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A total synthesis of A9(12)-oapneliene' (XXII) 'wae;
achieved in a regio- 'and stereo-selectxve manner - startlng
‘from 2-cyclopentenone (I). (2+?) Photocycloaddition of 2-‘
cyclopentenone (1) ‘;o l;lediethoxyethene ‘fufniSHed the
bicxclo[3.2.0]heptanone d;rivative 11 which on reduction -
with lithium tri—t~outox¥alumino hydride gave the alcohol
I11. Benzylatlon of thls alcohoi followed by the hydroly—
sis of the d1ethy1 ketgh mg;ety with aqueous oxalxc ac1d‘
gave the cyclobutanone IV. Thegketo-ester V was formed
‘when the oyclobutanone IV >was treetedvlﬁith boroh_ eriQ
fluoride etherate and ethyl diazoacetate.\»The.treaement
lof ﬁhe keto;ééter V with sodiom hydride“ and phenyl-.
seledenyl' chloride followed by' the oxidation of the
resultihg -selenide VI witﬁ_ adueous 'hydrogen peroxide
furnisﬁed bthe ~e[\one VII. Stannic chloride catalyzZed
' Diels-Alderk reactioh, of the enone - VII with isoprene
produced the trlcyclxc keto ester VIII.‘ Reductlon of tixs
keto-ester VIII with sodlum bxs[2-methoxyethoxy]alum1n1um¢“
hydrxde gave the "diol IX as a single product.. On treatlng
the diol IX Qieh,phenyl chlo?othionocarbonete’And 4-(N,N-

’ -dimethylemino)oyridine, the thxonocarbonate X was produced '
which on reduction’ wlth tri-n- butylstannane and 2,2'-
;azobisia-methylf25propionit;i1e} afforded the mohoalcoﬁol

XI. The treatment of this monoalcohol with potassium
. -
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hydride and carbon disulfide toller? by the addition of
an excess of methyl iodide resulted in tme formation of
the xanthate,*ll. 'Redﬁctioh»oflthe xanttart'e XII with tri-
.. n-butylstannane and 2,2'—azobi;(2-methy2-1-propionitri1e]
furnished the tricyclic compound XIII. anonolysis of_the
compound XIII followed by the reductive workup with
dimethyl sulfide difectly'produced the emone XIV. When
treated with phosphorus oxychloride, the oxime XV, p;'e—
péred from the enone XIV, smdothly undervent the Beckmann
reaf%%ﬁﬁbment to furnish the ketone XVI. Wittig redctipn
of this ketone with methylenetriphenylphnsphorane gave"}he‘
methylidene éomp0und XVII. VOn hydrogemolysis with (5%
palladium on carbon, the cyclopropaneIXVIIi, obtained from
the reaction of the olefin XVII wifm diéthylzinc ‘and
methylene iodide "in the presénce of air, :;avé‘the alcohol
XIX. Hydrogenolysis of this cyclopropy’ alcohol XIX with
platinum black produced the alcohol XX. The oxidation of
this alcohol with pyridihium chiorochromame gavé the known
ketone ' XXI ‘which on’ wittig reactién wi~h methylenetri-
phenylphosphorane furnished tﬁe. nataraliy occuf?ing
triquinanoid sesguiterpene Agilz)-capnrluene_ (XXII) in

racemic form, . :

T
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INTRODUCTION .
In a series of publications' in the mid-seventies,
Djerassi and co-workers reported the structure determina-:-
tion of a group of ciosely related sesquiterpenes isolated

o o : .
from soft coral Capnella imbricata (Quoy and Giamard 1833)

. Ty . o . .
indigenous to the Indon&sian c¢oastal area. In the first
. N . \ .

reportlr the structure 4 ~was established for the most

abundant compound by extensive spectroscopié studies,

especially the proton and . carbon-13 NMR, and;byzchemiCal'

§

degradations. This structural assignment was further
confirmed by single crystal x4ray anéleis. "This compound

was named. as Ag(12)7capnellene—38,8B;10a-triol on the

e

basis of the trivial name, capnellane, coined for the

parent hydrocarbon 1 which represents a new type of
triquinanoid2 sesquiterpene skeleton.!

. X " » . . B ﬁ?«’, .
In subsequent publications3r4 the structures of four

other compounds were reported. ' All of these compound

_ were . shown to be oxygenated capnellenes similar to ghe
. : : . /

. . - _ , ,

triol 4. A careful comparison of their spectral data- with '

‘those of triol 4 led to the assignment of structures 3, 5,

[}
'

6 and 7 to the new capnellanoids. These assignments were
further confirmed by their chemical correlation with triol
4 and, in the cése of 7, also by a single crystai X-ray

analysis.
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In continuation of therr work on the metabolites .of

w"(:;zi;')*nella 1mbr1cata,' DJerass1 and ‘co- worker55 isolated a

new rwdrocarbon from the pentane extract. ThHe proposed
A\

" structure 2 for this hydrocarbon was based on the detalled
{

ﬁex$m1nat1on of its spectral data.’ This was further con-

‘firmed by correlatrng it with d101_3}

—

a

.More recently, Tursch and bo:woriers6‘reported the
‘isolation of yet ‘another’ capnellano1d »from the sane
natural source. The compound .was found to possess the
structure 8 from the indepth spectral 1nvestlgation of its
tr1acetate der1vat1ve. Th1s ass1gnment was later shown to
be correct by X~-ray analy51s.'

Although the btosynthetic pathway leading to the
capneilanoids remains to 'he" elucidated, it; has'vbeen
suggested7 that-the carbon frame work of capnellanoids is
derived ;fron humulene (9) by a series of transannular o
reactions 1nvq1v1ng precapnelladlene (10) as a key inter-

: mediate. THe co~occurrence of precapnelladiene (10) with
'capnellanoids7 supported the above biosynthetic proposai |

As far as the blolog1cal act1v1ty of capnellan01ds is
concerned,_they are a part of the chemical defence system
of the -animal agalnst predators as 1ndlcated by the

. ability of the Phimal to ward off the algal ‘and mlcroblal
4growth and to’ prevent the settleﬁent of larvae.3 Further—v“

more, pre11m1nary screenlng studles have indicated that






. [
ngg@e ~of . the capnellanoids, 1like ¢triol 4, ‘may possess
uéeﬁul antibiotic activity.8 -

We were intrigued by the'novelty of the capnelléne

skeleton and the complexity of its congeners, especially

t

the "enediol functionality. embeded in ktheir structure.

Also the fact that capnellanoids may possess useful anti-

biotic act1v1ty further enhanced our interest in dev1sxng

\ -
an approach to their synthesis. As a result, several
. ~ , .
years ago a project dealing with the synthesis of

Ag(IZ)-Capnellene (2), the

capnellanoids was.initiaﬁed.
simplest member Of the family, was selected as the initial
' target. The synthetic scheme was. so désigned‘ that it
could be applied to more complex’/capnellanoids with sl1ght
mod)flcatlons. At the onset of .the present work there
: ';ere no reports in the literature‘concerning the synthesis
of A9(12)-éapdéllene (2). However during the course of
present work several reports describing the synthesis of

this hydrocarbon have appeared. The first »two of the

synéheses'were simultaneously reported by two independent

groups 2#12a v

o The synthesis by iittle and @oﬁorkersg'lotll employed
an intramolecular l,3-diy1,tr$pping reaction to establish
the required Er;;uinane skéleton which was then fdrthei
elahorated to yielé the natural product. Thus, the

reactibnjof 2,2,5~trimethyl-5-hexenal with cyclopenta-

T
’ |
A S
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a.MeOOC~-N=N-COOMe. b.KOOC-N=N-COOK. C.KOE,EtOH,reflux;

cool to 0°C;K
£.PCC,CH,CI

.THF ;NaOH,H.0

3Fe(CN)G. d.TEF, heat. e.Bﬁ 205

. g.?h3°=CH

3

2 2°
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dieﬁyllithium‘ gave the corresponding fulvene derviative
(Scheme 1I). Diels~Alder lreaction of this fulvene ‘witk
dimethyl azodicarboxylate follo&ed by sélective hydro-
genatgén, sapoﬁification, dec;rboxylation and oxidation
§ave the required diyl'pfecursor 11, Pyrolysis of this
compound unéer carefully controllgd condi;ionsl1 gave the
compound 12 possessing the requireé triquinane skeletomn,
albeit in rather poor yield.' Subsequent hydroboration and
" oxidation of 12 gave the tricycliﬁ ketone 13 in 10% yield
over three steps. Wittig reaction of 13 Qith methylene-
triphenglphosphorahe»gave the reqdired hydrocarbdn, (£)-

‘ 2%(12) _capnellene (2). - | }\- SN

\ -
Paquette and co-workers}23/D accomplished thé syn-
AN
"thesis in a rather conventional manner. é\ﬁ-Dimethyl-

cyclopenten-l—yl-carbaIdehyde (14) was first converted to

the divinyl ketone 15 (Scheme II)., A Nazarov—tyba\re-

}

, . N
action of this ketone resulted in the formation of the

biéyclo[3.3.0]octane‘derivative’IS. .~ After the reqguired
C-4 (capnellane numbering) angular methyl grdubgwas.intré-
duced to the ketone 16, it was converted to the keto-
aldehyde 17 through functional group manipulatiohg.
.Intramolecular aldél condensation of the'ketdialdehyde 17
folléQed by hydrogenation furnished the ' ketone 13,

Subsequent introduction of an exo-methylene group using

i



Scheme 11




|
f
)

i
|

a’.CH,=CHMgBr. b.MnO,. c.P;O.,CH SO, H. d.Me,CuLi.

e.HC:ZCLi. f .HCOOH,H,SO

‘h.o

; Me

31

2

2 2757
274",
S;HCOOH. 1.KOH,THF. j.H

3

90°C. q.CH

2

3 2
2=CHMgBr,CuI

Pt,EtOAc. k.CH
. I ,

!

2

=PPh

3

10



Wittig reaction gave the natural product 2 in the racemic
form.

As mentioned earlier, Djerassi and co-workers® have
proposed that the_ capnellanoids are biosynthesized froqﬁ
precapnélladiene (10). To test this hypothesis Pat tenden
and co-workersl3 Prepared epiprecapnelladiene (18) using
an ‘intramolecular phdtocycloaddition—fragmgntation
reaction sequence as showWwn in Scheme III.s The required
starting compound 20 was obtained by alkylation of the
anion .of 1,5-dimethoxy-1,4-cyclohexadiene (19) with 5-
iédo—l-hexene. Acid hydrolysis of 20 followed by
bengoylation of the resulting 1,3-dione gave"the enol-
benzoate 21, Irradiation of thisf“coméound followed by
éxhaustivé methylation produced the tri&yclic compSund
22, Base—induced fragmentationoof this benzoaggﬂfollowed
by modification of the exis%}n§“tunctionalities led to the
formation of'epiprecapnellgﬁigne,(18). On treatment with

g

boron trifluoride ethétagg&tgpis diene underwent cycliza-
tion giving rise to Ae—capnellene (23) as the major °*
product along with smali quantities of the fégioisomers 24”
and 25 (Scheme GY). However the desired iéomer 2 was not
produced. » F B

- In the biomimmetic synthesis of A9(12)—capnellane (2)

by Fujita and co-workers,1@8 the olefin 23 was prepared

by a different route and was further elaborated to the
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‘a.5-iodo-1l-hexene,HMPA. b:1M HCl. c.Py,PhCOCl. d.hv.

e.LiN (SiMe,),,MeI. f.aq.KOH. g.HOCH,CH,OH,PhH,PTSA. h.LAH.

i.Py,POCl,. j.THF-Hzo—AcOH;_k.CH2£PPh3,THF. 1.EtOH,RhC1 4,
- reflux. ' ‘ '

o
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Scheme IV '

a.BF_.Et_ O,PhH,reflux. \
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" natural “product (Scheme V). Thus, humulene-6,7-epoxide

(26) was converted to the alcohol 27 following . the

'reported-prnvedure.lsb By a series of- functional group

tiansformat < the alcohol 27 was gonvetted ‘to the .

tricyclic epoxide 28 (Scheme V). Trimethylsilyl'triffate
mediated rearrangement of this epoxide gave a mixture . of
three compounds. The major compound was characterized as

the alcohol 29 on thé basis of antextensive study of its

o]

spectral da%a;' The formation of the alcohol 29 requires =

the migration Qf'the-ahgular mgzhyl'grOUp which can: be

rationalized by a cyclopropane sliding mechanism as shown
in the Scheme. Hydrogenation followed by inversion’of the

stereochemistry of the hydroxy group gave the compound

30. Acetolysis of the corresponding mesylate resulted in’

&y

‘the formation of the olefin 31 along with the acetate 32

which was moéified-to provide an additional guantity of

" the Qlefin 31. Iso&erization'of.this olefin with rhodium
‘trichloride ﬁroduced‘ the éompound 23, the _ggégfcyciic
«doublefbond of thch was eventually transposed to the exo-
~cyclic position through a three step%ﬁ%acfion»sequeﬁcé to
obtaih Ag(lzy—Capnéliéne (2).

Using a-alenone cyclization in an> iterative way,

' Dreiding and ‘co-workersl®

A9(12)

also succeeded in  synthesizing
-capnellene (2) (Scheme VI). .Exhaustive'methyl—

ation of methyl 2-oxocyclopentanecarboxylate (33).

15



Scheme V
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Pt,EtOAc. b.Jones reagent. c.TsNHNH,,PTSA,n-BuLi.

a.Hz,

d.MCPBA. e.Me,SiOTf. f.L-selectride. g.MsC1,DMAP. h.AcOH,
NaOAc,80°C. i.LAH. j.basic Al,0,, k.RhC13,EtOH,rgflux.
l.CFBCHFCFQNEtZ'- CF3CF=CFNEt2(l=l),THF}reflux;

17
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foliowed‘3by decarbomethoxyiation gave 2,2,5-trime£hy11

cyclopentanone (3i). Cyanohydrin formatfoﬁ/gfothe ketone
34 followed by dehydrétlon and hydrogenation produced the

nitrile 35 whlch was then converted to the a-alkynone 36,

requ1red for the’ cycl'zatxon reactlon. Vacuum pyroly51s

of 36 ga$€~p good yield of b1cyc10[3 3. 0]octane derlvatxve :

37, possessing the A/B ring system of the capnellane skel—‘

eton 1. Through a series of steps 37 was transformed into
~another a-alkynone 38 which, on vacuum pyrolysis as be-

- fore, underwent cyclization giving the tricyclic &nones 39

and 40 - in ,appfoximatelyv'equal quantities. Subsequent

hydrogenatioh of 39 gave the known tricyclic ketone 13

which was converted to the natural product 2 by the Wittig
reaction,, .

Iterative use, of intramolecular “"magnesium-ene"
reaction by Oppolzer g&_gl517 resulted in a new synthesis

: _ ¢ ‘

of A9‘12)—capne11ene (2) (Scheme VII). The allylic
chloride 42, prepared from aldehyde 41, was treated with
mégnesium metal. The .resulting Grignard réagent on

heating at 60°C underwent the "magnesium-ene" rearrange-

ment. The  rearranged Grignard reagent thus produced was

" trapped withiacfoléin to give the alcohol 43 which was

then converted to the allylic chloride 44. A second

"magnesium-ene" rearrangement of the corresponding allylic

N

Grignard reagent followed by treatment with oxygen

18
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a.Mel (excess),NaH. b.KOH,MeOH;HCl,heat. c.TMSCN;F .

d.Py,POC1

3

e.CuH complex. f.KOH,diglyme. g.SOCl.-z:TMS-CEC-

TMS;F~. h.vacuum pyrolysis. i.H,,Pd-C,EtOH. j .MeOCH=PPh,,
THF. k.10%HC1l. l.Jones reagent. m.H,,Pt,EtOAc. n.CH,=

PPh,,THF.

3’

3
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'~ Scheme VII
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a.CH2=CHLi. b.SOClZ,room temperature. c.Mg,powder. d.60°C.
e.CH,=CHCHO. f.0,. g.PDC, - h.MeLi. i.0,;Me,S. j.KOH.
k.Pt,H,.1.CH

37.
3- ' 3 .

/!

"T2
2=‘PPh

22
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produced the bicyclo(3.3.0joctane derivative 45, This
compound wgs.converted to the keto-a%dehyde 17 which in
turn was transformed into Ag(lz)-capnellene {2) following
ﬁ;quette's procedure.12

The tricyciic keténe 13 Qas efficiently‘prepared.from

18 (Scheme

the cage .diketone 46 by Mehta and co-workers
VIII). Diels~Alder reaction of methylcyclopentadieﬁe and
benzoqulnone followed by irradiation of the adHuct readily

ptoduced the diketone 46 Vacuum pyroly51s of this di-

'ketone gave the cis- syn- cis tr1qu1nane system 47 which was

isomerized to the compound 48 under basic conditions.
Through a series of reactions this bis enone was eventu-
ally converted to the known ketone 13.

The latest synthesis of A9(12)—capnellene (2) was

~

reported by Piers and co-@o‘rkers.19 In their synthesis,

2-methyl-2-cyclopentenone was used as the ring B precursor

of the target moleculé (Scheme IX). To construct ring A,

v

a copper mediated conjugate addition of 4-chloro-2-lithio-

1-butene to the starting enone ‘was carriéd out. Cycliza—"

tion of the resulting chloroketone 49 1nd&ced by potassxum
hydride gave the requ1red bicyclo[3.3. Olbctanone der1va—
tive 50. After reduction of this ketone to thefcorres—
ponding alcohol, Gtheb_gg_n_i_-dimethyl group was fébricated
from its gzg;methylene functionality to get the;compound

51 which was further converted to the enone 52. fRepeti— )

23



Scheme VIII

48

a.THF ,room temperature. b.hy,EtOAc. c.vacuam pyrolysis.
d.DBU,CH,Cl,,reflux. e.H,,Pd/C,EtOAc. f.CH
' g.CHzlé,Zn/Cu couple. h.H

N

2=Pph3.

D £
20 t,AcOH.



Scheme IX

c,d N
.<

a.ClCH2

272

CHZC(CHZ)SnMe3,MeLi,MgBrz,CuBr.Me
d.CH.I ,ant2102160°C. e.H

2:

25

2

S. b.KH. c.LAH.

1,

2
2,Pt,ACOH. f.PCC,CHZClZJ g.TMST,

Mel. i.n-Bu3SnH,AIBN,PhMe,reflux.
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“tion of  the 'conjugated addition-cyclization sequence on

~the enone 52 led to the required cis-anti-cis triquinane

system 53. Finally, reduction of the ketone 53 to the

°

corresponding alcohol followed by deoxygenation .via the .

¢

‘corresponding xanthateifurnished A9<12)—capnellene (2):
fecently, fattenden gt_él:zovachieveo the syntheeis
of A9(12)—capne11ene~8a,1oa—diol the C-8 “(capnellane
vnumbering) epimer of the naturally occurring diol -3
(Schemelx); Conjugate addltlon of 11th1um bis(3- methyl—
o‘but—3-enyl)cuprate tof’3—methyl—2-cyclopentenone followed

by trapping the resultant enolate with acetic anhydride

furnished: the enol acetate 54. Treatmentv'of this enol*“

acetate_ with stannic chloride gave the bicyclo[3.3.0]-

octane derivative’SS'which was'furthér-cbnverted to the -

keto—acetylene «56u Reductlve cycllzatlon of thls keto-

acetylene w1th sodlum naphthalene radlcal anlon gave

A9(12) 8- deoxycapnellene lOa—ol 57 in low y1e1d F1nally,‘

allyllc ox1datlon of 57 furnlshed A9(12)

—capnellene—
8a,10a—dloly58, an unnatural capnellan01d
Very recently,p a hlghly stero-- and’ ‘regioselective

synthesis of Ag(lz)—capnellene (2) has been achleved in

.

our laboratory by ‘a flex1b1e strategy that, in contrast tof

v1rtually all of those employed in the ex1st1ng syntheses,,J

@)

can -also be adapted' to the synthe51s of - oxygenated

capnellanoids found in the nature. Thus starting from 2-

26
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Scheme‘x

o | OAC

a‘[CH3C(CH2)952CH2]2CUL17AC20f b.SnC14. c.KN(SlMeB)z,
;CHZCHC1CH2.'d5LAH. e.KNHCH,CH,CH,NH,. £.PCC,CH,Cl,.
g.THF ,Na-naphthalene radical anion. h.Me3COOH,Se02.
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cyclopentenoné' (59), the ring ‘C' equivalent, two key
intermédiates‘70‘and’107 were p;epared.‘ in the‘preparé-
'iion of the keto-ester 70 the key roie_was played by the
‘combination-of a photocyéloaddiéion and a ring expansioq
ﬁreaétion while the enone 107 wés prepated by using Diels-
Alder reaction and a ring contractioh process as.the key
operationsla This thesis deécribes"the 'detatds of the

®

synthetic work.

28
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DISCUSSION

On the basis of the retrosynthetic énalysis (Scheme

XI),JQ—CYClopentenone (59) could be envisaged as a ring C
G : :

equifalent and a starting pdint for the synthesis of

Ag(l?);capnellene (2): Throﬁgh a photochemical .process,
'ﬁhis enone could conceivabyy be chvérteq to-a bicycio-
[3;2.0]heptanone derivative:k@.. A one carbon ‘ring éxpanf
{gidn of 60 could lead to aﬁ‘olefin 61, thereby estaglish—

ing the B/C ring unit of the capnellane skeleton. Subse-

{

gquent Diels-Alder reaction of 61 with a suitable diene

‘would result in the formation of the tricyclic compound
62. A ring contraction process‘(GZ > 63) followed by the
adjustmeht of tﬁe existing functionalities could furnish
phé natural product- 2. | |

. Based on the ébove analysis,,our immediate synthetic
“gbal was. the prepération of a Lbicyclo[B.Z.O]heptanone

Y

derivative of: type 60. - This could, in principle, be

aécbmplishéd by a photochemical addition of a ketene

equivalent, 1in a head—té—tail fashion,_ to the carbon-
carbon —doubie_ bond of the stafting enone 59. Of the
several readily ayaiiable ketene equivalén:s} allene21 is
%nown;.to give the héadfto-head ‘regiqiSomerz while vinyl

eéterszzf'b and 1,l—dialkoxyethene523'?4!25"are known to

effect the head-to-tail 'addition. Of the latter two types

30
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-
of compounds 1,l-dialkoxyethenes are known to exert a

better regiochémical'dontrolyg3 Thus, 1,1—diethoxyethehe

waq'selected,és the ketene equivalent. This compound was

readily prepared in large quéntity byvdehydfobromﬁnation

of bromoacetaldehyde diethylaceﬁal* according' to the

-

Qlitenature,procedure.263
“ Irradiation of a benzene solution?3 of 2-cyclopent-
enone ™" (59) and a ten-fold excess of 1,l1-diethoxyethene

.with a Hanovia 450'wvmedium pressure mercury vapour lamp

v

using a pyrex filter afforded the 1:1 photoadduct as a
- B | M ;
single product in 85% yield. An absorption band at 1740

cm™l in the IR ‘spectrum ~was attributed to the five-

membered saturated ketone. The mass spectrum showed a

molecular ion peak at 198.1254 corroboratihg'well with the

-

P ‘0 ) .
mole;ulan formula C11H1803. Eour quartets at & 3.39, 3.40,

3.45 and 3.46 (J = 7 Hz each) and two triplets at & 1.18

A ; 3 -
_and 6§ 1.21 (J = 7 Hz each) in the proton NMR spectrum were

characteristic for the éthoxy ‘groups. The regiochemical '

assignment of the photoadduct Y e follows from the

&

g

* Bromoacetaldehyde ~ diethylacetal = is commercially
available, Lt can also be prepared easily from vinyl
acetate.?’ . 5 ,

** 2-Cyclopentenone 1is ,commercially available. It can

also be prepared on large scale from cyclopentadiene
according to the literature procedure, 28 ' :

*** With regard to its stereochemical assignment, the
alternative trans arrangement .is not feasible in
bicyclo([3¢2.0] heptane system.

v
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» previous observation23 that the‘photdcycloaddition of 2-

cyclopentenone (59)‘w{th;l,l—dimethoxyethene gave only the

head-to-tail regioisomer.

The ketone carbonyl of the;compound 64 was conceived

as a latent. exo-methylene group required for A9(12)_

~capnellene (2). Conversion of the carbonyl group of 64 to

f S—

a benzyl ether group via the correspohding alcohol was.

deeﬁed appropriate for the preservation of this function-
ality. 1t was recognized that in so doing a new chiral
center would be'createdr Although this center wbuld be
destroyed eventually and thus was of no consequenge to the
_synﬁhesis, in pfactice, it was highly desirable that a

single .stereoisomer be obtained. Lithium tri-t-butoxy-

alumino hydride29 is_known'to reduce ketonés in a highly

stereoseleciive manner .30 Accordingly,‘the ketone 64 was
subjected to the reduction using this reagent. The
alcohol thus obtained in quantitétive yield was shgwn to
" be a .single stereoisomer'ito-vwhich the structure 65 was
assigned. “ The absofption band at 3¢1t‘l()"\\cm‘1 in the IK
spectrum‘enéuréd'the presénce‘of Ehe_hydrogy gfoup. This
was further éonfirmed by the presénce_of~a multiplet for

the hydroxy'shbstituted@methine proton _at 5 4.25 iﬁ>the

proton NMR spectrum. ‘THe molecular formulaucllﬂzooé was

!

correctly represented by, the molecular ion peak at

o

200.1366 in the mass. spectrum. - Stereocbéhistfy of the

AN
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newly created chiral center was assigned under the consid-

eration: that the reduction of the ketone should occur from

’

the less hindered convex face of the molecule.

Subsequently, the Eenzyl ether 66 was obtained in 92%

yield by treating the alcohol 65 successively with sodium
' hydride and benzyl bromide. The structure of this benzyl
ether .66 was Qleadily ‘discerned from its spectral data.
The proton NMR spectrum.shoWed'three sihglets,‘one at &
7. 36 for the aromatic protons and the other two at & 4.20
and 4 21 for the "benzylic protons. }¢he benzyloxy substi-
tuted methine proton appeared as ‘a 1nult1p1et at & 3.94

3

while twg&auartets at & 3.38 and 3.39 (J = 7 Hz each) and

!

two triplets at §-1.17 and 1.19 (J 7 Hz each) corres-
ponded to the ethoxy groups. ‘Although the mass spectrﬁm

failed to give .a moleéulaﬁ jon peak, the presence of a
Vel L :

fragment at m/e 245.1539 corresponding to the loss of an

ethoxy unit supported the structural a591gnment.
Attempted hydroly51s of the ketal m01ety of 66 with
aQueous hydrochloric acid yielded only a sm%ll amount of
the(des%red product 67, presumably due to the decomposi;
“tion of the product under the réaction conditions. This
problem was circumvented by conducting the hydrélysis
under mild reaction conditions. T;eatmeﬁt of the benzyl
ether 66 with aqueous oxalig acig3! produced the required

cyclobutanone derivative 67 in near 'quantitative yield.

34
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Absence of signals corresponding to- tjfe ethoxy grpups in

the NMR spectrum. indicated the completdn of the redction.
In the IR spectrum, the presehce of an ab%orption band at”
1770 ‘cm"1 vefified the formation: of qthe “four-membered
kgtoné. The structure wés‘ﬁurther confifmed by the'mass
spectrum which displayed a molecular ion_péak;at 216.1158
equivalent to the molecular formula C14Ai602°

It is. noteworthy lﬁat, ‘in the <large scale '(~56 g)
préparation, the éyclobutanone 67. could be obtained in
more than 75% yield from 2~cyclopgntenone.159), in four
steps witho"&purificatioﬁ of the intermediates.
| At this stage -the exgansion of the cyclobutanoné ring
of 67‘by one cafboﬁ,could qstablis; the B/C ring unit of
the capnellane skeleton.. Of the. ééveral methods32°36
ayailaple.for this purpose, -the diréct ringmexpansion of
cyclic ketones with boron trifluBride'ethe;ate and ethyl

diazoacetate35:36a2:,D,C 35 most appealing. The reaction -

is known to proceed by the migration of the less substi-

tuged «-carbon atomxchiefly.36a'b'c' Application of this’

method to the -cyclobutanone 67 would produce the - keto~
ester 68, which would facilitate the preparation of the
olefin of.type‘ﬁl (Scheme XI) needed for the construction

of ring A.

o)
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Treatment of an ethereal solution of the cyclo-
. butanone 67 with boron trifluoride etherate and ethyl
diazoacetate at 0°C produced a p:oducf.which was found to

P

be homogeneous by thin;layer chromatog;aphy (tlc). This
p;oduct showed a molecular ion peak a£ 302.1511 in the
mass spe;trbm and four intense absorption bands at 1750,
1523,' 1660 and 1626 em™!  in the IR spectrum. These
spectral data Qere‘in agreement'with the exﬁecgediproduct
68, éxisting partially in theienol form 68a. *The proton
NMR spectrum was, hoﬁever, complex and could not Dbe
explained on the basis of the presence of 68 and 68a

alone. Furthermore, the carbon-13 NMR spectrum diSplayed

a total of sixty-six signals including three ketone

" carbonyl (& 211, 213 and 214) and four ester tarbonyl

(6 169.05, 169.52, 169.72 and 175,35) signals. On the
basis of these speétfal data'and the fact that often a

regioisomeric mixture 1is produced in the ring expansion
! . 3 ) .

reaction,36b'c it is very likely that the expected keto-

i

ester 68 was formed along with the undesired regioisomer
69; each of these regioisomers could exist as a mixture of
epimers as wgll‘as in the cofresponding enol forms i.e.

-

68a and 69a."

* Subsequent transformation of this mixture furni3hed the
enone 70 in 60% yield (vide infra). This suggested that
the keto-ester 68 was the major constituent of the mixture
at least to the extent of 60%. '

A}
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The conversion of the keto-ester 68 to the enone-
ester 70, required for the introduction of ring A via é
Diels-Alder approaqh, was initiaily“atteﬁpted by the use
of direct.methoas:} Thus, the keto-ester 68 was treated
with selenium dioxide37{33T39 in refluxing dioxane or with
-2,3;dichloro—5,6-dicyaho—134-benzoqﬁinone4oa'p in re-
fluxing benfene. ;n each case4the desired enone-ester 70
was pré uced, however, in a very poor yield (<20%). The
yiel 9 of the enone-ester 70 was §ignificaht1y improved
when the recently developed indi;ect method based on the
organoselenium cheﬁistry41'42}43 was applied. Thus, when

the - keto-ester 68 waé“ treated- with sod}um hydride and

v

phenylselenenyl chloride in tetrahydfofuran at room temp—.

&

erature, the corresponding selenide 71 was formed as a

dark red liquid. A dicﬁlorqmethane solution  -of the cfude
éelenide 71 was ;reated Qith?aqueous hydrogen peroxide to
‘%iﬁe, after purification Sy column chromatography, a 60%
yield of the enone-ester 79)<'as é’result of the oxidation
and subsegquent eliminatio; o% the selenyl group. The IR

\ :
spectrum of 70 displayed two €arbonyl absorptions at 1747

and 1720 cm~™l. The mass Spectfum displayed Q&Folecular
: ! Tl

\
¢

B
\1-
\

* This supports the inference reached (vide supra) that
the keto-ester 68 is present to the extent of at least 60%
in the product mixture obtaine in the ring expansion
reaction. ¥
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‘ion .peak at 300.1366 equivalent to the molécular formula

- In the proton NMR spectrum, the benzyloxy

0

substituted
while a - -quartet éf\&§4.30,(J = 7 Hz) and a triplet at 5§
1.35 (J = 7 Hz) corresponded to the protons of the

carboethoxy group. More 1mportantly, the olefinic proton

v

‘appearéd as a doublet at 6 8.40 (J = 4 Hz).: This

1
[

unusually low field shift 'of the olefinic resonance . was

the pesult of the conjugation of the carbon-carbon dounle

'ibond with two‘electron—withdraWing groups. The appeé;anCﬂ

B

of this olefinic proton in the NMR spectrum is in agree-

‘ment with the structure oﬁ‘the enone-ester 70 and not with

the isomeric compdund 72, which. was not detectgd .even

, ) 7 . | o .
-~ though,  its precursor, the keto-ester 69 w3S most likely

‘regiochemical contrOl_in the aldol condensation,

- /
present in the reaction mixture, o :

With the sdcéessful preparation .of .the enone 70, a
stage was set for the construction of the ring A of the

cépneilape skeléton;yia‘é seéﬁehce involving a Diels-Alder
reaction and .a ring VCOﬁtFacéion process. . The latter
process Qas "intended to. be cargied out b; oiﬁdative
cleavége of‘thé cyclohexenézring produced in'£he Diels-
Alder feaction folldwed ‘by an intramo%ecular' aldoi
condensation. In order . to. aéhieve é high degree of
: , . ., Q

Woprene

was -selected as the "diene component in the Diels-Alder

.reaction. As indicated in Scheme XII, .thelpxidativej'

thine proton displayed a multiplet' at & 4.10

40



~ Scheme XII

o



cleavage of the cyclohexene ring of the tricyclic compound

73 derived from: isoprene and ehone-ester 70, should give

the keto-aldehyde 74. The aldol condensation of this

keto-aldehyde should kprocéed in a  completely regio-
gelective manner to give the  enone 75. ?urthermore, the
acetyl group iﬁ the enone 75 could be utilized as a handle
for the 1ncorporatxon of the.g___dxmethyl noiety of
(12) -capnellena (2). |

It has . been demohs%rated that the Lewis acid
:atélyzed Diels—Alder }eaction,44'45 in cbmparison'to.the
therhallone;fnormally proceeds at a faster rate and gives

’ L]
4 Dettaer reglo— and stereochenl 11 control, 463 b.,c Thus,

tHe741t~njei Dle&ﬁ Alder reaction was explored under the
Lewis acid catalysis. A solution of the enone-ester 70 in

ether was treatel with a large excess of isopréne in the

presence of a»cataljtlc aﬂount (0. 01 equiv.) of #a Lewis

acid such as faerric chloride, boron trifluoriiz> ethorate
or stannic chloride at temperatures ranging from -78 to

oy

, . % 3 , " '
-30°cC. In all the cases,:'the reaction failed to priduce
any demectable amouﬁt"of-prnducr even éfterra reasonable

perind >F *1ne~ @ﬁ§ A resdlt a lar;er amount of’Ledls acid
was used.' Addythgn of one é;u Qalaﬂt of ferr1p chloride
to thw‘ reaction mixture at —78°C4 resulted in the’ rapid
(less than threé minutés)‘disappearance of the_endgé‘70.

‘How=zver, the onroiict thus formed was found to @@%a complex
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mixture of no less than four compounds. On. the other

hand,_employment of one equivalent o boron” trifluoride

etherate at.» -78°C vproducedr a sihg.e' product. This-

product, however,.failed to show thé‘expected signal at

around & 1. 60 for the v1ny11c methyl group 1in the NMR
: » . (i «x
w,

A _ Mol B
spectrum, Furthermore,:.‘“ “ignal at & 4.53, a typical

value for the: benzyllc proto Xaf the benzyl ether group,
~integrated for one proton only. Though the structure of

this product could not be ascertained, the spectral data

were incompatible with the structure of the desired Diels-

?Aldeg adduct. However, use -of one equivalent of stannic

”4oride in the Diels-Alder reaction, to our delight,

roduced the adduct 76 {mp. 68-69°C) as a single product

©

1n 60% yleld The absorptlon bands at 1748 and 1725 cm ~1

ketone.carbonyls.— The mass spectrum failed*tovshow‘the,,

/

expected &olecular ion but registered a fragment at m/e
300 1366 correspondlng to the loss of an 1soprene unlt as
a result of "a »retrofDlels—Alder process.  The elemental

analysis corroborated well with the holecuLar formula

C23ﬁ2804. The proton NMR spectrum 'displayed three

singlets, a broad one at & 5.44 for the olefinic proton
and the remaining two at 5 7.30 and-1.68 for the aromatic

and the vinylic methyl group An AB quartet at & 4.64 and
. . \

4.54 (J = 12 Hz each) was characterlstlc for t he benzyllc

“in the IR Spectrum corresponded to- ‘the ester and the

~u
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‘group of the naturally occurring capqellanéids 5 and\B.

Y

protons while"the benziloxy substitQted methine proton
resonated at & 4.04 as a multiplet. The‘protons of the
carboethoxy group appearéd és a quartet at & 4.20 (J = 7
Hz) and a triplet at 6§ 1.34 (J = 7 Hz). The regiochemical

aséignméht to the product followed from the | well

‘established pararule47a'b'{8 for the 2-substituted

dienes. -The stereochemistry was assigned accordance

with the "cis" principle48 govérning the:

reaction and under the consideration that the diene should

approach from the 1less hindered convex face of the
{ E . .5

dienophile 70.. The regio¥hand-stereo-chemiCal'assignment'

was shown to be correct™by the eventual conversion of the

adduct 76 to the natural praduct 2. o o

i

. N . . . \
The ketone carbonyl ‘of the Diels-Alder adducf\ 76

could givé rise to the C-S?(éapnellane numb@ging? hydAOXy
X . ‘:"A |

\
\

However, for the synthesis‘bf 59(12);cépnélléne (2), the
reductinn of +he ketone carbonyl tof’the“ corresponding

methylene is essential.  Also necessary 1is the reduction

"ofkthe éster group -of the adduct 76 to the hydrocarbon

level to ‘install the anjular methyl group of the target

-molecule, Conventional methods for the direct reduction

~f ketones tb~hydrotarbons, such as Wwolff-Kishner reduc-

tion and Clemmensen reduction employ strongly basic or

-

acidic <conditinns, The compound 76 which possesses a

DiqlS*Alder'

44



labile B-keto-ester functionality as well as a carbon-

carbon double bond would not survive under these condi- -

~/

tions. Another commonly used method to effect the

reduction involves the formation of a thioketal folloQéd
by desulfurijation“with Raney nickel .49 Towards this end,
the adduct 76 was treated with boron trifluoride etheréte
in 1,2-‘-éthanedithiol50 aterOm temperature. Under these
conditions, along with. the expected thloketal1zatlon, the
add1t1on of 1,2- -ethanedithiol, to the carbon carbon double
bond and the _debenzylation of the benzyl ether were
observed. These sidéereactions could .be suppressed by
. . /
conducting the Treaction in dichloromethane using two
eouivalents og };Z—ethanédithiol and the desireo thioketél
77 Qas obtained in a moderate yield of 45% . Several
‘attempto to imorove the y%eld, nowever, weré nop.success4
ful. That the - thioketal was indeed f@rmed was 1nd1cated

by the presence of a complex multlplet between 6 3.32-3.06

- corresponding to two.methylene groups of. the .thioketal.

Two singlets at § 7.36' and 1.64 corresponded to the

aromatic protons and'vinylic methyl group, respectively.
The oenzylic protons‘appeareo ao an AB quartet at § 4.65
and 4.52 (J = 12 Hz) while a broad doublet at & 5.33 (J =
4‘Hz) corresponded to the olefinic proton. The presence
of a carbonyl absorption at_l§22 em™! in the IR spectrum

indicated that the ester group also has survived the
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thioketalization conditions. The mass spectrum displ%yéd
; . ‘ _

a molecular ion peak at; 444.1794 corresponding to the
molecular formula C,gH3303S, required for the thioketal
77. 'Thevthioketal 17 wés szjected to the treatment wi'th
Raney nickel in ethanor'at room temperature;. Unfortun-
‘"atély,’the attempted désulfurization reaction showed lack
.of selectivity. In addition to the reduétion of the
tﬁiokétal, thevcarbon-carbon double bond was saturated and
the benzyl ether was also cleaved. Thése results com-
pelled us to explore other routes to remove the ketone
groﬁp of the adduct 76. | ° o

In principle, the reduction of the ketone carbonyl of
the adduct 76 to thé hydrocarbon level could be achieved

o

indirectly by deoxyéenation of the corresponding alcohol.

}n a similar manner, the ester group of the compound 76

¢ .
could also be converted to the angular methyl group of the

-

target molecule. Thus, it is conceivable that both of

these transformations could be cafried out simultaneously

ia the intermediacy of a 1,3-diol. Accordingly} the

N~

edhction»of‘the keto-ester 76 was aukemptéd with lithium

‘aluminium hydride in tetrahydrof._-in at room tempera-

ture. This reducing adent proved ¢~ De quite inefficient
as a"complex mixture of product:z wa= producedQ To
circumvent this problem, the keto-es ~as subjected to

reduction with other :reducing agents.  Sodium bis|2-
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methoxyethbky]aldﬁinium'hydride (SMEAH) is known to be as
'gffectibe as lithium aluminium hydride in the‘redhctioh of
' ketones .and ,estefs.SI?'b
wide range of organic -solvents, this reagent, in compari-
son with lithium aluminium hydfide, reduces tﬁe ketories
and esters at a fésteé rate,>1¢
ester 76‘with SMEAH fh tetrahydrofﬁran at room temperature
furnished, to our delight, the diol»78 {mp®136-137°C) as a
single product in quan}itative yield. The absence of the
carbonyl absorption bands. and the appearance of a new
absorption band at 3360 em~! characteristic for the
hydroxyl group, 1in the IR.specﬁrum, showed the complete
redﬁction of the ketone andvthé ester groups. In the NMR
spectrum a‘doublet at § 3.1? ,(q,=»_7 Hz) forba hydroxy
substituted methine protoﬁy%hﬁ)én AB quartet at & 3.70 and
3.50 (J = 12 Hz each) for the hydrox§ bearihg‘methylene
group further supported the assigned structurq 78. The
mass spectrum of this compound displayed a molecular 1ion
at 328.2041 equivalent to - the molécular ﬁormula

Cp)Hpg03- . Fragments at m/e 310.1930 and 292.1824,

respectively corresponding to the loss of one and two

-

water moletules, were also observed. SMEAH has been ;hown'

toq be a weakly co-ordinating reducing agent.szi'-53 Its

initial co-ordination with the ester carbonyl™ and ‘the

ether oxygen of the adduct 76 should facilitate the

v

-

Moreover, being soluble in a -

Reduction of the keto—u
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delivery of the hydride ‘from the El_facesﬁ of the ketone

carbonyl as depicted in structure 79. On the basis of

¢

this consideration, the "trans" stereochemistry was
tentatively assigned to Fhe diol 78.
Reduction of the adduct 76 with potassium tri-s-

. butylborohydride (mK—S_electridé)Ssa in tetrahydrofuran at

room temperature gave the mono-alcohol 80 which on further

reduction with SMEAH furnished the diol 81 (mp 110-111°C)~

in 80% yield. Thi; compound showed an absorption band for
the hydroxy group at 3360 em™! in the IR spectrum and a
molecular ion at 328.2041 equivalent to the molecul®%r
formula’ C21H28b3 in {he mass spectrum. However, the
meiting point and the chromatographic behaviour (tic) of

this compound were found to be different from those of the

. diol 78, The ﬁroton NMR spectrum of the diol 81 displayed

a doubhle at 5 3,65 (J 6 Hz) for the hydroxy substitqtéd
methine proton and an AB quartet at ¢ 3.66. and 3.57 (J =
12 Hz each) for the hydroky beafing méthylene group.
Comparison of these values with those of the reSpeétive
protons in ‘the diol 78 further confirmed their non-
identity, K-Selectride 1s  known to

coordinating2?@+® reducing agent and it

reduces the ketone carbonyl of the adduct 76 from the less

hindered si face.’? ©On the basis of this assumption the
=2 t4 | o

"cis" stereochemistry was assignea/:o the diol 81l. The

[
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stereochemical assignments made to the diols 78 and 81
were shown to be correct by subsequent transformations.

The conversion of the ‘diol 78,rdr 8l to 49(12)_

cgphellehe (2) would require two major operations: t he

removal of both the hydroxy groups (e.qLL,to 82) and the

- . B . S
modification of the <cyclohexene ring. . The synthesis

could, in principle, proceed with eitﬁer of these

operations. It was fel£ that it would be advantage&us to
modify the cyclohexene riﬂg prior tb the removal of the
hydroxy groups. Tgyexplore.the feasibility of thé ring
contraction process, the diol 78 was conyerted to the
diacetate 83 with acetic anhydride in pyridine. Treatment
of this diaceta£e “with ‘osmium :tetroxidéfsodium meta-

periodates6

4

formation of a complex mixture of products. However, when
the diacetate 83 was ozonolyzed in dichloromethane at

-78°C and the resulting ozonide was reduced with dimethyl

sulfide, to our delight, the desired enone 84 was formed

in 60% yield. Apparently, the intermediate keto-aldehyde
; g :

85, produced by the ozonolysis-reduction process, under-
went further aldol condensation to give directly the enone
84. .The IR spectrum recorded two intense absorption bands
at 1740 and 1660 cm™!, respectively, for the acetate and
t he conjhgated enone carbonyls, The proton NMR spectrum
displayed four singlets - a rather broad one at § 6160 for

4

in dioxane at room temperature resulted in the
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the Bg-proton of Fhe conjugated enone and thre?‘sharp %pes
at & 2.30, 2.06 and 1.84 for two acetate and one acetyl
methyl groups. Tse mass spectrum of the enone 84 showed a
molecular ion pe?k;fat_ 426,2035 co%fespondrng to the
molecular formula C55H3006,f\

The efficient ¢onvefsion of the diacetate 83bto the
enone 84 1indicated that the_ri‘_ng A of A9(12)-capnellene
{2) could be constrqcﬁed via a process involving ozonoly-
sis and intramolééularnaldol Condehsétioh., éoweyer,.thei
acdétate was considerei to be inaﬁequate as a protecting
vgrqup for_thé hydroxyls of the diol 78 and 81, as‘£t5wou1d

probably not survive under the conditions requlred for

furthe=r transformations. .'Furthermore, the use of acetate ';
for the protection of hydrogy groups wouldﬁ;r?quiueg
adjitioqal synthetic operati@ns for the deproLeéFi&nfénaa
subseguent activation of the hydroxy groups fo}vvthglr
dltimata r«anal.( Consequentlj,‘a more stable protputlﬂgy
grOJp ;hlvh also coull serve as an actlvatlng gro@p fom:
the ultlmate removal of both- the hyq;oxyls wasy
desiyable. . |

’

: 2
Recently, Ireland®’ has reported the preparatior
. ‘Wa

N.

]z

N Ef-tetramethylphésphorod1am1date 1er1vat1ve“‘0ﬁ;;%eﬂ % v
g}" N

alcnhnls using N/NLN' N —tetramethyld1am1dopho€§hoﬁ$; P f'i.

chlnariidate as a phosphorylating agent. "Liu

« workers®? have later »n developed a modified proce



f

"
the preparation of these derivatives from sterically
hindered alcohols, which involves the treatment. of an
alcohol with' a more reactive reagent, E,E;dihethyl—
amidophosPhorodichloridate,' followed by quenching the
reaction with anhydrous dimethylamine. The phosphoro-

diamidate derviatives are known to be rather stable

compound857'58 which are unreactive under mild acidic,

basic and hydrogenation qonditions, as well as towards the
m2tal hydride reducing agents. However, when subjected to
the dissblving bmetaf’ reductions, these compounds were
shrown to undergo carbon-oxygen bond. cleavage to give the
coz:esponding hydrocarbons.57'58

shosphorodiamidate derivatives could be utilized for the

proicection as well as the activa%ion of the «hydroxyls.,
D

gs

Thus, to investigate the feasibiii&fﬁof this method the
réparation of the bisphosphordiamidates 86 and 89 from
51s 78 and 81, respectively, was attempted..

. : [ ;
Treatﬁent of the trans diol 78 with soaium hydride

énd ' EJE;dimethylamidophOSphorodiéhloriﬁate _ in
tetrahydrofuran at room temperature followgﬁ by quenching
the reaction with anhydrous dimethylamine gave a single
product. The IR spectrum of this compound showed an
intense hydroxyl absorption at 3360 cm™! suggesting that

the compound obtained was probably a monophosphorodi-

amidate derivative rather than the desired compound 86.

These properties %t the
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This was confirmed by the mass spectrum wh%ph displayed a.

molecular ion at 462.2651, eqUivaipng

e

formula C25H3904N2P. The prdton NMR 5¢“»¥lm showéd two
‘doublets at 6. 2.68 and 2.66 (J = 10 Hz-eéch) cor;espondpng
to two dimethylamino groups. .The déwnfiéld shift éf the
signals at £ 3.70 and 3.50, obseryeq ’fér the hydro%y—
-methylehe‘protonsﬂof the starting di¢1'78,.tqﬂ6 3.85 and
3.70 further suggestedf that the primary hydroxylb~was
geﬂégkiVefy phosphorylated. Accordiﬁgiy, the structure 87
‘ ‘ -~

was assigned to this cowpound.' The failure of the diol 78
j

to ‘undergo bisphosphoq&lation could be .rationalized on
, » E G

J

L ~ S [ , -
steric grounds, Being/ adjacent to a quaternary center as

‘well as being endo~or#ented with respect to the bicyclof-

|

[4.3.0lnonane system, /the secondary hydroxyl is gxtremély‘-‘w

/
)

{ .
'~ congested. . This cpntfibutes to its low reactivity towards

"a bulky reagent. _ It should be noted that the diol 78
cplad, in  principle, react with N,N-dimethylamido-

v L
.phOSphDrodichlorida¢k t> Give the cyclic phosphoramidate

88 which, however, [was not. formed presumably due to the
o ("_ . - . :
N
trans-orientation of <the hydroxy ‘and the hydroxymethy!l
: ' ‘ ‘ : ,
groups. = The assigned sterenchemistry -agrees well with

these nbservations.
“nder  similar chncitlons, ‘treatment of the cis-diol
81 with sodium hydride and N,N—d&metpylamidbphosphoramide
: -, B K4

in tetrahydrofuran at  room  tempefrature followed
. . v?'.g.. i . o

9‘:‘\ V. —u

¥t he mofcular'
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quenching tﬁe reaction with anhydrous dimé@hyiamfne also
gave a single product. The absence of hydroxyl absorption
band iﬁ‘its IR spectrum indicated that both .the hydroxyls
were phOSphorylated; In the NMR spectrum, the doynfield

shift of the signal for the hydroxymethine proton of diol

)
Bl at & 3165 to:é 4.53 and a similar downfieig shift of
t%e'signals for'the.hydroxymethyiéne protons at 5 3.66 énd
£ 3.56 to £ 4.32 and £ 4.05 further suggested that the
phoSphorylation of both the hydroxyls had occu%red.b\The

présence of one doublet at & 2.69 (J = 10 .Hz) integratirig

for six protons indicafed that the compound possesses only

one dimethylamino group. The cyclic“phosphoramidate 90

- 3

rather than-the‘bisﬁhosphorodiamidate 89 corroborates well
with the above spettral data. The mass spectrum confirmed

the above structural:assignhent by displaying a molecular

ion peak at 417.2063 cofrespondfng to the molecular:

. Oy

' e T B b - e
formula C,3H3,04NP. > The facilg formatiﬁ% of thg;cyclic

phosphoramidate 90 from the diol 81 and the formation of

~ only the monophosphorodiamidate 87 from the diol 78 1lend

substantial jsupport to the stereochemistry .assigned to

these diolsJ

. r : ’ ' o :
Although the cyclic phosphoramidate group in 90 would
T : .

vadéqﬁately ﬁserve the purpose of protecting the 1,3-d10}
| H S,

. I . : .‘ .
through‘theiensuing transformations, the behaviour of such

cyclfc pho#phoramidates in the dissolving metal reduction

4 ! &
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reactions 1s not known. ‘1t was thus necessary to study

the dissclving metal reduction of the Cyélrc phosprsr-

amidate 90 before proceeding with the synthesis. Treat-

»
ment .of the phosphoramidate 90 with. lithium-ethylamine

o

in tetrahydrofuran at 0°C furnished a single product. The

IR épect:um displayed an intense hydfoxylwabsorption at

. characteristic for the benzyl group were -absent. ‘These

observations, indicated that the reductive removal of the

i

_ ' ~ i | SO
benzyl rotecting ~grcouyg had regenerated the hydroxy
Y P 3 g e 3¢ ; y

group. The proton NMR spectrum. also ’dlspla;ed . a sharg
8 C B

By

methyl singlet at 4 1.06 suggesting that _thé‘ pri@ari

"

_c5rbon-oxygén‘pond of the cyclic phosphoramidate Jroup was

reductively cleaVed, The presence of a mclecular 1onrn peak
at 222.1623 correspending  to  the molecular formula

C14%2202 glong with the fragments.'at m/e‘ 204.1Sl4 ,%pé

~186.1406 due to the loss cof one and two water molecules,

~the product in hand is the diol 91. The doublet at % 3.3z

fsr a hyiroxymethine proton adjacent to only one hy3rocer
_tao on

5

atom and a multiplet at 5)4.0'for\a"%éﬁ&dd,hydroxymethlné

. ' ‘.1 W v :
proton 10 the "proton NMR sQechumgﬁgrfboorated well witnh
’ ¥ . ’

the diol structure 91, This result showed that the

3360 cm-l. In the proton NMR spectrum, the signals

respectively, 1in the mass sepctrum strongly suggested tha®

dissolving meral .redyction cf a cyclic “ohposphoramidate,

& S
. . Ll . G b .
like 90, derived from a 1,3-diol leads~t5§%ie cleavage ot

o

5"7
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only one carbon-oxyjen bond selectively.. This interesting

res&}t,‘ though not Jyseful for the present purpose, may
. 4, ' .

i

have*vpotent:al applications 1n other areas of organic

A

synthes1s.

L

N .

'The efforts directed towards the preparaticn of the

T :
nisphosgnorndiamidates 86 ancd 89 ‘led to the following

<

resgecsively from dinls 78 and 81 could nct be realized,

Secondly,i though both the hydroxyls of 81 could be

- ok . .
protected © as g the cyclic phosphdramidate 90, thelr
sir_lvanecus remcva. via 90 was not possible. Thus, it

 was realxzep trnat . the ability of a phosphoramidate group

L4

@

- ‘sefv both as a protecting Group as well as. an

activating group could not be effectively exploited toc the

nerefit of the synmthesis. At this stage 1t was decided to

t+ 82 ,pricr to the modification

592,5,¢,2  thar rhe

'

,

W

rhtolysid of acetates at 254 nm 1nm agueocus hexamethyl-

3

3
oy

sspmoramide - effects carhbon-oxygjen bon2  Cleavage to

"

crovi e the corresponiing hydrocarbeons.

5

Accordingly, the

diacetate - 83 was dissclved 1n hexamethylphosphoramiie

s

et

crmraining 1fw water and 1rradiated at 254 nm 1n a Rayone
mir:-reactosr.  However, - = starting diacetate 83 was

recvered anhaﬁgei from the reactinn mixture,

conclusions, In the first place,’ their preparation,

T AN
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“rand coppér(I) chloride. 3 To apply these methods, the

"ajreement with the reported observations. on

in qhant;tativeoyield.

>
It is well . known that the sulfonates of simple

alcohols .can be reduced to the corresponding hydrocarbons

with 1itﬁiﬁm ~ aluminium hydride,60'61'62'63 sodium

cyanoborohydride,84765/66 and lithium triethylboro-

hYdride,67'68'69'70 thus

‘genation of alcohols. It has also been shown that even

the sterically hindered mesylates can be reduced when the

-reduction 1is carried out ihqthe pr%sence of a transition

Y

71

metal salt such as nickel chloride, cobalt chloride’?

dimesylate 92 was prepared By treating the diol 78 with

methanesulfonyl chloride’? and triethylamine in dichloro-

methane at room temperature. The mesylate 92 was sub-
sequently subjected to the treatment with several reducing
agents such as lithium aluminium hydride, sodium cyanc-

borohydride and lithium triethylborohydride under various

conditions. - These attempted reductions invariably gave

the diol 78 1n qguantitative yiéld as a result of the
cleavage of the sulfur-oxygen bond. These findings are 1n

hindered

N

’ 2 . . . .
mesylates./s Even when the reduction was carried out 1in

the presence .of a transition metal salt such as nickel

chloride ! and ‘cobalt chloride,72-tﬁe diocl 78 was produced

N

Recently, two ‘additional met?@ﬁé have b
o P 5 L \:éi(:‘/
' : ﬁwmv.

indirectly effecting the deoxy-

59
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for the reduction of sulfonates. ‘ Shono. et 1.76 has

demonstrated that electrdlysjs of mesylates, including the

‘hindered ones, producés the corresponding hydrocarbons.

The otner method developed by Fujimotoggg_gl)77 involves
the heating bf a mesylate with zinc_dust and sodium iodide
in a polar‘solvent such as dimethoxyethane, dimethylformé
amide, dimethylsulfoxide and hexamethylphosphoric tri-

amide, Both of these met hods were attempted. Electroly-

sis of the mesylate 92 under the reported conditiog§zﬁ

‘however, failed. to effect its reduction and the starting

ﬁaterial was recovered quantitativély.‘ on thé other hand,
when the dimesylate 92 was heated' with zinc ana sodium
iodide in dimethylformamide at 145°C, to our delight, a
ﬁbn-polar product was formed. The proton NMR spectrum of

this compound showed no signals characteristic of the

mesyl group indicating that both the mesylates have been

removed. 1t further displayed a singlet ét)é 7.34 for the

o

laromatic protons, an AB ‘quartet at £.4.61 and 4.47 (J = 12

Hz each; for the benzyiic protons, & multiplet'ét § 3.79
- ' ‘ v ¢
for the benzyloxymethine proton, ‘and two broad singlets

at % 5.46 and 1.70 respectively for the.olefinid proton
o N ' I PR

ani the vinylic methyl group.®» These spectral data in-

Jdicated that the benzyl eth%’”and the canbon carbon douhle

nond have survlvej the reauglon condltlons.p The absence

»f a signal’ corgesponding :ﬂh the- angular methyl group,uf

"")’J'! .

Iﬁ& ! %

P
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however, suggested that thé product was probably not the

expectedv compound 82. The appearance‘ of a doublet of

doubrlets (J = 4 Hz, J' = 8 Hz) at an abnormally high field

"ot & O.fﬁﬂ{n the 'proton NMR spectrum suggested that the

" i
LN

- compound is'’a cyclopfopyl derivative. Accordingly, the

ET

’ * . ’ i . . . -
structure 93 was assigned. - This assignment was confirmed

.by the presence of a molecular ion at 294.1975, equivalent

to the molecular formula C21H260: in the mass spectrum,

“The formation of compouhd 93 could be rationalized by

invoking an»organéziné intermediate such as 94 which could’

undergo cyclizatidn78 via a SN? type displacement leading
to thé.observed.product. It 1is conceivable that such a
Vfing closure could béf suppressed by the use of the.jiig
analogue of the dimesyléte"92 as a starting material.

- Thé~gl§_dimesyléte 95 was eésily prepared by treating
thevdiol 81 with methane5ulfonyl chloride and triethyl-

74

amine in dichloromethane. Oon heating the dimesylate 95

with zinc dust and sodium iodide in dimethylformamide at

145°C, a single compound was formed. This compound was .

shown to be different.from the cyclopropane 93 by direct

comparison. A careful study of its spectral data showed

that the compound was the monoalcohol 96 and not the

~

F A decoupling exber}hent located the other two cyclo-
propyl protons at & 1.24 and 1.30.
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expected benzyl ether 82, The IR spectrum showed a
hydroxyl absorption band ét 3360 cm’i. In tﬁe proton NMR
spectrum £he'angu1ar methyl resonated at & 1.02 and the
hydroxymethlne proton appeared at & 3.46 as a doublet (J =
S Hz). The mass spectrum dlsplayed a molecular ion at

312.2084  corresponding to the molecular formula

C21H2802' As the attempts to remove both the hydroxyls of
the diol 78 or 81 via their mesylates did not succeed,
other methods were exploréd to achieve this transform-

ation.

N B@rton79 and others84 have demonstrated that on reac-

4

tion wiﬁh trijgjbuﬁylstannane, §;alkyl xanthates, derived
from the cofresponding aléohols,v yield related hydro-
carbons. Ié was further demonspréted that ;he related
derivatives - sucﬁ és thionobenzoate, 982 _thiocarbonyl
i‘mmid_azolide,79'83 thiofo;matesso and phenoxy thiono-

a

carbonateBl ailso undergo the above transformation. The

épplicétion of suchr a reaction to the d%pl 78 or 81
should, 1in pr1nc1ple, provide the desiredv‘compound 82.
Initial attempts to convert the lel 78 to the corres-
ponding bisxanthate with carbon, disulfide and methyl
iodide failed to give ahy;reaction product. COnsequeqtly,

the reaction of tﬁe dibi» 78 - with phenoxythiocarbonyl

8l sas examined. When the diol 78 was treated

chloride

with phenoxythiocarbonyl chloride .and 4-(N,N-dimethyl-

63
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amino)pyridine 1in acetonitrile at room teméerature, a
single product was for%ed.‘ Its spectral data 'showed that
this compouna wés the monothionocarbonate 97 rather than
the expected bisthionocarbonate derivative 98. The
hydroxymethine proton appeared as a doublet (J :‘7 Hz) at .
8 3.60 in the NMR spectrum while the AB gquartet (J = lé Hz
each)lpf the hydroxymethylene protons of thé starting diol
78 at 6 3.70 and 3.50 now appeared at & 4.58 and 4.28 (J =
12 Hz each). Though the yé;s spectrum failed to display a
mblecular ion, a fragment at m/e 370.1602, résulting from

the loss of a phenol molecule, was registered. The fact

that the‘'diol 78 failed to give . the b{sthionocarbonate 98

L}
once again indicated that the simultaneous derivatization

of both the hydroxyl§, with a rather bulky reagent was

difficult. .When the deaerated solution of the thiona-

»

‘Carbonate 97 1in toluene was treated witn one and ha.f

equivalents of tri-n-butylstannane and a catalytic amoun®

of 2,2'-azobis{2-methyl-2-propionitrile] and refluxed for
3 h, the monocalcohol 99 was formed in 6Jr yield (over tw-

steps from 78). Tne IR spectrum showed a hydroxyl absor;-

) - *
tion at 3440 cm”}, The proton NMR spectrum showed a
methyl singlet at 5 0.98 and a doublet (J = 7 Hzi for the
hydroxymethine proton at % 3,30, The mass épectrQw

displayed a molecular ion peak at 312.2081 equivalent t.:

the molecular. formula CyyHyg0> along witn a fragment a-
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' |
m/e 294.1978 resulting from the loss of a water molecule.

As 'a consequence of the unsuccessful attempt to
simultaneously derivatize both the hydroxyls of the diol
78, we turned our attention to the cis-diol 81. ,Treatment

of the diol 81 with an excess of 7phenoxythiocarb6%yl

chloride and 4-(N,N-dimethylamino)pyridine in acetonitrile -

gave the cyclic‘thionocarbonaté 100 in a moderate yield.
The IR spectrum of this compound shdwea no hydroxyl
absorption. Iﬁ the proton NMR $pectrum, the methine
proton of the .cyclic thionocétbonéte groyp gave a doﬁblet
ét 5 4,00 (J = 6 Hz) while the methylene protons apééared
as an AB quartet at 45 4.08 and 4.20 (J = 11 Hz eaéhf. »The
ma§5 spectrum showed a molecular ion peak at 370.1605
equivalent to the molecular formuLa C2£H26O3S. Barton®?>
- has reported- that the treatment of a six-membered cyclic
thinnocarbonate, derived frém a prihary and a sécondary
alcﬁhol, wlith ﬁrfjgfbutylstannane results in the cleavage
~f the sedondary carbon-oxygen bond seib:tively. y Sdr-
prisingly however, treatment of the cyclic thiéno—
carbonate 100 with two eguivalents of‘trijgfbutylstannane
and a .catalytic amount of 2,2'-azobis(2-methyl-2-propio-
nitrile! 1in refl@xing tqluene for 3 h resulted 1n the

complete recovery of the starting material.

The results of the experiments carriedfout for the

simultaneous remonval of the hydroxyls of the diols 78 and
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:@ﬁv 81 fo produce the compound 82 cleagly indicated that such
conversion could not. QS achieved gasily. In order’to cir=-
cumvent ‘this problem it was decided to remove the
hydroxyls in a’ stepwise manner. In this regard the

monoalcohol 96, obtaifed from diol 81 by zinc-sodium

jodide %eduction of the corresponding dimesylate 95, and

4

t he monoalcohql 99 obtained frgm the diol 78 via tri-n-

butylstannane reduction of the tQionocarbonate\ 97, were

\' . . ' . N » . .
t he 0bv10us 1nte;med1ates to proceed with the synthe51s.

To effect the deoxygenat1on of these monoalcohols 96 and

.

99 the phosphorodlamlgate method was initially attempted.
The monoalcohol-96 was treated with sodium hydride

: 2
e &

Aand; N~d1methy1am1doph05phorod1chlor1date in tetra-

hydrofuran at rOOm temperature. Quenchlng of the reaction
l
mlxture WICh anhydrous dlmethylamlne gave the phosphoro-

dlamldate IQl 1n 60% yleld; The IR spectrum showed the
‘.abseﬁce :éﬁﬁfé; hydroxyl {abso%btion. “In the proton NMR
N;peqﬁﬁgm¢;h; goﬁbiét3éf doubigts (J = 6 -Hz, J' = 10 Hz) at
5‘\4;21iw;of;e5ponded to  the proton adjacent to the

[

phosphoramldate group wh1le the two dimethylamino groups

gave. two doublets (J =10 Hz each) at & 2.85 and 2.70.

m‘ .

The mass'spectrum reglstered a molecular ion at 446.2700

equivalent,;o the molecular formula C25H39 203P along with
"a fragment at m/e 294.1979, resulting from the loss of a

]tetramethylphosPhoramidic acid molecule.
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Similar treatment»of the monoalcohol.99 with sodium
> hydride and 'ﬁ{_&-dimethylamidophosphorodichloridate in
i, tetrahvdrofuran _at room temperature followed by the
| addltlon of an excess of anhydrous d1methylam1ne gave the
. phosphorodlamldate 102, in 553 yleld "The 1IR spectrum
oushowed -no 'absorptionJ characte}istic ofrnthe ~hydroxy
group In the protOn NMﬁ Spectrunu the hydrogen atom
’adjacent to the phosphoramldate group resonated at § 3. .98
5.5 doublet; of doublets’ (3. = J' = 7 Hz) while two

doublets at & 2. 72 and 2.70 (i = lOZHz each) corregponded

. to two dlmethylamlno groups. «The mass Spectrum dlsplayed‘

a molecular ion at 446 2702 equlvalent to the molecular
“'dvformula C25 39! H,»03P along Wlth a fragment at m/e- 294, ,1986 "

resultlng .ﬁrom the loss 'bf a tetramethylphosphoramld1c . '

acid molecule. . ..
: 3 ‘ , .

The reductlon of the LhOSphorodiamidates 101 and7l027 .ﬂlh

«was next examlned Treatment of the phoSphoramldate 101 - :
o Cod . N

in tetrahydrofuran w1th llthlum and ethylamlne at 0 C gave
gr. .

the monoalcohol 103 1n ‘a mdderate yleld of 50%.fuTheVIR

spectrum of th1stalcghol showed a hydroxyl absorptlon ‘at - ,f

f . " v

' 3380 _cm'l;", The proton NMR spectrum sngwed no_ slgnals~ T
'correspondlng to the benzyl group. The'olefinic protonv

,
S

. appeared as a,broad 51nglet\%t 6 5 30 whlle the v1nyllc- .

5. -t .
and the angular methyls gave 51nglets respect1vely at 5 p/p\\
l 66 and O 98. .- The hydroxymethlne'proton appeared as a

v N ) : : ) Lt
e .
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»uration.

: pr1mary mesylate, ‘it ‘was concelvable that sthe monomesylate ;P;%Qﬁﬁ

a

multiplet at @& 4.20: & ‘The ‘mass spectrum showed the

-t

molecular 1ion at '206.1662 eguivalent to the mclecular

formula Cy4H3,0. The elcohol\103 was aldo obtained in 55%

"yield by' the lithium-ethylamine reduction of the phecs-

phoramidate 102 under similar conditions.

Thé above results showed that the poosphfr~*1 midate

me thod could suCcessfully be applled for .the deoxy,e i?;oJ

B .
; ‘:.e.
¢ 5l
=
&
i

of the alcohols 96 and 99 However, 51moltan90us cleavayd’”

Y \

of the_benzy& group necessitates the reprotection of the

resulting: alobhol,»vprior to proceeding witf.’therj§ynthe-

b < . . ) " . s . ‘4 .
sis. Tﬁis limits the synthetic utility of this method, 1in
the preseﬂth{éontext, considerably. CtheQuently, cther

methods ,df deoxygenation were explored -‘It ,was also

"éec1deo o focus our attentlom on ‘the. monoal ohol 99 sxnge

Wm W eI A

'thls alcoho@ can*&‘ﬁepar@dwﬁjﬁhreo s»teps !ﬁh "an overall *
'yleld of 60% from whe [nels Alder adduct 76, as compareu
_hto the 36% yleld of the monoalcohol 96 obtalned from the .
;fsame Compound over four steps. It is a noteworthy that |

'%he algohollc group of the compound 99 and those of the ’

1

»}’capnellan01ds S-and ‘8 at C 5, possess the same config-

It‘wasfprev1ously foundgthat “the redﬁétion %fﬁthe,
dimesylate\ 92 resulted in. the formatlon of the cyclo- Lo :
' R Ty e

.prOpane derlvatlve 93 (vide supra). .In the absence of the N f,ﬁ;v_

— - - -\5 _,,,:c.'.

‘@x
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.

b

,'fs1n@§§ws at 617.3mp‘1,50 and 1.10 respectively for the

1

|

‘
1

104 would undergo reduction in&ng ‘rise to the desired

o go%%oun¢~ 82. ., The mesylate 104 was readily prepared by

treating the alcohol 99 with methanesulfonyl chloride’?

and triethylami# 1n. methylene-chloride 'at room tempera-

ture., Subseguently, heatin; the mesylate 104 with zinc

antt sodium 1odide 1in dlﬁetnylformamide at 145°C resulted
. ) /

1~ the formation of - twce compounds.  The separafion of
these two o compeounds, althougn cifficulr, «was achievesd by
.chromatograghy on  a .S1lica ,gel c~lumn. A caref.l

‘examination of the *spectral Zata of the pore ~compoundg

~

’ » v }\, e ‘<
revealeZ that the fast mcving compound wgé the expected

reducticn product 82 and tnhe slow moving compodnd was theé

’

ciene 105, formed Ny the elirminaticn of the ‘mesylate. In

the proton NMF spectrur, the latter compound showed three

~

< e

: : . \ , o ,
aromatic protons, the vinylic methyl group and the angular

. » - i

" methyl group. The two olefinic protons gave rather broac

[
' °¥

singléts‘ at % 5.50 an 5.38. The. benzylic protons

1]

appeared as ah AB quartet (J 12 Hz each) at & 4.62 and

"4.50 while the benzyloxymethine proton appeared as a

.mygtiplet. éq 6 3.80. The mass'sbectrdm showed a molecular
% . 2 . - ) . s i R

s
N

ion peak at 294.1984 equivalent to t?e molecdlar,fbrmula-

ACi4H26or. Tng‘compound 82-showed fourvsihgletsfapibéﬂ
5.28, 1.66 and 0.98 fespectively for the aromatic protons,

; : ' : . : ~ =3
the olefinic proton and .the vinylic #and angular methyl

7.28,
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groups.. The benzylic protons appeared as an AB quartet (J
< 12 Hz each) at * 4.60 ani 4.51 while the Dbpenzyloxy-
meX nine proton  jave a multiplet at ¢ 3”82. The mass
spectrul re;lstereé a molecular 1on pear at 296.2136
COrrespondln% ‘to toe' molecular: fofmula C2{H28U.'. A
com;;gte.Syp;ress;on »f the side reaction leading t~  tne
formation of. di?ne 105°‘oould not Do achie?ed .elther Dy

21Ny trhe solvent (“1meth 1 sulfnxide, hexamethylphos-

gramide, di-n-butyl éther= "nr ‘the reagent (sadiym,

protassiar o and l;th‘umth'wii‘ ). The o compound 82  was

e - :

by heating the mesylate
- k4 . ! .

104 wi=h zinc arnd lithlup 10GAC ‘ Npethylformamide at

- ~ —~ .,‘~.m . ' . ' )
145°7, 'nder hese conditions the\_dvene 105 was alse

k)

Farmei tn the extent of-20%,
. )

: . . ‘ P
In an eff-rt tv improve the above conversion (99 -+ ¥
. i . 4 - .

.82,, several othar deoxyjehatinn~methods were examined.

‘Trea¥tment of the .aLcohol- 99 with phenyl <chlorothiono-
o ‘ | - | . N .
carbonate and - (NIN- dimephylahino)gyridlné resulted in

the complete':ecovery.of the starting matérﬁal._ When .the

alcohol 99 was treated with potaésium hydride.ahd‘carbon

‘disulfide in tetrahydrofuran at room temperature followed
»

by addition.of an excess* of methyl iodide, the S-methyl

3

xanthatQ@AOG was furnlshed as a- 51%g1e reactlon product in

40% ylgld Nelther chang1ng the solvent to’ 1,2- dlmethoxxf

Vo

ethane86’ nor use of 1m1dazole as a catalyst79 1n the . A

el
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reaction resulted 'in the‘.‘irﬁpr<‘3vement of the yield. The

structure of th&. xanthate 106. w'as‘ evident from its

-

spectral data. In the proton NMR spectrum, the doublet

.c.
34

at 5£.5.69 (J = 7 Hz).correspﬁnded'to the proton adjacent'

to the xanthate while ‘t.h84~"_§_"methy1 group gave a sherp

singlet at & 2.66. The chem¢cal ionization masg"
showed the molecular 1ion sat 402, equiva

mclecular formula C23H3002 2 vHeaPtlng ,the

W B N
wlth trl-n buty*stannane and
azobis[2-methy1-2spropionitri

2 h gdave the compound 83 if ;‘tativ‘e yield'.‘ Though
E . . (%Y .

|

, tnwthate pathway (99 » lo%li 82) did not ‘r’e‘sult in a
g . i T -
fTicamt increase in the yield of 82 over the mesylate

R
S14
7

B

pathway (99 » 104 +'8'2_)', the ‘forq\er ‘pathway furnished the

7compound 82 a s‘ingle product ‘ahd: ms- avoided the

’. K4 T ' o
tedEOus pUr1f1cat 10n step encountered 1n(§;the reduction- of
the 'mesylate 104. o ® _

/ After’ tlpe diol 78 was successfully converted to the
.

compound""p“§2 % focusec ouT attemt”ion ori- the modlflcatlon,

-

of Jthﬁ cyclohexene ring of 82 Previously, in a one-pot
reaction,- the dlacetate 83 was . eff1c1ently converted to.»

the jrlqulnangxd comoungﬂ 84 1nvolv1ng an _ozonoly51s—

reduct1on—ald‘ol cor&nsatlon Lproces‘s (Av1de, supra).. It was

5

e . .
i o« ' [

expected that application of this method to the compdund

t : S . . . T

82 would “produce the enone 107. 'Accord‘k,i n'giy; a diYChloro—_' A

t‘ "

o 3
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methane solution of the compound 82 was saturated with

e
v ET

. ozone at —7é?Ct - Reduction of the ozonide thus formed with™

el

[T
el S

‘dimethyl sulfide directly gave the enoné .lp7 in 60?

yreld. ~The IR spectrum of this compound showed two.

)

absorption'bahds at- 1660 and 1614 cm’1 corresponding~to'w
p» .

. the enone - carbonyl and the carbon-carbon double ‘bond

respectively. In thegprotonhNMR spectrum, the olefinic

An'\Protom‘appéared as a broad singlet at & 6.69. The acyl

‘ methyl group gave a 51nglet at 5 2.32. QQngass spectrum
re glsﬂgpgd a molecular 1on’peak at 310 1932 equ1valent to
~the molecular formula C21H2602'. S e t@
| The .conversion of the enone“> qu, to the target
o ,
molecule .requires t‘ﬁ ma jor operations —‘the constrts?'_om
eri gl..

- of the ge@—dimethﬁl_group at. C-1 (capnellane'ﬁUmb
and . the 1ntroduct1¥

n of the gléfmethyiene group at C-9.
The‘former Operatigr could, in'princrple;.be ca;;ied out
by flrst(effectlng the deconjugatlve a- methylat10n87’88'g!:
of the enone 107 to produce the ketone ;08. Oxidation'of
thb acyl group of 108 foIﬂowed by L%ductlon of the ester'
group of -the resulting compound 109 t5 the correspopdlng
alkane ‘should complete the construetion of’ the required’
g__;dlmethyl“dgroup.t In Laccordance w1th the:-apofz

strategy, ‘the enone M7 was ‘treated with potassium t-

:}! «butoxidq 1n tetrahydrofurﬁn at 0°C. Addition,of anjexcesa

-~ » ;».)

of methyl,lodlde to’ the reactlon mlxture resulted 1n the

oo,y

&£,



COmSumption of the startimg material

L]

The proton NMR spectrum of “the

crude f@acg%gn
pow

©

in less than

5 min,

‘showed-noesignalﬁkor the gcyl methyl group -at % -2.32 but

showed two broad«singlets,

prdton,

i

at 6 6. 58 and 6. 44

integrating

for a total

fhese NMR data indicat

of. one

ed thé!“

the a,ﬁ unsaturated ketone carbonyl of ‘107 was selectxve

alkyl%§e

110 which then could be sub)ected ﬁo the decon;uga'xv% as g

methylat

3

d.. ﬁm.itge a' position..
e
L ‘h

i

Concelvably,vthzs

o, .F!x

- B

ion reactlon. The ‘¢ster 110 could 1n‘Pr1

B e

prodlem

lvcould be av01ded by -converting the enone 107 to. the ester

nciple,

be. obtained by.sub]ectlng the_ketone~107 to the haloform

reaction

sodium

addition

S at 326,
. k '
“C21H2693-

‘ester’ 110 was treated with-a preformed complex of llthlwm

in 45% yield. Its IR spectrum sh

absorpti

$
carhomet

s‘)

P

90

methoxide in methanol at

0°C followed

. Treatmenp,of the ketone 107 with an excess of

by the

of three equivalents of” icdine gave the ester 110

4

on at 1717 em™ 1, The pro

< *the olefinic"proton at A 6.62 as

Lo

swed an lntense C

NMR spectrum

arbonyil

showed

a broad 51nglet /}he
\
hoxy .group gave‘a sharp singlet at & 3.78.  The

”fd‘

e

1885 correspondlng to

the

molecular

) mass s ectrum of thlS comppund showed a molecularxlon eak
‘ P Pf P

formula

To effect the deconj&gative methylation, the

1n tetrahydrofuran at O C and an excess df methyl

However,

-

.2

iodide.

the start1ng materlal was recovered unchanged

4

N

;

Cproduct

.
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For a long time it has been known that the Favorskifi

rearrangement 22 of a—han’methyl ketones like 111 could be

5

' effect%. under basic . conditions to :produce the corre-

épondihg'd—%ethyl acids or esters of the type 112. It was

>

‘conceivable that the: dichloride 113 prepareg gfom the

_enone 107 could undergo the Favorskii rearrangement to

enone ‘107 was treated with a saturated solution of

chlotﬁﬁé "ip - dichloromethane at 0°C. The resulting
dichk@ridé 113, without® any purification, was refluxed

wi:h'-soéi ?éthoxide in ethanol for 3 h to effect the

Favorskkl‘rearrgngeméntwﬁ'Tﬁe mass spectrum of the'product

showed a molecular ron’ peak at 354, 2184 equ1valent to the
.4, »

h

'give either the ester 109 or 114. Towards‘thisvend,'the‘

molecular formula C,3H3003 required for the de@ired

compouhd 109. The proton NMR spectrum, However, showed a

-y N

'i

sharp singlet 3{ 5 5.58 integrating for one proton gﬁly.

This suggested | that the product was not tha desired

; K . oo
compound 109 but was. probably the .isomeric  compound 115.

The presence of an intense absorption band at 1711 em~1l in

\ .
\ . o

_the IR spectrum corrobofated well with  this latter

structure.. . Presumabl the 'rin " openin of Aﬁﬁ; inter-
y g op 19 of he

mediate cyclopropane 116 ,gs deplcted, /€:1}6;ed by the

1somerlzatlon of the oarbon carbon double bond 1leads to

o

the férmation of the compound 115. This +type "of rlng”

opening has previously been observed.93'94

-
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It was realized that the construction of the reguired

Jgem-dimet hyl 'grmup cnuld as well be achieved via the

ketone 117. In an attempt to prebare this ketoné, the
enone 107 was subjected Lo t he Baéyer—villiger
oxidation?5:96,97 using m-chloroperbenzoic acid 1n
dichlqromethgne at 0°C. | However é coﬁplex mixture of
products was formed. 'On the other hahd,'tréatmgnt‘of ;he

enonne wL@%&Hydroxylam}ne pdrochloride 1n methanol 1in the

98

presence. of anhydrous sodium acetate gave the oxime 118

iﬁﬁqangitativa yield. This a,8-unsaturated oxime should,

in principlé} undergo the Beckmann rearrang nder
various é&nditi;n598'qg'1oo'101 to ‘furnéﬁh tReSWRetone
J117. Acebrdingly, by Utrgating' é‘ﬁ%é‘ oximé - i18 with
éHUSphOFUS oxychl'orideg;8 in pyridine-triethylamine (1:1 °
ratin) and- by hydrolyzinj the reaction mixture with

aqueous hydrochloric acid, the ketone 117 was obtained in

70% yield. Its IR spectrum showed a carbonyl absorption

AY
- .

at 1725 cm™ 1, The protgn. NMR spectrum showed a singlet

at 5v1.18 for the angular methyl group and a multiplet for
, . .
the benzylokymethine proton at 6 3.89. The mass spectrum

13
.showed a molecular ion:peak at 284.1773 corrésponding to

the'molecular;formula CiaHyg0n . )

o

: i
The ketone carbcnyl of the compound 117 could, in

principle, be transformed into the desired gem-dimethyk

. : > : .

ﬁoiety by a three step sequence comprising of its
. 3 . .

[ o \\

“Rom

. »
: %
k3

.

s
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conversion tdbfthe corresponding methylidéne. derivative,
i cyclopropandation and the hydrogenolysis of the resulting

cyclopropane. For the preparation of the methylidene

" compound 119 from the ketone 117, the Wittig reactionl!02

was used because of) its simplicity, although many other. éﬂﬁ
. % ‘
106

methods 103,104,105,

are availlable for thgs_,ﬁnf§6$e.
Refluxing the ket

‘ .
phenylphosphorane,,

e 117 in benzene with methylenetri-

generated iﬂ_‘situ from potassium . t-
butoxidel?’
g vy o SN .
gnished the exp®eted compound 119 in 80% yileld. Its, IR
s Y o ) .
 spectrum showed weak absorption bands at - 1650 and 880

cm'l, characteristic of a terminal olefin. , The proton NMR

and . methyltriphenylphosphonium bromide, ‘fur-

:showed twq multlplets at 6 4. 88 and 4.82 for the olefinic
protons, a sharp 51nglet at 6 1.06 for the angular methyl
;ujroup'and a multlplet at 6 3.85 for the benzylpxymethlne
proton.‘ The mass spectrum d15915yed‘a molecular ion peak

at,282 1974 equiVaIent to-the molecular»formula CygH,eO0
< / v &‘
The cyclogropanatlon of 1solateg carbohn-carbon double
K
\ bonds ‘w1th zinc-copper couple and methylene 1od1qF was

orlglnally'demonstrated by Slmmon5~and Smlth.loB In the
4 N

i“L ensulmg>years,.severa1 modlflcat;éns of the Simmons- Smlth

R

. 12
.&a@tlg;og 11() L1, 112 1;,;3 mw;

"AM' f -®, ‘o ,.;
b Toalte

;%ese‘modﬂflcatlons, the procedure 1nvolv1ng the heatlng o

'”§¢dpvelopedfl, Of allis e
LRE R " »4:1 ? Lo

‘ - #

T3 oﬁ _an olef1n1? qompound wlth dlethylZlnc and methylene

yeélde in benzene in the presence of air has been

. : -



¥,

e
R A
L Vas

Tegistered. : |

reported111!112'113 tof provide the corresponding

.
i

'cyclopropane in excellent yleld. Accordingly, the olefin

119 was heated w1th an excess of diethylzinc and methylene
iodide in benzene at 50 C in the presence of air. The

cyclopropyl der1vat1ve 120 was obtained in 80% yield. The

” proton NMR. spectrum of thls compound showed two multiplets

at § 0.35 and 0.55, each integrating for two cyclopropyl

protons. The "angular methyl group gave a sharp singlet

at 6 1.20. - Although the molecular ion could not base

detected in the mass spectrum, the fragment at m/e
, ¢

205.1589, resulting from the loss of the benzyl unit, was

It is known that the hydrodenolyslis of a cyclopropane

with palladium-charcoalll4s115 o platinum black}16'll7

‘results in the cleavage of the least substituted bond of

the cyclopropane ring. It has also been demonstfated_that
—_ . “ e . ) . . . ) v

the benzyl group could be cleaved under similar condiT

tions.}18,319  op the:, ba519 of ~these flndlnge/lt was ek-

"y m‘:ﬁ

pected: that the alcohol’ 123 could dﬁrectly be obtalned by

" the hydrogenolysis of the cyclopropyl derivqtive 120.

Accordingly, the compound- 120 was subjected to hydrogen-

OlySlS with 5% . palladlunl on charCoal in glacial acetic
P W y&V*\;g o
acid “at room tempetature under two atmospheres of

. o \
hydrogen. The IR spectrum of the resulting product showed

-

~a hydroxyl absorption at 3410 cm'h‘indicating that the

e

A

81

o
£ *
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required for the alcohol 121.

~ doublet of doublets at § 3.22 and 3.07-(J = 6 Hz and J' =

'as‘well., On the‘baSié of ‘these observations the §f?U¢t&féaﬁ"

- )L‘?\ -
(’/\\:y -

rs :
benzyl ether was cleaved. Yowever, the proton NﬁR-

45

spéctrum showed a complex MUltiplet bgtwéen 5 '0.60 and
= ! ‘ Yy

0.32, integrating for ‘a total -of four protons, indicating

} - , ' ‘ . ‘ AW .
that the cytlopropane ring was intact. This was confirmed -
L2 : -

b

by'the‘masg spectrum'yhichfregistered“é'nwlgcular i%n at
[
206.1661 corresp6nding to Aﬂﬁa[molécular foermula ' Cy4H,,0

Altérnatively( the

hydrogenolysis of 120 was attempted with platinum bldcg
, - . . o ) L

L / ‘ v _ . ,
under the same gonditions as above. The resulting

compound, showed ng‘ hydroxyl absorption in the i#ﬁ
spectrﬁm. fheF proton NMR :spéctrum showed no sigéalgh
corresponding to the benzyl group. However, it showed two

_ oy _
9 Hz each) each in;egrating_forAbne proton. Thiéfépeqtfal
data suggé&ted thathhe.hydrogenatiOn rather than hydrd4‘
genolysis . of - the _béhzy% gfoup. géd téken place. The
‘presence of on vmultipiéts vaﬁ & 0.57 énd 0.30, each’

integrating for two protons, indicated- that the cyclo-.

TE?bpane,ring was not hydrogenelyzed under these conditions

p

122 was assigned to fhéiproduCt. This(sttuctuyql assiéﬁ?ﬁ/
ment was confirm;d.by’tgé‘m353«5¢eﬁtfﬁﬁ/332;;ﬁdisplayed §>
moleculaﬁ‘ ion peak fat‘ 302;2631 co;requnding; éow the
molecular formula Cp H3,0 ofb‘the compound 122. I£ hs "

been observed118.,120 previously that when platinum-ié u$ed

v

"'“—n..._‘,m. \‘ ‘ ) ’ . . / ? /
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hydrogen was attempted. To our delight, ‘the desired
alcohol ltiewas'obtained in. qdantitative yield. its IR
,uspectrum showed the hydroxyl absorptlo‘ at 3410 com 1'. The

w

fmolecular formula C14 240 ;L“w

‘formula C14H220 /’ : .

~

. as. a catalyst, benzyl group\gccaSLOnally undergoes hydro-~
‘genatxon rather than hydrogenolysxsv To c1rcumvent this
‘probiem, the hydrogenation of "thei’alcohol 121° with

platxnum in glac1a1 acetic ac1d under two: aeﬁibpheres of

~

4

proton NMR showed a multlplet at 6 ’ 12 for the hydroxy—

methlne proton. Three singlets at 6 1.22, 1.06 and 0.98
‘correspondedbto three methyl groubs. jThe mése spectrum

.registered'a’ﬁolecular lon at 2OE 84827 eduﬁvaleg; to the

When the alcohol 123 wa; subjected to oxldatlon w)th

pyrid1n1um chlorochromate in dlchloromethane" at  room
*

7 ) . ’ . L , RN

temperature, the. known ketone 1393l2'16'17'18 was isolated

€

in 80% yield. The IR spectrum showed an_kftense carbonyl
- . ;1 o>

ébsorptibn at 1737 ©cm . ° Th proton NMR spectrum

displayed three ,sihgiefs at‘/ﬁ 1.10, 1.06 “and 0.96 for

three methyl groups.’ The mass spectrum registered a
: o

molecular ion peak ei 206.1670 equivalent to the molecular

4

,Flnally, tréatment of the ketone 13 with methylene—

triphenylphospebrane, generated in situ from methyltri-

phenylphosphonium bromide and potassiumfgfbutb*ide,107 in

refluxing bénzene gave (+)a2(12)_capnellene (2) in 75%

%
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yield. Its Iﬂ :spectrum showed a weak absorptxpn band at -

‘870 cm” -1 for the term&nal double bond ~ The  proton NHR

spectrum showed two broad sxnglets at 6§ 4.90 and 4.80 for
i

the olefinic protons and three' sharp sxnglets at 6 1, 16,~

1.06 and 0.98 for three methyl groups. The.catbon-13 NMR

spectrum displayed signals at 5 159.00, 104.99, 69.16,

53.34, 52.34, 48.00, 46.05, 41.73, 40.62, 31.84, 31.60,

‘30.85;‘29.13 aﬁq 26.09. ‘The mass{spéctrum registered the
° <

molecular ﬁop peak at 204.1867 equivalent to the moléEulép

formula - élS“24L of (+)a2(¥2) _capnellene (2). These

-spectral data  are ° in _ good égreement with those

repol’teds'l-1 for Ag(lz)-capnellene (2).“ o —~

The synthesxs of Ag(lz)-capnellene was achleved in’

‘twentyjfour steps. The purpose of devising a general “and

‘flex1ble strategy for the synthesxs of capnellano1ds was

achleved by the successful preparat1on of the inter-~

e

mediatés-9§_and 107 which could conceivably‘be'cpﬁverted

to other capnellanoids. .

-

o
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_— o RXPERIMENTAL o
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General

- H | ; ‘ "’ | ) ;
Melting points were determined on a Kofler hot stage

apparatus and are_uncorrectedg Elemental‘anaIYacs were

performed® by the microana{;tical laboratory of ‘this

department, ‘ Infrared spectra }IR)r were recorded Jjon a’

*

Nicolet 7-199 FT-IR spectrophotometer and were obtained,on
neat samplee onless otherwise stated. Thezproton nucleari
magnetic’ resonance spectra (1H NMR) were recorded on ’a
: Varlan HA-IOO/oigilab,“ Bruker w-zoo or Bruker Q-éoo
spectrometers and were obtalned onjﬁolutions in deuteroi
chloroform with tetramethylsilane as. the internal
'reference. Carbon 13 nuclear magnet1c resonance spectra
(carbon- 13 NMR) were recorded on a Bruker wW-200 and Bruker
w—400 spectrometer and were obtained on_deuterochloroform
;ofutions Qith tetramethylsilane as "internal reference.
Theafollowino apbreviations ‘are used: s = einglet,’d %lxu
"doublet, t = triplet, q ='qdartet} m = multiplet and .b =
broad. Mass spectra {MS) were recorded on a A E I. model

%

MS 9, MS 12 or MS 50 mass spectrometer.

% .
13 . . S

Pdi
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Beniene, .toluene' and etﬁerf’were freshly dis;flled
over Jithium alumiotum " hydride. Tetrahydrofu}ah was
freshly'disiilled over‘sodiumuin the presence.of'benzo4
phenone. Dichloromethaqr used for the reaction purpose
was - freshly ~distilled over calcium hydride. C1,1-
DiethOxyet':hehe’;z6 : Z*lyclopentenone28 | and ) ephenyl
ohloroth'ionoca.fbonatea1 wesg, prepared according to ﬁbe
lxterature procedures. : Argon was purlfled by passing
through a train of -ges “’3“{;50tt195 con;a1n1ng éegUedt>
tially, Fieser's solution,121 cohééﬁtret&d sulfuric acid
and potassium hydroxide pellets.

@

(1R",5R")-6,6-Diethoxybicyclo[3.2.0] heptan-2-one - (64) "

The apparatus used for the phdfoCyélOaddition is

shown diagramatically in Fig. 1. The reaction vessel was

- charged with 2-cyclopentenone (59) (1 g, 12.2 mmol), 1,1-

A J

diethoxyethene (14 g, 122 mmol) and behzene,jSO'mL).' This-
. K o '.,i . .

mixtute was agitated throughout 'the reaction period bf‘
passing a steady flow of argon gas through it, - After
cool1ng the¢ reactlon mlxture to approxlmately 10°C with

-

ice "and water,° 1t ‘was 1rradxated with a 450 W Hanov1a

¥ The stereochemical designation used for all the chemical
names - in this section .denote relative stereochemlstgy.
All compounds used and obtained were racemic.




r . ! r
medium: pressugp  mercury vapour Lﬁmp using a Pyrex
filtér.‘ After. 24 h benzene was .removed under reduced

E éfessure.» Excess 1,1- d1ethomye?hene was removed by
distillation at 70‘C/20 Torr. ?Bu1b to-bulb digtillat1onb
(80°C /0 8 Torr) of the residue gave pure photoadduct 64

3

-‘(2 g, 85%) as al.colorlgss oils: IR 1740 cm'f (five
memBered c=0); H! NMR & 3.39, 3. é§ (both g, 1H each, J =
7 Hz each, -0-CH,-CHj3), 3 45, 3 46 (both q, 1H each, J = 7

_ Hz each, -0- CBZ—CH3), 1. 18, 1.21 (both ¢, 3K each, J = 7
’Hz each, 2 x =0- CHZ—CB3), Ms m* 198.1254 -(calcd. for
C11H1g03: 198.1256). : '

5

(lR*}zs*,SR*)-6,6-diethoxybicyclo[3.2.0]heptan-3;ol (65)

A solution of the photoadduct 64 (2 g, 10.1 mmol) in

/

. o ; . . _
tetrahydrofuran (20° mL) was cooled to 0°C. To tHis was
added lithium tri-t-butoxyaluminohydride (3.1 g, 12.1.

mmol). The resulting turbid reaction mixture was stirred
. o z’ . X ’ “
at room temperature under the argon atmosphere for 6 h.

The reaction mixture was concentrated and the residue

was decomposed with a saturated aqueous ammonium chloride

Y

'soluti&n.’ The precipitate was filtered off and was washed
exhaustgjély ‘with ether. The combined ether layer was

-washed wiph water and saturated sodium chloride solution,

o ' . ,
A

FIn all the Bth to-bulb distillations, the temperature ‘

mentloned is the oven temperature,

7
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"

dried over anhydrous nodium sulfate and concentrated.

. Bulb-to-bulb distillation (9S'C/0.8 Torr) dfl the crude

product thus obtained, gave pure alcohol 65 (2.0 (¢ PN
quantitative yield): IR 3440 cm~); lH NMR 8 4.25 (m, 1H,
; 4 . v 2 : ‘
~CHBOH=)', 3.39, 3.40 (both q, RH each, J = 7 Hz each, 2 x
—O‘Cn -CH ’ 014' 1026 b h A ’ . = g
2 .3) 1 (both t, 3H each, J mgg?§ dW(
2 x <0-CH,-CH3); MS M' 200.1366 (calcd. for Cy)Hy
200.1412). _ ' g
(lR l2s ,SR )=2~- Benzyloxy 616 d¥§\hoxybicyclo(3 2. 0]—
heptane (66)
N

A 50 mL iound bottomed flask was charged with sodium
hydride (SOtAdispersioﬂ in oil, 0.6 g). This was freed
from mineral oil by washing it with tetrahydrofuran (3 x
10 mL). A‘suspenéion of this oil free sodium hydride in
tetrghydrofuran (10 mL) was cooled to 0°C; Aisolution df
the alcohol 66 (2 g, 10.1 mmol) iﬁ tetrahydrofuran (10 mL)
was added dropwise' to the 'pooled suspension_ of sodium
hydride.\ After stirring thé resulting solution under
argon atdésphere for - 15 min, benzyl bromlde (2. 1 g, 1.45
mL, 12.3 mmol) was added in § dropwise fashion. The
tesulting ‘light brown solution Was stirred dvernight at

r oom temperatdre. ‘The reaction mixture was diluted with

ether (150 mL), ‘washed successively with water and
¥, . .

- saturated brine solution, dried over anhydrous sodium
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sulfate and concentrated. Column chromatography. of the
residue on silica gel, eluting with dichloromethane, gave

the pure product 66 (2.67 g, 92% yield): lH NMR & 7.30

(s, 5H, aromatic), 4.20, 4.21 (both s, lH each, -O-CH,—"

v

Ph), 3.94 (m, 1H, eo—éu-), 3.38, 3.39 (both g, 24 each, J -

z 7 Hz each, 2 x -O-CBZ—CH3), 1.17, 1.19 (both t, 3H each,
J = 7 Hz each, 2 % -0-CH,-CH3); MS m/e 245.1539 (M*-45;
caled. for C16H2102: 245.1542).

.‘\">ﬂ,\f7 .
(1R",25",5R")-22Benzyloxybicyclo[3.2.0] heptan-6-one (67)

To a stirred solution of.the benzyl ether 66 (;.6 g,
9 mmol) in }etrahydrofuran (40 mL), was add;d a solution
of oxalic acid (3 g) in water (15 mﬂ) at room temper;ture.
The resulting mixture was stirred overnigﬁt at room
teméerature. .The reaction mixture was poured @nto ether
(200 mLk. The organic layer was washed successively with

water, saturated sodium bicarbonate solution, water and

saturated brine solution. The ether layer was dried over

anhydrous sodium sulfate and concentrated. Bulb-to-bulb

distillation’(I26°C/0.075 Torr) gave pure cyclobutanone 67
(£193 g, quantitative yigld): IR 1770 cm™ 1 (four membered
cz0); 1 NMR & 7.30 (s, SH, aromatic), 4.54 (s,NZH; -0-
CH,-Ph), 4.16 (m, IH, —o—én—); MS M* 216.1158 (calcd. for

-
.
b
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'Anal. calcd fgr C14H1502: C, 77.67; H, 7.45.‘ Pound: .

C, 77.20; H, 7.47.

\

}IR',3;',SR'IGS')-6-Benzx}oxy-3~cérboethoxybicyclq[3.3.0)-

octan-2-one (68) ‘. o ; J”*

\ -

To a stirred solution of the cyélobutanone 67 (2.2 g,

10.2 mmol) in ether (30 mL) cooled to 0°C, was addpd

freshly distilled boron trifluoride etherate (1.74 g, 1.5
mL, 12.2 mmol). After stirring for 20 min, a solution of
4 ethy? diazoacetate (1.4 g, 12.2 mmol) in ether (10 mL) was
added over a period of 30 min, -The résulting orange-brown
reaction mixture was stirred overnight under the argon
atmogphere. The reaction mixture‘waé di}uted with ether
and ‘was washed” succesgively with saturated sodium bi-
carbonate solution, watef and saturated“jbrine‘ solution.

(o4

The ether layer was dried over‘anhydrous sodium sulfate
and concentfated. Bdlb;to-bulb distillation (140°C/0.05
forr) géve the product as a coiorless oil (2.45 g, QO%):
4IR 1750 (five-membered C=0), 1723 (estgr C=0), 1660 (a,B-
unsaturated ester C=0) and 1620 cm‘ll(C=C): 14 NMR & 7.26-

7.34 (complex, 5H, aromatic), 4.34-4.56 (complex, 2H,

PhCHy-0-), 4.14-4.22 (complex, 2H, -O-CHpy-CH3), 1.22-1.30°

(complex, 3H, -O-CHZ-CB3); carbon-13 NMR § 214.61, 213.25,
211.97, 175.35, 169.72, 169.52, 169.05, 138.47, 138.31,

138.22, 128.17, 127.91, 127.73, 127.62, 127.37, 127.29,
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127.05, 126.91, 100.22, 81.86, 81.61, 81.54, 81.00', 80.92, "
( .

71.49, 71.39, 71.29, 71.21, 70.65, 70.52, 62.41, 60.96,
60.93, 60.86, 59.65, 59.50, 55.42, 55.10, 50.87, 49.37,

| 47.66, 43.48, 43.37, 42.86, 42.82, 40.08, ¥8.17, 38.03,

'37.82, 31.67, 31.13, 30.74, 29.55, 29.47, 29.17, 29.05,

28,91, 28.09, 25.60, 25.54, 25.32, 24.78, 24.55, 24.22,

14.19, 13.98; Ms M" 302.1511 (calecd. for C,gH,,0,:
- 302,1513),

Anal, calcd. for CigHpo04:  C, 7;.52; H, 7.28.

¢

>

Found: C, 71.67; H, 7.36.

(IR',SR.,GS.)-6-Benzyloxy-3—carboeth05ybicyclo[3.3.Oloct-

gfeh-2-one (70) .

] , )
a) -‘Using selenium dioxide

A mixture of the impu keto-ester 68 (0.3 g) and

senenium dioxide (0.33 g, \3 mmol) in t-butyl -alcohol

\, ,
-Zontaining 5% glacial acetic acid was heated at 75°C for 6

h under the argon atmosphere. The resulting dérk_ red
solution was poured in water (10 mL). The aqueous layer

was extracted with ether. The combined ether extract was

washed with water and saturated‘brine solution, dried over.

anﬁydrous sodium sulfate and concentrated. Chromatography
on silica gel bolumn, eluting with dichloromethane, gave
pure compound 70 (0.065 g, 20% yield): IR 1740 (five-

membered C=0), 1720 (ester C=0) and 1620 cm™! f(c=C); !H
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NHR 6 3.40 (d. IH' J b 4 Hz' O‘C.-c‘)o 7o39 (3, SH)

aromigic), 4.58, 4.65 (AB g, 2H, J =
4.29L'4;3r (both q, 1H each, J = 7 H
4.10 (ddad, 1H, J = 7 Hz, J' = 8 Hz, = 10.5 Hz, -o-én-).
3.50 (ddd, 1H, J = 3 Hz, 3* = 6 #z/ 3% = 9 Ha, -éu-c-c{).
2.82 (ddd, 1H, J = 2 Hz, J' = 6 Wz, J* = 9 Hz, -én-caL).
1.35 (t, 3H, J = 7 Hz, -OCHy-CH;); ,carbon-13 NMR & 205.63,

171.16, 16.43, 138.24, 137.82, 128.39, 127.74, 127.41,

126.80, 80.50, 72.08, 65.72, /60.85, 49.09, 46.03, 28.55;

4

24.58; MS MY 300.1366 (calcd/ for CygH,g04: 300.1362).
)

b) ,Using DDQ . | ' C

A solution of the keto-ester 68 (0.2 g3.. and ddq

(0.25 g, 1.25 mmol) in benzene (5 ML) was refluxed under
argon atmqsphere for 2 h. On cooling, the reaction
mixture was diluted with ether and was'washed with water
and saiurated brine soiﬁtion. Theboiganic layer was dried
over anhydrous sodium sulfate and cohceﬁtrat;d. CHtomato-
graphy of the residue on silica gel column, eluting with
dichloromethané,' gave pdre compound 70 (0.03 g, I5%

yield).

c) Using the phenylselenenyl chloride method -

A solution of the keto-ester 68 (10 g) in tetrahydro-

furan (200 mL) at 0°C, was treated under the argon atmo-

each, ~O-CB,-CHj3),
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sphere with sodium hydride (50% dispersion in ot}; 2.0 g,

41.7 mmol). The resultiqg brown solution was stirreé for\
30 min. " A solution of pﬁ;nylselenenyl chloride (8 g, 1.3
mmol) in tetrahydrofuran (50 mL) was added over a period

of 20 min, After sti;ting this reaction mixture at room

temperature for 2 h, the solvent was removed under ;;duced

pressure, vThe residue was taken up in ether and washed

with water. The ether layer was dried over anhydrous

sodium sulfate and concentrated. The crude selenide 71

thus obtained was redissolved in dichloromethtane (400
mLff This vigorously stirred solution was cooled to 0°C

and an aqueous solution of hydrogen peroxide (30%; 10 mL)

was added in three poréions. Within a short time the

temperature of the reaction mixture rose to 30°C and the

color of the reaction m}xture changed from deep red to

light yellow. The reaction mixture was stirred further

for 30 min. The organic laye; was throughly washed with

water, “saturated sodiuh carbonate and finally with

saturated brine solution. The organic layer was dried

over anhydrous sodium sulfate and concentrated.

Chromatography on silica gel column, eluting with

-

dichloromethane, gave‘the pure product (6 g, 60%).
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" (1R" ,3S 8R 9R ,1OS )-10- Benzyloxy 3—carboethoxy -6-

methx}trxcyclo[? 3. O 03¢ 8]dodec 5-en-2- one (76)

' Hz each, PhCH,-0-), 4.19, 4.21 {both g, 1H each, J = 7 Hz

1

A three neck l -L round bottomed flask, equ1pped wlth @

~

a mechanlcal stlrrer, was charged with the enoné—ester 70

(20 g, 67 nmol), 1sopreneqi270 g, 400 mL, 4 mal), &nd.

ether,(loo mL.) . vVigorous st1rr1ng was star&éd and the
mixture was“cooled to. -78°C. 'Anhydrous'stannic chloride
(21 g, 9.4 mL, 72 mmol) was added slowly over a period of
30" min. The resulting yellow reaction mixture was stirred

under the argon atmosphere for 10 h at -=78°C. . The re-

a : ' | ' . . )
action mixture was poured into saturated sodium carbonate

solgtiong " The precipitate was filtered and was washed =

thoroughly with ether.~ The combined organic. filtrate was .

washed with watet and saturated brine solutionu; The ether
“ B

layer was dried over anhydrous |sod1um ,sulfate and con-

]

vcentrated. Cblumn chromatography q¢,51rlca gel column, !

~felut1ng 1n1t1a11y with dlchloromethane and then, w1th 7%

3

ether in dlchloromethane, gave pure Dlels -Alder adduct 76

(14.8 g,,60% yleld). - On recryétalllzatlon from hexane,

white crystals of 76, m.p. 68-69°C,'were obtaihed. Thls

compound showed, IR (CHCl3 cast) 1748 (five—membered C=0)-

and '.1725.“cm"1 (ester =05;, 1H,_NMR 5 7.30. (s, 5H, ) o

L'*

aromatic), -5.44 (bs, 1lH, -CH=C-), 4.64, 4.54 (ABg, J = 13
each, - fO—Cﬂz—CH3), 4,04 (m, 1H, -O—éH-), 1.68 (bs, 3H,.
. . I : ,

e
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o . t g
CH3—é=),'1.34 (¢, 34, J = 71az,'—o-ca2—cn3); carbon-13
NMR & 214.31, 170.34, 138.11, 131.58, 127.69, 126.81,
. 126.60, 126.42, 116.07, 81.62, 71.33, 60.55, 59.39, 47.51,
43.20, 35.64, 28.96; 28.13} 24788,.24.16, 23.19.

Anal. caled. for Cy3HpgOs:  C, 75400 H, 7:i60+=""

Found: C, 75.08; H, 7.64.

°

(lR*,3R*,8R*,9R*,IOS*)—10—Benzylcxyf3-ca}boethoxy-6f

méthylspiro[tricyélo-[?.3.0;03?8]dodéc—z—eﬁ—s;oheTZ,I‘T:"

2',5'-dithiacyclopentane] (77)

To' a stirred solutiontof‘the'Diéls—Alder adduct 76

(0.15 g, 0.4 mmol) in dichloromethane (5.0 mL) Qndet the /

argon, dtmosphere was added boron trlfluorldem ethérate
(0.07 g, 0.06 mL, 0.5 mmol) at robm temperature.. To this /

complex was added 1,2- ethaned1th101 (0'05. g, 0.045 mL,/

/

0.53 mmol). The resultlng reaction mixture was: stlrred

‘for 15 min., It was diluted with dlchloromethane /and -
N . //

i

washed with'saturéted»sodium carbonate solutiéh, wateg and
saturated brlne solutlon.h’ The organié léyer was dr;ed

over anhydrous sodium sulfate and' concentrated. Putifica;
tionrby chromatography on silica. gel.column, eluting with

. 2% ether 1n dlchloromethane, gave pure product 77 (0. 08 g,
- 45% yleld) IR 1722 cm™1 (éster c= O),.lH NMR\6\4rlﬁ\i§i\\\\;\M

5H, aromatlc),.S 33 (bd, 1H, J = 4 Hz, éH é ), 4.65, 4.52

(ABq, 1H each, J = 12 Hz each, PhCH,-0-), 4.14 (q, 2H, J =

[
v



7 Hz, ~-O-CH,-CH3); MS M" 444.1794 (calcd. for

C25H320352: 444.1793).

[}

(1R 2S ,3R ,BR 9R ,IOS )-10- Benleoxy -2- hydroxy 3—

nxdrogxmethyl -6-methyltricyclo(7.3.0. 03 8]dodec -5-erie (78)

_), 3.06-3.32 (m, 4H,

The stxrred solution of the adduct 76 (10 g, 27 mmol)

in tetrahydrofuran (200 mL) cooled t6 0°C was treated wlth

a solution of SMEAH (14.7 mL of 3 4 M, 50 mmol)‘lnyt

SN

97

'hydrofuran 1n a drop-wise fashlon. The resultxng reactﬁon é”,-

mlxture was stlrred under the argon atmosphere for*6*hmat‘

room temperature. The solvent was removed under reduced'

pressure. and the residue was decomposed w1th ‘a sa

“rated_

'jgoLutlon of ammonium chloride. The prec1p1tate ‘"‘é.i[ ff-f

flltered off and was thoroughly washed W1th ether.{VThe
combined organ1c filtrate was washed with water and

saturated briné solutlon. The organic layer ‘was dried

»

“ over anhydrous sodium sulfate and concentratedtﬁ\The'solid

P

o \\;' ’
compound obtained was purified on silica gelf\gglumET_

eluting with'QO-SO%'ether'in dichloromethane, to give pure
‘diol 78 .(8.9 g, quantltatlve yleld) on recrystallization
'from d1chloromethane hexane, wh1te crystals of 78, mp 136-
137°C, were obtained: IR 3360 cm™l; lH NMR & 7. 30 (s, 5H,

arqmatlc), 5.40 (bs, 1H, -CH é Y, 4. 59 4.49 (ABq, 1H



L9

each, J = 12 Hz each, -phcn2~o), 3.83 (m, 1H, -O—éH-).

-3,70, 3.50 (ABg, 1H each, J = 10 Hz each, -an-OH), 3 72

(4, 1H, J = 17 Hz ., -én—on),'l 66 (bs, 3H, cn3 é=), MS M*
328.2041 (calcd. *for C,H,g03: 328.2043), m/e 310.1930
(M*218; calcd. for Cp Hpe0,:  310.1933), m/e 292.1824 (M*-
36} caled. for Cpy1Hp,0: 292.1827). 

Anal. calcd. for C21H%QQ§: C, 76.78; H,;8.59. Found:

o
»

' C, 76.96; H, B.57.

(1r",2r",3R",8R",9R",105")-10-Benzyloxy—2-hydroxy-3-

hydroxymethyl-ﬁ—methyltticfclo[7.3.0.03'8]d0dec-5—ene (81)

A solution of potassium trifEfbutylborohydride (3.5
mL,of 1 M, 3.5 mmol) was added to a stirred soiution of
the Diels-Aider adﬁﬁct 76 (1 g, 3 mmol) in tetrahydfofuran
(lOme) at 0°C. vThe resulting‘orahge-red reéction mixture

was stirred under argon atmosphere for 6 h &t room temper-

ature. It was treated with aqueous sodium hydroxide (1N,

5 mL) and aqueous hydroggn peroxide (30%, 1 mL). ;/éheA

. /
resulting light yellow solution was stirred for 60 min,

/
/

‘The reaction mixture was extracted with ether /énd the

combined ether layer was washed with water and saturated

brine solution. The ether layer was dried over anhydrous
sodium sulfate and concentrated to yield the crude alcohol

80 (0.95 g).
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The crude alcohol 80 (0.95 g) was redissolved in

&

tetrahydrofuran (5 mL) and cooled to 0°C. " This cold
solution,was treated with SMEAH (3.5 mL of 3. 4 M, 11.5
mmol). The resulting react1on mixture was stlrred under

~argon atmosphere .ﬁgr 6 h at room temperature. The
v ) ’ '

reaction mixture iwas concentrated and the residue was
decomposed 'with saturated aqueout ammonium chloride
solution. The precipitate was filtered off and washed

: thoroughly witﬁ ethér. The cﬁmbined ether layer was’:

washed with water and saturated brine solution. The etgért

layer was dried gver, @nhquous sodlum sulfate ‘and

concentrated. ;Purification by\\Ehﬁgpatdgraphy ong silica
’ ~

gel column, eluting with 20-40% ether‘§h~dichloromethane,ﬂ'

gave pure diol76i (0.72 g; 80% yield). Rétrysta111zatxon
from dichlorométhane—hexéne gave white crystals \bf“\gpe
diol'él, mp 110-111°C: IR 3360 em~ 1 1y NMR 6 7.30'(5;
SH, aromath) 5.30 (bs, 1H, -CH=C-), 4.65, 4.49 (ABQ, 1

A

3.57 (ABq, 1H each, 3 = 11 Hz, -CH,-OH), 3.65 (d, H, J =
6 hz, -én-on), 1.66 (bs, \33,' ca3-é=é-); MS M* 328.2041
(aled. for C21H280;. 328.2044), m/e 310. 1930 (M*-18;
caldd. for CoHogOr 310, 1933), m/e 292 4819 (M*-36,
calcd. for Cy Hyg0:  292. 1827).

‘Anal. é;;cd?&fbr Cy1H803: C, 76,78;'3, 8.59. Found:

C, 76.60; H, 8.50.
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(r",2s" 3r",8r", 98" ;105")-2-Acetoxy-3-acetoxymethyl-10-

benzylogx—s-methyltricxcloi7,3.0.03'9169dec—5fene-(l3)

A mixture of the diol 78 (200 mg, 0.6 mmol), acetic

AN

anhydride (3.0 mL) and pyridine (2.0 mL) was heated uhder ~

argon atmosphere at 80°C for 30 min. The reaction mixture

was pbured‘into water and extfacted with ether. The comQ‘

bined ether extract was washed with water, saturated -

sodium carbonate splutioﬁ, dilute hydrochloric \acid' and
saturated brine'sbiution. The ether layer was dried over
énhydréus sodgum'sulfa;é'and cbncenﬁrated. Purificétion
by chfomafbgraphy on silicé gel ‘columnywﬁelutihg with
dichloromethane gave pure diacetate 83 {0.25 g, 97%
yield): IR 1740 cm~1 (aceLate C=0); IH NﬁR’é 7.34 (s, SH,
aromatlc), 5:31 (bs, 1H, fCHzé ), 4.78 (d, 1lH, J = 6 Hz,
-éB-OAC), 4.60, 4.49 (ABq, 1H each, J = 9 Hz, each, Ph-
CR,-0-), 3.84, 3.89 (ABq, 1H each, J =9 Hz, —CH,-OAC),
3.82 (m, 1H, —o-bu- ), 2.05, 2.03 (both s, 3H each, 2 x -O-
Co-CH3), 1.66 (s, 3H, cs3—é )i CIMS (M+NH,®) 430.00; Ms

m/e 352.2035 (M*-60; calcd. for C23H2803: 352.2038) .

(1s” ,2R ,3R 7S ,BS ,9S ) -2= Acetoxzﬁ3 acetoxymethyl 6-

»
acetyl-9- bengyloxytrxcxclo[6 3.0. O3 7]undec 5-ene (84)
' The diacetate 83 (200 ﬂg, 0.5 mmol) was dissolved in

dichloromethane . (5 mL) and cooled to -78°C. - Ozone was

N—

iOO.
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3 .
passed through this solution until the blue color of ozone
persisted The flow of ozone wa Stopped, the solution

\
was purged with argon to remove excess ozone, and dimethyl

sulfide (5 ml) was added to this coaorlesgbsolution. The
resulting mixture was stirred‘ overnight under argon
-atmosphere at room-tempefature#' Thelreaction»mixture was
diluted with‘iether and washed with water anduﬁsaturated
brine solution. The ether layet was dried overaanhydrousd“
sodiun 'sulfate‘ and ‘concentrated(v‘ Purification;fhy
chrOmatography *On slllca gel column, eluting w1th 0 2%}
ether in dichloromethane, gave pure enone 84-(122 mg,~60%
YIeld)' ‘IR 1740 (acetate C 0), 1660 cm 1 (a a—unsaturatéd
_ketone €=0); lH NMR -5 7.39-7,26 (m,. §a,‘aromatiq), 6.60
\(bs, 1H, J:u;c-i, 5.36 (d‘.‘.l'H, -J‘=_’8.th -J:u-ozx-c)', 4. 6";,
4.51 (aBg, 1H each, J = 12 Hz gach, PhCBz-O-), 3.97. (m,
. 1H, =0- éH ). 3. 94, 3.92° (both s,qlﬂ each, —CHZ-OAC), 2. 30,
S 2. 06 (both s, 3H each, 2 X -0CO—CH3). 1.84 (s, 3H, -CO-'
?.}ﬁ«cn3);_ms M* 426.2035 (caled. for CpgHyg0g: 426, 2052)

¢ ~

18" ,ZS ,3S ,8R ,9R ,105 ) 10 Benzyloxy-z hxdroxy—s—methyl—

C3- [N N N',N'-tetramethylphosphorod1am1doy1]tricyclo-

[7 .3.0. 03 8]dodec 5-ene (87) | gf‘“

A solutlon of the diol 78 (0.11 ‘g, 0.33 mmole) in ©
tetrahydrofuran (5 mL) was treated with sodium hydride

(50% dispersion in mineral oil, 0.021 g, 0.42 mmol) at



0°Cu To this mixtufe was added hexamethylphosphoramide
(0 5 mL).l The ,resulting mixture was sgirrod for 20 min
’and N-N-d1methy1amidophosphotodichloridate (0.5 mL,
excess) was ,dded This slightly turbid mixture waé
stirred overnlght under argon atmosphed(j\\\\ .room
tempe;ature, The reaction mixture was cooled to 0°C and
‘it was quenched with anhydrous dxmethylamine (5.0 mL).
The resultant milky whlte solut1on was stirred for 3 h at

G

0°cC. The reaction 'mlxture"was poured in /water and
extracted Witﬁ ether. .The ~ether layer was washed
success{;ély with .water .and saturated brine solution,
dried ovér qanﬁydrous sodxum "sulfate and concentfated.
Puﬁpf1cat1on by chromatography on silica gel column,
eluting wjth 50% acetone in d{?hloréﬁethane gaQe pure
monophoéphor;diamidaté 87.(0,1.9, 68% yield): IR 5360
) _1. 1H NMR 6 7.30 (s, SJ, aromatic), 5.39 (bs, lé,
-Ch= é ), 4.59, 4.51 (ABQ, 1H each, J = 12 Hz phcnz-o—):
3,85 (m, 2H, -o—éH- and -CHH- O-PO—), 3.70 (m. 2H, én-on

and —CHB—O-PO-): 2.66, 2.68, (both d, 6H _each, J = 11 Hz,

o : oo :
2 X -NMez) 1.68 (bs, 3H, Cl3-é=); carbon-13 NMR § 139.42,

130.69, 128.27, 127.26, 127.00, '118.21, 83.27, 81.85,
71.83, 68,16, 68.07, 53.93, 45.38, 45.32, 45.20, 45.08,
38. ée 36.59, 34.58, 30.17, 29.32, 26.12, 23.81; Ms M*
462 2651 (calcd. £Or CasH3gN;04P: 462.254i); m/e 417.2068

(M*-45, calcq. for Cy3H3NO4P:  417.2071).

|
/

L.
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(1r",2R", 7", 12R",13R",145" )-14-Benzyloxy-4-N,N-di-

methylamino-l0-methy1—4-oxo¥3l5—dioxa-d-phOQphatetra-

“

gyclo[12.3.0ﬁ02'7.07'12]hexadec-94ene (90)
éodium hydride (50% dispersion in mineral oil; 0‘6 9,
2.5 mmol) was added to the stirred solution of the diol 81
(0.3 g; 0.92 mmol) in tetrahydrofuran (5 mL) at 0°cC.
4'Hexa@eghylphosphoramide (0.6 mL) was added to this
mixture. After'stirring for 15 min, N,N-dimethylamido-
phosphorodichloridate (0.6 mL, excess) was added. The
reaction mixture ~was stirred overnight under argon
atmosphere at room temperature., It wés,coaled to 0°C and
) was quénﬁhed with anhydrous diﬁethylamin;v(IS.OkmL). The
{ﬁﬁa’“ve§Q1ting milky white solution was stirred for 3 h, It
w#s péured in water and extracted with ether. The'éther
layer was washed with water and saturated brine sblugion.
The ether layer was dried over anhydrous sodium suﬁfate
ahd concentrated. ?urification by chromatcgraphy on silica
gel column, eluting with 10-30% acetone in dichloro-
met hane, gave pure cyclic phosphoramidate 90 (0;27 g, 70%
yield): IR 1250 (P=0), 1000 cm~l (P-0-C); lH NMR & 7.30
(s, 5H, aromatic), ?.26 (bs, 1H, éH=é-), 4.59, 4.49 (ABg,

1H each, J = 11 Hz, PhCR,-0-), . 4.53 (d, 1H, J = 6 Hz, -PO-

)'.
o-buoy, 4.32 (dd, 1H, J = 12 Hz, J' = 2 Hz, -CHH-O-PO-),

4.05 (dd, 1H, J = 22 Hz, J' = 12 Hz, -CHB-0-PO-), 3.93 (m,

. IH, ‘O-éH—)' 2-69 (\d' 6H' J
\\

5
N

N\

11 HZ, —NMeZ)' 106,6 (bs' 3H'

-~ 4]
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cu3-é-é~): Ms M'> 417.2063 (calcd. for Cjp3H3,NO,
417.2066) - , ‘

Anal, . calcd. for C23H3'2N04P: C, 66.18; H, 7. 13
Found: C' 6‘5.47; H' 7.88.

-

1R ¢ 2 133 BR 9R ,1os )= 2,8~ Dlhydroxy—4 6- dimeth )
cxclo[? 3.0.03 8]clodec 5-ene (91) ﬁr w‘

TO anhydrous ethylamine (10 mL), cooled to 0°C

»

added lithjym (0.35 g, 48 mmol) with stirring. Most of

[3

the lithium gissolved within 20-30 min resulting in a very
deep blue g,jution. To it was added a solution of the

cyclic phogpphoramidate 90 (0.2 g, 0.48 mmol) in tetra-

hydrofuran (3 pgp). - After stirriag foi‘ 3 h M;at room
temperature  ynder argon atmosphere the reaction was’
qixe“‘:he?v with water and extracted with ether, The
combin&d et.hef‘ layer was wvashed with water and.saturated
prine SOlutjon. The ether layer was dried over 3"hlyd!‘0>us\
sodiumn Sulfate and concentrated, purification by
chromatography on silica ge‘l,.eluting w}th ’2% ether in
dichlorom‘ethanle, gave pure diol 91 (0.05 g, 49% yield):
IR 3360 cm~1, ly nMR 6 5.37 (bs, 1H, —cu=t-), 4.00 (m, 1H,
-Cﬂz"émﬂ) 3,30 (d, 1H, J = 6 Hz, —éu éml—l). 1.66 (s, 3H,
CH3‘é= =). 1.06 (s, 3H, Cﬂ3-%#); MS w 222.1623 (calcd.

for Cr4H30,: 222.1626), m/e 204.1514 (M'-18; calcd. for

2:



5

CiqHyg0:  204.1520),. m/e 186.1406 (M*-36; calcd. for

: \
C14H18: 186.1408).

‘ * . |
‘IR*«23.13R';3R 1 9R ¢IOS')—lO-Benzyloxx:z-methanesulfonyl-

oxy-3-methanesu1fonyloxymethyl-s-methyltriCyCIO-

{7.3.o.o3v§jdodec-s-ene‘(92)

To a solution of the dioi 78 (5.0 g, 15.25 mmol) in
dichloromethane (50 ‘mL) was added triethylamine (20 mL).

Oon cooling ‘this solution to 0°C, methanesh}foﬁyl chloride

(4.2 g, 2.9 mL, 37 mmol) was added in a d:op-wiselfashion;

[] .v. . 1 . N
The resulting reaction mixture was stirred under argon

atmosphere for 30 min, It was poured in water and

-~
»

extracted with ether, The combined ether extract was
washed with watef, dilute hydrochloric acid, saturated
sodium carbonéte solution, water ~and saturated .brine
solution. The ether layer was dried over anhydrous sodium
sulfate énd conééntrated.‘ Purification by'chromatograpﬁy
on silica gel column, eluting with dichiéromethane gaye
pure dimesylate 92 (5.9 g, 90% yield): IR 1356 and 1175
‘em=1 (both -0-50,-); lH NMR & 7.32 (s, SH, aromatic), 5.30

(bS, 1H, éH=é-)l 4-680(d, 1H, J = 7 Hzl -éH-Soz_)l 4.62,

7 (ABq, 1H each, J = 12 Hz, PhCB,-0-) 4.08, 4.06 (both
£, 11 each, -CHy-0S0,-), 3.84 (m, 1H, _&4-0-), 3.05, 3.07

(both s, 3H each, -SO,CH;), 1.68 (s, 3H, CH3—é=é—): Ms M*

105
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484.1589 (calcd. for Cy3H3,09S,: 484.1555), m/e 388.1709

(M*-96; calcd. for C,,H.50,5: 388.1708).

S ‘ : - A
(1r",2r",45",9r",105",115")-11-Benzyloxy-7-methyltetra-

gyclols.3.0.02'4.02'9]ttidec—s-ene (93)

A mixture of the dimeéylatehz (0.5 g, 1 mt;tol),
lithium iodide_(1.4 g, 10 mmol) and zinc dust (0.7 g, 10
mmol) in dimethylformamfde‘ (}0 mL) was heatéé at 145°C
Qnder“ argon atmosphere for 14 h, After coé&ing‘\tpe
reaction mixture to room temperature, it was diluted”with
ether. The solid material was filtered off and washed
wigh ether. - The combined ether layer' was washed with
water and'séturated brine sol;tibn. 1t was\é;ied over
anhyérous sodium sulfate and céncentfatéﬂﬂ gﬁrification
by chromatography on silica gél column, eluting with 2-10%
dichloromethahg in hexane, gave éure compound 93 (0.23 g,
75% yield): 'iH'NMR 8 7.34 (s, SH, aromatic), 5.46 (bs,
1H, —CH=&—), 4.61, 4.45’(ABq, 1H4: each, J ='12 Hz each,
PhCBy-0-), 3.79 (m; 1H, -0-CH-), 1.70 (s, 34, ciyobedoy,
1.30 (t, 1H, J = 4’Hz, cyclopropane-CHH), 1.24 (ddd, 1H, J
= 4 Hz, J' = 5.5 Hz, J" = 8 Hz, cyclépropane—Cﬂ), 0.16
(dd, 1H, J = 4 Hz, J' = 8 Hz,,cyclqp}opane—CHﬂ); Ms M*
294.1975 (calcd. for C,yHpeO: 294.1984) m/e 203.1420 (M*-

91; calcd. for Ci4H190: 203.1427). -



* * » * » * ¢
(1R ,2R ,3R ,BR ,9R ,10S )-lO—Benzyloxy—2~hxgrox1-3,6-

dimdhhyitricyclo[?.3.0.03'8}dodec—5—ene (96)

To a solution of the cis-diol 81 (1 g, 3 mmol) in
dichloromethane (10 mL), at 0°C, was added triethylamine
(10 mL) and~me:banesu1fony1;chloride:(0.8i g, 0.6 mL, 7.3

mmol). The - resulting mjxture Qas\ stirred “under argon

atmosphere for 30 min and poured in water. The aqueous
fayer. was extracted with ether. The ether layer was
washed with water, satﬁrated sodium carbonate solution,
dilute hydrochloric acid and saturated brine solution.
"The ether layer was dried over anhydrous sodium sulfate
agd ifncentrated. The crude'dimes§late thus -obtained (1.7
g} was puré enough for further use. It was dissolved in
{d methylformamide (20 mL). To this solution was added
lithium iodide (3.1 g, 23 mmol) and zinc dust (1.6 g, 25
mmol).. The resulting mixture was heated at 145°C under
argon atmosphere for 14 _h. After coqling it was diluted
with ether; The solids were filtered/off and washed with
ether. }The'combined filtréte was washed with water and
saturated brine solution. The ether layer was dgied over
anhydrous sodium sulfate and concentrated. Purification
by %hrématography on silica gel co%umn, eluting with 1-4%
ether in dichloromethane, gave puge alcohol 96 (0.35‘g,

45% yield from 81): IR 3360 cm™l; lH NMR 6 7.30 (s, SH,

aromatic), 5.32 (bs, 1H, qCH=é-), 4.66, 4.49 (ABg, 1H
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each, J =:12 Hz, PhCHz—O ), 3.80- (m, 1lH, ~O- éH Yo 3.46
(d, 1H, J =5 én-on), 1.66 (s, 3H, cn3é L )» 1.02 (s,
34, CH3—%—); Ms Mt 312 2084 (calcd. for C21H2802:
312.2089), m/e 294.1971 (M*-18; calcd. for C, H,g0:

294.1983).

(lR*,2S*,BS*,SR*,9R*,1031)—10-Benzylox1-2-h1ﬁroxy—6-

A
methxl—3—phenoxythionocarbonyloxymethfltricxglo~

[7.3.0503'8]dodec-5—ene (97)

The trans-diol 78 (8 g, 24 mmol) and 4-(N,N-
dimethylamino)pyridine (4 g, 33 mmol) were dissolved in
acetonitrile (300 mL). This solytion was treated with
phenyl chlorothionocarbonate (7 g, 5.4 mL, 39 mmol). The
resulting orange-yellow solution was stirred at room
temperature under the atmosphere of argorr—for 60 h. The
solvent from the reaction mixture was removed under
reduced pressure and the residde was taken up in ether. ®
The ether layer was washed with water and saturated brine,
solution. The ether layer was dried over anhydrous sodiuﬁ
sulfate and cong¢entrated. Purification by chromatography
on silica gel Slum&’ eluting with 1-5% ether 1’n dichloro-
‘methane, gave pure compound 97 (6.8 g, 60% yield): IR
3440 cml; 1y NMR & 7.36 (m, 10H, aromatic), 5.39 (bs,
1H, —cn=é-), 4.62, 4.51 (ABg, 1H each, J = 12.5 Hz, Ph-

CH,-0O-), 4.58, 4.28 (ABg, ‘1H each, J = 11 Hz, —CH2—O-CS—),



.t

.“ i
%

3.84 (m,'la"';o—éa ), 3'60 (d, 1H, J = 7 Hz, -énou), 1.69
s
(s, 3H, cﬁ A# ) carbon—13 '‘NMR 6 194. 98,,153 &2, 139.15,

131.17, 1 129.55, 128 27, 127.27, 126 93, 126. 56, 121.74,

117.26, 84.31, 81.54% 76.65, 71.81, 46.32, 45.67, 44.94,

- ' o . L
35.54, 30.1,’29.23, 26.26, 23.86, 23.67; MS m/e 370.1602

[

(m*-94; calcd. for C,qHyc03S: + 370.1603); m/e 310.1931

(M+ 134-_ca1cd for Cp1Hpg0z: 310.1933).

» ) . w

C(1r",2s*,3r",8R" OR" ,1os )-10-Benzyloxy-3,6- dlmethyl 2-

hydroxytrlcyclo{é 3.0. 0378)dodec- 5 -ene (99)

The thlonocarbonate derlvatlve 97 (6.5 g, 14 mmol),‘

- iy s

trlﬁg;butyltln hydrlde (6.1 g, 5.66 mL, 21 mmol) and 2,2'-

,azobls(Z—methyl -2- proplonltrlle) (0.1 g) were dlssolved in

Atoluene (150 mL) The resultlng solutlon was deaerated by

bubbllng argon through it for 20 min. The deaerated solu-

tion was refluxed under the argon atmosphere for 2.5 h.

Thé color of the solutlon changed from deep red to almost‘

colorless. The reaction mlxture, after coollpg to room

temperature, was concentrated. Pur1f1catlon by chromatog—

raphy on silica gel column, eiutingrwith 2-8% ether in

dlchlqromethane, gave pure alcohol .99 (4.3‘g, quanfita—

tive): - IR»344Q\¢m'l;L1H NMR & 7.34 (s, SH, aromatic),

K

‘Hz, PhCH,-0-), 3.80 (m, 1H, —o-tu-), 3.30 (d, 1H, I = 7

Hz, ‘-éﬂOH)?, "1.66 (Sj 34, CH3‘é;—'é-)l 0-98"(51 34, CH3"-+-)'7

e~
B
N

5 L
-

5.34 (bs, 1H,‘-CH=é-), 4.58, £.49 (mBq, 1H each, J =12

109
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carbon-13 NMR § 139.34, 130.80,%¥28.29,%137.26, 127.00,

118.05, 88.89, '61.88, 71.89, 47.21,.45.55, 41.63, 40.04,

30.06, 29.75, 29.33, 28.18, 26.25, 23LBB;'M&»M+ 312.2081
: - . P g |
1976 (M*-18;

. ) K v . ' .1\2§’3; :
(calcdr for C21H2802:v 312.210§) .m/em 294.

cglcd. for Co1Hyg0s 294.1984). ‘ S
Anal. calcd. for C,p Hpg0,: C, 80.77, H, 8.97.
Found: C, 80.85; . H, 8.77.

12

o k. k. k  * x *
(1R ,2R ,7R ,12R ,13R ,14S )-14-Benzyloxy-10-methyl-4-

thiono-3,6—dioxatetracyclo[12.3.0.0.2'707'12]hexadec—9-ehe
(100) |

A solufion of the diol 81 (0.05 g, 0.15 mmol) and 4-

(N,N-dimethylamino)pyridine © (0.05 g, 0.38 mmol) ing

acetonitrile (2.0 mL) was treated with phe@y’chlorothiono—
' | , s ~
carbonate (0.07 g, 0.05 mL, 0.38,mm61)'with’stirting at

room temperature. The resulting ‘light yellow colored

-

solution was stirred at room temperature for 36 h. The
, I ‘ \,_\//‘ _
reaction. mixture was diluted with ether and washed With

water and saturated brine solution. The ether layer was

dried over anhydrous sodium’' sulfate and concentrated. .

purification - on a silica ‘gel column, eluting with

dichloromethane, gave pure cyclic thionocarbonate 100
‘ . : i o : @

" (0.03 g, 50% yield): IR 1250 em~! (c=s); lH NMR 5 7.30

(s, 5H, aromatic), 5.30 (bs, 1H, fCH=é-l, 4-64‘ahd 4,56

(AB quartet, 2H, J = 12 H, each, PhCH,-0-), 4.00. (d, 1H,

110



CH4- - é ); MS M* 370.1605 (calcd. for czzuzﬁo. 370.1602) .

4

. * * r R * : )
(1R ,2R ,3R ,8R +9R ,10S )—10-Benzyloxy73,6-d1methyl—

2(N,N N',N'—tetramethyl)phosphorod1am1dq¥1tr1cyclo-‘

[7.3.0.03" B]dodec 5-ene (101)

A solution of the alcohol 96 (0.25 g, 0.8 mmol) in

D

tetrahydrofuran (5 mL) at 0°C was treated with sodium

hydride (50% dispersion in mineral oil; 0.05 g, 1 mmol)

and hexamethylphosphoramide’ (0.5 mL). After stirring the

~ resulting mixture for 20  minv at 0"1C, N,N-dimethylamido-
>phosphbrodi§hlofidate 10.5 mL; excess) -was added. This
vslightix turbid‘éolution was stirreq overnight under argon
atmosphqrz‘at room tgmperaturé, ‘It was cooled to 0°C and
quenched with anhydrous dimethylamine (10 mL) and stirred
for aa additional 3 h. The reaction mixture was poufed
into water ahd»éxtfacted with ether. The ether extract
'Qas washed with water and saturated brine solution. After
dryiqg the éthér extract over anhydfohs sodium sulfate it
-was concentrated to give crude‘product. Purification by
chromatography vog silica gel coihmh, eluting with,6 50%
-aéetoﬁe‘in dichloromethane, -gave purevphospho:odiamidate
101 (0.2 g, 60%): 1y ﬁMR &5 7.34 (s, 5H, aromatic), 5.28

(bs, 1H, —CH=$—), 4;59, 4.49‘KABq, 1H each, J = 14 Hz,
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Ph-CH,-0-), 4.27 “(dd, 1H, J = 6 Hz, J' = 10 Hz, —én—é;
PO-), 2.85, 2.70, (2 x d, 6H, J = 11 Hz, each, 2 x -NMe,),
1.66 (s, °n, cu3-é=é—), 1.26 (s, 3H, cn3-¢—); Ms M*
446 .2700 cd. for C,gH39N,03P: 1446.2702), m/e 294.1979"

(M*-152; calcd. for C,jH,e0: 294.1983).

'* * * * * IR 2N .
(IR ,2S ,3R ,8R ,9R ,10S )-10-Benzyloxy-3,6-dimethyl-

2(N;N,N',N'-tetramethxl)ph0§phorodiamidoxltrigyclo-

17.3.0.03/8}dodec-5-ene (102) }

A soluiion 6f alcohol J§;“(O.l g, 0.3 rmmols ,in
tetfahydrofuran (3 "mL) at 0°C waé treated Qith  sodium
hydride (508 dispersion -in oil; 0.01 g, 0.4 mmol) and_
hexamethylpﬁosphoramide (0.2 mL). Thié solution was
stifréd for 15 mwin and E,E;dimethylamidophosphorodi;
' chloridate (0.2 mL, excess) was addéq. * The resulting
; réaction mixtureg‘ wé;. stirred overﬁight under the
atmosphere of atgon.‘ It was cooled to "0°C and quenched -
Qith anhydrous dimethylamine (5 ﬁi)»and the miiky white
solution thu§ formed was stirred fﬁr 3. h, The reaction

S AgD ' :
" mixture was poured into water and ‘@Ptracted with ether.
The ether layef was washed with water and saturated brine
solution. The etﬁer layer was driédﬂover\anhydroUs sodium 
sulfate and concentrated. Chfomatographyfof the residue
on silica gel columﬁ, eiutiﬁg with 50% acetone in °

\

dichloromethéne, gave pure compound 102 (0.8 g, 56%



AeaCht._J = 12.5 HZ, Phéﬂz-.O—),'j 98 (d4, 1H, q= 7

yield): IR 1225 cm~! (P = 0): 1y NMR 6 7 30 (s, 5H,

aromatic), 5.33 (bs, 1H,. —CH=$—), 4.58, 4 47

[

6H each,; = 11 Hz, ZXNMez), 1.66° (5, 3H, CH3~& é—),\O 99

(s, 3H, ca3-#—), carbon-13 NMR & 139.27, 130.62, 128 31,

127.17, 126.92, 117.83, 113,01, 112.81, 91.14, .91.01,
81.75, 71.73, 45.77, 45.41, 42.11, 39.39, 36.57, 36.51,
29.63, 29. 10) 28.96, 25.80, 23.72, 22.74; MS M* 446.2702
(calcd. for 025H39N203P. 446.2699), m/e.§94.198§ (M*-152;

geled. for C21H260. 1294 <1983).

ls*}3R*,8R?,95*,ldS*)-10-Hydroxy—3,6-dimethx}triqyclo-

(7.3.0.03/81dodec-5-ene (103)

a) From the phosghorodiamidate 101.

{ . ,
pieces of lithium (0.25 g, 34 mmol) were added to

I4 : . :
ethylamine (10 mL) cooled to\D°C. Within 20-30 min most

of the pieces dissolved. resulting ‘in a very deep blue
| , o ’ ,

solution. - To this solution wa : added the phosphorodi-

amidate 101 (0 15 g, .0.34 mmoli\\jn tetrahydrofuran (5

mL) . The resultlng mlxture was st rred at room tempera-

ture under the argon atmosphere overnlght. The reaction

mixture was quenched w1th water and extracted w1th ether.'

l

The ether layer was washed\w1th water and saturated briné
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.

solution. It was dried over anhydrous sodium sulfate and

concentrated., Purification by chrémagography on silic§

& .

gel column, eluting with 2-5% ether in dichlbromethane,

gave pure alcohol 103 (0.035 g, 50%): IR 3380'ch‘1f 1y

NMR 6 5030 (bs' IH' -CHSé‘)' 4.20 (m' IH' -éMH),l.GG (s'
3H, cu3-é=é-), 0.98 (s, 3H, cn3—%);’us M* 206.1662" (calcd.
for Cy,H,,0: 206.1670), m/e 188.1558 (M*-18; calcd. for

b)  From the phosphorodiamidate 102

Pieces of 1lithium (0513 g, 17 mmol) were added to

ethylamine (10 mL)'fooled to 0°C. Within 20-30 min, most

"of the pieces dissolved giving a very dfep blue solution.

- To this solution was added the phosphorodiamidate 102 (0.7

g, 0.17 mmol) in tettahydrofuran (5 mL). The resulting
‘solution was stirred- at- room temperature overnight under

the atmosphere of 'argon. The reaction mixture was

— Ry . .
quenched with water and extracted with ether. The

-

combined ether extract was washed ‘with water and saturated

brine solution. It was dried over anhydrous sodium
~sulfate .and concentrated. . Chromatography ©on silica gel
coluﬁn,.eluting with 2-5% ether in dichloromethane, gave

alcohol 103 (0.018 g, 50%).



(1R ,ZS 3R ,8R 9R ,1os )=10- Bengyloxy-als dimethyl -2~

methanesulfo‘yloxytrlqyclo[7 3.0.03+8)d0dec- S-ene (104)

The alcohol 99 (2 g, 6 4 mmol) was dlssolved Ln al:l
mixture of dichl omethane (10 mL) and tr1ethylamine (10
mL) and gtoled #6 0°cC, Methanesulfonyl chloridef(llg; 0.7
mL, 8 7 mmll) was added and the&resulting bfown reaction
mixture was stirred under the atmosphere of argon for 30

mfn at room temperature.: The reaction m1xture was poured
into water and extracted with ether. Tha gombined ethet

extract'was washed with water, saturated sodium carbonaté

solution, -dilute hydrochlor1c acid- and saturated br1ne

solution, /It was dried over anhydrous sodium sulfate and

concentrated. . Purification by chrmatography on silica gel

column, ‘eluting with dichloromethane, gave pure mesylate

104 (2.2 g, 90%): IR 1351 and 1173 cm'1 (-80,-0-); lu

'NMR 5 7.34 (s, SH, aromatlc), 5.33 (bs, 1H, <CH=C-); 4.59,
4.48 (ABq, 1H each, J = 12. 5 Hz, PhCH,-O-), 4. 33 (4, 1H4,7J

7 Hz, énosoz ), 3.82 (m,. 1H, -Oéﬂ-), 3.04 (s, 3H, -0~
SOz—CH3), 1.68 (s, 3H, CH3 é é ), 1.03 (s, 3H, CH3-+-); MS
MY 390.1837 (calcd. for C22H3004S° 390.1865), m/e

294.1983 (M*-98; caled. for Cp1He0: 294.1984).
\ ] B
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(IS*,3R',8R*{QS*LJOS*)~10—Benzy10Xy13,6-dimeth&ltricyclo-

. 3.8 ' ] ‘ * * ' * ,
(7.3.0.0°7"]dodec-5-ene -(82) and (3S ,8R ,9R ,10S )-10-

Ben;yloxy-a,6-dimethy1trigjclo[7.3.Q.0?'8]ded§c-1,5-diene
ilﬂél . | ¢ . , 'lﬁ

‘The mesylate 104 (2 g, 5.1 mmol), lithium iodide (7
g, 52 mmol) -and zinc dust (3.5 g,.54'mmol) were placeq in
dimethylformamide (SOrmL).. This mixture wa§ heatéd J;der:
the argon atmosphere at 145°C for 14 h. On cooling ta

room temperature, it was diluted wit
2 e

ether (50 mL) and

)

fil;eredf Thé_précipitated solids were washed Qith’ethef.

The filtrate was wa;ﬁed with water and satuféted brine

solution. ‘The ethér layer was.dried over anhydrous sodium.
sulfate and cqncentrated. .Chrématdgraph of thg residue on

silica géliColuﬁn"eluting.with 2-5% dichlo:omethane iq

hexane, gave pure compound 83 (0.55 g, 36% yield):«. 1y

NMR & 7.28 (s, 5H, aromatic), 5.28‘(bs,,1H,‘-dh=é—), 4,60,
4.51 (ABg, “}H each, J = 12 Hz, ﬁﬁ-ca24o—), 3.82 (m, 1H,

~0-tu-, 1.66 (d, 3H, J = 3.5 Hz, cH3-é=&-) 0.98 (s, 3H,

CH3—¢-); carbon-13 NMR § 170.26, 139.58, 130.52,’128;27ﬂ

. 127.17, 127.00,‘118,98, 82.51, 71.88, 49.59, 48.98, 43.67,

39.85, 38.58, 33.57, 30(?6, 28.84, 28.11, 25.14, 23.88; MS

Mt 296.2136 (calCd;‘fo:.CZIHZBO: 296.2140).

ﬁggll'calca. for &21H280:' C; 85.145 H, 9.46. Found:

u

 C, 85.37; H, 9.63. o | "3

e
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Continued elution of the

methane in hexane gave compound 5 (0.3 é 20% yield): ly

.

NMR & 7. 34 (s, 5H, aromatic); 5.50 (bs, 1H,‘-Cn=é—CH3),
5.38 (s, 1H, , - él—isé ).» 4 62, 4.50 (ABy, 1H eacth = 12 Hz,
Ph-CH,-0-), 3.80 (t, 1H, J = 6 qu.-o-éa—), 1.70 (s, 3H,
cu3-é=é-), 1.10 ks,\3u,jCH3L%-y? carbon-13 NMR & 148.84,
139.36, 131.91, 131.13, 128.20, 127,40, 127.17, 120.99,

77.30, 70.70, 61.69, 49.89, 43.93, 36.33, 34.89, 30.62,

26.48, 23.72, 21.96; MS M* 294.1984 (calcd. for C,jH,e0:

1 294.1984) .

* K * FOR * ‘ '
(1R ,25 ,3R ,8R , IR ,105 )-10-Benzyloxy-3,6-dimethyl-2-

olumn with 8- 10%“dichleroé\

methxlmecqptoth1onocarbonylogytr1eyclo[7 3.0.03/ 8]dodec -5-

ene (106)

A solution of the alcohol 99 (2 g, 6.4 mmol) in

'tetrahydrofuran (25 mL) at 0°C was treated with potassium

hydride (35% dlsper51on 'in mineral oil; ‘1 g, 7.7 mmol).

Aftertstxrr1ng for 20 min, this solution was treated with

carbon disulfide (1.8 g, 1. 4 mL, 24 mmol). The resulting
deep brown solution was stlrred under the argon atmosphere

at room temperature for 16 h. To this reaction mixture

was added methyl iodide (4.6 g, 2 mL, 32 ‘mmol). The

resulting light brown solution was stirred further for 12
h under the atmosphere of argon at room temperature. The

' . ['d
solvent was removed under reduced pressure and the residue

117
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was taken up in ether. The ether layer was washed with
water and saturated brine solution. The ether layer was

dried over anhydrous sodium sulfate and concentrated.

Chromatography on gilida'gel column;Aeluting with 5-20%

dichloromethane 1in ﬁexane, gavé pure compound 106 (1 g,
40% yield): IR 1052 cm~! (c=s); 1 NMR & 7.34 (s, SH,
aromatic), 5.69 (4, 1H, J = 7 Hz, éH-OCS-), 5.34 (bs, 1H,
-CH= é ), 4.60, 4.48 (ABg, 1lH each, J - 12 Hz, PhCH,-0-) ,
3.82 (m, 1H, -O- éH ), 2.66 (s, 3H, -~S- CH3), 1.66 (s,  3H,

CH3- el ), 0.96 (s, 3H, cu;;—#-): CIMS (M+NH4+) 420.00; MS

m/e 355,1739 (M*-47; calcd. for .C,,H,70,S: 355.1732), m/e

294.1985 (M*-108; calcd. for C,jH,cO: 294.1983),

‘"(ls*,BR*,BR*,QS*,lOS*)—IO-Benzyldxy-ﬁ,6-dimethy1tricyclo—

[7.3.0.03'8]dodec-5—ene (82) from xénthate 106_

The xanthate 106 (1 g, 2.5 mmol), trifgfbutyltin
hydride (2.5 g, 2.3 mL, 8.6 mmol) and 2(2‘ja205is(2—
hethyl—z-propidnitrile) (Q.i g) werévdissolyed in toluene
(20 mL), The splution waé deaerated bylbubbling argon éas
for 20 hin.b This solution was refluxed under the argon
atmosphere for 2vh.T The reaction mixture was cooled to
room temperature and concentrated, The ﬁrésidue_ on
chromatography on silica gel column, eluting with 2-%%

dichloromethane in hexane, gave pure 82 (0.73 g,

gquantitative).

v
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(1s*,3s5%,75",85",95")-6-Acetyl-9-benzyloxy-3-methyltri-

“eyclo-[6.3.0.03°7]undec-5—ene (107)

The benzyl ether. 82 (0.5 g, 1.6 mmol) was dissolved
in dichloFomethane (15 mLS; The solution was cooled to /
‘~78°C and ozone was passed through the solution till the
blue color of ozone pefsistedQ The flow of ozone was
stopped, the solution was purged with argon‘\to remove
‘excess ozone and dimethyl sulfide (S‘mL) was added. The
resulting solution was stirred overnighé under the argon
atmosphere allow1ng the temperature to rise to the room
te;gerature, The reaction mlxture was concentrated and
the residue was taken up in_ ether. The ether layer was
washed with water and saturateéybrlne solutlon,'drled over
anhydrous sod%um sulfate and concentrated, Chromatography
on silica gel column, eluting with dichloromethane, gave
pure enone 107 (0.32 g, 60% yield): IR 1660 (C=0), 1614
em™l (c=0); lu. NMR 6 7.42-7.24 (m, su,‘arohatic); 6.69 (t,
"1H, J = 2.5 Hz, =-CH= é ), 4.68, 4.58 (ABq, IH each, J = 12
Hz, PhCH,~0-), 3.98 (m, 1H, -o-éH ), 3.22 (bs, 1H, —éﬂ—

\\\\\\\C=CH-), 2.32 (s, 1H, CH3-CO-~) 1.12 (s, 33, CH3-#-);
: “carbon-13 NMR & 148.95, 142.28, 139.76, 128.07, 127.17,
126.92, 81.98, 71.25, 57.35,'54.48,‘53.30, 48.45, 47.72,

E 43.97, 32.?1,'38.66, 27.25;A26.78; MS M* 310.1932 (calcd.



3;,»’

(15',38';75'188*198.f'Q—Benzylogy—G—carbomethoxy—3—methyl—

tricxplofG{J.0.03'7]undec-5-enev(110)

Sodium methoxide was generated b? dissolving sodium
(0.08 g) in methaﬂol (5 mL). The resulting sodium
methoxide solution was cooled to 0°C and iodine (0.16 g,
1.55 mmol) was added to it. After stifring this mixture
for 20 min, a solution éf enone 107 (0.1 g,'0;33 mmol) in
methanol (3.0 ‘mL) was added and stir;ing,~ under the
atmosphere of arggh, was continued for additional 30
min. The reaction mixture was dilut:.ed with water ‘and
extracted with ether. The e;ﬁer\layer was washed wiﬁh“a
dilute solution of sodium thiosulfété, water and saturated
brine solution. ~The ether layer Qas dried over anhydrous
sodium sulfate and concentrated. Chromatqgraphx on silica

gel column, eluting with dichloromethane, gave pufe\este}

110 (0.05 g, 45% yield): IR 1717 (ester C=0), 1620’6mz£

~.

(c=c); lu NMR 5 7.38-7.28 (m, SH, aromatic), 6.62 (bs,

12' Hz,

1H, -CH= é -Cco-), 4. 65, 4.52 (ABg, 1H each J
3.20 (bs, én—c CH-), 1.12 (%, 3H, CH3-+-); MS M*

. - L
326.1885‘(calcd, for C21H2603: 326.'1882) .,

(IS*,BS*,7S*,BS*,QS*)-9-Benzqu5y-6-carbdethoxymethyl-
TN - -

idene-3-methyltricyclo[6.3.0.03+7Jundeca-5-ene (115)

" To the saturated solution of chlorine’ gas in di=

e
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chloromethéne (3.0 mL) at 0°C was added the enone 105.
(0.02 g, 0.065 mmol).  The resﬁlting solution was stirred
for 10 min and the solvent was\ removed under reduced
pressurefy The residde was redissolved in ethanol (5.0 mL)
containing sodium ethoxide (0.05 9) and refluxed, under
argon atmosphefe for 2 h, The reaction mikture was -
diluted with| water and extracted with ether. The ether
layer was washed with water ané saturated brine solution.
The ether layer was dried over anhydrous sodium sulfate

- and concentrated. Chromatograph;hon silica gel column,
eluting with dichlor;methane, gave pure 115 (0.006 g, 25%
yield): IR 1711,cm°1’(C=O); ly NMR & 7.34-7.40 (m,;s5H,
aromatic), 5.5 (bs, 1H, -CH=CO-), 4.60, 4.54 (aBq, 1
each, 'J .= 12‘Hz, PhCH,-0-), 4.15 (q, 2H, 3 £ 7'Hz; CH3—
CHy=0-CO-), 3.84 (m, 1H, -0-CH-), 1.28 (t, 3y J = 7 He,
cﬁ3-cuz-o-co-), .00 (s, 3H, cu3-%é); Ms M* 354.2184 .-

t

(calcd. for C23H3003: 354.2195) .

(lS*;3S*,7S*,SS*,QS*)—9—Behzyloxy—3-methyltricyclo—

s

[6.3.0.03+7}undecan-6-one (117)

The enone 107 0.2 g, 0.65 mmo}i and fused sodium
acegate (0.% g) were placed in methanol (5 mL),. ‘To thié
suspension was added hydroxylamine'hydrochioride (0.06'g,
0.78 mmol) and the resulting mixture was*stirred for 2.5 h

1

at room temperature. The reaction mixture was taken up in

Y



ether and washed with water and saturated brine so%ution.
The ether layer was dried over anhydrous sodium sulfate

and concentrated.

The oxime 118 (0.3 g) thus obtained was dissolved in .

a 1:1 mixture of pyridine (3 mL) and triethylamine (3 mL).
The solut;on was cooled to -23°C and phosphorous oxy-
chloride (0.5 mL, excess) was dripped into the reaction
‘mixture,. The resulting deep red solution was‘ stirred
overnight under the atmosphere of argon' at 0°cC. The

réac&ion mixture was cooled to -15°C and water (10 mL) was

added. On stirring this mixture for 15 min, aqueous

hydrochloric acid (6 N, 15 mL) was added. Stirring was

o

continued further® for 3 h at "‘room temperature. The
reaction mixture was extracted wiﬁh eﬁher and the ether
layer was washed with water and saturated brine solution.
fhe ether layer wag dried over anhydrous sodium sulfate
and concentrated. Chroﬁatography on silica gel column,
eluting with dichloromethane, gave pure ketone 117,(0;125
g, 70% yield): IR 1725 cm™! (c=0); lH NMR & 7.40=7.28 (m,
~ 5H, aromatic), 4.65, 4,49 (ABq,ﬂlH:eéch, J.=*lﬁ Hz, PhCH,-
0-), 3.89 (m, 1H, —O—éH—), 1.18 (s, 3H, CH3-¢—); Ms MY
284.1773 (calcd. for CygH,,0,: 284.1777). |
Anal. calcd. for CygH;40;: C, 60.28; H, 8.45.

Found: C, .80.51; H, 8.54.
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xlsf,3s*,7s*,ss*,és*)-9—Béngylogy-3-methy1e6-

methylldenetrlcyclo[G 3 0. 03 7}undecane (119)

- To a- stirred suspen51on of methyltrlphenylphosphon1um
bromrde (0.38 g, 1 mmol) 1n-benzene wae added potas51um t-
butoxide (0.125 g, 1.1 mmoi). The . resulting suspeheion
was'stirred at room temperature under the aréon atmosphere
for 20 min. The ketone 117 (0.2 g, 0 7 mmol) was added to
this brlght yellow suspen51on. The’ resultlng solution was
refluxed ’overnlght “under the‘ atmosphereﬂ of argon. On
: ceolihg to room‘ temperature, the reaction mixture lwas
poﬁred in water and extracted w1th ether. The combined
ether layer wa; washed ~with’ water and saturated bri:ew
solutioh.,‘The ether layer was dried over anhydrous sodium
~sulfate and concentrated. Chroﬁatography on silice gei
column. eihting Jith 5—20% dichloromethahe in_hexane,‘gave
pure compound 119 (0.16 g, 80% yieldi: IR 1650, 880 cm™!
(- CH,): 1H NMR 6 7.38-7.26 (m, 5H, aromatic), 4.88 (bs,
. lu, ~b=caw), 4.62 (m, 18, -C=chm), 4.58 (s, 2H, PhCH,-0-),
3.85 (m, 1H, -0- tn ), 1.06 (s, 3H, CH3€%—); MS M* 282.1974

(calcd. for C20H260. 282.¥983).

'(lS*,33*;7R*,85*,9S*)—9—Bénzyloxy—3+methylspiro[triCyclo—

[6.3.0.03+7)undecane[6,1']cyclopropane] (120)

(S

The compound 119 (0.15 g, 0.53 mmol) was dissolved ‘in

toerne (5 mL). -To this was added diethyl zinpc (15% (W/V)



7 TR,

solution in toluene; 1.75 ‘mL, 2.1 mmol) and methylene

v 1

~ iodide (0.6 g, 0,18 mf, 2.25 mmol). This mixture was

stirred at room temperature‘under the argon atmosphere for
0 v :
few minutes, Argon flow was replaced by .a gentle stream

qf air and the mixture was heated at 50°C for 2 h.. The

reaction»mixtureﬂwas cooled to room temperature. It was .

poured into water and extracted with ether. The gther

layer was washed with water and saturated:brine solution.

The ether layer was dried over anhydrous sodium sulfate

and concentrated.‘ Chromatography on silica gel g¢olumn,

eluting with 5-15%_‘dichldromethane in hexane, gave pure

compound 120 (0.13 g, 80% yield): IlH NMR & 7.32 (s, 5H, -

aromatic), 4.57, 4.42 (ABg, 1H each, J = 12 Hz, PhCH,-0-),

3.77 (m, 1H, J = 6 Hz, -o—én~); 1.20 (s, 3H, ca3-#-}( 0.55

(m, 2H, cyclopropane CHZ),50;35 (m, 2H,:cyclopropane CHy) i -

MS m/e 205.1589 (M¥-91; calcd. for Cj,zH,10: 205.1593).

(18*,35*}7R*,BS*,9S*)-9—deroxxf3—methylspiro[tricyclo—’

[6.3.0.03+7Jundecane[6.1']cyclopropane] (121)

The cyclopropane 120 (0.1 g .34'mmol),'fﬁsed»sodium
acetate (0.2 g) and 5% Pd-C (0.1 g) were pléced in glacial
acetic acid (5 mL). ‘This mixtufe was shaken under the
atmoéphere gf,rwdrogea‘(30 péi) at room temperature §Pr

12 ,h, The  reaction mixture was filtered, the residue

washed with ether., Thé filtrate was washed with water,

124



saturated sodium carbonate solation and saturated brine
éolution. \The‘ather layer was dried‘over anhydrous sodium
suifate and concentrated. . Chromatography on 5111ca gel
cgauma, eluting with 40% dlchloromethane in hexane, gave
pure alcohol 115 (0.07 g, quantitative yield): IR 3410
em™; lu NMR & 4.08 (m, 1H, —énon), 1.24 (s, 3H, CH3—+-),
0.60-0.32 (m, 4H, cyclopropane CH,-CH,); MS M+ 206.,1661
(calcd. for CysH,,0:  206.1671), m/e;”188.1565 (M*-18;
calcd. for CyuaH,g: 188.1565). | |

/

a3
¥

(1s ,38 ,7R* 8s” ,QS )-9- Cyclohexylmethoxy -3- methyl—

sp1ro[tr1cyclo[6 3.0.037 7]undecane[6 1° ]cyclopr;gane]

(13 | o

“The cyclopropane 120 (005 é, 0.17 mmol), fused
sodlum acetate (0.1 g) and platinuh oxide (0.05 g) were
placed in glac1al acetic acid (5 mL). 'Thé~ﬁixture was
shaken under the atmosphere of hy@rogén (36 psi) at  room
ﬁemperature fof 12 h. The reaction mixture was filteréd
and the fesidue was washed with efher. The filtrate was
washed with water, saturated sodlum carbonat;‘solutlon and
y :
usaturatgd brine solutloni The eé%z} lay%F was drled over
anhydrous sodium'suifate,and concentrated. Chromatography
on silica, gel column, eluting with 10% dichloromethane in

hexane, gave pure' compound 122 (0.05 g, 'quantitative

yield): lH NMR § 3.56 (m, 1H, -O- én , 3.22, 3.07 (both

{ﬁ?a
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dd, 1lH each, J = 6 Hz each, J' = 9 Hz each, -éH4C82—O-)ﬁ/&

1.20 (S, 3H' CH3_+_)'0.57' 0150, 0.36’ 0.20 (4)( ddd, 1H
each, J = 3.5 Hz each, J' = 5.5 Hz each, J" = 8.5 Hz each,
4 x cyclopropane -CHH-); MS M' 302.2631 (calcd. for

* * * * *V . , 3,7
(1s ,3s ,7R ,8S ,9S )-3,6,6-Trimethyltricyclo[6.3.0.0°7']~

undecan-9-o0l (123)

The alcohol 121 (0.05 g, 0.24 mmol), fused sodium

aceta;e/(O;l g) and platinum oxide (0.1 g) were placed in
- glacial acetic acid (5 mL)-v This mixture was shaken under
the‘atmosphere of -hydrogen (30 ési) at room temperature
fo; 12 h. The reaction mi*ture was ‘fiitered ‘aﬁd ‘the
residue w;\s washed with ether. The filtrat’s‘ washed

e 7
with water, saturated sodium carbpnate. solution and

%,

saturated brine solution. The ether layer was dried. over

anhydrous sodium sulfate and concentrated. Chromatography.

on silica gel co}umn, eluting with 50%’dichloromethang in
hexane, gave pure alcohol 123 (0.05‘.g, quéhﬁitative
-yield): IR 3410 cm™1; 1y NMR & 4.12 (m, 1H, —énoa), 1.22,
1.06, 0.98 (3 x s, 3H each;.3 x -CH3);. MS M% 208.1827
(caled. for Cj4H,,0:  208.1827), m/e 190.1724 (M*-18;

calcd. for CygHop: 190.1722).
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(15*,35*,75*,85*)-3,6,6-Trimethy1tricyclo[6.3;0.03'X1-'

| undecan-9-one (13)

The alcohol 123 (0.02 g, 0.085 mmol) was dissolved in

dicbﬁgropethané (2 ﬁL) and was treateé at rodm-tempefature
witﬂ?;yridinium cﬁlorochroﬁate'(o.osyg, 0.14 mmol) ., The
_reéulting daik orange solution was stirred at room
temperaturé for 3 h. The_reactfqn mjﬁthr¢ was filtered

through a short column of fluorosil. The filtrate was

1 . . : .
%oncentrated and the residue was .chromatographed on silica

gel.colhmn eluting with dichloromethane. The pure ketone
13 thus obtained (0.015 g, ao; yield) showed: IR 1737
ch'l (c=0); lu mMr 5 1.10, 1.06, 0.96 (3 x s, 34 each, 3 x
~CH4); carbon-13 NMR &6 222.40, 64.61, 57.34, 53.22; 48.02,
42;51, 42.30, ‘41:§6, 40.31, 35.12, 30.91, 30.45, 26,15,

24.26; MS M* 206.1670 (calcd. for CysH,,0: 206.1670).

29(12)

-Capnellene (2)

To a stirred suspension of methyltriphenylphosphohium

0

bfomide (0.1 g, 0.03 mmol) in benzene (37mL) was . added
potassiumigjbutoxide'(0.04 é, 0;03 mmol). This suspension
‘was 'stirred for 20 min at fpom temperature.’ To the
resulting bright yelldw éolution waé added the ketone 13
(0.01 g, 0.05 mmol) and the mixture'was réfluxed under the
atmosphere of argon for 6 h. After cooling the reaction

* mixture to room temperature, it was taken:up in ether and
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7 . .

washed with water and saturated brine solution. The ether

layer was dried over anhydrous, sodium sulfate and

{ m

concentrated Chromatography on silica gel <column, -

elutlng with 5-10% dichloromethane in hexane, gave pure
compound 2 (0. 0075 g, 75%: yield): IR 870 cm™l (C=CHy); 1y

NMR & 4.90 (bs, 1H, é CHB), 4.80 (bs, 1H, é =CHH), 1.16,

1.06, 0.98.(3 Xx. s, 3H ea®h, 3 x -CH3); Carbon-13 NMR &

159.00, -104.99, 69.16, 53.34, 52,34, 48.00, 46.05, 41,73,
40.62, 31.84, 31.60, 30.85, 29.13, \26.09; Ms M* 204.1867

(calcd. for CygH,,:\ 204.1878).
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Figure 1. 4, Dewar flask: B, sintered glasa filter; C, metal cooling coil; D, water inlet;

£, water outlet; F, reaction vessel; G, quartz immervion well; H, pyrex filter; /, lamp;
J, aitrogen gas mlol K, ground glass joint; L, condonur. M ealcium chloride drying

tube.
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