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ABSTRACT , - |

. . .
- B 7 . .

Sterpuric acid (1) is a novel sesquite?penq'isolated from the

v

fungus Stereum purpureum when grown under laboratory conditions. . This
fungus is the causative agent of the sb-caileq;hsilVer leaf" disease,. a
. - . ‘ - .

LY
©

serious~disease'of fruit trees and a varieﬁy of shrubs. = @&

ThlS the51s descrlbes efforts d1rected towards ‘the total synthesxs

i

of sterﬁu;1c 301d (t) and,analogs. The ABC ring system JnLermedlates,

i Co + .. .
compounds—24 and 25, were prepared stereoselectively from readily\

available starting materials. ~ " = R
; . S : PR,

Ring'B va5'§§?structed via a Diels-Alddr reaction between diene 18
. ; L,v‘ " - .
and maleic anhydride. = The resulting ‘adduct, compound- 19, was

. ) \ . » . 4
transformed to the AB ring system intermediate, compound 20, after ,some

modifications followed by a-cycloalkylation reaction utilizing dimethyl -

. /
malgnate. . L

»The construckion of ring C was achieved by conversion’of'compound

©20 to carbpnaté'22, which in turn affofded«_compound_EZT’;;\Weans of a .

novél intramolecular [2+42] phétocycloadditfon reaction.

h ’ : . A
The a-oriented methyl ester group in compound 20 was reduced tor

¢ . ¢

“the requ1red methyl group in a number of steps ‘to provide compound 21.

1

Sxmllarly._ compound 21 was - converted to carbonate 23. The
1ntramolecular {2+2] photocycloaddxtlon of 23 afforded the%igFC ring-

system 1ntered1ate, compound 25.

- » ¢ . ' . 6 R
! The tetraé&clic ~éompound 25 possesses the desired stereochemistry

ab0ut the ring Junct1ons as well “‘\functxonal groups which should

fac1l1tate its conversxon into sterpuric acid and analogs.

.
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22 ,R=COOCH,
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: 1. INTRODUCTION

3

. . o _
The fungus Stereum purpureum (class Basidiomycetes) is responsible
for the so-called silver leaf disease that attacks plum, apple, and

other fruit treesl. 1In Alberta it 1is also found on 'mountain_ash,

cotoneaster, and aspeh’, Ln‘1902. Percival3d was the first to appl; the
.name "§ilver leaf" to the disease whose common symptom is silvering of
fhe‘foliage. Some years later Brooks carried oQt extensive inoculation
experiméntsAon plum and apple trees and showed that the action of §.

¢ gurpureum was causing the effect?. Accordipg to his studies the fungus
enters through wounds, grows first in the heartwood, then kiils the -

sapwood and bark. .
3

The silvering of the leaves is a secondary symptom primari’& due
to partial separation of thejmesophyl cells from one another and from

the epidermis. Owing to the presence of abnormal air spgbes thus

induced, the Yiéhi reflecting qualities of the leaf .are altered, and

\

the leaves appear silvery. *

In 1981, Ayer and co-workers described the isolation and.structure

eluc{dation of a group of metabolites ‘produced when S. purpureum is

3

" grown in liquid culture5. Extraction of the culture broth with ethyl’

ac?lgte provided crude metabolites -which:.caused silvering in mountain

N

ash seedlings.’  Furthermore, ;his extract shoved ctivity qgainst

-

the. pathogens Staphylococcus aureus and Candida albicans®. The crude .

metabolites were separated into neutral and -acidic fractions and the

14

PN S o . mieean A
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crystalline acid. for which they proposed the name sterpuric acid (1).

-

4

'
v
¢

a

Crtncibinatine (Adiasamathans) nf tha remainine fractions followed by.
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metabolites dr ;:efpuric acid (2), and hydroxysterpuric acid
. ethyledene 2~ .al (3) in the form of their methyl<esters.. Sterpurene-
3,12,14-triol (s, and the parent hydrocarbon  sterpurene (5) were

isoiated from the neutral fraction and the mycelium, respectively?.

i ) .

"The s;ructure of sterpur%g acid was deduced from a combination of

o

chemical transformations and spectroscopic analyses and was

_ uneqpivocally confirmed ~ by X-ray crystéllogréﬁhic ‘studies. The
. : c

+  absolute configuration has not been deterhine&.
| Sterpﬂric acfd_ and related sté;purenes repregent' a type of
sesquiterpendid not previously found in na;urea. Biosynthetic studies
indicate thatAﬁhe sterpurenes are derived from farnesyl pyfophoéphate

via humulene (6) and the proto‘lludany! cation 79. '

b

-

‘ Synthetic efforts towards this class of compounds are limited to

. ‘ ’ ‘ I .

. twb reports on the synthesis of the parent hydrocarbon sterpurene (5).%
‘Murata, Ohtsuka, Shirahama, and Matsumoto!® described the conversion of

~ f

humulene (6) to sterpurene (5) via the protoilludanyl cation 7, under



P

conditions that are believed to be analogous to.those involved in its
. biosynthesis (Scheme 1). Methyl ether 8, prepared from 6, was treated

with beron tribromide to give bromide 10. .Formation of bromide 10 méy

be interpreted as follows‘11 the methyl ether 8 furnished first the

.
3

prot0111udanyl “cation 7 whlch rearrgnged to cation 9 leading in a

COncerted faghion to bromlde 10, Treatment of bromlde 10 w1th sxlver
. ) : IQ
acetate afforded racemic sterpurene (5).
. ‘ (! .
A different approach to sterpurene (5) was recently described by
Q ’ .

Little and co-workersl? (Scheme"Z); A key feature in this synthesis
was the intramolecular electrochemically induced cyclization of .
bisenoate 11 ‘legding to the cyclopentane diester -12. - Acyloin

condensation of 12 and deprotection of the initally formed bis(silyl

5

"enol) ether afforded a-hydroxyketone 13. Mesylation of 13 followed by

el1m1nat1on provided enone 14 which was then converted “to. enone 15 by

i
.

treatment with methyllithium and subsequent 0x1dat1on—transp051t10n of.

the resulting tert1ary allylxc alcohol using pyr1d1n1um chlorochromate.

b
Construction of the cyclobutane ring was achieved via a [2+2])

~"+photocycloaddition.. between enone 15 and ethylene. - Finaily.” the
resulting tricyclic .ketone 16 was converted to sterpurene -(5) by

treatment with methyl lithium followed by elimination.
Because of the novel skeleton ?possessed by .the sterpurenes, we
became 1nterested in the investigation of their laboratory synthesis.

lg part1cular, our efforts were directed towards the - development of a

stereoselect1ve synthesis of eterpur1c” acid (1). This will enable us

_to study in more detail the biological properties of this compound, and

will allaw uc tn nroduce analogs.. if required.
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SCHEME 1. Formation of sterpurene (§) from humuléne (6).

-

o~
Jf, 1 .
'a,b,ci
. 6 ‘8
d.
\
e ——————
%
'9 7 :
e

10

2) Hg(NOy)y: b) L-EINH; c) NaH, Mel; d) BBry; e) AcOAg
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a) +67; b) Na, Me,SiCl; ¢) THF{ACOH/H,0;
d) MsCl, Et;N; e) LiBr, Li,CO,, DMF, reflux;

f) MeLi, E4,0, g) PCC, CH,Cly:

" h) hv , ethylens; i) MeLi, Et;O0; SOCI,, pyridine.

12




SCHEME 3 . Synthetic approach _to sterpuric acid" (1).

7 .
o )
\ -
+ ; ———
P '
1% OAc
17 18- T 19

!
4
N
22, R= SOOCH, ) .20, R=
23. R= CH3 . .) o 4 21| R=
. i
*
?
[ 4
:
| -~ 1

24, R= COOCH;

1
4

I ' Co Ten W

COOCH,

CH,

>
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formation'of .an AB ring system infefmedﬁaéb.fto which ring C would b2

ttached following a procedure previousl?f mmvestigated in our

laboratories.13 The general features-of the S?hthetic strategy are

outlined in Scheme 3. We envisaged the B ring of.sterpuric acid to
arise via a Diels-Alder reaction between maleic anhydride (17) and

*

diene 18. The resﬁltiﬁg Aadducé 19 would be Conyerted, aféer some
modificétions, to the AB ring- system intermediate lactone 20, By
cycloalkylapion using ‘malonate anion. Formation‘of ﬁﬁé lactone moiety
could facilitate the selecti;e transformation of (mezhyl e;ter) lactone
20 to the required methyl lattone -21. of éruciai imp&rtgnpe in the
construction \of ‘ring }C of sterpurié aciq is the generatiqn 6ﬁ the'
correct cis rélationship betgeen the pethyl and hydroxyl groups at the
ring junction. We.felt that the desired stereochemical result could be
achieved via a novelh [2+2} intramolecular photocycloaddition of
carbonate 23, which may ‘Be dérived from 21. Further'mo Lfiq?tions of
the functiénal groups of. the resulting tetracyélic com}ound‘ 25 would

C

provide sterpuric acid (1). —_

In order to facilitate the discussion of these synthetic

A -

studies, the rgéults are presentgd under the follovihg féur headingg:
1. Synthesis of lacroné 20, a precursé?;of the AB ring system.
2. Tranformation oﬁ lactone 20 into the ABC ring intermediate,
\ .
*carbonate 24,
3. Reduction of the (methyl ester) lactone 20 to the required
methyl lactone 21. | ‘ :
4. Synthesis of the ABC ring system of sterpuric acid,

4

‘carbonate 25.
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After this in{féduction was written, the first total synthesis of
(t)-sterpuric acid was reported by Paquette and cq-workers’a. Thg
general features of the synthésis are outlined Selow. Diels-Alder
reac&ion of ;ﬁlﬁpne 90 with diene 91 followed by Jones oxidation
provided 92 and 93 (66%) in a ratio of 2.1:1. Irradiation of ‘the major
'enone 92 in the pregenée of ethylene éfforded 94 aﬁd 95 in 71 and 23%
yield, respectively (irradiation was interrupted when 92 was
approximately half—consumed). Ketone 99 was converted to its silyl
enol ether and this was tfeated with MCPBA to provide keto sulfone 96
as the majbr product (66%). Reductive cleavage of the a-sulfonyl.
substituent (93%) and subsequent Wittig olefination (7@%) affor¢é&
compound 97. This intermediate provéa to be unreactive towards doublé
bond isomerization. The degired compound 98 was obtained by.f%rst

. ' Ny . L
subjecting 97 to an ene reaction with N-sulfinylbBenzenesulfonamide and

)

then cﬁrryin§ $ut.feduct@ve desulfurization (81% vyield for the two
steps). The synthesis - of 1 was comp}eted by Sequential'deprotectiqn

. .

.and saponification of 98 (90%). The synthetic sgmp}% of racemic 1 was

/ g ;

identical with the natural product as determined by comparison with ir
)

and H nmr spectra of sterpuric acid, 0

N

oy

&
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. CH;;OOC' :j\sozph
80 \
H,C
91 .
&
2) Jones
s ’
‘ ~
(\
+ . .
92 o3
hv . &thyléne ) .
Y
H CHa . N
| . H3c’ -7 N
+ \ . .
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CH,00C
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s+ PhSO, -
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o
H CHs
HSC/ <
CH,00C A
OTBDMS
CHs
98
1) Bu,N'F’
2) OH

2

.
1) KN(SiMe ),
TBDMSCI

2) MCPBA

1) PhSO,NSO

'2) H,, Ra-Ni ’

HsC,

.

CH,00C

.0y I

TR <

b TR

87

CH,

OTBDMS

1) Al(Hg)

2) PhyPCH,

CH,

OTBDMS
CH,
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I1I. RéSULTS‘AND DISCUSSION

. . ]
A - -

/ . . s

1. Synthesis of lactog 20, a precursor of the AB ring,sysfem.

"EQ, the construction of ring'B via the Dielé-'
‘Alder (D.A;) reaéfjéﬁgA “’ﬁi& contain a methyl group and an oxygenated
functionality afr A;édﬁﬁﬁg in 18. The oxygenated functioﬁa{ity woulﬁ
ultimately be converted into the vinylicr methyl ’group ‘present ih

sterpuric acid. Kedpa and co-workers!5 prepared diene 18 in 71% yield

“ by treatment of 3—meth§l§rotona1dehYdé with potassium .acetate (KOAc)in
N .

refluxing acetic anhydride (Ac20). We decided to utilize a newer ’

r

. -
procedure described by Cookson!® in which diene 18 1is reported<‘to be

obtained in 91% yield, (7:1, trapns:cis ratio) i;g the isomerization of
P . , : . '

acetate 27 in reflgxing benzene in the presence of silver

trifluoroacetate. Acetate 27 was readily obtained by aéetylation of

the pommercially avaiiable alcohol 26. When_27 was subjectedvtb the

N OR oo

S "'1-‘*5555’
OAc T, ' ' \
18 26, R= H

27, R= Ac

conditions described by Cookson, allene 28 was the only isolated
product. The observation of allene as an intermediate in this type of

reactions is well documented!?.18,

- A longer reaction time provided diene 18 in 60X yield along with



-

13
d}meric'ﬁroducgs, In order to avoid side reactions, the isomerizat;gn l

¥
1

" L]

&

B ‘.H A
L ==

L n ;@DAc
o o .

wid
P
B

. " 28

- '
was carried out in thefpresence of maleic anhydride; in this way adduct

19 was obtained as a.sfnéle stereoisomer. The cis relationship between

D e : .
the anhydride ring and the acetoxyl group in compound 19 was inferred
from the well known gg@g\éreference in the D.A. redction of butaaiene
and m;leic anhydridel9, This=¥€%§upported by the 1H nuclear magnetic
respnance (!H 'nmr) spectfum of 19 which shbws a triplet of quartets at
6-5.43 {J=5.5, 1 H:) for the hydrbgen geminal to the acetoxyl group, a- .
\complex mult;plet'at 6 3.48 f?r ;he hydrogens at the ring junction;vand
signals. at §,2.69 (br d, J=18 Hz) and 2:38' (d'd, J=18, 8 Hz) for the
mephylene hydrogers. Additional evidence wilf be presented in the

]

discussion»of a subsequent ;ntermédiate. S

CompOupd 19 was easily hydrolyzed (buffeg' pH 7.4) to give diacid
A29,_yhich shows br;adt OH (3200-2500 cm-!) and strong carbonyl (1?37
fcM'l) absorptions in the infrared (ir) spectrum; The next steéjca;iea
for the gglecti?e reduction of a carboxylic acid in the prfégnce of an

ester. Such a method when applied to 29 would give diol 30, which in

%W ,
turn couldkgggg converted to the corresponding ditosylate and then
, o5 N '



6.Ac

Several attempts to carry _out the selectlve reducmon failed to give
. o

30.  When diacid 29 was treated thh two equivalents of borane-

tetrahydrofuran comﬁléx (BH3-THF) 20 ap -18°6,” a complex mixture of

products was obtaine"'d' probably .arising from a competitive reaction of
borane with the Qioub]e bond of 29. ‘A p‘ro'c'iadu're‘21 in which a ‘cafbox-ylic

Nt N

acid is . converted % its’ carboxymet:hylemmmum salt K} and thqn

reduced w1th sodium - borohydrlde (NaBHq) to the corres‘pondlng alcohol

SCHEME 4 . A mild method for the re,‘diuc'tigh—of':’carboxylid acids2!. . >
' < i . “:’x v R & R
| ci* ;CHy: o - '

. >=‘N¢ )'I—R S

H” ¢ CHy

RCOOH ' — | 4 o  RCHOH
‘ N . / —
cr




A"

4

B

-

was also investigated (Scheme 4). Under these conditions 29 gave

-

o}

. OAc

lactone 32; “"The H nmr spectrum‘of 32 shows a brbad triplet at 6 5.26

(J=S\ Hz) for the hydrogen gemiﬁal to the acetoxyl group (H-2) and

15

doublets of doublets at 6 4.05 (J=9, 3 Hz) and 3.81-(J=9, 7 Hz) for the _

methylene hydrogens of the lactone ring. lThe hydrogens at the_ring

Q

junction appear at & 2.42 (td, J=9, 3 Hz, H-6) and 2.31 (dddd, ¥=9, 7,

5; 3 Hez, H-1), 'Decoupling experiments sth that the signal at 6 2.31

(H-1) is coupled to the 'signals at 6 5.26 (H-2), 6 4.05, 6 3.81, iz! 6
2.42 (H 6i conf1rm1ng the proposed structure.
The crude D.A. adduct 19 was reduced with lithium alumlnum hydr;de

(LiAlH4) in tetrahydrofuran (THF) to give triol 33 in 60% overall‘yleld

from 27. When we tried to selectively tosylate?? the two primary

hydroxyl groups of 33 with p—éolueﬁesulfonyl chloride and triethylamine

at 0°C (p-TsCl, -EtaN, = 0°C), ethers 34 and 35 were obtained.

Zefrahydrofuran derivatives . have ~-been obtdinedv under <similar

conditions?3, The chem1cal 1onxzatxon mass spectra (cims) of 34 and 35

show aM* (molecular 1on) +18 ion at m/z 126 (100) and 172 (100)



33

respectively, consistent with the assigned structures,

3'41 R= Ts

35, R= H

Triol 33 was. tr‘eatedw with dimethoxypropane and trifluoroacetic

L] B >
acid 2% to provide a separable mixture of acetonides 36, 37, and 38 in
60, 15, and 5% yield, respectively. Different reaction conditions25,

for example benzaldehyde dimethyl acetal and p-toluenesulfonic acid,

gave stiMilar results. Compounds 36 and 37 were easily differentiated

<

by observing the change in their !H nmr spectra upon acetylation (Ac20,

EtaN). 1In compound 36, the signals for the hydroxymefhyl group at &

4.04 (dd, J=11.5, 9 Hz) and 3.60 (dd, J=11.5, & Hz) are shifted to &

16
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38

37

40

OAc
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)

© 4.60 (dd, J=11, 4.5 Hz) and 4.16 (dd, J=11, 9 Hz) in the corresponding

N

",geminal to the hydroxyl group is shifted 1 ppm downfield, from & 4.50

'\(br m) to 5.56 (br m) in acetate 40 as expected for a secondary

alcohol.‘
Nuclear Overhauser enhancement difference spectroscopy (nOeds) is
a method for deterﬁining nthe relative stereochemisiry of substituents
in ; molecule??, An nOe stﬁdy on compound 36 provided additional
A evidence for the endo'préfereqce in the D.A. reaction-mentibned‘earlie}
(Figure 1). Presaturation of« the signal at 6 4.43 (H-1) gives
enhancements of 13X at 5 5.41 (H-10), 13% ;t 6§ 1.68 (H-6), and 10% at &

v a . R -
1.55 (C-3 CH3). ’ ‘

FIGURE 1|. Conformation of alcohol 36.

The 'H nmr spectrum of 38 displays signals for the vinylic
hydrogens at 6 6.97 (br dd, J=7, 1.5 Hz, H-10) and 6.94 (d, J=7 Hz, H-
11). : - . -

Compound 36 was éonverted in 90% yiéld to tosyfate 41 (p-TsCl,
EtaN). The ir spectrum of this compound shows absorptions at 1358 and

1175 cm-1, typical of sulfonate groups?8. The hydrogens of the

18

. -acetate 39. The downfield eshift -of 0.5 ppm is characteristig'of

g‘;primary alcohols ¢6. On the other hand,'fh compound 37, the hydrogen -

L



\.

\
AN

aromatic ring appear as an AA'BB' system at § g;%o and 7.33 with a

~.

coqpling consgaht\ofb8\uz and the aromatic methyl group appears as a
;inglet at & g.éa.

. With tosylatg 41 in hand we were ready to study the.@fkylation
with malonate anion?9. Treatment of 41 with the anion of
dimethylmalonate (CH2(COOCH3z)2, NaH) in refluxing THF afforded 42 (23%
yield) and recovered starting ﬁaterial. The ir spectruﬁ of 42 shows
strong absorptions é£ 175&. 1739, and 1240 cm-! suggestihg the presence

N 7/
of ester groups. A doublet for the gem-dimethyl at 1375 cm-1l  was also

observed. The 1K nmr'spectrum of 42

TsO” =+

o 0

X

)
"

&

displays three new singlets at 5 3.74 (2 OCHa), 3.75'(H-;'),>and 1.4&
(gém—dimethyl). “The hyd#g;;ns at the 6-position appear as a doublet of
doublet of doublets at 6 3.92 (J=9, 6, 2 Hz) and a doublet at & 3.60
(J=9 Hz); those at the A-pdsition appeared as broad doubléts at 6 2.42
aqd 2.02 (J=17 Hz}z Irradiation of the signal at & 3.92 (6'95Q) causes
sharpening of the doublet at & 2.45 (4 g;g). This is an indication of
a long-rangeu"W" couﬁling3°“(J=2 Hz) bgtween those hydrogehs. which is
typieallof bicyclic sfructures such as 42 (Figure LI).'~'The gggg-ggg
assignqents are based on the geperal tendency for the gngg-hydrogéns to
4

resongte  upfield from the corresponding exo-hydrogens in

norbornanes3%b,  The cims of 42 shows a peak at m/z 3bk (M*+18, 100)

&

19 -



CH;00C
CH,00C
42
v .
5
corroborating its molecutar—formula. Formation of compound 42 can be

explained ‘as follows. On close examination Qf the !'H nmr spectrum of

-~

the substrate, compound 41?;the methylene ﬁydrdgens of .thé ].34diqxané
ring appear at 6 6.]8land 3.71 as doublets of doublets (Jgem=12.5 Hé)
showing a coupling of 4.5 and 1.5 Hz, réspective]&i to the hyd;bgéh at
the 6-position (6 1.60). "In additioﬁ, dulyJonc of the hydrogens at C-8
(6 2:05) shows a significant coupling (4 Hz)sto th;}methine hydrogen at
8 2.23 (H-7). .The observation ‘of small. coupling constants suggests
that the éreferred conformation for combound 41 is ‘that ;howﬁ
in Scheme 5. , Co g

ﬁolecular \models 6f }cqggpund 41 show that the approach of the
"ﬁalonate anion to the carboﬁzﬁgearing ;the leaviqg: group is high}y
hindered by.'the acetonide mqi%;y. Alternatively. the departuré of the
-to;ylate could be ﬁromoted bfaﬁhk. ;pseudodiaxial‘inte;actiop ‘with one
of the oxygens of the acégonide asbin§icatéd. geﬂerating an oxonium.%?n

intermediate 43. Reaction of 43 with malonate anion. provides 42.

20



There are precedents for the reaction betzfii 1,3-diaxial substituents

SCHEME 5 . Formatiori of 42 fro.m ‘tosylate 41 ,

43

COOCH;

COOCH,

in six-membered ring systems3!.

Saturation of the double ond of 41 shou}d\ lead to a change in

21

conformation. The saturated tosylate 45 was ptepared “from alcohal 44

(Q—Tspl. Eta,N), which in turn was obtained by catalytic hydrogenation
:hz. plafinum oxide) of 36. The !H nmr spectrum of 45 displays
doublets of doublets at 6 3.76 (J=11, 9.5 Hz) and 3.65 (J=M1, 5.5 Hz)
" for the mefhylene hydrogens of.the L,34dioxane ring. The hydrogen at
the.6-pos;tion appéared as a doublet of quartets at § 2.35 (J=9.5, 5.5

_Hz). The large coupling of 9.5 Hz between the hydrogen at 6§ 3.76 and



RO

44, R= H

45- R: Ts

the methine hydrogen at & 2.35 suggests a trans-diaxial relationship so
that -he preferred conformation for compound 45 is believed to be the
. . \

anc shown in Figure III. In this conformation it can be clearly seen

‘that approach  of the hpcleophile to the eleétrophilic center is no

longer hindered. Accordingly, treatment of tosylate 45 with the anion
of dimethyl malonate (NaH, "THF) provided the desired diester 46. The
H nmr spectrum of 46 shows singlets at & 3.76 and 3.75-for the

FIGURE il Conformation of tosylate 45.
O

.,

methoxy) groups, and a triplet at & 3.48 (J=7.54Hz) for the methine

t

bearing the two ester functionalities.

.
Eh N
o ;

e
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22
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CH;00C
CH;00C IR
e
g o_ _oO v
X '
: . .
( 46 k ‘ ‘ o ; B

e

However. we wished to Jsetain the unsaturation in 41 tq serve ?s ,f

v
-~ A W

latent functlonallty in a later stage of the synthesxp: for th@_ RN

introduction of both the hydroxyl_group at the r1ng Junctxon and the

~ four-membered ring €.of sterpuric aCid. With th1s in mxnd &e sought

n’ “
“

alternative procedure for alkylatlon of dxmethyl malonate;g}th tosylatggﬂ,} oS

41. -The utility of polar aprotic¢ solvents 1n organ1c\ synfheﬁxs ﬁas,_f.: sy
i 2 n-'-' . .“;{,?‘, " : ‘

been widely recognxzed32-33.' In partic!ar, hexam&ihylphosphoramldef;ﬁj T
- x/ FO T : _,.:’-;

(HMPA) has proved to be ‘a useful solvent for reactxons 1nvolv1ng',-i'

§ +

nucleophilic displacément ,at sterically hlndered cgnters; It has

.) -

been proposed that the role of the solvent 1in thegé Feactxon&»;s {o

strongly solvate the cation so that the anion actq_ as*a f;ee

. ) . ’_é‘;x'-.,.
nucleophile unencumbered by ion pairing, thereby causing a m1n1mumwof

In fact, the alkylation of d1methy] malonate with tosylate 41 proc& i
smoothly when HMPA (NaH, 55° C) was used in place of THF as the reactlon
solvept. Diester 47 and alcohol 48 were obtained in 65 and 20! yield,

rcspéctively, after chromatographic separation. The ir spectrum of 47

shows strong carbonyl absorptions at 1740 and 1735 cm-! and its 13C nmr

i -
/ . ¥



*CH,00C_ . _ .

CH,00C".

Pas -

" 48
47

displays signals at 6 170.30 and 170.14 for the ester carbonyls as well
as at 6 50.41 for the two methoxyl groups. This compound was easily
distinguished from its - structural isomer 42 by lH runr-:;pectroscop)',;ﬂ
Thus in c0mpou;d 42 the hfdfogen of‘the methiﬁe bearing the two ester
group% appears as a singlet at 6 3.75, whereas in 47 the same hydrogen
appears a;fa doublet of doublets at & 3.53 (J=8.5, 7 Hz). The
molecular formula of 47 was confirmed by the presence of a peak at m/z
344 (M*+18, 100) in the cims. The 1ir spectrum of 48 shows hyéroxyl
absorption at 3400 cm'l'.and the-13C nmr spectrum displays signals for
nine différent carbons. The !H nm? spectrum of this compound shows the
same features previously discussed for compound 42, that 1is, a
. ¢
characteristic "W" coupling of 2 Hz between the H-6 exo (6 3.94 in 48

and 6 3.92 in -42) and H;a exo (6 2.42 in both 48 and 42) hydrogens.

The high resolug@on mass spectrum (hrms) of 48 is consistent with the

— molecular formula Ci9H1402. This compound may arise from 42 via a

~

- fvbase catalyzed B- elxmxnatlon as shown in Scheme. 6.

¥

.

. -s

,tgg}xon of compound 47 under mild acidic cond1t1ons (80%
)aqueous acetic ach CH2012)35 afforded dxol 49 in quantitative yield.

The use of stronger acids (g-toluenesulfonxc acid or dilute HCl)

7.



SCHEAME 6 . Formation of alcohol 48 from diester 42 .

, A><RCOOCHJ
o
L'H COOCH;

/

42

H,0"

-~

brought about elimination ¢f the allylic alcohol function-providing

‘diene 50 as a by-product. The ir spectrum of 49 shows strqng OH (5400

CH,00C CH;00C

CH,00C ~ CH;00C
OH OH OH

50
49

v

cm-1) and carbonyl (1750 and 1734 cm-1) absorptions and ‘he@_ ner
\ R ! .
displays two D20 exchangeable hydrogens at 6§ 2.50 as a . broad singlet.

The cims shows a peak at wm/z 304 (M*+18, 100) which supports the



- f
e

N .
proposed molecular formula, ' . . Y

AY

Selective tosylétion (p-TsCl, EﬁaN) of the primary hydroxyl gréupﬁ

of diol 49 provided compound 51 in 82% yield. This compound shows a
CH,00C
CH,00C

»

OTs OH
51 .~

weak OH (3500 cm-!) absorption in the it spectrum. Its !H nmr spectrum

b

shows an AA'BB' systen for the hydrogens of the aromatic ring at & 7.82
: \

and 7.36 with Jas= 8 Hz, the aromatic methyl appears as a sinélet at &
2.46. The signals for the hydrogens of the methylene bearing the
hydroxyl group in diol 49j;fg\\hifted downfield from 6 3.87 (dd, J=11,

8.5 Hz) and 3.73 (dd, J=11, 4 Hz) to 6 4.39 (dd, J=10.5, 6.5 Hz) and

4.10 (dd, J=10.5, 6.5 Hz) in tosylate 51, this proving the'locaiion of

20

3

the tosylate group. "The hydrogen geminal to the hydroxyl group appears

at & 4.32 as a broad multiplet.

v

Treatment of tosylate 51 with NaH In*THF (room temperature, 1 h)

LW
L3 '



brought about not. only cycloalkylation. but also lfctoniZation.
providing.crfstélli%e>10 ﬁﬁ B82% yiéla. The ir spectrum of 20 displays
strong carbbﬁyl absoq;xjons at 1742 and 1727 cm-1, typical of ester and
6-membered lactdhgss Eﬁf IH nor spectrum shows that - the hydrogen
ggmigg% to the oxyéﬁn‘rn ring B has been shifted to 6 4.84 (br t..J§5.5
Hi) as compared to 51, in which ;t lappears at 6 4.32. ~In addition
there is only one mgthoxyl singlet at 6 3.86. These observations are
in agreément.with the proposed lactonization. The 13C nmr::Epectrum of
20, shows ‘signals at & 171.22 and 170.82 for the ester carbonyls, at 6
138.81 (C-4) and 118.68'(C—3) for the two olefinic carbons, and atnb'
¥ 52,44 for a methoxyl carbon. The hrms of 20 shdws olecular ion at
m}z 236 corresponding to the molecular formula Ci13H1604. vLactone 20
contain§ the AB ring system of our target molecule and was used as a

model compound for the introduction of ring C.

4
~

2. Transformation of lactone 20 into the ABC ring intermedjate,
u G . ® . . ‘

" carbonate 25:'L

. _ “
Earlier studies!3 "in our laboratories have shown that the BC ring

]

inpeémediate ASA can be formed by an intrahoiecular [242]
photocycloadditien3? of eponé 53 (Schéme 7). Enone 53 was prepared by
treatment of enol 52 witﬁ’\&inyl chlorbfofmate ‘ Carbonate 54 was

%Lqurther elaborated to provide compound 55 a model of the BC ring
s

: system‘bf sterpur&c acid.  These studies showed ‘the efficiency of the

W .intramolecular R{+2] photocycloaddition relative to the interm~lecular

'case where enone 56 proved to be unreactive when -ir

GU

diated in the
presence of various alkenes.

In addition, the regiochemistry of intrgﬁolecular [2+2)



i
- . » '
phococycloadditions, in which the olefinic double bond and the enone.

‘_ K | . . .3
SCHEME 7. Synthesis of the BC ring system intermediate 55.

~

.

)

“OH

52 ¢ . . s 53 :)&?)
: | , )
¢ hv
V% ’
(4]
B c -4———i— B
\\ R i “ ! o . d
) _ "y ' 0 (0]
OH . / N o Y
< o o 0
55 C | |
. % 54 . v »
Y - ‘ ' .

are connected by a chain of two to four ‘atoms, can usually be pradicted

by .the empirical "rule of {iw}e."““ This rule states that the major

“

.{ regiotsomeric product Uat f{ormed by closl;r\e _of © the biradical

lebncmndiaba & miua {nitiallv  a five-memhered ring. in this case



SCHEME 8 . Retrosynthesis of the ABC ring

20

intermediate

60

24.

29
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suggested that the ABC ring ‘intermediate .24 should be formed by an

intramolecflar [2+2]) photocycloaddition of enoﬁe«22 (Scheme 8). The

‘required gig-gngi-gig stereochemistry éhould be favored since it is

Fnown>that in relatively rigid cyclic enones, ghere the two faces of

the double bond are nonequigalent. the major product of photoaddition
: ~

to an & kene is usually cis and that which arises by approach from the

least hindered sfdé39. As a result the ring Jjunction oxygen

subsgiiuent will be introduced with the correct stereochemistry, that

is, gig to the methyl group and cis to the cycloﬁ%ntane ring. This
pred}ctiOn is in accordance with the Wiesner model for

_photocycloaddition4°. which -combines principles of conformational

9

analysis with the aSsumption that the B-carbon of the excited state of

NG
the enone is pyramidal and can select the more stable configuration.

In this way two configurations, 22a and 22b, can be drawn fof the

excited state of enone 22 (Figure IV). Clearly 22a, wherein there is

no 1,3-pseudodiaxial interaction between the orbital on the:f-carbon

30

and the five-membered ring, 1is the more stable configuratipn. Thus, - -

overlab between the alkene and the orbital cn the B-carbon will lead to

the product with the required stereoéhemistry. Enone 22 may be



FIGURE_IV. Configurations of the excited state of enone 22.

COOCH,

228 R ' C . 22b

]

rearrangement4! of epoxyketone 59. ‘-This'epoxyketone is potentially
) o

available from 20 by opening of the lactoné .ring. oxidation to the

corresponding .a,B-unsaturated ketone, and subsc uent epoxidation.

However; it was.!otl surprising to find that treatment of lactone 20

1.

with methanolic KOH provided an equilibrium mixture of 20 afd 61 in -

which 20 1is the major coﬁbonent. Thus, neutralization of the

equilibrium mixture with AcOH afforded 20 and 61 in 88% and 102 yield,

CH;00C,

CH;00C

61
59
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&l

cm-1) and carbonyl (1732 cm-1) absorptxons and 1ts 1H nmr spectrum
shows methoxyl singlets at 8 3.68 and 3.67. Treatment of lactone 20
under more, vigorous/ conditions provided similar results and it wA;

i
necessary to investigate a different approach for the preparation of a-

diketone 60. . | o

’

Lactoﬁe 20 wa's sub;ected to a 1 droborat1on—ox1dat1on sequence T

: - 7 <

(BHa-THF -S*C'.Rﬁﬂzg NaOH)‘2 prov1d1nm¢a complek«m1xture of products

3

from whn;hv alcohol 62 was 1solated in 30% yield. The structure of

o gl e '

?ompodnd €2 uas ass1gned on the basxs of its spectr05c0p1c propertles

Lompound 62 shows hydroxyl ’(3470 cm-1) and carbohyl (1742 cm-1)

32

absorptlons in the 1r spectrum and 1ts 1H nmr spectrum dxsplays s1gnals

at 6 3.52 (dd, J=8, & 5 Hz) for the methxne hydrogen gem1na1 to “the

hydroxyl groqp; at,6 1.89 (d J;AnS Hz, DzO exchangeable) for. the
- .

hYdrokyl ‘hydrogen, at 6, 1. 42 (dddq. J=13. 5 3, 8, 8 Hz) for the

POl
. meth1ne hydtogen gem1na1 to the methyl group. at 6 1.03 (4, J 7 Hz) for

Ed

the methyl group, and at & 1.91 (ddd, J-13.5,’8.5£ 3 Hz)tgnd 1.02 (td.

>

; n

*3213.5. 9 Hz) for the methylene group in the six-meibered ring.v The-



\\

groups in compqund 62 1is in agreement with ‘reported'observations in

KX

which' the hydroboration-oxidation sequence has beerifqund to occur in a ~

cis manner from the less hindtred side of the double bond43,

. . y -
Alternatively, cempound 62 was prepared in excellent yield by a

two step procedu;e involving epoxidation of lactone ‘20 followed by .

r

64 ¥ .

_ . ¢ .
_hydrogenolysis of the resultingLepoxide 63. The epoxidation of 20 was

carried oﬁt using - m-chloroperbenzoic acid (MCPBA.‘ CH2Cl2, room

K

temperature)44 to afford epoxide 63 as *a single stereoisomer in 99%

\

vield. The 'H nmr spectrum of this compound displays a signal at &

4,94 (dd, J=5, 3 Hz) for the methine hydrogen geminal to the oxygen of

the lédfonel rinéf‘;fThis is coupled'tp a doublet at & 3.27 (J=3 Hzf\\

by T

which may be assignéﬂ’io the methine hydrogen pffthéiépbxide ring. The

methyl group appears as a singlet at & 1.39 ggd«%HejMethylgné in the
, 1€ o i Rt

»

six-membered ring appears at § 2.26° (dd, Ji15¢§8.53ﬂz);ahd 1.88 (br d,

J=15 Hz). The a-orientation of - the epoxidé is proposed on the

Vad
-

assumption that attack of the perébid is on the less hindered a-face of

the double bond of lactone 2045. This observation is supported by -the



, 34
of alcohols 62 and 64 in~a ratio o{ (:1 ('Y nmr), respectively. This

’mixture was converted quahtitetively to 62 by in situ hydrogenation
brought about by addition of a o;tatytic amount of platinum oxide. The
compound * thus obtained proved to be identical in all respects with
alcohol 62, prehrously prepared ,by'hydroboretion-oxidation of lactone
20. Allylic alcohol 64 oas also obtained in BOZ_yteid hhenAepoxide 63
was recrystallized using a ,Shellysolve B/Etohc mixture. Compound 64
shows hydroxyl (3450 cm-1) ond carbonyl (1747 em-!) absorptions in the .
ir. Its H . nmr spectrum dlsplays a v1nyl1c hydrogen at 6-5.72 (dm. J= 5

N
Hz), a broad singlet at 6 3,98 for the methine hydrogen on the carb1n01

- carbon, a triplet for the v@nyl;c ‘methyl group at5§%?1.83 (J=1.5 Hz),

N

ond a D20 exchangeable broad singlet at & 1.70 assigned to the hydroxyl

hydrogen. , Further evidence ' for' the presence ~and position of the
‘ . S .

carbon-carbon double bond..%h compound 64 was given by its }3C nmr

?

spectrum, which shows a singlet ot-ﬁ 130.53 and a doublet at & 127.57.
The hrms of 64 gives a pedfgtfor' the molecular ion at m/z 252,
. - o . L] *

consistent with the.molecular formula C13H160s. e

These results 'ean be ratiohglized as follows: it has beeo

suggested thagﬁlthe ac1d c talyzed hydrogenoly51s of epoxxdes proceeds
via a cat10n1c intermedxatii}T/é; Lllustrated in Scheme 9 for compound
63. Acxd catalyzed openlng of the 'epoxidé~a§ng provides thelcatxon
intermediate 65. Hydrogen‘ transfer. from the catalyst to the less
h1ndere§;a -face of 65 affords alcohol 62(a) Compound 66 may be formed -

from 65 by e11m1nat10n of the a~-proton as_shown (b). It'xs\poss1b1e

that compound 62 is formed exclusively via olefin: 64.°"



' 35
Treatment of alcohol 62 with methanolic KOH afforded diol 66 in

N

SCHEME

Mechanism of formation of alcohols 62 and 64.

~

63

H,/catalyst
> :

CH;;OOC-,'
H,/catalyst

‘ " OH

64

‘
4

\

91% yield. Thé 'H nmr spectrum of diol 66 displays hé_thoxyl singlets

at & 3.74 and 3.72, the hydrogens a to the hydroxyl groups appea'g_ at 8



(J=4 Hz), both D20 exchangeable. The 13C nmr spectrum shows a singlet

~at 6 173.41 for the ester carbonyls and a quartet’ at b 52.83 for the

methoxyl groups. ' Tﬁe cims of cémpound 66 shows a (M* + .18) i;n at m/z

304 consistent with the molecular formula.

7

AN

66

Several methods for the oxidation of alébhols to carbonyls using

. A . -
dimefhylsulfoxide (DMSO) activated by electrophiles have been
‘developedt8. Amoné’them Swern's procedure4? using oxalyl chloride as

activator provides carbonyl comkoﬁnds in high yields under mild

conditions. We were encouraged to apply this procedure to diol 66 by a

report which describes the conversion 6fﬁ 1,12-dodecénediol to &he
i

corresponding dialdehyde in 98% y;:}??O.n

S;ern oxidation (2.4 eq. oxalyl gﬁloride. 5 ed. pMSO, -60°C; 10
eq. Et3N) & “diol 66 provided a-diketone 60 and a-hydroxyketones 67 and
68 in 45, 37, ;gd 10% yield, réspectively. The ir spectrum of compound

{

60 displays absorptions at ‘3400 cm-!  (medium) " characteristic of

~

hydroxyl groups, at 1733 cm-! (strong) for the carbonyl of the ester,
, ; 3

apd at 1700 (weak) and 1655 cm-! (strong). ‘both'cha:acteristic of the

enolic form of a-diketones.5! The IH and 13C nmr spectra of this

36



60 67

' CH,00C CH360c

CH,00C CH;OOCH

for the enolic hydroxyl hydrogen, at 6 3.28 (at, q=20. 1.5 Hz) and 3.19
(dd, J=20, 3 Hz) for the allylic methylene hydrogenb. at & 2.44 (dqd,
J=13, 7,\Q\Hz) for tﬁe methine hydrogen geminal to methyl group, And qg
5 1.18 ‘(d;»J=7 Hz) for the methyl group. The {36 nmr spectrum of
compound 60 displays typical peaks at 6 196.68 (s) for the ketone
'carbonyl and at & 140.90 (s) and 135.29 (s) for.the olefinic carbons.
a-Hydroxyketones 67 and 68 show very similar ir and hrms spectra, but
they were easily differentiéted by !H nmr deéoﬁpling experiments. In
the case of compound 67 these experiments show <that the, signal at &

4.43 (ddd, J=7.5, 3.5, 1 Hz), assigned to the methine hydrogen geminal
. s

37

to the hydroxyl group, is coupled .to the methine hydrogen at the ring

¢t __at-_ fte A an  a_ Tm4s £ N hIak im bieom dm oananlad ta tha



e 38
J=14, 6.5, 1.5 Hz, and 1,77, t, J=14 Hz). In comvcunc¢ 68 the signal

assigned to the methine\hydrogen geminal to the hydroxyl grouﬁ (6 3.90,
dd, J=11.5, 3.5 Hz) is coupled to a methine hydrogen at § 1.68 (ﬁ)}

which in turn is coupled to the methyl group (6 1.13, d, J=6 Hz).~
L 4 . -
'These observations are in agreement with structures 67 and 68 <; )
@ | f

MethylthiomEthyl ether 69 was also isolated as a ‘by-product during

Swern oxidation of diol 66. The formation of methylthiomethyl ethers W
dé}ing Swern oxidation of alcohols is not uncommon, 49
a—bikefonébfgaﬁ:wésﬂibreparedﬁ more efficiently vi; an stepvise
foxida;ionv;oute as foilows: alcohol G?Jﬁéjfgxédézed‘%égarovide.kgtone
% i__\ﬁg?;.turn was

€

+1

Swern o;ggation of alcohol 62 provided an epimeric mixture of
ketones 70 and 7% in 86 and 8% yield, respectively. This
epimerization, which may have occurred because of excess FtaN present
during-the oxidation} was not important since the epimerized center had

3
to be converted to an sp? carbon in a later stage of the syntheéis.
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equatorial position (Figure V). Therefore similar couplings between

. =
the methine hydrogen gemina]l to the methyl group and the adjacent

g

L

FIGURE V. Conformation of ketones 70 and 71.

71

70

methylene hydrogens would -be expected in the !H nmr spectrum of each
'compound, In fact, this is the case and they cannot be distinguished
by th;s method. ;he tentative assignmenf of structure 70 to the major
isomer was confirmed by basic hydrolysis (methanolic KOH) of this to
give an a-hydroxyketone (98% yield) which prerd to be identical with
" compund 67, previously prepared by Swern oxidation of diol 66. Swern
oxidation of a—hydroxyketéne 67 provided a-diketone 60 in 91X yield. .
According to our synthetic scheme the next step involv;s.th;
conversion of a-diketone 60 ‘to vinyl carbonate 22. Since a-diketone 60
exists in the enol form shown, we had to find a way to transform this @ -
to the required enol 72. We thought ‘this could be achieved by
introducing some functionality X at the ring junction as shown in 52.
This functionality would be removed at a later stage of the synthesis.

QO
Treatmont of ennl A0 with pvridimium bromide perbromide$? (1.2 eq.
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74

single stereoisomer in 66% yield Presumably, the kinetié product of
this reaction is the exﬁected Lromodiketone 74 and - this is isomerized
t; the“/lherqodyngmically more stable bromgdiketéhe 73 by'thé hydrogen
bromide present in the reaction mixtuie53u. The !H nmr spect-um of
compognd 73 is very similar to that of enol 60 eicept‘for the signals
corresponding“to the methyl group and the methylene hydrogeﬁé ingthe
six-membered ring which in the case of 73 appear as a‘s;hglet at 6§ 1.92
and doublets of doublets at & 2.57 (J=14.5, 4.5 Hz) ‘and 1.78 (J=14.5,
10 Hz), respectively. The relative stereocheqi;try of the carbon

bearing the bromine is proposed to be that h?howh'«based on the

40
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, Y
which in enol 60 appears at & 2.95 and in.73 appedrs shifted to & 3.14. °

¢

A 1,3-psehdodiaxial relationship between that hydrogéﬁ and the bromine

as shown in gigﬁre VI accounts for the observed dowkfiéld shift by ’

analogy with data reported in the steroid field5%. The kinetic
bromination of enol 60 was carried out using N-bromosuccinimide (;.1

: Q’ ", g ¥
b ¥

FIGURE VI. Conformation of br_omoketon.e 73

eq. NBS, THF, -20°C)55. Bromodiketone 74 was obtained in 84X yield as

an approximately ,12:1 mixture of epimers at the carbon bearing.the

bromine, as indicated by lH nmr spectroscopy. The !H nmr spectrum of - -

74 displays signals for the major epimer as follows: a D20 exchangeable
singlet at 6 5.92 for the enolic hydroxyl hydrogen, an Aélsystem at 8§
3.62 and 2.89 with Jap 14.5 Hz for the methylene hydrogens next to the
carbon bearing the bromine, and a singlet at .6 1.93 \for the vinylic
methyl gfoup. The hrms of 74 shows peaks of equal intensity at m/z 360
and 362 g?rresponding to M* and M*+2, characteristic of bromine
containing c&mpouﬁds55. TheISp;ctral characteristics (ir, hrms, and H
;%mr) of'compound 74 do not allow an unequivocal assignment ﬁf the

relative stereochemistry at the carbon bearing the bromine in the major



éromgdiketone' 74 reacted, with vinyl chloroformate (1.4 eq.,
pgaidine.‘CHzclz) to afford bromocarbonate 75 in ?0% yield. _The !H nmr
- spectrum of compound 75 displays charaﬁteristic doublets of doublets aéw

5 7.06° (3=14, 6 Hz), 4.96 (J=14, 2 Hz),( and 4.64 (J=6, 2 Hz) for the

42

vinylic hydrogens. The restfof -the spectrum is consistent with the '

o

proposed structure. . . ' '

- 5 ‘e
Irradiation of a degsy

(250-W mefcury

mp, Pyrex or qéartz-immersion well apd filters) led to
extensive decomposition. The use of,otﬁer solventQVSUCh as:benzene or
cyclohexane gave simi}ar results. »Decomposition may arise frop
diséociatidn of the carﬁonﬂbrominéfﬁoﬁd‘upon absorption of ultrayiolet
l;ght57:. We thus dgcﬁ%ed to remove the bromine;fromb_bromocarbonate 75
prior to irradiation. Debromination of compound 75 occurréd smoothly
with zinc dust in acetic acid53,providingﬁcardbnate 22, bromocarbonate

~ 75, and "enol 60 in 70;0 10, and 15% -yieldﬁ ngspectively., The

ultravi%fet (uv) spectrum of carbonate 22 shows a maximum absbfption at

fution of bromocarbonate 75 in acetone



unsaturated system$%. The !H nmr spectrum of 22 displays signals foré@fQ;.{
. . ’ /‘:“J/
the hydrogens at the ring junction at 6 2.87 (dt, J=7.5, 6 Hz) and 2.72ﬁfﬁ

(m). The signal at & 2.87 was assigfied to the hydrogen a to the ketone,

on the basis of decoupling experiments. The hrms of 22 is cons\
with the molecular formula Ci17H2008. The stereochemistry at the

junction was assigned by assuming that under the thermodynag

| . . f :', :J
controlled - conditions of debromination, the ~ more”

: ; SR :
cis-1-hydrindanone system would be obtained®?.  This aﬁfumpxion’is

]
'f?.
), 1

supported by nOe eXperiments performed on a subsequent iﬁtgrhediate.g

‘

The intrqmoleculér photocycloaddition was: achieved by irradiation

of a deg?ssed solution of compound 22 in acetone (250-W mercury lamp,
AN . *fl' ’ : s

étab}ev.

43

' Pyrex immersion well 4nd filter) affording the tetracyclic compound 26

in 56% yield (based on starting material. consumed).. By analogy with a

previous studyl3 of the photocycloaddition of the model . enone 53 the

best yield (56%) of 24 was.oﬁtained using acetone as a solvent*qu when

e

the irradiation was interrupted before 80% of the stafting material has

s,
4

_ -~ 1 .
been consumed. Apparently dompound 24 is photoreactive quer the

Fe

e
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complex'mi*ture Qf products was obtained. Compound‘ 22 proved to be
unreactive - when the irradiatidn was carried out in  'benzene or
cyclohexane; The ir §pe;trum' of“éomppund 24 shows strong carbonyl
' absorptions at 1812°and 1730 cm-! ;nd its ?H nmr spectrum displays a
doublet of doublets at § 5.03 kJ=7;‘3.5 Hz) for the fou;-membered riﬂg

methine hydrogen, a triplet of doublets at & 3:19 (J=10.5, 8 Hz) for

the hydrogen at the ring junction a to the ketone, a multiplet at §

2.99 for the hydrogen at the other ring junction, and doublets of
doublets at 6 2.69

. FIGURE \[I'l. ‘Configuration Sf compound 24,
5 , > g

(J;iS. 7 ‘Hz) and 2.24 (J=15, 3.5 Hz)"for the four-membéred'fing
methylene hydrogens? these assignments are based . on decoppling
~experiments. The gigegg;idgig stefgoéhemistry was_ inferfed f;om n0e
sfudigs on eompound 24, Presaturatibn of H411'(5 5.03.“Seé Figure VII)
gave A '1§% enhancement' aﬁ 6 3.19 (H-S) and 6% 7at 6_ 2.69 (H-10 a);
presatﬁratioﬁ'of H-3 (6 3.19) g;§e a 102 enhanéeﬁent at 5 5.03 (H-11);

bresaturation of H-7 (6 2.99) gave a 4% enhagcement at 6 5.03 (H-11)

L]

44

and 3% at-6 2.69 (H-10 a). These results indicate that H-3, H-7, H-
® 8

10a, and H-11 may be close to each other s shown.

Compound- 24 coqtains:théﬂ—zhc ring system of sterpuric acid with



conditions. _n"/,f”',. T o I
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present in 24 is required in order to pursue the gynthesis of the

target molecule.

3.  Reduction of iméthyl’ester) lactone 20 to the required methyl

v

iactone 21.

The ‘transformation of compound 24 into our target ‘molecule

requires the conversion of the a-oriented methyl ester functionality in ‘

ring A to a mephyl group.‘tSince compound 24 has been successfully

prepa;ed fEOm 1aotone 20, this compound (20) was chosen as a suitable
£y

1ntermedxate to eifeCt S§Ch convers1on Furthermore, Ve could take

,U

22 .
advantage of the dxfference in react1v1ty between the lactone and ester

funct10nal1t1es present in- compound 20 Most of the methods repoptéd

for the conversxon of an ester functlonallty to a methyl group 1nvolve .

reductlon of the ester to the correspond1ng alcohol or aldehyde. which

-'/

after ‘derivatization is fu;ther reduced under ‘a wide variety of

v

-

The lactone and methyl eéte? ‘groups in compound 20 vere easxly

diffe#entlated bys,lba51c hydrolys1s : (aqueous KOH, THF, 0 C; 6N

hydrochloric acid)‘providing acid 76.inf 86% yield. The spectroscobic



. 76

77

The - procedures d-:cribed for' the selective3 reduction‘ of ﬂ

carboxyllc acid to the cor respondmg alcohol 1n the 'presence of an
& ,
ester group involve “t™e format1on of a reactlve 1ntermed1ate (ac1d

chloride, mixed aghydric:, etc.) followed by reductlon W1th a m11d ﬂ.

RE s

reagent such as NaBH46!. Treatment of compound 76 wlth oxalyl chlor1de

(oxalyl chloride, benzene, room temperature)62 did- not prov1de the ac1d‘l

'chlorlde der1vat1ve but 1nstead extensive decomp051t10n occurred In a’

R

similar approach53 64 ac1d 76 was treated with etﬁyl chloroformutef

(ClCOOEt, EtaN, THF, 0°C) t¢ form the 1nﬁermed1ate mlxed anhydr1&§w77\

\.

subsequent reduction with NaBH4 prOV1ded$alcohol 78 in  60% y1e1d along,

~with recoveréd acid 26 (21% yield). Several attempts to improve the

b
yield’of this‘éransformationlfailed, 1nclud1ng the use of NaH as basep

‘

which is reported to give ﬁeiter' results®5, The ir spectrum of 78
dxsplays hydroxyl (3&63 cm'l) and carbonyl (1723 [J 1)Habsorptxons and
"its !H nmr spectrum shows s1gnals for the hydroxymethyl group hydrogens

as follows: doublets - of doublets. at 6 3. 8&(J 11 5 7 5 Hz) and

+

3.75(J=11.5. 6.5 Hz), and a DzO exchangeable apparent tr1p1et at 61

R

2. BQ(J 7 Hz) - The 13C nmr spectrun shows sxgnals for the»ester

7

carbonvl and hvdroxymethyl ‘carbons at & 176 96 and 65. 79 respect1vely.
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Conventional'r‘nethods66 for the deoxygenatién of alcohols involve

the reduction -of a suitable hydroxyl derivative (tosylate, mesylate,

etc.) or‘.the nucleopgggic replacemént of the hydroxyl group by halogen
or_- thiolate with subseduenﬁ reductive ‘dehalogenation or

desulfurization. These methods have.been applied successfully to the
. . ‘t{ L) N
deoxygenatidn of rg}ativelyvunhindered alcohols. A useful alternative
Lo N :

is offered by radical processes as illustrated in a recent review$?.

The conditions required for the deox&gehation of alcohol 78 should be
b ‘

compatible with " the presence of the double bond and lactone
, o N ' g

functionalities. Hutchins®8 reported that NaBH4 in*\gglar aprotic

solvents (HHPA. 'DMSOL sulfolane) furnishes an effective source of

nucleophiliél hyd&fdsA which may be utilized for the reductive

. = i
disp}acemenﬁ?%fzprimary and secondary alkyl halides and sulfonate

w

s

v

s ; . SN ——

‘esters{ »Ihe'mTldness of borohydride allows. a numbér of chemoselective

transfdrqﬁéﬁoﬁs. In order to apply this method, alcohol 78 vas

converted to .mesylate 79 (methanesulfonyl chloride, Et3N, CH2Clz2,
0°c)es ih'99%ﬂyield. The ir. spectrum of 79 shows éarbonyl (1729 cm-1)
.and sulfonaté (1354, 1172 cm-!) absorptions. Its 1H nmr spectrum

.disolavs-éﬂ-AB system'for'the hydrogens of the méthylene bearing the



« ) .
"
KA

sulfonate at 6 4.59 and 4.23 with a coupling cohstaut (Jas) of 10 Hz.
The methyl group ofvfhe sulfonate’appears as a sharp singlet at & 3.07.

\

The hrms of 79 shows a peak for the molecular ion.at m/z 286 consistent

48

with the molecular formula C13HstsS Treatment of mesylate 79 with -

»—\ excess NaBH4 in HMPA (45 C 4 days) provxded compound 21 1n,ZOZ yield.

Lower yields were obtained when DMSO was used as solvent. The ir

spectrum of 21 shows a carbonyl (1737 cm-1) absorption and its !4 nmr -

i .
spectrunm displays aJmethyl singlet at 6§ 1.32 1indicating that
deoxygenation has\occurred‘without affecting the lactone moiety. The
cims of compound 21 shows a M’+18 peak at m/z 210 in agreement with the

~
proposed molecular formula. With compound 21 in hand we proceeded with

S

Py

the format1on of ring C. '

&

& . L : .
4. = Synthesis of the ABC ring system of sterpuric acid, carbonate 25.

“ 'S ¢ Y Co »

The addition of rlhg 'é to the AB ring system intermediate 21 was

“achieved following an approach similar.toAthat described in Part - 2 for

2

 the transformationv of lactone 20 into "the ABC rinmg lntermediate.

mavhanata %4 Comnannd 21 wuac. treated with m-chlorooerbenzoic acid



a
(CH2Cl 2, room temperature) providing epoxide 80 in 99X yield. The

stereochemistry of thie epoxide ring was proposed assuming that the

epoxidation occurred from the less hindered*a-face of the molecule.

@

é1 K l ‘ 80

. .‘J - ) Lo e e ',‘;{{,
THe H nmr spectfum‘ of 86 “shows a/;;ubIEt°at 6 3. ZB ; (J= 3“%%) for the
s V ‘Q
methine hydrogen of the epdkﬁdewand methyl sxnglets at & 1 34 an& 1.31.

Its hrms shows a peak for the molecular ion at m/z 208 correspoﬁﬁxng to

the molecular formula C12H1603.

3

81 _ ’ 82

P.
Acid-catalyzed hydrogenolysis (Hz,ﬁ10% Pd/C, EtOAc, AcOH, 48 hr;

platinum'oxide. 24 hr) of 80 afforded alcohol 81 and recovered 80 in 85

49

O
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and 15% yield, respectively. As was observed in the hydrogenolysis of
epoxide 63 (Part 2), alcohol 82 wis detected by !H nmr when the
:reaction was interrupted after tre ment with the palladium catalyst..

Therefore jn situ hydrogenation with platinum oxide was also necessary.

The ir spectrum of 81 displays absd:ption bands for the hydroxyl (3400

cm-!) and carbonyl (1737 cm-1) groups and its !H nmr spectrum shows a
‘ \

large coupling (J=8 Hz) between the vjcinal hyarogens of ‘the carbons

bearing the  hydroxyl . and “néthyl groups, suggesting a diaxial

'relationship7°. Tﬁe hethyl group in the six-membered ring appears as a

doublet at & 1.06‘(J=7 Hz). The 13C nmr and hrms spectra of 81 aqé in

:ﬁgs

in 88% yield. The ir spectrum of thié compound shows typical hydroxyl

. /
agreement with the proposed structure.’

Basic hydrolysis (methanolic KOH, 0°C) of alcohol 81 gave di

- N .
(3400 cm-1) and carbonyl (1730 cm-1) absorption bands. The IH nmr
%

spectrum of 83 displays a methoxyl singlet at & 3.68 and D20

exchangeabie doublets at & 2.46 (J=3 Hz) and 2.24 (J=4 Hz) for q§§

"'_ a J

H3 C',’

o 4

cHjo0c’,

hydroxyl hydrogens. The hrms is consistent with 'the molecular formula
. 3 . . i

C13H2204. ) RT3 >

PP
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- A modification of 'qufatt conditions?! for the oxidation of
alcohols to the corresponding aldehydes’ or ketones was described;by
Corey’? and recently this méthod has been appliea to the‘oxidation of ;
1.2—di01 to the.corresponding 1,2—diketone?3. Encouraged by -this , ‘ -
repdrt we subjegted diol 83 to the reaction Jsequence described which '
: r
consists oﬁ trgﬁtmen&;df,the diol with diisoprqpylcarbodiimide (A‘eq.)
and dicé}é?oacetic acid (1 eq.) in 1:1 genzeﬂe-dimethylsulfoxide at
rooﬁ temperature. However in our ‘case a complex-?ixture of p;oducts

. s
was obtained. '

We next tprned our attention té alcohol 81, whicp after Swern
oxidation (oxalyl chloride, DMSO, CHzClzg -60°C; EtasN) affordgﬂ a'1h:f
(by 14 nmr) mixture of epimers 84 an% 85, respectively, in 97% yield.
' The ir spécirum e of ﬁhe mixture- shows ketone ané laétone carbonyl
absorption bands at i744 and 1722 cm-1, respectively, and the H nmr
-spectrum displays signals corresponding to 84 at & 2.40 (dqd, J=13.5,.
6.5..5 Hz) for thé‘methiﬁ% hydrqgen geminal to the méthyl group lénd at
6 2.32 _(ddd; J=1335. 9, 5 Hé) and‘.1.50 (td, QJ=13.5. 9 Hz) for the
methylene hydrogens in the _sixfﬁegﬁéred rin,l' :Th; 1?C nmr quctrum; . (\

p . Y
2 : . e, . ©

shows peaks at 6 205.25 and 175;43.assigned tb‘aﬁaekeﬁqng_gpm

\ . i Lt ,‘ . ) Vi Wt o
carbonyls, rﬁspectively. .The hrms giveﬁﬁg’peak for the molecu] ' %y
. B . B A
at m/z 208 consistent with the molecular formyla Ci¥HaeO3. -~ .x :
’ "y ’ o sl

Treatment of the mixture of epimeric ketores Bbwand 85 with
methanolic KOH (C'C) provided alcohol 86 in 96% yield. The;igyﬁpectrum
of 86 \ displays hydroxyl , (3480 cm-!) and carg;nyl _@TfES. cm-1)
absorptions. Its !H nmr spéctrum shows a nethbxyl singlet at & 3.78,
the B-oriented hydrogen (6 1.48) of the methylene in theﬁsix-nembe;ed ©

ring shows a coupling of 13 Hz to both adjacent methine hydrogens, thus



s

52

84

. indicating their diaxial relationship. The 13C nmr spectrum of alcohol

86 displays a peak for the methoxyl group at 6§ 52.19 and its hrms is
. ) : : @@

consistent with the propose? structure. ) .

Swern oxidation of alcohol 86 gave a-diketone 87 in 97%

’

e

CHj,

86 87

yield. The ir spectrum of 87 disp?%ys typicalfhydroxyl (3400 cm-1) ;nd
carbqnyl.(1729 and 1651 cm -1) absorptions and its !H nmr spectrum (//
shows -a 030 exchangeable singlet at 6 5.96 for the hydroxyi hydrogen N

and a doublet at & 1.19(J=6.5 Hz) for the methyl group a to the ketone,

indicating thpt this a-diketone exists in the enolic form as shown.

A

~5

*
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Further evidence was provided by the 13C nm(\spectrum_of 87 which ‘shows
peaks at &6 196.98 (a, B-unsa;ufated ketone carbonyl), 177.56 (ester
carbonyl), and 141.02.,137;65 (olefihic carbons). The hrms of 87 shows

a peak for .the molecular ion at m/z 238, corresponding tq the molecular

formula Ci13H1804.
Treatment of compound ° 87 with N-brom§succinimide (1 eq, THF,

-20°C) afforded ajbromoketone‘88 iy'BBZ yield. \The ir spectrum of this
5. .

compound shows hydroxyl (3440 cm-1),,carbonyl (1730, 1677 cm-1), énd
paibun—carbon double bond (1645 cm-1) absorption bands. Its 'H nmr
spectrﬁ§§displays a D20 excha@ngeable singlet at 6§ 5.92 and a vinylic

methyl singlet at & 1.92;' Th# hrms of 88 shows characteristic peaks of

[
N

equal intensity for M'(mZz 318) and M**J3(m/z 316), indicating the

88

L
presénce of ’bromine. .From these data we were unable to assign the
relative stereochemistry‘ at the carbon beari;; thé bromine. Moleculgf
models of 87 show that both faces of the double bond are approximately N
equivalent making it difficul% to preéict the sterepchemistry’ of the
bromination. In keeping with our synthetic plan, the necessary vinyl ¥
appendage was attached to. a-bromoketone 88 by reaction with vinyl
/chloroformate (pyridine, CHzClz); a[f&rding “romoéarbona;g 89 in 95%

Q
yield. The ir spectrum of this compound shows carbonate, ester, and



ketone Aéafbonyi absbrption bands at 1777, 1725, and 1690 cm-1,

respectively. The s

23

VJihylié hydrOgens'appear'as doublets of doublets in the !H nmr spectrum

at $ 7 O7(J 13 5 6 Hz) 5. OP(J 13.5, 2 HZ?Q; d 4.64(J=6, 2 Hz). The

<

‘3C nmof - ' spectrum of 89 shows”® signals for the vinylic carbons at
C 6142, 73 (d) and 98 73 (t) . and its q§ms displays a peak at m/z 307
.‘ correspondlng tQ::he M- Br fragment. ‘ v

) v Removal of the bromine from compound v8§ was aeeompi;shedéby
. eatment thh zine dust ;ﬁ‘acetlc acid {*room qtemperature), providing
carbonaﬂg 23 in 87% /;1eld The 1H nmr spectrum of 28 d1sp1ays an
appa#%nt qQaitet at 6 2 87 (J= 7 Rz, H 1) for the hydrog§n at the ring
Junctxon,g to the ketone, an apparent sextet ‘at & 2.75 (J=6. 5 Hz, H-6)
for the g;htogen at the other ring junction, and a singlet at &6 1.31
for the ¢ . group on the givefmembereq‘ring; The ‘ster ochemittry at
the ring junttion.was’ inferred from a n0eds study of 3Sas follows:
presaturation of the signalv at 6 2.87 (H-1) gives a 5% enhancement to
the.signal ét 62.75 (H—é) and a 4% enhancement tp tﬁé signél at § 1.31
(C-8 CHs), presaturation of the methyl ,singlet at § 1.31 (C-8 CHa)

gives 2% enhancement to each of the signals at & 2.87 (H-1) and 2.75

%



v

"(H-6). “nese results suggest that H-1, H-6, and the;nethyl group at

position B are cis to one another as shown in 23. The 13C nmr and hrams

. y . -
spectra of 23.are consigtent with the proposed structure.

~

=]

25 ) ‘ )

With carbonate 23 in hand, we were ready to agtempt the
photocycloaddition reaction to introduce the foﬁr-membered ring. A
degasséd solution of 23 in acetone was irradfated (250-W mercury lamp,
Pyrex immersion well and filter) to give starting carbonate 23 -(40%)
and the tetracyclic compound 25 (40%). By analogy:ﬁith Fhe irradiation
of gompound 22, the reaction was.inﬁerrupted aftér abproximaﬂbly 50% .of
the starting material had been consumed, otherwisé extensive
decomposition occurred lowering;the‘ yield of 25. The ir spectrum of
<tﬁis compound shows carbonyl absorptions at 1812 and 1726 cm-! and its
IH nmr spectrum is similar to that of compound 24, showing signals at 8
5.05 (dd, J=6.5, 3.5 Hz, H-11) for the four-membered ring methine

-

hydrogen geminal to'thé oxygen, at .§ 3.15(td, J=10.5, 8 Hz, H-3) for

the hydrogen at the ring junction a ‘to the ketone, at & 2.98 (ddtd,

J=12, 10.5, 7.5, 4.5\ Hz, H-7) for the hydrogen at the other ring

junction, and at & 2.69 (dd, J=14.5, 6.5 Hz, H—iOa) and 2.24 (dd,

55



J=14.5, 3.5 Hz, H-108) for the four-membered ring methylene hydrogens.

+

FIGURE VIIIl. = Coffiguration of compound 2.

"The cis-anti-cis stereochemlstry was ass1gned on the basis of a nOéds
| study of '25. Presaturation of the 51gna1 at 6 5.05 (H 1{: see Figure
VI1I) gives 6.5, 2, and 3% enhancements to the signals at .6 3.15 (H-3).
_2.98 (H-7), and 2.69 (h-10a), reséectively; presaturation of the signal
at & 3.15 (h;3)'gives 10 and 5% enhancements to the signals at & 5.05
(H 11) and 2.98 (B-7), ° respect1vely, presaturatxon of the signal at &
2.98 (H- 7) gives 4 and 7% enhancements to the 51gnals at & 5.05 (H 11)
and 2. 69 (H- 10a). respectlvely, presaturat1on of the 51gnal at 8 2 69
(K- 10a) gives a 5% enhancement to each of the signals at 6 5. 05 (H- 11)
and 2.98 (H-7). These results suggest that H-3, H-7, H-10, and H-11
are anranged as shonn ' Clearly the 1ntramolecu1ar photocycloadd1t1on

occurred with approach of the v;nyl double bond from the less hxndereﬁ

side of ‘the enone moiety 1n-compound 23.

56
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The 13C nmr spectrum of compbdnd,ZS shows characteristic carbonyl .



peaks at & 203.02 (ketone), 176,95 (esgfr).ihnd 154.43 (cagbbnate) and -

S

- its hrms displays‘a peak for the molecular ion at m/z 308 correspgnding

to the molecular formula CysHzoOs.

4

Compound 251-contains the ﬁBC ring system of the target molecule

with the  correct stereochemistfy of the substituents. Two major

transformations ‘are‘ required/ in “order to complete the Qynth&sis of

sterpuric acid, namely, the i
v

foduéi-;-_ion of aouble bond ‘and 'a"meth—yl
group  in ring B, and the 'déqkyéenation of C-11 in ring C. These

transformations were investigated in . a previous study in which model

compound 54 was converted to 55 in several steps!!. The conversion of

compound 25 to sterpuric acid using a similar procédure is currently

being investigated.

"

[



III. EXPERIMENTAL

v

Unless otherwise stated the  following particulérs apply. Allv

réacﬁions .were done under -a .positive pressure of dry nitrogen.
Reactions requiring anhydrous conditions were perférmed'in oven dry

glassware (115 °C, 2 h), cooled in a dessicator, assembled, and §ééled

. Wwith a rubber septa (when applicable) and purged with an 1qFrt gas.

L

After work- uB, all the »rganic solutxons vere dried usxng NazSOLi/-~ The

~ term in vacuo refere to solvent removal via Buchi rotoevaporator at -
water aspirator pressure.  Solvents were distilled before use for
. \ .

chromatography or exggaction. Anhydrous solvents were distilled from

appropriate“drying agentsE tefrahydrofuran- (THF) by distillétion frpm

a blue solution of potassium benzophenone ketyl' dichloromethane.

2

(CH//;z). aceton1tr11e (CHaCN) dlmethylformamlde OMF) , trlethylamlnel
(EtaN), | pyrldlne, dlmethyl h sulfoxide (JMSO). : ',and ,
vvhe§ﬁ83}hylphosphoram1de (HMPA) by dlsg\TTatlon from calc1um hydride

N (the latter "two under_ reduced pressure and ﬁtored over 3 A moleculaf o
siéves under'nit?ogen); acetone by distillation froﬁ CaS04; Skellysolve’

Bnrefers. to Skelly 0il Company light petroleum, b.p. 62-70 ‘C. Oxalyl 

. : R
chloride, ethyl chloroformate, vinyl chloroformate, and methanesulfonyl

chloride _(MsCl) were freshly distilled when used. Silver

trifluoroacetate was‘prepared following a réported procedﬁré75f A

commercial solhtion'(AIdrich) of . borane ‘in THF was used as received.
Flash column chromatograbhy was performed by using E. Merk silica

gel 60 (230-4 0 ASTM mesh) accordlng to the procedure of Still7é.

Analytical thin layer phromatography (tlc) was carried out on aluminum

'u': . .
.?\’ .
e /

- /
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P

d.'w‘ ’, . l‘.</:r

e .
/ R

‘ sheets precoated (0.2 mm layer thickness) thh silica gel 60 Fas4 (E.

- Merck, uDarmstadt). . Ultray1olet active

N ‘3.,

visoalléatloo ’under' a ‘) lamp .(gggf’or ‘350 nm).  For tlc, the
. A\ . . "“{i‘ﬂ. Y ’

v_vasualxzatlon of the chromatograms was completed by sprayimg with a

- . 3
-y ., . A

; solutlon of phosphonolybdlc,acdd (3% w/v) contajning ceric sulfate

~

59

: <@aterlals were detected by',»

- °(0 SZ w/v) 1n sulfurlc ac1d (3% v/v), followed by careful charrxng on 7‘

Ay

Y

a hot plate

[

o
-

v

: apparatus and aréeungorfected Fourier transform infrared (ir) spectra‘

7

JTe

- v, ?,
were recorded on a Nacolet 7199 FT 1nterfén\\\7ér. Ultrav1olet (uv)

spectra were recorded on a Hewlett Packard HP8450A diode array

v

;'spectrometer coupled to a 7470A plotter

o
Hydrogen nuclear magnetic resonance (1H nmr) spectra vere recorded

Ty

o Bruker Wp- 80 (at 80 MHz), Bruker WH-200 (at 200 MHz), Bruker WM- 360

"f(at 360 MHz), Bruker WH-400 (at 400 MHz) spectrometers in the spe01£1ed

: nuclear magnetic reséggnce (13C nmr ) spectra vere measured on

'deuterated solvent with tetramethy151lane (TMS) as an internal standard

A p
wang heasurements are reported in ppm downfleld “from TMS (6). éjft

. AM-300 (at 100.60 MHz) or Bruker WH-400 (at 100.60 MHz) spectrometers.

For 13C nmr, deuterochloroform (CDGla)'was employed as the\internal
standard (assigned as 77.0 ppm downfield from TMS) and measurements are
reported in ppm downfleld from TMS (§).

carbon-13 multiplicities were derrved frod gated decoupled sp1n

echo experiments??. . Nuclear Overhauser enhancements (nOe) were

’ determined by making all data poiots of the control (undecoupled)

spectrum negative and computer-adding ‘it to the free - induction decay

v(FIDl of the decoupled ,spectrdd before .- Fourier transformation.

T~ _Meltlng‘pointS‘"wereéﬂre&brded on a Fisher-Johns melting point

7/
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Positive enhancements are defined as multiplets possessing!en antiphase. .

with respect to the decoupled signal. Samples for n0e measurements,

Y

were deoxygenated with nitrogen or argon for 10 min prior. to use. Thev

. .9
following abbreviations are used in the text: s.(singlet; d, doublet;
N - N » ‘

t, triplet' q, quartet; m, multiplet; 6, chemical shift.

High resoiution electron 1mpact mass. spectra (hrms) were recorded

»

on an A,E.I. . MS-50 mass spectrometer coupled to a DS50 c0mputer

'

Chemical 1on1zat10n mass spectra (cims, ammonia as reagent rgas) ‘and. low

¢
‘resolution electron ‘impact mass spectra (lrms) were obtaingd u51ng an-

ﬁ‘ 3§

A.E.I. MS-g mass spectrometer, Data are reported as m/z (relatlve

intensity). o~ Combustion elemental analyses were performed by the .

' Microanalytical_Laboratory of the University of Alberta.

- 2-Methyl=-3-butyn-2-vl acetote‘ (27).

A mixture of 2-methyl-3-butyn-2-ol (100 mL, 1:03 mol), acetic'

‘anhydride (118 i, 1.25 mol), triethylanine ({75 nL, 1.25 mol) and 4-N,

N- dimethylamlnopxridine (DMAP, 0. 1 3 was refluted for 3 h. The

resulting dark solution was diluted with ethyl etherqfipﬁ mL), washed

successively with 5% hydrochloric acid, water anﬂ’ brine, dried. and

concentrated in vacuo. Distillation of the residue afforded 27 (103.2

g, 80%) as a colorless liquid; b.p. 124-126°C (lit.74, 131 C/745 mm),

tlc: Re 0.32 (beozene/ethyl acetate, 96:4); ir (neat) 3280 (m), 2990_

(m), 2130 (w), 1746 (s), 1360 (s), 1250 (s), 1137 (s) cm1; H nmr (60

MHzZ, CDCls); § 2.5 (1H, s), 2.0 (3H, s), 1.67 (6H, s); hrms: 'm/z calcd

for CTH1002 (M*): f26 0681 found: 126.0683 (14), 111 (23), 98 (15), 84

(77), 83 (60), 67_(59). 60 .(100).



‘fel-(1S;25,3R)—3—Acetoxy-S-methyl-a-gyciohexene-1.2-digarboxylic

anhfdride _ (19).

A solution oflacetate 27 (100 g.k0.79 mol), maleic anﬁgdride (77.5

61

- g, 0.79 mol) and freshly prepared silver trifluoroacetate’s (17.45 8y

% , : .
0.079 mol) in benzene (1.5 L) was refluxed for 48 h. The solvent was .

removed{in vacuo and then ether) (600 mL) was added to precipitate the
} .

salts. The mixture was filtered and the - solvent removed to provide
. > ' ' :
crude 19° (185 g) 'as a greenish oil. Flash- chromatography

(toluene/acetone/acetic acid, 94;6:1) of the crude gave an a?alytical

sample of 19 as a colorless viscous oil;— tlc: Re 0.41
" f [

e ‘ .
(toluene/acetone/acetic acid, 94:6:1); ir (CHCI3, cast): 1783, 1740,

1712 (br s), 1360, 1236 (br s) cm-; IH nmr .(400 MHz, CDClﬁ): 6 5.83

(1, dq, J=%.5, 1.5 Hz, H-4), 5.43 (14, "tq", J=5.5, 1 Hz, H-3), 3.48

(24, m, H-1, H-2), 2.69 (1H, dm, J=18 Hz, H-6a), 2.38 (1H, br dd, J=18,

8 Hz, H-68), 2.02 (3H, s, CHa), 1.83 (3H, m, CH3); lrms: m/z calcd for
| , | T | R
C11H1205 (M*):,ZZA[‘found: 224 (1.3), 181 (24), 154 (11), 136 (63), 109

(43), 93 (19), 92 (16), 91 (16), 43 (100).

1 ~

R

rel4118%28.BR)—3—Acetoxy-5—methyl—h-cyclohexene-1.Zvdicarboxyli acid

(29).

Crude 19. (1 g) was dissolved in a mixture of _éthyl ether (15 mL)'

¢
$

‘and buffer (30 mL, pH 7.4; 2.16 g &

o ?W;PQP ang 0.60 g of NaHzPO4-H20

. . .. ‘ ,q_'.l. )
in 0.5 L of ~ water).  After »stirﬁin@ﬁfgi’{l& h ‘the . aqueous layer was
: : : DT B T ‘ :

© A

-separated’ aéipifiéd to pH 1 (50% ‘;queous H2S04) and extracted with
ethyl acefa;e (3 x 40 mbL). Remov;1 of the solvent in vacuo ﬁrovidéd
crude 29 (0.80 g) as a yellow foam; An'analytical sample was bbtaiped
by‘regfystallization from dichlorqmethane; n.p; '136-137.3"0; ‘tlc: Re

)



?
0.30 (ethyl acetate/methanol/acetic acid, 75:25:1);. ir (CHCl$ cast):

3200-2500 (br 5), 1737 (s), 1374 (m), 1239 (s) em'}; IH nmr (200 MHz,

acetone-ds): 6 5.51 (1K, dsextet, J=4.5, 2.5 Hz, H-4), 5.26 (1H, br d,’
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J=4 Hz, H-3), 3.54 (1H, dd, J=6, 3 Hz, H-2), 3.08 (1H, ddd, J=9, 6,

3.5 Hz, H-1), 2.76 (1H, br dd, J518, 9 Mz, H-68), 2.23 (1H, br dd,
Js18, 6 Hz, H-6a), 1.97 (3H:§ s, CH3C00), 1.74 {3H, br s, C-5 CHla);
hrms: m/z calced for 011H1205" (M’-Hio): -224.6684. éfqund: 224ﬁ0686
(0.83), 138 (27), 109 (23), 93 (100); cims (NH3): 260 (4 + 18, 0.3),
242 (r’-ﬁzoff 18, 18), 200 (fOO); Analysis calcd for C11H1406; C 54.54,

H 5.83; found: C 54.49, H 5.80.

=

rel-(1RLZR.6S)-2-Acetoxy-&—metﬁyll7-oxo-8—oxabicyclo [L.3.0Jnon:34éne
(32). : : | - .' %
Oxalyl chloride (0.10 mL, 1.2 mmoi) was added to a solution of

'dimethyiformamide (DMF, 31 uL.CO.A mmql) in dichloromethane (1 mL) at

0°C. After the solution was stirred for 1'h. the solvent was removed

.

in vacuo. The residual white powdef was dissolved in acetonitrile (1

mL).and tét;ahydrofuran (2v mL);. A solution of acid 29 (0.0&8<g, 0.2

o

mmol) in tetrahydrofuran (2 mL) was added at -30°C and the mixture was
stirred for 1'h_at.the.same tempefatufe. Avsolution of NaBRy~(1 mﬁid%
~a 2 M saolution in‘DMF,'Z mmol) was added to thé reaction mixture at
- -78°C, tﬁen the temperature kas slowly,péisgd to -20°C over .2 h. 'Tﬁe

reactioquas quehched with 2 ﬁ'hydrochloric acid; extracted with ethyl

'acetape (3 x 10 mL), washed with satd\;NaHC03, brine, and dried. The

A °

solvent was removed,reyd ‘the resulting oil purified by, flash

chromatography (ethyljacetate/Skellysolve B, 70: 30) to give 32 as a

colorless oil = (0.018 g, 4% yield); tle: Re 0.35 (ethyl

s



acetate/Skellysolve 3,  55: 45);‘ir (CHCl1a castji 1?73 (s), 1735 (s),
1670 (w), 1370 (5), 1235 (5) cm-1; 'H nmr (360 MHz, benzene ~-de): &
5.5¢ (1H, dq, J=5,. 1.5 Hz, H-3),.5.26 (14, br "t", J=5 Hz, u-z).va 05
(i, dd, =9, 3 Hz, §-9), 3.81 (1, dd, 355, 7 He, H9), 275 (1H, br
d, J=18 Bz, H-5 a), 2.42 (i¥, td, J=9, 3 Hz, H-6), 2.31 (1H, dddd, J=9,

7,5, 3 Mg, B-1),72,30 (1H, ddm,” J=18, 10 Hz, H-5 8), 2.03 (3H, s,
’ ;Cﬂa), i.81 (34, br s, CHa), hrms: m/z lealcd‘ for C11H1404 (M*):

210.0892,. found: 210.0892 (7), 168 (38), 152 8&9), 123 (100), 91 (70).

i

;

}el-(1R.2R;3S)rZ.3-Bis(hydr0xymethyl)—5-methyl-5—cyclohexen-1:gl

{
(33). g

N _ ' ;
<:’ A solution of crude 19 (14.60 g) in tetrahydrofuran . (50 ml) was
added dropwise over a period of 40 min to a suspension of LiAlHs (4.90
g} in fetrah?drofurah (70 mL) at 0°C. This mixture was refluxed for

48 h and then,watef (40.mL) was slowly added. The copious precipitate

63

waé filtered. and thoroughly washed with ~e£hy1 acetate. The aqueous

phase was extracted w1th ethyl acetate (3 X 30 ml). The combined
organic extraets were drled “and. the solvent evaporated in vaggo to
afford a yellbd 0il. The .crude was purified by flash chromatography
: (acetone/dlchloromethane. 85 15) to give 33 (6.55 g, '60% yield from 27)

as a whlte gum; tlc: Re 0.4 (acetone/d1chloromethane. 85 15). ir

"(QHCl3, cast): 3400-3200 (br, §), 1660 (W), 1440 (s), 1047 (s) cm"; In.

nor - (360 MHz, CDCL3): & 5.44 (1H, m, H-6), 4.43 (1H, m, H-1), 3.93 (1H,

dd, J=11, 6.5 z, Chz-0), 3.77 (W, dd, J=11, 5.5 Hz, CHz-0), 3.73-3.64,

(2K, m, CH2-0); 3. 20 (34, br, D20 exchangeable, OH), 2.12 (1H, m, CH),

2.06 (1H, br d, J=18 Hz, H-4), 2.02 (1H, m, CH), 1.85 (1H, br d, J=18

Hz, R<4), 1.67 (3H, br s, QH&);hrms: m/z calcd for CsHi1402 (M*-H20):

a
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'154.0994, found: 154.0998 (18), 123 (74), 106 (30), 93 (100): Analysis

led for CsHis0a: C 62.76, H 9.36; found: C 63.08, H 9. 34.

’Tosylatiop of triol 33.

 p-Toluenesulfonyl chloride (0.123 g, 0.60 mmol) was added in

portions to.a solution ,containing triol - 33 (0.052 g, 0.30 mmel),
triethylamine (1 mL) and a catalytic amount of DMAP in dichloromethane

(3 mL) at 0°C. After stirring at the same - temperature. for '3 h the

mixture was epuf&g\\into " ice-water (4 mL) and - gxtraéted with

dichloromethane (3 x 5 mL). The combiﬂed organic'extracts vere washed

with 5%  hydrochloric acid, satd NaHCO3, and #b}ine, driéd, and.

. concentrated jin vacuo to give a yellow oil ( 0.060 g). The crude was
purifigd by flash chromatography to give compounds 34 (0.009 g, 20%
yield, éiutihg with Skellysolve B/ethyl acetate, 3:1) and '35 (0.018 g,
20% yield, eluting with .ethyl acetate/methanol, 97:35 as colorless
oils. *Starting Paterial (0.02 g, 40%) was reco?ered. Cgmpéund 34,
tlc: Re 0.53 (Skellysolve B/ethyiacetate. 3:1); ir (CHGLl3 cast): 1650
(w);‘1362 (s), {1?b (s)‘cm'l; ?H nmr (400 MHz, CDCl3): 6 7.79 (2H, d,
328 Mz, Ac-H), 7.35 (2H,-d, J=18 Hz, Ar-H), 5.67 (1K, dq, J=5.5,71.5
Hz, H-3), 4.07 (M4, d, J=5.5 Hz, H-2), 3.96 (1H, dd, J=9.5, 8 Hz, H-9),
3.86 (1H, dd, J=9.5, 8 Hz, K-9), 3:77 (1K, ddd, J=8, 5.5, 2.5 Hz, H-7),
3755 (iﬂ. br d, J¥8.Hz, H-7), 2.45 (3H, s, Ar-CH3), 2.43-2.35 (2H, m),
. 2.29 (14, ¢, J=8' Hz, H-1), ‘2.0 €1H.  br dd, J=18, 2.5 Hz, H-5), 1.64

" (3H, s, C-4 CHa); cims (NH3): 326 (M* +18, 100),

Compqun& 35, -~tlec: ‘R! 0.50 (ethyl acetate/methanol’ 95:5); ir

‘ A . .
(CHCl3 cast): 3400 (br s), 1650 (w), 1060 (s) cm-1; 1H nmr (400 MHz,

]

CDCL3)i; & 5.44 (1H, brm, H-3), 4.58 (1H, ddd, J=8, 4, 2 Hz, H-2), 3.99

o



(14, t, J=8 Hz, K-9), 3.9 (1H, dd, J=8, 5 Hz, H-7), 3.79 (14, t, J=8"

g . .
Hz, H-9), 3.58 (1H, dd, J=8, & Hz, H-7), 2.74 (1H, quintet, J=8 Hz, H-

1), 2.5 (1H, m, H-6), 2.12 (1H, br,dd, J=18, 8 Hz, H~5), 1.93 (1H, br

65

dd; J=18, 6 Hz, H-5), 1.76 (3H, s, CH3), 1.70 (1H, br s, D20

‘exchangeable, OH); cims (NH3): 172 (M* + 18, 100).

rel-(1R,6R,75)-7-Hydroxymethyl-3,3,9-trimethyl-2,4-dioxabicyclo .

[4.4.0]dec-9-ene  (36). -

e ;
A solutiqp: of triol 33 (2.64 g), dimethoxypropane (10 mL): and

. trifluoroacetic-acid (0.2 mL) in dichloromethane (50 mL) was stirrea at

roOm’témpgrature for 10 h. The resulting mixture was washed with satd

NaHC03 and brine, d;ied; and concentrated in vacuo tb give a yellowish
oil. The crude was purified QY flash chromatography (ethyl
acetate/Skellysove B, 55:45) to give crystalline 36'(1.95 g, 60%), 37

(0.48 g, 15%) and 38 (0.14 g, 5%). - Compound 36, m.p. 79-80°C; tlc: Re

0.30 (ethyl acetate/Skellysoive B, 3:2), 0.40 (chloroform/acetone,

85:15); ir (CHClj cast): 3450 (s); 1680 (w), 1378 (s), 1029 (s) cm";

1§ nmr (200 MHz, CDCl3): & 5.41 (fH, br m, H-10), 4,43 (1H, br. t, J=4 .

Kz, B-1), 4.28. (1H, dd, J=12y

4.5 Hz, H-5), .04 (1H, dd, J=11.5, 9 Hz,

 CH2-0),,4.02 (1H, br s, D20 exchangeable, OH), 3.91 (1H, br d, J=12 Hz, °

W-5), 3.60 (1H, dd, J=11.5, 4 Hz, CH2-0), 2.24 (1H, br dd, J=18, 6.5

Hz, H-8), 2.07 (1H, m, H-7), 1.94 (1H, br d, J=18 Hz, H-8), 1.72 (3H,

br s, C-9 CH3) 1.68 (1H, g, Jihtﬂz, H-6), 1.55 (3H, s, C-3 CHa), 1.41:

- (3H, s, C-3 CH3); 13C nmr (100.57 MHz, CDCla): & 138.98 (s, C-9),

119.49 (d, C-10), 98.48 (s, C-3), 64.61 (d, C-1), 64.40 (t),a63.18 (t),

38.39 (d), 34.21 (t, C-8), 33.85 (d), 29.37 (g, C-9 CH3), 23.73 (q),

%9.15 (q); hrms: m/z calcd for CizHz003 (M*): 212.1413, found: 212.1421



(0.67),. 194 (1.05), 454 (18), 136 (54), 123 (73), 107 (100), 93 (83);
Analysis calcd for CizH2003: C 67.89, H 9.49; found: C 67.94, H 9.38.

‘Nuclear Overhauser enhancement d1fference spectroschpy (nOeds)

gave the foilowipg resﬁlts: presaturation of H-1 (8 L43) gave 13%

enhancement at. & 5.41 (H-10), 13% at & 1.68 (H-6), and 10% at & 1.55

(C—B CH3).

-~

Compound 37, ~ colorless oil; tlc: Rz 0734 (ethyl

acetate/Skellysolve B, 3:2), 0.26 (chlorofOrm/acetone. 85:15); ir ..

66

' % ] !
(CHClé cast) 3430 (s), 1670 (w), 1370 (m), 1220 (s). 1071 (s) cm-1; 1H

nmr (200 MHz, CDCl3): 6 5.36 (1H, br s, H-9), 4.50 (1H, br m, H-8),

3.86 (1H, dd; J=12, 3Hz, CH2-0), 3.80 (iH, dd, J=13, 1.5 Hz, CH2-0),
3.76 (1H, .dd, J=13, 3 Hz, CHz-0), 3.68 (1H, dd, J=12, 5 Hz, CHz2-0),
2.35 (1H m, H-11), 2. 16;2 00'(3H‘ mi, 1.98 (1H, br dd J=18, 6 Hz, H-
11). 1.74 (34, br s, C 10 CH3), 1 37 Q?H. s, C- 4 CHa), 1.35 (3H, s, C-4

CH3); hrms: m/z caled for cle2003 (M )i 212, 1413 found: 212.1412

(1.91), 195 (5). 154 (15), 153 (34) ﬁ}?Z (63), 109 (67), 93 (56), 79

(100). _ - T
Compound 38, white gum; tlc: Rg O. 2§§;ethyl acetate/Skellysolve B,

1:9); ir (CHCla cast): 2990 (m), 1358 é%ﬁ 11230 (s).,1061 (s), 1040

‘\,»,;

ﬁ%pls) 6 6.97 (14, br dd,
—&‘{q\

(s), 844 (s), 827 (s) cm-!; !H nmr (360°MHz

- J=7, 1.5 HL, H 10), 6.94 (1H, d, J=7 Hz, H- 11) 4 44 (14, br d, J=13.5

Hz, H-2), 3.87 (1H, d, J=13.5 Hz, H-2), 3,67 (1H, dd, J=12, 10.5 Hz, H-
6), 3.57 (1H, dd, J=12, 5 Hz, B-6), 2.34 (1H, m, H-7), 2.25 (3u, brs,
C-9 CHa), 1.94 (1H,dd, J=17.5, 9 Hz, H-8), 1.87 (14, br d, J=17.5 Hz,
H-8), 1.44 (6H, s, 2;6H3); hrms: m/z calcd(for~C1;h1802 (M‘): 194.1307,
found: 194.1312-(3.6). 192 (39); 177 (63), 135 -(42), 136 (74), 133

(88), 106 (65), 91 (100).

~
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Acetylation of 36.

Alcohol 36 (,.005 g) ﬂwas dissolved 4in acetic anhydride (0.1 mL)
and triethylam - (0.1 mL). }A{ter stirringvforl\j\y the-ﬁixtureywas
avapc ated vacuo and the crude purified by Eiash chromatogyaphy

fon ..ctate/Skellysolve B, 1:1) to'give 39 (0.005 g)'és -§-colorless

oil tle: Rf 0.53 (ethyl—acetate/Skellysolee B, 6:4); 1H nmr {200 MHz.~

COC1a): 6 5.5 (1H, dq, J=h, 1.5 Hz, H-10), 4.6 (1K, da J=1,4.5 e
CHZ0Ac), 4.40 (1, m, H-1),4.16 (1, ddy J=11, 9 Hz, CHz0AC), 4.13
‘(H,-dd, J=12, 4.5 Kz, H-5), 3.88 (1K, dd, J=12, 3 Kz, H-5), 2.2 (1K,
=, n—7);" 212 (1H, m, H-8), 2.10 (3H, s, CH3C00), 1.80 (1H, gq, J=4.5
Hz, H-6), 1. 75 (3, br s, C-9 CH3), 1.60 (1H, m, H-8), 1.47 (3H, 5, C-3
_‘052), 1 4w (3H. s C-3 CHa).

o

15- Acéty1ation‘ oﬁ‘éi. | |

| A migiuré ’of’ a1coho1 37 (0.005 g); acetic aﬁhydkide (0.1 mL),
tr%ethflaﬁinev(0.1 mL) and a catalytic amount of DMAP was stirred for 5
.h.. The mixture wasAéygporated in vacuo and the crude purified by flash
chromatography (ethyl dcetatg/skellysolve B, 6:4) to give 40 (O.QOS g)
as a-colorless oil; tic: Rt 0.59I(ethyl_acetafe/Skellysolve B, 6:6); 14
nmr (200 MHz, CDCl3): 6 5.56 (1H, br m, H-8), 5.2 (1H, br m, H—9).‘I¥9

(1H, dd, J=12, 1.5 Hz, CHz-O), 3.62-3.58 (2H, m,—6H2-0)5—3-56 (1H, dd,

R A

J=12, 3 Hz, CH2-0), 2.60 (1H, m), 2.30 (1H, m), 2.08 (3H, s, CHaCOO);'

2.06 (1H m). 1.87 (1H, br dd, J=18, 6 Hz, H- 11). 1.72 (3H, br 5 C-W

CH3), 1.36 (3H, s, CH3), 1.34 GBH. s, CH3).

i
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oxab 10{4.4.0 ecv9 -ene (41) l£;;4;
QA____ASXQ__l____?éﬂ

Q-Toluenesulfonyl chloerF (16. 15fg. 82 mmol) was added in small

portions during” 1 h -to a sdlution of alcohol 36 (8.70 g, 41 mmol).

'txlethylan;gﬁf (60 mL 410 mmol). and DMAP (0.25 g, 2 mmol) in

d1ch10roé§%hane (250 mL) at 0°C. The reaction mlxture was stirred for
&

~24 h at room temperature, fxltered, and then poured into ice-water (200

mL). “The - organiq layer ~was separated, washed with §§td NaHCQa and
brine, dried, and concehtrateq in vacuo. Thé resﬁlting dark ’oil,(17.0
g) was ‘purified by flash chropatography (ethyl‘acetate/Skéllysolve B,
3:7) to give 41 (14.00 g, 90% yield) as a vigcous orange_oil: tlc: Rg
0. 35 (g&hyl acetate/Skellysolve B, 3'7), 0.36. (chloroform/acetoné,
98:2); ir (CHCla cast): 2995 (%), 1600 (w), 1358 (W), 1175 (s) cm-1; 1H

#
nmr (aoo MHz, cnc13)- s 7.80 (zn ‘d,- J=8 Hz, Ar-H); 7.33 (2H, d, J-8

';sz, Ar-H), 5.40 (1H, br m, H-10), 4.61 (1H, ddd, J=10.5, 3.5, 1.5 Hz,

¥

"»cuzOTs. 4.28 (1H, br m, H-1), .22 (1H, dd, J=10.5, 9.5 Hz, CHz0Ts),

&

g

4.18 (14, dd, J=12.5, 4.5 Hz, H-5), 3.71.(1H, dd, J=12.5, 1.5 He, H=5),.

2.44 (3H, s, Ar-CH3), 2.23 (1H, m), 2.20 (1, br d, J=17 Hz, H-8), 2.05

(1H, br dd, J=17, & Hz, H-8), 1.65 (3H, s, C-9 CHa), 1.60 (1H, qd,

68

~A

J=4.5, 1.5 Hz, H-6), 1.45 (3H, s, C-3 CH3), 1.23 (3H, s, C~% CH3); cims_

(NH3): 384 (M* +18, 85), 366 (M*, 1), 326 (71), 308 (100). !

rel-(1R.SS,8R)-3-Methjl-8—[3.3—bis (methoxycarbonyl)—Z-ﬁéthyl-propyl-

2-oxylrmethyi—?-oxabicyclo[S.2,1]oct-2—ene (42).

Sodium hydride (0.41 g of a 60% mineral oil susﬁension, 1.05 mmol) _

was placed in a dry flask. wéshed.twice with Skelfysolve B and then

suspended in dry tetrahydrofuran (3 mL). Dimethylmalonate (0.20 mL,
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1.75 mmol) was added slowly and the m1xture “was: stxrred for 40 min at
. 3

room temperatdre, A soiutlon of tosylate 41 (0. 127 g, 0.35 mmol) in

dry tetrahydrofuran (2 mL) was then added foL}oged by a catalytic
amount of Nal. - Tﬁe-fesulting‘mixture was reflhxed for 5 days. Water

- (10 mL) was added. and the aqueous pnase was extracted witﬁ,ethyl ether

L ¥ m

(3 x 15 mL). The organic extracts were comb1ned washed with brxne,
' ﬂ” N
.. dried, and concentrated;- The crude was.» purified by flash

3

ihromatograbﬁyv'(ethyl -aéefate/Skellysolve'-B' '1'9Y to give recovered

startlng materlal (23%) and compound 42 (0. 011 g, _10%) as a“cqiotdess

e

69 -

oil; "tle:.- Re  0.61 (ethyl acetate/SkellysolVe B, 6 4), 0.23 .

oo
1754 (s). 1739

,(chloroform/acetone, 98:2); ir (CHC13 cast) 2980 (m):
(), 1660 (w), 1430 (m), 1360 (w), 1240 (s), 1130 (s) cm~3; 'H nmr (400
MHz, CDCL3): & 5.74 (1H;:ﬁq, J=6, 1.5 Hz, H-2), 4.10 (1H, d, J=6 Hz," H-
Wi), 3.92 (WH, ddd, J=9, 6, 2 Hz, H-6 exo), 3.75 (1H, s, H-3'),. 3.74
(6, s, 2x0CH3), 3.60 (1, d, J=9 Hz, H-6 endo), 3,34 (H, t, J=8 Hz,
C-8 CHz-0), 3. 2 (1K, dd, J=8, 7 Hz, C-8 CH2-0), 2 42 (1H;‘br'd,‘d=17
iz, H-4 exo), 2.38 (1, m, H-5), 2.08 (1H, n, J=7 Hz, H-8), 2.02 (1H,
br d, J=17,Hz, H-4 endo), 1.66 (3H, s, C-3 CH3), 1.44 (6H, s); hrms:
n/z calcd for CizH1s02 [M'~CH(COOCH3)2]: 195.1385, found: 195.1387 (6),
173 (20), 136 (100), 107 (50, 93 (30); .cims (NH3): 344 (M*+18, 100),

327 (M*+1, 86), 311 (-55).

rel—(1R‘6R 7S, 9R)-7-Hydrqx1methyl-3.319-trimethy1-2.A-dioxabicyclg

[4.4. OJdecane (44),

Alcohol 36 (0.072 g), plat1num ox1de (0 003 g), and ethyl ether (3

mL) were mixed in a round-bottom flask.‘ A balloon filled with hydrosen_

was fitted to the flask and the system was purged three times.. This
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mixture was stirred viédnou§iy for 72 h. Removal "of the catalyst by .
filtration, cohcentration in__ vacuo and purification by flash ‘:
chromatography. (chlorofbrm/acétone, 85:15) affor&ed 44 (0.b58 g, 80%
;ield) aé a colorless oil;‘flc: Re 0.23 (chloroform/acetone, 85:15); ir
| (CHCl13 cast): 3420 (m), 2950 (m),, 1375 (m?. 1235 (s), i072 (s) cm-1;’
T rur (400 MHz.'CDCls); 6 3.99 (1H, dt, J=HO,-S Hz, H-1);"3.88 (2n, |
"d, J=6.5 Hz, CHz-OH), 3.63 (1H, br d, J=11 Hz, H-5), 3.53 (1H, dd,
J=11, 5 Hz, H-S), 2.31-(1H,:h), 2.08:(1H. m);v1.94—1.8O (2H, m), 1.68-
156 (36, m), 1.96  (6H, s, C-3 2xCHs), 1.00 (3H, d, J=6 Hz, C-9 éHa),
0.84 (1H. q, J=11 Hz); h;ms: m/z calcd for C;zﬂzzQa (M*): 214.1;70, _
found:.214.1571 (1), 215 XM*+1, 1.5), 199 (83), 169 (1é); 139 (100),

- 109 (36), 95 (57), 93 (71),,79.(35).4

IS
)

)
/

.ggl—(1R,6R;7$19R)—3,3.9-T;imethyl-7—p-tolyléulfonyloxymethyl-Z.A— :

3]

:'diOXabicyclo[dga.OJdecane (45).

Compound 45 was obtained fram 44 as a yellowl oil - (80% yield)
utilizing the pfocedure describéd'previously fo; the pfeparatjon of 41;
tic: Re 0.46 (ethyi écetate/Skellyéplve B, 1:3); W nmr (400 MHz,
CDC13): & 7.80 (2H, d, J=8 Hz, Ar-H), 7.32 (2H, d, J=8 Hz, Ar-H), 3.92
(24, d, J=7 Hz, CHa-0Ts), 3.86 (1H, dt, J=10.5, § Hz, H-1), 3.76 (1H, .
Cdd, J=11, 9.5 Hz, H-S), 3,§5 (W, dd, J=11, 5.5 Hzy H-5), 2.46 (3, s,
Ar-CHa) .. 2.35 (1H, dq; J=9.5, 5.5 Hz, K-6), 1.9 (1H, m)} 1.86 (1H, br . gy
: dt.°J=1z,f_a Hz), 1.64-1.54§§2H;m); 1.46 (1H.'br q.JJ=32'Hz), 1.43 (3,
s, C-3 CH3), 1.41 (3H, s, c~5 CH3), 1.00 (3, dh.Jéé»Hz;'C—9‘CH3),-O.84

3

(1H, q, J=12 Hz).



BN

freI-L1R,6R.7R.9R)-7—[2.2-Bis(methoxycarbonyl)ethyl]—343.9-tgimethyl-‘

N N
gL 4-diox@bicyclo[4.4.01decane (46).

_Compound 46 was obtained from 45 as a colorless oil (40% yield,

20% recovered starting material) by the procedure described for the

preparation of compound 42. tlc: Re 0.37 (chloroform/acetone, 95:5);

ir (CHCla cast): 1753 (m), 1736 (s), 1440 (w), 1360 (w), 1234 (m), 1153

(m) cm-1; IH nmr (200 MHz, CPCL3): 63.98-3.78 (3H, m, H-1, CHz=0), 3.76

(34, s, OCH3), 3.75 (3H, s, OCH3), 3.48 (1, t, J=7.5 Hz, K-2'), 2.36

(M, dg, J=11, 5 Hz, H-6), 1.89-1.79 (3H, m), 1.62 (1H, q, J=12 Hz),
1.50-1.35 (38, m), 1.40 (3H, s, C-3, CH3). 1.38 (3H s, C-3 CHa), 0.98

(34, d, J=6 Hz, C-9 CH3), 0.82 (1H, td J=13,. 11 Hz); hrms: m/z calcd

" for CisHzs0s (M*-CHs):313.1651, found: 313, 1651(80), 253(11), 193(13),

189 (22), 161(15), 12&(100). 93(15), 79(13Y.

. rel-(1R,6R,7S8)-7-[2,2-Ris(methoxycarbonyl Jethyl |~3,3,9-trimethyl-2,4~

14

dioxabicyclo[A,A.0]dec-9-ene (47)f

71

Sodium hydridei (1.00 g' of a 50% mineral oil suspension, 21 mmoi)

was placed in a dry flask washed twice with SkellysolVe B and then-

‘suspended, in dry‘ hexameLhylphosphoram1de (HMPA, 40 mlL).

Dimethylmalonate (3.20 mL, 28 mmol) was added dropwisg to the

suspension at 0°C and__ihe‘ mixture stirred for 40 min at room

L - * o R Y
temperature. A solution of tosylate 4% (2.55 g,.7 pmol) fn  dry HMPA.

(AO»mL) was addéd followedrby a oatal&tiC'amount ogqNaIu The resulting

mxxture ‘was warmed to 55 C (011 bath}) with stirriﬁg-for'i7 days. ‘The

o cooled mixture (ice bath) was neutrallzed (pH°7) Wlth acetic ac1d and

‘then part1t1oned between ice- water (100 mlL) and ethyl. ethe{/Skellysqlve

4§y

3

B, 11 (1é;r?hL). " The qdueousr p@gse ‘was extractedq wx;h tethy_l



ether/Skellysolve B, 1:1 (5 x 200 ml) and the combined organic extracts

were washed with brine, dried, and concentrated in vacuo. The crude

*

material was purlfled by flash chromatography (dlchloromethane/acetope,

97:3) to ‘afford 47 (1.51 g, 67% yield) as a sl1ghtly yellow 011. The

aqueous phase was further extracted with ethyl ether (3 X 200 mlL) and

@
the organic ' ektracts washed with brine, dried and evaporated

B & .
Pirification by flash chromatography afforded 48 (0.11 g, ﬁOZ) as a
crystalline compound. - ' . o /

Compound 47, tlc: Re 0.28 (ethyl acetatefSkellysolve‘B. 3:7), 0.41

(dichloroMethane/acetone¢ 96:4); ir (CHCla casf): 1740&8); 1735 (s),

1450(m). 1200(m). 1240(m) cm'l;,‘lﬂ nmr (400 MHz, CDCla): 6 5.50 (1H,
dq.'J=3.5, 1.5 Hz. H-10), 4.43 (1H, br m, H- 1), 3.96 (14, dd, J=12, 5

Hz, H-5), 3.84 (1H a4, J= 12, 6.5 Hz, K-5), 3.76 (3H, s, 0CHa), 3.76

(3H, s, OCH3), 3.53 (1H dd, J=8.5, 7 Hz. H-2" ), 2.36 (1H, ddd, J=14,

8. 5 ‘5 Hz, H 1), ,2 00-1. 90 (ZH, m), 1.96 (1H, ddd, J=14, 8, 7Hz, H-‘

1'), 1.82-1. 74 (ZH m). 1.72 (3H, s, C-9 CHa), 1.42 (3H. s, C-3 CH3s),

1.40° (3H, s, C—3” CH3); 13C nmr (100.57 MHz, CDCl3): 6 170.30 (s, CO),

17014 (s, C0), 135.56 (s, C-9), 123.66 (d, C-10), 98.36 (s, c-3),

67.95.(d, C-1), 60.00 (t, C-5), 52.86 (d, C-2'), 50.41 (q, 2xOCH3),

34.68 (d), 34.23 (k). 33.88 (d), 30.99 (t).: 26.60 (g, C-9 CH3), 23.94

(q, 2xCH3); hrms: m/z caled for Ci16H230s QQf - CH3): 311.1495, found:

311.1497(8), 219(22), 187(100), 159(27), 136(25), 119(54), 91(28);

cims(NH3): 344 (M* + 18, 100).-

Compound 48; m.p. 61-62°C; thi»Rf 0.26 (dichloromefhane/acetone.

. 3 R .
3:1); ir (CHCl3 cast): 3400(s), 1660(w), 1450(m), 1070(s), 1020(s)

cm-1; U rame (360 HHz, CDCla): & 5.72 (1H, dq. J¥5.5; 1.5 Hz, H-2),

" 4.21 (W, d, J=5.5 Hz, H-1), 3.9 (1H, ddd, J=8.5, 5.5, 2 Hz, H-6 exo), .
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3.60 (1H, br d, J=8.5 Hz, H-6 endo),.3.56 (14, dd, J=10.5, 8 Hz, CHz2-
A OH), 3.51 (1H, dd, 3=10.5, 7 Hz, CH2-OH), 2.60 (1H. br s D20
exchéngeable. QH), 2.42 (1H. br dm, J=1g Hz, H-4 e*o). 2.36 (1H, br m,
H—5);%2i;§__(1n, dd, J=8, 7 Hz, H-8), 2.02 (1K, “br d, 317 Hz, Wb
endo).“3ﬂ€% (34, s, C-3 CH3); 13C nmr (100.57 MHz, CDCl3): 6 137.47 (s,
c-3), 124.71 (d, C-2), 72.65 (d, C-1), 71.34 (t), 62.96 (t), 48.48 @,
41.11 {t, C-4), 35.66 (d), 22.09 (q, CHa);;ﬁrms: m/z calcd for CoH1402
(M*): 154.0994, found: 154.0993 (21), 136 (17), 106 (35). 93 (84), 84
(100), 79 (17), | N

L]

)

' rel-(1RJ2R.35)42—Hydroxyggthyl—3-[2,2-bis(methoxycarbonyf)ethyl]-5-

methylcyclohex-5-en-1-ol (49).

A solution of acetonide 47 (5.7% g) in dichloromethane (40 mL) and

80% aqueous acetic acid (40 mL) was Stirred at room temperature for &

h. The solvent was removed in the Totavap first at water aspirator

pressure and then using the vacuum .pumpA(Z mm Hg). The residue wab

)

dissolved in dichloromethane (100 mL) and washed carefully with satd

NaHCO3 and brine, dfied, and evaporatéd to afford diol- 49 (5.0 g,

quantitative yield) as a colorless oil. An analytical -sample was

T .

obtained by 'flgéhzchromatography (dichloromethane/acetoney 7:3); tlc: )

¢ R A

R¥ 0.23 (dichloromethgﬂéyacetghe: 7:3); ir (CHCla‘ cast): 3400(3),

1750(s), 1734(s), 1670(w). 1436(s), 1270-1200(s) cm~!; H nur (QOO'MH?.

\

CDCla): 6 5.40 (1H, br s, H-6).~h.48' (1H, br m, H-1), 3.87 (1H, dd,
. , . [ .

J=11, 8.5 Hz, CHz-OH), 3.77 (3H, s, OCH3), 3.75 (3H, s, OCH3), 3.75

’ ’l g ‘ . ‘ < - : i .
(1H, dd, J=11, 4 Hz = Cliz-OH) 3.50.)(1H; dd, J=8, 7 Hz, H-2'), 2.50 (2H,
; . . B ‘ '> , Il . j B .;' .
br s D20 exchangeable, 2xOH), 2,13 (1, br m), 2.09(1H, ddd, J=14, 8,

v oS

6.5 tiz, H-1'), 1.90 (1H, dd, J=16,°7 Kz, H-1'), 1.87 (1H, m), 1.70 (1K,

& e



)

m), 1. 67 (3H, s, C- 5 CH3), 1.60 (1H br dd, J= 17 9 Hz, H- 4) hrms, m/z
caled for Ci4H2005 (M*-H20): 268.1311, found: 2@8 1302(4), 187(24).

136(79); 106(100), 96(97), 77(27); cims (NH3): 304 (M*+18, 100).,

. rel-(1R, 2R 35)-2-p- Tolylsulfonyloxymethyl -3-[2, 2 bls(methoxy

vcarbonyL)ethyl] 5—gethylcyclohex—5 en-1-ol (51). .

-

Q-Toluenesulfonyl ch;oride (6.91 g, 36.4 mmol) was added in small
portions during 1 hnto a solution 6f diol ,6? (5.20 g, 18.2 mmol),
triethylamine (20 mL), ‘and DMAP'(0.0&OQ, 0.32 mmol) in dichloromethane
(250 mL).at 0°C. The mixture was stirre9 at ;opﬁ tempe;ature‘for 24 h.
Ice water (100 mL) was added. The aqueous phase was extracted with

dichloromethane (2 x 50 mL) and the combined organic extracts were

 washed w1th brlne. dr1ed and concentrated- in vaCuo "The ‘resulting

dark oil was purxfled by flash chromatography (dlchloromethane/acetone,
95:5) , to give 51 (6.50, 82% y1eld) as a yellow oil; tlc: Rf 0.25

(dichlorome thane/acetone, 96: 4), "ir (CHCl3 cast): 3500(w), 1749(s),

1733(s), 1600(%), 1430(m),”-1350(m), H75(s) cm-1; !H nmr (400 MHz,

CDCL3): 6 7.82 (2H, d, J=8 Hz, Ar-H), 7.36 (2H, d, J=8 Hz, Ar-H), 5.40
(1R, br s, H-6), 4.39 (1H, dd, J=10.5, 6.5 Hz, CHz0Ts), 6.32 (1H, br m,
H-1), 410 (1H, dd, J=10.5, 6.5 Hz, cuons). 3.75 (34, s, OCH3), 3.73
(3H, s, OCH3), 3.43 (1H, dd, J=8.5, 6.5 Hz, H-2')} 2.46 (3H, s, Ar-
CH3), 2.22 (1H, ddd. 311, 6, 2 Hz, §-3), 2.05 (14, ddd, J=13, 8.5, 5

Hz, H-1'); 2.00 (1H, m), 1.97 (1H, ddd, J=13, 9, 6.5 Hz, H-1'), 1.78

(1H. mj, 1:76- (1H, br s D20 exchaﬁgeablé;VOH), 1.75 (14, m),. 1.66 (3H,"

s, C-5 CH3); hrms: m/z calcd for 014H1904:(M’—01H9 S04): 251.1283,

L Th

found: 251.1264(2), 250(7), 172(88), 118(33), 107(35), 91(100), 77(15)."

BT SR SN



vrel*(?S}ZS.6R.88)-8-Methoxygg;boqylLa—methylbicyclo[4,3.0]nqn:3-éng-'

8,2-carbolactone (20). o . .

3

-

Sodiuh hydride (1.64g8 of a 60% mineral oil Suspension, 41 m&b{)
was washed twice with Skeilysoive'B aﬁdvthen added to a salution 6§
tosylate 51 (6.0g, 13f6‘ ﬁmol) in dr& tetrahydrofu;an (100 mL). _ The
ﬁixture was stirred at room tempt;ature for 1h and‘Fhen';cetiq acid
l(1.70 ml) was added at .0°C. | The mixturen Qasv-fi;éered through a
sintered glass funnel and the'preiipitate was washed £horoughly with
ethyl ether. .Ev;poration of the solvent gave crystalliﬁe 20 (2.79g,

<

87% vyield). An anq;x#ical Sample was‘obtained by ;ecrystallization

35

from Skellysolve B/dichloromethane; white prisms, m.p. 149-151°C; tlc:

Re 0.58, (dichloromethane/acetone, 96:4);,,if (éHCla cast): 1742(s),
. ﬂ . ‘ .
1727(s), 1670(w), 1141(m), 1070(m) cm-!; 1H nmr (400 MHz, CDCla): 6

5.70 (1H, dm, J=5.5 #z, H=3), 4.84 (1H, br t, J=5.5 Hz, H-2), 3:80 (3H,

s, OCH3), 2.72 (1H, ddd, J=14.5, 11, 1.5 Hz, H-7), -2743 (1, m), 2.43

(1H,sbr d3-d=12 Hz, H-98), 2.38 (1H, m), 2.36 (1H, br ddm, J=19, 6.5, 1
Mz, H-5), 2.08 (1H, dd, J=12, 4 Hz, H-9a), 2.05 (1H, br d, J=19 Hz) H-

53, 1.79 (3H, s, G-4 CHa), 1.60 (1K, dd, J=14.5, 8.5 Hz, H-7); 13C mar

(100.57 MHz, CDCl3): & 171.22 (s, CO), 170.82 (s, €O), 138.81 (s, C-4),.

118.68 (d, C-3), 76.87 (d, C-2), 56.89 (s, C-8), 52.44 (q, 0CH3),
36.47(t), 36.05(d), 35.45(t), 33.48(d), 321.43(t), 23.56(q. CH3); hrms:
m/z caled for Ci3Hie04 (M*): 236.1048, found: 236.1046(1). 192(8),
131(11), 100(97), 93(100), 91(30), 27(19); Analysig caled for C14H1604:

C66.09, H 6.82; found:.C 66.12, H 6.67.

5

vé}—(TS,2§J6R)-8,8;Bis(methoxycarbonyl)-@;mgthy}bjcycjo[413,01noq-3-en-

e
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A solution of lactone 20 (0.016 g, 0.066 mmol) in methanol (2 mL)

76

containing 1M methanolic KOH (0.4 .mL, 0.4 mmdl) was stirred at'room

' temderature for 24 h. The mlxture was neutralxzed Wlé% acetic ac1d and
concentrated in vacuo. " The re51due was redlssolved in d1chloromethane
5 mLS. filtered and.'the filtrate evaporated. Purlfxcatlon by flash
chromatography (dichloromethane/acetone, 95:5) affordedﬁ recovered 20
(0.014 8 .88%) and 61 (0.002g, 10% yield) as aacolorless oil; tlc: Re
0;20 (dichlorbmethane/acetdne. 96:4); ir (CHCls cast): J3400 (n).v1732
K (e), 1680 (w), 1203 (s) c:tr‘1 I nmr (360 MHz, CDCl3): & 50 37 (1H br

~ m, H-3), 4.35 (1H, br m, H-2), 3.68 ¢3H, s, OCH3), 3. 67 (3H, s, ocua).

2.44-2.36 (34, m), 2.16 £1H, dd, J=15, 7 Hz), 2.09 (1H, dd, J=11, 7.

Hz), 1.96 (1H, bt'dd;JJ=18:5, 6.5 Hz;.H-S), 1.73»(18: br‘Add.'J=18.5, 6
Hz, H-5), 1.65 (3H, s, C-4 CHs), 1.40 (1H, d, J=6 Hz, D20 exchangeable
OH); hrms: mAz dalcd for Ci14H1804 (M*-H20): 250.1205, fodnd: 250.1205
(1.5, 219 (5), 190 (13), 145 (100), 131 (28), 113 (28), 109 (39), 93

(21), 77 (1), cims (NH3): 286 (M*+18, 8), 268 (30), 251 (100).

Hydroboration-oxidation of lactone - 20,
' ’

A" solution of lactone - 20 (0.010 g, 0.042 mmol) in dry

tetrahydrofuran (1.5 mL) was placed in a dry flask. The flask was

- 1mmersed in an ice- bath and tn 'n -a solution of borane—tetrahydrofpran

complex (70 uL of ' adk t1on, 0.07 mmol) was added. The mixture waé

; stlrred for 1h at -5 at room temperature ~ Water (0.1"mL) was

added and the mxxture W, '\ﬁtirred for 5-mina The flaSk ds immersed in

an ice*bath and 5%° aﬁueous NaOH (0 1 mL) was added
& N *

(0 1 ml). The mxxture st :;tir;ed overniiht at rqdm temﬁ;.,“.,;.}




with ethyl ether (3 x 5 mL) and the combined organic extracts were
dried and evaporated in vacuo. A tlc of the crude showed the presence
of six major components; The crude was purified by flash

chromatography (dichlorométhane/acefone.‘ 85'15) to give alcohol 62

77

(0.003g, 30% yield) as a colorless oil; tlc: Re 0.31 (ethyl

acetate/Skellysolve B, 4:1); ir (CHCLs cast): 3470(m), 1742(s), 1072(s)
cm-1; 1H nmr (360 MHz, CDCl3): & 4.44%(1H, d, J=2.5 Hz, H-2), 3.74 (3H,

s, OCH3), 3.52 (1H, dd, J=8, 4.5 Hz, H-3), 2.62 (1H, br td, J=5.5, 2

o

9a), 1.91 (1fddd, J=13.5, 8.5, 3 Hz, H-5a), 1.89 (1H, d, J=4.5 Hz,
D20 exchangeable OH), 1.79 (1H, dt, J=13, 2 Hz, H-7B), 1.42 (1H, dddq,
J=13.5, 3, 8, 8 Hz, K-4), 1.03 (3H, d, J=7 Hz, C-4 CH3), 1.02 (1H, td,
o J=13.5, 9 Hz. H- ??), hrms; m/z caicd for CisHis0s (M'): 254.1154,

 ~found: 256.11538),  220(13), 192(18), 178(35), 156(38), 133(87),

1109(53), 93(47), 79(100), 69(41).

rel- £1S 25,3R, 45,68, 8S)-8-Methoxycarbonyl- a -methyl-3,4- "

epoxyb1cyclo[4 3.0]nonano-8,2- carbolactone (63). '

Hz, H-1), 2.55 (1H, br qd, J=9, 5 Hz, H-6), 2.46 (1H, dd, J=13, 11 Hz,

 H-7a), 2.35 (1H, dd, J=12, 2 Hz, #-98), 2.04 (1H, dd, J=i2. 5.5 Hz, H--

@-Chloro%erbenzoic acid (0.276 g, 1.6 mmol) was added in portions

to a solution of methyl ester 20 (0.19 g, 0.8 mmol).in'dichloromethane
(20 mL) at 0'C. he mixture was stirred at . room téﬁperature for 24 h

and then washed succe551ve1y with 5% NaHSOs. 5% NaHCOa. and brine,

dried. and concentrated in vacuo to give 63 (0.20 g, 99% yield) as

\j“ colorless needles; m.p. 103-105°C; ~ tlc: Rt - 0.41
(dichloromethane/acetone. 94:6); ir (CHCla cast): 1745(s), 1739(s)"

1370(w), 1170(m), 1077(m) cm-'; 'H nmr (360 MHz, CDCl3): & 4.94 (1H,

¢



4d, 3=5, 3 Wz, H-2), 3.80 (3H, s, OCH3), 3.27 (MM, d, 3=3 Hz, §-3),
2.75 (1H, ddd, J=i4 11, 1"Hz. H-7), 2.44 (1H, br q, J=4.5 Hz, H-1),
2.39 (1, d; J=12.5 Hz, H-98), 2.26 (1H, dd, J= 45, 8.3 HE H-5), 2,21
(1H, ‘m, K=6), 2.08 (1H, dd J=12.5, 4.5 Hz, H49d), 1.88 (1H, br d, J=15
Hz, H-5), 1.65 (1H, dd, J=14, 7.5 Hz, H-7), 1.39 (3H, 5, C-4 CH3);
.hrmé: m/z éalcd for ‘013H1§05 (M#): 252.0997, found: 252.6988(1),
224(28), 195(72), 181(100), 166(46), 149(17), 135(61), 107(38), 91(45),

4

79(73).

rel-(1S.2SJ3S{QR,GR.85)—3-Hydroxy—8-methoxycarbonyl—4-

methylbicjcloﬁﬂ.3.ngonanb-8.2-carbolac§one (62).

78

Epox1de 63 (0.187 g), 10% Pd/C (0. 037 g)! ethyl acetate (20 mL).x

and*acet1c acid (1 mlL) were mixed in a round-bottom flask A balloon

filled thh hydrogen was fltted to the flask and the system was purged'

three'tlmes. This mixture was vxgorqusly stirred for 12 h. Platinum

oxide (0.010g) _was added ahd ihe mixture stirred under a hydrogen‘

atmosphere'for 5h. The catalyst was removed by filtration and the

4

filtrate washed: with.5% NaHCO3, brine, and drie&;' EQapbration of the

solvent afforded crystalline 62 (0.188 g, 99% yield); m.p. 130-132°C.

This - compound has* identical spectroscopic properties to the alcohol
=t )

previously prepargq by hydroboration-oxidatioh of lactone 20.

rel-(15,25,3$,65,88)-8-Methoxycarbonyl -4-methylbicyclo[ 4.3.01non-4-ene~

8,2-carbolactone _ (64).

A solut1on of crude epoxlde 63 (0 OSOg) in Skell?splve h/ethyl

acetate (5 mL. 9:1) was concentrated to half its volune\\on a steam

‘bath. The resulting solution was cooled to 0°C to give 64 (0.0403) as

\ .



| 79
white prisms; m.p. 185-187°C; tlc: Rt 0.2‘(dichldromethane/acetone, |
9«i6); ir (CHCls cast): 3450(m), 1747(5),‘1270(m). 1073(s) cm-1; H nmr
(360 MHz, CDC13): & 5.72 (1H, dm, J=5 Hz, H-5), 4.61 (1H, t, J=3 Hz, H-
2), 3.98 (1, br s, H-3), 3.79 (34, 5, QCHs), 2.79 (1H, m, H-6); 2.69
(1H, td, J=5.5, 3 Hz, H-1), 2.55 (1H, d, J=12 Hz, H-7), 2.51 (14, d,
3212 Hz, H-7), 2.44 (1H, br d, J=12 Hz, H-9B), 2.19 (1, dd, J=12, 5.5
Hz, H-9a), 1.83 (3H, t, J=1.5 Hz, C-4 CHs), 1.70 (1H, br s, D20
exchéngeable OH); 13C nmr (100.57 MHz, cocls):' 6 170.11(s, €0),
164.04(s, CO), 130.53(s, C-4), 127.57(d, C-5), 81.76(d, C-2), 68.62(d,
c-3), 52.73(q, OCH3), 51.06(s, C-8), 38.21(t), 35.82(t), 33.32(d),
31.36(d), 21.11(q, CHs)} hrms: m/z calcd for CraHis0s (M'): 252;0997,: R
found: 252.0994(25), 220(31), 164(15), 155(100), 124(21), 97(30),

77(20).

9

rel-(1S,25,3S,4R,6R)-8,8-Bis(methoxycarbonyl )-4-

methylbicyclo[é.3.0]nqnan—2,3-diol (66).

< A 1M solution of KOH in methanol (1.2 mL, 1.2 mmcl) was added to a
solution of alcohol 62 (0.190 g? 0.75 mmol) in megg;ndi-(zo mL) at 0°C.
Aftér 10 min, the ice-bath was removed and the mixturé stirred_{or 1h at
‘room teﬁperature. The mixture was néutrqp§;ed wi;h ace%ic acid, the
soi;;nt evaporated, and the residue redig;pived in di@hléromethane.

The precipitate was filtered and the filtrate concentrated .in vacuo.
o . . 1

The crude was puri%ied by flash chromatograph?&k (ethyl

‘~acetate/Skellysolve B, 95:5) to give crystalline 66 (0.19C 38. 91%
. . L. o . :J%_;'EK B

yield); m.p. 143-144 "C; ilc: Re 0.40 (ethyl acetate); ir (CHCla cast):




/

H-Z). 3.25 (1#, td, j=9.5,'4 Hz, H-3), 2;53(1H. m, H-1), 2.50-2.40(2H,
m, CHz). 2.27 (14, d, J=3 Hz. D20 exchangeable OH), Z 22 (14, d, J=14
Hz), 2.17 (14, m, H-6), 2. 06 (14, d, J= 14 Hz), 2. 02 (1H, d, J=4 Hz, D20
exchangeable OH), 1.47 (1H, dt, J=13.5, 4 Hz, H-5), 1.40 (1H, m, H-4),
1,02 (1H, m, H-5), 1.02 (3H, d, J=6 Hz, C-4 CH3); 13C nir (100.57 MHz,
CbCI3): & .173.41 (s, 2 x C0), 76.29 (d, C-2 or C-3), 74.96 (9, C-2 or
c-3), 58.16 (s, C-8), 52.83 (g, 2 x OCH3), 45.53(d), 39.54(t).
38.43(d), 36.81(d), 35.79(t), 33.24(t), 17.76(q, C-4 CH3); hrms: m/z
colcd'for C14H2005 (M*-H20): - 268.1311, found: 268.1313(37), 254(38),
>208(32), 190(37), 145(160), 113(28), 79(33); cims (NH3): 304 (M*+18;
100); Ana;zﬁis,calcd for Cl¢H220s:IC 58.73, H if75; found: C 58.46,

H7.57.

Swern oxidation of diol 66,

Dimethyl sulfoxide (23.5 uL, 0.33 mmol) an added to a stirred
solotion of -oxalyl chloride (14.8 pL, 0.168 mmol) in diohioromethané
(1.5 mL) at -60°C.  After 10 min a solution of diol .66 0.020g, 0.07
mmol ) ih dichloromethane (1 mL) was added ;2 the mixture. After” 20 min
the reaction mixturg‘was treated with .triethylamine (0.10 ,QL!f0'73
mmol) and stirred for 5 min; allo;ed to warm to ooom.temper:ture aod
"then treated with half saturated brine (6 mL). The resulfing.dixto;é

was extracted with dichloromethahe (3 x 10 dL). The,combined organic

extracts were dried and concentrated in__vacuo. Purification by flash
&\

80

chromatography (dichloromethane/acetone. 98:2) afforded compoundgi60 ;

(o 009 g, 45%), 67 (0.007 g, 37%), and 68 (0.002 g, 10%). Compound 60;7“

amorphous whxte splid; tlc: Re 0.30 (dxchloromethane/acetone. 98: 2)v ir

(CHCl3 cast): 3400(m), 1733(s), 1700(w), 1655(s), 1278(5) cm'1; }H nmr



(360 MHz, CDCl3): 6 5.93 (1H, s, D20 exchangeable OH), 3.76 (3, s,
0CH3), 3.74 (3H, s, OCH3), 3.28 (1H, dt, J=20, 1.5 Hz, H-9), 3.19 (1H,
dd, J=20, 3 Hz, H-9), 2.95 (1H, m, H-6), 2.63 (1H, ddd, J=13, 7, 1 Hz,
H-7). 2.44 (1H, dqd, J=13, 7, & Hz, H-4), 2.22 (1H, dt, J=13, & Hz, -
5a), 1.83 (1H, t, J=13 Hz, K1), 1.48 (14, td, J=13, 11 Hz, H-5B), 1.18
(34, d, J=7 Hz, C-4 CH3); 13C nmr (100.57 MHz, CDCl3): &6 196.68 (s, C-

3), 171.97 (s, CO), 171.49 (s, CO), 140.90 (s, C-2), 135.29 (s, C-1),

81

59.36 (s, C-8), 52.87 (q, OCH3), 52.79 (q, OCH3), 41.19 (d), 40.08(d),

39.73(d), 38.38(t), 35.85(t), 15:33(5. C-4 CH3); hrms: m/z calcd for

C1aH180s - (M*): <(282.1103, found: 282.1101(64), 222(59), 193(30),
163(100), 93(15), 77(12), 59(25). |
Compound 67, cbldrlegs oil; tlc: Re 0.16 (dichloromethaﬁe/aceto&é.
98:2), 0.30 (ethyl 'acetate/SkellysolQe B, i;]); ‘ir (CliCl3 cast):
3440(m), 1732(s), 1490(m), 1267(s), 1171(m) cm-1; 1H nmr (360 MHz,

_ CDCla): & 4.43(1H, ddd, J=7.5, 3.5, 1 Hz, H-2), 3.70 (6H, s, 2 x OCH3),

3.56(1H, d, J=3.5 Hz, D20 exchangeable OH), 2.99 (1H, dq, J=14, 6.5 Hz,

H-1), 2.60 (14, m), 2.55 (1H, m), 2.51 (14, d, J=14 Hz, H-7), 2. 49 {:1H,

ddd, J=14, 6.5, 1.5 Hz, H-9), 2.17 "(1H, d, J=14 Hz, H-7), 1. 92 (1H

" dtd, J=13.5, 5.5, 1 Hz, H-5), 1.77 (1H, t, J=14 Hz, H-9), 1.36 (1H, q,

J=13.5.H4z, H-5), 1.04 (3H, d, J=6.5‘Hz, C-4 CH35; 13C nmr (100.57 MHi.

CDCl3): 6 212.82 (s, C-3), 173.02 (s, CO), 172.90 (s, CO), 74.63 (d, C-

2), 57.89 (s, C-8), 52.96 (g, 2 x OCH3). 49.83 (d, C-4), 41.26 (d),

39.08 (t), 38.40 (t), 37.55 (d), 33.40 (t), 13.62 (g, C-4 CH3); hras:

. m/z cald for C14H2006 (M*): 284.1260, found: 284.1252 (1.5), 253 (1),
196 (17), 145 (100), 113 (18), 97 (16), 79 (14), 59 (16).
Compound 68, colofless oil; tlc: Re 0.15 (dichloromethane/acetone,

98:2),. ir (CHCl3 casf): 3450(w), -732(s), 1440(w), 1288(m) cm-}; H nmr

g



OCH3), 3.71 (3H, s, OCH3), 3.52 (1H, J=3.5 Hz, D20 exchangeable dﬂ)f

3.20 (1H, m, H-1i, 2.90 (1H, m, H-6), 2.%6 (1H) m), 2.51 (1H, d, J=13.5
Hz), 2;17 (1H, d, J=13.5 Hz). 2.09 (M\H, d, J;S.S Hz), 1.70 (?H; m),
1.68 (1H, m, H-a). 1.40 (14, 0, J=13 Kz, B5), 1.13 (d, =6 Hz, C=4
CHS); hrms: m/z calcd for Ci4Hzo06 (M*): 284.1260, found: 284.1260
(31), 252 (43), 224 (30), 196 (13), 163 (15), 145 (100),/+%5f’(§§3i 97

v

' (20), 79 (44), 59 (56).

rel-(15,2S,4R,6R,85)-8-Methoxycarbonyl-4-methyl-3-oxo

bicyclo[4.3.0]nonano-8,2-carbolactone (70).

A solution of dimethyl sulfoxide (0.15 mL, 2.11 mmol) in

dichloromethane (1 mL) was added tofa stirred solution of oXalyl

6 miﬂ a ‘ﬁiutibn of aicohol 62 (0 188g, 0.74 mmol) in dichloromethane
(2. 5 mL;¥hwas added to the mlxture After 17 min at -60°C, the mixture

was\Lreated w1th trxethylam1ne (0.6 mL, 4.4 mmol) and stirred for 5

.Qf The mixture was allowed to warm to room temperappre and then
sgi?fed with water:(d mL) for 5 min. The aqueous layer‘ was separated
and extracted with ethx} ether (3 x 10 mL). The combined extracts were
washed with brine, drieé. andrconcentr;ted in vacuo. The crude was
pur1f1ed by flash chromatography (ethyl acetate/Skellysolve B, 6:4) to

give ketones 70 (0.160 g, 86% y1e1d) and 71 (0.015 g, 81) as amorphous

S
solids. Lompound 70; tlc: -éf 0.42 (dichloromethane/acetone, 96:4),

9.

0.33 (ethyl acetate/Skellysolve JB. 7:3); ir (CHCla cast): 1740(s),
1732(s), 1280(m), 1080(m) cm'1 &H nor (360 MHz, CDCla): & 4.47 (1H, d,

J=3 Hz, H- 2)1‘3 76 (3H, s, OCH3), 2 81 (1H, m, H-1), 2.75 (1H, m, H-6),

' ~uL, 0.88 mmol) in dichloromethane (2 mL) at -60°C. After

82
(360 MHz, CDCl3): 6 3.90 (1H, dd, J=11.5, 3.5 Hz, H-3), 3.74 (34, s,



2.59 (14, dd, J=13.5, 11 Hz, K-7), 2.42 (1H, dd, J=12.5, 1.5 Hz, H-9),
2.40 (1H, m, H-4), 2.38 (1H, ddd, J=13, 9, 4.5 Kz, H-5), 2.13 (1H, dd,
J=12.5, 5.5 Hz, K-9), 1.87 (1K, dt, J=13.5, 2.5 Hz, H-7), 1.46 (1H, td,
J=13, 9 Hz, 3—5), 1.10 (3H. d,. J=6.5 Hz, C-4 CH3); hyms: q/z‘;alcd (o;
CiaHsts (ﬁ'): >252.0997. found: 252.0993 (26), 121 (8), 113 (9), 97
(32), 9% (40), 81 (100), 79 (25), 59 (13). |

- ‘Compound 71;'tlc: Re q.50_ (dichloromethane/acétone; 56:4), 0.45

(ethyl acetate/Skellysolve B, 7:3); I!H nmr (360 MHz, CDCl3): 6 4.56

81

(1H, d, J=4.5 Hz, H-2), 3.82 (3H, s OCH3), 3.04 (1H, d quintets, J=14;

6 Hz, H—&), 2. 75 (14, dd J=14, 12 Hz, H-7), 2.70 (1H, br q, J=4.5 Hz,

H- 1). 2.50 (1H, br d qu1ntets, J=12, 5 Hz, H-6), 2.39 (1H, br d, J=120

h

4

Hz, H-9), 2.20 (1H, dd, J=12, 5 Hz, H- 9), 2.12 (14, ddd, J=14, 6, 1.5
Hz), 2.11 (1H, ddd, J=14, 6, 1.5 Hz), 1.71 (H, td, J=14, 5 Hz, H-5),

1.03 (3H, d, J=6.5 Hz, C-4 CHa).

rel-(JS.ZS.QR,6R)-2-Hydroxy—8,8-bis(methoxycarbonyb)—h*

pethylbicycloj4.3. O]nonan 3-one (67)!
A 1M solution of KOH in methanol (0 8 mL, 0.8 mmol) was added to a

solution of ketone 70.(0.151 g, 0.6 mmol) in methanol (jO mL) at 0°C.

The mixture was stirred at-0°C for 30 min then neutralized with aégiic'

acid. The solvent was evaporated and _the residue redissolved in

dichloromethane. The precipitate was filtered and the ‘filtrate

concentrated ip vacuo to afford 67 (G 1663, 981 yield) as a colorless

oil. An  analytical sample (flash - chromatography, ethyl

écetate/Skel}ysolve B, 1:1) proved to be 1identical to compound 67,

previously obtained by Swern oxidation of diol 66.

T
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rei¥(éR,bR)—Z—Hydroxyfé.g—bis(methoxycarbqnyl)-4-

: methyiﬁicyél, “h-!lnon-1t12)—en-3—one < (60),

N R x ~
o f dimethyl ‘sukfgxide (0.1 mL, 1.4 mmol) in
"ddichlofomethade

vthdride‘(GS pL, 0.7 Pmol) id;dichloromethane'(Z mL) at -60°C. After 6

‘min a’ solution of hydrox§ketone 67 (0. 166 g, 0. 58 mmol) in

N dxchloromethane (2 mL) was added to the reaatlon mixture. After 17 m1n

-

f1‘mL)' wasﬂ added to ' a ‘§tirred solution of oXalyl

- B4

_ the mlxture was treated w1th trxethylamxne‘(O 38 mL 2.9 mmol), stxrred .

for.~i min, and then allowed to warm to room temperature Water (4 mL)

" was added and the,mxxturelwas §t1rred for,S min. The aqueous layer was
Separated~and extracted with"éethQI'ether' (3'x~‘10'mL). The'combined

| .
. ‘ ., . . i . ’ ' ty
extracts were washed with brine, dried, and concentrated - in y_cgg.

Purifdcation by flash Chrométoéraphy gave 60.(0.148 g, 91% yeild) as an

- amorphous white solid. For piysical properties of ' this compound see

Swern okidation of diol 66.

rel—(48;6S)jh-Bromo-2-hydroxy- B-bis(methoxycarbonyl)-4-mcthyl bicycld

[4.3.0] non-1 (2)—én43—oné v #73):

- Pyridinium bromxde perbromlde (0.006 g, b 018 mmol) was added to a
solutlon of d1ketone 60 . (0. OOS g, 0.017 mmol) in d1chloromethane (0.5
mL). The mlxture was stlrredlat room temperature for 30 min- nd then
concentrated in_vacuo. The crude was purified by fl?sh chr' natography

(dichloromethane/acetone, 98:2) to give 73 (0.005 g, 66% yield) as a

white solid; .tlé: Re 0.33 (dichloromethane/acetone, 98:2); ir (CHCl3a

cast): 3420 (m), 1733 “(s), 1690 (W), 1650 (m), 1290 (m) cm-1; M nar

‘ (360 MHz. CDCla) 6§ 5.98 (1H 8, DzO exchangeable OH), 3 79 (3H, s,

" OCH3), 3.76(3H. s,‘OCHs).'3.35 (1H, -dt, J=20, 2 Hz. H-9), 3.25 (1H. dd,



. o - ' ' . ' N
J=20, 3 Hz, H-9), 3.14 (1H, m, H-6), 2.72 (1H, ddd, J=12.5, 7, 1 Hz, H-
. N N ' ‘ ; .‘
'7), 2.57 (14, dd, J=14.5, 4.5, H-5a), 1.93 (1M, t, -J=12.57RZ, H-7),
1.92 (34, s, C-4 CHa), 1.78 (1H, dd, J=14.5, 10 Hz, H-58); hrms: n/z
. ’ . X .

calcd for C14H1706 (M*-Br): 281.1025, found: 281.1022 (49),‘ 249 (43),

85

’

© 221 (100), 101 (58), 91 (12), 77 (10); cims (NHa): 380 (M°+18, 10), 378

(M'+18, 9), 298 (70), 164 (100).

. R 4 ] *
rel—iéR)-1—Bromo-3fhydroxx:8;8—biskmethoxycarbonyl)—A—methylbicyclo
»

{4.3.0] non-3-en-2-one  (74).

N- Bromosucc1n1m1de L1408, 0,56 mmol) was added to .a s6lution of

dxketone 60 (0. 14 g, 0.5 mmol) in dry- tetrahydfer{an—(1S‘mL) at 20 C.

Thé mixture was stirred +»at the same temperature for 50 min andrthen
concentrated in vacup; . The \Srude material was ﬁudified by flash
chromatography (dichloromethane/acetoﬁe,f§8:2)”‘v rive 74 (0.151 g, 84%
?ield) aé é yellow oil; tlc: Re 0.37 (didﬁlordmethane/ace£one. 98:2);
ir (CHCl3 cast): 3420 (m), 1734 (;). 1§75 (m), 1640'(m), 1430 (m); 12@8

(s) cm=1; 'H nmr (400 MHz, CDCL3):. 6 5.92 (1H, s; D20 exchangeable OH),

3.76 (3H, s, OCH3), 3.69 (3H, s, OCH3), 3.62 (1H, d, J=14.5 Hz, H-9B),

2.89 (MM, d, J=14.5 Hz, H-9a), 2.85-2.80 (2H, m, H-5 and H-6), 2.39
&1H, dd, J=14,7 Hz, H-7), 2.27 (1H, dd, J=14, 12 Hz, H-7), 2.24 (1H, br
d, J=18 Hz, H-5), 1.93 (34, s, C-4 CHa?, signals for the miq6’*epimer

%»
(6%) are also observed; hrms: m/z caled for ClaHl}Dszr~(M ): 362.0188,

360, 0208 found: 362 0191 (2). ,360 0207 (2), 281 (26), 249 (49), 221

| 5

(100), 161 (56). 77 (10). : , )

rél-(6R)=1- Bromo -8 8- bls(metthycarbonyA) 4-methyl-2-0x0 bicycko

[4.3.0] non-3-ep-3- vl vxnyl carbonate (715).




1

Vinyl'chloroformate (39-“P- 0.45 mmol) was added to a solution of

bromoketone 74 (0.139 g, 0.38 mmol) and pyridine (62 uL, 0.76 mmol) in

dry dichloromethané (5 mL) at 0°C. The mixture was stirred at room

86

temperature for 45 min and then wgshed'with cold 5% hydrochloric acid, -

satd _NaHCOs. and - brine, The aéueous layers were extracted'wifh

Y -

dichloromethane (3 x 10 mL): The combined organic extracts were dried

“and cogtentrated in vacuo to give 75 (0.142,3. 90% yield) as a slightly

yellow oil. An analytical sample yaé‘ obtaineﬁ‘by flash chromatography

(dichloromethane/acetone, 99:1); tlc: Re 0.37 (dichloromethane/acetone,

98:2).'0.29; (ethylv acetate/SkeliyéoLve B,;_2:3); IH nmr (360 th.
eDCL3): & 7.06 (1H, dd, J=14, 6 Hz, cg=cﬁz). 4.96 {1&, dd, J=14, 2 Hz,
CH=CHz), 4. 64 (14, dd,. J=6, 2 Hz, CH=CH2), 3.76 (3H, s, OCH3), 3.69
(34, s, OGHa), 3.68 (1H, 4, J=15 H;i H-9). 2.99 (1H, br ddd, J=19, 5.5,
1 Hz, H-5), 2.83 (M, ﬁ,'H-sﬁ, 2.82 (1H, d, J=15 Hz, H—9),>\2.41 (MH,
dd, J=16, 7 Hz, H-7), _2.39 (1, br d, J=19 Hz, H-5), 2.27 (IH, dd,

f
1
J=14, 13 Hz, H-7), 1.97 (3H, s; C-4 CHz).

_rel—(15,6&)-8.8—Bis(metho;ycarbonyl)-a-methyl-Z-oxobicychLa.3.0J nop-

3-en-3-y'_vinyl carbonate (22), -

v

cinc dust (0.015 g) was added to a solution of bromocarbonate 75

y

(0;05 g, 0.11 mmol) ih acetic acid (2 mL) and the mixture was étirred

at room temperature for 1 h. The reaction mixture was filtered, the

-

' solid washed with ethyl -ether (10 mL), and the solvent evaporated. The

residue was redissolved in dichloromethane, filtered, and concentrated

~
a

-i" vacuo. The crude . ggg\\ggiified bf flash cfromatography (ethyl

acetate/Skellysolve B, 35:65) to provide 22 (0.028 g, 70% yield) as a

-

colorless oil. Stafting material 75 °(0.005°g, 10%) was recovered as

/
f
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well as diketone 60 (0.005 g, 15%) :

Compound 22, tic: Rf 0.28 (ethyl acetate/skéllfsolve B, 2:5); ir
(CHCl3 cast): 1775 (s), 1733 (s),.1680 (m), 165Q(m), 1243 (s). 1100 (m)

cnl; uv (CHseH)iA..x 239 nm‘\lﬂ amr (360 MHz, coc13) 5 7.06 (1H,: dd,

J=13.5, 6.5 Hz, CH=CH2), .99 W4H, dd,, =135, 2 he, Cit=Cliz), 4. 64,

(14, dd, J 6.5, 2 Hz, CH= Cﬂz) 3 74 (3H, s, OCH3), 3. 72 (3H. s, OCH3),

© 12,87 -(1H, dt, J=7. 5 6 Hz, H- 1). 2.81 (1H, dd, = 14, 5.5 Hz "B-9), 2.74

(1H, br d, J=t5 Hz, H-5), 2.72 (1H, m, H-6),".2.65 (1H, g4, J=14, 8 Hz,

H-9), 2.45 (1H, br d, J=15 Hz, H-5), 2.39 (1H, -dd J=13.5, 6 Hz, H-7),

2.26 (1H, -dd, J=13.5,"-9 Hz, K- ), 192 (3H, s, C- -4) CHa); hrms: w/z

calcd for C17H2008. (M*): 352.1158. found: 352.1?61‘(30), 205 €29), 1
(50); 177 (16%, 145'(100), 113 (26), 79 (13).
[4

.red (15,3S,7R,9R, 11R)-1, 1T;Larbony1d1oxyy 5 5 bxs (methoxyca;bonjl)-9—

methyltrxcycloAL7 2.0, 03 7Jundecan 2~one (24).

A degassed solution of carbonate 22 (0.011 g) in dry acetone’

.37 .

(100mL) ‘was irradiated with a  250-HW° medium prqssupp“mercufy lamp

.

through a Pyrex filter contained in a Pyrex immersion well for 4.5 h.
The reaction was monitored by tlc and }rggdiatiqp was discontinued

after the disappeafance of ca. 80% of 22. The solvent was  removed in

© vacuo and the residue purified by flash chromatography

(dichloromethane/acetone, 97:3) to git. unreacted 22 (0.002 g, 18%) and

compou 26 (0.005 g,- 45% yicid) as a colorless oil; tlc: Re 0.34

_(dichloromethane/aceione; 96:4); ir (CH013‘Cast): 1812 (s),. 173@ (s);

1430 (w), 1280 (m) co~!; H nor (360 MHz, CDCLa): 8§ 5.03 (1H, dd, J=7,

——

3.5 Hz. H-11), 3. 76 (3H, 5, OCH3), 3 74 (34, s,° OCHa); 3 19 (1H td,

J=10.5, 8 Hz, H-3), 2.99 * m, H- 7). 2.73 (14, ddd, J 13 7.5, 2 Hz,

/\\\:»“7\A
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. He 6). 2 69 (1H, dd, J 15 7 Hz, H 106). 2. 62 (1H ddd J=14, 8. 2 Hz,

7

H- 4), 2 42 (1H dd, J= 14 10.5 Hz. H-4), 2. 24 (1H dd J=15, 3. 5°Hz’ H-

108), 1.87 (14, dd, J=1§; 4.5 Hz, H-6), 1.86 (1H, br d, J;1A Hz. H~8a),

1.30 (1H, dd, J=14, 13 Hz, H-88), 1.27 (3H, s, C-9 CHa); hrms:, m/z

J

,calcd for C17H;oOs (M*): 352 1158 found: 352 1160 (10), 292 £19), 274ﬁ

- 88

(38) 248 (37) 216 (53). 161 (19), 145 (100). 124 (27), 113 (25), 96v'

(20),“ 91 (58), I9 (37). 777 (27), 59 (45) Nuclear 0verh3user
enhancement‘dlfference spectroscopy (nOeds) gave the following results
preggturatxon of H-11 (6 5.03) gave a 16% enhancement at. 6 3. 19 (H 3).

"and 6% at §- 2.69 (H= 10a), presdturatlon of H-}.(G 3,19) gave a 10%

enhancement at-each,6q5.03 (H-11) and 2.62 (H-4); pfesatu;ation of H-n

(6 2.99) gave a 4% enhancement at.§ 5.03 (H-11), 3% at & 2.73 (H-6a),

3% at 6-2.69 (H-10a), and 5% at &6 1.86 (H-8a). S p

te1¥(1S,25,6R;SS)—8-Carboxy§4~me£hy1biCyclo[A.3QOJ _hon-3-ene-8, 2-

V .

Y

carbolactone (76).

! o e _ N
A solution of 2% KOH .in 'water (15 - mL) wa§; added dropwise to a

PN 4"33‘ o
solutxon ‘of methyl ester 20 (0. 62 8,.2.6. mmol) in tetrahydrofuran (20

.8

K]

mL) at- OAC The mlxture was stlrred for 2 *-at the same temperaiyre

and then acidified (pH 1) with 6N hydrochloric acid.  The mixture was

_Saturated with NaCl and extracted with dichlorométhane (3 x 30 mL),

The organ1c extsacts vere washed with . br1ne. dried, and evapdratéd to

—

give 76 (0. 49 g, 86% y1e1d) ‘as a %olorless foam. An analftical sample
was obtalned by flash ‘9hromatography (benzene/acetone/acet1c ac1d(
60:40:1); tlc: Re 0 29 ‘(benzene/acetone/acetlc acid, 60:40: 1) 0 37
(dichloromethane/apetmne/acet1c acid, 50.50,1). ir (CHCl3 cast). 3500-

3000 (br m), 1731 (s), 1670° (w), 1144 (m) cm-1; 1§ nmr (400 MHz,

h) S
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cncu) 5572 (m dn.J5Hz -3, 4.95° (1H, br b, J=5 He, H-2),
Y 63 (1H, m), 2.61 (1H, ddd, J=18, 10, 1.5, Hz. H- 7). 2. 52-2. 46 (2H, m),
2.40 (1H, ddm, J= sv9 501 He, H- 5y, 2 30 (14, br dd sy, 2 H), 2 0
| (1H, br d,fJ 19 Hz, H-5), 1.81 (3H, 5 ¢ 4 cHs), 1. .68 (m dd, J= 18, 13

Hz, H-7); hrps? m/z caled for C11H1402 (M’-COZ)  178.0994, found; =
178.0995 (20), 131 (19),. 111 (29). 106 (51), 91 "(‘_1‘0‘0).' 77 (31); cims.

(NH3): 240 (M*+18, 100).

R . ) - ) C R oy

.
A

rel (16 ZS 6R BS) 8 Hydroxymeg;yl a-methylbxcyclglé 3 Olnon 3 ene 8 2-

-

carbolactone - (78). ' g i o,

9

Ethyl chloroformate (162 pL, 1. 70 mmél) was addéd to a solutlon of

: ac1d (0.34 { 1.53 mmol) and trxethylamlne (245 uL, 1.85 mmol) in dry
\E a7

B tetrahydrofuran (30 mL) at 0°C. he mixture was stirred® at the same

evaporated. Purification by flash chromatography '

,(diéhloromethane/acetone. 9:1) gave 78 (0.186 g, 60% vyield) as a

temperature for 1.5 h The copious prec1p1tate (EtsN HCI) was flltered.

and washed with dry tetrahydrqfuran (15 mL).' The! comblned filtrate and -

~ washings were added over 10 min to a solution of NaBH4 (0.174 g, 4.59

, e

mmol) in water (6 ‘ml) at 0°C. = Evolution of gas accompanied the..
L - 2
addition. - The mixture :was stirred for 30 min at 0°C then 45 min at

~ room temperature. Water (6 mL) - Was added and the: mlxturEewasv

(ﬂ‘saturated with NaCl . Theé o%ganxc phase was separated and the aqueous

phase extracted thh ethyl ether (2 x 20 mlL) and dlchloromethane (2 x

.20 mL). The organic extracts were washed with br1ne, dried, and

s ) S

_-colorless oil ‘that crysgallizes on standing.:‘ The ‘'aqueous phasé,wag\

J

.acidiffed with 6‘ﬂ hydrochloric acid,’ extracted with dichloromethane (3

- x 20 =lL) and evaporated to»provide recovered 76 (0.070'3.'211 yield).

N
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1

-

NG

' B/dlchloroqkthane), tlc: Re 0.23 (di

(CHCla cast)’ 3443 (m), 1723 (s), 1676,

Compound 78, m.p. .71-73°C. (2

ecrystallized 'ffom Skéxiysque
chloromethane/acetone. 92: 8), ir

(w). 1171 (m). J138 (m).»}033

o Vi

LA
B

(m)~cm“' H nmr (AOO‘HHZ CDCla) 6 5. 72 (1H dm, J=5, 5, 1 Hz. H 3),\

. 4.82 (1H; td, J= 5 S @ Hz, H-2), 3 84 (

3 75 (1H; Qd;' J—11 5 6 5 Hz. CHz

*exchangeable. OH), 2. 42 2 30 (2H m, B-1,

Hz, H- 5). 2\04 (1H ddd J 14 10 5, 1

1H;- dd J~11 5 ‘7. 5/ uz, cx:ou).

\

ou).f;,,” o

v

H*ﬁo‘ 2,32 (1n br 4‘9 a 18

. 6:5,'1 . Hz, u 5) 2.13 (1H e d J‘ﬁ?’ﬂz H 93) 2 05 (1ﬂ br d J 18

tﬂ_"

5 az B 7); 1:80 (3H, s, C- -4

CHa). 1.75 (14, dd, J=12, 3.5 Hz, H 9a). 1 46 (1u dd J= 14.‘8 Hz, H-

7) 13C nmr- (100 57 MHz, CDCla) 617

6’96 (f._co) 13831 (s, c- 0,

118..14 (d C-3), 74 32 (d, C- Z)‘ 65 79 (t lCHz D), 51 01 (s, c- 8),

35. 91 (d). 35.35, (r). 35 14 (t). 33 13

a

(d). 1. 06 (t). 23.23 (g, CH3);

\ RE Hz D20 »

hrms: m/z caled for C12H3503 (M+3:” 208, 1100. found: 208.1104 (0.26),

'y

164 (16), 131 (17)' 108 (14). 93 (100),. 77 (18); cigs (NHa)' 226

- 68.55, H 7.60.

'\(M’+18.-700); Ana1z51 calcd lior szﬂlsogmg C 69 20 H 7. 74 found Cc

>r \\(“\

I ., ,

ref4i(1S 25,6R, 83)-8—Methanesulfonjloxymethﬁi-4i~k‘i

methylbxcyclo[& 3 Olnon 3-ene-8,2- carbolacrone _ i79)L'

‘Methanesulfofiyl chloride (0 1

i

1 3 mmol) was added to-a

solut1on of alcohol 78 (0.18 8» 0 86 mmol) and tr1ethylam1ne (0.40 mL,

2.84 mmol) in d1chlosomethane (15 ub)

completed the ﬂreact1on . The mxxture

5

‘mL) fallowed by cold 5% hYdrdchlorxc

Drylng of the dlchloromethane solutxdn

'
P

79 (0.24 g, 99% yxeld) as a wh1te oxl

[
'

‘at 0 C. '4St1rring for 40 _min
. -":“& W
was eXtracted with ice-water (10

ac1d sa:d NaHCOs, and br1ne

Eo&iowed by solvent removal gave

a.‘. 2

that crysta!lxzes on standing;
. ‘ N " 4' L »
W e .

.
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m.p. 103-105°C; ‘tlc: Re 0.21 (dichloromefhane/aceébég, 98:2); ir (CHCl3
cast) 1729 (s), 1670 (%), 1354 (s), 1172 (s), 962 (s) cm-1l;  1H nmr

(360 MHz, CDCls) 6 5.68 (1H, b7 d, J=5 Hz. H- 3). 4.79 (1H br t, J= 5

Hz, H-2), 4.59 (1H, d, J=10 Hz, CH2-0), 4.23‘(1H. d. J=10 Hz. CHz2-0),

- 3.07 (3H, s, S0aCH3), 2.42 (1H, m, H-6), 2.35 (1H, m, H-1), 2.32 (1K,

br “4dm, J=19.5, 6.5, 1.5 Hz, H-5), 2.14 (1H, br d, J=14 Hz, H-98), 2.00

(1H, ddd, J=14, 10.5, +.5 Hz, H-7), 1.99 (IH, br. d, J=19.5 Hz, H-5),

191 (1H, dd, J=14, & Hz, H-9a), 1.75 (3H, br s, C-4 CH3), 1.40 (1H,

dd J=14 + 8 Hz, H-7); hrms: m/z calcd. for Cf3H1805S (M*): 286. 087'.

found 286.0874 (5), 242 (10), 190 (15), 150 (29), 145 (39), 131[(78),

105 (64) 93 (100), 77 (27), 71 (51), 54 (40),

]

rel-(1$l25,6RABS)—A,8-Dimethylbicyclo[4.3.Ojnon-éhe—8,2-cafb01at6ne

L]

(21). -

A séiutiog of sulfonate 79 (0.148 g, 0,52.mmol)j$nd NaBHa (0.086
A L :

stirred uhder a nitrogén atmosphere. Affé( 48 h an additional amount
ot NaBHs¢ (0. 086 g, 2.3 mel) was added and stirring was continued ;t
the same temperature for 48 h. The mixture was cooled to 0°C, then
quenched with acetic acid (1 mL), diluted with water (15 mL), and
extracted with Skellysolve B (8 x 25 mL). The organic extracts we(e
washed with br1ne drled figg)évaporated' The crude was purifiéd by
flash chromatographyé&(dxcthromethane/acetone, 98:2) to provide 21

(0.059. 60% yield) as white crystals; m.p. 68-69°C; tlg: Rf 0.29

4

' (dichloromethane/acetone: 98:2); ir_ (CHCla casf): 2964 (8),1737 (s),.

1670 (w), 1449 (m), 1172 (m),1140 (m) cm~!; 1H nmr (360 MHz, CDCl3): &

566 (1H, br dm, J=5.5 Bz, H-3), §.72 (MM, br t, J55.5 Ha, H-2),.2.40

-8

91

g, 2.3 mmol) in dry HMPA' (14 mL) was warmed = to 45°C (oil bath) and .



¢

T~

g (K, Sadd, I, 8.5, 7. 5 Hz, H-6), 2,08 (1H, br dd, J=18, 7 Hz, H5),
2.25 (1H, bt q, J=5 Hz, H-"' 00 (1H, br 4, J=12 Hz, H:QB).‘1.95 (11,
d, 5:18_uz.’H55), LB H, 4 RIS, 011 HZ, BeT), 1.73 (3.,
-4 CHY), 1.70 1K idy 0=12, 3.5 0z H-%a) 1.49 ?1H. dd, J=15, 8.5
He, B-7), 1.32 {H. s, C-< CH3); 130 amr (100.57 Mﬁ;; CDE1D): & 178.67
(s, CO), 139.22 (s, C-4), 120 05 ., C 3,, 7°.43 (d, C-2), 46.58 (s, C-
8), 41.56 (t), 40.57 (), 5.7 (., -».73 (d), 32.59 (t), 26.71 (a),
22.A§ (q); ﬁrms: m/z caicd for "12H16G2 (n'j: 192.1150, found: 195.1149‘ ,
(1, 148.(18), 93 (100), /7 (1), cims (NH3): 210 (Mf§18, 100),

Analysis calcd for C1ZH1602: C 74.96, H 8.38; found: C 74.68, H 8.48. -

v

rel—(1S.28‘3}{,AS,6S,88)—4,8-Diméthyl—3;ﬁ-epoxybicycloiﬁi3.01nonano-8l

2-carbolactone (80). $ o N

m-Chloroperbenzoic acid (0.28,3;—1.@? mmol) was added in portions

to a solution of lactone 21 (0.16 g, 0.82 mmol) }n dichloromethanq (16
mL)_at 0°C. The mixture was stirred at room temperature for 18 h and
then washea successively with 5% ﬁaHSOs. 5% N;H003, and brine. | The
organic layer was dried and concentrated in vacuo to give 80 (0.173 g.
99% yield) as white needles; m.;. 78-80°C; = tlc: Rt 0.28
;:ichlofomethane/acetone; 98:2) ir (CHCIS cast): 29ﬁdl (m).‘1]4£ (s),
1450 (m), 1180 (s), 1105 (s) cm-1; H nmr (360 ﬁHz,-CDClJ): 6 4.85 (1H,
dd, J=5, 3 Hz, H-2), 3.2% (IR, 3 M, D), 231 (1H, 4.5 Hiz,
H-1), 2.27 ¢1H, dd, J=14, 9.5 Hz, H-5), 2.22 (1H, m, H-6), .98 (1H, d,
J=11.5 Hz, #-9), 1.96 (14, dd, J=14, 10 Hz, K-7), 1.79 (1K, d, J=14 Hz,
H-§), 1.72?(1H. dd, J=11.5, 4.5 Hz, H-9), 1:55 (14, dd, J=14, 7 Hz..H-
‘?), 1.34 ( 3H, s, CH3), 1.31 (3H, 5, CH3); 150 nmr (100.57 MHz, CDCl3):

8 176.72 (s, CO), 77.26 (d, C-2), 59.40 (d, C-3), 56.02 (s, C-4), 44.89



. , ~ 93
(s, C-8), 64.38 (t), 39.15 (t), 34.64 (d), 31.73 (d), 30.82 (t), 24.00

" 4a, CHs), 21.021 (q, CH3){ hrms: m/z calcd for CizH1603 (M*): 208.1100,

", found: 208.1107 (2), 180 (32), 152 (26), 151 (84), 137 (72), 122 (34),

" 107 (28), 93 (100), 81 (58), 79 (48). | R

.
' A

fgL-(1S.ZS,3S,4&L6RL§S)-3—Hydroxzr4LﬁfdimethxlbigyclolA.3.0Inonad§[8;2—

carbolactone (81). i

Epoxide 80 (0.12 g), 10% Pd/C (0.050 g), ethyl acetate (20 mL),

“and acetic acid (1 mL) were mixed in a round bottom filask. A balloon

A}

filled with hydrogen was fitted to the flask and the "system was purged

P

three times. The mixture was ' vigorously 'stirrgd for 48 h, then
o

\ 7
platinum oxide (0.020 g) wap added and stirring was|\continued for 24

h,“under hydrogen atmosphéke." The catalyst was remd

Evipora;igb

of the solvent followed by pur1f1c1t1on by flash chromatography (ethyl

and the flltrate washed thh Sﬂ NaHCOs. brlne, and dried

acetate/bkellysolve B, 65 35) provided recovered 80 (0.018 g, 15%) and
a1c9h01-81 (0.102 g, 852‘y1e1d) as a colorless oil; tlc: Re 0l24'(ethy1
ace;ate/Skellysolve B, 65:35); ir:(CHQ13 cast): 3400 (m), 2940 (m),
1737 (), 1460 (w), 1106 (s) cm-L; H mar (360. MHZ, CDC13): & 4.38 (1H,
br s, H-2), 3.53 (1H, dd, J=8, & Hz, H-3), 2.53 (1H, td, J=6, 2.5 Hz, "

.97 (1H, dd3 J=12, 2 Hz, H-9),

H-1), 2.51 (1H}) br q, J=9 Hz, H-§
1.8 (14, ddd, J=13.5, 8.5, 3 iz R 155 (1h, dd, J=13, 11 Mo, H-
7), 133 (14, s Hz. D20 ex;UQERILIE OH), 1.76 (1H, dd, J=12, 5.5

R{% '
B9, 145 (2u, dquintetd, J=13.5,

Hz, H-9), 1.57 (1H, dt, J=13, 2 Hz,’

8, 3 Hz, H-8), 1.30°(3H, s, C-8 CH3), 1.06 (3H, d, J=7 Hz, C-4 CH3),
|

1.02 (1H, td, J=13.5, 9 Hz, H-5a); 13C nmr (100.57 MHz, CDCl3): 6

176.72 (s, CO), B7.12 (d, C-2), 76.95 (d, C-3), 46.50 (s, C-8), 45.85

a



\

K s R S

(:)“39'27 (t), 34, 96 7 (4), 3¢.76°(d),.34.33 (1), 33\35 (6), 20.48 (q,
]

CH3), 19 45 (Q. CH3); hrms (m/z calcd for_ 12Hx393 (M*): 210 1256, 7
N

found:eg1o.1zss (68), 164 (31), 168 (634, 133 (209, 124 {39), 109 (38), -

106 (82), 95 (60), 93 (100), 81 (98).,y7<(24); 55\4131) « ” .

| ) b ) | \ :

- - ) ”

.o \
|

ré11£1S.ZS.3S.4R.6R‘88)-BIﬁethogycarbonyl-a,8-

dimethylbicycloLA-3 0]lnonan-2, 3—dicl (83). - ' . 3

4
A 1M solution of KOH in methanol (0.1 mL, 0.1 mmo{/)mas added to a
kg

solutlon of alcohol 81 '(0 0153. 0.07 mpol) in mEthifOI (2 mL) atQLC

\_/

After 1h the mlxture was neu ized with acetic- acid, the solvent
' * ’
.'evaporated, and the residue redissdlved in dichloromethane. . The
v )

pre01p1tate was f1ltered and the f1ltrate concentrated in n__vacuo.’ The
\
crude ‘was pur1f1ed by flasﬁ/éhromatography (et

Jto give 83-

(0.015@. 88% yxeld) as a colorleizﬁpii; tlc: Re 0.28 yl acetate);

ir (CHCl3 castd: 3408(m), 2970(m), 1730(s), dabQ(w),'JZOO(m), 1050(m),
'/ . .

cm-1; H nmr (360 MHz, CDC13): & 3.69 (1H, ddd, J=9, 5.5, 3 HZ, H-2), -

—~——

3.68 (i;/ s, OCH3), 3.25 (1H, td, J=9.5, &4 Hz, H-3), 2.55 (1H, d q,

J= 13 6/ Hz, H- 1). 2.46 (1H, d, J 3 Hz, DzO}Zxchangeable. Cc-2 OH), 2. 26

4

" (1H, d,  Jg4-Hz, DzO éxchangeable, C-3:04), 2.20 (1H t, J=13 Hz, H-9),

2.12 (4, d q, J=13, 6 Hz. H-6), 2.03»(1H. d, J=14 Hz; H-7).} 1.70 (1H,

dd, J=13, 7 Hz, H-9), 1.66. (1H, dd, J=14, 7 Hz, H-7), 1.0 (1K, dt,
J=15, & Hz, H-sa)( 1.38 (1H, m, He4), 4.27 (3H, s, C-8 CH3), 1.10 (1H,
dt, J=15, 13 Hz, H-58), 0.99 (3u; d, J=6.5 Hz, C-4 CH3); hrms: m/z
caled for C13H2204 (M*): 262.1518, founds . 242.1519(2),  224(100),

’

210(82), 192(21), ‘;?(93), 147(30), 12&(47),/109(36)} 95(74), 93(50),

- 81(53), 79(24).

e A
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rel—(iS.ZS.&R. B.BS)—4.8-DimethyL:3-oxobicylo[4.3.0]nonano-8l2—

ggrbolahtone (84). o A
A solution of dimethyl sulfoxide (0.1 . mL, 1.41 mmol) in
. . v . ‘ . S )
dichloromethane (1 mL) was added to a stirred solution of g;a;yl

o)

chloride (61 pL, 0.70 mmol) in dichloromethane (3 mL) at. -60°C. BAfter

6 miﬁ a solution of alcohol 8% (0.136 g, 0.65 mmol) in dichloromﬁf;:neu

(2 mL) wéé added to the,reactipn mixture. Affer' 17 mi&' at -60°C, /the
mixthe,was tregted with trietpyiamine (0.54 ﬁL; 3.9 mmol), and stirred
‘for 5 min, allowed ioggéfﬁ to room tempérgture ané ﬂhen.treated'?ith
water (5 mL).. W The mixture was separated. and the aqzipﬁg\phase
extracted with ethyl ether (3 x 10 mL) and dichlbfomeihang‘( x 10 mL).
The combined extractg were washed with"briﬂé, dried, and concentrated
in vacuo. ’The crude :Qas ,purified égf flash® chromatograﬁhy (?thyl
acetaie}Skellysolve B, 1:1) to give qp/amorphous ﬁhite solid (0.130 ;i
2]% yielp) that‘proxbd to be a 14:1 epimeric mixﬁure of ketones 84 and
£y o

85, respectively. The physic¥” properties given below correspond to

the major epimer, ketohe 8@; tlc: Rt 0.35 (ethyl acetate/Skellysolve B,

95

1:5); ir. {CHCla cast): 1744(s), 1722(s), 1490(w), 1160(&). 1108(w)

cm-1; 1H nmr (400 MHz,,CDCla): & 4.42 (1H, dd, J=2.5, 1 Hz, H-2), 2.74
(2H, m, H-1 and er).lg.ao €1H, dgo, =135, 6.5, 5 Hz, H-4), 2.32 (1H,
ddd, J=13.5, 9, 5 Hz, H5), 2.05 (1H, dd, J=12, 2.5 Hz, H-9), 1.99 (1H,
dd, J=13, 11 Hz, H-7), 1.85 (iu, dd, J=12, 5 Hz, H;9), 1.68 (1H, dt,
J=13, 2.5 Hz, H-7), 1.50 (K, td, J=13.5, 9 Hz, H-5), 1.36 (3H, s, C-8
CH3), 1.12 (3H, d, J=6.5 Hz, C-4 CHs): 13C nmr (100.57 MHz, CDC13): 6
205.25 (s, €-3), 175.32 (s, C00), 82.40 (d, C-2), 46.67 (s, C-8), 46.32
(), 8067 (d), 38.63 (1), 37.25 (d), 35.36°(t), 32.49 (), 20.49 (q,

*

C-8 CH3), 14.48 (q, C-4 CH3); hrms: m/z calcd for CizH1603 (M*):



G 96

L)

| 208.1100, found: 208.1110 (49), 123 (10), 109 (16), 97 (17), 94 (50),. °

Al

93 (80), 81 (100), 79 (22). . , '}// |

< ‘ . “ . "‘.- M ~ .
SR o N
rel-(15,2S,4R, 6R BS) 2 Hydroxy-S-methoxyc!rbq;yl 4, 8- . - ,
d1methylb1cyclo[4 3. 0]nonan 3-one’ (86) . ' / J

A ™ so;utlon of KOH in methangl (0 7 mL, 0.7 mmol) was added tp a

Ko

A .
solution of ketones 84 and 85 (0 12 g, 0. 57Umel) 1n methanol (8 mL) at

0°C. The mixture was stirred for 15 'min at- 0° C. and then ng‘!&alized!
. . L) . .-
with acetic acid. The solvent was'zgmoVed and-the residue redissolved

\ - . . R )
in dichloromethare. The resulting. mixture was filtered and the

ive 36 (0. 132¢ @96%) as a colorless
£¥.
as obta1,ped‘k by flash cbromatography

filtrate concentrated in vacuo to

05}7? An analytical sample

(dlchloromethane/acetone, 96~ a9 a colorless ofl tld: Re 0.27
. :

R
(d1chloromethane/acetone,' ir (CHCl3 cast): 3480(w).‘1726(si;
1460(w), 1214(m), 1122(a) cm=1; IH nmr (400 MHz, CDCl3): 5,4,45.({u,

ddd, J=7, 3.5, 1.5 Hz, #-2)N\3.78 (34, s, 0CH3), 3, 58 (1H, d, J=3.5 Hz,

20 exchangeable OH), 3. 01 (1H m, H- 1), 7. 56 (1H, d qulntet J=13, 555

Hz, H-4), 2.55 (1H m, H- 6)§ 2.14 (1H, d,(\§13.5 Hz; H-7), 1.87 (1K,

dtd, J=13.5, 5.5, 1.5 Hz, H=5a), 1.74 (2H; d, J=10 Hz, H-9a and H-98),

1.71 (14, dd, J=13.5, 7 Hz, H-7), 1.48 (1H, dt, J3€13.5, 13 He, H-5B),
1.28 (3H,' 5, C—g CHa), 1.05 (3H, s, C=4 CH3); "13C nmr ¢100.57 MHz.’
CDCl3): 213.20 (s, C=3), 179.00 (s, *coo;. 74.85 (d,&CiZ). +52.19 (q,
OCH3), 49.31 (dy C-4), 67.02 (s, C-8), 43.11 (1), 61,98 (d), 38.55 (1), °
38.30 (4), 36.30 (£), 27.64 (q, C-8 CH3), 13.68 (g, C CH3); hrms: m,

caled for CisHzoO+ (M*): 240.1362, found: 26034364 (2), 212 (51), 19
(23), 180 (35), 162 (52), 152 (54), 134 (29), 101 (100), 9% (37), 81

4

(91), 79 (26). ' RN ' ' }J
N



[

)

reli(hR.6R.BS)-2-H&drox?-Bémethoxycarbonyl-4.8—

dimethylbicycloLQ;B;QJnon—i(2)—en73-6he (87).
A solution of dimethyl sulfoxide '(71 pL, 1.0 ﬁmol); in
.Qichlotomethane (1 mL) was |addedv to ia stirred  solution Qf dxalyl
" chloride (4 “pL, 0.5 mmol) in dichlorométhane {(2al) ati-6Q°C.T After 6
min, a solution of alcohol 86 (0.11 g, 0.4§ mmol ) ip dichlorgmethaﬂe (2 :
ml.) was Addé¢ to tthe reaction mixture.b After 17 min, the mixturg was
'treated yitt triethylémine k0.38_mL, 2.9 mmol), stirred for 5 min, and
then‘éllowed‘ to wérm to room temperature{ Water (4 mL) was added and
the mixture.was stirred for 5 m1n The aqueous layet was»separated and
| extracted wlth d1chloromethane (3 x 10 mL). The combined extracts were
washed“with brine, dried, aag‘concgntrated ‘iﬁ vacuo.“ Purificationvby

flash. chromatography (dichlorométhaqe/acetoné,“ 98:2) gave 87 (0.106,

'97% yield) as. a white solid. | Rectyétallization from ethyl

. ether/Skellysolve B ‘providéd cdlorless plates, m,p. 92%93‘0; tlie: Rfi

' tO 28(dichloromethane/acetone. 98:2); ir (CHCia cast): 3400 (ﬁ), 1729

(s). 1651 (s), 1440 - (m). 1381 (m), 1269 (m), 1193 (m) cm‘1~\1H nmr (400

“ MHz. CDCla) 5 5.96 (1H. s, D20 exchangeable OH), 3.72 (3H, s, OCHB).

3,14 (1H, dd, J=20, 3Hz.H9). 3.02 (1H, m, H-6), 2.49 (1H, .dt, J=20,
1.5 Hz, H- 9). 2,47 (1H dqd J=13, 6.5, & Hz, H- -4), 2.20 1H, dt, J=13,
l Hz, H-Sa), 1.9 (1H, dad, J=12, 7, 1.5 Hz, H-7), .79 (1, t, 12 Kz,
H- 7). 1. 49 (1H, td, J= 13/ 11 i{z, H-S'B.). 1.36 (34, s, C-8 CH3). .19
(3H, d, J= 6. 5 Hz, C-4 CH3); 13C nmr (100.57 MHz, CDCl3): & 196. 98 (s,J
c- 3).,177 50 (s, C00), /’41 .02 (s, C-2), 137.65 (s, c-1), 52.16 (q, °

ocﬁ L 48.25 (s, C98), 43.62 (t). 40.37 (4), 39.41 (d), 39. 30@\_‘

38. 68 (t). 24.77 (q, C- .8 CHa). 15, 52 (q. C-4 CHa). hrms. n/z calcdvfor

el
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Ci3H1804 (M*): 238.1205, found: 238.1206 (46), 179 (50), 178 (100), 163

o)

(26), 149 (19), 79 (14). . Yy

X -

rel-(6R,85)-1-Bromo=-3-hydroxy-8-methoxycarbonyl=-4,8-

diﬁethylbicyclo[&.3.0]non-3-en-2-one ___(88)”

N-Bromosuccinimide (0.074 g, 0.42 mmol) was added -to a-solution of
diketone 87 (0.10g, 0.42ymmol) in ary tetrahydrofuran (12 mL) at -20°C.
The mixtufe'was stirred at.the same temperature for 50 ,@;n ahd'£hen
concentrated 1in vacuo. The crude materiai was purified by‘flasﬂ
chromatography (dichloro%ethane/acetone. 9&52) to give 88.(0.115 gW 88% |
yield) as a yellow joil tlc: Re 0.38 (dichloromethane/acetone,%§8:2);‘
ir (Cﬁgla cast): 3440 (). 2926 (m), 1?30 (s), 1677 (w), 1645,(m),*1435
(W), 1273 (m), 1190 (m) cn}; H nmr (400 MHz, CDC13)): 6 5.92 (1H, s,
D20 exchangeable OH), 3.62 (3H, s, OCH3), 3.55 (1H, d, J=14.5 Hz, H-
98), 2.90-2.80 (2H, m, HJS and H-6), 2.29l(1H, dd, J=13.5,h12 Hz, H-7),
2.19 (1H, br d, J=17 Hz, B-5), 2.10 (1H, ) J=14.5 Hz, H-9a), 1.92 (3H,
s, G4 CHa), 1.70 (1H, dd, J=13.5, 7 Hz, K-7), 1.40 (3H, s, C-8 CH3),
signals for fhe minor eﬁimer are also observed; hrms: m/z calcd for
C13H1704Br (M*): 318.0290; 316.031b.v found: 318.0270(2), 316.0311(3),

——

'I237(17), 207(9), 177(100), 159(17), 147(21), 107(11), 79(18),.69(12).

rel-(1R,6R,85)-1-Bromo-8-methoxycarbonyl-4,8-dimethyl-2-

oxobicyclof4.3.)]lnon-3-en-3-yl vinyl carbonate (89),

Vinyl chloroformate (36‘uL,\0.42 mmol) was added to a rédlution th
bromoketone 88 (0.10 g, 0.32 mmol) and pyridine (62 uL, 0.76 mmol) in

dry dichloromethare (5 mL) at 0°cC. The mixture was 'stirred at room
- . o
temperature for 1h and then washed with cold 5% hydroghloric acid, satd

3
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NaHC0a, and the brine. The aqueous layers were extiifi>d with

‘dichloromethane (3 'x 10 mL) and the combined organic extracts were

dried and concentrated in V;CU‘ Ty aff;rd 8§i(0.11¥af. 95% yig}d) as a
yellowish oil. An Ly i sample was obtained by flash
chromatography (dichloroﬁe eneﬁacetone; | 99:1); tlc: Rt 0i43
(dichloromethane/acetone, 98:2); ir (CHCl3 cagt): 1777 (s), 1725‘(;),

1690 (m), 1650 (w),:1490 (w), 1240 (s), 1120 (m) em-1; IH nmr (360 MHz,

CDCL3): 6 ~7.07 (1H, dd, J=43.5, 6 Hz, CH=CH2), 5.00 (1H, dd, J=13.5, 2

Hz, CH=CHz), 4.64 (1H, dd, J=6, 2 Hz, CH=CHz), 3.63 (3§, s, OCH3), 3.61
(1H, d, J=14 Hz, K-98), 3.01 (1K, ddq, J=19, 5.5, 1 Hz, H-5), 2.88 (1K,
dddd, J=13.5, 7.5, 5.5, 1.5 Hz, H-6), 2.36 (1H, br d, J=19 Hz, H-5),
2.32 {Lﬁ,‘ €, J=13.5 Hz, H-78), 2.05 (1H, d, J=14 Hz, H-9a), 1.96 (3H,
s, C-4 CH3), 1.71 (14, dd, ~J=13.5, 7.5 Hz, H-7a), 1.40 (3H, s, Cc-8

CH3); 13C nmr (100.57, CDCla): & 183.47 (s, C-2), 176.77 (s, C00),

99

150.05 (s, CO carbonate), 144.16 (s, C-3), 142.73 (d, CH=CHz), 138.28

(s, C-4), 98.73 (t, CH=CHz), 61.59 (s, C-1), 52.48 (4, OCH3), 48.83 (s,
C-S)..&b.OS (t), 45.88 (d.'C—6);' 39.14 (t), 29.86 (t), 28.01 (q, C-8
CH3), 18?11 (q, C-& .CHa); hrms: m/z calcd for CisH1906 (M‘;Br):
307.1181, found: 307.1177 (3), 247 (100), 203 (8), 177 (39), 159 (50),
131 (20), N (15); 79 (15), 69 (17}, —

§
Nuclear Overhagser, enhanccment difference spectroscopy (nOeds)

gave the following results: preéaturation of H-7a (6 1.71) gave a 7.5%,

enhancement at & 2.88 (H-6); presaturation of C-8 CH3\(5 1.40) gave a

; ¥
3% enhancement on each of the"following signals & 2.88 (H-6),  2.05 (H-

9a), and 1.71 (H-7a). ! o
' : N
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fél—(1S.6R,85)—8-Metho&1§arbonxlré.8-dimethyl—Z—oxobicyclo[4.3.0]&9n-3ﬂ

.

en-3-yl viny] carbonate '4L231L‘

Zinc dust (0.010 g) was edded to a solution of'bromoca;bonate 89
. (0.040 g, 0:10 mmol) in acetfc acid (2 mL) and the resulting mixtu;éi
was stirred at room temperature for 1h. Excess zinc was remqyed by
~filtration and Qashed with ethyl-s&hér. The comSinéd‘organic solvent
was evaporated and the residue‘redissolved in dich}oromethane,‘filtered
and, c?pcentratéd in_vacuo. The érude was purified by flash
chromatography (dichloromethane/acetone, 99:1) to afford 23‘20.027 g,

' 87% yield) as a colorless oil; tlc: Rg 0.40(diéhﬂoromethane/acgtone.

_ 96:45;\ir (CHCl3 cast): 1774 (s), 1728 (s), ‘650 (w), 1650 (w), 1490
(w), 1245 (s), 1113 (m) cm-!; 'H nmr (400 MHz, CDCl3): & 7.07 (1H, dd,
J=13.5, 6: Hz, CH=CH2), S.Oé (1H, dd, J=13.5, 2 Hz, 6H=Cﬂz), 4.64 (1H,
dd, J=6, 2 Hz, CH=CH2), 3.67 (3H, s, OCH3), 2.87 (1H, "q", J=7 Hz, H-
1), 2.75 (1H, "sextet", J=6.5 Hz, H-6), 2.70 (1H, dd, J=13.5, 7 Hz, H-
98), 2.65 (1H, dd, J=18.5, 6.5 Hz, H-5), 2.51 (14, ddd, J=18.5, 6, 1
Hz, H-5), 2.24 (1H, dd, J=13, 7 Hz, H-78), 1.92 (3H, s, C-A?FHJ), 1.86.
(1H, dd, J=13.5, 8 Hz, H-9a), 1.69 (1H, dd, J=13, 6.5 Hz, H-Ta), 1.31
(3, s, C-8 CHs); 13C mmr (100.57 MHz, CDCL3): 6 190.84 (s, C-2),
176.22 (s, C00), 150.39 (;. CO carbonate), 145.11 (s, C-3), 142.79 (d,
CH=CH2), 140.67 (s, C-4), 98.60 (t, CH=CHz), 52.29 (q, OCHs), 49.30
(d), 47.77 (s. 618). 42.91 (v), 40.08 (t), 37.04 (d). 32.70 (t), 26.99
(q, C-8 A CH3), 17.94 (q, C-4 CH3); hrms: m/z calcd for CisHz006 (M*):
308.1260, found: 308.125? (62), 248(23), 233(32), 221B612), 204(17,
178(73), 163(17), 161(100),,133(43). 105(21), 91(31), 77(26).

- Nuclear Overhauser enhancement difference spectroscopy (nOedsJ

gave the following rgéults: presaturation of H-1 (6 2.87) gave a 5%

fe
i

/
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enhancement at & 2.75- (H-6), 8% at & 1.86 (H-9a), and 4% at & 1.31 (C-8

CH3); presaturation of H-7B (6 2.24) gave a 5% enhancement at & 2.70

- —

(H-98); presaturation of C-8 CHs (q T.31) gave a 2% enhancement on each .

¢

of the foliowiné signals: 6 2.87 = (H-1), 2.75 (H-6), 1.86 (H-9a), and

-~

1.69 (H-7a). .

S

rel—(1SABS,5§{7R,9RL1JR)-1,11—carbonyldioxy-S—methoxycarbonYl-S.9-‘
i ’ A >

dimethyltricyclof7.2.0.03. 7 Jundecan-2-one (23).
\A degassed $olutgon of carbonate 23 (0.01 g) in dry acetone (100 -
mL) @as irradiated with a 250-w‘mediu; pressure mercury lamp through a
Pyrex filter held in a Pyrek immersion g@ll for 12 h. The solvent was.
removed in vacuo and }he residue purified by flash-chromatography
(dichloromethane/aceton: 97:3) to give starting carbonate 23 (0.004g,
40%) _ana 25 (0.004g, 40%) as a colorless oil; tlc: Re 0.34
(dichloromethane/acetoﬁé; 96:4); ir (CHCls cast): 1812(s), 1726(s),
1490(w), 1200(m) cm-¥; H nmr (360 MHz, CDCla): 6 5.05 (1H, dd, J=6.5,
3.5 Hz, H-11), 3.68 (3H, s, 0 CHa), 3.15 (1H, td, J=10.5, 8 fiz, H-3),
2.98 (1H, ddtd; J=12, 10.5, 7.5, 4.5 Hz, H-7), 2.69 (1H, dd, J=14.5,
ﬁ:égﬁz. H-10a), 2.42 (1H, dd, J=13.5, 10.5 Hz, H-4B), 2.24 (1H, dd,
o=14.5, 3.5 Hz, H-108), 2.07 (1H, ddd, J=13, 8, 2 Hz, H-6), 1.96 (1H,
add, J=13.5, 8, 2 Hz, H-4a), 1.86 (1H, dd, J=13, 7.5 Hz, H-6), 1.82
(1H, dd, J=1§.‘4.5 Hz, H-8a), 1.33 (1H, dd, J=14, 12 Hz,. H-88), 1.é§
(3H, s, CHs3), 1.26 (3H, s, CH3); 3C nmr (100.57 MHz, .CDCl3): 203.02
(s,"Czg), 176.95 (s.-COOf. 154.43 \(s, CO carbonate),  88.44 gs. c-1),
72.78 (d, Cc-11), 52.51 (g, OCH3), A§.96 (d, C-3), 48.38 (s), 47.40 (s),
44.37 (t), 41.62 (t)._37.44 (t), 36.84 (t), 35.55 (d, C-7), 23.69 (4):

23.36 (q); hrms: m/z calcd for CisHz2006 (M*): 308.126) {found: 308.1252
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(16), 27§ﬂiﬁgﬁ$249 (12), 205 (22), 204 (43), 186 (39), 175 (15), 161
N o . - . :

) > ;
(30); 169 '1(26), 133 (26), 126 (46), 109 (27), 97 (51), 96 (82), 81
(100), 79 (66), 73 (78), 71"(25)."' : |
, chlear Overhauser enhancemént diff#rence spectrhscopy (nOeds)
gavéithe following results: presatur;tion of H-11 (6 5.05) gave 6.5,
2, and 3% enhancéme;ts'aat 6 3.15 (H-3), 2.98°(H-7), and 2.69 (H~10a),
respectively; preéatur;tion of H-3 (6 3.15)‘ gaQe 10, 5, 6, and 4%
enhancemehts'gt 5§ 5.05 (H-11), 2.98 (H-7), 1.96 (H—&dﬂ. and f.28 (CH3)
fespectivq}y; presaturation at H-7 (6 2.98) gave &, 7; and 7%
eﬁhancemengﬁ at & 5.05 (H-11), 2.69 2 (H-10a), - aﬁd~‘2.07 (H—Sa),

respectively; preéaturation at H-10a (6 2.69) gave a. 5% enhancement to

each of the signals at 6 5.05 (H-11) and 2.98 (H-7). ’

L4
/
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