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. ABSTRACT . '

.4

o

The glrst part of th1s the51s descr1bes the .reaction
of S S!' -d1ethy1 d1thiomalonate(1) with ‘a number of a,B8-

, i
unsésw:ated carbonyl compOunds and-the reductlon of the
adguéfs formed with a modified Raney nickel catalyst.

S,S;?biethyl aithiomaloﬁaﬁe(i) waglfoundféo react -
efficiently and under relatively mild #onditions with 2-
cyclohexen—lfohe,;etﬁyl acrylate, 2—;yclopenten—1-one,
l,l-dimethyl—Z—bxo-l,Z-Qihyqronaphthaléne(li). etﬁyl 2~
carboethoiy—4—methy1-2-pentenoate(III), 3-penten-2-one, 3-
carboethoxy-5, 5 dlmethyl 2(5H)- furanone(IV), methyl v1ny1
ketone, cis- tr1cyclo[5 2.1.02¢ 6]deca-4 8- dlen -3-one(V) and
6-acetoxy—-cis-bicyclo(3.2.0]lhept-3-en-2-one(VI). The
tertiary amine, 1,4-diazabicyclo[2.2.2)octane was found ;o
be the most efficient base for the Michael reactions. In
all the cases-studied, except for methyl vinyl ketone Oniy
the ﬁono—adduct of the general formula VII was formed. 1In
the case of methyl vinyl ketone, the mono-adduct was
obtained as the major product along with a small amount
(10%) of the bis addunt VTII., S,S'-Diethy]
dithiomalonate(I) did not react with a,%"unsaturatod
carbonyl compounds in thch the charho; was fully

substituted.



o

‘The adducts VII obtained wére successfully reduced té
the alcohol level (IX) using a modified Raney nickeli
catalyst. . The use of S,S'-diethyl Aithiomalonate(l) as a
convenient source of an ethanol cqrpan;on equivalent in
Michael reactions has theré}ore been'éstablished in this
Awork.

In the second part‘of this thesis ‘the preparaﬁion of
the bicyclic keto diester X, a potenﬁial synthetic
precursor to cedrenoid sesquiterpenes, e.g. cedrol (XI),
is described. The keto diester X was prepared in two
forms, XII1 and XIII, by two different routes.

In the route to XII (+)-campholenic aciév(XIV),
obtained from.g—lo—camphorsulfonic acid was converted to
the campholenic ester (XV). Photooxygenation of XV
followed by reductive work up with sodium boreohydride gav~
the allylic alcohol XVI. The allylic alcohnl was alsn
obtained from XV by epoxidation Hf | e olefinic Amuble
hond followed by ring opening of e resulting eprxide
XVTT with lithium Adiisopropylamid ,THgfenimeriv alcoholes
XVT were subsequently oxidized with oralvl chloride,
dimethyl sulfoxide, and triethylamine tn affard the ennnpe
XVTITT. Addition of 1-nitropropane ucing pofacéium

carhonate ae base aff-~rded the nitra ketone XIX, which wa-~

afficiently converted to the diketo ester YX by treatmen?

with methannlic sndium methoxide and azone 1) ued hy
v ot iun waph wp with Adimethyl anlfide,
: =

vi ( ':”



Aldol condensation of XX using methanqlic sodium
methox1de in Tefluxing methanol afforded the bicyclic
enone XXI as a single stereoisomer. 1,4- Addltion of 3~
butenylmagnesium bromide, in the/prgsence of cuprous
iodide gave the adduct XXII as an eplmenic mixture. The
- ester side chain of XXII was converted to the olefln by
reduction of XXII with sodium borohydride }ollowed by
addition’of phenyl magnesium bromide to the resulting
alcohols XXIII to afford the diols XX1IV. Dehydration-ef
the tertiary hydroxyl group, follerd by oxidation of the
secondary hydroxyl group afforded the keto diene XXV. ‘
Deg;adation of the two olefinic side chains was effected
"with ruthenium tetroxide. The resulting diacid was
esterified with potassium carbonate and methyl iodide to
afford the bicyclic keto diester XI1 as an epimerié
mixture,

In the route QB the bicyclic keto diester XIII
compound XVI was treated with phenylmagnesium bromide to
afford the dinl XXVI. Treatment of the diel with oxalyl
chloride, dimethylsulfoxide, and triethylamine'resulted in
the oxidation and dehydration of the secondary and
tertiary alcohols, respectively, to give the dienone
XXVIT. Addition of l-nitropropane to the dienone using

potassium carbonate as base afforded the nitro olefin

XXUTTT which was efficiently converted to -the diketo ester

vii



XXIX in two steps by treatment with ruthenium tetroxide

'fbllowed by esterification with potassium carbonate and

methyl iodide. . =

"ensation of XXIX was carried outbggth
Aium_methoxide in refluxing methanol to’ give
the bicyclic enone XXX, which was subjected to the
treatment with 3-butenylmagnesium bromide ahg'cﬁprous
iodide tdf give a diastereomeric mixsure of the 1,4-addncts
XXXI. Degradation of the olefin was éfficiently
accémplished with ruthenium tetroxide. Esterification §f
the resulting acid then gave the bicyclic ke£o diester

XIII as a diasteromeric mixture. Methods are under study

for the cgnversion of XII and XIII to (+)-cedrol XxT.

2
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PART 1. S,é'—DIETHYL DITHIOMALONATE AS AN ETHANOL®

CARBANION EQUIVALENT IN MICHAEL REACTIONS



————

INTRODUCTION -
1

Since the remarkable,disco§§;y of the simultaneous
desulfurizing and reducing action of'Raney nickel (1) by
Bougault and coworkers (2) and its subsequent extension by
Mozingo's group (3), the reductive desulfurization by this
reagent .has found extensive use in organic syntheses. 1In
an atgémpt to extend the desulfurizing reaction to the
synthesis of aldehydes, Wolfrom and karahinns (4) studied
the Raney nickel reduction of thiolesters. They succeeded
in the breparation of benzaldehyde, propionaldehyde, and
aldehydo-D-ribose Letraapetate from tﬁeir&corqesponding
thiolesters. Conéurrently,_Preloq and coworkers (5,6)
reported that the ‘treatment of thiolesters with Raney
nickel led exclusively to the formation of the
corresponding alcohels.,  Tn 1948, Levin and his group
(7,8) confirmed hoth findinags and showed fhéf‘, the apparent
discrepancy in the previounn findings was due to the degree
of reactivity of the éanoy nickel used. They showed that
with a standard Panp& nickel catalyst under nérmai,
conditinns the P%YYprﬁnﬂing alcohnls are formed from the
thiolesters whexeas, with‘partially daa‘c'ti({vated Raney
nickel~(e.qg. by bhniling in acqtonéff*hhe“aldehydes are

produced in satisfactory yields.



-

In theif recent work on the dithidl dieéter version
» . .

of the Dieckmann condensation (9), Liu and Lai (10)
observed that B-keto thiolesters.undergo facile
fdealkylthiocarbonylation/reactions when treated wi;h Raney
‘nickel under virtually neutral conditions. For exémple}
when the B-keto thiolester.i was treated with excess W-2
Raney nickel (11) in ethaﬁol at room temperature, it
underwent clean removal of the thiolesg;r moiety,
resulting in the exclusive formation of cyclohexanone.

Two conclusions readily emerge ?rom Fhe expérimental
results on the Raney nickel reductioh of thiolestQ:s:
1. Raney nickel reduces Fhioiesters to either alcohols or

aldehydes depending upon the degré: of its reécti&fty.

2. Tﬁé thinlester group is completely cleaved by Raney

nickel when it is attached to the aipha-Carbon of a

ketone carbonyl.

N\

R;;sed on these experimental results, it was suggested (12)
*haF(the treatment of a 1,3-dithiol diester with Raney
nickel should in principle result in the removal of'one
thiolester group'with conconitant reduction of the other
to the aldehyde or alcohol level. This h&pothesis was
substantiated experimentally using a vayiety of ;,S'-

diethyl dithiomalonate (2) derivatives, which were readily

prepared by alkylatrion of the parent wnlecule,

[
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S,S'-Diethyl dithiomalonate (2) was_first reported by
. ’ \ , ] ; )
Purvis>gnd coworkers (13) .in 1910, .by the reaction of

sodium dqthylmercaptide with malonyl dichloride.

Scheithauer and Mayer (14) preparéd“the same cémpoﬁnd in

two steps by reacting'malononitrile with eth

and hydrngen chloride followed by. hydrolysis. An impyoved';
prnoodﬁ?h«fornmaking S,S‘—diefhyl}dithigmalonate (2) has
racontly been déveloped (12)}‘ The procedure makes use of
tMy reaction between ethanethiol and malonyl dichloride
"nd aives an excellent yield of the product.‘m

Tiu and TLai (12) succeeded in alkylating S,S'<diethyl
Aithinmalonate with a variety of'alkyl halides, using‘
sodinm hydride in ],2~dimethoxyethahe. They also examined
the reduction of the resulting 1,3-dithiol diestér; withv
Raney nickel ratalyest. T6 all cases, the alcohols 6f -,;
types ¥ or 4, resulting from the remqval of ~ne thiolgster
gronp with the eimaltanenue reduction of the other were
producdd in ev ~llent yields. As illustrated in Scheme T
the overall tr~nsformatinn can be considered as the
}eplacemonf ~f one or two B-protons of éthyl alcohol by

’
electrophiles, using S,S'-s;?'“v' Aithi~malnanate (2) as an
*hanel carbanicn aquivalent.

The ura of ¢,8'~diethy) dithiomalonate (2) as a

copyenient snurce of ethanol carbanion eqﬁivalent‘has'a

n

meidaral e potantial in oras e qyntheses.  One
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iﬁtefésting applicétiqn is in its use ag a Michaél doﬁbr
to facilitate the preparation of 1,5-ketols and 5-
hydroxyesters, versatile s&nthetic inﬁermediates which are
particularly useful for the‘ﬁénstruction of six-membered
carbocyclié,and heterocyclic systems (15,16). The Michael
reaction of S,S'-~diethyl dithiémalonat;“(Z) has received
very limited attention. TIts addition to ethyl aérylate
and acrykﬁnifrile was briefly explored (14), usihg sodium
methoxide in methanol. Due to the inadequacy of the.
reaction conditions, the yields of thé resulting 1,4-
adducts were low. In addition, both the mopa; and bis-
édducts were formed indiscriminately iﬁ approximateiy
equal amounts. %

We have undertaken an extensive study of the Michael

reaction of S,S'-diethyl dithiomalonate (2) as well as the

Pa T A (L I

reduction of the addition products with Raney nickeél.  The’’

o

Cstudies which are aeéérfbéd“iﬁ?théffirst;paff ofNthisi1] .

5 "

thesis cumulate in the development of ‘a new and convenient -

metliod for the preraration -of 1,5-~ketols and 5-

Vaorly yyeat ey g



RESULTS AND BISCUSSION

S,S'~-Diethyl dithiomalonate (2) used in the present
.studies was prepared by a slight modification of the
procedure reported by Liu and4tai (12). 1In this
modification, pyridine was included in the reaction of
malonyl dichloride with ethanethiol. The inclusion of
pyr%dine in the reaction was found to reduce the reaction
time from the 16 hr }equired by the previous workers to 30
min. In additjon, the modification allowed the
preparation of S,S'"diethyl.dithioma10naté 12) in
quantitative yield.

In our initial étteméts to induce the Michael
' reéaction ‘of 'S,S8'-diethyl ‘dithjomalonate (2) wi£hva,nnmher
of a,R-unsaturated carbonyl cpmpoﬁnds, £he‘USé:df.;Ee |
sodium. and 1ithium~#alts~ofVS,S'~dietﬁyl.diékiéha1ngaté,

generated in situ using sodium hydride and lithjum tert-
_4ﬁﬁtoiide; was foﬁnd to be céﬁpletely ineffective. 'n all
cases the starting materials were recovered. The failure
nf this prbcédure could he attributed to the unfavourahl:
reversible nature of the vreaction. Genera1lv in Michac?

reaciions in whi®h FHef"fEhééj donor can also sarve aa o

qend leaviva grovn, the rabtae Jimiring ater §y b ioh vt
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new carbonfcarbon bond is formed is reversible. The
position of the equilibrium depends to a large extenp dn
the stability of the intermediate enolate ion (15). The
protonation of the enolate ion could, in principle, shift
the equilibrium to the side of product formation, provided
the deprotonation of the product, which could reverse the
reaction, is sufficiently slow._ Consequently, a likeli
solution to the problem encountered in the reaction of the
sodium and lithium salts of S,S'-diethyl dithiqpalpnate“
with Michael acceptors, would be to carry ocut the reaction
in the presence of a suitable proton source.

The. use of an alkoxide in the presence of its
cbhjugéféiécﬂdﬁ(f.é."thé'cdrreébbnding'albohol) was
-céﬁéide;ed.ﬂ Her§er, fhis;coWbibatiop_Was quickiy fuled
out, in view bf5the'ﬂhfaVourablefresults obtained in a
.sjmila; st@@y'by‘Schéithauer.aﬁd Mayer (14). " In their
work they-Qsed sodium methéxide in methandl to induce the
Micﬁaei addition of S,8'-diethy) dithiomalonate (2) to<
acrylonitrile -and ethyl acrylate. However, they obtained
poor yields of the expected 1,4-adducts. A second
possibility considered was the use of a mercaptide ion in
‘ﬁhé,ﬁreséﬁoé¥6f:tﬁé-me;é;étAA. Unfq?ﬁunately:‘because of
the known ability of mercaptide to undergo facile 1;4—
addit{én }eaéffdns'witﬁ a, B~unsaturated carbonyl
compounds, its use in the present studies would be

I_""‘Y"'i('\‘larly iv\appropriafe.

]
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The third possibility was to carry out the reaction
in an aprotié solvent using a tertiary amine as base.

This éonsideration was based on the mechanistic scheme
shown in Scheme II, in conjunction with’the following-
reasons: First, tertiary amines are sufficiently basic to
dgprotonate S,S'-diethyl dithiomalonate (2)! and
therefore, in principle, should produce a reasonable
concentration of the req&ired anion 2a. Seéondly, the
conjugate acid of the tertiary amine so generated is far
more acidig,(pKa ~10) than a ketone (pKa ~20) and
consecquently it can conveniently serve as an excellent
proton source to trap the intermédiate enolate ion 6.
Thirdly, the deprotonation. of the ketonic product 7 which
will also induce the retro-Michael process would not
readily occur with the rather weak base such as a tertiary
aminé.

These predictions were found to be valid. ‘The use of
the tertiary amine, 1,4~diazabicyc10t2.2.2]octane ({DABCO),
was found to bring about a smooth reaction between S,S'-
diethyl dithiomalonate (2) and a variety of a,B-

unsaturated carbhonyl compounds. In addjtion to DABCO,

1Although the acidity of 2 remains to be ascertained, the
closely related oxygen analogue is known to have a pK_ value
of ~13.
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.othet tert1ary amines 1nclud1ng triethylamlne;ll.S;
“dlazablcyclo[4 3 0]non—5-ene (DBN) and. 1, 8-
d1azab1cyclo[5 5, OIunﬁecw7-ene (DBU) were also eiamlned.
Tr1ethy1am1ne was found to be ineffective. DBU and DBN,

although they did induce the M;chael react1on, were not as

- o b Woa g - a ar . e

eff1c1ént as’ DABCO [-*' R e e |

v

In pr1nc1ple, the M1chael addltlon of 2 to an u,B— :s .
unsaturated carbonyl'compound should requ1re only a .

catalytic amount of base. In practice, however, it was
found necessary to use one ea;ivalent of DABCO with
reSpec to S, S'-dlethyl dlnhlomalonate (2). Lesser
quantltles résulted in 1nco$plete reactions even after
prolonged reaction times. Several solvent systems were
examined. Benzene and 1,2-dimethoxyethane were tound to
be the most satisfactory.

As a typical example, S,S'-diethyl dithiomalonate (2)
reacted smoothly with 2- cyclohexene l-one in benzene at
room temperature in the presence of DABCO. After 48 hr
the expected 1,4-adduct 8 (Table 1) was obtained.in
greater than 90% y;eld. It was found that the rate of the

teactlon could be enhanced, as, expectedy by rncreasangvthe

Teaotlon tempetature. However, the yleld of- the-product
H»was 1nfer10r.. The ir spectrum ‘of the adduct 8 shogedv

absorption bands at 1660 and 1690 cm 1 ttrlbuted to the

£l

th;olesters, and at 1700 cﬁ‘l due to-the. ketone

s
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carbonyl. ‘The nmr'spectrum ehowed‘that the two thiolester
groups were madnetically honequivalent. This was évident
from the appearance of triplets at 6§1.28 and 1.27 and
qUartets at- 62 92: and 2,94 Wlth a~coup1ing constanﬁ of 8
Hi. These signals were a551gned to the thlolester

groups. The methine proton of the dlthlomalonate moietj{

appeared as a doublet at §3,70 with a coupling constant of

10 Hz. Both the mass spectrum and efemental analysis were

in agreement with the molecular formula'of Cy3H2003S5..

17

The above conditions for the. reaction of S S'—diethyl ,

dathlomalonate (2) “with- 2—cyclohexen—1—one were found to”

be generélly applicable to all the a, B-unsaturated

carbonyl compounds studled The detalls of the 1nd1v1dual

- reactlons?w111 be dlscussed later on 1n thls the51s.

e

Hav1ng succeeded in the development_of a general
metpodﬁfot"thehrapidgincorporatiqn of ardithiomafbnatefJ
unit into the Bg- p051t10n of an a,B-unsaturated carbonyl -
compound we turned our attention to the study of the
Raney "'nickel reduction of the fesulting adducts. It was
expected, based on the previous work by Liu and Lai (12),
that Raney nickel reduction of the dlthlomalonate adducts
would lead to the removal of one thiolester group w1th the

concomltant reduction of .the other to the alcohol level.

In1t1a11y, attempts were made to achleve this

transformatlon using standard w- 2 Raney nickel (ll)

r

[



- However, it was soon realized that this reagent was not
satisfactory; Apart from the desired productrwhich was
obtained in low yield, by-products were also detected,
For exemplef when;the Michael adduct 8 (Table 1) was
treated with the standard W-2 Raney nickel in benzene at
room temperature, three products 9 (Table 1), 10 and 11
were obtained in a total of 65% yield and in a ratio of
1:1.5:1. |

The productien of compound 10 can be attributed to a
complete transester1f1cat10n of the dlthlolester with-

4 £

ethanol. Such a transesterlflcatlo;N\h not unexpected in

.

view of the large quantltles of ethanol and sodium

LT

‘:hydrox1de used in the preparatlon of W-2 Raney nlckel.l
Even~th9ugh'the preparation of W-2 Raney nickel 1nvolves;
'sequential wash with water until neutraly, ethenol'eo

- ‘remove swater, and benzeee to remevé ethanol, it is
cohceiveble tﬁat,some‘ﬁuantity of base and ethaﬁoi'coule
sﬁilllbe trapped in the catalyst. The presence of theco
trapped chemicals could Bring about the
transesterificetion and, once such a transeste}ificaf‘n“
occurs, the ketodiester 10 produced is inert to Ranay
nickel. The keto monoester 11 may be arising from »

»

monotransesterification process followed by a

»

dealkylthiacarbonylation reaction or vice versa

18
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,Hﬁ OCH(CH3)2
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In‘order to circumvent this problem it was iﬁtended
to replace the ethanol with a more bulky alcohol in the
preparation of the W-2 Rahéy’nickel so és to suppress fhe
transesterification process. Tertiary-butyl alcohol.Was
the first to be considered. However it was found to‘be
inappropriate due to its high freezing point. As a resnlt
isopropyl alcohol was used. When édduct 8 was treated
with‘the Raney nickel so prepared, considerable
improvement in the reaction was observed. The yield of
the desired prdduct 9 was increased by 30% and the-di-
transesterification ‘product was not detected. However,
the ﬂ'action still produced a small quahtity of byprodur
12 resulv*ng~from mono-transe~terification with isapr ot
alcobol. 1 erder te further improve thd reacticn
conditionne, 't wag deemed neaceagnry tn caner'ain that th
Raney nickel]l wae free ! hydroxi's inne Te eoffect ‘hi

Ao ~ aca' i “cid wer inelorded in ) e d7‘='\ing~"p"6r o

e

P )
Thue. after the Vany nicba’ oo foym * ~eoe ,.Qf;,u, Voot
oo procedure, it was was' s caquer i21ly wioh owot e

: 2 . ‘p .
aqueous-«acst“&_r‘garidm*v. ieopropyl ~Aleghol, and

bonze'ne, ian‘.na(Y Af the neavymal) rater osthano', and “enrans
.Iw
combination. This modified w 2 Paney nickel) r: ‘tart )
B ’ - , ‘
v

very effective #»+Ad ”ﬁ]\lﬂ'te]y e@liminatr 4 "o

)

N a .,’qv
. . . g I
.'h'...qterlf‘( " . v vy . wh‘,,a;yw,
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.ﬁiWheh the Michael adduct 8 was treated with an‘exbess
(~0.04 ﬁL/Qg 6E s@béﬁpate)ﬁbf this modified wW-2 Raney
nickel at room temperaturé {ﬁ benzene, "an 80% yield.of the
5—hydroxykét0ne 9 was obtained. The séructure qf this
compound was apparent from the spectral data. : The ir -
spectrum showed only the ketone carbonyl and'theraléohol
absorption bands at 1710 and 3420 cm'l‘respectively. The
nmr spectrum displayed the characteristic tripiet at 63.50
with a coupling conspgnt~of 9 Hz, attributed tolthe
methylene protons adjacent to the hydroxyl group. The
mas& spectrum and elemental analysié.were in combleté
agreement with the assigned structure. 1In all the
subsequrnt work this mbdified W-2 Raney nickel was used
and was found to he highly =atisfactory in achieving the
A ired vyeeunlta,

'~ erudy the generality of the Michael reaction of
S,9° diethyl dithiomaleonate (2), a variety of a, 8-
nneaturated carhonyl ‘compounds were used. The compounds
chosen included both ketones and esters with different
degregs of substitution at the « and é—carbon centres.
We have also sdccessfully examined the reduction of the
Addncrts ‘6 the alcohnl level with’the modified W-2 Raney

nicke!.  the results of theee studies are compiled in

Table '. The reactisng are discussed individually in some

A JIPNY vy Ly

e et W "

£
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'S;S“~Diéthyl“dithiomalonéteg(anreaeted-withaethyl-
~acrylate in 1,2-dimethoxyethane at room temperature in the
presence of bABCO to affofd the expected Michael’adduct 13
in;93% yield. The ir gpectrum of the adduct éhowéé
diagnostic absorption bandé at 1730 (ester carbonyl), 1665

and 1695 cm~1 (thiolesters). The nmr spectrum showed a

triplet (J 8 Hz) at 61.23, which integrated for a total
of nine protons. Tﬁis signal was attributedvto a total o;
three methyl groups of the thiolester and ester

moietiés. However; duélto the highef electronegativity of
oxygen coﬁpared £o sulfur, the methylene protons of the
ethyl ester group appeared as a quartet at §4.12 and with
a coupling constant of 8 Hz, while the methylene protons
of both thiol ester groups appeared at a much highey field
of §2.90 with the same multiplicity ‘and coupling

constant. The methine proton of the dithiomaleonate aroup
appeared as a triplet at 63,90 and with 3 coupling
constant of 10 Hz. The ma=s spectrum 1»rked a molecula:
ion peak but showed two prominent peake at 231,0695 g1
247.0467. These péaks were attributed to the loss of
.SCH2CH3 and O¢H2CH3 respectively from the parénr ion.
Elemental analysis confirmed the molecular formula of
C192H2n04Sy. Raney nirkel reduction of the Michael adduc:
13, occurred smoothly at roeor temperature o give the =

hydvv'vw\'oq'nr 14 in 72% yielA. The pr()d\\“r chowed the
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.characteristic egxermand_ilcohgl;bangs;qyl}jthﬁqéi3?@Q;~;Q'D’;“
cem™l, respectively. In the nmr spectrum a three-proton
triplet at §1.24 and a two-proton quartet at 6§4.10, each
with a ¢oupling constant of 8 Hz, indicated the pregénce
of the ethyl ester group. The two methylene protons
adjacent to the hydroxyl group appeared as a triplet, with
a coupiing constant of 9 Hz at 63.66 while the hydroxyl
proton was a broad singlet'at §2.80, ‘The mass spectrum
did not shéw a molecular ion peak, but the prominent>p?ak
at 101.,0601 was attributed to the loss of an OCH,CHg

unit. Elemental analysis confirmed thé molecular formula
of C9H;403. -

The reaction of dithiomalonéte 2 with 2-cyclopenten-
l-one was carried out in benzeﬁe.and gave the expecﬁed
adduct 15 in 95% yield. This compound showed two sets of
signals for the two thiolesterjéroups; two.methyl triplets
at 61,28 and 1.30 aﬁd two methylene éuartets at 62.96Vand
2.98 each with a coupling conétant of 8 Hz. The methine
proton of the dithiomalonate group apbeared aé a doublet
at 63.72 (J = 10 Hz). 1In the ir spectrum, the absorption
bands at 1735, 1690 and 1660 cm™! were indicative of the
presence of both five-membered ketone and“thiolester
‘carhoﬁyls. When the adduct‘IS was treated with Raney
nickel, a 79% yield of the ketoalcohol 16 was_obt;bnéd._

This compound showed absorption bands at 3420 (alcohol)’

~
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the nmr spectrum the methylene protons adjacent to the

hydroxyl group appeared as a triplet at 63.24 with a

coupling .constant of 9 Hz, while the hydrqxyl proton

BN ’
appeared as a singlet at 62.20. The stfuc ural assignment
was further confirmed by mass spectral| and elemental

analyses. The former showed a molecula ion peak at

128.0838 in agreement with the required m@lecularqurmula -

of C7H1202. - ) -
The Michael addition of S5,S'-diethyl dithiomalonate
(2) to 1,l-dimethy1-2~0x¢%1,2—dihydronaphtha1ene (17) gave

the desired adduct 18 in 87% yield. The ir spectrum

~displayed the characteristic ketone carbonyl band at 1710 -

cm"1 and the thiolester bands at 1660 and 1685 cm™l. The
mégnetic nonequivalence of the two thioethyl groups in the
molecule was evident frog’the appearance, in the nmr
spectrum, of mgthy]'triplefs (J = 8 Hz each) at §81.06 and
1.30 and methylene quartets at §3.00 and 3.08 each with a
coupling constant of 8 Hz. The gem-dimethyl group
appeared as singlets at 61.44 and 1.54. A one-proton
doublet at 63.60 with a coupling constant of 10 Hz was
assigned to the methine proton of the dithiomalonate
group. The nmr spectrum glso indi?sted the presence of
four aromatic proténs which appeared in the §7.1-7.4

regfon. Paney nickel reduction of the adduct 18 ~rcurred

o e

and 1730 qm,l (ketone carbonyl) Jn.thg ir ﬁpgctrum.“ In, 500000



_«o»creadhlyrat room temperature. The product 19 which was

b Vo [ N - R N <

‘obtained in 86% yleld, showed a broad ‘band “at ?400 Cm -1 ol
for a hydroxy group and a characteristic ketone absorption

. band at,;7lQ_cm ; 1n the ir spectrum. In agreement w1th '

- - R

the structural a851gnment,vthe nmr spectrum showed two

sharp methyl 81nglets ‘at- 61 40 and 1. 50 and a multiplet

oAner Sl P

”at 67 20 for the aromatlc protons. The.methylene protons e

oo

adJacent to the hydroxyl group appeared as‘ a“trlpLet w1th v o

a coupllng constant of 8 Hz at 63. 24, wh11e the hydroxy .i" W
protonwas: observed at 62 90 as 2 singlet.._ |
s,S’ -D1ethy1 d1th10malonate (2)“added to ethyl 2~

carboethoxy 4-methy1 -2- pentenoate (20) in the presence of
DABCO Iﬁ 1 2- dlmethoxyethane to give a 95% yield of the
expected adduct 21 The struCture of the adduct.;as ' ;j, 7
evident from the spectral analyses. In the ir spectrum),

the two bands at 1660 and 1690 cm~! were assigned'to the
thiolesters while the band at 1735’cm'1 was assigned to

the ester carbonyl. In addition to two methyl dodblets,(J_q
= 7 Hz each) at §0.85 and 0.58, the nmr spectrom showed

two six-proton triplets (J = 8 Hz each), one at sl. 22 and
thelother at 61.30. These signals can be attrlbuted to a.
total of four methyls of both the malomate and
dithiomalonate groups. Two'doublets,‘each‘with a'couplin§d>

constant of 10 Hz, were also observed in the nmr spectrum

at 63.58 and 3.50. These two signals were consistent with



<o

‘the presence of two methine protons of. the malonate and

dlthlomalonate groups. 'Although- the molecular ion - peak

-
o e oo
~

e -

was "ot ‘observed -in ‘the mass’ Spedtrum; the presence- of-a. .- .. .

prominent peak at 345.1370 indicated the loss of an

SCHZCH3 unit. Elemental analysis confirmed the molecular

_formula Of C18H305206‘ . When ‘adduct 21 was reduced with. .. ~ -
Raney nickel, it afforded a singlé compound which did not ‘V//\S\

show the expected alcohol absorption band in the ir

spectrum. The only dlagnostlc bands were at 1735 and 1750

cm™1 1nd1cat1ve of an ester and a 1actone carbonyl

-

m01ety. - Further spectra analyses conflrmed that the

compound was not the’ expected’ alcohol but the lactone

22. In the nmr spectrum a three-proton . triplet at 61.20

"and a two-proton quartet at 4.20, each with a coupling

constant of 8 Hz, were attrlbuted to the ethyl ester.

Furthermore, the compound showed a triplet at 63.85 (J = 8

Hz), which can be assigned to the methylene bearing the

oxygen atom. These spectral data also.strongly indicated

A

that the compound was “a single stereoisomer. The fact
that the .methine proton adjacent to the two carbonqu
/"‘\_/
appeared as. a doublet at 63 40 and with the large coupling
constant~of 8 Hz further suggested that the compound was-
the trans isomer .as shown.
|

The reaction of the dithiomalonate 2 w1th 3-penten- 2-

one using DABCO occurred readily in benzene to give the



“adduct 23 in 87% yield. The ir spectrum'exhﬂbited»
absorption bands “at 1710 (ketone ‘carbonyl), 1658 and 1680
-1 (thiolesters). ‘In the nmr spectrum, a three—proton

- singlet at 52. 13 and a three-proton doubletrat 51. 00 (J =

' < -,

- -

8 Hz) were attrlbuted to the metAyls attached to the:"
ketone carbonyl and the carbon bearing the dithiomalonate
‘wgroup, respectlvely. A 51x-proton tr1p1et at 61 27 and a
four proton quartet at 62 90, each ‘with a coupllng |
constant of 8 qu?were assigned to the methyl and
'methylene protons, respectively, of the'thielester
groupe.v'The.methine proton'of the dithiomdlonate group
appeared as a doublet at 63.80 (J = 10 H?).“ The mass
spectrum did not show a molecular ion peak but ratner a
prominent peak at 153.0552 due to the loss ef two SCH,CH3
“units. 'Elemental analysis further confirmed the molecular
formula of C12H206352. Raney‘nickel reduction of adduct
Té3 atforded the 5-hydroxyketone 24 in 79% yield. The

product exhibited"

e diagnostic.ketone carbonyl band at
1710 cm™! and also the band at 3420$cn'1 for the hydroxyl

. group. *®he nmr spect um,was'in'agreement with the
propased structure; A three-proton singlet at §2.40 was
.due to the methyl attaehed'to‘tne carbanyl uhfle the other
methy 1l group appeared as a doublet centered at 61;60 and a

with a coupling constant of 8 Hz. A doublet at §82.24 (J =

6 Hz) wh1ch 1ntegrated for two protons was readily

’



asSigned~to the methylene protons alpha to the carbonyl.
The,methylene protons adJacent to the hydroxyl group
appeared as a trlplet at 53 25 wlth a coupllng constant of

%
9 Hz. The mass spectral and elemental analyses were in

28

complete agreemengiﬁith:Ehe_meletular ermuia;9§;C751492'l»

The dithiomaIdnate 2 reacted with 3—earboethoxy—5,5—

dlmethyl 2(SH)~-furanone (25) in 1l,2-dimethoxyethane at

-

room temperature to give the expected Michael adduct 26.in -

3

a quantitative yield. The ir spectrum of the adduct
showed diagnostic absorption bande'at 1730 (ester
carbonyl), 1789 (lactone carbonyl), 1660 and 1680 em™ !
(tﬁiolesrersi. In addition to the gem-dimethyl 4roup

. which appeared as a singlet at §1.48, the nmr spectrum’
displayed a six-proton triplet at 61.26 and a three-proton
tripletvat §1.32, both with a coupling constant of 8 Hz.
These signals were attributed to the methyls of the
dithiomalonate group‘and the methyl of the ester moiety,
respectively. Tﬁe reheining signals -were also
characteristic of the’cdmpound. The methylepe protons of
the thiolester groups appeared as a quartet (J = 8 Hz) at
$2.94 while those of the ester appeared at a much lower
field of 63.66 with the same pultiplicity and coupling
constant...The methine proton of the dithiomalonate unit
_appeared as a doublet at 63.40 (J = 10 Hz). The doublet

at §3.90, having a coupling constant of 6 Hz, was readily
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‘were consistent with the structure} The ir spectrum
,(lactone carbonyl) and 3500 cm™1 (alcohol)._ In the nmr

_triplet at 61,30, each with a'COupling constant of 8 Hz,

et « oy L
a351gned to ‘the, proton on - the carbon flanked by two
carbonyl groups. These spectral data further indicated

the presence of a single stereoisomer. However, thé

“stereochemiCal assignment could‘not be made unambiguously

/ .
on the basis of the coupl1ng constant (6 Hz) alone. 1In

“ . o

ass1gn1ng the tentat1ve stereochemistry, it ‘was alsg ~
considered that compound 26 can readily undergo .

isomerization due to the presence of the acidic proton

s

-and, ‘of the two possible stereoisomers, the trans form

should be thetmedfnamicallymmore stable. Reduction of
adduct 26 with the modified W-2 Raney nickel gave the

expected alcohol 27 in 75% yield. All the spectral data .

showed characteristic.bands at 1735 (ester carbonyl), '17

spectrum a two-proton quartet at §3.65 and a three-protony

were indicative of the presence of the carbethoxy group.
The gem-dimethyl protons appeared as a singlet at &1.46,

while the two proton multiplet at 63.16 was ass1gned to
the methylene adJacent to the hydroxyl group. The /

hydrogen on the carbon flanked by two carbonyl groups |

ﬂxanpeared as a doublet at §3.85 with a coupling constantfof
el ) ) /
8 Hz. The assigned stereochemistry follows from that of

the precursor_ 26.

29 .

e




The react ion, of S,S'-diethyl dithiomalonate (2) with

méthyf vinyl ketone was the only case where} the production

red. Wwhen \the reaction of
5

S,S*'-diethyl

of a bis—-adduct 28 waé encount

methyl vinyl‘ketohe with one (equivalent of

at room tempera re, less
4 ma jor

- product ‘wasthe bis-adduct 28 which was formed in 80%
"yield as a white solid. An increase in the number of
equivalente of §,S'-diethyl dlthlomalopate (2) did not
improve the yleld of tﬁe . required mono-adduct. However,
when the ﬁemperature was lowered to 0°C, one equivalent of
S,S'—diethyl'dithiomalonate (2) gave 33% yield of the
mono-adduct and 56% yield ef tﬁe‘bis-adduct. It was found
. that at -30°C the mono-adduct could be obtalned in 82%
yleld. Even at this temperature approx1mately 10% of the
blS adduct was produceﬁ Further lowering of temperature
failed to improve the yield of the mono-adduct. Tn fact,
at -78°C noé reaction occurred between dithiomalonate 2‘and
methyl vinyl ketone. The ir spectrumvof the monoadduct 29
showed the ketone carbonyl band at 1710 em™l while the two
baﬁds at 1660 and 1685 cm™ ! were assigeed to the
thlolesters. The nmr spectrum displayed a six-proton

trlplet at 61.12 and a four- proton quartet at 62.60 each

with a coupllng constant of 8 Hz. These signals were
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‘Elemental‘analysis confirmed the molecfilar formula of

32

-3

attributed to the methyls and methylenes, respectively, of
the thiolesters. In addition, a three-proton éihglet at ”

§1.84 was assigned to the methyl attached to the carbonyl-

o I

groups. The methine proton'of the diiﬁ&omélénate group

apéearedvas a triplet (J = 10 Hz) at 63.40, The mass

¢

spectrum of the adduct 29 did not show a molecular ion
LN : ‘ :

peak but the prominent peak at 139.0394 which was readily

N

assigned to the Iosé of C4H;1S, from the molecular jon.

Cy11H18035,. The mono~adduct 29 was readily reduced by
Raney"nickel to give an 86% yield of the expected ketol
30. The structure éf th%ertql-was"confirmed
speclféscopicaiiy. _fhe two bands at 1716 and 3410 em™L in
the ir spectrum were indicative of & ketone carbonyl and
an alcohol, respectively. *In the nmr spectrum, the signal
at 61.90, which appeared as a three-proton singlet, wa-
assigned to the methyl attached to the carbonyl aroup

The mefhylene protons a to the carbonyl appenred a~ a
triplet at 62.30 with 2 conpling const™nt of & H~r, vhila

the mepthylene adjacent to the hydroxyl gronp wae a

mu]ﬁiplot at 5§3.79, The maes spectrvum lacked a m teod

inn peak, but the prominent p-~ak at 1709979 w 5
indicative of the lhea nf the elament F owztor fyaw rhe
ma@-cular ien The elewantal anpn=', i o

Y he e le mav g [ - L I L I



'The reaction of dithiomalonate-z,with cis—tficycic-
(5.2.1. 02 6]deca 4,8- d1en 3 one (31) was carried out ‘in
1, 2 d1methoxyethane and gave the expected 1, 4—adduet 32 in
-a quantitative y1eld. In the Lr spectruni, the ahsorptlon
bands -at 1730, 1660 and 1690 CR’ 1 eere indicativewof thé
presence of both five—membered.ketone and thtolester
carbonyls. The compound showed two sets of signals for
the two thlolester groups in the nnr spectrum, two methyl
trlplets at 61 24 and- 61.30 and two methylene quartets at R
§2.96 and‘2.298, each with a coupling constant of 8 Hz.
The methihe'proton ofqthe dfthicmaicnate group appeared.es"
a dcdblet (J =N10 Hz) centered at 63.3é. The two vihyi
protons eppeared at 86.16 and 6.24, each as a doublet ot. .
doublets (J = 2 Hz, J° = 4 Hz). C?he-nmr spectrum strcngli
indicated the presence of a single stereoisomer. The
assigned sfereochemistry 32 was Based on the consideratioh

d f%n should occur from the (fess hlndered exo

_lecu]e Paney nickel reduction of adduét 32
_;ly at room temperature to afford a 93% 5
yield of the Vetol 33. TH% ir spectrum showed a ketone
~arbonyl band at 1720 nm—l and an alcohol band at 3400

em V. The nmr spectruvm of the product showed a one

roton : c
hroad =inglet for the hydroxyl group at 6§2.50 and
triplet ~t A3,20 (J = 8 v'z) for the methylene protfons

tev the by dvrnwy!' araup. The absence of
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protons clearly ingicated that the olefinic déuble bond
npé ;lso reducéd huring theJRaney nickel treatment.'
Attempts were made to preserve the double bond by~psing
partially‘deactivgtnd E?ney nickel, obtainedqby beoiling
uthe Raney nickel- in aretrone., However, this was foond to
béTpnsatisfactory and 'asulted in the formation of a
complex qigtupe. | |

'S,S'-Digthyl djthiomalonate (2) was reacted with a
1:1 mixture of.6-ac9toxyig£§7bicyclo[3.2.0]hept—3—en-2w0ne
' {34) epimeric at the carhon bearing the'acetoxy group.
The reaction was carried out with DABCO in-1,2~
dimethoxyethane and at room temperature to give a 77%
yield of two inseparable products. In the ir spectrum the
ketone carh6hy1 and the acetoxy carbonyl appeared as a

hroad band at 1730 cm”!

while the thinlesters appeared Aas
twno bands at 1660 and 1690 em 'L The wmr spectrum shrwe!
two ;%ip‘efq at §1.72¢ and 1.?7 anpd two quartets ot 85.“"
and 2.9" each with a co pling constant >f 8 Hz. The-sn
signals were attribnt A to the twe thiolester groups. Tho
methine proton of the dithiomalonate group =pperraed Ha A
doublet at 83.76~(J3 - 10 Hi). Tn addition. *he nmr
’Spectrum dieplayed two singlets at 82,06 ~nd 2,17 in A 17
ratio for a total »of three hyJdrogen atoms Thera ajivnale

were attributed tr the methyl of the acebtoxy mniety, The

o Aata e Ye s Ve §y N R T bed Fhnat v e ARR T RNV = I N o !
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two stereoisomers. Since thé'starting material was a 1:1

mixéure of two epimeis; the production of two’
stereoisomers could only have resulted from a coﬁpletely
stereospecific additiénhpf the incoming dithiohalépate
group. The stereochémis;gy,éf the newly cregted‘a8ymetric
centre was tentatively assigned based;on thé'expeqtedu
addition of the fncoming group from the iess hindéred jggl
side of the moleculé. Adduct 35 underwent smooth'Raﬁey,
nickel reduction to give the alcohol 36 in 95% yieid." The
spectral daéa was consiséent with the structure. The ir
spectrum showed characteristic.peaks at 1725 (cafbonyl)

and 3400 cm~1 (alecohol). In the nmr spectrum the hydroxyl

proton- appeared "as ja broad singlet at 34.15, while the

methylene protons adjacent to the hydroxyl grbup~ébpeared“‘

as a multiplet at 63.60. Again two‘singlets were observed
at 62.12 and 2.06 for a total of three protons of the
acetoxy group indicating. the presende of two
~tereoisomers. Both the mass speétral and elemental

Aanalyses were in agreement with the molecular formula of

C11H1604- ‘ .

The reaction of S,S'-diethyl dithiomalonate (2) with

Michael acceptors in which the B-carbon was fully
substituted was also examined. However, under a variety
of conditions S,S'-diethyl dithiomalonate (2) failed to

react with mesityl oiide (37), 3—methyl—2?cyclohexen—l—one

'S

'35



36

and 3-meth¥1-2-cyclopenten-l—one} even after prolonged
treatment at elevated témperatures using different
bases. 1In all cases the starting materials were
recovered. These results ihdicated that the current
procedufe is ﬁot applicable to a,B—unsaturafed carbonyl
compounds fully sdbstituted at the B-canon.

The results presepted above. show tﬁat S,S'—-diethyl
dithiomalonate readily undergoes Michael reactions with
u,B-unsaturated éarbonyl compognds other than the ones
fully substituted at the B-carbon. The reaction, which is
highlx‘facilitated by the use of DABCO as a base, could be
carried out under mild conditions and ines excéllent
yields of adducts. These adducts are easily'reduced with
Raney nickel to the c§£responding ethanol derivatives.

The two-step operation provides a néw and convenient
method for the preparation of S—hydrdxyegters and 1,5
ketols, using S,S'-diethyl dithijmwalonrte (2) ne =n

ethanol carbanion equivalent.



" EXPERIMENTAL

General -

Melting points were determined on a Kofler hot stage
apparatus and are uncorrected. Elemental analyses were
performed by thevmicroanalytical laboratory,of.this
department. Infrared (ir) quctra were recorded on a
Perkin-Elmer modeli457 or §icolet 7-199 FTfiR
spectrophotometer. Unless otherwise stated, ir samples
'were run as thin films. -Proton nuclear magnetic reoonance

B

(nmr) spectra were recorded on a Varian HA-100, -HA~

~

100/Digilab, Bruker WP-80 or BrUKer WH-200 spectrometer
and, except where otherwise étated, were obtaineé on
solutions in. deuterated chloroform with tetramethy1511ane‘
as internal refererfce. The follow1ng abbrev1at10ns are
used in the text: s =_singlet, d = doubIet, t = triplet,
'q = quartet, m = multiplet and b = broad. Mass spectra
(ms) were recorded usino A.E.I. model MS9, MS12 or‘MSSQ“
mass spectroheters. Concentrarions of solvont systems
used in column chromatography are given by volumes, e. g.
10% ethyl acetate in hexane means 10 parts ethyl acetate

by volume to 90 parts hexane by volume.
Materials

'Ether,-benzene and 1,2-dimethoxyethane used for

- -4

reactions were freshly distilled from lithium aluminum

37
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hydride. Pyridiﬁé was distilled from ba:iuh oxide and
'stoféd over potassium.hydtoiide-pellets.‘ Nitrogen and
érgon were passéd‘through a purification train of Fieser's
solution,,cohcentréted sulfuric acid and potassium
hydroxidelpellets, Silica gel, 0.040-0.063 mm particle
sizé, 230-400.mesh ASTM, was used as adsorbent for flash
chromatography (17) and silica gel, 60-120 mesh, was used
as adsorbent for -column chromatography. Thin-layer
chrchétography was carried out using Merck silica gel G
(type 60). Unless otherwise stated, anhydrous magnesium
sulfate was uSéd for. drying organic soluéions.
Commercially avéiiable-methyl vinyl ketone, 2-cyclohexen-
_l-one, ethyl acrylate, 3-penten-2-one and 2-cyclopenten-1-
one wefe distilled before use. Ethyl 2-carboethoxy-4-
methyl—é—penbenoate (20) was prepared by the method of
Cope and coworkers (18). 3—Carboethoxy;5,S-dimethyl—
2(5H);furanone (25) Qas made acCordi;g to the described

\

procedure (19). 6-Acetoxy-cis-bicyclol3.2.0Jhept-3-en-2-
one was previodsly p;epared by Bulat (20). 1,1-Dimethyl-~-
2—oxo~1,2—dihyd}on§phthalene (17) was made py the method
of Marvell and Stephenson (21) and cis-tricyclo-
[5.2.1.02'6]deca*4,8—dien—3~one (31) was prepared by the
method of Alder and Flock (22). Malonyl Mdixhloride was

brepared by reacting malonic acid with tpo equivalents of

thionyl chloride (23). ,
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Modified W-2 Raney Nickel

® A

A solution of sodium hydroxide (190, g) ih diétilled'
water (750 mL)'waé cooled in an ice bathzto 10°C;' Nickel-
aluminumvallby (150 g) wég added slowly with spirfing.‘
During the addition, the temperature qf the mixguré'was
not allowed to rise above 25°C. Aftér ;heiiddition,'the
mi%turé\yas allowed to warm up te roomiiemperéture and was
Stirrgq,for 12 hr on a steam bath. The solvent was
'deCAnted and the residue washed with‘distilled Waper:(Z x
500 mL), a solutioh,of sodium hydroxide:(ZS g)»iﬁuﬁster:
(25b mL)/was added. The mixtﬁfe wa# stirred at .room’
temperature for 15 min. After decanting the water, ﬁhe
residue Q;s washed sequentially with distilled water (4 x
500 mL), 0.05 M a&ueous acetic acid (4 x 500 ﬁL), water.(4
x 600 mL), isoproéyl‘alcohol (3 x 200 mL) and benzene (3 x

200 mL).

S,S'-Diethyl dithiomalonate.(2) -~

A solution of ét@anethiol (52.56 mL, 0.71 mol) in
ether (100 mL) was added dropwise to a solution of malonyl?
dichloride (40,00 g, 0.28 mol) in ether“(loo mL ) w}th
stirling. A §olution of pyridine (33.95 mL, 0.42 mol) in
ether (50 mL) was then added slowly over a pefiod of 10
min. * The reaction mixture wa; stirred fér an aadftional

15 min at room temperature. Most of the solvent was

evaporated and the residue distilled under reduced

~
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‘préésure to ‘afford the pure S,S'-die£hyl dithiomalonate
(2) (53 g; 100% yield): b.p. 100°C/2 torr; ir 1660 and
1680 cm-! (thiolesters); nmr 6§1.24 (t, 6H, J = 8 Hz, 2X
~COSCH,CH4), 2.92 (q, 4H, J = 8 Hz, 2x -COSCH,CH3) and
3.90 (s, 2H, -CHp-); ms MV §g2.0277 (calcd. for
CqH)20285¢ 192.0268);.§§é£. Calcd. for C7H)50;8: C

43.74, H 6.30, S 33.30; Found: C 43.69, H 6.57, S 33.30.

Addition of 2 to Ethyi,Acrylate

A solutipn of S,S'—diethyl‘dithiomalonate (2):®?32
mg, 2.2% mmol), DABCO (253 mg, 2.25 mmol) and ethyl‘:
acrylaté'(lso mg, 1.5 mmol) in 1,2-dimethoxyethane (20 mL)
-was stirred at room temperature under an aféon atmosphere
iqr 48 hr. Thé.reéultihg mixture. was poured into ?N
aquéous hydrochloric aigg?soiution (50 éLi and?éitiaéteq

. AR _
with dichloromethane (3 % 25 mL). The combined extract

was dried,:filtered and cpncentrated,to~give-the crude

- product which was chromatographed on silica gel. Elution
with a solution of 10% ethyl acetate in petroleum ether
gave the pure édduct 13 (367 mg; 93% yieldr: ir 1730
(ester carbonyl), 1695 and 1665 em™! (thiolesters); nmr
§1.28 (t, 9H, 3 = 8 Hz, oéﬂzcn3 and 2x -COSCH,CH3), 3.90
(t, 18, J = 10 Hz, -cocuco¥) and 4.12 (q, 2H, J = 8 éz,

| -OCH,CH3); ms m/e 247.0467 (M¥-45; calcd. for

CoH15038p: 247.0464) and 231.0695 (M7-61; calcd. for
CyoH1504S: 231.0692); Anal. Calcd. for CjoH9q045,: C

49.32,-H 6.90, S 21.89; Found: C 49.61, H 7.00, s 22.04.



Reduction of the Adduct 13

-
»

. _ - rE .
) A solution of the adduct 13 (9§€/mg,‘2.34 mmol) ?n
.bed%ené“(lo,mL) was added to a s§5pensidn of“Raﬁey nickel
(6 mL, settiedﬂvélume) in benzene. The"mixture was .
‘'stirred unddr an argonjatmoéphere‘ét rpom‘temperéturé forv
4 hr, and then filtered. .The refddue was washed- -
:horoughly with benzene and the-filtrate concen;rated.
Chromatography of thé crude material on éilica gel,
elptingnwith 10% e;hﬁT”aqetage‘in P leum:ethe:,

{ afforded. the hydroiy esteg‘i4 (350 mg{ 72% yield): ir

1730 (bster carbonyl) and 3420 cm-l (alcoﬁol);:nmr‘61.24
(t, 3H, J =8 Hz;~-CH3), 2.66 (t, 2H, 3=9 Hz,
~CH,CH,CO-), 1.60 and 2.30 (m, 4H, -CH,CHp~), 2.80 (s, 1H,
oni, 3.80 (t, 2H, J = 9 Hz, -CH,0H) and:4.10 (q, 2H, J = 8
Hz, -OCH,CH3); ms m/e 101.0601 (M*-45; calcd. for

C5H902:. 101.0603)._ Anal. Calcd. fqr C7H1403: ' C 57.%9, H -
-

9.66; Found: C 57.41, H 9.45,

Addition of 2 to 2—Cyclopenten-l—oné

A solution of S,S'-diethyl dithiomalonaﬁe (ifbo a,
5.00 mmol), DABCO (580 mg, 5.00 mmol) and 2-cyclopenten-1l-
pne k630 mg, 770 mmol) in benzehe (15 mL) was stirred at‘y
room gemperaﬁure Qnder an afgon atmOSphere‘fbr 18 hr. The
mixturé wés;bbuéed ipto a 2N aqueous hydrochloric acid
séiution-(so mL) énd extracted Qith diéhloromethane (2‘x

25 mL). The combined organic extract was dried, filtered
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2

and concéntratgd,‘ The re51due was chromatographed on

RSN

silica'gel.m Elgxiugﬁﬁath a solutlon of 10% eth»l’acetate

in petroleum ethFriEavb the adduct 15 1L§0®mgr;§“

yleld): ir l735&(ketone caf%gnyl), 1660 and 1699 ey
(thiolesters); n$>\§1.28 (t, 34, J = 8 Hz, -SCH2CH3), 1.30
(t, 34, J = 8 Hz, -SCHyCH3), 2.96 (q; 2, 3 =8 Hz,
~SCH,CH3), 2.98 (q, 2H, J = 8 Hz, —scnzcu3), 3,72 (d, 1H,

P

J = 10 Hz, =COCHCO-); ms M¥ 274.0702" (calcd. for

»

C1oH1g03S,: 274.0698). Anal. Calecd. for C12H180382. C

52.54, H 6.62, S 23.33; Found: C 52.59, H 6. 62, S 23 51.

Reduction of the Adduct 15

To a suspension of Raney nickel (8 mL, settled

volqme) in bepzené (10 mL) was added a solutioen of the

adduct 15 (650 mg, 2.37 mmol) in benzene (10 mL). The

arédn atmosphere. It was then filtered and the residue

washed with benzéne (3 x 15 mL). The filtrate was
concentrated and the crude material purified on a silica
gel column. Elution with a 10% éthyl écetate in petroleum
ether solution gave the:pure ketol 16 (211 mg; 79%
yield):’ ir 1730 (five—mg;bered ke£one carbonyl) and 3420
em™) (alcohol); nmr 83.24 (t, 2H, J = 9 Hz, -CH,0H), 2.20
(s, 1H, -OH) and 2.23 (m, 4H,'-CH2COCH2—)} ms M* 128.0841
(calcd. for CqH),0,: 128.0838). Anal. Calcd. for

C9H1205: C 65.58, H 9.44; Found: C 65.71, H 9.52,

42

imixture was stirred for 1 hr at room temperature under an .
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Addition of 2 to 1,i-Diméthyl-2-oxo-1,2-dihydronaphthalene

15(17)

" To a solution of DAéCO (135 mg, 1.20 mmol) andis,s';
’ diethyl!dithiomalonate (231 mg,il.zo mmol) in 1,2~
dimethoxyethane'(io mL) was added a solutidn 6f 1,1-
dimethyI¥2—oxo-1,2—dihY6ronaphthalene (17).(172 mg, 1.00
mmol) in 1,2-dimethoxyethane (5 mL). The mixtufe was
stirred at room temperature under an afgon atmosphere for

24 hr. The reaction mixture was poured into 2N -aqueous

y 9

ﬁydrochloric acid soluti@n%gZS mL) and extracted with
dichlofoyethane (2 .x 15'mL). 'The organic extract.waé

~ldried, filtered and e&aﬁorated to drynegs. Tﬁé‘tesidue
was purified by column chromatography on silica éel.

~ Elution with a 10% solution of ethyl acetate .in petroleum
ethef gave the adduct 18 (348 mg;’87%-yie1d): ir 1710
(ketone carbonyl), 1660 and 168§’cm'1 (thiolesters); nmr
$1.06 (t, 3H, J = 8 Hz, -SCH,CH3), 1.30' (¢, 34, J = 8 Hz,
-SCH,CH3), 1.44 (s, 3H, fc§3>,‘1;§4 (s, 3H, -CH3), 3.60
(d, 1H, J = 10 Hz, -COCHCO-), 3.00, 3.08 (both-q, 2H €ach,
J = 8 Hz each, 2x —COSCBéCH3) and 7.1-7.4 (m, 4H, aromatic
protons); ms M* 364.1177 (calcd. for C195240332:
364.1168). Anal. Calcd. for CjgHps03Sp: *C 62.62, H 6.64,

S 17.56; Found: C 62.48, H 6.54, S 17.61.
> .
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- Reduction .of the Adduct 18

| A'solution;;fxthe adduct 18 (200 mg, 0.55 mmol) in
benzene (10 mL) was added to a suspension of Raney nickél
(5 mL, settled volume) in benzene (10 mL). Tﬁf mixture,
afﬁer s;irring a; room temperature for 1 hr, was filtered,
concent;ated and purified by column chromatography oﬁ
‘silicé gelﬂ 'Elution with a solution of 15% ezayl acetate
in petroleum ether afforded the pure ketol 19 (103 mg; 86%
yield): ir 1710 (ketone carbonyl) and 3400 cm™!
(alcohol); nmr 61.40 (s, 3H, -CH3), 1.50 (s, 3H, -CHj3),
1.18 (dd, 1H, J = Z‘gz, J' = 2 Hz, -CHCO-), 1.30 (dd, 1H,
J =2 Hz, J' = 2 Hz, -cnco—); 3.24 (t, 2H, J = 8 Hz,

-CH,0H), 2.90 (br. s, 1H, -OH) and 7.20 (m, 4H, aromatic

e

protons); ms M* 218.1309 (calcd. for Cy4HygO;:
218.1307). Anal. Calcd. for CysH,g0p: C 77.02, H 8.32;

Found: C 77.26, H 8.21.

Addition of 2 to Ethyl 2-Carboethoxy-4-methyl-2-pentenocate

(20)

A solution of ethyl 2-carboethoxy-4-methyl~?
pentenoate (20) (214 mg, 1 mmol), S,5'~diethyl
dithiomalonate (230 mg, 1.20 mmol) and DABCO (135 mg, 1.20
mmol) in 1,2~-dimethoxyethane (20 mL) was stirféd at room
temperature undexr an argon atﬁosphere”for 15 hr. The

mixture was poured into 2N aqueous hydrochloric acid

solution (50 mL) and extracted with dirhloromethane (2
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20 mL). The éombined organic extract was dried, filtéred
iand concentrated. The crude ma;erial was'chromatodraphed‘
on silica gel, elhtéd with 5% ethyl acetate in petroieum .
ethenﬂto‘affora the pure édduct‘Zl (386ng;'95% yield):
ir 1735 (ester carbbnyl), 1660 and 1690 cm™ !
(thiolesters); nmr §80.85 (d, 3H, J = 7 Hz, -CHCHj3), 0.98
(d, 3H, J = 7 Hz, Fcncn3), 1.22 (&, éu, J = 8 Hz,. 2%
| —COSCH,CH3), 1.30 (t, 6H, J = 8 Hz, 2x -OCH,CH3), 2.90 (q,
4H, J = 8 Hz, 2x -coséﬂzc33),.4.2o (q, 4H, J = 8 Hz, 2x
—ocﬁ;ca3); 3.58 (d, 1H, J = 10 Hz, -COCHCO-) and 3.50 (d,
1M, J = 10 Hz, -COCHCO-): m$ m/e 345.1370 (M¥-61; caled.
for CygHosOgS: 345.1373). Anal. Calcd. for CjgH3p0gS2:
C 53.18, H 7.44, S 15.74; Found: C 53.21, H 7.36, §

15.46.

Reduction of Adduct 21

g

A solution of the adduct 21 (200 mg, 0.49 mmol) in

benzene (5 mL) was added to a suspension‘of Raney nickel
(5 mL, éettled volume) in benzene (10 mL). The mixture,
after stirring at room temperagufe«for 1 hr,'wés filtered
and the ‘residue thoroughly washed with benféne. The
filtrate was concentrated and.the crude_maglrial
chroTatographed on siiiqa gél. Elution with a 15% ethyl

.

acetate in petroleum ether solution afforded the é&-lactone

22 as a singie isomer (73'mg; 70% yield): ir 1735 (ester

carbonyl) and 1750 crn—_1 lactox; carbonyl); nmr 60.84 (d,

34, J = 7 Hz, -CH3), Q.98 (4, 3H#, J = 7 Hz, -CH3), 1.20

-
€7

a5
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(t, 3H, J'= 8 Hz, -OCH,CH3), 4.20 (q,.2H, J = 8 Hz,
-0CH,CH3), 3.40 (d, 1H, J = 8 Hz, -COCHCO-) and 3.85 (t,
2H, J = 8 Hz, -CH,0CO-); ms M* 214.1211 (caled. for
Cy1H1g804: 214.1205). Anal. Caléd. for Cy3H1804: C

61.65, H 8.47; Found: C 61.52, H 8.32,

‘4

Addition of 2 to 3-Penten-2-one

I

A solutioh of 3-penten-2-one (655 mg, 5.20 mmbl)vin
benzene (10 mL) was added to a solution of 5,S'-diethyvl
dithiomalonate (1.00 g, 5.20 mmol) and DABCO (585 mg., 5.20
mmol) in benzZene (19 mL). The resulting solution was
stirfed at room teﬁperature under an argon atmosphere for
24 hr. A 2Naaqgeous hydrochloric acid solution (30 ml)
d%s added agahxhe mixture extracted Jﬁth dichleromethanas
(2 x 20 mL). The combined dichloromethane extract was
dried, filtered-%nd concentrated to give the crude” produc’
which‘gag%ﬁgrométbé}aphed on =ilica gel. F¥lution with a
afs]'ltf’oi' : 10% ethyl acetate in petrolenm cthoy ~ff~ree
the Dr;e ?dduvt 23 (1.7§_q7 R7% vield) as a3 light y '
nil: ,ig 1710 f(ketone cartoanyl), 158 and 'R0 cm

?
(thiolesters); nmr 81.00 (4, 3, 7 - 8 Hz, ~CHCHg)., 27.1°

¥

(s, 3H, -COCH3), 1.27 (t, 68, J - 8 Hz, 2 COSCHCH3)
2.907(q,  4H, J = B8 Hz, ?x -TOSCH;CH3) and 3.80 (4, 14, 7

‘

8 H», -COCHCO-); ms m/e YR1.0852 (M' 123; ~alecd. f r

CgilgfNas  153.77°57).  Arrl. Calrd. for Oy,Hy003%, ~

- \f“ 13 hd AR (R Y \r‘: | (APIESCE | [ ‘|.()(. vy . y
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Reduction of the Adduct 23 ’ f

A solution of the adduct 23 (220 mg, 0,80 mmol) in
benzene (5 mL) was added to a suspension of Raney nickel

(5 mL, settled volume) in benzene (10 mL). The mixture -

oy

o &
filtered. The residue was thoroughly washed with benzene

was stirred at room temperature for 1 hr and then

and the filtrate concentrated. The.resulting crude
material was chfomatogréphed on silica gel;/ Elution with
15% ethyl aqétatelin hexane afforded the pure hydroxy
ketone 24 (82 mgf 79§Nyield): ir 1710ﬂ(ketone é%rbdnyl)
and’3420 cmwl'(alcqpol): nmrcﬁl.OO (8, 34, J = 7 Hz,
~CHCH3)(V2.40 (s, 3H, ~COCH3), 2.24 (d, 2H, J = 6 Hz,
~CH,CO-) and 3.25 (t} 28, J = 9 Hzt.7Cﬁ26H); ms M*
”}y30.b995 (caled. for'c7n,402: 13Q,6998).' Anai.;Calcd.-

for ©yH 405 C 64.57, H 10.85; Found: C 64.81, H 10.99.

v

Addition of 2?2 to *? ’aggoo'hoxy-s,Sqdimethyl?z(SH)quranone

(25) , | 0

To 5 «olution nf S.8'-diethyl dithiomalonate (136 mg,—

0.70 mmol) and DABCO (79 mg, 0.70 mmol) in 1,2~

N

Adimethoxy=thane (10 mL), was added a solution of 3-
carboeth: wy 5,5—dimethy1—2(SH)—furahone (25) (100 mg, -0.54

mmol) in !.”-dimethoxyethane (5 mL). The reaction mixture
_ ) :

was stirred at room temperature under an argon atmosphere

. ) N\
for 1 hr. Tce-cold 2N aqueous hydrochloric acid solution

(20 w1 Ve viae added and the mixture extracted with



_/ Q : .>, N, : S - -

dichloromethéne (2 x 20 mL). The combined organic extract
was dried, filtered and concentrated. The crude material
was'chrématbgraphed on silica gel, eluting with 10% e£hyl
acetate in pet;oleam ether to atford the pure adduct 26
(200 mg; 100% yield): ir 1730 (ester carbonyl), 1780
(lactone carbonyl), {660”and 1680 cm™! (thiolesters); nmr
§1.26 (t, 6H, J = 8 Hz, 28”—COSCH2CB3), 1.32 (t, 34, J = 8
Hz, ~OCH2CH3),'1.48 ks, 6H, C(CH3),), 2.9{5(q, 4H, J = 8 "
Hz, 2x -COSCH,CH3), 3.66 (q, 2H, J = 8 Hz, 40cﬁ2cu3), 3.40
(4, 18, J = 10 Hz, -COCHCO-) and 3.90 (d, 1H, J = 10 Hz,
~-COCHCO-); ms Mt 376.1024 (calcd. for CygHp404S3:
376.1015). Anal. Calcd. for CjgHp40¢S2: © 51.05, H 6.43,

¢ 17.00:; Found: C S1.11, H 6.1, S 15.97.

N

Reduction of the Addugt 26

\

A ;ﬂlutiqn of the adduct 26 (170 mg, 0.40 mm~1) in
henzene (5 mI.) was added to a suspensior of Rapey nichel
(5 »I., settled volume) in benzene (10 ml.). The mivture
was stirred at rooh t°mr°ritnre under an argon atm spheye
for 30 min., Filtration and concentration ga e tb - <rnde
‘materiai which was chromatongraphed on silica gel. Fluti-n
with a solution of 15% ethyl ace*ate in petrol>um - thoy
afforded th: puré alcohol 27 (69 mg; 75% vield) as A
single isomer: ir 1735 (ester carbonyl). 1787 (lqb*one
carbonyl) and 3500 cm'l (alcohol); nmr 681.30 (v 300 7 = 8
Hz, -OCH,CH3), 1.45 (s, 6H, -C(CH3)3), .65 (q. 7", ' = °

Hz, -OCW,CH,), Y.85 (', W J = 6 Hz, - COCHCO-) = 1 1k

’
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(m, 2H, -CH,OH); ms m/e 185.1045 (M*-45; calcd. for
CgHy304: 185.0814). Anal. Calcd. for CyjjH3g0s: '€ 57.36,

H 7.88; Found: C 57.44, H 8,01.

Addition of 2 to Methyl Vinyl Ketone

A solution of 'S,S'-diethyl dithiomalonate (260 mg,
1.35 mmol) and DABCO (152 mg, 1.35 mmol) in 1,2-
dimethéxyethane (10 mL) was stirred at room temberature
under an argoh athosphére for 15 min.' The ﬁixture wasf
cooled to -30°C and a solution of methyl vinyl ketone (110
mg, 1.60 mmol) in 1,2-dimethoxyethane (5:mL) was added.
The reaction mixture was stirred for 48 hr at -30°C and
" then poured into 2N aqueous hydrochloric acid solution. : &
After extraction with dichloromethane (2 X"lg mL), the
combined organic extract was dried, filtered and
concentrated. The crude material was purified by column
chromatography on silica gel. Elution with 5% ethyl
acetate in hexane qffordedlthe mono-adduct 29 (282 mé; 82%
yield): ir 1710 (ketone carbonyl), 1660 and 1685 cm™ 3
(thiolesters); nmr 681,12 (t, 6H, J = 8 Hz, 2x -COSCHZCH3)1
1.84 (s, 3H, CH3CO-), 2.60 (q, 4H, J = 8 Hz, 2x |
~COSCH,CH3) and 3.40 (t, 1H, J = 10 Hz, -COCHCO-); ms m/e
139.0394 (M*-123; calcd. for C7H703: 139.0395). Anal.
Calcd. for C11H130352; C 50.38, H 6.87, S 24.43; Found:

C 50.38, H 7.00, S 24.73.

7
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-Reduction of the Adduct_ 29

A solution of the adduct 29 (300 mg, 1,15 mmol) in
benzene (10 mL) was added to a suspension of Raney nickel
(5 mL, settled volume) in benzene (10 mL). The reaction
mixture was stirred at room temperature for 1 hr under an
:argon.atmosphere. The m;xtu;e was filtered ana the |
residue washed with benzenel(3 x 10 mL). The filtrate was
concentrated and the crude material chromatographed on
silica gel. Elution with 10%/éthy1 acetate in petroleum
éther affbrded‘the pure ketol 30 rtT4 mg; 86% yield): ir
1710 (ketone carbonyl) and 33410 cm~l (alcohol); nmr 61.90
(s, 3H, CH3CO-), 2.30 (t, 2H, J = 6 Hz, ~CHCO-) and '3.70
(m, 2H, -C820H);,ms m/e'98.0738 (M*-18; calcd. for
CgHy00: 98.0732). Anal; Calcd. for CgHy,0,: ¢ 62.02, H

10.42; Found: C 62.41, H 10.72.

Addition of 2 to cis-tricyclo[5.2.1.027%)deca-4,8-dien~3-

one (31)

A solution of §,5'-diethyl dithiomalnnate (200 mg,
1.00 mmol), DABCO (117 mg, 1.00 mmol) and gggfrricyc]n
[5.2.1.02’6]de9a~4;§~dien“3‘one (31) (175 mg, 1-20 mmol)
ines,2-dimethoxyethane (15 mL).was stirred ;f room
temperature undevr an a}qon atmosphere for 10 hr. A 7N
aqueous hydrochloric acid solution (20 ml.) was addod and
the mixture extracted with diéhloromethane (2 < 15 wh).

The combined dichlorsmathanpe extract was drjed. filtered



and evapdrated to dryness. The crude product wés_pﬁrified
on sil@ca gel column.. Elution with 10% ethyl acetate in
petroleum ether gave-fhe Michael adduct 32 (3i0fmg;_100%
yield): ir 1730 (ketone carbonyli, 1660.and 1690 cm™}
(thiolesters)% nmr 61;24 (t, 34, J = 8 Hi,_-SCHZCH3),_1.3O
(t, 34, J = 8 Hz, =-SCH,CH3), 2.96 (q, 2H, th 8 Hz, -
-COSCH,CH3), 2.98 (q, 2H, J = 8 Hz, —coscn2¢H3), 3.82 (d,
"1H, J-= 10 Hz, -COCHCO-), 6.16 (dd, 1H, J = 2 Hz, J' = 4
Hz, -CB=CH-) and 6.24 (dd, J = 2 Hz, J' = 4 Hz, -CH=CH-);
ms M* 338.1008 (calcd. for CyqH,,03S: 338.1011). Anal.
Calcd. for Cy7Hpj03S: C 60.34, H 6.56, S 18.91; Found:

C 60.39, H 6.59, S 18.86.

Reduction of the Adduct 32

A -solution of the adduct 32 (338 mg, 1 mmol) in
benzene (10 mL) was added to a suspension of Raney nickel

(5 mL, settled VQlume) in benzene (10 mL) and the mixture

stirred at room temperature under an argon atmosphere for .

3 hr. The mixture was filtered and the residue thoroughly
washed with benzene. The filtrate was concentrated and
purified on silica gel column. Elution with 15% ethy}-'
acetate in petroleum ether afforded tEg_pure ketol 33 (180
mg; 93% yield): ir 1720.(ketohe carbonyl) and 3400 cm™ 1
(alcohasl); nmr 63.20 (t, ZH,.J = 8 Hz, -CH,OH), 2.50 (s,
1H, OH) ‘and 2.34 (m, 3H, -CH,OCH-); ms M¥ 194.1310 (calcd.
for CypHygO,: 194.1307). Anal., Calcd. for CjpH;g0p: C

74.18, H 9.34; Found: C 74.21, H 9,42,

51
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Addition of 2 to G-Acetoxy-cis—bicyclo[3.2.01hept—3*en¥2—

ra

one ( 34 ) ’_'oi

A solution of S,S'-diethyl dithiomalﬁnatg (231 ng,«”//%
1.20 mmélf;.DABCO (135 mg, 1.20 mmol) and 6-acetoxY{é1§-
bicyclol3.2.0]hept-3-en-2-one (34) (183 mg, 1.10 mmol) in
1,2-diméthoxyefhane (20 mL)hwas stirred at room

température under an érgon atmosphere for 48 hr. Icéﬁpold'
2N aqueous hydrochloric acid solution (20 mL) was added

and the mixturg extracted with dichloromethane (2 x 20

mL). The combined organ{clextract was dried, filtered and
concentrated. The‘resiaUe was chromatographed on silica |
gel. Elution with ld%'étbyl acetate in petroleum ether
gave the pure i,d—éd@@ét‘35 (300 mg; 77% yield): ir 1730
(carbonyl), 1660 and 6_90;cm'-'1 (thiolesters); nmr 81.26 (t,
34, J = 8 Hz, —-COSCH,CH3), 1.28 (t, 3H, J = 8 Hz,
-COSCH,CH3), 2.96 (q, 2H, J = 8 Hz, -COSCH,CH3), 2.98 (q,
2H, J = 8 Hz, -COSCH,CH3), 2.12 and 2.06 (both s, total 39
(1:1), CH3OCO-)>and 3.76 (d, 1H, J = 10 Hz, -COCHCO-): ms=
M* 358.0912 (calcd. for CjygHpp05Sp:  358.0909). Anal.
Calcd. for CygH,2055,: C 53.63, H 6.15, S 17.8%: Found:

¢ 53.86, H 6,26, S 18,01.

Reduction of the Adduct 35

A.solution of the adduct 35 (358 mg, 1 mmol) in

benzene (10 mL) was added to a suspension of Raney nickel
4

(5 ml., settled volume) in benzene (10 mL). The mixture
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Was'stirred at room tenperature under an argon'atmosphere
for 1 hr. It waslfiltered and concentrated. .The

resulting crude materxal was purified on a 5111ca gel
column. Elutlon with 15% ethyl acetate in petroleum ether .
afforded the pure alcohol 36 (201 mg; 95% yield): ir 1725°
(carbonyl) and 3400 cm” -1 (alcohol), nnr 62.12 and 2.06
(both s, total 3H (1:1), CH30CO-), 3.60 (m, 2H, -CHZOH)

and 4,15 (br, s, l1H, OH); ms M+J212.1056 (calcd. for

| c11H1654=. 212.1048). Anal. Calcd. for Cj Hjg04: C

62.23, H 7.60; Found: C 62.03, H 7.81..

Addition of 2 to 2—cyclohexenf1—one : .

~ A solution of S,S' —d1ethyl d1thiomalonate (2) (2431'
g, 12 m;ol), DABCO (1.35 g, 12 mmol) and 2 cyclohexen—l—
one (960 mg, 10 mmol) in benzene (25 mL) was stirred at
room temperature under an argon atmosphere for 48 hr. The
mixture was poured into ice—cold dllute aqueous
hydrochloric acid and extracted with dichloromethane‘(3 x
25 mL). The combined‘organic extract was dried, filtered
and concentrated to giye the crude material which was
chromatographed on silica gel. Elutlon with 10% ethyl
acetate in hexane afforded the pure adduct 8 (2.68 g; 93%"
'yield),as a light yellow oil: ir 1700 (ketone carbonyl),
1600 and 1690 cm~! (thiol esters); nmr 8§1.28 (t, 3H, J = 8
Hz, -SCH,CH3), 1.27 (t, 3H, J = 8 Hz, —-SCH,CH3), 2.92 (a,
2H, J = 8 Hz, -SCH,CH3), 2.94 (q, 2H, J = 8 Hz, =SCHyCH3)

and 3.70 (d, 1H, J = 10 Hz, -COCHCO-); ms M* 288.0870



54
(calcd. for Cy3Hpg03S,: 288.0855). Anal. Calcd. for
C13Hp00382¢ C 54.15, H 7.00, § 22.20; Found: C 54.18, H

- 6.97, S 22.23.

Reduction of adduct 8

A solution of the adduct 8 ;288 mg, 1 mmol). in
benzene (10 mL) was added to a suspension of Raney nickel
(5 mL, settled volume) in beozene (10 mL). The Mixture
-after stinﬁ@ng at room temperature for 1 hr was filtered,
concentrated and purified by column chromatography on
silica gel. Elutlon with a 15% ethyl acetate 1n hexane
-afforded the pure alcohol 9 (114 mg; 80% yield) as a
colorless'liquid; ir 1710 (ketone carbonyl) and 3420 cm ™t
(alcohol); nmr. §3.50 (t, 2H, J = 9 Hz, -CH,O0H), 2.20 (b:
s, 1H, OH) and 2.25 (m, 4H, -cHzcocné—); ms M* 142.0998
(calcd. for CgHy403: 142.0994); ‘Anal: Calcd. for

CgH1402¢ C 67.56, H 9.93; Found: C 67.58, B 9.92.
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INTRODUCTION ‘

G

“ 4

' The iriéycliéﬁsesquiterpénes, (+)-cedrol (1), (-)-a-
'cedrene (2) and .(+)- 8—cedrene (3), were first isol’d by
Walter (1) in 1841 from the cedar wood oil of Juniperus

v1gg}n1ana. The sttuctures of these sequ1terpenes were

_the object of a large number of chemical 1nvestigat10ns
which led to the proposal of no less than thirteen
different structures for 'the tertiary alcohol and the
related anhydro-compouﬁds (2). Previdﬁs investigators
(3,4) incorrectly deduced the size of the unsaturated ring’
in cedrenes 2 and 3 to.be,five-membergd.’ It was not until
1953 that the structures of these natural products were
correctly and independently assigned by LQO research
‘groups (5,6).‘ |

-Stork and Brejgbw (5) cbnfi;med the size of the
unsaturated*ring in cedrenes 2 and 3 to be six-membered by
a close examination of the infrared,épectrum of the
anhydride of noréédrene dicarboxylic acid (4), a
degradation product of the naturally occurring cedrenes.
This compound 4 proved to have an infrared spectrum
similar to that of glutaric anhydride with absorption
peaks at 5557-and 5.67 u. A succinic anpydride derivative
from a five-membered ring would have beeﬁ.expecte% to have
absorption maxima at 5.40 and 5.63 u in the infrared

spectrum., - ! g



av

i




“
In 1955, the structures of these tricyclic
sesquiterpenes were further confirmed and their relative
stereocﬁemistry‘wefe correctly determined by a total
syntheéis (7) of (tj-cedrol (1). Buchi and coworkers (8)
further established the absolutemeonfiguration of the
natural products through a chemical correlagion pf a-
cedrene (2) with a- and y-patchoulene.
Cedrenoid.cqmpéunds have béen the subjéct of
considerabief§Ynthetic activity. Since the first total
synthesis of. cedrol (1) was reported in 1955 by Stork, n~»
fewer than a dozen syntheses of the cedrenoid compounds
have been éccomplished by a number of diverse routes.
Inféfest in the total syntheses Sf these compounds is
widespread largely because of-thei; possession of the
.relatively rare trid?clo[5.3.1.0]undeﬁane skeleto "he
approaches that have been used ca» h'e cla=rified =

i

Major types:

&
1. Consecutive intramolecular -~ ndernonar i
7. Biogenetjc-type synthn-i-

. Diels-Alder a»pproach.

4, Arene ~lefin addivrion yea~tion.

Stork and Clarke (7) made use of consecutive

intramnlecular condensation reactions t- construct the
)

Q‘,rir’y(‘lif‘ ryetem, Stavt ing from ring © theyv 3ty vpeo !

60
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ring A by an aldol prbcess (5+6) ahduthrough.condqnsatiOQ |

of the ketoester 7, they ppﬁéihed thevdiketone’Bswhich,
after further functionéi grbup'manipUIaEioné, led io (t)l
a—cearene (2). . C - ”
Eight mére.syntheses‘Of;éécedrene (2) were reported
during the period of 1969 totiéj4. All these syntheses

mimicked to some extent, afbiosyﬁthetic proposal of-

&
o

/\oedrene (9) which is’depicted in:S¢Héme.i;.
Tn their first biogenetidally pétterhed synthesis of

a-cedrene (2), Corey and coworkers -(10) éuccessfully_

induced éyclization of the diene 9 with pdkdn trifluoride .

- to give the cedrone (10). The diene 9 waS'obtained in
fifteen steps frem p-methoxyacetophenone. A similar.

approach independently used by Crandall and Lawton:(lls

involved the unsaturated alcohol 11 which underwent ring -

closure on treatment with formic acid to.aﬁford racemic a-
cedrene (2). The unsaturated alcohol lliwaé pfepared from
arhy) pwbenzyloxy;hépylacetate (12yY,

Tn 1971, Demole and coworkef@ (12) appiied a cationic
cyclization of a spirol[5.6)decane derivativé t0<a§hievé>a'
synthesis of a-cedrene (2). 1In their work, B-acoratriene

(13), Which was readily prepared from nerolidol (14) in

four stéps, was converted to dehydro-a-cedrene (15) by

treatment with boron trifluoride.  B-Acoratriene (13) haé" jf

also been prepared in a more convenient way by Naegli and

Kaiser (13).

61
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Anderson and Syrdal (14) developedva»renarhably
simplified traneformation of neroiidol (14)‘to a-cedrene
(2) by treatlng the former compound sequentially with
formic acid and tr1f1uoroacet1c acid. Ohta and_ﬂ1rosev

(15) obtained"a-cedrene (2) t09ether with four other

cyclization products when they subjected farnesol (16) to,_

the treatment of boron. trifluorlde.,

fiicomd‘synthesxs?OE c-cedrene (2). Corey 8 .
group (16) used a synchronous double annulation pr0cess
'resulting in the direct conversion of the cyCIOpropyl
" ketone 17 to cedrdne (10). This was accomplr;hed.by.the
treatmeént of 17, which was-prenared'fronrcyclooentaneTIVBe
dione, with an excess of acetyl methanesulfonate.

Lanshury and coworkeré (17)-applied-a chloro—oiefin

annulation procedure which they had developed earlier (18)

to the syntheeis’of’cedrene, Oon treatment_of the hydroxy

,chloride'ls.with formic acid and acetic anhydride, it'

underwent cycllzatlon to afford a-cedrene (2). Buchi and

coworkers (19) in a synthe51s of khusimone (19) obta1ned -

ufcedrene (2) as one of‘the byproducts.

In the last five'yeare, four different routes'to'theo

’Synthesiéeof'theycedreno1ds have been accomplished.w'The'
first one was by Fallls and Breltholle (20).' They made
'use -of an Lntramolecular Dlels-Alder reaction as ‘a key ;h
‘step - in the synthesis of (+)-cedrol (1) and (2)- cedrene

e
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(2). Their”approachﬂhinged on theigeneration of ;f
suitable tricyclols.z.1;0;95]dec-B-ene_intermeQéi}e;20 by
internal cycloaddition_of.the cyc10pentadiene ili Theyi
correctly 3nticipated that due to the.stereochemical )
constraints of the system, the fused cyclopentane rino |
woufa have the correct exo orientation and that / .
hydroboration of 20 followed by oxidation would generate
the desired ketone 22 for ring expan310n to cedrone ;
(10). Deslongchamps and coworkers (2Y) have-recently
shown thet the diketone 23 on treatmentlwithisodium
methoxide-underwent ring fission‘to afford enone 24 having.
the cedrene skeleton. }The conversion of_24“tovnaturally
occurring cedrenoids-remaiﬁs“to‘be accomplished.
Wender'and Howbert-(22) ‘have made use~o£ the 1‘3- ‘
photoaddition of olefins to arenes as a key step towards
the "synthesis of cedrene. The intermediate ‘used for thei‘
photoaddition was the’arene—olefin 25 which wasjprepared“
from 2-chloro+5-methylanisole in fou: steps._ Irradiation
of the arene-olefin 25 in pentane using Vycor-filtered
1ight from a 450 W Hanovia source gave two cycloadducts 26

: i
and 27. Subsequent treatment of the.mi}ture with bromine

resulted in the formation of only 10u- (28) .and 108—
bromocedrene 11 one- (29), which gave cedrene-ll-one 30 on .
treatment with tri n-butYltin hydride. .Final conversion
‘.to u—cedrene (2) Was readily accomplished by a WOlff~

_Kishner reduction.
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Horton and Pattenden (23) have achieved a total
-;synthesis of (t)-u—cedrene through a sequential ‘ ..hz
"intermolecular and intramolecular Michael reaction using
'-bicyclo[3.3.Q]octenone;31a as Startxng material.v In their
initial aoproaoh they planned to elaborate the.tricyclic.
,ring system of cedrene using a single step tandem Michael
addition sequence involving the enolate derived from enone
ester .31b. However, although this enolate ion added
smoothly to the compound 32 producing the adduct 33, they
were.unable to effectrthe intramolecular Michaellreaction
required for the formation of ‘the desired compound 34.

The problem was solved when 2—n1tro-2—butene was used as a
Michael acceptor. The addition of the enolate deriVed
"from 3la to 2—n1tro-2 butene gave the nitroketone 35.

: ¢
Oxidation of 35 afforded the dione 36, which underwent

smooth cyclization to the tricyolo£5.3.1.01 +5]- ‘ l
undecanedione 37 on treatment with potassium tert-
butoxide. Further functional-group manipulations of 37
gave (t) -a-cedrene (2). |

The sesquiterpene a-acoradiene (38) was isolated

" along w1th cedrol (1) and a-cedrene (2) from the wood. of

Juniperus r gid by Tomita and Hirose (24). When a-

acoradiene (38) was treated with ethanolic hydrochloric‘“
a01d, it gave a-cedrene (2) in over 80% yield (25)."

‘Wolinsky and Solas (26)~319éeeded in the total synthesis
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ofa(r)—a-acoradiene (38). Tneir-starting mate

cis,.trans-puleganolide (39) which was obtaine
; steps (27) fiom pulegone (40). Puleganolide 39 v
alkylated with l-iodo-3, 3—ethylenedioxybutane to afford
the lactone 41 whqin underwent elimination‘with base'to
Thi

give the unsaturated acid 42a. cid 42a was

esterified to give the ketal esfer 42b. ‘Hydrolysis of 42b
followed by cyclization with potaesium tert-butoiide gaye‘f
the spirodione 43. The carbonyl group atcC?5_of, \ -
spirodione-43 was removed by the claSSic'procéddte of
‘enolether'fo:mation (43+44)_followed;gy %ithimm aluminium | ‘
hydride réduction (28). Acidic workup gave dienone 45,
'thevconjugated'donble bond, of whicn was reduced‘with ’

lithium in ammonia to afford the ‘enone 46 identical‘with

?

‘one of the intermediates in Corey's' synthesis (10) of
’cedrOl (1). To complete the synthesis’ of a-acoradiene’

-~

(38), the,dienone 45 was reacted with

methylenetriphenylphasphorane followed by'a 1, 4-reduction

. r

of ‘the resulting triene w1th sodium in liquid ammonia.
*

About three years ago the synthetic studies presented

Tal s

in Part Two of this thesis were 1n1tiated in our
laboratories. It was decided at that time to re—examine
the synthesis of the. cedrenoid compounds when the _ 7#?

-potential use of camphorsulfonic acid as a starting

' L

material was recognized. The availability of
. .
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camphorsulfonic acid in both optically active forms-
provides an excellent opportunity for the sxpthesis of
optically active cedrenoid compounds. 1In the initial
approach, the trione 47 was conceived as a viable key
intermediate. Tt was envisaged that under suitable
conditione 47 conld undergo congecutive intramqlecular

1
aldo) condensatjon and Michael addition td give the
triket~ne 48. The t'rione 47 was obtained in optical1y
artive form by five oporatio;s from (~)~caﬁphoienic acid
(49) which was in turn readily preparea from commercially
available - 10 ramphnrsul!fonie acid amm;nium salt. The
ryclization of 47 ro the Aesired trione 48 was attempted
without sucece~r. Tn all cacar -nly tha hicyeclic andpne 50
‘ne htajired.

Ne =2 v ~n'sy of the failunre +n Fri- g about *rhe degir A

ey lizari o of "7 A elinht medjfied aprronch wae

9
<
-
9

intAalv- 3 tha iptrodgecrion of a2 eujtably

for =t i a2l Al i Y ey by A R ant ‘|0 K1) Wif" the '\(\pﬁ
[} Tl dgvey Ay et e~y al "\(‘f~‘{7afi o Yhoe twn gide ~heain
, afF ~ the ye i A miv  apered ring. Ac-rdinagly
RNV | rer R f 'vpp Y v v P opn'bt‘_ fTnwovey altl
b b et vy hee ey e et i oy thamo vnolecn\og wer o
»
R S | he poaminton gf~rilare o by ing ahout the
" a0l o agpi inue of the

Agr i vnt e KDY oy

v 76



77

49

-~
-
«”"._._ouﬂl\

[ W

0

\Q
- '-m}--—(unlln\
ot
N



inability to bring about the degired cyclization of 51,
could‘;e due to the wrong relative stereochemistry of the
two side chains. The fact that compound 51 (X=COOCH3) was
convertible to thévtricyclic ether 52 by an array of
reactions under conditions which are incapable of bgTﬁging
about“épimerization of any of the pre-existing centres,
clearly indicated that the two side chains of this
molecule%SI should have been trans to each other. 4The
:toraooﬁsmistry of 51 should therefore be represented by
f;“""nla/SIa contrary to expectations.

With these experimental observations in mind tﬁe
synthetic strategy towards the cedrenoid compounds was
mnijified. It was conceived that a synthesis of cedrof (1)
by the abnve atrateqgy would require the reversal of the
ntarenchemictry of the ring B side chain at some point in
th  synthesie, Such a reversal in stereochemistry could
e copuvervient 1y brought about if the side chain in
e atin i atrtached Yo an °pim9rizahld centre. With thin~
in mind e aet out to prepave the bicyclic compound 53
with the indina{pd abaplure configuration, Tn order to

7

~htain the ervpectrd steveochemical reqr irement in 83 i

wa~ ap arent that A 10 camphnrgnlforir nejd wondd hae 10
hee tha mbart g aterjial. Cropeound %3 ~fFrer

]
T IR v oo y ~f the “:ay"'\\" v'rw\fa‘v\i q aite "h?{—".

Do e A Vo yiaa codrol (V).
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The second part of this thesis describes in detail the
£

work that has been accomplished in this direction towards
B . . v oy

the synthesis of (+)~¢edroi (1).

a



.

i

RESULTS AND DISCUSSION
. adv'

>
o

To pursué the synthesis of (+)-cedrol (1), our plan'
N ' - . L4
was to elaborate the tricyclic ring system present in the
. / . ,
cedrenoid skeleton via a bicyclic compound of type 53. 1t

o

.was conceived that the bicyclic keto diester 54 would be.

ES . 5

an attractive interpediate. Compound‘54 has three highly
desirable features: First, it possesses the correct ﬂ
absolute configu;atioq.at the ring junction identical with
that found in (+)-cedrol (1). Secondly, it should bé
possible under suitable‘éonditions, to epimerize the ester
side chain attached to frng B. aThirdly,.having brought- .-
’tpe two ester side chains to a Egé_rélétiqnshiﬁ; the ring - .

¥

@losure needed to form the tricyclic skeleton could b;

s
induced by a Dieckmann reactionsh Furtﬁermore} the
conditions required for the Dieckmann cohden&aﬁion sboulé,
in principle, also effect thé needed epimérizat}égj thus
facilitating the d;réc(/cohversion of,the bicyclic keto

]

diester 54 to the tgicyclic compound 55.-
From a retrosynthetic analysis (Scheme II) it was
recognized that a viable synthetic intermediate to the

bicyeclic keto dieéfor'54 wou ld be tR® unsaturated ester

59. This compound possesses not oniy the gem-dimethyl

80
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group and a substltugion pattern 31m11ar to that found ‘in’

“.

the bxcyc11c ketg dlester 54, but also ?unctionalltles

'SULtable for further mod1£1cat10n. For expmple,.after a
suitable act1vat1§n of the vn@yllc methyl group»(59 *658) ’
angither1ntr9dqct16n of a three-carbon un1tl(58 + 57), ;hel
iéyéliékcd%podnd 56&cduld be formed b; an inpréméiecdlér

| densation. Subsequently, a Michael addition of a
gﬁitably functionaiibed unit should then lead to 54. fhe
potential of camphoric‘anderide (60) "as a g;od.source of
the required starting material 59 was also recoénized,

waards;the preparation of 59, d.l—camphdfic

\Janhydride (60)1 was treateé with methanolic é;diu;’
methoxide at room temperaﬁure to afford é quantitativg
yield of the carboxylic aéid 61l. The ir spectrum of 61
showed the characteristic broad hydrbxyl band at‘3300 -
2500 cm™l and a broad carbonyl absorption band centered at
1720 cm™ ', The nmr spectrum displayed two three-proton
singlets at 60.85 and 3.70 and a six-proton singlet at

1.30. The mass spectrum displayed a molecular ion peak
at 214.1207 inkagreement with the structural formula.

In order to introduce the required olefinic doible

11n order to obtain compound 59 with the indicated absolute

configuration d-camphtric anhydride would have to be used.

The racemic mixture was used in the present work because of
its immediate availability.

v

~
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'bond thh concomitant removal of the carboxyl groeup,
compound 61 was refluxed with lead tetraacetate and
pyridine  (28) in benzene. Phis reaction afforded a 30%
yxeld of an 1nseparab1e mixture of ;he requ1red |
unsaturated ester 592 and its 1someé 62 in a. 1 1 ratio.
.Various attempts were:made to improve the yields but no
signicant improvement could be attained. Attempts were
also made éé isomerize 62 to 59. However, under a variety
of acidic conditions both eempo“nds 62 and 59 underwent*a
1,2—methy1 migration to give the conjugated eSte; 63.

In spite of our inability to obtain 59 in a suitab}e
yield and in a pure form, it was decided to ‘carry on the
‘synthesis with 'the Agxture of 59 and 62, in order to study
the feasibility of the subsequent transfermations. The
mixture was subjecteé to photooxygenation using. methylenea
blue (29) as a sensirize;. This was followed by reducti
nf the resulting hydroperoxides with sodium borohydride
The reaction gave a complex mixture from whirh a amnall
amount (<¢10%) ~f the desired allyli~ alcohol 64 w=s

obtained alnng with the recovery of a csubstantial ~wmanny

nf ararting material (~RN0%) ecven after irradiat inn £

’This compound hac been obtained previously (30) in 52%
yield frém ceric ammonium nitrate . oxidation -f
camphorguinmne.  "Nefortunately, we renld not reprel o o the
reanultvg,

83
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more than 7 days. The spectral data confirmed the
ok '

structure of the allylic alcohol 64. 1Its ir spectrum

showed diagnostic absorption bands at 3450 (alcohol),

3100, 1665 (olefj fd 1740 cm™! (ester). The nmr

spectrum indicated -ﬁét the compound was a 1:1 epimeric
mixture showing two pairs of methyl singlets, one pair at
§1.20 and 0.95 and the other at 81.15 and 1.,00. 1In
agreement with the structural assignment, t;o Broad
singlets at §5.09 and 4.88 for the two vinylic protons as
well as a methyl singlet at §3.70 were also nbserved.
Several attempts aimed at improving the yield of the
allylic aleohol 64 in the photooxygenation reaction were
undertaken, fn‘thfé direction sensitizers such as roc -
beﬁgal (3la) and eosin Y (3;b) were used in piac0 of

methylene blue. Tn addition the use of solvents ~uch a=

ethyl acetate and ethancl wag also investigated. - wrover,

in all caces no substantial improvement of the
photoachemical reaction was achieved.

The exceptionally low yield of the conver—% - ¢
to 64 hy the photochemical process prompted an
inveatiqati~n of an alfernat'iva'ronta for thig
conversion, The alternative waa a twe -step renctinn
sequence invalving epoxidation of the ~lefinic Adouble !
£~ 1eoed Fy + ring- pening of 'hoa r‘m"'zin’s ep vwide.

YWy sV gy Y Y ey Atpre (o Yane e [ e ) H v o
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that the base induced ring-opening of epoxide fsqwould
occur to afford thé desired allf)ic alcohol 64 as a reSult
of the ppe%erential degrotonation of the methyl ‘
substituent.

The mixture of unsa;urated esters 59 and 62 was
treated with m-chloroperbenzoic aqid in methylene chloride
ro afford a 1l:1 mixture of epoxides 65 and 66 in
quantitativé yield. These products were separated by high-
pressure liquid chromatography. The nmr spectré confirmed
the ideﬁtity of both epoxides. In’addition to a methyl
_singlet.at §3.70 for the methyl ester, the ;desired epoxide

.
65 showed three methyl singlets at §1.25, 1.20 and 0.95.
Furthermore the compound showed a one-proton multié&et at
463.26, which was assigned to the pr;ton on the epoxide
ring. On the other hand, the nmr spectrum ofléhe epoxide
6F chowed nhl; three methyl singlets at 83.70, 1.40 and
1.10 and a two-proton multiplet at 63.30 which was
acssigned to ﬁhe methylene protons on the epoxide rina.
The nmr spectra also indicated that each epoxide was a
single stereojcomer. The steregrhemistyy ~f rhece
epoxides were not determined.

Having nhr,ainad,tho epoxide 65 in the pure form, its
ving epening wa examined, Thus epoxide 65 was suhjected
tn tre~tmaent of lirhium diisopropylamide generated in situ

¢

1y tha vanction ~f Aijenpropylamine and methyl lithium,
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Surprisingly, this reaétion afforded the desired alcohol
64 oﬁly as the minor product flS%) along with a
substantial amount of isomeric tertiéry alcohol 67. The
allylic alcohol 64 thus obtained was shown to be a single
sFereoisomer by the nmr‘spectrum which showed threa mothy)
singlets at 83,70, 1.15 and 1.00.

Since the allylic alcohol 64 could not bhe ~htain
a reasonable yield from camphoric anhydride, it was
necéééary to prgpceed with the synthesis with a ~light
modification of the inte6ded route (Scheme TIT). The
modification made use of campholenic ééid (68) as the

]
starting material, This aFid was readily available from
.oamphorsulfonic acid by fuéﬁon with potassium hydroxide
(33). The effective use of campholénic acid (68) in the
synthesis of (+}-- eolrol (1) by the int-nded rewue- (Sch me
TT) would req:i-< ~ dagradation of it aciad =idns h i 'y
“ne carbon.

Powdered A4 10 camphargulfoni- aid was P¥eataa i
fused potas~cinm hydrovide to give an B6% yip]d e f )
camphoalernic arid 6R . This yield tepre-entaed an

improvem nt of mor~ thar 0% aver that oF'ained hy the

P’ ayinuy- [ cervre (YY) "Tho impyﬁvomont wnana achjev:d }\y
eliminat i o the mrroaan of continumr: hesting «f the fua:
‘\(-\l ,’\_‘:ﬁi“"‘ h\wir wide A ;nq X 2 YA R T vt eyt b g n  of v

"aorgul foonie =i M.

Tavarificat ion f €0 iy 0 ; ~o vt e
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methyl *iodide in acetone' (34) at room temperature gave a
quantitative'yiéldAof'the‘correSppﬁding déter 69. The
‘sbrucﬁure of the ester 69 was geadily establiSﬁedvfrom its
spectral data. The ir spectrum showed a ca;bonyl
absorption bénd at 1745 cm~! and the nmr <spectrum

displayed methyl s1nglets at §3.60 (methyl ester), 1.58 o
L

(vinylic methyl), 0.98, and 0.75 (gem-dimethyl). The. = o
broad muitiplet at 65.50 was readily assigned to the - /3

. )
vinylic proton. A molecular ion peak at 182.1308 in the -—

[ 3 o A

mass spectrum was consistent with the molecular formula of

Cll”léoz whirh wag further'confirmed by the elemental _—

analysis.

The transformation of methyl campholénate.169) ;olthp \\

bicyclic keto diester 54 would require  the degradation of

the ajde chain ester by one carbon unit at a suitable

e

stage in the synthesis, Two approaches were successfully
examined. One approach ihvolved the degradation of the

ester ~ide chain at an early stage while a second approach

/
/

invelved the Adeqradation at a later stage in the

synthesis, The details are disqussea fully bélow. '
Phatansygenat inn (\'F ;9 uéir'\q methylene blbe as a

sensitizer FQIIOw;d by reduction of the resulting

hydr opernxides 70 with sod1nm borohydride gave an epimer’c

mlxturo ~f allylic alcohrols 71 in 70% §1e1d. In the ir

Tpecty am . charact v e ja ahenfprion bands were observed at
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3¢50 (alenhol), 3100, 1655 (olefin) and 1745 cm~1!

(eeter). The ratio of the two epimeric alcohols was found
tn be approximately 7:3 as determined by the nmr spectrum
which displayed tw: pairs of methyl singlets, one pair at
8§1.15 and 0,85 and r} other pair at 81.05 and 0.95. 1In
agreement with the atrvuctural aesignmeﬁt doublets at 45.15
and 4.9% each with a éoupling constant of 8 ﬁz for the
“Iinylie pr“tons.and a singiet at §3.68 for the methyl
actry wera alan obser od Since the chiral centre be~ring
the hydrnaxyl group in 71 was tn be desfroyed(in the
gnhseduan traneformations, po attempt was made to
reravate the 'wo =pimeric alcohols.

Nithrangh the allylic aleohels 71 could be prepared in
aned yie'd by the phntachemiral process, the reaction
auffer ¥ from twr AdArawbackn~e (1) the reartjion required a
rather long time (72 bx v more), and (2) Fﬁr’reasons

which are ~nt iowedia'ely apparent the vield coenld not he

repr~du el oA Iarage erale prapavation (M5 g). As A
reesult, vhe 011 wing al'terpative route was successfully
ovamine\. Fet ey €69 was treted with m ~hlaynaperbenzaic
At bt gite v o quantit-ti e yield af vt arimerice epoxide-
77 which were found to he incepnarable On tyoentmant it h

Vithium Tiieccy oy lamide, ep-viiles {; affrrded the
ot A nle vt 71 = 8 1) epimeric wmixture (by

cact ben maquence afforded



the desired allylic alcohols in a yield comparable to that
frﬁm the photochemical process. 1In practice the two-step
sequence was preferred over the photochemical process
hecause it required a shorter react;oh-time and the
resulte were reproducihle ragar?lece ~f the quanptities
starting matarijal u=ed.

Tt is interesting t~ nnte that the ring opening ~f
the epowvide 72 gaﬁo rnly ;ho se~nndary »1llylie 5100“01 7Y
whereae the ring-opening of Qho epoxide €5 afforded the
tertiary alcohol 67 as the major product. This different
in the evperimental results ronld he ratianalized hy
invoking thoe higher acidity nf the methylerve p: ot one ¢
(’"mpﬁllhf‘ 6S compared t« the mothyl ot ong Tia v e
Nome proximibty of the ester grovp.

Tnjtia? :\?O'oynr\t-q to vidize the a‘]Y].i,. alcohrls ™)

with cactive rmangancde Aiawide (") mave mniv 0% yield

the required annne 73 Nee A voeruly moAdifia!' Maffar¢
~widat i with acetic an'ydride vod Ajret’ yl 0l fs §i7n
(37) wa- cwnamipe ', Thie rag tin gnrue Aan dmpr o oved b
of H09% iy by ivv\('v(v"'\mnyv' vae b iarvre uhegn the

S dAn S tae s me A i Ly Jy 1 ohlav i da gnpAd 47iv'vn|k\y‘
santiovide " 77) 0 By this method epnone 73 was obtainod !
ann y‘nlv v 1Y etryctare of 73 wae r"Qﬁhlishpd Py it

ap oty sl e o Tn the mae Sprestryar 3 mrj]eén]:\v ien pe

Y Yyay "’)n"»; .t HER N ‘Y. " ] . {
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C31H1603. The ﬁmr spectrum showed three methyl singlets
at 63.68, 1.22%and 1.00. The two broad singlets.at §5.96
and 5,22, each integrating for one proton were aésigned to
the vinylic protons. The ir spectrum showed diagnostic
bands at 1730 (five-membered ketone carbonyl), 1635
(nlafin) and 1745 cm~! (ester).

The introduction of a three-carbon unit required for
the formation of ring A of cedrol (1) was effected by
nsing the method developed by McMurry and coworkers
(38). The enone 73 was treated with’ l1-nitropropane and
potassium carbénate at room temperature to give a 72%
yield of two isomeric nitroketones 74 in a 2:1 ratio. The
ir spectra of the two compounds were found tO'%@ASFmila;
showing ingeach case strong carbonyl absorption bands at
1730 and 1745 cm™ ! and a nitro absorption at 1545 cm™!,

Tn the omr =pectrum the major iscmer showed three methyl

sintlets =t 53,70, 1.0R and 0.64, a methyl triplet (J = 8

zY ar 81 00 and a “nme proton miltiplet at 64.90, whereas

the wminnr iscmer gshowed three mothyl singlets at §3.70,
1.1/ and 0 68, a methyl tripler (J =.8 Hz) at 40.96 and a
ops proton multiplet at &84.84, The nmr spectrum further

indicated that each of these 'wo compounds was a single
cteor ooianmery . Th~t thece twn compownds were epimeric at
the rhiral centre hearing the nitro group wae evident from

Ty

Py f-ypavimpntal reanlrme (1Y the Ywo compﬁundq

92
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were interconvertible upon base treatment with potassium
carbonate, and (2) in the foll&wing transformation, both
compounds were converted to the same diketone 75. The
stereochemistry of the nitro compounds was tentatively '
assigned as 74 on the basis of the fact that the compounds
were produced under equilibrium conditions and the trans
stereochemistry would be expected to be more stable.

" The conversion of the nitro 'compounds 74 to the
diketone 75 was accomplished‘by the treatment of the
former compound with one equivalent of sodium methoxide in
methanol at room temperature folléwed by ozonclysis and
reductive work up with dimethy] sulfide. The diketnester
75 thus obtained in #2% yield, was a single steronisomer
which showed a sharp melt ing point of 73~78°C and ; tooat o)

R :
130 nmr spectrum. The 1r

0% fonrteen peaks in the
spe~trum of 7% displayed djagrnstic absorption bands ot
1718, 1735 (“etone carbhanyls) ard 1745 c'm"l {eertor), The
nmr  epect yum chrwed four methyl «ignals, three aas shavp
cinglats at &3,70, 1,12 and 0.66 and the other as Aa
triplet at §1.12 with a eoupling constant af 8 H;. Exact
mara meaaurement revenled A malecular weight of ?54,1526
in agreement with the required molecular formila of
p]d"??”d' The abenlute grereachemiatry of the divete

eator 18 was further confirmed by vuclear Nverhaucder

et axpor fmoent e Wheyy the me thyd ainalat  at (R
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(one of thé geminal methyls) was irradiated, the N
multiplets at 62,85 (Haf, 2,70 (Hd) and 2.60 (Hf) sﬂaisé a
4% enhancement. No enhancement was observed'for the -
multiplet a; §1.85 (Hb). This evidence conf}rmed the .
trans relationship between Ha and Hb, and therefore the
absolute stereochémistry of the diketo ester 75 must be
correct as given,

In order to induce the intramolecular aldol
condensation, compound 75 was réfluxed with methanolic
sodium methoxide. The reaction afforded a mixture of the
desired bicyclic ketone 76 along with a variable amount of
the corresponding acid 77 which was inevitably formed due
to the production of water’during the reaction. Without
purification the mixture was treated ‘with potassium
carbonate and methyl iodide to effect the esterification
of the acid component. 1In this way the bicyclic enone 76
was obtained in a 73% yield. The ir sbectrum of 76
displayed absorption bands at 1710 and 1670’cm—1
indicating the presence of a conjugated cyclopentenone
moiety. The nmr spectfum showed a singlet at §3.75 for
the methyl ester and two §Thglets.at Gl.lg\and 0.60 for
the gem-dimethyl group;l Furthermore; a singlet at 6§1.75
waspindicative oé the vinylic methyl. The appearance of

only four singlets in the nmr spectrum further indicated

that compound. 76 was a single stereoisomer. This was

94
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confirmed by the 13¢c nmr spectrum which displayed}only
fohrteen eignals. The ab%olufe sﬁereochemisfry of the:
bicyclic enone 76 was established by nuclear Overhauser
enhancement experiments. Irradiation of the methyl
singlet at 61.£5 (one of the geminel methyls) resulted in
a 6% enhancement of %E; signals at 82.55 (Ha) and 2.32
(Hb). On the other hand, irradiation of the methyl
singlet at 6§0.66 did not effect any enhancement of the
siénals at §2.25 (Ha) and 2,32 (Hb). This evidence
clearly revealed th%$ the two protons Ha and Hb must be
Eﬁg_to each other supportingithe assigned
stereochemistry. It is noted that compound 76 has a
stereochemistry opposite to that of the precursgr_75;
Eherefore a complete epimerization mist have taken place
-.during the aldol condensation.

>;‘f7 At tﬁie point two primary operapiéns were required to
oﬂﬁgie:the target bicyclic ketodiester 54. First, a
proplonate unit would have to be introduced at the ring
junction. Gecohdly, the existing ester side chain in 76
wouldmpave to be redueed by one carbon unit. To fulfill
tﬁe first requirement, the bicyclic enone 76 was subjected

"to a Michael reactlon with the Grlgnard reagent prepared

" from -4=bromo-1- butene kn the preeence of cuprous iodide. ¥

s
- IR I TS .
...'.\. ,t I G (vaﬂ,._ I‘I-,- - ot

It was, env1saged that since the ox1dat1ve cleavage of the
R e me - = .

butenyl- group would lead gpaa proplonlc ac1d, the "~
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.;ntroduction of the former could serve as a masked

pfopionate unit. Initially, the 1,4~addition reaction

‘presented some problems. The yield was low and the

s

"reaction was erratic. However, after extensive-

experimental studies, the desired adduct 78 was obtained
S ‘ . !

3

in a consistent yield of 70% under carefully controlled

conditions as follows:

1.

J
.

The Grignard reagent mdal”be prepared using
tetrahydrofuran as solvent; the use of other solvents
such as ether and 1,2-dimethoxyethane gave poor
results,

The commercialiy available cuprous iodide needed to Eé
freshly purified and extensively dried (39).

Six equivalents'of the Grignard reagent and 0.3
equivalent of cuprous iodide were needed to achieve an
optimum yield of 70%.

The mixture of cuprous iodide and the Grignard reagent
jn tetfahydrofUran needed to be stirred under an argon
atmosphere for 90 minp at 0°C b"oro the additinn Anf rhe
bicyclic enone 76 at -25°C,

After completion of the reaction, the mixture was added
slowly to a rapidly stirrinq solution of 2N aqueous

hydrochloric acid.

The adduct 78 rhus obhtained was shawn tn he a mixture
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of two imseparable stereoisomers in a 2:1 ratio by ‘the nmr
spectrum which showed three methyl singlets at 60.45, 0.78
and 3.68 and two doublets wiéh the major at 60.95 and the
minor at 61.02, both with a ;oupling constant of 6 Hz, for
the methyl group adjacent to the ketone carbonyi. In
agreement withlthe structural assignment, the ir Spectrum
of 78 showed characteristic abso;ption bands at 1730
(ketone carbonyl), 1745 (ester)'ahd 1650 cm~1 (oiefin)_and
the mass spectrum di§playéd a molecular ion peak at
292,1010. Regarding the stereochemistry, a cis ring
junction was assigned baged on the known examples (40;44)
which showed that the 1,4-addition of'organo "ate"
cé;plexés to enones occurred preferentially from the

sterically less hindered side of the molecule. Moreover,
a trans ring function in a bicyclic[3.3.0]octane system
would bhe considerably less favour;ble. '

To degrade the ester side chain of compound 78 i€t"-.

was intended to proceed via a Barbier-Wieland (45)
reactioh which requires the conversion ofvﬁhe ester into a
diphenyl carbinol by a Grignard feaction followed by
dehydration and oxidative cléavage of the\resulting
olefinic double boﬁd; It is anticipated that_the latter
operation would also effect the oxidative cleavage of the

existing olefinic double bond, thus converting

simultaneously the angular substituent to the required
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propionic acid unjt. .
Since the Grignard reaction with 78 was expected to
occur preferentially at the ketoné)carboﬁyl, its
protection was necessary. Initial attempts hade to
protect the ketone carbonyl in.the form of a ketal using

ethylene glycol and p—toluehésulfonic acid failed. The

reaction resulted only in the transesterification of the

methyl ester with ethylene glycol. Subsequent attempts to

convert the ketone to the corresponding thioketal using
1,2-ethanedithiol and boron trifluoride etherate were
equally unsuccessful. In this case a tricyclic thioketa)
79 was produced in quantitative yield. As a consequence
of these results, it was decided to convert the ketone
carbonyl of 78 to an alcohol prior to the Grignard
reaction. Treatment of compound 78 with sodium
borohydride in methanol at N°C afforded a mixture of
hydroxy esters 80 which was c;parnted into two pairs of
diastereomers in a 2:1 ration, In the nmr gspectrum the
major pair displayed thr;o methyl singlets at §3.70, 0.85%
and 0.65 and douhlets at A0.95 and 1.00, sach with a
coupliné constant of 6 Hz for the methyl close to the
hydroxyl'group. The min;r pAir¥ showed_three methyi
singlét; at 63.70, 0.88 ané 0.70 and alsé two doublets at

£1.02 and 1.00, each with a couplina constant of 6 Hz, for

the methyl adjacant tA the bydroxyl group. FEach pair was
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indepehdently conwerted to ;he same.- keto diene 84_by the
follbwing transformations. -

When the major pair of diastereomers of 80 was
treated dith five equivalents oé phenylmagnesium bromide,
a quantitative yield of thé two diastereomeric diolé 81
was obtained. Two closely related'ro;tes, were useé to
convert 81 to the desired keto diene 84. 1In one route the
secondary hyaroxyl group in 81 was first oxidized with
pyridinium chlorochromate in dichloromethane. This was
followed by reflukiﬁg the hydroxy ketone 82 thus formed -
with a 1:1 mixture of aceticlanhydride and acétic acid to
afford the kepo diene 84 as a 2:1 epimeric mixture in a
60% yield over the'two steps. Alterha;ively, compound 81’
was subjected to selective dehyaration with p-
toluenesulfonic acid at room temperature to givé the diene
"alcohols 83 which were then oxidized with pyridinium
chlo;ochromateAin dichloromethane to givé\ the same mixture
of 84 {n A s]ightly improved yield of 70%.

The keto diene 84 showed diagnostic absorption bands
in the ir spectrum at 1735 (ketonhe carhonyl)_lGOO
(aromatic) and 1640 cm'i‘(olefin).' In the nmr spec;rﬁm
the ten aromatic proteons appeared as a multiplet cénteredo
at %7.20 while the vinylic proton close tn the pﬁehyi
groups Aappeared as two doublets at §6.04 and 5.9 in a 2:1

ratio indicating a pair of stereoisomers, The vinylic
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protons on the terminal double bond appea?ed;és multiplets
at 65.75 and 4.§5‘integrating for one aéd t?é protons,n
}espeétively. The nmr spectrgm aléo displayéd ﬁwo methyl
Qinglets'at'Sd.QS and d.65 for the gem-dimethyl group as
well as two sets of doublets at 61.02 and 1.08,“in a 2:1
rafid, eacﬁ with a coupling co;stant of 6,Hz;yfor a total
of three protons of the methyl group adjacégt toiihe
ketone carbwgyl. |
Similar treatmgnt of the.minor pair of diag&ereomers
nf 80 with phenylmagnesium bromide followed by dehydration
with p-toluenesulfonic acid and o*idation with pyriﬁfnium
chiorochvnmate gave a 70% yield of the same Reto diene
84, | N ¢ . ; o
Since bhoth pairs of 80~Qere conver£ed to:the‘samé
keto diene 84 in the same ratio, and since these pairs of
coﬁpounds showed considerabie difference in poiafity on
thin~layer chromgtography, it is not unreasonable to
aseume that botﬁ pairs of stereoisomers difﬁered.from each
ofher.StAthe chiral centre''bearing thethydroxyl.group.
Having obtained the keto diene 84, we turned our
attention t~ the cleavage of the olefinic druble bonds.
Ketn dien~ 84 was subjected to ozonolysis followed by - " ?ji
reductive work up with dimefhyl sulfide. Unfortunately,

. . . & .
this reaction gave a complex mixture of inseparable

produnts, Similar results were also obtained when
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triphenyl phosphine was used ;s a reducing agent.
AttemptS’wére also made to cleave the double bond by
ozonolysis with oxidative workup®using hydrogen

péroxide. The results we;e equally disappointing. In.
fact, all attempts to achieve the oxidative cleavage u<ing
ozone under a variety of conditions failed to give any
Adetectable amount of the desired compound. Other
oxidative cleavage methods were therefore examined. The
use of potassium permanganate and éodium periodate (46)
also failed to givevany promising results. However when
84 was treated with ruthenium tetroxide gener;ted in_situ
by a catalytic amount of ruthenium dioxide and excess
sodidﬁ periddate, it emo~thly underwent oxidative cleavq’
to give the diacid 5 which vpon esterification with
potassium carbnnate and methyl indide aff~rd-d the
required keto diester R& in 60% yield and in a 1:1

ratio. tThae npmyr apertrum of 86 dicplayed two =rets of
doublete (J - 6 Hz' at 61.00 =and ].26, ~ttributed ﬁn the
methyl adjacent ;' the ketane ar'apyl. Th~o gem 'imethyl
&qrﬁup appeared as twec singlnte at §1,.0° a1 0 60, N oeiy

proton singlet at 52,70 wAae attrributed to thae twn mathy!?

esters, TIn the ir spe~trpnr, 86 showed diagnostic bands -
720 (ketoneé carboryl) and 1745 cm”) (ester). - The mass
spectrum disnlaved a mrlennlar ion peak at 310.3930

7 3
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UWhen the keto diester 86 was treated with trimethyl
orthoformate and p-toluenesulfonic acid in methanol at
room temperature in én attempt to prepare the correspond-
ing dimethyl ketai, the enol ether 87 was formed ;s a
single stereoisomer. This was evident from the nmr
spectrum of 87 which displayed only one set of singlets at
§3.65 (2x ~CO,CHy), 3.45 (-OCH3), 1.50 (=CCH3), 1.20 (-
CH3) and 0.90 (-CH3). These results clearly indicated
that the keto diester 86 must have begnkepimeric at the
chiral centre bearing the methyl group and not at the one
Eearing the carbomefho?y groupﬁ

The second successful approach to the synthesis of
bicyclic keto diester 54 from methyl campholenate (69)
inQdivéd‘én early degradation of .the ester side chain.

The details of this route are dfséﬂééeé Qel&w.

The allylic alcohol 71 was treated with excess =

phenylmagnesium bromide to afford a diastereomeric mixture

nf inceparable diols 88 in near gquantitative yield. The
fortiar} hydroxyl group was Se\éCti&e]y Aehydrated with r
toltuenes I fonie arcid to affrrd the hydroxy diene 829 (two
epimers) which on oxidation with pyridinium ~hlarochrom:

gave the keto Aiane 90 in 68B% yierld over the twe staop-=,
. il @ 4 N
Tt was also fFfound that the djinls RB were &rnverted

directly tc 90 jn 80% yjeld when s'bjected 'o cxidat ‘on

with dirm sty ]l rylfasxids And r-;;;;l\v‘ PRIR EEE IR AR (SN T EPRRPIPRRNE B
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treatment with triethylamine (37). Dienoﬁe 90 displayed
in the ir spectrum absorption bands at 1630, 1640
(olefin), 1600 (aromatic) and 1720 cm~l (ketone
carbonyl). In the nmr spectrum the singlets at 61.10 and
1.20 were assigned to the gem-dimethyl group and -the
vinylic protons of the exocyclic double bond appeared as’
two one-proton éinglets at 65,90 and 5.15. 'éhe remaining
vinylic proton appeared at 66 10 as a doublet with a
coupling constant of 10 Hz and the aromatic protons
appeared as a multiplet at 87.30., The mass spectrum gav;
a moleéUlar ion peak .at 302.1672 consistent with the
molecular formula pf C22H220- 2

In the §res§pt§;of~§otaséiﬁ@1cafbonate dienche 90

. reacted with-1l- nltropropane in methanol at room

K

emperature to afford two-nitro ketones 91 in 71% y1eld.
‘These two gompougds,.produced in equal amounts, were
separated by ééibmh,éﬁfomaﬁogrébﬁy'oﬁ silica gel and
iﬁdiViﬁua]ly‘idéntified. The close similarity of their
spertral data indicated that the two compounds were
aterenicomers likely due to the centre bearing the nitro
group as previonsly observed for 74. For further
E%ansfbfhatioﬁ?yhé“%go@éri;fmiéﬁhfé'wés used;withoht

FESE N

separation,

’

“Nitro ketones 91 wére converted to 93 by two

‘different routes. Tnitially, 91 was treated sequentially
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with dne equivalent of sodium methoxide ih'hethanol and.
ozone. Reductive work up with dimethyl sulfide afforded
two products, The major product'which was formed in 56%
yield was identified as the «diketo epo*ide 92 which showed
a molecular ion peak in the ﬁass spectrum.atu276.203§.

' Compound‘92 was a mixture of two stere01somers as
‘evident from the nmr spectrum whlch displayed two sets of
signals for the proton attached to the epoxy ring at 63,50
and 3.60 each as a doublet (J = 8 Hz). In addition, the
EL_;dlmethyl group appeared also as two sets of 81nglets,
one set at 60.85 and 0.95 and the other set at 61.00 and
1.20,

Structure 94 was assigned to thevminor prgdgct,'ﬁhich
was ohtained in 15% yield;.based on the following spectfal
data. The ir spectrum sho&ed charaetefiStic absorption
~ bands at 2746 (aldehyde), 1740 (five-membered‘:etoﬁe) and
1720 cm"l (aldehyde and ketone carbonyl). The nmr
spectrum showed two sharp methyl singlets at 60.80 and
1.45 for the.gémfdimethyl group and a three-proton triplet
at 61 10 for the methyl of the ketone side chain and a
doublet at $§9.80 (J = 4 Hz) for the alde?yde'protdnan'The‘pt'
fact that only one set of signalsuwas displayed:ihmtﬁernmr‘

A An.‘.. ...,..»'

spectrum strongly suggested that compound 94 was a singLe

8o

PR es =t el e D i e a4 m

',stere01somer.”, N I

‘Attempts were made S increase the amount of fhe| ..

FE AR
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desxred dikéto aldehyde 94 by carrylng out the ozonolys1s'
cin d1fferent solvent systems such ‘as” methanol and-
dlchloromethane and -at dlfferent temperatures ranglng from

-78°C to.0°C. However, under all the conditions examlned

the diketo epoxide 92 was always produced in-. a»larger e denees -

‘ s a_ .

quantity than the des1red dlketo aldehyde 94
Fortunately;~compoqhd 92 wasrshown to be readlly Lo ‘fajf~~w

convertible to the desired compound 94 in 80% yield, when

N

treated with an excess of ﬁeriodicvacid at room
- temperature. Hence by the‘treatment of nitroketo olefin
| 91 with sodium methoxide and ozone followed by cleavage of
the epoxide 92 with excess peribdic'acid it was possible
to obtain the desired keto aldehyde 94 in 50% overall |
yield. "
In a slightly modified route compound 94 was prepared
from the nitro ketone 91 by the followipg reactian
sequénce which eliminated the tedidus éhromatqgraphrc

separations involved in the previous preparation. Nitro

1y

ketone 91 was subjected to‘epoxidation with m-

chloroperbenzoic acid in dichloromethane- and w1thout

o purlflcatlon the d1astereomer1c epoxldes 95 were.treated

- v '.

Sequentlally With methanollc sodlum methox1de and ‘ozone.’
. Rédattlve work~up WIth dlmethyl sulflde gave the dlﬂ5to FEaR

>

'epoxrde 92 whxch was further degnaded w1th perlodlc ac1d

to. afford the desired keto aldehyde 94 1n 70% overall'”“"“

- e
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- yield.

CompOUnd 94'was oxidized by 0.8N JoneS‘reagentv(47)
to the correspondlng a01d which without purification was
esterified with potassanﬂ»carbonate and methyl jodide to
afford a 78% y1e1d of the requlred diketo ester 93 as a
-s1ndle‘stereoasomer. In the 1r spectrum of 93, carbonyl ;
' fabsorptlon bands were observed at 1745 - (ester), 1730 h
-ﬂ(flve—membered ketone) and 1710 cm"1 (aliphat1c ketone).
‘rn the nmr spectrum gemlnal methyl groups appeared ‘as two
sharp singlets at 61.30~and 0.70 and the methyl ester as\a'
singlet at 83.75. 1In addition the triplet at 6l. LS with a
coupling constant of 8 Hz was attributed to the methyl of
the butanone side chain. Both the mass spectrum (m*
240.3112) and eiemental'analysis.were in complete
agreement with the molecular formula of Cj3H,(O4-.

The second and more convenient method that was‘\
successfuly examined for the cleavage of the olefini%
double bond in compound 91 was the use otvruthenium/’
tetroxide. When compound 91 was treated at room |

-

temperature with ruthenium tetroxide, generated in situ by.

.',the reactxon between ruthen1um d10x1de and sod1um

'j;perlodate, the starting material was consumed w1th1n a

ouple of hours. In1t1ally, work up of the react10n was '~-:

> -

;;:done by addltlon of an aqueous pota531um'carbonate o

1solut10n and washlng w1th ethyl acetate followed by Tiff,ﬁ%fgﬂ

. . . v o - e . o ‘ -
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Extraction of ‘the-aqueocus solution with chloroform

in the work up procedure, the diket0v301d 97 waS'“""

o111

'acidifitation'withedilute aqerusfhydrochloric'écid.

;’afEOrded the nitro’écid 96. -Iﬁterestingly;iﬁhen potassium'

_ hydrox1¢e solution was used instead of pota551um carbonate'

w e -

obtained. Apparently the latter condltlons were

'suff1c1ent to "induée the- Nef reaction (48) for the

conversion of the nitro group to a ketone. Esterlfication

U 3

'_of the carboxyllc ac1d 97 with potas51um ‘carbonate. and

methylxiodide-afforded_the required’drketo-ester 93 as a

[y

single stereoisomer in 58% yield from 91.

>

aCyclization of compound 93 to'the required bicyclic
enone 98 was effected by sod1um methoxide in refluxing
methanol .‘Th1s reactlon afforded a mlxtqre of ‘the .
requ1red bicyclic enone ester 98 and - 1ts correspondlng
acid 99, The production of the ‘acid was inev1tab1e due to
the generation of water in the reaction medium during the
aldol condensation. The aoid 99 was readily converted to
the ester 98 by treatment with potassium carbonate and
methyl iodide. The enone ester 98 thue obtainedvin a

total yield of 80%, was 'a mixture of two stereoisomérs in

approximately a 2:1 ratio. The ir spectrum of 98 showed

absorption bands at- 1700 (ketone carbonyl), 1745 (ester)

and 1665 cm"1 (olefln). -In .the nmr spectrum the vinylic

‘":méfﬁyi,appeafeafésfaﬁgihgréﬁfar;clxrs and the gem- -

LN
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dxmethyls -as.. two sets’ of slngIets w1th the major set.. at o

)

§1.42 and 0,55 and the mlnor pa1r at 61.12 and 0.80. The
methyl of the ester appeared as two close s1nglets at
approxlmately 63 75 |
" To convert the b1cyc11c endne 98 to .the-keto diester"

54 required the 1ncorporat10n of a pxoplonate unit 1nto )
the-r?ng—junctionhoﬁhthe,fprmer compound. This was
accomplished by the following transformations.

" Treatment of enone 98 with 3—butenylhagnesium bromide
in the presence of .cuprous iodide under carefully

controlled conditions descrlbed prev1ously for the

conversion of 76 to 78 gave ‘a 72% yleld of a mixture of

“dlastereomerlc keto esters 100 whlch were 1nseparab1e.

The ir spectrum of the mlxture showed characterlst1c

absorptlon bands at 1730 (ketone-carbonyl), 1745 (ester)p“

‘and 1640 cm-1 (olefln) In the amr Spectrum the methyl

adjaQent;to ‘the ketone appearéd as two sets of doublets at .

'§1.10 and 1. OO.both with a coupIing constant of 6 Hz. vao
close singlets at 63 70 integrating for a total of three
protons was assigned)to the methyl of the -ester. The gem-
dimethyl Qnoup-appeared as two sets of singlets, one set
at 61.20 and 0 65 and the other at at 01 and 0.85. The
vinylic protons appeared as two multlplets one at 65, 80
integrating for one proton and the other at 65.00

integrating for two protons. The mass spectrUm which

’
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.displayed a molecular ion peak at 278,4011 conf1rmed the .

molecular formula of C17H2603.

] Ozonolys1s of compound 100 followed by reductive work

o s o~ A et e -

:up w1th dimethyl sulflde gave a complex mlxture from whlch
the.desired aldehyde 101 could not be isolated. However,.
when.triphenflphosphige was used as the reducing agent for
the work up, a diastereomeric mixture of aldehydes 101 was
formed in good yield. The aldehyde, which was‘found_to be
unstable, was oxidized immediately without'puritication by
,Jones reagent (47). Esterrflcatlon of the resultlng ac1d

. . ¥ bt e .
”102 w1th potass1um carbonate and methyl 1od1de a forded

the des1redmb1cyc11c keto diester 103 in 38% owerall

.y1e1d.‘ o ete |
A cons1derably 51mp11f1ed method for the. cleavage of»

‘the term;nal double bond of compound 100 made use of
ruthenium'tetrokide;"_when campaéhd'idbiﬁqs“tféatediwitﬂ“‘
ruthenium tetroxide, generated by a catalyti¢ amount of .
ruthenium dioxide and‘excess sodium periodate, it afforded
the acid 102 which was esterified with potassium carbonate
E aqg‘methyl iodide to give the keto diester 103 in a much
'improved‘yield of -65%., The keto diester obta}nedxthrough
the use of. ruthenium~tetroxide was‘identical in all .
respects to that obtained by ozonoly51s of 100.

As expected compound 103 was a mlxture of four

diastereomers which were inseparable. The nmr spectrum of

2
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the diester 103 when compared to that of the epimeric
.diester 86 obtained by the previously diséussed route, WwWAS
found to be more complex ia‘the methyl region. ”
Furthermore wgpn the diester 103 was treated with
trimethyl orthoformate and p-toluenesulfonic acid in
methanol at room temperéture, in an attempt to make the
corresponding dimethyl ketal, two enol ethers 104 were
obtained in a 4:1 ratio. The nmr spectrum of thi§
mixture, which was found to be considerably simplified
ﬂcompared‘tv‘théflbf Eﬁéxﬁrééﬁtéérw163,Qéﬁbw;dbtﬁoﬁé}oge
31ng1ets at approx1mate1y $3.65 for a total of 51x protonq
for the. methyl esters ‘and -a s1nglet "at 61,45 for the

_ v1ny11c methyl.‘ .The fact that the g’_;dlmethyl group
-appeared as two sets of 51nglets {the major set at §1.)0
and 0 80 and the ,minor pair at 61 00 and O- 70) clearly
indicated the presence of two stereoisomers in 104.

It is pettinenﬁ to point out that the required
intefmediate diester 54 has_now been prepared in twoe forme
by two different routes, In one route the diester was
obtained as a mixture of two eéimers (i.e. compouAd 86)
while in the secOnd route the diester was obtained as = v
mlxture of four diasterdmers (i.e. 103). Tt should he
noted that regardless of "the numhor nf stereoisomers
pregeqt in compounds 86 and 103, both compounds shoul? ‘o

synthetically useful for the conversion to cedreol (1) "
> .
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is conceivable that the conditions required to induce the
'in;endedeieckmann condensation should also effect the
epimerization of the chiral centre bearing the carboxylate
groyp. Of the two epimers regarding the latter centre,
only the one having the two ester side chains in the cis
relationship would cyclize. With these considerations in
mind we attempted the Dieékmann condensation of the
diesters.Sﬁ and 103 and several of their derivatives.

Initial attempts weve made directly on compounds 86
and 103, although it waé recognized from the outset that
other modes of cyclization, inv~lving ei;her 6% the two
carbons alpha to the kéfone and either of the ester
groups, wefe VJ"’ble. Hewever theee reactions 19aéinq b
t’he F")rmatior\ f '50"‘?""1‘“""1'7‘ ! K] ";""'".OY'\Q" choae A -
reveraible

Treatment f —~omp~und 10 -irh g AdAiam hydrid- ir

refluxing toluenc roalte’' in » vapit ron ump' iop ~f

. . . .
starting matarial and thHhe pr Auestioan of A new cawpon V0 oy
v

w

which wa=s show: tn be »athey nen paolar by thin lay~r
chromatograpHyv on silica gal. However a'tempt to isol te
: “eod in 1t Ko (q
this compound resulted in its oA reion to a  aeid,?
esterification of which gave a compnund whnae nmr gpget ' 'm

was jdentical with'ket d'ester 103, wi'h the excepticn

the 'slative intensity of the eignals. The same ra n1-
i

? . o
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hydrlﬁe under 51milar’tonﬂitloas wEspeqiallg ;hq,nmr 5

‘7Spec£rum*of the ‘diestex produced from 86 was identxcal to

®

-
that produced from 103. B

W

The above findings suggested the following: - _ »

1. The attempted Dieékmann condensation of both 86 and 103
might have produced a 1,3—dicafbonyl compound (e.g. - ‘
105) which was easily cleaved to an acid during the
work up.

2. The epimerization of the carbon centre bearing the
carboxylaté group in both compounds must have occurred
as expected.

These findings also suggested that in order to gffect
the Dieckmann condensation the ketone carbonyl needed to
he protected in advance; Accordindly, the‘subsequent
studies on the Dieckmann condensation were carried out on
ethnl otherg 87 and 104 as wely as the tﬁ&ol esters 106 and
107. The latter compounds 106 and 107 were readily
prepared from the corresponding keto diesters 86 and 103
by treatment with 1,2-ethanedithiol and boron trifluoride
ethereate at 0°C.

The Dieckm;hn condenSation Waé attempted on each of
the anol-éthefc 87 and 104 and on each of the'ﬁhiol esters

16 AnA ANT7 neing the Fﬂ1low1ng sets of conditions:

N

WY ide iy v ofluxing toluene in the presence of
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a trace of sodium methoxide.

@ -
‘- v .

2. Methyl sulfonyl carbanion, produéed iﬁ_situ by NaH and
"dimethyl sulfoxide at 0°C (49) in dimethylsulfoxide at:

_room Eemperaturewand,at-60°c.‘

Unfortunately none of these conditions could induce the
desired reaction. The only observations made were the

following:

1. Each of the enol ethers 87 and 104 gave a mixtﬁrg of
keto diesters which Showed nmr spectra identical with
that of 103 with the exception of ;ﬁe relatiye,
inténsity of the signals. SinCe‘the keto diesters
were not produced during the reaction as evident from
thin-layer chromatography on silica gel, tﬂey must have
been obhtained by the hydrolysis of the enol etﬂers: |
during the work up for which hydrochloric acid was
'used. | .

4

2. In the case of the thiol esters 106 an3\107, the
‘starting materials were recovered virtually intéct.

The materials recovered showed nmr spectra identical
with that of 107 with the-exception of thé'relative

intensities of the signals.

From the .above results it can be concluded that the

Ay

conditions used were insufficient to induce the Dieckmann

condensation, although epimerization of the centre bearing”
~

{/....A ;\
(0
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In conclusion,'the.preparation of. the target keto
diester 54, a potential intermediate for the total |
synthesis of cedrol.(l) has been-achieved .in two -forms- (86

wd

and 103) from the dextrorbtatory'camphorsulfonicbécid.
However, the Dieckmahn condengation réequired for the
formation of the tricyclic cedrenoid skeleton needs
'“fqrthgr investigation in pfdg;’to arrive at the suifab}ep
cbndigions that would induce the cyclization. Itvmay be

possible to bring about the required cyclization to form

'the six-membered ring in cedrol (1) by using the dithiol

esters 108. Dithiol esters have been shown (50) to
"undergo Dieckmann condensation more easily and under

milder conditions than diesters.
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For general ré/;rks see the experimentaltsectlon of f%?"

faex

Part 1 of. th1s thesis. - Optxcal rotatrons:were measured

B

'.us1ng a. Perkin Elmer*141*polarimeten.»713q nmr spectra :

-

were recorded on Bruker WP 60 and Bruker HFX=90. g S - -
spectrometers us1ng deuterated chloroform as solvent and -  i;??

‘gtetramethylsilaqe?as lnternalostapdafd.
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Materials

R S
st = e

o/y . - Sk " )
Tetrahydrofuran was freshly dlstilled from llthlum

aluminum hydride. nMethanol was;guriﬁied by refluxing and
distilling over magnesium.turnings; DiéhlbrométnAhé“was
distilled over phosphorus'pentoxide.' Acetone was treated
with potassium permanganate, dried over anhydrous n
potassium carbonate“and’diStilled; Otner solvents were:
purified by the proéedures described in the EXperimental”
Section &f Part 1. df10—Camphorsulfonic acid was obtained

from Aldrich Chemical Company.
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in tetrahydrofuran (10 mL) was added “dropvwise to magneSLum‘w

turnings (0.9 g, 0.04 mol) in tetrahydrofuran (10 mL) at

- T0°C. After- the addition the reactlon mixture was refluxed

b - . - DS

under an argon atmosphere for 1 hr. The” concentratlon ‘of
the resultlng Grlgnard reagent was determlned by addlng

excess of a known ‘volume  of. 0.5 M_aqueous hydrochlorlc

" acid to 1 mL of the Gr1gnard reagent and perfOrmlng a ‘back .

titration with 0.5 M. aqueous - sodlum hydrox1de 501ut10n

usihg’phenolphthalein as indicator.

Purification of Cuprous Iodide

Cuprous jodide (13.15 g) was dissolved in a solution
of potassium iodide (130 g) in water (100 mL). The

resulting solutibn was shaken for 30 min with decolorizing

B charcoal (1 g) and the mixture filtered. The filtered

solutlon was d11uted with water and pure cuprous iodide
prec1p1tated out.. The precipltate was collected by

“suctlon filtration u51ng a 51ntered glass fllter (D). The

- cuprous iodide was washed sequentlally w1th water (4" x 100

mL), absolute ethanol (4 x 100 mL) and ether (6. x 200
mL). The product was powdered and dried under vacuum for
four days. During this period the flask containing the

cuprous iodide was wrapped with aluminum foil.
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(3-Carbomethoxy-1,2,2-trimethylcyclopentyl)carboxylic Acid

d,1-Camphoric anhydride 60 (1.82-g, 10 mmol } wash- - i .
‘dissolved in methanol (20‘mL) and a 0;9.M,methanolie.s a
.sodium metﬁ9xigeﬁ§9lution.(15 mL, 13.5 mmol) Qas addeé.

The solﬁtion wasksﬁirgeafat~0?eﬁunder an argon atmosphere-
"for 90 min ahd then at room temperature for 3 hf;' The
reacﬁion mixture was poured- into icéQCpid'ZN aqueoﬁs
hydfocﬁioric aéid solution (100 mﬁ) and - extracted with-.
dichloromethaﬁe (3 x‘SO'mL).i The extraq?s werefdfied," .
~filtered and goncentra;ed; The residué was - |
chrbmatographed on silica.gel, elutingiwifhlIS% ethyl ..
~ acetate §p hgxénebto give.the pufe product 61 as a light
oil (2.0 é; 94% yield): 1ir 3500 tacid) and -1'720'4::m"l1
(carbonyl); nmr 63.70 (s, 3H, -CO,CH3), 1.20 (s, 6H,
QC(CH3)§) and 1.66 (s, 3H, -CH3); ms M* 214.1207 (calcd.
for Cy1H g04: 214.1205).' éggl; Calcd. fdr Cy11H1804:

C 61.65, H 8.47; Found:_'C=61.68, H 8.52.

”4—Carbometﬁbxy¥1;S;S—trimethylcxclopentene,(59).anﬁll—

Cafbomethoxy—g,2-dimethyl-34methylidenecyclopéntéﬁe (62)

.Carboxylic acid 61 (12.8 g; 60 mmol) was dissolved in

benzene‘(lod‘mL3j¢1?yfiafﬁéM(6»mL) and lead.tetraacetate
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i g - - .

(28.5-@} 64 mmol) were added and the mixture was stirred
ét fo§m”tgpp§f&6uré Unde;_an apgonwatmospheﬁe fdr 1 hr.
The mixéﬁre was-refihxed fo:,ﬁlhr,véobled~t¢ rpém-”
.tehperature_@nq_poured into ice?cbld.2N'aqueous
Hydrochiorié‘atid‘sdetfon {100 mL). ‘The bqnzgng1fraq§19q‘
was Eeparated and washeduwiﬁﬁmébid'diiute adueoﬁ# s;dium

.- carbonate -solution and then with water. The organic -

solution'was dtied,'filtened and}concentra;eﬁll Tolumn -
chromatdgraphy of the crude mé;érial on silica gel,
eluting with 5%\ethyl'acetate in.pétroléum ether, affofded
an inseparable mixture of unsaturated esters 62 and 59
(5.03 g} 30% yield): ir 1745 cm™ 1 (éSter).’ The followiqg
nmr data’ were attributed to 59: 80.85, 0.95 (both s, 3H
each, -CH3), 1.58 (m, 3H, CH3C=), 3,7d~(s, 3H, -CO,CH3)
and 4.80 (m, 1H, -CH=). The following nmr data were
attributed to 62: 61.18, 1.22 (both s, 3H each, -CH3),

3.72 (s, 3H, -CO,CH3) and 5.20.(m, 2H, CHy=).

4—Carbomethoxy—3,3—dimethy1-2-methylidenecyclQpentanol

(64) T

A solution of the mixture of 62 and 59 (2 g, 12 mmol)
and.me£hy1ene blue (100Mmg)'in methanol (250 mL) was
ifr?diated with two 206 1} tungstem,iight bulbs for 72
hr. Duringbthis period a moderate stream of oxygen was

bubbled through the solution. The solution was cooled to



0°C and sodium borohydride (0.15 g, ‘4 mmol) was 3dded.
The resulting m1xture was st1rred for 1 hr, poured into
ice—cpld 2N aqueous hydrochloric acid solution (200 mL)
and extrééted'withlchloroformf(B x 100 mL). The |

-~

chloroform extract was dried, filtered and concentrated to

-

give-thé“crude‘tésiaué;wﬁiéh was chromatographed on silica

gel. Elution with 15% ethyl aéetate in petroleum ether
afforded the allylic alcohol 64 as a.l:1l m1xture Of
eplmerlc alcohols (0»11 g; 10% yield):  ir 3450 (alcohol)
.3100, 1665 (olefin) and 1745 cm™! (ester); nmr §5.09 (m,
18, =CH-), 4.88 (m, 1H, =CH-), 3.70 (s;'3ﬂ;7-cozca3),
1,29, 0. 95 (s,‘3/2H each, —CHB), 1.15 and 1.00 (s, 3/2H
each, =CH3); ms M* 184, ‘#oz (calcd. for CjgHyg03:
184.1160). ‘

4—Carbomethoxy-l,2—epoxy—2,3;3—trime£hy1cxplopéntane_(65)’

"~ and Qgiro[(3—carbomefhoxy—2,2—dimethylcyclopentane)-l,l'—

oxirane] (66)

A sblutioﬁ of m—chloroperbenzoic acid (80—90%'purity,
3.90 g; ~0.019 mol) in dichloromethane (25 mL)~Qas added
dropwise to a solution of compounds 59 and 62 (2.30 g,
Q.Ol6\mol)<in dichloromethane (30 mL) at room
tempefagﬁr;. After Ehévgddition the reaction ﬁixtgre was
stirred for 2 hr under an argon atmosphere. A 10% aqueous

-

sodidm sulfite solution (50 mL) was added to the reaction

126
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mixture and the xesulting solution was poured into a 10%
)
aqueous sod1um bicarbonate solution (50 mL). The organic

fraction was separated and washed with water and br1ne. ol
1

It was dried, filtered and concentrated.\ The crude

&

-residue was bufified by high pressure liquid

chromatography to give two epoxides 65 (1.4

and 66 (1.35 g; 46% yield).

v

P

.Tho following nm:.data were obtained for 65. 480
(m,rIH,k—HCQ-;} 3.70-(s, 34, CH3), 1.25 (s, 3H, —CH3),
1.20 and 0.95 (both s, 3H each, -CH3). “

The following nmr data were obtained for 66. 6§3.70
(s, 3H, -COZCH3), 3.30 (m,.2H, —CH20—), 1.40 and 1.10
(both s, 3H eéch, -CHj3).

Both compounds 65 and 66 had the following mass
spectrum, 'ms M* 184.1100 (calcd. for ClOH 603

184.1100).

Compound 64 Obtained from 4-Carbomethoxy-1,2-epoxy-2,3,3-
, . .
trimethylcyclopentane (65)

e

A 1.60 M solution of methyllithium in ether (8.50 ml.,
0.014 mol)Awas added to a-solution of'diisopropylominev
(2.10 mL, 0.015 mol) in ether (20 mL) at -78°C under’ an

argon atmosghore. The mlxture was stirred for 30 min and

the temperature was raised to--30°C. A solutlon of 65

N
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. / b
(1 g, 5.4 mmol) in etheru(lo mL) was added dropwise.
After the add1 1on, the mixture was allowed to warm up
'.gradually to room temperature over a period of 6 hr. The‘
'vreactlon mixure was poured 1nto ice- cooled water: (100 mL)i
and extracted w1th ether (3 x 50 mL). The extract waf
dried, flltered and concentrated. The reSLdue was
*chromatographed on 5111ca gel. ﬁ??ut1on w1th 10% ethyl
acetate in petroleum ether afforded the tertLary alcohol
67 (0.45 g; 45% yleld). Further elution with 15% ethyl
acetate_in petroleum ether gave thé allylic alcohol 64.
(0.15 g; 15% yield). .

The following spectra data were attributed towthe
tertiaty alcohol 67: ir.3450 (alcohol) and 1745‘cmb1
(ester); hmr 83770 (s;'BH,»—COéCH3), 4.85 (m,VZH,
-CH=CH-), 1.85 (s, 3H,:-CH3), 1.00 and 0.85. (both s, 3H
each, —CH3) ,

| The following ;pectra data were attributed to’the
allylic alcohol 64: ir 3500 (alcohol) and 1745 cm~1
(ester); nmr 65.09 (br. s, 1H, =CH-), 4.88 (br. s, 1H,
=CH-), 3. 70 (s, 3H, -CO,CH3), 1.15 and 1.00 (both s, 3H
each, —CH3) '

Both compounds 64 and 67 had an M* peak at 184.1102

in the mass spectrum (calcd. for CjgH;¢03: 184.1100). {
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(+)-Campholenic acid (68)

Potassium hﬁdfoxide i25b g, ~3.8 mol) wés gqsed,in\a““'
pofcelpiﬁ casserolé. The heathgource-was femoved and
immediately powdered (+)-d-10-camphorsulfonic acid
monoﬁ%drate (100 95\0'40 mol) was added slowly with
vigorégs stirring over a period of 15 min. The mblten.
>ma§s wa’s allowed to céol to room temperature and then
dissolved in watét (500 mL). The resulting sqlutiOn was
extraéted yith chloroform (3 x 300 mL) and the aqueous
fraction acidif{ed with ice-cold 2N aqueous hydrochloric
acid‘solution.ﬂ The acidified solution was exﬁgacted with
chloroform (3 x 200 mL). The combined organic extract was
dried, filtered and concentrated.v The érude residue was
distilled to give the pure acid.68 (57.8 g; -86% yield):.
b.p. 97-99°C/0.5 torr; lalp?® = +8.6° (C = 1.1, CHCl3): ir
3500 (acid) and 1719 cm™l (acid):; nmr §10.90 (br. s, 1H,
—COZH), 5.20 (m, 1H, -HC=), 1.60 (br. s, 3H, CH3C=), 0.an
(s, 3H, -CH3) and 0.79 (s, 3H, -CH3); ms M' 168.1144
(calcd. for CygH1g0,: 168.1151). Anal. Calrd. for

C1oH10p: C 71,38, H 9.59; Found: € 71.41, H 9.72.

4-Carbomethoxymethyl-1;5,5-trimethylcyclopentenre (69)
]

A mixture of campholenic acid 68 (0 g, 0.]18 mal} sna

anhydrous potassium carbonate (89,80 g. N.43 mnl) in
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acetone (250 nL) was stirred at room teﬁpeféiute'uﬁder an
argon_atmoéphére foril hr. .Methyl iodide (17'ﬁL,f9;27
mol) was }nﬁfoduced aﬁd ;he'mixture stirred for an_
additiona% 18'h;, After most of the so1vgh£ had»Béenv
evabora£ed, the'ﬁixturé'was taken'ué in'chlcrdfdrm (200
mL) énd'washedfﬁith ice-cold 2N aqUedusfhydroéhlofic ACid,'

solution (2 x 300 mL);Lyater (2 x 200 mL) and then.

brine. The‘orgéhié frac;ion'waé dried, filtéred"aﬁd
éoﬁcentrated. The residue Qas distilled t0'afford°thg
pufe ester 69 (32 g;v9§%*yie1d): b.p;-80982°C/0;6't§rr;
E&}Dzs = +9.4° (C = 1.5, CHCl3); ir 17455cm;1'(ester5} nmr
65.20 (m, 1H, -CH=), 3.60 (s, 3H, -COCH3), 1.58 (br. s,
3H. CH3C=), 0.98 (s, 3H, -CH3) ‘and 0.75 (s, 3H, —CHj); ms
M* 182.1308 (calcd. for Cj HjgOp: 182.1307). Anal.

o S T ~
Calcd. for CyjH;gOy: C 72.49, H 9.95; Found: C 72.27, H

9.82,

ke

’ 7 A i (
4-Carbomethoxymethyd=HES8-dimethylcyclopentanol (T1)

T TTan !

A solution of the éster 69 (5.6§g, 28 mmol) and
methylené blue (200 mg) in meihanél (250 mL) was
irradiated with two 200 W tungsten light bulbs for 72
hr. During this period a moderate streah of oxygen wds

bubbled through the solution. The solution was cooldd to
0°C and sodium borohydride (0.30 g, 7.9 mmol) was adfied. §§-

Aftar stirring for 1 hr, it was poured into ice-cold 2N.




agueous hydroetlonic acid eolutioﬁ‘(300 mL) and extracted
with chlorofofﬁ (3 x 100 mL{l’ The combined chloroform |
extract was dried, filtered and concentrated. The residﬁe
was chromatographed on 5111ca gel, eluting with 15% ethyl
acetate in petroleum ether to give the pure ally11c
alcohol 71 (3.90 g; 708 yield): 3jr 3540 (alcohol), 3100,
. 1655 (olefin) and 1745 cm'1 (estey); nmr §&5.15 (d, J =-8
Hz, -CH-), 4794 {d, J = 8 Hz, =CH-), 4.40 (m, 1H, -CHOH),
3.68 (s, 3, -CO,CH3), 1.15 and 0,85 (both s, 6.3/3 H
each, ~CHs), 1.05 and 0.95 (both 5, 2.7/3 W each, ~CH3);
s M* 198.1335 (caled. for CyjH g0y 198.1256). Anal.
Calcd. for CliH]g03: C 66.64, H 9.‘5} Found: C 66.67, H

9.28,

ﬁ_Q_Ebomethoxx—l 2- epoxx -2, 3 3-trimethylcyclopentane (72)

A. solution of m-chlnroperbenz,ic acid (80—90%.purity,
i2OAg, ~ 0,07 mol) in Aichloromethane (25 ml.) was added
dropvise to a soiution of ester 69 (7:30 g, 0.04 rol) in
diehloromnthane\(S” mi) et room gemperature. Aicer the
addi*ien, theﬂreavtion mixtuvre was stirred for 2 %r under
an argon atmosphere and then pon(ed into a 10% agueous
sodium sulfxte solution (50 mL). . A ]0% aqueous sodium
blcarbnnare snlution (;0 mL) was added and the organic

fraction separated and washed ‘with brine. The organic

solutiern wrm Ariel, filtered nnd ~oncentrated. The crudr

131
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material was purified on a silica géi‘coluﬁn. 'élutioni
with 10% ethyl acetate in hexane affordéd,the pure‘époxy
ester 72 (7.90°g; 100% yield): ir 1745“(e§ter$ and_ 1250
em~1 (epoxide); nmr §3.70 (s; 3H, -CozéH3), 1.25 (s, 3H,
-CH3), 1.20 (s, 3H, -CH3) and 0.95 (s, 3H, -CH3); ms Mt
198.1241 (cailcd. for.011H1803’, 198,1256). Anal. Calcd.‘
for Cy H g03: C 66.62, H 9.16; Found C 66.69, H 931,
) ) . o

71 From Epoxy Ester 72

A 1.60 M solution of methyllithium in ether (18.75
mL, 30 mmol) was addgd to a solution of diisopropylaminevé
(7 mL, 50 mmol) in ether (20 mL) at -78°C under an argon
atmosphere. The mixture wagwstirred'for 30 min and the
temperatﬁre was raised to f30f¢; A solution of thé epoxy
ester 72 (2.0 g, 10 mmol) in ether (15 mL).was added
dropwise. After the addition, the reaction mixture was
allowed to warm up to room tempe;atUre'over azpériod,gf 6
hr and then it wés poured inth{ ice-cold water (iOO mL).
The ether fraction was dried, filtered and concentrated.
The crude material was purified on a silica gel ‘column,
eluting with 15% ethyl acetaée in hexane.to_give the puie
allylic alcohol 71 (1.40 g; 70% yield): ir 3450° (
(alcohol), 3100, 1655 (olefin) and 1745 cm~! (ester); ﬁir
§5.15 (a4, J = 8 Hz, =CH-), 4.94 (d, J = 8 Hz, =CH-), 4.40

(m, 1H, —CHOH), 3.68 (s, 3H, —CO,CH3), 1.15 and 0.85 (both

'S
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s, 4.5/3 H each, -CH3), 1.05 and 0.95 (both s, 4.5/3 H
~ each, —CH3); ms M* 198.1235 (caled. for C; H;gO3:
198.1256). Anal. Calcd. for CyjHjgU3: C'66.62, H 9.16;

Found C 66.80, H 9.25.

4-Carbomethoxymethyl-3,3-dimethyl-2-methylidenecyclo-

bentanone (73)

A solution of dimethyl sulf;xide (2.88 mL, 0.04 mol)
'in diéﬁloromethane (10 mL) was added dropwise to a
‘'sodution of oxalyl chloride (1.80 mL, 0.02 mol) at -78°C
under an argon 1tmosphere. The mixture was stirred for 15
min aftér the addition and a solution of the hydrogy ester
71 (3;60 g, 0.018 mol) in.g}chloromet;ane (20 mL) was.
added dropwise. . The mixfure ;as stirred for 3 hr after
‘the additioﬁ and thehtemperaturé was allowed to warm up
gradually to -30°C, Triethylamine (20 mL) in '
dichloromethane»k20 mL) was added dropwise and the
reacfion mixture was allowed to warm up gradually to room
temperaturé overnight. It was poured into ice-cold water
(200 mL) and the organic fraction s;parated, washed with
water, dried, filtered and concentrated. The residue was
chromatographed on silica gel. Elution with 5% ethyl
acetate in petroleum ether afforded the pure enone 73
(2.80 g; 80% yield): [alp2® = 47.5° (C = 1.8, CHCl3): ir
1730 (ketone carbonyl), 1745 (ester) and 1635 cm™}

(olefin); nmr 85.96 (br. s, IH,
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=CH-Y, 5.22 (br. s, 1H, =CH-), 3.68 (s, 3H, -CO,CH3), 1.22
(s, 34, -CH3) and 1.00 (s, 3H, -CH3); ms M¥ 196.1301
(calcd: for C11H1603: '196.100); ‘Anal. Calcd. for _

Cj1H1g03: C 67.30, H 8.22; Found: C 67.22, H 8.09..

4-Carbomethoxymethyl-3,3~dime§§yi—2-(2-nitrobu§¥1)cyclo—

pentanone (74)

A saturated solution of anhydrous pota851um carbonate .
in methanol (80 mL3 was added to a solutlon of 1-
nitropropane (9.40 mL, -105 mmol) in methanol'(ZO mLf.‘.%he
‘mixture was stirred at room -temperature under an-argon .
atmosphere for 30 min and a solution of the enone.73 (l3
g, 70 mmol) inxmethanol'(25 mL) was added. After sti:;ingi
for 1 hr, the mixture was poured into 'ice-cold 2N aqueous
hydrochloric acid solution.(200 mL) and éxtkacted with
chloroform (5 x 100 mL). The combined chloroform exprgéf:
was dried, filtered and concentrated. Tﬁe resulting crude
material was chromatographed on siiica gel. Elution with )
10% ethyl acetate in hexane afforded the minor isomer of
74 (4.20 g; 24% yield). Fur£her elution with the same
solvent syﬁtem gave the major isomér of 74 (8.30 g; 48%'
yield). Both isomers of 54 had the following
characteristic ir spectrum: 1730 (ketone carbonyl’; 1745
(ester) and 1540 cm’l'(nitro). Mass spectrum fof both
.isomeré of 74; Mt 285.1870 (calecd. for C14H2505N:

-

285,1577).
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The following nmr data were obtained for the minor
isomer of 74: $4.84 (m, 1H, “CHNOZ)"3.70?(S,.3H,
. -CO,CH3), 1.18 (s, 3H, -CH3), 0.96 (t, 3H, J = 8 Hz,
<CH,CH3) and 0.68 (s, '3H, ~CHs). ]
| The{folnging-hmr data were obtained for the major
isomer Gf 74: 64.90 (m, 1H, -CHNOy), 3.70 (s, 3H,
-CO,CH3), 1.08 (s, 3H, -CH3), 1.00 (t, 3H, J = 8 Hz,

~CH,CH3) and 0.64 (s, 3H, -CHs3).

4—Cérbomethoxymethyl—3,3—dimethfl-2-(2—oxobqty1)cyclo-

-

pentanone (75)

To a“soluiion 6f the major isomer of 74 (2.90 g, 10
mmol) in ﬁeﬁhanol (25 mL)“waé added a 0.72 M solution of
methanolic sodiu? methoxide (17 mL,.12 mmél). After
stirfing at‘room tempeféture for 30 min, the resulting
solution was chilled to -78°C and a stream of ozone was
Bubbled through the solution. After 2 hr, the reaction

mixture was purged with argon to remove the excess

-
P

ozone. yethyl sulfide (10 mL) was added ahd‘ﬁhefmixture
allowed to warm up to room temperature pvernight. It was
concentrated and the residue was taken up in
dichloromethane, washed with brine, dried, filtered agd
éoncentféted. Column chromatography 6f the crude npaterial
on silica gel, eluting Qith a solution of 10% ethyl

acetate in petroleum ether afforded the crystalline diketo
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‘ester 75;(2.40vg, 80% yleld) m.p. 73-75°C
(ether/petroleuh ether) [a]D ; +9.3 fé'=dl?0 .CHCljl{:
“@ir 1715 (ketone), 1735 (f1ve-meubered ketone) and 1745 :
-1 (ester), nmr 83.70 (s, 3H,.-C02CH3), 1.12 (t;_3H,“J =
8 Hz, —CH2CH3), 1,12 and 0.66 “(Both s; 3H each,j-CH3)f
S 13¢ nmr. 6208.1, 201.7, 166.8, 55.4, 49.9,-40. 0, 39. 4,
39.2, 35.2, '34.8, 33.0, 24.5, 16.0Aando7.5,,'ms M o
254.1526 (caled. for Cy4Hp90,7 254Q1519).A Anal;‘Calcd}
for c1432204. ¢766. 10, H 8. 72,-Fouhd: C 66.32, B 8.89.
¢ . Similar treatment of the m1nor isomer of 74 (0 58 g,,,1'5¢
2 mmol) in methanol (10 mL) w1th 0. 72 M- methanollc
potassium methoxide (3.40 mL,,2.4 mmo1l ) followed by
ozonolysis at -78°C afforded, after identical work up and
purification, the same diketo ester 75 (0.45 g, 75%

yield).

 7-Carbomethoxymethyl-2,6,6-trimethylbicyclo[3.3.0loct=1-

en-3-one (76) ' ) -

i

A solution of 0. 98 M methanollc sodium methoxlde
(25.5 mL, 24 mmol) was added to a solution of the dlketo
ester 75 (4.0 g, 16 mmol) in methanol {25 mL). The
resulti;g mixture was refluxed under'au argon.atmosphere
for 24 hr. After cooling to room temperature, it was

poured into ice-cold dllute aqueous hydrochlorlc acid

solution and extracted with chloroform (3 x 50 mL).' The -z



chloroform extract was dried,,filtered‘and oohcenrratéd to
afford a reddish yellow ?aterial‘(4 g) WhiCHIW§S dissolved
in. acetone (20 mL). ‘foﬁasSiUmicarhonate (4 g) Waé added
and the mixture was st1rred at room temperature for 30
min. Methyl iodide (1.5 mL) was added and.the react1on.

4 mixture was st1rred for an additlonal 18 hr, after which
most of the solvent was evaporated and the ro51due taken
up 1n chloroform (50 mL) and washed succe351vely with ice-
cold dllute aqueous hydrochlorlc acid solutlon,'water and
"brine. The organic solution was dr;ed, filtered and
concenrrated. The.reSUIting crude‘marérial was.a
chromatographed on'silicé'gel. Elutlon w1th 10% ethyl

aoetate;ih petrolohm ether afforded the‘pure bicyclic
lqhone 76«22.50 g; 73% yield) as a whité‘cr}stallipg
‘~solid: m.p. 56-56°C (petroleum ether/ethyl acetate);
[a]D25 ; +5,.8 (C = 156, CHC13); ir 1710»(ket0ne carbonyl),
}745 (ester) ‘and 1670 cm'1 (olefin); nmr 63.75 (s, 3H,
-CO,CH3), 1,75 (br. s, 3H, =CCH3), 1.17 (s, 3H, ~CH3) and
0.60 (s, 34, -CHy); 13C nmr 6210.1, 180.4, 173.4, 132.3,
7 55.4, 51 7, 46.7, 41.1, 35.9, 34.6, 3L.5, 25.7, 14.4 and
8.3; ms M* 236.1422 (caled.- for Cy4Hpe03: 236.1413).
.éggl;_Calcd- for Cj4H,003: e 71.185 H 8.47r Found:

C 71.23, H 8.57.
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1- (3 Butenyl)-7—carbomethoxymethy1 -2, 6 6- tr1methy1b1-3‘

cyclo[3 3. Oloctan 3-one (78)
2 e

A m1xture of cuprous iodide (106 mg, 0.56 mmol) in’
tetrqhydrofuro;}(lo mL) was cooled to 0°C under an argon
; Y

atmosphere. solution of 1.04 M 3- butenylmagne51um
bromide in tetrahydrofuran (l 2 mL, 13 mmol) ‘was added by

syr1nge and the mlxture was stlrred for 90 m1n. The-

25°C and after 15 min at this
te erature, a solution of 7*'(500 mg, 2 10 mﬁgai in
tet$\2137ofuran ‘10 mL) was ad 3 syrlnge._ Afterhlb

min the reaction was. completg. The mixture was‘added

temperature was lowered to

dropwise to an ice- cold solutlon of aqueous 2N

_hydrochlorlo acxd (50 mL) thh stirrlng.v It was then
extracted with diéhloromethane (3.x'2$'mL).;+The combioedk
organic extract was dfied,gfilﬁered ond»concontrotod. Tho o
" crude mater{ai was purifiod‘oh'a silica oel éolpon. |
Elution with S%Tefhyl acetate in petroleum.etoeflafforded:

a 1l:1 mixture. of two inseparablo epimefio-kétoneSCJB (43bi?
mg;v70%'yie1d): ir 1735 (ketone), 1745 (ester) and 1650 o
cm~ ! (olefin); nmr 65.80‘(m,fiH, -CH=), 5.00 (m, 2H, R
:=CH2)' 3.70 (s, 3H, -CO,CH3), 0.95, l;OZ?}both d, 3 = 6

Hz, total 5H,'—CHCB3), 0.45 (s, 3H, -Cﬁ3) and. 0.78 (s% 34,
-CH3); ms M* 292.1010 (caled. for C18H2803:. 292.2039).
Anal. Calcd. for C18H2803‘ c 73. 92, H 9.65; Found' C

74.81, H 9.78. | | R
‘;‘ . N . . . M
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eyclo[3 3. 0]octan-3 ol (80)

sodium borohydride (130 mg, 3.40 mmoi) was added'to‘a-v
solution of 78 (500 mg, 1.70 mmol) in.methano¥:}20(mL{'at |
~0°C under an argon atmosphere. After stirring for 2vhr, .
the mlxture was- poured 1nto ice-cold dilute aqueous'
E ammonium chloride solution (100 mL) and extracted with
:chlofoferm (3 x 20 mL). The combined ehlo:oébémeeﬁtract‘ ?U
was driedr.ﬁiltered, and concentrated. The ‘crude residue
‘was'chromatographed on siliea gel. Elution with iO%‘ethyl
vacetete in petroleum ether cafforded thé_major pei:‘of
'”:iSOmerg of 80 (280 mg; 56% yield). Furfhetleyution with
.ISé ethyI eceiatelin petroleum ether gave the minor pair
of isomers of 80 (140 mg; 28% yleld)., Both pairs<bf
- isomers showed the following ir spectfal data: 1745
(ester), 1650 (o}efln) and 3400 cm -1 (alcohol). Both
paifs of ieomers had the following mass spectral data: m*
294.2200 (calcd. for CygH3(03: 294.2196).

The folloﬁing nmr data were'obtained for the'major
pair of isemers: 85.85 (m, 1H, -CH=), 5.00 (m, 2H, =CH,),
 4.20 (m, 1H, -CHOH), 3.70 (s, 3H, -CO,CH3), 0.95 and 1.00

‘(both d, J = 6 Hz, total 3H, -CHCH3), 0.85 (s, 3H, —CHj3)

apd 0.65 (s, 3H, -CH3). | ////
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' Tﬂp follow1ng nmr oata were obtained for the m1nor
pair of 1somers of 80: 65 85 (m, 1H, -CH=), 5. 00 (m, 2H,
-CHZ), 4.00 (m, 1H.'—CHOH). 3.70 (s, 3H, —C02CH3). 1. 02
and 1.00 (both d, J -»6AHz,.tota1 3H. —CHCH3), 0. 88 (s,
34, -CH3) and 0.70 (s, 3H, -CHj).

A}

lf(3—Butenyf)-7;(2-hydroxy-2,2-diphegylethy1)-2,6]6—tri-”

methylbicyclo[3,3;0]octan-3-ol (81)

A2M solut1on of phenylmagne@%pm bromlde 1n ether
(6.80 mL, 14 mmol) was added. to ether (10 L) and cooled -
“to 0°C. - A solutlon of the maJor pair of isomers of 80

(880 mg, 3 mmol) in ether (10 mL) was added dropw1se w"h

jst1rr1ng under an argon atmosphere. After stlrrlng«
room temperature for 3 hr, the mlxture.was poured int
1ce cold dilute aqueous ammonium chlorlde solut1on an"
,extracted with ether (3 x 20 mL) The comblned ether

extract was dried, flltered and concentrated. The reglﬁpe
was chromatographed on s111ca gel, eluting with 155 ethyl

acetate 1in petroleum ether to afford the diol 81 41.;3 g;

'90% yield): ir 1650 (olefin), 600 (aromatic) and 3400 cm-

1 (alcohol); nmr'67.20 (m, l10H, aromatic), 5.75 (m, 1H,
~CH=), 5.00 (m, 2H, =CH,), 3.70 (s, 3H, -CO,CH3), 0.85 (s,
34, -CH3), 0.54 (s, 3H, -CH3), 0.95 and 1.00 (both 4, J =
6 Hz, total 3H, -CHCH3); ms M' 418.2876 (calcd. for

C19H3802: 418.28(73).
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Similar treatment of the fninor pair of‘1somers of 80
(500 mg, 1.7 mmol) with phenylmagnesium bromide . afforded
the corresponding diol 81'(0;66_g; 92% yield): ir 1650
(olefin), 1600 (aromatic) and_3400 cm~l (alcohol); nmr ‘é

El . ‘ ' .
67.20 (m' IOH,‘aromatiC), 5.75 (m' ]-H, "CH'_')’ 5.00 (ml 2H1

=CHz), 3.70 (s, 3H, -CO,CH3), 1.02 and 1.00 (both.d, J =6

Hz, total 3H, —ca3), 0.88 (s, 3H, -CH3) and 0.40 (s, 3H,

-CH3); ms M* 418.2878 (calcd. for CygH3g0y: 418.2873).

1- (3-Butenyl)-7-(2-hydroxy-2,2-diphenylethyl)-2,6,6-tri-

. &>
methylbicyclo[3.3.0Joctan-3-one (82)

To a suspension of oyridinium chlorochromate (550 mg,
2.60 mmol) and sodium acetate (98 mg, 1.20 mmol) in
dichloromethane (20 mL), was added a solution of the dioi_
81 (trom the major pair of isomers of 80) (500 mg, 1.20
mmol). The mixture was srirred ar room'temperature;for 1
hr unoer an argon atmosphere. Ether (SOImL) was added and
the mixture was filtereq through a short pad of
Florisil. After most of the solvent had been evaporated,
the residue was chromatographed on silioa gel. Eiution
wrbn~5§ ethyl acetate in hexane afforded the keto alcohol ..
' 82;{400 mg; 82% yield): ir 1730 (ketone carbonyl), 1640’
(oletin), 1600 (aromatic) and 3400 cm~! kalcohol); nmr
§7.2 (10H, aromatic), 5.75 (m, 1lH, -CH=), 5.00 (m, 23, |

=CH,), 3.70 (s, 3H, -CO,CH3), 0.95 and 1.02 (both 4, J = 6
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Hz, total 3H, =cncu3), 0. 85 (s, 33,'-cu3) and 0.54 (s, 3H,

"CH3), ms M+ 416, 2719 (calcd. for C29H3602' . 41602717)-

l—iQfButenyI)-7-(2,2-diphenylethényl)—2,6,6-trimethyl-

bicyclol3.3.0]octan-3-one (84)

£ .
A solution of the hydroxy ketone 82 (100 mg,'O 24
mmol) in a mixture of acetic anhydrlde (4 mL) and glacial

acetic acid (4 mL) ‘was refluxed under an argon atmosphere

for 24 hr. Most of the solvent was evaporated and the

residue was taken up in dichloromethane (20 mL) and washed

r
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with ice-cofd dilute aqueous sodium bicarbonate solution .

(3 x .20 mL). The organic fraction was .dried, filtered and
céncehtrated. 'Tﬁe“crude residue wés'chromatographed on.
%ilica gel to give a l:1 inseparable mixture of the |
epimeric ketodiene 84 (75 mg; 80% yield):'ﬁir 1735 (ketone
carbonyl), 1600 (aromatic) and 1640 cn™1 olefin); nmr
§7.2-7.5 (m, 10H, aromatic), 6.04, 5.96 (both d, J = 8 Hz,
total 1H, -CH=), 5.75 (m, 1H, -CH=CH,), 4;95,4m,‘2n,
=CH,), 1. 02;'i708'(both d, J = 6 Hz, total 3H, ~CHCH3),
0.85 (s, 3H, -CH3) and 0.065 (s, 3H,. CH3), m;XM‘ 398 2623

w
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1-(3-Butenyl)-7-(2,2-diphenylethenyl)-2,6,6-trimethyl-

biqyclo[3.3.0]octén—2-ol (83)

]
e

! A solution of the diol 81 (from the major pair of

isomers of 80”766 ﬁg, 1.82 mmol) in dichloromethane (10
mL) was.cooled to 0°C and p—toluenésulfonic acid (0.07 g,
0.037 mmol) was added with étirring under an afgon

' atmosph%re. After stirring for an additional period of 2 .
hr,'aquipus saturated sodium carbonate solutionw(zo mL)
was added and the organic ma;efial extracted with

dichloromethane (3 x 20 mL). The combined organic extract

e

was dried, filtered and concentrated. The resulting crude

C o

.material"y%s purifiedﬂgn,a silica gel column. "Elution
with iO§ ethyl acetate infhéxane afforded the hydroxy-
‘diene 83 (620 mg; 85% yieids- ir 3400 (alcohol), 1650 “
(olefin) "and 1600 Gﬁrl (aromatlc) nmr 67.2-7.6 (m, 10H, |

argmatic), 6. 04 %% i% (both d, J = 8 Hz, total 1lH, —-CH=),

V‘l\
5.75 (m, 1H, *CH—CHZ), 4. 95 (m, 2H, ~CH,), 0.95, 1.00

-

6 Hz, 3H total, =CHCH3), 0.85 (s, 3H, ~CH<)
g : ;

?
and 0.65 (s, 3H, ~CB,): ms MY 400.2788 («al-~4. for

w

(both 4, J

1]

CygH3g0: 400.2768).

Similaf treatment of the diol 81 (from the minor pair
of isomer of 80; 380 mg, 0;91 mmol) with p—toluenesulfonic
acid (0.035 g, 0.f8 mmol) afforded the pure hvdroxydiéne
83 (300 mg: 83% yield) after purification on a silica g-'

column, ir 3400 (Al ahnl ), 1RG50 (~Y¥ecfin) ~nd 1600 ocw
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(aromatic); nmr §7.2-7.5. (m, 10H, aromatic), 6.00, 580
(bofh d, J = 8 Hz, total H, -CH=), 5.75 (m, 13,.-cn=CH2),
4.95 (m, 2H, =CH,), 1.04, 1.02 (both d, J = 6 Hz, total

34, -CHCH3), 0.88 (s, 3H, -CH3) ang 0.40 (s, 3H 3H, —ca3), ns

¢ x

v

M 400.2788 (calcd. for CpgH3g0: 400. 2768).-

1-(3-Butenyl)=7-(2,2-diphenylethenyl)-2,6,6-trimethyl-

-
s

bicyeclo[3.3.0]Joctan-3-ohe (84)

7

’v To a suspen51on éf p§r1d1n1um chlorochromate (290 mg,
1. 35 mmol) and sodlum acetate" (80 mg, 0.98 mmol) in
d1chloromethane (lO mL) was adged a s?lutlon of the
hydroxy dlene 83 (from the maJ§r pair of 1somers of 80'

- 360 mg, O 90 mmol) in dichloromethane (10 mL). ;?he;
mixture was stirred at room temperature for 2'ﬁf5gnder an
‘argon atmosphere. Ether (50 mL) was added énd ghé‘miiture
was filtered througﬁla short. pad of Florisil. The-
filtrate was concentrated and the residue chrbmatograpﬁédﬁ,
on silica gel. Elution with 5% ethyl acetéte in hexane.
af forded the ketodiene 84 (278 mg; 72% yleld) ‘ir 1735-:
(ketone carbonyl), 1640 (olefin) and 1600 cm -1 (aromat1c).

3 nmr 67.30 (m, 10H, aromatic), 6.04, 5:96 (both d, J = g

Hz, total 1H, -CH=), 1.02, 1.08 (both d, J 3 6 Hz, total

3H, -CHCH3), 0.65 (s, 3H, -CH3) and 0.85 (s, 3H, -CH3); ms

M* 398.2626 (calcd. for CpgH40: 398.2611).
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Similar treatment of 83 (from the minor péir 6f
'isomérs of 80; 300 mg, 0.75 mmol) with pyridinium
chlorochromate (242 mg, 1.12 mmol) and sodium acetate (67
mg, 0.82 mmol)'afforded the -same ketodiene 84 (226 mg} 75%

.yield). o

7-Catbomethoxy-l—qarbomethoxyethy1—2,6,6-trimethylbicyclo-

[3.5.0]octan-3-one (86)
\ )

N |

Ruthenfum dioxide (80 mg) was suspended in acetone
(30 mL) and a solution of sodium mégaperiédate (800 mg) in
Vwater'(15 mL) was added. The mixture was stirred at room
-temberatufe until a clear yellow solution was obtained.
solid éédiqm metaperiodate (I;O g) was introduced and a
solution of the ket&diene 84 (500 mg, 1.3 mmol) in acetone
(10 mL) was”then added dropwise with stirring. The
reaction mixture Qas stigred for 4 hr and isoprdpyl
alcghbl (10 mL) was addeé. After 30 min the mixture was
filtered and the residue thoroughly washed with acetone.
Most of the solvept was evapbrated:éhd the aqneous.
‘solution made basic with '1N aqueous‘potgssihm hydroxide
soLutién. The soiutihn was washed with ethyl acetate (? ~
30 mL) and the aqueous fraction was acidified with 1IN
aquedus hydrochaoric acid solution. Frtraction with
chloroform (3 x 30 mL) was followed bty drying of.the

chloroform extract. Filtraticr and concentration gave the
\ ,
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crude acid (500 mg) which was dissolved in acetone (10
.mL). ' Potassium carbonate (500 mg) was added and toe\' '
mixture stirred‘atqroom_temporatureffor fsﬁ;in. -Méthyll
iodide (0.5 mL) wao added and”the miiture stirred_fbrf24.'

hr. The resulting mixture was poured into ioéépoiohoilutéi*'
aqueous‘hydrochlorqc acid and extracted with ch16r6form'(3

x 2@ mL). The chloroform extract was drled, filtered and j ¢
concentrated. The resultlng crude materlal was, 'é |
chromatographed on silica gel. Elutlon with 10% ethyl
acetate in petroleum ether afforded the ketodiester 86
(242 mg; 60% yield): ir 1745 (ester) and 1720 9m,}.
(ketone carbonyl); nmr §3.70 (s, 6H, 2x =CO,CH3), 1.00,
1.20 (both 4, J = 6 Hz, total’ 3H, —CHCB3),'1.06 (s}‘3H;
~CH3) and 0.60 (s, 3H, -CH3); ms M* 310.3930 (calcd. fqr
Cl7Mp05: 310.3929). Anal. Caled. for CyoHygOs: C

65.79, H 8.44; Found: C 65.88, H 8.71.

7-Carbomethoxy-l-carbomethoxyethyl-3-methoxy-2,6,6-tri-

methylbicyclo[3.3.0]oct?2-ene (87)
v I

A solution of the ketodiester‘Bﬁ (200 mg, 0.64 mmol),
trimethyl orthoformato (0.09.mL, 0.75 mmol) and p-toluéne
sulfonic acid (5.60 mg, 2.8 x 1073 mmol) in methanol (10
mL) was stirred at room temperature under an argon
atmosphere'for 24 hr, Ice-cold 10% aqueous sodium

bicarbonate solution (20 mL) was added and the mixture

L4
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extracted with chloroform (3 x 20 mL). The combined
extract was dried, filtered and concentrated. The crude
residﬁeiwas chromatographed on silica gel. Elution witﬁ
5% ethyl acetate in petroleum ether éfforded the pure enol

.ether 87 (151 mg; 70% yield)ﬁ ir 1740 cm~! (ester); nmr

§3.65 (s, 6H, 2X-CO,CH3), 3.45 (s, 3H, -OCH3), 1.50 (s, —_

34, =CCH3), 1.20 and 0.90 (both s, 3H each, -CH3); ms M’
324.1936 (calcd. for CygHg0g: 324:1937). Anal. Calcd.
for CygH,g0g: C 66.62, H 8.70; Found: C 66.79, H 8.91.

v

4—(2—Hydroxy-2,2—diphenylethy1)-3,3—dimetﬁy1i2-methyl—

idenecyclbpéntanol (88)

A2 M solution.of phenylmggnesium bromide in ether
(7.30 mL, 15 mmol) was added to_éther (10 mL) and cooled
to 0°é. A solution of the hydroxy esters 71 (580 md, 15
mmol) in ether (10 mL) was ‘added dropwise with stirring.
After stirring for an additional 3 hr at room temperature,
the mi#ture was poured into ice-cold 2N aqueous
hydrochloric acid solution (50 mL) and extracted with
ethef (3 x 20 mL). The combined ether extract was dried,
filtered and coﬁéentrated. The residue was subjected to
column chromatography on silicaléel. Elution with 10%'
ethyl acetate in hexane afforded the diol 88 (870 mg; 90%

yield): ir 3450 (alcohol), 1655 (olefin) and 1600 em™ !

(aromatic); nmr 67.30 - (m, 10H, aromatic), 5.20 (d, J = 8




Hz, 14, =CH-), 4.95 (d, J = 8 Hz, 1lH, =CH-), 4.45 (m, 1H, .

-CHOH), 1.05 (s, 3H, -CH3) and 0.85 (s, 3H, =CH3); ms:M*
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322.1922 (caled. for CpyHpg05: 322.1934). . Anal. Calcd.

for CyHpg0,: C 81.94, H 8.13; Found: C 81.78, H 8.06.

3,3-Dimethy1-4-(2,2-diphenylethenyl)-2-methylidenecycto-

pentanol (89)

p-Toluenesulfonic acid (0.23 g, 1.20 mmdl)-waS'added

to a solution of the diol 88 (2.00 g, 6.24 mmol) iQ

dichloromethane (25 mlL) and the mixture was stirfgd‘aﬁ 0°C_‘

under an argon atmosphere for 3 hr. Saturated aquéous_
sodium carbonate (150 mL) was added and the mixture was'
extracted with dichloromethane (3 x 50 mL). The combined’

4

\extract was dfied, filtéred and cohcentrated; The Cruée:
material was_cﬁromatogréphed on silica gelleluting with 5%
ethyl acetate'in‘hexéné to give the hydroxy diene 89‘(1-70
g; 90% yield): ir 1630, 1640 (olefin), 3450 (alcohol),
and 1600 cm™! (aromatic); nmr 67.30 (m, 10H, aromatié),
6.00 (4, J = 10 ﬁz, 1H, -CH=), 5.20 (Q, J = 8 Hz, 1lH,
=CHH), 4.95 (4, J = 8 Hz, 1IH, —csq),ﬁ4.45 (m, 1H, ?CHQH)'.
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3,3-Dimethyl-2-methylidene-4-(2,2-diphegylethenyl)cyclo=’

pentanone (90)

Y

A solution of 89 (3.22 g, 10 mmol) in dichloromethane

(2@ mL).was added dropWise to a suspension of pyridinium
chlorochromate (3:23 g, 15 mmol) and sodium acetate (0.80

g, 10 mmol) in dichloromethane (20 mL). The mixture was

stirred for 2 hr under an argon atmosphere at room

temperature. Ether (50 mL) was added and the mixture

f1ltered through a snort ;éd of Florls}I The filtrate
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was concentrated and the residue chromatographed on s111ca '

gel. Elution with 5% ethyl acetate in hexane afforded the

enone 90 (2.85 g; 90% yield): ir. 1630, 1640 (olefin),

1600 (aromatic) and 1720 cm 1 (Ketone carbonyl), nmr &7.30

~(m, 10H, aromatic, 6.00 (d, J =‘10 Hz, 1H, -CH=), 5.15 (s,

-

JH, =CHH), 5.90 (s, 1H, =CHH), 1.10 (s, 3H, -CH3) and 1.20
(s, 3H, -CH3); ms M* 302.1672 (calcd. for CppHpp0:
302.1670). Anal. Calcd. for CyHp0: C 87.37, H 7.33;

Found: ¢C 87.01, H 7.27.

Compound 90 from diol 88

To a solution of oxalyl chloride (6.4b'mL, 73 mmol)
in dichloromethane (50 mfp) at -78°C, was added dropwise
with stirring, a solution of dimethyl sulfoxide (10.7 mL,

150 mmol) in dichloromethane (25 mL). After the addition,

q
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the mlxture was stirred for:an add;tional 30 min, Under,anf

'argon atmosphere and the.g1ol 88 (4 70 gi 15 mmol) in

dichloromethane (20 mL) was added drOpwise. "Aftérgthe

’

addltion the m1xture was stlrred for 6 ‘hr at -78’C.'

Triethylamine (20 mL) in dichloromethane (20 mL) was.added

and the m1xture was allowed to warm up gradually to room,'

temperature overnlght. It was poured into . ice—cold water
{200 mL) and the dlchloromethane fraction separated,‘
washed with br1ne and dr1ed. F1ltration ‘and" concentration
gave the crude material which was chromatographed on
silica gel. Elut1on‘w1th 5% ethy;vacetate in nexane gave
~the enone 90 (3;63 g 80%'yield).d - | “

v

3,3-Dimethy1-2—(2~nitrobuty1)-4-(2,2-d;phenyletheny10—

cyclopentanone (91)

A saturated solution of potassium carbonate in
methanol (6 mL) was added to a solution of 1-nitropropah$
(0.57 mL, 6.45 mmol) in methanol (25 mL)with stirring. A
solution of the enone 90 (1.30 g, 4.30 mmol) in.methanoI’
(15 mL) was added and stirrino was continued f0r“and"
additional 1 hr., Ice-cold 2N aqueous nydrochloric‘acid
solution (100 mL) was addedlgnd the mixture'extracted_with
chloroform (3 x 50 mL). The combined ch;oroform*extract'f

was dried, filtered and concentrated.‘ The crude. residue

el

was chromatographed on a silica gel column.- Elution -with
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10% ethylVaéésate {s,ps;roléﬁm ether éffo:ded @hevminop
isomer of 91 (0.40 g; 24% yield)."Furthéroelution with
the same solvent’ system gave the major isomer of 91 (0.80
g; 47% yleld), The following ir spectral data were
observed for both isomers: 1735 (ketone,carbonyl), 1545
(nitro), and 1600 cm~! (aromatic). ms fof Moth isomers M*
391.2141 (calcd. for CpgHpgNO3: 391. 2148).
| The follow1ng nmr data were obtalned for the minor )
isomer of 91: §87.20 %ﬁ; 10H, arqmatlc), 6.00 (d, J = 8
Hz, 1H, -CH=), 4.70 (m, 1H, .-CHNO3), 0.80 (s, 3H,i7CH3),
1.00 (s, 3H, -CH3) and 1.00 (t, J = 8 Hz, 3H, ~CH,CH3) . |
~The following nmr data were obtained for she ma jor
isomer of 91: 67.20 (m, lOH; aromatic), 6.02 (d, J = 8
Mz, 14, -CH=), 4.82 (m, 1H, —-CHNO,), 0.84 (s, 3H, —-CH3),

1.02 (s, 3H, —CH3) and 1.04 (t, J = 8 Hz, 3H, -CHpCH3).

4-(1,2-Epoxy-2,2-diphenylethyl)-3,3-dimethyl-2-(2=

uoxobutyl)cyclopentanoné (92) and 4-Formyl-3,3-dimethyl-2-

(2-oxobutyl)cyclopentanone (94)

To a soiution of nitroketone 91 (500 mg, 112 mmol) in
methanol (20 mL) was added a 0.72 M solution of methanolic
sodium methoxide (2 mL, 1.4 mmol). After stirring at room
temperature for 30smin, the resulting solution was chilled
to -78°CAand a stream of ozone was bubbled through:the

solution. After 2 hr, the mixture was purged with argon
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to remoye exeeee.ozone., Methyl sulflde (2 mL) was
:added. The- reactlon mixture was allowed to warm up te
‘room temperature and stirred overnlght. It was T
concentrated and the residue taken up. in dlchloromethane,
washed-w1th brlne, dried, filtered and concentrated. The"
crude material was ghromatographed on silica gel. 'Elgtieh R
with'lO%}ethyl acetate‘in~§etreleuﬁvether‘afforded}thee;'.v 1jfd
diketo epoxide 92 (252 mg; 56% yield). ‘Futthei‘eluiionh ’
with 15% ethyl acetate 4in. petroleum ether gave the d1keto
aldehyde 94 (38 rg; 15% yield). o

The following spectral data were obta1ned for 92: ir 
1715 (ketone carbonyl), 1740 (f1ve—membered ketone), 1600l
(aromatic) and 1250 cm'l (epoxide), nmr 67 40 (m, 10H,
aromatic), 3.50, 3.60 (each d, J = '8 Hz, total 1H, -CHO-),
1.10 (t, 3H, J =8 Hz, -CH2C83),.0 85 ané- 1.20 (each s,
3/2 H .each, -CH3) and 0.95 and 1. 00 (each s, 3/2 H each.
~-CH3); ms M* 376.2039 (calcd. for C25“2803= 376. 2039).

The follow1ng spectral data were obtained for. 94. ir
2740 (aldehyde), 1740 (five-membered ketone) and 1720 cm” -1
(ketone and aldehyde carbonyl);'nmr $9.80 (d, J =4 Hz.
1H, -CHO), 0.80 (s, 3H H, -CH3), 1.45 (s, 3H, -CHj) and 1.10
(t, J = 8 Hz, 3H, -CH,CH3); ms M+ 210.1266 (calcd. for

C12H1803:>~210.1256)o
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Diketo Aldehyde 94 from Diketo Epoxide 92

A solétioﬁ'6f>92 (310 mg;-o,sj mﬁ91y in ether (I0 mL)
was»addeq £o a sélution of pgriédiéjabid (1 g, 4.4 mmql)
in eﬁhefj(26~mL) with stifringﬁéﬁf;oqh_temperatﬁre'and
under an argon'atmoﬁphere. After j‘hr,~w$ter,(5¢ mL) was .
added-énd the eﬁher fraction separated, dried, fiitered
And conéentrateds Thé crude residue was thomatégraphed
on silica gel, Elution with 15% ethyl acetate in
“petroleum ether afforded the diketo aldehyde 94 (110 mg

. 63% 'yield).

4-(1,2-Epoxy-2,2-diphenylethyl)-3,3-dimethyl-2~(2-nitro-

butyl)cyclopentanone (95)

)
A solution of m-chloroperbenzoié'ﬁcid (80% prity,
1.0 g, ~5.8 mmol) in dichloromethane (20 mL) was added
dropwise to a solution of nitro ketone 91 (1 g, 246 rmol)
| iﬁ'dichloromethahe (20 mL) at room;;émperature. ‘After.thé
Aaddition the ﬁixture was stirred for 3 hr at roqm. |
temperature under an argon atmosphere., A 10% aqueoug
sodium sulfite solution (20 mL) was added and the mixture
was poured into a 10% aqueous sodium bicarbonate solution
(80 ﬁL). The~organic fraction was separated, washed with

brine, dried and concentrated. The crude material was

purified on a silica gel column, el&ting with 10% ethyl
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acetate in hexane, to give the epoxy nitroketone 95 (0.94 -

g: 90% yield): ir 1740 (cafbonyl)}.1550 (hitro); 160Q
(daromdtic) and %250 em~l (époxide)} nmr-67.40.(ﬁ, 10H,

‘aromatic), 4.90 (m, 1H, ~CHNO, ), '3.50, 3.60 (each 4, 3.=8
Hz, total. lH,*-CHO-), 0.85 and 1. 40 (each S, 3/2 H each,
~-CH3), O. 95, 1200 (each S, 3/2 H each,.—CH3) and 1 10 (t,
J = 8 Hz, 3H,lrcucs3); ms M* 407.2068 (calcd. fort
‘C'25H29NO4: 4017.2667)r\_‘_

-

Diketo Epoxide 92 from Nitro Keto ' Epoxide 95

A'1.19 M SOquion of stiﬁmvmethoﬁide in metha;éik
(1.5 mL, 1.8 mmol) was édded to a Bolutioﬁ of théfhitro
ketoepoxide 95 (600 mg, 1.5 mmol) in methanbl'(ioaﬁﬁ).

The mixture was stlrred at room temperature for 40 min ahd
a stream of ozone was: bubbled through at -78°C for 1 hr.
After purging’ Wlth argon, dimethyl sulflde;(Z mL) was °
added and the mixture allowed to warm up tozféom

temperature and stirred overnight. It was ¢oncéntra£éd

and taken up in dichloromethane. The resulting solution

*

was washed with brine, dried, filtered and concentrated.”

The crudé residue was chromatographed on silica gel.
Elution with 10% ethyl acetate in hexane afforded the

epoxy diketone 92 (400 mg; 71% yield).' Spectral data were

the same as those given for 92 on the previous page.

[Py SR




4-Carbometh0xy—3,3—dimethyl—2—(2—oxobufy1)cyclogentanone
(93) A |

A'solutidnvof-O.B M Jones reagent !9 mL) was added
dropwise with stirring to a solutién of the diketo
aldehyde 94 (1 g,;4.8'mmoi) in acetone (15 mL) at 0°C.

After the. addition, the reaction mixture was stirredfor
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45 min at room temperature. Iéopropyl alcohol (5 mL) was

added and the mixture filtered. The residue was washed

thoroughly with acetone and the filtrate concentrated and ~

taken up in dichloromethane (20 mL). The organic solution
was’thracted w1th 1N aqueous sodium hydroxide §blutlon (3
x 20 mL) The comblned aqueous extract was ac1d1fed w1th
1IN aqueous hydrochloric acid solution and extracted w1th
Ad;éblbroﬁethane (3 x 20 mL). The organjc extracts were
-driéd;‘filtered and concentrated. The crude product was
"dissolved in acetone (20 mL) and added to a mixture of
anhydrous potassium c?rbonaxg‘(0.92 gf in acetone-(iq

mL). The mixture was'stifred‘at room temperaturé under an
argon atmosphere for 30 min and methyl iodide (0.8 mL) was
@ntrbduced. The mixtﬁre_was stirred for 24 hr and
concentrated. Dichlorbmethane (30 mL) and water (30 mL)
wé}e addea and the mixture shaken in a seperatory Iﬁ
funnel. The ofganic fraction was separated, washed with
water, dried, filtered and concentrated. The crude

|
. .
.residue was purified on silica gel. Elution with 10%

&
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.éthyl acetatevin:petféieﬁm:eihér éffbfdéd théVputé'éiketo
ester 93 (900 mg; 78% yield): ir 1745 (esteyf,?i730 |
kfive-méﬁbefed ketone catbonyl) and 1710 cm~? (ketohé
_carbonyl); hmr 63.75 (s, 3H, -CO,CH3), 1.30(s. 3H, -CHj),
0.70 (s, 3H, -CH3) and 1.15 (t, 3H, J = 8 Hz, -CHCH3); ms
M;ﬁlﬂ?_. 3I12 (calcd. fqr -50.13H200‘4:" l240.3‘013:). Anal. :
Calcd. for Cj3Hp004: C“64,98,VH 8.39;'FoundE:a¢'64;95, H
8.57. .

Diketo Ester 93 from Nitro Keto Olefin 91

AN

"Ruthenium dioxide (100 mg) Qaé suspended in acetone

(25 mL). A sqlution Qf:sodium'metaéeriodate (2-9,;9o$,
mmol) in water (25 mL) was added and the‘:esulting mixture
stirred ét room témperature'un;il a clear yeilow sqlﬁtioh,
was obtained. Sodium metaperiodate‘(l‘g, 4.7 mmol)vQ§éwA?
_added to the yellow solutidn and a solution of the’nitro
olefin 91 (1.30 g, 3.23 mmoi) in aéetone (15 mL) was added <) ’
drépwise with stirring. The réacqion mixture was stirred
forl4 hr and isopropyl alcohol (15 mL) was‘adde&. Aftéf
30 min, the mixture was filtered through a sintered glass
.(size D) and the residue'thoroughly.Qasﬁéd with acetone.
After most of the-aceton;\ﬁad beenpeVapofated, the aqﬁeous
solution was made basic with leaquebus botéssiumi
hydroxide solution and Ehe mixture extracted with ethyl
acetate (3 x 100 mL). The aqueous'sblution was acidified

.
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with 1IN icé-cold aqueous hydrochloric acid solution.and
thenvéx;racted with/chlo:oform (3 x 160 mL ). Thé COmbined
chloroform extract was dried,‘filtefed and concentrated to
afford the crude acid (1 g). withéut purifipation, the
écid was dissolved in écetbne,(20 mL) and potaséium
carbonate (1 g) was added. .The-mixturé was stirred at
room temperature under an argon atmosphere for 30 min '
followed by the addltloh of methyl 1od1de (1 mL). After
stirring for an additional Zﬁ_hr, the acetone was |
evap&f;ted and the residue was taken ub in Qichlotomethane
(SO/hL) and washed sequentially with ice-cold dilute
aqueous hydrochloric acid, water and brine. The organic

* fraction was dried, filtered and concentrated. The crhde,
material was chromatographed on ' silica éel. Eiution with
10% ethyl acetate in petroleum ether affofded;thé diketo
ester 93 (0.45'g; 58% yield). All the spectral data were
identical in al) respects to those of 93 hrainaed
-previously.

N

7-Carbomethoxy-2,6,6-trimethy'bicyclol3.3.0}oct-1-en-3-one

£98)

hy

A 0.98 M solution of methannlic sodium met hoxide
(6.40 mL, 6.3 mmol) was added to a solution »f the diket~
ester 93 (1 g, 4.16 mmol) in methancl (20 mi.). The

mixture was refluxed under an argon atmoephere for 16



hr. After cooling to ~room temperature ‘it was poured into
ice-cold 1N aqueous hydrochloric acid solution (100 mL)
‘and extracted with- chloroform (3 x 40 mL). The combined'.
chloroform extract was drled, f1ltered and concentrated.

»

The crude product (1 g) was d1ssolved in acetone~(20 mL)

and added to a mixture of potassium carbonate (1 20 g) in

acetone (20 mL).‘ The mixture was stirred at roam.’

temperature for 30 min and methyl 1od1de (0 8 mL) wasj
added. The reaction mixture wae stirredpat room
temperature for 24 hr after which it wae concentrateé and
4taken up in dichloromethane (50 mL). It,was washed with
ice-cold 1N aqueous hydrochloric acid solutlon (3 'x: 40 mL)
and then‘with water. The organlc fract1on was dr1ed,'
filtered and concentrated. ‘The crude materlal v
chromatographed on silica gel, eluting with 10% ethjl_’v
acetate in petroleum ether gave, the pure bicyclic enone
98 (0.74 g; 80% y1eld). ir 1700 (ketone carbonyl), 1745"
(ester) and 1665 cm~1 (olefln), nmr 63.75 (s, 3H,:
~-CO,CH3), 1.75 (s, 3H, -CH3)y 1.10, 0.75 (both s, total
3H, -CH3), 1.00 and 0.70 (both s, total 3H, —CH3), ms M

222,793]1 (cdlcd. for C13H1803. 222.2860). Anal.@Calcd.
S, =

for C13H1803' C 70.24, H 8.16, Found C 70.64, 38.40-
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- 1-(3- Butenyl) -4- carbomethoxy -2,6,6- tr1pethy1b1-

cyclo[3 3 0]-octan -3-one (100)

A solution of l 2 M 3- butenylmagne51um bromlde in
tetrahydrofuggn (11.26 mL, 13.5 mol) was added to a
suspension of cuprous ipdide (0.11 g, 0.58 mmol).in
tetrahydrofuran (fo'mLi at 0°C under an argon .
atmosphere. ‘The mixture was stirrdd for 90 min and the
teﬁpéfature was lowered to -25°C. A solution of the
bicyclid/enone 98 (590 mg, 2.52 mmol) in tetrahydrofuran
(10 mL).Was‘introduch. After 10 min, the reaction wés

comélete. The mixturelwas added dropwise~;o an ice-cold

_2N'équeous hydrochloric aeid solution with qrirrinq; It

was éhen extracted with dichloromethane (3 x 25 faL). The

combined organic extract was dried, filtefa& and

concentrated. The residue was chromatographed on silica

gel, eluting with 5% ethyl ac-etateé in petrnl-um ether to
< give the’1,4-adduct 100 (440 mg; 72% yield): ir 1730

(ketone carbonyl), 1745 (ester) and 1640 cm™!

(olefin);

© mr 65.80 (m, 1H, -CH=), 5.00 (m, 2H, =CH,), 3.70 (s, 3H,
JC,cH3), 1.05, 1.00 (both d, J = 6 Hz, toral 3H, -CHCH3),

“N.20, 0.75 (both s, total 3H, -CH3), 0.95 and 0.70 (both
sw.totél ;H, -CH3); ms m* 278.4511 (calcd. for Cy17H2603:
278.3941). Anal. Calcd. for C;yHpg03: C 73.35, H 9.41;

Found: C 73.60, H 9.55.

)
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‘7-Carbomethqu-l—carbomethoxyethy1 2 6 6-trimethy1b1-

cyclo(3.3. 0]octan-3—one (103)

\
y .
-

At -78°C ozone was bubbled throbgh a solution OE.the
olefin 100 (590 mg, 2.1 mmol) in.dichloromethane (15 mL)
until a blue” color was retained (50 min). A selutiop of
triphenylphoephine (850 mg, 3.2 mmol) in dichloromebhane,

(10 mL) was added with stirring. The mixture was allowed< |

~ to warm up to room‘temperature and stirred overnight;;kib'V
was then concentrated and the residue dlssolved in acetone

(25 mL). A solutlon of 0.8 M Jones reagent (5 mL) was

added dropwise and the m1xture,st1;req for 45-m;nvat-room
temperature. Isopropyl alcohol (SLﬁL) was addeé‘abdfaft NN
20 min, the mixture was filtered and concentrated.' Ibe‘ |
crude product was dissolved in acetone (25 mL) ahd“..
potassium carbonate (750 mg) was added'ﬁith atifrihg.
After 30 min, methyl iodide (0;6ibLo was introduced and
the mixture was stirred under an aern atmosphefe for‘léf
hr. Most of the solvent was evaporated and the residue ' P
taken up in dichloromethane (25 mL) ‘and washed w1th ice-

cold dilute aqueous hydrochloric "acid solution (3 x 50 mL)

and then with water., The organlc fraction was drled, _

filtered and concentrated. Columnﬂcbromatography of ﬁhe

crude product gp;silica gel, elating with 10% acetate in A
petroleum ether afforded the_ketodieStér 103 (2$0vﬁg;133§b

yield): ir 1720 (keione carbonyl) and 1745 em™} (ester);
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nmr §3.70-3.72 (close singlets, total 6H, 2x —C02CH3),
1.05, 1.00 (both d, J = 6 Hz, total 3H, —CHCB3), l.20,
'0.75 (both s,-ﬁgtal 3H, -CH3), 0.95 and 0.70 (both s,
total 34, -CH3); ms Mt 310.3930 (calcd. for C17H26°5'
310.3929). Anal. Calcd. for CjqHp05: C 65.79, H 8.44;

Found: C 65.82, H 8.56.
J‘.v

. Compound 103 from Keto Olefin 100

Ruthenium'dioxide'(40 mg) was suspended in acetone
(25 mL). A solution of sodium metaperiodate (806'mg, 3.76 .
mmol) in water (25 mL) was added and the mixture stirred
at rooﬁ temperatﬁze until a clear yellow solution'yas
retained. Solid sodium metaperiodate (500 mg) was added
'td the yellow solution and a solution of the.oleiin 100
(500 mg, 1.80 mmol) in acetdne'(lO mL) was added
dropwise.. After the addiZion the mixture was stirred for
an additional 4 hr followed by the addition of isopropyl
alcohol (5 mL). After 30 min the mixture was‘filtered and
the residue thoxoughly washed with aCetone.' Most of the
acetod% was evaporatedtand the aqueous solution made basic
with lN agqueous pota551um hydoxide solutlon. The ba51cA‘
solution was washed w1th ethyl acetate (3 x 506 mL) and the
aqueous solutioﬁ acidified with ice-cold dilute

_hydrochloric acid solution and then'extfaqted with.'

" chloroform (3 x 80.mL). The combined organic extract was
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dried, filtered and concentrated. The crude acid (500 mg){,;;
was dissolved in acetone (30 mL) and potassium carbonate
_(500 mg) was added. After stirring at room temperature

for 15 min, methyl 1odide (0 6 mL) was 1ntroduced and
stirring continued for 16 hr. ‘Most of’the acetonetwas :7

evaporated and the’ crude material taken up'lnechloroform

and washed sequent1a11y w1th ice-cold d1lute aqueous

i

~hydrochloric aciqf.” u ﬂd then brine. 'The chloroform

& .
‘.fractlon was dried, filtered and: concentrated. The crude
residue was chromatographed on-silica gel, eluting with
)
10% ethyl acetate in petroleum ether to afford the pure '

keto dlester 103 (360 mg; 65% yiQAd) with the same

spectral data as 103 obtained previously. ﬁ\ '

7-Carbomethoxy—1-carbomethoxyethj1-2-methoxy-2,G;G-tri-.

methylbicyclo{3.3.0]loct-2~ene (104)

A solution of the keto diester 103 (106 mg, 0.34
mmol), trimethyl orthoformate (0.05 mL, 0.40 mmol)rand p~
toluenesulfonic acid (3_mg; 0.00015 mmol) "in metnanol (10
mL) was stirreduatdroom temperature under}an argon°
Aatmosphere for 24 hr., Ice-coldvIO% aqueous sodium -
b1carbonate solution (30 mL) was added and the mixture
_extracted with chloroform (35x 20 mL). The”comblned
organic extract was drjed, filtered and concentrated.l'The'

crude materlaj was chromatographed'oanllica gel.‘ Elution
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;with 50% ethyl acetate in hexhne gave the pure enol ether

,;104 (ao mg; 70% yield)-" ir 1745 em-l (ester); nmr 53 65

.'(s; 6H, 2. /-CoyCH3), 3.45 (s, 3H, -OCH3), 1.50 (s, 3a.

'=CCH3), 1 10, 0.80 (both s, total 3H, -CH3), 1. oo and o 70
(both s, total 3H. -CH3), ms Mt 324, 1936 (calcd. for |

" CygHzg05¢ 324.1937). Anal. Calcd. for CjgHpgOs: C I
'66.62,‘&‘8.70{-Fqund=' C 66.81, H 8.82, o

7-Carbomethoxy~l-carbomethoxyethy1~3 3-ethylenedithio-

5ﬂ2 6 6-tr1methylbioyclo[3 3. Oloctane (106 and. 107)

( . .
A solution of the keto diester 103 (480 mg, 1 55

mmol), ) 2-ethaned1th101 (0.4 mL, 6 mmol) and boron

) trifluoride etherate (0.4 mL, 3 mmol)‘ln dxchloromethahel'
(10 mL) was stirred at 0°C for 2 hr under an arooh:
;atmosphere. ‘2N aqueous sodium bicarbonate solution;§20
mL) was added and the mixture extracted with |
d1chloromethane (3 x 20. mL). 'The organic extractbﬁas
drled. flltered and concentrated. .The crude.matetiai wes
purlfled on a s1l1ca gel column, eluting with 2% ethyl
iacetate in petroleum ether. to afford the dlthxo ketal 107
(450 mg: 75% yield): ;1r 1740- cm”! (ester); nmr 83. 75 (s,
6H, 2x —COZCH3), 3 30 (s, 4H, -SCHZCHZS ), 1. 20, 1. 22
(both d, J = 8 Hz, total 3H, -CHCH3). 0. 90 l 16 (both 8,

total 3:;/;éﬂ3), 0 98 and 1.10 (both S, total 3H, —CH3),
) ms ‘Mt 3466 3821 (calcd. for 019H3004SZ 386 5756). |
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Sxmilar tteatment of keto diestet 86 with 1 2~

'l_ethanedithiol and boron trifluoride,etheteate affordcd tf 

gcotresponding dxthio ketal 106 in 80% yield:' ir 1740 cm'.
”'(ester), nmr. 53 75 (s, 6H, 2x-C02CK3). 3.30 (s,,iﬂ.

-SCHZCHZS-), 1 20,(1 22 (both d, J = B Hz, total 3ﬂ,

Z

-CHCH3), '1.18_ '*  0.95 (both s, 31 each, -cu3).-”,uf "
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