEI I\4S-30 mass spectrorneter. The

mass spectra of gas-liquid drromatography elutants wer€ recorded on an

AEI I\4S-30 nìass spectrcneter coupled to a Pye-Unicam 104 gas drromatograph.

Analytical gas-liquid chn:matography (g.l.c.) was carried out on a

Perkj¡-Elmer Signra 3B gas cLrronratograph. Nitrogen carrier gas was used

for all the g.I.c. work. The Perkin-Elner Sigma 38 gas chromatograph was

equipped,with aflane ionization detector and was coupled to a Perkin-Elner

M-2 printing integrator. The following colrrrms were used:

A. 57o oY77 on Varapod (8O/10O), 4.5 m x B nm, glass.

B. 27o carbowax 20lvt on Varaport (30), 1.5 m x B nm, glass.

C. 5% caxbwax 20M on Varaport (30), 1.5 m x 4 nm, gIass.

The carrier gas flow rate was 4O ml/min for colunns A and C and

25 rú,/min for colunn B.
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lH nuclear magnetic lesonance (n.m.r.) spectra wer€ recorded on

either a Varian T60 spectroneter operating at 6O MHz, a Jeol HNI\{-PIVD60

spectronreter operating at 60 MHz, a Brr¡ker VÍP 80 DS Fourier T?ansform

spectrrrnreter operating at 8O MlIz, or a Brrrker CXP 300 Fourier Transform

spectncneter operating at 300.13 MIIz. The lH n.m.r. spectra were recorded

at 60 MHz unless otherwise indicated. The l3C n.m.r. spectra were recorded

on a Bruker ïIP 80 N Fourier Transorrn spectroneter operating at 2O.t\iEIz.

Chernical shifts are in p.p.m. dov¡nfield frorn the internal standard,

tetranethylsilane; nmltiplicities are abbreviated to: s, singlet;

d, dor-rbleti t, tripleti Q, quartet; q.uin., quintet; sex., sextet;

m, nultiplet; b, broad; D20 exchange inplies that the signal exctranges

on the addition of D20 to the sanple.

2-D correlation spectra wer€ re@rded on either a Brr-¡ker OP 300

Fourj-er Transform spectrrcneter using DISOP version 820601.1, or a Bruker

WM 250 Fourier Transforrn spectroneter.

All preparative thin layer chromatography (t.l.c.) plates were

prepared from 5Øo lvtrerdr Kieselgel G and Wo 118254 applied to glass plates

a,S a flrspension in water. Flash ctrromatographyl0 e refers to nitrogen

pressure driven rapid chrrrrnatography using Merdr Kieselgel 60 (230-4,00

nesh A,ST1\{).

Light petroler.rn refers to the hydrocarbon fraction b.p. 60-700.

Magnesirrn sulphate (anhydrous) was used as the drying agent for non aqueous

solutions. All solvents and ctrernicals were purified by standard pnc-

ceduresl t 0. Lithiun alrrninium hydride reductions were worked rp according

to the nethod of D.A. Evans et al-r lr trrless otherwise stated.
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Work Described in Ckrapter 1

Part 1.1

Ca ic Osmirrn Tetroxide Oxidation of Erenpacetal et

Erenpacetal (6) (5g) was oxidized with osmium tetroxide (25mg) a,s

describedr s to yield the crude rnixture of partly crystalline epineric

dio1s. Crystallisation from dichloronethane/hexane gave major diol (21)

( 3.50g, 6ryù , m.p. 115-1160 ( Iit. I t l1z-t1ao¡ .

The rncther liquor from the crystallisation was a mixture of major

diol (21) and minor dj.o]- (22) (1.789, 37%).

Preparation of Tetrahydrofuran (25a) from Hydro><y Acetal (21)

The diol (21) (Bg) was hydr"olysed in nethanol/dilute oxalic acid

(5/o aqueous) (1:1) as describedL 7'te to yield (2"S,4"S,5"S)-1-(firran-3'-yl)-

4"-hydroxy-g{5"-( 1"' -hydroxy-1" '-nethylethyl )-2"-nethyttetrahydrofgran-

2"-yllpropan-1-one (25a) (6.769, 9Øo), m.p. 74-750 (Iit." 74-750¡.

Conversion of Diol (25a) to the Lactone (29)

1. The diol (25a) (4.0g, L4.2 nnaLe) was acetylated with acetic anhydride

(10 ml) in pyridine (20 ml) at 2Oo for 18 h. Dictrtoromethane (50 m1) was

added and the solution was washed with dilute hydrochloric acid

(10/o aqueous, 3 tirres) dilute sodir.rn hydroxide (7Øo agueous) and water.

The solution was dried, evaporated under reduced pr€ssure and the residue

chromatographed on silica ge1 (dichloronethane/ether 4:1). (2S,35,55)-5-i3'-

Iì-rran-3' 1 ol rj-2- 1ilr 1rt t -nE 1 I

furan-3-y1 acetate (25b) was recrystallised from chloroform/Iight petrolerm

to yield colourless crystals, r.p . 67.5-.68.50. (Found: C, 62.9; H, 7.5.

Ct ilz+Oe reeuites C, 63.0; H, 2.57o). vln"* (Nu.iol) 3500, 77æ, 1670 crn-r.
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rH n.m.r. ô (CDC13) 1.15, 6H, s, 1"'-Me, (II2"')s; 1-.25, SI, s, 5-Ife;

2.O5, 3H, s, OCOMe; 2.9O, 2H, m, (II2')z; 3.73, l-II, d, J 4 fIz, IÐ; 5.2O,

1-I{, m, H3; 6.70, 1II, m, II4"; 7.35, 1lI, m, H5"; 7.93, 1lI, m, II2".

2. The acetate (25b) (400 mg) was dissolved in pyridine (3 ml) and c¡oled

to Oo. Phosphon-rs o>ryctrloride (0.8 mI) was added dropwise with stirring.

After 30 min the mixlure was warned to 5Oo and naintained at this tenperature

for 3 h with stirring. The reaction was quenched with ice and extracted

with dichloronethane. The organic phase was washed with water, dried and

evaporated under reduced plessure to yield a pale yelloru oi1 (312 mg, 85%).

The lH n.m.r. spectrun revealed a mixbure of enol ether (31) and alkene (32)

in a ratio of 3:1.

Dehydration of acetate (25b) with thionyl cÌrloride in pyridine at Oo

for 10 min gave (31) and (32) in a ratio of 1:1.

3. The c¡rde mixbure of (31) and (32) (312 mg) was dissolved in rnethanol

(10 ml) containing dinethyl sulphide (2 m1) at -78o. One nplar equivalent

{based on enol ether (31)} of ozone was bubbled through the solution.

The reaction mixtr.ue was stirred for t h at -78o then at Oo for t h and

finally at 25o for 18 h (under nitnrgen). Water (3O mI) was added and the

solution was exbracted with dictrlorrcnethane ( 3 x 10 ml) , dried and

evaporated under reduced pressure. The yeIIow oi1, on preparative t.l.c.

(ether/ lieht petroleun, 4:a), yielded (35,5s)-3-acetoxy-5-{3'-(furan-3"-yl)-3'-

oxoprcpvl]-5-methyl dihv drof r¡r m-2 ( SI) -one (2g) (195 mg, 56Yo), m.p. 75-760

from ether/light petroler.rn. (Foundl C, 60. 1; H, 5.8. Cr qHr 605 reQuires

C, 60.0; H, 5.9o). vru* (Nujol) 3160, 3140, 1780, \74O, 1690, 1560, 1510,

12]¡O,870 c¡rrl . lFI n.m.r. ô (CDC13) 1.50, 3H, s, 5-Me; 2.]¡5,3H, s,QCQMe;

2.9O,2H, m, (IIZ')zi 5.50, ffi, t, J 8 Hz, H3; 6.70, 1-II, m, H4"; 7.4O,1H,

m, H5"; 7.96,1II, m, II2". I3C n.m.r. ð (CDC1 ù 25.1 (q), 26.6 (q), A.3 (t),

34.6 (t), 40.6 (t), 69.1 (d), 83.9 (s) 108.7 (d), 127.5 (s), 1j4.7 (d),

a47.6 (d),169.9 (s), 176.6 (s), 193.a (s).



\27 -

The lower R, fraction was (28, 39, 59)-5-{3' -( fr:ran-3"-yl)-3' -oxopropyl}-

2-isopropenyl-5-nethyltetrahyd¡¡furan-Fyl acetate ( 32) (80 rng, 22%) , m.p.

36-400. v*^-- (Nujol) 3160, 3120, S&, 771Ð, !670, 1610, 7570, 7520, 7240,
INAJ(

880 crn-l . tH n.m.r. 6 (CDC13) 1.33, 3H, s, 5-Me; 1.73, 3H, s, Me; 2.O3,

ffi, s,OOOMe; 2.86, 2H, m, (Il2')zi 4.3O, 1H, d, J 5IIz, II2; 5.00, 3H, m,

={I2, H3; 6.66, 1II, m, H4"; 7.3O, 1II, m, H5"; 7,9O,1[I, m, II2". Ttris by-

product was not characterised further.

Preparation of Lactone (30b) from Aldehyde (33)

1. Aldehyde (33) was prepared from diol (21) by the literatr¡re nethod.rs

18ffù, b.p. 7120/o.1nm (lit.lt 110070.1nm).

2. TTre al-dehyde (33) (1.5g, 6.76 nnpl-) was oxidized2s by adding a solution

of sodium hydroxide (1.13 g) in water (50 ml) d:opwise over 1.5 h to a
rapidly stirred solution of the aldehyde and silver nitrate (1.15 g,6.79 nnpl)

in rnethanolfwater (2:1, 50 m1). Stirring was c¡ntinued for a further 2 h

after which the mixbure was filtered through celite and the filtrate con-

centrated under reduced pressure. Ttre residue was cooled ,qd acidified

with dilute hydrochloric acid (7Øo agueor:s) to pH 2-3. The aqueous phase

was saturated with salt, extracted with dichloronethane (3 x 20 ml), the

extract dried and concentrated under reduced pressure to yield a brown

oiI which was allowed to stand at 2oo for 3 days. Flash chromatography

with ether /l.i$tt petroleu'n (9 : 1) gave (Qf, ,53)-5-{3' -( furan-3"-y1)-3' -
oxopnrpylÌ-S-fryOro><y-5--nrethyldihydrofuran-2(3li)-one (30a) (490 mg, BI%),

m.p. 101-102 .so ( tit . t 7 1ot-1oz.so) .

Acetylation with acetic anhydride in pyridine, followed by crystallisa-

tion of the product from ether/light petr.olewn gave (35,5R)-3-aceto>ry-5-{3'-

(furan-3"-y1)-3'-oxopropylÌ-5-rethyldihydrofuran-2(3ll)-one (30b), ffi.p.

75.5-760 {m.m.p. with (29) depressed}. (Foundì C, 60.2; H,6.0. Cr'+HrsOs
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requires C,60.0; H, S.Ú"). uru* (Nujol)3160, 3140, L795, \745, 1660, 1560,

1520,875 crn-r. rH n.m.r. 6 (CDC13) 1.40, 3H, s, 5-Me; 2.10, 3H, s,OCOMe;

2.%,2H, m, (W')zi 5.48, ffi, t, J B Hz, H3; 6.70, 1H, m, H4"; 7.35, 1H,

m, H5" i 7.98, LII, m, H2". r 3C n.m.r. ô (CDC13) 20.5 (q), 25.9 (q), 34.4 (t),

35.0 (t), 39.8 (t),69.0 (d), 83.6 (s), 108.7 (d), 727.5 (s),144.7 (d)'

!47.7 (d), 170.0 (s), 174.2 (s), 193.6 (s).

Preparat ion of Diacetate ( 38b) frrcm the Lactone (30b)

1. A solution of the lactone (3Ob) (550 mg, 2.30 nrml) and prÐpane-

1,3-dithiol (250 mg, 2.31 nnol) in dichloronethane (10 mI) was stirred and

cooled to 0o. Bon¡n trifluoride etherate (10 drr¡ps) was added and the

solution wa,s allowed to wann to room tenqrerature. After stirring for 12 h

dichloronethane (20 ml) was added and the solution was washed with water,

sodium hydroxide solution Gq") and water. After drying, concentration gave

the thioacetal as a ye1low oil- (78O mg, 1ryù. IH n.m.r. ô (CDC13) 1.30, SI,

s, 5-Me; 2.9O, 4lI, m, S-CII2-; 4.5O, lII, t, J I Hz, H3; 6.33, 1-II, m, H4";

7 .26, 1.II, m, H5"; 7 .36, 1-II, m, II2".

The c¡¡de thioacetaL (780 mg) was reduced with an excess of lithiwn

alrrninium hydride (1OO mg) in tetrahydrofuran (5 mI) at 25o for 0.5 h. Work-

up with satlrated sodirrn sulphate gave a yellow oil wtrich on preparative

t.l.c. (ethyl acetate/Iight petroletm, 7:3) gave, as the higþer R, fraction,

( 25, 41) -7-( furan- 3' -y1 ) -4-+nethy l-7, 7-( pn¡pylenedithío ) heptane -7,2,4-triol

(38a) as a colourless oi1 (139 mg, Lg"). lH n.m.r. ô (OC13) 1.13, 3H, s,

4-Me; 2.ffi,4JI, m, S-CIIz-; 3.10, 2H, m, (Hl)z; 4.05, 1H, m, II2; 6.40, lH,

m, H4'; 7.33, 1]{, m, H5'; 7,45, 1[I, m, II2'. The lower R, fraction \ryas a

mixbure of epirreric hemiacetals G2a) and (43a) (555 mg, 59"), I\rrbher

reduction of (42a) and (43a) with tithium al-rminiun hydride gave triol (38a).
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2. TYiol ( 38a) ( 100 mg, 0.3 nrmle) was acetylated with acetic ahhydride

in pyrid.ine at 2Oo for 18 h. Isolation and prepa^{bive t.I.c. (ethyI aeetatef

ligfìt petrrcleurn 2:3) gave ( 2S 4R ) -2 - aeætoxy -7 - ( furan-3 I -yI ) -4-hy droxy-4-

nethvl-?.7-(prppy lenedithio ) hept-l-vl acetate (38b) as a colourless oi1

(105 nrg, U%) . (Found: NZ 416.7312. Cr eH2 s05S2 requires 476.7æ7) .

!r|?\r., +4.6o; {o}3ie ..* +5.¿o (0.72r;% in GICI3 ). u*r* (fi1m) 3520, L745,

!735,1370, 1220,870 crn-l . IH. n.m.r. ô (CDC13) 7.26, 3H, s, 4-Me; 2.O7,

2.O3, eacLr 3H, s,OCOMe; 2.80, 4H, m, S-C[I2-; 4.2O, 2H, m, (Hl)z; 5.18,

1-II, m, II2; 6.%, 1II, m, H4'; 7.26, 1II, m, H5'; 7.36, 7II, m, I12'. NZ

417 G\,I+1),416 (M), ilO, 309, 189, 1S,95,83,43 (100).

Prepa¡ation of Diacetate (4Lc), from Al-cohol (40a)

The alcohol (40a) (500 mg, 2.24 nnr1e), prepared by the literature

nethod from aldehyde ( 33),r s was acetylated w-ith acetic anhydride in pyridine

to give the crude acetate (40b) \¡frtictì crystallised with difficufty from

ctrloroform/1ight petrolerrn, ffi.P. 8O-85o. vrrr* (Nuio1) 3160, 3130, 1730,

1600, 150O c¡n-t. tH n.m.r. ô (CDC13) 1.40, 3II, s, 5-Me; 2.O3, 3II, s, OCOllle;

4.1:O,3H, m, H3, CII2OAc; 6.%, 1-II, m, H4'; 7.25, 1II, m, II5'; 7.4O, 1-II, m,

\Ð'. m/z 266 (M), 2O7, 193, 95, 79, 43 (100). The acetate (40b) (aso ne)

was dissolved in pyridine (10 ml) and water (10 m1) and the solution was

stirred. at 7Oo r.nder nitrogen for 18 h. Dichlorcnethane (30 m1) was added.

The organic phase wa^s separated, dried and evaporated under reduced pressure

to yield a yellow oi1 (450 rng). lH n.m.r. spectro'scopy revealed the

presence of acetate (aOb) (55%) and acyclic npnoacetate (41b) (457o), 6

(CDC13) 1.23,3H, s,4-Me; 6.70, 1-II, m, H4'; 8.00, 1-II, m, II2'. The

mixture was acetylated with acetic anhydride in pyridine at, 2Oo for 18 h

to yield an oi1. Flash chrronratography (ethyl acetate/Iidot petroleun, 1:1)
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gave acetate (40b) (288 mg, 64|,0reeßvery), m.p. 80-850 and the required

diacetate $1c) (183 mg, 39"). u*r* (film) 3500, 3160, 3080, 7740' 875

cm-l . IH n.m.r. ô (CDC1 ù L.22,3H, s, 4-lúe; 2.03, 6H, s, OCOMe; 2'86,

2H, t, J 7 Hz, (H6)z; 4.L5,2H, m, (H1)z; 5.23, !H, m, f12; 6.66, LII, m,

H4'; 7.Ð, 1II, m, H5'; 7.93, 1II, m, II2'. Finally, formation of the

thioacetal of (41c) (180 nrg, 0.55 nnrrl) for conparison with (38b) was

actrieved with propane-1,3-dithiol (60 ng, 0.56 nnote) as described above

with a reaction ti¡re of 0.5 h at 0o followed by 6 h at 2Oo. Isolation

gave a product ( 115 mg, 50øo) v/hich was identicaJ- with (25,4B)-2-aceto><y-7-

( furan-3' -y1)-4-hydro>ry-4-nethyl-7 ,7-(prcpylenedithio )hept-1-yI acetate

(38b), i-soIated. from the other sequence of reactions. t"Ì3i2.¡ * 4'4o;

{"} 3l . . + * s. +o 10. 9fl" in cTIc13 ) .

When the alcohol 1g1oa) (b0 rng) was heated at Z0o in (Dõ) pyridine

(0.4 mI) and DzO (0.4 ml) for 20 h the tH n.m.r. spectrrrn showed the

presence of alcohot (40a) and the corresponding trihydrrc>ry ketone ( la)

in ratio of 5:4. However, extraction with dictrloronethane resulted only

in recovery of the starting nøterial (40a) as did sodium borohydride

reducti-on of the crude ¡nixbure.

Preparation of Lactones (44) and (45)

1. Pyrolysis of the aceto>ry lactone (30b) (80 rne) thnrugh a qvartz glass

colrmr (35 cm x 3 cm) at øæo/O.1nm gave (53)-5-{3'-(furan-3"-y1)-3'-

oxopropvl firan-2(5H)-one (45) " Preparative t.1. c. (ether/light

petnolerrn, 4:!) gave a sample m.p. 65-670 lfrom carbon tetrachloride/1ight

petroleun) (51 rng, ïCf,o), f .p. OOo/10-3 nm (bloch). (Fornd: g/z 220.073.

Crzur2O4 requires 22O.O74). {cr}!orr., *ßo; {cr.}3lr.u +58o (0.45% in GICI')

v---- (film) 3160, 3140, 3O2O,29æ, !765,1690, 7575, a52O,1155, 8t0 cnrl.
max '
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lH n.m.r. ô (CtrC13) 1.50, 3II, s, 5-Me; 2.22,2H, m, (H1')z; 2.7O,2H, m,

(Il2')z; 5.90, lII, d, J 5IJz, H3; 6.63, 1II, m, H4"; 7.25, 1H, d, J 5Ilz,

H4; 7.5, 1II, m, H5"; 7.9O, 1-II, m, H2". g/z 22O (M), 192, ta}, 97, 95 (100)

Similarly, pynrlysis of the aceto>qy lactone (29) gave (5S)-5-{'3'-

( fi¡ran-3"-vl ) -3' {xoprcpyt } -5 -nethv If i¡ran-2 ( 5H ) <ne (44) (75%), m.p. 64-660 ,

lJlis conpor¡nd was identical with lactone (45), except that the optical

rotation was of opposite sign: {cr}!f r. , 47o; {o}iir. u -54o (7,7% in CHCIg).

2. Ttrionyl chloride (0.1 m1) was added dropwise to a solution of

hydro>ry lactone (3Oa) in pyrid.ine at Co. Stirring was continued for

30 min at 0o and for a further 4 h at 15o. The reaction mixture was

exbracted with diclrloronetha¡e (3 tines). The organic phase was washed

with hydrochloric acid (1Øo aqueous, 3 tirnes), water, dried and evaporated

r¡nder reduced pressur€. Preparative chromatography on silica (ether/

lieht petrolewn , 4:7) gave starting material (50 mg, 337r) and 3-chloro-5-

{ 3' - ( f uran-3" -yl ) - 3' -oxopropyl } -5-nethyl dihyd:rcfur an.2 (3II ) +ne ( 46 )

(102 mg, 6go) , m.p. 43. 546,5o, b.p. ræo70.5 nm (block). (Fourdi C, 56.4;

H, 4.8. CrzHr30aCl requíres C, 56.2; H,5.t7"). u*r* (film) 3160, 3000,

2960, 1-1780, 1680, 1560, 1150, 870 crn-l . rH n.m.r. ô (CDC13) 1.53, 3H,

s, 5-Me; 2.95,2H, m, (f{2')zi 4,63, ü, t, J 8I12, H3; 6.70, 1-II, m, H4";

7.35, 1H, m, H5"; 8.00, 1-II, m, II2".

Reaction of the Triols (38a), (51) and (76) Under Acidic Oonditions

Each of the triols, ( 25, 4R)-7-( furan-3' -y1)-4-nethyl-7, 7-(prr¡pylene-

dithio)heptane-1,2, -triol (38a) , 6-benzyloxy-4-nethylhexane-1-,2,4-trio1 (51)

and ( 35,4S,6R)-9-( furan-3' -yI )-2, 6-dinethylnonane-3, 4, 6-trio1 ( 76) was

treated with (D2) oxal-ic acid (10 mg) in CD30D (0.4 mI)/(D20 (0.4 mI) at

7Oo. The reactions were followed by tH n.ïn.r. spectroscopy. No

tetrahydrofuran or other prcducts were observed within 72 h.
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lH n.m. r. E><perirnents

1. Diol (21) (50 rne) in CD30D (0.5 mI)/D20 (0.5 ni,)/(m) oxalic acid

(10 rng) at 25o, by tH n.m.r., exchangedin the region of ô 2.4, corresponcling

to exctrangp q to the carbonyl gnctp of (48). When the reaction was

maintained at 5Oo couplete conversion into the tetrahydrofuran (25a) occurred

within 77 h.

2. A similar treatnent of erenrracetal (6) revealed deuterirrn exchange

of (H7)z after t h at 25o. (H6)z coI1a¡lsed to a two prcton singlet at

6 2.0.

3. A similar deuterirm exchange in the region of 6 2.4 was aJ-so

evident for dihydroerenr¡acetal (39) after 48 h at 3Oo under identical

conditions to those used for diol (27).

4. A similar treatnent of tertiary alcohol (7O) (2O mg) for 48 h at

7Oo gave (2''S,4'Þ)-1-(furan-3'-yl)-3-{4"-hydrcxy-2",5",5"-trirrethyltetrahydro-

furan-2"-y1]propan-1<ne (55). rH n.m.r. ô (CD3OD/D20, 1:1) 6.6, 1II, m, H4';

7,3, 1fI, m, II5' ; 8.0, 1-II, m, II2'.
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Work Described in Chapter II

Lithium i¡ Anrnonia Beductions: Rêagents ánd Equipnrents 7

Lithir¡rn wì-re (3.2 nm dianeter, O.OÚ" sodir-rn) was stored under

liquid paraffin. Innediately prior to use, a sma11 section was cut off

with a new stainless-steeI spatula blade and washed with tight petroler.rn.

The required anrcunt of lithiun was weighed and added in snall pieces to

the liquid annnnia under a positive nitxogen pressure. Tetrahyd¡cfuran

was refluxed over sodium and benzophenone until the blue colour of the

ketyl wa,s well established. Ttre anhydrrcus tetrahydrofr.rran was collected

r.nder nitrogen and transferred to the reaction mixture with a syringe.

Oonnercial anhydrous annpnj-a was purified prior to use in the

following way: annpnia (100 m1) was distilled from the tank into a flask

containing sodium netal (c. 4Ð and anhydrrcus ferric ctrloride (c. 100 mg).

The annpnia wa,s refluxed for 0.5 h and subsequently distilled into the

reduction fla^sk under a positive pressur€ of nitrogen.

All the reductÍons were carried out in a graduated nrul-ti-necl<ed

Erlenneyer flask fitted with a acetone/dry-ice-cttarged condenser and suba

seal. The reagents were added in turn with a syringe thncugh the suba seal.

The reaction flask contained a glass-encapsulated magnetic stirring bar

and was maintaj-ned under a positive pr€ssur€ of nitrogen throughout the

reaction.

Prior to carrying out a reduction, a1l glasswar€ was cleansed by

washing with copious quantities of c. fo aqueous triethylarnine and finally

wa,shing with distilled water. The gla,ssware ïsas dried overnight in an

oven at 1300. The assembled. apparatus was flane-dried prior to use and

teflon tape was employed to seal all joints.
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Part 2.L

General Reduction Procedure

A solution of the reduction substrate in tetrahydrofura¡ wa,s

a.dded over 5 min to a solution of lithiun in annonia whictr had been stirred

for 15 min prior to the a.ddition. The mi-xture was stirred urder reflux and

after the required period isoprene was added to rermve the excess of netal.

Solid annnnir¡n chloride was added and the annpnia wa.s allowed to evapotate.

Water wa,s added and the solution wa,s extracted with dichlonrnethane

(4 tines). The canbined organic extracts were dried and eva¡rorated under

reduced pressure. Ttre crude product was analysed d.irectly by lH n.m.r.

(comparison of H4' integrals) and, where specified, the individual conqronents

were isolated by preparative t.l-.c.

Reduction of acetal- ( 39)

A solution of dihydroerenrracetal (39) (110 rng, 0.4 nnnle) in

tetrahydrofuran (1 ml) was reduced with lithiun (4O mg, 5.7 nnnle) in

anrmnia (10 mf ) for 3 h. Purification by preparative t.l.c. (ether/light

petroletrn , !:2) gave starting materj'ù, (6flo) , oxepanes ( 71) (LW") and diol

(73) (fl"). Ttre products were identified by the lH n.m.r. conparison with

authentic sam¡r1es.r 7

Oonlretitive Reduct ion of Oxepanes ( 71a) and (71b)

A solution of (71ra) (49 mB, 0.19 nnple) and (71b) (50 ng, 0.2i nrnole)

intetrahydrofuran(1 mI) was reduced with lithir¡n (4O mg, 5.7' nrnrle) in

annpnia (10 mI) for 3 h. lH n.m.r. of the crude product reveal-ed oxepanes

Gq") and diol ( 73) ( t47o) . Preparative t .1. c. (ether/light petroleun, 1: 1)

gave (7Aa) (43ng,887o recovery), Gth) (40 mg, Wo Tec'overy) and diol (73)

(9.5 mg, Øo based on both oxePanes).
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Reduction of Dihydroerennacetal (39) in the presence of tert-Butyl Alcohol

A solution of dihydrcerenpacetaf (39) (50O ng, 2 nnnle) and tert-butyl

alcohol (148 ng, 2 nnole) in tetrahydrofuran (3.9 m1) was reduced with

lithirm (85 rng, L2.25 nnnle) in a¡nn¡nia (3O mI) for 3 h. rH n.m.r. of the

crude product revealed cleavage products {(71), (73)} and starting material

in the rati-o of 1:4. Preparative t.l.c. (ether/light petroletm, 1:2) gave

starting nøterial ( 330 mg, 66Y") Md a fraction containing oxepanes ( 71)

and diol (73) (727 W total , 247o, 7:3 by IItr n.m.r.).

Reduct ion of Prirrnrv AIcohoI (4Oa)

A solution of the alcohol @Oa) (200 mg, 0.89 nrnclg) in tetrahydro-

furan (2 ml) was reduced with lithium (70 rng, 10.09 nnnle) in anrn¡nia

(20 ml) for 5.5 h. lH n.m.r. of the crude product revealed starting rnaterial

and triol (74) in a ratio of 1:1. Preparative t.I.c. (ether/nrethanol, 99:1)

gave stanting material (83 mg, 4ry") ffid a fraction tentatively assigned

as oxepanol nrrnocleavage product (34%). rH n.m.r. ô (CDC13) 1.16, ffi, si

3.Ð, 2H, m; 4.0O, ffi, mi 4.80, H, mi 6.S, ü, mi 7.25,2H, m.

The lowest R, fraction was (2q,4R)-7-( furan-3'-yl)-4-nethylheptane-

L,2, -triol (74a) (83 rng, 47%). lH n.m.r. ô (CDC13) 1.16, 3H, s, 4-Me;

1.62,6H, m, (H3)2, (Ib)2, (H6)z; 2.43,2H, m, (H7)z; 3.50-4.00, 6H, m,

(H1)2, W, 3xOH; 6.22, 1I{, m, H4'; 7.!6, 1H, m, II2' ; 7.25, 1-II, m, H5'.

13C n.m.r. 6 (CDC13) 25.0, t, C6; 25.3, t, C"7; 28.7, q, 4-Me;4O.7, t,

C5; 42.4, t, C3; 67.2, t, C1; 69.7, d, Q; 73.2, s, CA; 111.1, d, Ø';

725.1,, s, C3'; 139.1, d, C2'; 143.0, d, 6'.

Triol (74) was ctraracterised as its diacetate, (2.$,48)-2-aeætoxy-7-

( furan- 3 ' -yl ) -4-hydroxy4-nethylheptyl acet ate (74b) (For.nd: úZ
312.1-:582. C¡ 5H2a0s requires 312.7572). vrn * (film) 3400, 2950, t74O, 1370,



136

7230,875 crn-l . rH n.m.r. ô (CDC13) L.2O, ffi, s, 4-Me; 1.30-1.85, 6H, m,

(H3)2, (H5)2, (H6)z! 2.O3, 6H, s, 2xOC0Me; 2.4O, 2H, m, (H7)z; 4.7O, 2H,

m, (H1)z; 5.25, 1[I, m, II2; 6.20, 1H, m, H4'; 7.t5,1II, m, II2'; 7.25, ]II,

m, H5'. r 3C n.m.r. ô (CDC13 ) 20.9, e, OCOMei 21.3, Q, O@Mel 24.2, t,

6; 25.L, t, ü; 26.7, Q, &Mei 42.0, t, C5; 42.8, t, C3; 66.2, t. C1;

69.2, d, Q; 71.5, s, Ø; 111.1, d, C4'; 125.0, s, C3'; 139.1, d, C2';

143.1, d, C5' ; l7t.L, s. O@Me. y/Z 312 (M) , 294 (M-H20) , L43, 135, 100,

95, 94 (100), 83, 43.

Reduction of lvtrethoxwiethvl Ether (40d)

A solution of the netho>çznethyt ether (40d) (400 mg, 1.49 nrn¡le) in

tetrahydrofuran (3.5 ml) wa^s reducedwith lithiun (12O mg, 17.29) in annpnia

(35 m1) for 5.5 h. lH n.m.r. of the crude product revea.led starting materia^l

and diot (75) in the ratio of 1:8. Preparative t.l.c. (ether/light petroleum,

9:1) gave starting rnaterial (36 mg, W") aûd (2S,3R)-7-(furan-3'-yl)-l-

( 1o><y)-4-nethylhept arte-2.4-dio1 (75) (272 rry, 6go), b.p.

11bo/ix10-3 rm (block). (Formdi C, 62.0; H, 8.9. C1,*Hz,*Os requircs C, 6L.7;

H, 8.W"). urn-. (film) 3400, 2960, 1500, a46O, 14O,7370, !1'4O, 1100, 1030,

g15, g7O, 77O crr,-t. rH n.m.r. ô (ffi1s ) 1.16, 3II, s, (H4)g; 1.65, 6H, m,

(H3)2, (ib)2, (H6)zl 2.4O,2H, m, (H7)z; 3.30, 3H, s, OMe; 3.40,2H, d,

(H1)z; 3.95, 1[I, m, tÐ; 4.56,2H, s, 0(XI20; 6.20, 1H, m, H4r; 7.73, ]lI,

m, II2' ; 7.23, 1H, m, H5' . 13C n.m.r. ô (CDC13 ) 24.9, t, 6; 25.1, t,

C7; 28.O, q, 4-Me; 40.3, t, C5; 42.5, t, ß; 55.2, q, 0lüç; 68.0, d, C2;

72.7, s, C4; 73.2, t, C1; 96.9, t, 0CII20; 111.0, d, C4'; 721.9, s, C3';

138.9, d, Q'; 142.8, d, C5'. m/z 272 (M), 27O, 254(M-H2O), 193, 1-79,

135, 95, 94, 83, 81, 45 (1oo), 42.

The lowest R, fraction was tentatively assigned as oxepanol

monocleavage product ç<2%). tH n.m.r. ô (CDC13) 6.28, ü, mi 7.26,2H, m.
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Reduction of Secondary Alcohol (66a)

A solution of the alcohol (66a) (150 rng, 0.56 nnnle) in tetrahydro-

furan (1 mI) was r.educed with lithiurn (40 mg, 5.76 nnple) in annrpnia (15 ml)

for 3 h. rH n.m.r. of the crude pnrduct revealed starting material and

triol (76) in a ratio of 1.15 : 1. Preparative t.I.c. (ether) gave starting

material (60 rng, 4qo), and (35,4S,6R)-9-furan-3'-yl)-2,6-dirnethylnonane-

3,4,6-triol (76) (55 mg, Zflo), b.p. SSoT1xtO-3 nm (block). (Found.; C, 67.O;

H, 9.7. CrsHzsOq requires C,66.7; H,9.Wo). u,nu* (film) 3400, 2980,

2940,1510, 1475, 1030, 880 crn-I . rH n.m.r. ô (CDC13) 0.93, 0.96, each 3H,

d, (Hl)s, 2-Me; 7.76, 3II, s, 6-Me; 1.56, 6H, m, (H5)2, (H7)2, (H8)zi 2.45,

2H, m, (II9)z; 2.65, 3.00, 3.50, each 1lI, b, OH; 3.82,2H, m, H3, H4; 6.15,

1J{, m, H4'; 7.7O, 1fI, m, II2'; 7.2O, 1II, m, H5'. lt n.m.r. ô (CDC13)

t7.O, q, C1; 19.6, q, 2-Me; 25.O, t, C8; 25.O, t, C9; 28.3, q, 6-Me;

29.8, d, C2; 39.9, t, C7; 42.7, t, 6; 69.3, d, U; 73.2, s, C6; 79.5,

d, C3; 110.9, d, Ø'; 724,8, s, C3'; 138.8, d, C2'; t42.8, d, C5'. V/Z

27O (M), 252 (N{-H20) , !97, 135, 95 , 94 (100), 43.

The lowest R, fraction (5%) gave no furan proton r€sonances by lH n.m.r

Reduction of Secondary Alcohol (67a)

A solution of the alcohol (67a) (60 mg, 0.25 nrn¡le) in tetrahydro-

furan (1ml) wa,s reduced \¡/-ith lithium (40 mg, 5.76 nrnrle) in annxrnia (15 mI)

for 3 h. lH n.m.r. of the crude product reveaJ-ed starbing material and

triol (77) in the ratio of 1 : 99. Preparative t.l.c. (ether) gave

(2S,35,5R)-8-(furan-3'-y1)-5<rethyloctane-2,3,5-trioI(77) (55 mg, 9q") .

v*^-- (film) %0, 2990,2%O,1505, 1370, L72O, 1050, 7O2O,870 crn-r. rH n.m.r.max '

ô (CDC13 ) 1.15, 3H, d, J 5Ilz, (H1)s; 1.18, 3II, s, 5-Me; 1.58, 6H, bs,

(H4)2, (H6)2, (H7)z; 2.42,2H, m, (H8)z; 3.25-3.85, 5H, m, Í12, H3, 3>OH;
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6.Lg,1tI, m, H4'; 7.L3, 1II, m, H2'; 7.22,I1I, m, II5'. 13C n.m.r. (CDC13)

L8.2, q, C1; 19.2, t, C7t 25.3, t, C8; 28.5, q,5-Me; 40.1, t, C6; 42.3,

t, Ø; 71.4, d, Q; 73.6, s, C5; 73.6, d, C3; 111.1, d, C4'; 125.0, s,

C3'; læ.2, d, Q'; 143.1, d, C5'.

Reùrction of Secondanv Alcohol (68a)

A solution of the al-coho1 (68a) (50 rng, 0.21 nnple) in tetrahydro-

fr¡ran (1 m1) was reduced lr/:ith lithium (30 mg, 4.32 nnp1e) in annnnia (10 ml)

for 3 h. rH n.m.r. of the cmde product revealed starting material and

triol (78) in the ratio of 1 : 49. Preparative t.1.c. (ether) gave

(2¡,3q,5E)-8-(furan-3'-yl)-5-rnethyloctane-2,3,5-triol (78) (40 mg, 7Øo).

ur-. (film) 3400, 2gg}, 2960,1500, 1370, 1160, !72O,870 cm-l ' rH n'm'r'

6 (CDC1') 1.L4, 3H, d, (Hl)s; 7.2O, 3H, s, 5-Me; 1.60, 6H, bs, (H4)2,

(H6)2, (H7)z; 2.4O 2H, m, (HB)z; 3.50-4.00, 5H, m, IÐ, H3, $<OH; 6.L7,7Í1,

m, Í14'; 7.A5, 1II, m, II2'; 7.23, 1II, m, H5'.

Rèduotion of Tertiarv Alcohol- (69)

A solution of the alcohol (69) (100 mg, 0.38 nrnrle) in tetrahydro-

furan (1 ml) was reduced with lithium (40 rng, 5.76 nrn¡Ie) in anrmnia (10 ml)

for 3 h. lH n.m.r. of the crude product revealed starting material and

triol (79) in the ratio of 22 : 78" Preparative t.I.c. (ether/light

petrrcleum, 4:!) gave starting material (19 mg, LW") and' triol (79)r 7 161 mg,

6qù. The triol (79) gave an identical- lH n.m.r. spectn-rn to that reported. r 7

Redr-rct ion of Tertiarv Alcohol (70)

A solution of the al-cohol (70) (100 mg, 0.40 nrnrle) in tetrahydrc-

furan (1ml) was reducedw-ith lithiun (35 rng, 5.04 nrncle) in annpnia (10 mI)

for 3 h. lH n.m.r. of the crude product reveaJ-ed starting material and
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triol (80) in the ratio of 27 : 73. Preparative t.l.c. (ether) gave starti-ng

material (18 mg, asù, and (35,5R)-8-(furan-3'-y1)-2,5-dimethyloctane-2,3,5-trio1

(80) (63 rng, 64ù, n.p. 7g-82o, sublined 75o/Lxl1-3 rffn. (Found: C, 65.7;

H, 9.7. Cr +HzqO+ reQuites C, 65.6; H, 9.5%). (Found: y/Z 256.1680.

Ci+HzaOa ï€euires 256.t675). u** (Solution) 3650, 3400, 2925, 1600, L495,

!455,1370, 1150, 1100, 1015, 945, 895, 870 c¡n-r. tH n.m.r. ô (CDC13) 1.10,

1.13, 1.16, each 3H, s, (H1)s,2-Me,5-Me; 1.35-1.60,6H, m, (H4)2, (H6)2,

(HT)z; 2.4O,2H, m, (H8)z; 3.60, lH, t, J 6Hz; 6.15, 1H, m, H4'; 7.7O,

1-II, m, II2'; 7.22, 1H, m, H5'. 13C n.m.r, 6 (CDC13) 23.6, q, C1; 25.3, t, C7

C8; 26.5, q, 2-Me; 29.1, Q, 5-Me; 4O.O, t, 6; 4O.5, t, C¿f, 72.9, d, C3;

73.6, s, C5; 111.7, d, C4'; 125,0, s, C3r; A39.2, s, @'l 743.7, s, C5t.

y/Z 256 (M), 238 (M-H20), 153, 152, 135, D9, 95, 94, 9t, 82, 81, 77, 43 (100),

The lowest R, fraction (5ft) revealed no furan proton r€sonances

by tH n.m.r.
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C'eneral Reduction Procedure

The g.I.c. response ratios of the reduction substrates and the

reduction products were predetermined. A solution of the reduction substrate,

butyl nonyl ether (g.I.c. standard) and, where indicated, an external proton

source in tetratrydrofuran was analysed by g.l.c. on the specified coltrm.

The above solution was added over the specified period to a solution of

lithiun in annpnia whictr had been stirred for 10 rnin prior to the addition.

Ttre mixùul€ was stirred under reflux and after the required period isoprene

was added to rernove the excess of netal. Solid annr¡nium chloride was

added and the anrmnia was allowed to evaporate. Water followed by ether

(r.rnless otherwise stated) was introduced and the layers were separated

after shaking. The aqueous phase was further extracted with ether (3 tines)

and the conbined organic extracts were ana"lysed by g.I.c. on the specified

coh.rrn, dried and evaporated rxrder reduced pressure.

The products were identified by g.I.c. retention tirne ccrnparison

with authentic sanples and, wtrere indicated, the products were isolated by

preparatir¡e t.l.c. A conparison of the g.l.c. data from before and after

the reduction gave the percentage yield of each conqronent present in the

crude pr-rcduct mixture. The individual conponents of the product rnixtr¡re are

quoted in the order of elution.

The reduction sr-rbstrates and products do not appear to be volatile

during the evaporation of anrnonia. For exanple, the evaporation of annpnia

from a mixLure of butyl nonyl ether and the alcohols (97a) and (103) (18 mg)

returned the sarne mixbure ( 18 rng) .
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Reduction of Tetratrydrofuran (91)

A solution of the tetrahydrofuran (91) (105 rg, 0.76 nnple) and

butyl nonyl ether (60 rng, 0.30 nrmle) in tetratrydrofuran (3 mI) was sub-

mitted to g.l.c. analysis (Coh-unn A, 12oo-2ooo at so/min¡. The above

solution was added over 1 min to a stirred solution of lithiun (90 mg,

72.97 nnole) in anrn¡nia (40 m1). The reduction wa,s terrninated a^fter a

further 14 min and the crrrde product ether exùract was subrnitted to g.I.c.

analysis (oohml A, 12oo-2o}o at soTmin¡. The g.1.c. data revealed

starting nøterial (97) (<7%) and alcohol (94) (99"). Preparative t.l.c.

(ether/1ight petroleum, 1:1) gave 4-(furan-3'-yl)butan-1-o1 (91)

(94 mg, 9Øo), b.p. sso¡zxto- e nm (block). (Found: C, 68.6, H, 8.6.

CaHrz0z requires C, 68.6; H, 8.61"). (Found: g/Z 74O.O74. CeHrz0z

requires 140.0837). u*r* (film) 3400, 2970, 2890, 1505,1160, 1065, 1030,

880 c¡n-I . rH n.m.r. ô (CC1+) 1.3O-1.8O, 4H, m, (II2)2, (H3)zi 2.37, 2H,

m, (H4)z; 3.64, 1H, b, OH; 3.48, 2H, m, (Hl)z; 6.10, 1II, m, H4'; 7.O3,

lH, m, II2'; 7.76, 1H, m, II5'. glz 140 (M),95, gI, 82, 81-, 69,53,47,

Reduction of Tetrahydropyran (92)

A solution of the tetrahydnrpWan (92) (150 mg, 0.99 nnole) and

butyl nonyl ether (71 mg, 0.36 ¡nrple) in tetrahydrofuran (3.9 m1) was sub-

mitted to g.I.c. analysis (Coh.rnn 8,75o (,isothermal 5 min) - 15Oo at Oo/rnin¡.

The above solution was added over 1 min to a stirred solution of lithir¡n

(120 mg, 17.3 nrncle) in anrmnia (50 m1). The reduction was terminated after

a further 14 rnin and the crrrde product ether exbract was subrnitted to g.l.c.

analysis (Colrrm B,75o (isotherunl 5 min) -1500 at Oo/min¡. The g.1.c.

data revealed starting material (76%) arrd alcohol (95) (Lg"). Preparative

t.l.c. (ether/light petroleum, 1:3) gave starting material (97 rng, 65%)
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and 5-(furan-3'-y1)pentan-1rc1 (95) (26 mg, 7Wo), U.p. +So/2x10-3 nrn

(blod<). (Found: C, 7O.5; H, 8.8. CgHr+02 requires C, 7O.t; H, 9.2%).

(For:nd: NZ 154.0983. CgHr,*02 requires Lil.O994). ur"* (film) 3350,

2925,2850, 1505, !460, 1380, 1160, 1065, tO25, 87O, 7æ c¡n-r. rH n.m.r.

ô (CDC13) 1.20-1.90,7H, m, (W)2, (H3)2, (Ha)2, OH; 2.36,2H, m, (H5)z;

3.57, 2H, t, J 6IIz, (Hl)z; 6.11, 1I{, m, H4r; 7.O5, 1-II, m, II2'; 7.17,

1H, m, H5'. UZ 154 (M),95,94, 82, 81 (100), 69, 67,53, 40, 38, 31.

Reduction of Oxepane (93)

A solution of the oxepane (93) (725 mg, 0.75 nrmle) and butyl nonyl

ether (62 mg, 0.31 nnole) in tetrahydrofuran (3 mI) was subrnitted to g.I.c.

analysis (Ooltrni B, 75o (isothernal 4 min) -1500 at 6o7min¡. Ttre above

solution was added over 1 min to a stirred solution of lithiun (92 mg, 13.3

nnole) in annnnia (40 m1). The reduction was terminated after a further

14 rnin a¡d the crude product ether extract wa,s sutrnitted to g.l.c. analysis

(Cohmr B, 75o lisothermal 4 min) -1500 at OoTmin), The g.I.c. data revealed

starting material (85%) and aJ.coho] (96) (13/"). PreparatÍve t.l-.c. (ether/

light petroleum, 1:3) gave starting rmterial (93 mg, 74%) and 6- furan-3'- I
hexan-1rc1 (96) (77 nE, 7f,,o), b.p. +so7Sx1O-3 rffn (block). (Foundr C, 71-.1;

H, 9.4. Cr oHr sOz r€quires C, 77.4; U, 9,Øo). (Found: plz 768.7147.

Cr oHr e Oz requires 168.1150) . u*rr, ( film) 3350, 2925, 2820, 1500, !MO,

1380, 1160, 1020, 870, 775 crr-r. IH n.m.r. ô (CDC13) 1.15-1.65, 8II, m,

(IÐ)2, (H3)2, (H4)2, (II5)z; 1.85, 1H, bs, OH; 2.32,2H, m, (H6)z; 3.50,2H,

t,J 6 Hz,(II7)2i6.12, f.H, m, H4'; 7.O5, 1lI, m, lI2'; 7.2O, 1-II, m, H5'. mlz

168 (M), 95, 94, g2 (100), 91, 67, 53, 4L, 39, 31.

Conpetitive Reduction of (91), (92) and (93)

A solution of (91) , (92), (93) (170 mg totat) and butyl nonyl ether

in tetrahydrofuran (4 ml) was subrnitted to g.I.c. analysis (Colrrnn A,
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106o-200o at Oo/min¡. The four conponents wer€ observed in a ratio of

7.O2: 1.3 : 1.3 : 1 respectively. Ttre above solution was added over

l min to a stirred solution of lithium (105 mg, 15.1 nnpLe) in anrn¡nia

(50 ml). The reduction was terminated after a further 11 min and the crude

product ether extract was subrnitted to g.I.c. analysis (Column B, 75o

(isothermal 4 rnin) -1500 at 6o¡min and Colrrnn A for the detection of (91)

onIy, lOOo-2OOo at 6o/rnin¡. The g.l.c. data revealed (91) (<9o),(92) (887,),

(93) (8Wù and the coruesponding cleavage products (94) @9"), (95) (7Ø")

and (96) (87o) resPectivelY.

Oonqretitir¡e Reduction of Tetrahydropyran (92) and Methy1 Ether (60c)

A solution of the tetrahydropyran (92) (13.5 rng, 0.10 nrnote), methyl

ether (6Oc) (18 mg, 0.08 nnple) and butyl nonyl ether (8.8 mg, 0.04 nrncle)

in tetrahydrofuran (0.5 ml) was submitted to g.I.c. analysis (Colum B, 7õo

(isothermat 5 min) -2OOo at Oo/min¡. The above solution wa,s added. over

0.5 min to a stirred solution of lithiun (20 mg, 2.88 nnnle) in anrmnia

(10 m1). The reduction was terminated after a further 16.5 rnin and the

crude product ether extract was sutxnitted to g.l.c. analysis (Colum B, 75o

(isothermal 5 min) -2OOo at OoTmin¡. The g.I.c. data reveafed (92) (69"),

(6Oc) (79") and the @rresponding cleavage pnoducts (91) (W") and (59) (757o)t

respectively.

Reduction of Acetal Alcohol (97a\

1. A solution of the alcohol (97a) (58.5 mg, 0.32 nnple) and butyl

nonyl ether (16.5 mg, O.08 nrn¡Ie) in tetrahydrcfuran (0.75 mI) was subrnitted

to g.}.c. analysis (Cofumn B, 75o (isotherrnal- 3 min) -1900 at 6o/min¡. The

above solution was added over 1 min to a stirred solution of lithiun (22 mg,

3.17 nnple) in anrrpnia (1O m1). The reduction was terminated after a



-t44-

further 14 min and the crude product ether extract was subrnitted to g.l.c.

analysis (Colum B, 75o (isothermal 3 rnin) -l9oo at Oo/rnin¡. The g.I.c.

data revealed alcohol (103) (557"), 2,5-dihydr"ofi-rran (104) (Lq"), starting

material (97a) (37,) a¡rd diol (100) (]i3%). G.c.m.s. data (Oolunn C, 1600

(isothermal 5 min) -zifo at 5o/rnin) on conponent (104) revealed nlz t28 (M).

Preparative t.l. c. (ether/light petrrclertrn, 4 : 1) gave 2,5-dihydrofuran

(104) (5 ne, 87"). tH n.m.r. 6 (CDC1s) 1.10, 1H, s, OH; 1.50, 2H, m,

(TI2)z; 2.15, 2H, m, (H3)z; 3.60,2H, t, J 5IIz, (In)z; 4.5O, 4H, bs, (I2')2,

(II.5')z! 5.50, 1-II, bs,IA'. 13Cn.m.r. 6 (CDC13) 23.7, t, Q; 30.9,

t, C3; 62.7, t, C1; 76.3, t, Q', C5'; 119.6, d, H4'.

2. A sotution of the alcohol (97a) (300 mg, 1.63 mnrle) in tetra-

hydrofuran (4.8 mI) was added dropwise over 5 rnin to a stirred sol-ution of

lithir:rn (115 mg, 1:6.57 nnnle) in anrmnia (50 m1). The reduction was

terminated after a further 13 min. Preparative t.l-.c. (ether/tight petrrcletÍn,

4:1) of the crude nøterial (210 rng) gave starting material (7 mg, 2%) üLd

3-( furan-3' -yl )propan-1-o1 (103) (113 mg, 55%), b.p. +so¡0.5 nm (bloch).

(For.rnd: C, 66.1; H, 8.0. CtHtoOz requires C, 66.6; H, 8.q"). (Found:

m/z 126.0632. CzHr o0z requires 126.0681). u,or* (film) 3360, 2960, 2890

1500m 1150, 1050, aO2O,87O cm-r. rH n.m.r. ô (CDC13) 1,8O,, 2H, m, (IÐ)zi

2.45,2H, t, J 7Ilz, (H3)z; 3.06, 1fI, s, OHi 3.52,2H, t, J 6flz, (H1)z;

6.10, 1II, m, H4'; 7.O5, 1H, m, I2'; 7.1:6, 1H, m, H5'. m/z 126 (lvl), 82,

gL, 4, 40, M, 32.

The low R^I fraction wa.s þ( fi;ran-3' -vl)-3-(2"- )propan-1-ol

(100) (59 nrg, IWo), b.p. æo¡zxto-3 nm (blocJ<). (Found: C, 57.7; H,7.2.

CgHr+O¡* requires C, 58.0; H, 7,67o). (Found: g/Z 186.0893. CgHr,+0+

requires 186.0892). ur-. (film) 3400, 2960, 2880, 1500, 1150, 1100, 1050,

LO2O,87O crn-l . rH n.m.r. ô (OC13) 2.O2,2H, m, (II2)z; 3.40-3.90, 8H, m,
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2xOH; 4.50, 1II, dd, J 5, 7 Í12, H3; 6.30, 1H, m, H4';

y/Z 186 (M), !41-, 122, 97, 95, 94, 66, 65, 43, 4!.

Reduction of Acetal A1cohol (98a)

1. A sol-ution of the al-cohol (98a) (56.5 mB, 0.29 nnole) and butyl

nonyl ether (11.2 mg, 0.06 nnple) in tetrahydrofuran (0.75 ml) was suhnitted

to g.l.c. analysis (Colunn B, 75o (isothermal 3 rnin) -1900 at 6o/min;. The

above solution was added over 1 min to a stirred solution of lithium (24 mg,

3.46 nrr¡rle) in anrmnia (10 m1). The reduction was terminated after a

further 14 min and the crude product ether extract was sutxnitted to g.l.c.

analysis (Colrrrn B, 75o (isothermal 3 min) -1900 at Oo/min¡. The g.l.c.

data revealed alcohol (94) (48Y"), 2,5-dihydrofuran (105) (57o), starting

material (281ù and diol (101) Gqù. G.c.m.s. data (Coh.rnn C, 1600 (isothermal

5 min) -23Oo at 5o/rnin)on cdrponent (105) reveaLed. mf z t42 (M).

2. A solution of the alcohol (98a) (200 mg, 1.01 nnple) in tetrahydro-

furan (3 ml) was added dropwise over 5 min to a stirred solution of lithit¡tt

(70 mg, 10.09 nnrrle) in anrnonia (30 m1). The reduction was terminated after

a further 13 min. Preparative t.l.c. (ether/Iight petrr¡leun, 4:1) gave

starting material (68 mg, yL%) and 4-(firran-3'-y1)butan-1<1 (94) (59 W, 4n")

identical spectroscopic data to that obtaj-ned for the sanrc conpound isolated

from the lithium in anrncnia reduction of tetrahydrofuran (91).

The low R, fraction was 4-( firran-3' :yl)4-(2" - )butan-1<1

(101) (30 ng, 15%), b.p. SSoTZxl-O-3 nm (blocJ<). (Found: C, 58.7; H, 8.2.

C, oHr 60bäH20 requi-res C, 58.7; H, 8.A7"). (Found: mlZ 200.1060. C, oHr.9u

requires 200.1049). vma", (filn) 3400, 2960, 2890, 1500, 1150, 1100, 1055,

1020, 870 c¡n-l. IH n.m.T. ô (CÐC13) 1.40-1.90, 4H, m, (1Ð)2, (H3)zi 2.76

2H, bs, 2>rOH; 3.30-3.77, 6fI, m, (H1)2, (H1")2, (H2")zi 4.30, 1H. tt J 7Ifz,



-146-

H4; 6.29,1H, m, H4'; 7.N,2H, m, I{2', H5'. ylz2OO (M),155, 141,

97 (1oo), 95, 79, 77, 45, M, 39, 32.

Conpetitive Reùrction of Acetal Alcohö ls( 97a) and (98a)

A solution of (97a) (53.7 mg,0.29 nnole), (98a) 52 mg, 0.26 nrncle)

and butyl nonyl ether (13.9 mg, 0.07 nnnle) in tetrahydrr¡furan (1.5 m1) was

sukxnitted to g.l.c. analysis (Oolunn B, 75o (isothermal 3 min) -19Oo at OoTmin¡.

The above solution was addedoverl rnin to a stirred solution of lithirrn

(40 mg, 5.76 nrnole) in anrnrnia (20 m1). Ttre reduction was terminated after

a firr¡her 14 min and the crude product ether extract was sutxnitted to g.l.c.

analysis (Co1un¡r B, 75o (isotherrnal 3 min) -1900 at OoTrnin;. Ttre g.I.c.

data revealed alcohol (103) (5Ú"), 2,5-dihydr¡furan (104) (tg"), starting

material (97a) (9") and diol (100) (74") for (97a) and alcohol (94) (5q"),

2,5-dihydrrofi¡ran (105) (ry"), starting material (gSa) (39") and diol (101) (18")

for (98a).

Oorncetitive Reduction of (97a) and (99a)

A solution of (97a), (99a) (160 mg total) and butyl nonyl ether Ín

tetrahydrofuran (2.2 rr,i-) wa,s subrnitted to g.l.c. analysis (Colrrm B, 75o

(isotherma-l 4 min) -2OOo at 6o/min¡, The three car¡ronents were observed in

a ratio of 5.34 : 5.89 : 1 respectively. The above solution was added over

l min to a stirred solution of lithir¡n (80 rng, 11.53 nnxrle) in annpnia

(30 m1). The reduction was terminated after a furLher 14 min and the cnrde

product ether extract wa,s submitted to g.I.c. analysis (Oolum B, 75o liso-

thermal 4 rnin) -2OOo at Oo/rnin¡. Ttre g.I.c. data revealed alcohol (103) (38,"),

2,5-dihydrofr:ran (104) (787"), starting material (97a) (4") and diol (100)

(t6Yù for (97a) and al-cohol (96) (47%), starting material (99a) (49") and

diol (1021 Qfl,) for (99a).
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Reúrction of Benzyloxy Acetal (98b)

A solution of benzylo>çy acetal (98b) (84 mg, 0.30 nrnole) and butyl

nonyl ether (22 mg, 0.11 nrn¡le) in tetrahydrofi-rran (O.75 m1) was sub-

mitted to g.I.c. analysis (Oo1unn B, 75o (isothermal 3 min) -1900 at Oo/min¡

The aborre solution wa.s added over 1 min to a stirred solution of lithiun

(20 mg, 2.88 nrmle) in anrmnia (10 m1). The reduction was terminated after

a further 14 min and the crude product ether exLract wa,s sr.rbrnitted to

g.t.c. analysis (oolum B, 75o (isothermal 3 rnin) -1900 at oo/min¡. The

g.I.c. data reveated alcohoL (94) (4L%), bibenzyl, s2 parent a.lcohol (98a)

(49") and diol (101) (c. !%).

Reduction of Benzyloxv Acetal (99b)

A solution of benzylo>gz acetal (99b) (22O ng,,0.70 nrncle) and

butyl nonyl ether (55 rng, 0.28 nnple) irt tetrahydrofuran (1.75 mI) was

submitted to g.I.c. analysis (Colunn B, ZSo (isothermal 3 min) -22Oo at 6/min).

The above solution wa,s added over 1 min to a stirred solution of lithirrn

(55 mg, 7.93 nnple) in anrrpnia (20 mt). Ttre reduction was terminated

after a further 14 min and the crude product ether extract was sutrnitted

to g.I.c. analysis (Oo1urno B, 75o (isothermal 3 rnin) -22Oo at Oo/min¡. The

g.l.c. data revealed al-cohol (96) (2Wù, bibenzyl,s2 parent alcohol (99a)

(eb and diol (102) Gq"). Preparative t.I.c. (ether/light petroleun, 4:1)

gave alcohols (96) (37 rng, 31%) and (99a) (79 nE, 5q") (identical spectros-

copj-c data to ttrose obtained for the sanÞ corry)ounds described previously).

The low R, f ract ion was 6-( furan- 3 I -yI) 4-(2"-hydro>ryetho>ry ) hexan-1-ol

(102) (26 ng, Lq"). (Found: g/Z 228.1357. Ctz]JzoOq reeuir€s228.t%2),

v-^--- (filn) #@, 2g4O, 2æO,1505, !460, 1160, 1110, 1060, 1020, 910, 870 crn-r.fnax '
lH n.m.r. ô (CDC13) 1.25-1.85, 8H, m, (F2)2, CH3)2, (H4)2, (H5)z! 2.OO,2H, bs,
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2xOH; 3.30-3.7O, 6H, m, (IIl)2, (H1")2, (112")2; 4.25, 1H, t, J 6 Ílz, H6;

6.30, 1-II, m, H4'; 7.3L, 2H, m, II2', H5' .

Couretitive Reduction of Benzvlo>ry AcetaJ-s (97b) and (99b)

A solution of (9'7b) (40.5 mg, 0.15 nrnole), (99b), (37 mg, 0.12 nnole)

and butyl nonyl ether (15 mg, 0.08 nnnle) in tetrahydrofuran (0.75 ml) was

sntxnitted to g.l.c. analysis (Cottrm B, 75o (isothermal 4 min) -22Oo at OoTmin¡.

The above solution wa.s added over 1 rnin to a stirred solution of lithium

(23 mg, 3.31 nrnole) in armionia (10 m1). The reduction was terrninated after

a further 14 rnin and the crude pnrduct ether exbract was sr-rbmitted to

g.l.c. analysis (Oolurm B, 75o (isotherrnal 4 rnin) -22Oo at Oo/min¡. The

g.l.c. data revealed alcohol (103) Gq"), parent alcohol (97a) G%) and

diol (100) (W") for (97b) and aJ.cohol (96) (2Wù, parent alcohol (99a) (4W")

and diol (1O2) (tW") for (99b). Bibenzyl was also evident by g.l.c.

Redrction of Acetal 62

A solution of acetal (62) (63 mg, 0.25 nnxrte) and butyl nonyl

ether (10 rng, 0.05 nnrrle) in tetrahydrofuran (O.75 m1) was submitted to

g.l.c. analysis (Colrrm B, ZSo (isothermal 3 min) - 2OOo at OoTmin¡. The

above solution was added over 0.5 min to a stirred solution of lithirrn

(34 mg, 4.90 nrncle) in anrncnia (15 m1). The reduction was terminated after

a further 14.5 nin and the crude pnrduct ettrer extract was suhnitted to

g.l.c. analysis (Colunn B, 75o (isothermal 3 min) - 2OOo at Oo/min¡. The

g.t.c. data revealed 3-nonylfuran (59) (LCflo), starting material (49o) and

alcohol (61) (35%) \¡/hich were identified by conparison with authentic

sanples.2l
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Reduction of BenzyloW Acetal @7b) in the pr€sen ce of Èert-Butyl Alcohol

A solution of benzylo>ly acetal (97b) (50 nrg, 0.18 nnnle), tert-butyl

alcohol (14.5 mB, O.2O nnpte) and butyl nonyl ether (10 rng, 0.05 nrmle) in

tetrahydlofuran (0.75 mI) wa,s sr:bmitted to g.l.c. analysis (Colum B, 75o

(isothermal 4 min) -22Oo at Oo/rnin¡. The above solution wa^s added over

O.b mi¡1 to a stirred solution of lithirm (25 W, 3.60 nnnle) in annpnia

(1O m1). The reduction was termlnated after a fiu'ther 14.5 min and the

crude pnrduct ether extract wa^s submitted to g.l.c. analysis (ÕIurn B, 75o

(isothermal 4 min) -22Oo at Oo/min¡. Ttre g.l.c. data revealed alcohol

(103) (Wù, parent alcohol (97a) (Zt" ) and diol (100) (tØr).
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Part 2.3

Reduction of AcetaJ- Alcohol 1114)

1. A solution of the acetal alcohol (114) (8O.5 m8, 0.29 nnn1e) and

butyl nonyl ether (19 rng, 0.10 nrrple) in tetrahydrofuran (0.75 ml) was

snhnitted. to g.I.c. analysis (Coltum B, 75o (isothermal 3 min) -22Oo at 6o7min;.

The above solution was added over 1 min to a stirred solution of lithirrn

(24ng,3.46 nrnole) in anrnrnia (10 m1). The reduction was teminated after

a fi.lrther 14 min and the crude product ether exbract wa,s sutxnitted to

g.1.c. analysis (oolunr 8,75o (isothermal 3 min) -22oo at ooTmin¡. The

g.1.c. data reveated starting materfal Q5%).

2. A sjmilar reduction of acetal alcohol lJaÐ (255 rng. 0.90 nrncle) and

butyt nonyl ether (42 ng,0.21 nrrple) in tetrahydrrcfuran (2.4 ml) with

lithirrn (75 rng, 10.81 nnnle) in an¡rpnia (30 m1) gave, by g.I.c., 3-nonylfuran

GÐ Qq"), starting material (7fl") and diol (116a) (9").

Preparative t.I.c. (ether) gave 3-nonylfuran (59) (21 mg, 127o) and

starting material- (774) (165 mg, 657o). Ttre low R, fraction was

3-{1'-(fi;ran-3"-y1)nono>ry}pn¡pane-1,2-dio1 (11-6a) (18 mg, flo), wtrich was

acetylated w'ith aætic- anhydri-de in pyridine. Isol-ation gave 2-acetoxy-3-

{1'-( furan-3' '-v1)nonoxylpn¡p-1- vI acetate (116b) (15 ne). (Found: Ulz

%8.2L91,. CzoH¡zOs requires æ8.2799). Vrn"* (fj-Im) 2925, 2850, U4O, 1500,

1365, 7220, 1155, 1090, 1045, 1020, 870 cm-I . lH n.m.r. 6 (CDC13) 0.95, 3II,

bt, (H9'):; 1.a54-.7O, 14II, m, (II2')z-(H8')z; t.93, 1.95, each 3H, s, 0C0Me;

3.28,2H, d, J 5 Hz, (H3)z; 4.LO,3H, m, (H1)2,112; 4.%, 1-II, m, H1'; 6.25

1J{, m, H4"; 7.2O,7.22, each 1II, m, Í12", H5". ylZ 368 (M), 308,255,

2Og, ags, 160, 159 (100), aa7,100, 99,95,94, 81, 57,55, 43, 4L.
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Reduction of Acetal (115b)

A solution of the ben4yloxy acetal (115b)(120 nrg, 0.30 nrnole) and

butyl nonyl ether (12.5 mg, 0.06 nnpte) in tetratrydrrofuran (0.75 m1) was

snbmitted to g.l.c. a¡ralysis (Coh¡rn B, 75o (isotherrnal 3 min) -22Oo at tOo/min).

The above solution wa^s added over 1 min to a stirred solution of lithium

(25 mg, 3.60 nnple) in anrncnia (10 ml). The reduction was terminated. after

a further 14 min and the crrrde product ether exbract was submitted to

g.l.c. analysis (Oolrrrn B, 75o (isothermal 3 min) -22Oo at tOo/rnin). The

g.1.c. data revealed panent alcohol (115a) (9o%) and undraracterised

nonocleavage rnaterial- Gq") .
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Work Described in Chapter III

Part 3.0

Reaction of lüethvlmagnesium Iodide with Aldehvde (33)

Aldehyde (33) (300 mg), on reaction with methylmagnesir.rn iodide as

describedl e, gave a crude mixture of inseparable epirneric alcohols. Acetylation

of the rnixture with acetic anhydride in pyridine, as prewiously descri-bed,

perrnitted separation of the epinrersle whictr on reduction with lithium

ah.rnj-nirm hydride in ether gave the major al-cohol- (13,1'R,3'S,5'R)-1-{1'-

( furan-3"-yI ) -5' -nethyl-2',8' -dioxabicyclo { 3. 2 . 1}oct-3' -yI }ethan-1-ol ( 6Ba)

6qù. IH n.m.r. ô (CDC13) 1.16, 3H, d,, J 6Hz, (IP)s; 1.30, 3H, s, 5'-l\{e;

1.50-2.30, 7H, m, (H4')2,(H6')2, (H7')2, 0H; 3.74, 2H, m, H1, H3'; 6.32,

1H, m, H4"; 7.2O, 1H, m, H5"; 7.32, 1lI, m, H2". The other fraction wa,s

the rninor al-cohol (15,1'R,3'S,5'R)-1-{1'-(fura¡-3"-yl)-5'-nrethyl-2',8'-

dioxabicyclo{3. 2.1}oct-3'-y1}ethan-l--o1 (67a) (289"). rH n.m.r. ô (CDC13)

7.a4, 3H, d., J 6I12, (H2) g; 1.30, 3H, s, 5'-Me; 7.60-2.56, TH, m, (H4')z;

(H6')2, (H7')2, OH; 3.68, 2H, m, H1, H3'; 6.4O, 1lI, m, H4"; 7.25, 1II, m,

H5"; 7 .4O , 1lI, m, II2".

Preparat ion of Methox¡rnethyl Ether (40d)

To a stirred solution of al-cohoI (JOa) (520 mg, 2.36 nnple) in dry

dictrloronethane (5 mI) under nitrrcgen at 0o was added ethyldiisopropylamine

(3.1 g, 23.9 nnple) and ckrtorr¡nethyl nethyt étfrer (4.4 g,54.7 nnole). The

solution was stirred. at 1O-15o Í:or 24 h. Dictrlorunethane (20 m1) was

added and the solution was washed with water(+xfS mf¡, dried and evaporated

to dryness under reduced pressure to yield (1R,35,5R)-1-(fura¡-3'-y1)-3-

nethoxynethyloxynrethyl ) -5-rnethy1-2,8dioxabicyclo {3.2.1}octane (40d) (520 mg,

U%). (Found: m/z 268.1308 Cr4Hz¡05 requires 268.1311). Vrar. (film)

3!25, 2g7O, 2860,1600, 1500, A37O, !?+0, 11:45,1030, 930, 87O,7gO crn-r.
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lH n.m.r. 6 (CDC13) !,42, 3H, s, 5-Me; 1.50-2.40, 6[f, m, (Ha)2, (H6)2, (117)zi

3.2O,3H, s, OMe; 3.il,2H, m, CII20; 4.15, 1H, m, OCH; 4.58, 2H, s,

QC[IzOi 6.5, 1II, m, H4'; 7.2O, 1II, m, H5'; 7.4O, 1II, m, IP'. y/2269 (M+1),

268 (M), 193, 165, 147, 113, 95 (10O), 45, 43, 4L, 39.
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Part 3.1

Preparation of ( 1a7b'ì

1-Benzylo><y-3-chlonf,propane ( 117b) rffas pïepar€d frorn 3-chloro-

propan-l<I (28.5 g, 0.3 nole) and sodil.rn hydride (7.5 g, 0.313 nnle;

washed free of oil with light petroleun) by the nethod described.60 Distill-

ation gave pure 1-benzyloxy-3-chlorcplropane (117b) (50.5 g, 9ryo), b.p.

58Æoo/0.02 nm (Iit.rI2 b.p. 95-1ooo/1 nm).

Preparation of 7-Be.nzyl-ox¡4-chlorobutane ( 118c)

1. To a suspension of sodium hydride (7.5 9,0.31 rncle; washed free

of oi1 with lightpetnrlerrn) in dry tetrahydrofuran (100 ml) was added

1,4-butanediol (27 g, 0.30 nnle) in dinethylformarnide (20 m1). After stirring

for t h a solution of benzyL brr¡mide (51 g, 0.30 nple) in dirnethylformarnide

(20 mI) was added over t h. Ttre rnixLure was stirred at 25o for 18 h. Water

(150 mI) wa,s added and the mixture was extractedwith ether (3 tines). The

conbined ether extracts were washed with water, dried and evaporated under

reduced. pressure to give 4-benzylo>rybutan-1-o1 (118b) (52.5 g, gflo), b.þ.

1oo-105o.0.5 nm (lit.Ir3 95-105o/o.5 nm).

2. 4-Benzylo>rybutan-1{1 (118b) (52 g, 0.29 nple) was converted to

1-benzylo><y-4-chlorpbutane (118c) using triphenylphosphine (98.5 g) and

carbontetrachloride (260 m1) according to the generaJ- nethod described.6s

Isolation gave a pale yeIlow oi1 r¡frrích was chrrcmatographed on aJ-r.rnina

(light petrolerm) and distilled (49.3 g,8670), b.p. 78-8Oo/0.5 nm (lit.r14

75o lo.7 nm) .

Prreparation of tane (119c)

1. 5-Benzylo>g¡pent-1-enert t (SO g 17O nnple) in drytetrahydrofuran (60 ml)

was added to sodirrn borohydride (1.58 g, 41.6 nnple) under a nitrogen
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atnnsphere. Ttre rnixture wa.s stirred at 25o and hydroboration was initiated

by dn¡pwise addition of bor"or¡trifluorideetherate (7.3 mI) over t h.

Stirring was continued at 25o for a further 1.5 h, followed by the addition

of water (11 ml). The organoborane was oxidized at 3O4Oo by the slow

addition of sodium hydroxide (10Øo aqueous, 15 ml) followed by hydrogen

per',oxide (3O% aqueous, 15 m1). Stirring was continued for a further 30 min.

The rnixture was saturated with sodir.rn chloride and the organic phase was

washed with brine, dried and evaporated under reduced pressure to yield

5-benzylo>qrpentan-1-o1 (119b) (29.3 g, gflo). lH n.m.r. spectrumwas identical-

with that retrrcrted. 113

2. 5-Benzylo>q¡pentan-1rc1 (119b) (29.3 g, 151 nrmle) was converted to

1-benzyloxy-5-chloropentane (119c) using triphenylphosphine (51.5 8) and

carbontetrachloride (136 m1) according to the general nethod described.6s

Cfiromatography on alunina (light petrrcleurn) gave 1-benzyloxy-5-chloropentane

(119c) (23.2 g, 7go), b.p. 67{;9o /o.oo5 nm (lit.ttu 86o/0.1 nm). rH n.m.r.

ô (CDC13) 1.56, 6H, m, (112 )2, (H3)2, (H4)z; 3.46, 4H, m, (H1)2, (H5)z;

4.47,2H, s, OCI2Ph; 7.32, 5H, s, ârom. 13C n.m.r. ô (CDC1ù 23.9 (t),29.2 (t),

32.6 (t), 7O.3 (t), 73.1 (t),727.8 (d), D8.5 (d), 138.8 (s) 142.4 (s).

Preparation of 4-Benzyloxy- fi:ran-3' -y1 )butan-1-one (727)

1. 4-Benzylo>ry-1-(furan-3'-y1)butan-1-one (121-) was prepared frrcm

furan-3-carboxylic acid (4.48 g, 4O nnole), nethyllithiun (40 rnnle,

prepared from iodonethaneGu), 1-benzylo>ry-3-chlonrpnrpane (117b) (9.25 g,

50 nrmle) and lithitrn alloy (27" sodiun, O.75 g) by the nethod of Dimitriadis60

(3.55 g, 3Wù, b.p. 12o-725o/0.5 nm (lit.to 130070.4 nm {bloeh}).

2. A similar reaction using n-butyllithir¡n yielded only starting

materia-l.
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Reduction of Ketone (127) to 48enzy loxy-1-( furan-3' -v1)butan-1-o1 ( 124)

Sodium borrchydride ( 180 mg) wa,s added to a stirred'solution of

ketone (12i-) (2.3 g,9.43 nmole) in nrethanol (50 mI) at Oo and the reaction

mixture was stirred for 45 min at Oo. The netha¡ro1 wa,s rerpved under

reduced pr€ssure and to the residue was added water (5 ml). The rnixlure

was extracted with ether (4 tines), dried and evaporated under reduced

pr€ssure to yield 4-benzylo>ry-1-(furan-3'-y1)butan-1<1 (124) as a color.rrless

oi1 (2 .29 g, gWù. Ttre rH n.m.r. spectnrn was identical with ttrat

previously reported. 6 o

Reduction of Al-cohol (724) to 1-(R:ran-3'-y1) butane-l,4-dio1 (127)

Alcohol (124) (2.73 g, 8.66 nnnle) in dry tetrahyd¡rfuran(25 m1)

wa,s added to a stirred solution of liquid anrncnia (300 ml, distilled) and

lithium (1 g, 0.27o sodiun) at -78o. The blue solution was stirred at -78o

for 30 min at r¡hich tirre isoprene was added to discharge the blue colour.

The annpnj-a wa,s allowed to evaporate overnidot. Water (20 ml) was added

and the rnixbure was extracted with dictrloronethane (5 tines), dried and

eva¡lorated under reduced pressure to yield a pale yellow oi1. Flash

drronratography ( ether/ light petroler.rn, 1:1 to 1:0) gave 1-(furan-3'-yt)-

butane-1 4 diol (727) (1.15 g, 857o). (Found: m/z 756.0784. CsH1203

requires 156.0786). v*r* (film) 2350, 2925, 2850, 1500, 1155, 1040, 1020,

870 c¡n-l . lH n.m.r. ô (CDC13) 1.75, 4fI, m, (112)2, (H3)z; 3.30, 2H, b,

2xOfI; 3.58, 2H, m, (H4)z; 4.60, 1II, m, H1; 6.30, 1H, m, H4'; 7.26,2H, m,

II2', H5'. y/Z 156 (M), 138, lLO, 97 (100), 69, 47, 39. This sam¡rle was

used subsequently'without further pr.rrification.
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CYe]-ization of Diol ( 127) to Tetrahydrofi:ran (91)

Diol (127) (L.12g, 7.18 nrncle), p-toluenesulfonic acid (80 mg) in

dichlorqnethane (250 ml) containing 4Å sieves, was stirred at 0o under

nit:rogen lor 2 h. Ttre solution was stirred at 25a for a further 24h,

wa^shed with sodiim bicarbonate (7Øo aqueous, 50 ml), dried and evaporated

under reduced pressure to y ield 3-( tetrahyd¡cfuran-2 '-vI)furan

(gZS rng, 9ú"), b.p.92-960/22 nm (block) (sonre loss on distil-lation).

(Found: C,69.8; H, 7.5. CaHro0z rrequires C,69.6; H, 7,9"). (Found:

ry/Z 138.0685. CeHro0z reQuires 138.0681). Vrr'. (film) 2975, 28æ, 1600,

1500, 1155, 1050, 7O2O, 875 crn-r. tH n.m.r. 80 MlIz, 6 (CDC13) 2.00, 4H,

m, (H3')2, (H4t)2i 3.95, *1, m, (H5')z! 4.85, 1lI, m, II2'; 6.40, 1H, m, H4;

7.38, 2H, m, flz, H5. I3C n.m.r. 6 (CDC13) 26.0 (t); 32.8 (t), 68.1 (t),

73.7 (d) , 109.1 (d), 727.5 (s) , 139.4 (d), 143.5 (d).

Preparation of 5-Benzvlo><v-1-( furan- 3' -yI ) pent an-1-one (722\

1. The reaction was done using 3-furoic acid (4.48 g, 40 nnxrle), nrethyl-

Iithium (40 nnnle, prepared from MeI64), 1-benzylo><y4-chlorobutane (118c)

(9.9 g,50 nrnole) and lithium alloy (2/o sodiun, 75O mg) according to the

literature nethod.6 0 After t h at 45o and 8 h at -3Oo to -2Oo , isolation

gave a yellow oi1. CTrnrmatography on ah.rnina (ether/light petroleum, 1:1 to

1:0) gave non furan containing material (7 Ð and 4-benzylo>ry-1-(furan-3'-y1)-

pentan-1-one (122) (2.85 g, 27 %), b.p. 88-90o/5x10-3 nm (block). (Found:

C, 74.5; H,7.2. C15H1 sO3 requires C, 74.4; H, 7.q"). (Found: Ylz

258.1263. CreHraOs requires 258.!256). u*u* (film) 3720,3050, æ2O,2925,

2g5O, 2750, 7675,1600, 1560, 1505, !45O,1150, 1100, 87O, 735, 7OO cm-r.

IH n.m.r. 6 (CDC13) 1.72,4fI, m, (H3)2, (H4)z; 2.75,2H, m, (H2)z; 3.48,

2H, m, (H5)z; 4.48,2H, s, OC[IzPh; 6.75, 1H, m, H4'; 7.%,5H, s, arom;

7.39, 1lI, m, H5'; 8.00, 1[I, m, H2'. g/z 258 (M), 215, 767, ]:52, 723, 95 (100),

9]-.

(e1)
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Reduction of Alcohol ( 125) to sive Diol (128)

Alcoho1 (125) (2.45 g, 9.42 nrmle) was reduced with distilled liquid

anrmnia (4O0 m1) , lithir.u'n alloy (O.4" sodirrn, 1 g) and dry tetrahydrofi:ran

(5O ml) at -78o for t h. lVork-up as above and flash ctrromatography (ether/

tight petroler-rn, 1:1 to 1:0) gave 1-(fi-lran-3'-y1)pentane-1,5-dio1 (128)

(a.12 g,7qù. urrr, (film) 3350, 2940,2855,1500, 1160, 1060, 7O2O,875 crn-I .

lH n.m.r. ô (CDC13) 1.38-1.88, 6H, m, (IÐ)2, (H3)2, (H4)z; 3.15, 2H, b,

2xOH; 3.63, 2H, m, (H5)z; 4.60, lJI, t,J 5IIZ,H7; 6.35, 1H, m, H4'; 7.35,

2H, m, II2', H1t. V/Z 170 (M), 151, 97 (100), 95.

Çtc].-ization of Diol (128) to Tetrahydropyran (92)

Diol (128) (1.10 g, 6.47 nnn1-e) in dictrloronethane (250 ml) con-

taining p-toluenesulfonic acid (1OO mg) an¿ ¿1. sieves was stirred under

nitrogen for 6 h at Oo and, 12 h and 2Oo. Work-rp a,s previously described

gave 2-( furan-3' -yl ) tetrahydropyrart (92) ( aos nE,, g7%), b.p. 130-13so¡zo nm

(bIod<) (sone loss on distill-ation). (Found: C, 70.9; H, 8.1. CgHrz0z

requires C, 77.O; H, 8.W"). uo"* (film) 3a4O,2930,2850, 1600, 1505, LMO,

1270, 1205,1160, 1090, 905, 875, 7%,760 crn-r. rH n.m.r. 80 MIIZ, ô

(CDC13) 1.38-1.85, 6H, m, (H3)2, (H4)2, (H5)z; 3.55, 1JI, m, H6; 4.05

1H, m, H6; 4.25, 1II, m, II2; 6.38, LII, m, H4'; 7.36,2H, m, II2', H1t, ylZ

152 (M), 151 (M-1), 95 (100).

Preparation of G-Benzylox¡ -1-( furan-3' -v1 )hexan-l<ne ( 123\

The reaction was done using 3-fixoic acid (4.48 g, 40 nrn¡le), nethyl-

lithium (40 nnole, pr€pared frpm MeI64), 1-benzylo>çy-5-chloropentane (119c)

(10.5 g,49.5 nrnole) and tithium al1oy (2/o sodium, 75O mg) according to the

literature nethod.60 After 3.5 h at -3oo to 4oo and. 12 h at 2Oo, work-up

gave a yellow oil. Ckrromatography on alunina (ether/light petrolerm, 2:3 to

1:O) gave 1-benzylo>ry¡rentane (6 g). v,no (film) n75, 3050, 3010, 2940,
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ô (CDC13) 1.35-1.85, 8H, m, (Ð)2, (H3)2, (Ha)2, (H5)z; 2.65,2H, b,

2xOH; 3.59, 2H, bt, (H6)2, 4.62, ü, t, J 6I12, H7; 6.37,1.II, m, H4',

7.33,2H, m, II2', H5'. p/Z 184 (M), 767,97 (100),95,81, 41.

C\clization of Diol (129) to Oxepane (93)

Diol (129) (1.2 9,6.52 nrncle) in dictrlonrrnethane (25O mI) con-

taining p-toluenesulfonic acid (1OO mg) and  Å sieves was stirred under

nitrogen for 5 h at Oo and. at 15o for 36 h. Work-up as previously described

followed by preparative t.I.c. (ether/light petrolerrn, 1:9) gave

2-(friran-3'-yl)oxepane (93) (685 mg, 69o), b.p. 1350/18 nm (block). (Found

NZ 166.0995. Cr oHr qOz requi-res 166.0994). (For.rnd: C, 72.3; H, 8.5.

CroHr¡+O2 t€quires C, 72.3; H, 8.57o). Vrr* (fitm) 3140, 2945, 2850, 1600,

1505, 1165, 7720,1040, 1:025,880 crn-r. rH n.m.r. 80 MIIz, 6 (CDC13) 1.40-1.85,

8H, m, (II3)2, (H4)2, (II5)2, (H6)z: 3.62, 2H, m, (117)z; 4.5O, 1H, m, II2;

6.35, 1II, m, H4'; 7.%, 2H, m, Il2', H5'. úZ 166 (M), 97, 96, 95 (100).

Preparation oT 3 . 3-Ethvleúedf o>a¡-S-( furzn-3' -vI a¡-1-o1 97a( )

1. Ttre ß-keto ester (134) \rya,s prepar€d. from nnnoethyt malonatelr6 and

3-fu:rcy1 ctrloride by the general method..66 lts lH n.m.r. spectnm was

identical- with that reported.s6

2. Under a nitrogen atrncsphere, a mixbure of B-keto ester (1%)

(3 g, 76.48 nnnle), ethylene glycol (8.91 g, 8.1mI , 142.8 nnrrle) and

p-toluenesulfonic acid (120 mg) in l,2-dictrloroethane (60 ml) was heated

r:nder reflux for 15 h in a system equipped with a nndified Dean and Stark

apparatus in which the sol-vent passed through a short colrrrnx of aÅ sieves

before returning to the reaction flask. After cooling to 2Oo, triethyl-

arnine (O.75 ml) was added, the rnixbure poured into annnnia (1Øo aqueous, 50 m1),

the layers separated, and the aqueous phase exbracted with dictrloronethane
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(3 tirres). The csnbj-ned organic phases were dried and eva¡rorated tnder

reduced pr€ssure to yield a mixture of ethyl 3,$ethylenedioxy-3-(furan-3'-y1)-

propanoate (135) and starLing materiar(3.3g g, 19:1 by rH n.m.r.). Because

this mixture was difficult to purify it was reduced directly.

3. The crude acetar ester (195) (3.38 g) was reduced with lithiun
alrrninium hydride (600 mg) at 25o for 2 h. Work-up gave a yellow oil which

on flash chronatography (ether/light petroleum, 1:1) gave 3,3-ethylenedio>çy-

3-( furan-3'-yI )propan-1-o1 (97a) (2.76 g, 7L Vo), b.p. 50-52o¡IO-2 rwrt

(blod<) (Found: C,58.8; H, 6.7. CgHrzO,+ requires C,5g.Z; 11,6.Ø").

(Forrnd: UZ 7u.o727. cgHrzO+ requires 184.0236). u*"* (fitm) %o,
3160, 29æ,2920,1590, 1500, 1ObO, 1030, %5, gZO cm-r. lH n.m.r. ô (OC1:)

2.7O,2H, t, J 5.5 Hz, (I2)z; 2,Ð, 1H, s, OH; 8.62,2H, t, J 5.5 IIz,

(H1)z; 3.95,4I1, m, O-C[Iz-; 6.31, 1_II, m, H4'; T.%,2H, m, II2', II5'.

y/Z aU (M), 1æ, !&, 139 (100), 95.

Preparation of 4 .4-Ethv furan-3'-v1 )butan-1rcl (98a)

1. The acetal (98b) was prepar€d frrrm ketone (727) (3.5 g, 14.3 nnrrle),

ethylene glycol (8.8 g, 8 d, 141 nrmle) and p-toluenesulfonic acid (120 rng)

in l,2-dichloroethane (60 ml) by the nethod previously described. Work-r4p

after 15 h reflux gave a brown nnbile oil. The residue was purified by

flash chromatography ( ether / li.gtt petrolerrn, ! : 4) to afford 2-(3' -benzylox¡-
propvl)-2- ( furan-3"-v1 ) -1 . 3-dioxolane (98b) (3.78 s, g4ù, b.p. T7-BOO/bx10-3

(blodr). (Foundi C, 7l.t; H, 7.2. Ctz[zeOa requires C, 7O.g; H, T.q")

ur** (film) 3150, 3090, 3060, 3040, 2960,29oo, 1595, 1500, 1450, 1150,

ï1o0, 7740, 1020, 870, 795, 725, 680 cm 1. rH n.m.r. ô (cDc13) 1.50-2.00,

4fl, m, (H1')2, (Il2t)2; 3.4O, 2H, t, J 6 Hz, (H3')z; 3.S, 4H, m, O-C[Iz-i

4.47,2H, s, OCII2Ph; 6.38, 1II, m, H4"; 7.%, bH, s, aJom; 2.4O, 2H, m,

II2", H5". y/Z 288 (M), 158, 139 (100),95, gl.
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2. Acetal- (98b) (3.2 g, 11.1 nnple) i¡ dry tetrahydrpfuran (40 ml)

was added to a stirred solution of lithiun a11oy (O.OÚ" sodiun, 850 mg) in

distill-ed ann¡rnia (4OO m1) at -78o. Work-up a,s prreviously described (isoprene

and annxrniun drloride) and flash chromatography (dichlorr¡methane/nethanol,

99:1) gave 4 . 4-ethvlenedioxv-4-( furan-3 '-vl)butan-1-o1 (98a) (1.88 g, 85%),

U.p. OOo72x1O-3nm (block). (Foundl C, 60.7; H, 7.7. CroHraOa requires

C, @.6; H, 7.1%). (Found: g/Z 198.0886. CloHr+0+ requires 198.0892).

v*^-- (film) 3400, 2960,2970,1500, 1185, 1150, 1040, 875 cm t. IH n.m.r.
nìax '

ô (CÐC13) 1.37-2.01,4H, m, (IÐ)2, (H3)z; 2.2O,1II, s, OHi 3.51, 2H, t,

J 5.5 llz, (Il1)z; 3.U, 4fI, m, 0-CTI2-; 6.2L, 1-II, m, H4'; 7.22, 2H, m, II2' ,

H5'. NZ 198 (M), 181, 767, 1:54, 737, 95 (100).

Ttre high R, fraction wa^s 4-(firran-3'-y1)butan-1rc1 (94) (150 mg, tØ"),

identical IH n.m.r. spectrum with that reporbed in Ctrapter 2 Paxt 2.2.

Preparation of 6 , 6-Ethylenedioxy-6-(fi:ran-3' -y1)hexan-1<1 (99a)

1. The acetal (99b) wa.s prepared from ketone (123) (1.0 g, 3.68 nnnle),

ethylene g1yco1 (4 ml) and p-toluenesulfonic acld (100 mg) in 1,2-dichlonc-

ethane (50 ml) by the rnethod previously described. Flash chromatography

(ether/light petroleum, 1:4) gave 2-(5' -benzylo<ypentyl)-2-(,firran-3"-y1)-

1,ldioxolane (99b) (1.03 g, 8Øo), b.p. tZSo¡SxlO-3 nm (block). (Found:

C, 72.5; H, 7.4. CrgHz'*O,* requires C, 72.2; H, 7.Wo), (Found: m/z

316.1669. CrgHz,*O+ requires 316.1675). u*"r. (film) 3150, 3075, 3050, 2960,

2975,1595, 1510, a455, ]-.370,1190, 1160, 1100, 1050, 1030, 875, 80O, 735,

700 crn-t rH n.m.r. ô (CC14) t.23-2.OO,8II, m, (H1')2, (IÐ')2, (H3')2,

(H4')z; 3.30, 2H, t, J 5 I1z, (H5')z; 3.75, 4H, m, 0-CÍI2-; 4.35, 2H, s,

OC[I2Ph; 6.15, 1H, m, H4'; 7.t5,5H, s, arom; 7.2O,2H, m, II2", H5". mlz

316 (M), 139 (100), 95, 91, 63, 38.
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2. Acetal- (99b) (200 rng, 0.64 nnple) in tetrahydrofuran (3 ml) was

redu,ced with lithitm (O.O4o sodJ-:tun, 60 mg) in anrmnia (30 ml) at -78o for

0.5 h as previously described. Preparative t.1.c. (ether/light petrolerm,

8: 1) gave 6,6-ethylenedio>ry-6-( fi;ran-3' -vl )hexan-l+l (99a) (110 net, 7qo),

b.p. 65-68o7l-xtO-3 nrn (block). (Found: C, 63.7; H 8.0. CrzHraO+ requj-res

C,63.7; H, 7.7V"). urr* (firm) 3400, 3150, 2950,29oo,1595, 1505, 1190,

1160, 1070, 1050, 1020, g+5 B7O, 8OO, 730 crn-l . rH n.m.r. ô (CDC13)

L.20-2.00,8H, m, (Í12)2, (H3)2, (H4)2, (II5)z! 2.2O, 1II, s, OH; 3.60,2H,

t, J 5IIz, (II1)z; 3.85, 4H, m, 0-ClI2-; 6.23, 1II, m, H4'; 7.28, 2H, m,

LÐ' , If5'. m/z 226 (M), 139 (100), 110, 95.

Preparation of n -Benzyloxyethyl )-2-( firrarr-3"-y1) -1 ,3-dioxoLane (97b)

The alcohol (97a) in dimethylformamide (0.5 mI) and tetrahydrofuran

(1 mI) was added to a suspension of NalI (50 rng, wa,shed free of oil with

light petrcler-rn) over 45 min. Benzyl brqnide (2M mg, 1.19 rrnole) was

added and the sol-ution was stirred for 18 h at 15o. Water (5 ml) was

added and the mixbure wa^s extracted with ether (4x1O ,m1). The organic phase

was dried, eva¡lorated under reduced pr€ssure and chromatographed by preparative

t.1.c. to yield 2-(2'-benzylo><yethyl)-2-(furan-3"-yl)-1,3-dioxolane (97b).

(209 mg, MTo), b.p. 65-7oo7s*10-3 lntoo<¡. (Found: UZ 274.12\1. c15H1sOa

requires 274.1205). urr". (firm) 3130, 3050, n25, 2950, 2875, 1590, 1500,

1450, 1365, 1180, 1155, 1100, LCØ:l-,870, 8@, 735, 695 cm-l . lH n.m.r. ô

(OCl,-) 2.76, 2H, t, J 7Ilz, (H1')z; 3.45, 2H, t, J 7I12, (Ð')z; 3.8O,

4II, m, O-C[Iz-; 4.32,2H, s, OC[I2Ph; 3.16, 1II, m, H4"; 7.7O,5H, s, arcxn;

7.1:6, 2H, m, 112'', H5". ù2274 (M), 158, 139 (100), 95, 9i.

of f,Uran-3'- -1 3-dioxolan 774

The reaction wa^s done using ketone2' (fSo) (1.99 g, 9.57 rnrole),

glycerol (7 ml, 95.8 nn¡¡le) and p-toluenesul-fonic acid (80 mg) in 1,2-dichloro-
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ethane (40 ml) according to the nethod previously described. After 15 h,

isolation gave an oil úrictt wa,s chromatographed on alumina (ether/Iight

petroleum, 0:1 to 1:1). The hieh R, product was ketone (136) (100 ng,5%).

The 1ow R, materiaL was 2-( füran-3'-y1) -2 < ctry 1-1, 3- di oxo I an4-

ylnethanol (114) (1.95 g, 7úo), b.p. 95-1000 /O.O2 nrn (blocJ<). (Found: C,

68.1; H,9.5. CreHzoO+ r€Quires C,68.1; H,9.go). nìax
(film) 3450,

lH n.m.r. ô2960,2880, 1595, 1500, L4æ, 1180, ljL5O, 1045, g75 on-r

(CDC13) 0.80-1.82, 18H, m; 3.404.20, 5H, m, (H5)z , H4, CXIzOH; 6.18, 1H,

m, H4'; 7.38,2H, m, II2', H5'. m/z 283 (M+1),251-, 169 (100), 95.

Preparation of 4-(3'-Benzyloxypropyl )-2-( furan-3" -yL)-2-octy1-1,3-dioxolane ( 115b)

1. 5-Benzylo>rypentane-1,2-diol (137) was pr€païed frorn 5-benzy1o4¡pent-1-

enerrsrrr zbu the nethod of PricettT (:ccf,o), b.p. 12g-L3oo¡o.oz rm (lit.rr 7

tZSo¡O.25 nm). Its lH n.m.r. spectrum was identical with that reported.ll T

2. The reaction of ketone (1SO¡zz (1 g, 4.81 nrnole), 5-benzylo>rypentane-

l,2-diol (137) (7.2O B, 5.71 nmole) and p-toluenesulfonic acid (40 mg) in

1,2-dj-chlorrrethane (30 mt) for 26 h according to the rnethod previously

described gave a mixture of ketone (136) and the required dioxolane (115b).

To facilitate purification, the crrrde mixture (1 g) was reduced with an

excess of lithium aluminium hydride in ether (10 ml) at 0o. Work-up and

flash chromatography (ether/ai.$lt petroleum,7;4) gave 4-(3'-benzyloX¡propyl)-

2- ( luran-3" -yI ) -2rc cty1-1, 3-dioxol ane (115b) (480 mg, 25%), b.p.

742-7480 /5x10-3 (block) . (Foundi C, 75.O; H, 9.1" Cz sHs rO4 requires C,

75.O; H, 9.7%) . (For.rnd: y/Z 4OO .2623. Cz sHs 50¡+ requires 400 .2614) .

vmax çfilm) 3010, 2gOO, 28iÐ,1585, 7495, a46O,7450,1090, 1050, !O2O,

870 crn-r. rH n.m.r. 8O MHz, (CDC13) 0.85-1.64, 27H, m, octyI, (fl')2, (iF2')zi

3.47, sI, m, H4, (II5)z; 3.99,2H, m, (H3')z; 4.48,2H, s,OCII2Ph;6.30, 1II, m,
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H4'; 7.3O,2H, m, IP', H5'. ylZ 400 (M),287, 2O8, 185, 110 (100), 95, 91.

The 1ow R, fraction wa,s 1-(furan-3'-y1)nonan-1rc1 (60a) (495 ng, 4fl"),

identical lH n.m.r. spectrum with that reported.22
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Part. 3.2

Synthesis of Ester (138)

Ttre aldehyde (33) (800 mg, 3.6 nrnole) was oxidized2s by adding a

solution of sodiun hydroxide (600 me) in nrethanollwater (2:3, 50 mI)

drppwise over 45 rnin to a rapidly stirred solution of the aldehyde (33)

and silr¡er nitrate (650 rng) in nethanol/water (3:1, 40 m1). The bladr

snspension wa,s stirred for a further 2 h aI 2Oo, filtered thnrugh

celite and the nethanol renoved under reduced pressure. The a.lkal-ine

solutj-on was exbracted with dictrloronethane, acidified at Oo wittr dilute

hydroctrloric acid (10Øo aqueous) to pH 3-4 and extracted with ether

(5 tines). Ttre crude ether extract was treated with an excess of

dia-ænethffie, ,dried 
and evaporated r.mder reduced pressure. Flash

ctrromatography (ether/light petroleum, 1 : 1) gave ( qq,5E)-5-{3' -( furan-

3" -y1 ) - 3' {xoprcpyf } - S-nyOro>ry-5 -nethyl dihy dro f uran-2 ( 3H ) rcne ( 30a )

(130 mg, L5.4ù, D.p. 101-102o (tit.r 7'! t 101-toz.5o¡ and nethyl (m,qq,5R)-

1-( furan-3'-yI) -5-nethvl-2, B-dioxabicyclo { 3. 2 . 1}octane-3-carbox¡1ate

(13S) (380 mg, 427o), m.p. 87-880 from light petroleun. (Found: C, 62.3;

H, 6.5. Cr gllroOs requires C, 67.9; H, 6.4%). vra* (Nujol) 3160, 3130,

7735, L62O, 1600, 1510, 1030, 810 crn-I . rH n.m.r. ô (CDC13) t.4O, 3H,

s, 5-Me; 1.70-2.50, 6H, m, (H4)2, (H6) z,(H7)zi 3.7O, 3H, s, C02Me; 4.55,

1H, dd, J 6,9 Hz, H3; 6.42, 1H, m, H4'; 7.26, 1H, m, H5'; 7.45, 1H,

m, IÐ'. NZ 252 (M),22O (M-CÏI30), 193, 757, 125,95 (100), 81.

Reaction of Methv Iodide with Ester 138( )

[{ethyl ester (138) (280 mg, 1.1tr nnple) in dry ether (5 ml) was

added dropvrise to a stirred solution of nethylmagnesirrn iodide (prepared

frr¡m 8.03 nr¡ple iodonethane and 8.22 nnrl.e magnesir.un) in dry ether (1O ml)
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at Oo r¡rder nitrogen. The mixbure wa^s stirred at 0o for 15 min and for

a firrther 2 h at 25o, Anrmnir:rn chloride (satr:rated, 10 ml) was added

and the mixture was extracted with ether (5 tines) dried and evaporated

under reduced pressure to yÍe1-d. a pale ye11ow oi1 (260 mg). Preparative

ctrrrcmatography (ether/tiStt petroler.u'n, 4:7) gave trvo main fractions'

Fraction one (180 rng) wa,s acetylated with acetic anhydride (1 mI) in

pyridine (2 m1) at 2oo for 18 h. Dictrlor¡nethane (1o mI) was added

and the solution wa.s washed with dilute hydrrcchloric acid ( 1Øo aqueous,

3 tines) , dilute sodirxn hydroxide ( 1Øo aqueoris) and water. The solution

was dried, evaporated rmder reduced pressure and the residue chrrcmatographed

by preparat ive t.1.c. (ether/light petroleum 1:1) to yield nrethyl (2Þ,2rR,5'R)-

and ( 2Ê, 2' R,5' S)-2-aceto><Y-3- { 5' - ( furan-3"- yl-) -2', 5' -dinethyltetrabÊro furan-

.2'-yl.]propanoates (14Ob) and (139b) (39 mg, 71-, Y"). (Found: mlZ

2g5 .ta82 (M-Me) . cr sHr gos requires m/z 295 .t187). vru* ( film) 2975 ,

L71p,1500, 1380, 875 cm-l ' rH n'm'r' 6 (CDC1ù t'23' 3H' bs' 2'-Me;

!.4!,3H, s, 5'-Me; t.6O-2.00, 6H, m, (H3')2, (H4')z' (H3)z;2'OL' m'

3H, bs, OOMe; 3.61, 3H, s, O2Me; 5.00, 1H, m, II2; 6'10, 1-II' m' H4";

7.!3,2H, m, I12", H5". m/z 295 (M-Me),279,253,235,2O3, ]-:65' 95' 43

(100). The lower R, conqlonent of fraction one was (1'R,3'S,5'R)-2-{1'-

( furan-3' '-vl)-5 '-rnethyl-2' 8 ' -dioxabicvclo{ 3. 2 . 1Ìoct-3'-vlÌ'oro'oan-2-ol

(ZO) (115 mg, 41 %), m.p. 79.5-BO.5o, sublinred.7Oo/1x10-2nm. (Fourd: C,

66.N! H, 7.78. Ct +HzoOr+ ïeQuites C, 66'65i H, 7 '9W") ' (Found: y/z

252.L%2. Cr+IIz00,* requires m/z-252'13æ)' 'rrr, 
(film) WO' 2975' 2925'

2875,1600, 1500, g35, 875, 7gO cm-r ' rH n'm'r' ô (CDC1:) 1'06' 1'13'

each 3H, s, (Hl)s, (H3)g; 1.S, 3H, s,5'-Me; 7'60-2'40' 6H' m'

(H4')2, (H6')2, (H7')z; 3.63, LH, dd, J 4, 7 ÍIz, H3'1, 4'&' 1H' b' OH;
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(cDC1 3) 23.8 (q),26.0 (q,),29.4 (q), 30.6 (q), 36.8 (t), 38.6 (t),

42.5 (t), 72.8 (s), 75.2 (d), &.7 (s), 4.4 (s), 108.8 (d), 133.1 (s),

137.9 (d), 143.7 (d). y/z 268 (m), 253, 235, 191-, 165, 1-:47, 108 (100),

95,43.

Reaction of Diastereonþrs (13eb) and (140b) with Methylmamesir.rn Iodide

A mixture of diastereorÊrs (139b) and (140b) (30 mg, 0.10 nnole) in

dry ether (2 m1) wa,s treated with an excess of methylmagnesium iodide

(prepared. frcm 1 nrmle iodonethane and 1 nnrrle magnesir-rn). The mixture

was stirred at Oo for 30 min and for a fgrther 3 h at 25o. Workup as

before and preparative t.1. c. (ctichlorurethane/ether, 7 :3) yielded

diols (1a1a) (8 mg) and (742b') (5 rne) identicaJ- with previously isolated

sanples (t.f.c., m.s. and rH n.m.r.) The highest R, fraction was a

mixbure of nethyl (29,2 ' R,5 ' R)-3-{5 ' -( furan-3"-Vl)-2 ' , 5 ' -difrethyltetrahydro-

firan-2'-yl\-2-hydro><ypropanoate (140a). {Ilt n.m.r. 3OO MHz, ô (C6D6)

1.50,3H, s, 2'-Me; 1.65, 3H, s,5'-Me; 3.60, 3H, s, CQ2l\itre; 4-55, 1-II, m,

IÐ; 6.42, Í[I, m, II4"] and nethyl (2Þ,2'R,5'S)-3-{5'-(furan-3"-yl)-2',5'-

dinethyltetrahydrofuran-2'-y1]-2-tlydroxypropanoate (139a) {rH n.m.r. 300

\lfrfz, ô (CeDe ) 1.61, 3H, s,2'-Me; 1.68, 3H, s, 5'-Me; 3.50, 3H, s,

COzMe; 4.7O,7H, m, I1z; 6.45, 1H, m, H4"Ì in a ratio of 2'-5 (cornbined

yield 15 ng, 6q").

Reaction of Tert ia¡v Alcohol (70) with Methv lmasnesiun lodide

TerLiary atcohot (70) (15 rng, 0.06 nnple) was treated with an

exe.ess of nethylmagnesiu'n iodide for 15 min at Oo and then for 2.5 h at

25o. W-orkr-rp revealed no cleavage products by tH n.m.r.
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Qxidationrr I of Diols and 42a

DioI (L47a) (40 mg, 0.15 nrmle) in dichloronethane (2 ml) was

added to a mixture of dirnethyl sulphoxide (170 Ul) andoxalyl ctrloride

(1OO Uf) Ín dichlorunethane at -78o with stirring. After 30 rnin

triethylamine (550U1) was added and the inixbure was alIowed to warm

to 25o. Water (5 mI) was added, the organic layer was sepa-rated and

the aqueors fayer was extracted with dichlorornethane (3 x 10 m1). The

cornbined exbracts were dried and evaporated under reduced pressure.

Preparative t. 1.c. (dichlon¡nethane/ether, 9:1) gave starting material

(8 mg, 2q") ald the highe" R,,, ma.ior product ( 2'R 5'S )-1-{5 '-( furan-3"-yl)-

2' ,5' -ùirrethyltet ratrvdrofuran-2' -yI ] -3-hydro>ry -3-nethvlbutan-2-one ( 143)

(22 mg, 55%). (Found: m/z 257.1282 (M-Me). Cr sHzzO,* requi-res

257.1283\. v .* (Jilm) B@, 2950, 29OO, 2850, 1700, 7495, 1360, 1155,'m2

1050, gZO cm-l . tH n.m.r. SOMlIz, ô (CDC13) 1.27,1,29, eaclr 3I{, s,

3-k, (H4)s; 1.35, 3II, s,2'-Me; L.&,3H, s,5'-Me; 2.70-2.18,4II, m,

(H3')z , (H4')z; 2.67, 3.M, 2H, ABq, J 15.6 Ilø-; (H1)z; 4.00, f-II, b. OH; 6.33,1H,

m, H4"; 7.Y1,2H, ïn, II2", H5". 13C n.m.r. 6 (CDC13) 25.5 (q),26.7 (q),

27.6 (q), 30.5 (q), 38.0 (t), 38.6 (t), 48.3 (t),76.9 (s), 80.9 (s),

82.8 (s), 109.0 (d), 138.0 (d), L43.6 (d). UZ 251 (M-Me), 208, 1&,

165, 747, D2, 111, 108, 95 (100), 59.

Similarly, oxidation of diol (742a) (40 rng, 0.15 nrn¡Ie) gave

starting material (8 mg, 2W") ffid hieher R, major pncduct (2',R 5'R -1-

{5 ' -fi¡ran-3"-v1) -2 ' ,5 ' -dirnethyltetrahvdrofuran-2' -yl Ì -3-hydro><y- 3-

nethylbutan-2-one (744) (27 mg, 69"). (Found: m/z 251-.7284 (M-Me).

CrsHz2oa reeuires 251.1283). urrr. ( fifnù 3400, 2950, 29!O, 2850, 77Co

1500, 1365, 1155, 1055, 1015, 870 c¡n-l . tH n.m.r. 80 MHz, ð (CDC1s) 7.28
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ffi, s,2'-Me; 1.S,6H, s, 3-lvtre, (Ha)s; 1.48, 3II, s, 5t-Me; L.B2-2.8O,

4II, m, (H3')2, (H(')zi 2.9, 3.04, 2H, ABq, J 14.2 ltz, (H1)z; 4.45, 1H, b, OH;

6.31, 1H, m, II4"; 7.32, 2H, m, II2tr, H5t'. 13C n.m.r. 6 (OC13) 26.5 (q),

26.7 (q),27.3 (q),29.8 (q), 37.5 (t), 33.6 (t), 48.5 (t).77.0 (s),

81.9 (s), 83.3 (s), 109.0 (d), a37.9 (d), 143.5 (d). g/Z 251 (M-tvle), ZgB,

2O8, 1&, f:65, t47, D2, 111, 109, 95 (100).
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Isolation of the Terpenes frorn aremophi l-a rotundifoLia

Ttre finely grouxd wood of E. rotundifolia (16 kg) was extracted

with dichloncnrethane (3 x 30 1). Renoval of the solvent under reduced

pressure gave a crude dark red oi1 (1.a kg). A sanple of the crude

extract (23O g) was chrrcmatographed on silica (2 kÐ (ether/light petnrleum

mixtures) to give a nr¡nber of crude fractions. Re-chromatography of the

thus obtained fractions on silica (ether/1ight petrclerm mixbures) gave

5, &-dihyd:rc>ryserrulat-14-en-18-41 (158) (350 mg, O.75%), which prrcyed

difficult to purify. IH n.m.r. ô (CDC13) 5.00, fII, m, H14; 6.35, 1H, bs,

H7', 9.28, 1II, d., J 2.5 Hz, H18. Thecharacterisation of (158) is reported later.

The la:own sesquiterpene freeling;me (2)3 was also isolated (450 ng,

O.nù. Its lH n.m.r. was identical with that reported,.3

The major constituent isolated was (13S, 18R)-5,18:13,18-diepoxy-

serrulat-14-en-8-o1 (150a) (1.65 B, 0.72%), as colourless crystals from

ctrloroform/tight petrolerrn, r.P. 176-1780, sublimed 16Oo/k1O-tnn. (Found:

C, 76.5; H, 8.4; m/z 314.1888. CzoEz503requires C, 76.4; H, 8.9";

n/V 314.1882) . {cr}i 
0.,, 

-2a.2 (9o in CHC13 ) . vru,. (Nujol) 3560 , wo , L62O ,

7A75,1100, 1050, 1OOO, g7O, g4O, SO, 55 c¡n-l . Àmax (EIOH) 2M (53600),

289 (3500) nm. rH n.m.r. 30O MHz (Figure 4.1, Table 4.2) ô (CÐC13) I.23,

3H, d, J 7, Hz, (H2O)s; 1.55, 2H,m,H2ß, H3u; 1.74,6H, s, (H16)s, (H17)g;

1.&, 1lI, obscured, H2cr ; 1.87,1H, dt, J 13, 10 ÍIz, ÍIa2a; 2.O2, 1[I, ddd,

¿ 1.2,5, L3, Hz, 11729; 2.L8,3H,s,(H19)r;2.2O, fJI, obscured, H33; 2.3O,

lH, ddt, J L.2, 5.6, lO Ílz, IIll; 2.56, IH, ddd, J 3, 7, lO Hz, H4; 3.O2,

1H, tq, J 6, 7I12, 111,; 4.5O, 1-II, s, OH; 5.15, lII, ddd, J 5,9,10 IIz, H13;

5.2O,1H, dqq, J 9, L.2, L.2Hz, HL4; 5.30, 1H, d, J 5.6 I1z, H78; 6.44,

LII, s, H7. 13C n.m.ï. (Table 4.1) ô (CDC13) 15.2 (q), 18.5 (q), 19.6 (q),
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23.3 (t),25.8 (q),27.3 (d),28.2 (t), æ.9 (d), 38.0 (t), 48.8 (d),

75.7 (d), 105.1 (d), 115.0 (d), D4.1 (d), D5.4 (s), 126.2 (s), D9.1 (s),

137.9 (s), 144.3 (s), 1a8.7 (s). nlz 314 (M),2il, \92, LgL, 124, M (100).

The lowest R, canponent isolated was erennphila-lO, 11 (1s)-diene-

I 12-dione (168) (200 mg, O.L%) u/hich proved difficult to pr.rrify, b.p

95-105o/O.OO2 nm (bIock). (Found: y/z 232.a466. Cr sHzoOz requires

2P,.L463). v-^__ (film) 2950, 29LO, 2%O, 28LO, 1685, L62O, t46O, 1370,' nìa)i

1300, a26O, 1220, 965, g4O 
".-t. 

tH n.m.r. 30O MHz (Table 5.1) ô (CDC13)

0.86, 3H, d, J 6.3 \lz, (H14)3; 0.88, 3II, s, (II15)s; 1.35-1.55, 3H, m,

(H3)2, H6 ; 1.62, 1H, m, H4; 2.OO, fI{, dd, J 4.9, \3.7 Hz, H6 ; 2.77,2H,

m, (IÐ)r; 2.ffi,2H, d, J 8.8llz,(H8)r; 2.83, !H, m, H7; 6.01, 6.27, each 1H,

s, (H13)2; 6.50, 1-II, t, J 3.9 llz, H1. 13C n.m.r. (Table 5.1) ô (CDC13)

16.0 (q), 25.O (q,),25.6 (t),26.5 (t), 30.7 (d), 36.3 (s), 38.3 (d),

41.5 (t), 42.8 (t), 133.8 (t), 1S.9 (d), aM.4 (s), 152.8 (s), 194.0 (d),

203.2 (s). m/z 232 (M), 2fr (M-Me), 190 (M-CsHs, 100), 775, 161 , 747, tM,
'127, 97.
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Work Described in (hapter IV

PaÉ 4.0

Acetylation of the Serrulatenol (150a)

1. Ttre Serrulatenol (150a) (150 ng, 0.48 nnple) was acetylated with

acetic anhydride (1ml) in pyridine (2 ml) at 2Oo for 20 h. Dichloronethane

(10 mt) wa^s added and the sol-ution was washed with dil-ute hydrochloric acid

(1@, aqueous, 3 tines), dilute sodium hydroxide and water. The sol-ution

was dried and evaporated uncler reduced pr€ssure; the residue was chrornato-

graphed by preparative t.1.c. (ether/light petroleum, 2:5). (13q,14!)-

5, 18 : 13, l8-diepoxyserrul at-14-en-B-y1 acetate (150b) \ryas recrystaJ-lized frorn

nethanol/water to yield colourless needles, ffi.p. 105-1Of . (Found.t C, 74,2;

H, 8.1; m/z 356.1963. CzzHzsO+ requires C, 74.L; H, 7.W"; y/Z æ6.1987) '

vr"* (Nujol) 2970,2950,2870, L76o, !2O2, 1195, 1100, 960 ctn-l . rH n.m.r.

300 MIIZ, ô (CDC13) L.22, 3H, d, J 7 Hz, (IÐO)s; 7.75,6H, s, (H16)3, (H17)s;

2.22,3H, s, (H19)s; 2.28,3II, s,0C0Me; 2.58, 1II, ddd, H4; 2.88, 1ÌI,

sex., H1; 5.19, 2H, m, H13, H14; 5.39, 1H, d, J 5l1z, H78; 6.71, 1H, s,

H7. 13C n.m.r. (Table 4.5) ô (CDC13) 15.4 (q), 18.5 (q), 79.S (q) 2O.9 (q),

23.3 (t), 25.7 (q,), 27.8 (d),28.2 (t), 32.6 (d), 37.9 (t), 48.5 (d),75.3 (d),

104.7 (d), t2L.7 (d), 124.0 (d), 125.6 (s), 728.4 (s) 131.2 (s), t37.1 (s),

143.1 (s), 148.8 (s), 169.7 (s). 4Z 356 (M), 374,233, 191 (100), L75, t24.

2. The acetate (150b) was reduced with ân excess of lithirrn aluniniun

hydride to give (150a) which gave an indentical lH n.m.r. to that previously

recorded.
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Catalyt ic Reduction of the Serrulatenol (150a)

1. Serrulatenol (150a) (600 mg, 1.91 nrnole) wa,s hydrogenated in

ethyl acetate solution in the presence of tÚo palladirm-on-carbon for 40

min at 15o. The reaction mixture wa,s filtered through celite and the

filtrate ura^s evaporated under reduced pressur€. Preparative t.l.c. (ether/

light petroler-rn, L:4, rrrn twice) gave (13E,188)-5,18:13,18-diepo>ryserrulatan-

8rcI (15aa) (398 mg, 6úo), m.p. \24-7260 frorn light petncleun. (Found: C,

76.2; H, 8.9; m/z 3L6.2O46. CzoHzsOs requires C, 75.9; H, g.W"; ylZ

316.2038). v*^-- (CTIC13 ) 3630, 3400, 3010, 2980, 2955, 2890, 1600, LMO,, IIìAJ(

14O,1410, 1100, 1030, 970 crn-I . rH n.m.r. 300 MHz (Figure 4.7) ô (C1lC13)

O.%, 0.98, each &I, d,, J 4.3 IIz, (H16)3, (H17)3; 7.26, 3H, d, J 6.9 Hz,

(I2O)¡; 2.22, 3H, s, (H19)3; 2.27, 1II, m, H11; 2.55, 1II, ddd, H4; 3.03,

1H, sex., H1; 4.4O,1II, s, OH! 4.57, 1lI, m, H13; 5.32,7f1, d, J 5 Hz, II78;

6.46,7H, s, H7. r3C n.m.r. (Table 4.5) ô (CDC13) 15.2 (q), 19.5 (q),

23.0 (d,t),23.3 (q), 25.6 (q,), 27.2 (d), 28.1 (t), 32.9 (d), 37.5 (t),

44.L (t), 48.4 (d), 77.6 (d), 105.0 (d), 7L4.7 (d), 125.7 (s), 126.0 (s),

128.9 (s), 144.0 (s), 148.4 (s). mlz 316 (M), 191, 190 (100), !75, S, U.

The lower R, fraction was rechrunatographed by preparative t.I.c.

(ether/light petnrlerm, L:4, run twice) to give (18R)-5,18-epoxyserrulatane-

8,18-dio1 (155a) (120 mg, 2qù. tH n.m.r. ô (CDCfu) 5.48, lr, d., J 3r12,

IIl8. UZ 318 (M),21.5, 191,,190 (100),I75. (155a) was acetylatedwith

acetic anhydride in pyridine to give (18S)-18-acetoxy-5,18-epo><yserrulatan-

B-yI acetate ( 155b) . (Found: plz 4O2.2398. Cz +0s 40s l€Quires 4O2.2+:06).

v*^-- (film) 2980,2950,28W,1755,11460,1360, 1190, 1005, 905 c¡n-l .
nlax -

lH n.m.r. 300 MHz (Fiet-rre 4.9) O (CDC13) 0.85, 0.87, each 3H, d, J 2.6 Hz,

(H16)3, (H17)3; 1.2L, 3H, d, J 6.8H2, (II20)¡; 2.O7, 3H, s, 1B-OOMe;' 2.73,
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3H, s, (H19)3; 2.28,3H, s, 8-oCOMet 2.55, 1H, dt, H4', 2.95, 1]{, sex', H1;

6.51, 1H, d, J 1.9 Hz, H18; 6.68, 1-II, s, H7. 13C n.m.r. (Table 4.5) ô

(CDC13) 16.0 (q),2L.4 (q,),22.6,22.9 (d),24.8,26.6, 28.0 (q), 28.6 (d,t),

31-.7,32.6 (d), 39.3 (t), 39.8 (d), 90.5 (d), L22.7 (d), L%.0 (s), 131.2 (s),

L42.7 (s), 145.9 (s),170.2 (s). y/Z 402 (M), 360, 43, 300,257,215 (100),

]r97., 190.

2. An extended hydrogenation of (150a) in ethyl acetate solution in

the presence of aØo palladir¡n<n-carbon for 48 h garre (154a) as above and 
,

serrrrlatanal (157) v/fÌich was not purified. lH n.m.r. (crude) ô (CDC13) 9.32,

lH, d, J 2.5 Hz, H18.

3. Hydrcgenation of (150a) (10o nrg, 0.32 nnple) in ethyl acetate

solution in the presence of 7Øo palladiurn-on-carbon for t h gave a rnixture

of (154a) and. (155a) (2:1 by lH n.m.r.). The mixLuI€ wâs'acetylated witfl

acetic anhydride in pyridine and the thus obtained mixture of (154b) and

(155b) wa,s re-hydrogenated for a further 2.5 h. Preparative t.I.c.

(ether/light petrroleum 1 :5) gave 5,18-epoxysermlatan-8-yl acetate (156)

(28 mg, 2l%), m.p. 66-680 from methanol/water. (Fognd: y/Z W.2355.

C22H32O' requires Y14,.235I). !rr* (CDC13) 29æ,2960,2890,7760, 1480, !%5,

12OO,1035, 910 crn-r. rH n.m.r. 300 MHz (Fieure 4.10) ô (CeDs) 0.94, 0.96,

each 3H, d, (H16)¡, (H17)3; 1.39, 3H, d, J 6.9 llz, (IPO)s; 1,99, 3H, s,

(H19)3; 2.18, 1H, dt, II4; 3.19, lÏ, sex., Hl; 3.58, t, M part of an Altlff,

J 10 IIz, II18; 4.P, d.d, A part of an AIvIK, J 3, LO Hz, H18; 6.88, 1H, s, H7'

I3C n.m.r. (Table 4.5) ô (CÐC13) 16.2 (q), 27.2 (q,),22.7, 22.9,23.3,

24.9,26.7 (q),28.7, 3O.2, 37-.2,37.5 (d), 38.7 (d), 39.4 (t), 70.0 (t),

122.2 (d),123.3 (s), 124.2 (s),131.7 (s), 141.5 (s), 149.4 (s), 170.2 (s)'

m/z A4 (M) , 3O2 (1O0) , 28'7, 191, 190, L75, 161-.
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The lower R, fraction was the acetate (154b) (45 ng, 3qù rH n.m.r

ô (CDC13) 0.95, L.Oz, each 3H, s, (H16)3, (H17)3; !.L4, 3II, d, J 7I12,

(IPO)g; 2.27,3H, s, (H19)s; 2.26, 3H, s, OOMe; 2.95, 1H, m, H1; 4.5O,

1JI, m, IIl3; 5.31, 1H, d, J 5112, H78; 6.67, 1H, s, H7.

Eþoxidation of the Phenolic Acetate (150b)

nr-Chloroperoxybenzoic acid (100 mg, 807o pr¡ris) was added to the

phenolic acetate (150m9, O.42 nnnle) in dry dichlorunethane (15 m1). After

stirring at 0o for 3 h starting material could not be detected by t.l.c.

Ttre excess of ¡n-chloropero><ybenrcic acid was destroyed with aqueous sodium

bisulfite and the acid was then rennved by washing with potassiun carbonate

solution. Rernoval of the solvent and preparative ctrnrmatography (ether/light

petnrleum, 1-:2) gave the two epoxides, (13S,14S,18R) - and (13S,14R,18R)-

5,18:13, 18:14,15-triepoxyserrulatan-8-y1 acetates. The higher R, fraction

was the rninor epoxide (151) (58 mg, 3Wo), m.p. 107-1100 from dictrlorcrnethane/

ligbt petroleum. (Foundr C, 70.6; H, 7.8; NZ 372.1936. C22H2go5

requires C, 7O.9; H, 7.q"; UZ 372.!937). uru* (CDC13) 29æ, 28æ, 7755,

1600, L4æ,7450, 1380, 1365, 7220,1185, 1030, 98O, 910 cn-r. IH n.m.r.

3O0 IIz (Figure 4.6) ô (CDC13) 1-.2L,3H, d, J 6.8H2, (H20)s; 1.38,7.42,

each 3II, s, (H16)3, (H17)3; 2.24, 3II, s, (H19)3; 2.3O, 3H, s, OOMe;

2.5O, 1H, m, H4; 2.79, 7H, d, J 7.9 IIz, Ill4:. 2.87, 1II, sex., H1; 4.27,

llI, dt,J 6, 8IIz, Ha3; 5.46, 1II, d, J 5.6 Hz, fJJ.8; 6.71, 1-lI, s, H7.

t3C n.m.r. (Tab1e 4.5) ô (CDCL3) 15.5 (q), 79.0 (q),2O.2 (q.),2]-.1 (q),

24.O (t), 24.6 (q), 28.0 (d), 28.6 (t), 32.5 (d), 35.4 (t), 47.8 (d), 59.3 (s),

65.1- (d), 76"4 (d),104.9 (d), 722.0 (d),725.7 (s),127.9 (s), 131.4 (s),

L43.3 (s), 148.5 (s), 770.0 (s). mlz 372 (M), 330, 258, 191, 190, 156,

a39, 111, 105, 57, 55, 44 (1oO).
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The lor¡ær R, fraction wa,s the major epoxide (L52) (78 mg, sqo) 
'

m.p. 149-1510 from diclrloronrethane/light petroleum. (Formdl C, 70.6; H,

7.7; y/Z 372.t929. CzzHzeO+ requires C,7O.9; H, 2.6Y"; m/z 372.]:937)-

uru,. (cDcl3) 2%o,28æ, L755' 1480' L45O' 1380' 1365' 1190' 1105' 1060,

gg5,87O c¡n-l . IH n.m.r. 300 MIIz (Fieur€ 4.5) ô (CDC13) 7.2!, 3H, d, J

6.9 Hz, (IDO)3; 1.37, 6H, s, (H16)3, (H17)3 ; 2.25, ffi, s, (H19)s; 2.31,

3H, s, OOMe; 2.45, 1H, m, H4; 2.82,1H, d, J 7.3 Hz, HI4; 2.87 7ÍI, sex.,

H1; 4.29, 1[I, q, J 8I{2, H13; 5.45, ]II, d, J 6.2 Hz, H18; 6.72, 1II, s, H7.

13C n.m.r. (Table 4.5) ô (Cm13) 15.7, L9.8, 20.2,2L.2, 38.8,25.7,28.O,

29.5, 33.O, %.O, 47.8, 57.4, 65.3, 78.6, 105.5, 722.L, 126.0, 128.2, 73L.4,

143.3, 148.8, 170.1. m/z 272 (M), 330,258,222,2L5, t97, 190 (100), 475.
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Pavt 4.1

Reduction of the Serrulatenal (158)

1. Serrrrlatenal (158) (3OOmg crude ) in ether was reduced with lithium

atrminium hydride at 15o for 40 rnin. Preparative t.l.c. (ether/tight

petroler.rn, 1 : 1) gave serrulat-14-ene-5, 8, 18-trio1 ( 159a) . (Found : m/Z

318.2L87. C2eH3eO3 requires 318.2195). rH n.m.r. ô (CDC1:) 1.13, 3H,

d., J 7 Hz, (I2O)s; 7.56, 1.63, each 3H, s, (H16)3, (H17)e; 2.9,

3H, s, (H19)g; 3.00, 2H, m, H1, H4; 3.30-3.90, 3lI, m, (II18)2, OH; 5.O2,

1H, bt, HL4; 6.35, fll, s, H7. mlz 318 (M), 300 (M-H20), 215, t97 (100).

2. The triol (159a) was acetylated with acetic anhydride in pyridine

to give 8. 14-en-5-v1 acetate (159b) (200 mg), b.p.

tOOoTSxtO-3 rffn (b1ock). (For-mdt C, 70.2; H, 8.4; mlz M4.24.98. C25,H35,05,

requlres C, 7o.2; H, 8.2%; ylZ 444.2572). {o}:i, -tf rc.vg" in ClICle).

v*^-- (film) 2g5O,291:5,2850, L76O,7735, !465,1445,1%5, Dþ, L27O, 1180,
max '

1040, 1030, 915 crn-I . lH n.m.r. 300 MËIz (Figute 4.11) O (CDC13) 1.11, 3II,

d, J 7.O IIz, (H2O)s; 1.50, 7.62, eactr 3II, s, (H16)e, (H17)s; 1'96, 3H, s,

18-OCOMe; 2.O7, 3H, s, (H19)3; 2.28,2.37, eactr 3H, s, 2>r000Me; 2.8O, 1H,

b, H4; 2.92, 1H, quin., H1; 4.OO,2H, d, J 7.2 Tfz, (H18)z; 4.89, 1H,

bt, lI74 6.79,111, s, H7. r3C n.m.r. (Table 4.6) 16.5, fr.8, 79.6, 20,9,

21-.O, 27.2, 22.2, 25.6, 25.8, 26.6, 27.4, S.8, 33.9, 41.4, 66.2, 722.6,

724.2, 128.5, !p.O,134.0, a45.6, !46.6, 168.7,1:69.5,77L.2. ylZ

4M (M), 4O2, 360, ilO, 275,233, 2A5, ßt (100), 155,9t.

aration of the Ketone 160

1. Triacetate (159b) (8O ne, 0.18 nnnle) was hydrogenated in ethyl

acetate (S mI) solution in the presence of 7O7o palladiurnon-carbon to give

8.18- atan-5-vl acetate (1-:62) (quant. ). (Fourd: y/Z
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4r'+6.2672. CzsHs eOo r€Quir€s 446.2668). uor* (fi1rn) 2960, 2925, 2870,

!760,1785, 1:Æ5,1365, 7240,12AO,1180, 1O4O', 915, 73O crnr. lH n.m.r.

80 MIIZ, ô (CDC13) 0.74, o.82, eaeh.3H, s, (1116)¡, (H17.13; 1.11, 3H, d, J

6.8 \lz, (IPO)s ; 1.94, 3H, s, 18-OooMe i 2.06, 3H, s, (H19) 3; 2'26, 2 '3O,

eactr 3H, s, 2xQælvle; 2.85, 2H, m, H1 ,I14; 3.98, 2H, d, J 7.LH2, (II18)z!

6.77,1H, s, H7. ttc tt.t.". (Table 4.6) ô (CDC13) A6.4,79-6,2O.9,27.O,

22.O,22.5, 22.6, 25,5, 25.8, 27.3, 27.8, Ð.7, 33.7, 39.1, 4L.8, 66.3, 122'6,

128.4, ]:32.1, 7A.O, A45.6, !46.6, 168.8, 169.5, 77t.2. m/z M6 (M), 4O4,

%3, 3M, æ2, 233, 191 (1oo), 183, 175, 108, 43.

2. Pyrrrlysis of the triacetate (t62) (80 ne) through a qua:"tz glass

colunn (3b cm x 3 cm) at OSOo/0.05 nm gave, after preparative t.l.c. (ether/

lieht pet:rcIetm, 1:1), B-acetoxyserrul-at-11(18)-en-5-y1 acetate (163) .

lH n.m.r. 80 MHz, ô (CDC13) 0.87, O.VL, eactr ffI, s, (H16)3, (H17)3 ; 1-'74,

3H, d., J 7 fIz, (H2O)s; 2.07, 3H, s, (H19)3; 2-25,2.3O, eaclr 3H, s,

2>fl@lvle; 2.6,1H, m, H1; 3.34, 1]], bd, H4; 4.05, lII, d, J 7.1 Hz, H18;

4.82, LH, dt, J L.2, 1.5 Hz,H18; 6.83, 1]I, s, H7.13C n.m.r. ô (CDC]" )

a6.6, 20.8, 2!.2, 2L.4, 22.8, 24.!, 26.2, 27.5, 28.2, 36.2, þ.3, 39.9,

111.9 , 122.6, 728.5, 130.3, 732.6.

3. Tkre diacetate (163) (20 mg) was dissolved in rrethanol (5 ml-) con-

taining dirrethyl sulfide (O.25 ml) and an excess of ozone was bubbled

through the sotution. The reaction mixture was stirred for t h at -78o

then at Oo for t h and finatly at 15o for 18 h. Water was added. and the

solution was extracted with dictrlorrcrnethane (3 tirres), driecl and evaporated

under reduced. pressure. Preparative t.I.c (ettrer/light petroletm, 1:1) gave

(4R 11æxo-1 8-norserrulat an 1 acetate (160) (Found; mlz

388.2239. CzsHszOs requires 388.2250). vma* (CTIC13) 2925,2850, L755,

!7OO,1365, 1170 9OO c¡n-r. rH n.m.r. 300 MlIz, (Figwe 4.!2) 6 (CDC13)0.83,
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0.S, eaclr 3H, s, (H16)3, (H17)3 i !'L4,3H, d, J 6'8 |tz, tÀ[tei 2'6' 3H'

s, 6-Me; 2.24, 2.2g, each 3II, s, 2xOOMe 2'48, 1H, dt, J 18'1' 7'3 llz' II12;

3.O, 1fI, quin., H1; 3.57,1[I, d, J 7,8 I]2, H4l 6'S, 1II, s ' fl7' 13C n'm'r'

6 (CDC13 ) 2O.4, 20.6, 20.g ' 27.2 ' 2!.7 , 25 -7 , 27 '2, 47"4, 723'4' y/Z

3SB (M) , 3Æ, 328, 3C/^, 286, 275, 233, 191 (100), 719, 1L7, %, 32'

Preparation of the 1 4-Benzoquinone (161b)

A sample of the triol (159a) (50 me) was oxi-dized with Jones

reagentl2o in acetone (5 m1) at Oo. The mixture was stirïed at 0o for

1b min, diluted with water and extracted w-ith didrlorunethane (10 m1). The

solvent vfas remcved under reduced. pressuÏe and the resultant yellow oil- was

ckrrcrnatographed by preparative t.1.c. (ether/light petroletm, 1:1)' The

main fraction was acetylated \¡/ith acetic anhydride in pyridine to give

18-acetoxy-5,8-dihydra,serrulat-14-ene-5,8-dione (161b) (30 mS). Vrrr. (film)

2960, 2g4O, 2870, L74O, !640,1600, a46O,1370, 1360, DÐ,1030, 910 crn-r'

I _ (ErOH) 259 (15OOO),285 (22OO), %7 (1030) nm. IH n.m.r. 300 MIIZ,
max

ô (cDct3) 1.06, 3H, d., J T Ifz' (II2O)a i !.4L, 1.53, eadr 3II, s, (1116)3,

(H17)3; !.g4, 1.II, s, 0C0Me; 1.99, 3H, d, J 1'6Ilz, (H19)s; 2'97' 1H' m'

H1; 3.&,1I{, dd, M part of an AI\{X, J 11 '4, 9'O Ilz, H18; 4'O7, 1H' dd'

A part of an AIrlX, J 4.7, L7-.4 IIz, Ifl:}; 5'0, 1lI, bt, J 6I12, IT14; 6'50' 1]{'

q., J 1 .6 ffz, Il7.
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\axt 4.2

Preparation of the p-Br.orn¡benzøate (150c)

Ttre phenol (150a) (50 mg, 0.16 nrnole) in pyridine,(0.5 
"d)-"+9*ÀfL t !''-n- 'rt''^K'1?- "I^Q''^*'

dichlorqnethane (15 mI) wa,s r"efluxed for 24 h! The solution was wa,shed wittl

dilute hydrrrchloric acid (10flo aqueous, 2 times), aqueous sodium bicarbonate

(5%) and evalrorated rxrder reduced pressure to give the ebronobenzoate

(1b0c), ffi.p . 2L7-22oo. (Found: C,&.8; H, 5.9. CzzHzgBrO+ requires

C, 65.2; H, 5.W"). vrn,,, (Nuio1) 2960, 2930, 2850, 1740, 1600, 1095,

965 on-r. lH n.m.r. ô (CDC13) 1.20, 3H, d, J 7llz, (I20)g; !.72, 6H, s,

(H16)s, (H17)g; 2.22, 3II, s, (Hf9)s; 5.13, 2H, m, H13, II14; 5.32, tH, d,

J 5 IZ, II18; 6.70,1H, s, H7i 7.5O, 7.9O, AA'BB' system, aficrn. y/Z

4s8/496 (M), 375/373, 185/183 (100) , t73, !57/155-
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Part 4.3

Interconversion of the Serrr-rlatane Ditercenes 150a) and (158)

A rnixture of the dihydrcserrnrlatane (ffiaa) and the diacetate (155b)

(60 n¡g, 9:1 by tH n.m.r.) in ether (5 ml) wa,s reduced with an excess of

lithiun ah¡ninium hydride at 25o for 45 min. IVorInp gave a cmde sanple

uftrich wa.s acetylated with acetic anliydride in pyridine. Preparative t.I.c.

(ettrer/light petroler¡u 1:3, run twice) gave 8,18-diaceto>ryserrulatan-5-y1

acetate (L62). {o}3022 -18o (O.257o in CHCIg). Ttris conpor.rnd was identical

(optical rotation, t.1.c., lH n.m.r. and 13C n.m.r.) to that prevj-ously

described (Part 4.t).
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Part 5.0

is of Free

1. A mixture of frreelinglme (2) (4OO ng, 1.67 nnole), sodir-rn hydroxide

(3OO mg, 7.5 nnple) and water (25 m1) containing nethanol (20 m1) was

refluxed r.mder a nitnogen atnnsphere for 7 h. Isolation according to the

nethod described.ts gave the crude phenol (1:6aa) vhich was nethylated with

diazonethane. Methyl T{2, -( furan-3"-y1)-3'-hydroxy-5'-nethylphenyl}- 2-nethyl-

prrrpenoate (164b) (292 mg, 647o) crysta1-1-ized frr¡m ether/light petroleum as

colourless rhcrnl¡ic crystals, ffi.P. 86-86 . So ( 1it.8 e 960) . vmax (CHC13 ) 3510,

2g7S,29ß,2gOO,2820, \7OO,1300, !12O,1010, 870 crn-I . rH n.m.r. 300 MHz

(Figure 5.1) ô (CDC13) 1.96, 3H, d, J 1.6 ÍJ2,2-Me; 2.26, 3H, s, 5'-Me;

3.57,3H, s, C02Me; 5.15, llI, s, OH; 6.46, 1II m, H4"; 6'47,1H, m, H3;

6.58, 6.70, each 1JI, s, H4', H6' ; '7.48, 1-II, m, IP"; 7.55, 1-II, m, H5"'

r3C n.m.r. ô (CDC13) 2O.8 (q),2!.3 (q), 51.6 (q), 712.7 (d),114'9 (s),

115.5 (d), 118.8 (s), 121.7 (d), 1Ð.2 (s), 135.8 (d), L37'6 (s), 138'6 (s),

!42.t (d), 143.8 (d), 153.4 (s), 170.4 (s). m/z 272 (M),24,2L3,2t4 (100),

185, 74, 183, 169, 155, !4]-, 115, 45.

2. A similar reaction at 2Oo gave ( a&ù a^fter 48 h with no starting

material detected by t.1.c. or lH n.m.r.

2
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Part 5.1

Reduction of Erernophila-lO, 11( 13) -diene-9, 12-dione (168)

1. The dione (168) (25 mg, 0.11 nrmle) in ethanol (2 ml) was reduced

with sodium borohydride in the presence of cerium trichloride accoring to

the rnethod of Luctre et a-1.s8 Preparative t.I.c. (ether/Iight petroleun,

3:7) gave the major dioI, (9R)-erennphila-10,11(13)-diene-9,12-dio1 (170a)

(13 mg, 5L%). lH n.m.r. 80 MHz (Table 5.2) ô (CDC13) 0.84, 3H, d, (H14)s;

0.88, 3H, s, (H15)s; 1.30-2.3O, 12H, m; 4.08, 2H, s, (H12)z; 4.50, lII,

b , Hg ; 4.92, 5.03, each 1II, s, (H13)2; 5.7O,11I, bs, II1. r3C n.m.r.

(Table 5.2) ô (CDC13) 16.2 (q,), 21-.O (q.), 25.0 (t), 27.1 (t), v+-2 (d),

37.0 (t), 38.1 (s), 39.1 (d), N.7 (t), 65.4 (t), 66.9 (d), 108.4 (t),

117.1 (d), !4ô.4 (s), 152.9 (s). ylZ 236 (M), 227 (M-I{e), 2t8 (M-H20),

a67, t49, 40, 32 (100)

The lower R, f raction was ( 95 ) -erenrrphil a-1:O,11( 13 ) -diene-9, 12- diol

(L7t) (8 mg, 3L%). u** (ffi3) 3400, 2925, 2æO, L46O, t37O, 1010,

905 crn-l . lH n.m.r. 8O MIIz (Table 5.2) ô (CDC13) 0.85, 3H, d, J 4.9 Hz,

(Hfa)s; 1.09, 3H, s, (H15)3; 1.3O-2.2O,72H, m; 4.08, 2H, s, (fl2)zi

4.%, 1H, dd, J 3.9, 7.6 Lfz,Llg; '4.9L, 5.01, each 1II, s, (IIl3)z; 5.64, 7H,

t, J 3.4H2, H\. ItC n.m.r. (Table 5.2) 6 (CDCI3) 15.8 (q),23.8 (q),

25.6 (t), 27.0 (t), A.3 (d), 37.2 (s),37.5 (t), 38.6 (d), 4O.5 (t), 65.4 (t),

108.8 (t), 127.5 (d).

2. Acetylation of diol (a7)a) with acetic anhydride in pyridine for

18 h gave (9E)-ererncphlT-a-12-aceto>ry-10,11(13)-dien-9-y1 acetate (17Ob),

t.p. 9Oo/5x10-3 nm (b1ocl<). (Found: C,70.9; H,9.4. CrgHzsOa ïeQuites C, 71'.2;

H, 8.9"). u** (film) 2950,2920,2870, t74O, Aæ5, L46O, 14æ, 1365, 9N,

1O4O c¡n-r. rH n.m.r. BO MHz, (Tab1e 5.2) ô (CDC13) 0.85, 3H, d, (Hl )s;
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0.88, 3H, s, (H15):i 1.30-2.30, 12H, m: 2.O7,2.O3, each 3H, s,

2><0COMe; 4.50, 2H, s, (H]-2)z; 5.00, 5.O2, eactl 1-II, s, (H13)z; 5.45' 1H,

b, II9 ; 5.55, 1H, bs, H1. I3C n.m.r. ô (CDC1a) 16.2 (q), 20.6 (q),

21.1 (q), 27.4 (q), 25.1 (t), 26.8 (t), 4.6 (d), 37.0 (t), 37.5 (s),

38.3 (d), 39.2 (t),66.6 (t),69.2 (d), 112.1 (t), 118.0 (d), 141.4 (s),

t46.9 (s), 170.4 (s), 172.0 (s).

Oonversion of Dione (168) to Erenpphilone (1a)

1. The diacetate (170b) (60 mg, 0.19 nnple) in tetrahydrrcfuran (1 m1)

was reduced with lithium (3O mg, 4.32 ntrr.1e) and annonia (15 m1). After

0.5 h solid anrnonir.rn chloride was added to dischargp the blue colour' Water

wa,s added and the solution was extracted with ether (3 ti¡es). The cqnbined

organic exbracts were dried and evaporated under reduced pressur€. Prep-

arative t.l.c. (ether/1ight petrrcleum, 1:9) gave an inseparable mixbure of

erennphilene (174) and the isomeric diene (178) (1O ne combined, 2q"). Ttre

rH n.m.r. wa,s identical withthatreported. in the li-terature for erennphilene.lsc

t 3C n.m.r. (CDC13) 16.0, 16.2, 2O.5, 2J-.O, 21.3, 2L.7, 25.7, 24.4, 28-7,

29.5, Ð.0, Ð.3, 31.8, 32.5,37,2,38.0, 38.7,39.0, 40.L, 108.6,1L8.2,

720.8, 143.8, L46,7, 150.2, 150.6.

The lowest R, fraction was (9E)-erennphila-10,11(13)-dien-9rc1 (777)

(30 mg, 7ú"). IH n.m.r. ô (CDC13) 1-.0, 6H, bs, (H14)3, (H15)g; 1.80, 3H,

s, (H12)g; 4.5O, 1II, m, H9; 4.78,2H, bs, (H13)z; 5.72,7II, m, H1. The

allylic alcohol (L77) was subsequently used without further purification

for the oxidation.

2. Ttre a1lylic alcoho:. (177) (3O mg, 0.14 nnrcle) wa^s oxidized with

Ooltins reagent, accord.ing to the nethod of Ratc1iffe,Io7 to giveerennphilone

(1a) (quantit.) whj-ctr gave an optical rotation2a and lH n.m.r. spectrr-ml08

identicat with those of the natural rnaterial isolated from E'. mitcheLl-i.
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Solution and Refinenent

The st¡rct¿re was solved by the heavy atom tectrnique. Ttre brornine

position wa.s determined by the analysis of a three djrrensional Patterson

sythesis calcqlated by the SHHJ(I prÐgram. All other non-iydrogen atons

were located in the For¡rier difference maps of successive fulI-rnatrix

least-square refinenents using the SIIH,K program. Hydrogen atons were

included at cal-culated positions (C-H 0.97A; =C-H 1.08) and their thermal

paraneters were refj-ned a,s conrrDn group factors. A fulI-matrix lea,st-square

cal-cul-ation with the brrrmine, all o>rygens and nine carbon atons rn¡delled

anisotropicatly converged with R* = 0.057 arrd R..* = 0.062. When the
W

caJ-culation wa,s repeated with the signs of al-t the atmric coordinates

changed. the refinenent convergedvt/ith R = 0.050 and R* = 0.055. These

significantly lower r vaJ-ues thus determine the absolute configuration of

the structure 2,3. In the fj-nal blocked-matrix least-squares calculation

al1 non-hydrcgen atons were npdelled anisotnrpically, R and R* converBed

at 0.038 and 0.ML, respectively. While the weighting sctreme employed

converged at up8.O9/(sigma2Fo + O.OOO2F. So). Ttre largest peak remaining

in the final difference map wa,s associated with the bnrrnine atom and

0.6 eA-3 in height. The finat least-square positional pararneters, hydrcgen

aton paranete::s and thermal paraneters are given in Tables 4.7 and 4.8.

The struct¡re factor amplitudes are supplied in the Appendix Tables. All

the above cal-culations wer€ perforrned using the scattering factors for the

respective neutral atorns as tabulated in the International Tables for

X-ray Crystallography. a

Description of Structures

Figure 4.13 is a PLUTOS plot showing the absolute configuration

of the conrpognd and the atomic nunbering sctreme enployed.

(a)
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CrvstallosaPhy on C2 7H2 eBr0q

The title conpould crystall-izes as cl-ear prisrs in the npnoclinic

space gïo1æP2r \ryith a=9.112(1) b= 9.743(2), c= L3.423(3) andZ=2.

The structural final refinenent of a blodred-rnatrix least-squares cal-cufation

converged w-ith R = 0.038 *d \u = 0.041.

Crystal Data.

An clear crystal of dirrensions 0.11 x 0.14 x 0.32 nm3 wa,s rncunted

on a gla,ss fibre and coated with cyano-aclylate super glue. Lattice

pararneters at 22o were determined by a least-squa¡es fit to the setting

angles of 25 independent reflections, nÞasur€d and refined by scans performed

on an Enraf-Nonir:,s CAlt four-circle diffractoneter enrploying graphite

npnoctrromated l\bKafph" radiation. Ttre density was determined by f1o tation

using a solution rnixbure of petrrcleun spirif G2O-760) CzzHzsBrO+, fo1m.

wt. 4a7.50, spacegïÐlp P21, a 9.772(1), b 9.743(2), c L3.423(3)A; Do 1.413,

D 1.418 s crn-3 ; U tl64.S 8t ; Z 2; (Mo K ) 17.8 crn-r ; (MoK ) 0'71074;
c

F(000) 516 electrons.

Intensity data (+h,+k,+1) were collected in the range 1.4<theta<25 deg

usi¡g an qnega - n/3 theta scan, wtrere n(=3) wa,s optimizndby profile

analysis of a typicat reflection. The onÉga scan angles and horizontal

counter apertures empl0yed were {1'65+0'35tan(theta)}deg' and {2'40r-o'5tan-

(theta)Ìnm, respectively. Three standard reflections, nnnitored after

every b8 min of data cotlection indicated that by conpletion of the data

collection no deconqrosition ha.d. occurred. Data reduction and application

of lorentz and,pf¡arízation corrections were perforrred using program SUSCAD.I

Of the 2289 reflections coll-ected, 1908 w-ith l>2.5siema(I) were considered

observed and used in the calculations.
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(b) Tïre bond lengths and angles are given in Tables 4.9 and 4.10.

xl( l%l -l'"1 > 
I

TFo

R
w

rl(lFol-lFcl)1.'Æ.
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