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ABSTRACT

A stercoselectlive total synthesis of a hitherto un-

reported Qpinmn"<5f the maturally occurring sesquiterpene
kessane (1), namdly, S-cpikessane (11), and two unsatu-
rated derivatives, dehydrokessanc (I171) and As—duhydrp-
kKessane (IVY has been achicoved.. In developing the syn-
thesis a new approach for constructfnq the hydroazu]eﬁu
system was 1ntroduced. Primarily,_thé methbd involves the
construction of 4 suital e trigyclo[5.3.0.02'6]dccancbsys—
tem by photochemical means‘féliowed by spocific‘cléavage
of a carbon-carbon bond of the %osulting cyclobutane ring.
Photocycloaddition of lFacotoxyr2—carbomethoxy—
cyclbpontcnc and 4-acetoxy-2-cyclopentenone followed by
acid treatment of the resulting photoadductskgave enone
V. Treatment of V with a complex prevared from methyl-
magnesium bromide and cuprous iodide followed'by'thio—
ketalizaticn of the resulting ketone VI gave the
thioketal VII. ReductiOn-of VII with Ra%ey niékel
afforded the ester VIII which on reduclion wlth lighium'
aluminum hydride gave rise to diol IX. The l,3-glycol
cleavage of IX with E—toluggesulfonyl éhioride in
pyridine furnishod keto olefin X wiiich was subsequently
converted to f-keto ester XI using sodium.hydride and

dimethyl carbonat&. Treatment of XI with sodium hydride

and methyllithium gave rise to ketol XII. Oxymercuration-

iv



reduction of XII effected the ether ring formation to give
the keto ether XITI. Reduction of XTIII with lithium alumin-
urt hydride followed by dehydfation of the alcohol X1V

then gave .the dehydrokessane (IfI) and As—dehydro—'
Kessane (Ivf. Reduction of XV, obtained by phosphcryla-
tion (M,N-dimethylphosphoramidic dichloride and di-
methylamine) of XIV, with lithium in ethyiamiA; vo&plotcd
‘the synthesis of_S—epikessane (1IT). AlﬁeLaétivcly
keto‘éstor XI was converted to enol e?her XVT uéing

s dium hydride énd chloromethyl methyl ether. Lithium-
etﬁylamine reduction of XVI followed by treétment of

Lhe product with methyllithium afforded alcohol XVII.

Oxymercuration-reduction of XVII also gave S5-epike e

S (II) .

o)
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Tt had Tonc been rocomoared $hat Certaan essen-
tral ocila, when sul cected to o muld oo d treatoent, oxida-
tron or fistillation, Jeveloroed a hlae color. The e
Pluc sul tanceo, collectively wnown as dzuluncl had
mystiited and intricuced chemists sor nearly three
quarters of g centure unt:l 1936 whnn.ﬁfau and Platener
(20 formulase i ehe ger ey, Doror the parent oo

The stroctura, o0 smrmont was Juntirmed byoa o total

Ssynthesis and sipce o T S S I L0 e
hawe 1o T S

sesgulterpenes Lbased on. the aydroazulene (hydro-
aenated vers:on @f 1) skeleton are widely distributed
1n nature. The oarly development‘of tﬁeir structural
chemistry was facilitated Lv the r sezrch into aiulgnc
1 and 1ts derivatives., More SpClelcaily, by a dehydro--

genation process, naturally occurring compounds often

gave rise to simple substituted azulenes of known struc-

tures whereby the carbon skeleton of the parent molecule

could Le established without much Sifficulty 7 0 pay
exarmple, the grocss structure of Tuaicl 2 was 1dentified

1 ' o L
The #ame azulene wos initially applied in 1862 by

[

lesse (1 to the blue substance which he obtained Srom
the ogsencial ol of wOrmwooud. It had since Leen re-

taired for the varent hydrocarbon 1.



by its dehydrogenation with syl fur to the known com-
pound s-guatavulenc 3 (4) . Although twwn\/or1ifw1t, the
dehydrogenation method was not entirely reliable since
1t was frequoently accompanied by the skoioton rcﬁrfnngo-
ment ., ‘It was thus not unusua "hat, misled by the
avairlable information, the investiqators arrived at
errous conclusion of the carbon sk&leton of the varent
cémpOund. ﬁ-Vgtivono, for instance, had for many vyears
been considered to possess structure 4 mainly due to.
1ts dohydrogonation to give vetivazulone 5 (5), and it
was not until\récently that an unambiqguous synthesis
revealed 1ts correct constitution as'g (6,7,8).

In recent years, the development of natural
products chemistry has 5een greatly accelerated by the
refined isoiation and purification techniques, as well
as by the availability of the far more~sophisticatea
analytical mefhods. The field of hydroazulenic ses-
gquliterpenes makes no exception and during the lasg
two decades or SO, a vast number df_the naturally’dcur—
ring compounds of this class have been iéolated and,
1in spite of their structuralf;omplexity, many have
been fully characterized (9,10,11). ‘

With fow’éxceptions [e.g. Mexicanin E (7) (12) a
fourtqen carbon moleéule], thrée carbon substituepts

in the form of two one-carbon units and an lsopropyl

group arc commonly observed in hydroazulenic sesqulter-
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penes.  Differing from each other in the substitution
pattern, four families of this class of natural vroducts
are known. The major one is the guaianolide famiiy of
which guaiol 2 is a representative merber.  As also
observed for pscudogualanolide and JGiucane-type ses-—

quiterpenes (vide infra), additional carbocycle (e.qg.

aromadendrene (8) (13)] or oxygon—contaihing rings in

torm of an ether linkage le.qg. kessane (9) (14)] or a
lactone linkage.[e.g. jacquinelin (10) (15)]_or both

le.g. arboresin (11) (l6)f are often present in guaiano-
lides. From a biogenetic poiﬁt of view, guaianolides
areAconsidered to be normal products in which the '
linkage of three isoprene units follows strictly. the
head-to-tail ‘rule (17,18);

Pseudoguaianolides and zierone 12 differ from
guaianolides in the location of a methyl unit and the
isopropyl group respectively as a result of the migra+~
>tion of such groups during the bio;ynthesis (18,19) .

Zierone (12) (19,20,21,22) is the only member of the

- so-called.zierazulene (13) familyz. Sesquiterpenes of §

Prior to its correct structural assignment, zierone

(12) was believed to have the sdﬁe skeleton as that of

! , ' . .
zierazulene (13), since its dehydrogenation resulted in
exclusibn formation of’ the latter compounds. Natural
products possessing the zierazulené.skeleton, at present,

still remain unknown.
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thc pscudoguaianolide family are also:largc in num-
ber.  Confertin (14) (23) and ambrosin (15) (13) are
two representative cxamples.

Several natural products such as daucol (ig)
(24) and carotol’(il) (25) are known»to possess the
daucane "(18) skeleton which represents ﬁho'fourth

variation of hydroazulenic Sosquitorpcneé in carbon
Substitution pattcrﬁ. £EU¥; noted that arrangement of
the three isoprene units iniéaucéﬁe_(lﬁ) also follows
‘he normal head-to-tail mannér and that its biosynthe-
sis from farncSyl pyrbphosphaﬁe proceeds by a mode of
cyclizatipn (26) fundamentally different from that of
the other types of‘hydroazulenic'sesquiterpenés men-—
tioned earlier.

Although the éhySiological function of hydroazu-
lenic sesquiterpenes in plants remain to be understood,
some the been shown to be highly odorifefoﬁs compounds
(27) and some found to have potential medicinal use
(22,29,30). These interesting broperties coupled with
the chemicn:l challenge presented‘by these_father cbm—
plex molzacules héve stimulated considerable efforts_iﬁ
fecent years in the search.for»new efficient methods
for the construc+ic- of suitably functionalized hydro-
‘azulenes (31). veloped methods, some of which
have been succ.ss applied to the syntheses of

natural products ... structural®™ related compounds,
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can be classified in three major approaches as follow.

/ | . o ,
(1) Modification@ofih}cygllc system containing cyclo-

EEﬁEﬂC rings.

Bicyclo[4.4.0)decane and'bicyclo[4.3.l]dccane de-
rivatives can thcoreﬁieally be rearrenged to hydro-
azulenes.involving l,2-migration of a specific carbon-
carbon bond. This principle has been recognized and
zeeveral methods, developed accordingly. Although quite
lengthy, by virtue'of thekbetter understanding of the
cyclohexane system and the relative conformational
rigidity of such a system, these methods often permit .
good control of the stereochemlstry of the precureors
and consequently that of the rearranged products.
A classical_example for the transformation _f the
cecalin system to hydroazulene skeleton is the photo-
chemically-ihduced rearrangement of santonin'(lg)_to
isophotosantonin‘(gg) J32). Using this method, Piers
and~cheng converted the known dienone 21 to ketol 22,
.which on further-modification afforded a—bulhesene
(23) (33,34). Other successful syntheses of hydroazu—
lenic sesqulterhenes through the photochemlcal re- .
“arrangement of decalins include Ehose of dihydrof
arbiglovin (24) (35), achillin (25a) (36), deacetoxy-
matricarin (25b) (37) and arboresin (11) (38). caine

énd Ingwatson reported the synthe51s of (-)-cyclo-

colorene (gg) from (- )—maallone (27) 1nvolving photoly—

..
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Sis of dienone 28 as a koy step (39).

substituted

Solvolytic rearrangement of suitably

decalins to hydroazulene derivatives has also ample

examples. The feasibility of such a process was first
demonstrated by Buchi and his co-workers in thei¥ ele-
gant synthesis of (-)-aromadendrene (antipode o 8) in

t

which the crucial step was the solvolysis of tosklate
29 prepared from (-)-perii. .ldehyde (30) to apoaroma-
dendrene (31) (40). MOre recently, Kato, ct al., (41)

reported that tosylate 32 on SOlvolysis gave rise to

33, a known intermediate for bulnesol (34) synthesis.

This procedure was further extended by the same group
of investigators to the total synthesis of kessane (9)
(42) 1in which solvolysis of the cis-fused decalin
derivafive 35, prepared from the well known Wieland-
Miescher ketone 36 (43), induced both the desired
Skeietal rearrangement and the ether ring closure to

give 9 in 30% yield. °*A similar route wis also used in

a recent synthesis of bulnesol (34) .1 ~~bulnesene (23),

involving the transformation of Wieland-Miescher ketone

36 to tosylates 37 and 38 and the solvolysis of the

latter compoﬁ;és,to give the target molecules (44).
Solvolysis of.fun§tionali2ed bicy@&o[4.3.l]decane

derivative as 'a means for the construction of hydro-

azulene system has been extensively studied by Marshall

and Partridge (45) and highlighted in a total synthesis

L2,
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ot bulnesol (34) involving, as a key step, the solvolytic
rearrangement of mesylate 319 to olefin 40.

One carbon ring expansion of hydrolindane system has

also found use in the preparation of functionali-ed

hydroazulenes. Solvolysis ol satnrated hydro-
indanes of general formula 41 (x - leaving group) gave
risc, as expected, to all three possible Wagner-Moorwelin

rearrangement products (wi*h respect to carbon skeleton)
without much selectivity (44). The brcsence of a C-5
doublc bond, however, has been shown to qlpor markedly
the course of redction glving predominantly the hydro-
azulenic product. For instance, acetolysis 6f 42
t-sulted in the preferential formation of hydroqzulene
43 (47). A mechanistic rationélc (scheme I) has Eeen
postulated to account for these interesting findings.
The trfansformation 5f mesylate 44 to 45 5y acetolysis
in connection with a total synthesis of quaiol (;)‘(48)
represents another ecxample of SECH a process and also
demonstrated its synthetic applicability.

Several years ago, Marshall and his co-workers re-
ported a steréoselective one-carbon ring\cxpansion
sesquence with concomitant y—bptyrolactqne formation (49,
U The procedure involves the cdhstructiOn of cyclo-
propylcurbinol‘interﬁediates such as 46a and 46b from
an enone as illusﬁrated in scﬁeme ITI or from other

sultable starting materials, and the acid-inducegd ring

14.
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fission of these alcohols to complete the homqloqation.

A moditied versfon of this process has recently been N
extended to hydroazulene synthesis (51). Thus, the

known enone 47 (52) was converted in cight steps into
cyclopropylcarbinol 48, which on acid treatﬁent gave

rise to h droazulenic lactone 49. Further modification

of the latter substance ‘completed 5 totel‘synthesis

of comferin\(l ) (51).

(11) Olefin cyclization reactions. -

Cation- lnltlated transannular cycllzatlon of d@clo—
decadlene derlvatlvee has been considered to play an
important role in the‘biosynthesis of hydroa?ulenie
sesquiterpenes (17). Several methods for hydroazulenes
-synthesis haVC been developed mlmleklng the pOSSlble
blosynthetlc process It is noted that the cyclization
of possible biosynthetic decadiene intermediates such
as 50 to hydroazulene skeleton requlres an ant1~
.Markoxnlkoff mode of reaction. as deplcted in’ scheme TIII.
Whereas blosynthetlcally it can well proceed with ease ™~
under enzymatic control, such an unfavorable cationic
cyclization is et pfesent impractical in the: laboratoéy
It has been shown, however, that the desxred mode of
cycllzatlon can be facilitated by means.of "activation"
of Sne of the couble bonds. Brown and‘Sutherland, for
insténce, feund that mild acid treatment of 51 mainly gave

rise to -the hydroazulenic products ég.and 53 (53) as a
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result of the acid-promoted epoxide cleavage with
transannular participation of the endocyclic double bond.
The device used by Marshall, et gl., (54) was the intro-

ductlon of an allyllc ltawlng group to activate the

adjacent double bond. This method was exemplified by

the solvolysis of cyclodecadiene 54 to 55, a key

- intermediate in the total syuthesis of (*)-globutol

(56) (55). Recéntly, lguchi and co-workers showed that
the guaiazulene skeleton could be obtained by trans-
annular cyclization of germacrane derivati&é (56)t Thus,
on treatment with thiophenol and formic acid, germacrone
57 was cyclized to give hydroazulenic ketone 58. -

Acid catalized cyclization of approprlately sub-

stltuted cyclopentane derlvatlves 1ead1ng to hydro-

azulene skeleton has also been extensively studied. Using

a Prins reaction, Marshall, et'al., have succeeded in

N
\.

cycllzlng unsaturated aldehydes 59a and 59b to hydro—

azulenes 60a and 60b respectlvely in a hlghly stereo-

selectlve mannern(57). An extension of this method is

-

found in a total synthesis of guaiol (2) and bulnesol

' (33) (58,59), where treatmdnt of 6la and 6lb with

_ “

ide resulted in the for-

perchloric acid and acetic aﬁhy\
mation of, along with 62, the key intdrmediates 63a
and 63b respectively. The use of chlofd@lefin annelation

(60) has been briefly explored in the field 'of hydro-

“

azulene synthesis. The only example known is the

19.
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59a: Ry=CH3 ; Ry =H 6081
59b. Ry=H ; Ry=CHj '
59b. 60b
CHO
61a:R= ---H
61b: R= —H
D 4
R1 Ry
CHOAc
6381 Ro=H ;R’1=—CH3 :

- 63b: R2=CHz;Ry=H

Ry = CH3i Ry =H

Rz =H
Ry =H
R3 =OH

; Rq =OH

5 R2 =CHg

- Rg =H

21,



formolysis of olefin 64 to give ketone 65 (61) and its

synthetic applicability remains to be attested.

(111) Selective Ring-opening of ‘Tricyclic Compounds.

In'l965, Stork and Landesmdn des?ribcd a two carbon
rihg\?xpansion procedure (62) involving the reaction
of a cycloalkane enamine with acrolein as‘a starting
poinf.- Subsequent freatment of the resultihg'amino
ketone 66 wifh‘methyl iodide and alkali induced Selec—
tive cleavage of a bridge carbon—parbon‘bond to furnish
the unsatufated acid of general‘fofmula 67. Some S_
years later, this méthod was extended to.a hydroazulc
synthesis in which amino ketone 68, prepared from pyrrc
lidine enaﬁine bf cyclopehtanbhe and l-formylcyclopen-
tene, was convertéd to ag acid ég in an analogous manner
(63). An alternative method has also been demonstrated
in a total synthesis of guaiol (2) (64) in which the
selective fing—Qpening required fo:{;he key,trapsforma-
tion Zg+l£.(with sodium methoxiae)'is.apparently fécili—
itated‘byathe presence oan nqnéholizable (between two
carbonylsj vihylogous’B—d@ketbne moiety.

The third variation in this category is in close
association with the pregsent work and is thérefore 

separately discussed in some detail as follows. -

In principle, the'hydroagulenic'system could be

produced by cleavihg'a specific bond of an appropriate



tricycle which embodies such-a system. One of the con-
ccivaple tricycles 1s represented by forﬁula 72 1in \
which two five-membeéred rings are attached to a. cyclo~
butane. The transforhqtidn of'zg_to hydroazulene skele-
ton could be envisaged by a two-carbon ring expansion
process involving sclective cleavage of bond a or b
~of the highly strained cyclobutane ring. The conveyance
of this concept to practice has beon‘greétli assisted

by ‘the rapid development of photocycloaddition reactions
. N,

"\

during the past two decades (65). The OtHerWise diffi-
.cultly accessible material of type 72 could now be

. obﬁained in a remarkably simple féshion by.photochemical
fusion of twdiéyclopeﬁtene dé;ivatives.- Therféasibility.
OE such an approqch was firsEEAémonstrated by Hikino |
and de Mayo (56). Thev showed -that 3—acetoxy—2—cylco—-

pentenone could add photochemically to cyclopentene to'

yield tricyclic keto acetate 73 and that the latter . .

compOQﬁd'when subjeCted to alkali treatment ﬁnderwent
selective fing cleavége'thrdﬁéﬁ a retroaldol procesé
giviﬁé hydroazulenic dione 74.. Clearly, such an abproach
to hydroazulehé synthesis.is supériorntd thqse discussed
earlier in terms of simplicity. The complete lack of
functionality coupled with the fact that thé differentig—
tion of two‘ketone.carbonyls is expeéted to be difficult,
however, make this particular method not viable to the

synthesis of hydroazulenic sesquiterpenes.

23.
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Based on the same general principle, a new method
has been developed in this laboratory (67). This method”
allows the formation of a hydroazulenié system with
functionalities in both rings by two synthgkic steps.

The tricyclic intermediate 75 was produced with high

regioselectivity by photocycloaddition of 2-cyclopenten-

1
one to l-acetoxy-2-carbomethoxycyclopentene (76). The

latter compound was chosen for the follpwing reasons.
Thé two substituents were expect%% to.reinforce the
fégidselectivity of the addition aé they were shown to
exert épposiﬁe orientation effects (64). Their locations
in the photoadduct 75 were further expécted to permit
tﬁgbc eavage of a specific bond by a reverse Claiéen~
type reaction to ﬁulfill.the_required two carbon ring
expansion ieading to hydroazglene moiety. Indeed,
photoadduct 75 when treated with sodium methaxide re-
‘suLted in the formation of kétq ester Zl3w The two
ketone carboSyls could be readil&’differentiated by

nging advantage of the preexisting ketone carbonyl

3 It is noted that although the same general principle

applies, this procedure has practical differences fiom
that of Hikino and de Mayo (2£gg supra). Most noticeably,
.whereas in the fdrmér éase the cyclopentansne;ring was
retained throughout the synthesiii the latter method

‘required its modification to a seven-membered one.

J
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In the tricycle 75. Thus, ketalication of 7H ol lowed
Ly ring fission Gave rise to Eotal oster 78.

The present studics aroe rocusied on the general

arplicability of this method to tho synthesis of guai-

arulenic swsquit:>x<nus usIing kKestsone () as a model.

The tollowing soctions desceribe a highly stercosclective

total synthesis of 4 hitherto unknown epimer of kessane

(9), nnmoly, S‘L‘E)l’}‘l(“:l;:"lne (7 ),

~and two unsaturated Je-

rivatives, dehydrokessane (g )

4 5 bl !
and )7 -dehydrokessane

(81) by a mo@(iigd\zgrsion of the method.
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ngggiﬁﬁ AND DISCUSSION

Teo1i readily noticeable that keto ster 77, the

»

end product of the rcpdrtcd‘métﬂéd (67), resembles
ﬂw3xdnu (9 by the sence of the parent hydroazuléne
:rarwwgrk and.a botnntjal methyl substituent at C—l_O4
resition., Furthcrméro, 1ts C-6 ketone carbonyl

could serve as a conveniont handle for the lncorporation
oloan 1sopropyl unit regquired for kessane (9) at CF7,

1s well as for the adjustient of{ the Stereochemistry,

17 necesary, oL the two adiacent centérs C—5 $nd‘C—7

tn i hence C-10 throi:h the ether bridae formation) by

—
upAﬁorlzat;on At a sultable stage. In ord.or to utilize
the hothod offcctivoiy in the synthesis of“g, however,
the fclloﬁlng_requircmcnts have to be met: (1) activa-
tion of C-4 so that a methyl group could be introduced,
grefcrably.in‘a highly stereoselective manner, and
‘11) oxidation of C-10 to an adequage leg;l to assist
the reaguired ether ring “formation. It was with these

eleitives that the tresent studies'werovcommenced.

To faciiitate the incorporation of the required
bmcthyl group at C—;, 4—acéioxy—2-cyclopentenone (68)

was chosen as €Re starting enone for the photocyclo-

addition reaction with l—acetoxy-ZJEarbomethoxycyclo-

-t

In this section, the conventional numbering system for

ndicated in formula 77 is used.

[y

hydroazulene as

" 29.



pentene (76) . The photbadduct‘was expected to undergo
facile y-climination reaction to generate an a, 8—-un-
saturated ketone moiety thereby providing a %echanism
for 1ntroducing a mcthylvgroup through a conjugate
ridition. IrgAdLation of J—Jéetoxy—2—cyclopentenone and
and (76) in benzene using a 450 W.Hanovia high-pressure
mercury-vapor lamp and. a Pyrex filter at room tempera—:
ture for 24 h, gave ;isé to a mixture consistinngf at
least three components (disregarding the possible .
steréoisomeﬁism due to th¢ unspecified chiral centers),
the desired ketode 82 as the major proauct and the
diastereomeric ketOnQS 83 and 84 in minor quantities.
These pﬁotoadductsICOuld not be isolated in pure form
_due to their instability. Attempted purificatibn of
the chde mixture by silica gel column chromatography,
for instance, induced, in pgrt} elim:nation of acetic
acid. The tentative 5trUcturai assignments were made

on the basis of the subsequent transformations carried

on with the unpurified mixture.

a

The crude photoadducts when treated with a catalytic

amount of p-toluenesulfonic acid at room temperature
undogwent smoothly .-<limination of acqtic acid..
Although homoceneous on thin-layer chrOmatogréphy (tlc),
the material thus obtained in 80% yield (based on 4-
acetoxy-2-cyclopentenone) in fact consisted of -three

components -as shown by the gas chromatographic (gc)

30.



analysis and by the proton nuclear magnetic resonance
(lH nmr) spectrum whicH showodythfce singlets each for
the acetoxy (5‘1.86, 1.92, and 2.00) and the cafbo-
methoxy (63.52, 3.56, and 3.6%) groups as well as three.
‘multiplets cach for the a- (& 6.33, 6.30, and 6;24)

and. the 2= (5§ .7.36, 7.60; and 7.78) protons of the
.cﬂone moiety.  Furthermore, by the relative intensitiés
of thesé signals the ratio of the three components

could be deﬁermined to be appfoximateiy 7:3:1. Al-
though, the mixture was EOund to be iriseparable by
column chromatography, a small amount of each‘of the
“two main compononts could be obtained in pure fofm by
‘means of hiéh pressure liquid chromatography. These

two compounds were shown to possess the grogs strué—
ture 85 by the following spectral data. The bnyar

ma jor cbmpound showed, in 1ts infrarea (ir) spectrum,
characteristic absorption bands for tﬁe ester carbonylé_
and the 1,5—unsaturated.cyclopent§noné at 1740 and 1715

cm respectively.  1It's lH nmr displayed two methyl

'singlets at ¢ 1.92 and 3.52 respectively for the acetoxy

and .carbomethoxy groups. The olefinic proton u to the
ketone was found to resonate at ¢ 6.33 as a déublet

of doublets, while the #-proton appeared at § 7.36 also
as a doublet of dbublets;’ The'ir spectrum of the other

pure substance showed.close similarity to that of the

previous one. Two diagnostic carbonyl absorptions were

31. .
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also observed at 1740 and 1715 cﬁ—; for the esters.and
the g,g—unsaturated cyolopontenone., In tHe ln nmr
spcotrum~the ucetOxy and - carbomethoxy methyl singlets
appeared at 1.86 and 3.5¢ rospoctlvely, while the
two olefinic protons resonated at § 6.24 ( -proton) and
/-78 (,-proton) both as a doublet of ‘doublets. Al- ’
though in the mass spectrum neilther of these compounds
showed a parent peak, their elemental analyses were“
both in agreement with a molecular composition of
14ty 605 as required'for 85. Although the minor
component could not be isolated in pure form, its gross
structure oould also be deduced to be 85 as the 1y |
o nmr spectrum of the mixture (vide suora) showed a
third set;of’sighals consisting of two‘hethyl singlets‘
for the acetoxy and carbomethoxy groups as well as
two doublets of doublets diagnbstic for con]ugated
enoue protous ‘The fact that the mixture as a whole
analyzed satlsfactorlly for C14H16Q5~was elso in support
of 1its structural a551gnment.

In princiﬁle,>the described reaotionbsequence
could’lead to a total of four isomeric compounds ggg,

86b, 87a and 87b (transifusion of'bicyclo[3;2.0}heptane

is sterically"forbidden) differing from each. _other in
either orientation (head-to- tall or head to-head with
respect to the ketOne carbonyl and the acetoxy group)

or stereochemlstry syn or antr’regardlng the two

b



: Y
‘cyclopentane rings) 6r both. Although it was highly
desirable to pin .down the ex act structure of the three

.\

tom)ounee Obtdand in particular, the relative

N
.

orientqtion'of their functionalities,‘the information

N
N ~-

available\Et\this stage did not allow us to make un- -
amblguous assignments. - The situation was completely
‘clarlFltd only when further Syhthetic steps were under—
taken. To facilltate the’discussion, however, the
etructures SO concluded,vl.e.'86a,,87a,~and 87b for
the major,. the second major and the minor isomers
resptctlvely are used.

Treatment of 86a at O°C w1th a complex prepared
from methylmagne51um bromlde and. - cuprous 1od1de
‘(69) effected the conjugate addition of a methyl
aroup to glve ketone- 88 in 56% yleld b"mhe structure
of 88 could be readlly deduced from its spectral data.
The lr spectrum showed a broad ahd intense absorptlon
band at 1745 cm -1 ‘for the esters and cyclopentanone
carbonyls as well as the complete absence of,the con-
jugated enone absorption'at 1715 cmfl previously
observed for its precureor. dIn the<lH nmr spectrum
a doublet at § l 07 for the newly 1ntroouceo methyl
.group and two 51nglets at 6 '1.98 and 3. 60 respectlvely
for the acetoxy and the carbomethoxy methyls were
mobserved.‘ A molecular ion peaP was- recorded at 280 1310

in the mass Spectrum in agreement with the requlred

34.
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formula of C15 20 5 The l,A—additiod.reactiod was found
to pfOceed with complete~stereosclectivity. Ne de-
teétable amount ofithe epimeric compound was obtained.
Although the mechanismbof;conjugate addition of "ate"
‘codplexes tOgenOﬁes remains to be ascertained, a large
namber of examples (7Q) studied indicated that, when- -
ever applicable, the reaction ochrs from the sterically
less hindered side of'the'moiecule. Based ~on these
observations, the stereochemistry of the newly intro-
duced chiral center in 88. could. be depicted as a re-
sult of 'the expected preferential attack of the

reagent from the vertex face of'86a.

At this point; ketone 88 was subjected to ring
cleavage reaction in an attempt to ascertain the re-
lative orlentation of - its functionalities which was of
CrUClal importaace to the present work . Treatment

d§ 88 with 4 N aqueous sodium hydroxide iﬁ methanol at
reflux for 24 h‘follpwed by este;ificatidn.of the
tesulting keto acid gg with potassium cafbohate and
methyl iodide in acetone (67)‘gave rise to-the
‘crystalline diketone 90, mp 128-129°C, i 72% yield.
The structural'assign}nent5 was' in full agreement Qith~

the following spectral data. The ir-spectrum displayed

absorpticn bands at 1740 (cyclopentanone and ester)

. ~ ) o
1ts stereochemistry remains.to be determined.
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and 1710 cﬁ—l (cycloheptanone) . Furthermore, the com-
lete absence of any absorption ih the 1600—17OO cm—l
region clearly. indicated that a l,3—dicarbony1 system
was not involved in the molecule. In the lH nmr.
spectrum, a methyl doublet and a carbomethoxy singlet
appeared at ¢ 1.08 and 3.72 respcctivel?. The assigned
Structure‘was further confirmed by the mass speétrum
which showed a molecular ion peak at 238.1212 in ac-
cord wiph the mole;ular formuiaECl3H1804f

The ring—opening to give a 1,4-diketone 90 rather
than a z-diketone 91 or a dione 92 (by a retro-aldol
process), which wouid have been formed should the
locations of the acet§xy‘and carbomethoxy grops in
the starting material bé reversed, clearly indicated‘
the position of the functionaiifies in 88 as well as.
those of iﬁs precursors 82 and 86a as depicted. .These
structural assigﬁments'&ere further substantiated
when 88 wés roduced W1th sodium borohydrlde at 0°C in
methanol Two products were obtalned The major one
isolated in 67%, yield was readily identified as lactone
23; mp l35~l365C,-showing in its ir épectrum the
cha;acteristic Y-lactone absorption at 1765 cm'—l and
" an acetéxy band‘at 1738 em L. The 1H nmr spectrum
dlsplayed a doublet of doublets at & 4.97 due to the

methlne protOn adjacent to the lactone oxygen atom.

The structure of the minor product 94 (25% yield;
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single isomer; mp l43—l45°C)_was also cvident from

its spectral properties. Its ir spectrum exﬂibited
.absorption;bands at 3600 and 3450 cm—l for the hydroxy
group, and at 1735 cm—l.for the ester function. . In
it$~lH nmr spectrum, 1in qdditiQn to7a.methyl doublet
at.é 1.00 andfaﬁ acetoxy singiet at § 2.04, fwo low-
fiéld signals Qére also observed; the Siﬁglet.at

'$ 5.40 could be reddily attributed té'the methine\éro—‘
ton édjacent to_the hydroxy group and the doublet of
doublets ‘at § 4.80 to the hydrogen atom on the other
- carbon bearing the ether linkége. The tWo compounds
’weFe apparently formed by preferential hydride attaék'
fromlthe sterically less hindered side of 88 followed
by lactohizaﬁion»and partial reduction of the lactone

ring thus formed6 (Scheme IV). 1In addition to .con-

firming the'previous structural assignments, the -

isolation of 93 and givfurther’indicated an anti
relqﬁionship for the two.fivejﬁembered ringéwpresent
in 87 (consequently those in‘tﬁe precursorsj since the
lactoﬁe-ring formation is not sterically feasible for
the corresg .nding syn isomer.

Having the structure of 88 fully established, it

was desirable to remove its ketoné carbonyl at this S

Although reductions of esters and lactones with sodium
borohydride are uncommon, several examples are known.

For a leading reference, see ref. 71.



stage while the skeleton was rigid in order to pre-
serve the elaboratea cis reiationship between the methyl
group and the ring juncture hydrogen atom ® to the
~ketone reqhired for kessane (9) 'synthesis. T;eatﬁent
of 88 with 1,2-ethanedithiol in the presence of b0rdn
trifluoride etherate afforded an 84% yield of the cor-
résponding thioketal 95 which showed a diagnostic
absorption band at 1735 cm—l in the ir spectrum for
the two ester carboﬁylé: The presence of a thioketal"
group was verified by the lH nmr spectrum which di§~
pla&ed a foﬁr—proton‘multiplet centered at § 3.20. A
molecular ionbpeak at 356.1117 in the mass spectrum
i was in égfeement with thé required.formula of Cl7H22O4S2'
.‘whilelenone 86a was subjerted to the foregoing
investigatién, the structure of 87a was also beihg
examinea. Thege findings are nbw needed to be dis-

cussed. Under conditions similar to those used in

fhe‘transformation of.86a—+§§, the reaction of 87a
_‘with mgthylmagnesiuﬁ bromide-cuprous iodide complex

gave rise to a 53% yield of a'single isomer 96 as é
result of the expectéd exclusive addition of the reagent
from the exo side of the cyclopenténone ring. The

ir and lH nhr spectra of 96 were found to be similar

to those Bf‘gg. SubsequeTt treatment of 96 with 1,2-
ethanedithiol and boron t;ifluoride ethera£e resulted

in the formation of a mixture of three compounds. One

39.
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of which.was recadily identified as‘the corrCSponding
thioketal 97 thre if ﬁnd mass spectra werelshown to
be similar to those of 95. In the lH nmr spect- m, two
methyl singlets at § 1.98 (acetoxY) and 3.57 (carbo-
ﬁethbxy), a méthyl.doublet at 6 1.19 and a four-profon

singlet at § 3.14 for the thioketal methylenes were

observed. The other two compounds were found to be

ring cleavage products, possessing structures 98 and 99

respectively.  The lH nmr spectrum -of 99 displayed a
methyl doublet at & 1.16 and a carbomethoxy‘singlet
at § 3.20 gut the absence of any acetoxy signal. In
the same spectrum, an eight—proton.singlet was also
‘observed at § 3.68 stronély suggesting that two thio-

ketal groups were present. The presence of an ester

v”

/

s

‘group was confirmed by the ir spectrum-which showed an’
absorption'band-ét 1725 cm—l. Furthermore, 1its
‘mo%ecular composition of C17H260284 w?s,ln accord with
the mass spectrum showing an molecular ion peak at
390.0805. Compound 98 showed, in the ir spectrum,

-in addition to an ester carbonyl band at 1725 cm_l, an

intense absorption at 1750 cm—l characteristic forha"A'

v

ffvefmembered ring ketone. 1In the lH nmr spectrum,
a methyl doublet, a thioketal singiet and a

carbomethoxy singlet were\obsefved at ¢ 0.93, 3.20 and

3.60 respectively, however the methyl signal corresponding

‘to an acetoxy group was again absent. This information

p

4a1.



allowed 1ts partial structural assignment with only

L
the location of the thioketal group uncertain. This
aspect was readily clarified by the mass spectrum
which showed, otkgr than the reguired rmolecular ion
peak at 314.1002, a Basc peak at 173.0454 corresponding
tooar ion f{ragment of C LJ 2 of which the structure

ot loa was most probable. The‘gtructure of 98 was' -
further confirmed by hydrolysis with mercuric chloride
in aqueous acetonitrile to give dione 101 whose ir

and lH nmr spectra were 1n accord with the depicted
structure. The mass spectrum displayed: mo]ecular

1on peak at 238 12099 and a base peak at m/e 142
corresponding to C7HlOO3 att;ibuted to fragment 102

by a Mclafferty fragmentation (72). fn addition, a
peak at m/e 97 most likel§ due to fragment 103 was

in support of the assignedylocation of the thioketal
group 1n the immediate precursor. Plausible frag-
mentation pathways are depicted in Scheme VI. Al-
though rather unexpeéted, the formationmof 98 and 99
could be rationalized by invoking‘an acid catalyzed
retrd—alaol reaction followed by thioketalization of
the dione intermediate (Scheme V). More importantly,
fhe conversion of"gg into these th compounds clearly
indicated Ehé relative orientation of its funcﬁiohal

A

‘groups as formulated and this formulation could be

logically extended to the precursors 83 and 87a. Re-
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. A
garding the stereochemistry of these compounds, no

solid evidence has thus far bcen obtained. The anti

arrangement was tentatively assigned on the basis of
et = *

the known preferential formatlon of the anti isomer
when two cyclopentane molecules were fused photochemi-
cally (655). An i1mmediate precédbnt was that, of ﬁhe
pair 82 ané 1ts syn-isomer poOSsessing the‘heﬁd—to—tail
origntation; the former v s proﬁucbd prcdaminantly
(possibly to aﬁ exclusive extent) as reflected in the
isolation of 86a as the major product ubon elimination.
F.Thus, thc pfcdominence of the gggi—isomer in the head-
Cto-head ﬁair 83 and gi could be assumed.

Tﬁe structural elucidation was raﬁher demanding-
at the early 'stage of thé present stuéies. The synthe-
sis of the desired tricyclic intermcaiate'was in fact
simple; only four steps kphotocyéioadditionp elimination,
1,4-addition and thioketalization) were requiredkand

"gi was obtained in satisfactory yield with good control

o]

£ Stg;eochemistry. Its large scale preparatioq was
‘furtherAfacilitated by the fact that the separatioh of
the mixture 86a, 87a aﬁd 87b, which was only partially
successful.and laborious as noted previousiy, V.S .1
necessafy.» Thus, when the mixture wds subje-ted té the
treatment with mcthylmdgqcsium brOmide—§Upfous 1odide

\

a 65% yield of a mixture of 88, 96 and a third compound

——

was obtained. The latter compound was apparently
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~derived from 87b and to which the structure 104 (the
orlentatlon of the functlonal groups 1in both 87b and
104 remained to be determined at this stage) could be
assigned. It was evident from the'lH nmr spectrum

éf the mixture that, in addition to -the signals cof—
responding to gg and gﬁ, a methyl'doublet (£ 1.12), an
acetoxy singlet (& 1.98) and a carbomgthoxy singlet

(& 3.66) were observed. The'lH nmr spectrum further
'indicatcd the ratio of gg,.gg %nd 104 wasvgi. 5:3:1
similar to that 0f‘£he starting enone.. The‘mixfure
(homogeneous on tlc) w1thou£ separatlon was subsequently
treated with 1,2-ethanedithiol and boron trifluoride
etherate. ' A total of flve.compounds were obtalned
four of them were conveniently sebarated and were

found to be identical réspeétively with gé (47% yieid),
97 (1l%), 98 (13%) and 99 (17%) . The fifth component

was not obtained.in pure form but along w1th 95 as a

r

cé. 1:1 mlxture (6%). The new compound was obv1ously
ége syn- -isomer of either 95 or 97 as the lH nmr spec-
grum of the mlxture showed «two sets of signals; one of
which correSpoﬁded to 95 and the other contained a
methyl doublet at § 1.19, and»ﬁhree signlets at & 1.91
(acetoxy), 3.28 (thioketai), and 3.62 (carbomethoxy) .
Its chemical correlation with 97 in a later stage (see
footnote 7 on. page 53) revcaled‘itsvstructure bfvigé and

further ascertain those of 1ts precutrsors as formulated.

.



Having assigned the structure of the désired tricyclic.
compound 95 and secured its prgparation in large quan-
tity, our.immediatc concern was to generate‘thc'sevenf
membered ring. Ft &és noted ‘earlier that in order to
facilitate the formation of a bridged ether linkage
feduired for kessane (gf, an adequate ogidation level
~of the carbon presently bearing the carbomethoxy group
was highly’desirable; An exceedingly attractive
‘scheme calied ﬁor thé~transforﬁ§tiéﬁ of lgé.; 107 'using
a Grob fragmentation (73). AThis.process would not.
only provide simultaneously thezhydroazuléne sy;tem
and'a desifable dxidation level for the carbon in
queétion, but also simplified the neéessary.modificatidn.
of the carbomethoxy group into a methyl. " Toward this
- end thiokétél 95 was'heated‘at reflux with lithium'
aluminum hydride in tetrahydrofuran{.ffhe diol. 106
(_£hus.obtained in 69%'yield showed in the ir épectrum
a hydrOXQ absoprtion band at 3480'cmf} and in~thé lH
nmr épectrum a methyl doublet a£;5 1.22 and tw0‘singlets;;
at § 3.12 and 3.70 fofrthe thioketal methylenés and v
methylene protons o to the hydroxyl'gfoup. Attempted
monotosylation of 106 with one équiQalent of p-toluene-
sulfonyl chloride in pyridine either at 0°C or at room
teméerature.resﬁlted ih complete fecovery of the start-
ing maﬁerial; When‘the reaction mixthrerwas'refluxed,’.

however, a new alcohol was obtained in 58% yield as
, _ , }

47.
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the sole product, and the following spcctroscopic
analysrs revealed 1ts structure of 108 possessing a
novel ring system. The ir spectrum displayed an absorp- -

tion band at 350d cm indicating the preggnce of oo

a hydroxy group. 1In the-lH nmr Epectrum, a fdur—pro— . ”/.
ton multiplet centered at ¢ 2.85 and a t&o—proton
singlet at & 2.70 were observed for'tﬂe methylene hy-
drogen atems adjacent tolrhe sulfur atoms. A methyl
doubler at § 0.90 and another doublet at § ;[78 attri-
buted to"the.olefinic proton were also recorded. A
molecular ion peak at 256 in the mass spectrum was in
agreement with the.depicred Structure. The‘involvement
of a monotosylate species in the fermation of lgﬁ was
apbarent;"The exclusive‘participation of a sulfur

atom leading to 108 through Hypothetical steps'shoﬁn
iﬁ»Scheme VII, wes undoubtedly due to the close proxi-.
mity of this atom»end the carbon bearing a.leaving

groqu Indirectly, it mlght be also partly due tc .nae

'Afact that the expected Grob fragmentatlon was .suppressed

by the steric congestion of the thioketal and the p-/~ -

toluenesulfonoxy group which disfa;ored the latter to
adopt a conformation antl periplanar to bond a requlred
for such a processr

A remedy to circumvent the encountered difficulties
was obvieusry»the removal of the thioketalimoiety in

advance. Reduction of 106 with Raney-nickel was, how-
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ever, edually'unsuccessful. The crystalline product,
mp 7l—72°C .obtained in 76% yield 'was found to be not
the anticipated lel 1Q9 but hydroxy ether llO which
;Showed hydroxy (3480 cm l) and ether (1110 cm l)_
abso;ptlon bands in. the ir soectrum In the.lH.nmr
-spectrum,’ two doublets at § 3. 26 and 3.67 could be
attributed to the methylene pProtons of the ether ring
and a doublet of doublets,at § -4.25 to the methine
proton adjacentvto_the oxygen atom. Mechanistically,
the formation-of llO.is far fromnclear The pathway
deplcted in Scheme VIII serves merely as a éonvenlent
‘explanatlon. - : \ |

As a consequence of the above findings, oUr atten-
tlon was turned to the desulfurlzatlon of 35. | 1ts
reaction with w- 2 Ra -Ni in refluwlng ethanol gave 62%
yield of the de51red ester 111 show1ng in the- ir spec—
trum a dlagnostlc absorption band for the ester—
carbonyls at 1735 em l,; In its lH nmr spectrum,.the
resonance due to the thioketal protons was absent and a
methyl doublet at 0.92 and two 51nglets at & 3 54 and
.1.95 for the carbOmethoxy and the acetoxy groups res- .
pectlvely were observed. — Although the compound did not
glve a molecular ion peak in the mass. spectrum, its
comp051tlon wWas consistent with the element@l analysis. -

\\%

'Two ‘by-products 112 and 113 were also obtalned (30%

»

yleld) as a mixture in ca. 1l:1° ratlo. Thelr structures
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CH,OR
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R=H, SCHyCHg; SCHyCH,SH

Scheme YIII
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were deduced on tche basi! of the following spectral-
data. The mixture displayed in the ir spectrum twe
carbonyl absorptions at 1735 and l7lO‘cm—l indicative
of the presence of a sdtgrated ester and an a,B-unsatu-
.rated ester.liln.tge lH nmr spectrum, a methyl doublet
(6 0.91), a carbomethoxy singlet (s 3:54) and another
cafbomethoxy einglet-(! 3.60) were integrated to a

ratio of 2:1:1 and the resonance correspondlng to an

33 ..:.‘

acetoxy methy}ﬂ' ¢Vobserved. Two equally intense

'Q and 210 in the mass spectrum

~3

molecularr&éq
furtheftsubf v“the structural a551gnments

MechénisﬁicdfiY}n_ %}r formgglon could be rationalized

as ehown in Scheme 1X. by generatlng a free radlcal in-~ )
termedlate followed by the collaps~ of such a species

involving the ejection of an;acetoxy radical. Although

details of the mechanlsm remain to be ‘ascertained, one
important aspect was clear: the by products must be

formed at the expense of the desired ester lil A

number of attempts were made to suppress -their formation

uslng dlfferent grades of Ra-Ni, temperature, eﬁd sol-

vents but no complete success has so far been achieved.

‘ . Lithium aluminum hydride'reduction Sf 111 proceeded
vemoothly to give a near- quantltatlve yleld of crystal—
line diol 109 mp 86-87°C, the hyﬂroxy absorption
‘appeared'in the ir spectrum at 3560 cm—l‘,'The lH nmr

spectrum_displayed a methyl doublet at § 0.86 and
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two one-proton doublet of doublets at‘& 3. 44 and 3.86
for the hydrogen atoms a to the hydroxy group. The
chemical nonequivelence of these two germinal protons
could be a result of intramolecular hydrogon—bonding

of the hydroxy grouos, wnich was also suggested by the
ir spectrum. In the mass spectrum a molecular ion

peak was not recorded due to its ease of losing a water
molecule to.oive a fragment of m/e 178 which—was found
to pe the base peak.

A'1,3-glycol cleavage was subsequently\carried out b
on lgg for the generation of the required hydroazulene
Skeleton.. biol 109 was treated with p-toluenesulfonyl
chloride in pyridine at room temperature for 18 h.

Under these conditions, it ‘afforded an 83% yield uf » ;
the keto olefin ll4 mp 32- 34°C, as a result of con-

'comitant tosylate formation and fragmentation 7 The ir

7 Under similar conoitionS'to those used for the trans-

formations'2§+lll+109+lL4, desulfurization of 97 with

Ra-Ni followednby lithium aluminum’hydride.reduction of
the resulting ester 115 gave rise to diol 116 whicn on
treatment with p-toluenesulfonyl chloride in pyridine
underwent fragmentaﬁ}bm to give the isomeric keto olefin
117. When the same reaction sequenCe was applied to the
.mixture of 95 and 105 obtained previously, keto olefin
114 and 117 were obtained. These findings strongly sug-
'gested a diastereomeric relationship of 97 and lOS and \

the structure of the latter as such.



'Speotrum'of 114 showed.absorptioh bands at 1710 (ketone),
3090, 1645 and 9oo,¢m"l (catbon’Qhrbon double bond). In
the lH nmr Spectrum,‘a methyl dOUblet at'@‘o.96:and two_.
doublets for the olefinic protdhs at § 4.76 ano 4.80
were cohsistent with the formuldtion which was further
confirmed by(tho mass spectrunm 5howing 4 mOolecular ion-
peak at 178.1358. Thobsharp spéctral peaks and itg
obsetved homogeneity in tlc coupled with the/narrow
meltihg range were suggestive of 4§ Sinéle Stereo—\
1somer of li4 Since complete eplmerlzatloh of the
chiral center o to the ketone w2S highly unlikely under
the mild conditions used, a cis Ting juncture could be
"assigned. eExperimentally, thig %as proven as fo}lows.
Fragmentation of deuterated'diol iggg prepared from

109 by deuterium,exohange was carbieq)out thder the. same
conditiohs as before. The produft thys obtained was
shown by mass spectrum to be‘free of deuterium atom.
These results strongly suggested that ePimerjzation was
not 1nduced during the transformﬁtlon It follows that
. keto olefln 114 was formed: with f®tention of the Stereo—
chemlstry of the starting materlﬂl In fact 114 was
shown to be thermodynamlcally mo¥® staple: than the
trans-isomer which remains unknovfn Attempted epi-
merlzatlon of 114 w1th sodium methﬁxlde (prepared from

sodlum hydride and methanol) in m®thanol at reflux did
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e S ) , e
e anszintramolecularly hydrogen-bonded hydroxy group. ;.

s double bond (3100, 1645, 900 cm

not give.riso to any detéctable amount of the laéﬁer
l1somer.

The conversion of 114 to kessane skeléton requirgs
two major operations: the introduction of an iso-
propanol substituent té C;7 ang.tho formation of an
ether ring. The former was achieved by the following
two synthetic steps. geto olefin 114 was convertgd in-
to keto ester 118 using sodium hydride and dimethyl
carbonate. The product thus‘;btained in 93% yield was
shown by the ir spectrum [3450 (hydr0xy),~l745; 1710

"
(ester and ketone), 1600 (enol doublc bond), 3095, 1645

and 900 cm—l (double bond)] to exist partially 1n the

cofresponding enol %orm 118a. The lﬂ nmr displaying L oen \
two methyl.doublets aﬁ.5 0.97 and 1.5 5 ell as two .
carbomethpxy singlets at S 4.74 and - .%% wgslin support

- of the tautomeric nature as well as e :f~uctural*» ¥

assignment. Due to thé complication arising from the-

rap <1 tactomerization, the stereochemﬁstry of 118 could

not be secured with certainty. 'SubseéuentAtreatment‘éf

- the anion of 118 generated by sodium HYdridé with excess

methyllithium (74) resulted in the formation of ketol
119 in 57% yield. The .product exhibited in the ir

spectrum an absorption band at 3500 cm-l indicativewéf
' ) ) - "7;,.:.-

e

&y

‘HagacterLStié absorption bands were also found for the

;), the ketone carconyl



methyl doublet gt ¢ 1,009 and a

small difference in chemical

c 1 . , S
{1695 c¢m }oand the gem=—dimethyl morety (1365 and

(Y 1 i ;
LIBD ¢ 7). In the "H nmr spectrum, 1n addition to a

singlet at & 4.30 for

A B
The two ciofinie orotens, *he two methyls of the

150 ropanol gfoun appeared as two singlets at ¢ 1,06

5 Yy ~h .. t"
and Loty oomhe e i e ronogulivalence could be
1t tbyted to 2 hydrogen-Londing between the e 1
Iroud and the et e cavleontl oo g luo oo sgenscd b v he

r sbestrunm.

The fass.os, cctrum dlsplaulﬂﬁ a molecular

7[ was 1n full support oi the struc-

1on pcak,at 236.1

| A ‘ N
ture formuldated. The stereochemistry of 119 was de-
L 3 : ?

duced on the 'basis of the following considerations.
. s

’ N R . .
2y s€lective decoupling, the C-15 carbon of 119 was

g, ' A BN

. 3 8
shown L& rescnate in the C nmr spectrum” at 20.4 ppm,

a down fleld shlft ©f 0.6 ppm fr m 19.8 ppm which was

observed for the corresponding atom in 114: The .bserved

hifts suggested that the

b

conversion of 114 to 119 was [not accompanied by a major

change ;n geometry, -e¢.a change of cis ring juncture
o ) _— .

‘80 a trahs One 1s necessary to brfng C-4-C-15 and

C D\C -6 bonds into parallel or near parallel and con-
guently a large upfield Shlft of; the carbon atom in

questlon,;s expected due to u—gauche effect (75). With

13

8 13¢ nmr spectra of$c0mp0unds'll4, il9, 121, 123, 79 and
. ‘ N

9 are compiled 1n Fig. 1 for comparison.

3

I
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respect to the stercochemistry of ¢-7, no spectro-
scoplc evidence was available to allow its asslignment
without ambiguity. However, since this ~hiral center

was generated through a“kinetically controlled process,

l.e. protonation of the irntosrmel v ennlate ion right
before the work-up of t+ ren  1on, it could be assigned Sy
. -y
‘ St
. : . . v
te tively on the basis expected preferential L A

attack of acid from the sterically less hindered side.
Acld catalyzed cyclrzations of unsaturated alcohols
0 .

to five- or six-membered r:in - thoers Rae bBeon well locu~-

mented, (76). Initial efforts made to'cyclize 119 uéfgq

triflugreoacetic acid and hvdrochioric acid ander a
variéty of conditions wére~fruitluss. Edually unsuccess-—
ful 5 the attcm&;ed iodo ecther formaticn (77), using .
1cdine and pot&ssiﬁm iodldé. By means of oxymercuration
-(78), however, thé desired cyclization proceeded smooth-

ly. Thus, brief treatment of ketol 119 with two

eguivalent of mercuric acetate in aguecus tetrahydro-

L4
furan :1) at room temperature resultedVin the complete
disappearance of the starting material:. The organs- 7

] product 1290 withoutlisolatiCn washgeéﬁbed ilmmed-
lately with sodium bJrohyerde.'kIn wvidizion to a 61%
yiel? ‘based on the éonsumed starting materigl)‘of thé
desired keto ether 121, a 34% of Sﬁart}ng ketol 119 was

recovered. The latter aspect is of some theoretical

interest. Since the oxymercuration process, as noted,
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resulted in the total consumption of the starting

material and since variation of reaction conditions

did not suppress to a large extent its recovery, 1t

appeared that 119 was generated from 120 by an elimina-
tion reaction promoted by a base (hydride or hydroxide
1on) during the reduction step. Alternatively, it

could have been produced by the reduction of a second

specles such as 122 formed in competition with the
cyclization dﬁring oxymcrcuration; The st;ucture of the
desired product 121 could beﬁﬁﬁﬁdﬁ%d from its spectral
data. In the ir spectrum, it cxhibited diagnostic bands
at 1705 (ketoame), 1095 (cther)‘137o and 1380 cm™ ' (gem-
dimethyl) and the absence of hydroxv absorption. In
the‘lH nmr soectrum, a dOublCt at ¢ 1.05 and three sing-

lets at ¢ 1.10, 1.21 and 1.30 were abserved for a total

of four methyls. In the 13C nmr spectrum, the C-15 carbon

apreared 4t 22.0 ppm and again experienced a small down-
field shift from that of its precursor 119 suggesting y
‘that the cis ring juncture was, intact during the trans-

-formation. Although the stéroochemistry of C-7 and thus

C-=10 could not be fully established at this stage, ten-

r . . ' N
tative assignment.could be made based on the following

considerations:: (i)vCompiete inversion of C-7 ‘was highly'§=

unlxxgly under the mlld condltlon osed for the transfor—

-

N7 s
mation. (ii) Thc 1nlt1al complex formation reqULred
1Y \wﬁm

_for the oxymercurathn reactlon ‘which is known to undergo

-



61.

trans addition (79) was likely to involve, in the
case of 119, "the addition ofe. mercuric qcetate to the
double bond from the same side of the ring juncture
hydrogen atoms to minimize the steric interactions.

In urdcr‘to asccrtaip the stercoéhemistry bf lgi,
1t was reduced with lﬁthiuﬁ aluminum hydride, in near
quantitative yield, to the corresponding alcéhol.lﬁ;
which showed a characteristic hydroxy absofption band
1t 3630 ém—lbin the ir spectrum and a molecular ion
peak at 238.1930 i1n the mass spectrum, - The lH nmr
.spectrum whén taﬁen ih dcuterochiorpform diéplayed
clearly, in addition to three singlets at § 1.14, 1.26
(C-13 and C-14 méthyls) and 1:50 (C-12 methyl),. a
doublet at § i.OO and a doublet of doublet at ¢ 4.12
‘due‘to the C-15 methyl and C-6 proton respectively-

By selective'spin-spin decoupling, the chemical shifts

bt

of the three protons cn C-4 (§ 2.31KA

5 (1.92) and C-7
(1.92) were confirmed. On the othéf&hdnd the lH.nmr . 1,
spect;um when recorded in pyridin_e—d5 exhigited threé |
methyl singléts at 5 1.2, 1.33 (C-13 ghd Cc-14 methyl),
~and 1.88 (C-12), a C-15 methyl doublet at § 1.07 and a
doublet of doublets at § 4.38 for the C-6 proton. The
protons on C-4, C-5, and C-7 were shown to resonate at

§ 2.80, 2.00 and 2.00 respectively again usingkspin—' |

spin decoupling technique. An examination of Table I

1

which summarizes these “H ‘nmr spectral data reveals that

v

£
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Table 1. Pyridine-induced Chemical Shifts Kﬁ) in Alcohol 123

# = \

12
Proton ?yrldlne—ds CDC14 L(épy—éCDcl3)(ppm)
c-4 2.80 - 2.31 0.49
c<5 2.00 ~ 1.92 0.08
c-6 - 4.38 4.1 0.28
Tc-7 2,005 1.92 " o.08
c-15 107 ‘1.00 0 0.07
c-12 1.88 1.50 "0.38
' S ' L%
C-13 ar Cc-14 1.26 (1.33)7  1.14 0.12 (0.79)"
s .
. ' \ * ‘ Sk
C-14 6r C-13 1.33 (1.26) 1.26 - 0.07 (0.00)

* ’ . :
The Figure in parenthesis indicates the possible alter-

native value.



when the solvéﬁt waé changcd.from deuterochloroform to
pyridine—ds, the.C—4 proton and the C-12 ﬁcthyl ex-
perienced a large downfield shift of 0.49 ‘and 0.38
rospéétivcly whercas the signals corresponding to
protons oh'é—S, C—i and C-15 remained virtuaily un-
changed (< 0.08 ppm Shifg); The observed.pyridine—-
indu%ﬁd chemical shifts.required the ether bridge and
the C-4 hydrogen atom he in close proximity to the
Lydroxy group and that the C-15 methyl aﬁd the C;S

éna C-7- proton be distant from it (80) and thus the

stercochemistry of 123 as depicted. .

. To complete the synthesis of a C-5 epimer of
kessane (9) it required the removal of either the car-
bonyl from keto ether 121 or the hydroxy group from

123. The former possibility was first explored but

i .
proven to be fruitless. Reduction of 121 using Wolff-

Kishngr reaction and Clemmenson-reduction resulted in
recoyery of the starﬁingvmﬁterial. The same fesultiwas

, . , iy .
obtained'when 121 was subjected to thiékétalization‘With
lyZ—ethanédithiol'ahd boron trifluoride etherate undef
normal,COnditioqs when tﬁé more forcef;l conditions
fhigher concéntf;tién of the aciz'andhighertemperature)

as formed. Thevﬂif—

were applied, a complex'mixturé
ficulties encountered were apparently due to the steric
congestion of the ketone carbonyl as well as the instab-

ility of the ether linkage towards acid.



Alternatively,xalcohol 123 was subjected to‘in—
vestigation for the removal of its hydroxy group. |
Toward this and, initial efforts were made to’conQert
1t into a mesylate or a halide both of which have been
"shown by Masamune‘gt al. (8l) to be casily reducible
hsing metal hydride-copper (1) compleges - Treatment of
123 with methansulfonyl chlorlde in pyrldlne gave, in-
stead of the. correSpondlng mesylate, a mixture of de—:
hydrokessane (g_) and As—dehydrokessane (81) in 72%

. "and 25% yield respectively as a result of dehydration

. .
(presumably via mesylate) and partial isomerization.
The stfuctures ot these two products were evideht trom
“the following speotral‘data.v The major isomet 80
showed, in the 'H nmr spectrum, the C-15 methyl doubl
at dbl.03, a methyl singlet at 0. 91 attrlbuted to the
C- l2 methyl group which lies within the shielding zone
of the double bond as revealed by Drieding model, a
Six-proton s;nglet for the remalnlng methyls, and the
Vabsence of 51gnal for a v1nyllc proton Although a
molecular 1on peak was not observed in the mass spec-
tfﬂm, a base peak at m/e 205.1519 corresponding to the )
"loss of a methyl oroup was,inwsupport*of'the structural
assignment. In contrast to.80 the hinor isomer 81
‘showed, in the lH nmr spectrum, a doublet at»d 5;66 for
an olefinic protonl Three methyl singlets at § 1.12,

1.18, 1.28'and a-doublet-at § 1.03 for C-15 methyl group

~

&

B

¥
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\

were alsa observed. In the mass spectrum, a molecular
ion peak at 220.1824 was in full accofd with the re-
quired moleculqr formula of'C15H24O. Treatment of
“alcohol 123 with thionyl chloride ih benzene in an
attempt to prepare the corresponding chloride, also
resulted‘in dehydration and, ih this case, complete
migration of the double bond to give a 69% of dehydro- T
kessane (80) . Although the anticipated produqts.were
not formed, the above reactions complefed the synthesis
"of two hitherto unknown dehydro-derivatives of kessane
‘hg). - A third method which\a135'effected the déhydra—
't;sn of ;é} was the ﬁseAqf ph0s§hogyi chloride in pyri-
dine. This procedure was fbund ﬁo give also exclusi&ely
dehydroke.ssane (80) but in a sli/ghtly better yield of
73%. )

It has been shown recehtiy by Ireldnd and cowdrkers
(82) that the feplgcement of é hydroxy group with a . |
~hydrogen atom could be effected by reacting the alcoholate
anion With g,g,ﬁ',g;—tetramethyldiamidOphospﬂorochlori—
date followed by treétmégé of the resulting §,§,§’}§'—,i
tetramefhylphosphorodigmidn“e derivative with li;hium—
ethyiamine. The possiblé use of this reductivexdeoxy—
genation method was invéStigated. Apparéntly due to
the steric congestion of thebhydr0xyl group, igg‘was‘

found to be completely unreaé%ive toward N,N,N',N'-

tetramethyldiamidophosphorochloridate. Under bothithé



reported and modified coﬁ&;tions, the starting material
wés recovered intact. Furgher studies using more re-
active N,N-dimethylphosphoramidic dithoride (83) were,
however, shown to be promising.y'In céntrast to i

lack 6f reaétiyity toward g,g,g';g'—tét;amethyldia do-
phosphorochloridate, the anion of 123 generated:by n-
butyllithium reacted smoothiy with N,N-dimethylphos-
éhoramidic diéhloride in 1,2-dimethoxvethane and N,N, -
g',ﬁ;—tetramethylethylenédiamine at fQom temperature.

v

The phosphorylation was found to be complete within

v

16 ﬁk The resulting monochloride. 124, which was shown

by.tle to be the sole prOduép, was conveniently con-

4

.verted to the desired ﬁ,ﬁ,g',§'—tetran'tFﬁlphosphoro—}
diamiaate lgiﬁ%y additien of dimethylamine,prior to tﬁ¥
work-up of the reaction.- The material was virtuaily
free of impurities and a fapid column chromatography
afforded a 95% yield of 125 which exhibited in the lu
nmr spectrum, a doublet at § 1.02 (C-15 methyl), three
methyl singlets at 6 1.16, 1.28 (C-13 and C-14 methyls)

and 1.50 (C-12 methyl), and a twelve-proton doublet at

This method has since been found to be general for

»

the preparation of E,g,g‘;g'—tetramethylphosphorodiamidate
derivatives of alcohols (84) and should prove especially
useful for those a&f?hols in which the hydroxyl group 1is

highly hindered.

@
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2.66 for the four methyls on the nitrogen . atoms. 1In

. . Y
the mass spectrum, a molecular ion peak appecared at

372.2545 as required.

a

~Jjunctures of seyeral precursor of 79 (vide‘supra)

Although the steric crowding of the hydroxyl group

in 123 caused some initial difficulties for its con-

version to g,ﬁ,g',g’—tetramethylphOSphorodiamidate
derivative and eventually lead to the development of the
above” procedure, the reductive cleavage of the C-0

bond was uneffected by such a factor. Upon treatment
with lithium in ethylamine; 125 underwent the (cact .,
clearly to glve a 79% yleld of 5- eplkessa (79) . Al-

though 1t was lndlstlngulshable from naturu. Fossane
(g) in tlc, 5-epikessane (79) was foundéd tc¢ be markedly
different ¢rom 9 in spectral properties, particularly,
the chemical shifts of the methyl gr0upe in the lH“
s .13 10 . 1. - : -
nmr spectra. Their C nmr , 1r, H nmr spectra‘are to

be found in Fig. 1-7 for comparison.

2

In principle, following the reaction sequence

described for its transformation to S—epikessane (79),

It is noted that, in the 13C nmr spectra,\the C-15

carbon of eplkessane (79) appeared at 23 1 ppm, whereas.

the correspondlng carbon of kessane (9) was observed at

- a higher fleld at 18.6 ppm. in agreement with the argu-

metn used for_a531gn1ng cis stereochemistry to the ring

yp

67.
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ketone 121 codiﬁ?also be converted to the naturally .

ocourring kessane (9) after epimerization at C-5. The

\

following cfforts made toward this direction, however,
were not rewarding and the required epimerization

has yet to he aecomplished. Treatment ofiigl with._
sodium methoxide ip methanol at reflux for 24 h gave

no detectable amount of the C-5 epimer of 121 but re-

covery of the starting material. To confirm that the
. ’ Y . . ’

. » - N

conditions were sufficient for proton ekchange, the re-

.
action wﬁ?rrepeated using methanol—dl.as a solvent.

‘ig"The“produot thus obtained was ndinly monodeuterated
ketone 126 and the deuterium incorporation was shown

]

to be approximately‘98% by its mass spectrum. That the

‘gﬁositlon of deuteration occurr@g specif&cally at C-5
-

1,’)

=¥

4
“uds revealed by a comp&yison*%f ltS lH-nmr with that of
. ’ . ., -» fu
12 the 'C=5 proton which appeared lp the latter soectrum
7,

at §°2. 24 as a dOublet of doublets was absent These.'J

flndlngs clearly 1nd1cated that 121 is by far more stable

-

than ,its C-5 imer a d t epimerizatio coufd not-
188 G ep r an hus - ep tion

‘be achleyed by a thermodynamlcaliy controlled process.

v ot

Attempté eplmerlzatlon u51ng kRinetic control proved

to‘be e?ually unSgccessful, although a dlfferent kind
. » . ) o /
of.problé@ was involved."%reatment‘of 121 with a number
ot )
of bases spch as sodium amlde, sodium hydrlde, sodlum
X _\/\ + :

. ' 4 S :
methox1de, ‘lithium’ dllsoproylamlde 1n aprotlc solvehts

LY

._q»_~ L

b}undqx“yamnoﬁ*\CORdltion falled to generate the requ1red

3.
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Faa v

5.0

enolate ion as evident from the fact that guenching

»

the reaction mixture with DZO did not result in dueter-
ipm incorporation.

Since standard methods could not effect the epimeriza-

.

tlon, indirect chemical means were studied. The conver-

sion of 121 to 9 COuld4ke realized by the introduction o
e .
Eald

Qf a halogen atom (or alike) to C-5 followed by re-

ductive cleavage of the carbon—halogen bond with stereo- a @
‘ Ao

chemical control after reducing or removing theé kétone

carbonyl (to prevent further epimeriéation at C—5) ) : A &

When ketone 121 was subjected s? the treatment of pyrl—
A

.dlnlum bromlde gerbromlde in. glac1al acetlc ac1d lt -

n e . :
w7 v . ! .

underwent bromlnatlon cleanly to glve bromoketone 12 S

in 96% yield. Aucis,relationship betweeh the bromine

E

and the c-15 methxgh ihdidated by the_lH ‘nmr: spec—

L3

,._trum in.which the latter group a red at & 1. 37 a'O.32'

-

épm_dQanield shift from § 1.05 observed for the cor-
respondlng group of the precurso , whereas other

v

methyl signals remained v1rtually unchanged,from those
in lH'nmr spectrum of 121. Subsequent reduction o0f'127
-~ ( I
with llthlum aluminum hydrlde afforded instead of the

desired bromohydrln 12 8,‘ketone'121 and alcohol 123

in 35% and 402 yield respectively Interesting‘y, the

1solatlon of 121 “was shown to be 1ndependent of the

length 6f. reaction time or the amount of the reagent
-

Jsed Acbordlngly,’the ketOneuga§~not formed durlng the"



oy

‘were also used ln attempts to Genvert 127 into 128

reaction and probably not responsible for the alcohol

formation. As shown in Scheme X, a recasonable explana-
‘tion could involve the dohrwwination\of'LQZ’to generate
an enolato'ion thch‘cc no th“wg-reactAimmcdiately
w1th the hydrogen bromlc g Joncratod to give ketone

121 whlch was. further reduced to 123 or survive (part

oz

of the hydrogen bromlde molecules formed were un-—
R S P

-dou%ésdly destroyed by llthuum alumlhum hydrlde)"until

the Work- up to give l2l Should this proposal be valid,

quenchrng the reattlon mlxture thh deuterlum oxldé

. K
EIE

should lead to deuterated ketone 126 and no déuterium

kY
\

A

‘corporatlon 1nto the carbon atoms of 3 ThlS turned

w/ —_—

In addltlon to the understandlng of _the nature of .the

‘7
(2

reactxon, “this éxperlment was partlcularly worthy for

it provided an .opportunity to determlne whether

the formation of 121 from its enolate ion was®a&lso ;
. + ~~ /\ﬁt“f . : . —— - . * . —- S
- favored by kinetical control. Other reduc1ng agents

While sodium borohydrlde and diborane were found unre-

.aégive, the use of Jlithium borohydride and~alumfnum

bromine atom poses additton shielding effect to the

’

5
‘hydride afforded ~almost exclu51vely the alcohol ISJ/ ~
The fact that 127 underwent reactlon w1th re-'
" ducing- agents abnormally could be due to: (i)_the large

76.
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123:R = H

124: R= PO(CIIN(CHg),

125: R= POEJ ()C.H3)2__]2
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‘.already sterically congested ketone carbonyl for its

the reaction gave a quantltatlve yield of the de51red

™~

-

direct reduction and (ii) the C-Br bond is not strong

enough to survive hydride attack. A remedy to

these likely shortcomings could be the use of a smaller

. - .
chlorine -atom which also forms a.stronger bond with

carbon. *Accordingly,~ketbne 121 "s treated with sulfuryl

"chloride at room temperature“ although slow (two days)., .

v

chloride 129. The orlentatlon of the chlorine atom cou}dﬁﬁﬁ

" be assignéd agaln on the ba51s of the lH nmr spectrum. -

Dlsapp01nt1ngly, the reduction of 129 using llthlum

alumlnum hydrlde llthlum bq;ohydrlde and alumlnum hy-

'drlde gave rise, without any exceptlon to alcohol 123

-

in good yleld

A

As a consequence of the negatlve flndlggs on the
epimerization of 121, "an alternatlve route possibly

leading to kessane (9) was investigated using keto ester
18 as a starting point. It was felt that the observed”

Rl

stability of a cis ring juncture for all the hydro-.
azulene derivatives'so_far obtéined in this series

might have been, in part, due to the relief of conside:-

. <

able ster%c.strain between the methyl group'on the five-

meémbered ring and . the oxygen étom of the ketbne«eerbdnyl;
. "‘ - . LN . !
Unde{ these cohsiderations, it was desirable to remove
4 CE o i

tne ketone carbonyl at the stage of ll8 and to‘ use 1ts

e ——

es-er ,:0:p to control (through-a double bond) the

.

78,
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stereochemistry at C-5. Thus, keto ester 118 was re-

duced with sodlum Dbordhydride at O°Q¥§n methanol to
RN

3§glv0‘two 1nseparablw dlastervomOLs dﬁbhydrowy ester
o o b o
é;&aBO whose 1r spectrum displayed diagnostic nbsorption
bands at 3510 el and 1730 em ' for tho hydroxyl group
«.and the. ecster carbon&l respectively. In the lH‘nmr
spectrum, thebptoton neighboring to_tue‘hydroxyllgroup
was found at & 4.10 as a‘multiplet and the olefinic
eprotons appeared at § 4.83 and 4.84 as two singlets.
Furthermore two methyl doublets at G.i.04 and 1.06 as
.ﬂwell as two-sinolets at 6A3.68 and-3.69 for the carbo-

- methoxy group were indicative of the presence oOf two

'diastereomers: Acet“latioh of the hydroxy ester 130 5

™

with acetic anhydrlde 1n§§)yrld1ne ge an 81% yield

‘§313l Ahen 131 was heated

of the correSpondlng ace !

N

with sodium hydride in 1‘2,
3

of a small amount of t- amyl alcohol at reflux for 16 h,
the a,R-unsaturated ester lggiwas obtained as a s1ngle
';sometyin 90% yield{: The product showed, in»the ir
spectrum, an absofption.band at l7lO.om_l cha;acteris_
tic ;o{_the d,BFunsaturated ester é§%o§h§l§5.1n;its_

- ”;H nmrfspectrum,fa doublet due to the vinylic PrOtdn 8

to the ester appeared at § 6.78 whlle a methx} doublet,

-

a carbomethoxy 51nglet and a singlet for the remalnlng

Ld
Je

olefinlc protons Q%re found at'é l 07 3 70. and 4. 72 x5

respectively. The requ1red molecuIar compOSLtlon was

v o i

VAR

;aetnoxyethane in the presence

79.
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N
o

conflrmod by the mass spectrum showing a molecular ion
-,

wgw’ t,’*zzo 1459. . Although the structuro of 131 could

be rca&ily utdutod based f10m'the spectral-data, its .

[

stercochemistry at C-5 could not be assigned at this

stage. The Cls ring juncture was suggested by its sub-

sequont trans formatlon to S5-cpikessane ( 9) under

@>nditions unlikely to effect a'completo epimeriZation

at -5, %ubsequont reductlon of 132 with llthlum in -—

llquld ammonia gave rise to a. 37% yield of ester 133

whose ester carbonyl absorptlon appeartd at 1735 cm,l

O

in the ir spectrum In the. lH nmr spectrum, the olefinic ~

»~a
protons resonated at 6 4.70 as a 51nqlety whlle the"

v s

carbomethoxy singlet and the methyl doublet appeared

at . 6 3. 60 and 1.01 respectﬁ&ﬁly . The same“@ %g‘ could

Tny '. .
4“

also be prepared by a more eff1c1ent route éﬁ

_below.

Treatmgft of keto ester ll8 with sodlum hydrlde and

chloromethyl methyl ether in hexamethylphosphoraﬁgﬁe‘

o/
gave theé correspondlng enol ether 134 in 93k yield.

It exhlblted in the ir spectrum, absorptlonfbands at

.R_,,_, — N

1705 (a B- unsaturated ester), 3090, l64§gzgﬁ 900 cm l_.

(double bonds) In addition to a methyl doublet at.
.8 1.13 and a carbomethoxy srnglet at 6 3 62 the lH nmr
,spectrum showed two aene- proton 31nglets for: the olefln

protons at S 4 72 and 4 77 and two addltlonal srnglets

at § 3.37 and 4.70 attrlbuted to the methyl and methylene

'J‘ -,

80.



“protons of the.,enol ether unit. Although 1ol cother 134 /
I
/

of analjtlcal purity could be obtained by a rapid'column
ehroﬁatography on alumina, the crude product was found |
to be sufficiently pure for the subsequent reduction

with litﬁium—ammonia (85). The product thus obtained

(41% yield from 11 ). was shown to be identical in all

respects with ester 133.

Treatment  of 133 with excess methyllithium resulted

in the formation of alcohol 135 in 90% yield. The ir
spectrum of 135 exhibited, in additidn to a strong
absbrption at 3610 Cm_l'for'the hydrOXYl\group, two

characterlstlc bands at 1368 and 1380 %m 1 for the gem-
e :

dimethyl. 1In the 1H nmr spectrum, a s1x—proton singlet
-appeared at 6. 1.12 due to the gem dlmmthyl. +hen

alaghol” 135 wasasubjected to oxymercuration (78) with

i &

mercuric acetate followed by?sodium borthdride’re— .

duction of the resulting organomercury product, 5-epi-

kessane (79) was formed in 7l%'yiela.',Alth9dgh this

e

route again failed tovproduce-kessane_(g), it siﬁple-

fied the transformation of 118 to S—epikessane‘(79) by

one step and conétltutes a second total synthe31s of : q‘

the latter compoﬁ%d 1nvolv1ng a total of eleven steps.

Yo

/ .
In parallel to the above 1nvestlgatlon,gthe possi-

'.‘\ble extention of the 1,3-glycol cleavage reagtion (l >

o

114) to trlgl 136'was also stpdled. Not only would such

an extension allow the preservation of a-functionality

o j o | o

-
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in the five-membered ring and thus broaden the des-

cribed method for hydroazulene synthesis, but the desired

product 137 may find direct use in the synthesis of a-

kessyl alcohol (138) and a-kessyl ketone (139) (86), two
naturally occﬁrring compounds closely related to kessane

(9). *Triol 136 (mp 1350—151°C)\was readily prepared

‘as a single isomer in 76% yield by lithium aluminum hy-

drieékreduction of keter 88 (obtained in this case by
desulfurization of 95 with mercuric chloride in aqueous
acetonitrile). it sthed, in‘if spectrum, an intense
hydroxy absofption band at 3400 cm T and,’in the YH nmr
épectrum, a methyl doublet at § 0.87, two double££ in-
tegrated to one proton each at & 3.24 and 3.91 for the
two proFons of the methylene bearing a hydroxy group, .
and a doublet of triplets at § 4.32 for the methine

proton neighbouring to the hydroxy. Treatment of 136

" with p-toluenesulfonyl chloride in pyridine, under

similar conditions which effected the 1l,3-glycol cleavage

of 109 to 114, gave a single product in 61% yield. Dis-

appointingly, the product was found to be not the désire@
ketone 137, but a tetracyclic ether identical in-all
respects with 110. The'exclusive participation of the
secondary alcohol requiréd its protection prior to the
ring cleavage. Acetylation of triol 136 with acetic an-

hydride in pyridine afforded a diacetate 146 (ﬁg 108-109°C)

; in 92% yield. The ir spectrum of 140 exhibited the

Fd
A
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characteristic absorption bands at 1730 cm“l for the
ester carbonyls and 3600, and 3500 cle for tﬁe hydroxy
group. In the IH nmr spectrum, a six-proton singlet
attributed to the two acetoxy éfoups was found at §
2.06 while the methine proton adjacent to the acetoxy
group appeared as a doublet of triplet at § 5.26 and two
doublets at 6 4.28 and 4.46 were.observed for the two
protons of the acetoxymethylene. Altho ,n tn. use of
an acetoxy moiety as a leaving graup = 7 ‘"'~ -vpe
fragmentation (73) was unpfechented, “irect 1ng
.cleavage of 140 was attempted with the consideratidn
that the high strain of the molecule might facilitate
such a process even though the_ledVing group is poor.
Indeed, when 140 was'briefly treated with 3 equiva-
lents of sodium hydride in dimethyl sulfoxide at room
temperature, it underwent ring fission to give a 71%
yield of keto acetate 141 which displayed in the ir
Spectrum, carbonyl bands at 1735 (ester) and 1710 em 1

1

(ketone) . In the “H nmr spectrum, the two olefinic

protons resonated at § 4.85 and 4.91 both as a doublet
in agreement with the assigned structure. It was
further confirmed.by the mass spectrum showing a molec-
ular ion peak at 236.1409. The stereochemistry of

141 at C-5, its péssibie use in the synthesis of kessyl
aiéohol}(lgg) as well the transformation of ketone 121

to kessane (9) are the topics of continuing inv‘est‘iga-

tions.



EXPERIMENTAL

General
| Melting points were determined on a Kofler hot
stage apparatus and are uncorrec£edi AElemental analysis
were performed by the microaﬁalytic laboratory of this
department. Ir spectra were recorded on a Perkin-Elier
Mod: 1 337'or 457 infrared spectrophotometer. 'y nmr
sp~ctra were recorded on Varian A-60, HA-100, HA-100/
Digilab and ?0 MHz Perkin—Elmer'BZ spectrometers, and.
L3¢ nmr spectra on Bruker HFX-10/Nicolet 1085 spectro-
‘meter; using tetramethylsilane as 5&“internal standard.
The following abbreviatio; gre used: s = singlet, d =
doqblet; t =~triplét, a = quaftet, aﬁd m = multiplet.
Mass spectra were rkcorded using A.E.I. Model MS-2, MS~
9 or MS-50 mass épectrometers. ' Gas chromatography (gc)
. was performed on a Hewlett Packed 5750 instrument
using a stainless gteel coldmn'(B'_x 1/§") packed with —
15% SE-30 on 80—106 mesh chromosorb W. Unlesé other-
wise specified, anhydrous magnesium sulfate was used as
drying agent for organic solutions and silica gel as
adsorbant for column chromaiography.
‘Materials _
n Ether, 1,2-dimethoxyethane (DME), tetrahydrahydro-s
furan (THF), and benzene used for reactions'were

freshly distilled from lithium aluminum hydride., Pyri--

~

- 86.
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dine was dried over barium oxide and distilled. Di-
methyl sulfoxide (DMSO) and hexamethylphosphoramide
(HMPA) were distilled from calcium hydride. N,N,N',N'-
Tetramethylethylidenediamine was distilled from molecu-
lar sodium. Z;Cyclopentenone wés prepared frog a
mixture of 3,4- and 3,5~cy010pehtenediol (Reséardh
Oorganic/Inorganic Chemical Coré) according to the known
procedure (87). 2—Cafbomethoxycyclopentenone was pre-‘

¥pared by Dieckmann condensation of dimethyladipate

which was obtained from adipic acid according to the

reported procgduré (88) . Sodium hydride (SO%UdisperSion

in o0il) was washed with n-pentane prior to use.

N

4-Acetoxy-2-cyclopentenone

Th; réported procedure (68) was used with modifica-
tion:f A mixture of 80 g (6;97 moi).of 2-cyclaopentenone,
172 g (9.97<mol).of N-bromosuccinimide (NBS) and 3 g of

' a,a'—azodiisobutyronitrile iﬁ 1266 ml 6f'carbon tetra-
chloride was heateg at reflux for 1 h. The mix%ﬁre
was cooled to 0°C\and,fi1téred. The residue was washed
tQ?roughly with ice-cold carbon.tetrachloride. Thé‘

| filtrate afﬁqr washing with ice-cold aqueous 1M sodium
thiosulfate soluﬁidn’(2 x 300 ml), and water (300 mi).'
was dried over sodium sulfate, filﬁerea and concentra-

ted under reduced pressure (aspirator) to give 160‘g

of criude 4-bromo-2-cyclopenten-l-one. This oily7 -

C

é .

~.z ¢

5.

87.
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- .
product, without purification, was dissolved in 1000

ml of glacial acetic acid and silver acetaﬁe‘(159 g,
0.975 mbl)jwasvadded._ After heated at reflux for

24 'h, the reactien mixture was filtered and the ‘resi~.
due washed with élacial acetic acid. Rehoval-of tﬁe
solvent in gggggaﬁollowed py'distillation of the re-
maining oil yielded 82 g (60%) of 4-acetox§—2—cyclopen—
ten-l-one as a~cei0rless oil: 'bp 48°/0.3 torr; ir ,
(£ilm), 1743 (estér), 1730 (ketone) and 1593 (double .
bond); 'H nmr (cc14) § 2.14 (s, 3H, CH,CO-) 2.25 (da,

1,3 =19, J°' = 6 Hz, -CH(H)CO-), 2.71 (dq 1H, J =

19, J

3 Hz, -CH(H)CO-), 5.76 (dddd, 1H, J.= 6, J' =
3, J" =2, J™ =1 Hz, -énoco-), 6.23 (a4, 1H, J = 6,
J' = 1 Hz, -COCH=) 4nd 7.52 (dd, 1H, J = 6, .J' = 2 Hz,
-CH=CHCO-) ; mass spectrum M' 140.0476 (Calcd. for

Cc

7H803: 14Q.Q¢74).

lFAcetoxy-2—carbomethoxyc?ﬁlopenﬁene (lg)

To a solution of 2- carbomethoxycyc1opentanone (706 g9, 4
4. 97 mol) in pyridine (789 g, 9.95 mol) at 0°C, was
added dropwise acetyl chlorlde (585 g, 7.45 molj over o
'a'period of ene heur. The reactlon mlepre was, stlrred
at room temperature under a nltrogen atmosphere for
24 h. After coollng to 0°C, ether (1000. ml) wasﬂln-

troduced and the resultxng mlxture was acidified with

ice-cold 10% H2804. The'%ther layer was separated anj}

e ) "
e,



89.

the aqueous solction extracﬁed with ether (2 x 500

ml)._ The extracts were combined and washed successively
with saturated aqueous sodium bicarbonate solution (200
ml) and brine (200 ml) . 6rying, filtration, and con-

M ~

centration of the extracts gave an 011 (876 g) whlch

was dlstllled at 57-58°/0.3 Torr to give 832. 4 g (90%)

of 76: ir (£film) 1780 (enol acetate), 1725 (a,B-un—
saturated ester) and 1665 cm—l (double bond); lH nmr )

-

(CCl,) & 3.63 (s, 3H, -COOCH3) -and 2.30 (s,  3H, CH,CO0-).

\

,t
7—Acetoxy-l—cdrboﬁethoxytricyclo[5.3.0.02’6]dec-4—en7L

3¥ohe\(86a) and l-Acetoxy-7-carbomethoxytricyclo-
— : TN

Cansl

2,6

<
[5.3.0.0%" "] dec-4-ene-3~one (87a and 87b)

N

In tﬁe photochemical reaction vessel (Fig. 8) were
placed 15 g (0.107 mo )'cf 4—ecetcxy—2—cyclopentenbne,-300 g
(1.87 mol) of 56Vand 1000 ml of benzene. The reacthan mlx—
ture was 1rrad1ated using a 450 W Hanovia hlgh-pressure quartz
mercury-vapor lamp and a Pyrex filter, at .room tempera-
ture for 24 h. A constant flow of nitrogen was malntalned
to agltate the soiutlon throughout the reactlon perlod. |
Benzene was removed and excess 76 was recovered by dis- .
tillation and recycied. After repeatlng the same processtn
for .three add1t10na1 tlmes u31ng 20 g, 20 e, and 28 g |

—

- of 4-acetoxy-2 -cyclopentenone. A total amqunt of 5300 g

of crude photoadduct was obtained. The crude product,



e T — e e e

90.

Fig. 8. A. Dewar flask; B. sintered glass filterj: C. metal
cooling coil; D. water inlet; E. water outlet; : F. re-
action vessel; G. ‘quartz immersion well; H. pyrex filter;
I. lamp; " J. nitrogen gas inlet; K. ground glass joint;

L. condenser;- M. calcium chloride drying tube.

\
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1“' - . . - . L oY



ot . . 91.

without purification was dissolved in 1000 ml of benzene

and 30 g of p-toluenesulfonic ééid was adéed. After:
stirring at room temperature for 48 h, the reaction ° .
mixture‘was washed with aqueous saturated sodium bi-

carboﬁate solution (2 x 150 ml) and water (2 x 100 ml), ,
dried, filtered and concentrated £o give 220 g of' a

viscous oil wﬁich‘was subjected to column chfomatography,

~ Elution with benzene gave 120 g (80%{ ofca mixturg of

-

86a, 87a and 87b: ir (film) 1745 (&ster), 1710 (a,B-"
unsaturated ketone), 1590 (double bond): 'H mmr (cCl,) - -
5 1.86, 1.92, 2.00 (all s, total 3H, CH3coo—): 3.52, '
3.56, 3.65 (all s, total 3H, -COOCH;), 7.36, 7.78, 7.60

(all dd, stotal 1H, J = 5.3, J' = 1.2 Hz, -CH=CHCO-),

6.33, 6.30, 6.24 (all dd, total 1H, J = 5.3,.J' = 0.6

'C, 63.63; H, 6.09. .

Hz). Anal. Calc@.for C14H1505:
Found: C, 63.63; H, 6.10,

A small amoﬁnt of the mixture was further sub- -
jected to préparative high pressure liquid chromatog-
raphy.(Waters-Associates Prep}LC/System“SOOf using
ether as eluent. This resulted in the isolation of 87a

[AY

and the major stereoisomer of 86a in pure form. |The
létér compound showedbthe’f0110wing'spect:a1 data: ir
(CC14) 1740 fester), 1710 (d,B-unsatura;ed ketone),

1589. (double bond); 1y nmr (ccl,) 6 1.92 (s, 3H, CH,C00-),
3.52 (s, 3H, -COOCH3), 6.33 (44, 1H, J = 5.3, J' = 0. 6

nz}‘—cnco-), and 7.36 (dd, 1H, J = 5.3, J' = 1. 2 Hz,



(S

—C§=CHCOT). Ana}./galcd.'fOr C14 IGOSL C, 63.63; H,
™S6.09. Found: C, 63.74; H, 6.16. The following physi-
cal prdﬁerties was obtained for 87a: mp 103-104.5°C/j*
(ether); ir (CC14L~174d5(ester), 1710 (a;B-unsaturated

ketone) . 1589 (double bond); 'H'nmr (CCl,) & 1.86 (s,

- h Y
3H, CH,C00-), 3.56 (s, 3H, -COOCH,), 6.24 (dd, 1H, J
503,‘ J' = 0-6 HZ, =CHCO-), 7.78- (dd’ 1H, J = 5.3, J' =
1.2 Hz). Anal. Caled. for C,H)¢Os: C, 63.63; H, 6.09.
Found: C, 63.29; H, 6.18.

—Acet%xyhl-carbOmethoxy-S-methyltrlcyclo[5 3.0. 0 ]-

g

‘decan-3-one (§§D“and 1-Acetoxy—7—carbomethoxy-5—methyl—

_ _ . _ ~
tricyclo(5.3.0.0%/%1decan-3-one (96) and (104)

- ry

>

(a) gg: 96 a;d"lgi from a mixture of 86a, 87a and 87b.
Atyb°c avsoldtion of 3.00M methylmagnééium bromide
in ether (140 ml, 0;42 mol) was added dropwise to: a
mixfure ofﬁ;O.G g (0:218 mol) of cppfbus iodidefih ether
(1000 ml). The rééulting mixture was stirredvfof‘lo min
and a solution of 14 g (0.053 mol) of 86a, 87a and. 87b
din 200 ml of ether was added over a perlod of 10 min.
After stirring for- add1t10na1 30 min, the reaction_

Sy

mlxﬁyre was poured lﬁto 1000 ml 4N aqueous ammOnlum'
hydroxlde solution with vig us stjrring. ,The ether
T laygr was sepdrated and th;p:§¥eoﬁs sdlutidh extracted
with ether (3 x 200 ml). _rhé extracts were wthed with
5?



brineg dried, filtered, and concentrated. Purification
of the crude product by: column chromatography usiné a
solution of 5% ether in benzene as eluent gave 10 lg
(65%) of 88, 96 and 104 as a mlxture.‘ irﬁ \ %) 1745
(f1ve membered ring ketone), and 173Q cﬁ €§§§ter), lH

nmr (CCl ) 6§ 0.95, 1.07, 1. 12 (all d:ﬁggtal 3H, J =

6.5 Hz, FHCH,), /1.98 (s, 3, CH3CO ), 3.59 and 3.66

{both s, total 3H, —COOCH3); mass spectrum M 280f
; .

Anal. Calcd. for C s: C, 64.27; H, 7.19. Found:

_ , 15720
C, 64.26; H, 7.16. ' -

~

(B) 88 from 86a.

At 0°C, a solution of 86a (24 mg, 0.098 mmol) 'in
9.2 ml of ether, was added to a sﬁspension of yellow
methylmagnesium bromide—cuprous iodide compleéx in ether
(prepared from 0.268 ml of a 2.92 M solution of methyl
magnesium bromide in ether an5080.25 mg of .cuprous iodide
in 5 ml of ether according to the proce@ure described
above). After stirring at 0°C for 20‘min,'the reaction
-mixtu;e wasg, poured into an iée—cold saturated ammonium‘
chloride solution (25 ml) and extracted with ether (2 x
50 ml) . Workup of the extracts in thé usual mgnnér
afforded 20 mg of crude oil, which was pufified by column
chromatography.thlution with a soluﬁiOnfof 2% ether in
benzepe.éave 14 mg (56%) of 88: ‘ir (ccly) 1745 cm'l
(ketope and ester); lH nmr (CCl,) 6 1,07 (4, 3H, J =

5 \ ‘ .
~ 6.5 Hz,/CHC§3), 1.98 (s, 3H, CH3COO-),'and 3.60 (s, 3H,

5

P

93.



+ .
.—COOCH3), mass specprum M 280.1310 (Calcd. for C15H2005,.

©280.1311). Anal. Calcd. for C C, 64.27; H,

151205 °
7.19. ‘tround: C,‘64.37; H, 7.17.
(C) 96 from 87a. -

Treatment of the minor isomer 87a (16 mg, 0.059,
mmol) with methylmagnesium bromidg—éﬁprous iodide complex
using the same condition described above gave the corres-
bondigg isomer 96 (8.7 mg, 53%): ir (CCl,) 173oi1758
cm 1 ester and cyclo?entanone); 4 nmr (CDC1l;) & 0.97
(@, 3H, J = 6.5 Hz, >CHé§3);‘l.98 (s, 3, cn3coo-)i‘

3.56 (s, 3H, -COOCH3);,mass spectrum 280.1313 (Calcd.
for € H, 05: 280.1311).

G-Carbomethoxy-lO—methylbicyclo[5,3;0]decan—2,8-dione (90)

To a solutiod-9f 51 mg (0.18 mmol) of 88 in 1.5
ml of methanol was added 1.5 ml of 4N aqueous sodium
hydroxide solution. The resulting solution was heated

at reflux for 2 h .nder an atmosphére of nitrogen.

After that time, it was cooled to 0°C and-acidified

with 2N HC1 to ~pH 1. Extraction with chlorofdrm_fol—~ ®

lowed by the usual wérkup of the organic solution gave
40 mg of agid 13: ir (CCl,) 3490 (hydfoxyl) lZ45‘(five
‘membered ring keéone) and l?lO'cmTl (acid and seven
membered ring ketones). The crude acid 89 without‘puri-

- ) I
fication was esterified as follows. To a solution

94.



95..

~

of crude acid 89 (40 mé) in acetone (2 ml) was added
potassium carbonate (49.3 mg). The mixture was stirred
at room temperature for 10 min and méthyl iodide

(0.1 ml) was introduced. Stirfing was continued for

-16-h. Water (10 ml) was added and the agueous solution

,

extractéd with ether (2 x 50.ml). The organic solution
was dried, fiitered, and concentrated to afford 48 mg
of solid. Recrystallization.from eﬁhef—pen?angﬂyielded
31 mg (72%) of 90: mp 128-129°C; ir (CCl,) 1740 (ester
and’ five membefed ring ketone) and 1710 em™t (seven

1

membered ring ketone); “H nmr (CC14), 6 1.08 (4, 3H,

J =6.5 Hz,\CHCH ) and 3.72 (s, 3H, -COOCH3), mass

- spectrum M 238 1212 (Calcd for Cy3H,g0,¢ 238.1207);

Anal. Calcd. for C13H1804'> 9( 65.52; H{ 7.61. Found: )

' C, 65.48; H, 7.71.

5,904412

5~Acetoxy-3-methyl-ll-oxatetracyclo[7.2.1.0. ]-

dodecan-10-one (§3) aﬂd S—Acetoxy-3—methy1-lljoxétetra-

5, 9 4,12,

cyclo[7.2.1.0. ]dodecan lO-one (94)

‘To a stirred‘solutién'of 88 (17 mg, 0.06 mol) in

0°C was added sodium borohydride

-
-4

. Afte; 45 min,,water (10 ml) was in-

methanol (3 ml) a
(34 mg, 0.8 mmol)
trodﬁced and the/resulting miitufe extracted’%ith éthgr-
(3 x 50 ml). ‘The extracts were combinedland orked up'

in the usyal nner. . On removal or the solv nt, a

S



t ’ . . 96.
T A} ) . . R

\
A

mixture of two products was obtalned.' Column chromatog—
raphy of the mlxture using a solutlon of 5% ether in

benzene as eluent gave 10.5 mg - (67%) of crystalllne 93:

mp 135-136°C; ir (cc14) 1765 (y-lactone) and 1738 cm -1 |
(ester); W nmr (ccl,). 6 1.05 (d, 3H, J = 6.5 Hz, . .
}xun{), 2.06 (s, 3H, cn3coo ), and 4.97 (dd, 1H, J %

5, J' = 3 Hz, —céo—)- mass spectrum m/e 208.1019 (mr :

42) (calcd.. for C12H160° 208>1019. ° Anal. Calcd.

for C C, 67.18; H, 7.24. Found: -C, 67.22;

14%1803¢
H, 7.17. S : N '

“

Further eluiion with ether-benzene (1:9) yield
. : > -~be | |
4 mg (25%) of 94: mp“143-145°C; ir (CCl,) 3600, 3450

(hydroxy), and 1735 cm -1 (ester), lH nmr (CCl ) &

A

1.00 (d, 3H, J = 6.5 Hz,)FHCH3), 2.04 (s, 3H, cn3coo-),ﬂ
I

4.80 (ad, 1H, J = 5, J3" = 3 Hz, -CHO-), 5.40 (s, 1H,

. S A o : L .

7.93. Found:” C, 66.39; H, 7.84.y

<

7—Acetoxy—l—carbomethoxy-3-ethy1idenedifﬁio-s-methyltri-

ad

cyclo[5.3. 0. 0 ]decane (95)

‘,l—Acetoxy-7-carbomethoxy-3-ethy1ldenedlthlo—s-methyltrl— ' v

. »

cyclo([5.3. 0 0 ]decane (97) and (195) $
\l—Carbomethoxy—l—(4-ethy1idened;th10- —methylcyclopen-
’-tanyl) 2-ethylldenedlthlocyclopentane (99) and 1-Carbo- ' ,}wf

methoxy-l (2-methyl—4-ethylldenedxthlocyclopentanyl)— SR ):‘;\;:

., . o : 8. -



2-cyclopentanone Qgg) Y ~\‘
I}
|

(A) 95 from 88. .

To a solution of 88 (10 mg, 0.036 mmol) in 1 ml
\

©of 1,2 ethanedithiol, was added 0.1 ml of POron tri-

fluoride etherate. After stirring at room temberature
for iS min, the reaction mixture was added to 25 ml |
ice-cold 4N aqueous sodium hydroxide solytiOn and
extracted with ether (2 x SO.ml). The extracts were
washed with water (10 ml), dried, filtered and con-
centrated. The residue (15 mg) Qas chromotOgraphed

using a solution of 2% ether in benzene ag €luent to

give 10.6 mg (84%) of oily 95: ir (CCly) 1735 cm'l

(ester); 'H nmr (cCl,) § 1.16 (d, 3H, J = 6.5 Hz,

\

and 3.57 (s, 3H, -COOCH,); mass spectrum M 356.1117
‘ 32 ’ "

(Calcd. for Ci3H,50477S,:  356.1112). Anal- cglcd.

for C,,H,,0458,: C, 57.29; H, 7.05, s,}17,98. Found:

C, 57.34; H, 6.85; s, 17.75.

(B) 97, 98 and 99 from 96. " .

To a solution of 96 (8.7 mg, 0.025 mmol) in 1 ml

1

o . : ! P
- of 1,2 ethanedit+*iol, was added 0.1 ml of bOron trifluo-
‘ride etherate. After stirfing at room température
for 15 min, th: reaczion mixture was worked up i the

‘usual manner to g - a mixture (8 mg) of 97, gg and 99.

-



(C)

of 5

2 ml

room

e ey — . - \\
N

35, 37, 99, 98 and 105 from a mixture of 88, 96

——— — e

98.

To a solution of 10.2 g (0.036 mol) of the mixture
and 6 in 100.ml of 1,2-ethanedithiol, was added
of boron triflﬁofide etherate. After stirring'at

temperature for 20 min, the reaction mixture was

poured into 700 ml of'iCe—cold 4N aqueous NaOH solution.

The mixture was shaken Vigorouély and extracted with

ether (3 x 1000 ml). The extracts were washed twice

with

200 ml of brine, dried, filtered and concentrdted

to give 14.7 g of vigcous 0j] thch was subjected to

column chromatography. Initjal elution Qith benzene

gave

1

2.4 g (16.8%) of 99+ jr (CCl,) 1725 cm™1 (é¥?er);

. \ - .
Hnmr § 1.16 (d, 3H, J = 6.5 Hz,,/CHC§3), 3.20 (s, 8H,

-SCHZCHZS-), and 3.68 (s, 3H, ~COOCH3); mass. spectrum

+ ' , 32
M 390.9805 (Calcd.’ for C17H2602 S‘g 390.0816). Anal.

- 32, . 9. C
Calcd. for C),H,.0,°“s,: C, 52.29; H, 6.66; S, 32.84.

Found: C, 52.51; H, 6.70; S, 32.56. Further elutio

with
17258
1

~SCH,CH,S-), 3.60 (s, 3H, —COOCH3)} mass spectrum

benzene yielded 1.51 g (13.0%) of 98:  ir (C 1,)

(ester) and 1750 cm‘l (five membered ring ketonef; "

]

\cncg3), 3.20 (s, 4H,

6.5 Hz, /

. ) o 32,
314.1002 (Calcé. for 01552203 Sz. 3l4f1011).‘ Anal.

‘ 32, s H. 5
CalCd- for C1582203 82' C" 57!2?’ H' 7.00' -s, 20_-39'

Found: C, 57.45, H, 7.00; s 20.70.

14
on further elution With a solution of 2% ether in

i



99.

benzene 100 mg 397 (~1%) was obtained. It showed the

following spectral data: ir (CCl,) 1735 cm ' (ester);

M nmr (CCl,) 6§ 1.19 (d, 3H, J = 6.5 Hz, ,CHCHy), 1.98
(s, *3H, CH4CO0-), 3.14 (s, 4H, -6-CH,CH,S-), and 3.57

- (s, BH; —COOCH3); mass spectrum M+ 356.1122 (Calcd.

: 32
for Cl7 24O4 S,: ?56.111A . Anal. Calcd. for

57.26; H, 6.99; S, 17.62. Elution further with the
same solvent eystem furnished a mixture of gi and 95
-QK300 mg) ca. 1l:1 ratio and pure 9§ (6.1 §,H47%). Final
elutlon w1th a solutlon of 5% ether in benzene afforded
a ca. l:1 mixture of 95 ‘and _ﬁg (600 mg) The lH\nmr
of thls mixture showed in addition to signals cog;es-A

- ponding to those of 10, peaks at & 1.19 (4, 3H, J =

6.5 Hz,'>cncg3); 1.91 (s, 3H, CH5C00-), 3.28 (s, 4H,

—S(CH2)ZS~), and 3.62 (s, 3H, fCOOCH3)-

Conver51on of 95 into 88

‘A mlxture of 113 mg (0.3 mmol) of 95, 0 344 g
(1.2 mmol) of mercuric chloride in 4 ml of water-aceto--
.nitfile (1:3) was stirfed at room temperature gor 3 h.
The mixture was filtered and the filtrate diluted
with 50 mi of water. The aqueous eolution was extrected
with ether (3 x 100 ml). The extracté were combined,
washed successively with saturated aqueoﬁs~anm;niuﬁ

acetate solution (50 ml)'and water (50 ml), dried,



100.

and filtered. Concentration of the filtrate gave an
oily residue (100 mgf\which was chromatoéraphed. Elu-
tion with a solution ofnS%-ether in benzene . furnished

71 mg (81l%) oflgg identical in all respects with a saméle

obtained.previnusly.

2—Carbomethoxy—2-(Z-methyl—4—oxocyclopentanyl)—cyclo-

pentanone (lgl)

A mixture of 135 mg (0.43 mmol) of 98, 240 mg
(1.2 mmol) of meréuric chloride and 187 mg (0.6 mmol) e
of mercuric oxide in 10 ml of methanoi~water (10:1)
was stirred at room temperature for 24 h and refluxed
for 1 hr. The reaction mixture was diluted with
10 ml of watler and filtered. The filtrate was ex-
tracted Qith ether (3 x 10 nl) and the combined -
extracts washed successively with 20 ml each of satu-
rated aquecus ammonium acetate and water. After the
,‘usual workup an oil (100 mg) was obtained which was
column chromatographed withvbénzene elution to afford
61 mg (59%) of 101: ir (CCl,) 1750 (ketone) and
1730 om ' (ester); ' mmr (ccl,) & 0.97 (4, 3H, J =
6.5 Hz, >CHC§3) and 3.64 (s, 3H, -COOCH;); ma§; spec-

+
trum M -238.1209 (Calqd. for C1331804 381120%).



5-Ethylidenedithio-7-hydroxymethyl-3-methyltricyclo~
”~

[5.3.0.02'®]decan-1-01 (106)

A mixture of'2§ (723 mg, 2 mmol) and ‘193 mg
(5 mmol) of lithium aluminum ;ydride in 60 ml of ether
was heated at reflﬁx under a nitrogen afmosphere'for
30 min. The reaction mixture was cooled to O°Ckand
saturated sédiﬁﬁ‘bicafbonate was added (?5 ml). The
mixture was filtered and ‘the residue washed thoroughl& )
with etheg. The ether layer was separated and the
_aqueouskportion extracted with ether (2 x 100 ml). The
combined ether solution after the usﬁal workup afforded
690 mg of an oil which Qas purified by column chro-
matography.  Elution with a soiution of 5% ether in
benzene gave 401 mg (69%8) of 106: ir (ccl,) 3480
ocm ™' (hydroxy). H nmr (ccl,) 6 1.22 (4, 3m, J =
6.5 Hz, >¢Hc§3),_3.12 (s, 4H, -s(cnz;zs-i and 3.70
(s, 2H, -CH,OH); mass spectrum m/e 286, 268.(m—18).

/ LY

5-Hydroxy-3-methyl-11,14-dithiotetracyclo(7.5.1.0.5" 904715

»

pentadec-l-ene (108) ‘ , .

. A solution of 119»hg.(0.41 mmol) of ;gg and 81
mg (b.42 mmol)’ of BftoluenesulfOnyl chloride in 10 ml
.of pyridine,wég stirred at room temperature under a
ﬁitrogen atmosﬁhgre for 24 h. The reaction mixtﬁre
was poured ihtqrso ml of ice-cdld 2N ﬁél and extracted

L}

101.



102.

o

with ether (3 x 100 ml). The extracts were washed with
5% aqueous sodidh bicarbonate solution, water, dried, .
filtered and evaporated to dryness. The crude oil

thus obtained was purified by column chrom#tographf-
using benzene as eluent to give. 62 mg (59%) of 108:

ir (Cclé) 3500 cm-'.1 (hydroxy) ; lH nmr (CDClj) & 0.96

\
(d, 3H, J = 6.5 Hz. /CHC§3), 2.70 (s, Z2H, —SCHZ—), 2.85

(m, 4H, -S(CH,),S-) and 5.78 (4, 1H, J = 3\32, ~CH=) ;
mass spectrum mt 286.
N
' ' 5,9,4,12 '
3-Methyl-6-oxatetracyclo[7.2.1.1.0. 0 ] dodec-5~01 - (110)

(A) From 106. -

L]

A mixture of 106 (230 mg, 0.825 mmol) and ca.

3 g of W-2 Ra-Ni®

in 50 ml of 9§% etﬁanol,was refluxed
fo: 16 h under an atmosphere of nitrogen. _The résulting’
mixture was.filtered and.the‘residue.was thoroughly extracted
with ether.i Thé filtrate was concentratéd under re-->
duced pressure (aspirator) to give 200 mg of an oil

which was purified"by column chromatography. On elu-
tion with a solution of 5% ether in benzene, 110 (122

mg, 76%) was obtained as a solid, mp. 71-72°C and
:showedbthe féilowing spectral data: ir (CCl,) 3480
(hydroxy), 1110 (ether); 1y nmr (CDCl,) §, 0.96 (a,

3, J = 6.5 Hz, JCHCH;), 3.26, 3.67 (both d, 1H each,

| | !
J = 10 Hz, -OCH,~), and 4.25 (q, 1H, J = 3 Hz, -OCH-);

' mass spectrum M' 194.1301 (Calcd. for C 5H g0t 194.1306).



103.°

(B) From 136.

To a solution of 46 mg (0.22 mmol) of 136 in 5 ml
of pYridine, was added 49 mg (0.26 mmol) of p-toluene-
sulfonyl chloride.- The reaction mlxture, after standing
at room temperature for 24 h under a nitrogen atmosphere
'was poured into 50 ml of ice-cold 2N hydrochloric acid
and extracted with ether (3 x 100 ml). The extracts
were washed successively‘with 5% aqueous sodiam bi- | oo
carbonate and water (25 ml each) Drying, filtration
’ and concentration of the organic solutlon oave ah oill
(35 mg). Column chromatography of the crude product
using a solution of 5% ether in benzene as eluent

afforded 29 mg (61%) of 110.

1-Acetoxy-7- carbomethoxy 3—methyl[5 3.0. c ]decane (111)

Thloketal 95 {5.00 g, 14 mmol) was drssolved in
500 ml of 98% ethanol and ca. 50 g Of W-2 ra-Ni% was
added. The mixture was heated at reflux for 18 h. o
Qaney Nlckel was flltered off and washed thoroughly '
with ether (1000 ml) .. After concentratlon of the fil- v

trate, it gave 6 g of an oil which was subjected to

column ~+~omatography. Elution with n—pentane-benzene

A

(1:1) «ft . an 1:1 mixture (870 mg), ~30%) of 1,1'-
(2'-metaydi ‘pentyl)-2—carbomethoxycyclopent-2-eneA
112 ard 1i,. ~methy1cyclopenty1)—2—carbomethoxy—

cyclopentane ‘7t mixtuke showed the following



1

spectral d%Ei; ir (cc1y) 1735 (ester), 1710 (a,B-
d ester) and 1628 cm l (double bond) : H

unsaturate
amr.(CCly) 6 0.91 (4, 3H, J = 6.5 Hz, JCHCH,), 3.54
-and 3.60 (both s, total 3H, —COOCHB): mass spectrum
m/e 208.1457 (Calcd. for C13H2003: 208.1464) and

210.1613 (Caled for C 210.1620). Further

13%22037
elution’using benzene gave 2.31 g (62%) of 111: ir
(CC14) 1735 cm‘l‘(eéter); lH'nmr (CC14) § 0.92 (4,
3, J = 6.5 Hz, >CHC§3)§]”95 (s, 3H, CHyCO-), and
3.54 (s, 3H, —COOCH3)7 Anal. Calcd. for C15 22 4.

C, 67.64; H, 8.32. Found: C, 67.76; H, 8.26.

_l-Hydroxy—7—hydroxymethyl-3-methy1tricyclo(5.3.0.02’6]-

decane (109)

At 0°C to a solutlon of 111 (1. 89 g, 7. l mmol)

" in 120 ml of THF, was added 674 mg (17.1 mmol) of

11th1um alumlnum hydrlde. »The reactlon mixture wa§
heated at reflux for 30 min under an atmosphere of
nitrogen. After cooling to 0°C saturated agqueous

sodium bicarbonate selution (25 ml) was_ slowly in-

_troduced. The mixture was filtered and the residue

- Twashed thoroughly w1th ether. The organlc portion

was separated and aqueous solution extracted w1th

ether (3 x 50 ml) . rpe organic solution was drxed,

filtere&iand{%oncentréted. The white eolidrthus

obtained was reexystallizeg form n-pentane-ether to

104.
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- ; 105.
give 1.35 g (95%) of 109: mp 86-87°C; ir (CHCL 3) 3500

e (hyaroxy); M nmr (cpc1,) 6 0.86 (a, 3, 5 =

6.5 Hz, >cuca3), 3.44 (d, 1H, J = 11 Hz, -CH(H)OH) . o

and 3.86 (d, 1H, J = 11 Hz), ~CH(H)OH) ; mass spectrum \\\fc\\__///~
m/e 178 (M—18). Anal. Calcd. for ClZHZOOZ: c, 73743; o
H, 10.26, Found: C, 73.46; H, 10.14,

kS

v

e

;.1;..

10- Methyl —methylldeneblcyclofs 3. Oldecan -2-one (114) .

Diol 109 (l 35 g, 6.88 mmol) was dls§olved in 50
‘ml of pyridine and B—toluenesulfonyl chlorlde (2.02 g,
10.6 mmol) was added. After stirring at room tempera-
ture for é4 h under’a nitrogen atﬁosphere, the re~
action mixture was: cooled to 0°C and acidified with
"ice-cold 2N HC1. The resultlng solution was extracted
with ether (3 x 150 ml1) and the extracts washed sug=
cess;vely with 1IN HCl dllute sudlum blcarbonate solu-
tion, and saturated aqueous sodlum chlorlde, dried,
flltered and concentratéd to give 1.30 g of an 011
Column chromatograph} u51ng benzene as ~eluent gave
114 (1.02 g, 83%) as a solid: mp 32—34°C;'ir (CCl )

‘1710 (ketone) , 3090 1645 900 cm -1 (double ‘bond) ; 1H.

nmr (CCl,) & 0.96 (4, 3", J = 6. 5 2::. CHCH3), 3.00 (dt,
1H, 3 =7, J' =5 Hz, -CHZCH-CH), 4.76 (4, IH, J =

1Hz, =CH(H)), and 4.80 (4, 1m, T =1mz, =cam); Y
nmr’ (CDC13) ppm 19, 8 22. 9 30.2, 34 5, 34.8, 36.8, -
42.0, 46. 4‘A62 2, 111.8, 148.5, and one carbon'un-

) 4




. ' 106.

detected. Anal. Calcd. for C12H180 Cc, 80.85; H,
10.17. Found: C, 80.44; H, 9.88; mass spectrum
m/e (% relative abundance) 178.1360 (M+ 33.8) ({(Calcd.

for CiZHISO: 178.1358),.179.1360 (4.7).

7-Acetoxy—lecarbometh0xy-3-methyltricy¢lo{5.3.0.02'6]-

decane (115)

-—

To a solution of 97 (20 mg, 0.056 mmol) in 5 ml
of 98% ethanol, was added ca. 200 mg W-2 Ra-Ni. After

refluxing for 18 h, the mixture was- cooled to room
- o . ‘ :

| temperature, filtered and the filtered cake washed

thoroughly with ether (200 ml)! The Filtrate was .

concentréted‘to give 17 mg of an 0il. Colﬁmn_chromh-
tography using benzene as eluent afforded 14 mg (94%)
_ of~115: ir (CCl ) 1738 cm'-l (esters); 1H nmr § 0 83 ’
(@ 34, J = 6.5 Hz, ,CHCH,), 1.95 (&, 3H, CH,CO-) and .
3.56" (S, 3H, COOCH ) Anal Ccalcd. for C15H2204.

C, 67.64; H, 8.32. Found: C,_67.71; H, 8.21.

8-Methyl-6-methylidenebicyclo[5.3.0]decan-2-one (117)

)

o A.mixture.of‘lls,(zo~mg, 0.07 mmol) and lithium
aluminum hydride it mg, 0.26 mmol) in 5 ml of tetra-
hydrofur?% was heated at reflux for 30 min. After
the usual workup, a crude crystalllne diol 116 (15 q)

was obtained: ir (CCl,) 3600 cm *. wWithout further
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purification; it was dissolved in 4 ml of pyridine
and EjtoluenesuifOnyl chloridk (15 mé) was added end
the resﬁlting mixture stirred at room‘temperatdre fof
16 h. .The reaction mixtu:e was ‘worked up and the

* crude Oil thus obtained was subjected to column chroma-
tography purlflcatlon to give 12 mg (90%) of crystal—
line 117' mp 33-34°C; ir (CCl ) 3090 (double bond),
1695 (ketone), 1640, 900 cm =1 (double bond), ;H nmr
(CCly) 6 0.94 (4, 3H, J = 6.5 Hz,‘:CHC§3); 3.16 (d x
t,le, J=7,3 =5 Hé), 4.75, 4.86 (d, 1H each J =
1l Hz, =C§(H)){imass opectrﬁm M+ 178.1362'(Calod. for
C12H180:1.178‘l358), Anal. Calcd. for C12H18O C,‘

| 80.85; H, 10.17. Found: ¢, 80.52; H, 10.21.

[\

1~Hydroxy-d-7- hydroxy-d—methyl 3—methyltricyclo—
w ——
[5.3.0 0 ]degane (1o9a)
M

To a4 solution of 109 (35 mg, 0. 18 mmo1l) 1n 3 ml

-

of freshly dlstllled carbon tetrachlorlde, was added
0.3 ml of deuterlum ox1de. The mixture was stirred
vxgorou51Y'for 30 min. The organlc solution was
separated. drled, flltered ‘and. concentrated to give
33 mg (94%) of 109a: mp 32- 34°C° mass spectrum m/e

178.1367 (M* =20) (Calcd for C 178 1358)

128 18
The lH nmr spectrum (CDC13) showed signals at 6 0.86

|
(d, 3H, J = 6.5 Hz, ~CHCH3), 3.44 and 3.86 (both s,

107.
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1H each, J = 11 Hz, ~CH,0D) and a total of eighteen

protons.

Fragmentation of 109a

et

A solution of 109a (33,mg, 0.16 mmol) and B‘
toluenesulfonyl cthrlde (35° mg, 0.16 mmol) in 2 ml
of pyridine was stirred at room temperature for 1&31.
After the solvent was removed under reduced pressure
(0.5 Torr), a SOlld was obtained. , Sublimation
(805C/0.5 Torr) of thlS’materlal gave 26 ﬁg (88%) of
keto olefin ilg; identical in‘all respects (ir, 1H
nmr and mass spectra) with that obtained previously
+ from 20 (vide gggsg). Furthermore, in the mass -spec-
trum the intensity of the ﬁ+1 peak was‘found to be
13.8% of that of tﬁe molecular ion peak.at 178.1360
“(Calcd. for C12 18O) indicating that deuterium incor-

poration, if any, was ‘ingignificant.

Attempted Epimerization of 114
1e1 - 222

To a solution of 114 (29 mg, 0.16 mmol) in
2 ml of methanol, was added sodium hydride (19 mg, -

0.8-mm01). After refluxing for'24 h under a nitrogen

atmosphere, the reactlon mlxture was cooled to 0°C and

| ac1d1f1ed with 2N HCl. Extraction with ether (3 x 50

ml), followed by the usual workup of the extracts gave

. c . - . .
29 mg of a crystalline compound mp 32-34°C which was

108.
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shown to be identical with the st®rting material by
tlc and 1ir, lHinmr and 1'3C nmr spectra.

4 -

3fCarbometh0xy—lO:hethyl-G—methjlidenebiéyclo[5.3.0]—

IS

—~

- decan-2-one (118)

-

‘"mgt 0°C, to a selution of 114 (260 mg, 1.46 mmol)
in 20 ml of DME was added 65 mg (2.8 mmol) of oil-
free sodiun hydriée. After stirring at'room tempera-
ture_under a nitrogen atmosphere for 15 min, 2% ml
of dimethylcarbonate was introduced The resulting
mixture was after reflux1ng for 18 h, cooled to 0°C,

. acidified with 3N HCl and extracted with ether (3 X
150 ml). The conblned organic solutlon was dried ano0
filtered. Concentration of the filtrate.yielded 400 mg
of an/o%I, Purification‘by column chromatograpny.using
a solution of 50% n-pentane in berzene gave 320 mg
(93%) of 118: ir (CCl, ) 3450 (hydroxy) 3095 (double
bond), L745 (ester), - 1710 (ketone), 1600 (endﬁ double
bond), 1645 and 900 cm (double bond) ; H nmr (CCly,)

5 0.97, 1.05 (both d, total 3H, J = 6.5 Hz, cncg3),

s
3.63, 3.64 (both s, total 3H, —cooca3); 4.74 and 4.85
.(both s, 1lH each, =C82); mass spectrun M+ 23651417..~
(Calcdi'for C14H2003; 236.1413) . ‘Anal. Calcd. for
Ci4H20
'8.57.

04: C, 71.16;. H, 8.53. ¥Found: C,‘70.86; H,

a
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3—[2(2—Hydroxypropyl)]—lO-methyl—G-methYlidenebicyclo-

»
.,
)

[5.3.0]decan-2-one (119)

At 0°C, to a solution of 118 mg (0.49 mg)-of 118
in 8 ml of THF under’ég atmosphere of nitrpgen, was
addea oilbfree sodium hydride (18 mg, 0.8 . mmol). After
stirring for 15 min, a 1.6M solution df:ﬁgthyllithium
in ether (0.92 ml, 1.58 mmolf was added'in one portion.
Stirring was continued at room temperature for further
2 h. The reaction mixture was gqoled to 0°C, acidified
with 1IN HC1l, and extracted with'ether~(3‘x 150 ml).

The extracts were workpg in the usual maﬁner. The crude
product thus_obtaineé,(iQ -m§5 was subjected to‘column
ichromatography. Elution with a solution of 2% ether

in benzene gave 65 mg (57%) of 119: ir (CCl,) 3500
Cyaroxy), 3100 (olefin), 1695 (ketone), 1645 and 900

em™! (olefin), 1365 and 1380 cm} (gem-dimethyl); 1 nmr

(CCl,) &6 1.00 (4, 3H, J = 6.5 Hz, :CHC§3), 1.06, 1.11

(both s, 3H each, -C(CHj),), and 4.80 (s, 21, =cHy; L3¢

nmr (CDCl3) ppm, 20.3, 26.9, .28.2, 29.3, 31.9, 33.5,

34.2, 34.3, 47.7,.59.0,-64.5, 71.6, 112.3, 149.5 and

one éarbdnyundetected.~ Mass spectrum M' 236.1771 - (calcd. o

for C15H24 -
76.22; H, 10.23. Found: C, 75.84; H, 10.32.

0,: 236.1776). Anal. Calcd.. for C15H2402:;;C,“

Pl o)
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111.
4,8,10,10-Tetramethyl-9-oxatricyclo[6.2.2.0°’ ) dodecan-
2-one (121) g
A mixture of 50 mg (0.21 mmol) of 119 and 100 mg s

(0»31 mmol) of mercuric acetate in 4 ml of agueous

THF (1l:1) was stirred at room temperature for 20 min.
To this reaction mixture wefe added 1 ml of 3&
‘éqﬁeous sodium hydroxide and 1 ml of .0.5M NaBH, in 3N
aqueous NaOH. The mixture wés'then‘saturated with
sodium chloride and 10 ml of ether was addea. After
filtration and diiution of the filtrate with .10 ml

of water, the organic layer was separated and the
aqueous portion extracted with ether '(3 x 50 ml). _Phe
combined organic solution was worked up in the usual
manner. Column chromatography of the oily product

(50 mg) on neutral alumina (grade III) using n-pentane-
benzene (3:2) as eluent gave 26 mg (61% based on con-
sumed starting material) of 121 as a solid mp 41-42°C.

- Further elution with a solution of 40% n-pentane in
- !

N,

Béngene resulted in the recqver of 17 mg of the start-

ing material 119. Keto ester gl'showed the following _
) = : e oY

spectral data: ir (CCl,) 1705 (ketone), 1370, 1380

. : ) - : ~ S
(gem-dimethyl) and 1095 c¢m } (ether); 'H nmr (cDC14)
- | | - |
6 1.10 (S, 3H, -0-?"0‘3)’ 1.05 (d' BB' J= 6.5 Hz'

JCHCH3), 1.21 (s, 3H, ~0-C-CH;), and 1.30 (s, 3H,

. . . .
~0-CCH3) ; 'y amr (CgDg) 6,1523/;41”§§7\J = 6.5 Hz, CHCH,),

7



1.10 (s, 34, -O-? CH ), 1. ll (s, 3H, O-é—CH ), 1.19 (s,
3H, oO- CCH ), 2.24 (44, 1H, J =‘J' = 5 'Hz, -(WCHCH =),
2.30 (d, l1H, J = 5 Hz) una351gned 2.86 (septet,: 1H,

~— CH, 13 e
J = 4 Hz, —CH ~CH ); C nmr ' (cpCl 3) ppm 18.2, 22.0,

' C

27.4, 29.6, 30.0, 30. 9 (2C), 32.4, 34. 7, 51.8, 55.4,
57.2, 71.4, 74.0 and 213. 90; mass Spectrum, m/e (g
relative abundance) 23¢. 1774 (MF, 48.7) (Calcd. for
15 24 2. 236.1776), 237 (10.8). Anal. Calcd. for
C15H240. C, 76.22; 4y, 10.23. Foung: C, 76.36; H,
10.32.

4,8,10,1o-Tetramethyl-9-oxatricyclo[6.2.2.03'7]dodecvq—'

2-ol (123) .
—_—
To a solution of 121 (35 mg, 0.15 mmol) in 12 ml

of THF at 0°C was added llthlum alumlnum hydride (11.2
ng, 0 3 mmol). fThe resulting mixture was heated at
reflux for 30 min. After coollng to 0°C, the excess
lithium aluminum hydrlde was destroyed by dropw1se .
addition of ‘saturateqd aqueous blcarbonate solutlon un-
til evolutlon of hydrogen ceased. The mixture was |
filtered and the filtrate diluted with water and ex-

acted with ether (3 x 75 ml) . The combined organlc
solytion was dried,’ flltered and concentrated to give
an oil (38 mg) which was purlfled by column chroma-
‘tography. Elution with benzene yielded 35 mg (99%)
»

/

AN

0
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.~ of 123: ir (CCl,), 3630 (hydroxy), 1365, 1380 (gem-
dimethyl) and 1100 cm ! (ether); H nmr 5 1.00 (d, 3H,

J = 6.5 Hz, CHCH;), 1.14 (s, 3H, —o-¢CH3), 1.26 (s,

3H, —oécu3),~1.so (s, 3H,‘—0¢CH35, 2.31 (m, 1H, Cézéﬂéﬂj)f
and 4.12 (da, 1H, J'= J' = 5 Hz), .CHOH); 'H nmr (pyri-
dine-dg) § 1.07 (d, 3H, J = 6.5 Hz, .CHCH,), 1.26 (s, .
3H, —océu 30, 1.33 (s, 3m, -oécn 3, 1.88 (s, 3H, ‘°¢CH$)'
2.80 (m, 1H, —CH2C§CH30 and 4.38 (dd, 1H, J = J' = 5 Hz,
Scrony . L3¢ nmr (cpcl,) ppm 18.8, 23.5, 26.0, 30.1,

30.7 (20), 31.9, 32.3, 33.3, 42.7, 48.4, 53.7, 77.2, and
two carbons undetected; mass spectrum M* 238.1930

(Calcd. for C15H260. 238.1932).

Dehydrokessane (80) and AS—Dehydrokessane (81)

(A) U51ng methanesulfonyl chlorlde

To a solutlon of 123 (6 mg, 0.025 mmﬁl) in l ml
of pyridine was added 0.1 ml of freshly dlstllled
methanesul fonyl chlorlde.; After stirring at room tem-
peratu;e for 48 h under an atmoéphere»of nitrogen, ﬁhe
mixture‘was poured into ice-cold watef (10 ml)_and
~ extracted with ether (3 x 75 ml). The combined organic
-solution'was dried, filtered; and.coﬁcentrated to. 'give
6 mg of crude product whichgwéé.purifiéd‘by column
cﬁromatography. Elution with a solution of 40% nrpenténe

in benzene afford 4 mg (72%) of 80: ir (CCl,), 1100 cm 't

N ‘ . ' B
(ether) 'H nmr (cDC1,) & 0.91 (s, 3H, ~0CCH;), 1.03 (4,
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3, 3 = 6.5 Hz, JCHCH3), 1.25 (s, 6H, -OCCH;); mass
spectrum m/e 205.1590 (M-15) (Calecd. for C14H210:
205.1591). Further elution using the same

1l

solvent system yielded 81 (1.4 mg, 25%) “H nmr

(cDCl;) & 1.03 (d, 3H, J = 6.5 Hz, XCHCH;), 1.12 (s,

|~ | : .
3H’ -‘O'CCH3), : -18 (S, 3H’ -O?CH3), 1-28 (S, 3H'
I ! . _ .
—O?CH3) and_ 6 (d, 1H, J = 6 Hz, =CH-) ; mass spec-
" trum M' 220.1824 (Calcd. for C gH,,0; 220.1827.

(B) Using thionyl chloride.

A solution of 123 (5 mg, 0.02 mmol) and thionyl

chloride (0.15 ml) in benzene (2 ml) was stirred at
xoombtemperature for 18 h. »The mixture was added to
10 ml of water and extracted with ether (3 x 50 ml).
- The extracts were washed with 5% aqueous»sbdiuﬁ‘bi- |
carbonate (10 ﬁl), and watef. Drying, filtration ‘and
cohcentration gave’4 mg of an oil which Qas~purified
by column chromatography. Elution With n-pentane-

benzene (2:3) yielded 3.2 mg (69%) of 80.

. (C) ‘Using phosphoryl chloride.

,

To a solution of 123 (10 mg, 0.047 mmol) in 1 ml

of pyR?g;ne was added phosphoryl chloride.(0.2 ml).

After stirring at-room\temperature for 24 ‘h and cooled

to.0°C, the reaction mixture was diluted with ether

(10 ml1) and poured into ice-cold-water (10 ml) and

extracted with ether (3 x 75). The extracts were

v a
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‘washed with IN HCl (20 ml), water (10 ml), dried,
filtered and concentrated to give an oil (11 mg) which
was chromatographed. .Elution with‘nfpentane-behzehe
afforded 6.6 mg (73%) of gg. |

L3

4,8,10,10—Tetramethyl—2[(E,g,g',gfetetramethylphosj

phinyl)oxy]—9—oxatricyclo[6.2;2;03’7]dodecane (L25)

~

To a stirred soldtion of 11 mg (0.04 mmol) of 123
in 4 ml of DME-TMEDA (4:1) was added a 2.38M solution
) of n—butyl lithium in ether (0.05 ml, 0.12 mmol).

After stlrrlng at room temperature for 10 min, O. 05
ml (0.42 mmol) of dlmethylbhosphoramldlc dichloride (83)
was introduced. The reactlon mixture was stirrgd - .
for 24:h_and cooled to -78°C. Dimethylamine.(l ml)
was introdoced with the.aid of a dry ice condenser and
V_the resulting mixture was allowed'to warm to OfC.'
‘After stlrrlng for additional 2 h at 0°C,;the excess
dlmethylamlne was evaporated by warming _to room tempera—

ture, and water (10 ml) .was added. Extractlon w1th

ether (3 x 50 ml) was followed by washlng the extracts

twice w1th water (25 ml each). Drying, flltratlon
anq concentratlon ylelded 21 mg of an oil. Column

chromatography using ether as eluent gave 15 mg (95%)
-1 1

of 125: ir (CC14)'1230 (P=0) and 990 cm (P-0); "H nmr

‘(cc14) 51.02 (d, 3, J = 6.5 Hz,' JCHCHg), 1.16 (s, 3H,

"OCCH )' 1 28 (5, 3H' _‘+CCH3), 1 50 (s' 38, -OéCH3),

115.
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2.66 (d, 12H, J = 10 Hz, -N(CH3),) and 4.65 (m, 1H,

| ! + ) .
-CHO) ; mass spectrum M’ 372.2545 (Calcd. for C19H37N203P:

372.2548) . - ;

5-Epikessane (79)

[}

To a blue squtioh of lithium (28 mg, 4 x 10—3_9—

atom) in 4 ml of anhydrous ethyiamine at 0°C under an
'atmbsphere of argon,jwas added_d:opWise.a solution of
’lZE (15 mg, 0.4 mmol) in 20 ml of THF containing
'O.Zﬁl‘of t-butyl alcohol.  The reaction mixture,Aafﬁer
stirring at 0°C for 20 min was quenched with 2 ml of
water. Ether (Ld ml) wés added. The mixture was
allowed to warm‘to room temperature; diluted with water
(10 ml) and extracted with ether (3 'x 50 ml).. After
the uSuél workﬁp, tﬁe ethereal solution afforded a
yellowish oil wﬂich was chromatog;aﬁhed with n-pentane-
benzene (2:3) elution. 5-Epikessane Zg (6.6 mg, 71%)
thds obtained showed the'follOWing-spectral daﬁa: ir
(ccl,) 1110 (ether), 1370 and 1380 el (gem-dimethyl);
' nmr (CCl,) & 0.93 (4, 3H, J = 6.5 Hz,yCHCH), 1.00
(s, 3H,'eo¢cH3), 1.13 (s,,3H;;—o¢CH3), and 1,2o ks, 3H,
”O%C33)7;13C ﬁmr-(cnc13):ppmf 19.8, 23.1, 25.2, 29.7,
30.3, 31.8, 32.0 (2¢), 33.8, 37.8, 40.5, 44.1, 54.0,
73.1, 74.0; mass ‘spectrum Mt 222.1983 (Calcd..for‘

C15H260$ 222f1983)°
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Attempted Epimerization of 121

~T"

(A) Ketone lgl (27 mg, 0.1 mmo1) was dissolved in
methanol (3 ml) and sodium hydride (11 mg, 0.45 mmol)
‘was added. The reaction mixture was heated at reflux
under a ﬁitrogen atmosphere for 24 hf Afterﬁcéoling in
' an iCé bath, it was poured into water and extracted
with ether (3 x 75 ml). Concentration of the dried
extracts gave a keténe (25 mg) Qhose ir, 1H nmr, 13C

nmr and mass'épectra were identical to those of the

- starting material. . g

(B) Under the same condition, the reaction of 20 mg

(0.035 mmol) of 121 and sodium hydride (8 mg, 0.34 mmol) in

methanoi—dl (89) gav_‘after the ﬁ?;kup (D,0 was used
in place of HZQ), 2Q mg of 126: 'ir,(CC14)'212b (c-D),
1705 . (ketone) , 1100 lether, 1380 and 1370 cm ) (gem-
dimethyl); 1y nmr (C.Dg) & 1.09 (d, 3H, q;=‘5.5 Hz,
JCHCH3), 1.10 (s, 3H, - C::CH3)' 1.11 .(s,’3n, -O¢CH3),_"
1.19 (s, 3H, —o-¢CH3), 2.30 (d, 1H, unassigned) and
2.86 (éextet, 1H, 7 =5 Hz,‘;CJzéECH3);imass'sPectrum.
m/e'(%»relaﬁive abundance), 236.1788 (m, 1;2) (Calcd.
for C,H,,0r 236;17865,’237.1g52 (49.3) (Calcd. for
C15H23D02: 23?.1855)}_539_(8)m Deuterium incérporatibn
calculated (90); 97.6% (singly labelled), 0% (doubly
- - | -

labelled).
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3-Bromo-4,8, lO 10-tetramethyl-9- oxatrlcyclo[ﬁ 2.2. 0 ]-

.

dodecan—2—one (127)

To a solution'of ketone~121 (15 ng, 0,064 mmol) in
glacial acetlc acid (1 ml), was added pyrldlnlum hydrobro—
mlde perbromide (30 mg, 0. 072 mmol) . The reaction mlxture,
\after«stirrihg at room temperature for 20 min was |
added to water (20 ml) and extracted with ether (3 x
75 ml); The extractsdwere washed successively with-
saturated aduepus sodium bicarbenate (25\ml).and,
water (20 ml). Evaporation of the dried extracts gave
an oil (22 mg) which was,purified by column chromatog-
raphy. On elution with a solution of 25% benzene in
n~pentane 127 (19.2 mg,‘96%)'w&s obtained. The product
showed the following spectral data: ir (CCl )

1705 (ketone), 1100 (ether), 1370 and 1380 (gem—dlmethyl),
'y nmr (cc1,) 6 1.10 (s, 3, ~o$cn )y 1.19 (s, 3H, |
.~o?CH3), 1.34 (s, 3H, -bccn ;) and 1.37 (4, 3H,/CHCH )
| mass spectrum m/e 235. 1701 (M—79 and M-81) (Calcd. for

]

Reduction of 127 with Lithium'Aluminum Hydride - o

(A) To a solutlon of 127 (13 3 mg, O. 041 mmol) in 2 ml -
of THF at’ 0°C, was added llthlum aluminum hydride™

. (3.6 mg, 0. 08 mmol) After stlrrlng for 15 min satu-

rated aqueous sodlum blcarbonate solutlon (5 ml) was
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_of théicrhde.product by column chromatOgtaphy\gave

added and theé resulting mixture filtered. The'filtfate‘_
was added to water (10 ml) and extracted with' ether

(3 x 75 ml). The usual workup of the extracts was

.followed by colvumn chroméﬁography of the crude product.

On elution wi£h n-pentane~benzene (1:1) a colorless
oil (3.5 m§, 35%) was obtained whose ir, lﬁ nmr and
mass spectra were foupd to be identical with those of
131- ,Furthér elution with benzene gave aﬁ alcbhol
(4 mg, 40%)‘idénti¢a1'with 133 in all respects.

_ — T

(B) Under reaction condition similar to those above
. 9 .

127 (19.5 mg, 0.064 mmol) was reduced with lithium

aluminum hydride. Prior to the workup of the reaction,

an excess of deuterium oxide was added. Purification
'5.3 mg of the deuterated ketone 126 and 7.9 mg of the

alcohol 123.

3—Ch1qro-4,8,10,10—tet:améthyl—9~oxatricYclo[6.2.2.0

3,7

~ dodecan-2-one (129) A g

‘To a soldtion of 121 (8 mg, 0.032 mmol) in 2 ml of
carbon tetrachloride, was added'sulfuryi\chloriae |

(0.2 ml). After stirring at‘room‘temperature for 2

_day;, the reaction mixture was added to water (15 ml) .

and extracted with ether (3'x_75 hl).l The extracts

were washed_with.saturated aqueous sodium bicarbonate

119.
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(A) Of 127.

(25 ml), water (20 ml),raried, filtered and concen-
trated. The residue‘(lz mg)'was column ch}omatographed'
usihg a.solution of 25% benzene in n-pentane as eiuént
to give 9.1 mg (98%) of chloroketone 129: ir (CCl,)

1705 (ketone), 1110 (ether), 1370 and 1380 cm ! (gem-

. ) T | )
dimethyl) ; ' nmr (ccl,) & 1.11 (s 3H, -0CCH3), '1.21

| . l :
(s, 3H, —O?CH3),ﬁls34 (S,;BH,,-O?CH3) and 1.31 (4, 3H,

3 = 6.5 Hz,.>CHC§3); mass spectrum‘M+"270.1392-(Ca1cd.

354y, -
for C,gH,40 ci. 270fl387).
4 .
-

Reduction of 129 with Lithium Aluminum Hydride

-

A mixture of 129 (5.7 mg, 0.021_ﬁmol) and ljthium
aluminum hydride (3 mg, 0.07 mmol) in 2 ml of ether .
was stirred at 0°C for 15 min. Séturated aqdeoug
sodium bicarbonate solution (5 ml) was added to the

mixture~and'filtered.A The filtrate was diluteg_with

: water.(lo ml)fgpd’extracted with ether (3 x 75 ml).

 After the usual workup and purification of the crude

product, an alcohol (4.2 mg,'84%).was obtained‘which”".

was found to be identical in all;respeéts with 123 R

obtained previously. ' ;o ' .

Reduction with Aluminum Hydfide (90)

To a solution of 127 (10 mg, 0.026 mmol) in 2 ml

of ether at 0°C was'added‘aluminum h;dride (3.12 mg,
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0.1 mmol). After stirring for 60 min, saturated aqueous
sodium blcarbonate solutlon (10 ml) was added. The
mixture was f11tered~and residue washed with ether...The
ether'portion was separated and the aqueous solutiqn
extracted with ether (3 x 50 ml). The combined organic
solution was worked up in the usual manner. Purifica-
tion of the crude product by chrbmafography using n-
‘pentane-benzene (1l:1) as eluent gave an alcohol-(é mg,
80%) identical iniall respeéts withllgg.

. N ‘
(B) Of 129. -

Under reaction condition similar to these above,

129 (8 mg, 0. 069 mmol) was reduced w1th alumlnum hydrlde.-

After the usual workup and purlflcatlon by column

chromatography it gave an alcohol identical to 123.

‘ .2-Carbomethoky—10—methyl—6—methy1idenebicyclo[543.0]-

decane~1-ol (130)

2—Acetbxy43-carbomethoxy—ﬁ-methyliéénebicycio[5}3.0];’

decane‘(131) S

- To a solution of 18 mg (0.076 mmol) of 118 in
2 ml of meth at 0°c was added sodium borohydrlde

(18 mg, 0.4 mmol). After stirring for 30 min, the re-

action mixture was poured into water and exttacted with_

ether (3 x 50 ml). "Evaporation of the dried extraété

b
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gave 18 mg (99%)\of a diasteromeric mixture 130:
ir (CCl,) 3510 (hydroxy), 3100 (olefin), 1730 (ester)
and 900 cm 1 (olefin);le nmr.(CCl4) § 1.04, 1.06 -
(both 4, total 3H, J = 6.5 Hz, ,CHCH,), 3.68, 3.69
‘both s, total 3H, -COOCH;), 4.10 (m, 1H, -CHOH), 4.83
and 4.84 (both s, total 2H, =CH,). This mixture was
found to be homogeneous on t.l.c. and used directly .
in the'following transformation; A mixture'of Crude‘
130 (18 mg) and 0.1 ml of acetlc anhydrlde in 2 ml of
pyrldlne was stlrred ‘at room temperature for 3 days S
under a nitrogen atmosphere After coollng to 0°C it "
"was transferred into a separatory. funnel containing 2N
hydrochlorlc ac1d (25 ml) and 100: ml of ether. The
ether layer was separated a?d the aqueous portlon further
extracted with ether (2 X 7§ ml) : The extracts were
washed w1th 20 ‘ml - of 2N Hcl and 10 ml of water, drled,i
filtered and concentrated Column chromatography of the
res1due u81ng a solutlon of 40% benzene in n-pentane as
eluent gave 17.2 mg (81%) of 131 as a mlxture of two
dlastereomers-- ir (CCl ) 3100 (olefln), 1740 (esters),
/1640 and 900 cm ' (olefin); ' nmr (cCly) 6 1.08, 1.09
w(a, total 3H, J =_6.5 Hz, /CHCH ), 1.90, 1. 94 (both. s,
total 33,_CH3coo-), 3.60, 3.63 (both s, total 3H, -coocué),
4.70 (s, 2H, =CH,), and 5.10 (m,.ln,}—ég-OAc);'mass

spectrum M’ 280.1676 (Calcd for C16H40,: 280.1674)...

L e
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3—Carbomethdxy—lO-methylf6*methylidenebicyclo[5.3.0]—

dec-2—ene (132)

To a sofution of 131 (14'm§, 0.05 mmol) in'3 ml
of DME contalnlng 30 pl of t- amyl alcohol was added
sodlum hydrlde (8 mg, 0.3 mmol). The resultlng mixture
was stirred at room tepperature for 16 h under an )
atmosphere of argon. After coollng to 0°C, ether
(20 ml) and water (10 ml) was added to the mixture.
The organic layer was separated and the aqueous portlon
extracted with ether (3 x 75 ml) After the,normal
workup,'the res1due (14 mg) was chromatographed with
' g-pentane—benzene (1:1) elution tovgive 10 mg (90%) ot.
| 132: ir (CCl4) 3090 (olefin), 1710 (a,B-unSaturated
‘ester), 1635 and 900 cm ! (double bond), 1600 cm '
(a,B-uﬁsaturated olefin); 1H nmr (CCl4) § 1.67 (4, 3H,
J = 6.5 Hz, [CHCH,), 3.70 (s, 3H, -COOCH,), 4.72 (s,
2H, —CH2), and 6.78 (d, 1H, qi= 4 Hz, -CH=); mass spec-

- trum M 220.1459 (calcd. for C14H20 :  220.1463).

3 Carbomethoxy lO-methyl 6-methylldeneb1cyclo[5 3.0}~

L

decane (133)

At -78°C, to a blue solution of lithium (15.7 mg,
0.0025 g-atom) in liquid am >nia (2 ml) under an argon
atmosphere, was added a solution of 10 mg (0. 045 mmol) . .oy %

of 132 in 0.2 ml of ether. The reaction mixture was
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refluxed (Dry i&e-acetone condenser) for 10 min and
solid\ammonium chloride (1 g) added followed by 20 ml

of ether. After warming to room temperature, the mix4
ture was filtered. Cohcentratiqh of the filtrate

gaQe 6 mg of a_Qiscous oil. Purification by column
chrodatography uding a solutionfof 25% nngentane in .
Qsszffvfs eluent gave 3.9 mg (37%);”f i33‘ ir (Céld) -
3090 (olefin), 1735 (ester, 1635.and 900 cm~! (olefin);
'a nme (ccly) 6 1.01 (4, 3H, I = 6.5 Hz, CHCH,), 3.60
(s,y3H, —COOCH3), 4.70 (m, 2H,'=CH2); mass spectrum

‘Mt 222.1624 (Calcd. for Ci4H,505: 222.1620). Further
elutions with n-~ pentane benzene (3:7) gave a mlxture
whose ir showed the absence of ester_carbonyl absorp-
tion and a intense hydroxy absorptlon Band at 3500 |

em™ L.

3~ Carbomethoxy~10-methyl 6-methy11dene 2- (methoxy-

g =

methoxy)blcyclo[s 3. Q//pc 2-ene (1 3")

To a solut;9x//; 111 mg (0. 47 mmol) of 118 in 4 ml
dof HMPA, was added 12 mg (0 5 mmol) of sodium hydrlde.
The mixture was stirred at room temperature undﬁf a
nitfogen’atmosphere fdr‘l h. After. coollng to 0°C,
chloromethyl methyl ether (60 ul, 0.56.mmol) was added.

The resultlng mlxture was warmed to room temperature

and stlrred fdr 2-h. After that tlme/.lt was poured



into ice-cold saturated aqueous sodium bicarbonate
solution (25 ml) and extracted with ether (3 x 100 ml) .
' The extracts were washed with ice-cold water, dried,
filtered and concentrated. The enol ether 134 (121 mq,
92%) thus obtained ‘after column chromatography on
neutral alumina‘showed the following spectral data: ir

(CC14) 3090 (olefin), i710 (a,B-unsaturated ester),

1640, 900 (olefin) and 1600 cm ! (enol ether double bond);

'y nmr (cc1,) 6 1823 (4, 3H, 5 = 6.5 Hz, SCHCH;), 3.37
(s, 3H, —OCH3), 3.62 (s, 3H, -COOCH3), 4f70 (s, 2H,
~OCH0-), 4.72 and 4.77 (both s, 1H each, =CH,); mass
spectrum M 280 1678 (Calcd. for C16H24 4° 280.1675)..
In the subsequent reaction, the crude material homo-
geneous on t.l.c.was\used without further purification.

-

Reduction d} 134

[

At -78°C (Dry ice-acetone bath), lithium (13 mg,r
1.85 x 10 -3 g-atom) was added to 5 ml of anhydroue‘
ammonia. The mixture was stirred under an atmosphere
of argon until all lithium’metal diesolved; A solution
of 63«6 mg (0.21 mmol) of 134 in 2 ml of ether was
added The Dry ice-acetone bath was removed and the
reactlon mlxture was allowed to reflux (Dry ice-acetone
condenser) for 15 min. After'that,perlod, it was cooled
to -78°C and ammonium chloride (2 g) was added in one

portion-and“followed b& the addition of ether (20 ml).

125,

o



After warming to room temperature, ‘the solid ammonium
chloride was filtered off and washed thoroughly with
ether (100 ml). After concentratlon of the ether solution,
a yellow1sh viscous oil (59 mg) .was obtalned Purifica-
tion by column chromatography with g pentane~benzene

(2-3) elution gave 21 mg (41%) of an ester identical

in all respects with 133 obtained Previously.

10-Methylf6—methy1idene—3—[2-(2-hydroxjpropanyl)]-

bicyclo[5.3.0)decane (135)

- To a solution of 133 (30 mg, 0.135 mmol)vin_4 ml
of ether at 0°C, was added 0.3 ml (0.6 mmol) of a
solution of 2.02M'methy1‘1ithium in ether. After
stirring at room temperature under a nitrogen atmosphere
for 3 h the reaction mixture was cooled to 0°C, and
diluted with 10 ml of ether followed by the addltlon
of water .and 2N hydrochlorlc acid (3 ml each) The
ether layer was separated, and the aqueous portion ex-
tracted tw1ce with ether (20 ml each). The extracts
‘ were drled,.flltered. Concentratlon of the filtrate
and purification of the crude product by column
chromatography with benzene elutlon gave 27 mg (90%)
of 135- ir (CCl ) 3610 (hydroxy), 3090, 1640, 890

1

(olefin), 1368 and 1380 cm ‘(gem—dimethyl) H nmr

t

(cc14) $0.96 (4, 34, J = 6.5 Hz, JcmeHy), 1. 12 (s, €H,
C(CH 3)3) and 4. 64 (s, 2H, =CH,) ; mass spectrumvm/e

126.
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-204.1874 (M-18) (€alcd. for CisHy,: 204.1878).

\

Cycliza ion;of (135) to S-Epikessane (79)

A lixture of 135 (4.5 mg;.0;02 mmol) and tri-
fluromercuric acetate (18 mg, 0.QZ7 mmdl) in 1 ml
each of water and THF.was stirrea.at room temperatﬁre

under a hitrogen aﬁmosphere for 15 min. After which
tlme, 3N aqueous NaOH (1 ml) and 0 5M NaBH4 (in 3N
NaoOH; l ml) were added. After saturation with sodium
chloride and filtration, the mixture was diluted with
water (10 miy'and extracted with ether (3 x 75 ml).
The organic solution after usual workup gave an oil
ﬁh;ch was purified by column chromatography: On
eluﬁion'with a solution of 75%’n-pentane in benzene,
79 (2 mg, 71% based on the consumed starting_materlal)
was obtained. Further elution with n-pentane-benzene

(1:1) resulted in the recovery of 1.7 mg of the start-

ing‘alcohol 135.

7-Hydroxymethyl-3-méthyltricyclo[5.3.0.02’6]deCane4.

1,5-diol (136)

A mixture of 52 mg (0.185 mmol) of 88, 25 mg (0.66
mmol) of lithium aluminum hydride in 5 ml of THF, was
heated at reflux for 90 min. After éooling to 0°C, a

solutio¥ of saturated aqueous sodium bicarbonate (25 ﬁl)

e b s e e S " R S T

127.



» 128,

was introduced dﬁppwiSe. . The resulting mixture was
fiitered_aad filtered cake washed thoroughly with
‘ether. The oréanicglayer was separated and'aqueoﬁs
solutien extracted with ether (3 k 150 ml) . Evaporation
of the dried ether solution gave an oily residue'(40>mgi
which”was purified_by column chromatoéraphy using a
,solution‘of 25% ether in benrene as eluent. ‘The crys-
talline 136 (30 mg, 76%), mp 150-151°C, thus obtained
showed the following Spectral,preperties: ir (KBr)
13400 (hydroxy); 'H nmr (DMSO-d) §, 0.87 (4, 3H, J =

6.5 Hz, ;éﬂcg3), 3.24, 3.91 (both d, 1H, J = 12 Hz,
-CH,OH) and 4.32 (dt, 1H, J =10, J' =6 Hz, —C'?HOH);
mass spectrum m/e 194. 1309 {M-18) (Calcd. for C,,H;g0,:
194.1307. Anal. Caled. for Cy,H,40,:' C, 67.923 H,

9.48. Found: C, 68.14; H, 9.63.

5-Acetoxy-7 acetoxymethyl 3-methy1tr1cyclo[5 3.0. 02 6]

" decan-1-ol (140)'

'

To a solution of 25 mg (0 082 mmol) of 136 in 1.5
ml- of pyrldlne, was added 0.15 ml of acetic anhydrlde.
The reaction mlxture was stlrred at room.temperature |
under an atmosphere of nltrogen for 72 h. After eooljng‘
‘to 0°C, it was poured 1nto 20 ml of ice-cold 3N hydro-
chloric acid and extracted with ether (3 x 120 ml) .
The extracts were washed successxvely with saturated

»
agueous sodium blcarbonate (25 ml) and water (25 ml).

- . +



 solution was washed twice with water (20 ml each),

11735 (ester), 1710 (ketone), 1645 and 900 cm

Drying, filtration and concentration of the dried extracts
gave 38 mg of a solid. Recrystallization from ether

yielded 32 mg (92%) of 140: mp 108-109°C; ir (CC14)

3600, 3500 (hydroxy) and 1730 cm ! (esters); H nmr

(ccl,) & 0.97 (4, 3H, J =.6. 5 Hz, JCHCH;), 2.06 (s, 6H,

CH3COO-), 4.28, 4.46, (both d, 1H each, J = 12 Hz,
—CHZO-) and 5.26 (dt;_lﬂ, J =”10/_J' ='6.H2, -égp—);
maes spectrum‘m/e‘236.1425 (M-60) (Calcd. for Ci4H2863:J
236.1412) . Anal. Calcd. for C) 4H15003° c,‘sq;as;_n,' |

8.10. Found: C, 65.10; H, 8.16. "

8-Acetoxy-10-methyl-6-methylidenetricyclo([5.3.0]decan-

2-one (141)

NE

To a solution of 140 (26 mg, 0.08 ml) in 3 ml of

o S : : ' _
- DMSO,. was added sodium hydride (6 mg, 0.25 mmol).

After stirring-at room temperature under an atmosphere

of argon for 1‘5} the reaction mixture was dilutedb

witﬁ' 20 ﬁl of;ethef.and.pqured into:25 ml 6f.watef and

extracted with ether (3 x 100 ml),- The combined ether
. o »

drigd,  filtered, and concentrated to give 25 mg of an

oil.. Pu;;flcatxon of the ‘crude product by column

ch;o grqphy WLth ether—benzene (1:20) elutlon af-

- forded . 141 (14 mg, 71%) ir (CC14), 3100 (olefin),~

"1 (double —
bond); 'H nmr (cCly) & 1.07 (4, W, J = 6.5 Hz, JCHCH,),

L -
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1.98 (s, 3H, CH;C00-),. 4.85, 4.91 (both d, 1H each,
J = 1 Hz, =CH,) and 5.29 (dt, 1H, J = 10, J' = 6 Hz,

| . ’ , o
-CHO-); mass spectrum Mt 236.1409 (Calcd. for C1;H2003:

236.1412).
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