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ABSTRACT

» Tﬁe first chapter of this thelia‘describco the total
lyuth.lil of (- )-quadrono (I) starting from the .
- commercially availablc (=)= lO—canﬁhorlulfonic acia
ammonium salt (II). ‘
' Fudion'of the salt II with pdtdcsium hydroxide
pellets afforded (-)-campholenic acia (III). Lithium
aluminunr hydfidd redﬁcfion of IIX followed by treatment of
thé resulting (-)-campholenic alébhol (IV) with sodium
hydride and dimethyl sulfate in 1, 2-dimethoxyethane gave
(~)~ether V. Photooxygenation of V in methylene chlorzde
1h the presence of acetic anhydride. pyridine, and 4-di-
:methylaminopyridine using 5, 10 gﬁ 20-tetraphenyl-21H, 23H- :
.porphine (TPP) as a photosensitizer gave (- )-enone VI.
Eppxidation of VI with lithium hydroxiae and hydrogen |
peroxide-in’methahol furniahed(an‘epimeric q{xture of
(=)-epoxides VII’whiCh,'upon tréaémeht with a aolutidn of
sodium hydroxide in aqueous. nbthanol, underwent epoxide C:
ting opening and deformylation to give (-Y-ketone VIII.
‘Selgctive alkylation of VIII with lithium dllsépropylamide
iand’diethél'3~bromo-2-ethoxyprdpenylphosphonate followed
.by hydrolysis of the ethyl‘endl etheé afforded (-)-di-
ketone IX which undetwent cycligétlon upon treatment with
potassium carbonate and 18-crown-6 ether In benzene to
%ﬁmrnish (- )-bicyclic cnone X. Irradiation of a solution-

(S

A
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>
of X and allene in tetrahydrofuran .afforded (-)-photo-
adduct XI with the required all-cis stereochemistry.
Ozpnol&ois of XI in mothanolfﬁothylene chloride toilowcd
| by‘roductivc work{up with dlmothyl hulfiﬂc furnished
(-)-e;tor XIi. The conversion of'XIIHinto (=)=iodo
compound XIII was effect.:d by . treatment ‘with chlorot‘..ti-
methylsilane and sodium iodide in aceégnitriie\followed by
ketalizaq%gn. Treatment of XIII with lithium hexamethyl
disilylazide in tetrahydrofuran followed by deketalizéfion

with p-toluenesulfonic acid in acetone afforded (-)-d@ter

XIV.

)
Application of the reported synthetic sequence to the
., : .
optically active ester XIV reswted in the first total

. , . \
synthék}s of the naturally occurring (-¥quadrone (I) as

follpws. Alkaline hydrqusis-éagg (-)-Acid XV(which after
selenenylation and oxidation of the resulkiﬁg C3-
phenylseleno deriyasivé\furnisheq enone Fcid XVI.
Treatment of XVI with lithium diiéopropyiamiée followed by

~addition of formaldehyde ga&e, after hydrogenation of the
éarbon-éarbon double bo;;; hydroxy aéia XVII. nyquiis
of XVII at {90-192‘C re ultea in the formation of |
(-)=-quadrone (I). j> | )

In thé secénd céibtér of this thgsis,-thg total

”

synthesis of (¢ )-coronafacic acid (XVIII)' is described.

Diels-Alder regction of’4-etﬁy;-2.4-pentadieﬁoa£e (X1IX) and

-

*



4-cyclopenten-1,3-dione (XX) in r;fluxing ¢toluene afforded
., adduct XXI. Treatment of the lithium salt of XXI,
generated in situ using lithium hydride, with phenyl di-

-chlorophosphate and lithium chloride in totrahydrofufan
.. [ ]

N

1nd1vidua11y‘tt;nufermed \ ster XXIV as follows.

On hydrogenation in b;nzene in the presence of\S%
°pa11adium on cargoquand sodium Licarbonate, cﬁloride XXIIX
underw;;t selective'reduétiOn to give an epimeric mixture

of ketg esters XXIV. Chloride XXII was subjected to
treatment with silver nitrate in hot methanol and the
resultiné esters XXV and XXVI‘weré’reduced with lithium
aluminum hydride. Acidic work up using hydrochloric acid
gave alcohol XXVII. Jones oxidation fpllowed by
esterification of the &esulgang.acid with potassium
garbonate and ethyl iodid;\in refluxing acetone gave rise
to enone’ ester ?OKVIII. Subsegquent hydrogenation ‘in ethyl
+ acetate uging 58 Pd/C as a catalyst furhished the epimeric
keto esters XXIV.
To effect the isomerization of the double bond, keto
" esters xixv were treated with sodium ethoxide in
'fthanol. Hydrolyiis{ of the'resulting a, g-unsaturated
esters XXIX in‘refluxing aqueéus hydrochloric acid gave,

-

after recrystallization, (s:)-coronafacic acid (XViEI).
: \ _
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‘IN*RODUCTION _
, I
Quadrone (l) is a aesquiterpene metabolite 1lolated

.by Ranieri and co-workers-in 1978 from Aqugg@llus

"terreus.l The novel structure of this sesquiterpene was

deduced by the same. group2 from spectroecopic analysis and
ultimately confirmed by a single crystal X-ray-analysis.

' ' ~
However, the absolute configuration was not assigned at

that time.

oA
1 ) . ‘.’ - e
Cia Tes S -
. Bl i
. .

In 1982, ‘'sakai and co-workers3 isolated also from

Aspergillus terreus a triqyaiic sesquiterpene, terrecyclic

acid A (2). The structure of this new sesquiterpéne was

elucidated by spectroscopic methods and by its chemical



N .
v, R W
] ! .

 correlation'with quadrone (1).4 Thus,

heated at 190 C, quadrone (1)

ren nadt _{

torrccyélic acid A (2) was

‘was obtninod. Tcrrocyclic acid A (2) has bo.n proposed as

the biological precurlor of qu‘drone (1) 4
|

+To date, four gdditional sesquxterpenes with a

simiiar‘skéleton have been isolated from Aspergillus
terreds including tetrecyclol (3),5 B-hydroxyquadrone

(4).6 isoquadrone (s),© and 6-hydroxyisoquadrone (6).8
. R v

. . ’
- Among the common’ structural featires of this small

sesquiterpene fam#ly, two bicyclooctane subunits are in

3



-

'isocomane, kaurane, and gibberellane skeletons), the GB8-

»
P

evidence; rings A and B constitute a cis-fused bicyciq-

[3.3.0Joctane syntem, while rings B and C describe a =

bicyclo[332.1]octihoylyliom. Although iach_of these ¢

bicyclic subunits is widely represented among natural

© products (e.g. the cedrane, gymnomitrane, hirsutane,

)

- C10 propano bridge across the exo-face in the former and.

the C3-C5 fusion to the one-carbon bridge in the latter

are distinctive enough to make these sesquiterpenes the

' only known natdral'products with such a carbon ftame."

There h been two independent studies in the

biosynthesis of quadrone (1). Both prbposal% suggested

3

‘that the carbon framework is derived from the humulyl)‘“

cation 7 which cyclizes to the bicyclic cation 8, but
there is a discrepancy froff here .onwards. In-the first
proposal, Cane et a1.7'(SCheme 1) suggested that a hydride

shift followed by a transannular cyclizatiom at C2

(quaarone.numpering) on bicyclic cation 8 would generate

the fused tricyclic cation 9. A second hydride shift, a
Wagner-Meerwein rearrangement, and deprotonation are
exRectéd to yield the parent hydrocarbon 10. This inter-

mediate 10 iq epimeric to quadrone (1) at C5.; Reduction

of the 'C2-C3 double bond and oxidation at carbons 4-7
0

Would lead to terrecyclic acid A (2)} Subsequent

cyclization of 2 would result in net inversion of the

5
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v. “" ’
The second proposal was made by Isogai and co-

L ; . - B
workers8 (scHme II),V They proposed an intramolecular

shift and Wagner-Meerwein rearrangement
S¥ofeal 2. A second hydride shift,

deprotonation (i2;13) and oxidation at C4 and C7 would
then yield terrecyclic acid A (2).

These two pathways could be d18t1n9018hed by .
determlnlng whether the proton at C2-has been retained ’
from the acetate unit (Scheme I11) or has been 1ncorporated
in ihe reduction qﬁ the double bond of the proposed
intermediate 10 (Scheme I). Feeding experiments were
perfor;ned9 wiﬁr [2-2H3Jacetate and [2-13C2H516cetate on

,’Aspergillus terreus. The results indicated that deuterium

was incorporéted into terrecyclic acid A (2) at the C2
poéition, thus favoring Isogai's proposal (Scheme II).

The interest in quadrone (1) and terrecyclic acid A
(2) arises also from their biological activity.
" Terrecyclic acid A (2) exhibits antitumor activity against

3

lymphocytic leukemia P-388 in mice” and quadrone (P) is

1 The antitumor activity

active against KB cells in vitro.
of the closely related compounds 4, 5, and 6, on the other

hand, is very'low in comparison with that of 1 and 2.6
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The interesting cytotoxic properties and the

ch;alongﬁng structural features of these novel g
-.oquitofpcncn have olicitod'qpnsidotlblo jynthotié
activity, which has resulted in the development of a
;umbot>of-elegant approaches leading to the total
synthesis of these natural products. In the first- /
apprGach, a ¢6 lublzituted bicyclo[3.3.0)octen~-3-one of
the type 14, with R being a carbanion stabiligihé.groug,'
was used as a key interm;diate. An intramoléculggﬂﬂichdel

reaction on 14 would give a tricyclic system og,hhé type

15. This approach was independently studi y

16
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/ ’

the cases, .ttoupto to 1nduec the Michael reaction of

4

oo.enndo 14, uoing a vtdo rahge of rnoonﬁl under &
variety of reaction condition-. met with total’ failurc.
The resibtence of 14 to undergo Michael reaction was
explained by the unfavorable torsional .Qrain imposed to
the C1-C8 bond in the tranﬁt_:_ion ntqb‘fo.ﬁ'lz Q

‘ " In the seconds approach, a Cl Aﬁd C6 disubstituted
bicyclo{3.3.0)octan-3-one of the type 16 was éonstructed,
with R being a carbaniog‘otabflizing ;;oup and X a leaving
group. With the all cis :torcochemiotry'of Cl, CS, .and Cé
as depicted, compound 16 is expected to cyclize via an
intorna1~a1kylation'reactioncto give a tricyclic compoung
6f khe type 15.. Danishefsky and co-wogkers réported in
1981 ‘the first luccglafpf total synthesis of (:)-quadrone
(1) (Scheme III)13*14 using such an appfoach. Céd}ugate
addition of vinylmagnesium bromide to enone 17 followed by
trapping the resultant metalloenolate with methyl 4—1odo-

3-methoxycrotonate afforded compound 18. After a series

of functional group manipulation#, ketone 18 was convertedl

into bromide "19. Deketalization followed by aldol
condensation furnished bicyclic ghone 20} A Mukaiyama
reaction on 20 with Ifgsggfbutdiyfl-(Eggifbutyldiméthyl—
silyloxy)ethane affordod diester 21. Treatment of diester.
2} with hydrochloric acid gave, after este fication, keto

ester 22. Kotalization followod by a Finkelstein reaction
1
!

2/



SCHEME 111 \

“

. ’
. 2R=0; R=pr

23 R = OCH,CH,0; R}

' -

10\‘ .
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SCHEME III (Cont'd.)

I
[

a. (l-au%:-cmx)g, CHy=CHCH,MgBr, THF, \-45}° to -20°C. b. HMPA,

Me0,CCH=C-CH,1, r.t. cC. K HOCH,CH,OH, p-TSOHeH,O, reflux. 4.
ek -

;BH3vTHF, H;0,, NaOH(ag). e. MsCl, NEt,, Et,O0. f. LiBr, acetone,

?t-Bu
reflux. gq. H30+. h. NaOMe, MeOH, reflux. i, CH2=COS{ETBuMe2'

CH2C12, TiCl,, -78°C to'r.t. j. 1 M HCl, dioxane, reflux. X.

hY

pyr, acetone, reflux. n, LDA, HMPA, THF =78 to r.t. o.

j?"OH’Hzo' acetoﬁé, r.t. p. KOH(aqg)., MeOH, reflux, gq. PhSeCl,

EtOAc. r. 30us H2°2' pyrt\beslz. s. LDA, CH20 (gas), THF, -23°C

to rotc t. Hz, 5‘ Pd‘c' HGOH. ’ uo ne_at' 190"1950(:0 Ve

T8OH *H,0, PhH, 40-50°C. sw. SOH *H,0, PhH, reflux.
2 , BT 2
. ™

-
Iy
»
L

11

CCH,N,, CHyCly. 1. Hocuzcnzqn,g-moﬁ.gzo, PhCH,, reflux. m, NaI, °



o

afforded iodide 23. Rchtion-of 23 with lithium diiso-
propylamidé in tetrahydrofuran in the presence of hexa-
methylphosphoramide followed by deprotection of the ketone
agfofded_tricyclic ketone 24 with the carbomethoxy group

in the axial position. Alkaline hydrolysis of the ester
|

produced acid 25. Selenenylation of 25, followed by

oxidation of the rgsulting C3-phenylseleno derivative,
provirdded the enone acid 26. The C2-C3 double bond was
ussd to ensure enolization of the ketone carbonyl towards-

C5. 1Indeed, ‘'teatment of 26 with three equivalents of

lithium diis-pr.. slamide followed by addition of formalde-

hyde gave, at or catalytic hydrogenation of the C2-C3

\

double bond, the keto acikd 27. Treatment of keto acid 27
with'fy{olueqesulfonic acid in benzeﬁe at 40-50°C gave
terrecyclic acid A (2), while isoquadrone (S5) was formed
at refluxing pgmperature. Direct pyrglysis of either/
terrecyclic acid A (2) or keto acid 27 afforded quadrone

(1)..

Shortly after, Helquist et al. achieved a synthesis

- .
of terrecyclic acid A (2) using a very similar
approach.15 Starting also from cyclopentenone 17, enone

28 was prepared (Scheme IV). A salient feature of this
synthesis is the regioselective introduction of the
hydroxymethyl group to the C2 carbon of enone 28. This

was achieved by trapping the anion produced by the 1,4-

7

12
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SCHEME IV (Cont'a.)

.

—n
-
.

a. CH,=CHMgBr, CuBreMe,S, THF, -78°C. \§T~'He3siil} Et;N, HMPA, -78°
‘ E ’

to 25°C. c. CHyLi, THF, Et;0, 0°C. d. BrCH,C=CHPO(OCH;),, THF,
HMPA, -78°C to 25°C. e. 1IN HCl, Hzo, acetone, 25°C. f. NaH, DME,
0° to 25°C. g. PhSCHLiCO,CH3, THF, -60° to 35°C. h. CHy0,

qiE -60°C. i. NH,Cl, Hy0. Jj. NaBH,, EtOH, 25°C. k. p-TsOH (cat.),
(Me) ,C(OMe),, 25°C. 1. ”Li, NH4(1), THF, -78°C. .m. NH,Cl, Hy0.
.n. 9-BBN, THF, 25°C. o. H,0,, NaOH, Hy0, 25°C. p. TsCl, pyr,
0‘C.. g. Nal, acetone, reflux. r. (He3si)2NLi, THF, HMPA, -78° to

25°C. s. N HC1l, 25°C, H,0, THF. t. KOH, reflux, dioxane, H,0,

u. Ac,0, pyr, 25°C. V. PCC, CH,Cl,, 25°C. w. neat, 200°C.

14
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;hdition of the lithium ;alt'bf.methyl phenylmercapto-
acétqte to eﬁqne 28 with formaldehyde. . %he'hydréxymethyl
kegone thﬁs formed was shown to'be dnaﬁable and had to be
reduéed to the corresponding diol which-whs then ﬁrotetted
as the acetonide to give compound 29. | The conversion of

29 to‘terrecyclic acid A 52) was carried out by a seguence

simi lar towthat reported by Deg}chefsky (v1de supra) 14 .

Anéthér synthesis was accomplished by Burke and co- .
workers.16,17,18 Starting from spiro[4.5])decadienone 30,

‘ . N
the synthesis madé@ extensive use of intramolecular

reactions for the formation of the parent carbon
skeleton. Oxidative cleavage of‘coﬁpound 30 gave diketo
aldehyde 3l which was subjected to a Miéhael reaction,
Aldol condensatzmﬂ‘of thevregulting bicyclic compound 32
afforded the tricyclic enone 33.- This compound was
convertéd to quadrone (1) by the'synthetic.s?quence
outlined in Scheme V. |

h The thirdrapproach to qdadrone (1) is based on the
modification of a bicyclo[3¢2.1]6ctane derivative of the
type 34. 1In the formal synthegis.of quédrone (1) reported
by Kende et al.,1;~an intramolecular cycloélkenylation'of
enol 35 wasAused for the'cobstruction of ;bch‘a compouna
36. By a series of transform&tions (Scheme VI), this
conpoun‘d was converted to the Danishefsky's intvermediate'

26. e
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SCHEME V

" AcO

CHO



a. 0s0,, N-nethylmorphoiine ll_-oxide,' 1:1 acetone-H,0. b, NalO4 (8

a

equiv), 1:1 'rm:‘-nzo. Ce inorpholine, p-TsOH, PhH, reflux. d. l;OH,'

dibenzo-18-crown-6, PhH, reflux. e. H,OCH2CH20H, .EQ:I‘BOH, PhH,
reflux. f. t-BuOOH, NaOH, He-OH,. Hy0, 25°C. g. HoNNH, *xH 70, MeOH,
HOAc. h. éﬂ,cuzocu-cnz. ﬁg(onc)z, o.xyleﬁe, [ (CH3) oCH} NCH,CH3,
sealed tubs, 240°C. i. Hy, S% Pd-C, EtOH, 25°C. Jj. 2 M KCl,
acetone, 25°C. k. HOAC, H,50,, 25°C. I. neat, sealed tube,
400°C. m. LiAlH,, Et,0, -25° to 25¢C. n. t-BuMe,SiCl, imidazore,

. X
DHF' 25°C. O, - 03, 11 CH2C12-H001'!. "78’0} *25, --78'C to 25°C’

NaBH,, EtOH, 0° to 25°C. Pp. AgyCOy-Celite, PhH, reflux. q. Jones

reagent, acetone, 0° to 25°C. ’

, ' -

{)

19 )
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SCHEME V1

. .
\ ’ »
Ao L]

9-9‘ - - ————SL!—-D- .
3
’ \\T//
0 £ w
f R g-i
-~ — —‘————’
CO,Et
' 36 - ¢

L

R B , L P
o~ : ’ o
oy

a. MeCusBFy, Et,0, -78° to O°. m20) 5CO, NaH, THF, reflux.

1
C. BrCH,CO,C,Hg, NaH, Dnr,"[ -~ . §*2u0, 2,6-lutidine,

reflux, e, LDA, THF, -78° 1. £, Pd(OAc)z. CH3CN,

25°C." g. 1N KOH, ag. MeOH, re (c1co),, Et,0, 25°C. i.

Megsn, PhCHpPA(PhyP) ,Cl, HMPA, 65°C. 3. NaM, PhCH,, reflux. k.

thexylborane, THF, 0° to 25°C. 1. Cr0;, 25°C.
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1

A s&milar approach wa¢ also appLiedfby Yoshii gg;
EQ;?O to the synthesis of.the Danishéfsky's intermediaQé
- 26. “In this'éaae the bicyclo[3,2.1]octaneuderivative 38
was obtained Sy solvolytic rearrangehent of bicyclo-
‘[4.2.0]oc€ane 37 as shown in Scheme VII.

The fourtp approach to the syntheéis.of quadrone (1)
.and related compounds makes use of an intramolecular
Diels-Alder cycloaddition for the construction of the
required framework. vThis synthetic strategy was first
demonstrated'by Schlessingeg and co-workers who carried
out the thermal cycloaddition of triene 39 to obtain the
tricyclic ketoné 40 (Scheme viii).2l Tnis compound was
transformed, in three steps, to diketone 41 which was
further modified to give tricyclic ketone 42. Subsequent
ring cleavage‘afforded bicyclic diketo acid 43 which in

turn furnished 26 by an aldol condensation.



SCHEME VII

a7 38

a. wAl k3SiC1. b. CH30CH2C1, CR212’ m-cuc Ce n,
HCE-CHzar. d. HCOzH' ag. NaOH, 25°C. e. PCC, CHzclz'
H2504, koH"Hzoo go t‘rt-CSH“OH, m“, Ph“, r‘flux. ho

»-
CHyCl,- i. Jones reagent.

f. Hgo,

BBf},

20
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SCHEME VIII,

8. 2 eq B7, CMy=CHCH=CHCH,CHp1. b. LiCl, Me,SO-H,0.

C. [(CH3)2N]2030-£-N. d. DIBAL. e. PhCll’—CH:,CNo 120'C. f‘
Cr03, 3,5~dimethylpyrazole. g. LDA, MeI. h. 58 BPA-C, PEtOH-HCl.
i. '(H.):,Sil, (Ha:,si)zllﬂ. j. 4-methylmorpholine 4¢-oxide, 080,

K. LDA, MeySiCl, ‘1. 0y, NaIO,, CrOy. m. NaH, Xylene, reflux.



a

Vandewalle and cb-workotulz carried out the Diels-
Alder reaction of thc same triono 39, prepared by a
somewhat different route as shéﬁp in Scheme xx. The
conversion of 39 to conpound 26 wa- carried out by a

{
sequence similar to that reported by Schlenninger (vide

sugra).21 . \
Wender and WOlanin22 obtained the tricyclic compound

45 by a cycloaddition on triene 44. The carbomethoxy

group in 45 was degradated. Rearrangé@ént of the
resulting chloride 46 gave tricyclic enone 47 which was
subsequently converted to terrecyclic acid A\(2).by a
series of functional group transformations as summarized
in Scheme X. _ ) 1-'
The most recent synthesis of (+)-quadrone in a formAI
sense haé beern -accomplished by Piers and Moss. 23 The key
step for the construc£ion of the basic carbon framework
involves a thermal Cope rearrangement of the highly
functionalized diviﬁylcyclopropane derivative 50, a method
developéd earlier in their laboratory.24 Keto ketal 49
was obtained from coﬁpound 48 following %he synthetic
qequehce outlined in Scheﬁe XI. After the introduction of
the necessary appendages and appropriate functional group
modifications, coupouna 51 was converted to keto aldehyde

52 a known intermediate in Burke's,synthesia.le

The absolute configuration of the natural
}

22
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SCHEME IX

a. LDA, THF, CgHgl. b. NaBH,, MeOH. c. LiAlHg, Etz‘O.'( d. TsCl,
Et,N, CH2C12. e. Jones reagent., f. DBU, PhH. g. PhCH3,
)rcflux. P h. &;03.' 3,5-dimethylpyrazole. i. LDA, Mel. Jj. Ss RN-C,
Hy, EtOAC. k. MeySil, (MeySi)oNLi. 1. 03, CHyCl, -60°C, Zn,
HOAc. m. CH,N;. n. HOCH,CH,OH, p-TsOH. o. I.iBEtJH. me pP. o
NO,CgH 5eCN, BGyP, THF, pyr. X 308 Hy0,, THF. r. Hy0", THF.

S. Nai, t-AmOH, PhH. t. BuO;, CCl,-CH3CN-Hy0.




SCHEME v
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SCHEME X (Cont’d.)’

.~k

x
v

u

OTBDMS

. (MeySi),NLi, DME, -20°C; TBDMSCl. b. NiBr,, n-BulLi, THF,
-78°C. c. t-BuO,CCHLiCH,CH,CH(OCH3),, THF, -78° to 25°C. d. SiOj.
CH2C12, (c02ﬂ)z' 25°C., e, PhaP‘CHCOzMe' phCH3, reflux. f.
HC(OMe)y, MeOH, p-TSOH, 25°C. g. EtAlCl,, PhCHy, 25°C. h. NaOH,
MeOH. 1. NCS, Pb(OAc),, DMF-AcOH. 3. AgNO3, DMF, 75°C. k.
iCHz-CH)ZCuLi, -78°C. 1, Na’BH4;._N_,ﬁ'-thiocarboriyldiimidazole; n-
Bu,SnH, PhCHy. m. Oy, MeOH-CH,Cl,, -78°C, NaBH,, THDMSCl. n.

~.
‘DIBAL, hexaneo O 2—“02C4HSSGCN, p(_n_.Bu)3, THF} H202. p- 53021

i—BquH; Jones reagent,



SCHEME XI

N

H

50

OTBDMS

H OTBDMS

)

H -

. L.
! *
49 Y

51
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SCHEME XI (Cont'd.)

- N . | | —

i
N4

/

a. P-TsNHNH,, EtOH. b. n-BuLi, Et,0-HMPA. c. NBS, DMSO-H,0;

27

KyCO3, MeOH. d. PhSeNa, EtOH-THF; Hy0,-H,0, heat. e. t-BuMe,SiCl,

imidazole, DMF. f. N,CHCO,Et, Rh,(QAc),. g. LiAlHy, Et;0. h.

CgHgN*Cro; *HC1l, NaOAc, CH,Cl,. i. t-BuOK, t-BuOH-THF. 3j.
~ CgHg 3 : 2C12 L L

PHyP=CHy, THF. k. n-Bu,NF, THF. 1. LDA, THF, -78°C; t-BuMe,SiOTf,
THF-HMPA. m. 170-175°C, 5 h, CgHg+ Sealed tube. n. LDA, THF;

MeI. o. Li(n-Bu)(i-Bu),AlH, Et0. p. n-BuLi, THF; Cl1PO(NMe,),,
Y . -

THF-HMPA. q. Li, Meﬁuz. -20°C, 10 min. r. m-chloroperoxybenzoic
acid, CHyCl;. s. LiNEty, CgHg, reflux. t. EtOCH=CHy, Hg(OAc),.
u. 240°C, “4.5 h, CgHg, sealed tube. v. Hy,» 108 Pd-C, hexane. w,

HCl, H,0, acetone.

L&
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optically active.terrecyciic acid A (2) and qgadron%lll)

*

~(=)-quadrone (1) ras not elucidated until the first chiral

1

25

synthesis was achieved. 1soe and Smith26 completed

independently and concurrently the ﬂotal synthesis of

"v

tespectively: In each case, however, the antipode of the éap
naturally occurring'compound was synthesized. Iq’the N
synthesis of (-)-terrecyclic ;;id A (61) by Isoce and his
collaborators?? (Scheme X11), (+)-fenchone (93) was used

as the starting material from which cyclopentanone 54 wqt

obtalned in the optlcally active form. Regioselective
alkylation of the correﬁpondhng benzyl ethér 55 with
methyl 4-bromo-3—methox;cfotonate, foilowed by hydrolysis
and-aldol condensation, afforded bicyclic k;to ester 56.
K‘etaliza' and red\ictiﬂon with lithium aluminum hydride

followed acetylation of ‘the resulting alcohol gave

-

; acetate §7. Introduction of the carbomethoxyméthyl'group

to the angular p051t10n was effected by an Ireland-Clalsen
rearrangement on acetate 57 to yield ester 58 By a \
series of functional group transformations, ester 58 was |
converted into iodo esﬁer 59. Upon trLatment of iodo

ester 59 with llthlum hexamethyl d1311y1azxde, trlcycllc
keto ester 60 was formed. Deketallzatlon apd hydrolysis

of the ester'group gave‘(-)-terrecyclic acid A (61), the

enantiomer of the naturally occurring compound. On the

basis of this synthe81s, the absolute configuration of the



SCHEME XIJ

53,

54

55

29



' SCHEME XII (Cont'd.)

W o

s

a. NH)NHy; HgO (yellow); KHSO4; 0sO4-NalO4. b. m-CPBA. c.

NaoMé, d. Cr0y, pyr. e. HOCH,CH,OH, p-TsOH. f. LiAlHs. g.
o OCH
- 3

. o
ka HCl,MeOH-Hzo- 1. _t_-BuOK. M. AC2O, pyto ‘nc TBDMSCIQ 0.

. teflux, 70-80°C0 po KF. . qc mla t. T1C14. ! 8, (Phse)z',

'NaBH4. t. H,0,. u. heat, 70°C. v. TsCl, pyr. w. Nal. x.
v _ ‘
(Me;Si),NLi. y. n-PrSLi. z. H3PO,, THF-H,O.

%
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natural (+)-terrecyclic acid‘A was concluded as shown in
structure 2. h
The lynthenis of (+)-quadrone (71) by Smith and '
Konopelsk116 began with the [2+2]-photochemica1 cyclo-‘
addition of xsobutylene to racemic enone 62 to. afford a
mixture of epimeric propellanes 63 and 64 with the former
predominating (Scheme XIII). Treatment of this m}xture
with sodium methoxide in methanol resulted in the partial
epimerization o; 63 to give mainly the desired J
propellanone 64. Reduction of 64 with sodium borohydrid$\~
- afforded alcohol 65 which was resolved by treatment with
(§)-(+)-O-acetylmandelic acid to>give a diastereomeric
mixture of esters 66 and 67 separable by high-pressure
{~11qu1d chromatography. The major <isomer 66, whlch was
“shown by X-ray’ analysxs to possess the deplcted absolute
conflguratlon, was hydrolyzed to dive the dextrorotatory
'enantioﬁer of alcohol 65. This alcohol was transformed -
into lactone 68 via the corresponding mesylate. Acid
catalyzed rearrangement of lactone 68 yielded a new ;
lactone 69 which wés subjected to reduction with llthlum“
aluminum hydride. Selective acetylation of the resulting
diol followed by dehydration .gave rise to olefin 70. The
transformation of 70'£o Danishefsky's intermediate 26 in
,optically actiwve form was“éarried by. a three-step reaction
i

"sequence: allylic oxidation, hydrolysis of the acetate



SCHEME XIII

63

65

]

32
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" SCHEME XIIT (Cont'd.)

-

ee —20' L i -8 .-

70 26

a. .CH,=C(CH;3),, hv. b, Naocnz,.' C. NaBH . d. (S)-(+)-o-acetyl-

mandelic acid, DCC, DMAP, CH,Cl,. e. MsCl, pyr. f. MeSLi, HMPA.
-

9. ‘o‘ sto‘, THF. h. mAlH4. io kzol p’yt. j. SOCIZp Pyr-

k. Cro,, 3,5-DMP. 1. K,CO4, MeOH. m., Jones reagent.



functionality, and Jones oxidation. Chiral 26 was further
transformed into (+)-quadrone (71)‘according to Fhe
procedure described by Danishefsky14 for the racemate
series. Thé éirection of the.,optical rotation of the "
synthetic material was found to .be opposite to that §f the
natural product. Consequently, the naturally occurring
‘levorotatory quadrone must possess the absolute
configuration depicted'in 1.

we have also been intrigued by the unique structural
features of quadrone (1) and its biological activity.
Whén our synthetic studies on quadrone (1) were initiated
several years ago, only a limited amount of weork had been -
ca;;ied out in this area. At the outset, our synthetic
strategy was to construct, from a-campholenfcigldehYde
(72)'obtained in optically active form from the
commeréially available (-)-q-pinene oxide (73), the
bicyclo[3.3u6]octen-3—one derivative 74, and to use an
intramolecular Michael reaction for the formation of rfngs
A, B, and C of the target molecule. This approach, whiFh
resembles the first generél approach discussed earlier,
was abandoned due to the difficulties encountefed in the
Rreparation.of compound 74. During the cour;eaof these
studies, an altg;nati&e approach to the synthesis of

quadrone (1) emerged. In this approach, bicyclo[3.3.0]-

octan-3-one 75 was envisioned as a key intermediate. This



L

compound was prepared in both the racemic and levorotatory
fo{; starting from (:)- and k—)—lo-camphorsulfonic aciad
(76) respectively. Further }ranlformltionl of 75 led to
the preparation of the racemic ester 24 and the )
levorotatory enantiomer. Since compound 24 has already
been converted to quadrone (}) by Daniehe%sky.14 the
preparation of (:+)-24 constitutes a formal synthesis of
(+)-1. Application of Danishefsky's synthetic segquence to
(-)-24 resulted in the first total synthesis of the

naturally occurring (-)-quadrone (1). The details of this

. synthetic work will be described in the next chapter.

35
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73

36
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RESULTS AND- DISCUSSION
-

‘In our first ipproach towards the synthesis of
quadrone (1), tricyclic keto cst;r 24 was visualized as
the key intermediate. ,From A'retrOlynthctic analysis
(Scheme XIV), it was recognized that tticyElic keto ester
24 could arise from bicyclic keto ester 77 by an |
intramoleéulaf‘nichael reaction. Keto ester 77 could, in
principle, be prepared from enone 79. The methylidene
group in'onone 59-wou1d serve as a protecting group for
the selective alkylation at .the CS position. After
"clkylction with an acetone equivalent, the methylldene
group could be removed by a retroaldol reaction (79.78).
Enone 79, in turn, could be prepared from commercially
ayaiiable a-pinené oxide- (73) by a-Lewis acid caﬁalyzed
ring opening (73+72) followed by a two-carbon chain

N
extension (72+80) and functional group modifications. The

details of this approach are described below. )
Treatment of»(-)-a-pl‘ oxide (73) with zinc

ch de }n benzene furnished'campholenic aldehyde

(72)27.28 4, 73% yield. Nuclear Overhauser Effect (NOE)

and decoupling experiments allowed the assignment of

‘individual gem-dimethyl absorptions in the nuclear

magnetic resonance (nmr) spectrum of aldehyde 72.
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Irradietion of the grethyl eignal at §1.00 produced
enhaﬂbements of 11% on the C4 proton (51.28) and 5% on the
a-faced C3 proton (51.88){ while irradidtion of the methyl
signal at §0.79 produced an enhancement of 9% onéihe'CQ
protons (52.53 4nd 2.37). These data established that the

higher field singlet at §0.79 corresponded to the methyl

'~ cis with the aldehyde side chain.

72 a ' 81

T

To study the optical purity, aldeﬁyde'72”was reduéédi

to th'e corresponding alcohol 81 in 90% yielé using sodium

&

: : AN .
borohydride in methanol. Alcohol 81 was then esterified

with (S)-a=methoxy-u—(trifiuoromethyl)ﬁhenylacetyl

39

@ ‘< mgjﬁj

chlorlde (82), 29 pregaﬁbd from the corresponding T g

- carboxylic acid ((- )-Mosher s acid)30 by treatment with

oxalyl chlorlde in benzene in tbgwpﬂeaencg of a catalytic

amount of dime§?Y1formamide. The f}éplting ester 83

displayedgizly one sethof signals in theylﬂ and 13¢ nmr

- Y
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spectra. However, in the 19F nmr spectrum two signals
were observed at §-71.7141 and -71.7351 (relative to
CFCl3) in a ratio of 5:1 respectively. From this result,.
it can be concluded that th.genantiomeric excess of 81 is
only 60%. The following synthetié studies were carried
out with this ‘material. Specific rotations of tﬁe
compounds derived from it were not méasured due to the low \

optical purity'df the 'starting material.

82 . I 83

The two-carbon chain extension was achieved by a
Wadsworth-Emmons31Vreadtion. -Treatment of aidehyde 72
with triethyl.ph;sphbnoacetate in tetrahydrofﬁran using
'§odigm<hydride as‘a base gave the g,g-unsaturated ester 84
in 96% yield. Only one isomer was obtained which sﬁowed a
band‘at;1722 em ! in tﬁe infrared (ir) spectrdm,
indicating  the presehce of ahbq,s-unsaturated éht;r{ f%he

npr spectrum displayed signals at ,§6.98 (ads 14, J = 15,

>

¢ ' . . . ’ i
N - . W’ -
1}'.‘ ' 01'. < ’
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J'.= 7 Hz)‘and45.89 (4, lH, J = 15‘Hz) for the vinylic
protons of the a,a-unsa;u:ated ester. The magnitude of
the coupling constant (15 Hz) indicated a trabs
configuration of the double\bbnd. The other vinylic
proton appeared -at §5. 22 as a broad singlet. The ethyl
ester appeared at 54. 19 for the methylene protons and at
651.30 for"the methyl protons. Slngsets et 61.09.and 0.80
were observed for the gégfdimethyi group. The mass

—. ——

spectrum showed a molecular ion at m/e 22221622

éorresbonding to the molecular formula Cy4H2205. When the

Wadsworth- Emmons reaction was carrled out in ethanol u51ng,w

sodium ethoxide as a base, a SLgnlflcant amount k B = o %

ethoxy esters 85 was also obtained. Two" sets of
eignals were observed in the nmy specteum, enge:}h
54.16 (q, 2H, J = 7 Hz) and 1.28 (¢, 3H, J =
‘ethyl ester,‘:nd the ether"at 63.54 (g, 2H, J = i,ﬁi) and
1,19*(t{'3H¥ J = 7 Hz) for the ethyl ether. The mass

spectrum showed a molecular ion at m/e 268.2033
: ' o - ~ ' .

'(c16H2803)" ; vl o /

OE!

85
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The selective reduction of the conjugated double bond
of diene ester 84 was first attempted by catalytic
‘ﬁydrogenation using 5% palladium on carbon. When ethanol
and ethyl acetate were used as\solvente, both double ponds
were reduced completely within 1 h to give; in 96% yield,
ester 86 which showed the absorptlon ‘band of a saturated ™
ester (1740 tm'&) in the lr-spectrum. The nmr spectrum
showed_ the absence of any vinylic proton and the presence
of a_g__-dxmethyl group with singlets at 50 87 and 0.51

—

and a methyl group attached to a methlne carbon with a
]

doubtét (J = 6.5 Hz) at 50.” The mass spectrum
displayed a moLscular ion at m/e 226.1930 1nd1cat1ng the
chemical formula C14H2602‘1n agreement with the fully
saturated compound.‘ The qtereochepistry was tentatively
’assigned as shown in structure 86 resulting from the
hydrogenation from the less hindered'face.‘ When the
hydrogenation was performed“in‘benzene in the presence: of
sodium bicarbonate,32 the desired ester 87 was formed as
the major cempound (nine parts) along with a small amount
of the fully reduced compound 86 (one part). "
Unfortunately, these compounds could\nbt be separated and
the results were not highly reproducible. The problem was

solved by using triethylsilane and Wilkinson's catalyst

(tris-triphenylphosphine rhodium(1) chIoride).33 In the

]

42
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‘presence of Wilkinson's catalystlhydrosiianes.have been
shown34 to react with a.a—dnéatdrated ketones exclusively

- by 1,4-addition to give silyl enol ethers which readily

L4

- hndergo hydfolysis35 to'giVe.sqturated ke;ones; Research

" carried out in our groqp36 has succéssfully extended the
method to a,s4unsaturated esters. Thus, When ester 84 was

subjected to these conditions, ester 87 was obtained in

89% yield after purification. . The ir spectrum showed a
shift of the carbonyl absorption band to 1730 cm™}

charactéristic‘of a saturated ester. 1In the nmr spectrum
.y . o

at §6.98 and 5.89 disappeared and only the one at
remained in the vinylic region. The molecular ion
h/e 224.1778 in the mass spectrum, as well as
elvmental analysis.‘verified the C14H2402 molecular \
£ .

ormgég

g

86 ' ' 87

YFG: the transformation of ester 87 to enone 88,
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several methods were explored. Firstly, a three-step
reaction ;equence was studied involving epoxidation of the
carbon-carbon double bond followed by riné opening of the
resulting epoxide 89. It was anticipated that the base
induced ring opening of thg epo;ide would occur to afford
the desired allylic alcohol 90 as é reQult of the o .

preferential deprotonatién of the methyl substituent.37

Subsequent oxidation of the resulting allylic alcohoi 290 .,

Y

would give the desired enone 88.

3

CO,Et

.

HO

"Towards this end, ester 87 was treated with Eychlorg—

perbenzoic acid in methylene chloride furnishing epoxide
) : .



89 as a<iingléﬂisomer in 83% yield.- The ir spectruﬁ
displayed absorption bands at 1736 cm~l due to the ester
'and Qt i248 and 844 cm~! due to the epoxide. The nmr
 ’pectrum showed a slnglet at §3.21 for the proton on the
epoxide ringj The stereochemlstry of this epoxide was not
eluc1dated but was tentatively ‘assigned as shown in
structure 89 result1ng from the peracid attack from the
less hindered face. The mass spectrum gave a molecular

/s

ion- at m/e 240.1728 conflrmlng the molecular formula of
|

,;VA

C14H2403. | 4
To open.!!e epoxidé ring, 89 was subjected to-
treatment with-lithium diisopropylaﬁide generated EE”EEEE
from n-butylllthlum and dllsopropylamlne. .One,product Qag
1solated along with starting epoxide 89. The ir spectfum
of the-new compound showed carbonyl absorptlon bands at
1741 (ester) and 1715 cm~1 (aliphatic ketone). Absorption
bands at 1189, 1152, and 844 cm~! suggested the presence

of epoxide rinng. The nmr spectrum displayed signals for

an ethyl ester at 5§4.17 (q, 2H, J = 7 Hz) and l.26v(t. 3H,-

J =7 Hz). Three pairs of methyl groups were obqerved as
e;ngleta at §1.32, 0.98, and 0. 73 1ntegrat1ng to six
protons e?ch. A glgnal at 53.38 was a831gned to thg a-
proton of a pg-keto ‘ester moiety. ft appeared as autriﬁiet
;$uith.a coupﬂingfﬁonstant of 7 Hz. A two-proton‘singléi at

53.22 was attributed to the prétons attached to two

a5
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epoxide rings.v The mass spectfum showed a molecular ion
at m/e 434.3039'iqdicatlng the chemical formula
CagHg205: The-preceding,speetral data led us to propose
structure 91 for the new compound. Obvioesljb the

methylene protons ¢ to the ester group are more acidic

than the protons of the methyl group resulting in a ¢

Claisen condensation instead of a ring opening of the
[ ]

epoxide.

81 o

The second attempt was also a three-step reactlon
sequence 1nvolv1ng a photooxygenatlon of ester 87 followed
by reduction of the resultlng hydroperox1des 9? to the
allylic alcohols 93, which in tefn could be oxidized to
‘enone 88. For this purpose, ester 87 was subjected to
photooxyge ion in ethanol uslng methylene blue as the
photosen51tlzer 38 -Reduction of the resulting

hydroperoxides 92 with sodium borohydride afforded a

I3
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mixture of epimeric allylic alcohols 93 in a 7:3 ratio (by
nmr @nalysis) and in a 65% overall yield. The ir spectrum
Iof these c0qpoundp revealed a characteristicictrotdhing
band of an alcohol (3410 cm™1). The nmr spectrum

contained a pair of doublet$ at 6§5.00 and 5.16 (1H each, -J

= 2.5 Hz each) for the vinyl protons‘of the major isomer

and another pair at §4.90 and 5.10 (1H each, J = 3 Hz
each) for thoseé of the minor isomer. The methine proton
.adjﬁcent to the hydroxyl group appeared at §4.55 as a
doublet (J = 7 Hz) for both isomers. The molecular ion at

m/e 240.1719 in the mass spectrum confirmed the chemical

formula of,C14H240j.

4

92 93

4

Swern oxidation3? on the mixture of the epimeric
alcohols 93 with oxalyl chloride, dimethyl sulfoxide, and
triethylamine gave enone 88 in 73% yield. The ir spectrum

showed a strong absorption at 1729 cm'? for the ester

A S
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group and the g,g-unsaturated five-membered ring ketone,
and also a band at 1630 cm~!l due to the conjugated éarbon—
carbon double bond. The nmr spectrum displayed two
singlets at $§5.96 and 5.21 for the enone protons. Two
doublets of doublets appeared aJ 5§2.54 (IH; J =18, J' = 7
Hz) and 2.06 (1H, J = 18, J' = 11 Hz) due to the proﬁons a
to the ketone. The gem-dimethyl group appeared as a pair
of singlets at §1.24 and 0.99. The molecular. formula
C14H2203 was verified by the presence of a molecular ion
at m/e 238.1596 in the ﬁass spectrum and by elemental

. analysis.

Later, it was found that estér 87 could be converted
into enone 88 in a single pot reaction.49 The method is
based on Ehe conversion.ig_giigj with acetic anhydride, of
the hydroperoxides 92 formed by the photooxygenation to
the allylic peracetic ester 94 which readily undergoes g-
elimination under mild basic conditions to give the
.corresponding ¢,g-unsaturated ketone 88 and acetic acid.
then ester B7 was subjeced to photooxygenation in
methylene chloride in the presence of acetic anhydride,
pyfidine, and 4-dimethylaminopyridine using 5,10,15, 20~
tetraphenyl-21H,23H-porphine (TPP) as a photosensitizer,

enone 88 was obtaindd directly in 65% yield.

48
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With enone 88 in Hand, we get out to investigate its
alkylation with an acetone equivalent. This proved to be
a very difficult task. A variety of alkylating agents
including 2-bromoace£one,41 2,3-dichloropropene,42 allyl
bromide, and 2-chloro—3-iodoprop§ne were éxplored. The
reactions were cérried out in tetrahydrofuran or 1, 2-
dimethoxyethane usihg a number of bases such as sodium
hyd;ide, potassium hydride, a?d lithium diisopropyl-
amide. A typical broceduré is described below.’

To a solution of lithium diisoprobylamide, enone 88
was added.at -78°C. After stirring for one hour at this
temperature, the alkylatiné g nt was added and the
temperature was allowed to raise slowly. When the
temperature was maintaihed below -30°C only startiné enone
88 was recovered. 1In the case that the temperature was
allowed to rise above -10°C, invariably a dimeric product
was isolated along with starting enone BQ. This product

was identified as compound 95 which showed, in the ir

. .
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95
spectrum, a droad carbonyl band centered at 1735 cm'1 and
an absorption at 1640 cm~! in ive of an olefin. The ~

nmr spectrum displayed-two one ton singlets at §5.93
and 5:18 characteristic of the gemiéal protons of a
methylidene group. Two'ethyl groups appeared at §4.15 (q,
2 x 2, J = 7 Hz) and 1.28 (t, 2 x 3H, Jd = 7 Hz). Four
methyl singlets were obtainéd at §1.26, 1.18, 1.03, and
0.60. The mass spectrum showed a molecdlar ion at m/e .
476.3138 indicating the molecular formula of CogH449¢ -

The above results indicated that enone 88 is a very
good Michael acceptor and that the Michael reaction is
faster than the alkylation. ‘To address this problem, we
decided to protect the methylidene group by 1,4-addition
of a nucleophile (X) to give compounds of the type 96.

Clearly, the X grgup must 21s0 be able to serve as a

leaving group after a kinetic alkylation at the less

»

Fg
7.
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substituted g~-carbon. Elimination of the ptotoctﬁg group

followed by the removal of the resulting methylidene

moiety possibly via a retroaldol prqgcess could, in

e princiglo, furnish a compound of the type 97.
/
-
o
96 97 | .
P
Sodlum thxdph%ﬂpxxﬁﬂvas il'%pn 4n:&ly ag .the
product 95 n 94@*y1eld» 't'ht 1?"_ ﬂlowed an’

’ absorption pa at 1735 cm ?‘ c;onpatxble wath an ester and
a five-mem rlug ketbne. 'The nmr spectrum showed five
aromatic p}ﬂt{br* at 67 3Q as \a mult:.plet, and an ethyl
ester grou_ hlté\ a quartet at 64" 14 and a triplet at
651.27. .""' ?\?lets of doublets, at §3.33 (J = 14, J' =5
Hz), and » J = 14,, J° ‘- 7 Hz)“ were assigned to the

- methylen% i 3 s o to the ’t.hi‘ophenondg group. The mass
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spectrum showed a molecular ion at m/e 348.1759 indicating
the chemical. formula czonzeoat. These spectral data are
consistent with the assignment of structure 98 for the “

add;tion‘product-withvltcroochomiltty undefined.

LA 4

”

" Alkylation of compound 98 was attempted using lithium

diisgpropylamide and 2-chloro-3-iodopr6pene. :\\:Zf'c, no
reaction occurred. Wheﬁ the temperatur? was raised to
=15°C the only product isolated was enone 88 resulting
from the elimination of the thiophenoxy group. 1In order
to circumvent this problem; itAwas attempted to prepare
substrate 99 which cannot undergo the eliminationedue to
the pre.ence’of the carbon-carbon double bond. v
Furthermore, the presence of stituent (x) on thg'a-
carbon of the conjugatgd q‘g::‘:::;ty should provide

enough steric hinderance as to prevent a Michael reaction

encountered previously with 88. We envisioned that the
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bék; me*hod to obtain compounds of the type 99, was v1a a

»

. var1ation of the Pummerer reaction. 43,44 As shown in

Scheme XV, the method requires %32 generation of sulfoxide
100 from sulfide 98. jcetylation of sulfoxide 100 with
concomitant rearrangement of the prgduct 101 would give

conpour‘xd 102 which is expected-to yield keto aldehyde 103%

,;upon’hydrolysig ahd enone 104 uporf pyrolysis.

Towards this end, éulfide 98 was treated with m-

w .
ey
chloroperbenzoic acid in methylene chloride and the

corresponding sulfoxide 100 was obtained. Upon treatment

of sulfoxide 100 with acetic anhydride and sodium'acetate
” .

"two products were formed, One produét was identified as

enone 88. The second product sﬁowed, in the ir spectrum,
carbonjl'absorption bdpds at 1770 cm~! due to a vin;I.
ester and a£ 1735 cm~! due to a saturated ester. The nmr
spectrum displayed three vinylic prqtogg at 55;90, 4.84,.‘
and‘ﬁ§23 as singlets. The ethyl ester group appeared at
§4.10 as a'qua;tet and at 61.22Vas.a.trip1et. Three’
methyl singlets.were obsérved‘at §2.19, 1.13, and 0.99.
The presence of the bdﬁd at 1770 cn~! in the ir spectr;m
together with the methyl group at 82 19 and the vinyl . |
proﬁpﬂgkz $§5.90 in the nmr spectrum strongly suggested‘
structure 105 for thf second product. This was confirmed
gi'ANmoleculgr ion atvm/e 280.1675 fC1632404)’in the mass

o
spébtrum. A plausible mechanism for the formation of

N
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Q'enone 88 and the correapondlng endl acetate 105 is shown

in Séheme XVI.

The second nucleophile chosen for: the protection of

- enone 88 was pyrrolidine. Treatment of enone 88 with

(

-pyrrolidine in benzene afforded compound 106 as a single »

isomer iﬁ quantitative yield. The structure of 106 was
'confirmed by whe presence of a multlplet at §2.45 (4H) in
the nmr spectrum for the methylene protons adjacent to the
nitrogen atom and by a molecular ion at m/e 309 239&
(C18H31Nb3) in the mass spectrum. Attempts of alkylation

\ _
on 106 were, however. also unsuccessful. The products

isolated were starting material 106, enone 88, and

g A .
sometime quaternary ammonium salt arising from the

-

alkylation at the nitrogen. - -

An epoxide ring'wasfthe third choice as a protecting

‘group. Treadtment of enone 88 with hydrogen peroxide and a

-

.' I \

gﬂ!

- g

106 | o7
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catalyticuamount of lithium hyd;oxide45 afforded two
epimeric epoxides 107 in a ratio of about 3:2. The first
epoxide obtained in 52% Yield displayed, in the ifr
spectrum, an absorption band at 1187 cm'; due to thé
\epoxide. Carbonyl bands were observed at 1752 cm™!
(saturated five-membered ring ketone) énd 1736 cm~!

-

(ester). The nmr spectrum showed doublets at §3.11 (1H)
and 2.79 (1H) éach with a coupiing constant of 6 Hz.
These signals were assigned to the protons on the epoxide

A}

ring. The mass spectrum displayéd a molecular ion at Tée
254.1154 confirming the molecular formula of Cy4H2204-
The minor epoxide, obtained in 34% yield, showed an
epoxide absorption b;nd at 1185 cm~! in the ir spectrum.
The nmr spectrum displayed thg two protons on the epo#ide
ting at §2.97 and 2.87 also;isﬁdoublets.(J = 6.5 Hz each).
Having obtaine epoxyézs 107 in good yield, studies
were undertaken forglhe aliyiation a£ tﬁe C5 position.
?reatment of ihe mixture of epoxides 107 gath sodium
hydride and 2-chloro-3-iodopreopene in refluxing benzene
afforded p-hydroxy enone 108 in 37% yield and the O-
alkylated product 109 in 18% yield. The ir spectrum of

108 showed an absorption band at 1739 cm~! due to the

ester and bands aﬁ 1670 and 1600 cm~! due to the g-hydroxy

enone. The nmr spectrum displayed a singlet at §7.Q9 (1lH)

for the g-proton of the B-hydroxy enone. The ethyl ester

¥
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e
group appeared at §4.15 as a quartet and‘at 51 ZQ as a

[ ST

triple;. Two sets of ddublets of doublets at 2.2Q (1H,
= 17.5, J' = 7.5 Hz) and 2.12 (1H, J = 17.5, = 11 Hed
were observed for the methylonc protonl a to th‘ kttodh.
The methylene protons g to the ester appeared at 62k34 as
a tr1p1et with a coupling constant of 7 Hz. The g__:
-dimethyl group dlaplayed two sharp singlets at 51 18 and

0.98. The mass spectrum showed a molecular ion at m/e

254.1522 indicating the molecular formuli\C14H2204.“,

Compound 109 showed a carbonyl absorption band at

1735 cm"1 for the eéteg and the unsaturated five-membered

»ring keton A strong band at 1630 cm~! was observed for
& .

ey



. monoalkylatlon had occurr-

the carbon-carbon double bonds. T‘g nmr spectrum

.displayed a ainglet at 67.13 for the B-proton of the

cnone.' The remaining vinylic protons were observed at
6§5.47 and 5.45 as broad singlets. That 109 was the o-

aikylated product was clearly indicated by‘the presence of

-

‘a singlet at §4.49 for the allylic protohs. Tho'hass

spectrum displayed molecular ions at m/e 328.1445 and

330.1425 confirming the molecular formula of C17H25C104.

~

Evidently, under the basic conditions the epoxide ring was

cleaved as shown in 110 to give enone 108 which underwent,

v

O-alkylation to yield 109.

.

We reasoned that g-hydroxy enone 108 would be a good

substrate for the selective alkylation at the C5 position

via a dianion intermediate:4® ‘Treatment of epoxides 107

individually or as a mixture with sodium hydride: in

refluxing benzene gave 108 in 81% yield. When 108 vas

treated with two equivalents of lithium diisopropylamide

(]

- followed by the addition of 2-chloro-3-iodopropene, three

compounds were obtained. Partial separation by flash
chromatography gave rise to two{mixtures. One mixg?re
consisted of two compounds in 1:1 ratio as determined by
nmr.analySis. The mass spectrum showed molecular ions at

m/e «330.1418 and 328 1440 (C17H25C104) 1nd1cating that

e nmr. spedtrum. four
R a2

57i7; 0.98, and. 0.97

. -
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for a pair of'gem;dimetﬁyl gioups. Singleta were also

obtained at §7.09 for the g;proton of a b-ﬁydroxy enone
.i moiety and at §5.23 aﬁd's.zo fofjtwo additional vinylic
i:p:otons indi¢ating’tha£ alkyiatidn hadvocédrred. Signﬁls
iat 62.50 and 2.10 were complex due té the mixture nature,
but}the disappearance of the triplet at 62.34, due to the
a-ptdtqns ofvthe ester, strongly suggested that the
alkylation had occurred at the carbon a to the‘estgr

giVing rise to an isomeric mixture of keto esters 111.

Bl

112

[ o 1m

The second mixture gbnsistgd of three compounds in
equal amountﬁ; two of them were found to be identical with
’the/monoalkyié;éd p:oducts 111. The structure 112 was
y, tentatively qé‘igned to the third component on the basis

of the mass‘épeétrum of the mixture which showed molecular

.

&



ion peaks at'm/e 406.1355, 404.1335) and 402.1361 in
Agreement-with‘the mdiecular formula of CyH,gC1,0,.

Due to our insbiiity to effect the selective
alkylhtion at the C5 position in enone 88 b§-using
different protecting groups for the C2 methylidene group,
'we decided to remove the exocyclxﬂ\Farbon-carbon double
“bond to obtain ketone 113 which could, in principle, be
selectively alkylated at the C5 position over the C2
fosition due te steric factors. In order to remove the
exocyclic double bond, enone 88 was treated with aqueous
sodium hydroxide and aqueous potassium carbonate. Wheni
the reactions were performed at room temperature, the
.‘Fsﬁer group wal hydrolyzed to give acid 114, while at
~ reflux temperature only decomposition products were
obtained. Under acidic conditions such as aqueous
hydrochloric acid, a new acid was obtained. Esterifica-
tion with potassium carbonate’ and‘eth§1 iodide in
acetone47 glve ester 115 1nﬂ;2€ ;leld The ir spectrum
displayed an ester absorption band at 1735 cm~}. Bands at
1706\and 1615 cm~! were readily assigned to the q.,f-
unsaturated flve\membered ring ketone. system. The nmr
spect rum dlspl !g a broad singlet at §5.88 for the q-
-proton of the gnone. The ethyl ester group displayed a
quartet at 51.16 and a triplet at §1.27. A pair of

singlets at 51.08 and 1.00 was observed for the gem-

~af W
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dimethyl group and a doublet (J = 7 Hz) at 51.08'for‘the
methyl group attached to the methine carbon. The mass
spectrum showed a molecular ion at m/e 238.1569

-

(C14H2303).

14

115

The problems encountered in the removal of the
exocyclic double bond in enone 88 led us to examine the
deformylation46 in B-hydrox§ enone 108. When 108 was
treated with sodium hydroxide in refluxing aqueous
eéhgnol, it underwent the desired reaction with
concomitant hydrolysis of the ester group giving keto acid
116. Esterification of keto acid 116 using potassium

carbonate and methyl iodide in acetone gave keto ester 117

>
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in 65% yield over the two steps.§ The ir spectrum showed
an absorption band at 1741 cm~l due to an ester ;nd a
saturated fivc-ﬁombcrcd ring ketone. The nmr spectrum
displayed two doublets of doublets int?grating to dne
proton each at $2.38 (J = 17, J' = 11 Hz) and 2.00 (J =
17,”J3' = 5.5 Hz) and a two proton singlet at §2.12 for the.
four protons a to the ketone. The protons nexﬁ‘to the
ester group appéared at §2.34 as a triplet with a coupling
constant of 7 Hz. Three methyl singlets were observed at
§3.67, 1.12, and 0.86. The mass spect;um showed a
molecular ion at m/e 212.1408, corroborating‘the chemical

Bel

formula of Cl 2H2003 .

1" - - 17

Later, it was found that keto acid 116 could be
obtained directly from epoxides 107 by treatment with
sodium hydroxide Lﬂﬁrefluxing aqueous ethanol.
Esterification using the same conditions as before
afforded keto,ester 117 in 46% overall yield.

Next, studies on the regioselective alkylation of

A
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ketone 117 were undertaken. When lithium diisopropylamide
was used as a base with a variety of alkylating agents,
only docombouition products were oﬁtainéq. Howgv.r.
alkylatioh of ketone 117 with 2-chloro-3-iodopropen§,
using sodium hydride in tetrahydrofuran, afforded a
mixtire of two inseparable compounds in a 3:1 ratio (by
nmr analysis) and in a total yield of 16%. The mass
spectrum showed molecular ions at m/e 286.1332 and
288.1306 (C;5H,5C103), indicating that monoalkylation had
taken Qlace. ~The nmr spectrum displayed singlets at §5.22
and 5.29 for thg vinylic protons of the major and minor
isomers repectf&@ly. The observation that the triplet at
§2.34 (J = 7 Hz), assigned to the methylene protons g to
the ester, was intact indicated that the alkylation had
bccurred involving the ketone carbonyl. Furthermore, the
major isomer shawed a two-proton singlet At 62.18 rggdily
assigned to the methylene pfotons adjacent tq‘the_ggm-
dimethyl group suggesting structure 118 ;‘?‘r‘“;{his
compound. Structure 119 was tentatively asigned to the
minor isomer.

~The poor yield of the alkylation coupled with low
regioselectivity prompted us to examine the Michael
reactish:so A Michael reaction of keto ester 117 with

methyl vinyl ketone followed by an aldol condensation

would give bicyclo[4.3.0]nongn-3-one 120.5! a ring

.
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contraction(on the six-membered ring should give the
NSesired bicyclo[3.3.0)octane system. Since enamineg'are‘ ‘.
known to undergo Michael reaction efficientiy;sz k;tonb‘& A o
117 was converted to the corresponding enamine 131 by |

treatment with pyrréiidine in refluxing benzene in the SR T

“

[ 4

prgsence of a cat§zyti¢ amount of p-toluenesulfonic X .
acid. Enamine 12

was then treated with methyl vinyl - ]*"-q
ketqne in refluxing dioxane. After four hours water QSs |
added §qd the mixture was heated to reflux for an
additionai*;e;iod of twelve hours. Along with recovered R.,
ketone 117, four\new compounds (by nmr analysi;) were
isolated. The mixture was subjected to Kugelrohr
distillation at B80°C/0.5 torr. The residue thus obtained
was shown to be mainly compound(s) resulting from the
incorporation of two molecules of methyl vinyl ketone. _
The mass spectrum displayed a molecular ion peak at m/e

316.2056 for the chemical formula C20H28°3' The ‘ J'
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distillate was found to gonsi*t of two' compoundl in &
ratio of 3;2 (nmr analyois) The mass opcctrum of‘thio
mixture showed a mologu(pt ioq at m/e 264.1734 indicating
the chemical formula CieH403- The ir fbectrum dilplayéd
an ester absorption'&t'1738 qm—1 and bands at 1667 and |
1640 cm-! indicating the presence of sxx-memberod ring
a,f-unsaturated ketone. The nmr spectrum ahowed two -
singlets'gt 65.92 and 5;85 for the vinylic proton of the
major and minor isomers respectively. ‘Th%_ggm—?imethyl
group of the major isomer appeared at §1.09 and 0.91 while
;hg corresponding methyls of tﬁé minor iéomer were found
at §1.06 and 9.57. At this point, structures 120 and 122
were tentatively assigned to the majog and minor isomers
respectively. These ;ssignments were based on thé

48,49

findings that in compounds such as 123, with the gem-

dimethyl group neighboring the ring junction, one of the

-

methyl groups shifted consistently to an abnormally higher

field in the nmr spectrum. Compound 123 displayed the
- » .

~

gem-dimethyl group 1§v61.06 and 0.61. The structural

I

L ~
assignments were con&lusively proven by Kabsgquent -
experiment (vide infra). Since the annulation was carried“

out under thermodgggmically(controlled conditions, the
stereochemistry of the products 120 and 121 was

tentatively assigned as depicted.



122 o N 123

- i = ’
-In order to improve the,regioselectivity,‘the

, ’ ~ .
anns;ation reaction was cartied out at room temperature.

-
"

In this case a very complex m1x{3re was obtalned, from "

-y

;whlch onLy one prodXxt could be 1solated in.19% yleld.
The ir spectrum showed a hydroxyl absorpflon at 3500- 3400
cm‘l apd»carbbnyl bands at 1737 (ester) and 1718 ¢cm™!
(saturated s1x-membered r1ng kelone) . The nmr spectnum

- displayed a two-proton singlet at §2.52 1nAPdd1t10n to the

methyl sxnglets at 53 68. 1. 06, and 1.02. The mass

-

w
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spectrum exhibitéd a molecular ion at m/e 282.1830

.(C16H2604L. Based, on these spectral éata. structure 1;4

was assigned to the alcohol. ‘This assxgnment wan ‘;
confirmed by converslon of alcohol-+124 into enqné 120 by

treatment with 10-d,l-camphorsulfonic acid in benzene.

L <

Having pure bicyclic enone 120 in our hands, some nmr
studles yere performed to verlfy the structure. The nmr

>

«spectrum showed a muftlpaft at 52 25 2. 55 1ntegrat1ng to

seven proggns. These protons are those at 1C4, CG, C9, and 3’3

C3' in eliper isomer 120 or 122. If the. c0mpound has

structure 120, each of the C9 protons would appear ‘as a?

“dggblet with a large gem1na1 coupllng congtant (J -~ 14-20

Hq). In the case that 122 is the structure, the pfotons
4 ’

at C9 would each also have a\v1c1nal coupllng proton and
A

thus appear as/gqpalr of doublets of’ doublets.e Singe all

-

of the aforementxoned seven protons are‘@nfected by the

ketone or the ester, they fould be rqpolved by using a

lant’hanide chemcal%shiﬂ; ?e%i 5@’ ‘then the nmr+
L BN S
- ,'“‘1. f?v - '*i

.4

1

(3:3

.
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spectrum was[run in theopr;sence of Eu(foé)3 )
(Egigje,G.7.7,8,8,e-heptafluoro-z,2-&imethy1-3,5-octa- .
dionato)eu"ropium)‘. the complex multiplet at ‘52.25_3-2.55 was
deconvoluted into multiplets at 63.3§ (1H), 3.15 (1H), and
2..;"}6_‘ (1H), a triplet at 2.45 (2H, J = 7 Hz), and doublets
. at 2.62 (1H) and 2.54 (1H) each wiﬁh a coupling vconst‘:‘ant ‘
of 19 Hz. The apﬁearigce of‘two mitually éoupled doubleis

with a -large coupling constant is consistent only with

/

structure 120.

-

In further attempts to improve the regioselectivity

5

and the yield of the ‘annulation reaction, dioxane was '

subft_,itgted by other solvents_54' such ’&s acetonit.’r'ile,

benzene, and methanoa. In noﬁe of the cases, however, “\» /
coul’d’ any !i:‘mprovement; ;pg:chieved..

* An intramolecular Mighael reaction was attempted on’

e I8

the mixture of compounds 120 and 122. Whefi the reaction

. 4
was carried out using sodium methoxide in methanol, only

o

'deconp.os\it»ion products were obtained. The use of sodium ‘
b o . N . . - )
hydride jin 1,2-dimethoxyethane in the pgésence of a small
| .

amount of t-amyl alcohqQl resulted in complete recovery of
the starting material. !

’,

At this poinpt, some adjustmenys had to be made in our
strategy. We thought that the problem of the regiosel -
‘ectivity in’ t;e Michael reaction-could bjz ‘solved Py using

a shorter .aiﬁe chain ’ch as tha‘t in keto‘ester 128 in
A L] ’ a ’ N ' : .
;;:)‘ ’ ' )

3 4 F]
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ﬂ/fuénished campholenic acid 129°7 whith was esterified
j ] ‘ (

- e

. \ : v
which the 'C% position is less hindered. A new strategy

®
for the formation of tricyclic compound 24 was devised .

(Scheme XVI1): Compound ¥25 coulg .oe obtained by a

controlled Dieckmann condensation55 on diester 126

followed by a ring contraction. Diester 126 ‘could, in
turn, be obtained from enone 127 by introduciné a two
carbon chain to the Cl position. ‘Bicyc1;¢7én;nev127 could
be derived from ketone 128 which, in‘turn; could be ﬁ.
obtained from lo-camphorsulfonlc acid (7e). |
10-Camphorsu1£on1c ac1d (76)»was thosen as the
/'

starting materlal for the following reasons. First of

all, it can be egslly converted to campholenic acid 129"
»

which already contains the desired side chain. Secondly, -

both antipodes are readily available in »99% enantiomeric

56

excess~". and a suitabi&;choice of the starting enantiomer

should lead to a chiral synthesis of the natural °

-

(-)-quadrone (1). ‘ o bt

At the %n{;ial stage of our investigation§, the

-

racemic material was'ﬁs;d. Fusion of the sodium salt of

-

(+9-10-camphorsulfonic acid with potaésium hydroxide

s

\

A

Although racemic compounds weg: used and\obtainnd in this
approach, this and all other
the required absolute stereochemistry.

H

v .' o \\

ructures .are depicted with

700
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using pbtassium'carbonaﬁe angpmethyi iodide in'aCetone to

give the corresponding methyl elter 130 in 76% overall

yield. B 3

130

L Y

o

The conversion of ester,{30 into enone“131 was

’

»

’effected'és'follows. Photooxygenatibn of methyl(eSter 130

in methylene chloride in the presence of acetic anhydride,

'pyridine, and 4-d1methylam1nopyr1d1ne using TPP as a
3

. ph,(*nsz.tu.er gave emone 131. The ir spec‘ruﬁ\ shawed an
abhdibtlon band at 1723 em™ 1 due to an ester and an |

- ‘ unsaturated ketone in a ‘f;.ve-membered ring. In the nmr

spectrum two singlets appeared at §6.00 and 5.24 for ‘the

' _/
*f“j //janyllc _protons whereas methyl slnglets were observed at -
§3.71 (methyl ester), 1.2, .and 1.04 (g —dlmethyl

P

;»' : group): A molecular ion at ‘m/e 196.1100 in the mass
L' -

spectruh,~as”well as elemental anaiysis, further verified

-

,8 ' ~the chemical formula ci1“16°3ﬂ

- . > f .
- - - . o , .
o . - ) bl N
: . : C A N A
. [ -
. i -
. . v . . I .
.
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131

.

131 with hydrogen peroxi_de and a catalytic amount - of

Aithium hydroxi-de gave ¥ i:l mixture of epoxides 132 in

,B9% yieid}“_ Tﬁ‘«r spect.rum displayed the protons on the

-
-epoxide ring at §3. 13 and 2.86 as doublets with P coupllng

. e

éonstant of 6 Hz each for. one 1somer, and at §3.00 and \

) s (J =. 6 Hz) for the other isomer. .

! ure of epoxides 132 w1t e | »

- - .
.

Treatment of the

' excess of eodium hydroxide in refluxlng aqueous 1¥ethanol

resulted in the epoxide ring opening followewyv. .

*y

fragmentation. Under these condit‘lons the eite‘r was also e

hydrolyzod to give ac1d 133. When acid 133 ( estefified

usin§ potassium carbonate and',pethyl :I.odlde in acetone.

'f'\\
methyl ester 128 was - obtalne\d 1n very low yxeld together
.with severalg;um.dentifled products. Improved yield of 128

was obta!ﬂed when the reaction was carried out under
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Flsher~q<§lr}£&cation conditions.58 Thus, . treatment of a

metﬁanolic ‘aolution of acid 133 with .nhydrous hydrogen ,' v ,1
chloride resulted in the formation of ester 128 in sis "
> overall yie‘h from epoxides. 132. The ir spectrum showed ‘

'aﬂqiblotption band at 1736 cma1 due to a five-membered
ring ketone and an ester.~ The nmr spectrum displayed four

31nglets, one at 62.16 for the C2 methylene protons and
%

, v
the others it 53 70.,1 18, and 0.92 for a total ofdspree lﬂxm -
. gk Feas, T A & e
. methyl groups. The«mass spectrum showed a molecular ion

~

® at m/e 184.1104 (C)oH;g03) ..

@® e
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. ! RN
‘,(" 5‘
R .,
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. a .Treatment of keto ester 128 with pyrrolidine and a *
'S

. . -
’ . - »

o catalytio?:abunt oflg:tolueqsgulfonic acid ih’refluxipg. ho?™
* benzene affordyd enehine 134 Whioh, without purificatigk,
was allowed §o0 Feact with methyl vinyl keﬁone 1n dioxane
*at 80-90°C for $ hours. Water was &dded and the solution
was m%}htained _t.the same temperature ror an additional
period of twelve hours. A mixture of products Qas iso-

®)ated in addition to the unreagted keto ester’ 128. Gc and

\



r
nmr analyses of the mixture revealed the presence of four °

compoundl approximately in the ratio 0’5315:6:3 5 in

1ncroaeing orfler of retention time. A gc-ms analysis gave , ‘

a molecular ibn at ﬂ‘e 236.1419 for the major and fastest-

movgng component. indicating the molecul formpla .
1@?:& gave 5 . |

molecular ion at m/e 288.1730 (C18H2403) indida}ting"that'
RS .. \

Cy4H2003: The minor and*lowe‘moving

two molecwles of methyl vinyl Ketone had
introduced. The ir spectrum of the mixture showed. an

~ ester abeorptlon band at 1737 em™! ad ba@s at 1667 and

1635 cm"l 1ndicative of the presence of a 2—cyclohexenone
[

moiety. In the nmr spectrum, the major component dls-

played a vinylic proton with a singlet at §5.87 and methyl
groups with singlets at §3.72 (methyl ester), 1.21, and -

Y x . .
0.94 (gem-dimethylagroup). The second major cokpound

showed a vinylic proton\at §5.92 (s) and methyl groups at

§3.71 (methyl ester), Lodi and 0.62 (gem-dimet
group). On the basis of these gpectral data, p rtlcularly

the chemi®al shifts o()the _g_L-d:Lmethyl gto@s (v1de’

M) . etructure 127 was assigned to the major component

~an'd 135 to the gecoand nBjor one. The stereoc'nemistry of ‘
- these compounds was tentetively‘_aesign\ed as Aepictgd' under

. the conejldei'ati'on of their greater thermodyfhami¢ stability

in each case than the r#spective epimer.  The structures

of the two minor compounds could not be fully elucidated’



due to insufficient information.

Ld

Since the desired compound‘127 al;hough very

N\

d}&fxcult to-separate, was the major component, we decided
t 4

to car}x on the synthesxs with ‘the mxxture. In order td

. prepare bicyclic diester 126, a carbomethoxymcth}l group
had to be introduced to enone 127. Thd'metgpd chosen was
’a 2+2 photoaddxtlon of allene to enone 127. Jt has been

well eetablished that the addition of. allene to conjugated

’ enones occurs in a head-to-head manner.>2/60 with respect -

to the stereochemical outcome of enone photoéycloadditibns

*
<+
.
-
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'ih general, it has been postulated®! that the controlling
factor is the preferred configuration of ££c excited state
which is assumed to have a carbonium ion character at the
a~carbon of the carbonyl ggoupzand a carbanion character ?
at the p-carbon. In tho pl.acut case, ihc most stable
configuration of -uch an excited state would be the one

shown in formula 136 in which the rings are cis-fused!
Con.aquently, the addi;ionalhould proceed from the p-face,

which is also the sterically less hindered aide.‘giving‘

the photo'ith the required stereochemistry.
e o |
: . . * -
' _ ST s L

% K

13 ) '
6 v

. . . N s
When a solution of the mixture of enonés 127 and 135. A
and the two unidentlfled minor coA:;nt?ts and an excess of
lene in tetrahydrofuran at -20°C was 1rfad1ated with a
oOw Hanovia\high-prcolure quargr mercery vapor ‘lamp®™ for .
9 h,stw9f1ns;;a;ab1e photoadducts 137 and&138 werd
v6bta1n;d in a 5:1 ratio (determided by gc and nmr
analyses) and in 708 yield. The ir spectrum of the
mixture display si;-membeted ring ketone (1707.cm'1),

S ) . > :
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‘slnglet at §1.03 prod\ked an’ enhancement of the algm‘*‘

ester (1737 cm~l), and olefin (16{@\ em~1) abcorpt%onc.
Gc-ms showed a molecular ion at m/e 276.1724 for the
mixture -uggesting the presence of \t.wo inomric compounds

with the same molecular’ formula C17Hu03. The major

adduct 137 dinplayod, in the nmr spectrum, twe doublets of

doublets of doubléts (J =J" =J" = 2.5‘ Hz each) a‘t 6§4.90

and 4.85 for the vinylic protons. Thc sharp methyl ‘

singlets were observed at 53 73 (methy.l ester), 1.03, and ,

0.90 (g__—dimethyl group). '!’he regiochemistry of this\ 3-'.
adduct was indicated by thc presence of t:\.e Cl mothine. \\
proton at §3.34 as a doublet of doublctn result»\img from

the Allylic coupling (J = 2.8 Hz) with a’vinylic proton :

¢

and the W coupling (J = 6 Hz) with a ClO proson. A cis
relationship of the four-membered ri_ng and the carbo- ‘
me/tY:oxymethyl‘_Qide chafn was established by the following
NOE experimen:ts. Irradxation/(qf the.metj\yl singlet a/

§0.90 produced an enhanCement/gf the signals due to the

cg8, Cl1'y and Cl0 protons, while ~irradiation of the methyl

d%e to the C6 and-cl protons. 'l'hene remlts cl,atly oy

demonstrated that the blw ’fif‘lﬁ",me}hyl ,-

the vinylic protons at 54 93 and 4. 89 alao u)doubleto 99;

doublets of doublets (J = J' = J" = 2.5 Hz elchf). Methyl
* L 4 b .

.
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131 : 138

The mixture of 137 and 138 was subjectled to |
)

ozonolysis in methylene chlorido-meth;nol Reductive

wofl::x of the rel%].timg osfMlde with dimethyl sulfide®? ‘
afford di:o\ctlyﬂ dlesters 126 and 139 in a 5:1 ratio pﬁd

in 68% yield. The ir spectrum of the mixture revealed the
presence of esters . (1735 cm~!) and aix-mempe.réd ring N
ketone (1;13 cm~l). The mass apgétrum u:howed a molecular’ L,v
‘ion, at m/e 310.1782 imic;ating the“molecular formula
'C17.H2605 The nmr spectrum of the major isomer 126

) 'd{iplayed sharp methyk iinglets at 53.fnd 3.68 for the
Al.*ht" ‘;m.thyl Octﬁxo and q, 51.05 and 0.92 for the _g__-dlmet’ 4
~- \qroup. The corro-panding mcthyl groups of the minor’
T isomer 139 appepred .at §3.72, 3.70, 1.07, and 0.77.

»

e,
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Prior to, the iﬁtqnded cyclization of keto diester 126 .

.

via a Dieckmann reaction, the protection of the ketone

carbonyl was required. Treatment of the mixture of keto

’ s

‘diesters 126 and 139 with 1,2-ethanedithiol and boron tri-

fléoride in methylene chloride_afforded thioketals 140 and/
* i

141 in 81% yield. These thioketals showed ester ‘ ! ',,ﬂ'

absorption (1737 cm~l) in the ir spectrum. The nmr’ -

C .




4

spec£rum gf the mixture displayed a multiplet at §3.28 dué
to the methylene protons adjacent to the sulfur atoms.
The mass spectrum showed a mqleculaf_ion at m/e 386.1588
indicéting»thg chemical formufa.C19H3004sz.

Atteqpts‘to induce the Dieckmann coﬁ@gnsation on the
‘mi-xture of diesters 140 and 141 using sodium hydridevin
refluxing.toluene and a ‘small amount of methanol hét with

total failure. No detectable amount of the desired

produEt 142 was formed.-

Our iﬁability to bring about the Dieckmann
condensation required a modification of tﬁe syntbétic
strategy. We reasoned that the C ring of the t9fget

imolecule could-bé installed via an intramokecgiar
alkylation of compounds of strucgufal type 143 leading to
tricyclic compound 144. Ketone 145 was envisioned as a
suitable intermediate, The:methyl ether functionality is

sufficiently stable to allow extensive modification of the

81

-



.

molecule required prior to jts eventual cdnyersion into . a

leaving group.

144

143

145

Fbr the preparation of ketone 145, campholenic acid
(129) was reduced’yith lithium aluminum hydride in ether
to give, in 93% yield, campholenic alcohol (81) identical

with that obtained previously from the reduction of

Treatment of 81 -

campholenic aldehyde (72) (vide supra).
with sodium hydride and dimethyl sulfate in 1,2-dimethoxy-

ethane afforded methyl ether 146 in 91% yield. The ir
'spectrum showed 3absorption bands for an olefin (1640 em™1)

82
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and an ether (1118 cm'l). The nmr spectrum displayed a
vinylic proton‘wnﬁh a‘singlot at §5.25. Methyl singlets

were found at §3.38 (methoxy), 1.62 (vinylic methyl),

r .

~1.00, and 0.80 (gem~-dimethyl group). A molecular ion at

m/e 168.1513 in the mass spectrum, as well as elemental

'analyéisg verified the required chemical formula of

-

o

g 146
2 o ‘ \

Photooxfgenation of 146 in methylene chloride ip the
pbré‘se'g,pf acetic anhydride, pyridine, and 4-dimethyl-
“aminopyfidine using TPP as a photosensitizer afforded
enone 147 in 78% yield. The ir spectrum displayed
absorption bands at 1727 and 1640 cmT% chargcteristic of
an g,p-unsaturated five-membered ring ketone. The nmr

spectrum shgwed the vinylic protons at §5.% and 5.20 as

mutually coupled doublets with a coupling constant of 1

83
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Hz. 'Methyl singlets appeared at §3.35 (methoxy), 1.23,
and 0.99 (gem-diméthyi.group). The mass spectrum
displayed a molecular ion at m/e 182.1309 indicating the’

molecular formula C,;H,;g05-

147 : 14:8

For the removal of the methYlidenevgroup, enone i47
was epoxidized with hydrogen pe;oxide in methanol in the
bredence.of a caéalytic amount of lithium hydroxide giving
a 1:1 mixtufe of epimeric epoxides 148+-in 90% yield. The
ir spectrum showed a carbonyl absorption band at 1752 em~1
for the five-membered ring ketone in botﬁ isomers. The

-

nmr spectrum of one isomgr displayed a pair of doublets at
53.13 and 2.18 with a cou?ling constant of 6 Hz each for
the protons attached to'the epoxidé_ring. The
éortesponding protons of the other isomer were found at
6§2.96 and 2.87 also as doublets Qith a coupling ;onstaét
of 6 Hz each. |
When the mixture of epoxides 148 was treated with

sodium hydroxide in refluxing aqueous methanol, ketone 145

+ 
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was obtained in 68% yielad. bfhe ir .péctrum,dicplayod
absorption bands aﬁ 1742 cm~l due to a saturated five-
memberfg ring ketone andﬂat 1119 cn~! due to an.othor.

The nmr speptrumxdisplayed signals at 62.47-(d€, l1H, J =
10.5, 3* = 5 Hz),¢é100 (dd,. 1H, J = 10.5, J' = 11 Hz), and
2;24 (s, 2H) for the methylene protons ¢ to the ketone. .
Methyl singlets were observed at §3.35 (methoxy), 1.18,
and 0.92 (g__:dimethyl group) A molecular ion at m/e - +
170 1304 in the mass spectrum, as well as elemental
‘analysls, verified the chemlcal formula of Cloﬂleozi

Having obtained ketone 145, a Robinson annulation was

performed using the same reaction condit;ons as those used

previously for the transformation of keto ester 128 to

bicyclic enones 127 and 135. Enamine 149, derived from

O )

145 | 149

ay

ketone 145 and pyrrolidine, was allowed to react with
methyl viny} ketone in refluxing dioxane. Subsequ:;}/
treatment with watef‘resulted in the formation of

mixture of \adducts 150 and 151 in 41% yield. The ir

/,( | ,

PE

.ﬂ; o \



opocﬁrumbof the mixture displayed absorption bandlv
characteristic of conjugated cyclohexenone’ moioty (1668\
and 1640 cm 1‘). The mass spectrum -howod a uolocular ion
at m/e 222.1619 (Cy4H2,02) indicating that only one -
molecule of methyl 91ny1 ketone had been introduced. The
nmr spectrum indicated thé” presence of\two'éompouhds‘in a
2:1 ratio. The major'isdgzr displayed a}ainglet_atjgs.as
for the g-proton of the enone and sharp meﬁhyl’éihglets at )
53.38 (methoxy), 1.11 and 0.95 (g__-dimethyl‘group) The ’
minor isomer hibited the enone proton with a sipglet at -
65.93 and three methyls with singlets at §3.39 (methpxy),
1.09, and 0.63 (geni-dimethyl grgup). 0n the basis of the
chenical shifts 6haerved for the gem-dimethyl groups '
structure 150 was assigned to §£e major isomer and 151 to

the minor one. The .stereochemistry was tentatively

assigned on the basis of thermodynqmic\consideratiqns.

¢

150 151

M-

. Since the regioselectivity of the Michael reaction ‘in

ketone 145 was very poor; we decided to modify the



/
synthetic scheme by introducing a carbomethoxy activating

. group to C2. Compound 152 thus obtainoo és expected to
undergo alkylation with a masked acetone oquival“aeh
thé resulting alkylation -product could, in principle, be
converted into the desired bicyélo[3.3.0jocten6no 153 4
after an array ofl\fthef standard opefations, including
\

unmasking the acetohe unit, decarbomethoxylation and aldol

7~ »/

condensation. /

/ 183

\

Towards this end, ketone 145 was treated with sodium

pydfide &nd.dimegﬂfl caernate in refluxing benzene. Keto
" esters 152 and 154 were obtained in a 15:1 ratio (by nmr

- . analysis) and in 69% yieldf The ir spectrum of the

? :mixture“showedvcarbonyllabsorption'bands at 1736 cm~!
(est:i) and 1727 cm~1 (five-membered ring ketone). The

preseé ce of a carbbmethoxy group was corroborated by the

°w- L
appearance of a molecular ion at m/e 228.1361 (C12H2004)
in the mass spectrum, as well as by methyl singlets at
63.29 (major) and 3.37 (minor) in the nmr specttum. The

-

regiochemistry of keto esters 152 and 154 was assigned on

87
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the Sa-ic of the following observatioms. The nmr speéctrum
4

of the major isomer displayed a -et/gt mutually coupled

doublets at §32.34 (1H) and 2.25 (1H) with a geminal

couping.constant of 18 Hz due to the C5 methylene

sequently, the carbomethoxy group fust be

AN

¢
he C2 position next to the methoxyethyl side

atta
!

chain.' The minor isomer also displayed a set of mutually

coupled doublets at §2.12 (1H) and 2.06 (1H) with a

coupling constant of 12.5 Hz for the C5 methylene

.protons. Accordingly, structure 154 was assigned to it.

The ltegeochemistry of each isomer was elucidated on the
basis of the”followiég findings. The major igomer
displayed the methine proton of the p-keto esier moiety at
53.11 as a doublet with ; coupling constant of 11 Hz. The
magnitade of-the coupling cons£aht indicated a trans
relationship between the carbomethbxy group and the
methoxy ethyl group as depicted in 152. The corresponding
hydrogen atom of the‘pinor keomer was found at §3.07-as a
broad singlet indicating the Egg_stereochemistr& shown in

formula 154.

*If the regiochemistry was as shown in 155 thensthe
methylene protons on_ C5 should appear as doublets of
4oublets.



152 ' 154

155 ' 156

. Disappointingly, treagment of keto esters 152 and 154
with allyl bromide using spdium hydride in refluxing 1.2-
dimethoxyethane gave only the O-alkylated product 156 in
69% yield.l The ir spectrum showed an absorption band at
1710 em~! due to the ester. Absorption’Bands at 1689 and
1626 cm~! were observed for the vinyl ether. In the nmr
spectrum, complex signals were found at §5.96 (l1H), 5.41
(1H), and 5.27 (1H) for the vinylic protons, and at §4.54
for the allylic protons. Methyl singlets appeared ag

63.72 (methyl ester), 3.31 (methoxy), 1.10, and 1.07 (gem-

dimethyl group). The mass spectrum showed a molecular ion

-
—

" 89



t m/e 268.1670 confirming the chemical formula 515“2464-
Due to our inability to induce C-alkytﬁtion‘on keto

5.:.:-‘152 and 154, it was decided to examine the direct
alkylation on ketone 145. Methallyl iodide was chosen as
\tho alkylating agent. Treatment of 145 with lithium di-
ioopropylahidc followed by the addition of methallyi
iodide afforded the desired product 157 as a single isomer
in 57% yield along with unreacted ketone 145. The ir
spectrum of 157 showed a carbonyl absorption band at 1741
cm~! and an olefin band at 1657 cm~l. The nmr spectrum
displayed vinylic protons at\64.85 (1H) and 4,77 (1H) as
singlets. The allylic methylenic protons appeared at
52.37 and 2.31 ﬂoth as doublet; of doubletg with coupling
constants of 14 and 6 Hz each. Sharp methyl singlets were
observed at §3.36 (methoxy), 1.70 (allylic methyl), 1.16,
and 0.94 (gem-dimethyl group). The regiochemistry of the
alkylation product was substantiated by the appearance of
a two-proton singlet at §2.16 assignéd io the C5
methylene. The C2 methine proton at §2.12 was shown to
couple with the allylic protons with a coupling constant‘
of 6 Hz and with the C3 methine proton with a coupling
c¢onstant of 10 Hz. The maghitude of this coupling -
con-tant‘iuggesfed a Eﬁeﬂgfrelationghip between the two
side chains as. depicted in 157. The mass spectrum

. displayed a molecular ion at m7e 224.1776 confirming the
93

¥

90



A

chemi cal formula Cl ‘H2‘02 .

187 ‘ 188

Ozonolysis of 157 in methylene chloride-methanol
followed by reductive workup with-érimethylphosphitb
afforded diketone 158 in #O\ yield. The ir spectrum
showed carbonyl absorption bands at 1750 cm~l (five-
membered ring ketone) and 1715 em™1 (acyclic Betone). The
nmr spectrum displayed sharp methyl singlets at §3.32
(methoxy), 2.1% (méthyl ketone), 1.16, and 0.94 (gem-
dimethyl group). A The methylene protons a to the ketone
sidé chain appeared at §2.90 and 2.82 both as doublets of
dopblets‘with éoupling conatents of 18 and 5 Hz eachy; The

/
methine proton at C2 appeared at §2.32 as a doublet, of

tripTets of doublets with coupling constants pf 10, 5; and
1.5 Hz. A molecular ion at m/e 256.1573 in the mass
spectrum vhrified the chemical formula C13H2203.

Although diketone i58 could be readily prepared, its

]

conversion to the desired bicyclic enone 153 proved to be

#

1)



159 , 160

difficult. Disappointingly, all attempts to induce the
rcquiorod ‘aldovl condensat iSW" were fruitless. With sodium
hydride and methanol, diketone ISC underw:'r:t extensive
decomposition whilae, with benzoic acid and triethylamine
in benzene.63 the siarting material was recovered"

intact. A literature searcn®4:65.66 ;eyealed that

bicyclo[3.3.0)Jocten-3-one (159) and its deérivatives devoid -

of substituents at C2 and/or C5 can not be prepared by
direct aldol condensation of the corresponding diketones
(e.g. 160). zese results prospted us to seek an
alternative method for the ring formation. Diethyl 3-
bromo-2-ethoxypropenylphosphonate (161) was chosen as the
alkylating agcnt67'68 as the cyclization in question could

be concoivablyi effected by an intramolecular Horner-Emmons

reaction via the intermediacy of diketo phosphate



! .
. ‘93
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/ 101 < 163
(ec0p .
The alkylation reaction was carried out according to- ‘
a reported ptocedurc.68 Treatment of.the‘lithxnm enolate
of ketone 145, generated with lithium diisopropylamide,
with a slight excess of digthyl 3-bromo-2-othoxybroponyl-
~

phosphonate (161), followed by acid moéiag‘d hydrolysis of -
the rgsulting enol ethe;'163 furnished diketo phosphonate o
162 in 48% yield. The ir spectrum hilplayod carbonyl ' )
absorption. bands at 1741 <:m'.1 fof the five-membered ring

ketone and at 1716 cm~! for the other. Absorption bandi

u% 1260 (P=0) and 1026 cm~! (P-O-C) indicated the presence

of a phosphate. The nmr spectrum displayed a doublet )

(Jy_p = 2 Hz) of quartéts at §4.16 (4H) and a triplet at '
)
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51.33 (6H) for the ethyl group of the phosphate. The

methylene group flanked®by the ketone“~and the phosphate

appeared at §3.11 as a doublet:with a coupling const
(JH;P)‘of;ZZ.S Hz. The regiochemistry of the product
éroveq by the presence of a doublet.at §2.37 (1lH, J = 18

Hs\ and a doublet of doubieté at §2.18 (llf,_g =.18, J: =1

A L 4 -
Hz) attributed to the methylene protons at C5. The

wstereochem_istry of 162 wa‘,tentatively assigned as
depicted on thermodynamic g;ounds. A molecular ion at m/e
362.1867 in'the masg spec;rum,confirmed the chemical’
formila of‘C17H31069. ‘ o

The int}?ﬁolecular ﬁo:ner-Emmo§s reaction was carried
out initially using sodium hydrid; in 1,2-dimethoxy-
ethane.681 Under these conditions, extensive decomposition
of the stérting material was detected. However, to our‘
delight,\when the reaction was performed in benzeﬁe in the
presencevbf 18—cr6§n-6 ether using .potassium..carbonate as
a‘base,69 the desired bicyclo[3.3.0Jocten-3-one derivative
153 w;s proéuced in B5% yield. The ir spectrum displayed
- absorption bands at 1708 an‘dvlﬁo30'cm"1 for the conjugagg
five-mepbered enone. The nmr spectrum showed a doublet at
' 55.86 with a cdupiin constant of 2 Hz for the enone
proton and methyl sjinglets at §3.35 (meihbxy), l.li, and
1.04 (ggg—dimethyl group). Two doublets of doublets were

obseérved at §2.64 (J = 18, J' = 6 Hz) and 2.15 (J = 18, J°

~”~
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= 3 Hz) for the uety§lene protons a'to the ketone. A

# .
molecular ion at ?7e 208.1466 in the mass spectrum, as

well as elementai analygis, verified the chemical formula

Cy3H200;- Thgfstereochemistry of enone 153 could not be

b

-

deduced una@ﬁlguously from thennmr spectrum and was
assumed bnfihe basfé of literature precedents.14'15 The
assignmgﬁ£ was shown later to be correct.

Fg; the intréduction of the carbo&ethoxymet;yl side
“chain to tﬁe Cl position‘of enone 153, a reaction aequencé
similar to that used for the conversion of esﬁers 127 and

»-
135 intq diesters 126 and 139 was -applied. Irradiation of

“enone 153 with an excess of allene in tetrahydrofuran

‘afforded a mixture of photoadducts in 74% yield. The ir

spectrum of the mixture showed a shift of the carbonyl

absorption band from 1708 cm~1

%

observed for the starting
enone to 17?5 cm™+ suggesting that ansaturated five-
ﬁEﬁPe;ed ring“ketdae was produceds The absorption band of
the newiy introduced carbon-carbon -double bond was found
at 1660 cm~l. The nmr spectrum showed the presence of two
compounds in a 6:1 ratio and the parallelism between the
two sets of signals strongly suggested an igomeric
relationship of theggDFompounds. In the major set, two
doublets of doublets of doublets (J = J' = J" = 2.5 Hz .

each) appeared at 6§4.98 and 4.85 for the vinylic

protons. The methylene protons on the four-membered ring

-
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were found as doublets of doublets of doublets at 5}.02 (J
- 16, J' = 3" = 2.5 He) and 2.73 (J = 16,'J" = 5, J" = 2.5
Hz). Methyl singlets were observed at §3.39, 0.96,5aﬁd
-0.81. The minor omponent showed v1ny11c protons at §4.97
(d@ga, J = - = 2.5, J" =1 Hz) 8&nd 4.79 (m, lé; Methyl ,
singlets weve observed at §3.39, 0.98, and 0.93. The
igsomeric nature of the compounds was further supported by
the appearance of a single molecular ion . at m/e 248.1776
(C1eH2402) in the mass spectrum of the mixture. Bésed on
these obseryaﬁions and on the prefeféntia} addition of
allene in a head-to-head manner, structure 164 was
assigned to the mafjor component and 165 to the minor
one. The depicted stereochemistry was assigned to.these
compbunds on the basis of previous find;ngs that keto

- diester 126 was formed as the only stereoisomer from ernone

127 via the same reaction sequence.

PY

164 165 ~
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Ozonolysis of the mixture of photoadducts iBf and 165
in methanol followqg by reduction of the resulting.ozonide
with dimethyl sulfide afforded three chromatographically
separable products. The major product 75, obtained in 76%
"yield, displayed in the ir spgc&yum a strong absorption
band at 1740 cm~1 que to the ester and the five-membered
ring keﬁone. The nmr, spectrum dispiayéd sﬁarp methyl
singlets at 63.65 (methyl ester}, 3.31 (methoxy), 0.99,
and 0.90 (gem-dimethyl group). A molecular ion at m/e
282.1833 in the mass spectrum confirmed the molecular
-formula of CieH2604+ Evidently, the four-membered ring”’

ketone formed after ozonolysis underwent further ring

opening in the~methanolic'solutibhé

P
A

167
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The second product, obtgined inﬁB% yield, displayed
sharp methyl singlets at §3.68, 3.35, 3.20, 3.21, 0.96,
and 0.85 in the nmr spectrum. The observation of methyl
-singlets at §3.20 and 3.51 together with’the absence of
sigﬁhls for methylene protons ¢ to a kétone carbonyl
suggested ‘the formation of a dimethyl kétal. Structuré
166 was confirmed by the mass spectrﬁm showing a molecular
ion at m/e 378.2247 (C;gH3,05)- - S

The third product (6% yield) showed an absor@tion
band at 1772 em™l in the ir spectrum suggesting the
presepce 6f a féur-membered ring ketone. This was also

supported by the nmr spectrum which displayed two doublets

_df doublets at §2.91 (J = 18, J" = 9 Hz) and 2.82\13_# 18,

-~

J'.= 6 Hz) for the methylene protons oh the four-memberéa~ 

ring. That these protons appeared as doublets- of doublets
indicated the presence of a vicinal proton. The §resence
of ; dimethy; ketal was evident from methyl singlets At
5§3.28 and 3.22 and suppofted by the mass specﬁruh which
exhibited a'molecular ion at m/e 296.1988 for the chemical
formula 017H2804. _These ;pegtral data élearly suggested:
structure 167 for the compound which appargntly~arose from
the ozonolysis of compound }65 with concomitant
ketalization-.

Conversion of the methyl ether moiety in 75 into a

good leaving group would allow an intramolecular

o ‘

%
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alkylation leading to Danishefsky's intermediate 24.

Iodide was chosen as the leaving group.

Olah et al.’0 reported a method for the direct
conversion of efﬁers to the cérresponding alcohols or iodo
compounds under mild conditions using chfbrpt;imethyl-
-gilane and sodium iodide“in acetonitrile. It has-also
been shown that esters aré less prone td cleavage under
‘these conditions. When compound 75 was treated-with \
chlorotrimethylsilane (1 equiv.) and sodium iodide (1
equiy.) in acetonitrile at 50°¥® the corregsponding alééhol
168 was obtained in 76% yield with the methyl ester
;;tact. The ir spectrum displayed an absorption band at
3440 cm‘l'due to the alcohol. A carbonyl absorption band
was observed ‘at 1738‘cm'{ for the five—mémbéred ring~

ketone and ester. The'hmr spectrum showed a triplet at

§3.71 with a‘couplspé‘condtahtl3¥ 7 Hz for the protons on

I ot R

the carbon béaring tﬁéﬁﬁYé}o§§1;;foup. Three sharp methyl
singlets wefé observéé ét'53g63 {methyl ester), 1.00, and
0.92 (ggmfdfmethyl group). The mass spectrum showed a -
molecular ion at m/e 268.1677 (C15H240ﬁ).

We were very pleased torﬁind out that when compound -
75 was subjected to treatment with a large excess of
cﬁlorotrimethylsilane and sodium iodide f3-5 equiv.) at

60°C, the desired iodo compound 169 was obtained in 90%

>
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168 169
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' yield with the ester group again intact. Thin layer
chromatographic (tlc) analysis S the reaction mixture -
rgvéaled the iqﬁtial formation of alcohol 168 whicp was
then siowly converted xnto iodo compcund‘iGQ. The ir
spectrum of 169 displayed a carbonyl absorption Sand at
1738 cm~! for the five-membered ring ketone and the

ester. A mult{plet at §3.32 in the nmr spectrum was

assigned to the proténs on the carbon bearing the

iodine. Methyl singlets were observed at §3.65, 1.04, and
0.92. A molecular ion at m/e 378.0689 in the mass
spectrum verified the éhsmical formula C,gH;3105.

Jung et a1.71 reported the cleayage of dimethyl
‘ketals to the corresponding ketones~using iodotrimethyl-
silane in carbon tetrac{iéfide, Thus, it jis highiy
conceivable that ketal 166 could also be directly

converted to the desired iodo compoundv169 under

conditions effecting the transformation of 75+169.

./////f~”\\\\\ | o
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Indeed. when diméthyl ketatl 166 was treated with 6-7
équiYalcntl each of chlorotrimethylsilane and sodium
iodide in acetonitrile, the cleavage of the dimethyl ketal
group was also effecteq and the‘iodo compound 169 was
formed in 87% yield. B .

» Prior to th; intramolecular alkylation of iodo
compound 169,_the ketone group was protected in the form
of an ethylene'ketal by transkétalizatioﬁ with 2-ethyl-2-
metpleTiB—dioxglane and a catalytic amount of p-toluene-
sulfonic ac;d/fg refluxing benzene. Ketal 23 thus
obtained in 72% yieldqdﬁsplayed an ester carbonyl
absorétion band at 1735 cm~l.in the ‘ir spectrum. Thé nmr
spectrum showed a mult;plet at 6§3.89 for the protons
attached to the dioxolane ring. Multiplets were also
obser&ed at §3.28 and 3.16 for the methylene protons
neighboring the iodine atom. Sharp methyl singlets
appeared at §3.66, 0.99, and 0.86. The mass spectrum

showed a molecular ion at m/e 422.0942 indicating the-

chemical formula C17H27IO4.




\/

The intramolecular alkylation on iodo ketal 23 was

performed under the same reaction conditions as those

‘reported by Danishefsky. It was found that when the

reaction was carried out using lithium diisopropylamide as
base,14‘the corresponding tricyclic ket;I 170 could be‘
obtain;d in 75% yield. This result was, however, not
highly reproducible. On thé other hand, when lithium
hexamethyl disilazide was used as a base, 13 tricyclic
ketal 110 was produced consistently in ~70% yield.
Tricyclic ketal 170 displayed, in the ir spectrum, an
absorption band ét 1731 cm~! due to the ester. The nmr
spectrum displayed a multiplet ‘at 53.79 for the protons of
the dioxolane ring and a methyl singlet at 53.58 for the
methyl ester. The methine proton ¢ to the ester displayed
a doublet at §2.56 with a coupling constant of 6 Hz
indicating that the carbomethoxy group is in the axial
position. A pai; of siéglets at §1.13 and 1.00 were
observed for the gem-dimethyl group. The mass spectrum
showed a molecular ion at m/e 294.1838 confirming the
chemical formula C,,H5¢04.

Transketalization of ketal 170 with acetone in the
presence of a smail amount of p-toluenesulfonic acid
furnished an 80% yield of tricyclic ketone 24, the

spectral data of which were found to be in good agréement

with those described.l4 since racemic 24 has pteviouély

102
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- been anverted by Danishefsky and eo-workers to

(+ )-quadrone. (1), a new total synthesis of the fatter
compound is thus formally accomplished from d,1-10-
camphorsulfonic acid (76) which was converted to (+)-24 in
an overall yield of 3% by a fourté;n—step reaction
sequence outlined in Scheme XVIII.

At the coLpletion of the synthesis of compound 24 in
racemic form, the same reaction sequence was repeated
starting with the commercially available (-)-10-camphor-
sulfonic acid (76) ammqpium salt. Fusion with potassium
hydroxide pelleg; afforded (—)-ca;pholenic acid (129) in
79% yield. Lithium aluminum hydride reduction of (-)-129,
followed by treatment of the resulting (-)-campholenic.
alcohol (8l1) with dimethyl suigéte in 1, 2-dimethoxyethane
affordé& (-)-146. Photooxygenation of (-)-146 in

methylene chloride in the presence of acetic anhydride,

pyridine, and 4-dimethylaminopyridine using TPP as a



SCHEME XVIII

145

-

129

147

182

148

153
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photosensitizer gave (-)-enone 147. Epoxidation ofl
(-)~147 with lithium hydroxide and hydrogen peroxide in
methanol furnished an cbimoric mi re of (-)-epoxides 148
which.oupon treatment with a soluti of sodium hydroxide
in aqueous methanol underwent epoxide ring opening ang
deformylation to ;;vg (=)-ketone 145. Selective
alkylation of (-)-145 with lithium diisopropylamide and
diethyl 3-bromo-2-ethoxyp}openylphopphonate (161)ri§
tetrahydrofuran followed by hydrolysis of the bhﬁ( enol
ether afforded (-)-diketone 162. Horner-Emmor(§ reaction
on (-)-162 using potassium carbonate and 18-crown-6 ether
in benzene gave (-)-bicyclid enone 153. Irradiation of a
solution of’ (-)-153 and allene in tetrahydrofuran afforded'
(-) -photoadduct 164 with the requi;ed all-cis ’
steteochemistfy. Ozonolysis of (-)-164 in methanol-
methylene chloride followed by reductive wor;up with
diméthyl sulfide furnished (-)-ester 75. ‘The conversion
of (-)-methyl ether 75 QntO'(-)—iodo compound 23 wasg-
effected by treatment with chlorogrimethylsilane and
sodium iodief in acetonitrile follo#ed by ketalization.
Treatment of (-)+23 with lithium hexamethyl disilylazide
in tetrahydrofuran followed by deketalization with P-
toluenesulfonic acid in acetone afforded (-)-ester 24.

Application of Danishefsky's synthetié sequence to

the optically active ester 24 resulted in the first total
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synthesis of the naturally occurring (-)-quadton; ().
Alkaline hydrolysis of the eéster produced (-)-acid 2s.*
Selenenylation of (-~)-25, followed byvq;;dation of the
resulting C3-pheayiseleéno dcfiQAéivc affo;dcd enone acid
26 contaminated by &-small amount (~158) of t;a starting
acid (-)-25. Treatment of this mixture with three
equivalents of lithium adtisopropylamide followed by
addition of formaldehyde gave a mixture of aeids 171, 26,
25, 172, and 27 in which 171 was predominating. Owing to
the highly polar nature of these éompounds. separation was
found to be dAifficult. Hydrogenation af the mixture gave .

a new mixture of acids which showed the abéence of any

" ®

vinylic protons in the nmr spectrum. Without separation,
the mixture thus obtained was subjected to pyrolysis at -

190-192°C for 6 min. Flash chromatography of the crude

i

*Some discrepancies were obuervsd in the nmr spectral data
of (-)-25 and those reported.1 The reported values for ‘
the methylene protons ¢ to the ketone are §2.24 and 2.73
(both 4, 1H each, J = 19.5 Hz each) for the methylene
protons adjacent to the quaternary carbon and §2.51 (dist.
t, 2, J = 8.25, J' = 10 Hz) for those neighboring the
methine carbon. We observed these protons at §2.27, 2.55
(both d, '1H each, J = 18.5 Hz each), and 2.49 (4, 2H, J =
10 Hz) respectively. To confirm the structure, (-)-acid
25 was esterified using diazomethane in ether, The
resulting ester displayed the same spectral data as (-)-
24. When this ester was hydrolysed using the same
reaction conditions as before, (-)-acid (25 was again
obtained showing the same nmr data. Engne acid 26
obtained from the next reactiop, displayed nmr data in
agreement with those reported.
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product, on siiica gel afforded (-)-quadrone (1) as a
pombgeneoi. solid, m.p. 182-184° (lit.l 185-186°C). The
1y nmr; ir, and ms gpectral data were found to be
identical with those reported.l'z'4 The.specific 2?tation
of the synthetic quaérope ([a]D22 = -42.2° (c 0.05, EtOH) )
was aiso shown to be virtyally thé same as that of the
fni;urai maéerial (f:]DZI = -44.6° (c 1.3, EtOH)). Thus,
5§rect evidence éor the absolute configuration of the
natural quadrone is provided for the first time.

‘The specific rotations obtgined for, the dintermediate

compounds are summarized in Table I.

»
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Table I. Specific ;otations.of the intermediate cohpounds
in (-)-quadrone synthesis.® _
Compound.. [a]%2 ’ e (g/100 mL)
—a—
) \ 129 -11.1 0.11
e -5.6 1.48 ; ‘
146 -2.6 1.07 |
147 -132.4 0.29
148P ~155.0 0.23
148P- ' ~160.8 1.16
145 -94.5 0.78 -
162 -46.1 -~ - 0.13
153 -262.7 0.41
164 -92.7 § 0.18
75 7 -53.3 0.66 '
169 -48.1 . 0.21
23 -5.4 0.17
170 -52.1 0.98
24 ~ -a.9 1.06
25 //’”ﬂ -0.4\\ 1.08
1© | -42.2 0.05

]

a. The solvent uséq’was CHC13/KZless otherwise ‘indicated.
- l’vl e )
b. Specific rotation of each individual epoxide. ?
/ C

c. The solvent u%ed was EtOH.

[



EXPERIMENTAL

General N

Melting points were recorded on a Ktfler hot stage
apparatus and are uncorrected. . Elemental angiysés were
performed by the microanalytical laboratory of this b
departmeﬁt. Infrared (ir) spectra were recorded on a

_ , .
‘Perkin-Elmer model 457 or Nicolet 7-199 FT-IR
spectrophotometer. . Proton nﬁciear magnetic resonance (lH
/nmr) spectra were recorded on a Bruker WP-80, Bruker-
WH-ZOOior Bruker WH-400 spectrometer'and, except'where
otherwise stated, were obtained on‘solutions in
!aeuterochlorofo;m with tetramethylsilane as internal
reference. Carbon-13 nuclear magnetic resonance (13¢ nmr)

spectra were recorded on a Bruker WH-200 or WH-400

spectrometer and were obtained on solutions in deutero-

o

~
chloroform. Fluorine nuclear magnetic resonance (19F nmr )

were ;ecorded~at 376 MHz on a Bruker WH-400

spectrometef. The féllowipg abbreviations are used: s =
singlet, d =-doublet, t = triplet, g = quartet, and m =
multipléi. Mass spectra (ms) were‘recorded using A.E.I.
model MS9, MS12 or MSSO mass ‘spectrometer. Gas

chromatography (gc) analyses were performed on a Hewlett-

Packard 5750 instrument using a column of 15% SE-30 on
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Chromosorb W with helium as the carrier gas. A Perkin-
_Elmer 241 polarimeter was used” for measuring all optical-

rotations. Ozone was generated using a Welsbach ozonator

(80 V). Anhydrous magnesium sulfate was used for drying

organic solutions. Crystalline samples wers recrystal-
P

lized and liquid samples were subjected to Kuhrgebohr

distillation before submitting for elemental analysis.

- Materials
~

\

- Flash chromatography -developed by Still72‘waé\ﬁ§ed
routinely for purification and separation of product

mixtures. Nitrogen or argon was passed through a

73

purification train of Fieser's solution, concentrated

sblfurig acid, and potassium hydroxide pellets. Solvents
were purified as follows: tetrah;drofuran and 1,2-dimeth-
oxyethane by distillation from a blue or purple solution
of sodium benzophenone ketyl under an argon atmosphere;
dimethylsulfoxide and hexamethylphosphoramide by
distillation over calcium hydride at reduced pressure;

(A .
. . a - . LA
triethylamine, pyridine, diisopropylamine and acetonitrile

[y

by distillation over calcium hydride; benzene and dioxane
by distillation over lithium aluminum hydride: methanol
and ethanol by'distillation over magnesium metal; acetone
by distillqtion over pqtassium permanganate crystals and
methylene chloride over phbsphorous pentoxide. All

-

solvents were stored over 3A molecular sieves after



diotillqtion.

a -Campholenic aldehyde (72)

In a 250 mL three-necked round-bottom flask\zinc
'ch‘offab (0.40 g,-0.003 mol) was melted slowly to prevent
burning, a-Pinene oxide (73) (958, 14.5 g, ~0.095 mol) in

benzene (80 mL) was added and the mixture was refluxed
. :

9 )

under an atmosphefe of®argon for 3 h. After the solvent
was removed, the reéidue was distilled to give aldehyde 72
(10.6 g, 73% yield): b.p. 97°C/1.5 torr; ir (neat) 2868
and 1726 em™1 (aldehyde): 1y nmt $10.80 (a4, MW, J = 2, J'.
= 2.5 Hz, -CHO), 5.25 (br s, 1H, du-), 2.53 (aga, 1w, 3 =
16, 3' = 4.5, J° = 2 Hz, -CHHCHO), 2.37 (dad, 1H, J = 16,
J' = 10, J" = 2.5 Hz, -CHHCHO), 2.37, 1.18 (both m, 1H
each, -CH,CH=)y. 1.60 (m,,3H,.=éCH3), 1.00 (s, 3H, -CHj3),
and 0.79- (s, 3H, -CH3): !3C nmr 6202.70, 147.99, 121.62,
47.00, 45.18, 44.35, 35.63, 25.70, 20.06, 12.55; ms M*

152.1200 (calcd. for CypH;¢O: 152.1200).

¢

-

a -Campholenic alcohol (81)

At 0°C, to a solution of aldehyde 72'(405 mg, 2.65
hmél) in methanol (10 mL), sodium borohydride (98 mg, 2.65
mmol) was add?q, After stirring at 0°C under an 
atmosphere of argon for {0 min, ice-cold water (io mL) and

diiutb'hydrochloric acid solution (5 mL) were added. The
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mixture was extracted with\ether; The organic eitr&cts
were dfied. filtered, and concentrated. Flagh
chromgéography of the residue on siljca 1, eluting with
25% ether in petroleum ether, gave alcoholib ﬂ367 mg, 90%h
yield):_ b.p. 74°C/0.4 torr: ir (CHC13 cast) 5522, 3036
(alcohol), and 1645 cm~l (olefin);: H nmr 65.25 (br s..ln,
=CH-), 3.70 (m, 2H, ~CH,0H), ;116 (br s, 3H, -écn3), 0.99
(s, 3H, -CH3), and 0.79 (s, 3H, —CH3); ms M* 154.1355
(calcd. for C,gH;g0: 154.1358). ﬁﬂél;.é31Cd' for

| CyoHjgd: C 77.87, H 11.76: found: C 77.67, H 11.76.

(3'S,25)- and (3'3,2&)-2',2',3'-trimetﬁy1cxglgpent-3'—‘

enylethyl 2-methoxy-2-trifluoromethyl-2-phenylethanoate

(83) ~ o | A

To a solution of (-)-q-methoxy=-a-trifluoromethyl)-

phenylacetic acid (92 mg, 0.39 mmol)Ain benzene (5 mL), a
small drop of N,N-dimethylformamide and oxalyl chloride
(0.1 mL, 1.16 mmol)‘were added and the so}uéion was
stirred at room température forv45 min. The solvent was
removed under vacuum. Benzene‘(7'mL) wasraddgd to the
residue and the resultiné solution concentrated Qnder
reduced pressure. The residual acid chloride was theﬁ
kept in an argon atmosphere. A solution of alcohol 81 (41

mg, 0.26 mmol) in pyridine (1 mL) containing a crystal of

1
4-dimethylaminopyridine was added to the neat acid
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chloride prepared above. After 20 min the suspension was
diluted with ether and treated with aqueous hydrochlogic
~acid solution. The organic iayer_wgs washed once more
with acid, then with aqueous‘sodium bicétbonate solution,
dried, filtered, and concentrated. Flash chromatography
of the residue on silica gel, eluting with 10% ether in
petroleum ether, gave two epimeric esters 83
[(3'S,25):(3'R,28) = 1:5; 85 my, 88% yield): . ir (cHtl,
bcast) 1748 cm~! (ester); lH nmr 57.53, 7.42 (both m, 5H
total, -CgHg), 5.23 (br s, 18, =CH-), 4.42, 4.34 (both m,
1H each, =-CH,0-), 3.58 (br 8, 3H -OCH3), 1.62 (br s, 3H,

-Aca3), 0.98 (s, 3H, -CH3), and 0.79 (s, 34, -cHy): ¥ic

‘namr §166.65, 141.47, 132.45, 129.59, 128.43, 127.385l
123.39 (g, Jo_p = 287 Hz), 121.47, 84.67 (q,
Hz), 66.17, 55.43, 46.86, 46.65, 35.22, 28.94,
19.69, and 12.55; 19F nmr £-71.7141 (br s, major) and
-71.7351 (br s, minor); ms M* 370.1750 (calgd. for

4-(3-Carbethoxy-2-propenyl)-1,5,5-trimethylcyclopentene

(84)
At 0°C, to a suspension of godium hydride (80%

" dispersion in o0il, 1.97 g, 50.6 mmol) in tetrahydrofuran

(100 mL) under argon atmosphere, a solution ofittiethyl

phosphonoacetate (10 mL, 50.6 mmol) in tetrahydrofuran (10

5.



mL) was added dropwise. After the addiﬁion was complete,
the aoiution_was stirred at rom{'tqmperatute until no mo;e
hydrogen evolved. The solution was cooled again to 0°C .
and a solution of aldehyde 72 (7 g, 46.1 mmol) in tetra-
hydrofuran (10 mL) was added}dropwise to prevent a raise
in temperature. After the addition was completed, the
solution was stirred at room temperature for 30 min. Ice-
«old water (200 mL) was added and thé hixture extracted
with petroleum ether. The organie solution was dried,
filtered,, and concentrated. Column chromatography of the
residue on silica gel, eluting with 5% ethyl acetate in

¥

petfbleum ether, géve ester 78 (9.8 g, 96% yield): ir
. ¢

(neat) 1722 (ester), and‘1651 em™1 (olefin); Y nmr 56.98

(dt, 1H, J = 15, J' = 7 Hz, -CH=CHCOO-), 5.89 (d, 1H, J =
Hz, -COOCH,-), 1.61 (br s, 3H, =éca3), .30 (¢, 3H, J =7

£,

¥
Hz, -COOCH,CH3), 1.00 (s, 3H, -CH3); and 0.80 (s, 3H,

—CH4)- ms M% 222.1622 (calcd. for CjsH,50,: 222.1620).

Ana: '~d. for Cjy4qH,,0,: C 75.63, H 9.97; found: C
7+ 39, -
i

'xy~2-ethoxyg;qpyl)-l,S.S-trimethylcyclo-

) .and a,g-unsaturated ester 84

At 0°C, to a~561ution of sodium ethoxide (0.20 g,

prepared from 0.0087 g-atom, of sodium) in ethanol (8 mL),

“

115
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triethys phosphonoacetate (1.30 mL, 6.56 mmol) was added
slowly. ‘After 15 min, aldehyde 72 (0.98 g, 6.48 ﬁmol) was
added slowly and the mixture stirred at room température
_under a nitrogen atmosphere -for an additional 4 h. | |
Saturated agueous sodium chloride solution (75 mL) was
added and the mixture extracted with n-hexane. The
combined organic extracts were dried, filtered, and
concentrated. Flash chromatography of the residue on
.siliCQ gtl, eluting with 10% ether in petroleum ether,
gave q,p-ungaturated ester 84 (1.15 g; 78% yield)
identical with that obtained previously. Furtherrelution
with the same solvent system gave a mixture (~3:1) of two
epimeric esters 85 (0.22 g, 12% yield): ir (CHCl5 cast)
1737 (ester) and 1094\cm'1 (ether); ms‘M+ 268.2033 (calcé.
for CygHyg03: 268.2038). The following 'H nmr data were
obtained for the major isomer: 55.50 ({br s, 1lH, =éH),

4'16 (q, ZH' J = 7 HZ, 'COOCHZ"), 3076 (m, lH' "éHO"),

3.54 (g, 2H, J 7 Hz, —éHOCﬂQ-), 1.62 (br s, 3H, =éCH3),
1.28 (t, 34, J = 7 Hz, -OCH,CH3), 1.19 (t, 3H, J = 7 Hz,
-OCH2C§3), 0.98 (t, 3H, —CH3). and 0.77 (s, 3H, -CH3).
The following 14 nmr data were obtained for the minor

isomer: §1.17 (¢, 3H, J = 7 Hz, 'OCHZQEs)’ 0.99 (s, 3H,
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2-(3-Carbethoxypropyl)-1,1-5-trimethylcyclopentane (86)

To a solution of diene ester 84 (92 mg, 0.41 mmol) in
ethyl acetate (2 mL), 5% Pd/C (9.2 Tg) was added. After
stirring under an atmosphere of hydrogen for 1 h, the
reaction mixture was filtered and concentrated. Column
chromatography of the residue on silica g&%, eluting with
5% ethyl acetate in petroleum ether, gave ester 86 (90 mg,
96% yield): ir (neat) 1740 cm~! (ester); !H nmr 54.15 (q,
2H, J = 7 Hz, -COOCH,»-), 2.31 (br t, 24, J = 7 Hz,
-cazcoo-)J 1.32 (t,v3H, J = 7 Hz, -cqocnéqgg). 0.87 (s,
3H, -CH3), 0.84 (4, 3H, J = 6.5 Hz, -HéQﬂs), and 0.51 (s,
34, -CH3): ms M¥ 226.1930 (calcd. for Cj4H;¢O5:

226.1933).

4-(3-Carbethoxypropyl)-1,5,5-trimethylcyclopentene (Bf)
Wilkinson's catalyst (20 mg, 0.022 mmol) aqg £ri-
ethylsilane (371 mg, 3.2 mmol) were added so a solution of
ester 84 (1})3 mg, 0.5 mmol) in benzene (3 mL). After
stirring at room temperature under an argon atmosphere for
5 h, the reaction mixture was concentrated. The residue
was subjected to colJ;n chromatography on éilica gel.
Elution with 5% ethyl acetate in petroleum ether gave
ester 87 (101 mg, 89% yield): ir (neat) 1730 cm~1
(ester): H nmr §5.23 (br s, 1H, =éH), 4.15 (q, 2H, J = 7

117
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‘ ey
s, 3H, -J:cu,), 1.27 (t, 34, J = 7 Hz, -COOCH,CH3), 0.98/ 7  /
e \/'

(s, 3H, -CH3), and 0.76 (s, 3H, -CH3): ms M* 224.1778 /

—

(calcd. for C,4Hp405: 224.1776). Anal. calcd for’

C1qH2402t C 74.95, H 10.78; found: C 74.88, H 10.88.

Ester 86 and ester 87

To a solution of ester 84 (122 mg, 0.55 mmol) in
benzene (3 mL), sodium bicarbonate .46 mg, 0.55 mmol) and
58 PA/C (6 mg) were added. After stirring under an
atmosphere of hydrogen for 1.75 h, the ﬁixture was
filtered and concentrated. Column chromaiography of the
residue on silica gel,*eluting with 5% ethyl acetate in
. petroleum ether, gave a 9:1 mixgure of ester 87 and ester

86 (115 mg, 84% yield of 87 and 9% yield of 86).

5-(8-Carbethoxypropyl)-2, 3—epoxy-1,1,2-trimethylcyclo-.

pentane (89)

A.solution of m-chloroperbenzoic acid (80-85% purity[
76.5 mg, ~0.48 mmol) in methylene chloride (5 mL) was
added dropwise to a solution of_;sier 87 (90 mé, 0.40
mmol) in methylene chloride (5 mL) at room temperature.
After ﬁhe addition, the re&i;ion mixture was st{rred for
1.5 h under an argon atmosphere. A 10% aqueous s?dium
sulfite solution (5 mL) was added to the reaction

mixture. The organic fraction was separated and washed



with 5% aqueous sodium bicarbonate solution, water, and
saturated 9queouu cédium chloride solution. The organic
extracts ‘Gfé dried, filtered, and concentrate#, Flash
chromagggraphy of the residue on silica gel, eluting with
158 ethyl acetate in petroleum ether, gave epoxide 89 (80
mg, 83% yield): ir (CH,Cl, cast) 1736 (ester), 1248, and
844 cm™! (epoxide):; lH'nml; 54.10 (q, 2H, J = 7. Hz,
-COOCH,-), 3.21 (s, 1H, -éuo-),'zfze (td, 24, J = 7 Hz, J'
= 2 Hz, -CH,C00-), 1.29 (s, 3H, —o%cu3),‘1.23 (t, 3H, J =
7 Hz, -COOCH,CH;), 0.97 (s, 3H, -CH3), and 0.73 (s, 3H,

’
-CH4): ms M* 240.1728 (calcd. for Cj4Hy403: 140.1723).

. “4
3-Carbethoxy-1,7-bis(3,4-epoxy-2,2,3-frimethylcyclo-

-

pentyl J)heptan-4-one (91)

A 1.43 M solution of methyllithium in ether (0.15 mL,
0.21 mmol) Waé added to a solution of diisopropylamine
(0.04 mL, 0.29 mmol) in tetrahydrofuran (5 mL) at -78°C
under an argon atmosphere. The mixture was stirred for 10

min and a solution of epoxide 89 (51 h@, 0.21 mmol) 1in

tetrahydrofuran (2 mL) was added dropwise. After the

addition, the mixture was allowed to warm up gradually to
room temperature over a period of 10 h. The reaction

mixture was poured into ice-cold water (10 mL) and

119

extracted with methylene chloride. The organic extracts —

were washed with dilute hydrochloric acid solution and
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saturated aquecus sodium chloride solution, dried, .
filtirc&w and concentrated. Flash chromatograpﬁy of the
residue 6n silica gel, eluting wi;% 108 ethyl acgtatelin
p:;rploum ethe}, gave unreacted ;poxide 89 (13 mg).
Further elution witélthe same solvent system gave ket?
ester 91 (15 mg, 44t.yie1d based on con;umed starting .
material): ir (CH,Cl, caa{) 1741 (ester), 1715 }ketone),4
1189, 1152, and B44 cem~} (epoxides); 4 nmr 54.17 (q, 24,
.J = 7 Hz, -COOCH,-), 3,38.(t, lH, J = 7 Hz, -coéncbo-),
3.22 (br s, 2H, ‘2 x -éHO-), 1.32 (s, 6H, 2 x -0¢6H3), 1.26
(t, 34, J = 7 Hz, -COOCH,CH;), 0.98 (s, 6H, 2 x -CH;), and
0.73 (s, 6H, 2« —CHJ): ms M* 434.3039 (calcd. for ’
¢26H4205: 434.3032).

\

4-(3-Carbetho%yprogy1)—3,3-dimetbyl—2-methylideneqyclo—

AN

pentanol (93)

A solution of estef 87 (420 mg, 1.87 mmol) and
methylene blue (20 mgf in ethanol (100 mL) was irradiated
with two 200 W tungsten light bulbs for 24vh. Qupiné this
period, a moderate stream of oxygen was bubbled:through
the solution. After cooling the solution at 0°C, sodium
borohydride (72 mg, '1.90 mmol) was added ;%d the mixture
wao.stirred at 0°C under a nitrogen atmosphere for 20
min. The mixture was pouted~into ice-cold 1N aqueous

hydrochloric acid solutipn/(loo mL) and extracted with



methylene chloride. The organic extracts were dried,

filtered, and concentrated to givo'lh; crude resldue,

which was chromatographed on silica gel. Elution with ‘5%

ethyl acetate in petroleum ether afforded a ~7:3 mixture

-

of epimeric adcohols 93 (292 mg, 65% yield): ir (CHC1,
N ’

cast) 3410 (alcohol) and 1736 cm~! (ester); ms M* 240.1719

* (calcd. fdr C14H2403: 240.1726). The following 4 nmr

Al

data were obtained for the major alcohol: ly NMR 8£5.16,

«

5.00 (both 4, 1H each, J = 2.5 Hz each, -CH2), 4.55 (q,

v

2.33 (br t, 2H, J = 7'Hz},-CH2COO-), 1.28 (t, 3H, J = 7

Hz, -COOCH,CH3), 1.15 (s, 3H, -CH3), and 0.82 (s, 3H,

~CH3). The following 14 nmr data were observed for tMe
7 N

minor élcohol: 1H nmr §5.10, 4.90 (both d, 1lH each, J -'3

Hz, =CH2), 1.08 (s, 3H, -CH3), and 0.90 (s, 3H, -CH3).

4-(3-Carbethoxypropyl)-3,3-dimethyl-2-methylidenecyclo-

pentanone (88)

\

At -78°C, to a solution of oxalyl chloride (0.98 mL,
11.4 mmol) in methylené'chioridé (20 mL), a solutian of
dimethyl sulfoxide (1.48 mL, 20.8 mmol) in methylene

chloride (8 mL) was added dropwise under a nitrogen

atmosphere. After the addition, the mixture was stirred .

—

for 15 min and a solution of epimeric alcohols 93 (2.84 g,

10.4 mmol) in methylene chloride (15 mL) was added -
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" 7 Hz, -COOCH,-), 2.54 (dd, 1H, J = 18, J' = 7 Hz,

Y ' 122

e

re

slow1§. The mixture was allowed to warm up graddélly to

e

-10°C and triethylamine (lg\mL) was added. After stirring

_at ‘room temperature overnight, ice-cold water (30 mL) was ///\_

added. The organic fraction was washed with water and )

saturated agueous sodium chloride solution, dried, -

vfiltered, and concentrated. Chromatography of the residue

on silica gel, eluting with 8% ethyl acetate in petroleum

ether, afforded‘enone 88 (1.79 g, 73% yield): ir (CHCl3~

’

cast) 1729 (ketone and ester) and 1630 cm~1 (olefin); lH

]

nmr §5.96, 5.21 (both s, 1lH each, =CH2), 4.16 (g, 2H, J

~COCHH-), 2.36 (br t, 2H, J = 7 Hz, -CH,G00-), 2.06 (dd,
1H, J = 18,- & = 11 Hz, -COCHH-), 1.28 (t, 3H, J = 7 Hz,
-COOCH,CH3), 1.24 (s, 3H, -CHjz), and 0.99 (s, 3H, =CH3): \
ms M* 288.1569 (caled. for Cy4H,,03: 238.1569). Anal.

éa_'lcd. for Cjy4Hp703: C 70.56, H 9.30; found: C 70.24, H

9.16. < —-

Enone 88 from ester 87

To a solution of ester 87 (3.01 g, 13.5 mmol) in
methylene chloride (200 mL), acetic anhydride (1.34 mL,
. \
14.2 mmol), 'pyridine (0.55 mL, 6.8 mmol), 4-dimethylamino-

pyridine (40'mg), and TPP (10 mgl_were added and the

‘solution was irradiated with two 200 W tungsten light

bulbs for 24 h\ During this period a moderate stream of
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oxygen was bubbled through thé’solution. The solutian wa;
diiuted with methylene chloride (50 mL) and extracted with
saturated sodium bicarbonat; solution, 1N hydrochloric
acid solution, saturated aqueous cupric sulfate solution,
and saturgated aqueous sodium chloride solution. The
organic ‘racts were dried, filtered, and concentrated.
Flash chromatoqraphy of the residue on silica gel, eluting
with 8% ethyl acetate in petroleum ether, gave enone 88

(2.06 g, 65% yield) identical with that obtained

previously from alcohols 93.

r

>

Preparation of 2-chloro-3-iodopropene ' k

P

To a suspension of potassium jiodide (302 g, 1482 mol)

)

in acetone (600 mL), 2,3-dichloropropene (41.5 mL, 0.45
mol) was added and the mixture was heated at reflux for 3

h. The reaction mixture was then filtered and the

>
precipitate washed with acetone. The solvent was

distilled at atmospher;p pressure using a 10 cm Vigreaux
column and the resfﬁual liquid wés then distilled under &
reduced pressure (water aspirator). kin this way %—chloro— )

3-iodopropene (45 g, 49% yield) was obtained as a purple

gliquid: b.p. 25-30°C (ca. 15 torr). -
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5-[3-(3-Carbethoxypropyl)-2,2-diﬁethyl-5-oxocyclqpenty1-

methyl]-4-(3-carbethoxypropyl)-3,3~dimethyl-2-methylidene-

cyclopentanone (95)

Potassium hydride 5% dispersion in oil, 11 mg, 0.96

mmol) was freed fr e mineral oil by washing with

petroleum ether (3 x 5 mL). At O°C, to a suspension of

the oil free potassium hydride in tetrahydrofuran (2 mL),
a- solution of enone 88 (152 mg, 0.64 mmol) in tetrahydro-
fufén (2 mL) was added slowly. After stirring for 5 min
under a nitrogen atmosphere, a solution ‘¢f .2-chloto-3-
}odopropene (léB‘mg; 0.81 mmol) in tetrahydrofuran((2 mL)
was added ahd tﬁe mixture was:stifred at 0°C for 1 ﬁ>and
at room temperature for an addiﬁiwnal hour. Ice;cold
water and dilute hydrochloric acid solution were added and
the mixture was extrasted with ether. The combined
organic extracts were washed with saturated agueous sodium
chloride soluiion, dried, filtered, and évaporated. Flash
cﬁromatography of the residue on silica gel, eluting with

5% ethyl acetate in petYoleum ether, gave unreacted 2-

chloro-3-iodopropene (153 mg). Elution with 8% ethyl

acetate in petroleum ether gave unreacted enone 88 (20

mg). Further elution with 20% ethyl acetate in petroleum
ether gave product 95 (24 mg, 26% yield based on consumed
starting material): ir (CH,Cl, cast) 1735 (br:; ketones

and esters) and 1640 cm™! (olefin); lH nmr §5.93, 5.18

124



(both s, 1lH each, =CH,), 4.15 (g, 4H, J = 7 Hz, 2 «x
—COOCHZ-)b 1.28 (t, 6H, J = iLHz, 2 x —COOCH2QE3), l1.26

. ’ . »n
(s, 3H, -CH,3), 1.19/(3. 3H, -CH3), 1.03 46, 34, -CH;), and

0.60 (s, 3H,‘-CH3): ms MY 476.3130 (cafl é. for CogHg404:

476.3138).

4-(3-Carbethoxypropyl)-3,3-dimethyl-2-(phenylthiomethyl)-
S

cyclopentanone (98)

At 0°C, to a solution of enone 88 (0.22 g, 0.93 mmol)
in.ietrahydrofuran (8 mL), thiophenol-(0.12 mL, 1.87 mmol)
and sodium hydride (60% dispersion in oil, 5 mg, 0.12
mmol) were added and the mixture stirred at 0°C under a
nitrogen atmosphere for 1 h. Ice-coldlwater and dilute
hydrochloric acid solution were added and the mixture was
ext;acted with ether. The combined organic extracts were
waéhed with saturated aqueous sodium chloride solution,
dried, filtered, and concentrated; Flash‘chromatography
of the residue on silica gel, elufing with 10% ethyl
acetate in petroleum ether, gave product 98 (0.31 g, 94% !

yield): ir (CHC14 cast) 1735 ch™l (estef): 14 nmr 67.30

(dd, 1H, J = 14, J' = 5 Hz, -CHHS-), 2.78 (dd, 1H, J = 14,
J' = 7 Hz, -CHHS-), 1.27 (t, 3H, J = 7 Hz, -COOCH,CH3),

1.25 (s, 3H, -CH3), and 0.72 (s, 3H, -CH3): ms M* 348.1756

(Calcd. for 020H2803S: 348-1159)-

125
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’

i-Acctofy;3-(3-carbethogxpropx})-4.4-dimethy1?§-methyl-

idenecyclopentene {105) and enone (88)

At -78°C, to a solution of ketone 98 (210 mg, 0.62
mmol) in methylene chloride (5 mL), a solution of mr
chloropéfbenzoic acid (161 mg, 0.93 mmol) in methylene
chloride (10 mL) was added slowly. After 0.5 h the
mixture was warmed to.O’C and 10% aqueous sodium sulfite
solution was added. The mixture was extracted with |
methylefle chloride. The organic‘extracté‘were washed with
5% agueous sodium bicarbonate solution; water, and
saturated agueous sodium‘chloride solution, dried,
filtered, and concentrated to give crude sulfpxide 100
(213 mg). To a solution of sulfoxide 100 (213 mg,‘0k§3‘
mmol) in acetic anhydride (5 mL), sodi&m acetate (215 mg,
2.56 mmol) was added. Affer the mixture was refluxed"
under an atmosphere of argon for 7 h, the‘volatiles were
remévéﬁ under reduced pressure and the residue
chromatographed on silica gel. Elution with 20% ether in’
benzene gave énol acétate 105 (58 mg, 33% yibld): ir /
(CHCl13 cast) 1770 (vinyl ‘acetate? and 1735 cm™! (ester):
14 nmr §5.90 (br s, 1H, -Ok=CH-), 4.84, 4.63 (both s, 1H

each, =CH,), 4.10 (q, 2H, J = 7 Hz, -COOCH,-), 2.34 (m,

——

1H, -Cﬂéﬂf), 2.29 (t, 24, J = 7 Hz, -CHZCOO-), 2.19 (s,

3H, CH3C00-), 1.22 (t, 3H, J = 7 Hz, -COOCH,CH3), 1.13 (s,

N



3H, -CH3), and 0.99 (s, 3H, -CH;); ms M* 280.1675 (calcd.
for CygH404: 280.1675). Fﬁrther elutipn with the same
solvent system gave enone 88 (51 mg, 35% yield) identical

with that obtained previous) from alcohols 93.

t
o

4-(3—Carbethoxyprqul)-3,3-dimethy1-2-(E-pyrrolidinyl—

methyl)cyclopentanone (106)
7 ‘ - t

,,f/ﬁ To a solution of enone 8% (O.lé g, 0.74 mmol) in

benzene (3 mL), pyrrolidine (0.25 mL, 2.96 mmol) was
added. The mixture was stirred under,aﬁ argon atmosphere
for 19 h. Removal of the volatiles gave‘product;IOG (0.29
g, 100% yield): ir (CHC13 cast) 1737 (ester) and 1695
em™! Txetone); lﬂihmr 54.14 (q, 24, J = 7 Hz, -COOCH,-),
2.45 (m, 4H, -CH,NCH,-), 1.25 (t, 3H, J = 7 Hz,
-COOCH2€ﬂ3), 1.22 (s, 3H, -CH3), and 0.65 (s, 3H, -CH,y):

ms M* 309.2306 (calcd. for’ C,gHyNO3: 309.2303).

5-(3-Carbethoxypropyl)-4,4-dimethyl~-7-oxo-1-oxaspiro[2.4]~

heptane (107)

3

At 0°C, to a solution of enone 88 (0.70 g, 2.97_gmol)
:in ethanol (15 mL), hydrogen peroxide (30% agqueous

v
solution; 0.28 mL, 8.93 mmol) and lithium hydroxide mono-

"hydrate (10 mg, 0.24 mmol) were added and the reaction

¢

.mixture was stirred at 0°C for 1 h and at room temperature

for 4 h. 1Ice-cold water and dilute hydrochloric acid
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solution were added and the, solution was extracted with
methylene chloride. The organic extracts were dried.
filtered, and concéntraied\ Flash chromatography_of the
residue on silica gel, eluting with 15% ethyl acetate in
petroleum ether, gave one epoxide 107 (0.39 g, 52%
yield): ir (CHCl3 éast) 1752 (ketone),. 1736 (ester), and-
1187 cm~! (epoxide); !H nmr §4.15 (q, 2H, J = 7 Hz,
~COOCH,-), 3.11, 2.79 (both d, 1H each, J = 6 Hz each,
-OCH,-), 2.35-(br t, 2H, J = 7 Hz, -CH,C00-), 1.25 (t, 3H,
J = 7 Hz, -COOCH,CH3), 0.93 (s, 3H, -CH3), and 0.94 (s,
3H, —CH4): ms M' 254.1511 (calcd. for Cj4Hy50,4:

254.1518). Further elution with the same solvent system

‘gave the other epoxide 104 (0.26 g, 34% yield): ir (CHCl,4

cast) 1752 (ketone), 1733 (ester), and 1185 cm"l

(epoxide); ly nm;‘54.16 (q; 2H, J = 7 Hz,o-COCCHz-), 2.97,
2.89 (both d, lH each, J = 6.5 Hz each, -OCH,-), 2.37 (br
t, 24, J = 7 #z, -CH,CO00-), 1.27 (t, 3H, J = 7 Hz,
~COOCH,CH3), 0.96 ((s; 3H, -CH3), and 0.91 (s, 3H, —CH3);

+
ms M 254.1515 (calcd. for C14H2204= 254-1518)-

4-(3-Carbethogypropjl)—2-[(2-chloro-2fg;9penyloxy)-
. p

methylidene) ]-3,3-dimethylcyclopentanone (109) and 4-(3-

Cgrbethogyptopyl)-2-(hxdroxymethylidene)-3,3-dimethyl;
cyclopentanong (108) !

&

AtIO‘C.Oti(; suspensién of sodium hydride (50%

L 4
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dispersion in oil; 21 mg, 0.43 mmol), freed from the
mineral oil by wasﬁing with petroleum ether (3 x 5 mL), in
benzene (2 mL), a solution of epoxides 107 (83 mg, 0.33
mmol) in benzene (1 mL) was added. After stirring for 5
min undef a nitrogen atmosphere, a solution of 2-chloro-3-
iodopropene (47 pL, 0.45 mmol) in benzene (1 mL) was added
and the mixture was stirred at room temperatﬁre for 3Hh
and:at reflux temperature for an additional 6 h. Ice-cold
water and dilute hydrochloric acid solution were added and
the mixture extracted with methylene chloride. The
combined organic extracts were washed with saturated
aqueous sodium chloride solut{Pn, dried, filtered, and

evaporated. Flash chromatography of. the residue on silica

gel, eluting with 15% ethyl acetate in petroleum ether,
gave p-hydroxy enone 108 (31 mg, 37% yield): ir (CHC1 4
cast) 1735 (ester), 1670 and 1600 cm~! (é-hyqroxy<enone);
14 nmr §7.09 (s, ;Hf'-qg;). 4.15 (q, 2H, J = 7 Hz,

~COOCH,-), 2.50 (dd, 1H, J = 17.5, J' = 7.5°Hz, =-CHHCO-),

2.34 (br t, 2dH, J = 7 Hz, -CH2COO-), 2.12 (44, 14, J =

17.5, J' = 11 Hz, -CHHCO-), 1.26 (t, 34, J = 7 Hz,

r \

ms M' 254.1522 (calcd. for C)4H,,0,4: 254.1518). Furthe
elution with the same solvent:system gave cbﬁpound 109 (20
'mg, 18% yield): ir (CHCl, cast) 1735 (ester and ketone)

and 1630 cm~1 (olefih): 14 nmr §7.13 (s, 1H, =CHO-), 5.47,

129
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5.45 (pboth br s, 1H eagh, =CH,), 4.49 (s, 2H, -CH,C=),

4.14 (q, 2H, J = 7 Hz, -COOCHp~), 1:34 (s, 3H, -CHj), 1.26
(t, 34, J = 7 Hz, -COOCH,CH;), and 1.04 (s, 3H, —CH3): ms
M* 328.1445 and 330.1425 (calcd. for Cy5H,5ClO4: 328.1;41

and 330.1412).

-

g -Hydroxy enone 108

' At O'C) to a suspension of sodium hydride (60% oil
dispersion; 41 mg, 1.02 mmol) in benzene (5 mL), a
solution of epoxides 107 (~3:2 rétio: 129 mg, 0.51 mmol)
in benzene (2 mL) was added. After the mixture was heated
to reflux under an ;rgon atmosphere for 6 h, ice-cold
water ?nd dilute hydrochloric aq@d solution were added ang
the mixture was extracted with ﬁetﬁylene chloride. The
‘combined organic extracts were.dried, filtered, and
concentrated to give product 108 (105 mg, 81% yield)
identical with that obtained previc’y.

[ 4
4-(3-Carbethoxy-5-chloro-5-hexenyl)-2-(hydroxymethyl-

idene)-3,3~-dimethylcyclopentanone (111) and 4-[3-Carb-

3

ethoxy-5-chloro-3-(2-chloro-2-propenyl)-5-hexenyl ]-2-~

(hydroxymethylene)~3, 3-dimethylcyclopentanone (112) v/j
- At -78°C a solution of diisopropylamine (0.53 mL,
3.74 mmol) in tetrahydrofuran (3 mL) was treated withvgj

butyllithium (1.6 N in hexanes, 1.12 mL, 1.80 mmol). The

-
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solution was Stirred under an atmosphere of argon for S

miﬁ at -78°C, 10 min at 0°C, cooled again to -78°C and

treated with a solution of g-hydroxy enone 108 (0:19 g,

0.75 mmol) in tetrahydrofuran (1 mL). After 45 min the .
temperature was raised to -60°C and 3-iodo-2-chloropropene
(0.21 mg, 1.02 mmol) was added. The resulting solution

was stirred at -30°C for 10 h, diluted with water and |
acidified with dilute hydrochloric acid soiuéion. The >
mikture was extracted with meihylene chloride. The

organic extracts were washed with saturated aqueous sodium

chloride solution, dried, filtered, and concentrated.

P
rs

Flash chromatography of the residue on silica gel, eluting
with 20% ethyl acetate in-petroleum ether, gave an
epimeric mixture of products 111 in ca. 1l:1 ratio (102 mg,
31% yield): ir (CHC13 cast) 1730 (ester), 1670, and 1600
cm™?! (B—hyd}oxy enone); }H nmr 5§7.09 (s, total 1H, -OCH=),
5l23,\5.20 (both s, total 2H, =CH,), 4.17 (q, total 2H, J
= 7'Hz, -COOCH,-), 2.70 (m, total 2H, =C(CL)CH,-), 1.26
(t, total 3H, J = 7 Hz, -COOCH,CH;), 1.25, 1.17 (both s,
total 3H, -CH;), 0.98, and 0.97 (both s, total 3H, -CHj3):
ms M* 330.1418 and 328.1440 (calcd. for CH,5Cl04:
330.1412 and 328.1441). Further elution with the same
solvent system gave a mixture of products 111 and the
dialkylated product 112 (40 mg) in about 1:1:1 ratio. ms

- M* 406.1322, 404.1343 and 402.1370 (calcd. for

* 1\
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CooH2gC1204: 406.1355, 404.1335, and 402.1365): also M'
330.1419 and 328.1441 (calcd. for C17H2§C104x 330'1412¢\.~/”‘
and 328.1441). The .following lH nmr data were observed

“for the dialkylated product 1i2: 8§7.14 (s, 1H, -OCH=),

5.30 (m, 4H, 2 x CH,=), 4.17 (q, 2H, J = 7 Hz, —codcuz-),

1.26 (t, 3H, J = 7 Hz, -COOCH,CH;), 1.22 (s, 3H, -CH;), '

and 1.04 (s, 3H, -CH;). L

3-(3-Carbethoxypropyl)-4,5,5- trlmetnxl 2-cyclopentenone

(115)

A solution of enone 88 (42.1 mg, 0.18 mmol) in 4 N
agqueous hydrochloric acid solution (4 mL) was refluffd for
6 h. The solution was allowed to cool to room
temperature, diluted with water (5 mL), and extracted with
methylene chloride. «The organicC extracts were dried,
filteregd, an?concentrated. The residue was disolved in
acetone (3 mL) and anhydrous potassium carbonate (37.3 mg,
e 25 mmol) waslﬁdhfd. After stirring at room temperature
under an argon §§uosphere for 1 h, ethyl iodide (0.28 nL,
3.53 mmol) was added and the mixture was stirred for an _
additional 12 h. After mast of the solvent had been
evaporated, the mixture was taken up in methylene chloride
(8 mL) and washed with dilute hydrochloric acid solution,
water, and saturated aquéous sodium chloride solution.

- The organic layer was dried, filtered, and concentrated.



Flash chromatography af the residue on silica gel, olbging
with 8% ethyl acetate in petroleum ether, gave keto ofzor
11S (31 mg, 72% yield): ir (CHCl3 cast) 1735 (ester),
1706 (ketone), and 1615 cm~! (olefjn); !H nmr §5.88 (br s,
1H, -éH), 4.16 (q, 2H, J = 7 Hz, -COOCH,-), 2.38 (q, 4H, J
= 7 Hz, -équcnzqucoo-), 2.18 (g, 1H, J = 7 Hz, —£ﬂ§H3),
1.27 (t, 3, J = 7 Hz, -COOCH,CH3), 1.19 (s, I -CHj),

LY

M* 238.1569 (calcd. for Cj4Hy,03: 238.1569).

[

4-(3-Carboxypropyl) -3, 3-dimethylcyclopentanone (116)

From g-hydroxy b.gne 108 '

A solution of g-hydroxy enone 108 (45 mg, 0«18 mmol)
and sodium hydroxide pellets (0.90 g, 2245 mmol) in water

'
(4 mL) was refluxed for 36 h. The solution was alfdwed to

cool to room tempe}ature, acidified with 6 N hydrochloric ,

acid solution, and extfacr'd with methylene chloride. The
organic extracts were dried, filtered, and concentrated to
give acid 116 (29 mg, 83% yield): ir (néat))3280-2600,

1708 (acid)y and 1739 em~ ! (ketone); 4 nmr 62.41 (m, 2H,

ﬁCHZCOO-), 2.13 (s, 2H, -#CH2CO—), 1.15 (s, 3H, —CH3). and

0.87 (s, 3H, -CH3); ms M' 198.1253 (calcd. for C;,H;g0;:
198.1256) .

From epoxides 107

A solution of epoxides 107 (ca. 3:2 mixture, 1.13 g,
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4.45 mmol) and sodium hydroxide pellets (0.98 g, 24.5
mmol) in ethanol (30 mL) was refluxed for 12 h. Water (15
mL) was ;hdod and reflux was continued for an additional
60 ;. ‘The solution was allow;d to cool to room
temperature, acidified with 6 N hydrochloric acid
solution, and extracted with methylene chloride. The
organic Cxtracts‘were dried, filtered, and concentrated to

give acid 116 (0.61 g, 80% yield).

4-(3~Carb0methoxypr9p1;);:>§q¢imethylcxglgpentanone (117)
‘To a solution of crud0~;>id 116 (0.61 g, 3.08 mmol)

in acetone (50 mL), anhydrous potassium carbonate (0.98 g,
7.13 mmol) was added.r After stirring at room temperature
under an argon atmosphere for 1 h, methyl iodide (1.5 mL,
24.1 mmol) was added and the mixture stirred for an
additional 18 h. After most of the solvent had been
evaporated, the mixture was taken up in methylene chiéfide
. (50 Fﬁ.l'nd'washed with ice-cold f11ute hydrochloric acid
solution, water, and saturated aqueous sodium chloride

solution. The organic extracts were dried, filtered, and

concentrateéd. Flash chromatography of the residue on

v
\

silica gel, eluting with 10% ethyl acetate in petroleum
ether, gave keto ester 117 (0.43 g, 46% yield from
epoxides: 107): ir (CHC13 cast) 1741 cm™1 {eater and.

kétone): !H nmr £3.67 (s, 3H, -COOCH;), 2.38 (dd, 1H, J =
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(s, 2H, }cnzco-). 2.00 (dd, 1K, J = KV, 35 NN AL

-éHCHHCO~). 1.12 (s, 3H, ~CH3), and qﬂgs (., 3H, -CH3)',m'; ¢
M* 212.1408 (calcd. fog CioHap031  212.1412 . i

3-(3-Carbomethoxypropyl )-2-(2-chloro-2-propenyl)-4,4- .- !

dimethxlcxcloeencanone (118) and 4—(3-Carbomethoxxpropyl)—
2-(2-chloro-2- qggnjﬁ) 3, 3-dlmethx}gxclo§bntan0ne (119)

Sodium hydride (50! oil dispersions 17.1 mg, 0.36

mnol) was washed with 1,2~dimeth‘oxyeth'ane‘ ,’(i; 2
’O'C. ‘to a suspension oF‘ he oil free hl.i\;m.hy
1,2~dimethoxyethane (3 ma' under an argon athd;éﬁaré. a
solution of keto ester 117 (63 mg, 0.30 mmol) in 1,2- )//\\
dimethoxyethane (1 nmL) and 2—chlor6-3-iodopropene (72.6 & .
mg, 0.36 mmol) were added. The solution was stirred at
6‘C for 1.5 h and at room temperature for 18 h.‘ The

mixture was poured into ice-cold water, acidified with

dilute aqueous hydrochlorfc acid solution, and extracted
with methylene chloride. Tﬁe combined organic extracts
. were washed with saturated agueous sodium chloride
solution, dried, filtered, and concentrated. Flash
chromatography of the residue on silica gel, eluting with

8% ethyl acetate in petroleum ether, §:£f a mixture of
alkylated prodqucts 118 and 119 in a 3:1 ratio respectively

(10 mg, 16% yield based on consumed starting material):
' ~



ir (Cﬂ913 cast{ﬂl740‘(ester and ketone) and 1630 cm';
(olefin); ms M* 288.1306 and 286.1332 (calcd. for
C15H235103: 288.1306 and 286.1336). The following nmr
data were assigned to the major product 118: 14 nmr 55.22
(s, 2H, =CH,), 3.65 (s, 3H, -COOCH3), 2.69 (d, 2H, J = 6
=éCH2—), 2.36 (m, 1H, -éHCO-), 2.34 (t, 24, J = 7 Hz,
-CH2C00~), 2.18 (s, 2H, -%CﬁQCO-), l§18 (s, 3H, -CH3), and
0.90 (s, 3H, -CHj). The following nmr data were assigned
to the minor product 119: 14 nmr 5§5.29 (s, 2H, =CH2),
1.16 (s, 3H, -CH3), and 0.64 (s, BH{;-CH3). Further-
elution with 10% ethyl acetate in petroleum ether gave

unreacted keto ester 117 (lzﬁyg). ) . -

7-(3-Carbomethg§ypggpyl)-8,8-diﬁéthfi—biqyélo[4.3.0]non-1-

en-3-one (120) andAﬁg(3—CérbomethogfprqpylL77f7—dimethyl-

L 4
-~ ' ':”

.

bicyclo[4.3.0]non-1-en-3-one (122)
- To a solution of kdto ester 117 (84.3 mg, 0.40 mmol)

L}

in benzene (5 mL), pyrro 1d1ne((0 .4 mL, 4 79 mmol) and p-
t?fﬁenesulfonlc ac1d mondhydrate (5:;g, 0.03 mmol) were
added.’ After refluxlng the m;xture under an argon
T? phere w;th eotropic removal of water—benzéne for 5
:/:}he solvent and the excess of pyrrolidine were removed:
Y dlstlllatlon. The residue was further dried in vacuo

for 2 h. To a solutlon of the residue in dioxane (3 mL),

methyl vinyl ketone (34 pL, 0.42 mmol) was added and the

4

+
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solution heated at 80-90°C (oil bath temperature) under an-

-~

argon atmpsphere for 5 h. Water (1 mL) was added and the
mixture was kept at the same‘temper;ture for an additional
14 h. After cogling to 0°C, ice-céld water was added and
the mixture was extracted with ether. The combined
oréanic extracts were washed with 1>N hydrochloric acid
solut;on, saturated équeous sodium bicarbonate solutiOn,
wa;er:;and éaturated agqueous sodium chloridg solution.

The organic layer was dried, filtered, and concentrated.
Flash chromatographyvof the residue on silica gel, eluting
with 10% ethyl acetaté in petroieum'ether, gave unreacted
keto ester 117 (13 mg)-’i" Further elution with 20% ethyl

~ .
acetate in petroleum ether gave a mixture of compounds

120, 122, and two unidentified compounds (58 mg):/AEENM+
316.2051 (calcd. for C20H2803: 316.2039) and 264.1735
(caléd. for CygH,403: 264.1724). ‘Molecular diséillation
of this material in.a Kugelrohr apparatus (80°C, 0.5 torr)

gave a mixture of compounds 120 and 122 (3:2 ratio, 34 md,

: +
38% yield based on consumed starting material): ’'ir (CHClB

o

cast) 1738 (ester), 1667 (ketone), and 1640 cm™ ! Sgle ;L):
ms MY 264.1725 (calcd. for C gHps04: 264.1725). The,"
following,nmx data Qefg assiéned to thé ma jor caqmpound
120: 4 nmr°¢5.84 (s, 1;1 =éHl), 3.71 (s, 3H, =COOCH,),
335 (t, lzn',',if'°='7 Hz, f&&,cab-), 1.12 (s, 3H, —CH3)., and
0.93 (s?‘BH, JGHG);' The’f?}lowing nmr data were assigned

\
Lo
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to theyminor compound 122: 14 nmr 85.98 (s,  H, =éH),

1.06 (s, 3H, -CH3), and 0.57 (s, 3H, -=CHj).

'7-(3-Carbomethokygropyl)41-hydroxy-8,B-dimethyl- i oa ,ﬁﬁfﬁy
. - LAY Bt ¥

: - -~ YR ST

bicyclo[4.3.0)nonan-3-one (124) . ' *Jg#‘ﬁ”f{,
Y ‘ . - M

To a solution of keto ester 117 (115 mg, 0.54 mmol)
in benzene (5 mL), pyrrolidihe (0.5 mL, 5.98 mmol) and
p-toluenesulfonic acid monohydrate.(S-mg, 0.03 mmol) were
added. After refluxing the mixture under an atmosphere of

&

argon with azeotropic removal of, Qxer-benzene for 5 h,

the solvent and excess of py?f fé were removed by
distillation. The re31du-'3l' ,~;ther drled in vacuo for
2 h. To a solutlon of t:,,_”]7éué in dioxane (4 L),
‘methyl yinyl ketone (45 uL:‘kiséﬁ;mol) was added and the
solution*stirred at rOom tenperatpre under an argon |
atmosphere for 12 h. Water (1 mL) was added and the
mlxture was stlrred for an addltlonal 12 h. ‘The mixtuxe

- was poured into ice-cold water and extracted with ether.
The combined organic‘extracts were washed with 1 N
hydrochloric acid solution, saturated»aqueous sodium
bicarbonate éo1ution, water, and saturated aqueous sodium
' chloride solution. The organic layer was dried, filtered,
andvconcentrated. Flash chromatography of the residue. on

silica gel, elutlng wlth 10% ethyl acetate in petroleum

ether, gave unreacted keto~ester.117 (13.5 mg). Further

AT :. .'ézz” :t ,f"‘”
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elution with 50% ethyl acetate in petroleum ether gave
alcohol 124 (26 mg, 19% yield based on consumed gtatting
material): ir (CHCIS cast) 3500-3400 (alc;%ol), 1737
(ester), and 1718 cm~! (ketone); lH nmr §3.68 (s, 3H,
\~COOCH3), 2.52 (s, 2H, -coc&%ou), 116 (s, 3H, '-CH3), and
1.02 fs, 3H, -CH3); ms M* 282.1830 (calcd. for C16H2604:A

282.1830).

Bicyclic enone 120 from bicyclic alcohol 124
! . B

T“Jsolution of bicyclic alcohol ‘124 (26 mg, 0.09 .
mmol) in benzene (2 mL), d.l1-10-camphorsulfonic acid mono- N

- :
hydrate (5 mg, 0.02 mmol) was added. The mixture was

refluxed with azeotropic removal of water-benzene for 6
 h. The solution was aliowed to cool to room température,

poured into ice-cold water, and extracte Qitb ether. The

combined organic éxtracts were dried, filtered, and

céncentrated. Flash chromatography of the residue on

silica gel, éluting'aith 20% ethyl acetate in petroleum

ether, gave bicyclic enone 120 (23 hg,.96% yield)

.

identical with thyt obtained previously from keto ester

117.

a -Campholenic acid (129)

To the fused petassium hydroxide (ﬁo,g, 0.72 mol) in

. Y . . .
a porcelain casserole, was added slowly with stirring 4,1-
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. 10-camphorsulfonic acid (76) sodium salt (50 g, 0.19-
mgi)t After the completion of the'add%gion (ca. 20 min),

fthg molten mass was allowed to EOQI to rq§m temperatgre
and then dissolved in Qéter (350 mL). The.resulting

rJ
solutioniwas extracted with ether and the aqueous fraction

acidified with 6 N hydrochloric‘acid solution. The "’
aci®ified solution was extracted with methylene
chloride. The combined organic extracts were dried,

fil d, and concentrated. The[crdde residue was

dis illed to give acid 129 (24.7 g, 77% yield): b.p.
/0.4 torr; ir (CHC14 cast) 3200-2500 and 1709 em~l
'; 1H nmr §5.24 (br s, 1H, =CH-), 1.60 (br s, 3H,
=écn3), 1.02 (s, 3H, —CH3), and 0.82 (s, 3H, —CH3); ms M*
h§8.1149 (calcd. for CioH1602° 168.1151). Anal. calecd. \

for CjgH)g0: € 71.39, H 9.59: found: C 71.38, H 9.69.

/
' ) J
Methyl g -campholenate (130): :

To a solution of campholenic acid (129) (7.56 g, 45
mmo1l) ‘n acetone (75 mL), anhydrous pétassium carbonate
(12.4 g, 89 mmol) was added. After stigring at room N
temperature‘under an argon atmospherg for 1 h methyl
iodide k5.6 mL, 90 mmol) was added and the mixture stirred
for anladditional 18 h. After most of the solvent had

been removed, the mixture was taken up in methylene

chloride (75 mL) and washed with ice-cold 1 N hydrochloric



acid solution, water, and saturated agqueous sodium

chloride solution. The organic fraction was dried,

filtered, and concentrated. The residue was distilled to -

afford ester 130 (7.85 g, 96% yield): b.p. 76-78°C/0.6

torr; ir 1745 cm™1 (ester); lH nmr §5.25 (br s,-lH,-;éH),
3.70 (s, 3H, -COOCH,), 1.63 (m, 3H,'=écu3), 1.02 (s, 3H,
-CH3), and 0.80 (s, 3H, —CH3); ms M* 182.1308 (calcd. for

4-Cdrbomethoxymethyl-3,3-dimethy1~2-methylideneéyclo-

pentanone (131)

To a solution of ester 130 (2,79 g, 15.4 mmol) in
methylene chloride (200 mL), acetig anhydfide;(l.53 ﬁL,
16.2 mmol), pyridine (0.62 ﬁL, 7.7 mmol): 4-dihethylamino—
vpyridine (30 mg), and TPP (10 mg) wereiadded. The
.solution was irradiated with two 200 W tungsten ﬁight
bulbs for 26 h. During this period a moderate stream of
‘oxygen was bubbled thfough the solution. The solutionuwas
diluted with methylede chloride (50 mL) and extraéted with
saturated aqueous sodium bicarbonate solution, 1 N
hydrbchloric acid solution, saturéted agqueous cupric
.sulfate solution, and saturated agqdeous sodium cﬁloride
solution. The organic ext;écts were dried, filtered,hand‘
concentrated. Flash chfomatography of the residue on
silica gel, eluting with 7% ethyl acetate in petroleum

4
v
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ether, gave enone 131 (1.97 g, 65% yield): ir (CH,Cl,
éast) 1758 cm~l (xetone and ester); lH nmr 56.00, 5.24 \
(both s, 1H each, =CH,), 3.71 (s, 3H, —COOCH;), 1.26 (s,
3H," <CH;), and 1.04 (s, 3H, -CH3); ms M* 196.1100 (calcd.
-for Cy HygO3: 196.1099). sAnal. caled. for Cj H ¢03: C
67.32{ H 8.28; foqndz C 67.08, é 8.13. |

5-Carbomethoxymethyl-4,4-dimethyl-7-oflo-1-oxaspiro[2.4]-
v,-Vv -
neptane (132)

At 0°C, to a solutioh of enone 131 (2.i1 g, 11 mmol)
in methanol (30 mL), hydfogen peroxide (30% agqueous
solution, 2.8l mL, 28 mmol) and lithium hydroxide mono-
hydratev(SO mg, 1.2 mmol) were added and the reaction
mixture was stirred at room Eemperature under an |
atmosphere of argon for 3 h. Ice-cold water and-diluted
hydrochloric acid solution were added and the solution was
extracted with methylene chloride. The organic solution
. was dried, filtered, and concentrated. Flash‘.- -
chromatography of the resi8ue on silica gel, elpting with
25% ethyl acetate in petroleum ether, gave ong epoxiae 132
(1.05 g, 46% yield): ir (CHCl3 cast) 1752 (ketone) and.
1737 cm™) (ester); lH nmr §3.72 (s, 3H, -cooca35, 3.16,

2.85 (both 4, 1H each, J = 6 Hz each, -OCHy-), 1.03 (s,

3H, —=CH3), and 0.99 (s, 3H, —CH3): ms Mt 212.1043 (calcd.

for C11H1604= 212.1049). Anal. calcd. for Cl]:H1604: C

142
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62.23, H 7.60; found: C 62.19, H 7.66. Fﬁrﬁher elution
with the same solvent system gave the othﬁr epoxide 132
(0.99 g, 433 yield): irP(CHC13 cast) 17481(ketone) and
1730 cm~l (ester); !d nmr 63.72 (s, 3H, -CdOCH3), 3.00,
2.94 (both 4, 1lH each, J = 6 Hz, -OCHy~), LTOO (s, 3H,
-CH3), and 0.96 (s, 3H, -CH3): ns MY 212.1046 (calcd; for
C11H1g04° 212.1049). . . |

o

4-Carboxymé¥hyl—3,3—dimethy1cyciopentanone (133)

A solution of epoxides 132 (ca. 1:1 mixture, 835 mg,
3.94 mmol) and sodium hydroxide peileis (500 mg, 12.5
mmol) in methanol (15 mL) was refluxed for 12 h. Water (5
mL) wag adaed and reflux was continued fof an additipnal
.68 h. The solution was éllowed to coql-to‘room
temperatufe, acidified with 6 N hydrochloric acid.
.solution, and extracted with methylene chloride. The
organic extracts were dried, filtered, and concentrated
giving acid 133 (433.5 mg, 65% yield): ir.(CHC13 cast)
3500-2500 (acid), 1737 (ketone);’and 1709 cm~l (acid); lH
nmr §9.7-9.2 (br s, lH, -COOH), 2.18 (s, 2H, -cocHZ#-).
1.22 (s, 3H, -CH3), and 0.94 (s, 3H, -CH3): ms M* 170.0940

.143
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4—Carbomethoxymethyl-3, 3-dimethylcyclopentanone (128)

Using potassium carbonate and methyl iodide v

To a solwtion of acid 133 (628 mg, 3;69 mmol) in
acetone’(ls mL), anhydrous potassium carbonate (1.92 q,
7.39 mmqi) was added. The mixture was stirred at room
température under an argon atmosphere for 1 h and methyl
iodide (4.6 mL, 73.88 mmol) was added. After a gentle
reflux overnight, the reaction mixture was goured into
ice-cold water and extracted with methylene chloride. The~ﬁ
organic solution wés dried, filtered, and concentrated.
Flash chromatography of the residue on silica gel, eluting
with 12% ethyl acetate in petroleum ether gave keto ester
128 (390 mg, 58% yield): ir (nept) 1736 em™! (ketone andw
ester); 1H nmr 53;70 (s;‘BH, -COOCH3), 2.16 (s, 2H,
-cocnf}—), 1.18 (s, 331 --CH3), and 0.92 (s, 3H, -CH3): ms
M*T84.T104 (calcd. for CjgH)¢O03: 184.1099). Anal.
calcd. for CjpH;¢03: C 65.19, H 8.75; found: C 65.22, H
8.66.

Using hydrochloric acid in methanol.

Hydrochloric acid gas was bubbled through a soludtion
of acid 133 (368 mg, 2.16 mmol) in methanol (8 mL) for 5
min. After stirring at room temperature under an argon
atmosphere for 8 h, the reaction mixture was poﬁred into
ice-cold water a;d extracted with ether. The organic

extracts were dried, filtered, and concentrated. Flash
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chromatography of the residue on silica gel, eluting with

12% ethyl acetate in petroleum ether gave keto ester 128

f

(301 mg, 76% yield).

7-Carbomethoxymethyl-8,8-dimethylbicyclo[4.3.0)non-1-en-3-
RN

one (127) and 8-Carbomethoxymethxl—7,7-dimethyibicyclo—

[4.3.b]nbn-l-en—3—one (135)

To a solution of keto ester 128 (101 mg, 0.51 mmol)
in benzene (5 mL), pyrro}idine (0.5 mL, 6 mmol) and p-
toluenesulfonic acid moﬁohydrate (5 mg, 0.03 mmol) were
added. After refluxing the mixture using a Dean-Stark
apparatus for 5 h under an argon atmosphere, the solvené
and the excess of pyrrolidine were removed by
distillation. The residue was further driedllg vacuo for
2 h. To a solution of the residue in dioxane (3 mL),
methyl v{nyl ketone (41 ,L, 0.51 mmol) was added and the
solution heated at 80-90°C (o0il bath temperature) under an
argon atmosphere for 5 h. Water (1 mL) was added and the
mixture was kept at the same temperature for an additional
14 h. After cooling at 0°C, ice-cold water was added ;nd
the mixture extracted with ether. The combined organic
extracts were washed with 1 N hydrochloric acid solution,
saturated aqueous sodium bicarbonate solution, water, and
saturated aqueous sodium chloride solution. The organic

éolution was dried, filtered, and concentrated. Flash
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cﬂromatography of the fcsidue on silica gel, eluting wiﬁé
8% hyl acetate in petroléum ether gave unreacted. keto
ester:128 (20 mg). Further elution with 20% ethyl acetate
in petrcleum ether gave a mixture of compoUnds'l27, 135,
and two unidentified compounds (75:15:6:3.5 respectively
by nmr and gc analyses; 43.4 mg, 31% yield of coméouna 127
based on unrecovered stgrting material); ir (CHCl,4 cast)
1737 (estef), 1667 (ketone), and 1635 cm~! (olefin); ms M*
288.1730 (calcd. for Cl%ﬁ;;03: 288.1725) and 236.1419
(calcd. for Cy 4H2003:. 23?.1412). The following“nmr data
were obtained for compound 127: 14 nmr §5.87 (5r s, 1lH,
=CH-), 3.72 (s, 3H, -COOCH3), 1.21 (s, 3H, -CH3), and 0.94
(s, 3H, —CH3). The following nmr data were obtained for
compound 135: H nmr §5.92 (br s, 1B, =CH-), 3.71 (s, 3H,

6-Carbomethoxymethyl-7,7-dimethyl~-1ll-methylidenetricyclo-

[7.2.0.05'9]undecan-2-one (137) and 7-Carbomethoxytnethyl-

6,6—dimethy1-ll—methxlidenetricyclo[7.2.0.05'9]undecan—2-

one (138)

At -78°C, allene (ca. 2 mL) was condensed into a 25
mL three necked roundC;ottomed flask. A solution of
enones 127 and 135 (ca. 90%; 98 mg, 0.37 mmol) in tetra-

hydrofuran (4 mL) was added. The resulting mixture was

irradiated with a 450 W Hanovia high-pressure quartz

a4
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mercdury vapor lamp for 9 h at -20°C. After removal of the
sol‘ ‘nt, ;éesidue was subjected to flash chro:ﬁatogq_aphy
on silicatggl. Elution with 7% ethyl acetate in petroleum
ether gave addu ts 137 and 1387(ca. 5:1 respectively by
nmf'analysis: 7] mg, 70% yield): ir (CHCl5 cast) 1737
(ester), 1707 (ketone), and 1670 cm~! (olefin); ms M*‘
276.1728, (calcd. for C17Hé403: 276.1725). The following
nmr data were obtained for adduct 137: H nmr 54.90, 4.85
(both ddd, 1H each, J = 2.5, J' = 2.5, J" = 2.5 Hz each,

=CH2), 3. s, 3H, —COOCH3), 3.34 (44, 1H, J =6, J' =

2.5 Hz, . ), 2.95 (ddd, 1H, J = 1§, J' = 2.5, Jg" =
2.5 Hz, -CHI ), 2.70 (ddd, 1H, J =16, J' = 6, J" = 2.5
Hz, -CHHC=), 1.82, 1.79 (both d, lH each, J = 14 Hz each,
-%CHz#-), 1.03 (s, 3H, -CH3), and 0.90 (s, 3H, ~CH3). The
following nmr data were assigned to adduct 138: 14 nmr
5§4.93, 4;89 (both ddd, 1lH each, J = 3.5, J' = 2.5, J" =
2.5 Hz each, =CH,), 1.08 (s, 3H, -CH4), and 0.;3 (;: 3H,
-CHj3) . f

’

1, 7-Bis(carbomethoxymethyl)-8,8-dimethylbicyclo[4.3.0]-

nonan-3-one (126) and 1,8-Bis(carbomethoxymethyl)-7, 7-di-

methylbicyclo[4.3.0Jnonan-3-one (139)

At -78°C, a stream of ozohe-oxygen gas was allowed to

pass throuygh a methylene chloride-methanol (l1:1, 7 mL)

solution of photoadducts 137 and 138 (30 mg, 0.11 mmol) ’
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until a light blue color was retained. The reaction
mixture was purgcdeith argon to remove the excéss ozone
and methyl sulfide (0.2 mL)’was added at 0°C. After
stirring at room temper;ture for 5’h, thg}mixture was
concentrated under reduced pressure. The raesidue was
partitioned in methylene chloride and water. The organic
solution was dried, filtered, and concentrated. Flash
chromatography of the residue on silica gel, eluting with
25% ethyl a;etate in petroleum ether, gave the diesters
126 and 139 (ca. S}L respectively by nmr analysis; 23 mg,
68% yield): ir (CHC13 cast) 1735 (eszet) and 1716 cm™!
"[;  (ketone); ms M’ 310.1782 (caled. for C17H2605
(.g - 3%4?1780) The'fol iﬁg nmr data were obtained for

‘ l}..‘ o gy g o?
R f;{ s ;56-~915 nmnﬂBB ?o§1s. 3H, -COOCH3), 3.68 (s, 3,

% .:i < ' ‘“ 3 % ;’h‘*~ \\} B

' : véﬁ-cocnﬂ3)5 1583, ,, ﬂ_A tn d, Inledch, J = 14 Hz each,
. CHu6-) . 4 %B }=CH,),%and 0.92 (s, 3H, -CH Th
ey ‘# ?éj ad ‘?ﬁ‘fﬁ" 3): fan (s 3). The
,}; ‘ followxmg nmr.ﬂn&g;wtie obtaxned for diester 139: 1H nmr

86%.72 (s. 3H, ﬁébocn3). 3.70 (s, 3H, -COOCH3), 1.07 (s,

3y -Cﬂg),vand 0.77 (s, 3H, -CH,).

1.7-Bis(ca¥bomethoxymethyl)-3,3-ethylenedithio-8,8-di—

'metﬁylbicydlogﬂ.3.0]octane (140) and 1,8-Bis(carbomethd§y—

‘methyl)-3, 3-ethylenédithio-7,7-dimethylbicyclo-

' [4.3.0]octane (141)

ig; 0°C, to a solution of diesters 126 and 139 (ca.




- _\ Ry

‘ ' s’
5:1 mixture, 22 mg, 0.06 mmol) in methylene ;:hlorido\(z
mL) were sequentially added 1,2-ethanedithiol (11 uL, 0.13
mmol) and boron trifluoride etherate (9 ,L, 6.07 mmol) .
After stirring under an argon atmosphere for l‘h, ice-cold
108 aqueous sodium carbonate so{ution was added and the
resulting mixtyre extracted with methylene chloride. The
organic extracts were washed with watet,'dried, filézred,
and concentrated. Flash chromatography of the residue 6n
silica gel, eluting«ﬁl@ﬁ 10% ethyl acetate in petroleum
ether, gave a ca. 5;1 ‘xtute of"thioketals 140 agd

_ : - q;
(22 mg, 31% yi* +ir (CHClg cast) 1737 cm™l (esters);

ms M* 386.1588 (calcd. for CygH35S,0,: 386.1583). The

X .
.

folf&wing nmr data were attributed to thioketal 140: i

nmr §3.67 (s, 3H,--COOCH3<;‘i;65 (s, 3H, -COOCH3). 3.28

(m, 4H, -SCH,CH,S-), 1.06 3H, -CH3), and 0.83 (s, 3H,

¢,
-CH3). The following nmr data were obtained for®thioketal

-
141: 'H nmr £0.94 (s, 3H, -CH3), and 0.74 (s, 3H, -CHj).

a -Campholenic alcohol (81) from g-campholenic acid (129)

. “9
At 0°C, to a suspension %f lithium aluminum hydride

(8.38 g, 0.22 mol) in tetrahyd;ofuran (400 mL), was added
dropw] a solution of acid 129 (30.4 g, 0.18 mol) in
tetrahydrofuran (100 mL). After the completion of tﬁe
addition (ca. 1 h), the reaction mixture was allowed to

warm up to room temperature and was stirred qxgrnight

149



,Under ahgzzkosphere of argon. The mixture was cooled to
Y°C and treated successively with water (8.2 mL); 15%
agqueous sodi&ﬁ'hydroxide-soiutioﬁA(8.2 mL), and again with
water (24.6’mL).: After stirring for 10 min, the iﬁorganic‘
salt was ré%oved by filtration. Concentration of the
filtrate and distillation of the crude product gave
alcohol 81 (25.9 g, 93% yield) identical with that
obtained‘previously from a-campholenigﬂéidehyde (72).

4-(2-Methoxyethyl)-1,5,5~trimethylcyclopentene (146)

? At 0°C, to a suspénsionlgﬁ sodium hydride (60%
ydispersion in oil, 11.8 g, 0.30 mol) in tetrahydrofuran
(800 mL), a solution of alcohol 81 (30.4 g, 0.20 mol) in

tetréhydrofhfan‘(so mL) was added dropwise. After

stirring for 0.5 h, a solution of dimethyl sulfate (28.01

’ Y ool
mL, 0.30 mol) in tetrahydrofuran (25 mL) was added slowly

and the reaction mixture was refluxed for 12 h. The °

: L 4
mixture was allowed to cool to room temperature and 1 N

sodium hydroxide solution (36 mL)owas added. After i
g}irring at room temperature overnight, the reaction
mixture was diluted with ice-cold water, acidified with
dilute aquecus hydrochloric acid solution, and extracted
with ether. The organic extracts were dried, filtefeg,
and éoncentrated. Distlillation of the crude, product gave

ether 146 (30.2 g, 91% yield): b.p. 39°C/0.5 torr; ir

150



- (CHCl; cast) 1460 (olefin) and 1118 cm™! (ether); H nmr
65.25 (br s, 1H, =én), 3.45 (m, 2H, -CH,0-), 3.38 (s, 3H,
-OCH;), 1.62 (br s, 3H, =écn3), 1.00 (s, 34, -CH;), and
0.80 (s, 3H, -CHj); ms_r;+ 168.1513 (calcd. for CjyHyo0:
168.1514). _gggl;}calcd. for éllnzodz C 78.51, H 11;98;

found: C 78.23, H 11.65.

4-(2-Methoxyethyl)-3, 3-dimethyl-2-methylidenecyclo-

pentanone (147)

' To a solution of ether 146 (7.74 g, 0.078 mol) in
methyfene chloride (200 mk), acetic anﬁydride (5.20 mL,v
' 0.055 moi), pyridinev(l.BGamL, 0.023 mol), diéethylaﬁinoi"
' pyfiaine (0.12 g), and TPP (0.02 g) were added, .The -

resulting solution was irradiated with two 200 W tungsten >

light bulbs for 16 h. During this period a moderate

»
Ty v

; v
.

stream of oxygen was bubbled tbrough the solution. The
solution was diluted with méthylene‘chlogéde (50 mL) and
‘extracted with saturated aqueous sodium bicarbonate
_;olutioﬁ, 1 N hydrochloric acid églution, saturated
aqueous‘cupricégulfate solution, and saturated aqueous
‘sodium chloride solution. The organic solutién was dFieB,
fil;ered, and concentrated. Column chromatography of the
#esidue on silic% g§17 eluting wiﬁh 10% éthyl acetate in
petroleum ether, gave enone 147 (6.56 g, 78% yield): ir

(CHC14 ‘cast) 1727 (ketone), 16’ (olefin), and 1119 em~1 "

£
4 2
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(ether); H nmr §5.97, 5.20 (both d, 1H each, J = 1 Hz

2.52 (dd, 1H, J = 17.5, J' = 6.5 nz;_-éaquco-), 2.09 (aq;

14, J = 17.5, J' = 11 Hz, -éucagpo-), 1.23 (s, 3H, -CH3Y,

" and 0.99 (s, 3H, -CH3): ms M* 182.1309 (calcd. for

CIIHISOZ: ’182.1307)-“ .Ana-l. calcd. for C11H1802: C

74.49, H 9.95; found: C 74.5@g H 9.98.

’
L

. . , ‘
5-(2-Meth ethyl)-4,4-dimethyl-7-oxo-1-oxaspiro[2.4]-

g Pov o,

heptane (148

: : . ¢

At 0°C, to a solution of enone 147 (12.30 g, 0.07
mol) in methanol (300 mL), hydrogen péroxide (30% aqueous
solution, 17.3 mL, 0.17 mol) and lithium hy8roxide mono-

hydrate (0.21 g, 0.005 mol) were added and the reaction

‘mixture was stirred at room temperature. under an

atmosphere of .argon for 3.h...Ice—cold watér and dilute
aéueous hydrochloric acid solution were added a?d the
resulting mixture was extracted with methylene chloride.
The organic solution was dried,'filtered, and
concentrated. Flash chromatography of the residue on
silica gel, elu;ing'with 25% ethyl acetate in peﬁroleum

ether, gave one epoxide 148 (6.18 g, 46% yield): ir

(CHClj cast) 1752 (ketone) and 1118 cm™! (ether): 'H nmr

I
e
|
|

"63,45 (m, 2H, -CH,OCH3), 3.35 (s, 3H, -OCH3), 3.13, 2.18

. (both 4, 1H each, J = 6 Hz each, -CH,0-), and 0.98 (s, 6H,

(W
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2 x-CH3): ms M* 198.1255 (calcd. for F11"1903

198.1256). Anal. calcd. for C11H1803. C.66.64, H 9.15;
foundg//e 66.93, H 9.10. Further elutién with the same
solvent system gave the'other epoxide 1&8 (5-98.g, 44%
yield): ir (CHCl4 casﬁ) 1752 (ketone) and 1119 cm~!
(ether); lq/hmr §3.45 (m, 2H, -CH,OCH,), 3.33 (s, 3H,
-OCHj3), 2.96, 2.87 (bo;h;d, 1H each, J = 6 Hz each,

AN
-OCHy-), 0.96 (s, 3H, -CH3), and 0.92 (s, 3H, -CH3)?}f$ m*

>

, o

4-(2-Methoxyetﬁyl)—3,3-dimethylgyclopentanone (145)
A solutidn of epoxides 148 (ca. 1:1 mixiere, 8.10 g,

0.04 mol) and sodium hydroxide pellets (3.60 g, 0.09 mol)
'1n methanol (200 mL) was refluxed for 12 h. Water (80 mL)
was added and reflux . was contlnued for an additional 72
h. The solutlon was allowed to cool to room temperature:
&eid}fied with 6 N hydrochloric acid solution, and
»ex£raeted.with methylene chloride (4 x 300 mL). The
organic exgracts were dried, filtered, and(cdhqentrated.
Flash chromatography of the residue on silicéfgel, eluting
with 8% ethyl acetate in petroleum ether, gacz'ketone 145,
(4.71 g, 68% yield): ir (neat) 1742 (ketone) and 1119

cm™1 (eeher)- 14 nmr 53.42 (m, 2H, -CH,0-), 3.35 (s, 3H,
—OCﬂa), 2.47 (ad, 1H, J = 10.5, J' = 5 Hz, —éHQﬂﬂCO-),

2. 24 (s, 2H, —¢Q_2CO), 2.00 (d4, 1H, J =11, J' = 10.5 Hz,

153
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-éucug_co-), 1.18 (s, 3H, =CHy), anM.92 (s, '3H, =CH3): ms
M* 170.1304 (caled. for CyoH;g0z: 170.1306). Anal.
calcd. for CjgH;g0,: C 70.55, H 10.66: found: C 70.76, H

10.66. +

7

7-(2-Methoxyethyl)-8,8-dimethylbicyclo[4.3.0]non-1-en-3-

one (150) and 8-(2-Methoxyethyl)-7,7-dimethylbicyclo-

~

[4.3.0]non-1-en-3-one (151) '

To a solution of ketone 145d2103 mg,&9.60 mmol) in
benzene (5 mL), pyrrolidine (0.5 mL, 6 mmol) and p-
toluenesulfonic acid monohydrate (5 mg, 0.03 mmoi) were
added. fhe mixture was refluxed using a Dean-Stark
appara£ﬁs with azeoﬁropic removal of watér-benzene under
an %ééon atmosphere for 4 h. The solvent and the excess
of §Yrrolidine were removed by distillation. The residue
was further Qried i&_vacuo for 2 h. To a solution of the
residue in dioxane (3 mL), methyl vinyl ketone (49 uL,
0.60 mmol) was added and the solution heated at 80-90°C
(0oil bath temperature) und;r an argon étmosphere for 5
h. Water (1 mL) was added and the mixture wés'kgpt at the
same temperéture for an additional 14 h. After cooling to
0°C, ice-cold water was added and the mixture extracted
with etﬁer. The combined organic extracts weré washed

with 1 N hydrochloric acid solution, saturated agueous

sodium bicarbonate solution, water, and saturated aqueous

e
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sodium chloride solutvioﬁﬂw l:he organic solution was @ed.
filtered, and goncentraiéﬂ.,'éjash}}htomatqgraphy of the
residue on silica gel, élutiﬁg Qﬁﬁh 9% ethyl écetate.in
petroleum ether, gave unre;cted ketone 129 (28 mqg).
Further elution with 20% ethyl acetate in petroleum ether
gave a mixture of products 150 and 151 (ca. 2:1 ratio by
nmr analysis; 39 ﬁg, 41% yield based on unrecovered
Qtarting material): ir (CH2C12 casti 1668 (keione); 1640
(olefin), and 1118 cm~! (etﬁer); ms MY 222.1619 (calcd.
for Ci4H730,: 222.1619). The following nmr data were

1

obtained for product 150: ® *H nmr §5.85 (br s, 1lH, -CH=),

3-46 (m, ZH, -Cﬂzo-)' 3-38 (S, 3H, -OCH3)' 1-11 (5' 3H:
-CH3), and 0.95 (s, 3H, -CH3). The following nmr data

1

were obtained for product 151: H nmr §5.93 (br s, 1H,

=éH)f 3.39 (s, 3H, —OCH3), 1509>Is, 3H, —CH3), and 0.63

(Sr 3H, ‘CH3).

[ ]

2—Carbomethoxy-3-(2-methoxyethyl)-4,4—dimethxlcyélo—

-

pentanones (152 and 154)

Sodium hydride (60% dispersion in oil, 0.67 mg,‘1.68
mmo!‘aend dimethyl carbonate (0.5 mL, 5.73 mmol) were *

added to benzene (4 mL) and heated to-reflux. A solution

-of ketone 145 (82 mg, 0.48 mmol) in benzene (2 mL) was

added slowly. After refluxing for 18 h, the reaction

v

mixture was cooled to O°C and methanol was adgpd with

=

NI T
8

Eﬁ?;
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vigorous sti;ring to destroy excess so?ium hydfide. The
mixture was poured into 1ce~gold Ailute<aqueous
hydrochloric acid solution and extracted wiﬁgiﬁ?thQIEne'
chloride. The organjc extr;cts were washed with water, , o,
| dried, filtéred, and concéﬁﬁrated. Flash chromatography |
of the residue on silica gel, eluting with 6% ethyl

acetate in petroleum ethér, gave a 15:1 mixture (by nmr
anaYysis) of epimeric keto esters 152 and 154 réspectively .
(76 mg,\q9% yield): ir (CH,Cl, cast) 1736 (esier) and

1727 cmf1 (ketbne);;ms M* 228.1361 (calcd. for Cy2H2004:
228.1361). The following nmr data were obtained for keto
ester 152: 14 nmr 53.80 (s, 3H, -COOCH;), 3.41 (m, 2H,
-CH,0-), 3.29 (s, 3H, -OCH3), 3.11 (4, J = 11 Hz, 1H,
-COCHCOO-), 2.34, 2.25 (both 4, 1lH each, J = lq Hz each,
-cocnz%-), 1.23 (s, 3H, —CH3),"and 0.92 (s, 3H, -CHj).

The ' following nmr data were assigned to keto ester 154:

4 nmr §3.77 (s, 3H, -COOCH,), 3.37 (s, 3H, -OCH3), 3.07

(br s, 1H, —CO?HCOO-), 1.29 (s, 3H, -fH3), and 0.93 (s,

3H, -CH3). (‘n'

-~

Allyl 2—carbomethoxy-3—(2-ﬂéthogyethyl)—4,4-dimethy1cyclo—

pente;

1 ether (156)

ro. .

jpension of sodium hydride (60% dispersion in

619 hmol)'inil.z-dimethoxyethane (5 mL),

o

BRTS. WMide (0.10 mL, 1.19 mmol) and a solution of keto

‘ : —T—
»e 5O

- t
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esters 152 and 154 (ca., 15:1 mixture, 136 mg, 0.6 mmol) in
1, 2-dimethoxyethane (2 mL) were added. The reaction
mixture was réfluxed under an érgon atmosphere for 22 nh.
After cooling ét 0°C, the reactipn mixture was poured into
ice-cold dilute aqueous hydrochloric acid solufioq and
extracted with methylene chloride; Tﬂe organic.éxtracts
were washed with saturated agueous sodium chloridéjﬁ
solution, dried, filtered, and concentrated. Flaleh
chromat?graphy of the residue 06 silica gel, gluting with
108 ethyl acetate {n petroleum ether, gave ester 156 (110
mg, 69% yield): ir (CH¢13 cast) 1710 (ester), 1689, and

1626 cm~! (vinyl‘ether); 4y nmr §5.96 (ddt, 1H, J = 17, J°

= 11, J" = 5 Hz, -CH=), 5.41 (ddd, 1H, J = 17, J' = 3, J"

= 1.5 Hz,=CHH), 5.27 (ddg 14, J =11, 3" =3, J" = I.5

Hz, =CHH), 4.54 (ddd, 24, J = 5, J' = 1.5, J" = 1.5 Hz,
S »

-OCH,CH=), 3.72 (s, 3H, -COOCH3), 3.36 (m, 2H, -CH,0-),
3.31 (s, 3H, -OCH3), 2.54, 2.24 (both d, 1H each, J = 17
Hz each, -CH2+-), 1,10 (s, 3H, -CH3), and 1.07 (s, 3H,

-CH3); ms M" 268.1670 (calcd. for CjgHyg04: 268.1674).

.2-Metha1;yl-3—(2—methq5yethxl)-4,4—dimeth¥}cyclopentanone_
W )

(157) ) SR

At -78°C, to a solution of diiSOprOpylamihe (0.16 mL,

1.13 mmol) in tetrahydrofuran (3 mL), metﬁyrilthium (1.35
. ‘ S

M in ether, 0.80 mL, 0-91 mmol) was addedrUndei an argon
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atmosphere. The solution was stirred for 5 min at -78°C,

10 min at 0°C, cooled again at =78°C and treated with a

solution of ketone 145 (0.13 g, 0.75 mmol) in tetrahydro-

. furan (2 mL). After stirring at -78°C for 1 h, thhallyl

iodide (0.17 mL, 1.51 mmol) was added. The tesplting
solution was stirred at -40°C for 2 h and at 0°C for 'l h,
diluted with saturated aqueous sodium chloride solution,
and extracted with methylene chloride. The organic.
extracts were washed with water, dried, filtered, and
concentrated. Flash chromatography of the residue on .
silica_gel, eluting Qith 5% ethyl acetate in petroleum
ether, gave ketone 157 (73 mg, 57% yield based on
unrecovered starting material): ir (CHC143 cast) 1741
(ketone) and 1118 cm~! (ether); !H nmr 54.84, 4.77 (both
s, lH each, =CH2), 3.48 (t; 2d, J = 7 Hz, —CHZO—), 3.36
(s, &;}, -o"'c;'H3), 2.37, 2.31 (both dd, 1H each, J =14, 3 =
6 Hz each, ={CHz-). 2.16 (s, 2H, -COCHp=), 1.70 (s, 3H,
ngﬂ3), 1.16 (s, 3H, -CH3), and 0.94 (s, 3H, -CH3): ms m*
224.1771 (calcd. for Cy4H540,: 224.1776). Further

elution with 15% ethyl acetate in petroleum ether gave

unreacted ketone 145 (32 mg).

3-(2—Methoxyethy1)-4,4~dimethx}—2—(2-ox99ropyl)cxclqpenta—
none (158)

At-4£M"C, a stream of ozone-oxygen gas was allowed to

A
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pass through a methylene chloride-methanol solution (1:1,
6 mL) of ketone 157 (33.1 mg, 0.15 mmol) until a light
blue color was retain~3. The reaction mixture was purged
with argon to remove the excess ozone. Trimethyl
phosphite (0.5 ﬁL) was added at 0°C and after stirring at
room temperalure for 5 h the mixtgre was concentrated
under reduced pressure. The residue was partitioned in
methylene chloride and water. The organic solution was
dried, filtered, and concentrated. Flash chromatography
of the residue on silica gel, élutiAg Qith_ZO% ethyl
acetate in petroleum ether, gave diketone 158 (30 mg, 90%
yield): ir (CHC13 cast) 1750 (cyclopentanone), 1715
(acyclic ketone), and lil? cm~! (ether); lH nmr 53.40 (m,
2H, —CHZO-), 3.22 (s, 3H, -OCH3). 2.90, 2.82 (both 44, 1H
each, J = 18, J' = 5 Hz each, CH3COCH,-), 2.40, 2.20 (both
d, 1H each, J = 18 Hz each, -éHCOQﬂz—), 2.15 (s, 3H,
-COCH3), 1.16 (s, 3H, -CH3), and 0.94 (s, 3H, -CH3): ms M*

/
226.1573 (calcd. for Cj3H,,05: 226.1569).

Diethyl 2-ethoxy-3-[2-(2-methoxyethyl)-3,3-dimethyl-5-oxo-

cyclopentyl Jpropenylphosphonate (163)

At 0°C, to a solution of diisopropylamine (0.98 mL,
6.98 mmol) in tetrahydrofuran (4 mL), methyllithium (1.42
M in ether, 2.95 mL, 4.19 mmol) was added under an argon

atmosphere. The solution was stirred for 5 min at ~78°C,
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10 min at 0°C, cooled again to -78°C and treated with a

160

solution of ketone 145 (0.47 g, 2.79 mmol) in tetrahydro-
furan (2 mL). After stirring at -78°C for 1 h, he*a-
methylphosphoramide (0;54 mL, 3.07 mmol) and a solution’ of
diethyl 3-bromo-2-ethoxypropenylphogphonate (161) (0.83"9,
3.63 mmol) in tetrahydrofuran (2 mL) were added. The
resulting solution was st;rred at -78°C for 30 min and at
0'C for 2 h, diluted with saturated aqueous sodium
chloride solution, and extracted with ethyl acetate. The
organic extracts were dried, filtered, and concentrated.
Flash chromataéraphy of the residue on silica gel, eluting
with 15% ethyl acetate in petroleum ether, gave unreacted
ketone 145 (0;10 g). Furiher elutipn with 80% ethyl
acetate in'petroleum ether gave product 162 (0.51 g, 63%
yield based on unrecovered starting material): ir (CHCl,
cast) 1741 (ketone), 1613 (enol ether), 1243 (P=0), 1115
(ether), and 1031 cm~1 (P-0-C): 14 nmr 54.45 (d, 1H, J = .
5.5 Hz, o%cn=), 4.06 (m, 4H, -PO(OCH,-),), 3.8l (m, 2H,
=éocu2-), 3.48 (m, 2H, -CH,0-), 3.35 (s, 3H, -OCH3), 3.23

(ddad, IH,lJ =15, J' = 7, J" = 1.5 Hz, -Qgﬁé=), 2.85 (ddd,

1H, J = 15, J' = 7, J" = 2 Hz, —Cﬂﬂé=), 2.27 (m, 1H,

-éHCO—), 2.24 (4, 1H, 3 = 17 Hz, -#quco—), 2.12 (44, 14,
J=17, J' = 1.5 Hz, -+Cﬂ§§0—), 1.30, 1.29 (both t, 3H

each, J = 7 Hz each, -PO(OCH,CH3),), 1.15 (s, 3H, —CH3),

and 0.91 (s, 3H, -CH3): ms M* 390.2177 (calcd. for
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N
Diethyl 2-oxo-3-[2-(2-methoxyethyl)-3,3-dimethyl-5-oxo-

cyclopentyl]propylphosphonate (162)

A solution of enol ether 163 (0.45 g, 1.25 mmol) and
1 N nydrochloric acid*golution (0.8 mL) in acetone (10 mL)
was stirred for 6 h a£ room teﬁperature and then tgemted
with anhydrous potassium carbon;¥e (O.2d g). Most of the
acetone was removed under reduced pressure. The residue
was diluted with saturated aqueous sqdium bicarbonate --
solutidn and extracted with ethyl acetate. The combined
organic extracts were washed with saturated aqueous sodium
chloride solution,. dried, filtered, and concentrated.
Flash chromatography of the residue on silica géi, ealuting
with ethyl acetate, gave phosphonate 162 (0.29 g, 71%
yield): ir (CHCl3 cast) 1741 (cyclopentanone), 1716
(acyclic ketone), 12631YP=O), 1115 (ether), and‘1026 em~1
(P-0-C); lH nmr s4Me (dq, 4H, J = 7, J'poy-= 2 Hz,
-PO(OCH,CH3) ), 3.44 (m, 2H, -CH,0-), 3.34 (s, 3H, -OCH,),
3.11 (4, 2H, Jp_y = 22.5 Hz, —éOCHzéO), 3.30, 3.01 (both’
dd, 1H each, J = 18, J' = 5 Hz each, -Coquéuco-), 2.37
(d, 1H, J = 18 Hz, -%qgﬁco-), 2.36 (m, 1lH, -éHCO-), 2.18
(da, 1H, J = 18, J' = 1 Hz, -#cagpo-), 1.33 (t, 6H, d = 7
Hz, -PO(OCH,CH3),), 1.16 (s, 3H, -CH,), and 0.93 (s, 3H,

-CH3)f ms MY 362.1867 (calcd. for Cy7H3,0¢P: 362.1859).,

_—e.
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6-(2-Methoxyethyl)-7,7~-dimethylbicyclo[3.3.0])Joct-1-en-3-

one (153)

A ou-po”ion of dikct@ phosphonatc“ 163 (‘290 mg, 0.69
mmol), anhydrouzipotassium carbonate (95 mg, 0.69 mmol)
and 18-crown-6 ether (547 mg, 2.07 mmol) in benzene (30
mL) was stirred at 60°C for 6.5 h under an at?on‘h‘

atmosphere, The mixture was cooled to room temperature,
y e
diluted with saturated aqueous sodium chloride solutign,

-

and extracted with ether. The combined organic‘éxtrééts
. , 3
4

were washed with water, dried, fibte}ed,‘gnd';
concentrated. Flash chromatography of the resxdue on

silica gel, eluting with 20% ethyl acetate 1n petroleqm

‘

.ether gave bicyclic ketone 153 (122 mg, 85%,y1erﬁ)

s

(CHCl, cast) 1708 (ketone), 1630 (olefin), and 1118 cm~1 -

*

14

(ether); 4 nmr 65 86 (4, 1H, J = 2 Hz, =$H). 3 44 {m, 2H,

-CH,0-), 3.35 (s, 3H, -OCH3), 2.64 (44, 1k J=18, 3 =6

Hz, —OCCHHéH-), 2.56, 2.50 (both 4, 1H each,aJ = 18 HZi

¢

each, #CH ét), 2.15 (d4, J = 18, J' = 3 Hz, -OCCHH&H ),

-~

1.11 (s, 34, -CHj), and 1.04 (s, 3H, —CH;): ms M' 208.1466

(calcd. for C) 3Hpg02: 208.1463). Anal. calcd for

C,3Hp002¢ C 74.96, H 9.68; found: C 74.83, H 9.51.

*
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- ' . ‘
3-(2-Methoxyethyl )#6,6-dimethyl-10-methylidenetricyclo-

' ) 2.0.0408 d.c.n-z-onc ‘l“) and 5’(:‘”‘:’\0!’.ﬁhy‘)-6,6-
¢ Ay

diMethyl-9-methylidenetricyclo(6.2.0.0%-8)decan-2-one

(165) .

’

’ ] : ,
At -78°C, allene (cA. 4 mL) was condensed ¥nto a 25

mL three necked round-bottomed flask. A sollition of enone
153 (590 mg, 2.83 mmol) in tetraﬁydrofuqan (6 mL) was
added. The resulting mixture was frradiated with a 450 W
Hanovia high-pressure quartz mercury vapoi\lamp for 15

~

h. After removal of the solvent, the residu€ was\
subjected to flash chromatography on silica gel. Elution
with 5% ethyl acgtate,in pétroleum ether gave adducts 164
and 165 (gg;?6:1'ratio by nmr analysis; 412 mg, 74%
xield): ir KFHC13 cast) 1733 (ketone) and 1119 cm~!

- (ether): ms M* 248.1776 (calcd. for C,gH,405:

248.1776). Anal. calcd. for CygHys05: C 77.38, H 9.74;
found: C 77.24, H 9.64. The following nmr data were
obtained for adduct 164: !H nmr 54.98, 4.87 (both ddd, 1H

\each, J = J! = J" = 25 Hz each, =CH,), 3.37 (m, 2H,
-CH,0-), 3.29 (s, :‘;@o'c%), 3.;; (br dd, 1H, J = 5, J' =
2.5 Hz, —cbcué=),‘3.oz (ddd, 1H, J = 16, J' = 2.5, J" =
2.5 Hz,® =éqﬂp+-),gt.93 (ddd, 1H, J = 18,.3' = 9, J* = |
Hz, -éﬂqggco-). 2.73 (ddd, 14, J =16, J' = 5, J:.- 2.5
Hz, -écag#-), 2.32 (dd, 1H, J = 9, J' = 4.5 Hz,
-COCHzéﬁéH-), 2.24 (ddd, 1H, J = 18, J' = 4.5, J" = 1.5

T
}



R

Al

/

.
-CH3 %he following nmr data were observed for adduct

165: 4 nmr §4.94 (td, 1H, J = 2.5, J' =1 Hz, =CHH).

4.79 (m, 1H, =CHH), 0.98 (s, 3u -CH3), 'and 0.93 (s, 3H,

. =CHj). | /

™,

. ) .

) . L J
1-Carbomethoxymethyl-6-(2-methoxyethyl)-7,7-dimethyl-

. -' B
bicyclo[3.3.0])octan-3~one (75),.1—Carbome&hoxymethx}—3,3- ',

’ v P v - ‘.
dimethg}y-6—(2-methéxyethxj*-7,7-di@ggzylbicyclo[3.3.0]-

octane (166), and 2,2-Diméth0xy-5—(2—methoxyethx£176,6—

dimethyltriqyclo[6.2.0.04‘8]decan¥9-one (1§2),"1,

At -78°C, a stream of ozone—oxygen gas ‘was allowed to

pass through a meehanollc solutlon (30 mL) of ghotoaéduq@ﬁ
v
. 164 and 165 (ca. 5:1 mixture: SlO\mg, 2.05 mmol) until a -

ligﬁt blue color was retaihéd. The reaction mixtire was
purged with argon to remove excess ozone. ‘Dimethyl . '
silfide 3 mL) was . added at 0 C and ‘after stirring at room
"ténpe;athre for 5 h,-thg mixture was cbncentrated under
nedgcedJPressureL !ﬁje residue was partitibnéa betJLeb
mgthyleng chloride and watér.ﬁ\The organi; solution was
of gﬁe residue on silica gel; eluting u&th'iS%\gtHyl
aéetéte in petroleum ether, gavé dimétﬁyl ketal»1667(53 4
mg, 8% yield): ir (CHC13 cast) 1738 cm'1 (ester)1 {H ninr
63.68 (s, dH, —COOCH3), 3,42 (m, 2H, -cuzo-).’ 3 35 (s, 3, 1
~ . ' '

G . N

.

164

. .
P .
/ 2
N

"

dried, filtered, and concentrated. Flash chrdhatogragh%)' o

"-u. F Y
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LY

_ocg3), 3.20, 3.21 (both s, 3H.e§$p, cq-9}6c33),\2.52,.
2.49 (both 4, 1H each, J .="15 Hz each) -CH,C00-), 0.96 (s,
3H, -CH3), and 0.85 (s, 3H, -CH3): ms M* 328.2247 (cBlcd.’
for C18H3205=' 328.22‘49)‘. _Continued elution with the same
e*r g’ndant system: afforded 167 (35. 6 mg, 6% yield): ‘ir
' '.‘V— m% c;nst‘) 1772 cm':l (ketone) 1H nmr 63 43, 3.45 (both
d, 1H each, J = -6 Hz eachv'-cnzo-), 3.35 (s, 3H, -ocﬂ )4 '
3.28, 3.22 (both s, 3a/éach, CH3O¢0CH3), 2.91 (dd, 18y J = .
}sf J' = 9 Hz, -CHHCO-), 2.82 (dd, 1H, J = 18, J' = 6 Hz} ‘
-CHHCO-), 0.97+(s, 3H, -Ch;), and 0.83 (s, 3H, =CH;): ms
- " 296.1988 (caled. for Cj;Hpg04: 296.1988). Further
elution c;ave keto ester 75 (439 mg, 76% yield): ir (CHCL4
v cas&) 1740 cm"l. (két;one 'e;nd ester); ly Qe 53.65 (s, 3H,
-CQO@H3), 3.39 (t, 2M, J = 6 Hz, ’cuzdﬁnp 3.31 (s, 3H,
~OCH3), 1.88, 1.71- (both d, 1H each, J = 18.5 each;
-(%CH2+ ), 0.99 (s, 3H, —CH3), and “0.90 (s, 3H, -CH3):; ms

M* 282.1833 (calcd. for‘q16H2604. 282 1833).
| \ o v

. i v ‘ 7 ’ M
1-Carbomethoxymethyl-6-( 2-ngrogxethy1’ y-7,7-dimethyl-

».

—A b1cyc10[3 3. 0]octan -3-one (l§8) . ‘ . - | Ce
| 16 a soluth. of keto ester 75 (E mg, 0.03 mmol) in
acetlQ?’ltrlLe (g mL), -To) um iodide (5 mg, 0.03 mmol) and,

. C@aq}(?r%{pethyisllane (4 4L,  0.03 mmol) were added. After

heatl at)\rSG'- 'C (0il bath temperature) under an argon
/“? atmosxetq ’fdr 30 h, the reaction mixture was poured into

. . ~ ,A% . ~ .
’ - - | 4 .
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o

ice-cold water (3 mL) and extracted witg ether. The

L g

organic extracts were washed with 10% aqueous sodium"
tﬁiosulfate solution and saturated aqueous sodium chloride
solution, dried, filtered, and concentrated. ’Flaeh'
chromatography of'the residue on silica gel, eluting with
108 ethyl acetate in petroleum ether; gave unreacted keto

ester 146 (2 mg). Further elutlon w1th 50% ethyl acetate A

in petroleum ether, gave alcohol 168 (5 mg, 76% yield): B

ir (CHCl4 cast) 3440 (alcohol) and 1738 cm™! (ketone and

ester); YH nmr 53.72 (t, 26, J = 7 Hz, -CH,Q=), 3.36 (s, . g
. . L 4
34, -COOCH3), 1.92, 1.73 (both d,. 18 eacH, 14 Hz eacET*'
» .
% %Séa)' 1. 00 (s, 3H, —CH3), and 0.92 (s, 3H, —CH3) “ms

M* 268.1677 (calcd. for CygHop404: 268.1675).%

’ 2
é \
\
’ . ’
: ”

1-Carbomethoxymethyl-6-(2-iodoethyl)-7,7-dimethylbicyclo- x\\\/

[(3.3. 0]octan—3~one (169) ; "

.
To a solutld"of ketb ester 75 (439 mg, 1.56, mmol) in

!

acetonitrile. (15 mL), sodium iodide (700 mg, 4.67 mmol)

'end chlorotrimethylsilane {0.8 mL, 6.24 mmol) were E

added. Afteg heating at 60-70°C (oil bath temperature) l
under an argon atmosphere for 30 h, the reaction mixture
was poured ‘into 1ce—¢old water (50 mL) and eia;acted with

4
"ther. Ths organic exttacts were washed-wzth IO%Iaqueoue

zzd&um thiosulfate solutionda saturated -agqieous sodium
3

o Y o

lori'de solution, dried, fil¥ered, 'and concentrated.

By
&

Ry, N e ,
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Flash chromagpgraphy of the residue on silica gel, elutxng
with 10% ethyl acetate in petroleum ether, gave ester 169
(529 mg, 90% yield): ir (CHCl4 cast) 1738 cm~1 (xetone
and ester); ld nmr §3.65 (s, 3H, -COOCH3), 3. 20 (m, 2H,
-CHpI), 1.19, 1. 74§1both d, .1H each, J = 14.5 Hz each.

+CH2+ ), 1.04 (s, 3h, -CH3), and 0.92 (s, 3H. -CH3), ms

_M+‘378 0689 (calcd. for ClSH23IO3. ‘3?8 06‘ ' ¥
o ' j
. o . SR L
Iodo eSter 169 from dimethyl ketal 166
. . .- r
To a solution of ketal 166 (50 mg, 0.15 mmol) in
acetonitrile, sodium io@ide (114 mg, 0.76 mmol) and . 7

chlorotrimethylsilane (0.1 mL, 0.76 mmol) were added.
“ther heating at 60-70°C (oil bath iemperature) ufder an
argon atmosphre for 30 h, the reactioﬁ hixtufe was poured
into ice-cold water (5 mL) ard extrac&éd with ether. The

' L
organic extracts were washed with 10% aqueous sodium
: : o

¥thiosulfate solution and saturated aqueous sgaium chloride
solution, dried, filtered, and concentrated. Flash ~

. c g A . .
~chromatogr;phywof the residue on silica gel, eluting with

108 ethyl acetate in'petroleum ether, gave ester 169 (51
w . . \ .
mg, 87% yield) identical with that 6Btained previdhsly

>

<

. from ket{ ester 75. . &

4§ ‘ . -

&

o

Y
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1-Carbomethoxymethy-3, 3-ethylenedioxy-6-{2-iodoethyl)-7,7-

o
dimethylbicyclo[3.3.0]Joctane (23)

' p-Toluenesulfonic acid monohydrate (30 mg, 0.16 mmol)

-

"was, dried by refluxing in benzene with azeotropic removal

-

of water-bﬁgzene (3if S mL). To a solution of the dry p-

168

tolugnesulfonicbacid in benzene (4 mL), 2-met)yl-2-eﬁpyl- .

1, 3-dioxdlafle (8 mL) and a solution of kete esteq.:ﬁQ (529
mg, 1.4 mmolY in benzene (4 mL) were added. The mixture
s helted at 80-90°C (oil bath temperature) for 3.5 h.

L ‘ : ‘ '
After cooling to:0°C, 10% aqueous sodium bicdarbonate

( 3

‘ solution was added aqd the mlxture'e‘gtﬁd‘with ether.

The‘orggnlc extracts were washed with water and saturé&ed

aqueous sodlﬂh chlorxde solutlon, dried, filtered, and

.

conqentrateqs Flash’ chromatographyxof thq residue on

1

silica éel,f‘lutxng with 7%.ethyl acetate in petroleum ;| -
[ A

ether, gave kdtal 23 (481 mg, 72% yield) ir (CHCl4 c%st)'

1735 (ester), 1120, 1160, 1170, brh 1100 onl (ketal); lu
- y e T .
amr §3.89 (m, 2, _60fi,eHY0-), 3.66 (s, 3H, -COOCH3), 3.28

4 3.16 (both m, 1H each, ~CH,I), 2.64, 2.48 (both 4, 1H

each, J = 15 Hz each, -CH\EOO-), 0.99, (s, 3H, -CH3), and

-

m,‘
"'0.86. (s, 3H, -CHj), ms MY 422 0942 (calcd. for s
Cy7H27104? 422.0956) - S ‘ ] |
o, e ‘v )
: R s~ Y . »
.“ ‘
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‘h

. ; ite
2-Carbométhoxy-8,8-ethylenedioxy~1,5-(2',2'-dimethyl-
. 3 : ‘

0

ethano)bicyclol4.3.0)nonane (170)

Using lithium diisopropylamide . R

To a solution of diisopropylamine'(0.0G ml, 0.42

mmol) in tetrahydrofutaqaﬁlos mL) at -78°C under an argon ¢

atmosphere, was added methyllithium (1.42 M in ether. 0.23

" »

mL, 0.28 mmol). The solution w&L stirred at -78°C for 5
min and at 0°C for 10 @1n. After cpohng ‘\6’_78 C, a

solution of iodo ketal 23 (117 mg, O. 28 mmol) in .-

tetrahydrofuran (1.5 mL) was added dropwise. The reaction ,

mixtu:e was stirred for 20 hin at -78°C, 15 min at —45’C3’-
then brought to =23°C. Hexame€ﬂyiphosphoramide (0.1 mL)
. . : ]

wes immediately ddded The solwtion was stirred at -23 C ‘e
g

- for an addjtional 15 "n and then brought to room

— temperature for 1 h. The reaction was quenched with . T\

-

saturated agqueous ammonium chio;ide solution, diluted with

petroleum ether and waéhed with water and saturated
. p3 5 1 ’ -
agueous sodium chloride solution. ‘The organic layer was

4

. dried, filtered, and concentrated. Flash chromatography

of the residue on silica gel, eluting with 6% ethyl

~ -

edetate in?petroleuﬁ ether. gave tricyclic xet'al 170 (%?\
; s : ‘ -
mg, 75% yiegd): ir (CHCL3 ggi:3'1731 (ester), 1194' 1163,
4

. and 1119 em™! (ketal); a anr 4379 (m, 4H, -ocnzcuzo-),

3.58 (s, 3H, -COOCH3), "2.56 (d l1H, J = 6 Hz, -éHCOO ):

-2 51 (dd 1H, J =-11.5, J' = 9 Hz, -éHCHz%O-), 1. 95 (44, o

: -
@

- - - '\3.  - » . : . ; .
: ¢? o a - S . °

3 . . .
) oy
. R
I8 - *



“1H, J = 14 J' = 1 Hz, -éHCHH#O-)a 1.86 (ddd, 1H, J.~ 14,
g g"9 J" = 1 Hz, -éncu éo-), 1.90, 1.81 (both g, m

I 4
each, J = 4.§-each, -#cﬁzoo-). 1.13 (s, 3H. -CH:,). and

294. 1‘831) "-
. e ? :3‘ * va$ uov )
duilaz&de .

v .

Using_ 11thium hexame_
At -78'C to a solution of hexamethyl disilazane

(0.38 mL, 1.80 mmol) in tetrahydrofuran (5 mL), n-butyl-

lithium (2.5 M in n-hexane, 0.37 mL, 0.94 mmol)" was added

v

unde‘r an argon atmosphere. The solution was stirred at

-78%¢ for 5 min and at 0°C for 15 min. After ctol
4 .
ugain to -78°C, a solution of iodo ketal 23 (27 1‘ 72

mmol) in tetrahydrofuran (3 mL) was added dropwise.’

reaction mixture was stirred for 20 min at -78’ .15 min

at -45°C, then bro* w Hexamethylphosphoramlde :

(0.1 mL) was immediately gdded. The solﬁtxon was stirred

at -23°C for an addxtxonal BB min and then brought to room

terperature for 1 h. 'ﬂ‘reaétlon was quenched with '

saturated aqléous - chloride solution, dfbluted with
q N‘“‘!‘ ;

Petroleum ether and washed with water and satu‘ .

agueous gbdium chloride solution. The organic

. dried, ¥iltered, and concentrated. Flash chi"omatography :

of the residue on silica gel, eluting with 6} ethyl

-

\acetate in petroleum ether, geve tricyclic keta1‘170."(1"32

mg., 70% yield). ' N ,

17Q

t

r.yas C
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2- Carbomethoxy-l,s -(2, 2-dimetulethano)b1cxg[>[4 3. 0]-

-

+
£

"o
A solution of ketal 170 (58 mg, 0.20 mol) in ac’tgne,

nonan-z;one (24) . ‘ f '{-'f Lo

.,containing a crystal of R-toluenesulfom.c acid mnﬁopate

was stirred for 2 h at rooh tem era ure ypde an“' : :
y peraty e ST RN

s " ’;g&mgqpper_g of argon. Solldunodwm "fncarbonate (,}Ogig ‘wWas
o . U ’ Y v

added and the mixture was stirred “for an addit.lonal,

min. ' The mixture was.filtered and the solvent '-’.' -“"‘

evaporated. Flash chromatography ofefthe. -res;due leica
gel, eluting with 10% ethyl acetate,a‘n‘peix:p}a‘é éthet.‘ °
hnd ® o

gave tricyclic ketd ester 24 (39‘3,., 80% yxél«u .
spectral data. was Ldentl.cal with. ‘:hgse reportqi by ;
Danishefsky.l4 _ “1 “L
il Y -

- '_ ’$ -
. [ . - .
(-)~a -Campholenic acid” (129) - o .

» : e 4 .

To fused potassium hydroxide (80 g, 1.43 mol) in a

porcelain casserole was added sldwlyﬁth stirring
[

(-)- 10-camphorsu1fon1c acid (76) ammonium salt (73 g, 0.29

mmol). After the completlon of the addltlon 1ca. 30 min),

th‘e‘molten mass was allowed to cool to room temperature
and then dissolved in water (700 mL). The resulting .
solution was extracted with ether and the aqueous fraction
acidif}iedzwith 6 N hydrochloric aeid solution. 'The

acidified solutjon was extracted with methylene

171



chloride. The c4iyined orgenfﬁ extracts were dried,
4 ‘
filtered, and condentrated. The crude rq‘tdue wu- Tt

distilled to give (-)-acid 129 (38 7 g, 79% yield) b.p.
‘ .
90-91°C/0.3 torr; [d] = -11.1° (c = 0.11, CHC13) The
| ith those obt .
op‘tral*ta wero‘c ical wit ? e o n“o |
previously from 4,1- 10-camph9rsu1£on1c acid sodium salt.
Theé conversion of (d.au—campholenlc ac1d,(129) into (-)-24
, » ,

was effected by the reaction sequence outlined in Scheme

" XVIII. The reectlon cond1t10ns were 1dent1ca1 to those ®

described above. g‘)-ouadrone (l)fwas obtalned from
(-)-24 foliowing the reaction.séquence reported for the
racemic 24.1% (-)-Quadrone (1), obtained in crystalline
form (m.p. 182-184°C), showed a specific rotaéioﬁ‘ofﬂfaléz

= -42.2 (c =10.05, EtOH) and displayed the following

ectral data: 'ir (KBr) 1738 cm™1 (ketone and lactone);.
e ly .64 (a4, 1H, J = 3 =1 nzd -CHHO-), 4.20 \

3

(44, 1H, J = 12, J' = 2.5(Hz,” -CHHO-), 2.74 (br 4, 1K/ J =

6.5 Hz, -éacoo-), 2.66 (84, 1, J. =17, J' < 14 hHe, ,
-CHHco ), 2.44 (dd, l1H, J'= 17, J' = 7 Hz, -anco-), 2.42
(br 4, 18, J = 5.5 Hz, -énco—), 2.36 (44, 1H, J = 14, J' o=
-9 Hz, éHCHZCO—Q, 2. 07 1.89-—~(both 4, 1lH each J = 14 Hz
each, -¢CH2¢ ), 2.00 (t, 1H, J = 2 He, —CH% ), 1.67, 1.72-
2’98 (both m, total 4H, -équzcﬂ éH ), 1.28 (s,\3H, ~CHg),

.

and 1.%2 (s. 3H, —CH3): ms MY 248.1418 (calcd. for

'

T N
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THE TOTAL SY!“‘I‘HEPSIS OF (+)-CORONAFACIC ACID
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INTRODUCTION

74

Iﬁ 1977, Ichihara and co-workers reported the

.

isolation, from the culture broth of Pseudomonas

&>

corg.gfagience var. atropurpurea, of a phytotoxic
475,76 '

compoun named coronatine. It induces chlorosis on

the leaves of Italian ryegrass and also hypgrtrophic

growth of potato tuber tissye. These investigators also

4

‘established the structu

74,77,78 of the 3extro

and| the absolute stereo-

chemistry tatory phytotoxin as 1 on .

the basis of the following‘obser?ati
« L T o i

} .Hyd:OJYsis of-‘toronatine (1) gave (+)\coronafacic .

4

acid (2) and (+)- coroqamlc acid (3). Conversely, .
-ih.-,‘,p o g N

condensation of coronafacxc acid (2), via the
correspbnding.acid chloride, and'coronamic acia (3) gave

1.77

rise to the Jparent molecule Coronafac1c acid (2),

vhich was found to be also gresent in the culture broth of
the phytopathogenic pacterlum‘ was fogﬂa to be rapidly
interconve!(i?}é with its C6 epimer 4'and, dépending uggn

the conditiOnsLof recrystallizagion, each of these |
compounds could’ bg isolated 1‘p pure form.’4 The isomer 4 ,

-~

“is easil’ convert‘,d througp enollzation Qo 2. .
Esterification of 2 or 4 by methanolic hydrochlorlc Jéxd
afforded the same methyl ester 5.74 e strupture and - s

relative configuration of coronafacic acid (2) were
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imately by X-ray analysis on the latter
»

4 The structure of (+)-coronamic acid (3) was

rginod by speétroscopic mcthodi.fvrhduabnolute4;,ﬂ_,////'
configquration was first assigned as in structure 6 on the

basis of OlD‘mealurcments.77 However, further
Y

1nve-t1§htion by the onzyhatic method and X-ray analysis78

revealed the absolute configuration .shown in ‘formula 3 for

“

(+)~coronamic acia. . ™

P .
- Coronofacic acid- (2) has begn the subject of
considerable synthetic activity and several total

synt¥Pses have been accomplished during the past few

years. The first total syntheq}s of (0)-coronafacic aciv

\ D
]

(2), reported shortly after its isolation by Ichihara and
79 ‘

co-workers, made use of a Diels;hldcr'}eaction (Scheme

1) as the'key step. Addition of 2~et§y1;3-m;thoxy-1,3-
‘,

'.tﬁtqdioﬁe () ‘to 2-cyclopentenone (B) in refluxing xylene;

i

with concomitant isomerization of the double bond of the

, expected adduct, Yafforded a stereoisomeric mixture of

pmpductq 9. IReduction with 8 um‘boro§¥9r1§e fblloued by
hydrolysis of the nethyl enoI ether gave kéﬁol 10 QQE

11. After protecting the alcqhol group as a tetrahydro-
pyranyl efther, the compound was sequentially treated with '
ethyl formate and sodium hydride in diglyme ana_then with
ildprOpyi iodide to give the corresponding isbprOpyl ether

12. Reduction of 12 with lithium aluminum hydride in . .. ..
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tetréhydrofur&n and subsequent treaﬁmen&_of the~resu1ting
alcoh91 with‘aéetic acid afforded a stereoisomeric mixture
.0of a,p-unsaturated aldehydes 13. Hydrolysis*of.the tetra- -
hydropyranyl ether followed by Jones oxidation géve.(:)-

coronafacic acid (2).
. ! " ,
In 1980, the same ggqupeonzeportea an improved
. L , .
»synthesis using an intramolecular Diels-Alder reaction

(Scheme II). Reduction of diester 14 with lithium.

\

aluminum hydride afforded the corresponding diol whichiwas
converted to aldehyde 15 by oxidation withvmanganese

dioxidei Ketalization of aldehyde 15 fdllowed by Colliné‘
oxidation yielded acetal aldehyde £6. Aldol condensation

of ketone 17 with 16 by means of lithium di;sopropylamide
affofdéd ketol 18. Mesylation of\the‘hydroxyl group
followed by elimination induced by 1,S-diaiabicyclo—4
[5.4.0]undec75;ene yielded the corresponding’;,a— .
uﬁsaturated ketone wﬁich was reduced tp the-.saturated ”‘\
. ketone 19;hy treatment Qith“sodiUm bis(2-methoxyethoxy)-
alumiium hYdride. As expected, when ketone 19 was heated
‘at 170-180°C iﬁ toluene in a’sealed tube, compound 20 was
formed via three succeqsive reactions:. cbnrotatory ,
opening of the cyclobutene ring,.retrOrDielg-Alder-. ~

L}

reaction eliminating fulvene, and inttramolecular Diels-

N
!

Alder reaction. \Ireatment of 20 with Jones reagent

resultéd in simultaneous deacetalization, isomerization,
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LiAlH,, Et,0, EtOH. b. MnO,, pet. ether, PhH, reflux. c.

HOCH,CH,OH, p-TSOH, PhH. d. Collins, CH,Cl,. . LDA, THF,

=48°Ci— f. MsCl, pyr. g. DBU, toluene. h. NaAlH,(OCH,CH,0CH;),,

Cul,

THF, -45° to ~10°C. 1i. toluene, 180°C, 3 h. j. Jones

reagent., -

—
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and oxidation yielding (t)-coronafacic acid (2).

Shortly aftér, Jung et al. 81‘r.'epox."ced a similar |
approéch to the syntﬁesié of 2lxig_the'ttienone 27
prepared by a completely different route in which the key

cyclobutene formatlon step was effected by an
intramolecular~(2+2) cycloaddition as shown in Scheme
IIi. Esterification of propiolic acidi(:l) with.alcohol
22 affo;deq ester 23 which, on treatment with aluminum
chloride, gave cyclobutene -24. Opening of the lﬁctone in
aéi&i; ethahol"followed by oxid;tion produced‘aldehydé
25. Addition of vinylmagnesium bromide followed by'
oxidation éf the resulting allylic alcohol gave enohe

26. Upon heating to EOO'C, the cyclobutene ring was
cle;nly opened to furnish the desired trienvne 27 which
wa;,sﬁgwn,to be stable at this temperature. However,
heating a solution of 27 in toluene in a sealed tube at
180°C effected the desired cyclization to afford isomeric
esters which were subjected)to hydrolysis to give (:)-
coronafacic acid (2). | ‘ .

A completely different approach to the syntheqis of
(+ )-corona.é“ic acid (2) was also reported by Jung and
'Hudspeth.az The synthésis employed as a key ste; an
anionic oxy—éope rearrangement reaction as shown in Scheme

IV. Enone 28 was tre%ted with 2-1i¥hiobenzofuran to

furnish the exo alcohol 29. Refluxing a solution of 29

-
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100°C. h., toluene, 180°C. i. HCl.

o
: . .
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)
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a. stO". bo AJ.C13. Coe EtOH, HC].. do PCC- e, CHZUCHHQB!‘.
f‘ PDC. g.
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iMe .,
3 ~
8+ EBt0. b. NaH, THF, & 1 h. c. H0. d. CHyslLi , THF. e. /
. . . . »
8102,‘PhH. f. Hz, Rh-A1203: g.‘ BF3’OBt2, CH2C12' o _ci 2 h. h.

Hz,Rh-A1203. i. oll "l‘bAC, o.c, 1 h. jo aq. HzOz-\ K. aq, ox .

1. CH Ny m, Poc13, pyr’, 4, 30 min. n. aé. HC1l, A, 3‘%

»
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and sodium hydride in tetrahydrofuran afforded the

rearranged product 30. Addition of g-trimethylsilylvinyl-

lithium to 30 followed}by treatment with silica gel in

benzene afforded tho ketal 31. Catalytic hydrogcnation

produced the tetrahydro compound which underwent

deqilylative olgﬁ}n formation upon treatment with boron

trif;poride,to give an isomeric mixture of keto oquins

32;. Catalytic hydrogenation/ﬁ} 32 followed by ozonolysis

in acetic acid, oxidation, hydtolysis, And ésterigiéation'

gave ester 33. The final conversion‘to (:)-corgnafacic

acid (2) was effeétéd by dehydration with phosphorous‘.

oxychloride-pyrddine and acid hydrdlysis'bﬁ the ester.
Tsuji83 made useng a palladihm-&aii}yzed cyclizatéon’

on conpgund 35 in his synthesis of (¢ )-coronafacic acid '

(2) (Scheme V). Michael addition of keto ester 34 to

methyl acfylate afforded diester 35. The cyclized product

36\waé obtained by treatment of 35 with pallajxum acetate

and triphenylphosphlne. After demethoxycatbonylatxon and

ketalization, the ethyl group was introduced,byitreatment

with lithium diisopropylamide and ethyl iodide to give

37. Hydroboralion, oxidation with Jone; reagent, and

esterification gave the{%iester which,~after reprotection

of the ketone carbon&;} was subjected to Dieckmann

condensation using potasgium t-butoxide in tetrahydrofuran

to give the keto ester 38. Reduction of the ketone and
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SCHEME V

-~

a. CH,=CHCOOCH3. b, P(OAc)y, PPhy. c. demethoxycarbonylation.
d. uocnzcnzoﬂ.‘"e. LDA, EtI. f. BHj. g. Jones reagent. h.

esterification. i. K t-BuO, THF. Jj. RKaBH,. k. Hy0*. 1. POCl,.
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hydrolysis of the ketal produced the Xeto alcohol which
vas dehydrated to give a mixture of doublé bond isomers 39

and 40. Treatment of these esters witl aqueous acid gave
) .

(t)-coronlfacfé acia (2).

4

v
(2) was acconplished1py Nakayama and

*' Thewtxrst and only synthesis of optically active (+)- -
~ ) .

on their previous eynthgsis of,facemic
284,86 £rom aldehyde 41 (Scheme VI). .Lithium aluminum
hydride reduction of 41 followed by treatment of the
-resu;ti?g alcohol with p-toluenesulfonyl chloride under
the phase-transfer catalysis conditions yielded the
corresponding Qulfonate 42 which was subjected té‘reaction
with the dianiodwof'methyl acetoacetate. Treatment of the
resulting p-keto ester 43 with p-toluenesulfonyl azide in
the presence of triethylamine afforded a diazo compound,
which upon'heating in refluxing toluene with a catalytic)
amount of trimethylphosphite-copper(l) iodide complex gave
cycloadduct 44. Aliylation of t4 with lithium diiso-
propylamide and ethyl broemide in tetrahydrofuran followed
by reduction with sodium borohydride gave an epimeric
mix;ure of alcohols 45. Treatmekt of 45 with p-toluene-
" sulfonyl chloride in pyridine afforded an inséparable
mixture of a,p-uﬁsatutated esters 46 which was subjected

to hydroboration. Subsequent oxidation with pyridinium

chlorochromate gave a complex mixture fggm which the

N85
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8. LiAlHg, ether. b. TsCl, PhH-ag. NaOH. c. CH,COCHCOOMe, THF,
-10°C to r.t., 8 h. 4. TsNj, EtjN, CH,CN. e. toluene,
Cul-(Me0),p, 4. f. LDA, HMPA, THF, EtI, 0°C, 10 h. g MaBH,,
MeOH, r.t., ' h. h. p-TsCl, pyr, r.t. overnighé. i. BHy, THF,

0°C. 3. PCC, CHy,Cl,. k. 2.4 M KCl,
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methyl ester of (:)-coronafacic acid was ilolltld; Acid
hydrolysis afforded (z)-¢oron§chic acid (2). .

"In the chiral oyﬁthosin. 1-menthyl acetoacetate was
used as a chiral auxiliary (Scheme VII). The dianion of
l-men;hyl acetoacetate was first alkylated with ethyl

bromide to give the optically active 3-oxohexanoate 47.

Alkylation of the dianion derived from 47 with tosylate 42

afforded keto ester 48 which was subjected to

diazotization. Subsequent cyclization via a carbenoid

intermediate gave a .nixture of the desired keto esters 49a

" and 49b along with their respective epimers S50a ané 50b.

Treatment of the mixture with sodium methoxide in

refluxing methanol caused the epimerization of the latter
: !

isomers giving rise to the more stable 49a and 49b (1:1)
as the only products which were separatéd by column
chromatography on silica gel and recrystallization from
methanol; Reduction of 49a with zinc bo;ohydride gave

_ alcohol 51. Hydrolysia of 51 with aqueous sodium
hydroxide-dimethyl sulfoxide followed by esterification
with etheral diazomethane gave (-)-46. By a similar
tfansformation as describ;d for the dynthesis of (¢)-2
from (+)-46, (-)-46 was converted to (+)-2 identical in
all respects with the natural product including optical

rotation. Similarly, the levorotatory e&antiomer (~)-2

was prepared from 49b.’
93

2

*
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" SCHEME VI1I

47

c.d Ri~ ™

492 R1=Et; Ra2:=H

S0a R1=H; Rz:Et

] 49bRi=H, Ra:Et
°c50bR1=Et; Ra:H

‘ : -“"*’g'h (-)-46 "“—'9(‘")7‘
e » CO;-.,. ~ (‘

51

49b —»  ——» (—)—2

1 4
a. NaH, THF, n-Buli. b. €2, TF. c. TsNj, EtyN, CHyCN. d.

/

C‘uI-(HeO)39, toluene, A. e. NaOMe, MeOH. f. 2nBH,, ether. gq.

lq. NOH'DHSO, A. h‘ CHZNZ' .th'r.
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. Our approach®? to the synthesis of (:)-coronafacic

‘acid is based on an 1n€;:i;&¢cu1ar Di,loQAidor rbaction.«‘
Rthyl chyl-zfo-pontcdiomt,' (S2) was chosen as the
diene and 4—cyclopo;tonc-1.3-d}onc (S3) as the dienophile
for its high dienophilicity and symmetry. The use of
unsymmetrical 2-cyclopentenoneg is expected to produce
~adducts such as 54 possessing the undosi;abld
regiochemistry accordi;g,to the ortho and_ggég.rulcsee
" governing the Diels-Alder reaction. Th; cycloaddition of -
enedione 53 and diene 52, on the othe; hand, would lead to
adduct 55, the conversion of which to the target molecule
requires only minor adjustments of the functionalities.
Ba;id on th:-tynthctic,-tra;pgy outlined .above, an
efficient total synthesis of (+)-coronafacic acid (2) has

been achieved. The details are reported in the next .

chapter.

-

COgt

CO,Et
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RESULTS AND DISTUSSION ‘

Y ] . " \ .
tthyl 4~-oth i,4-pon;ndtouooco ($3) was prepared

accordinq to the ocedure of Holcombe et al.89 Treatment’
of Q-othylactoloi (56), obtained £tom'2:butan01 !£1 a
Mannich ;;nction with formaldehyde and dimethylamine
hyd£6ch16¥1do,9° with the sodium salt of triethylphos-
pﬁonoacetate in ethanol afforded ciene $2 in S58% yield.

The rfimr spectrum displayed two mutually coupled doublets
| at §7.30 and 5.86 (J = 16 Hz) integrat}hg to one proton
e3ch for the g and ¢ p:otoﬁ- of the unsaturated ester
ﬁoiéty reipectively. A broad singlet at55.32 was ’
observed for the § protons. A quartet and a triplet
appea£;8 at $4.18 and 1.28_for the ethyl ester. The .
vinylic éthyl group also appeérad as a pair of quartef
(62.25) and triplet (61.10).

- n \

N
CO, &Y

52 | 53 56

. |
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‘ras also,ﬂttempted under Lewis acid catalysis whf%h is .

191

The D1els-A1der reaction between diene 52 and the
.
commercially ava1lab1e 4-cyclopentene -1,3-dione (53) was
attempted underta _variety of condltlons. In refluxing

toluene the cycloaddition occu‘red-smoothly Yo give a 67%

_yield of the crystalline adduct 55, m.p. 86-88°C. 1In

refluxing xylene the reaction proceeded more rapidly but

-

’tHe yieid of the product was lower (48%). The reaction

. Known to fac111tate the D1els—A1der addltlon\91 92

Diswppointingly. when the geactht was performed in the

presence of ferric chloride or stannic chloride in

,methylene chloride at 0°C or room temperature, no reaction

was1ebserved. The nmr spectrum of adduct 5%’indicated

that the compound w?@mcompletely?eﬁolized in chloroform
solution and that the two enol forms wer; present ir'a
ratio of .ca. 5:1. 1In both cases, the proton of the

hydroxyl group of the enol appeared aty56;04 as a broad
sing}et. The major isomer displeayed a singlet at §5.26

for the enone proton and ‘a doublet of doublets at §5.58 .

with coupling constants of 6 and 1 Hz for the vinylic

¢
proton of the isolated double bond. The ethyl ester

displayed a quartet at.54.26'and a triplet at §1.34. The
minor isomer showed the enone proton at §5. 29 as a singlet
-and the other vinylic proton at §5.62 ‘as ‘a doublet (3 =6

Hz). .The presence of enols was further confirmed by
§

¥
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absorption bands at 3400, 1642 and-1549 cm™) in the ir
spectrum. A molecular ion gt m/e 250.1202 in the mass
spectrum, as well as elemqﬁtal analysis, verified the

chemical formula of C14§{BO4.

55 ' ' 57

After obtaining addugt 55, a method had_ to be dévisgd
that would enable us to alfferentiate between the two
carbonyl groups. Since the ketone group at the c9
position is in the proximity to the ester group, it could,
in’principle, undergo lactonization with the latter to
form the vinyl lactone'57. Unfortunately, when adduct 55
was treated with lO-camphorsﬁlfonic acid in~benzene or
with E;toluenesulfoniclacid in refluxing toluene, the

«

starting material was recovered intact.. In fact, am close
examination of Drieding models reveals that the C9 )
hydroxyl group of the enolized diketone 58 is not

sufficiently close to the ester group to warrant the
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lactonization. Furthermore, the.Eg;:dting lactone'57

would be highly strained.

58

—— —— C

Due to our'inability to effect the lactonization, an
alternatlve method was sough; to distinguish the two
ketone carbonyls in dlketone 55. The C9 ketone carbonyl
being y to the carbethoxy group is concelvably m;;e
hindered than the C7 ketone. Consequently, the two
cdrbonyl groups should show different reactivities towards
a bulky reagent. - Along this line, several reactions were
attembted. First, diketone 55 was lreated with lithium
aluminum hydrlde in refluxing ether. It was expected
that1.Ee ester group would be reduced to the primary
alcohol and that the salt 59 would be formed w1th the

«

alumlnmnﬁmﬁﬂmy—attached to the less hlndered oxygen -

The reduction with sodlum bor ydride was not attempted
because after the initial acid-base reaction, the reagent
is. not strong enough to reduce the 1nc1p1ent vinylggous
carboxylate ion.
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atom. Further reduftion would then result in the

formation of enone 60 which miéht be further reduced to
the unsaturated a%cohol 6l. In préctice,-however. the
reaction gave a complex mixtﬁfe from whizh "the desired

product 61 could not be recognized.

H O
\
§ LI '
CH,0AIH, Li CH,OAIH, Li
59 _ 60 | 61

The second reaction attempted was the treatment of
diketone 55 with ethylenedithiol and boron trifluoride

etherate in methylene chloride to induce selective thio
. “ ,
ketalization of the less hindered €7 ketone carbonyl.

/

However, no reaction occurred probably because compqﬁnd 55

" behaves more like an acid than a p-diketone due to

<

complete enolization.

-

AN
The third-attempt to differentiate the two carbonyl

groups of diketone 55 was focused on the preparation of
the vinylogous ester 62. Towards this end, diketone 55

was treated with ttfé€hyl orthoformate'in ethanol in the
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i B OEt
COEt

63

- presence of a catalytic amount of conéentrated éulfuric
8@}d.93 Two inseparable cpmpounds 62 and463 were obtained
in a 1:1 ratio as determined by nmr analysis and in a
combined yield of 60%. The ir spectrum showed an
absorption band at 1735‘cm"1 for the ééfer, Enone
absorption bands were observed at 1700 and igéﬁ-cm'l. In
zhe nmr speétrum, one isomer displayed a broad sihéiet at
5§5.59 for the enone proton, while the cor:espondingﬁproton
of éhe'other isomer appeared at §5.49. The nmr spectfum
‘also showed the presence of ethyl esters and ethoxy groups
with a multiplet at §4.12 for the methylene protons and

/}kiplets at §1.41, 1.43, 1.29, and 1.27 for the methyl
protons. - The‘mass'spectrum displayed a molecular ion at
m/e 278.1516 (C;¢H,304). We reasoned that maybe triethyl
-oréhoformate was not bulky enough ané thus gawve poor

selectivity. We thought that the problem could be solved



by using a-much bulkier reagent such as bis(dimethyl -~
amino)phosphorochloridate., Ho:evet. whenythquiith{gm salt
of diketone 55, generated ip sjtu using lithium hydride,
was treated with bis(dimethylamino)phosphorochlo:idate in
1,2-dimethoxyethane in the presence of a small amount of
hexamethylphosphoramide, 23 poor selecﬁiviﬁy was again
observ;d. TWo ioomeric tetramethyl phosphorodiamidate
derlvatlves 64 and 65 were obtained in ca. 1:1 ratio (by
nmr analysxs) and in a combined yleld of 58%. he ir
spectrum showed carbonyl absorption bands at 173 ch;l for
the ester and at 1700 cm~! for the %nsaturated filve-
membered ring ketone. A strong absofption band at 1298
Acm'l w38 also observed due to the phosphate group. The
nmr opeotrum showed the proton on éhe enone moiety at
65.87 for one isomer and at 55.7é for the other, each as a
broad singlet. Methyl oignals for the tetramethyl
phosphorodiamidate group were observqg at 52.74, 2.71,

2. 69. and 2.61 as dohblets w&th;&‘o&ua}ing Jonstant (JP H}
of 10 Hz each. The mass spedtrum éhowed a molecular ion
at m/e 384.£827 indicating the molecular formula
C18H29N205P. Although the'reaction did not show any 'a
: solectivity and compgonds 64 and 65 could not be easily
separated by column chromatography;foeveral reduction

reactions were attempted. Sodium.borohyéride reduction of

the mixture of 64 and 65 in ethanol gave a complex mixture

~7
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from which enone 66 could be isolated in 22% yield. Enone

-

66 dlspyayed, in the ir spectrum, an ester band at 1730

cm™! and enone absorptions at 1720 and 1595 cem™l. The nmr.

spectrum displayed two doublets of doublets at §7.49 (J =
6, J' = 3 Hz) and!6.l6 (J = 6, J' = 2 Hz) for the g and «
proton; of thé& enone systém.respectively. The vinylic
proton of the isolated double bond appeared at §5.50 also
as a doublet of doublets '(J = 6, J' = 1 Hz). The ethyl
estef digpLayed a quartet at §4.12 and a triplet at
§1.27. The regxqchemlstry of the enone 66 was proven by

spin-spin decoup ing experiments whlch showed that the Cl

. methine proton¢( 3.48, m) was coupled with the g (J = 2

Hz) and g (J = 3 Hz) protons of the enone. The mass
spectrum showed a molecular ion at m/e 234.1256 in

accordance with the chepical formula 614H1803.

.

~
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‘ The Birch reduction was also attempted on the mixture
of 6:/2nd 65 using lithium i? liquiad ammonia.?5 The

reactioh_gave rise to a compiei/mix;p;e of saturated keto
estersoand keto alcohols, the nmr'spéct;um 6f wﬁich showed

the absence of any conjugated double bond.

H X H
| H : i H X ’
CO,Et CO,Et

67 e8

a
From‘the above results, we concluded that the ketone

carbonyls in:55 could not be cleanly differentiated even

|

J
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with rath;r bulky reagents. To circumvent this problem,
we focused our attention to the preparation of derivatives
of the types 65 and 68 that could be separated and thea -
individually converted to coronafacic acid (2). Towar&g
this end, the isomeric chlorides 69 and 70 were
synthesized. Most of the reported methods?® for tne
conversion of 1,3-diketones into the borfesponding [
chloro-g ,g-unsaturated ketones employ a tértiary amine for
the yhitlal deprotonation of the 1,3-diketone.

Application of these methods to diketone 55 resulted in-
variably in severe loss of material. 1In order to overcome
this problem;‘lithium hydride was selected as a base.

When the lithium salt of diketone 55 was treated with
phosphorous oxychloride in tétrahydfofdraﬁ in the presence
of hexametthpﬁosphoramidef chlorides 69 and 70 were
obtained in a 3:2 ragio and in a total yield of 45%. When
the reaction was carried out using phenylddichlorophos-
phate ;nd lithium chloride, * the yield of the products was
improved.consiéerably to 64; although the ratio remained
the same. The two isomeric chlorides were separable by

high pressure liquid chromatography. The ir spectrum of

*A combination of lithium hydride, lithium chloride, and
phenyl dichlorophosphate proved to be highly effective for
the conversion of cyclic 1.3-dion8§ to the corresponding
B-chloro-u ,g-unsaturated ketones. :

199
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. A .
the major isomer 69 showed absorption bands at 1716 (ester

and unsaturatcd five-membered ring ketone) and 1891 cm~1
(olefin) The nmr spectrum displayed a doublet (J = 2 Hz)
ét §6.21 for the enone proton and a triplet of doublets of

J' = 2, J" = 1 Hz) at §5.53 for the

Fﬁ"hylene protons of the ethyl ester group appeareé as -
quartets at §4.16 and 4.15 while the methyl protons
displayed a triplet at §1.26. Molecular ionF at m/e
270.0842 and 268.0865 in the mass spectrum, as well a$
elemenﬁalvanalysis; verified the chemical formula of
C14H)7Cl03. The nmr spectrum oé—the.minor isomer 70
showed a doublet‘at 66.23 (J = 2 Hz) for the proton on the
enone and a doublet of doublets at §5.43 (J = 7, J' = 2
Hz) fo} the proton on the isolated double bond. The ethyl
ester displayed a quartet at 54.17 and a triplet at

§1.28. The mass spectrum showed molecular ions at m/e

270.0850 and 268.0875 (C,4H,Cl05).

/ \
, {
i H |
CO,Et
’ 9 70
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The regiochemistry of chlorides 69 and 70 was deduced ¢
on the b;.iq,of the following observations. In the nmr
spectram the Cl proton of the major isomer appeared at
63.51 as a doublet of doublets of doublets of doublets
with coupling constants of 7, 7, 2.5, and‘z Hz. This
proton was shown by"spin-spin decoupling experiments to be
coupled to the enone proton which appeared at §6.21 as a-

/

. N
doublet with a small coupling constant of 2 Hz. On the

r hand, the enone proton (doublet at §6.23) of the .

minor isomer was found to be coupled, WIth a coupling
c;;stant of 2 Hz, to the Cl proton at 63. 78 (daa, 3 = 7, .
J" = 2 Hz). - - \
At this point, studies were undertaken for the
individual transformation of chlorides 69 and 70 to keto
ester 71. For the conversion of 70 into 71, the chlorine
atom had to be removed and the double bond of the enone
selectively hydrogenated. Chloride 70 was convepted to
enone 72 using a zinc-silver couple, prepared from 30 mg
of silver acetate per gram of zinc.28 Thus, treatment of
70 with the zinc-silver couple?in methanol afforded enone
- 72 in 64% yield along with the unreacted starting
méterial. The ir spectrum showed absorption bands for an
ester (1730 cm~1l), an unsaturated five-membered ring

ketone (1712 cm~l), and an olefin (1590 cm~l). The nmr

spectrum displayed two doublets of doublets at §7.62 (J =
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6, J' = 3 Hz) and 6.26 (J = 6, J' = 2 Hz) for the B ;nd a
protons of the onon; respectively. A The proton of the
isolated double bond appeared at 65.51 8 a doublet of
doublet; with coupling constants of 7 and) 2 Hz. The ethyl
ester group displayed a quarget at . fqr the methylene
protgns ana a triplet at §1.31 for the methyl'protons. A
mol?cular ion at m/e 234.1256 in the masp spectrum

indicéted the molecular formula ClaHlaog.

.

Lon

Hydrogenation of enone 72 in ethanol using 5% .
palladium on carbon as a catalyst gave a mixﬁure of fully
saturated ketoJéstgrs 73 in 91% yield. The ir spectrum
showed a carbonyl absorption band at 1732 em~! Que to the
ester and the saturated five-membered %ing ketone. 'The
nmr spectrum showed the absence of any vinylic protons.
The presence of four stereoisomers was suggest§d by

triplets at §0.91, 0.90, 0.87, and 0.86 for the rmethyl

N,
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9rous~o£ the ethyl side chain. The mass spectrum showed a
molecular ion at m/e 23§.15%66 indicatinq the molecular
formila \c14H2203. When .thc hydrogenation was carried out
in ethyl acetate, the less substituted carbon~carbon
double bond was reduced c;flutivcly ;ocpive a, 92% yield of
keto ester 71 as a mixture of two stereoisomers in ca. 9:1
ratio (by nmr anolyois)._ Thé ir spectrum showed a
carbonyl absorption band at 1732 cm~! for the saturated
five-membéred ring ketone and the ester. The maj;:‘isOmer
displayed, in the nmr spectrum, a vinylic.proton at §5.37

--as a‘broah singlet and an ethyl ester with a quartet at

64.18 and a triplet at §1.33. The minor isomer Bhowed a
vinylic proton at §5.44 and an_ethyl ester at §4.18 and
1.34, A n}<>llecu1ar ion at.m/e 236.1410 in the mass
apectrum, as well as elemental analysis, verified the
chemical‘formula of.C14H2003. *

Later, we were very pleased to find that chloride 70
could be directly converted to keto ester 71 by a sipgle
reaction. It is fnbwn that vinyl halides undergo |
hYdrogéno;ysis of the carbon-~halogen bond when treated
with hydrogen in the presence of a variety.of T
cagalysts.gg Several studiesl00,101 ,,, also indicated
that in the presence of a base the rage of the‘carban-

/é:us, chibroenone 70

. 4
halogen bond cleavage is enhanced. ;

was subjected to hydrogenolysis using 5% palladium on
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carbon and a variety 4f solvents and basdés. The

]

combination of ethyl acetate and z?&a.oiu@ acetate

resulted in the formation-of the desired keto esters 71

\ LY
and the fully hydrogenated keto esters’ 73 in a ratio of .

ca. 5:1 (by nmr analysis). When 1.4-dﬁzapicyclb[2;2.2]-
octane (DABCO) was _used as a base, simjlar rpsults ‘;cro
obtained. The use of a less polar solvent such as benzene
'was found to enhance the selectivity. The ‘best results
' were obtaiped when be.nzq;:e 6:: used as a solvent and-
sqQdium bicarbonat; as a base. Under thea; c;hdition-,

chloride 70 was converted in con-iutehtly high yield of

ca. 83% to the epimeric ket esters 71.

-

The conversion of chloride, 69 into 71 was less
straightforward. Our in\itial plan was to reduce
o~ *

chloroenone 69 to alcohol 74 which could be hydrolyzed to

the correspon*dlm; k&'o alcohol 75. Subcloquent dehydration
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of 75 would lead to the desiréd(intermediate 72. v
Accoréingly, cﬁioroenone 69 was reduced with sodium
borohydride in ethanol to give alcoholy 74 in 76% yield.
fThe ir sbectrum shozfd a broad absorption Sand at 3400
cm"'1 indicative of an alcohol. A carbonyl band was
observeé at 1730‘cm'1 due to the ester.. The nmr spectrum
displayed a broad singlet at §5.85 for the proton 6n the
six-membered ring olefin and a doublet of doublets at P
55.76 with coupling ‘constante of 2 and 4 Hz for the proton
on the fivébmembered ring ©lefin. A complex signal at
54.76 was assigned to the methine proton adjacent to the
hydroxyl group. A molecular ion at m/e 270.0985 %n the
mas? spectrum verified the chemical formu\l.‘a of -
C14H19C13503. The stereochemistry of alcohol 74 was
tentatively assigned as shown, resulting from the hjdride
attack from the leif hiqéered face of the startihg

substrate. Alcohol 74 was treated with a variety of acids -
R

as well as with titanium tetrachloride. Unfortunately, in

all cases it underwent extensive decomposition without

apparent‘formaﬁiog of the desired hydrolysis product 75.

To overcome this difficulty, we studied the
possibili£y of replacing the chlorine atom in 69 with a
different functionality which, after the selective \\
reductioﬁk;)\ghe ketone carbonyl, could. be easily

hydrolyzed to a ketone. Our first choice was a vinyl

e
Y4
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sulfide. 1t wae expected that the vinylogous thioester
group of compound 76 would undergo se%ec&}ve reduction
over the ethyl ester group and the resulting alcohol 77
could be easily hydrolyzed to 75. On treatment of 69 with
ethanethiol and triethylamine in Eﬁnzene, enone 76 wasg
obtained in 84% yield. The ir spectrum showed an
absorption band at 1725 cm~! due to the ester. Absorption

bands at 1696 and 1548 cm‘1 were observed for the enone

moiety. The nmr spectrum displayed two doublets, one at

& 45 (J =1 Hz) for the enone proton, and the other at
%4 J = 7 Hz) for the proton on the isolated double
bui. . The éthylthio group appeared as a quartet at §2.93

)

and a triplet at §1.41. Twé quartets at §4.14 and 4.16
and a triplet at §1.30 were observed for the methylene and
m;thyl protons of the ethyl ester. The mass sbectrum
displayed a molecular ion at m/e 294.1287 indicating the

chemical formu?g C16H2203S.

H Et,.

76 ' 77
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For the selective reduction of the carbonyl group of

the vinylogohs thioester, several methods were
attempted. Treatment of 76 with sodium borohydrid.elo2 in
ethanol at 0°C resulted in the recovery of the stq"‘ng

f materlal.« When the reaction was carrled out at roouu
temperature two products were obtained along with

" unreacted 76. The first product, obtained in 26% yield,
showed in the ir spectrum a carbonyl absorption band at
1756 cm~l. The nmr spectrum displayed a broad doublet at
65.53 with a coupliﬁg constant of 7 Hz }or the prbton on
the isolated olefin. An up-field shift observed for the
proton originally attached to the enone double bond from
.55.93 to 5.59 together with the presence of ‘a broad
/singlet at §5.39, attributable to an allylic methine
proton on a carbon bearlng an oxygen atom, suggestéd that

Yy o e

the desired reduction had occurred. The ethylthio gfoup

displayed a quartet at §2.79 and a triplet at §1.39. The
absence of signals for the ethyl ester group in the nmr
spectrum and absorption band for alcohgl in the ir
spectrum suggested the presence of a lactone. The mass
spectrum showed a #Molecular ion at m/e 250.1039 indicating
the molepular formula Ci4H18025. ©On the basis of all

these spectral data, structure 78 was assigned to the

compound.

The second product, obtained in 10% yield, showed, in

O
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the ir spectrum, an absorption band at 3400 cm~l

w BE
PN
4}———-0
o}
“r8 _.79

-

indicating the presence of an alcohol. Absorption bands
at 1685 and 1554 cm~1 indicated the presence of an

ehone. The nmr spectrum displayed a doublet at §5.93 (J =

1 Hz) for the proton on the enone and .a broad singlet at

65.32 for the proton on the isolated double bond. The
ethylthio group displayed a quartet at $§2.97 and a triplet
at §1.44. The absence of ;ignals for the ethyl ester
coupled with the presence of complex signals at §4.20 and
3.89'integrating to one proton each strongly suggested
that the ester group had been reduced to the alcohol

level. The mass spectrum showed a molecular ion at m/e

252.1189 for the chemical formula Cy4H20025- On the basis

of these spectral data structure 79 was assigned to the

alcohol.

A second attempt on the selective reduction of

Ao

”»
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compound 76‘was made-using lithium tri-t-butoxyaluminum
hydrihe. In this case, alcohol 79 was obtained as the

sole product in 48% yield.

The unexpected difficulties associated with the
selective reduction of the vinylogous thiol ester group in
76 led us tqg explore an alternative route. Treatment of

chldride 69 with silver nitrate in hot methanol furnished

estefs 80 and 81 in ca. 9:1 ratio and in 82% yield. The

ir spectrum of estér 80 displayed -an ester absorption pand

at 1724 cm'I: Absorption bands at 1698 and 1600 cm~1l were

obsérved for the unsaturated five-membered ring ketone.
The nmr spectrum displayed a triplet of doublets of
doublets at §5.53 (J = 7, J' = 2, ;" = 1 Hz) for tﬁ;

f '®*on on the isolated olefin and a doublet at §5.32 (J %
1 Hz) fof the proton on the enone. .The ethyl ester group
di?played guartets at 54;16 (1H) and 4.14 (1H) for the
methylene protons and a triplet at §1.27 for the methyl
protons. A sharp singlet at 53.83 was obtained for the
methoxy group. The mass spectrum thWed a molecular ion
at m/é 264.1365 (C15H2004)+. The nmr spectrum of ester 81

b
showed sharp singlets at §3.83 and 3.71 for the methoxy

and methyl ester groups respectively. . A molecular ion at

1
\

m/e 250.1210 in the mass spectrum vefified the chemical

formula Cy 4H;g04. Obviouély, in hot methanol partial

transesferification occurred leading to the formation of

~

209
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methyl ester 8l. To avoid this problem, ethanol was used

1

instead of methanol. The‘reaction. however, was  found to

- be very slow and ghé yield of the deslred ester 62 was

rather poor.

80 | 81 62

4

In view of these results, it was decided to carry on
the.syntheSis with the mixture of 80 and 8l. Selective
reduction of the enone cafbonyl was éttemﬁted with sodium
borohydride and with lithium tri-t-butoxyaluminum hydridé
.but without much success. Reduction with lithium aluminum
hydride in ethe;; followed by hydrolysis of the resﬁlting
diol 82 with dilute hydrochloric acid afforded hydroxy
enone 83 in 70% yield. The ir spectrum showed absorption
bands at 3425 (alcohol), 1704 (ketone), and 1585 cm-l
(enone double bond). The nmr spectrum displayed a pair of
doublets of doublets at §7.64 (J = 6, J' = 3 Hz) and 6.17

(7= 6, J' = 2 Hz) for the g and ¢ protons of the enone.

210
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A doublet at §5.35 (J = 5 Hz) was obtained for the proton

on the isolated double bond. Signals at §3.75 (1H) and
3.69 (1H), each as a doublet of doublets with coupling

A

A ' . ]
constants of 18 and 6 Hz, were assigned to the methylene
protons neighborimg the hydroxyl group. A molecular ion
at m/e 192.1143 in the mass spectrum, as well as elemental

gnalysis, verified the molecular formula Ci12H1 602

\

X
O

: OH i H
CH,OH ’ éﬂ{ﬂi
82 ” 83

Catalytic hydfogenati;n of enone 83 using 5%
palladium on carbon in ?thyl acetate afforded a mixture ‘of
the epimeric keto alcohols 84 in_gg;j%:l ratio (by nmr
analysis) and in 86% yield. The ir sbectrum showed an
absorption band at 3440 ém‘l due to the alcohol. The .
appearance of a carbonyl absorption at 1739 em™! indicated
the presence éf a saturated five-membered ring ketone.

The nmr spectrum displayed broad singlets at §5.25 and

'5.23 for the vinylic protons of the major and minor



- isomers respectively. A molecular ion at m/e 194.130S5 ‘in

the mass spectfum confirmed the chemical formula of

C12H)80;-

b <

84 85

The final conversion of 84 ggto (+ )-coronafacic acid
(2) requires the isomerization of the carbon-carbon double
bond and the oxidation of the alcohol to an acid. In
order to facilitate the isomerization of the double bond
the alcohol was first converted to an aldehyde*aq?reatment
of the epimeric mixture of keto alcohols 84 with chromium

trioxide and pyridine in methylene chloride, 103 afforded a

mixture of - ~ic aldehydes 85 in ca. 9:1 ratio (by nmr
analfsis‘ . . rather low yield of 53%. The ir
spectrum’ prption -bands at 2840 and 1689 cm~! due

to the al at 1710 cm'l due to thg saturated

"five-membere ng ketone. The nmr spectrum showed the

presence of two isomers in ca. 9:1 ratio. The major
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isomer disélayed the vinylic pfotod'at 65.41 as a broad
singlet thle the corresponding proton of the minor isomer
appeared at §5.36 also as a brogd singlet. The aldehydic
proton was observed at §9.73 as a brogd singlet for both
isomers. The mass sﬁectrum showed a molecular ion at m/e
192.1145 (C12H1602). Attempts to isomerize the double
bond using potassium carbonate in water-meﬁhanol resulted
in extensive decomposition of the material. The use of
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) in refluxing
bdhzene also gave a complex mixture.

The above resﬁlts led us to examine the direct
oxidation of alcohol 84 to the carboxylic acid 86.
Surprisingly, treatment of keto alcohol 84 with Jones
reagent in acetonel04 caused substantial loss of material

without apparent. formation of the desired product.

H H
{
% [ M
CO,H CH,O0H
86 - 83

At this point, it was decided to investigate the
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oxidation of enone alc&hob 83 as an alternative means to -
the target molecule. We were very pleased to find that 83
could be easily O}idized to the correséonding acid using 8

N Jones reagent in acetone. The crude acid 87, which

showed absorption bands at 3060 (acid), 1700 (acid and

ketone) and 1590 cm~! (olefin) in the ir spectrqmi without
purification, was esterified with potassium carbonate and

ethyl iodide in acetone to give ester 72 in 65% yield from
alcohol 83. Ester 72 thus obtained was éhown to be

identical with that obtained previously from chloride 70

byszinc-silver couple reduction (vide supra). Further

hydrogenation of enone ester 72 under the previously
described conditions gave epimeric keto esters 71. Thus,

both chlorides 69 and 70 were successfully

H H O '
' H ! H
CO,H CO,Et
o,
87 72 71

converted to keto esters 71: 69 directly by hydrogenation

" and 70 via a five-step reaction sequence. By a total of
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seven operations, diketone 55 was tra?sformcd.to.7l'in:an
overall yield of 35%.

To effect the isomerization of the carbon-carbon
double bond, the mixture of the epimeric keto_eéters 71
was sﬁbjected to treatment with sodium ethoxide in ethanol
at room temperature. A mixture of epimeric q.B- ]
unsaturated esters 88 was obtained in 71% yield. The ir
spectrum of the mixture showed, in addition to the ketone
absorption at 1742 cm~!, ba0ds at 1711 and 1642 em~! due
to the a.,p-unsaturated ester. The nmr gspectrum showed the
presence of two stereoisomers in ~5:2 ratio. The wvinylic
/proton of the major isomer appeared at §6.92 as a broad

N

singlet. In case of the minor isomer, the corresponding
proton was found at §6.98 also as a broad singlet. A

molecular ion at m/e 236.1408 in the mass - spectrum, as

well as elemental analysis, verified the chemical formula

of C14H2003-

M H O
/s‘~. /‘.\ )
CO,Et CO,H
2 4
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Hydroly‘is o; th;'mii;ure of esters 88 in refluxing;
- aqueous hydrocbiéch gcid gave,‘iq 73% yielé, a solid
métériai cons}%:ing of coronafacic acid (8) and its Cé
. epimer 4’ inlsg;_4c1_ratiq as dgtermiﬁed by nmr
analysis. Recrystallization from“ether-hexane ga;e pufe
(:)Lcoronafacic acié fi) (m.p. i21-125‘C) identical in all y,
respect; with an authentic sample.

Thé effective yield of (+)-coronafacic acid was 11% .

over nine steps from diene 52 and dienone 53 as outlined

in Scheme VIII.

'Compound 4 was also isolated directly from the culture
broth of Pseudomonas coronafacience var. atropurpurea.
Its epimerization to 2 during recystallization and vice
versa have been observed previously.
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- SCHEME VIII ca )

H O
+
- ,:.H Ci
COyR CO,Et CO,Et
80R: Et
1R= Me 69 70 ”

COsf!
88
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. EXPERIMENTAL _ -

General

High presaure liquid chromatography was performod on
a Waters Associates Prep. LC/system 500 using silica gel
qartridge. For other general remarks, see Chapter 1 of

4

this thesis.

Materials

* Toluene, xylene, benzene, and ether were freshly,
distilled over lithium aluminum hydride. 1,2-Dimethoxy-'
ethane and tetrahydrofuran were freshly distilled from a
blue or purple solution of sodium benzophenoné ketyl under
an argon atmosphere. Ethanol and methanol were Jdistilled
over magne;;:m metal and stored over 3A molecular
sieves. Ethyl acetate was freshly distilled over calcium

hydride. Hexamethylphosphoramide ‘was distilled over

calcium hydride at reduced pressure and stored over 3A

)
v e u\‘"

molecular sieves. Acetone was dlstllled over potassium
permanganate crystals. Nitrogen or argon was passed over
a purification train of Fieser's solution, concentrated

sulfuric acid and potassium hydroxide pellets. Ethyl

-

/ ' )
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) .
4-ethyl-2,4-pentadiencate (52) was prepared according to

| the procedure of Holcombe et al.89 4-Cyciopenten-1,3-
"4 dione (53) was purchased from Aldrich Chemical Co. ”

~

2-Carbethoxy-4-ethy1b1cyclo[4 3.0Jnon-3-ene-7,9-dione (55)

a. Using toluene as the solvent.

A solution of 4-cyclopentene-1,3-dione (53) (290 mg,-
3 mmol) and ethyl 4-ethyl-2,4-pentadiencate (52) (1.175 g,
7.6 mmol) in toluene (ZSg;EB was refluxed for 30 h under
an atmosphere of ;iE;ogen. The resultiné solution was ~
concentrated undeg‘reduced pressure. The residue w;s
chromatdgraphed on silica gel. Elution with a solution of
10%“petroléum ether in ethyl acetate gave diketone 55 (500
mg, 67% yield): m.p. 86-88°C (ether-petrolegf ether); ms
M* 250.1202 (calcd. for Cj4H)gO4: 250.1205). The
compound existed completely in two enol forms (45:1) in
chlorbform solution as indicated by the following spectral
-data: ir (CHClj3, cast) 3440 (OH), 1730 (eéter), 1642, and
15}9 cm~1 (f -hydroxy-us ,f —unsaturated ketone); 1H nmr: _two
sets of signals with the major at §6.04 (br s, 1H, -OH),

5.58 (44, 1H, J =6, J° 1l Hz, - =CH-), 5.26 (s, 1lH,

=CHCO-), 4.24 (q, 2H, J = 7 Hz, -OCH,-), 2.06 (g, 2H, J =
7 Hz, -CH,CH3), 1.34 (t, 3H, J = 7 Hz, -OCH,CH3), and 0.99
(t,"3H, J = 7 Hz, -CH;) and the minor at 66.04 (br s, lH,

-OH), 5.62 (d, 1H, J = 8 Hz, =CH-), 5.29 (s, 1lH, =CHCO-),

Y



4.29 (q, 2H,4J = 7 Hz, -OCH,-), 2.09 (g, 2H, J = 7 Hz,
~CHpCH3), 1.36 (t, 3H, J = 7 Hz, -OCH,CH3), and 0.96 (t,
3H, J = 7 Hz, -CH3)- Anal. calcd. for C14H1804: C 67.17,
H 7.25; found: C 67.01, H 7.07.

b. Using xylene as the solvent

A solution of 4—cyclopentene—1,3-diqne (S53) (3.19'gp
0.033 mol) ang ethyl 4-ethyl-2,4-pentadienocate (52) (10.23
g, 0.066 rhol‘n Xylene (120 mL) was refluxed for 19 h
under, an atmosghere of nitrogen. The resulting solution
was concentrated under reduced pressure. The residue was
chromatographed on silica gel. Elution with a gsolution of
10% petroleum ether in ethyl acetate gave dikegone 55
(3.96 g, 48% yield).

£,

- 5-Carbethoxy-9-ethoxy-3-ethylbicyclo[4.3.0]nona-3,8-didn-

7-one (62) and 2—Carbetﬁoxy-9—ethoxy—4-ethylbicyclo—

[(4.3.0]nona-3,8-dien-7-one (63)

To a solution of d&ketpne 55 (113 mg, 0.45 mmol) 1in
ethanol (3 mL), triethyi orthoformate (0.35 mL, 2.10 mmol)
and a small drop of concentrated sulfuric acid were
added. The reaction mixture was refluxed uﬁder a nitrogen
.atmospheré¢for 36 h. After cooling at 0°C, ice-cold water
was added and the mixture extracted with chloroform. The
orgggic extrac£s were washed with saturated aqugoué sodium

chloride solution, dried, filtered, and concentrated.

220
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Column chromatqQgraphy of the residue on silica gel,
eluting with 40% eﬁhyl acetate in éLtroleum ether, gave a.
1:1 mixture (by nmr analysis) of,products 62 and 63 (75
mg, 60% yield): ir (CHC13f cast) 1735 (ester), 1700
{ketone), and 1595 ém~1 (slefin): 14 nmr 55.55, 5.45 (both
br 4, ~1:1, total 1H, J = 7 Hz each, -CH=), 5.31 (br s,
1H, =CHCO-), 4.12 (m, 4H, 2 «x -OCHZ-), 2.01 (m, 2H,
‘-¢ﬂ2CH3), 1-41; 1.43, 1.29, 1.27 (all t, ~1;1:1:1,“9pta1
éH, J = 7 Hz each, 2 x -OCH,CH3), 0.96 and 0.92 (both t,
~1:1, total 3H, J = 7 Hz each, -CH3): ms ﬁ+ 278.1516

’(éalcd. for CygHp404: 278.1518).

- # e

. — ~ -

5-Car5ethoxy-3-ethyll9—(glﬂ,g',ﬁ'-tetramethylphosphoro; “

diamidyloxy)bicyclo[4.3.0]lnona-3,8-dien-7-one (64) and 2-

Carbethoxy-4-ethyl-9-(N,N,N',N'-tetrametthylphosphoro-

diamidyloxy)bicyclo[4.3.0lnona-3,8-dien-7-one (65).

-

At 0°C, to a solution of diketone 55 (0.60 g, 2.4
mmol) in 1,2—dimethoxyéthane (15 mL) under a nitrogen
atmoséhere, were added lithium hydride. (23.1 mg, 2.91
mmol) and hexamethylphosphoramide (0;43 mL, 3.85 mmo})
with étirring. After 10 min;, bis(dimethylamino)phosphoro-
chloridate (0.99 mL, 6.69 mmol) was added. The rcaction
mixture was stirred at room temperature foi 10 h. Ice-
cold ;ater and dilute aqueour hydrochloric acid solution

were added and the resulting mixture was extracted with
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chloroform. The organic splution was washed with water,
dried, filtered, and concentrated. Column chromatograbhy
‘Pf the residue on silica gel, eluting with 4% methanol in
ethyl acetate gabe a ca. 1:1 mixture (by nmr gﬁ?lysis) of
products 64 and 65 (0.53 g, 58%‘yield): ir (( Klj, cast)
1730 (ester), 1700 (ketone), 1600 (olefin), ana 1298 cm™!
(P=0); lH nnmr 55.87, 5.78‘(both br s, ~1:1, total 1H,
=CHCO-), 5.54 (dd, 1/2Hﬂ J =17, 3" =2 Hz, -CHs), 5.41
(da, 1/2H, 3 =17, J*' =1 Hz, -CH=), 4.17, ﬂ;lB (both q,
~1l:1, total 2H, J = 7 Hi each, —QCHz—), 2.72, 2.71, 2.69,
©2.61 (all @&, ~1:1:1:1, total 12H, Jp_y = 10 Hz each, 2 x
-N(CH3),), 1.26, 1.24 (both t, ~1:1, total 3H, J = 7 Hz
each, -OCH2QE3), 0.95 and.0.94 (both t, ~1:1, total 3H, J

= 7 Hz each, —CH3); ms MY 384.1824 (calcd. for

5-Carbethoxy-3-ethylbicyclo[4.3.0)nona-3,8-dien-7-one (66)

At 0°C, to a solution of enones 64 and 65 (523 mg,
1.36 mmol) in ethanol (20 mL) under an argon atmosphere,
was added sodium borohydride (102 mg, 2.64 mmol). ~The
reagtion mixture was allowed to warm tc¢ room tewpefature
and stirred for 6 h. Water (4 mL), saturated agueous
ammonium chloride solution (10 mL), and diluée agueous
hydrochloric acid solution (5 mL) were added and the

mixture extracted with chloroform. The organic extracts

222
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were washed w;th water, ‘aturated agueous sodium chloride
solution, dried, filtered, and concentrated. Column
chromatogréaphy ,of the residue on silica gel, eluting with
15% ethyl acetate in petroleum ether, gave enone 66 (70
mg, 22% yield): ir (CHClj3, cast) 1730 .(ester), 1720
(ketone), and 1595 cm~! (olefin); lH nmr §57.49 (dad, 1H, J
- 6, J' = 3 Hz, -OCCH=CH-), 6.16 (dd, 1H, J = 6, J' = 2
z, -OCCH=CH-), 5.50 {dd, 14, J = 6, J' = 1 Hz, —éscn-),
4.12 (q, 2H, J = 7 Hz, -COOCH,-), 3.55 (dd, 1H, J - 8, J'

= 1 Hz, -éHCOO—), 3.48 (m, lH, —é§9H=CHCO-), 2.98 (44, 1H,

Jg=1, 3 2 Hz, -éHCO—), 1.95 (m, 2H, CH3q52é=), 1.27

(t' 3H' J

C—3CH é= 7 ms M+ 234 1256 (CalCd for C14H1803

234.1256).

5-Carbethoxy-9-chloro-3-ethylbicyclo[4.3.0)nona-3,8-dien~-

7-one_ (69) and 2-Carbethoxy-9-chloro-4-ethylbicyclo-

[

[4.3.0]nona—3{8-dien-7-one (70)

B a. Using phenyl dichlorophosphate

At 0°C, to a solution of diketone 55 (1.03 g, 4.1
mmol) in tetrahydrofuran (15 mL) under a n;trogen
atmosphere, were added lithium hydride (43‘mg, 5.4 mmol)
and hexamethylphosphoramlde (094 mL, 5.2 mmol) w1th ;
stirring. After 10 min, phenyl dlchlorophosphate (1.36 .

mL, 9.1 mmol) and lithium chloride (380 mg, 9 mmol) were/
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addéd. The reaction mixture was stirred at foom
temperature for 16 h. Icé-cold water and dilute
hydrochloric acid were added and the resulting mixture was
extracted with chloroform. The extracts were washed with
water, dried, filtered, and concenﬁrated; Flash
chromatography of tﬁe residue on silica gelf eldéing with
8% éthyl aceté£e in E;hekgne, gave a 3:2 mixture (nmr
analysis) of chloridgs 69 and 70 (707 mg, 64% yield). The
mixture was separated by preparative high pressure liquid
chrom$tography'on a Waters Assogiates Prep LC/System 500
using one silica gel cartridge and eluting with 7% ethyl
acetate{in h-hexane. Fractions were collected by shaving
‘the leading and trailing edges of the single peak and
recycling the central portion. The combined "leading
edge" fractions were condentna;éd to give pure chloride 69
(178 mg): ir (neat) 1716 (estcr and ketone) and 1591 cm~!
(olefin): 1y nmr §6.21 (d, 1H, J = 2 Hz, =CHCO-), 5.53
(tad, 1H, J =7, J' = 2, J" = 1 Hz, -CH=), 4.15, 4.13 .
(both q, l1H each, J = 7 Hz each, —OCH2 ), 3.61 (44, 1H, J
= 7, J' = 2 Hz, éHCOO ), 3.51 (dddd, 1H, J =YJ' =7, J" =,
2.5, 3'" = 2 Hz, —éHCCl ), 3.23 (dd, l1H, J = 7, J3' = 2 Hz,
Lyeo- ), 2.47 (ddd, 1H, J = 16, J' = 7, J" = 2 Hz, -CHH-), @
2.29 (a4, 1H, J = 16, J' = 2.5 Hz, -CHH-), 1.98, 1.96
(both dq, 1H each, J = 7, J' = 1 Hz each, 'QE2CH3)' 1.26 .

(t, 3H, J = 7 Hz, -OCH,CH3), and 0.94 (t, 3H, J = 7 Hz,
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-CH3); ms M* 270.0842 and 268.0865 (calcd. for

C14H,9C105: 270.0837 and 268.0865). Anal. calcd. for

VC14H17C103= C 62.55, H 6.38, Cl1 13.20; found: C 62.50, H

6.58, Cl 12:8B9. The "trailing edge" fractions were
combiped and concentrated to give chloride 70 (196 mg):

ir (neat) 1716 (estér and ketone) ;;d 1593. cm~! (olefin);
4 nmr 56.23 (d, 1H, J = 2 Hz, =CHCO-), 5.43 (dd, 1H, J =
7, J' = 2 Hz, -CH=), 4.17 (q, 2H, J = 7 Hz, -OCH,-), 3.78
(dad, 1H, J =7, J' = J" = 2 Hz, -éHCC1=), 3.53 (44, 1H, J

=7, J' = 2 Hz, —éHCOO-), 2.96 (ddd, 1H, 3 =J' =7, J"

'4 Hz, -éHCo—). 2.32 (m, 2H, -CH,-), 1.99 (q, 2H, J = 7 Hz,

-CHyCH3), 1.28 (t, 3H, J = 7 Hz, -OCH,CH;), and 0.94 (t,
34, J % 7 Hz, -CH3): ms M* 270.0850 and 268.0876 (calcd.
for C)4H)7C103:  270.0837 and 26§.0865). . The remaining
material was recovered as a mixture of 69 and 70.

b. Using phosphorous. oxychloride

At 0°C, to a solution of diketone 55 (183 mg, 0.73
mmol) in tetrahydrofuran (5 mL) under a nitrogen
atmosphere,/were added lithium hydride (9 mg, 1.12 mmol)
and hexametﬁylphosphoramide (0.19 mL, 1.10 mmol) with |
stirring. . After 10 min, phosphorous oxychloride (0.14 mlL,
1.46 mmol) was added. The reaction mixture was stirred at
room temperature for 7 h. Ice-cold water and dilute
hydrocﬁioric acid were added and the mixture was extracted

with chloroform. The extracts were washed with water,
@
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i
dried, filtered,’and concentrated. - Flash chromatography
of the residue on silica gelc eluting with 8% ethyl
acetate in petroleum ether, gave a 3:2 mixture (by nmr
analysis) of chlorides 69 and 70 (89 mg, 45% yield).
|

2-Carbethoxy-4-ethylbicyclo[4.3.0)nona-3,8-dien-7-one (72)

Aquéous 10% hydrochloric acid solution (1 mL) was
added to zinc dust (207 mg, 3.15 mmol) and the resulting
suspension was shaken periodically. After seweral minutes
the supernatant liquid was decanted and the zinc was
washed with acetone (2 x 1 mL) and ether (1 mL). A
suspension of silver acetate (70 mg, 0.42 mmol) in boiling
acetic acid (1 mL) was added. After the mixture was
stirred for 1 min, the supernatant was decanted and the
black zinc-silver couple was washed with acetic acid (5
mL), ether (4 x 1 mL), and methanol (1L mL). To one-third
of the moist coupe was added chloroenone 70 (48'mg, 0.18
mmol) in methanol (1 mL). 1Me mixture was stirred at room
temperature under an argon atmosphere for 5 days. ’Tﬁe
Zinc was filtered off and washed with methanol. The
solvent was evaporated and the residue was partitioned
between ether and 10% aqueous hydrochloric acid A
solution. The organic layer was dried, filtered, and
concentrated. Flash chromatography of the regidue on

/’“‘\ .

silica gel, eluting with 5% ethyl acetate’in petroleum
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ether éave starting chloroenone 70 (23 mg). Further
elution with 108 ethyl acetate in petroleum ether gave
.enone 72 (14 mg, 64% yield based on unrecovered
chloroenone 70): ir (CHpCl,, cast) 1730 (ester), 1712
(ketone), 1590 cm™! (olefin); !H nmr 57.62 (dd, 1H, J = 6,
J' = 3 Hez, -CH=CHCO-), 6.26 (dd, 1H, J = 6, J' = 2 Hz,
=CHCO-), 5.'51 (dd, J = 7, J' = 2 Hz, -CH=), 4.22 (q., 24, J
= 7 Hz, -OCHp-), 2.05 (q, 2H, J = 7 Hz, -CH,CHj3), 1.31 (t,
3H, J = 7 Hz, -OCHpCH3), and 0.99 (t, 3H, J = 7 Hz, -CHj);

ms M* 234.1256 (dalcd. for Cy4H1g03: 234.1256).

2-Carbethoxy-4-ethylbicyclo[4.3.0)nonan-7-one (73)

To a solution of enone 72 (59 mg, 0.25 mmol) in
ethanol (3 mL), 5% pd/C (6\mg) was added. After stirring
under an atmosphere of hydrégen for 1 h, the reaction
mixture was filtered and concentrated. Flash
chromatography of the residue on silica gel, eluting with
5% ethyl acetate in n-hexane, gave keto est’73 as a
mixture of four stereoisomers (54 mg, 91% yield): ir ,
(CHC13, cast) 1732 em™! (xetone and ester); lH nmr §4.17
(m, 2H, -OCHy-), 1.28, 1.27, 1.29 (all t, total 3H, J = 7
Hz each, -OCH,CH3), 0.91, 0.90, 0.87, and 0.86 (all t,
total 3H, J = 7 Hz each, -CH3); ms M* 238.1566 (calcd. for

C14H2203: 238.1596).:
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2-Carbethoxy~4-ethylbicyclo[4.3.0)lnon-3-en-7-one (71)

a. From enone éster 72 | ‘

Enone ester 72 (85 mg, 0.36 mmol) was dissolved in
“ethyl acetate (3 mL) and 5% Pd/C (9 mg) was added. The
mixture was stirred under an atmosphere of hydrogen at
room temperature for 1 h. Filtration and concentration
gave the crude product which was purified by flash
chromatography on silica gel. Elution with 5% etﬁyl
aégtate in n-hexane éave a mixture of keto esters 71 (78
mg, 92% yield): ir (neat) 1732 cm~! (xetone and ester);
' nmr 55.44 , 5.37 (both br s, ~1:9, total 1H, -CH=),
4.18 (q, 2H, J =7 Hz, -OCH,-), 1.33, 1.34 (both t, ~9:1,
total 3H, J = 7 Hz each, -OCH,CH3), and 1.03 (¢, 3H, J = 7
Hz,— -CH3); ms M' 236.1410 (calcd. for Cy4H,05:

236.1413). Anal. caled. for Cy4H,,03: C 71.14, H 8.54;
found: C 70.85, H 8.54.

b. From chloride 70

To a solution of chloride 70 (48 mg, 0.18 mmol) in
benzene (1.2 mL); were added sodium bicarbonate (15 mg,
0.18 mmol) and 5% Pd/C (4.8 g). After stirring under an
atmoséhere of hydrogen for 4 h, the reaction mixture was
filtered and concentrat;d. Flash chromatography of the
residue on silica gel, eluting with 58 ethyl acetate in n-

hexane gave a mixture of epimeric keto esters 71 (35 mg,

83% yield).
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5-Carbethoxy-9-chloro-3-ethylbicyclo{4.3.0)-nona-3,8~dien-

7-01 (74

At 0°C, to a solution of chloroenone 69 (200 mg, 0.74
mmol) in ethanol (7 mL) under a nitrogen atmosphere, was
added sodium borohydride (101 mg, 2.64 mmol). After
stirring for 1.5 h, ice-cold water and dilute aqueous
hydrochloric acid solution were added and t%e mixture
‘extracted with chloroform. The organic extracts were
dried, filtered, and concentrated. Flash chromatography
of the residue on silica ge&ﬁ‘gluting with 15% ethyl
acetate in petroleum ether, gave alcohol 74 (153 mg, 76%
yield): ir (CCly, cast) 3400 (alcohol) and 1730 cm~}
(ester): H nmr §5.85 (br s, 1H, =CH-), 5.76 (ad, 1H, J <
2, J' = 4 He, =CHCHOH-), 4.76 (m, 1H, —T_EOH), 4.26 (q, 2H,
J =7 Hz, -OCH,-), & 2?2 (t. 3H, -OCHpCH3), and 1.02 (t,
3H, -CH3): ms M' 270.0985 (calcd. for C)4H,403C135).

Y
~x

— S
5—Carbethoxy-3-ethyl-%-ethyithiobicyclol4.3.0)nona-3, 8-

dien-7-one (76) \J;'

To a solution of chloride 69 (238 mg, 0.89 mmol) in
benzene (6 mL), ethanethiol (4 mL, 76.7 mmol) and tri-
ethylamine (2 mL, 27.2 mmol) were added and the mixture
was stirred at room temperature under a nitrogen

atmosphere for 5 days. Ice-cold water and dilute agqueous
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hydfochloric acid solution were added ana the mixture

extracted with methylene chloride. The organic extracts ()
were washed with saturated aqueous sodium chloride
solution, dried, filtered, and concentrated. Flash
chromatography of the residue on silica gel, elhting with
10% ethyl acetate in n-hexane, gave ester 76 (220 mg, B84%
yield): ir (CHCl4, cast) 1725 (ester), 1696 (ketone), and
1548 cm™1 (olefin): 4 nmr £5.93 (4, 1H, J = 1 Hz,
=CHCO-), 5.54 (br d, 1H, J = 7 Hz, =CH-), 4.17, 4.16 (both
Q. 1H each, J = 7 Hz each, -OCH,-), 3.6l (dd, 1H, J = 7,
J' = 2 Hz, -éncqo—), 3.4% (dddd, 1H, J = J' = 7, J" = 3,
J'" =1 He, -égpuz-), 3.17.(dd, 1H, J = 7, J' = 2 He,
—&gpo-),'2.93 (@, 2H, J = 7 Hz, -SCH,-), 2.51 (ddd, 1H, J
=16, J' = 7, J" = 2 Hez, —Qﬂﬁ?H-), 2.17 (da, 1H, J = 1le,
J' =3 Hz, -CHHCH-), 2.00 (br q, 2H, J = 7 Hz, -CHyCH3),
1.41 (¢, 3H, J = 7 Hz, -SCH2C53), 1.30 (t, 3H, J = 7 Hz,
-OCH;CH3). and 0.95 (t, 3H, J = 7 Hz, -CHj): ms M*

294.1287 (calcd. for C16H2203S: 294.1290).

}-Ethyl—S-hydrS}ymethyl-9—ethylthiobigxclo[4.3.0]nona—3.8—

dien-7-one (79)

At 0°C, to a solution of ester 76 (62 mg, 0.2l ﬁmol)
in tetrahydrofuran (2 mL) under a nitrogen atmosphere, was
L}

added lithium tri-t-butoxyaluminum hydride (53 mg, 0.2l

mmol). After stirring for 24 h at room temperature, ice-



cold water and dilute aqueous hydrochloric acid solution
were added. The mixture was extracted with methylene
chloride. The orgaaic solution was dried, filtered, and
concentrated. Flash chromatography of the residue on
silica gel, eluéing with IQQ ethyl acetate in n-hexane,
gave unreacted estér 76 (10 mg). Further elui}én with 45%
ethyl acetate in g;hexane’gavi alcohol 79 (21 mg, 48%
yield based on unrecovered e;£er 76): ir (CHC13, cast)
3400 (;lcohol). 1685 (kxetone), and 1545 cm~! (olefin); lH
nmr §5.93 (4, 1H, i = 1 Hz, -COCH=), 5.32 (br s, 1H,
-CH=), 4.20, 3.89 (both m, lH each, -CH20-), 2.97 (q, 2H,
J = 7 Hg, -SCH,-), 2.09 (q, 2H, J‘=‘7 Hz, -CH,CH3), 1.44
(¢, 3H, J = 7 Hz, -SCH,CH;), and 1.03 (t, 3H, J = 7 Hz,
~CH3): ms M* 252.1189 (calcd. for Cy4Hp0028:  252.1184).

-

9-Ethylthio-6-ethyl-2-oxatricyclo[6.2.1.0%'11jundeca-5, 9-

dien-3-one (78) and Alcohol 79

At 0°C, t a solution of ester 76 (54 mg, 0.18 mmol)
in ethanol (é.) under a nitrggen atmosphere, was added
sodium borohydride (29 mg, 37.83 mmol). After stirring
for 5 h at room temperature, ice-cold water, saturated
aqueous ammonium chloride solution, and dilute aqueous
Hydrochloric acid solution were adﬁed. The mixture was

extracted with methylene chloride. The organic solution

was driegd, filtered, .and concentrated. Flash.

231



chromatography of the residue on

108 ethyl acetate in n-hexane, gave lacton:?ﬂl-irﬁ,ng. 264"

vield based on unrecovered ester

1756 cm~1 (lactonc): 14 nmr 85.59 (br s, IH; -CH&HO-).

-

2.79 (q, 2H, J = 7 Hz, -SCHy-), 2.09 (br q, 24, J & 7, Hz,

~CH,CH3), 1.32 (t, 3H, J = 7 Hz,

7 Hz, -CH,CHj): ms M* 25081039

250.1027). Further elution with

.

) o Hlesa
: i | :j?"?xflgé
O B R X

& ‘ T \, ',f. 9,{1 v
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silica gel, Q‘aﬁlnquith ';j:a,
'!" *- - # ” !
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?€6): ir. QCHCI3,'cl-t IR
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et

5.39 (br s, 1H, -&HO-). #%;
. ';Zp ‘

-SCHyCH3), 1.04 (t, 3,
. @
(calecd. for C14ﬁ1

the same solvent system-
gave unreacted egter 76 (9 mg). Elution witH 4Q(:3t£yl

79 (4 mg, M. ' |
I

5- Carbethoxy 3-ethyl -9-methoxybicyclo[4.3. Olpona 3,8-dien-

acetate in n-hexane gave a}cq \
L 4 - h

[&%

7~-one (80) and 5-Carbomethoxy-3-ethyl- 9-matho;xp{_yclo-

F

[4.3.0]lnona-3,8-dien-7-one (81)

Chloride 69 (381 mg, 1.42 mmol) was dissolvéd in ‘
-y

methanol (10 mL) under a nitrogen atmosphere in a .flask

wrapped in aluminume foil to exclude light. Silver nitrate

(482 mg, 2.84 mol) was introduced and the reaction mixture

heated/at 70‘C for 19 h, Filtration and concentration

gave the crude product which was subjected to flash

chromatography on silica gel. Elution with 3%% ethyI

-
acetate in n-hexane gave ethyl eSter 80 (276 mg, 74%

yield): ir (neat) 1724 (ester), 1698 (ketone), and 1600

H nmr §5.53 (tdd, 1H, J = 7, J' = 2, J" =

cm-1 (olefin);

by
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1 Hz, -CH=), 5.32 (4, 1H, J =1 Hz, =CHCO-), 4.16, 4.14

¢ (both q, 1H each, J = 7 Hz each, -0CH,-), 3.86 (s, 3H,
~ -OCH3), 3.62 (44, 1H, J = 7¢ J' = 2 Hz, -éHCOO—), 3.33
(dd@d, g = J3*' = 7, g" = 3, J'" =1 Hgz, -é_liCHz—), 3.15 (44,
$

: IH' J = 7' J' 2 HZ, -éHCO—), 2- 39 (ddd' ].H, J = 16' J. =

7, J* = 2 Hz, -CHH-), 2.24 (dd, 1H, J = 16, J' = 3 Hz,
-CHH-), 1.98, 1.96 (both dq, 1H each, J = 7, J' = 1 Hz
each, -Q§2CH§), 1.27 (t, 3H, J = 7 Hz, -OCH,CH3), and 0.94
(t, 34, J = 7 Hz, —CH3); ms M* 264.1365 (calcd. for

- CygHpp04: 264.1362). Further elution with the same
solvent system gave methyl ester 81 (24 mg, 8% yield): ir
(neat) 1735 (ester) 1695‘(ket6ne), and 1598 cm™! (olefin):
4 nmr §5.56 (br 4, 1H, J = 7 Hz, -CH=), 5.30 (s, 1H,
=CHCO-), 3.83 (s, 3H, -OCH;), 3.71 (é, 3H, -COOCH3), -and
0.93 (t, 3H, J = 7 Hz, -CH, _'_3), ‘ms M 2050’1210 (calcd

lg‘rv
i

TR

& T s
) ) -

[

4~Ethyl-2-hydroxymethylhicyclo[4.3.0]nona-3,8-dien-7T-one .
y - B , g

3

(83)
At -20°C, to a solution of esters 80 and 81 (11: l~
389 mg, 1.48 mmol) in ether (8 mL) under aahltrogen :

Y
e, was added lithium alumlnum hydride (112 mg,

2.95 mmol). After ttirr; g for 20 min, the reaction

mlxture was allowed t '&%rm up to -5°C. wéter (2 mL) was
“ “‘.
;gPsIOWIy added. The result;ngfmlxture was acidified with 1

&



N hydrochloric acid solution, stirred at 0°C for.45 min,
and extracted with methylene chloride. The’érgaﬂic ‘
solution was dried, filtered, and concentrated. Flash
chromatography of the residue~on silica gel, eluting with
45% ethyl acetate in n-hexane, gave alcohol 83 (198 mg,
70% yield): ir (neat) 3425 (alcohol), 1704 (ketone), and
. . |
1585 cm~! (olefin); 18 nmr 67.64 (dd, 1H, J =6, J" = 3
Hz, —QE?CH&O—), 6.17 (a4, 1H, J = 6, J' = 2 Hz, =CHCO-),
5.35 (d, 1H, J = 5 Hz, -CH=), 3.75, 3.69 (both.dd, 1H
each, J = 18, J' = 6 Hz each, -CH,0-), 2.03 (q, 24, J = 7
Hz, -CHCH3), and 0.98 (t, 3H, J = 7 Hz, -CHy); ms M*
192.1143 (caleéd. for CyoH1602: 192.1150). Anal. calcd.

g . . : '
for Ci%H)g0: C 74.97, H 8.39; faund: C 74.78, H B.57.

>

,‘.

4-Ethyl—2—hydroxyméthylbicyélo[4.3.0]non—3—enr7—one (84)

Enone alcohol 83 (129 mg, 0.67 mmol) was dissolved in

ethyl acetate (5 mL) and 5% Pd/C (13 mg) was added. After

! .
stirring under an atmosphere of hydrogen for 45 min, the

reaction mixture was filtered and concentrated. Flash

chromatogfaphy of the residue on silica gei, elutfng with

30% ethyl acetate in nh-hexane, gave alcohols 84 (112 mg,i

86% yield): ir (CHC13, cast) 3440 (aleohol) and 1739 cm'}f

kK

(ketone); !H nmr §5.25, 5.20 (both br s, ~9:1, total 1H;
~CH=), 3.62 (m, ZH.’~CH 0-), 1.00, and 0.98 (bgth t, ~931,
total 34, J = 7 Hz edch, ~CH3);(@§ M* 194.1305 (calcd. for

LN |

234

O

.
.

t



@

‘ 235
4-Ethyl-2-formylbicyclo[4.3.0Inon-3-ene (85)
To a solution of chromium'trioxide (180 mg, 1.8 mmol)
in methylene chloride (3 mL), pyridine (0.3 mL, 3.7 mmol)
was added and the-mixture was stirred under a nitrogen | o
atmosphere for 15 min. To the deep_red solution, a ¢Ja

L)

.8olution of alcohol 84 (51 mg, 0.26 mmol) in methylene

layer was dried, filtered, and ¥

chloride (2 mL) was added. After stirring for 45 min, the

jsolutlon was dlluted with methylene chloride (5 mL) and

flltered The organlc solution was washed w1th 5% aqueous

sodium hydroxide solution, 5% aqueous;h

ggochloric acid
solution, 5% aqueous sodium bica;b;ﬁ* i-;:dtion, and
satu;ated aqueous sodium‘chlorgd- , : The organic
'“bated. Flash

chromatography of the residue on sllica gel,»elutlng with
A}

' lS% ethyl acetate in n-hexane, gave aldehydes 85 (26 mg,

53% yield)- ir (CHC13,’cast) 2840, 1689 (aldehyde), and
1710 (ketone); 1H nmr §9.73 (br s, 1H,,-CHO), 5.41, 5.36
(both br s, ~9 1, ‘total IH -CH= ), and 1.00 (t, 3H, -CH3);

+
ms M 192. 1144 (calcd. fOr C12H1602. 192.1150).

2-Carbdxy-4#ethylbiéyc10[4.3.0]nona-3,8-dien-7—one (87)

and ﬁhone ester 72

-

"+ At 0°C, to a solution of alcohol 83 (131 mg, 0.68



-
A\

mmol) in acetone (4 mL), was added dropwise 1 mL of 8 N
Jones reagent with stirring. After 1 h, the reaction
mixture was diluted with water and extracted with ethy1‘ 
acetate. Drying, filtration, and concentratidn gqxf 120
mg of acid 87 [ir (CHClj, cast) 3060 (acid), 1700 (acid
and ketone), and 1590 cm~! (olefin)]; This compound
without purification was dissoived in aceton® (4 mL) and
;Ltassium carbonaﬁe (161 mg, 1.17 mmol) was added. .The
mixture was stirred at rcom'temperatqre under a nitrogen
atmosphere for 1 h and iodoethane (0.7 mL, 8.75 mmol) Qas
then intrpdugg?. After heating at reflux for 16 h, the
reaction mixt\fi*was poured into ‘ice—cold water and
extracted with methylene chloride. The organic solution
-4
was dried, filtered, and concentrated. Flash
chromatpgraphy of the residue on silica gel,'eIUting with'
8% ethyl acetate in l—he‘xane,~ gave enone ester 7&_(103 mqg,

65% yield from alcohol 83) identical with that obtained

pfeviously from chloride 70.

2-Carbethoxy-4-ethylbicyclo[4.3.0]}non-2-en-7-one (88)

At 0°C, to a solution of keto esters 71 (35 mg, 0.15
mmol) in ethanol (i.S mb),/ was added sodium hpdride (80%
oil dispersion; 10 mg, 0.33 mmol). After stirring at room
temperature under a nitroggg atmosphere for 16 ﬁ, tﬁe

~eaction mixture was dilgted with ice-cold water,

236
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acidified with dilute aqueous hydrochloric acid, and
ext;acted with metﬂ&lene chloride. The organic solution
was dried, filtered, and concentrated. Flash
chromatbgr&phy of the residue on silica gel, eluting with
58 ethyl acetate in.gfhexane, gave a.mixture of epimeric
esters 88 (25 mg, 71% yield): ir (CHC13, cast) 1742
(ketone), 1711 (ester), and 1642 cm~! (olefin);: lH nmr

656.98, 6.92 (both br s, 2:5, total 1lH, =-CH=), 4.21 (m, 2H, -

-OCHZ-), 1.;5, 1.27 (both t, 5:2,_£ota1 34, J = 7 Hz each,
-OCH,CH3), 1.01, and 0.99 (both t, 5:2, total 3H, J = 7 Hz

eacﬁ, -CH3): ms M* 236.1408 (calcd. for C) 4H2003:
36.1412). Anal. valcd. for Ci4Hp003: C 71.16, H 8.53;

ound: C 71.14, H 8.53.

d,1-Coronafacic Acid (2) |

A sq‘btion of esters 88 (20 mg, 0.085 mmol) in 2.4\N

agueous hydrochlbric acid (1.5/mL) was heated at reflux\\\\

under a nitrogen atmosphere for 5.5 h. After cooling té

. . ) ]
room temperature, the resulting solution was diluted with
water (2 mL) and extracted with ethyl acetate. The
extracts were dried, filtered, and concentrated. Flash
chromaiography of thé residue’on’silica gel, eiuting with
40% ethyl acetate in n-hexane, gave 13 mg (73% yield) of a

4:1 (nmr integrationt) mixture of coronafacic acid (2) and

its C6 epimer 4. 1In the nmr spectrum, the vinyl pfoton of

¢

237
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the latter compound appeared as a doublet of doublets (J =
4, J' = 2 Hz) at §7.12 in agreement with the reéorted
value.74 Recrystallization of the mixture from ether- -
hexane resulted in partial epimerizatibn of the minor
isomer to coronafacic acid (2) and gave 11 mg of the
‘latter compound in crystélline form, m.p. 121f125°C.
Concehtration of the mother liquid gave 2 mg of a 1:1
ﬁixtufe of 2 and its.C6 epimer. The ir, nmr, and mass
bspectra of the synthetlc coronafacic acid were found to be
identical w1th those of an authentlc ~sample and displayed
the following characteristic features- ir (9HC13, cast)
3040, 2634, 2532, 1685 (aciqd), 1741 (ketone), ahd.l634
m'1 (olefin); 14 nmr 57.06 (br s, 1H -CH=), and 1.01 (t,

34, J = 7 Hz, -CH3); ms M* 208.1104 (100%; calcd. for

C12H1603)
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