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Chapter one of this thesis describes the pPreparation
of the epoxy alcohol I, a potential intermediate towards.
the total synthesis of dendrobine II, from piperitone
ITI. Phoéocycloadditign between piperitone 111 and vinyl
acetate gave the adduct IV after base treatment.
Hydrolysis of the acetate IV with potassium carbonate in
aqueous methanol followed by Swern oxidation of the
resulting alcohol gav; the chloro dgketone V. Dehydro-k
chlorination of V with ; mixtdfe of chlorotrimethylsilane
and triethylamine in dimethylformamide gave the enone
Vi. Selective ketalizatié% of tbe>¢yclobutanone‘mpiety
with 2-ethyl-2-methyl-1,3-dioxolane in the presenée of p-
toluenesulfanic acid followed by reduction of the eno#e -
ketone wi£hQ:édium borohydride gave the allylic alcohol
VII. Methylation of the hydroxyl group with methyl iodide
foliowed by treatment of the ailylic'ether sequentially

with diborane, s:Zic hydrogen peroxide and pyridinium

dichromate gave. e ketone VII1. Elimination of methanol

from VIII with 1,8-diazabicyclo[5.4.0]undec-7-ehe gave the
enone IX. A 1,4-addition of -lithium divinylcuprate to IX,

followed by ruthenium tetroxide cleavage of the carbon-

carbon double bond and methylation of the resulting
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carboxylic acid with potassium carbonate and methyl iodide
gave the keto ester X. . /

Deprotection of the cyclobutatanone moiety with p-
toluenesulfonic acid in acetone yielded the diketo ester
XI. vVinyllithjum addition to ‘the four-membered ring
Xetone followed by epoxidation of the carﬂgn-carbon double
bond ;2bh m-chloroperbenzoic acid gave the epoxy alcohol
‘I.

The seFond chapper describes the preparation of the
enol ether XII, a potential intermediate towards the
synthesis of isoacanthodoral XIII, starting from 2-
carbomethoxy-4,4-dimethyl-2, 5-cyclohexadienone XIV.
Diels-Alder reaction of XIV with isoprene in the presence
of boron trifluoride etherate gave the 1:1 adduct XV.
Reduction of the enone carbon-carbon double bond with
Wilkinson's catalyst\j; £riethylsilane fbllpwed by
hydrolyﬁis of the res&lting enol silyl ether with
potassium carbonate in methsnol gave the saturated ketone
XVi. Redultion of the saturated ketone with sodium
borohydride to an alcohol, followed by conversion of the
alcohol to xanthate XVII with carbon disulfide, methyl
iodide, and sodium hydride ahd treatment of the xanthage
XVII with tri-n-butyltin hydride in.the presence of 2,2'-
azobis(2-methyl-2-propionitril®) gave the ester XVII1I.

The ‘esterglll was reduced to an alcohol with sodium bis-
.
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(2-nothoxyotho£§)u)umihum hydride and the resulting

alcohol oxidized by Swern's oxidation to the aldehyde
‘ . /
XIX.

Wittig reaction of the aldehyde XIX with (methoxy-

methyl )triphenylphoaphorane ylide gave the emol ether XII.
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CHAPTER I

SYNTHETIC STUDIES ON DENDROBINE
f



INTRODUCTION
. ~
Dendrqbine (1) is the majér alkaloid constituent of a
Chinese herbal preparatioﬁ, *Chin Shih Hu", which has been
used for centuries as a ﬁonic’and antipyreﬁic; ‘The
species responsible for the alkaloid content of this

preparation is the ornamental orchid, Dendrobium nobile

Lindl. which belongs to the family Orchidafeae.

Dendrobine (1) was the first alkaloid isolated from
v -~

Dendrobium nobile Lindl. in 1932 by Suzuki, et 1,102

They also revealed its molecular formulé. the presence of
1 . '
-anigfmethyl group and a lactone function. The complete

structure was reported in 1964 by three independent
_ " e ey

groups.3~° o

' ST T e

To date, a total of fourteen_ structfraily related
alkaloids have been isolated from D. nobile and other

Dendrobium species.6'7 Structures have been assigned to

these alkaloids on the basis of extensive degradation

studies, by chemical interconversions, and/or by
6,7 \

o

spectroscopic methods.
The absolute configuration of dendrobine (1) was

established by circulér”dichroism studies on ;arious

members of the family.8 Dendrobine (1) 1is structurally

similar to the potent convulsant picrotoxinin (2). Both

compounds contain the same basic elements of a bridging
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lactone and a hydrindane ring system to which a second
heterocyclié ring is appended. These two compounds also

share similar physiological properties - high mammalian

toxicity, eventually causing death by convulsion.®

[

The early stages of the biosynthetic pathway of

dendrob;pe have been studied.?-11 2—trans-67trans-,'
Farnesyl pyrophosphate (3) has been shown to be the
_precursor in the biosynthesis of.dendrobine.ll' Thus, the
intermediate 3 can cyclize to 4, which after a 1,3-hydride
shift should(give the germacrene interme@iétéﬁsy(Scheme
I). A trans-cis double bond isomerization (5 + 6),
followed by cyclizééion would give the muurolane cation
7. An anti-Markovnikov addition of the double bond in 7
to the cation would give a tricyclic cation 8. A carbon-
carbon bond cleavage (as indicated) would give the
hydrindane derivative 9 which would eventually lead to
dendrobiée (1).12,13

Due to their potent biological activity and unique
polycyclic structures, picrotoxinin (2) and Dendrobine (1)
have at;racted‘considerable attention from synthetic
cheﬁists. To daég, there have been three synthetic

14-16 5pe synthesis

18-21 0T

approaches to the dendrobine sgkeleton,

of an epimer,17

and'four‘toﬁal syntheses.
The first total synthesis of dendrobine (1) was

reported by Yamada} 33_31}8 who used an intramolecular
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Michael reaction for the construction of the cis-
hydrindane system as a key step. Thus, 3,4-dihydro-7-
methoxy~-S-methyl-1(2H)-naphthalenone (10) was elaborated
into compound 11 in nine -topsl(8chomc 11). An
1ﬁttaﬁolecular Michael reaction on 11 using potassium
tert-butoxide as base, followed by fractional
;recrystallization and functional group modifications gave
the enol acetate 12. The enol acetate :12 was converted,
in two steps, to compound-13 which upon ireatment with 40%
agquedus methylamine-glyme (1:1) mixture, followed by
bromination was converted to the lactam 14. Treatment of
14 with sodium hydride in glyme followed by acidification
gave 15. Introduction of the isopropyl unit gave compound
16. Sodium borohydride reduction of 16 and treatment of
the resulting compound with triethyl ¢§onium fluoroborate
gave ((t):@endrobin; kl).

Inubushi and co-workers!? used the diketone 17
obtained by the Royce's procedure.y The diketone 17 was
converted to keto nitrile 18 after a series of functional
group manjgulations (Scheme I11). Bromination-
dehydrobrlxination of the ket,o nitrile 18 afforded the
enone 19. Acid hydrolysis of the nitrile 19 afforded a
carboxylic acid which underwent a concomitant
iMtramolecular Michael reaction with the enone to give the

lactone 20. The lactone 20 was then converted to the
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. P
8 A0, p-TeOH, reflux; b O,MeOH, DMS. -75°C. «¢: bydrolyss, d:

(Ph),P* -CH(CH,)-0CH,Q1". CH,-SO-CH,” Na* . DMSO, glyme. -40°C; ¢; (CODH), H,0,

f: HO-CH,CH,-OH. (COOH ),.reflux; g: Li.NH,. t-BvOH. THF. -35°C. h: (COOH), H,0,1:

1:1 E10H. 04N HCL. reflux; §: 1-BuOK. 1-BuCH. reflus; k: Sepenition 1:CH,N,; tm:Ac,0,

10- Camphorsulfonic acid; n: O\.EtOAc. H;0. 0°C; o: N N'- Carbonyi-di-imidazole, 80°C.

beat. $ minutes p: 1:] 40%q. CH,NH, - glyme; : Pyridinum bromide perbromide: 1: NiH,

giyme. reflux; s: (Cd]-l).; 1: HOOOMe, NaOMe, benzene; u: n-BuSH, 10- Camphorsulfonic

868, v: WMe,Culi, -40°C., ether; w: NaH, glyme, nﬁﬁx: x: NaBH. EiOH. y:
Tnethyloloniu_lnnuofobonu; 2:NaBH ,, glyme. ‘
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w,X .
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a: NaBH.,; b: Pynidine, TsCl; c: NaCN, DMSO, d: H,,5% Pd-SrCO, ,MeOH; ¢: Recrysalhzaton;

f: »B:;(Q‘ﬂ); ¢: LiBr-Li,CO, DMF; h: ‘HO-CHB&,-CH. p-TsOH. benzene; i: NaOH; j: p-TsOH,
k: 25%H,50.. HO-CH,-CH,-OH. I: 3% aq. CH,NH,CH,NH, HC180-190'C : m:
(CH,),CHMgBr ether, -70- -60°C; n: KHSQ,; o:l, .CH,COOAg. ACOH; p: KOH M¥COH; q: CrO,,

pyndine: 1. EGLAICN [ s: H,SO.ACOH, t: CHN,; u: NaBH,; v: KOH, w:

Tnethyloxoniumfluoroborate: x: NaBH,, glyme.

.&/ -l

11
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lactam” 21 which upon treatment witheisopropyl magnesium
bromide afforded the alcohol 22. Subsequent functional’
. ' { .
group manipula%fons gave compound 23. Nagata's .
hydrocyanation method was used to convert compound 23 to a
‘nitrile which was further elaborated to (t)—oxodendrobing'
(16: ="' e compound 16 was converted to dendrobine (1) by
the - :m= »drocedure used by Yamada gé_gl:

In Kende's synthesis of dendroﬁine,zo the known
triacetate 24 was used as the starting material.
éonversion of 24 to the quinone 25 (Scheme 1V) was
effected by sapoﬁification followed by ferfic chloride
oxidation. Diels-Aider reaction betwéen 25 and butadiene
gave a 1l:1 aaduct which underwent a ring cleavage react{pn
and aldol condensation to give the hydrindanone derivative
26. Reductive amination of 26 gave the amine 27.
Sequential treatment of 27 withllithium aluminum hydride
and 2 N cold sulphuric acid provided the enone 28. The
enone 28 was subsequently elaborated to the keto ester
29; Sodium borohydride reduction of 29 in isopropyl
alcohol gave (t)-dendrobine (1).

Roush?! utilized an intramolecular Diels-Alder
reaction to build the hydrindane system possessed by
déndrobinei(l). The triene 30 was prepared from the
lithio salt of methyl 4-(diethylphosphono)crotonate in

L3

seven steps. Diels-Alder’ reaction of the trimethylsilyl



SCHEME IV o
(1];]4 : 0

CHaN

a: MeOH, K,CO,. b: FeCl,; c: Isoprene, EtOH, 110°C; d¢: NaH. CH,l; ¢: O8Q,. Ba(Q10,),. 2q.
Droxane; f: HIO,. THF. g:Pyrrolidineacetate, benzene; h: CH,b{H,.HCl, NaCN.BH,, ph-5. MeOH,
20°C; i: LAH. ether, 25°C; 2N H,SO.; k: Lithhumdivinylcuprate ether,-20°C; i: Ru0, AcOH, 25°C; m:

CH,NH, ether, 20°C; n: 0.3 M NaOMe, MeOH, o: NaBH,. i-propano!
-

13
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derivative of 30 in toluene afforded compound 31 as the . . _—

major product. Removal of the silyl group followed by a

series of functional group manipqlg;ions gave the keto

-ester 32. The angular methyl group was introduced at this

stage and the resulting compound was converted to the

e . . . : ‘
\\ /\\hﬁino ester 33 in six steps. The amino ester 33 was

pretected with 2,2,2-trichloroethylchloroformate and the
re'ulting compound was elaborated to the keto ester 34,

The keto ester 34 was converted to (t)-dendrobine (1)

using the same procedure by Kende. 20 ~{
A

About a decade ago, a method for the regioselecti‘\}e/

construction of the hydrindanone system was developed in

21

our laboratory. It involves 2 + 2 '‘photocycloadditwon

and ring expansion reactions as the key steps. For
example, isophorone when irradiated with vinyl acetate in
benzene afforded a mixture of photoadducts. The adducts

were subsequently transformed to the ketone 35 (Scheme

VIi). Ring expansion of 35 with ethyl diazoacetate in the

presence of boron trifluoride etherate gave the
regioisomer 36 predominantly. This ring expansion process
was regioselective and occurred by the preferenﬁiai
migration of the less substituted g carbon.

Using piperitoﬁe 37 as a starting material, the
application of the above method to thé construction of the

hydrindanone system present in dendrobine (1) can easily



SCHEM& U

2 : 3
chsh -
—— ()1
0 COOCHy

2:BSA, toulene; b: IN HCI; ¢: N.dm. MeOH: d: TFAA.DMS('). e: DME, 1-BuCK, t-BuOH, CH,l;
f: 1-BuOK, 1-BuOH, Tosylmethylisocyanide. g: H,0," NaOH. EIOH; b: NBS. THF, H,0 i: Zn,
AcOH. reflux; j: Oxaly! chlonde; k: Li(1-BuO-),AlH, THF, 0°C;1: CH,SO,CI, NEi,, CH,C,. 0°C. m:
DMSO. ex CH,NH,, 85°C.18h; n: CQ1,CH,OCOCI, pynidine, CH,Cl,; 0:MCPBA, 4'.4.-Thiobis
(6-ten-butyl-3-methylpheno!), toulene; p: 1:1 acetone, 2N HCI, ex Jones; q: NaBH,. i-propanol.

4
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be conceived. Irradiation of p%peritone with a ketone
equivalent, such as vimyl acetate, would give a bicyclic
system of the type 38. Compouhd 38, after the necessary
functional g:oﬁp modifications, could be transformed to 40
via the enone 39. The cyclobutanone portion of 40 could

Al

then be ring expanded and decarboxylated to the diketone

. [
41, an important precursor towards the total synthesis of
dendrobine (1). Details of the efforts made towards the

synthesis of a precursor of the type 41 are outlined in

the first chapter of this thesis.

17
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RESULTS & DISCUSSION

As discussed previously, 6-isopropyl-3-methyl-
cyclohex-2-en-1-one (piperitone) (37) was conceived as the
ring B equivalent of dendrobine (1). It not only
possesses the correct substitution pattern needed but also
lends itself as a good starting‘material for a chiral
synthesis of dendrobine (1).

Both the levorotary22 ahd dextrorotary23 forms of
_piperitone are available in nature. Furthermore the
racemic form' which was used for the present work, can
easily be prepared from 2-isopropyl-5-methylanisole by
Birch reduction?? using lithium in liquid ammonia followed
by hydrolysis with aé;eous hydrochloric acid.

. From the retrosynthetic analysis, the immediate task
was to prepare the bicyclo[4.2.0]octane deriQative 38 from
piperitone (37). This can be done by a photochemical
addition of a ketene equivalent, in a head-to-tail
fashion, to the carbon-carbon double bond of the starting

enone 37. Several ketene equivalents are available,

alleneZ® is known to give the head-to-head photoadduct

rd

* For- other methods of preparation, see Ref. 25.



-

while vinyl esters?’

and l,l-dialkoxyethenesze'3° are
known to undergo head-to-tail additions. Both 1l,1-
diethoxyethene and vinyl acetate were employed in this
work. The latter compound, being cheap and commercially
available, was used for most of the preparations
undertaken.

Irradiation of a benzene28

solution of piperitone
(37) andran excess of vinyl acetate with a 450 W Hanovia
medium pressure mercury lamp, using a Pyrex filter,
L 4

afforded a mixture of photoadducts. The  imr spectrum of
the mixture displayed four methyl singlets around §1.20.
It could be inferred that the mixture was made up of at
least four compounds. These compounds could be both
stereoisomers as well as regioisomers.zﬁ'28 However, in
photocycloadditibns of enones to vinyl acetate, the head-
to-tail adducts are usually formed preferen;ially. It is
therefore likely that the mixture would contain mainly the
adducts with the desired regiochemistry and the difference
might be due to the stereochemistry at the three newly
created asymmetric centers.

The trans ring junction should be easily equilibrated
to the therinodynamically more stable Sig_formze in the
mixture of adducts by base treatment. This would also

result in a less complex mixture, which should be easier

to purify. The mixture, after treatment with 1,5-
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diazabicyclo[4.2.0]Jundec-5-ene in benzene at -reflux, gave
two products in a ratio of 1:5 in 65% yield.

The minor product showed ir absorption bands at 1739
and 1705 em~! indfcative of the présence of an ester and
ketone respectively. That the former was an acetate
functionality was confirmed by its lymr spectrum which
showed a methyl singlet at §2.08 as well as aubroad
doublet (J = 10 Hz) at 4.86 due‘to the methine proton
adjacent to the acetate group. A singlét ;t 5§1.22 was
assigned to the angular methyl group. Two éoublets at
§0.96 and43:86 (J = 8 Hz each) were assigned to the
isoprobyl'methyl groups. The mass spectrum showed a peak
at m/e 196.1454 (M*-42) accounting for the chemical
formula Cj7Hy05-

" The major product showed ir absorption bands at 1740
and 1720 cm~l for the ester and the ketone respectively.
In the lHmr specfrum, a sinélet at 5§2.02 was due to an
acetate methyl and a‘triplet (J = 9 Hz) at &£4.74 was due
to the methine proton adjacent to the acetate group. The
mass spectrum displayed a molecular ;on peak at m/e
238.1568 for the chemical formula C1;.2203.

— A closer analysis of the spectral data suggested that
the two products have the structures 42 and 43, and are

epimeric only at C-7. The broad doublet and a triplet at

64.86 and 4.74 respectively for the methine protons
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adjacent to the acetate group in 42 and 43 indicated that
there were only two protons ajjacent to each of them. A
different splitting pattern would have bocﬁ gbcorvod if it
had been the cbrrlnpondihg_meth;ne protons of the )
regioisomeric ketones 44, in which case there would have
been three adjacent protons. -

The ring junction stereochemistry of both compounds
could be easily assigned as cis, since it has been well
established that the trans ring junctions of
bicy1c6[4.2.0]octan-2-oné systems can easily be epimerized
to the thermodynamically more stable cis form.28 fThe
stereochemis}ry/gt the center bearing the isopropyl group
was not determined at this stage. Further confirmation of - -
the foregoing structural assignment was obtained from
experiments performed on the regpectiVe aléohols.

Keto acetate 42 was treated with potassium carbonate
in aqueous methanol3! at reflux temperature to give a pure
alcohol 45 in guantitative yield. The ir spectrum showed
bands at 3389 and 1700 cm~! due fo the hydroxy and the
saturated ketone respectively. A broad doublet (J.= 8.5
Hz) at §4.12 in the lHmr spectrum was due to the methine
’proton adjacent to the alcohol. The mass spectrum showed
a molecular ion peak at m/e 194.1464 for the chemical
formila C12H2002. The keto acetate 43 was similarly

hydrolyzed to alcohol 46 it quantitative yield. The ir
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spectrum showed an absorption band at 3380 cm~! due to the
hydroxyl group and another at 1708 em~! due to a.tafhrhzo;
ketone. The Methine proton'adjacont‘to the hydroxyligroup
‘appeat®d at 54.02 as a triplet (J = B‘Hz) in the ?Hmt
spectrum. The mass spectrum showed a molecular ion peak
at m/e 196 ,1465 for the chomicaquormula C)2H200;:

A two-dimension NOE experimernt performed on the
a1c6h01’45 indicated £hat the methine proton on C-7 at
64.12 had NOE's with protoms at C-1 and C-8 as wéll as
with thosq,on the angular ;ethyl group. Since NGE effects
are observed only when éfoups are oriented in the same
direction in space, this eptablishes-a cis relationship
between the methine proton on C-7, the angular methyl
group, and the proton on C-1.

Normal NOE experiment was also doné with the alcohol
45. A 25% enhancement was.observed on the signal at 5§4.12
wﬁen the signal for the angular methyl group was ’
irradiated. On the ;ther hand‘no NOE was observed upon
irradiation of the same methyl signal~in-thedlcohol 46.
This confir;;é that the stereochemistry of the alcohols at
C-7 was indeed as shown in 45 and 46. Since no
epimerization could ﬁave occurred during the hydrolysis of
their corresponding acetates 42 an; 43, the NOE

experiments also established the stereochemistry of the

acetates at C-7 as shown in 42 and 43.



Having obtained the bicyclic system of the type 38,
in the form of acetatesiand alcohols above, it was decided
to explore the possibilities of introducing a double bond
in the six-membered ring which would allow for further
elaboration to an enore of the type 39. The initial idea
was to introduce the dbuﬁle bond in the acetates 42 and 43
or in the alcohols 45 or 46. Various methods afe

available for such an operation.32-40

Pyridinium bromide perbromide32

is known to brominate
a positigns of ketones and the resulting bromides could be
éehydrobrondnateq33 to give the corresponding enones.
Treatment of acetate 43 with pyridinium bromide perbromide
in glacial ace£§c acid overnight, gave the bromo acetate
47, in 25% yield. The ir spectrum showed bands at 1746
and 1725 cem™! due to acetate agd ketone respectively. The
ler’spectrum displayed a ngblet of triplets (J = 8, J' =
1 Hz) at §4.88 which was assigned to the methine proton
adjacent to the acetate group. A doublet: of doublets of
doublets:(J =10, J' =5, J" = 1.-HZ) at §2.96 was assigned
to the anéﬁlar methine proton. Singlets at §2.08 and 1.30
were assigned to the angular and acetate methyi groups
respectié!ﬁy. Two doublets (J = 8.Hz each) at §1.18 and
1.02(were'attributed to the isopropyl methyl groups. The
mass spectrum showed a’molecular io;*peak at m/e 316.0625

a

due to the chemical formula Cy4H,,BrO3. Other products

25
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isolated were the dibromide 48 (26% yield) and the
starting acetate 43.

When the bromoacetate 47 was refluxed in pyridine the
enone acetate 49 was obtained in 94% yield. The ir
spectrum displayed banq§ at 1744 and 1670 cm~! for the
acetate and enone respectively. The lyme spectrum showed
two triplets at §6.64 (J = 4 Hz) and 4.94 (J = 8 Hz) due
to the enone proton and tﬁe methine proton adjacent to the
acetate group respectively. The 13cme spectrum displayed
signals\at 6199(9 and 170.7 which were assigned to the
enone and acetate carbonyl carbon atoms respectively. Ywo
other signals at 6144;8 and 139.8 were assigned to the p
apd a carbon atoms of the enone moiety. The mass spectrum
showed a molecular ion peak at' 'm/e 236.1368 indicating the
chemical formula Cj,4H;403.

Hydrolysis of the enone ;9 with potassium carbonate
in refluxing aqueous methanol gave the enone alcohol 50 in
éuantitative yield. The ir spectrum showed a hydroxyl
band at 3440 cm™l. The other bands at 1660 and 1640 cm™1
were attributed to the enone ketone and ﬁhe double_bondr-‘

respectively. The THmr spectrum exhibited a doublet of

doublets of Qoublets (J = 6, J' = 3, J" =1 Hz) at §6.56

27

whHich was attribut®d to the enone proton. A broad triplet - .

# ~(J = 7 Hz) at §4.26 was assigned to the methine proton

adjacent to the hydroxyl group. The septet (J = 7 qgg at

LY
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52196 was attributed to the isopropyl methine prot*‘ The
angular methyl éroup appeéred as a singlet at si.2v£while
the isopropyl methyls appeared as doublets (J = 71Hz each)
at §1.04 and 1.00. The mass spectrum showed a moiecular
ion peak at m/e 194.1309 for Cj,H;g0,.

The dibromide 48 in py;idine_at reflux temperature

\

gave the monobromide 51, which upon exposure to potassium
.

carbonate in refluxing agqueous methancl underwent a Grob

41

fragmentation, as indicated, and aromatization to the

tol 52 (Scheme VI1) exclusively. The ir spectrum of 52
twed \bands at 3444 cm~1 due to the hyaroxy group. The
Ymr spectrum exhibited two doublets (J = 8 Hz each) at
£7.04 and 6.74 for the aromatic protons. Two doublet of
doublets (J =‘8, J' = 2 Hz each) at §6.13 and 3.32 were
attributed to the hemiacetal methine and a benzylic
methylene proton ‘respectively. Another doublet of
doublets at §2.96 was attributed to the other benzylic
methylene proton. The singlet at §2.22 wds due to the
aromatic methyl group% The sep%&t (J = 8 Hz) at §3.12 and
a doublet (J = B Hz) at §1.24 were assigned to the
isopropyl methine and methyl -groups respectively. The"
mass spectrum_showed a molecular ion peak at m/e 192.1148
indicative of the chemical formula C;,H;¢05- |
The keto acetate 42 was similarly treated with

pyridinium bromide perbromide in glacial acetic acid to

28
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give the bromo acetate 53 together with the corresponding
dibromide ahd'atarting_haterial. The bromo acetate 53

upon reflux in pyridine .gave the enone acetate 54 in- 90%

yield. The ir spectrum showed bands at 1743 and 1665 cm~! .

due to acetate and enone respectively.' The ler spectrum
displayed a broad doublet (J = 4 Hz) at §6.58 which was ’ 
assignea to the enone proton. ‘Doubleﬁs (J = 8 Hz each) at
65.08, 1.04 and 1.00 were assigned to the methine proton
adjacent to the acetate group and the isopropyl methy
grosés respectively. Singlets at §2.08 and 1.24 weré
attfibuted to the acetate and angular'mgthyl groups. The
mass spectrum exhibited a molecular ion peak at m/e
236.1364 accounting fér the chemical formula Cy4H2003
Tredtment of the gnbne acetate 54 with potassium carbonate
in refluxing agueous methanol gave the enone alcohol 55 in
quantitative yield. The dibromide, upon reflux in
gyridine followed by hydrolysis with potassium carbonate

" in refluxing aqueous methanol, underwent a fragmentation
to the lactol 52.

The bromination weaction was also investigated with
the alcohols 45 and 46. Treatment of alcohol 45 with
pyridinium bromide perbromide in glacial acetic acid gave
the bromoacetate 53 in 38% yield, together with the

dibrominated acetate and acetate 42. Apparently, the

mixture of acetic acid and the hydrogen bromide genefated

30



durirfg the reaction served as an acetylating agent for the
hyd;oxyl function. Dehydrobromination of 53 was readily
achieved in refluxing pyridine to the enone 54, which was
hydrol?zed to the alcohol 55, with potassium carbonate in
refluxing agqueous methanol. The alcohol 46 was also
-converted to the alcohol 50 by bromination with pyridirdium
bromide perbromide, dehydrobromination of the resulting
bromide in refluxing pyridine followed by hydrolysis with
potassium carbonate in éqqeous methanol at reflux. The
dibromides obtained from the brominationbteactions, when
exposed to dehydrobrominati?n in rgfluxing pyridine
followed by hydrolysis gave the lactol 52.

With the enone alcohols 50 and 55 in hand, the stage
was set for the oxidatidn3274% of the hydroxyl group to
the ketone. The method used in this connection was the

42 of the Moffat43 oxidation.

Goodmann's modification
Treatment of the enone alcohol 50 with acetic anhydride in
dimethylsulfoxide at 7°C afforded a 70% yield of the enone
ketone 56. The ir spectrum displayed bands at 1782 and
1670 cm~1 for the four-membered ring ketone and enone
respectiveiy. In the ‘Hmr spectrum, a doublet of doublet
of aoublets (J = 6, 3" = 2.5, J*" =1 Hz) at §6.50 was
assigned to thg enone proton. Two doublets of doublets at
§3.60 (J = 17.5, J* = 10 Hz) and §2.84 (J = 17.5, J' =5

7’

Hz) were assigned to the methylene protons of the
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cyclobutanone moiety. Another doublet of doublets (J =
10, J' = 5.Hz) at §3.00 was assigned to the angular
methine proton. .The angular and isopropyl methyl grbups
appeared as a singlet at §1.33 and a pair of doublets at
5§1.08 and 0.98 respectively.

Even though thé‘enone ketone 56 was the target
molecule in the series of experiments descriped, the
bromination step proceeded with very low yields. The best
yield of monobromide was 25% when the acetates were used
and 38% in the case of the alcohols. Selective
monobromination ‘appeared to be difficult, since
dibromination algo occurred to a %;eat‘%xtent. It was
therefore deemed necessary to explgre other alternatives
to introduce"the double bond.

This time around, we sought to convert the alcohols
45 and 46 to the ¢orresponding diketones bef’
introducing the double bond in the -six-membered ring. Tﬁe
Swern's modification?? of the Moffat oxidation was used
.instead of the Goodmann's, since it involved the use of a
lesser amount of dimethylsulfoxide, removal of which was
found to be rather difficult on a larger scale.

Thus the alcohol 45 was added to a mixture of oxalyl
chloride and dimethylsulfoxide in dichloromethane at -60°C
and triethylamine was added to give a single product as a

solid, m.p. 60-6i;C, in 33% yeild. The alcohol 46 was

-~
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also oxidized under similar conditions, as described
above, to give the same product. The.compoung showed
bands in the ir spectrum at 1779 and 1195,6g:1 indicativé
of four- and six-membered ring keto;;s respectively. The
Ymr spectrum showed two doublets of doublets at §3.64 (J
= 18, J' = 11.5 Hz) and §2.98 (J = 18, J' = 5.5 Hz)
respectively for the methylene protons a to the four-
membered ring ketone. Another doublet 6f doublets (J =
11.5, J' = 5.5 Hz) at £3.14 was assigned to the ring
junction methine proton. Even though the mass spectrum
showed a molecular ion peak-at m/e 194.1267 for the
expected diketone, a more in{ense peak at m/e 193 (M*-1)
was also exhibited. Furthermore, there were less intense
peaks at m/e 228.0924 and 230.0897. The elemental
analysis based-on the diketone 57 also deviated by a
surprisingly’ large amount (C ~ 12%, H ~ 2%). We at this
stage suspected that the molecule might have an element,
other than carbon and hydrogén. Various methods of
intfoducing the double bond were examined using tﬁis
compound.

Upon treatment of the diketone with pyridinium
bromide perbromide in glacial acetic acid, a mixture of
products weré obtained. When the mixture was refluxed in
pyridine, it was compleiely converted to the lactone 58,

m.p. 77-79°C. The ir spectrum showed a band at 1807 cm™1
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due to the enol y-lactone, and others at 1640, 1625, and
1600 cm~! for the aromatic ring. The Ymr spectrum showed
an AB pattern of two doublets (J = 8 Hz each) at $§7.14 and
6.92 for the aromatic protons. Two s%nglets at §3.62 and
2.3 were assigneqd to the benzylic methylene protons and
the aromatic methyl group respectively. A douglet at
6§1.26 was assigned to the isopropyl methyl groups. The
‘ﬁass spectrum exhibited a molecular ion peak at m/e
190.0991 indicative of the chemical formula Cy2H1 405
Poémation of dibrominated compounds, which induced the
rapid aromatization of the compound was attrib%yed to the
production of 58. 1t was therefore decided to protect the
four-membered ring ketone and to try other methods of

introducing the double bond in the resultant monoketone.

46-48

ketone, under the usual conditions, with ethylene glycol47

Attempted protection Qf the four-mémbered ring
gave a mixture of mono- and diketalized products. 'Since
no selectivity was observed under the above conditionsy

attention was turned to the use of 2-ethyl-2-methyl-l, 3-

48

dioxolane as a reagent.

Exposure of the diketone to ketalization conditions
using 2-ethyl-2-methyl-1,3-dioxolane in the presence of a
catalytic amount of p-toluenesulfonic acid gave the

monoketal in 74% yield. The ir spectrum showed a band at

1700 cm~! due to a saturated ketone. The lHmr spectrum

36
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exhibited a multiplet ;t 63.90 attributed to the othylon?
ketal methylene protons. A singlet at §1.24 was ansigned
to the angular methyl group. fhc mass spectrum showed a
peak at m/e 238.1569 for the chemical formula Cj4H;70;-

When the monoketal was g;catpd with pyridinium
bromide perbromide in pyridine, while only starting
material was recovered at room temperature, a mixture of
complex products were obiained upon reflux. Treatment of
the monoketal in carbon tetrachloride with molecular
bromine32 did not give any detectable products, only
starting material was recovered. The use of 2,3-dichloro-
5,6-—dicyano-1,4-benzoquinone35 led to decomposition
products. On exposure of the monoketal to lithium
diisopropylamide, generated in situ from diisopropylamine
and n-butyllithium, followed by treatment with
phenylselenenyl bromide33 and oxidation with aqueous
hydrogen peroxide, the starting monoketone was recovered
intact. ’ ‘ ~

Sulfuryl ch19ride,36 which is known to be a selective
chlorinating agent, was also tried. However, when the
monoketone in carbon tetrachloride was treated with
sulfuryl chloride, the starting material was recovered
intact even after four days.

Saturated ketones are known to form silyl enol
38

-

ethers3’ which upon treatment with palladium acetate

3?7
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afford enones in good yields. This method was oani‘ib } 4! ,-ﬂ:.
o e :ti-é v
with the monoketone. /“‘ﬁk-':) ’%!
: N ’

The monoketone in dimethylformamide was adgldwto a o

mixture of triethylaﬁinc and chlorotrimethylailane and
[}

heated to 130-135°C (0il bath temperature). The crude o
product showed absorption bands in the ir spectrum at 1705 ,
and 1671 cm™! due to saturated ketone and enone
respectively. The lef spectrum aisplayed a tfiplet (3 ¢
8 Hz) at 5&.6 characteristic of the B -proton of an ¢ :
enone. Two broad doublets at §5.82 and 4.82 were '

4
attributed to vinylic protons. Thefls were four m’!.&l

_‘singlets at §2.16, 2.02, 1.86, and 1..’0 and a doublet at’
51.04. The'mass spectrum showed a molecular ion peak at
m/e 236.1604 indicative of the chemical formula
C14H2003. The spectral data suggested that a mixture
consisting of compounds 59, 60, and 61 was formed.

Double bonds are known to move into conjugation49
with carbohyl groups very rdpidly. It is also known that
in cyclohexane rinés. gggg_double bond§ are
thermodynamically nbre favored ;ver_gig.so Compounds 60
and 61 should therefore be expected to be converted to tﬁe
enone 59 under equilibrating conditions. It was however,
recognized that under acidic conditions protonation of the

double bond would lead to the creation of a positive

charge ¢ to a carbonyl, which would be a highly unstable
: ~



species. In order to circumvert this situation, it was .

decided to convert the ketone to a ketal. By having a

-

. ketal, the positive charge so created upon protonation of

»

the doible bon8 wou.d be stable enough.to.allow for«in
efficient production of the enone 59 after

deketalization. The m;xture 59-61 was therefore dissolved
in benzene and refluxed in the presence of p-

toluenesulfonic acid and ethylene glycol with the
14

azeotropic removal of the benzene-water admixture. The

f

crude product showed no absorptlon 1n tﬁe ir spectrum

between 1800 and 1650 cmfl. It was then treated w1th

aqueous oxalic acid in refluxing acetone. o .'ﬁ ~
4 ' ot
The major product 59 dlsplayed a band in the ir:

spectrum at 1665 cm” 1 accountlng for an enone.’' The ler -
spectrum showed a triplet (J =6 Hz) at §6.60 for the
wenone proton. A mu;t;piet:§t.3.92 Wasfe;signegwtoithe
ethylene Wetal protons, which aléotcohfirhedigﬂét the
cyclobutanone portion was still protected A methyl
singlet at §1.24 and a° doubyet&at 561.04 for the remalnlng

;ﬁpetﬁ§l groups confirmed the prqgence of a single
" compound. The mass spectrum showed a molecular ion peak
at m/e 236.1408 for the chemical formula C14H2003

The above results led us to examine,the same

silylation reaction on the diketone, to see if a similar

N
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behaviour would be observed and maybe shed some light on
what went on during the reaction with the monoketone.

Thus the diketone was treated with a mixture of
triethylamine and chlorotrimethylsilane in
dimethylformamide at 130°C. An enone which showed
identical characteristics as compound 56 wag obtained.
Still Gﬁsure of whét was going on together with the rather
unusual behaviour of sthe diketoné, we decided to prepare

4
the diketone 57 from a completely drfferent route.

Apart from the fact that a Correlation between the O
: diketones could be undértéken, the method to be used could
improve the yield ang‘also reduce the number of steps
'invplved in the preparati;n of the enqhe 56.

Compared to vinyl es%g;s, dialkoxyethanes are known
to exeft a better regiochemical control in
photocycloaddition reactions.?8 1,1,-Diethoxyethené was
therefore used as the ketene equivalent in place of vinyl 2
acetate. This compound was readily preparéd in large ,f qfﬂ?f
éuantities by dehydrobromination of theycommerc?glfy
available bromoacetaidehyde dieébyl éceta& according to } -

»

literature procedure. 32 . .
e o

coe )

. - ¢

.- hd . . ‘4—-"’".
Irradiation of & solution of piperitone (37) and 1,1-
diethoxyethene iw benzene under similar conditions as#
described for the vinyl acetate reaction afforded a

mixture of photoadducts in 80% yield. The ir spectrum of



the mixture showed absorption bands at 1721 and 1706 em~1

due to saturated ketones. The  mr spectrum showed
multiplets between §3.7-3.44 and also between §1.34-1.20
characteristic of the ethoxy groups. The mass spectrum
exhibited a molecular ion peak at 268.2032 which
corroboratéd well with the chemical fprmula Ciell2g03+ The

spectral data suggested that the desired compound 62 was

.

problem was averted by carrying out the reaction with

adueous oxaiic acig>4 or.p-toluenesulfonic acid in
refiuxing acetone in the presence of a tréce amount of
watef. The 2:} mixture of two inseparable diketones 57
tﬁus obtained in 75% yielé displayed absorption bands, in
the ir spectrum, at 1783 and 1700 cm~! for the four- and
six-ﬁembered-ketones respectively. The lHmr spectrum

showed a pair of doublets of doublets at §3.48 (J =18, J°'

.

= 11.5 Hz) and §3.00 (J = 18, J" = 6 Hz) together with

dnother doublet of doublets (J = 11.5, J' = 6 Hz) at §2.74

’

which were assigned to the g methylene protons of the

four-membered ring ketone and the angular methine proton

respectively. Another pair of doublets of doublets at
2

63.42 (J =18, J' = 19.5’*!-12) and §3.26 (J = 18, J°' %&)

o g
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and a further doublet of doublets (J =‘10.5 Hz, J' = gﬂﬁz)
at 2.76 were assigned to simi;ar protons in the minor e
isomer. Sjinglets at 5§1.40 and 1.30 were assigned tb the
angular methyl group in the minor and major isomers re-
spectively. Surprisingly, the diketone 57 differed from
the diketone obtained earlie;’by the Swern's oxiéation of
the alcohols 45 and 46, in its behaviour on thin layer
chromatographic‘vhy and also its spectfal characteris-
tics. Initially, they*: were assumed to be diastereoisomérs.
In an attempt to correlate them, the mixture of diketones
¥7 was subjected to epimerization using sodium methoxide
in refluxing methanol. Extensive decomposition of
material was observed under the conditions'émplo;ed. and
no conclusion could be drawn. 1In a further attempt to
correlate the diketones, the mixture 57 was subjected to
the bromination reaction with pyridinium bromide
perbromide. Treatment of the diketone 57 with pyridinium
. .
bromide perbromide in glecyal acetic acid gave a mixture
of products. The ir spectrum of the mixture showed bands
é: 1794 and 1774 cm_} due to fbur—membered ring ketones
and another set at 1746 and 1719 due to si; memgered ring
ketones. The lHmr spectrum showed doublets (J = 10 Hz
each) at §5.58 and 3.48 which :ere assigned to the four-

membered ring ketone and the angular methine protons

respectively. Another pair of doublets (J = 6 Hz each) at

LR
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64.80 and 3.38 were assigned to similar protons in another
isomer. The spectral data suggested the product to be a
mixture qf,dib}omides 63. When the mixture was refluxed
in pyridine, ‘it gave a compound which was the same as
lactone 58, ®obtained previously by bromination-
dehydrobromination of the diketone derived from the vinyl
acetate adduct. All that could be concluded from this was
that, the three diketones had the same basic skeletal
frame work. Fortunately, the diketone from the vinyl
acetate route was crystalline a;d was submitted for X-ray
anaJ;sis.

%  The X-~ray results”(Fig. 1) indicaied that .a chlorine
atom was situated at C-3 (la?elled C-6 in Fig. 1) of the
diketone obtained via the Swern oxidation, and that
compound was therefore 64. Chemical ionization mass
spectrum showed the molecular ion peak to be indeed 228
(M*-18). The 13cmr spectrum displayed exactly twelve,
lines, two of which appeared at §211.8 and 203.4 due to
the six- and four-membered ring ketone carbon atoms..

Two important questions arise from the knowledge of
the structure of 64. Firstly, at which stage was the

chlorine incorporated and secondly what served as the

source of chlorine, No source of chlorine had been

~employed along the series until the Swern oxidation
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.
process, and the behaviour of the gcetates and alcohols
could be easily explained.

It was therefore deéided'to carry out the oxidatipnﬁ :
of the alcohols by some other means that would not invplvé
any potential source of chlorine. The mixture of alcohols
45 and 46 were treated with acetic anhydride41 in
dimethylsulfoxide for 4 days at 5°C. The product obtained
had the saé; specﬁral characterisiics as the diketone 57,
obtained by the hydrolysis of the adduct 62. This servéd
to demonstrate that the chlorine atom was_incorpérated
into the molecule during the Swern's oxidation.
Furthermore, when the mixture of alcohols 45 and 46 was
treated with a three-fold excess of oxalyl chloride and
dimethyl sulfoxide at -60°C followed by triethylamine at
0°C, the yield of 64 was improved from 33% to 89%. A
mixture of alcohols was also isolated. 1t showed
absorption bands in the ir spectrum at 3420 and 1711 cm™!

for hYdroxyl and ketone respectively.' The lHmr spectrdm
exhibited a broad doublet (J = 9 Hz) at §4.14 and a
‘:iplet (J = 8 Hz) at §4.04 for the methine proton
adjacent to the hydroxyl group in the respective alcohols
45 and 46. The mass spectrum exhibited a molecular ion
peak at m/e 230.1068 for the chemical formula
CyoH)g0,CLY) Thé above data suggested that the alcohols

were chlorinated at the C-3 position and it therefore



appeared that chlorination occurred at a faster rate than
the Swern's oxidation.

In the Swern's oxidation process, the complex 65
(Scheme VIII) formed between dimethylsulfoxide and oxalyl
chloride or its decomposition product 66 is thought to be
the reactive species. The intermediate 66 could be ’
ehvisaged in this case as the positive cﬁlorihe source,
which reacted with the enol form of the'%etone to give a
chloro alcohol which was further oxidized in a normal
fashion to give the chlorodiketone 64. 'With the knowledge
of the correct structure of 64, the formation of the enone
56 under silyl enol ether formation conditions could
easily be seen to be a dehydrochlorinationss'56‘reaction.

To gain some insight as, to the effect of the reagents
employed, further reactions were carried out with the
‘chloro diketoné 64. When heated in triethylamine alone,
no observable products were obtained, while a mixture of
complex products were obtained in dimethylformamide at
130°C. With a mixture of cﬁlorotrimethyls%lgpe«and
triethylamine in dimethylformamide at 130°C, the chloro
diketone 64 was completely converted to the enone 56 in 20
min. Parallel reactions carried out without chlorotri-
methylsilane took two hours to go to completion,.while the

one without triethylamine took three hours. The above

results indicated that the combination of chlorofrimethyl-

47
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gsilane, triethylamine, and dimethylformamide accelerated
the dehydrochlorination process.

From the foregoing discussion, the following
conclusions could be drawn: S~ .

1. The Swern d‘idation reagent could also serve as a
source of positive chlorine.

2. A combination of chlbrotrimethylsilane and
trieéhylamine in dimethylformamide could serve as a
dehydrochlofinating agent.

Up to this stage, pipertone (37) has been conQerted
to the enone %9 in 30% overall yield by a photocyclo-
addition with vinyl acetate, hydrolysis, oxidation/
chlorinat};kl dehydrochlorination and ketalization. The
rest of the synthetic work was carried out with thé enone
59. Having achieved the synthesis of the enone 59, we set
out to explore various possibilities of modifying the
cyclohexenone portion of the molecule to the lactone
equivalent in dendrobine (1). To synthesize an
intermediate of the type 39, we anticipated the use of a
1,3-oxygen transposition reaction to get the ketone oxygen
in the right position for the construction of the lactope
ring. Several methods are available in the literature for
this purpose.57'62 The well known Wharton reaction®’ was

tried first being the most simple of them all. This

requires the conversion of the enone 59 to an epoxy ketone

~h
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followed by tﬁiuYor‘gflqh of an epoxy hydrazone which can,
1n principle, roarrghﬁb to an allylic alcohol. Oxidation
of the allylic alcohol will give an enone of the type 39
as mentioned in the introduction section. . i
Thus, the enone 59 was treated with 30% hydrogen
peroxide and 10% sodium hydroxide in methanol at 0°C. The

époxide 67 was obtained in 92% yield. The ir spectrum

showed bands at 1700 and 1245 <:m'1 due to saturated ketone

ani epoxide ring respectively. The lYmr spectrum
displayed a double 4 Hz) at 53.44 due to the epoxide
methine proton and a s let at §1.44 due to the angular

methyl group. Two other doublets (J = 7 Hz each) at §0.92
and 0.84 were assigned to the isopropyl methyl groups.

The mass spectrum showed a molecular ion peak at m/e
252.1262 for the chemical formula Cj4H,304- These data

9
corroborated well with the assigned structure 67. The

&
oxygen of the epoxide was assumed to have been delivered
from the less hindered convex side of the molecule.

Upon treatment of the epoxy ketone 67 with hydrazine
hydrochloride and acetic acid, the starting material was
recovered intact after 24 h. The same reaction was run
using 98% ethanol at room temperature and also at
reflux. While no reaction was observed at room

temperature, decomposition products resulted at reflux

temperature.






An alternative method to the Wharton's reaction would
be to convert 59 to an allylic alcohol. The hydroxyl
.group could be converted to a good leaving gréup‘nnd the
resulting compound can be used for an SN,'. type ibi;tlonse
with a suitable nucleophile to give the required allylic
compound with the oxygen functionality transposed. Enone
59 was therefore treated with sodium borohydride in
methanol to afford the alcohol 68 in 95% yield. The ir
spectrum showed bands at 3440 J;E:§635 em~1 for the -
hydroxyl group and the doub) b&%@iﬂespectively. The lHmr
spectrum displayed a doublet*gublets of doubléts (J =
J' = 4, J" = 2352) at §5.50 for the vinylic proton. A
~ broad doublet (J = S Hz) at 64.28 was assigned to the
methine proton adjacent to tﬁe h;drox>\\group. The
methine proton of the isopropyl moiety appeared as a
septet (J = 7 Hz) at 6§2.58. A singlet at §1.12 and two
doublets (J = 7 Hz -each) were assigned to the angular and
i;opropyl methyl groups respectiQely. A molecular ion
peak at 238.1567 for the chemical formulp C) 405,03 was
exhibited 5y the mass spectrum. The assighed
stereochemistry for the hydroxyl group was fased on the
assumption éhgt the hydride ion was delivered from the
less hindered side of the molecule.

Having obtained the allylic alcohol 68, the stage was

set for the conversion of the alcohol to a good leaving
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group. It was therefore treated with methanesulfonyl
e : .
chlori'des9 in the presence of triethylamine at 0°C. The

\ product obqﬁined'was found to be a diene instead of the
r o
desired product. 4 This suggested to us that. the allylic
mesylate was rather unstable. We suspected that”d

conversién of the alcohol to any good leaving group might
give a compound which could suffer the same fate. ‘Other
alternatives were therefore examined.
The next alternative was to convert ;; to a tertiary
galcohdl, which is known to undergo 1,3-oxygen
transposition reactions very efficiehtly;6o Recently,
‘report361'64 éf a one carbon functionalized Grignard
reag;nt equivalenyes, whiéh add to carbonyl grouPs in a .
1,2-fashion, ha beeﬁ"published. I1f the enone 59 could
undergo this tyée of Gf%gpard addition reaction, then
appli%ation of gﬁe above mentioned 1,3-o0xygen

-

transposition reaction could give a compound‘which would
*possess tﬁg right functiona{ities at carbons 2 and 4 for
fufther elaboration to thé lactone moiety. Thus, enone 59
was added to methoxymethoxymethyrlithium,64 genérated in
situ from methoxymetﬁbxymethyl triﬁgfbutylstannan; and n-
butyllithium at‘-78°C.‘.However, no reaction was observed
even when the temperature Qas raised to —25;C. Since the

reagent decomposes above -22°C,64 the temperature could

not be raised any further.

N
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" v less hindered convex side of the molecule.

&

A model reaction using cyclohexanone indicated tﬁat
the reagent was indeed generated. This fact together with
the observation that sodium borohydride.reacted rapidly
with the enone suggested that the reagent might be too
bﬁlky. We therefore decided to investigate whether a
methyl group could be added to the keéone ﬁbiety of the
enone 59,

-

Thus the enone 59 was treated with methyllithium in

¥,

ether at 478°C. The alcohol 69 was obtained in 78%

Jyield. The ir spectrum showed a band at 3500 cm™! due to

the hydroxyl group. In the lymr spectrum. a doublet of
doublets (J = 61 J' = 1 Hz) at §5.50 was assigned to the“
olefinic proton.  Singlets at §1.18 and 1.10 were assigned
to the angular methyl group and the newly introduced \
methyl group respectively. A doublet at 51.0? dué td the
isopropyl methyl groups was also observed. ?%e'mass
spectrum showed a molecular ion peak at 252.1722
indicating the chemicalqﬂormulé CygHp403- These spectral.

data are consistent with the assigned structure 9. The

methyl group was assumed to have been delivered from the

Treatment of the tertiary allylic alcghol 69 with

pyridinium dichromate65 in dichloromethane afforded the
enone 70 in 84% yield. The ir spectq‘b showed a band at
. Py ?_ i :

1665 cm~! indicative of the enone. The lHmr spectrum

54
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showed two singlets at §1.82 and 1.22 for‘the olefinic and
angulér methyl)groups tespectivé%y, and a doublet at 51.09
due to the isXpropyl methyiagroups. The mass spectrum |
showed a molecular ion peak at 250.i470‘due to the
chemical formula,K CygH,,03. -

~

The vinylic methyl group needed to be, functionalized
at this stage. There are literature precedents for the
allylic oxidation of o ,8 unsaturated cérbonyl

66,67 using seYenium chemistry. It was therefore

compOugds
decided to exploit this reaction to‘activagé the vinylic
meth);l group’ in 70. When the enone 70 was treated with
selenium dioxide in reflu#ing benzene; no reaction was
observed. The saﬁe reaction performed in refluxing
‘dioxane instead of benzene gave no observable product.

)

.Upon exposure to selenium dioxide in the presence of 5%
:petic aqid in t-butyl alcohol at reflu;'temperaturé, only
decomposition products were obtained.
At this siage, we decided to aéd the methyl group to
the epoxy ketone 67 to‘give the epoxy alcohol 71. u
Compodﬁd 71, upon dehydration would give the vinyl epoxide
72. Thg vinyl grpup in 72 can be epoxidized to give a
- diepoxy ;pmpound‘whicﬁ could undergo a rearrangement
reaction Qith a Lewis acid to aaketo a;dehyde with the
A (W

oxygen functionalities at the appropriate positions for

further elaboration to the y-lactone in dendrobine (1).



. “ : v
In light of the above discussion, the epoxy ketone 67
{7

was trcated with methyllithium in ether at -78°C to give

4 ) ¢

the epoxy alcohol 71 in 67% yield. The ir spectrum showed

a band at 3530 cm™1 indicating Q,Hydréxyl group. The lHmr
spectrum showed a singlét at §3.20 for the hydroxyl "
proton. A doublet (J = 4 Hz) at §3.16 was attributed Qb iﬁ
the methine proton of the epexide ring. Singlets at 61124 >

and 1.22 were assigned to the tertiary and angular methyl

groups respectively and two doublets (J = 8 Hz each) at

5§1.08+and 0.84 were attributed to the isopropyl methyl

groups.: Thg mass spectrdm showed a molecular ion peék ati
m/e 264.1462 indicating the molecular formula Cy5H2004-
The newly intro@gced methyl group was’ assumed to have come
from the 1es§ hindered convex face of the molecule. -
The equ{:alcohol 71 was dissblved in benzene and
treaﬁed wi}ﬁ thionyy,chloride in the presence of .
pyriﬁine.é8 “The allylic epoxide 72 was obtained in only
25% yield. The ir spectrum showed bands at 1620 and 1248;

cem~1

indicative of the olefin and epoxide respectively. .
The lHmr spectrum showed the doublets at §5.74, 5.04.(J =
2 Hz each),aﬁd,63a34 (3 = 4 Hz) for the exo methylene and
the epoxide prdtons’reSpectively.. The mass épectrum
displayed é molecular ion peak at- 250.1567 for the

chemical formula C,gH;,03. Due to the low yieldxf~25%)

obtained in'the hydration step we decided to change the

@&
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reaction sequence, since the allylié epoxide might Dbe
ungtable undef the conditions used.

. We intended to add methyllithium to the enone 59 and
dehydrate the resulting product before any attempt was
made to functionalize the appropriate carbon atoms.

The dehydration method to be used was the pyrolysis69
of the urethane derivative of an alcohol derived from
enone 59. Thus, the enone 59 in ether at -78°C was
treated with methyllithium and the resultinQTproduct
'quenched with p-toluenesulfonyl isocyanate. The &rude
product obtained was immediately pyrolyzed at 110°C
(Kugelrohr ovi%vtemperaﬁure) at a pressure of 0.5 mm Hg to
give a produédt iH.SO% yield which showed an olefinic
absorption band at 1610 cm~%in the ir specttum. " The lumr
spectrum displayed a broad triplet (J = 4 Hz) at § 5.72
due to the proton on the endo double bond and.bréad
singlets at §4.96 and § 4.86 due the exo methylene
protons. Th* mass spectrum,showed a molecular ion peak at
234.162]1 indicating_the chemical formula C15H2202§ These
data agreed with the assigned structure 73.

Having obtained diene 73, attempts were made to

functionalize the terminal carbons of the diene

selectively. Methods tried were epexidation, /0
hydroboration,71'72 and bromination.3?2
{ ) S
- N 0 . i .
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Treatment of the diene 73 in dichloromethane at ,0°C
.. h

with m;chloropefbenzoic acid gave a very polar compoundl
which exhibited absorption bd;as ag " 3600 cm~! and 1725
cm~! due to hydroxyl and carbonyl groupé respectively in
the ir spectrum. ’The limr spectrum showed two doublets (J
= 8 Hz each) at § 7.14 and 7.04 accounting for two vicinal

aromatic protons. Two singlets at §2.30 and §2.24 were

assigned to two aromatic methyl groups, and a doublet at

4

§1.23 to the isqpropyl methyl groups. The mass spectrum

showed a molecular ion peak at 250.1577 for the chemical

-

formula C15H2703. These data were consistent with the

assigned stracture 74.

71

When 9-borabicyclo[3.3.1]nonane 'was'used, the

starting material was recovered intact, while dibroane’?
: [
gave a complex mixture of products. Molecular

bromination3? also produced a complex mixture of

products. An alternative route was called for at this -

. 0
time.

It was decided to go back to use the allylic alcohol
68 and this time around convert it to a less labile

$£o me;hdhé%ulfonate. The two

-

leaving group

Sy

R 4

functianal “grgh ) in mind were either an acetate or

;_«*?.an,ethbr,}ki;; BN could be converted to any of

, ﬁheéé two funttionalities, then’ epoxidation followed by

‘
‘ m . . . . g )
v

P

»Q
) o

) ) . . . .
. N : >
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Lewis acid catalyzed rearrangement would give a keto
acetate or keto ether.

In the case of a g-keto acetate, elimination oé
acetate would give the corresponding intermediate of the
type 39 needed for the synthesis. Since acetate is a
better leaving group than methoxide, this route was the
first to.be examined. The allylic alcohol 68 was treated

‘with acetic anhydride73 in pyridine at 0°'C to give the
allylic acetate 75 in 56% yield. The ir spectrum showed é“
band at 1735 cm~! corresponding to an ester group. The
lymr displayed a broad triplet (J = 4 Hé) at §5.66, which
was attributed to the methine gfoup adj?cent to the |
acetate, as well as a singlet at §2.08 for the acetété
hethyl group. A multiplet-at §5.50 was assigned'td‘ihe
élefiﬁic proton. The mass spectrum showed a MOlecla;}ion
peak at 280.1}673 indicating the chemical formula

Ci6H2403. The allylic_‘cetaté 75 was then treated with m-
chloroperbenloic acid’® in dichloromethane to give the
epoxide 76 in 72% yield. The ir spectrum exhibited bands.
at i737 and 1241 cm~l due to acetate and epoxide | ’
reségctively. The ler spectrum showed two doublets éﬂ ‘
65.48‘(J = 6 Hz) and 3.15 (J = 4 Hz) for the methine ' » -
proﬁon adjacent to the acetate and the epoxide methinéi!\;;
.progqn respectively. Two singlets at §2.12 and 61.20'we;e»

assigned to the acetate and angular methyl groupsiA;RQi

A]
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isopropyl methyl groups appeared as doublets (J = 8 Hz

eachf at §0.92 and 0.82. The maBs spectrum showed a peak

at m/e 253.1443 (M+-43) for the chemical formula Cy4H2,04.

74

Epoxides, in the presence of Lewis acids, are known

to undergo rearrangement to carbonyl compounds via a 1,2-
hydride shift. If the epoxy acetate 76 would undergo such
a regction then further manipulation of the resultant keto
‘acetate would afford an enone of thg type 39. When the
epoxy acetate 76 was treated with boron trifluoride
etherate in benzene at 0°C, a product, which showed, in
the ir spectrum, a hydroxyliabsorption at 3460 cm'f with
an acetate absorption band at 1734 cm™1, was obtained.

The lHmr spectrﬁm exhibited a doublet (J = 6 Hz) at §5.16
for the methine proton adjacent to the acetate group.
Singlets at 52§h8:quil.18 were assigned to the acet;te
and angular methyl groups respectively. A doublet (J = 8
Hz) at §0.89 was attributed to the isopropyl methyl
groggs. The mass spectrum showed a peak at m/e 255.1594
(M+i§§) for the chemical .formula Cy4H2304. The spectral
da@ﬁ %orroborates with the structure 77. The formation of
e;hé diol moiety could be due to either moisture in the

1 . . . . . .
“ reaction or an acetate participation in the opening of the

epoxide ring-boron trifluoride complex. All attempts made
o W

led invariably to the formation of diol 77. This diol 77

could still be used for the synthetic work if the

6l



secondary alcohol was converted to a ketone. The
resultant hydroxy acetate could be converted to the
required enone of the type 39.- Thus, the diol 77 was
treated with pyridinium dichromate in dichloromethane to
give the keto alcohol 78°in 83% yield. Theoir spectrum
showed bands at, 3480 cm™! due to a hydroxyl group, at 1735
for the acetate, and at 1710 cm~! indicative of a
saturated ketone.The }Hmr spectrum displayed a doublet (J
= 6 Hz) at §5.46 for ihe methine, proton adjacent to the
acetate group. A singlet at §2.06 was attributed to the
acetate methyl group. The mass spectrum showed an ion
peak at m/e 253.1429 (M*-59) for the chemical formula
Cy4H2104 but the actual molecular weight of m/e 312 was
obtained from chemical ionization mass spectroscopy with
ammonia.

Keto acetate§ of the type 78 are known to undergo
reaction with zinc in acetic acid,75 to give enones.
However, when compound 78 was trea£ed with zinc dust in
‘acetic acid, no reaction océurred even upon heating to a
temperature of 75’C overngght.

We next examined thé use of an allylic methyl ether
instead of the acetate.’ If hydroboration was done on this
allylic'ether, an alcohol would be‘#btained. Oxidation of

the alcohol to a ketone followed by\glimination of

methanol would give the required enone.

62
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Thus the allylic alcdhol 68 was treated with sodium
hydride in 1,2-dimethoxyethane followed by addition of
methyl iodide. The methyl ether 79.was obtained in B81%
yiéld. fme ir spectrum displayed an ether gb!brption at
1098 cm’l., The lHmr spectrum showed singlets.at 5§5.55 and
3.36 for the olefinic proton and g%e methyl group of the
ether functionality respectively. The mass spectrum
exhibited a molecular ion peak at m/e 252.1713 for the
chemical formula C15H24O3.

To get an oxygen function at carbon 4 of compound 79,
a hydroboration71'72 reaction was anticipated. When the
methyl ether 79 was treated with diborane in \
tetrahydrofuran, followed by addition of 30% ﬁ&drogen
peroxide and 3 N s&dium hydrexide, a 3:1 ratio of a
mixture of alcohols 80 was obtained. The ir spectrum of
the maj&r product showed a band at 3500 cm—1 due to the
hydroxyl group. The ldmr spectrum displayed a doublet of‘
doublets (J = 6, J' = 2 Hz) at §3.48 indicating the proton
adjacent to the methoxyl group. A singlet at 53:20
confirmed the presence of the methoxy group. The mass
spectrum showed a molecular ion peak at m/e 270.1831
accounting for the molecular formula C15H26O4.

| The minor product\displayed a band at 3480 em~!l for

an hydroxyl group in the ir spectrum. The lymr spectrum

displayed a broad doublet (J = 6 Hz) at §3.64 for the



COOH
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methine proton adjacent to the methoxy group. Singl;ts at
$3.26 and 1.22 were assigned to theg methoxy and angular

methyl grbupa respectively. The mags spectrum digplayed a

Al

peak at m/e 255.1604 (M*-15) for tﬁ;.ghomioal torhulg

The above results indicated that the diborane

»
“'v\
~

addition occurred predominantly from one face of the .
double bond; which was assumed tO be the less hindered
\ .

side. When each of the alcohols 80 was treatedﬁwith

I's

pyridinium dichromate in dxchloromethane. bnly one Kﬁtoné-

- 'U

81 was obtained in 90% yield. The ir spectrum dlsplaYed a

band at 1710 cm‘1 indicating the presence of a satu;gted

L 4

ketone. The lHmr spectrum exhibited a dogblet of doublets '
_ l ")
A

at §3.76 (J = 6.5 Hz, J' = 2.5 Hz) which was. assmgnadtno
[ ]

the proton adjacent to the methoxy group. A slnglet at
R

63.28 was attributed to the methoxy group. The mass; o

spectrum showed a molecular ion peak at m/e 268 1679 for

-— SN SR .

[

the chemical formela C15H2404-
he staée was set for an elimination reactionﬂ' In
crder %o convert the g-methoxy ketone 81 to the ehone,éf
the type 39, a non-nucleophilic base should be used. A
nucleophilic base can also add to the enone formed, in a
Michael ﬁashion,76vand reduce the yield of the reaction.
Both 1,5-diazabicyclo[4.3.0lnon-5-ene (DBN)’’ and 1.8-

diazabicyclo[5.4.0]Jundec-7-¢ne (DBU)78 were used as

'G
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. bases. Tﬁhs. a benzene solution of compound 81 was
refluxed wigh either of the two bases as a co-solvent to
give a single enone 82 in 91% yield. The ir spectrum
displaye®. bands at 1678 and 1815 cm~! indicative of an

. )
"unsaturated ketone and a double bond respectively. The

1Hmr showed three doublets at §6.45 (J = 5 Hz), 2.56, &nd
2.16.(J = 16 Hz each) which were assigned to the vinylic
proton ané the‘methylene»protons a to the ketone
’respectively. Two other doublets (J = 7 Hz each) at §1.06
and 1.00 were attributed to the isopropyl methyl groups.-
The methine protoniof the isopropyl moiety appeared as a
septet (J = 7‘;23 at 62-2? while tﬁe angular methyl group
was a singlet at §1.24. The mass spectrum displayed a
molecular ion peak at'm/e 236.1409 indicative of the
chemical formula C),H,503. The pfeceeding\data,
especially the coupling patterns of the vinyl and angular’
methine protons confifmed that indeed the enone 82 was‘
obtained. The enone 82 offers two basic advantages for
the construction of the ‘lactone txng It has an oxygen in
the right p051t10n for the al!!hol portion of the lactone
and also the presence of an enone allows for the
incorporation of.a functionaggzéd one carbon unit

-

equivalent needed for the acid portlon. f

79

Grignard reagents are well documente& €o add to

a.,f-unsaturated carbonyl compounds in a 1, 2-fashion but ip

3
-~



2

. . | 67

’//\\ . + . 5
4 the presénoi of copper ion,80 the mode of addition is

changed predominantly to the 1,4. Since it is the g
- o ’ .
positrdﬁraf the compound 82 that needs to be .

®* functionalized, the latter is the method of ehoxce. ‘
w, .
Enone 82 in tetrahydgbfu:\n was added to a solutlgn

3

of .cuprous 1od1de and v1ny\magne51uﬂhbrom1de‘1n’

tetrahydrofuran‘ t -30°C under an argon aﬁmosphere.' The
v 3

ir»spectrum of the’ product obtained showed bands at. 1705

\ and 1640 cm~! indicative of a saturated ketone and a
1

4

N .
double bond respectively. The “Hmr spectrum showed a =«

N "' , \

doublet of doublets of doubletsv(J =17, J' = J" = 9‘32) ,‘F‘gf

at 55.40 for a vinylic proton, t%o doublets of doublets at PR

6%1 (J =17, J' = 2.5 Hz) and §5.08 (J = 9, 3' = 2.5 Hz) |

. ¥

due to the methy ene protons of the vinyl group. Two

v douﬂ/:ts (J = 12 Hz each) at §3.10 and 1.80 were as§igned

-

to the methylene protops « to'the ketone. In the mase LY
: . .

#spectrum a molécular ion peak at m/e 264.1710 indicated
the molecular formula C16H2403. The foregoing spectral

! data were\cohsiétent with'théfstrucfﬁre 83.
v . . .
- * 'Compound 83 had one carbon more than was needed for
L4
‘the 6onst{2ction of the y-laétoné ring;’ The v%nyl/gropp .
neeﬁgd to be reduced by ene carboh. of the various T

* options avéi}sple for the éleavage—of the carbon-carbon
- . )
84

i
—

double bond, 81- ?ﬁ rut nenldm tetrox1de wé%.empioyed

A becapse of its simplféity and the basic conditions
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t‘ “‘

normally used. Thus compound 83, upon treatment with

ruthenium tetroxide, gave the acid'®4 which was further
: - '\ . Ad

-~
'dissqlved_‘f t.rtpne and t.t:eated sequent:.ally' ‘with
e .

potassiumﬂ!%?bgnate and nethyl iodide. The crude product
was made up of a mixture of two compounds ‘in a #0:30 ratio

(lﬁmr analysis). The major product showed bands at 1735

‘and 1710 ém~! for an ester and saturated ketone

¥ o |,
respectively.  imr spectrum showed a singlet, at §3.70

due to an ester methyl group. Another singlet at §1.14

was assigned to the ahgular methyl group. Two doublets ‘
. ’ s

- (J = 6 Hz ea'h) af‘61.06 and 0.91 were attributed to the

. »
isopropyl methyl groups. The mass spectrum showed

molecular ion peak at §96.1621 due to the chemical formula
. 3

C16H2405-

a Decoupling experiments were done on this product to

k % . R
de%ermine the relative stereochemistry of the .1
V4 ‘ .. N R - " .

substituents. Irradiation of the signal at 51.56-caused'
’t%e»collapse of *he doublet*of doublets at 62.39&}0 a
doublét w;th a coupllng consggnt of 12 Hz. Mééd&hile,
both dOubletE it" 36 qu 0 91, collapsed to slnglets.
Irradlaélon oﬁ }nal %52 30 caused the collapse of
not only J:he dgut‘et‘ﬁf septels at 81. 96 tona septet but
also the goublet of- doublets,é%/§ﬁh09 to a doublet w1th a
oupllng constant c;w£2 Hz. | es% f1nd1ngs strongly N

[ .8
suggested that the 51gna1 at 61. 96 was due to the

v

/
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isopropyl methine.proton, while the one at 52.30 was due
to the C-3 proton g to the ketone and the signal at 5%;09'
could be due to the methine proton.at C-2. ‘Upon
irradiation of the signal at §3.09 the douplet“of doublets
of doublets at §1.76 collapsed to a doublet o??douﬁleﬁe
and the‘éoublet ef doublets at §2.30 (C-3H) to a doublet
with a coupling constant of 3 Hz. fhese observations:
conflrmed that the 51gnal at §3. 09 was due to C- d _
also suggested that the s1gna1 at §1.76 cggld ﬂ:;Z::Q:;'Q:;:fi:f”

C-IH. -~ : - '
I;radiation”of the signal at §2.66 caused the
- 4

collapse of the doublet of doublets of doublets at §1.76
y ' a '
to a doublet of doublets (J = 12 Hz, J' = 3 Hz) and the

doublet of doublets at £2.20 to a doublet. Tﬂ.be findings.
‘ - ' : : ’
suggested-that the signals at §2.66 and 2.20 were due tg

the methylene protons the four*membered.ring and also
‘confirmed that the signal at 51.76 was indeed due to the

»

aagular methine proton {(C-1H). T collapse of a doublet.
. . ,
at §3.02 to a singlet‘upon irradidtion of the signal at
£1.84 and vice versa cleefby suggested that those two

..

sxgnali’yere due‘to ‘the methylene protons at C-5. The J
Y { ’ N ’ \ ' . .

couplinz:ébnstant*bf.12-Hz observed f&r the C-3H upon
irradja on;qf the isopropyl methlne proton suggested that

the C-3H §g§ coupled to an axial nelghborlng proton. The

o

\ coupllng cons%g;t of 12 Hz obtained for the C-2H upon

I



observation that the doublet of‘doubleéa of ddublets for

A

" irradiation of the C-3H again suggested that the C-2

proton bore a diaxial relationship to C~1H. That C-1H and
™~ .
C-2H were axial to each other. yas confirmed by the

~

C-1H collapsed to a doublet of doublet (J = 12 Hz, Jfg= 3
. o . A $
Hz). ‘he big, coupling. constant of 12 Hz was ab :
‘ . . :

at §3.09 (C-2H) was ‘irradiated. The -

when the sign

‘foregPing discussion not only showed that the protons at’

C-1, C-2, and C-3 were axial relative to each other but
also suggested that the major product was the keto ester

“ .
85. » .

The minor isomer showed bands in the ir spectrum at

1740 cm~! and 1700 cm~! indicative ofvan ester and a
v — ‘
ketone respectively The lHmr spectrum showed singlets at
.

53'94 and 1 24 which were assigned to .the ester and
angular methyl groups respectively. Two doublets at 5§1.00

and 0.82 were attributed to the isopreopyl methyl®groups.

The masavépectram showed a molecular ion peak at m/e

296.1619 for the‘chemical formula C16H2405-

The sﬁereochemistry of the minqr isomer was. also
« ~
detiermined by decoupling experiments. Irradiation of the

isopropyl doublets at §1. OO and - dEES«caused, in each case,’
the collapse of a doublet of septet at 6§1.94 to a doublet

A}

of quartets. This clearly suggested that the signal at’

5§1.94 was due to the methine proton of the isopropyl ‘ A
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group. This Qgs confirmed when both doublets at 51.00 and
0.82 collapsed to singlets upon irradxation of the 6ignal
Irradiation of the doublet of duublets at §2.94
collapse of not only the _>opropyl methine
gignal-at 6§1.94 to a septet but also a dopblet-of
dogblets at §4.04 lo doublet (J = 4 gz). This scggested
that thevsignal at 52.94 was d:;.to toe C-3H aMd tﬁ: at! .
64.04 due to C-2H. Upon irradiating the signal at §4.04,
the doublet of doublets ac‘52.94 coklepsed to a doublet

and the doublet of doublets of doubleﬁs/pt §2.36 to a
doublet ofdeublets.. These observation confirmed that the
signals at §4.04 and 2.94 were duya to C-2H and Cc-3H
}espectively. It~das sc;gected thgc.the signal at §2.36
was\dJe to the engulor‘methine proton. Irradiation of'the ‘
signal at 62.36 caused the collapse of the doublet of

doublets at §4.04 (C-2H) to a doublet (J = 12 Hz) which -

Suggested that the proton was axially oriented to a
. '

neighboring proton. When a signal at 2.16 was if;ad:;ijﬁ.
o

“the doublet of Joublzts of doublets at §2.36 collaps

a broad douBlet (3 = 4 Hi). This observation confirmed
. o
that ‘the signal at §2.36 was indeed EB{E’@‘C?&H ahd ‘also
o | ] ) u o
gave the coupling constant between C-1H and C-2H to be 4

Hz. Since the coupllng constant between C-3H and C2H was ,
-
12 Hz, it cbuld-be concluded that whlle C-3H and C 2H bore
» e,
a diaxial relatxonshlp tojeach other, C-1H had an axlal-

v <
Y] “



o . , Y ) . .
| - «
equatorxal re“lat_lon‘shlp w:.th C—2H' The foregoxng

4

dxscussxon poxntedj %e strucéure. 86 as the mrx . /\

' . TP
- isomer. ~ , Vo . ‘1‘2&.,‘ -
S ‘

Even tbough compound p?. could be-. und I&r 9' .‘\S

' synthe31s by eplmerlzlng the C-2 aﬂ‘d%c-@ centers at. a

,e
:, i

(I ' 1ater stage to the ones required for dendroblne (1), the
compound 86 was utilized ~for the rest of the synthetic .
work since it posse$sed the right stereochemistry. The |
k‘eﬁo ester B& not.only had the right stereochemistry at 1‘
c-2, (‘2-—3, and C-6 but alsQ a ket‘or,xev function. This, |

d ketone could be used to incorporate’ a' leaving group at C-

which would be needed for the construction of the

: N
yrr@xdlne ring. An attempt ‘was made tq.lncox;porat‘é a - .\
lea"\g group at this staﬂtmtm-form of a

. ’ ¢

bromlde. When the keto ester ®6, in glacial aeetic acid,

b
was treated with pyridinium bromlde perbromide, a complex

mlxture of compound@ was obtaﬁxed. Since the !

»®

decomposition might st:.ll be‘, t0 the lnstabxllty o{\’the

four-membered r.:.ng, it was decided to work on its rin§
Gy
N PN ’
- expansion to the flve-membered rl.ng. o

=

Treatmentf of the keto-ester 86 with P_—toluenesulfonl.

w .
YQ ac1d in refluxing acetone gave the diketo ester B7 in 72% .

¥

y1¢1d. . The ir spectrum showed bands at ‘1781, 1735 and

2

1714 em~! for the‘four-membered ring keto’ne; _théwgster,

and the six-membered ring ketone respectively. The le;'

*
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. } _ ‘ ' .
e ;‘flpectrum displayed two. doublets of doublets at §3.48 (J = ¢

18 Hz, J' = 10 Hz) and 2.86 (J = 18 Hz, J' = 4 Hz') w S
‘attributed to the methylene protons of the four-membered vl‘.

rmg. A doublet of doublets of doublets at §2.68 (J = 10 &
, k’ 1

‘J.,. 4, J" = 2.5 Hz) was assigned to‘the angula:‘w‘hbne $ oy
-

}hp\ 4, . .
. e protomlsmgnkeps at, 8‘3 68 aﬁd‘,l a2 wer@"aaslgned to the -~ % 'y

2oster and angular methyl groups. 'A septet at 52.46 (J = };:Ez

7.5 Hz) and two doublets at 6§1.09 and 0.86 (J'= 7.5 Hz ' fg Y

Ve i/ |
each) were attributed to the isopropyl- methlnf anﬁ mvl \z
. '” W e
groups respectively. The mass spectrum exhlpﬁfed a 4 “m" h
' A. ‘ B
molecular ion peak at 252. L357»1nd1cat1ve the ¢hemital . e
L - T
formula C14H2004- \1.‘ . " .': -
. . , , ) N
Having obtained the diketo ester 87, time was Jg}.

hY
dole )
2O

-
o~y

’ ripe for the examimation of the ring expahsion reaEéﬁon.

- . . \ N . X
The direct ring\ expagsion of cyclic Xetones ‘with bor'bn e "
trifluoride etherdie and ethyl d1azoacetate86 89 is known

L

to ‘proceed by the m;gratlzn of the less su?st1tuted a-
carbon predominantly.87’89 ﬁpplication of this method to
the dikéﬁo ester 87 would give a.compound which will have
an oxygeé funétion at the right positioh in tne five- “ -
membered ring to ﬁllow further elaboration to the
pyrrolidine ring in dendrobine (1).

- An alternative ‘method for théﬂting expansion process

involved tv conversion of 87 to an epoxy alcohol via

sele,:’t1v¥ addxtxon of a vinyl group to the, four -membered

'-
[

ns,
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ring'kétbne (87- 88) followed by epoxidation (88 ). = Acid
catalyzed rearrangement o the epoxy alcohol 89 could, in
principle, give two comp s 90.%nd 91 either of which
would be. useful in the preccnt l%thetic endeavor. . ‘
Compound 90 would be the prodﬁft ébtalned by magratldﬁ ‘of
the more substitu‘d carbon at®m, while 91 would be
obtained by the mxgratxon of the less substituted carbon
atom. Compound 90 pd;;est.h the functionalized one.cafbon
unit for the constructionqf the pyrrolidine ring in
dendrobine (i). On Fhe other hand compound 91 could be
converted to the same intermediate expécted from thé
diazoacetate ring ex?ansion process. Th; epoxy.alcohol
rearrangement rdute was exam{ned'first.

Fhe diketo ester 87 was trkated with vinyllithium in
tetrahy‘?‘furan at -78°C, to give a single mpound 88 in
85% yield. The stereochemistry of i vinfi group was

. [ J
ass1gned on tﬁe assumption that it was delivered from the

less hindered side of the ketone. The ir spectrum showed
bahds at 3444, 1735, 1709 cm™} for hydroxyl, ester, and
saturated ketone reépéctiQely. The lHmr spectrum showed
doublet of doublets at 66.02; 5.46:and 5.34 for the
vinylic protons. 3inglets at §3.70 and 1.14 were assign;d'

"to the ester and angular methyl groups. Doublets at §0.90

and 0.80 were attributed to the isopropyl methyl groups.
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The masé lpectrhm showed a molecular ion peak ﬁt m/e-
280.1660 for the chemical fofhula Cy4H2404-

. when tﬁ. vinyl alcohol 88 was treated with m-
chldropcrbcnzoic acid in dichloromethane at room
temperature. two cpoxides 89 were obtained in 1:1 rat{o in
almost quantxtatlve yield. The ir spectrum of one of the
epox1des displayed bands at 3461, 1734, 1711 and 1245 cm~!
indicative of a hydroxyl, an ester, a ketone, and an

'o_xide respectively. The Yimr sp%ctrum‘ exhibited
- - ' ..

.. singlets at §3.78 and 1.16 due to ester and angular methyl
' 1 o by ‘
groups. Doublets of doublets\at 5§3.06, and 2.68 (J = 4

&m.)m + Ay v
Hz, J' = 2 5 Hz each) were attr1buted to the epoxlde

X

v methylene protons while a triplet at 62;88 (J = 4 Hz) was

/

assigned to the epox}de methine protone.) Jwo doublets at:

§1.06 and 0.9 (J = 7 Hz each) were at!Tibuted to the

.

isopropyl methYl groups. The ‘mass sprtrum showed a

molecufar ion peak at m/e 296.1624 indicative of thq’
‘ [ 4
o< .
chemical formula C; ¢Hy40¢. :

. The ir spectrum of” tge otmer epoxlde dlsplayed bands

~°N .at 3473,' 1734, lﬁl, and L245 cm” 1 1nd1cat1ve og a ~

Yoo
l* ‘

fhxdroxyl. ester, ketone and epoxide respectively. The

 Ymr spectrum displayed singlets at §3.72 and 1.16 due to

the ger and anqular methyl groups respectively. A

doubYet of doublets a‘t'63.36 (3 = 4 Hz, J' = 2L Hz) was -
e 1 B

assigned to the epoxide, metWine proton. The mass spectrum

77



displayed a mol'ecular‘ion” peak at m/e 296.1624 indicatiﬁg
the chemical formula Cy¢Hp40g. The spectral data
indicated the two corpppunés differed only at the epoxide
methine carbon. |

With the epoxy algohol.in hand, we then set out to-

effect the rearrangeme*t. Of the aacidsgo"92 tried, only

stannic chloride gave any"ideatifiable product. . Thus, °*

78

treatment of each of tHe epoxides 89 with stannic ’:
! ‘ " :
chloride®?

in dichloron!e'th'an,'gave a single compound. The ’

-

ir spectrum showed bands at 3460, 1"‘7}3& and 1714 em~1 for ,

hydroxyl, ester, and ketone -respectivel'y. 'ﬂ't% ler "y
, > . AP

spectrum showed a doublet of doublets (J = 7 Hz, J' = 2

e

Hz) at §4.00 for a protdn adjacént to oxygen. Singlets at

69.72 and 1.14 were assigned to the ‘ester and angular

-

Jethyl groups resegcg&vely Two doublets at 61 04 ‘and
0.84 were attributed to the 1sopropyl methyl groups. ‘The
mass spectrum showed a molecular ion peak at 296.1628 for

.8 .
the chem‘ical formula C16H24O.-.‘ S1nce ;h‘mlexuy of

the limr spectrum d1d not a‘lqw us t,a wt;fy thé

.' 'hci.l

v

. te L
.

e

W{‘;Qf}ed
LIo -

compou nd ob;a
Y

spectrum coulé -ai the‘
R St o i o7 A X
compound for. dent1f1’c6£10n. } Uﬁoﬁ chat.ment ¢£ the

alcohol with acetlc anhydrxde 1ry) pyndxne. an%'acetate was

>

-obtained., 'I'he ir spectrum showe& -»absorptlon bands at 1735

IS

and/l'l*}cm"1 for esters and ketone respectively. The .



- recovered. Thjis suggested thg{ the expected ring

« i

lHmr spect
Hz) at §5. r the groton adjacent %0 the acetate
group. ; singlets at $3.70, 2.12 and 1.08 were

attributed té the methyl groups of the ester, aéct;tt*tﬁﬁ//(
at th; angular ponition rc.pectiv;ly. Twp Agublets ;t
§1.08 and O.Bepwc;e'assigned to the‘isopropyl methyl
groups. The ﬁdss spectrum showed a molecular ion peak at
m/e 338.1742 for the chemical formuia Ci;HZGdé' To gain
further insighg.into the actual structure of the acetate,

it was decidéd that» upon el;mination of :ae acetate, a
more simplified spectrdm should result. When the compound

wae, refluxed in pyridine only the starting material was

expansion did, not take plgce'duFing the-ptan@ic chloride
reaction. If it had, then the acetates of the expected
aicohols.90 and_?} should undergo elimineution reactién in
the b;&senée of a base. Since the acetate pbteined did

not undergo any reactidn upon base treatment it could be

concluded that the compound obtained was neither 90 nor

91, Té'posﬁible‘éhndfdate for the p;oduqt_oﬁwfhek3¢h¢j % ,

catalyzed reaction could be the epoxy alcohol 92 and

therefore the acetate formed was 93.
[ 4

In search of an alternative to the epoxy alcohol 89
rearrangement, it was decided to examine the bromination

reaction of the vinyl alcohol 88. It was anticipated that

-

a



the bromonium intermediate formed could und;fgo a ring
expansion to give a g-bromo ketone w#kch upon flimination
would give an enone required for further olabonatfbn.' The
vinyl alcohol 88 reacted with molecular br igp to give
the dibromide 94. The ir spectrum showed ands at 3520,
1732, and 1712 cm~! for a hydrgxyl, “an gs;e%, and a kdtone
regspectively. The limr showed a doublet of doublets (J =
10, J' = 6 Hz) at §4.44 due to a proton adjacent to %
bromide. Singlets at §3.72 and 1.22 were assigned to the
ester and-angular methyl groups. Two doublets lat 61.04
and 0.88 were attributed to the isoprapyl methfl groups.
The mass spectrum showed a peak at m/e 358.0815 for the
chemical formula C16H2304Br.' When the dibromide. 94 was /

I
refluxed in pyridine, it gave a mBnobromide. Here again '

under conditions employed,- it was expected th%t, if ring* s

£Xpansion indeed occurred the product obtained wéuld‘a&éo
. ) L . . , r
undergo a HehydrobrOmlnat1on reaction to give an\enone ,

95\; The formatidn of a monobrc de clearly ruled out the
'
fact that a rlng expansion process»had t@ken place. The'

bromade obta1ned could likely be the epoxy bromide 96.

The vinyl alcohol 88 and the epoxy alcohol 89 are | '

&
poten£1a1 precursors to the %ydrindane derivative 9d a

-, “

potent1a1 1ntermed1ate to ;he total synthesic oﬁ(\ ot

)
dendrobine (l). Alte;natxvely the diketo ester 87 ﬁPUId
‘ . - ' . T ."~
be ring expanded with ethy] diazoacetaté 'in the presence

. [ 4

'™



1

of boron trifluoride etherate and decarbomethoxylation of
v

th;wresulting compound would give the hydrindane-

'

t

derivative 97, also potential intermediate towards the

total eynthesis. Work towards this end is currently being

a L] . .
undertaken. . . ' A

81



Figure 2: A, Devwar flask. B, sintered glass filter, C, Qo'ul coohng coil. D. weter inlet,
E. wawboutiet. F, reaction veasel, G, quenis immersion well, M. pyres Blwer. [, lamp.
, 7. nitrogen gas inlet. K. ground glase jount. L, condenser, V. calcium chioride dryung
tube
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" General N \

EXPERIMENTAL

Melting points-were deﬁerﬁinéq on a Kofler hot stage
apparatue and are uncorrected. . élemental analysis were
performed by the nucroanalyt1ca1 laboratory of the depart-
ment. Infrared spectra (ir) were recorded-on a Nicolet 7-.
199 PT-IR spectrophotometer and were obtained on chloro-

\

form cast unless otherwise stated. The proton nuclear

-magnetic resonance (IHmr) spectra were recorded on a

Varian HA-lOO/DiQilab, Bruker W-200 or Bruker W-400 spec-
trometers and we}e obtained on solutions in deuterochloro-”
form with tetramethylsilane as the internal standard.
Carbon-lB nuclear magnetic';esonance spectra (13Cm;) were
recorded on a Bruker w:zoo and W-400 spectrometer and were
obtained on deuterochloroform 5olations with tetramethyl-
silane' as in"} reference.\\ X-ray analysis was per-
formed by Dr. R. Ball of this department. Crystalline
samples were recrysta111zed and liquid samples were sub-
jected to Kugelrohr distillation before submlttlng for
elemental analysis. The following abbreviations are used:
s = singlet, d = doublet, t = triplet, q = guartet, m =
muitiplet and b = broad. Mass spectra (ms) were recorded

on a A.E.I. model MS 9, MS 12 or MS 50 mass Spectrometer.
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Materials

Benzene, toluene and ether were freshly Qiatilled
over lithium aluminum hydride. Tétrahydrofuran.was
distilled over lodiuq in the presence of- benzophenone.
Dichloromethahe used for reaction purpose was ffeahly.
distill;d over calcium hydride, so were triethylamine and
chlorot;imethylsilane. nyidine was distilled over barium
oxide and stored ovér potassium hydroxide pellets. 1,1-
Diethoxyethenes2 and 2-ethyl—2-methy1—1,3:dioxolane48 were
prepared aﬁcording to literature procedures. Argon was
purified by paaqing it through a train of gag wash bottles
containing sequentially, Fieser's solution, 85 conentrated
sulfuric acid, and potassium hydroxide_Pellets.‘ ‘r

v

6-I1sopropyl-3-methylcyclohex-2-en-l-one (37)

[~} R
At -78°€¢, a solutidn of 6-isopropyl-3-methylanisole

(93.48 g, 0.57 mol) in ether (500 mL) and t-butyl alcohol
(500 mL) was added™over a period of 50 min to freshly
distilled ammonia (1.1 L) under argon atmosphere. Lithium
metal (64.35 g, 9.3 g-atom) was added in small portions
over a period of 40 min. Thev:esulting blue solution was
'stirrgd for 5 h, after which period the blue color was
discharged. Methanol (500 mL) was then added dropwise and

L §
the ammonia allowed to evaporate at room temperature"
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i

évernight. Water (2 L) was added and the resulting
mixtﬁrc_extrécted with ether (4 x 500 mL). The combiped
ether extractg were washed with saturatié aqueous oodiqm
chloride solution affd concentrated to a volume of abaut
100 ﬁL. To this solution were added methanol i750 AL),
water (80 mL), ;nd concentrated hydrochloric acid (15

mL). The mi¥ture was he;ted to reflux for 1 h under an
argon atmosphere. ' The resulting solution was céncentrated
to a volume of_gif'ZOO‘mL‘and diluted with water (300

mL). It was then extracted with dichloromethane (3 ax 506_'
mL).s The dichloromethane layer was dried over magnesium
sulfate, filtered, and concentrated.to give the crude
prgduct which was distilled under reducéd préssure to give
6-isopropyl-3-methylcyclohex-2=en-1-one 37 (71.8 g, 833
yield): b.p. 75°c/8 Mh Hg: ir 1670 and 1620 cm~! (enone
C=0 and ¢=C); lHmr 55.80 (m, 1H, -é=CH-), 1.98>(s, 3H,
CH3é=),'1.00 and 0.86 (both'd, 3H each, J = 8 Hz each,
_'-CH(Q§3)2): ms M* 152.1200 (calcd. for CjgH,g0: 152.1219).

b
(IR*,6R*,75*)- (42) and (1R*,6R*, 7R*)-7-Acetoxy-S-

isopropyl-6-methylbicyclo[4.2.0]octah-2-one (43)

A mixture of 6-1sopropyl-3-methyl-2-cycloﬁ3xen-l-one
36 (20 g, 0.132 mol) ang vinyl acetate (156.9 g, 1.87 mol)

in benzene (800 mL) were placed in the {i9°t1°" vessel.



[ ' @

lhdwn in Pig. 2 (Page 82). The reactiog,‘ﬁxture was
” exposed to a cOniiant flow of argon. The solution was
irradiated with a 450 W Hanonia high pressure m-rcufy-
vapor quartz fimp using a Py;ex filter while cooling the
teaciion ves§e1 with crushed ice and water in a Dewar
flask. The soiution was concentrated after 24 h and the
resulting viscous ;OIOtIQS{ oil was dissolved in dry |
benzene (300 mL). 1,S-Diazabicyclo[s.4.O]undec-5-en;7
(19.5 g, 0.132 mol) was added to-the solution and heated
tqoygfiux for 24 h. The reaction mixture was cooleé to
room temperature and concentrated. Columﬁlthomatogrdﬁhy
of the residue on silica gel with 5% ether in petroleum
ether gave pure ketone 42 (3’12\92 10% yield)\as a
colorless oil: ir 1739 (oot;} C=0) and 1705 cm~! (ketone
c=0): lumr s64.86 (d, 1H, J = 10 Hz, -éﬂo-). 2.0Q\(s, 3H,
-ocbqgs), 1.22- (s, 3H, -¢CH3), 0.96, and 0.86 (both 4, 3H
each, J = 8 Hz each, -CH(QE?J;); ms m/e 196.1454 (MY-42;
caledy-for C)oHp00,: 196.2770) and 154.1314 (M*-84;
Zucg‘:cmnwo: 154.1340).. Anal. Calcd. for
Cj4H2203: C, 70.56; H, 9.30; Found: C, 70.31, H, 9.17.

Further elution with 10% ether in petroleum-ether
gave a mixture of ketones 42 and 43 (8.15 g, 26% yield) in
a 1:3 ratio (by lymr analysis).. '

_Continued elution with 10% ether in petroleum-etéer'

gave pure ketone (43) (9.15 g, 29% yield): ir 1740 (ester



87
\

c-o) and 1720 cm~} (xetone C=0); 1Hmr 64.74 (t. s J =9
0.90 and 0.86 (both d, 3H each, J = 8 Hz each, °CH(QE3)2)7

' + ‘ o
~ms M" 238.1568 (calcd. for C),H,,03: 238.1570).

- (1R*,6R*,75*)- (45) and (lR* 6R*, 7R*)-7-Hydroxy-3- ¥

isopropyl- 6-methy1b1cyclo[4 2. 0]octan-2-one (46)

To a,solution of keto acetate 42 (99 mg, 0.42 mmol)
in 50% aqueoue me}hanol.(s mL), was agded potassium
carbonate (70 mg, 0.51 mmol). \Tha\resdlting mixture was
refluxed under.argon for 1 h, and cooled to room
temperature. Water was added to it and the resulting
mixture extracted WIﬁﬁ methyiene chlorlde.- The organic
e{tracts were dried, filtered and concentrated. Flash ot
column eﬁiematograéhy of the resiue on silica gel,
eluting with 20% ethyl acetate in petroleum ether, gave
alcohol 45 (82 mg, 100% yiéld): ir 3389 (-OH) and 1700
em~l (c=0): lHmr §4.12 (br 4, 1H, J = 8.5 Hz, -égon). 2.36
(quintet, 1H,\J = 8 Hz, -QﬂjCH3)2), 0.92 (s, -%HQ§3).
0.84, and;e.80 (both 4, 3H each, J'=(8 Hz each, {
-CH(CH3)5): ‘ms M* 196.1464 (calcd. for Ci2H2Obz’
196.1464) . Anal. Calcd.’ for Cj Hyq0p: C, 73.43; H,

10.27; Found: C, 73.29; H, 10.18.
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Hydrolysis of keto ccter 43 (1.2 g, 5 mmol) under the

same conditions as above gave the keto alcohol 46 (986 mg,

, 1004, yield). ir 3380 (-OH) and 1701 cm~} (C=0); ltmr 54.02
v (¢, 1H, » -CHOH), 1.16 (s, -#CHQ), 0.80 and 0.78
(both d, = 8 Hz, -CH(CH3),: ms M* 196.1465

(caled. for CjHyp0: 196.1464). Anal. Calcd. for.

10.39.

(1R*,6R*, 7TR*)-7-Acetoxy-3-bromo-3-isopropyl-6-methyl-

: bf&xclo[4.2.0]octan-2-one (47)

To the keto acetate 43 (205 mg, 0.86 mmol) was added
glacial acetic acid (4 mL) with stirring at room
temperature under an argon atmosphere. Pyridinium bromide
perbromide (331 mg, 1.03 mmol) was then added to the

e —

- mixture and stirred overnight: zpe mixture was then
neutralized with ice cold ss#turated aqueous sodium
bicarbonate solution and extracted with dichloromethane (4
x‘20 mL). The combined organic extracts were washed with
water, dried over magnesium sulfate, filtered, and
concent?ated. Column chromatography of the residue on
silica gel, eluting with 5% ethyl acetate in petroleum

ether, gave the bromo acetate 47 (68.1 mg, 25%); ir 1746

(acetate C=0) and 1725 cm~1 (ketone C=0); lymr 54.88 (d4t,



i . TN
1M, 3 =8, 3' =1 Hz, -bHoco-), 2.96 (ada, 1y 3 - 10, J°
= 5, j{‘- 1l Hz —éHCO-). 2.08 (s, 3H, -OCOCH3)u 1.3 (s, 3H,
-#cu3), 1.187and 1.02 (both d, 3H each, J = 8 Hz each
-CH(CH3),: ms M* 316.0632 ané 318.0613 (caléd. fo{:
Cy4H2103Br: 316.0674 and 318.0654). .

Further elution'gave the dibromide 48 (88 mg, 268
yield): ir'1745 (acetaté (C=0) and 1720 cm~! (ketone C=0):
imr 64.84 (dd, 1H, J = 16 Hz, J' = 8 Hz, -HOCO-), 3.23
(dd, 1H, J = 12 Hz, J' = B8 Hz, C-8H), 2.01 (s, 3H, JOCOCH3),
1.24 (s, 3H, -#CHa), 1.12 and 0.96 (both d, 3H, each, J =
8 Hz each, =-CH(CH3)5): ms m/e 315.0596 and 317.05%7

(M*-79; calcd. for C14H2003Br: 315.0596 and 317.0576).

(1R*, 6R*, 7TR*)-7-Acetoxy-3<isopropyl-6-methylbicyclo-

{4.2.0])oct-3-en-2-0one (49)

A pyridine (4 mL) solution of the bromo acetate 47
(201 mg, 0.63 mmol) was refluxed undef an argon atmosphere
for 4 h. The solution was cooled to room temperature and
made acidic with ice cold 1 N hydrochloric acid. The‘
resulting mixture was thén extracted with dichloromethaqe
(4 x 15 mL); dried, filiered, and concentrated. Column
chromatography on silica gel, eluting with 5% ethyl
aceéate in petroleum ether, g§ave the enone acetate 49‘1139

—r—

mg, 94% yield); ir 1744 (acetate C=0), 1670 (enone C=0),
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and 1640 cm-1 (enone CeC); lHmr 56.64 (t, 1H, 5 = 4 Hez,
-cu-éco-){ 4.94 (t, 18, I =8 He.~ =4HOCO-), 3.1 (4d, 1H,

3 =12, 3' =8 He, -LHCO-). 2.1 (s, 3H, -OCOCH;), 1.34 (s,
3H, ‘#C“a)' 1.1, and 1.06 (both d, 3H each, J = B Hz each,
~CH(CH3),): 13cmr 61 199.9 (ketone C=0), 170.7 (acetate
Cx0), 144.8 (C-3), 139.8 (C-4), and 71.5 (C-7): ms M*

bﬁcl468 i(CBICd- for C14H20038 236-1413)-

(1R',§R',7R')-]-Hxﬁroxy-3-isopropy1-6-methy1bicyclo4

[(4.2.0)oct-3-en-2-one (50)

Aqueous methanol (5 mL) was‘added to the enone
acetate 49 (175 mg, 0.74 mmol). Pot&ssium carbonate (123
mg, 0.89 mmol) was then added to the resulting mixture and
refluxed for 1 h. The reaction mixture was allowed to
cool to.room tgcperature. ‘It was then acidified and
resulting mixturd extracted with dichloromethane (3-x 10
mL). The organic layer was dried over sodium sulfate,
filtesxed, and concentrated. Flash column chromatography
of the residue on silica gel, eluting with 20% éthyli
acetatg in petroleum ether, gave the enone alcohol ;0 (143
mg, 1008 yield): ir 3440 (-O-H), 1660 (€=0), and 1640 em1
(c=C): lHmr §6.56 (ddd, 1H, J =6, J' = 3, J" = 1 Hz,
-CH-éCO-), 4.26 (6t, 1H, J = ; Hz, -éﬂpﬂ), 2.96 (septet,

‘E:
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1.00 (both d, 3H each, J = 7 Hz each, -CH(CH3)q); n,)q; ®

“

-

le'LGR',7R§)-7Jx==!‘gy-1-bromo-3-1sgpr0py1-Q:
methylbicyclo[4.2.0)oct-3-en-2-one (S1)

The dibromo acetate 48 (59 mg, 0.01 mmol) in pyridine
(1 mL) was refluxed under argon for 1 h. The solution was
cooled to room: temperature and solvent evaporated under
-redgced pressure. Column chromatography of.the residue on
silica gel, eluting with 5% ethyl acetate in petroleum
ether gave the enone 51 (4i mg, 87% yield): ir 1744
(acetate C=0) and 1660 cm~! (enone c=0): lHmr £6.50 (bt,
1H, J = 4 Hz, -CH=tCO~), 4.85 (dd, 1H, J = 10; J' = 7 Hz,
-éHOCO—),, 2.08. (s, 3H, -OCOCH3), 1.35 (s, 3H, —#CH3). 1.10
and 1.00 (both d, 3H each, J = 8 Hz each, -cu(qg;)z): ms
M* 314.0516 and 316.0502 (calcd. for C)4H)qO3Br: 314.0517

and 316.0497). ’ (]

5-1sopropyl-2-methyl-7-oxabicyclo(4.3.0]-octa-1,3,5-trien-
8-01 (52)

Potassium carbonate (110 mg, 0.80 mmol) was added to
a mixture of the enpne brdmide 51.(210 mg, 0.66 mmol) and
a 1l:1 mixture of methanol and water (5 mL). The resulting

mixture was refluxed for 1 h. It was then cooled to room

v -ffqg‘
o



temperature, wcidified with ice cold hydrochloric acid,
and extracted vith chloroform (4 x TO mL). The organic
layer was dried ov‘r‘mngncsium siifate, filtered and
concentrated. Purification of the rouidpo obtained on
silica gel column. cluting with 108 ethyl acetate in
petroleum ether, gavo the lactol (119 mg, 94‘ yield); ir
3443 (-OH), 1620, 1610, 1580, 923 cm~} (Aromatic CeC);
Qymr 6;:04. 6.74 (both 4, lH cach. J = 8 Hz each, C-3H and .
C-4H), 6.13 (A4, 1H, J = 8, J' = 2 Hg, —&ﬂpﬂ), 3.32 (44,
l1H, J = 12, J' = 8 Hz, Ar-CHHCO-), ?.12 (septet, 1H, J = 8
Hz, =CH(CH3)5), 2.96 (dd, 1H, J = 12, J' = 2 Hz,
ArCHHCO-), 2.2 (s, 3H, Ar-CHj), and 1.2. (4, 6H, J = 8 Hz,
~CH(CH3),): ms M* 192.1148 (calcd. for Cy,H,¢O05:
192.1151). | -

(1R, 6R*, 7S*)~7-Acetoxy~3-bromo-3-isopropyl=-6-

methylbicyclo(4.2.0]Joctan=2=-one (53)

The keto acetate 42 (114 mg, 0.47 mmol), dissolved in
glacial aceti¢ acid (2 mL), was treated with pyridinium
bromide perbromide (184 mg, 0.57 ‘mmol) under an argon
atmosphere overnight. The mixture was £hen poured into
ice cold saturated aqueous sodium bicarbonate and‘

extracted with dichléromethane (4 x 10 ml). The combined

organic extracts were washed with water, dried over sodium

A
L]
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wl’hto. filtered, and concentrated. I’ur‘ﬂcotton by
colunn_;hfonntoqraphy on silics gel of the residue,
" eluting vith S8 ethyl \iccue’o 1n pot.roloum ether gave 33
(35 mg, 238 yield); ir 1740 lacetate and xno cm" (xetone
c-on Yumr 4. o (a, M, J=9H, -énoa). 2.1 (s, M,
-bcocﬂ3). 1‘26 (s, 3H, #cu,). 1.04 andfp .96 (both 4, 3H
each, J = 8 Hz, ~CH(CH3),): me M* 316.0642 and 318.0614
(calcd. for C)gH7 0yBriy116.0674 and 318.0654). . -
hd ' .
(1R*, GR' 78%)- 7-A<§Logy -3-isopropyl-6-methylbicyclo-
(4.2.0])oct-3+en-2 -‘\b\(SO)

~\_ The bromo acetate 53\(149,m3, 0.47 mmol) was
dissolved in pyridine (3 mL) and refluxed for 3 h. The
reaction mixture was then cooled to room temperature and

acidified with ice cold 1 N hydrochloric acid. The

3

. .
mixture was extracted with dichloromethane (4 x 10 mL) andl

the combined extracts dried over magnesium sulfate,
filtered and concentrated. The f‘sidug was purified by
column cﬁromatography on silica 9;1, eluting with)S\ ethyl
acetate in petroleum ether, to give the enone hcctat; 54
(100 mg, 90i’91e1d): ir 1743 (acetate C=0) and 165 cm -1
(enone C=0):" lHir 56.58 (bd, 1H, J = 4 Hz, -cu-gco-).
5.08 (d,\lH. J = 8 Hz, -énoco-). 4.16 (septet, 1H, J = 8

L 4
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-#C@3), 1.04 and 1.00 (both 4, 3H each, J = 8 Hz each,

~CH(CH3)5): ms M¥ 236.1464 (calcd. for Cj4Hpq03:
. 236- 1‘4.13)‘-

’
Al

(dl';6R*)¥3fISOprqul-6-methx}bicyélo[4.2.O]oct-34ene‘2,7-

dione (56) - ' o vt

-

To a solution of alcohol 55 (119 mg, 0.6 mmol) in
dimethylsulfoxide (k.B mL), was added acetic anhydride
(1.1 mL). The mixture was kept at 7°C overnight. After

that period, water (5 mL) was added and the resulting

»
A ]

soldtion was stirred at room temperature for 30 min. Ice-
cold 2 N aqueous sodium hydroxide (5 mL) was addéd. the
mixture was extracted with dichloromethane (4 x 10 nmL),

dried over magnesium sulfate, filtered ahd concentrated.

~
4

Columﬁ chromatography of the residue on silica gel,
eluting with 20% efhy? acetate in petroleum ether,

_ afforded the endné 56 (B%ng, 708 yield):; ir 1782 (ketone
€=0), 1670 cm™! (enone c=0); lHmr £6.50 (adad’, 1H, J = 6,
3 = 2.5, 3" = 1 Hz, -CH=bCO-), 3.60 (dd, 1H, J =17.5, J'

10 ‘Hz, C-BH), 3.00 (dd, 1H, J = 10, J' = 5 Hz, C~1H),

N

-84 (da, 1H, J = 17.5, J' = 5 Hz, C-8H), 2.64 (dd, lH, J

19, J' = 6 Hz, —é=cuq§g-), 2.14 (at, 1H, J = 19, J' =

PU——

2'.5 HZ,“ -é=CHCH_}1-)' 1-33 (S, IH' -%CH3)' 1.08' and 0098

24
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(both &, 3H each, J = 7 Hz each,/ -CH(CHj),): ms M*

. . /
192.1150 (calcd. for C,,H;g0,7 192.1150).
‘I '

I3
;
/

. /
(1R*,6R*)-3—1sqp(opyl—6—m9£hy1ticyclo[4.2.O]octane-2,7-

/
dione (57) 7/ N

Acetic anhydridgfkl.Q mL) wés added to a solution of
a mixture of alcohofs 4; and 46 (202 mg, 1.03 mmol) in
dimethylsulfoxide (2.9 mL). The reaction mixture was kept
at 5°C for four days. Water (5 mL) was added to the
resulting,so;ﬁtion and stirred at room temperature for

1 h. Ice QOId 2 N agueous sodium hydroxide (5 mL) was
édded. The mixture was extracted wtih dichloromethane

(4 x 10 mL), dried over magnesium sulfate, filtered, and
concentrated. Column chromatograbhy of the residue on
siliéa gel, eluting 20% ethyl acetate in petroleum ether W
afforded the diketone 57 (120 mg, 60% yield); ir 1782

z(four-membered ring ketone) and 1700 cm~1 (six-membered

ring ketone); lHmr §3.48; 3.42 (dd, 1/10H, J = 18, J' =
'}

11.5 Hz, 4d, 9/10H, J = 18, J' = 10.5 Hz, C-7H), 3.00;

3.26 (dd, 1/10H, J = 18, J' = 6 Hz; 4ad, 9/10H, J = 18,

J' = 6 Hz, C-TH], 2.74; 2.76 (ad, 1/10H, J = 11.5, J' = 6
\ Hz; 44, 9/10H, J = 10.5, J"= 6 Hz, C-1H); ms M¥ 194.1306

»

(calcd. for Cy,H;g0,: 194.1307). Anal. calcd. for

—
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CL2H1802= Co 74-17: H, 9034- Found: C' 73.82: H, v

K 8-96-

7,5-Diethoxy-3-isgpropx}—6—methy1bigyc10[4.2.0]octan-2—one

- (62)

trmmpitart—

A mixture of 6-isopropyl-3-methyl-2-cyclohexen-1l-one

37 (18.5 g, 0.122 mol) and 1,l-diethoxyethene, (204.7 g,
: : h V4

'-i;76 mol) in benzene (750 mL) were placed in the reaction

vessel. 'Tﬁe SoIution was irradiated with a 450 W Hanovia

high pressure mercury-vapor quartz lamp using a Pyrex

filter with a constant agitation of the reaction mixture

with a steady flow of argon. The reaction mixture was
cooled with crushed ice and water during the whole period

of irradiation. After 24 h benzene was removed under

v
3 [

‘reducedfpressure. Excess l,l-diethoxyéthene"was removed

by distillation at 70°C/20 Torr. -Bulb-to-bulb
distillation (75°C/0.25 Torr) of the residue gave the
photoadduct mixture 62 (26.1'9, 80% yield):; ir 1721 and
1706 cm~! (ketone C=0): lHmr §3.7-3.44 (m, 4H, -OCH,CHj),
1.34-1.20 (m, 9H, -OCH,CH, and -+cn3); ms M* 268.2032

(calcd. for .C)gHpgO3: 268.2039).

96
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3,8-Dibromo-3-isopropyl—6—me£hy1bigyc10[4.2.0]octa-2,7-

dione (63)

To a mixture of the diketone 48 (99 mg, 0.51 mmol)
and glacial acetic acid (2 mL) was added pyridinium
bromide perb&omide (196 mg, 0.61 mmol) with stirring at
room temperature. A{;er 2fh the reaction mixture was
extracted with dichlorométhane (3 x 10 mi) and the organié
layer shaken with sodium bicarbonate solution. Column
chromatography on silica gel, eluting with 5% ethyl
acetate in hexane, gave the dibromide 63 (82.5 mg, 46%
yield); ir 1794, 1774 (four membered C=0) and 1746, 1719
(six‘membered C=0); limr £§5.58 (4, HQ!&, J = 10 Hz,
-CHBrco-), 4.80 (4, ), H, J = 6 Hz, -CHBrco-), §3.48 (4,

Yo H, 3 = 10 Hz, -éHCO-), 3.38v(d, b H, J = 10 Hz, -énco—),
3.38 (4, 1,4, 3 = 6 Hz, -éHCO—), 1.62 (s, 3H, -%CHZ,). 1.26
and 0292 (both 4, 3H each, J = 6 Hz each,«—CH(Qﬂ3)2); ms
m/e 270.0236 and 272.0230 (M*-80: calcd. for Cy,H,gBro:
270.0255 and 272.0235).

S-Isopropyl-2-methyl-7~-oxabicyclo[4.3.0]octa-1,3,5-trien-

8-one (58)

The dibromide 63 (119 mg, 0.34 mmol) was dissolved in
pyridine (3 mL) and refluxed under argon for 2 h. The

reaction gixture was cooled to room temperature and ice

-

97



cold 1 M hydrochloric acid was added to the cooled mixture

until it was acidic to litmus. Jt was then extracted with

dichloromethane (3 x 10 mL), dried over sodium sulfate,

r\ v

filtered and concentrated. Column chromatography on

—-sgilica gel,‘eluting with 28 ethyl acetate in petroleum

ether, gave the lactone 58 as a light yellow solid (61 mg,
' \ 4

98% yield); -mp: 77-79°C; ir 1807 (lactone C=0), 1640,
1625, and 1600 cm™! (aromatic C=C); l4mr §7.14, 6.92 (both

4, éﬁveach, J = 8 Hz each, C-3H, C-SH), 3.62 (s, 2H, Ar-
Q§2-CO—),A3.;7 (quintet, 1H, J = 7 Hz, ArqngH3)2). 2.3
(s, 3, ArCH;), and 1.26 (d, 6H, J = 7 Hz, ArCH(CHz),); ms
+ . R :

M” 190.0991 (calcd. for Cj,H;405: 190'0994)7

o

, f .
(1R*,3S*,6R*)-3-Chloro-3-isopropyl-6-methylbicyclo-

¢

[4.2.0])octane-2,7-dione (64)

A solution of dimethyl sulfoxide (1.35 mL, 0.017 mol)

in'cﬁ.chloromerthane (5 mL) was added dropwise to a’solution
of oxalyl chloride (0.826 mL, 0.009 mol) in dichloro-
methane at -78°C under an argon atmosphere. The mixture
was stirred for 15 min after the addition and s

4

dichloromethane (5 mL) solution of the keto alcohol 46
(563 mg, 0.0029 mol) was added dropwise at -60°C. The
mixture was allowed to warm up to 0°C at which time

triethylamine (6 mL) in dichloromethane (6 mL) was added

98
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dropwise and the reaction mixture was allowed to warm up
to room temperature. It was then poured into ice cold
water (200 mL) and the organic layer separated, washed
with water;, dried, filtered And concentrated. The residue
was purified by column ¢hromatography‘ﬂ'1ng 5; ethyl
acetate in petroleum ether to afford diketone 64 (588 mg,
89% yield) as a white solid which was .recrystallized from
’ hexane: m.p. 60-61°C; ir i779 (four-membered C=0) and 1709
cn~! (six-membered Cz0); Hmr §3.64 (dd, 1H, J = 18 Hz, J'
= 11.5 Hz, C-8H), 3.{5 (ad, 1H, J = 11.5 Hz, J' = 5.5 Hz,
C-1H), 2.98 (44, 1H, J = 18 Hz, J' = 5.5 Hz, c-ap),oz.sz
(septet, lﬁ, J = 7 Hz, —QgﬁCH3)2) 1.37 (s, 3H, -{:CH3), /
1.12 and 0.9 (both‘d, 3H each, J = 7 Hz each, =CH(CH3),):
Vemr 6 211.8 (c-2), 203. 4 (c- 7y, 76. 2 (c-3), 64.4
(c-6), 49.4 (c 8), 4l. 8 (c-ﬂ). 33 7 (ﬁgp(qpa)z). 28.1
(C-4), 25.73 (c-5), 23.08 (-#ca3), 1614*and 17.08
(-CH(CH3)»): m/s M* 228.0924 and 230: 0897 (calcd. for
CyoH17C105:  228.0981 and 230.0888). Anal. Calcd. for \
CyoH;7C10,: C, 63.15; H, 7.51. Found: C, 63.24: H,

7.38. | 7

IR*;GR*)-7,7-Ethx;enedioxy-3-isoprqpyl—6—methxlbicyclo-

[4.2.0])oct-3-en-2-0one (59)

p-Toluenesulfonic acid monohydrate (0.51 g, 0.78
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mmol) was added to dry benzene (30 mL) and refluxed, using
a Dean-Stark apparatus, with azeot;opic rgmo#ai of
bénzene-water admixture (~25 mL). 2—Methy1-2-ethy1-1,3-
dio;Blane‘(ld mL) was added to the reaction flask together
with a toluene solution of enone (60) (0.57 g, 3.0

. mmol); The mixture was r;fluxed-gnder an argon’atmosphere‘[

i‘or 16 h. The cooled reaction mixture was diluted witﬁ
benzene, washed successiveiy with 5% agueous sodium
bicarbdnate and\water,_dried over sodium sulfate and
concentrated to dryness. Column chromatography on siliga
gel using 10% ether in benzene gave compound 59 (0.51 g,
72% yield): ir 1670 (enone C=0) and 1618 cm~! (enone C=C);
lumr §6.56 (t, 1H, J = 6 Hz, -cn=$co-), 3.92 (m, 4H,
-OCH,CH,0-), 1.24 (s, 3H, -+cu3), 1.24 and 1.00 (both s,
3H each, -CH(CH3),); ms MY 236.1410 (caled. for ’
Cy4H003: 236.1410).

I

(lR'.3R',4R*,6R')-3.4-Epoxy-7,7-ethx}enedioxy-3-iéoprqul-

6-methylbicyclo[4.2.0]octan-2-one (67)

The enone 59 (71 mg, 0.3 mmol) was dissolved in
methanol;zz mL). 30% Hydrogen peroxide (0.15 mL) and then
10% sodium hydroxié;-(o.ls.mL) were added and the solution
stirred at room temperature for 1 hr. Thﬁ?reactibn

mixture was poured into water (10 mL) and extracted with’



ether (3 x 10 mL). The c0mbin§d extracts were washed with
water, dried over magnesium sulfate, filtered, and
concentrated. Columr chromatography of the resiQue~on
sifica gél. eluting with 10% ethyl acetate in petroleumv
ether, gave the:epoxy ketone 67 (70 mg, 92%‘ygild): ir
1700 (xetone C=0)Aand 1245 cm~?! (epoxide); Yimr 53.9 (m,
4H, ~OCH,CH,0-), 3.44 (d, 1H, J = 4 Hz, -CHO-), '1.44 (s,
3H, —#—CH3), 0.92 and 0.84 (both d, 3H each, J = 74Hz

each, -CH(CH3),): ms M* 252.1364 (calgd. for C)4H,404:

252.1362). 3
Tow
o LI P

(1R*,2R*,6R*)-7,7-Ethylenedioxy-3-isopropyl-6-

methylbicyclo{4.2.0]oct-3-en-2-01 (68)

To a solution of enone 59 (105 mg, 0.44 mmol) in
methanol (5 mL) was added sodium borohydride (52 mg, 1.32
mmol) at 0°C. The mixture was stirred under argon
atmosphere for 30 min and poured into ice-cold saturated
aqueous ammonium chloride solution. It was then extracted
wiéh Qichlorbmethane (4 x 10 mL). The combined extracts
wefeawashed with an aqueous sodium chloride solution,
dried over ma@nesium sulfate, filtered, and concentrated.
The crude alcohol obtained was purified by flash column
chromatography on silica gel using 20% ethyl acetate in

petroleum ether to give aﬂcohol 68 (99 mg, 95% yield) as a

:.
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single compound: ir 3440 (-OH) and 1635 cm-1 (C=C); limr
65.50 (ddd, 1H, J = J' = 4 Hz, J" = 2 Hz, -é-cn-), 4.28
(br 4, 1H, J = 5 Hz, -&gpn), 3.86 (m, 4H, -OCH,CH,0-),
2.58 (septet, l1H, J = 7 Hz, =-CH(CH;),), 1.12 (s, 3H, o
~#cn3), 1.1 and 1.06 (both 4, 3H each, J = 7 Hz,
~CH(CH3),): ms M¥ 238.1567 (calcd. for C)4Hy,03°

238.1570).

(1R*,2R*,6R*)~-7, 7-Ethylenedioxy-3-isopropyl-2, 6-

dimethylbicyclo[4.2.0Joct-3-en-2-01 (69)

L ~

Ether (2 mL) was added to thé enone 59 (38 mg, 0.16
mmol) at -78°C under an argon atmosphere. Methyllithium
(1.6 M, 0.19 mmol) was added to the resulting solution via
a syringe. The mixture was stirred for 45 min and poured
into.ice cold aqueous ammonium chlorideé solution (3 mL).
The resulting mixture was then extracted with ether (4 x 5
mL). The organic.ex;racts were dried over magnesium
sulphate, filtered, and concentrated. Column
chromatography of the residue on silica gel, eluting with
20% ethyl acetate in petroleum ether, gave the allylic
tertiary alcohol 69 (32 mg, 78% yield); ir 3500 cm™! (OH);
lmr §5.5 (dd, 1H,.J = 6 Hz, J' = 1 Hz, —ch=tco-), 1.18

(S, 3H, -éoHC_}b)‘ 101 (8' 3H' -%CH3)' and 1004 (d’ 6HI\\J =

-



n

2}t ~CH(CH3);): ms M* 252.1722 (caled. for CjgHp403:
2521926).

)y 7,7-Ethylenedioxy-3-isopropyl-2,6-

clo 4.2.0loct-2-¢h:jtpnc (70)

To a stirred slurry of pyridinium dichromate (552 mg,
1.47. mmol) in dichloromethane (3 mL), there was added in

AN

one protion a solution of the tertiary alcohol.63 (168 mg,
0.67 mmol) in éichloromethane (2 mL)) at room temperature.
The resulting dark red-black mixture was alkpwed to stir
for 4 h at room temperature, and was diluted with an equal
volume of ether. Phe ethereal solution was filtered over
magnesium sulfate ‘o remove chromium impurities. The
black residue was thoroughly washed with ether and also
filtered over magnesium sulphate. The filtrate was
concentrated and purified by column chroma;ography on
silica gel, eluting with 5% ether in petroleum ether, to
give the enone 70 (145 mg, B84% yield): ir 1665 (enone C=0)
and 1620 cm~! (enone C=C): lHmr §3.90 (m, 4H, -OCH,CH,0-),
1.82 (s, 3H, cn3é=éco-), r.22 s, 3H, -%cn3>. 1.09 (d, 6H,

J = 3Hz, -CH(CH3),); ms M* 250.1560 (calcd. for

C15H2203: ZSO-ISGQ)-

e
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1R*, 2R*, 3R*, 4R*, 6R*) -7, 7-Ethyl enedioxy-3, 4-epoxy-3-

1lopiqu1-2.6-dim¢thy1bicx;1q;4.f.lectan-2-ol (71)

To a stirred solution of the epoxy ketone 67 (31 mg,
0.12 mmol) in anhydrous ether (2 mL) at -78°C, was added
an ethereal solution of methyllithium (0.092 mL, 1.6 M).
The resu}ting mixture was allowed to come to room
temperature, stirred for 1 h, and quenched by addition of
water (1 mL). The organié,layer was separated and the
agueous layer extracted with ether (3 ; 5 mL). The
c;;glned organic’ layers were washed with water (2 x 5 mL),
~dried err anherods magnesium sulfatg, filtered and: |
concentrated. Purifiéation by column chrbmatography g;ve“
the tertiary epoxy alcohol 71 (22 mg, 67% yield)é ir 3530
Cm'l'(oﬂ) and 1248 cm'l-(epoxide): lHmr 64.9 (m  4H,
~OCH,CHp0-) . 3:32 (s, 1H, -OH), 3.4 (@, 1, J.-k;\hz.
-CHO-), 1.24 (s, 3H, -é(OH)Qﬂ3). 1.22 (s, 3H, -%CH3). 1.08
and 0.84 (both d., 3H each, J = B Hz each, -CH(CH3),): ms

4

Tt
M* 268.1676 (calcd. for CjgHyq04) 268.1675).

(1R*, 3F4R' ,6R*)~7, 7-Ethylenedioxy-3,4-epoxy-3-isopropyl-

‘6-methYl-2-methylenebicyclp[4.2.0]octane (72)

To a benzene solution of the epoxy alcohol 71 (29 mg,
\?.11 mmol), was added pyridine (0.088 mL) followed by

thionyl chloride (0.022 mL, 0.3 mmol) under an argon

104
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atmosphere. The ;Q-ulting mixture was stirred at room
temperature for 2 h. It was then diluted with water and
extracted with dichlorémothane (3 x 5mL). The combined
extracts were dried over sodium sulfate, filtufad. and
concentrgted to give the crude product. Column R |
chromaiagfaphy on silica gel, eluting with *5% ethyl
acetate in bétroleum ether, gave tﬁe.vinyl epoxide 72 (7
mg; 25‘ yield): ir 1620 (C=C) and 1240 em™1 (epoxide);
1;lmr $5.74, 5.04 (both 4, 1H each, J = 2 Hz}each. -é-cnz),
3.34 (4, 14, J = 4‘Hz. —éHO-): ms MY 250.1567 (calcd. for
'Cy¥H9,0,: 250.1570). .

_

(1R*,6R*)-7,7-Ethylenedioxy-3~isopropyl-6é-methyl-

bicyclol4.2.0Jocta-2,3-diene 73

At -78°C, to a solution of the. enone 59 (293 mg, 1.24
mmol) in‘-anhydrous ether (5 mL), was added 1.5 M
methyllithium (1 mL, 1.49 mmol). After allowing the
temperature of the dry-iqe/acetone bath to warm up to 0°C,
p-toluenesulfonyl isocyanate (293 mg, 1.49 mmol) was
added. After st{rring‘the solution for 1 h at 0°C, ice-
cold water was added to gestroy any excess isocyanate. A
solution of aqueous saturated ammonium chloride was added

4
and the resulting mixture extracted with dichloro-

methane. The organic extracts were washed with water,

.
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dried, filtered, and concontratog. .The residue (910 mg)
was yyro%yzod vith'tﬁo Kuhrgelrohr distillation apparatus
at 110°C 9ndor reduced pressure (~0.5 torr), collecting ‘
the distillate in an ice-cold trap. The dﬂ.tillato was

. purified by column ehro-.eoqnm on silica gel. Elution
with 5% ether in n-hcxano gavc tho diene 73 (148 mg, 50%
yield); tr: 1610 ecm™l (c=c): 1nmr 65.72 (br t, 1H, J = 4
Hl,;Féﬂféfé'C;2) ;.96, 4.86 (both s, 1H each, -CHé;é-quit
4.9 im; 4H, -OCH,CH,0-) 1.10 (4, 6H, J = 8 Hz, ;cH(qggiz):
ms M* 234.1621 (calcd. for Cy1gHp505:  234.1621).

N

2-Hydrogyethy1 (3-isopropyl-2,6-dimethylphenyl) acetate

34 . | ,

-, . ' \

v

- A solution of m-chloroperbenzoic acid (22 mg, 0.13
mmol) in dichloromethane (0.5 mL) was added to a solution
of the diene 67 (21 mg, 0.09 mmol) in dichloromethane (1

. , ‘ :
mL) at 0°C under an argon atmosphere. After 30 mln,.:_igjg
aqueous sodium sulfite solution (0.5 mL) was added~qnd the
mixture was pqufed into a 10% agqueous sodigm bicarbéhate
solution (2 mL). It was then extracted with |
dichloromethane (3 x 5 mL). The organic extracts were
washed ;ith brine, dried, and concentrated. Column
chromatography on silica gel, elutiﬁg w;tﬁ 508 ethyl

acetate in n-hexane, gave ester 74 (16 mg, 69% yield): ir
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)

\

-

. 1
3600 (-OH), and 1725 cm™}- (ester C=0); lHmr §7.14, 7.04
(both doublet, 1H each, J = 8 Hz each, aromatic C-3H,
C~4H), 4.22, 3.84 (both ¢t, 2H each, J = 4 He each,
-oq_zq_zon), 3.24 (quintet, 1, J = 7 He, -CH(CH3)3). 2.3,
2 24 'tboth s, W each, Arc__-,). and 1.23 (4, Gﬂ. J = 7 He,
-CH(CH3),): ms M* 250.1577 (calcd. for C) 5H2203!
250.1570).

N .

.-

(lR' 2R' 6R‘) 2—Acetoxxf7 7-othy1enedxogy -3- xogpr0pxl 6-

methylbxcyclo[4 2. 0]oct 3-ene (75)

The allylic alcohol 68 (101 mg, 0.42 mmol) was
éissolved.in pyridine (2 _mL) ;: 0°C under an argon
atmosphere. Acetic anhydéide (87 mg, 0.85 mmol) was added

\vand the mixture was allowed to warm up to room

temperature. It was stirred at this température for 8 h
and poured int® ice cold 2 N hydroihlorxde:;cxd. The
resulting mixture was extracted with dichloromethane. The
combined extracts were washed with brine solutiof, dried,
filtered, and concentrated to give the allylic acetate 75
‘(66 mg, 56% yi;ld): ir 1735‘cm'1 (ester C=0); Ymr 65.66
(br t, 1H, J = 4 Hz, -éHOCO—) 5.5 (m, 1H, —CHsé-), 4.9’(;,
4H, -ocdzcuzo;), 2.08 (s, 3H, -OCOCH;), 1.14 (s, 3H,

-%CH3)//1.02 &nd 0.94 (both 4, 3H eac?? J = 8 Hz each,
' e

107
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~CH(CH;3),): ms M* 280.1673 (calcd. for CjgH404:

280.1675).

///ER' 2R* 3*R 4R*, 6R*) - 2—Acetoxy -3,4-epoxy-7, 7-ethy1ene-

dloxy -3-isopropyl- 6~methy1b1cyclo[4 2.0])octane (76)

To a.salution of the allilic acetate 75 (49 mg, O0.18
mmol) in dichloromethane (2 mL) at 0°C under an argon
atmosphere, wés added a solution of'ffchloroperbenzoic
acid (36.7 mg, 0.26 mmol) in dichloromethane (0.5 mL).
After 1 h, a 108 agueous sodium sulfite solution (1 mL)
was adbed’and»the mixture was poured into a 10% aqueous
sodium‘bicarbonate solution (2 mL). 1It'was extracted with
dichlbromethig? (4 x 5 mL). The Combined organic extracts
were washed with brine, dried, and concentrated. Column
chromatoéraphy on silica gel, eluting with 10% ethyl
acetate in n-hexane, gave the epoxy acetate 766(38 mg, 72%

.yield): ir 1737 (acetate C=0) and 1241 cm~1l (epoxide);
lymr 65.48 (d, 1H, J = 6 Hz, hoco-), 4.82 (m, 4H,
OCH,CH,0-), 3.15 (4, 1H, J = 4 Hz, bhoo), 2.12 (s, W,
-0COCH3), 1.20 (s, 3H, -#ca3); 0.92 and 0.82 (both d, 3H
each, J = 8 Hz each, —CH(QE3)2): ms m/e 253.1443 (M*-43;

calcd. for C14H2104: 253-1440)-
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, (lh*,2R*,6R*)-2-Acetoxy;7,7-ethy1enedioxy-3-isggropyl-6-

methylbicyclo[4.2.0]Joctane-3,4-diol (77) ' ///N

The epox aceFate 76 (38 mg, 0.13 mmol) was dissoived
in benzene (1imL) at 0°C. Boron trifluoride etherate
(0.08 mL, 0.67 mmol) was then added via syringe. The
%resulting mixture was stirred at 0°C for 1 h. To the
re:# ﬁ ~ mixture was added saturated agqueous ;odium
b, =% .ate and thé resulting mixture was extracted with
ether (4 x 5 mL). The ether extracts were washed with
brine solution, dried over magnesium sulfate, filtered,

i
and concentrated. Column chromatography of the residue
gave the diol 77 (41 mg, 100% yield): ir 3460 (O-H) and
1734 cm~! (acetate C=0); lyme 55.18‘(d, l1H, J = 6 Hz,
—éHOCO—), 4.12 (br t, 1H, J = 4 Hz, —éﬁpH),'2.0 (s, 3H,
‘—OCOCH3)7'1.18 (s, 3H, -%CH3), and 0.89 (df-GH, J = 8 Hez,
~CH(CH3)5): ms m/e 255.1594 (calcd. for C)4H,304:

255.1597).

(1R*,2R*,6R*)-2-Acetoxy-7, 7-ethylenedioxy~-3-hydroxy-3-

isopropyl-6-methylbicyclo[4.2.0]octan-4-one (78)

To a slurry of pyridinium dichromate (76 mg, 0.20
mmol) in dichloromethane (1 mL), was added a solution of
the diol 77 (41 mg, 0.14 mmol) in dichloromethane (1 mL)

at room temperature. The mixture was stirred at room
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temperature for 4 ha It was diluted with ether, fi'*,‘ered
over m;gnesium sulfate, and concentrated. Column B
ch;omafography on silica gel, eluting with 20% ethyl
acetate in betroleum ether, gave the ketq alcohol 78 (34
mg, 83% yield): ir 3480 (OH), 1735 (acetate C=0) and 1710
em~1 (ketone C=0); 1Hn'\r(55.46 (d, 1H, J = 6 Hz, —éH-OCO-)
2.06 (s, 3H, -OCOCH3), 1.4 (s, 3H, -%CH3), and 1.04, 0.74
(both 4, 3H each, J = 8 Hz each, -CH(Q§3)5); ms m/e
253.1429 (calcd. for Cj4Hp 04t 253.1440).

(1R*,2Rf;6R*)—7.7-Ethy1enedioxy—3—isgpfopy1—2-methoxy—6-

w

methylbicyclo[4.2.0]Joct-3-ene (79)

\

.

Sodium hydride (80% dispersion in oil, 0.66 g) in a
50 mL round bottomed flask was freed of mineral oil byﬁ
washing with distilled petroleum ether (4 x 10 mL). It
was ghen suspended in 1,2—dimethoxyethéne (10 mL) and

cooled to 0°C. A solution of allylic alcohol 68 (1.3 g

N —

-

5.5 mmol) in l,2-dimefhoxyethane was added dropwise to the
cooled suspehsion. After stirring the mixture under an
argon atmosphere for 30 min, methyl iodide (1.63 g, 8.2
mmol) was added. The resulting solution was stirred
overnight at room temperature. The reaction mixture was
pou:xgﬁinto ice-cold water and extracted with
dichloromethane (4 x 50 mL). The extfaéig were washgg'-

6“ -~

)



successively with water and brine solq}ion. dried over
magﬁesium sulfa;é, and concentrated. Column
chromatography on silica gel, eluting with 10% ethyl
acetate in petroleum ether, gave the‘bure product 79
(1.11, 81% yield): ir 1098 (C-0-C) oW_!; lHmr £5.55 (br
s, é—CH ), 3.88 (m, 5H, -OCH,CH,0- and éH-OCH3),
3.36 (s, 3H, éH-Oq_J), 2.26 (quintet, 1lH, J = 7 ‘Hz,
-c§}cn3)2), 1.1 (s, 3H, -¢CH3), 1.08 and 1.0 (both d, 3H

each, J = 7 Hz each, -CH(Qﬂ3)2); ms m/e 252.1713 (calcd.

for C15H24O3: 252-1726). Anal. Calcd. for c15H2403! C,

71.40; H, 9.59; found: C, 71.10; H, 9.62. -
VAl

~

(1R*,2R*, 3R*,4S*,6R*)- and (1R',2R*,3S',4R*,6R*)—},7-

Ethylenedioxy-3-isopropyl-2-methoxy-6-methylbicyclo-

[4.2.0)octan-4-01 (80) ~

A dry, argon-flushed, 25 mL flask was charged with a
tetrahydrofuran (5 mL) solution of the allylic ether 79
(192 mg, 0.75 mmol). A 1 M tetrahydrofuran solution of
diborane (1.12 mL) was then added via syringe. The
solution was stirqed at room temperature for 1 h. The
flask was immersed in an ice bath and water was added to

destroy the excess diborane. The intermediate

organoboranes were oxidized by adding, successively sodium

hydroxide (3 M, 0.1 mL) and hydrogen peroxide (30%, 0.1

111
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mL). Complete oxidation w;Q ensured by maintaining the
reaction mixture at 50°C for 1 h. The solution was poured
into water and the glcohois formed wére extracted with
ether (3 x 2dS;L). ‘The‘combined extracts were washed with
saturated sodium bicarbonate solution, the ether layef“
separatéd, driéd over magnesium sulfate, filtered and
consentrated to give a 3:1 Jlﬂmr an;lysis) r;tio of a
mixture of crude products.‘ Column chromatography on
silica gel, eluting with 20% ethyl acetate in petroleum
ether gave the major diastereomer of 80 (104 mg, 51%

yie @t ir 3500 (O-H) ‘and 1100 cm~) (c-0-C);: lHmr 53.48
(dd, 1H, J = 6 Hz, J' = 2 Hz, éHOCH3), 3.2 (s, 3H,
-énoqg3), 2.48 (ad, 1H, J = 12 Hz, J' = 9 Hz, C-8H),

k62.8 (dq, 1H, J =.12 Hz, J' = 9 H;, c-8H), 1.96 (m, 1H,
~CH(CH3)5), 1.17 (s, 3H, -%CH3). 1.07 and 0.98 (both d, 3H
each, J = 7 Hz each, -CH(CH3)5); ms M* 270.1831 (calcd.
for CysHge0q: 270.1832).

Further elution gave a mixture of diastereomers (28
mg, 14% yield) followed by the minor diastereomer (22 mg,
11% yield): ir 3480 (0-H) and 1099 em~! (c-0-c); lHmr
§3.64 (br 4, 1H, J = 6 Hz, -&ﬂpCH3), 3.26 (s, 3H,
-éHOCﬂs). 1.22 (s, 3H, -Qﬂ3), 1.06 and 0.94 (both 4, 3H
each, J = 7 Hz, -CH(CH3)y; ms m/e 255.1604 (M'-15) (caped.

for Cj4Hgp304: 255.1597).
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(1R*,2R*,3S‘,6R*)—7,7-Ethy1eﬁediogy-3-isopropy142-methoxy-

6-methy1bicyclo[4.2.0]octan-4-one (Bi)

To a mixture of alcohols 80 (118 mg, 0.44 mmoliZbH
dichloromethane (2 mL), was added pyridinium dichromate
(246 mg, 0.66 mmol). The resulting mixture was stirred at
room temperature for 8 h. It was then diluted with ether
(10 mL), filtered over magnesium sulfate:dand'
concentrated. Flash column chromatography of the residue
on silica gel, eluting with 10% ethyl acetate in petroleum
ether; gave pure ketone 81 (105 mg, 90% yield):‘ ir 1710
(ketone C=0) and 1190 cm™! (C-0-C); lHmr §3.76 (dad, 1H, J
= 6.5 Hz, J' = 2.5 Hz, -éﬂpCH3), 3.28 (s, 3H, -éoqg3).
3.2 (4, 1H, J = 17 Hz, C-5H), 2.66 (dd, 1H, J = 12.5 Hz,
J' = 9 Hz, C-8H), 2f1 (a, 1H, J = 17 Hz, C-5H), 1.12 (s,
3H,_:%CH3), and 1.04, 0.96 (both d, 3H each, J = 7 Hz
each, -CH(QE3)2); ms m/e‘268.1675 (calcd. for CjygHp4q04:
268.1675). Anal. Calcd. for C15H2404: C, 67.12; H,

9.02. Found: C, 66.95; H, 8.96.

(1R*,6R*)-7;7—Ethy1enedioxy-3-isqpropyl-6-methy1-

bicyclo[4.2.0]oct-2-en-4-one (82)

Methoxy ketone 81 (120 mg, 0.45 mmol) was dissolved
in benzene (2 mL) and 1,8-diazabicyclo[5.4.0]Jundec-7-ene

(3 mL) was added. The resulting mixture was refluxed
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under an argon atmospheré for 4 h. It was then cooled to
room temperature, acidified with ice cold 2 M
hydrochloride Qcid& extracted with dichloromethane (4 x 20
mL), washed with a brine solution, dried over ‘sodium
sulfate, fil£ered, and concentrated. The residue was
purified by column chromatography on silica gel, eluting
with 10% ethyl acetate in petroleum ether to give pure
enone 82 (98 mg, 91% yield): ir. 1778 (enone C=0) and" 1615
cm™! (c=C): lHmr 56.45 (4, 1H, J = 5 Hz, -qg}éco-), 3.87
(m, 4H, -OCH,CH,0-), 2.96 (septet, 1H, J = 7 Hz,
-CH(CH3),), 2.82 (dd, J = 12 Hz, J' = 10 Hz, C-BH), 2.56
(d, 1H, J = 16 Hz, C-5H), 2.46 (quintet, 1H, J = 10 Hz, J'
= J" = 5 Hz, -ég;), 2.16 (4, 1H, J = 16 Hz, C-5H), 2.08
(a4, 18, J = 12 Hz, J' = 5 Hz, C-8BH), 1.24 (s, 3H, -+CH3),
1.66 and 1.0 (both>d, 3H each, J = 7 Hz each, “CH(CH3),):
ms M* 236.1416 (calcd. for C14Hz003:  236. 1413). Anal.
Calcd. for Cjy4Hp003: C, 71.14; H, 8.53. Found/f\E

70.91;: H, 8.47.

(1R*,25*,3R*,6R*)- and (1R*,2R*,3S*,6R*)-7,7-Ethyl-~

enedioxy-3-isopropyl-6-methyl-2-vinylbicyclo[4.2.0]octan=-

4-one (83)

A suspension of cuprous iodide (0.021 g, 0.11 mmol)

in tetrahydrofuran (5 mL) was cooled to 0°C under an argon

U
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atmosphere. A solution of 1.3 M vinylmagnesium bromide in
tetrahydrofuran (2 mL, 2.6 mmol) was added via a syringe
and the mixture was cooled to -25°C. After 15 min at this
teg?erature, a solution of enone 82 (101 mg, 0.42 mmol) in
tetrahydrofuran (5 mL) was added. After 20 min the
mixturq was added to an ice-cold solution of aqueocus 2 M
ﬁydtochl.ric acid (10 mL) with stirring. It was then
extracted with dichloromethane (3 x 20 mL). #The combined
organic extract was dried, filteré;:‘and concentrated.

The crude material was purified on a silica gel column,
elutidg with 5% ethyl acetate in piproleum ether, to give

the vinyl ketone 83 (93 mg, 85% yield): ir 1705 (ketone

cfo) and 1640 (C=C) cm'l; lymr 5.4 (ddd, 1H, J = 17 Hz,

J' =J" =9 Hz, -CH=CH,), 5.1 (dd, 1H, J = 17 Hz, J' = 2.5
" Hz, -CH=CHH), 5.08 (dd4, J = 9 Hz, J' = 2.5 Hz, —gH*CHL—l_),
A('»VJ

(:
3.9 (m, 4H, -OCH,CH,0-), 3.1 (4, 1H, J = 12 Hz, C-S4), 1.8

(d, 1H, J = 12 Hz, C-5H), 1.1 (s, 1H, -¢CH3), and 1.08,
0.92 (both & ~ach, J = 7 Hz each, -CH(CH3)y): ms M*

264.1710 ((&_r | : C16H2403: 264-1730).

S) and (1R*,2R*,3S*,6R*)-2-

Carbomethoxy- hylenedioxy-3-isqpr0py1—6-methy14

bicyclo[4.2.0])Joctan-4-one (86)

Ruthenium dioxide (71 mg) was suspended in acetone
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(25 mL) and a solution of sodium metaperiodate (710 mg) in
water (10 mL) was added. The mixture was stirred at room
temperature until a clear fellow solution was obtained.
Solid sodium metaperiodate (1.0 g) was introduced and a
solution of vinyl ketone 83 (604 mg, 2.3 mmol) in acetone
(10 mL) was then added dropwise with stirring. The
reaction mixture was stirred for 4 h and isopropyl alcohol
(10 mL) was added. After 30 min, the mixture was filtered
and thé residue thoroughly washed with acetone. "Most of
the solvent was evaporated and the aqueous solution made
basic with 1 N aqueous potassium hydroxide solution. The
solution was washed with ethyl acetate (3 x 30 mL) and the
aquéous fraction acidified with 1 N aquedus hydrochloric
acid solution. Extraction with dichloromethane (3 x 30

mL ) wés‘followed by drying of the dichloromethane
extracts. Filtration and concentration gave the crude
acid (622 mg) which was dissolved in acetone (10 mL).
Potassium carbonate (622 mg) was added and the mixture was
stirred for 30 min. Methyl iodide (0.48 mL) ;As added and
the mixture was stirred overnight. The resulting mixture
was poured into ice cold dilute aqueous hydrochloric acid
and extracted with dichloromethane (5 x 20 mL). The
dichloromethane extract was dried, filtered and

concentrated. Column chromatography on silica gel,:

eluting with 30% ethyl acetate in petroleum ether afforded
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’ ’ .
keto ester (85) (332 mg, 49% yield): ir 1735 (ester C=0)
and 1710 cm~! (ketone C=0); lHmr §3.86 (m, 4H,
-OCHzCHzO—), 3.7 (s, 33, —OCH3); 3.09 (a4, J = J' = 12 Hz,
C~-2H), 3.02 (4, 1H, J = 15 Hz, C-5H), 2.66-(dd, 1lH, J =
13.5 Hz, J' = 9 Hz, C-8H), 2.3 (44, 1H, J = 12 Hz, J' =
3.5 Hz, C-3H), 2.2 (44, 1H, J = 13.5 Hz, J' = 3 Hz, C-8H),
1.96 (4 of septet, 1H, J = 7 Hz, J' = 3.5 Hz, -CH(CH3),),
1.84 (4, 1H, J = 13‘Hz, C-SH), 1.76 (d44d, 1lH, J = 12 Hz,
J' =9 Hz, 3" = 3 Hz, C-1H), 1.14 (s, 3H, -¢CH3). 1.06 and
0.91 (both d, 3H each, J = 7 Hz each, -CH(CH3)p): ms M’
296.1621 (calcd. for C16H2405: 296.1624).

Further elution gave the'.other diastereoisomer 86
(140 mg: 21% yield): ir 1740 (ester C=0) and 1700 em~!
(ketone C=0); lHmr 54.04 (dd, 1H, J = 11.5 Hz, J' = 4 Hz,

C-2H), 3.94 (s, 3H, -OCH3), 3.86 (m, 4H, -OCHZCHzo-): 2.94

{ddd, 1H, J = 11.5 Hz, J' = 4 Hz, J" = lHz, C-3H), 2.57
(dd, 1H, J = 15 Hz, J' = 1 Hz, C-5H), 2.36 (ddd, 1lH, J =
J' = 9 Hz, J" = 4 Hz, -%H), 2.16 (4, 24, J = 9 Hz, C-8H),

2.12 (4, 1H, J = 15 Hz, C-5H), 1.94 (d of septet, lH, J =
7 Hz, J' =4 Hz, -CH(CHj3),), 1.24 (s, 3H, -%-CH3), 1.0,
and 0.82 (both d, 3H each, J = 7 Hz each, -CH(CH3),): ms
M* 296.1619 (calcd. for CygH,405: 296.1624). Anal.
Calcd. for Cj¢Hoy0g5: C, 64.8; H, 8.17. Found: C, 65.16:

H, 8-26.



(1R*, 2R*,35%,6R*)-2-Carbomethoxy-3-isopropyl=-6- 3

methylbicyclo[4.2.0])Jocta-4, 7-dione (87)

To a ﬁcirrod solution of the keto ester 86 (202 mé.
0.68 mmol).in acetone (5 mL), was added.a solution of p-
tolueneﬁulfonic acid (0.16 g) in water (0.5 mL)‘at room
temperature. The resulting @ixture was refluxed
overnight. The reaction mixture was cooleﬁ to room
temperature and poured into ®ther (20 mL). The organic
layer was washed succeésively'with water, saturated sodium
bicarbonate solution, water and saturated brine
solution. The ether layer was dried over magnesium
sulfaté and concentrated. Column chromatography on silica
gel, eluting with 30% ethyl acetate in petroleum ether,
gave the cyclobutanone 87 (124 mg, 72% yield):  ir 1781
(four membered C=0), 1734 (ester C=0) and 1714‘c;n'1 (six

14

membered C=0); YHmr £§3.68 (s, 3H, —O—CH3). 3.22 (44, 1lH, J

o«

- 4 Hz, J' = 2.5 Hz, C-2H), 2.86 (dd, 1H, J = 18 Hz, J' =
4 Hz, C-8H), 2.76 (4, 1H, J = 18.5 Hz, C-5H), 2.68 (ddd,
1H, J = 10 Hz, J' = 4 Hz, J" = 2.5 Hz, -#H), 2.46 (a, 1H,
J = 18.5 Hz, C-5H), 2.26 (septet, lH, J = 7.5 Hz,

g

-CH(CH3),), 1.32 (s, 3H, -#-cn3), .00 and 0.86 (both d,

3H each, J = 7.5 Hz each, -CH(Qﬂs)z); ms Mt 252.1357
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11K',2R‘,35',6R',7R')-2-Carbomothog¥-7-hygroxy-3-

1ogpropxl—6-nothy1-7-viny1bic!glo[4.2.gjoctan-4-onc (88)

To a tetrahydrofuran (5 mL) solution of t:chdikogp ,
ester 87 (234 mg, - 0.9 mmol) at -zp‘c wqﬁ added 1.05 M
vinyllithium (1.06 mL, 1.1 ﬁhol)'ngder an argon

atmosphere. The reaction mixture w;b stirred for 1 h at
-78°C. ' AQueous ammonium chlorié? solution was added to

the reaction mixture and the resulting mixture extracted
with ether (4 x 10 mL). The combined ether extfacts were
washed with brine, dried over magnesium sulfate, filtered,
and concentrated. Column chromatography on silica gel,
elyting with 40% ethyl acetate in petroleum'ether, gave

the keto alcohol 88 (iZd mg, 85% yield): ir 3444 (O-H),

1735 (ester C=0) and 1709 (six-membered C=0); lHmr £6.02

(ad, 1H, J 17 Hz, J' = 11 Hz, CH2=Qﬂf), 5.46 (d4d, 1lH, J

17 Hz, J' = 1 Hz, CHH=CH-}, 5.34 (dd, 1H, J = 11 Hz, J'

1 Hz, CHH=CH-), 2.58 (d, 1H, J = 18 Hz, C-5H), 2.0 (d,
1H, J = 18 Hz, C-SH), 1.14 (s, 3H, -%CH3), 0.98 and 0.8
(both 4, 3H eagh, J = 7 Hz each, 'CH(Qﬂ3)2)7 ms m/e

280.1660 (calcd. C)gHps04: 280.1675).

(lR',ZR',35’.6R',7R')-2—Carbomethogy-7-(epoxyethyl)-7-

hxgroxx;B-isoprogyl-6—methy1bicyclo[4.2.0]octan-4-one (89)

—

A solution of E;chloropetbenzoic acid (80% purity,

~
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162 mg, 0.94 mmols in dichloromethane (2 mL) was added
dropwise to a solution of yinyi alcohol 88 (175 mg, 0.63
mmol) in dichloromethane (;\EP) at 0°C. After the '
addition: tige mixture was stirred for 4 h at room
temperature under an argon atmosph;;e. A 10% agueous
sodium sulfite solution (2 mL) was added’ and the mixture
was poured into a 10% aqueous sodium bicarbonate solution
\(10 mL). The organic fraction was separated, washed with
brine, dried and concentrated. . The crude material was
purified on a silica gel column, eluting with 50% ethyl
acetate in hexane, to give one éiastereomer ofAepoxy
alcohol 89 (82 mg, 44.3% yield):; ir 3461 (O-H), 1734
(ester C=0Q) ﬁnd 1711 cm~1 (ketone C=0); Yymr 83.72 (s, 3H,
-0-CH3), 3.06 (dd, 1H, J = 4 Hz, J' = 2.5 Hz, -CHHO-),
2.96 (d, 1M, J = 12 Hz, C-5H), 2.88 (t, 1H, J = 4 Hz,
-énqr). 2.68 (dd, 1H, J = 4 Hz, J' = 2.5 Hz, -CHHO-), 1.16
(s, 3H, -%cu3), 1.06 and 0.9 (both d, 3H each, J = 7 Hz

‘ each,~ <CH(CH;)5): ms M* 296.1624 (calcd. for C16H2405°
296.1624). |

Furthér elution gave a mixture of epoxides'89 (53 mg,

29% yield). Continued elution gave the second epoxide (46
mg, 25% yield): ir 3473 (0-H), 1734 (ester C=0), 1711
(ketdne C=0) and 1245 cm~1 (epoxide); ldmr 63.72 (s, 3H,

| -0-CH3), 3.36 (dd, 1H, J = 4 Hz, J' = 2.5 Hz, o). 1.16

(s, 3H, —#- Ea), 1.06 and 0.90 (both d, 3H each, J = 7 Hz

120 |
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each, -CH(CH;),): ms M* 296.1626 (calcd. for C)gH,40s:
-16724

AN

296.1624). ‘ : R Y

T
. !

. -~ L '
(18, 2R, 4R*, 7R*,B8R*) -8-Carbomethoxy~2-hydroxymethyl-7-

‘iloptqpyl-4-metny1-6-oxo—1-oxaqgiro[2.7.0"9]decane (92)

-

To arsolution of the epoxy alcohol 89 (25’mg. 0.08
mmol) in dichloromethane (2 mL)th 0°C, was added stannic
‘chloride (0.018 mL.'0.16 mmdl) with stirring under an
‘argon atmosphere. After 10 min, saturated aqueous sodium
bicarbg;ate solution was added to the reaction mixture.
The resulting solution was then extracted with
dichloromethane (3 x 10 mL). The organic extkaéts were
washed with saturated aqueous sodium chloride solution,

.

dried over magnesium sulphate, filtered, and

_ N
concentrated. Column chromatography of the resulting

© residue on’silica gel,‘eluting with 50% ethyl acetats in
petroleum ether gave Q%e epoxy alcohol 92 (24 mg, 96%
yield): ir 3430 (:OH). 1735 (est?r C=0), and 17{;rcm’1
(ketone C=0): lHmr £3.72 (s, 3H, —OCH;), 1.14 (s, 3H,
-+CH3), 1.04, and 0.84'(both d, 3H each, J = 8 Hz each,
-CH(CH3),): ms M' 296.1628 (calcd. for CjgHy405:

296.1658).

{ L)
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(lR*,ZR',3R‘,6R'.7S?)-7—(1,2-dibromoethyl)-2-carbomethoxx—

7—hydroxy-3-isopropy1-6—methy1bicyclo[4.2.0]—optan—3-;;E~/

(94) | ’
& ) . ' -

The vinyl alcohol 88 (29 mg, 0.1 mmol) in carbon
tetrachloride at’ 0°C was titrated with bromine (0.017 mL,
0.12 mmol) undegigh argon atmésphere. The resulting
mixturé was extfécted with dichloromethane (3 x 10 mL),
washed with saturated aqueous sodium bicagbonate, and \
water. The.organic layer was then dried with sodium
sulphate,»filtgred and concentrated. The resulting '
residué was purified By column chrpmatography on silica
gel, eluting with 10% ethyl acetate in petroleum, to give
the dibromide 94 (41 mg, 91% yield): ir 3520 (0-H), 1732
(ester £=0) and 1712 cm'l (ketong C=0):; l4mr 5§3.72 (s, 38,
—OéH3), 1.22 (s, 3H, —#CH#),’1.04, and 0.88 (both 4, 3H
~and each, J = 8 Hz each, —CH(Qﬂ3)2): ms m/e 358.0815 and
360.0721 (M*-80; calcgﬁgfor CyeHp304Br: - 358.0813 and
360.0727).

#

(16%, 2R*, 4R*, 7R*, 8R*)-2-Bromomethyl-8-carbomethoxy-7-

isopfopy1—4—methyl-6-oxo-l-oxasgiro[2.7.04'9]decane (96)

A solution of the dibromide 94 (35 mg, 0.08 mmol) in
pyridine (2 mL) was heated to reflux overnight under -an

" argon atmosphere. The reaction mixture was cooled to room

g
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temperature, acidified with ice cold 1 N hydrochloric
acid, and extracted with dichloromethane (4 x 5 mL). The
combined dichloromethane extracts were dried over sodium
sulphate, filjered, énd concentrated. Column
chron\afog‘rap‘of the residue on silica gel, eluting with
20% ethyl acetate in petroleum ether, gave 96 (23 mg, B82%
yield): i{ 1733 (ester C=0) énd 1711 em” ! (ketone‘C=0):
limr §3.74 (s, 3H, -OCH3), 1.24 (s, 3H, -+CH3), 1.06, and
'0.96 (both 4, 3H each, J = 8 Hz “each, -CH(CH3),): ms m/e.

278.1511 (M*-80) (calcd. for CygHp,0,: 278.1549).
§ L

> 3

|

(1S, 2R*, 4R*, 7R*,8R*)-2-Acetoxymethyl -B-carbomethoxy-7-

»
isopropyl-4—methy1-6—oxo—l-oxaspiro[2.7.04'9]decane (93)

The epoxy alcohol 92 (19 mg, 0.06 mmol) was dissolved
in pyridlne (1 mL} at 6‘C ;nd aceticvanhydride (0.01 mL,
0.13 mmol) and the resulting solution was stirred, und-er
. an arg&h atmosphere, for 4 h at room temperaturé.
Saturated aqueous sodium bicarbonate was added to tﬁe
reaction mixture and extracted with ether (3 x 10 hL).
The combined ether extracts were dried over magnesium
sulfate, filtered, and concentrated to give the crude
product. Column chromatograpry of the crude product on
<gilica gel eluﬁing with 30% ethyl acetate in petroleum

ether gave 93 (18 mg, B82% yield): ir 1735 (acetate C=0)
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and 1713 cm~l (ketone C=0); lymr 63.70 (s, 3H, -OCH3),
(both &, 3H each, J = 8 Hz each, —CH(CH3)2$: ms M*

338.1742 (cglcd. for C,gH,¢0¢: 338.1730).



CHAPTER 11 ~

SYNTHETIC STUDIES ON I1SOACANTHODORAL
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< INTRODUCTION

In 1984, Andersen 3&_31:93 reported the isolation of

three sesquiterpenes bearing an aldehyde function from the

»

extracts of the nudibranch Acanthodoris nanaimoensis
collecﬁed in Barkley Sound, British Columbia. Nanaimoal,
the major component, was assigned the structure 1 based on
its -spectral data, the biogenesic isoprene rule and an
unambignohs ®ynthesis of its p-bromophenylurethane
derivative. The structures of the minor co;;\ponents,94
- acanthodoral (2) and isoacanthodoral (3) were resolved by
single crystal X-ray’diffraction analysis of the p-
bromophenylurethane and the dinitrophenylhydrazone o
derivatives respectively. The novel sesquiterpenoid |
skeletons of nanaimoal (1), acanthodoral (2), and
isoacanthodoral (3) were given the names naﬁaimoane,

. acanthodorane, and isoacanthodorane respectively.

94

The biogenesis of these sesquiterpenes was

proposed, in which farnesyl pyrophosphate (4) first
cyclizes (Scheme 1) to an intermediate 5. This is further
~ transformed to the aldehyde 2 by a 2 + 2 addition
reaction, hydrolysis and oxidation. Loss of Ha (path a)

w

in 2 will give 1, while the loss of Hb (path b) yields 3.

- 126
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During the course of thezr studies,95 it was observed
that the p-bromophenylurethane derivative of tég
corrésponding alcohol, obtained by the reduction of
isoacanthodoral 2, was converted quantitatively to the
isomeric cohpound 6 upon treatment with 98-100% formic
acid. The aldehyde 7, corresponding to 6, was also
suspected to be a natural product.96 N

Several years ago, a synthetic scheme was designed in
our laboratory which involved compound 10 as the key
intermediate in the synthesis Qf a- and B-himachalene.
During that study £he adduct 9 was observed as the major
product in the Diels Alder reaction between 2-
carbomethoxy-4,4-dimethylcyclohe*adien-l-one (8) and
isoprene‘in the presence of boroﬁ trifluoride etherate.
Interestingly, the production of the adduct 9 as the major
product violated the "para" rule. Compound 9 possessed
the basic carbon.framework of isoacanthodc}al (2) and
therefore offered itself as an atﬁractive intermediate’ for
the synéhesis of the isocacanthodorane skeleton. After
ﬂ reduction of compound 9 to the saturated ketone fellowed
by conversion of the ketone functionality to a methylene
group, a reduction of the ester to an aldehyde and a one
carbon homologation would give compound 7. Efforts made
towards the synthesis of the aldehyde 7 are outlined in

this chapter of the thesis.
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RBQGLTS AND DISCUSSION -

Diels-Alder reaction between 2-carbomethoxy-4,4-
dimethyl-2, 5-cyclohexadien-l-one (8) and isoprene in the
presence of boron trifluoride etherate gave a mixture of
two 1:1 adducts in the ratio of 70:30 (lHmr analysis).
The major product 9 displayed the same spectral

97 and so did the minor

characteristics as reported,
product 10. As mentioned earlier on, the major product 9
was used as the key intermediate for the synthetic studies
on the iso;;anthodrane skeleton.

With compound 9 in ﬁand, we set out to first reduce
the double bond of the enone moiety to the saturated
ketone, which would eventually be converted to a methylene—
unit. Hydrosilanes, in the presence of tris-
triphenylphosphine ‘rhodium(I) chloride, have been shown?8
to give silyl enol ethers which readily undergo
hydrolysis99 to give saturated ketones. This was the
approach used to convert the enone 9 to the saturated

‘
‘ketone 11, since the other methods?4:100 you1d also effect
reduction of the ester functionality or the isolated
double bond.

Thus, Finely divided solid enone 9 suspended in

triethylsilane in the presence of Wilkinson's catalyst was

converted to 12 within 24 h. The pure product was
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obtained in 96% yield. The lii}l enol ether 12 was
hydrolyzed with potassium carbonate in aqueous methanol to
give the saturated ketone 11 in 90% yield., The ir
spectrum displayed bands at 1743 pnd 1712°cm™! Aue to the
saturated ester and ketone respectively, Tﬁc  mr
spectrum sﬁowed a multiplet at §5.40 due to the vinyl
proton and fhe methyl groups appeared as singlets at §3.72
(ester), 1.65 (vinylic), 1.00, and 0.90. The compound
also showed a molecular ion peak at m/e 250.1567 in the
mass spectrum indicative of the chemical formula C1gH,203.
As mentioned earlier, the séturated kgqtone had to be

<
converted to a methylene unit. The direct methods for

this operation either involve strongly acidicl0l

(Clemensen) or basic conditionslo2 (Wwolff-Kishner) both of

which could effect decarbomethoxylation of the ester ]

moiety in compound 11 since itqis B to the ketone. To

-

circumvent this situation, other ‘methods had to be

used.103-107 \
Thioketals are known to be converted.to their

corresponding hydrocarbons upon exposure to Raney

nickel. Since the conditions under which the thioketals

are formed would also leave the ester intact,” this was the

approach that was tried first. Thus the keto ester 11 was

treated with 1,2-ethanedithiol in the presence of boron

trifluoride etherate to give the thioketal 13 in 91%

133
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yield. The ir spectrum displayed a ,band at 1740 cm~! due

to an ester. The lymr spectrum showed a vinyl multiplet

at §5.26. A singlet at 53.66 confirmed the presence of

the ester function and the singlet at 61.62 was attributed

to the vinylic methyl group. " Two other methyl singlets

aébeared at 50.96 and 0.84. The mass spectrum showed a

molecular ion peak at m/e 326.1369 indicating the

molecular formula C,9H;¢0,5;-

Raney Nickel reduction104 of 13 gave a 1:1 mixture of
products in B87% yieid. One of the products displayed a
band at 1729 cm™! in the ir spectrum due to an ester. The
Ymr spectrum ;howed a multiplet at §5.26 due to a vinyl
proton. The vinylic methyl group appeared as a broad
singlet at §1.62, while ;he other two methyl groups
appeared as singlets at §0.94 and 0.82. T£e mass spectrum
showed a molecular ion peak at m/e 236.1768 for the .
chemical formula C)gH,40,. The spectral data suggested
that the co‘nd was the desired ester 14. The other
product showed a band at 173Q cm~! due to an ester in the
ir spectrum. The lymr spectrum exhibited three vinylic
protons at £5.66, 5.60, and‘5.36. The mass spectrum
showed a molecular ion peak at m/e 234.1614 for the
chemical formula C,gH;50,. These spectral data suggest

the structure 15.
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Due to the low yield of the reguired. uto;.ﬁy% ,'m‘lo ‘;'f.;

» 'l“' * [ hd P »

production of the diene 15 an altornativc routérng‘ 97 to cf

the ester 14 was explorcd. Bartonm5 and ocpnrda’ havo 'é
demonstrated that. on reaction with tri-n-bu€y1-tannano, S-
alkyl xanthates, derived from the corresponding alcohols, ey
yYield the corresponding hydrocarbons. The related B
derivatives such as thionobenzoate,ld5‘1°7 ‘ .
- e

thiocarbonylimidazoleu105'108 Yhioformates!©? and '

phenoxyéhionocarbonatel10 have alsoc been shown to undergd

the abowe transformation. Application of such % reaiilon
!o the alcohol 16 derxved fram } gshould, in phcxple, |
provide the required compund 14. q' . ) .
Thus, the keto ester 11 in methanol was tfqated with
, .
sodium borehydride to yieid compound 16 inféO% yield. The
ir spectrum displayed a band at 3444 cm~! due to the
hydroxyl grbup and another at 1735 cm~! due to the
ester. The lHmr spectrum showed a broad singlet at §5.26
for the vinylic. proton. A mnultiplet at £3.90 was assigned
to the methine proton adjacent to the hydroxyl group.
Three singlets él 5§3.72, 0.9;, and 0.82 were attributed to
the ester methyl and the gem-dimethyl groups
respectively. The vinylic methyl group appeared at

61.68. The mass spectrum displayed a molecular ion peak

at m/e 252.1729 indicating the chemical formula Ci5H2403.

~
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when the alcohol 16 was treatedﬁwith sodium hydride

and carbon disulfide in 1, 2-dimethoxyethane at'room
temperature followed by addition of methyl iodide, the S-
methyl xanthate 17 was furnished as the reaction product
in 95% yield. In the ir spectrum, bands at 1737 and 1054
cm~! were attributed to the ester aed xanthate
functioenalities respectibely. The 1Hrﬁr spectrum showed a
douBlet of doublets (J = 12, J' = 4 Hz) at $6.20 which was
assigned to the proten adjacent to the xantbate group. A
singlet at §2.54 was assigned to the S-methyl group of the
xanthate and a broad 51nglet at ol 73.to the vinylic

methyl group The mass spectrum showed a mblecular ion

"\

\ ,,‘/
peak at m/e 342.1319 due to the chem\eal formulav
C17H260352 The xanthatﬁ 17 was then heated WIth trl-n-~

butylstanne ghd a catélytic amount of 2,2'1azob1§[2- .

methyl-ZJpropioniirilg] in toluene at reflux overnight to
g i
4 give the ester 14 1n 90% yield. . , % S
‘ . ¢ g A v
Hpv1ng 1mproved the yleld of 14, we ware ready at’

this point to modify the angular ester function to the
.159 canthodoral (Z)Z;ergfn'frgmework The ester was to be
Mmmverted to the aldehyde 18, which would then be ext ended
;5? by one carbon to give the c0mpound 7. To convert the
ester 14 to the aldehydella, the use of diisobutylaluminum
hydridelli was anticipated since it is known to ‘convert

¢
esters directly to aldehydes. However, the starting
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material wa;-recovered iatact upon treatment of the ester
14 with diisobutylaluminum hyd;ide’in toluene at -78°C.
When the reaction was carried out at room temperature only -, '
20% yield of .alcohol 19 was obtained., It was therefore ’jﬂ
decided to convert the ester to the alcohol 19 first and

then oxidize it to the‘aldehyde 18. Upon treatment of the
ester 14 with’ sodlum bis(2-methoxyethoxy)aluminum

hydr1de112 in toluene at 0°C, it was convertqd to the

alcohol 19 in 98% yield i 30 min. Pil;gyﬁfectrum,showed
a band at 3320 cm~! due to the hydr'ﬁiﬂ : |
spectrém exhibited a broad singp; o _»{30 which was
L& ‘{ﬁylene protons

N ) '/a»‘
adjacent to the hydroxyl group displayed -an AB pattern

.assigned to the vinylic proéon.:,

(J = 10 Hz each) at §3.38 and 3.24. A broad singlet at

§1.64 was assigned to the vinylic methyl group. Two

‘methyl singlets were observed at §0.92 and 0.82. The mass
4 . . .

spectrum showed, a molecular ion peak at m/e 208.1829 for

113

the chemical formula C14H24O. Swern's oxidation was

used to convert the alcohol to an aldehyde. Thus, upon
treatment with a ml;tgre of dimethyl sulfoxide and oxalyl
chloride followed by triethyI%mine, the alcohol 19 was

* _converted to the aldehyde 18 ip 80% sield. The ir
sgectrum exhibited bands at 1724, 2800, and 2780 cm~! for f
an aldehyde. The lHmr spectrum showed a §ingletwat 69.34

which confirmed the presence of an aldehyde. Two broad

.an . e
: a7 .
.o
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singlets at §5.32 and 1.68 were assigped to the vinylic
p}oton and methyl group respectively. Two other meg\y
singlets were observed at 5§0.96 and 0.84. The mass
spectrum exhibited a molecular ion peak atﬁp/e 206.1670
for the chemical formula C,;4H,,0.

Elaboration of the aldehyde 18 to the compound 7
required the extenﬁion of the aldehyde function by one ' —
carbon. Of the options available, 1147116 ¢pe Wittig
reactionll? w@hy osen for its mildness and gimplicity.

The aldehyde 18 was therefore added to the (methoxy-
methyl)triphenylphosphorane ylide in benzene to give a 2:1-
mixture of trans and cis enol ether 20 in 46% yizld. The
ir spectrum displayed bands at 1650 cm~! for the
trisubstituted double bond and 1204 em™ ! for tgL enol
ether. The ler spectrum exhibited two doublets at 66.18v\
(J = 12 Hz) and §5.66 (J = 6 Hz) for the proton a to the ‘\W
* methoxy group 1in tﬁe tréns and Eig_coﬁpounds tespectiyely.
The other proton of the enol ether appeared‘as two .
doublets at 654.78 (J FN)Z Hz) and §4.24 EJ = 6 Hz). The
methoxy group appeared as two singlets at §3.56 and

3.50. Three singlets at 51.70, 0.90, and 0.82 were
assigned to the vinylic anélggm-dimethyl methyl groups.

The mass spectrum displayedza molecular ion peak at m/e

)
234.1995 for the chemical formula-C16H26O.

L Y e
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All that was needed at this stage was the conversion
of the enol ether to an aldehyde. Upon exposure of the
enol ether 20 to 5 N hydrochloric acid or 30% perchlori;
acig 117 th; product obtained showed an ir absorption band
at 3400 cm~l due to a hydroxyl group. The lyme spectrum
displayed® a multiplet at 64.60 which was assigned to a
methine proton adjacent to a hydroxyl grou;. Three methyl
singlets were observed at £1.64, 1.45 and 1.06. The mass
spectrum showed a molecular ion peak at m/e 250.1932 for
the chemical formula Ci16H2602- The foregoing spectral
dala suggested that the product'oLtained could be the
compound 21, the Prins reaction product.

’ ;Tq?'double bond in 20 was therefore involved in a
reacﬁian under the aqueous acid conditions. Since the
double bond was required to remain intact for a successful
‘synthesis of 7, other alternatives were exploted.lle'lzz
It was recognized that the hydrolysis should be done in
the absence of agqueous acids. When boron tribromide118
was used, unidentifiable products were obtained. -The
starting material was recerred intact when the enol ether
20 was exposed to demethylating conditions with
chloro@:rimethylsilane119 and sodium iodide in
Scetonitrilé. With the use of other demethylating agents

such as phenylphosphonodichloridatel20 and sodium iodide,
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sodium ethylthiolate,121 and lithium diphenylphosphide,lzz
the starting material was also recovered intact.

From the above discussion, it could be concluded that
the intermediate of the type 20 which would require
aqueous acid hydrolysis to the 7 was’not suitable for the
present synthesis. To circumvent this, a Wittig reagent
such as thé-(benzyloxymethyl)triphenylphosphorane ylide
could be used and the resulting enol ether converted to
the required aldehyde by either a dissolving metal
reaction or hydrogenolysis without affeéting the isolated
double bond. Studies towards this ena ;re currently under

investigation. .



EXPERIMENTAL

Gerieral

.

For general remarks see Chapter 1 of this thesis.
+

Materials

.____..___,,_\.

Boron trifluoride etherate was distilled over calcium

85,123

hydride according to the procedure of Brown. Argon

and solvents used were purified as described in Chapter 1

X
of this thesis.

(lR*,GS*)-l-Carbomethoxy—S,5,9-triméthx!bicyclo[4.4.0]-

deca-3,8-dien-2-one (9) and (1R*,6S*)-1-Carbomethoxy-

5,5,8-trimethy1bicyclo[4.4.0]deca-3,B;Bien-Z-one (10)

To a solution of 8 (7 g, 0.039 mol) and isoprene
(77.8 mL, 0.78 mol) . in ether (280 mL) at 0°C, was added
poron trifluoride etherate (2.4 mL, 0.02 mol). The
reaction mixture was stirred at 0°C for 48 h under argon
atmosphere. Saturated aqueous SOdiﬁm bicarbonate (140 mL)
was added and the resulting solution was extracted with
ether. The extracts were washed with water, dried,
filtered and concentrated. Column chromatography of the

residue on silica gel with 10-12% ether in petroleum-ether

-g L1142 -



gave a 70:30 mixture (!Hmr analysis) of keto estefﬁ é‘and
10 (9.1 g, 94% yield). The migture was dissolved in hot
ether and seeded with pure crystals of 9 (obtained:by
preparative high pressure liquid chromatography oﬁva[ i
Waters Associates Prep LC/System 500 using one silicalgel
cartridge and eluting with 5% ethyl acetate in E;hekane)
to give 3 g of compound 9: m.p. 94-96°C; ir 1745, 1731
(ester C=0), 167§.(enone C=0), 1380, and 1365 cm~1 (CH3);
limr §6.64 (4, 1H, J = 9 Hz, -CH=CHCO-), 5.94 (4, 1H, J =
.9 Hz, -CH=CHCO-), 5.39 (m, 1H, =CH-), 3.74 (s, 3H, -OCH,),
2.72 (ddd, 1H, J = 6.5 Hz, J' = 3 Hz, J" = OLS Hz, C-10H)
2.54 (4, 1H, J = 16 Hz, C-8H), 2.18 (d, 1H, J = 16 Hz,
C-8H), 2.11 (br s, 2H, C-5 -CH,-), 1.7 (br s, 3H, =écn3).
1.24 (s, 3H, -CH3) and 1.06 (s, 3H, -CH3); 3cmr §197.3
(C-1), 172.8 (-COz—), 157.8 (C-3), 131.1 (C-7), 123.9
(C-2), 119.1 (C-6), 57.4 (C-9), 52.3 (-OCH3), 40.3 (C-10),
35.9 (C-4), 33.p (c-8), 30.4 (C-4 CH3), 24.2 (C-5), 23.5
(C-4 or C-7 CH3) and 23.4 (C-4 or C-7 CH3): ms M' 248.2410
(calcd. for C gHyoO3: 248.1410). Anal. calcd.
C15H2003: C, 72.55, H, 8.12: found: C, 72.43, H, 8.03._-
The minor regio-isomer obtained from the high
pressure liquid chromatography, after two recrystalliza-
tions from ether g;ve colorless rhombs of pure keto ester
10: m.p. 91-93°C; ir 1741 (ester C=0), 1668 (enone C=0),

1372 (CH3), and 825 cm~! (c=C); lHmr 56.6 (d, 1H, J = 9

143
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Hz, -CH=CHCO-), 5.94 (d, 1H, J = 9 Hz, -CH=CHCO-), 5.44
(br s, 1H, =CH-), 3.74 (s, 3H, -OCH3), 2.79 (dd, 1H, J =7
Hz, J' = 3 Hz, C-10), 2.7 (dm, 1H, J = 17 Hz, C-8), 1.68
(br s, 3H, -é—CH3), 1.2 (s, 3H, -CH3), and 1.04 (s, 3H,
-CHy): 13cmr §197.6 (C-1), 172.9 (-CO,-), 157.7 (C-3),
132.1 (c-6), 123.8 (C-2), 118.4 (C-7), 56.5 (C-9), 52.3
(-OCH;), 41.2 (C-10), 36.1 (C-4), 30.3 (C-4 CH3), 28.9
(c-5 or C-8), 28.6 (C-5 or C-8), 23.5°(C-4 or C-6 CHj3).
and 23.4 (644 or C-6 CH3); ms M4 248.1419 (calcd. for

(1R*,6S*)-1-Carbomethoxy-5,5,9-trimethyl-2-triethyl-

‘siloxybicyclo[4.4.0)deca-2,8-diene (12)

Finely divided keto ester 9 (2.14 g, 8.62 mmol) was

- 144

suspended in triethylsilane (1.99 g, 17.24 mmol) and tris-

triphenylphoéphine rhodium (I) chloride (39.4 mg, 0.0422
mmol) was added. The mixture was stirred for 5 h, after
which additional triethylsilane (1.99 g) was added.’ ;fter
being stirred for a additional 19 h, the mixture was
diluted with petroleum ether, filtéred and concentrated to
give crude silyl enol ether 12 (3.5 g). Column
chromatography on silica gel with 5% ether in petroleum

ether gave pure 12 (3.0 g, 96% yield) as a colorless oil:

ir 1743, 1729 (C=0), 1674 (enol C=C), 1390, 1378, 1364
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(CH;), and 824 cm™! (Cc=C); !Hmr §5.26 (m, 1H, cu3é-cn-),
4.65 (44, 1H, J = 6 Hz, J' = 3 Hz, -oéscu-), 3.65 (s, 3H,
-0OCH,), 2.66 (dd, 1H, J = J' = B Hz, -éH-). 1.66 (bs, 3H,
.-éCH3). 0.98 (s, 6H, -A(CH3)2). 0.96 (t, 9H, J = 8 He,
rSi(CH,CH3)3), 0.70 {q, 6H, J = 8 He, -Si(CH,CH3)3): ms m*
364.2436 (calcd. for Cy)H3g03Si: 364.2433): Anal. calcd.

9.79.

(1R*,6S*)~1-Carbomethoxy-5,5,9-trimethylbicyclo(4.4.0]-

deca-8-en-g-one (11)

Pure silyl enol ether 12 (3.75 g, 0.01 mol) was

- dissolved in methanol (180 mL) and a solution of 10%
agueous potassium carbonate (40 mL) was added. The
mixture was stirred for 4 h then poured into water and
‘extracted with dichloromethane. The extracts were washed
with water, dried, filtered and concentrated. Column
chromatography of the residue, eluting with 3-10% ether in
petroleum ether, gave keto-ester il (2.15 g, 90% yield) as
a colorless oil: ir 1743, 1731 (ester C=0), 1712 (ketone
C=0) and 1430 cm™! (-CH,-C=0): lHmr §5.40 (br s, 1H,
=CH-), 3.72 (s, 3H, -OCH3), 1.65 (br s, 3H, sécn3), 1.00

(s, 3H, CH3) and 0.9 (s, 3H, CH3): ms M' 250.1567 (calcd.
\ | :



for C15H2203= 250.1569). Anal. Calcd. for C15H2203: C,

71.97; H, 8.86; Found: C, 72.09, H, 8.91.

(IR'.GS')-1-Carbomethoxy—2,2-¢thylenedithio-5,5,9-

——

trimethylbicyc{g‘ﬂ;ﬁ.0]dec-8-ene (13)

Keto ester 11 (103 mg, 0.4 mmol) was dissolved in
122-ethanedithiol (1 mL, 11.9 wmol). The soluiioﬁ was
chilled to 0°C and boron trifluoride etherate (126 mg,
0.089 mmol) was added. The mixture was stirred under an
argon atmosphere at room temperature for 1 h. The
reaction mixture was péured into an ice-cold 2 N agueous
sodium hydroxide (3 mL), and extracted with chloroform
(4 x 5 mL). Drying the extracts over magnesium sulphate,
filtration, and concentration gave the crude product which
was purified by column chromatography on silica gel.
Elution with 2% ethyl acetate in petroleum ether gave the
ester 13 (119 mg, 91% yield): 1ir 1740 cm~! (ester C=0):
lymr §5.26 (m, 1H, =CH-), 3.66 (s, 3H,-OCH3), 3.14 (m, 1lH,
-SCH,CH,S-), 1.62 (br s, 3H, =écu3), 0.96 (s, 3H, -CHj3).
and 0.84 (s, 3H, -CHj): ms M' 326.1369 (calcd. for

C17H260252= 326-1376).

146
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(1R*,6S*) Car oxy-5,5,9-trimethylbicyclo-
J ‘ o
(4.4.0]dec-8-en ;1 (16) '

The keto ester 11 (2.3 g, 0.009 mol) was dissolved in

methanol (20 mL) and the resulting solution was stirred
and chilled to 0°C in an ice bath. Solid sodium
borohydride (0.6 g, 0.016 mol) was added in small
portions. The reaction mixture was stirred for 45 min at
"*C. Saturated aqueous ammonium chloride was added to the
mixture and was tracted with dichloromethane. Tite
organic extra e washed with brine solution, dried
over magnesium sul te, filtered, and concentrated. The
residue obtained was purified by column chromatography on
silica gel, eluting with 10% ethyl acetate in petroleum
ether, to give the alcohol 16 (2.08 g, 90% yield): ir
3444 (0-H) and 1735 cm~! (ester C=0); 1Hmr‘55.26 {br s,
14, =CH-), 3.9 (m, 1H, -&ﬂfOH), 3.72 (s, 3H, —OCH3),.1.68
(br s, 3H, =d-CH;) 0.92 (s, 3H, -Ciy) and 0.82 (s, 3H,’
-CH3): ms M¥ 252.1729 (calcd. for CjgHps03: 252.1726).

\

(1R*,6S*)-1-Carbomethoxy-5,5,9~trimethyl-2-(methyl-

mercaptothiocarbonyloxy)bicyclo[4.4.0)dec-8-ene (17)

A solution of the alcohol 16 (296 mg, &.17 mmol) in
1,2 dimethoxyetﬁane (5 mL) at 0°C was treated with sodium

hydride (80% dispersion in mineral oil:; 140 mg, 5.85



5,34 (br- s.
Y

‘*‘v
&
®

mmol). After stirring for 20 min, this solution was

treated with carbon disulfide (334 mg, 11.7 mmol) followed

by methyl iodide (830 mg, 5.85 mmo1l) and the rolultiné
light brown solution was stirred at room temperature for
8 h under an argon atmosphere. The reaction mixture was
then poured into ice-cold water and extracted with
ether. The ether extracts were washed with water and
saturated brine soltuion. The combined extracts were
dried over anhydrous sodium sulfate and concentrated.
Chromatography on silica gel column, eluting with 2-5%

[
ethyl acetate in petroleum ether, gave the xanthate‘ 17

(382 mg, 95% yield): ir A?Elg,(ester c=0) and 1054 cm~!
(C=S); M}H f&% ?ﬁx AHe I t"\z Hz{, &' = 4 Hz, JfHOCS>l)\

4 31# v:, ;
-}, 3».6 '.\"s, 3» %’toc ) 2.54 (s, 3H,

3 ) L
~SCHy ), @& 72 ,(br s, W,

¥,

\ Er 0798 (&3, -CH;), and
.“R&

0:86° :s. 3n. .-?:ﬂ:, *mi" Mﬁ ;4:@’919 (calcd for
"C17H26O3S 342. 0525) '*f&" .ot

&
! ' . L + )
b 65') lﬁtarbomethoxy 5,5,9-trimethylbicyclo(4.4.0]dec-

-

From tWioketal 13

A

5

To»a:séiution of the thioketal (402 mg, 1.23 mmol) in
benzene (20 mL), freshly prepared Raney Nickel (w-2,
ik 9 mL) was added. The solution was stirred at room

b

. » -
- s
N ) L *
. ) C .
- R

LA _ . . N ) .
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_temperature under an argon atmosphere for 7 h. The
mixture was then filtered and the residue vas vash;d
successively with benzene, ethanol and ethyl acetate. The
filtrates were concentrated. Flash column abrésatography
of the combined residue on silica gel, olutin; Qith 2%
ethyl acetate in petroleum ether, afford the ester 14 (123
mg, 42%); 1729 cm~! (ester C=0): IHmr §5.26 (m, 1H,

(calcd. for CygHyy0p: 236. v i?d. ‘ .y s
‘ ‘Further elution ga\*m’fxture of the ester 17 and '
diéne 18 (78 mg, 27% yield) followed by diene 18 (53 mg,
18% yield)? 1730 em~1 (ester):,lﬂmr,65.66 (dt, 1H, J = 10
Hz, J' = 4 Hz, -CH=), 5.6 (at, m\\a = 10 Hz, J' = 1 Hz,
=CH-) and 5.36 (m, 1H, =CH;): ms M¥\77§.16L4 (calcdr f?r

[N "'

(1i) From Xanthate 17

The thionocarbonate derivative®17 (540 mg, 1.58
mmol), tri-n-butyltin hydride (690 mg?’?.37 mmol ) andv
2,2'—azo?is(2-methy1-2—propionitrile) (0.011 g},were
dissolved in toluene (26 mL) . éhe resulting solution was .
deaerated by bubbling argon through it for 20 min. The

deaerated solution was refluxed under the argon atmosphere



} \ - " | 150

N ]

overnight. "The color of *he solution changing from deep

"red to colorless. The reaction mixture, after cooling to

room’temperature, was concentrated. _Purification by
4

) column chromatogrdphy on silica gel, eluting with 5% ethyl

acetate, in petroleum ether, gave the ester 14 (335 mg, 90%
4
yield). '

Y
B

(1R*,6S*)-1—H dromeeth 1-5,5,9-trimethylbicyclo-
yd. b4

. * [4.4.0)3dec¢-8-ene (19)

The stirred solution of the ester iE (51 mg, 0.27
& mmol) in toluene (2 mL) cooled to 0°C was treated with a
solution of sodium bis-(2-methoxyethoxy)aluminum hydride
' (0.5 mL of 3.4 M, 0.5 mmol) in toluene. The resulting
mixture was stirr und;r an argon atmosphereffor 30 min
at ‘0°C. Thé sdflvent was removed under reduced pressure
and the resid;e wés t;qe;ed’with a saturated solution of
ammonium chloriﬁe. The precipitage was filtered and’
thoroughly washed withfether. The combined organic
filtratg'was washed with ;ater and saturated brine
solution. fhe organic iayer was dried over anhydrous
sodium sulfate and concentrated.: The compound obtained
was purified on sifica gel column, eluting with' 20% ethyl
acetate in petroleum, ether, to give the alcohol 19 (44 mg,

-

98%”yie1d): ir 3320 em™! (-OH): l4mr 5.3 (br s, 1lH,

¢



=CH-), 3.38, 3.24 (both d, 2H, J = 10 Hz each, -CH,OH),

3H, -CH3): ms MY 208.1829 (calcd. for Cy4H240: 208.18?8).

(1R*,6S*)-1-Formyl-5,5,9-trimethylbicyclo[4.4.0]dec-8-ene

(18)

A solution of dichloromethane (3 mL; and oxalyl
chloride (0.11 mL, 1.16 mmol) was placed in a 25 mlL round-
bottomed flask at -78°C. Dimethyi‘sulfoxide'(O.IB mL,

: 5¥)
2.32 mmol) in dichloromethane (0.5 mL) was added to the
stirred oxaly{ chloride solution at -60°C. The reaction
mixture was stirred for 2 min and the -alcohol 19 (220 m&?
1.06 mmol) in dichloromethane (1 mL) was added in a
dibpwise fashion via syringe. Stirring was continued for
another 30 min. Triéthylamine (0.74 mL, 5.3 mmol) was
added and the mixture was stirred for 10 min and then
allowed to warm to room temperature. Wat;r éS mL) was
‘added and the aqueous layer was extracted with additional
dichloromethane (3 x®§ mL).r The organic layers were
combined, washed with saturated brine solution, dried over
anhydrous magnesium sulphate, filtered and concenttated:
Flash column chromatography'o; silica gel, eluting with‘S%

ethyi acetate in petroleumAether gave aldehyde 18 (174

mg, 80% yield): ir 1724 (aldehyde C=0), 2800 and 2780

a ﬂn-&

151
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-1 (aldehyde C-H); lmr §9.34 (s, 1H, -CHO), 5.32 (br s,
1H, =CH-), 1.68 (br s, 3H, -écn3), 0.96 (s, 3H, -CHj3) and
0.84 (s, 3H, -CH3): ms MY 206.1670 (calcd. for Cy4H220: _

i

206.1672). S ’

\

' : '
(1R*, 6S*)~1-(2-Methoxyethenyl)-3,7,7-trimethylbicyclo-

vor

[(4.4.0)dec-3-ene (20)

A mixture of sodium hydride (121 mg of 50% dispersion

. in oil; 2.5 mmol) in dimethyl ‘sulfoxide (2 mL) and benzene

Ca

[
(3 mL) was heated at 20°C, under an argon atmosphere, for

45 min, to produce the methylsulfinyl carbanion. .%fter

’

allowing-t®he mixture to come to room temperature,

(methoxymeth&l)tripbenylphosphonium’chloride (922'mg, 2.73
mmol) was added énd the'mixture stirred for 20 min. To
the degp red solution_produced, the aldehyde 18 (193 mg,
0.94 mmol) w§§\added. After stirring the mixture
overnight, it was poured into ice water (10 mL) and
extracted with ether (4 x 10 mL). 'Th; combined organic
extracts were washed’with saturated sodium chloride
solution, dried over magnesium sulfate, filtered and
condentrated. The résidue was distilled at 60°C/2.5 torr
to remove triphénylpho§phine oxide. The’distillate was
purifiea by column chromatography on silica gel, using 1%

etHyl acetate in petroleum ether. The product 20 (101 mg,

N
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g

'
»

46% yield) was a mixture of the cis and trans i;omers

whlch .showed the following spectral characteristics: ir
1650 (olefin) and 1204 cm~! (vinyl ether), Ymr 6é 18;

5.66 (d, 2/3H, J = 12 Hz; 4, 1/3H, J = 6 Hz, -cn-quca3),
4.78; 4.24 (4, 2/3H, J

12 Hz; 4, 1/3H, J = 6 Hz,
~CH=CHOCH3), 3.56, 3.50 (both s, 3H, -CH=CHOCH;), 1.70 (br
BALE

s, 3H, CH3C=), 0.90 (s, 3H, -CH3), and 0.82 (s, 3H, CHj); Q,@

ms M* 234.1995 (calcd. for.C gHpe0: 234.1985). D

2,12-Dihydroxy=-8,8,12-trimethyltricyclo[6.2.2.0%:9]-

dodefane (21) :

/

To the enol ether 20 (21 mg, 0.09 mmol) in

tetrahydrofuran (1 mL) at 0°C was added 30% perchloric

°

acid (0.01 mL,10717 mmol) and stirred under an argon

atmosphere for 10 min. The mixture was then neutralized

with ice cold saturated agueous sodium bicarbonate

\

solutiony and extracted with ether (3 x 5 mL). The organic
ex;racts wéte Qashed with water, dried over magnesium
sulfate, filtered, and concentrated. Column chromatod;‘
raphy of the resulting residue on silica éel, elutinngith
20% ethyl acetate in petroleum ether, gave‘21 (18 mg, 82%
yield): fi;’3400.cm'1 (oH): lHmr 54.60 (m, 1H, -&gpa), |
1.60 (s, 3H, éoéqg3);‘1.4o and 1.06 (both s, 3H each, 2 x

CH3): ms M* 250.1932 (calcd. for CjgHyg0p: 250.1970).
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