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L  ABSTRACT

' The sesquiterpenes warburganai (1) and. muzigadial (2)
e ‘ R \
are isolated from bhe bark.of the East African tree

}

Lo
[

-

fAWarburgia ugandensis. These two compounds display an

interesting biological profile. .

- In this thesis we describe the synthesis of optically
dypure warbqrganal (1) using the resin aciq levopimaric acid
(17) as starting material. This- transformation ‘was
carried out by removai.of'the~top’“isoprene unit" in
'severai steps,anddmodification of'ring'BNto introduce'the
hydroxyaldehyde enal functionaiities. Conversion of the

"C—4 carboxylate group to a methyl group was accomplished

4 o

‘1n two different ways from one of the intermediates in- thex_

,synthesis. l S =

'
4

- The synthesis of compOund 100-3 is also described.
Hem1acetat’45, one of the intermsdiates in the synthesis

. of warburganal (1), was used to carry ‘out the skeletal

]

~ transformations in® ring A using the. 0-4 carboxylate group

as the entry for the required modifications. Alcohol

\100-3 is an attractive intermediate towards the synthesis

o

of' muzigadial (2). since it contains the C-3 a-methYl group -

:and a masked exocyclic olefin at C-4.:./
. & </

s
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JINTRODUCTION .

-

Man has -been using chemicals for many years now to
protect crops in the field and in storage from insects.
Although the chemicals used are often effective invk}lling

the target insect, most of the insecticides have other,
. ( \
often deleterious, effects on the -ecological’ environment
. o E ,' - . '
where they are dispersed. 1In the redent past considerable

\

' —eaffort has been made to develop new methods to control

pests in a.more ratiomal, less environmentally harmful

[

. way.

The study of tﬁe piant—insect interaction in its n
naguréf environ$ent has enabled us to ngéeet alternative
ways t; control insect damage. ' It is thought that one éf
the functions of some of the secondary metabolites present
in a plant is to protect against hatural enemies.
Compounds with insect antifeedant ictivity* isqlated\fromJ
plants include glycosides of steroidal alkaloids, aromatic
steroids, quiﬂbnes, germacrane sesquiterpenes) clerodanes,
‘and ffiéoids.1  |

3

*Antifeedants are defined as substances which bfing sbout
- a cessation of feeding, either temporarily or permanently,
.depending upon potency. , N ’

e —



Kubo, Nakanashi and coworkers reported the isolation

s

and identification of the drimane warburganal (1)2 and

muzigadial (2)3 from the bark of the East African tree

Warburgia ugandensis ("Muziga” in Swahili). The bark of

W. ugandensis is employed widely in folk medicine and as a

spice in food by the native people. These two drimane

sesquiterpenes are among the strongest antifeedants

’

against the African army worm, Spodoptera exempta. Leaves

thch had been dipped into 0.1 ppm solutions for 2 s are

not eaten by the ‘ysects and lead to insect starvation.2

’ »

CHO

. L= H ,
. s y
. ' The enal-aldehyde moiéty and its special arféhgement ;

piay”gh essential role in the gntifgedant activity, as
. o : )
'~ indicated by simple correlations. Polygodial (3)? ana

cinnamodial (4)5 are weaker dhiiféedan;gyfhan warburganal



(1) and muzigadial (2). -fhia suggests that the éq;-
hydroxyl'is eesentiar'fpr'the stroné activity and that the
6g -acetoxyl interferee in the binding of 4 decreasing its
activity. When the 9 5—eidehyde group of polygodial (3)'
is inverted into the 9q orientatlon by mxld treatment with
base, antifeedant activxty is 1ost6 It is interesting to
note that active antifeedants taste hot and spicy to the
human tongue; whereas all inactive deriyatives are devoid
of hot taste.7 -

Warburganal (1) displays an interesting biological

profile. It is a potent antifungal (against Candida

albicans, Trichophyton mentagrophytes) and antiyeast

(against SacCharomyces_ggetorianus)‘agent. 'In addition,

'warburganal (1) and muzigadial (2) show molluscicidal
o

vact1v1ty. an 1nd1catfgn ehat they may be useful in the
_control of the dangerous schletesopes either by Xkilling
‘ 'schi,a't.o‘some—t_ransmitting snail or by direct 'action.®

| rThe.reﬁarkable biological preperties,of these

. substances coupled with theireunique structure have .
‘at;racted_éﬁe attention bg’severalﬂgroups. The total.
synthesis of werﬁurganal (1) has been.accomplished
'startlng from (- ) abietlc acids, 2,6, 6-tr£methy1 l-vxnyl-
cyclohex-l-ene.9 loxsodriinenin,l1 5.5, 9-trimethy1-trans 1~

decalone,12 and through a metathesis/transqnnular ene
' ;

sequence to the required trans-fused decalin



derivative.13 One: synthesis has been reported for

\

muzigadial (2) and it was accomplished starting from 9-

methyl-AS(lo)-octalin-l 6—dione.1 ’
Chno and coworkers8 reported the syntheSis of natural

warburganal (1) using (-)-abietic acid (5) as chiral

starting material (Scheme I). The double ‘bond in ring B’
. dis in the correct posxtlon, thus they reduced the -
carboxylate to a methyl droup, removed the extra five
carbons, in ring C, and introduced the hydroxyl group at

. —
C;9« These transformations were carried out by T

regioselective hydroxylation of the double bond of ring C ;o

esterification of the acid then reduction of the ester to

o
-

methyl group by a well established sequence of’ reactions

to obtain 6. Oxidation of the diol with lead tetraacetate
and protection of the resulting aldehyde afforded 7.
Ketone 7 was treated under kinetic conditions to form the

enol silyl ether then subjected to ozonolysis to give 8,

)
and this was subjected to the same condltions to give the

- aldehyde 9. Introduction of the tertiary hydroxyl group

at. C-9 was effected with Vedejs reagent (M005 pyoHMPA)

This was followed by removal of the protecting group to .

aﬁford ( )-warburganal (1) ‘
Meinwhrd and~coworkers used the commercially

availabls ketone 10 as the starting material in their

'asynthesis of muzigadial (2) Scheme”II depicts‘the route

~
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.SCHEME I

. Ohno's synthesis of warburganal (1)

- .,
. o) .\‘
. ¥ .
N \‘,. '
N .
e, £ : 1 ‘
_— N <.
<f4
. . Y

) , R ) N .
R ! . : .

-

. a). Pb(OAc)gs b) HO(CH,);OH, TsOH; c) LDA, HMPA, TMSCL,’

"st3ngfd)4?b3;'uezs; e) ;LDA,'MoosopypgﬂPA:.f)"flqﬁlacdtone_



SCHEME 1I

Meij.nwal"d\'s synthesis of muzigadial' (2) |
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A . . .
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a) MED, - (CH,0H),; b). CHpPPh3: c Li, NHzy d) BHseTHF,
. Hp02/NaOH; e) l’¢f9‘3'°»PVY?“f)}| N30¢H3/633QH;.-_ g9) 1,§_~.Hci/§cOH/Tﬂ¥ o



*enployed to introduce the Becondary methyl and exocyclic“

'methylene in- ring A. Chemoselective protection of one
‘carbonyl followed by a Wittig reaction afforded 11. f“vv

I

Reduction of the diene moiety with metallic lithium in;ﬁ

‘ammonia yielded a mixture of isomeric olefins (12 and 13)

‘fwhich under oxidative hydroboration conditions provided

the diasteriomeric alcohole l4. Oxidation of the alcohols-

'

gave a mixture o£ decalones. Epimerizatlon of the mixture

under basio conditions afforded ketone ‘15. Reaction of lS
with methylenetriphenylphosphorane prov1ded the exocyclic
olefln and was deprotected to gi%e ketone 16. This ,p
1ntermed1ate in thelr synthesis towards . muzigadial (2)
contained the required functionalities and stereochemistry
.in ring A The 1ntermediate 16 was elaborated in a‘Lf
further series of steps to prov1de racemic muzigadial (2)

", ?;‘
, Levopimaric ‘acid- (17) has been used in- Ayer s

" &

‘laboratories as. starting material in several attempts to -?
Asynthesize natural products. It was, for example, used as i
starting material for the chemical correlation of atisiﬁq

lwith the resxn acids,l4 and in model. studies on the _”i 2#i:',:
Hathfane-acosane rearrangement.15 Levopimaric acid (17) is ”
éa member of . the so called resin acids.‘ Resin acids are f~ 0
) monocarboxylic acids having the typical molecular formula

'.52083002 and are classed as being of the abietane and

N ":-

pimarane types. Resin acids are the major component of



~levopimaric acid (11)a ‘We were also aware of the

-foraxohui'r’ A

- ,.' ' ' A [
rosin, a eolid resinous material that occurs. naturally as

part of the exudates (known as. oleoresin) of pine and R

v .
t

other éoniferous trees.16
The availability and low cost of levopima;ic acid

(17) make it a very attractive starting material for the .

¢

synthesis of natural products. An additional important

| feature is the fact that levopimaric acid is optically

pure and thus may be transformed to optically active

natural products.’, o ‘ -.." K
We felt that warburganal (l) and muzigadial (2) could“

be synthesized by degradation and modification of

etructural similarity of-some'of our'probosed

: intermediates to forskolin, a cardioactivercompound j"

produced by the Indian medicinal plant Coleus “. )

IE . ' ‘
' ~

. FORSKOLIN -
PR IR
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Levopimaric acid has the same absolute
. K Cet u" N
atereochemiatry at C—S and C 10 as warburganala

muzigadial and forskolin?/ As well, the carboxyl

functlonallty ‘of levoplmarxc acid may be)used to introduce /)/

“the requisite functionallty of rlng A in muzigadial.‘

*

Our synthet1c plan (Scheme III) requlred the

transformation of the abletane skeleton to a drimane {

Po—

‘ skeleton by removal of the top ”isoprene unlt" ‘ We"
envisaged that such a transformation c0u1d be achieved f““,;”

: through format1on of endoperoxide 18 31nce both oxygens of
. , A

p the endoperoxide could be used in’ the synthesis.‘ The";

a
Y

I1soprene un1t would be remoVed by cleavage of the olefin
ffollowed by cleavage of the bond bet;een C 11 and c-12
| utillz1ng the oxygen on C—12.‘ Functlonal group d
manlpulatlon of the drimane intermedlate 19 (dehydration
-of the C-8 alcohol, 1ntroduction oﬁ the C-9 hydroxyl‘
‘group, and the reductlon of the methyl ester to a methyl

"fgroup) would furnlsh 4u-methoxycarbonylwarburganal.h* (20}“

and warburganal (10 Ig d_'QVIIng ij;,*g;L}’“,f¢;~

Co S O ST S
o Loy, ’ " o o . f . . N

-

‘_*Arl synthetlc intermedlates are numbered according to co
the ‘abietane skeleton conventional numbering system except
.. for those’ intermediates possessing. the drimane, skeleton.:
' These are numbered accordxng to the conventional drimane
”*\”numbering system.‘, o . RS T
>*fIt is-recognized thaﬁ’this name’ is not strictly correct, o
the compound is the 4a-methoxycarbonyl congener.'~ SN
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19 18 I
ABIETANE SKELETON

W oRecocH,

|  'SCHEME I1II' .
‘_S‘yritheﬂt‘.ic approéch to warburganal

y

14 13

DRIMANE SKELETON

. 19 R=cCOCH,
& M R=CHy

10 .

.\\
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The synthesis of muzigadial,(Z) (Schemen;V) would

\
R

requira many of the transformadﬁons used in the synthesis‘

of warburganal (1) : An intermediate prepared ih the

aynthesis of 1 woul& be used: to carry out transformations

1

on ring A

1 l

envisaged”hat‘formation of the exocyclic olefln 23 wouId |

"uacthate C-3 to introauce’the “C-3 . methyl group (24)

. Formation of intermedlate 24 should allow synthesls of

r*muzigadial (2) to be compieted u81ng a funetional ‘group

j;carboxyl group to a methyl group‘ sypthesls of ?'g

, four headlngs.' (1) Transformat;on of the abietane

Y

'transformatlon sequence 81m11ar to that employea for -

;o REA .
L SN ) e .
SN ) ) "

v

warburganal (1) ‘
To facilltate the'aiscusj}on of the s¥nthet1c

2

ts

i

4y .

‘skeleton to the drimane skeleton (2) Synthes;s of 4a-',

\

l

give the muzigadial r1ng ‘A, functionality. We‘

m
4

’studies. the resultd>w1ll be presented under the follownng

Umethoxycarbonylwarburganal (20) (3) Reduction of the )f’f

12

:be the fi st step.‘ The double bond of 23 could be used to

warburganal (1) ; (4) Ring A transformatlons.‘ Towards the s

e \,

» 8

synthesis of muzigadial (2) .ﬁif ‘{*J ﬁba'

S e

AR
o a '
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., RESULTS AND DISCUSSION
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g 1§n Transformation of the Ab1etane Skeleton to the Drimane

T~ b . oy
Skeletgn C W\ S ‘K",ﬂ, o
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Levoplmarlc acxd (17) was | isolated from the pine

oleoresmn uslng the procedure reported by Hedrick

y

(reported18 Lalp 265° found [aJ - 265 ) -

f

Esterxflcatlon of 17 wlth dxazomethane affprded methyl

\‘ -‘n

levoplmarate 425) 1n 98% yleld. The 14 nme spectrum of "

25 dlsplays two v1ny1 protons (65 50 (d, 1 5. Hz) and

65 ll (t,.4 Hz)),“two quaternary methyl groups (61 17 and

60 89), an 1SOprOle group (50 95 d 7 Hz, 6H), eqd»a““

carbomethoxy group (53 65) o . ’&wggﬁm*

D En@operoxlde 18 was’ fdrmed by photooxygenatlon Qf 25
‘as descrlbed by LaWrence19 u31ng rose bengal as

<y

‘sensztizer. Ah ethanolic solution of 25 was irradiated B

t LIS N

WLth a 40 wgtt 1ncandescent lamp'at room temperature for 9 f'

h durlng whlch txme oxygen Qas bubbled through the ;f‘ﬂ‘@f

sdlutlon. ’Eﬁaoperoxlde 18 was formed as ‘the majorl .
R e S L
SRS &
o v » @ “ .\“ ia - i It 'lf
! L] _H‘. f . ‘o G ‘ . t
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fa ietate (2%)‘ Additlon of singlet oxygen to the diene of

o
ﬁuas occuro from the less hindered a face. The high

f\ oty cat '
agpblutlon mass spectrum (hrms) of 18 shows a. molecular

ion at m/z 948 corresponding to the molecular formula \

1 n /!

C21H3204 apnd a fragment ion at m/z 316 (021H3202) for Mt
minus two oxygens- The lﬂ nmr spectrum of 18 dlsplays a

vinyl proton, ah 1eopropyl group, a.quaternary methyl'
.

"group (61. l4),'and a high field angulqr methyl group
‘»,(60 57) The shlft of this 3ignel to high field is caused

“by the ehielding effect of the double bond 20

M\

Intermediate 18 is suitably oxygenated at C—12 for

T

the“removal of the ”ieoprene unit" We planned to cerry

out this transformation by cleavage of the C-13, C-l4

double bonds £0) lowed by selective protectlon of the

_resultent aldehyde.v Treatment of endoperoxide 18- with

, 'Al4 ey
' '6 .
’ozone at -78’C in CH2C12/CH3OH (9:1), foll"ﬁaphy . .

‘Freductige work-up with methyl sulfide21'gavevéompopnd 22'

&)

.ea an oilki'lts‘lﬂ hmr spectrum is conslstent with.theq’

‘ essigned structure, in particulerb B displays an aldehyde tv

. proton as a ainglet at 69. 77. A small peak in the hrms of |

f27 at. m/z 380 (Ca1H;350¢) confirms its molecular formule.
Protection of the aldehyde as the dimethyl .acetal washyﬂ

achieved by treatment of 27 with methyl orthoformate under

1;

-
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L%

CH(OCH;),

-~ - ¥ ’co,cH,
28

N
Kl

mild condxtlons (Eftoluenesulfonlc acid, B;TSOH, room
temperature) to afford. 28 in 68% overall yleld from
endoperoxxde 18 Chemical ionization mass spectrum (cims)
of compound 28 shows an ion at m/z. 444 (M* + 18) Thé 1y i
nmr spectrum of 28 dlsplays three methoxyl groups és ’
,single:s (63.67, 6§3.60, 53.46) ,and a one proton quintet at
62.96 (7 Hz). The other signalé.are consistent with the
prOposed structure for 1ntermedlate 28. | |

We felt that cleavage of. the peroxlde br1dge .of 28 to

-

glve an q-dlketone would prov1de an useful 1ntermed1ate

Methods of conver51on of endoperox1des ‘to B or y

> hydroxyketoneS have been reported..z2 The transformatlon
is carrled out by abstractlon of the proton gemlnal to the
T L

,peroxlde. 1nduc1ng the heterolytlc cleavage of the 0-0

'bond. Mlld bases such as amlnes or alkoxldes are used if

‘the gemlnal proton is actlvated by another functlonallty.

ta



Y
i

Compound 28 wag treaﬁed with tfiethylémine (Et3N> in
ch.lorofo for 48 h. The "a—diket'one 29 was obtained ‘.as a
yellow oillafter purification of the crﬁae product. .A
yellow célgr‘is charaéteristic of a-diketones.23 The
infrared spectrum (ir) of 29 shows absorption bands®
-characteristic of hydroxyl (3456 em™1) and EarbonYl (1725

cm”l)igroups. The 14 nmc spectrum of 29 shows that almost

' ¢
all of its signals are repeated, indicating that 29 exists"

in solution as a tautomeric mixture of the S-membered
hemi acetal, 6-mémpered hemiacetal, and the hydroxy D

diketone form.

30 R=H
3f R=D -

16

‘With the a-éiketone 29 in hand, we sought methods of

preparation of the ean dérivative'of the C-12 carbonyl.
' To avoid problems in distihguishing between the C-12 and
C-lB\bafbonylsi we attempted to protect the,C-13”cafbonyl

as -its gofreéponding 6-memg;red methyl acetal-



Tredlment*bf a~diketone 29 under standard conditidne
for acetal - formation gngqu/CH(OCH3)3) gave a product
,(30) which provxded colorless needles {(m. p. léo 182 C)
after recrystallxzatlon. Analysls of ' the spectroscopic
.. data for this crystalllne compound suggested that the 5-
membered acetal had formed instead of the desxred 6~
membered\acetai. Tne 14 nmc epectrhm‘of,compdhnd-BO
displays four singlet methoxyl groués 153.20, §3.56,

§3.26, §3.25) and a quintet at §3.34 (7 Hz) corresponding,

17

to the methine of the .isopropyl groué. Theydhemical’shift .

observed for the methine proton was more appropriate for a

proton alpha to a ketone rather than to an ecetal.
The structure of compound 30 was confirmed by the

following’experiment; Treatment of 30 with"sodium

"

methoxide in methanoi—d1 yielded compound 31. Ite\ir
spectrum ehows.an absorption band for carbon deuterium
stretching (2190 cm™1). The .1H nmr speettym‘of 31.does
not show the iséprdpyl methine (§3.3q; qnintet).but shows
the methyl Qroups of.the isopropyl moiety qgitwo einglets
- (61.12 and §1.08). Tnese date confi;m the”p:oposed
struetureufor hethYl aceta1'30. “ } | -
We found that protection of- the C-13 carbonyl of 29
was not re uired for formation of the desired a-oxo-enol

acetate. When a-dxketone 29 was treated wlth

dilsopropylethylamine (i-PerEt) and acetic anhydride

.



ao
(Aczo) two products were formed in a ratio of 13:1. The
use of triethylamine as the base gave a product ratio.of
11, Examination of the spectral data of the product
revealed that. the desired enol acetate 32‘was present ‘as
'the major component 1n the diisopropylethylayine catalyzed

reaction.

CH(OCH3)2

»"002(‘:”3
33

- The ir spectrum of 32 shows absorption bands for
hydroxyl (3550 em~1y, ester (1759 cm~! ana 1725 cm“l),
conjugated carbonyl (1686 cm‘l). oLefin (1640 cm’ }7 and )
the characteristie &trong band for c-o stretching of an
enol acetate (1212 cm‘l) 24 The cims of keto enol acetate
32 has a peak at m/z 486 (M" +18). 1ts 1y nmr’ spectrum

.diaplays a vinyl proton ‘ag. a doublet at 6. 45 (11 Hz), the

-flisOpropyl methine as a quintet at 63 06 (7 Hz) and an }=

3

aqetoxyl methyl ainglet at: 52 22. The stereochemistrx of
_'the double bond was assigned as (z) becauae of the low ﬂﬁ.“

';field chemicar'shiit of the vinyl proton 25 “: | fl



Y
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The minor'component, keto enol acetate 33 shows ,ir
e

and cims bpectra similar to those of 32 However 1y

| nmr spectrum<of 53 does not dxsplay the characteristic
signal for the 1sopropy1 methine indicating that enol -
iacetate formation has occurred between C-13 and C- 15
P W1th enol acetate 32 in hand,‘we planned to removed
“the 1soprene unlt“ by orldative;cleavage‘of the doubié
dbond.‘ When.comﬁound 32 was treated with}ozone.at
different temperatures (—70°C to r:t.),ouer a long period
of time (3 h) only starting material was”recovered.
Treatment of 32 w1th osmium tetroxide under the Lemieux—

26

Johnson condltxons or in pyridlne27 yxelded only

-recovered startlng materlal.

" .
% ty

Potassium permanganate has been used for the ;
‘oxidatxon of the dlosphenol .acetate 34 to the- ketoaczd
35;?8 When cofpound 32 was treated w1th potaesium
permanganate under'the same reaction conditions the only
Qmaterlal recovered after work-up was the unreacted enol

f'acetate 32




’ )

: Reaction of 32 with ruthenﬁum tetraoxide,29 or mé.

~

‘ chloroperbenzoic acid for prolonged reaction, times led to.

N S
recovery of unreacted compound 32.“"'

A !
oy

The inertness of enol acetate 32 to a w1de variety of
oxidizing reagents w nexpected.“ This 1ack*of |
‘reactivitv'of’gé ma' b explained by . the folloW1ng co
factOrs? It may be difficult for bulky ox1d121ng agents
to approach the congested env1ronment of the olefin,

"

and/or the olejin may be deactivated'by congugation with
the carbonyl.. R S ’ o

| We thought that reduction of the conjugated ketone of
32 to .the corresponding allyllc alcohol might make the |
enol acetate more reactive to oxfdative cleavage B
reagents. However, attempted reduction of compund 32
/under the Luche'’ s conditions3° (NaBH4/CeCl3 in methanol,

ethanol, or 1so-propyl alcohof) gave a complex mixture of

products.
) &

Thwarted 1n our. attempts to cleave the enol acetate
AR % : .-
- 32, ‘we turned our attention to a different approach to ;V

remove the "isoprene unit"-'

Reduction of the ketone 28 Wlth NaBH4 under ptandard :

= condltions gave an epimeric mixture of alcohols 36. Th?.
1r spectrum of 36 diaplays an absorption band for an
i hydroxyl group at 3537 cm 1, The.lﬂ nmr spectrum of 36 1s

consxstent with the assigned structure, 1n particular,

20"



\
\it shows the protons g nal to the hydroxyl group at o
63 35 (dd, ll 5 3 Hz) and 83. 12 (dd, 8. 5. 4.5 Hz) in a.

‘ratlo of 3 2 respectively, indicating the epimeric naturehu

1 .
‘\‘ . .

of alcohol 36. | . R ".,p‘”

. v‘ﬂv‘J'
We found that the epimerlc mixture of alcohols 18

converted to the hemlacetal 37 when it 1s treated w1th

1

La

2

base (CH3ONa/CH3OH) at room temperature. The structure of .

‘ compound 37 was conflrmed .as follows,‘ Its cims shows a M+

4 18 1on at m/z 374 (17%) and a molecular ion at m/z 356

,‘(kg%) for 019H3206.V The hrms of 37 shows ‘a fragment at
m/z 338 (C19H3005) corresponding to the molecular ion k5‘

”minus water.1 The molecular formula of 37 has C4H80 less ,' |

';than 36 (C23H4OO7) The ir spectrum of 37 shows an

o>

?absorption band at 3480 cm -1 for an hydroxyl group and at

.1725 ‘em™ 1 for the ester group.' The 1H nmr spectrum

:indicates that 37 exists as a mixture of epimers.;:ltffn

'dlsplays signals for two quaternary methyl and three f"ﬂ



"o
b

methoxyl groups.' The.gharacteristic signals for the
pisopropyl group were absent in the spectrum., .

“'f Acetylation of 37 under standard conditions
(Aczo/Et3N) gave an epimericﬁgi§tu£g_of acetal acetates 38 |
and 39 ‘which were separated and characterized. ' The ir. and
.‘hrms spectra are, in agreement with the assigned structures

: Qf 38 and 39.‘ The a-‘and p-epimers ofrthe ecetal acetate
,‘were identified by analysis of the 1H nmr . spectrum of 38

‘and 39. o : . e

~ CH(OCH3)2

‘Glfri;

The 1H nmr spectrum of 3§ displays Hr12 as a one‘:ﬂ |
“proton doublet at 56 37 (5 5 Hz) coupled to one proton‘at
_52 46 (ddd. 14, ll 5, 5 5 Hz). Irradiation of the signal
‘ at 52 46 collapses the signals at 61 95 (dd. 14,.7 Hz.,
H-1lg) and 51 54 (dd, 11 5, 7 Hz, H-9) to doubletﬂs.,v |
nExamination of molecuiar models reveals that H-12
ifpossesses a dihedral angle of ca.,90' thh H-lla when the

5 acetoxyl group has an a orientation (Figure 1 A).: The ,ysa,f‘f"



].Figure l,‘lﬁartial Newman'projeCtion”of 38 and‘39. o f

b

. ' o — ! P o,

Karplus rule31 wOuld‘predict'a coupling‘constant of ca. Q
~ [

Hg_petween H-12 and H-lla whlch 1s observed in the 1H nmrf

spectrum of 38.° ‘"H % ”

The 1H nmr spectrum of 39‘dlsplays H—12 as a” one

\

proton trlplet at 56 16 (5 5 Hz) Molecular models of 39

+ are ‘in agreement w1th the mult1p11c1ty observed for H— 2 “"~s--

»“1n 1ts 1H nmr (Flgure 1 B) Further support for thlB
*-stereochemlcal a551gnment 1s obtalned from subsequent

‘1ntermed1ates 1n the synthesxs.

The transformatlon of 36 to 37 can be classifled as -

'fan heterolytlc fragmentat:.on.32 A plausxble mechanism for

Ty
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‘the fdrmatibnvbfn37“frdm'36 is ehown iancheme‘V.

v
t.

ﬂayncﬁtonous mechanlsm opepates only when the orb1ta1 of

' \

‘the free palr‘of electrons of the alkoxlde and the 0 0

bond ‘are anti and parallel ant1per1planar to . the C- C bond

.

. et . : . o , -
to be broken.~ L ‘ A
i : e v SCHEME V= o oo -
R ) . . . : - . ' ' o ol
.. .. . Formation of 37 from 36 B
{

bl .

"Snch'a‘

24

A
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‘h The carbon skeleton of 37 closely resembles that of
the drlmane sesqu;terpenes except for an extra carbon at

C- 11 We felt that this carbon could be removed by

. ‘ \
.oxldatlon of enoL ether 40, wh1ch in turn could be formed
by . dehydratlon of 37.‘ \ ‘
: o A\
' ' " \' <
OH

" |l

"ICOZC‘Hg
37.

HIt~is expected that enol ether 40 would betmore

— . ’

reactlve towards ox1d1z1ng reagents than compound 32 f
-\J

. et )

'« two reasons The olefln should be more accessxble to o
vl
Sy

attack by the oxldant and the enol ether 1s expected to be L

e .5

mmore reactlve (toward electroph11 than the ketoenOI‘

v acetater f,} ,fpf_.~‘g" R o “7"" ,_‘ e :'v,“

van Tamelen and coworkers33 have reported the

‘formatlon of the Az-dlhydrofuran from y-hydroxyaldehydes.;'w

r';by pyroly51s (285 295 C. 0 01 mm Hg) of the correspbndlng

o

acetal acetate.‘ W1th other dehydratlng reagents A2

‘.
' r

':'dlhydrofurans were ‘not obtalned.;hh~' &&"fllf.” [31 -

We attempted to dehydrate hemlacetal 37 by a vatlety

A

‘f,of mald dehydratlon methods. Treatment of 37 with l;f',gifa

-~
P ,

'CH(OCH3)

' o .
ol't- .
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d'phosphorous oxychloride (POCl ), thlonyl chloride (SOCl

2);

26

"p;toluenesulfonyl isocyanate,‘or Burgess reage.nt34 gave a

. conplex mixture of products.
Howeve{ when 37 was treated thh mesyl chlorlde

‘(Et3N/CH2C1 )35 two cycllc methyl acetals were obtalned

(41 and‘42).w Slmllar resultsvwere obtarnedkby breatment‘

" of'37,with‘iodine (refluxlng toluene) or p-TsOH (r.t.).

The c1ms of compound 41 has a peak. at m/z 342 for M+

'.

and 1ts hrms shows a’ fragment at m/z 295 (100%)

. "‘+ ‘ 7
‘t‘

cor espond1ng to C17H2704 (M '-'CHO) The 13C umr

/ _ i
RS S ; ‘
m Jlecular fornula obtalned from the mass spectra.‘u”

-'J '\,

!quaternary methyl groups (61 10 and 50 82), two slnglets;fi

for methoxyl group (53 64 and 63 39), a doublet at 59 82y‘

¢t
ll‘
S

l The 1H nmr spectrum of 41 dlsplays two singlets for"

trum shows signals for elghteen carbons conflrmlng the ST

L Sa

(1 5 Hz) for an aldehydlc proton. and a triplet ai &5 24f~f7j

(5 Hz) for H-lzs_ H-?p appears as a doublet of trlplets at .l

'7:.‘
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QE 44 (12. 3 Hz) Its unusual downfield chemical shlfe 1s

caused. by the anisotropy of the oxygen on C'é‘36‘kh -
Decouplxng experlments show that the aldehydic proton and
- the H—?B are coupled to the same proton 1n the complex

‘ reglon at 51 BL; lS Nuclear Overhauser enhancement (nOe)

experlments supported the proposed structure for 41

"Presaturatlon of the 81gnal at 69 82 g1ves an enhancement

“«

of 7% at 61 10 and 17% to ‘the" angular methyl (50 82) .

}

“The spectroscoplc data for the aldehyde 42 (1r, hrms,

27

~and 13C nmr) 1s very 81mllar to‘that for compound 41. The,

14 nmr 5pectrum of 42 is consrstent w1th the proposed '

3structure,'1n partlcular, 1t dlsplajs a doublet at 55 31

(S, 5 Hz) for H—l2 and a 81nglet at 59 61 for an aldehydic
proton.- A nOe experlment gave the following resuPts.»

lPresaturatlon of the angular methyl grouP (50 76) 1nduces
e Ve

l*an enhancement of 12% for the singlet at 59 61, 7 5% for

‘the slgnal at 52 06. (H—llp),\and 15% for the slgnal at

-"51 13 (C-4 CH3 The methoxyl group on C—lz was asslgned

aithe a orientathon due to the multlplicity of the s&dnal at

‘ffshown 1n Schemﬁ VI. T@p observations support our proposed

I

wlmechanlsm, 'Th

;L-after 37 had H'en COnsumed 1ncreases the rate of the"

,formatlon of 4

addltlon of water to the reaction mixturel‘

'(as observed by thin layer chromatography..r:~
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SCHEME VI

--%

Formation of 41 and 42 from 37

0

CH(OCH3 )2

; »
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. 4 .
tlc), and long reaction times increase the amount of the

-~

mcre stable cyclic methyl acetal 42. /s
At this pcint we decided to change the aldehyde

protecting groupxto the more stable dioxolane because it

would not migrate during the mesylation‘reactioﬁﬁ

Ketoaldehyde ‘27 was protected under mild conditions3”

(ethylene glycol/CH(OCH )3/benzene,Fng80H, 45°, 160 mm

Hg) to obta;n 43, The overall yield of 43 from . &
, . U o

levopimaric acid (17) is 49% when the reaction sequence is

C?ut withoﬁt purification until the final step.:

The 1H nmr spectrum of 43 dlsplays slgnals consistent with

'carried

"the ass1gned structure and shows a 81nglet at 65.37 and a

four proton complex ’1t1 let at §4,20-3. 84 as is

Reductlon oﬁ?the ketone 43 (NaBH4/CH2C12/MeOH)
ylelded ‘a mlxture of eplmerlc alcohols 44 in a ratio 7:3

as determined by 1y nmr~(from the -signals Of the protong



?

' geminal to the hydfoxyl, §3.30 (dd, 8, 3 Hz) and §3.18 (t,

5.5 Hz)).

Heterolytic fragmentation of 44 under. basic
conditions (CH3ONa/CH30H) af forded nemiacetal 45. The ir

spectrum of a5 shows a characteristic absorption band for

Al

‘an hydroxyl group (3428 cm‘l) in addition to the ester

carbonyl band (1726 cm ;).‘ Its hrms shows the molecular

| with the stable ethylene acetal protecting group on
compouﬁ&sss mesylate 46 was formed under standard
conditiohs (MsCl/Et3N/CH2C12) The ia spectrum of 46
jshows the characteristic bands‘for sulfonates38 (1358,

e
'1335, 1100 cm‘ll Its 1H nmr spectrum displays the methyl

30

23
. "\

' group of the sulfonate as‘a’ singlet at 53 37. The

£

'orientationQof the mesyl group wae a831gned P because of

the . multiplicity observed .for the a—12 signal (55 06, d.‘

)’-_ Id '

- 5,75 Hz).i Attempts.to tranafbrm 46 to the*enol ether ;"

- -
AN



faflea (l,BFdiéigbicycld[5;4.0]chdec-7—enerBU)/refluxing
tolue;L) 39 o ®

Pfrolygis of éuifcxides h#s becn’uscd tc‘éreparé
olefina\;n a’wide ;ariety of molecules.40 We felt that'
‘th1s met;od might be useful in the formation of the

\ "

deslred enol ether. The requlred sulfur analog of 45

AN}

could be. fcrmed by an acetal exchange‘reactlon.

‘ Hemiacetal MS was mlxég’thh th1ophenol (cat. amount of
.'trlfluoroaceflc ac1d (TFA)/CH2C1 ). B WQrk—up’of the'
reactlon mix ure ylelded three products.' The‘th major

conponents. 47 and 48, are eplmerlc hemlthioa etals. The

1r spectra of 47 and ‘48 are very elmllar w1th

characteristic bands for monosupstituted benzerne ring (740 .

e e

. . \ ..' ) g I
~and 690 cm~1). fhe.hrms‘of.47 and 48 each show a fragment

corresponding to‘Fhe molecular ion at m/z 446 (CpgH3404S) .

"y

31,
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. The epimeric hemithioacetals a7 and 48 are

I

diatinguished by their 1H nmr epectra. The minor . -
conponent 47 displays H-12 as a doublet ‘of . doublete:at iy
65.54 (9 6.5 Hz) and slows one dioxolane proton as a |
complex multipletoat 54 39. Irradiation of the signal at

64 39 collapses the multiplet at 54 10 3 71 indicating -

A

that it is one of the protons of the dioxolane group. The"

3

'coupling constants of H-12 and the deshielded nature of
one of the protons of the dioxdlane 1ndicate the X
thiophenol group has the g orientation. .The major

a

conponent 48 was assigned as the ¢ epimer (§5.63, dad, d;-'

i -+ .
N
i ¢ R

175 He, H-12).
- ‘The third component of the mixture was 1dent1f1ed as
the ‘thioacetal 49’on the basis of the ﬁollow1ng spectral
evidence. -The ir spectrum of 49 shows hydroxyl absorption‘
(35l2 cm"l) ‘;"\vhile its 1H nmr"spectrum swé an hydroxyly‘,."

aignal (62 51, s. EZO exchangeable) and ten aromatic

32 .

protons between 67 59 7 19. Compound 49, can be converted .

to 47 and 48 under acidic conditions (TFA/CH2C12) The;

‘overall yield of the hemithioacetals from the ketoperox1de®

43 is 75% when the reaction sequence 18 carried out with

'no purification until the last step.

o

‘ The hemithioacetals 47 and 48: were oxidized with ‘one

’ “ .

eq. of m-chloroperbenzoic acxd (m-CPBA) to . the J

’vcorresponding sulfoxides. The ir spectrum of compound 50

~\ k :



33,

i

'shows the'characterlstic bands for sulfoxides.3g, |
Pyrolysis 'of the sulfoxldes 50 in the presence of
triethylphosphite (addeq to destroy the sulfenic acid

formed in. the reaction41) (5 eq., refluxxng xylenes)

afforded the stralned enol ether 51.

Pl

The ac1d sensitlve enol ether 51 was’ identifled by

N

its spectral properties. The ir spectrum of 51 has a band

q , .
at 1585 cm~1 characteristlc of Az-dlhydrofurans.33 Its lﬂ‘;

" nmr spectrum was consistent w1th the assigned structure,‘
,'1n part1cu1ar.»1t dlsplays signals at 66 40 (¢, - 3 25'
v "H=-12) and 55 17 (br 8, H—ll) Conversion of the,'
hem1aceta1 37 to enol ether 51 by means of the
hemlthioacetals proyeé to be an excellenttmethod of
preparatlon.r The overall yzeld of 51 from 47 and 48 was
eavn BRI R
; &

Cleavage of the double bond of enol ether 51 was,'



: carried out with ozone (CH2C12/MeOH), followed by
'reauctive wotk-up ((CH3)28) The ‘only product isolated
.qgter work-up was identlfied’as the p-hydroiyaldenyde |
19._ The hrms hae a peak'atfm/z 346 corresponding tofthe
molecular formula clBH28°6° The\lﬁ nmr . spectrum of 19

t displays a one proton doublet at 59.92 (3 Hz) for the
aldehyde and another one ‘proton doublet at 52 17 (3 H2)
'“for H-9. The hydroxylpgroup was detected 1n*the ir

\apectrum (3505 cm 1) and 1H nmr spectrum (§2. 97, s)
. Q . .

. At this point in the eynthesis we have traneformed
.'levopimaric acid (17). with an abietane skeleton. to -
laldehyde 19 with the deslred drimane,skeleton. ‘ zl-g{f

BN

2. _‘ynthesis of 4a-Methoxxcarbonxlwarbggganal (20

34

The next eequence of reactions in our aynthetic plan o

“wam-the mbdification of the functional groups in the



‘drimane skeleton to that'of warburganal'(l)' The aldehyde
19 has the required oxidation level at C-11 and C-12. The‘
double bond could be . 1ntroduced by elimination of the . |
‘hydroxyl ‘on C-8.‘ The ;-hydroxyaldehyde m01ety could be

vderlved by stereoselectlve oxidatxon of the correspondlng
enolate. | - ‘_ . d‘ h“
| Attempts to d%hydrate the hydroxyaldehyde 1§ w1th o
lPOCl3; SOClz, or p:toluenesulfonyl isocyanate ylelded only
: conplex mlxtures. Slmllar complex mixtures were obtained
when 1od1ne,.p;TsOH, or camphorsulfonic acxd (CSA) was:
fused as the dehydnatlng reagent.ﬂ Treatment of 19 wrth
mesyl chlorlde (Et3N/CH2C12) or Ac20 (4-d1methylam1no~
pyrldlne (DMAP)/py) under standard condltlons affdrded?p
.only the startlng materlal. ‘.“I‘g"'“ “‘T . ;

Dehydratlon of the hydroxyaldehyde 19 was achleved,,'

'however, under‘basxc condltlons (1 M NaOH/CH3OH, reflux)

' to yleld the ﬁ,y-unsaturated aldehyde 52. The hrms of 52

shows a-: peak at m/z 322 corresponding to the molecular

‘1

’fornula C18H26°5' and 1ts 1r spectrum ahows character;stic

";absorption bands for ester (1720 cm'l). aldehyde (1708
d:pcm 1), and olefln (1675 cmfl) The lH nmr spectrum of
= conpound 52 dlsplays sxgnals for two quaternary methyl
_i{groups (51 26 and 50 99), a methoxyl group (63 68), the
:Tvethylene portlon o£ the dioxolane (54 09 3 73 4H), a vinyl

jl proton as a triplet (56 19, 3 5 Hz), and an aldehydic ffﬂiﬁffﬁ

35"
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“dproton as a doublet (59 64 s, Hz) The m01t1pllcity oﬁ

‘the aldehyde signal at 69 64 in the 1H nmr and the

observation of one v1nyl proton is con313tent with L

R

ystruqture 52

? chemlstry 44':;‘13;15 i,j,;f

4

2 Treatment of 52 thh_ngsoﬂ 1n acetone ylelded the

T:dxaldehyde 54. The 1H nmr spectrum of 54 dlsplays

3 a B
o’ e,

b

Presumably, the ﬁ,y—unSaturated aldehyde 52 arises’ by

]1somerlzatlon of the 1n1t1ally formed a,s—unsaturated

aldehyde 53. the dr1v1ng force for the 1somerlzatlon belng

the greater stablllty of the C-7 ,C—B double bond over

/

that of ’ﬁhe c-s, c—9 double bond. It s known ‘that 52

2) 43 Slmllar observatlons have been made 1n ster01d

"
PREEE S

vl

The u orlentatlon of the aldehyde group on-52 was flfl

}~conflrmed after removal of the protectlng group.»~-{“

Y

:aldehydlc protons at 59 85 (d, 2 S_Hz) and 69 41 (s)

36

: trané-octalln 18 more stable than 1ts Al 1somer (Flgure R
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, of 54 w1th that reported for 58 suggest that the C—9 CHO
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The chemlcal shxft of the aldehydlc protons in the 1H

nmr reported for 1sosacculata§i(55)44 and polygodlal (3)10

\ '

is 69 83 (d 2. 5 HZ). 69 38 (s) and §92. 54 (d, 5 HZ). 69 47‘

\

(s), respectlvely. The 81m11ar1ty of the 1H nmr:spectrum‘

s

, o
1n 54 has the a-orlentatlon. Thus compound 52 may be prS—y
! f

asslgned the same relatlve stereochemlstry at C 9. ff.

. 0
LY

-

Y
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The tendency of the aldehyde of 52 to adopt a guasm- </

LA . ot

‘-axial orientatlon may be to. avoid the allyllc 1nteractlon

”’(Al 2) with the dioxolane.45 Simllar observations have

N " .
A 4

been reported for polygodlal (3) Treatment of 3 under

bl 1.

K mildly basic conditlons afforded a mlﬁture of products,i"

,.the major component belng,the Cc9 a. eplmer.és‘f"

v L . ‘
' Because of the low y1eld (~40%) obtalned in the . L
. dehydratlon of compound 3, we 1nvestlgated a dxfferent “P T

YA
method of accompllshkpg the" same transformat10n.~'

;e
Ozonoly31s

’I)

‘ﬁ«yze_ pe\?ollowed by reductlve wofk up (e g.

Q> " 3§
ks - .
“3'-'a method of formlng carbonyl groups.s .

The ozonolys;s of an,enol ether such as’ 51 should g1ve an. -
N ‘ - C., Y
‘ ardehyde and a formate ester.‘ When the enol ether 51 was'

‘

“treabed w1th 03 (CH2C12/CH3OH, 9 l) 5—hydroxyaldehyde 19

¢

' I4 t'\ -
Was obtalned rather than the expected p-formylaldehyde,

. ¥
56.“ The absence of 56 1n the crude product from the

ash v

ozonolysls may be due to the,methanol present 1n the o
. . r ‘

Lsolvent systemvused., Methanol is- added to the reactlon tO-Wfﬂ

a K o

etrap the decompositlbn product of the prlmary ozonlde as

B I [ . X \ ,..

In thls case, however, reductlve

Epits hydroperbxide~ppwx

; (:"'l . N “ R
‘ cleavage of the hydroperoxlde presumably forms alcohol 19,~NT

A,

i

not formate 56.>;'




g H—ll). a one proton slnglet at 58 24 characterlstic of the

work-up‘(P(OCH3)3), formate 56 was ieoletedﬁ‘ The hrms of

i

56 has a peak at m/z 368 (C19H2807) correspondlng to the

molecular iom. Th1s was conflrmed by the c1ms whlch ahows
SN

a peak for M + 18 at m/z 386 (100%) The 1H nmr Bpectrum

: of 56 dlsplays ‘ one proton doublet at 59 86 (2 5 ﬁz,vp

.

e o

i formyl group, nd afone proton dpublet at 62 88 (2 5 Hz,
‘HIH-9) All these data are consistent w1th the proposed .I
N structure 56. {;fg;aﬁf r‘ﬂfr,"'j pruf‘ ;'“f 'au Qii<lﬂ
COmpound 56 15 an ettractive intermedlate aince the
“HjC-B oxygen has been converted to’ Q good leaving grOup.v‘i‘
“fIntroduction of the ring B double bond was achieved by gs"-
,;;ellmlnation of the formate by treatment w1th DBU., When }
;'(the crude produc: from the ozonolysis of enol ether 51 waa‘
:tareated w1th DBU in benzene under reflux,'a mixture of R

ffifour compounds was formed.‘ These were identified as'fxg}kg”’f
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v,

. eldehxde 52 in the reaction mixture increeseda' The .nf‘ﬂ“

coupwnds 53. ,38, 52, nnd \19._ 'l'he ratio of producta was o

1,

f with the comment that compound

| strongly‘basic conditions. S \, i‘ﬁ, T“{{"‘

o W Loy e . o ‘ s
Cn . ] VA < S ' . L . LR .
\ v Ve ,\"‘“ o\ Wt \ ! ) . e e A
N v Ny \s N, N T s O

h .‘. \ . ) , .o u
W A o ' oy
) Wy : .
AL, v\ . oo . W

N W N

doponqent on the reucbion cqnditions (retioa vere
. N
dctorminod by lﬂ nmr). \Hhen .hozt reactionﬁtimac were
A W ! S,
uoed aldehydes 53 and. 58 were the major components of the ‘

’
i’

mixture. With 1onger reaction times the amount of the *‘ &:Tff

4

. n L}

hydroxyeldehyde 19 was almost alwayﬁ present in small

v R a . Lo Y,
o

amounto (ca. 10‘)q These oba\ivatidhs are in agreement i_ﬁ ;

Ny

§2 is {ormed from 53 under

_L____CompOUnds 19 and 52 were identified es deacribed \;ff::

-prcviously. The a,p-unsaturated aldehyde 53 was ,’r?gﬁﬂf"'i

jidentified es followa. The ir spectrum of 53 shOWs ﬂa

“absorption banda fot the ester (1725 cm‘l) and conjugated

haidehyde (1680 cm‘l).3 Its hrms dhowa a atrong peak at m/z
'322 (72!) corresngnding to the molecular formula claﬂzsos.ifhfgi

. P O
A

'with a f:agment ion at m/z 293 (5%) for c17H2504 (M i_y:qﬂwsﬁ

\ b W
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C

CHO) : The 1H nmr npectrum of 53 ehowe a one proton ‘l”

D

einglet at 510 08 for the eldehydic proton end a linglet

‘at 55 82 for the H-lz proton. The remaining .ignalo in '
the 1H nmr spectrum are in agreement with the structure
‘53;}f' ‘3”; ‘jg‘;“vf SRR B '.i “ - o

Compound 58 shiows the following spectroscopic .

\:\ .I'

characteristics.: Its hrms ‘has a peak for the molecular
) lon (C18H2605) at m/z 322 (13%). and fragment iogg at. m/z e
294 (39%) and 293 (35%) correspondlng to M+‘; co end M -
CHO, respectively. 'l IH nmr spectrum displays one

proton signals at 69. 57 (d 5 5 Bz) for the eldehyde, at. '
RSN ‘

36 14 (ddd, 5 5.32 5, 2 'Hz) for the vinyl proton, end
52 80 (dddd, 5 S. 4, 2. 5.-2 Hz)*for'H-9. Decoupling

experiments eho& that H-9 (52 80) hes long range couplings‘

l

L\
with the vinyl proton end both protone at C-6. COmparisonv

of the spectroscopic data for 52 with that of 58 indicate

[ '
"

’w thatv52 and 58 are C—9 epimers, therefore compound 58 has

I the C-9 CHQ group in the 5-orientation.‘ '
o M“ ! ' . i
Deprotectipn of 58 with.prTsOH in acetone geve the L

'
'!

-,‘,‘,/'

dialdehyde 59. The ir/spectrum of 59 shows dbsorption Qj”rhﬁ
v 4 o N

bands for carbonYls (1723, 1679 cm‘l) and an olefin (1642

(ém 1) Its hrms shows the moleculer ion (C16H2204) at m/z'f'
. *278‘ae a weak peak (2%) The 1H nmr spectrum of the

dxal&ehyde 59 dihpleys signels for two quaternary methyl j;‘*ﬁf

groups (61 31 and 59 99&. a methoxyl group (53 69), ;Hhﬁf,_ﬁf

,\. PN -
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42

vinyl proton (57.08, ddd, 5.5, 2, 2 Hz), and two aldehydic
protons (89.54, 4, 4 Hr and §9.46, 8). The chemical
shifts of the ene‘diaidehyde system in 59 are similar to

those reported ‘for polygodial (3),19 supporting the

"relative stereochemical eseignment of 58., '

r P,

With the unsaturated aldehydes 52, S3, and 58 in ~
hand. we investigated methods to introduce the c-9 :
hydroxyl group. The most appropriate wey to carry out thev
hydroxylation step with our intermediates is by treatment
of the formed enolate at C-11 with-a peroxgde.

Hydroxyletion under these conditions occurs at C-9.

Vedejs and coworkers47 have described the direct ‘
o

;hydroxylation of enoletes with the molybdenum peroxide T
~ reagent. Moosopyridine-HMPA (MoOPH) Others have used- this

reegent to introduce the hydroxyl group at C-9 in their'

synthesie of werburganel 8.9, 48 In each case the reaction

‘was performed on intermediates very eimiler to our

5



a3

unsaturated aldehydes and the product obtnined showed that:
the reaction proceeded with a high degree of
‘stereoselectivity. . . ‘ ~ 1) .;“

When thewiSOMeric mixture ‘of aldehydes 52, 53, and 58)
was treated under the reaction conditions described by ( 3
Vedejs47 (lithium diisopropylamide (LDA) /hexane/THF,
MoOPH) only starting material. was isolnted. Treatment of
the mixture of aldehydes with LDA (from a stock solution
das described by Vedejs or prepared in situ) followed by
kinetic'protonation (d.5_§_ﬂ2804/H20) gave.dieeppointiné\
'results. ‘When 1.5-3 eq. SE LDA was. used at different
-temperatures (-78° ; -8°C) only etarting aldehydes 55::53.“
and 58 were obtarned in the same ratio as invthe starting
material. A complex mixture of products was'forned‘bhen
5-10 eq. of LDA was employed. Q' o ‘> e

The results of the deprotonation with LDA were l,
unexpected; In two of the syntheses reported, good yields
were obteined in the hydroxylation step. although here the
_C-B CHO is protected as its dioxene.8 9 However, in the
‘other eynthesis with a C-8 dioxolane protecting group, a,
low y{eld is reported for this hydroxylation.48 We hoped
~'that protecting the C—8 aldehyde as its dioxane would é;ve
" better results in this reaction.' The introduction of—theJ—-

dioxane protecting group was’ carried out on compound 27

Ketoaldehyde 27 was protected with 1.3-pro§anediol"

—
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= ammonia. . ','”‘n - “Qq

ereflux) to obtain the enol ether 62. The hrms of compound

under mild conditlon;~€3\o?tain compound 60. ‘The hrms ,

A \1_

ohqwe a molecular ion at m/z 438 (C24H3807) correaponding

44

r
W “

to the molecular fornnla “The .1H nmr spectrum of 60 is in

agreement with the proposed structure. 1In pqrticular'H—14

ln”60 appears as a alnglet &t,84.81{ o]

t

' The transfofmﬁtion ofnthe”ketoperonide 66~to the
unsatufated aldehydes 63 was carrled out as descrlbed in.
the dloxolane series. Compound 60 was reduced to the ‘
corresponding alcohel: (NaBH4/CH2C12/MeOH); folloved by
heterolytic~fragmentation (NaOCH3/CH30H) and l . “\\
hemlthioacetal formation (thiophenol/TFA/CHZClz) to obtaln
cowpound 61 The dir spectrum of the hemithloacetals 61 .

shows absorption bands for a monosubstituted benzene

(1596Y/;;;j?:hd»690 cm 1) \The cims oﬁ 61 ‘has a peak at
mlz 478 correSpondlng to the molecular’ ion (460) plus

. o

e e e i .
a .t 9 -

mithioacetale Q__!e:e oxldlzed thh m~CPBA -angd

the resulting sulfoxides were pyrolyzed (P(OEt)3/xYlenes,'

- 62 presents -a peak for the molecular weight at’m/z 350 :

o L]

(C20H3005).5 The lﬂ nmr apectrum of the enol ethér 62 .

shows the vinyl protons at &6 45 (t, 3»Hz) and 65.16 °
(m). Oxidative cleavage of the_ enol ether 62.((1) 039 (2)

. P(OCH3)3) gpllowed by péelimination of'the formate
/afforded the unsatufated aldehydes 63. The lﬂ nmr og 63

- v v - S . 5
' R . N - . . /

-
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.

displays three aldehydic proton oignals £or the isomeric

' unsaturated aldehydeu: $10.08 (s), 69;68v(d.'4;5 B:), and

' 59.62 (4, 5 Hz).

E recovered. Treatment of 63 with LDA (THF. -78'0) followcd b

f “cocHy;
B 7 R

When the ieomeric nnsaturated aldehydes¢63 were fﬁ
{,

tteated with 'LDA (hexane[THF,‘-78'c) followed by(guenching

“ with MoOPH (-78 * 0“6) only starting matetiai wps

by addition of a 0.5 M 32804 solution aid not ‘cause any

change in the ratio of the aldehydns.x The u" ot
hexamethy!phosphoramide (HMPA) as co-solvcnt 1n the

. o ; = ' ool .
] v .- T R . N L ~

45
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ettenpted deprotonation-protonetion eequence gave the same

tesulto. - o L . R .
o | 2 a

Becoube of tﬁe inertness of the unsaturated eidehydes‘

52, 53 end 58 or 63 to enolate formation with LDA, wel ﬂ
decided to attempt the reection using poteasinm hydride
:(KH) as the base. - Addition of the aldehydes 52, 53 end 58
to a euspensiou of KH in THF, follqyed ‘by eddition of
tMoOPH ( 78 + 0° C) afforded compound 64 es the major |
product. The hydroxyaldehyde 64 shows an absorption band
‘for an hydroxyl ‘group (3450 cm’l) in its ir spectrum. The
‘IH nmr lpectrum of 64 is’ consietent with the ;ssigned
Mstructure. in. particular, it displays an eldehydic proton
‘et 59. 83 (d, 1 Hz). a vinyl proton at §6. 29 (aa, s. 25, 2.5
Hz), and an hydroxyl ptoton at. 53 92 (@, 1 Hz). Addxtion
I'of DéO cauaes the loss of the 53 92 signel end the eignel

&

\ et 59 83 now eppears as a einglet.

"
[
R

\ co,cu,

» Removal of the protecting group in compound 64 under
atandntd conditions (ngsOH/ecetonei efforded 4¢-; - a ??fk
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| product afforded crystals with m.p. 101~ 102‘C. and [g]D

‘-135° (c 0.1, CHC13), [reported8 m.p. 104 -105°C, [alp -132"

(c 1. ll, CHC13)J The hrms of 20 shows a molecular ion at

‘m/z 294 corresponding to the molecular formula 01652205.‘

Its 18 nmr spectrum displays signals for two quaternary

:gmethyls (51 33 and'§1.13), and _one methoxyl group

N

(63. 70) The followxng signals are similar to those

reported for warburganal (1) ;10 The C—9 CHO at 69.77- (l Sy

Hz).as a doublet,,the c-8 CHO,atv59.44 as a singlet, the

vinyl proton’ at §7.22 (S, 2.5 Hz) as éfdoubletaog. @

doubiets, and a Dzo exchangeable proton‘at 64. 12 (d. 1.5

=

Hz). All thpse data are consistent with the structure o

f

K proposed for 4a-methoxycarbonylwarburganal (20) . "‘% -

<

In order to comp ete the synthesis qﬁ warburganal

0
\

(l),‘it was now necessary to perform this reaction ' {

—_

" *

sequence on the compound in. which the carboxylate function

has been transformed to a methyl group. Fguﬁwfi ?p”

T

o N :
“ ", ' vy

'N3. Reduction of the Carboxyl Group to a Methyl Group: = B

M
Yo

7
4 o

.§1 . L
L e

In order to use this synthetic plan for the syntheais

2 cOnverted.toaaamethyl group. Thé intermediate chosen for

R

47

'methoxycarbonylwarburganal (20). Recrystallization of the‘

Synthesis of Warburganal (1»'Tl"~'f~]'75,7,;af.' ﬂ47‘,¥?

‘°f warburganal, the methyl ester functionality must be ;v“rumf



5

c\conversion. - ‘ S AT ‘ »‘*"w

ﬁfor an aldehyde group (26

rgl*

t o [2 : o
this conversion“should be‘one in which}functional groups

g“other than the ester are either protected jor relatively

have the functional groups protected as the corresponding

acetals. as the starting point for the nethyl ester

B

' Most: methods reported for the transformation of an

ester group to a methyl group consist of two or more

"

steps. These transformations proceed through the

| intermediate alcohol and/or aldehyde which may be further

L
'

I

reduced to the methyl group under a wide’ variety of

1 '

conditions. ]

A Reduction of the uethyl ester 65 (epimeric mixture at

R

C—12) with lithium aluminum hydride (LlAlH4) in ethyl

'»ether gave the primary alcohols 66 in’ 92% yield. The ir,
*spectrum of 66 does not dhow the characteristic absorption
_‘band for an ester. but displays a broad band at 3436 cm -1
‘ corresponding to an hydroxyl group. Its IH nmr spectrum‘
is consistent with the structure assigned. in particular.
fit displays the protons g to the hydroxyl group as
";doublets 53. 37, 1 Hz and 53 11. n az)..g IR
| The primary alcohols 66 were oxidized with pyrldinium iip
f“chlqrochromate (PCC) in dichloromethane49 to afford |

_?aldehyde 67.; The ir spec um of 67 shows absorption bands

723 cm'l).; Its hrms has~x"

48

‘unreactive.h We. chose the hemithioacetals 47 and 48. which f

LR



P

"peak at m/z 416 corresponding to the molecular 1on B p‘%‘"

v Ny

(c24H3204S). The lﬂ nﬁr spectrum of 67 dxsplays singlets
'ﬂfor the aldehydic protons (69 22 and 59 l7, one for eadh }

.

ofi the c-12 eplmers)." ”“~‘ i' 1- : h"y~7‘ SR

1

An aldehyde may be reduced to a methyl group under '

,

3dszeren3 reaction condltiOns.sq Methods that use basic

. eonditions yere the more appropriate in our case because e

& l‘

f‘of the acid—labile acetal Eunctiohal groups on'67. 5

‘]Hydrazone derivatives are normally feduced under these

"conditions and thus the Wolff-xishner reaction was chosen

ﬁffor this transformation.»:

& : Treatment of the aldehydes 67 under the conditions of
3 the Huang-&n modification of the Wolff-xishner '

fyreaction51 (KOH/quNHZ/(BOCHzcﬂz)zo, 210’0) gave a mixture

:Lof compounds in which aIcohol 68 was present as the major

o

pfcomponent.‘fﬂgd‘fff,ﬂ |



The ir spectrum of 68 shows absorption bands for

‘hydroxyl (3565 cm’l) and the characteristic doublet for

, g —dirnethyl52 (1387 and 1364 cm l) lts molecular weight

50 .

Cm/z 296) was confirmed by cims. (m/z 314 (M+ + 18)).f The

N ‘
‘,lﬂ nmr of compound 68 dlsplays three qgaternary methyls
?i(ao 87,.6H and 50 81. 3H). the protons of. the dzoxolane
' group (65. l. s,.lH and 54 13-3 85. m. 4H), a Dzo ”

*fexchangeable proton (52 67, s), a one pro;on complex

.,signal centered at 51 99, and L triplet at 51 Ol (7 5 Hz, ﬂ

‘d3H) Irradiation of the signal at 51 99 collapsed the
A;triplet at 61101." The spectral data indicates that the

‘thiOPhenol moiety and the aldehyde group present in 67

‘ﬂhawe been:replaced in compound 68 by methyl gropps. one vxv,iﬂf

‘j}‘_‘ N o V

'fquaterna:y and the other part of an ethyl group;1”

Presumably the methyl groups are formed by reduction of '~?Sf‘”

the corresponding aldehydes.

‘flfuilde_ rsaétio”}conditions ware needed 1n the



A—

"-vreduction of the aldehyde to methyl to avoid the removal
of ‘the ' thiophenol moiety., Tvo different laboratories have

ereported reduction reaction conditions Which use a'

stronger base (KOtBu) than potassium hydroxide and lower :

<

temperatures. Both methods give good results and they

81

]

differ only in the solVent used in the reaction. When the v

aldehydes 67 were treated Wlth hydrated hydrazine (cat.
amount Et3N/EtOH,'reflux)53 a colorless Oll ‘was
obtained. Treatment of. the crude product with potassium

’ tert-butoxide in refluxing toluene54 afforded two less

polar products (by tlc) that were purified by chromato-

graphy. The 1H nmr spectrum of each of the products shows

the absence of the chai&cteristic sign&l for the aldehyde?

E group, indicating that the reaction did take place, but

; each of the products was an inseparable mixture of |
epimers. When the aldehydes 67 were treated under the"

‘reaction conditions as described above.)but using |

dimethylsulfoxide (DMSD, 70°C) as solvent.55 the same

products were obtained. ;; e ﬁ‘ﬁy'“ ugjjﬁ_?‘;é‘f"

-

Tosylhydrazones have also been reduced in different

ways to the corresponding alkane., qreatment of the

the tosylhydrazone 69"JV:~‘7‘1fgfugd;7f:¥ﬁfCQ:Jiﬁl’fé
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. The ir, epectrum of 69 shows absorption bends

'charecteristic of. the sulfonamide at’ 3196 and 1169 .
'1 56‘ The highest mass: peak in the hrms of 69 is a e
fragment ion at m/z 511 (C§8335N20382) correspond1ng to

fthe mol cular ion minus the dioxolene (Caﬂsoz)

Tteatment of compound 69 with an excess of NaBH4 in

.—

ﬁrefluxing methqn0157 followed by purification afforded two.f

”major fractions‘bgt The 1H nmr spectrum of eadh fraction"

ﬁindicates that eqch is a complex mixture.;{\3 ”Q .
- Kabalka and cowo:kersse heve reported the reduction‘

’of tosylhydrazones with boraneszﬁ Reduction of 69 with

?bil(benzoyloxy)borane (CHCI3) at O'C. followed by eddition”ﬁ:,”

e

fof NaOAc-3H20 and DMSO. then heating under reflux afforded;}e;;;

ny

ithe}hemithioacetalsd?O and 71., The overail yield was 46%-3":'ﬂ
£ 1ehyd &f;é- The use of (n-Bu)4NOAc59 instead ;t f€Ef



EU

| ,of NaOAc 3H20 did not improve the yield. gsimilér,requlte

|

are obtained with catecholborane'eo

’  The ir spectrum of 70‘has the characteristic gem-

nt

dlmethyl bands (1390 end 1380 cm“l) The hrms shows an

53

ion peak at m/z 402 corresponding to the molecular formula

3

C24H3403S.p The‘lﬂ nmr“spectrum of 70 dxsplays signale for

“,three quaternary methyls (60 98, 50 87,‘50 84) ahd shows T‘

H-12. as a doublet of doublets at 55 56 (9, 6 Hz). The 13c

nmr spectrum of 70 shows signals for methyl groupe at

; 633 4, 620 9. and 615 9 (C-18. C-19. and C—ZG.

e,

respectively) The chemical shxft of the methyis isf}ﬁh

tto that reported for ngtural products with the

VL

%"agreement with the structure proposed for compound 70.eﬂ,
‘. . R 5 R
The hemithioacetal 71 has ir and ms very limllar toﬂ‘

those °f 70' The 1" nmr“'BP_fctrum of 71 confirms the giﬂﬁ o

ii4a 43 lo-trimethyldecallne aystem.sl These data are in f”

2.

A

i.t
-

PREESON



v : . L . : , . ;‘..\

. proposed structure, in particular the three singlets for

] I' [,

quaternary methyls (50 89, 50 84. 50 80) and 8-12 as a
doublet of doublets (65- 60, 8. 1.5 Hz) | The 13c nmr

- displays aignals for three methyl groups (533 4 620‘9,;ji
and 515 8) T . - I ﬁ"~\ - '“ , ",g : L
- "‘The convepffon of the methyl ester 55 to the ‘gem- ‘iz o

to

dimethyl compounds 70 and 71 was achieved under mild

conditions.d The yields are high except for the step
involving the reduction ‘of the tosylhydrazone 69.1"

Attempts to increas the yield in this last reaction were.?‘

[ ¢ '-’\ ' [ Lo I_‘

N unsuccessful. ’ ,‘,’. 15¢~ VF"‘LV‘-"H;‘ o .
" s - o ‘ ! ¢ nor Y
A different approach to the reduction of the ester N -

group to methyl was investigated. Derivatives of alcohols‘l"

\

may be.reduced to the alkane by SNZ displacement with : }u“
. hydride or by homolytic cleavage of the C-O bond,§?a The

| radical deoxygenation method does not normally give high '(:

Moy

‘yields with primary alcohol derivatives62b whereas the SNZ
displacement method usually gives good yieldsi ﬁowever, “'ft“i
the displacement method sometimes fails with neopentyl ':EﬁV\”
derivatives such as the alcohols 66. | B
S amdto ] ,»éfyf.%‘éﬁe,!"e-iis_piécé‘ment,"rﬁéé.tfhoé.;.émell:éying“. o

‘ Treatment of the alcohols 66 with

mesyI chloride (Et3N/CHZC12) afforded the mesylates 72 as ﬂﬁif

S,

a yellow oil. The 1H nmr apectrum of 72 displays*the

methyl group of the sulfonates at 63 145a_df53 02 (One for
; e T T T e A L el T e
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”'chlorlde, TsCl),,ahd‘&—dimethylaminopyridine in f’ :

”ggagreement with the prqposed structure.'f‘ﬁﬁgi ‘m  IR

rfthe'reaction mixtﬁre as?th& only product. Howcvcr, thé

ot
|

mlxtng the alcohols'66 _gftoluenesulfdnyl chloride (tosyl‘r‘

oaeh epimer).' When a .olutibn\of the manylato 72 qnd

lithium"triethylborohydride (um_.,aa)” in THF un R
refluxed for 40 h,«the alcohola 66 were ioolatod as’ thq

Only product of the reaction. - S [h ]Qm’

Formation of‘thé tosylates 73 waa carrxedgout by

S

',<

Y
‘,

pyridlne.' The’ AL spectrum of 13fshows absorption bands

it I

for sulfOnates (1359,)1176 cm 1)38 and ita hrms has a

\

A

molecular ion peak at mjz 572 which corresponda to the

".,‘\,n . \1' "

molecular formula C31H406652. The 1H spectrum of 73 19 in

"\ ; PR o

“tﬁ alccholc 66 werc iaolqtud :ggm

,}‘\‘:" ; f

&

g L ) 64 /
triethylbor hyaride, gavi/better reaultc. o .A ?ixtu:e of

vvvvv

”7When the tosylgtes 73 were heated in refluxing THP in :

tfune of the more powerful qucleophilic“hydride, li;hinm v‘ﬁvl-



ﬁp‘
| the toaylate 73 and a five-fold excess Of LiEt3BH 1n
" refluxing THF yialded the alcohola 66 and the reduced
hemi thioacetals 70 and 71 in a ratio of 2.5:1 (after
'purification)- The use of 1 2- dimethoxyethane or benzene
‘;aa the solvent at refldLing temperatunes gave a 3:1 ratio

of the alcohols 66 and hemithioacetale 70 and 71

respectively.
' A . B
In thiS'case.\S—O cleavage occurred in preference to

ot

c-0 cleavage becauee of the hxndered ‘nature of the '’

neopentyl sulfonates 72 ;73. It has been reported that ‘&

more bulky sulfonates (e. grxtosylate) promote c-0 cleavage
:withxhydrxdes. Hua and coworker365 have.xeported that 2-
‘propanesulfonate derxvatives.of“hlndered alcohols are |

readlly displaced by hydrxde. The bulky 1sopropyl-
'dulfonate gave better ylelds in the" reactlon than the
| corresponding tosylate or meaylate derivatives.

: 2-Propanesu1fony1 chlorzde was prepared by oxidation °
" of 2-propanethiol with chlorine in water.66 Treatment of 3

the alcohols 66 with 5 eq. of 2-propanesulfony1 chloride

. L3

'(Etan/Etzo. -20'C for 2 h)&7 afforded the sulfonates“?&
ahd'75 in 85% yield.l An excess of sulfonyl chlor;de and

«

/1ow t.emperatures are 1mportant in order to obtain a good

yield in this rea“ction. :
The ir lpectrum of 74 shows absorption bands " ) ”n; .

‘ charactetistic of aulfonates (13Sduand 1156 cm'l) 38 The - a
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o~ —

le nmr spectrum of 7‘:di;playa the aignals exPthed for

R SY

. this structure. ‘in particular. the aignalo for the

mkieppropyl-group,at 63.31 (quintet, 6.5 Hz, 1H) and at
61 44 (4, 6.5 Hz; 6H) The a-epimer 75 has very. similar

spectrosoopic data to that of 74.

Treatment of the eulfonates 74 and 75 with lithium
) triethylborohydride (toluene, 90 C., 12 h) afforded the s
hemithioacetals 70 and 71 in 64% yield._ The apectroscopic ‘
data for the hemithioacetals 70 and 7l from this reaction
were identical to those obthined“from the reduction of the
tosylhydrazones 69. The hyd?ide displacement route gave a}l-
‘slightly better overall yield than the route involving the*
“tosylhydrazone. Although the‘g<;1d of this reaction
Asequence is modest, it is reasonable since it involves
-reduction §E a neopentyl carbon._ o )
Having the hemithioacetals 70 and 71 in hand. the f‘

synthesis of warburganal (l) was completed using the same



/!

~

reaction oequence devalopad for the synthesia of 4a-ﬁeth-.

oxycarbonylwarburganal (20)
The hemithioacetala 70 and 7l were oxidizad with -

CP&A (ca. 1 eq ) to giye the corresponding aulfoxides. A

: aolutlon of the sulfoxides. and triethylphosphite (5 eq. )
. in xylenes was refluxed for 4 h to. afford ‘the enol ether
76 after chromatography.v The ir spectrum of 76 shows -the
characteriatic absorption band for Az-dihydrofurans (1592

1) 33‘ Its hrms has an ion at m/z 292 which corresponds

-8

to the molecular ion (C)gHyg03).  The 1H nmr - spectrum of _

76 dlsglays signals for three quaternary nethyls (61 05.

- 80. 89. 80. 84) and one proton signal for. vinyl protons at

wone

86.47, (3, 3. 5 Hz) and 85. 39 (m) - L e

Treatment of the enol ather 76 thh ozone (gtOAc.

:-78‘C). followed by addition~ot’trimethylphosphite (-78"
r.t ) gave the corresponding p-formylaldehyde 77.j The lﬁ

nmn of the—crude—77—dxap1ays signals tor the aldehydic

A



\
LI

|
L) \ wow ' “ ‘ te

| protqn~(59‘é€,‘ .3 Hz). formyl proton (88. 24, s) and

\three quaternary methyls (1. 29, 80. 90. 50 85). When a

, solution of the crude fOrmate 77 and DBU in benzene was
. refluxed ‘a mixture of unsaturated aldehydes was
.obtained. The\unsaturated aldehydes were treated with KH
,(THF, 5° C), followed by addition of the peroxide MOOPH (-.
78 - O‘C) to give a-hydroxyaldehyde 78. .It &is expected
that the bulky ox1dizing reagent would approach from the ‘ e
; less hindered e face (as observed previously) and this“
"expectation was’ confirmed by,the formation ‘of warburganal
f(1)..l . ;‘I.f- o |

/ t \ . .
. . . .
N 4 1

 The hrms of compound 78 shpws ‘the molecular ion at

'
-

ffm/z 294 correspondlng to’ C17H2604. The ir spectrum of 78‘

‘ has absorption bands for hydroxyl (3460 cm- 1)./aldehyde ,f"ff:ﬁ
T(1713 cm'l) and for the.g__fdlmethyl group (1387, 1362 if"
cm'l) Its 1y nmr spectrum displays signals corresponding

:.to three quaternary methyls (61 22, 0. 97. 0. 91), an 'f#iJ?V:\
- hydroxyl proton at. 63. 90 (d. 1 Hz, Dzo exchangeable),_iu,;'?ﬁ;kt
‘fvinyl proton at 56 36 (dd. S. 2 5 Hz), and”an aldehydic"(n

';proton at 69 85 (d. 1 Hz). These data are in agreement
' .with the structure\of the a-hydroxyaldehyde 78. r a' o\
' Removal of the dioxolane protecting group'{ﬁféljvk ﬁi’i_uf
TsOH/acetone) afforded warburganal (l)ashowing m.ps 106- -f .

. 1o7°c and [hJD -243‘5(§ 0. 037. CHCI3) Ereported8 [“325

_-263"(c 0.38, cuc13)J The spectroscopic data for 1 (ir. R

- 5 , }1\' .
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Lo \ .

f”f.\” an the oame reasons as before.-we chose the e

1H nmr, 13¢ nmr, hrms) are aimilar to those reported for

syntheticlo and natural2 warburganal.

. . |
R T o o [ . . L4
) -

;#. Ring A Transformations: Towaras fhe.Syntnesis of

+ Muzigadial (z)

e ."
N e
R

Once the transformation of levopimaric acid (17) to’

b

warburganal (1) was achieved, we turned our attention to

the synthcsis of muzigadial (2). The same sequence 6f

i

transformations used in the synthesis of warburganal hre

T N
” required for the syntheais of mugigadial except in the o

| at C-3\and an exoqyclic olefin h& C-4.

A

hemiacetal 45 aa ﬁhe starting material for the"

b,

v transformation of ring A,‘ The hemiacetal moiety was j

' protected as the corresponding acetal withfbenzyl a;cohol

A

.=

60

; modification of ring A where to 1ntroduce a p-methyl group

(TPAICHéqez) to provide the acetals 79. Tha c-epimer at“'gii



C-12 was present as the major eomponent of the mixture .A
Qgg;_BSO). An - enelytioel eemple of 79-« was obteined by
Irecryetellizetion (m p. 137-138'C).: The hrme of 79-u
displays a fragment ‘ion at m/z 371 (02333104. M " C3H502)
‘kend benzylic ion at. m/z 91 (C7H7. 100%) Ite‘IH nmr
‘_epe:{rum dxspleys a COmplex eignal for the erometic
ptotons et157.38-7.22 (5H), e one proton doublet eesiéned

to H—12 at, 65 25 (6 Hz). and the benzylic protons at 84> 8

B

'(d, 11.5 Hz).and 64.45‘(6, 11 5 Hz). The other eignele in_'ﬁuh

. the lH nmr spectrum of 79-q are in agreement with its t"-:,
o " o ot ) . . i , ‘ . (\ ° ™ .
. structure.. ‘ ' " a )

..

lg"

'in order to form the exocyclie double bond at C-4 we
’ :nmst remove the c-4 carboxylete group.; There ere eeveral
: methods reported for the removel of the cerboxylic eeid

5group with ooneomitent formetion of en olefin between the

- ""'
: e

f-carbone 'S end p to the group.{h?a;‘:},'gﬁfi -;}.{_'lgrﬁfﬂ,evgﬂi

Hydrolyeie of the methyl eeter 79 wee oerried out

61"

J‘a



'utcompound., Attempts to isolate the expected secondary

SR " 4

62 .

with anhydrous hydroxide“ (H o/KotBu/THF)68 to afford the \

?y,acid 80. The Ar epectrum of 80 ahows the banda
'characteriatic .of a carboxylic acid (3520-2240 and 1693_

1) ' The signal characteristic of the methoxyl group of

the ester (63 627 s) is not present in the 1y nmr spectrum |

| of80. ST

A . Co . :
>
Zeiss and Martin69 have reported decarboxylation and

olefin formatiom on. a; diterpene acid by the Curtius SRy

degradationxfollowed by Hofmann elimination* ""When they

‘ performed these transformations on dehydrOabietic acia the

N

,a;exocyclic olefin was the major component of the’ isomeric

LY

Y —

.mixture of products. R '-J\ ‘“.ly~ “f‘:“ e

"

Treatment of the acid 80 with SOClz (Etzo)‘f“II'—_d

N

' by sodium azide (acetone, S'C)uafforded the corresponding

B ]

acyl azide 81. The ir spectrum ehows absorption bands for‘”

' heated at 140"(xy1enes) for 36 h and the resulting

product was reduced with LiA1H4 to afford a basic,‘“{

amine failed. Treatment of the crude product from the

‘:5 afforded. after“purification, a mixture of isqmeric

LF
ot

L
Yoo,

> reduction with methyl iodide (x2c03/EtOHp refkux) ‘h]h;-fh

v N v,

}than acyl azide group (2134 and 1704 cm 1) Compound 81 wasﬁ

oy

‘
" . - s
h e 0 . 3 | . PO
. . N

olefine 82 (ca. 10% frqm 80) ‘}?Qgﬁ‘_'}\a_;' .

Y

\l\ W ;-, -~.‘ ér'—‘w*‘:‘w‘ :

‘The 1H nmr apectrum of 82 displays two nethylene .

(§Q;Qs.p‘ﬁ§f



,)‘ . ; ‘; ‘ \ ‘| . “.'_ ‘
" s0. 73. 60. 55) for the angular methyl (c-xo ca3) indicating o
the presence of 3 different ieomere. Integretion of the i
C-IO CH3 einglets~ahown that the eignal at 60.65 1. that v

o of the major domponent Of the isomeric mixture and thie

v

chemacal shift is reasonable Yor the angular methyl ofathe '
S exocyclic olefin iaomer. The low yield bbtained*for 82

s o 'f‘ ;
dlscouraged us’ from using this eequence of reactions to ‘bf“w

, W
L ‘ P : - =
. [2 . \,
form the exocycllc olefin. . ", Yoo e w
. -~ . FR . Y
. " ' T " ’ ‘ ' I o b _\ '
e ) ) . ‘ 'n_\ o

oBn

When the c-12 a epimer of 80 was treated with lead

tetraacetate (pYridxne/benzene. rg%lux). the acetate 83 ‘75]§

,-5
ose

and the isomerxc‘olefins 84 were’ 1aolated in 24% and 17! ‘”

B y1eld respectively.. The ir apectrum of 83 iher-ej'fﬁjf;f |
absorption bands for acetate (1727 and 1248 cm‘l) .té“rffy
hrms ahows fragment ione at m/z 371 (02353104) fiy,;,f: :KaﬁL”5
corresponding to the molecuiar ion minua C3H502 and at m/z
311 (c2132702) for the molecular ion minua the dioxolane

and acetate unit (C5H904).; The IH nmr apectrum ot 83 1-

S

N SRR :



‘ consistent with its structure,.in particular,_it displays ' \‘,

4

singlots at. 51 93 for the acetyl methyl and 51.41 for the :“f \b
C-4 CH3 group.i Nos'experiments were used to assign the L
relative stereobhenistry at C—4. In the 1H ‘nmr of 83,
presaturatiOn of the signal at- 50,91 (angular methyl  |_}f.‘_
" group) resulted in a 16% enhancement in the sxgnal at )
51. 4L This indzcates that the C-4 CH3 is close to tﬁe

C-10 CH3 and therefone the C-4 CH3 possess a 5

Y L I ! ' (N

eyl
%

orientation.

o The isomeric mixture 84 was characterized as f{%,'ffvwfs{fit
follows.; Its ir spectrum shows an absorption band at 1650 -
;v c:m"1 indicativeioisthe presqnce of an olcfin, Its 1H nmr

spectrum displays ssgnals,for an’eXQcyclic olefin (54 71




Y

¥ ebietete by treatment of the corresponding e'

\';1€§,: Alcohol 85 was identified as follows. Its ir v

»‘s

selectivity and a. low yield of the olefins.

" of the*C-4 exocycl ¢ olefin of a substituted methyl ‘

o

i

diphenylcarbinol with Pb(OAc)4., Compound 79 was' treated '

with phenyuithz&n (s:zo, -5 c). 'l‘he ‘alcohols ss ana. 86

were. obtained and separated by column chrometography.""

N A

i ppectrum shows an absorption band for hydroxyl (3460

'1). Ite hrms has a fregment ion atrm/z 495 (C34H3903)~‘fff:'

riﬁiwhich corresponds to the molecular formula minus 038502.

:'?fstructure, inlparticular, it dippl ys complex lignals tog e

;{ﬁ'h- I ',44 R

f?;;the arometic protons (63.81;”67 5 _and 57 38-7 14).

o

o Matnumoto end Zoworkere’o have reported thc £ormation B

65

\

‘TﬁfThe IH nmr spectrum of 85 is consistent with the assigned ﬂ?ﬁife




N

;o
\

”,‘orientation at C-12 of the benzyl group of 86 was assigned
' :on the basis of the multiplicity of the H—12 signal "”‘

’\“(65 19, t, 6 Hz) observed in its 1H nmr spectrum.

The next sequence of reactions was carried out w1th S

\

the C-12 P epimer because of the ease of identification of

.'vthe corresponding products.v Compound 86 was epimerized by .

. *:treatment with benzyl alcohg} (TFA/CH2C12) to give 85 as |

‘ *‘the major component of the product mixture.\

When alcohol 85 was' treated with Pb(OAc)4 (benzene,
40’C) in the presence of calcium carbonate .an - isomeric'

\mixture of olefins 84 was isolated in 77% yield.‘ The ;H;‘

nmr spectrum of 84 shows the angular methyl of each of thel”
234, A“ 5, A4(18) isomers at 60.98 (4%).» 50.76 (11%) and -
\”‘60 68 (85%) respectively.' The exocyclic olefin 23 (50 68,‘”j'I

nj\C-lO CH3) is present as the major component in the Q;wgyo N

"fmixture. P A pure sample of 23 was obtained from the

a\fphotooxygenation of 84 as described below. The hrms of 23;

P

-f{ﬁhas a fragmentfion at m/z 311 (c2132702. M ‘- C3H502). ) \;';{

f:_The molecular ‘ormula (02433204) was_dhnfirmed by

';ielemental analysis._iThe 1H nmr spectrum o£.23 displays '

?"f' Ji‘ithe olefinic ‘protons as one' Proton doublets at 64 70 (1 5 "

es



1

- Baving found a method for forming the exocyclic .
| olefin at C-4 with good eelectivity.hwe turned our

,‘ attention to the introduction of the methyl group at C~3

bt 4y

| with the required p orientation. We thought that

:introduction of the methyl group could be accomplished by

“.'displacement of a leaving group attached to C-3 from the a

*g”fone of the 1ate1

"face. Such a. transformation could possibly be achieved
fnwith a. compound such as the hydroxyepoxide ehown(in Figure

ihf 3._ The diol resulting from the ring opening of the .fii*V}T.f

'-epoxide could then be converted to an exocyclic olefin in

’ wetepa of the eyntheeis. Introduction of
ﬁgfthe hydroxyepoxide functionality as depicted in Figure 3
'f?fwas accompliuhed’l as followe. Treatment of 84 with m—»fﬂjf‘
QQT{CPBA (CHZCIZ. r.t ) afforded an ieomeric mixture of
iffepoxides.' The spiro epoxide 87 was ieolated frOm the L
u;fﬁmixture and identified. The hrms of 87 shows a £ragment .}ﬁkff

ng#@}*"ﬂﬂ
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ion at m/z 327 (C21H2703) correspondlng to the molecular
: ion with the loss of the dzoxolane fragment (C35502) The ‘3
1y nmr of 87 is consxstent with the a331gned structure. 1n )

N

I4
d

) ‘partxcular it dispzays the protons of the oxirene rxng at ilmf%
52.74" (da, 4.5, 1.8 Hz) and 52 57 (ﬂ 2 0 nz).”" 'rhe" : |
rrelative stereochemastry at C-4 was assigned by essum1ng
,chat the epoxide formed is that resulting from the atteck ‘ﬁwfﬂ

‘Arof the peracid from ths iess hindered side of the\ o “
,;olefin.h The stereochemical assignment was confxrmed atva> ;h>j

“rdlater stege of the synthesis.‘jlﬂﬂgiﬁjnn5f_;ff‘ - e

| ‘ Attompta to convert the epoxide 87 to the allylic -

f‘alcohol 88 under standerd conditions (Et2NLi)72 failed{?]l‘f

Lnghe ueevofuLDA (Et”o' r.t.) afforded a- eomplex mixtnre.m;ﬂfy¥3fj

%f;Generation of bromomagnesium isopropylcycldhexylgmide

flg(MICA) (isoprOpylcyclohexylamine/EtMgBr,?TBF.-reflux) “tjf:“
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followed by addition of a'nolution of the mixture ot 'Wi‘f

" opoxides in -ms (4o'c. 18 h)73 yielded the anyue nlcohol‘

88 after purification.' The ir tpectrum of 88 ohown Ahi_ o

£

abso:ption band corresponding to an hydroxyl (3450« ...-\'} o=

1) The lﬁ nmr upectrum of 88 diapiajs aunignal fof‘”f‘nf
. \.,’\u ,'1 Il:,' ‘ N ,;‘

; 4the vinylic proton (65 6, m)“and a one proton triplet.for

v

thelhydroxyl (61 15. 6 Hz, Déohexdhangeable). The otherm Ve

i ot
‘(Mv \ | i

2"
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’

! v v
- . ‘, f f ' Lot
. . Lo o ' ' P t Loy
B e . . . A [ ¢ S "
v ot ' 4 e * N ' v, "
[ . o oy . RTIEA N . ' r 4
) [ . ' ;o . s
: A . ' ' iy . oy \ - .
i R RO -y o i . t . B N
. . R v v ' v Yoo .. ' L ey
. . " N . , oo
. o [N . ' . S ' ' Nt
S Mt ' » A L% — AT
i . B e : c AN . s " "ot
P R F B e ' ’ T S N
° . R : K “ > S o, N v
B ' N i .
s h LR RN ] . : . . v
S \ o . Lo e N L
- R . . ;o i P, : i
, oy e | N e BN A
s g R o : - . S i N
" AT e e ! oA AT Kial
. o TR [ 4
) -, e + (R R . A
[Pt AR Lo )
o 3 v . ) ,t . \
[ o . ' 1\‘ " L ' D ‘. DN ‘v =
' . L O . v L M
L . N R ! ’ .
" . ' At ! - : "
B N e . S AR
\ \ [ Ui PR Y
i ) f
vy ' . Y a [
L - . ' ) N '
N g .o o : )
, D N ‘
3 ! ) v
N t .y . AYE
v X T s
. . I i ' 4
. A \ oy
Al . R f
. 7o) / B P
'n / . L o
S fo . N \
N e '
S " IR .
. N
. |

(RS ! ‘Vﬁ ' ' N ¥ A ‘; oyt b v D non N
‘Attempts tO form 88 }A/one step by photooxygenatiop74 R

'ifof the isomeric mixture of olefins 84 failed.ﬂ w-?;*ﬂ

‘~”5ethanolic aolution*ef;ﬁl cqntaining rose bengal was*”“\}?{ e
irradiated with 1ighﬁ'at room temperature fox 96 n While ff:*;
ﬂif oxygep was bubbled throudh the solution.= Pufification of 1f

-, o A
. .“(‘x\ o B

led to isolation”ofva pu:e..amg;e:pf,ﬁ

Z“Lthe reaction mixtute

the eXocyelic olefini"'

”jﬁlreactive under these;

~
[



'~(1Pr2NEt/dimethylformemide (DMF))75 followed by column

: allylic protonq at c«xa as two doublets (83.9, ll Hz an,

protecting group (60. 93. 9H and 60.08, 6H).

corresponding to the molecular ion minus ‘the tert-butyl

'assigned structure. in particular, it dxaplaYs the

@ - ) [

«“ .
Y
. 1
. : N [

HN

‘e o

Y

two isomers. do undergo reacglon.

Treatment of the crude alcohols fram thq ring opening
4
reaction with tert-butyldimethylchloroailane (TBDMSCl)

L chromatography gave the %rotected alcohol: 89 "in 20%

’i:;overall yleld from 87. Jdts hrms shows an intepse fragment
'hiOn at m/z 441 (C27H410181) correspondlng to the molecular
Tﬁion minus }he dloxolane fragment (C3H502) The lﬂ nmr

-‘cpectrum of’89 shows a complex aignal for the vinyl proton

(65 55). ? ﬁe proton doublet for one of the allylxc

~

. Epoxidation .of the Qleffn 89 w1th m-chloroperbenzoic

acid in dichloromethane at room tempe;pture afforded the

.epoxidb 90 as the only product 1n 89% yueld.g The‘hrms of
.38 has q £ragment ion at m/& 473 (c36537°681)

-

\ _group (C4H9) Its 1H nmr spectrum is éonsistent with the,
‘e, 4

. O
53. 4. 11 Hz). R~ as a doublet (53 ll. 3 Hz) and signale

‘70

-~

protons 264111, 13.5 Hz). and 31nglets for methyls of the ,

ch&%acteristlc of the protecting group (60 89. "9H, 50. 05. l‘!

if3H, ‘and 50.04, aa), The a oriente:ion was assigned to the

gepoxide by assuming that the pe;acid approaches ‘the. olefin

~r“£rom the lesa hlndered uzface of the molecule.7}

>
‘ v’ . . '> [
S DR
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.ﬁe wefe now rbady to intrdduce a p-metnyl group.'~
' Opening of epoxides with , Organocopper reagents is a well
established method of C~C bond formation 76 When compound

90 was treated'w;th 10 eq. of lithjium dimethylcuprate 1

'90 R = TBDMS
91 'R = H N

A}

K4

(Etzo. T.t.) only the starting mater1a1 was isolaggd.

-Treatment of . 90 WIth the hlgher order organocopper

\

teagents (CH3)2Cu(CN)L12 gave the same result (Etzo,

r.t. ) 77\ Treatment of epoxlde 90 thh excess of‘

5 -
A

methylmagnesium chloride alone (Etzo. r.t ) or in the
presence of eptalytic amounts of cuprous iodide78
'(EtzolTHF, r t. or 40'C) did not lead to a produdt. only _
.;he starting mate;ial was - isolated after woég-up. The -

inertness of epoxide 90 to the organocopper reagents may

"be due to steric hindrance to appfoach of the- reagent toxﬂf

";.g_%.
., A
P I

‘the reaceive center (c-3) T

We also attemptea the eppkide 6pening on a gyntnet;e o



intermediate without the bulky proteoting group. The .
: hydroxyepoxide 91 was obtained by epoxidation (m-
CPBA/CH2C12) of the alcohol 88. "Its ir _spectrum shows an
. absorption ‘band for hydroxyl (3457 Cm‘l) Its hrms has a
‘ fragment ion.at m/z 343 corresponding to C21H2704 (M -
'CBHSOZ)\ ‘The 1H nmr spectrum of 91 displays the protonv
geminal to the epoxide as a: doublet at 53 31 (3.5 Hz).
The other signals in the 1H nmr'spectrum of 91 are in
agreement with its structure.‘ The « orientation was
assigned- to the epoxide for*the same ‘reasons as given for
90. . | | |
when the epoxide. 91 was treated thh lithium dimethyl-
cuprate (Etzo/THF. r.t. ) two epimeric products were '
formed. The more polar epimer is 92a., The epimer 92abwas'd
identified as follows.' Its ir spectrum shows an
absorption band for hydroxyl (3440 cem~1). The hrms of 92a
" has a fragment ion at m/; 359 (C22H3104) corresponding to
thelmolecular *ion meus the dioxolane fragment (C38502) |
. The 14 nmr apectrum of 92n displays a complex signal for
[ the aromatic protons (57 35-7 28. SH). a singlet for the |
methine of the: dioxolane group (65 23), a one proton |
doublet for H-12 (65 27. 6 Hz). a singlet for the angular L‘
_ methyl (60 86). two doublets for hydroxgl (52 49,»2 He and .
61 73, 3 Hz). a complex signal assigned to the protons ‘

geminal to‘tne hydroxyls (64 1-4 04. 2H). a triplet of ‘;/;

»
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doublets for H-5 (51.94, 12, 3.5 Hz), a one proton signal
for H-4 (§1.36, Aat, 12.h2 Hzf¥-and‘a thras proton doublet
for a methyl (81:#. 7 Hz). Decoupliné experiments gave
tbe followin§ results. ‘lrradiatEOn of:tbe methylhdoublet‘
at §1.30 modified the oompler signal at AM. 1-4.04.
lrradiation'ofwthe signal at 84 1-4. Odicollapsed the
.methyl doublet at"§1.3 to a singlet and the doublet of
&triplets at 51. 36 (B—4) to a doublet. ' NOe experiments
confirmed the relative stereochemical assignment at\C-4 as.

alpha B Presaturation of the angular methyl (50 86)

[

resulted in an ll% enhancement in the signal at 51 36.
A

All these data are consistent with the structure assigned

to 92a. o : g oL

d' The less polar epimer 92b has the following :

-"properties., Its ir spectrum has an absorption band for '
Ahydroxyl (3400 emfl) Its hrms has a fragmant ion at m/z'
' '359 (szﬂald‘ for the molecular ion minus C3§1502. 'rhe 1H‘,

...... '

-
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nmr epectrum of 92b ie conaietent with the aseigned |

etru'ture., In particular. it dieplaye a broad einglet for

), two' doublets for hydroxyl (52 6. s S Hz and ]

1. 5 Hz), a- triplet of doublets for H -5-.(62.01, 12,‘,

Hz), and a three proton doublet for a methyl (51 31,

- DR AL B "l" : ne e “\""' N . B _‘”,._
(6552) ot ;‘:jvu S - : o

o
{ ).

L\ -The epectroscopic data of 92a and 92b indicate that(‘

. they are epimers. Because H-5 of both epimere shows a
large coupling congtant (12 Hz) thh ‘H<4 they must be .

| epimeric at . C-lB. The pr0posed mechaniem for the

formation of 92 is shown in Scheme VII.;

k1

The first step. is formation of the epiroepoxide71

followed byropening of the epoxide to ‘give the C-18
enolate.72 'Protonation of the enolate to the aldehyde and'

addition of methyllithium may have occurred during

redption work-up.

- v.‘, .

» After the?e attempts to open the epoxide thh

‘. organocopper reagenta failed to introduce a p-methyl group
r .

'eelectively, we. decided to introduce the group by a ‘1{|u‘;

different approach.i When the isomeric mixture of olefins |
) '? (] ' '~\

84 waa treated with aelenium dioxide in ethanol under f"'_

,'”"flux the allylic alcohol 93 wae isolated in 36% yield.'

fwrﬁe ir epectrum ahows an- abeorptibn band for hydroxyl

97',

: {5453 cm'l) and for exocyclic Olefin (1655 cm‘l) Its X

e
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| hrme hae e fregment 1on at m/z 337 (Clgﬂzgos)

% oorreeponding to ﬁ* -Ql.1 The 13¢c. nmr. dlepleye elgnele for ;
nineteen oarbone coneietent with ite molecular formnle. ‘.;
The IH nmrlepeotrumﬂof 93‘ehowe a doublet agsigned to H-lz .
(55 19. 5 5 Hz). two triplete for the vinyl protons |

\ (64 94, ‘1. S Hz ‘and §4. 60,’1 .5 Hz). a one proton triplet

- f%r one proton g nel to. the hydroxyl (54 27. 2 5 Hz),
end enrisoleted epin eystem &orrespondxng to en ethyl :
group (63 85-3 15.‘1!1” m,\ 53 43. m, dq. 9 5. 7 Hz. and
61 17, . 3H. t, 7 Bz).f Beceuee of the acidic neture of the

- reection. the benzyl group was exdhenged for en ethyl, '
group.79 The a orientation of the hydroxyl and its
etereochemietry Weq,implled by nOe experiments on thevpﬂ:.

[ Coae
oo + : PR .

: ailylic elcohol 95. f f”.L'Karﬁ' pt S ﬁftf'” r{5.7i]xn‘




A

. chloride (Et3N/cazclz) afforded tha diene 94.f Ito i;

",

- available ﬁrom the allylic alcohol.

e

K . o —_ : R Wk S

Lorede

\

[

“'recovered“efter‘vorkéup.‘ Treatment of 93 with mecyl

\
»

spectrum doea not show absorption due to hydroxyl.~ ,ie'
hrms of 94 has“a fragment ion\at,m/z 319 (C19H27O4)
corresponding to M* 1. The 1H nmr epectrum of 94 is in
ag&eement with the structure for 94, in. particular, it 2
displays four vinylic protons at 56 2 (dd, 10. 24 5 Hz), |
65 61 (m). 54 83 (br s), and 4 75 (br“s) The ease of
formation of 94 diecouraged us from further attempte to | S .
use a derivative of 93 to introduce the p-methyl group. T}?
The next approach to the introduction of the methyl

groug was by means of a Wittxg reaction on the C-34$“
ketone. The resulting exocyclic olefin would then be

reduced to give the*methyl group. The pequired ketone is

. When the olefins 84 were oxidized with Seoz using the :_“'"
method developed by Sharpless and Umbreit (t-igf |

nuoon/cazc12)9° the alcohol 95 ‘was obtained in 47& SRR T

_ yield.d Its hrms has fragment ionvat m/z 3§7 (02152703

. corresponding to the m&iecula=

‘ h - o




‘,Preseturation of the ﬁkoad -inglet at 54 93 resulted in a

1}128 enhancement o£ the oignal at 54 27 (3-3).‘

At thia point in the synthesis. the exocyclic olefin )
"at CT4 had been used to activate C-3.' Because we planned
'_'to use catalytib hydrogenation and ozonolysis to effect

\

.'tfhneformations in other parts of the molecule, we decided

.,,‘.. -

fto protect the olefin aa its corresponding epoxide.;WAn‘ “d
"epoxide protecting group was chosen beeause of its ”§ l;' a{:{
l:relative ltability and of the numeroue methode nvailable B
kito tranaform an epoxide to an olefin.ela Treatment of the ‘ .
_{; ’i\'allylic alcohol 95 with 3 eq. of m—CPBA (cazclz,-;.;r.‘g )
3ﬁaf£orded the corresponding epoxide 96.,:Thfshrme405196 ‘

i.::shows a;“ragment ion at m/z 343 (c21327o4) corresponding




190

‘} - .

;‘nrﬁ’T
: ketone group wich PCC gavo a complox mixturo.‘ Tho q,p%
’v opoxyketone 97 was obtained by oxidation of 96 undor the |
g Swern conditions82 ((COCl)z/DMSO/CHZClz, -GO'C followed by ﬁ‘
Et3N,'-60’ - O'C) in good yield:"lts ir apectrum has a }@;
strong absorption band for carbonyl (1720 cn”l) : Its hrms |
: shows a prominent peak ag,m/z 341 (C21H2504) corresponding ; &
:to the molecular ion minus the dioxolane ring (C3H502)
-jho 13c nmr of 97 diaplays signala at»5205 7 (C—3) for the ‘

carbonyl carbon ;at 660 6 (C-4) and at 549 8 (c-1e) for

the carbons o \the oxirane ring.‘ The other twenty-one
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- by conia and Limasset84 (potassium t-amoxide/triphenyl
methyl phosphonium bromide/benzene) afforded the exocyclic |
olefin'98 in 61% yield after purification.‘ The ir

kS

ﬂ spectrum of 98 shows an absorption b at. 1645 cm.l_‘nf}*d

N Sy

characteristic of the exocyclic methyle ‘¢~Its hrms has ai'
_ small fragment ion at m/zl411 (C25H3lps) corresponding to
."*&fié_l; and another at m/z 339 (C22H27o3) for the.fg ,FJ[‘ ;

molecular ion minus the characteristic loss of C3H502.3f;3“

The 18 nmr spectrum of 98 displays the vinyl protons as ‘i‘f;

N

two triplets 154. 95. 2 Hz and 54 69, 2 Hz), and the ‘<m

'
o

protons of the oxirane ring as two doublets (62 85, 5 5 Hz

r

and 52 46, 5 5 Hz) ; The other’signals ig the 1H nmr

‘ spectrum of 98 are in agreement with its structure.,uq
L , AN
T;'f The gfmethyl group at C-3 present in our target ;‘v bV‘-Z

-\moiecule should be obtained by reduction of the oleiin of gfﬂjf

= 98. we felt that the desired p stereodhemistry o£ the C~3'
n’ ' N ~"\‘X'~"

» methylscould be obtained by the use of theaappropriate ajx
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measuring the integration of‘the signals corresponding to

the,protons of ‘the epoxlde. The assignment of the a

orientstion to the major epimer 1n the mixture was based
\4on correlation with a compound obtained in a later stepl‘

Al

The hrms of 99 displeys a fragment ion at m/z 341

(C22H2903) corresponding to the molecular iqn mlnus |
g C3H502. The 1H nmr spectrum of 99 dlsplays the followlng ‘H'
signals for the major compOnent (a epimer), two doublets‘ f \f
for the protgns in the oxirqne ‘ring. (52\75. 4. 5 Hz and‘
:). a doublet for the ¢-3 CH3 (61 l. 5 ‘Hz),

%nd a singlet for the angular methyl (50 87). The minor

62 53. 4 .5 H

wcpmponent (5 epimer) shows the follow1ng slgnals in the 1

' s
\

nmr spe\trum of 99-ttwo doublets for the protons in the

~

oxirane ring (52 69. 4 Hz and 52 57. 4 Hz). a slnglet forl'

‘ the angular methyl (50 83 | and a’ doublet for the C-3 CH3 vfwf:

(50 ?2. 6 5 Hz) | Other sig‘els in the 1H nmr spectrum of

99 are consistent with the structures.'

Catalytic hydrogenation of 98 using Pt02 in Etzo,z,”{’ffl;ff




_! '

opoxide ring in 99 wan oponed with qpperhxdride ‘.;,J‘,¢‘ﬁ“
(MEt:gBH/THF) to give alcohol 1oo as an .pj,m.@sc C e y

mixture. The 1H nmr .pectrum of 100 dinplayo two cinglets o

\

for the c-4 cn3 (51 17, 2.4H ‘and §0. 95. ”sm. two o

o
wublets for the c-3 chy (s1. 01,37 Hz, 2.4H end 809, 7
vv" e

'\.‘

[
9.

Hz. 0. 6H). and two singlets for the<angu1ar methyl (50,89.
2. 4H and 50 84, 0 6H) The major component of the f -
- mixture,vcompound 100-&..Was aeparated by ‘,I}‘fj?x'f";{'
orysta111zation. Its ir spectrum shows an absorption band ‘7 g

‘ffor hydroxyl (3530 cm‘l) Its hrms has a fragment 1op at'

fé%*
K m/z 343 (C22331°3) corresqfnding!xo the molecular formula :31*
\”‘h" S ) N ¢ S ' s . “‘ . ‘

e ) S G \ & o . B
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A > : *
t' N ‘A' \ . ot A '
argﬂat§€ protons, and a one ?roton singlet (85.20) for

){14 :

\

Treatment of 100+ with‘gftoluenesulfOnyl isocyanate
(toluene forms the correspondxng carbamate) followed by
pyrolysis (refluxing toluene)85 afforded an isomeric
mi xture of olefins, c mpound 101. Analysis of the 1H nmr
spectra of 101 iAGic tes that the olefinic LQOmeré are in
a ratio of 7:3. Bechuse each of the olefins has a doublet
corresponding to the C-3 CHz (s1.08 aﬁd 60.99), the
isomers were identified as the A4 5 and A4 (18) olefins.

The exocyclic olefin is the major component of the mixtute

(IH nmr) . /

¢

Decoupling experimenta confitm the chemical shife

assigned to H-3. Irradiation of the doublet at 81.08 (C-

‘

CH3) collapsed the multipleb at452 53 (H-3) to a

doublet. The relative ;tereochemintry at C-3 was



{

confirmed by nOe cxperimento.' Prc.aturutton of’the broad
i 1 \ ‘

-inglcﬁ at §4.73 (vinyl H) gave a 7% enhancement at 52 53 ”

| »

.(H-3) The obaerved enhancement in the nQe cxperiments
indicate a c}oee‘proa‘tilﬁity between H-3 and the vinyl
proton, thus the ¢ orientation was a‘s'a_i’ghéd to the C-3 CH3.
(see l;i?ure 4)‘. The relative stereochemistry at C-3 of
ﬁgzigadi?l (2), as dgt;.ermined by nOe experimer;‘ts,:’a was

shown to be g. Unfortunately compound 101 and the major.

component of its epoxide precursor 99‘have the Opposflte

’ —

stereoshemistry at C-3.

L4

Figure 4. Conforma{iion of IOO—a.

L4

4

The results obtained in the catalytic hydrogenation
of 98 1ndicate that the g face of the olefin is the more
accessible face, as-observed by others fqr cataiytic .
hydrogeng£ion of 4137buiy1methy1epécyclohexanca85 We felt

that opening the epoxide of 98 to give}an(akial methyl

85
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'gréup‘at C-4 might favor formation of the denircd B

i

product during the reduction. Trcatment of 98 vith .uper-f

hydride (LiEtanﬂ) afforded the/al;ylic alcohol 102 1n good
yield. N0e~experimenta on ‘the /C-4 methyl’ confitmed the’
assigned etereochemistry at C-4. Presaturation of the
signal at §1.17 (C-4 CH;) gave a.16% enhancement fqrﬁthe :
sxgnal of the angular methyl group (60.87). Theae
experiments also confxrm the earlxer assumption thatxin
'epoxlde formation with‘peracld "the peracids would
Y

approach the exocyclic.olefin/of 95 from the o face Lo

give, 96.

102.

‘Catalytic hydtogenation of 102 wzth‘?toz in cthanol :
or 5% Rh/C in cyclohexane (1 atm) afforded 100 as.a

mixture of ¢ and p epimera in a ratio ca. 2:1 rcspectively

(detetmined by IH .amr). . Unfortunately the presence of the

-C-4 p-methyl group 1n 102 dxd not create cnough of a’

86
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' Y
steric effact to cause a/:ubef‘ht}al change in the

.teroochamiotry of the ‘e uction.

The use of 10% PA/

atm) of olefin 98 gave ter results. The use of Qzl

her,'iaopropyl ether, benzene, or
o

acetonitrile provided the iaomerxc mlxture, compound 99,
\

in which the B epimer (5§2.69, 4 Hz and §2.57, 4 Hz) is thé

solvents such as ethy1

-

major component (q:g ratio, 1:2; determlned by 1H nmr)

The 1H nmr spectrum of the crude product also shows
! R O \ g

aignals’for impurities\ The use of ethanol or ethyl

I3
acetate afforded complex mixtures.

N When the olefxn 98 was treated with Pd/C and H, (1
atm) in THF_gr acetoniirile for a short period of time
(ca. 1 h) compound 103 was formed as the major
component. The product contained a small amount of /
compound 99. The 1y amr epectrum of 103 dlsplays -1 one'
proton multiplet assigned to the vinyl proton (55 61) and
a broad doublet for the vinyl nethyl (61.47, 1 Hz).

It 48 known that olefin isomerization is in ,

'competition with reduction of an olefin when palladium is

_used as the catalyst.37 The ease of isomerization of 98

in the catalytic hydrogenation (1

Y

to 103 mdy explain why the catalytic hydrogehation of 98
with palladium gives the 8 epimer as the major produét.
Addition of hydrogen to the endocyclic olefin ftom the a

face forms the a epimer: at C-3 as the major product.

.87
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Treatment of epoxide 103 with Pto, (Enon ‘'or EtOAc) or
”'108 pa/c (THF or cyclohexano) undcr catal;gic . o §A
qhydrogenation conditiona (H2' 1 atm) provided cOmplox

mixtures.' Ring opening of" the epoxidb gf 103 With luber~
.'hydride (LiEt3BH) afforded the allylic alcohol 104. Its
ir spectrum has an absorption band for hydroxyl (3400

'i) 'The 1H nmr spectrum of 104 dlsplays ar broad

doublet for a v1ny1 proton (65.33, 6 Hz). a.singlet for : S
. hydroxyl (61.06), and a szgnal assigned to _the vinyl Eu‘~

: méthyl (61.74, br 4, 1 5 Hz)..

Tteatmen; of 104 with Pt02 or 10% Pd/C in etheL under
hydrogen (1 atm) daid not lead to reaction. When 104 was

treated with 108 Pd/c in ethyl ‘ether under preslurc (Hz. 3. ——

atm) the hydrogenated alcohol 100 (epimeric mixturo at '
c-3) was obtained.v Analysis of tlie 1H nmr -poctrum of 100 ‘

st
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Ewerburganal (l)fgis cuttently underway in our

laboratories. . — o

i
7'\ N . '; )
_shows the a and p epimera at C—3 in A ratio of 1:8

1
f

£ 0

respectively.‘ The 1H nmr spectrum of thé major ioome;,

- ,f‘

loo-p. is consistent with the agsigned structure. id
particular, it diaplaya a three proton singlet for éﬂé C—
 CH, (60 93), a doublet assigned to the C-3. CH3 (60 90,

—

Hz), and a singlet for the angdlar methyl g§0‘84)*.

With the formation of 100-3, the synthetic ronte for

3
the introduction of the p—methyl ‘group at C- 3ohas been

establiahed. The conversion of 100-g to,muzigadi&l (2)

employing ‘the sequence of reections deecribed for

N
"

e
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.CONCLUSIONS - |

4
-

In eummary.'we describe in this thesis ‘the 1. ”“"

[

transformation of leVOpimaric ecid (17) to warburganal (l)
(Scheme Ix) and to compound 100—5, a potential |

1ntermediate for the synthesie of muzigadial (2) "

2
T

'These transformations were carried Out “ag.. feilows.

Levopimaric acia (17) wes converted to the endoperoxide

‘18. Ozonolysis of the doubie bond followed by protection

A

of the aldehyde and reduction of the ketone provided the

»hydroxyperoxide.44. The key intermediete 45 was. formed by

N
b

)

t

heterolytic fragmentaaion of 44 under basie conditions.

Compound 45 was tranaformed to the enol ether Sl\vie ‘the
oy

. corresponding hemithioecetqls 47, 48. The enol ether Sl

was converted to the ieomeric mixture of olefinp (sz, 53,
58) . The olefins were hydroxylated at C-9. and the “”;
protecting group at C-8 was’ removed to‘give 4a—methoxy~ E
carbonylwarburgenel (20) : _ "jfl ”[ . .

€ !

W1th the formation of~20 we established a practical

)..

route to remove the top "ieoprene unit*® of levopimaric

/

ecid (17) end to introduce the functionelities present in

>

A

ring B of warburganal., The remeining tranaformation d ”%f

% K

required ‘to' complete the synthesis of Werburganel (1) Wasij”

‘;"

the reduotion of the carboxyiate group to a methyl S

N N - .L . /

. — L . i - el . .
5o A ' oMo e 34

t‘v
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SCHEME I)o

‘Synthes is of warburganal

B 70.’] RCCH, P E . - ‘4“:".

&
he

© 91 .

-3



'COzCHg
$2,53,88

s

20 'R = CO,CH,
. .1 R =CH,
" )
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grOup), It was accomplished in two different ways. The
’epimeric mixture of hemithioacetals 47, 48 was converted

either to the tosylhydrazone 69 or to the . epimeric mixture

of isopropylsulfonatqs (74 75) ‘ The‘hydrazone 69 was

A

reduced, with a disubstituted borane to the ge -dimethyl-
hemithioacetals 70, 71 while the sulfonate of 74, 75 was
’displaced With hydride to provide 70, 71. Both of these

i methods brought about reduction at the neopentyl ‘carbon.

l

'.WIth conpounds 70, 7t in hand,. the synthesis of
’warburganal (1) was completed using the route described

,above for the synthesis of 4u—methoxycarbonylwarburganal.

'
.

(20) (Scheme IX). A
In the synthesis directed to mhzigadial (2) we used

the hemiacetais 45 in. its protected form (79) to modify

RS

- ring A (Scheme X).- Conversion of the carboxﬁgbte group of

- 79 to the corresponding tertiary alcohoi followed by 'i “._“
Lffragmentatioh provided an isomeric miXture of olefins 84~
;(the desired exocyclic\oiefin iwas the major component) ;f‘Q
uThis sequence of reactions pro\\d'to be the least - ;

,'cumbersome and most stereoselective of the reactions

"attempted for the formation df the exocyclic methylene.",:”w” ,

";1ﬁ Activation of C-3 Was effected by allylic oxidation
:sof.84 to provide the secondary alcohor 95.f The olefin 1n
‘iC-4 was protected as its corresponding eporide 96.:;,

Epoxyalcohox 96 was oxidized to the ketone and this ‘was S

P
TN : AT ~
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‘/:.- ' I/—‘x,," '

converted to the olefin 98 by means of“a Wlttlg
‘ \ ‘& .
'”reaction. At, this p01nt we had attached the one carbon
' . ]

unit at C-3 and there remalned the stereoselective

1
\

»

reduction of the olefln from the alpha face to obtain the

— [
~ PA
.

- correct. stereochemistry at C- 3. 7, ‘ e Ca

[ i

;The_ termlnal methylene 1n 98 was 1somerlzed to the.md

‘endocycllc olefin, the epoxlde was- opened, to glve the r B
corresponding tertiary alcohol 104 ‘and gpls was reduced

under cat 1yt1c hydrogenatlon condltlons to the eplmerlc
‘ ' 1 1
' mixture of the alcohols 100. The C-3 a—eplmer was the

‘predominant product. ' ‘ *,“ ‘(

WQ have thus synthe51zed an 1ntermed1ate w1th ‘a 3—

methyl group at‘C-3 and~a,masked~exocyclic olefin at’
Cc-4. The converslon of thlsslntermedlate to muzlgadxal '

.

'-(2) employing the sequence of reactlons previously

described for Qnr successful synthesls of warburganal is

»

currently under 1nvest1gatlon 1n our 1aborator1es.‘

w/ .
)

.




EXPERIMENTAL

\
‘“t

Unless Otherwise stated the ~following particulars

apply All reactlons were run under a p031t1ve pressure
I

Iof an 1nert gas. Reactlons réquirlng anhydrous condltlons

n

'were performed in oven—drled glassware (115°¢, 2 h),

cooled in a de531cator, assembled, and sealed with‘a~
. , ol
o ‘

rubber septa (when appllcable) and purged withagn inert ‘x”
'gas.v The term in vacuo refers to soivent removal via
.‘Buch rotoevaporator at‘Water asplrator pressure.d

Solve ts .were dlStllled before use ‘for chromatography orh

. extraction. Anhydrous solvents were\dlstllled from -
approprlate drylng agents. dlethyl e€ther (Etao) by -
3dlst111at10n from a blue solutlon of sod&um benzophenone
Ketyl, tetrahydrofuran (THF) by dlstlllatlon from a blue
lsolutlon of pota881um benzophenone ketyl dlchloromethane

(CHZCl ), chloroform (CHC13§> toluene, yridlne (py), //

s
\Q\

“amine,u;:REyl alcohoﬁ oxalyl chlorlde. dlmethylsulfoxiae ‘j

~

' -(DMSO)&gf1methylformam1de (DhF).‘and hexamethylphosphorlc 4

trlethylamlne (Et3N), dllsopropylamlne, d“lsopropylethyl-

'trlamlde (HMPA) by dlstlllatlon from calclum hydride (the

'1atter three under reduced pressure and stored over
SN : - ' '
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molecdlar sieves (31) under‘hitrogen); Skellysolve B
refers to Skelly Oii Company‘light petroleum, b.p. 62-
70°C; the commerciei solutions (Aldrich) of methyliithium
15 ether, —butyllithlum in THF and phenyllmtglum in ether
were titrated before use by the dlphenylacetxc acid
method,88 oxod1peroxymolybdenum(pyr1d1ne)~hexamethyl~
phosphorami de (Aldrich) Was'useg as received.

| Flash column cﬁromatoérephj‘wae performed by using E.
Merck silica gel 60 (230-400 ASTM mesh) according to the
procedure of“Still.§9“ AHElytical thin layer . X
chrooatography (tlc) was carried out on aluminum sheets
precoated (0.2 mm layer thlckness) with silica gel 60 Fyg4
(E. Merck Darmstadt) Ultravxolet actxve materlals were
detected by visQGalization under a uv lamp (254 or 350
nm); For tlc the v18uallzat10n of the chromatograms was
completed by spraying with a eolutlon of phosphomolybdic

acid (3%, w/v) containing cer;c sulfate (0.5% w/v) in

eulfurlc ac1d (3%, v/v), followed by careful charring on a

hot plate.

Melting points Qere.recorded on a Fisher-Johns
meltlng poxnt apparatus and are uncorrected. ‘Fourier
trensform infrered~speccra were"recorded on a Nicolet 7199
eﬁf interferoﬁeter. ;Ultraviolet spectra were recorded on a

Hewlett Packerd HP8450A diode. array spectrometer coupled

to a 7470A plotter. ’ f' ‘ . . o'

.‘ ;‘
'
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Proton nuclear magnetic reeonanqe“(?ﬂ nmr) spectra
.were recorded on Bruker WP-80 (at 80 MHz), Varian HA-100
' ‘ )

(at 100 MHz), Bruker WH-200 (at 200 MHz), Bfuker WM-360

)

(at 360 MHz), Bruker WH-400 (at 400 MHz) spectrometers in '

the speclfled deuterated solvent with tegramethylsilane

(TMS) as an 1nterna1 standard and measufements are
reported in ppm downfield from TMS (5.) . 13C nuclear
magnetic resonance (13C nmr) spectra were measured on a
Bruker WH-200 (at- 50.3 MHz) or Bruker 'WH- 400 (100 6 MHz)

. spectrometers. For 13C nmr, deuterochloroform (CDC13) was

\ .

employed as the internal standard‘(asslgned as 77.0 ppm
downfield from TMS) and  measurements are reported in ppm
downfield from TMS (). . ~

Carbon-13 multiplicities were derived from gate

-

decoupling spin echo experiments.90 Nuclear Overhauser

enhancements (nOe) were determinéd by making all the data
poxnts of the control (undecoupled) sseetmum negative and
computer-adding it to the free induotion decay (FID) of
the decoupled .spectrum before Fourler transformation.
Positive enhancements are defined as multiplets poseessxng
~an antlphase w1th respect to the decoupled elgnal.

Samples for nOe measurements were deoxygenated with
4h££fogen'of ergon for 10 min prior to\use. The’followiﬂg

ébbreviatione'are used in the text: s, singlet; 4,
. ! V4 .

doublet; t,‘tripletg q,'quartet;‘m,‘multipfet: 6, chemical
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High resolution electron. impact nﬁss‘apectra (hrms )

were recorded on an A.E.I. MS-50 mass spectrometer coupled

to a DSS50 computer. Chemical ionization” mass apectfa

(cims) and low resolution electron impact mass spectra
klrms)vwerg obtainéd using an A;E.I. MS-9 mass’
spectrometer. Data are reported as m/zh(relative
intensity). Unless diagnostically'significant. peaks with
intensities less than 20% of the base péak are omitted.

Optical rotations were determined on a. Perkin Elmer model

141 polarimeter wigk a sodium lamp (589 nm) at room
temperature. pombustioﬁ elemental analyses were perfq{med‘
by the Microanalytical Laboratory of the University of

' . .

A\

- AlVYerta.

. o
. \ ’o

'

Levopimaric acid 17

Levopimarit acid (17) .was isolated from pine
oleo;esin‘(Néval SpéreS'and TimberlProduciion Laborato}y.
‘Qluétee..Flo;ida, U.S.A.) using the p;ocedure descx:\ibed;ll'8
m.p. 128°C;vtic: Rf‘0.23 (cyciohexane/ethyl acetaté,
70:30); [alp -265 XEJG;G, MeOH); ir (CHClj, cast): 3600-
2360, 1694 1283, 763 on~1; 4 mmr (200 Mz, epel ) :

§ Ll

* . .
Ammonia as reagent gas. . -
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\

' 65.51 (1H, bs, H-ié),‘S.lz (1H, bt, 3.5 Hz, H-;4),‘2.4ofi
2.02 (6H, m), 1.93 (1H, Ad, 12, 3 Hz, H-5a), 1.86-0.88
(8H, m), 1.16 (3H, 8, C-4 CHz), 0.96 (6H, 4, 7 Hz,
CH3-16,17), 0.89 (3H, e, C-10 cus); 13¢ nmr (cpe1,) s
6185.4, 138.9, 138.5, 115.;, 114.8, 49.5, 49.2, 47.s,

1 40.2, 37.1, 36.7, 35.8, 33.2, 33.2, 2§.3, 22.5, 21.3,
21.2. 17.9, 16.2, 14.1; hrms: 'm/z calcd for CygH;00,
(M*):  302.2238, found: 302.2246(76), 187(29)., 146(76),"
134(50), 123(19), 121(19), 117(23), 105(42),-91(100).

Methyl levopimarate 25

. An etﬁeral solution of diazomethane was added
dropwise with stirring to a solution of levopimaric acid
'(5.092 mg, 16.8 mmol) in ether (200 mL) at 0°C until the

¢
Yellow color indicating excess diazomethane remained. The

»

reattxon mlxture was . dried’ (Na2804), and conCentrated in
‘&o to give 25 as a solld (5.230 g, 98%) m.p. 60-62° C;
. tle: Reg 0.76 (cyclohexane/ethyl acetate, 70:30); 0.52. °
(Skellysolve B/ethyl acetate, 85:15); 1ru(CH2CL2, cast):
1728, 1382, 1245,,1192, 1170, 1120 cm -1; 1y hmrj(zoo_an;
c0013) 55 5 (18, 4, 1.5 Hz, H-14), 511 (IH, t, 4 Hz,
H-12), 3. 65 (34, s, C-18 OCH3), 2.38= 2 0 (SH, m), 1.91
(IH, dd,.l2.75 2.75 Hz, H-5), 1-84-1 38 (9H, m), 1 17
(3H, 8, C-4 CH3), 0 95 (én, a, 7 Hz, CH3-16 17), 0. 89 (3H.

'8, C-lO CH3): hrms- m/z ¢alcd for, C21H3202 (M*):

-
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316.2394, found: . 316.2402(91), 299(9), 257(9), 239(34)
187(19), 181(21), '146(69). 133(41), 123(29), 117(23),

105(36), 101(40), 91(100).

: . \
Methyl ‘8z,l12g-epidioxy-abiet-13-enate 18

[l

A solution of the methyl ester 25 (4.040-9, 12.7
mmole) and rose bengal (50 mg) in 95% ethanol (240 mL) was
‘irradiated with a 40 watt Luminate® lamp while oxygen
bubbled through the squticn. After 9 h the sol?ent was

)
\ . . N
removed in vacuo. The residue was dissolved in ether (300

mL), washed with saturated NaHCO3 (3x), water (2x), brlne
(2x), drxed (Na,S0,), and concentrated to give a pink
8011d (4 350 g). Purlfxcatlon by flash chromatography
'over silica gel elutlng w1th Skellysolve B/ethyl acetate,
85:15,gave the endopexoxlde 18 as a solid (3.360 g..
76%) . An analytical sample of the endoperoxide was
obtalned by recrystalllzatlon from Skellysolve B. m. P
‘102° C- tle: Rf 0.4 (Skellysolve B/ethyl acetate, 80: 20),
- 0.41 (d1chloromethane/ethy1 acetate, 95:5); [a]D +82 6 (c
1:4, cac13), ir (CHCly, cast): 1715, 1645, 890 cm }; 1y
i (400 MHz, cpC13) e 55.88 (1H, £, 1.5 Hz, He14);" 4, 63
(IH. dt, 4 5, 1.5 Hz, H—12), 3. 69 (3H._s), 2.51 (IH,‘W .
quintet a, 17, 1.5 Hz; ‘H-15), 2.25 (18, dad, 14,‘ 9.5, 4 4.5 '
Hz, a—11a),‘1 98 (1hf.dd. 9, 5.5 Hz, H-9), 1.94-1.02 (128,

m)o 1. 14 (3H' 8, C‘4 CH3): 1 12 (3“, dp 7 HZl CB3'16):

) . -



' S 102,

-

1 . N -

1.08 (3, 4, 7 Hz, CHy-17), O. 57 (34, s, C-10 653)r 13
nmrJ(CﬁCl3)= 5178.8 (s, c—1e) 149.1 (s, C-13), 124.7 (a,
C-14), 76.9 (s, c-a), 74.7, (4, c-12), 51:3 (@ c-18. OCH3) .
', 50. 2 (@), 49.3 (d), 47.1 (s, C-4), 36.9 (t),'36;8 £y, -
36.3 (s), 32.2 (v), 31.1 (a, C-15), 25.1 (t), 21.7 (), ‘5' :
20.4 (q, C—1§)f 20.2 gq, c-17), 17.1“(t),_16.6 (q), 15.2
‘(q); hrms: m/z calcd for-C21H3éO4 (M+$=‘“%§§;2292}f
found: 348" 2300(5), 316(67)," 305(7), 278(7), "259(10).,
- . > .

217(16) , 173(17). 146(34), 121(100), 105(30); Analysis:. &v'
He o ).

calcd for c21n3204. ¢ 72.38, H 9.25; found: 'C 72.55,

-

. - t 1
=, ' . * RS _; s

!

."9.35. T : 3 . ' . L
y Methyl dehydroabletate 26 was also separated by flash
chromatography as an: 011 (230 mg, 6%). th:,an 0.53 o .
(Skellysolve B/ethyl acetgte, 8:2), 0.68:(dicﬁlqro- .
methane/ethyl acetatey 95:5); ir (CHyCly, cast): 1728, .~ .
1246, 821 cm~l; 1H nﬁr (200 MHz, CDCl3): §7.13 (1H, d. 8 “
Hz, H-ll). 6.96 (1H," dd, 8, .2 Hz, H-12), 6.85 (1H,: bs5 L
H-14), 3.64 (31, s, Crg ocu3), 2.93-3. 83 (3H, m), z 29 NS
(1H, bd,'12‘Hz), 2.23 (lH. dad, 12.5, 2 'Hz, H-SJ, 1 9?1 2 ‘; ‘{
(78 m), 1.24. (eH, 4,7 Hz,.CH3-16 17), 1.19 (6H, 8, C-4
" and 10 ‘CH3); hrms: m/z calcd for Cy H3g0, (M +):
.314.2238; found: 314. 2245(25), 299(26), 239(100), 197(7),

141(9), 129(9), 117(6). ~ o S
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"(1S,5R,6R,9R,125,14R)-1;5—Dimethyl—10;ll—dioxa—lZ—iso%

propylcarbonyl-9-formyl-5-methoxycarbonyltricyclo- \
9,14 e A e
(8,4,0,0 ]tetradecane 27 . A

I8

A solutlon of the endoperoxide 18 (820 mg. 2 3 mmol )

e

'ln dichloromethane-methanol (9: 1, 100 mh) was cooled in a
dry ice—acetone bath.f Ozone)was bubpled through thez‘
solution until the solution remained pale blue{'-ﬁxdgeéi‘
"ozoneMWas‘remerd with N,, theh methyl sulfide (O 4 mL) | ,
f&as added‘to the solution. The reaction mlxture was. | -
allowed ‘to reach room temperature and the solvent i
evaporated. The residue was dissolved, in Et2o, washed
with water (2x), brine (x), drxed (Na2804), and the ﬁ
solvent removeduto glve the ketoaldehyde 27 as an oll (860
| img,,98%).‘ An analytical sample wa@ obtalned by flash
chromatography (CH2C12/EtOAc, 98: 2) ‘tlc:' Rf\0567
(chloroform/ethyl acetate, 90 10), 0. 55 '
i(dichloromethane/ethyl acetate, 95:5); [alp -183.5 (c o 2,
cHCl3):. ir (cnc13. cast): 2750, 1723 (br,vs), 1248 cm -1, -
8 nmr (200 Maz, coely): 69:77 (11, 8), 4.85 (lﬂ/dd, 9,
f4 5 Hz{ H-12),‘3 6T (38, s).\2 85 (IH, qulntet, 7 Hz,
H-15), 2,13~ 1 21 (14H, m), 1.17 (3H, s, C-4 CH3),.1 14
(3m, 4,7 e, CH3—16), 1.07 (3H, 4, 6.5 Hz, CHy=17), 0. 95__
‘ (QH, s, C-10 CH3) hrms. m/z caled’ for 021H32°6 (vt ) .
380. 2190#'f6and:" 3d0. 2199 (o 3),. 352(13), 281(16), e

264(16). 263(22), 203(10). 121(34). 71(100) , Ana1y81s.

F
"
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caled for C21H3206‘ € 6633, H 8.48; found: ' € 66.35, B

- 8.59. h
Ca o i ; !

. . .
Sy -
\ . ‘l

(1S,R, 6R, 9R, 125 '14R) -1, S—DlmethylrQ (1, 1- dimethoxy— i

‘methyl)-10, 11-310xa—12 1sopr0py1carboqy1 5-methoxy-

capbonyltrlcyclo[B 4 0 09 14Jtetradecane 28 o
\ . A
A selutlon of " the ketoaldehyde 27 (860 mg, 2. 26 mmcl)

and.p:toluenesulfonlc acld (cat. amount) in trlmethyﬂ—

,orthoformate (10 mL) was stlrred at room temperature for

20 h ' The solutlon ‘was dlluted w1th EtzO, washed wlth

'saturated NaHCO3 (2x), H20 (x), brlne (2x ), drled .

/2

i‘i» ‘

- T C-lO CH3), hrms: . m/z calcd for C19H3106 (M -

(Na2804), and evaporated 1n vacuo to glve 28 as - a 3011d
(930 mg) The crude product ‘was recrystallized from Et 50
to yleld colorless Aeedles (665 mg, - 69%) m. p;"l67-8 C-L
tlc.’ Rf 0. 38 (Skellysolve B/ethyl acetate, 60: 40)‘ 9.65

(ethyl ether/benzene, 60: 40),,[a]D —119 (c 0.75, CHC13),

)

ir (cnc13, cast)z 11722, 1248, 1128, 1068 cm 1; 1y nmr

. ’
“

(200 MHz, cnc13) 6472 (1H; dd.vll. 3 Hz; H-12),‘4 64
SR
oca3), 3 46 (3ﬂ s, C-14 oca3), 2 96 - (lﬂ,%quintet, 7 Hz.‘~

H-15), 2 20-0. 95 (e, m), 1. 17 (3H, s. “c-4 CH3), i 10

'y

104

(3H, d; 7 Hz, 'c-16), 1. 08 (3, a, 7 Hz,.cn3-17), o. 91 Qaa,,

[N ‘e

‘CgHy0): 355‘2112;ﬂfound~‘ 355 2121(0 3), 263(1. 6),

121(3), 81(2), 75(100)’ cims . (NH3) ‘444 (M* + 18,Loqff

Y

dproe
T



64.95, H 9.08. . w0

(18, 2R 3R ,6R, 7R) - 1 7- Dimethyl—3~(l 1- dlmethoxymethyl) gq

' v I, !

Al s L ' ., \
» - b . & \

A [

‘(2 3-dioxo—4—methylpentyl) 3-hydroxy 7—methogycarbonyl—

T

nh444(M+ + 18 19), 426 (M+‘ 10),5412(100)

b1cYclo[4 a, 0]decane 29

A solutlon of the peroxlde 28 (107.1 mg/ 0 25 mmol)

,'and trxethylamlne (0 04 mL, O 28 mmol) 1n chloroform (5"
‘mL) was stlrred for 48 h at - room temperature. The :‘n

.resulting\yellow solutlon was concentrated in ‘vacuo to

give 29 as an 011. The crude product was purlfied by

flash column chromatography (Skelly901ve B/acetone,.3 1)

|

' to give pure a—dlketone 29. (103 mg, 26%) ... tlc., Rf 0.33

(Skellysolve B/acetone, 3% 1). 0. 33 (Skellysolve B/ethyl

acetate, 60 40),,1r (CHC13. cast) 3456 (br),.;725, 1245,

1119, 1070 em™; 1H nmt ‘(200 Mz, coc13) '54.79 (s), 4.64

ﬁ(s). 4.54: (s), A 36 (s), 4 01 (s), are in a ratlo of

-

H3“3'l:l-l. AIl the other slgnals are repeated c;ms:%

I
i
»‘I

’(1s SR, 6R oR, 13R) 1, 5-D1methyl -9- (1 l-dlmetho#ymethyl) 11-,

[N
»

clo[7 4 0 09 13]trldecane 30

;Jcamphorsulfonic acid (cat. amount) and trimethylortho-‘

M FR

-Diketone 29 (199 4 mg, O 47 mmol), 1

[AN

Analyais calcd  for C23H3807 ‘,g 64.76 H‘8’98. found: ' ¢

y ot

jWisopropylcarbonyl—lI-methoxy S-methoxycarbonyl 10-oxatr1—l‘

105"
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formate (5 mL) were stlrred for 12 h at Toom ej. ‘TJJ o \

.
‘I‘\

temperature. The solutlon was dlluted thh Et20, washed’

w1th saturated NaHCO3 (3x). H,0. (x). brine (2x), dried ‘
(Na2804). and the solvent removedhin ;acuo to glve a solid
(179 5 mg). The: solld was recrystallxzed from Skellysolve o
B to afford 30 as colorless needles (101.9 mg,-49%) m.p.
180 182 "C; tlc' Rf 0. 38 (Skellysolve B/ethyl acetate,
3 2), ir (CHpCly. cast): 1726, 1247, 1119, 1067, 1008,
955 cm”1; 14 nmp (400 an; cocij) 54.49 (1H, B, H-14),”
3.70 (3H s, C-18 OCH3}, '3.56 (3H, . s),-3 34 (1H, ‘quintet,
7. Hz, H-15), 3. 26 (35,.5), 3.25 (BH s), 2 46 (1H, dd 15,
12 Hz, H-ng),‘z 35 (1, at,. 12, 3 Hz, H- 15), 2 07" (1H,ﬂ

. dq,‘lS, 7 HZ, H—lla), 1. 90 (lH dd,,lO, 3:5" Hz, H—S), 1.83
(1, dd, 11,\5‘32)1‘1 74 (lH dd 12 7, Hz, H- 9), 1.7-1.01
(8, m), 1 .19 (3H, s, C-4 CHB), 1. 14 (31, 4, 7 Hz,
. CHa- -16), 1.09 (4, 7 Hz, CH,- 17), 0.92 (34, a{ c-10 GHj);

d' hrms. m/z calcd for C20H3306 (Mt - C4H7O) , 369 2268,
found. 369 2277(37), 365(18), 337(23), 305(20), 273(27).

__—263(32), 245(53), 171(15), 121(15), 75(100), c1m8 (NH3)
458 (M+ 4 18 43), 426(35), 409(100), Analysis*’ calcd'fordd

c24a4oo7 c 65. 43.‘H 9 15, foupd-' C 65. 34.‘H 9.20,



Vo

‘ sample was recrystalllzed from Skellysolve Bsto glve 31 as

3oxatricyclo[7 4,0, 09 13]tridecane 31 B

»

(2~ 2H) isopropylcarbonyl ll—methory S—methoxycarbonyl IO—A

- .

‘(SKellysolve‘B/ethyl acetate,73:2) Jir (CH2C12, cast)

’

A small plece oésmetalllc sodlum was dissolved in'

2 ' Ny

methanol dl (1 mL), ‘then ketone 30 (8 mg,AO 018 mmol) was

)

w

added to _the solutlon.{ After 12 h at room temperature the
reaction was quenched ‘with 1. drop of HZO the solvent I
removed ‘and the resldue dlssolved in CH2C12 : The organnc
extract was dried (Na2804), f11tered, and evaporated under

reduced pressure to yield a solld (7. 5 mg, 94%) The

white crystals. m.p. 179-180°C; tlc: Rf 0. 38 ‘_‘J‘ 4“

14 amr (400‘MHi}‘CDCl3)- 54.48 (1H, s, B-14), 3. 68 (3H,

8. :C= 18 OCH3), 3 54 (3H, 8), 3 25’(3H, B)f 3 24 (SH, s).

2. 45 LlH, dd, 14 5,‘11 5 Hz, H-llg), 2. 34 (1H, dt, 12 3

107

(1s SR, 6R,9R, 13R) 1, S-Dimethyl 9 (1 1- dlmethoxymethyl) 11- -

y'v"

.2190, 1726, 1715, 1249, 1192, 1111, 1011, 991, 978 em~by

Hz. H-7p), 2.06 (1n, ad, 14. 5 7 Hz, H-lla). L‘89 YlH,,dd, :

'~

BN

(3, s, C-lo cn3). cims: (NH3) . 459 (Mt 4 18,,12),
437(13), 416(100) ,-378(58), 363(15). 346(61), 263(26),

: 75(30) v:“jki,ff,-'sf L‘."kf“' q“,'f r{,.»f.“

cu3). 1.12 (3H, s, CH3-16), 1. 08 (34, s, cn3—17), 0.92. ff‘

i



(ls 2R, 3R 6R 7R) 2 ((Z) 2—Acetoxy-3-oxo- —methylpent 1~

venyl) 1 7~d1methyl 3-(1, l-dlmethoxymethyl)v3-hydroxyl -7 =

,

"methoxycarbonylbicyclo[4 4, OJdecane 32 and

(1S 2R, 3R, 6R 7R) l 7~d1methy1 =3-(1, l—dlmethoxymethyl) 3~

]ihydroxyl 7-methogycarbogyl 2 (4—oxo 3- acetoxy~2amethyl—j”

} ¢

pent-2- enyl) b;cYclo(4 4, 0]decane 33) Co . I

" The a-dlketohe 20 (187 3 mg,,O 44 mmol), acetic

anhydrlde (2 mL),\and dllSOprOpylethylamlne (4 mL) were

placed in a round bottom flask fitted w1th a condenser.
I3 . . \ “ | L]
The two phase reactlon was’ refluxed under Ny for 1.5 h

. ,';

..The reactlon 'was poured on 1ce/satd NaHCO3 and’ extracted
¢&\ ‘ '
with Et20 (3x) : The organlc extracts were comblned
[

washed w1th 10% HC1 (3x7, satd NaHCO3 (2x), brlne (2x),

\

drled (Na2804), and concentrated in vacuo to glve a dark )

yellow‘01l.(198 mg) The crude product was purlfled by
9 I

flash column chromatography (Skellysolve B/acetone. 4 1)

IRV

ﬁ,'to glve 32 (145 mg,ﬂ?O%) and 33 (11 mg, 5%) Compound

'32é5 tic.y Rf Q 27 (Skellysolve B/acetone, 7 3), 0. 3

108

(ethyl ether/benzene,'3 2) “ir (CHC13, cast) 3550, 1759,~

‘4f1225,_1686. 1640, 1350, 1212, 1070. 755, cmhl, wv (MegH)

Amax 235 nm. (e 16702) 15 nmr (400 an, 00013) 586.45"

-

(18, 4, 11 Hz. H-ll), ‘.48 (1H, s,-H-lé), 3.63 (3H, s,fwg“.V-'l”

c-1e ocn3), 3. 43 (3n, \s; c-14 OCHy), 3. 40 (3&..3, c—14

OCH3). -3.06 (1H. qulntet 7 Hz.\H-lS), 2 58 (1H, br s, DZO ,N‘

exchangeab157 2. 56 (1H, 4, 1 Hz, H-9):,2 22 (3H, ?;f{fté;{”

5 LY
4o w )""
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v‘,

' f{ooccH3),‘2 13 (1H, m),'l 86 (lH, m), 1 76-1.20 (9H, m),

1. 16 (3H, d, '7 Hz, CH3-16) 1.15 (\3H, 8, —4 CH3),‘ 1.1_2
(3ﬁ d,,7'Hz, CH3 17), 1. 01 (34, e, Cc-10 CH3), hrms : ‘m[i

u ’éélcd for, C24H3607 (M* - cu4o) “436. 2461, found.: "‘ ; B
‘436\2461(2), 394(36), 351(4),.333(3), 291}(6), 273(.7)’. o
4;21(10), 75(100) c1mB (NH3) 486 iMf‘flé,.loo%)7 B
‘.Analysis:‘ calc@ for C25H4Q08l c 64;08) H 8.6, %ouﬁdfﬂUC ‘

o v S ;
64. 37, H 8. 63.4‘; ‘}lg‘ ‘;"‘\ ,"’_‘ T

| Compound 33- o;L tlc.f\Rf o, 22 (Skellysolve
B/acetoneh 7:3),,0 22 (ethyl ether/benzene, 3: 2)
(CHC13. cast) : 3544 (br). 1754. 1723 1695, 1625. 1249. b

1211, 1128 1068 750 7% 1, lH i (goo MHz. coc13)

)

o

/.
84. 36 (1n, s,'ﬂ-14), 3.67 (38, s, c-18 oca3) 3.60 (3H, s,
c-14 ocu3). 3. 45 (3H,~8, c-14 OGH3),‘3 06’ (18," aa, 20,
"He2), 2.41 (21, m). 2.28 ‘(3H, B, oocca3) 2.7 3, , &_'

CH3—16), 2.12-1. be (2H, m), 1. 76 (3H, 8. cu3-17) . 58~0.9

§ PO

(IOH,'m). T2 13H, 's; cA4 cu3),'6 84 (3H, s, c- 1o,ca3)}]
‘ hrms.w m/z calcd for C24H36°7 (M - CH40)-‘ 436 2461 .
| foundf436 2460(7). 393(37), 375(22),\375(11), 333(25),-:

315(34),‘273(18), 263(21), 141(15), 121423), 55@100). cims .

(Na3)a' age- (M* + 18, a),.437(29), 405(100) L

) "
{." '/



Cood

(1S, 5R, 6R, 9R, 125, 14R) 1 5- Dlmethyl —9-(1,1- axmethoxy—,'

methyl) lO li\ugpxa 12- (l—hydroxyl 2-methylpropyl) 5—‘

| methﬂéicarbonylpricyclo[8 .4, 6 09 14]tetradecane 36

]
Sodlum borohydrlde (9 1 mg, O 24 mmol) waa added

) slowly over 15 min to a Solutlon of ‘the ketOperoxide 28
(102 g, ‘0.24 mmol) in methanol/dlchloromethane (4 1)

' After addltlon was completed 1 drop of acetlc acxd was,

added sthe reactlon mlxture stlrred for 5 min,. then the o

' ]

‘ solvent removed ln vacuo. The resxdue was partltioned

. P__-‘.—_

‘between-Etzo/Hzo.. The organlc 1ayer was washed with satd ;
NaHCO3 (Zx), brlne (2x),‘dr1ed (Na2804) and concentrated

kY
in vacuo to yleld 36 as a- Bolld (94 mg. 92%) ‘A porélon

110 .

q-lv \

df the product was recrystalllzed 1n EtZO/Skellysolve B tbl‘

. obtaln colorless needles., m. p. 134 135 C' The following

"data were obtalned for 36 whlch was 1solated aa a mikture ;“

:of eplmers, tlc. Rf O 37 and 0. 33 (Skellysolve B/acetone,

Ly
i

7‘3) 0. 44/;nd 0. 33 (benzene/acetone, ﬁ 1); ;r (CH2C12,‘l;”
fcast) £ 3537 (br). 1724, 1250, ‘1192, 117of 1153,~1125. |

"

51089 cm ?; 1y ‘hmr (200 MHz, CpCl3): 4% 61 co 6H, s,uﬂf;“H”,Lr

fﬂ—14) 4. 59 (o 4H, "5-144, 4 36 (1H. m, H—12). 3 67 (3H,A‘f '

u

'3(0 an, dd, 8 5, 4. 5 Hz. H—lB), 2 66 (o 6H. br sy 020 |

[

L

i e

‘ﬁexchangeable)'xq 41 (0 4H. br s, Dzo exchangeable), 2 41- g g

2 17 (IH, m), 1. 98—1 24 (14Hr m), 1.18: (3H, B, C-4 CH3),

TN [N . v : ,\,
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. 4, 7 Hz, CH3-16), 0.94 (31, s, C-10 CH3), 0.85
ié%ﬁ#, a,' 7 Hz, cu3 17); cims (NH3)i 446 (M* + 18, 53),
v'az(loO) hrme; ,m/z calcd for €)gHps0,4: . 281.1746, found
gflzsz(m ~c7n 503, 2), 221(1), 203(1), 121(4), 93(2),

7 00)

‘HemiaEetals 37"

Metallxc sodlum (5 mg) was added to methanol (2 mL)

‘and when the sodlum was»consumed the solution was added tb \1

compound 36" (20-;9,50.046 mmol) in methanol (2 mL). After
12 h at “room temperature one drop of water was added, the
. aolveet,e;aborﬁgedp and the residue dlesolved in CH2C12
\%hqyorgaqic'lafer Qae”washed with H,0 (2x), brine (x),
dried (NayS04), apd'the solvent removed in vacuo to yield
a sol&d hemLacetey 37 (13 5 mg, 81%3 An analytlcal
sample was obtained by recryatalllzatlon from Skellysolve
m.p. 995;oo°c; tle: Rg 0.2 (beniene/acetoﬁ/' 4:1),
| 0.35 (Skellysolve B/acetone, 3:2); ir (CH2C12,g?ast)
a'3480 gbr). 2760, 1725, 1248, 1121, 1070 qm'l,-iﬂ nmr (200
MHz.~CDC11). 5?.7‘(0.15HL t, 2.5 Hz, H-12), 5.64 (Q.ISH,
m, §415),_5.43\(o;7ﬂ, m; H-12); hrms: h/z’calcd for ' ©
C19H5605‘ 338‘2685, found- 338.2093 (M+ - Hzo; 0.25),
324(9), " 281(42), 221(10), 121(14), 75(100), c1ms (NH3I

374 (MY 4+ 18, 17), 356(18), 310(100).

. Rl
-
“

e
\
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]
(1S,5R,6R,9R, 118, 13&) ~11-Acetoxy-1, 5- dlmethyl ~9~(1,1-di-

methoxxmethyl) S—methogycarboqyl 10~oxatr1cyclo~

/

[7 4,0, 02139t ridecane 38 and (18, 5R, 6R,9R, 11R, 13R)~11~

acetogx—l,S~d1methxl—9—(1,1—dimethoxymethyl)~5—methoxy~

ca:bony1~1O-oxatriQXclo[7,4;6,09!13]tridecane 39 S

7 Ihe hemiacetal 37 (10.8 mg, 0.03 mmol) and acetic
aAhydride (10 droés) in triethylamine (2 mL) were- stirreéd
at r;t. for 36 h; The solution wae poured into c;ld satd
NaHCO; and extracted w1th Etzo (2x). The ether extract

was washed with 10% HCl (2x), satd NaHCO4 (2x). HyO (x)
brine (2x), drled (Na2804) and evaporated”to give a
.yellow oil. Purlflcatxon byvflash chromatography
(Skell&Solve B/ethyl acetate, 55:45) furnlshed the’acetate'

—

\38 (6.8 mg, 57%) ‘and the acetate 39 (1.6 mg, 14%), each as
a colcrless oll.l

The acetate 38 haaftﬁe following propertieé: tlc:
Rg 0.36 (Skellysolve B/ethyl acetate, 1;1), 0.57

,(dlchloromethane/acetone, 85:19); ir (CH2C12, cast)

- .

1744, 1729, 1241 e’ 1; 14 amr (200 MHz, coc13) 56.37
l‘(lH, d, 5.5 Hz,. H- 12), 4. 55‘(1H s, H-14), 3.7 (BH, 8,
C-18 OCHj), 3.51 (3H, s, C-14 OCHj3), 3.38- (3H, s, c-14
OCH3), 2.46 (IH, ddd 14 11.5,'5.5 Hz, H-11g), 2. 35 (1,
m, H-78), 2.07.(3H, s, cn3coo), 1.95 (1H, .da, 14, 7 Hz,
H-11a), 1.54.(1H, da, 11.5, 7 Hz, pn,,a-9)xvl.91-1.21

(10H, m), 1:19 (3H, s, C-4 CHy), 0.93 (3H, s, C-10 CH3):

b [
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~
i
]

hrms. m/z calcd for C19H3105 339.2163, found: 33§>2172

(M (Z3c2u302, 0.6), 323(5), 295(8), 263(100),° 221(83,

203(17), 184(8), 156(17), 141(12), 121(13), 75(78); cims

(NHj3): 416 (M* + 18, 87), 263(100). | \
The acetate 39 has the following propertiSSq tlc:

Re 0.27 (Skellysolve B/ethyl  acetate, 1:1), O. 45

(dlchloromethane/acetone, 85:15); ir (CH2C12, cast)

1744, 1727, 1239, 1127, 1070, 969 cm~%; 14 nmr (200 Mz,

CDCI ): 66.16 (1H, t, ‘5.5 Hz, H- 12), 4.5 (14, s, H-14),

3. 65 (3H, s, C-18 ocu3), 3.43 (3H, s, C-14 OCH,), 3.37

(3H, 8, C-14 ocu3), 2.26 (1H, br 4, 12, 3 Hz, H:?ﬂ}.'z.zo -

(14, ddd, 17, 11, 5.5 Hz, H-11p), 2.06 (3H, .s, CH3C00),.

2.0 (1H, at, 17, 5.5 Hz, H-1lg), 1.85-1.18 (11H, m), 1.16

(3H, s, C-4 ch35,‘o.94 (3H, s, C-10 CHy); cims (NH3): 416

(M*'+'18, 23, 356(3), 312(17). ' |

4

(1s, SR, eé 9R,11S,13R)-1, s-Dlmetnyl ~9-formyl- 5-methoxy*-

carbonyl ll-methoxy 10-0xatr1cyclo[7 4,0,09¢ 15]trldecane

41 and (1S,SR, 6R,9R, 11R, 13R) 1 5- dlmethyl -9- formyl 5-meth—

oxylcarbonyl 11-methoxy 10—oxatr1cyc10[7 4,0,09:137_

tridecane 42

-

Methanesulfonyl chlorlde (0. 05 mL) was added to a. o,
solutlon of hemiacetal 37 (14 8 mg, 0.041 mmol), tr1ethyl—
amine (0 1 mL) and CH2C12 (2 ‘mL) at 0°C. " After 4 h at 0~

,‘rthe solution was ‘warmed up to r. t., “then 1 drop of Hzo was '
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' ‘v‘ !
added. The solutlon was stirred for 2 h, then poured onto

H,O0, extracted,wlth CHiClz“(2x). The extract was washed
'with Héo (2x), brlne (x). drled (Na2804), and evaporated‘
.in vacuo to give a- yellow 011 Purification by flash
chrqmatography (Skellysolve-B/ethylracetate, 3:1) afforded
the‘&ldehyde 41 (6.2 mg, 47%). An analytical sample was <.
obtaified by récrystallizétion from éke&iysolve B. m.p.
109°C: tlc: Rf 0. 35 (dlchloromethane/acetone, 98: 2) 0.34'
(Skellysolve B/ethyl acetate, 7:3) [a]D - 54.9 (c 0.41,
| CHCI,);: ir (CHyCl,, icast): .2760,«1723, 1248, 1173, 1114,
1099p”1666, 966 cm™1; IH nmr (400 Mz, CDClz): §9.82 (1H,
a, 1.5 Hz, H-14), 5 24 (1H, ¢, 5 He, H-12, X spin of an
ABCX system), 3. 64 (34, §,,C—18‘OCH3)p 3.39‘(3H, s, C-12
OCH3), 2.44 (IH, dt, 12, 3 Hz, H-78), 2.24 (1H, complex, C
gpinﬂof'an ABCX system), 1:96 (2H, 'complex, AB spins of an
ABCX;system), 1.81 (1H, 44, 12.75, 2.75‘Hz,-H—5),‘¥.79-
1.12 (9H, ﬁ),\l.l (3H, s,_c—4'é532,‘o.32 (34, s, C-10
CH3); 13¢ nmr (CDC13)= 6198.1 (4, C—l:),“i78.7 (s, C*lg).
107.0 (4, C-12), 85. 3 (s, c-8), 61.1 (d, ¢-9), 56.2 (q,‘
C-12 OCH3}, 51.9 (g, C- 18 oca3), 50.9 (d. C-5),.46.8 (s,
C-4), -38.2, 37.1, 36. 1 (s, C-16). 31.2, 31.0, 22.5,'17.3,
J.(t, C—2). 15 9 (q. CH3), 15. 4 (q, CH3): hrms..4m/z calcd‘
for C17H2704 AM* - CHO): 295.1902, .found 295,1910'(100),‘
231(4). 203(23), 121(12); cims (NH5): ‘342(M+.+-1e,50),'

310(100). 293(10). . ‘ \x N
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Nuclear Overhaﬁeer enhaﬁcement difference
apectroscopy (nOede) on the aldehyde gave the fpllowlng

results: preeaturation of H-14 (6§9.82): 7% (H-11g), 7%
)

\

' (C-4 CH3),‘17% (C-10 CH,); presaturation oé C-10 CH,,

(60.82):' 15% . (H~l4), 9.5% (H 113), 20% (C-4 CH3)

In some cases the aldehyde 42 was formed as a mlnor

4

component of the;crude product» An analytlcal sample was

obtained‘ by recrystalllzatlon from Skellysolve B. m.p. e

90-91° C; tlc:: Rf 0.34 (Skellysolve B/ethyl acetate, 7: 3)
ir (CHyCl,. cast): 2740, 1725, 1247, 1172, 1102, 1002
cm™l; M nmr (400 MHz,CCDCijfﬁ 69.61 (1H, s, H- 14), 5.31
(1H, Q, 5.5 Hz, H-12), 3.67 (3H, s, C-18 OCHz), 3. 39 (3H,.
8, c-12 OCH3), 2.37 (1H, cqmplex, H-7p), 2.18 (1H, 44, 14,
6 Hz, H-1lla), 2.06v(1H, ddd 14.5, 12; 5.5 Hz,'ﬂ—lgp),~~f;
1.91 (1H, dd, 12.5, 3 Hz, H- 5), 1.78 (1H, dd4, 12, 6 Hz,

H-9), 1.82-1.73 (IH, m), 1.69- 1 21 (8H, m), 1.13 (3H 8,

115

C-4 CH), 0.76 (3H, 8, C-10 ca3) 13¢ nme. (coc13) 5198 3

(4, c-14), 178 6 (s,.c-le), 105. 5 (a, c-12). 86.5 (s,

. c-e), 58.7; (d, c-9), 55.3 (q, C-12 ocu3), 51.9 (q. C-18

oca3), 50.6 (d, c-5), 46.8 (s, C~4,°38.1 (t), 37. 1 (),
+ 35.8 (s, C-10), 32.6 (¢), 30.4 (t), 22.7 (), 17.4 (t.;,

c-2), 16.§.(q)} 15.9 (q) hrms: m/z calcd for C17H2704

(M* - cHO): 295. 1902, fqund 295. 1911 (100%), 265(3),;¢,»t

: 203(24)1‘195(7), 159(8);&121(21)

Nuclear OVprhauser enhancement dlfference ”f‘ s

- . ca .
, 4



(H- 115), 158 (C-4- CH3)

vspectroscopy (nOeds) gave.the followiné results

presaturation of C-10- €H3 (50 76), l2% (H 14), 7.5%

N

(18,5R,6R, 9R,125,14R)~1, 5-Dimethyl-10, 11-dioxa-9-ethylene-

dioxymethyg-l2—isopropylcarbonxl—S—methoxycarhonyltri—

3

_giclo[8,4,0,09'14]tetradecane 43q' .

.+
’

A solution of the crude aldehyde 27 (543 mg, l 43

116

mmoi)7 ethylene glycol (0.4 mL, 7. 15 mmol), trlethylortho— ;

~

formate (0 78 mLh 7. 15 mmol), and_Bftoluenesulfonic acid?

I
N

(40 mg) 1n dry benzene (6 mL) was stirred in an oil bath

at 45°C under reduced pressure (160 mm Hg) for 10 h. The

’ dimethyl acetal formed in the reactlon was converted to

the dioxolane by adding ethylene glycol (0 4 mL) and

heatlng the solution at 80°C for 10 min- at atmospherlc

2

pressure. The reactlon mlxture was dlluted with CH2C12,

,_'washed with 10% HCl (2x), satd NaHCO3 (2x), brine (x),

. )

drled (MgSO4), and concentrated in vacuo to yield»an

‘,oii. Recrystallmzatlon from Etzo afforded the ketone 43

A g A

af“«as whlte crystals (239 2 mg) and puriflcatlon of the

fmother 11quors by flash chromatography (dlchloro-

methane/ethyl acetate, 9 1) gave a solxd (121 6 mg) " The

I

'.:overall yleld of the ketone 42 from levopimaric acid is
'»49% when the reactlon sequence is carrled out without

“f'purlfxcation. m. p. 178-179°C;, tlc" Rf 0. 32 (Skellysolve

e
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. I S v ‘ & . . e
B/ethyl ‘acetate, 7:3), 0.45 (dichloromethané/ethyl
‘ o . S "y
‘ ace;ate;‘S:l; [a]D -133.3,(3_0.15,.CHCl3)7_ir‘(CHZCIZ,

cast): 1722 1713, 1245, 1171, 1147, 1042 cnY; 14 ome

(400 MHz, cnc13) 65.37 (1H, s, H-14), K.eod(lﬂ, dd,
f ’ ‘11.5, 2.S;Hz, Hf12)., 4.20-3.84 (4H, complex) ”3;66 (3H;
| .s),"2 88 (ih | u1 tet, 7 Hz, 'H- 15)," 2 21 (lH,.oompléx),ﬁ‘
- 1.94 (1H, &, 12 5,3 He, R-7), 1. 9 0.83 (128, m), 118
(3H,.s, c-1 cn3), 1.12 (34, 'd, 7 He, cn3 16), 1.06 (34, 4,

7 Hz, CHy-17), 1. o1. (3u,,s, C-10 CHy); 13c nmr’ (epclz):

210.5 (37 c-13), 173.7 (s, c-18), 105.5 (d,.cf14), 86.3

(a,’ , 8174 (s, C-8), 65. 2‘(t), 65‘0'(t);‘57 4 (a,

c-9), 51.9 (q, C-18 ‘OCH3), 50. 9 (a, c—S), 47.4 (s, C- 4),
38.1 (t), 36.9 (t), 35.9 (s, c-10), 32 7 (), 22 3 (t).‘

P “1” 22.0 (tf, 18.1 (q), 17. 6 (t), 17.5 (q); 16 0 (q, two

. ‘ | carbons), hrms. m/z calcd for, C19H2906 (M* = C4H7O) '

\\\_ﬁ;’;//osa 1956, found.‘ 353.1965(1), 281(1), 203(1), 121(3),

| 73(100), cams (NH3) ' 442 Mt o+ 18, 24), 424(ut, '3), N

. 337(100). Analysis. cglod.for Cy3H3g07: C 65403,‘H :
‘8.55% Fbﬁnd,, C 65. 03, 1 8.50. - | |

. ' E A

(IS SR 6R,9R 12S 14R) l S-Dimethyl 10 ll—dloxa-Q-ethylene-

—

dloxymethyl 12- (l-hydroxy-z-methylpropyl) 5-methoxy-. T

carbonyltricxclo[B 4 0, 09 14’,ltetradecane 44

Sodium borohydride (225 mg, 5. 94 mmol) was added

1 slowly to a stirred solutlon of ketone 43 (2 52 g. 5 94 ”\



.
\

o) in CH2C12/MeOH (20 mL, 1:1). After 15 min the

-
"

addltlon was completed then the reaction was quenched

‘ wlth 3 drops of acetlc acid, the solvent removed under

vacuum and the re51due partitloned in Et, /H20 ~ The

ethereal layer was separated and washed w th satd NaHCO3

(2x), H0 (x).‘brldi (2x), drled (MgSO4) " and. evaporated

" in vacuo to y;%}d the eplmerlc alcohols 44 as a solid.r An
analytlcal sample was. obtalnéd by recrystalllzatlon from
Skellysolve B‘, m.p. 163 5- 164 5 C tlc (both eplmers)

Rg 0. 36 and’ o 34 (Skel;ysolve B/acetone, 7:3), 0. 68 and
0.6 (d1chloromethane/acetone, 7: 3), ir (CHC13, cast) ‘
3520 (br), 1724, 1249, 1170, 1150, 1125, 1106, 1008, 75?
cm*lf 1H nmr (200 Muz, cnc13) 55. 28 (0. 3H, 8, H—14),‘

1

S 22 (0 7H, 8, H—l4), 4. 34 (O 7H dt. 11, 3 Hz, H- 12),

118

. 4.29 (0. 3H ddd,”llp 5.5, .3 Hz, H-12), 3.3 (O.7H, dd, '8, 3

Hz, H-13), 3.18 (0. 33,3 ~:s~s Hz, H-13), 2:31 (0.7H, sX .

D20 exchangeable),vz 13 (0 3H sy'Dzo‘exohaﬁgeable)}

' hrm?f ‘m/z calca for clgazgos.‘ 353.1956;, “found 1353.1964

(Mf - Cqtig0, O 3),,321(1), 231(2), 121(3),,73(100) cims
(NH3) 444 (M+ +, 18, 25), 426 (M+ 1). 337(100)

Analysxs-i calcd for °23“3807 | ca54.75. H, 8. 98 Found
C 65.11, H 8.93 o |

-

Hemlacetals 45

1

A solution of the crude alcohols 44 and sodium

P

methylate (321 mg, 5 94 mmol) in methanol (30 mL) was

. o



"oa

and 5.06 - (1H. s, H-14); hrms: ‘mé;.oaiod for CjgH30g:’

zand triethylamlne (0 1 mL, 1. 36 mmol) in CH2C12 in an'f‘

: BTN A ~ 1l

..\‘

- | L
stirred for 12 h at r:.t. Water (O 1 mL) was added ‘and the
'sol;ent“removed in vacuo. The residue ‘was dissolved in
CH2C12 and Washed w1th Hzo (2x), brlne (x), dried (Mgso4),
and evaporated 1n vacuo 'to give the hemlacetal 45 as a‘.'
vsolid. An analyt1cal s;mple ‘was obtaxned ‘by. ‘
recrystalllzatxon from Skellysolve B/d1150propyl ether
m.p. 122 123 C, tlec: . Rf 0.29 (Skellysolve B/acetone,\,‘
. 3: 2), 0. 19 (benZene/acetone, 4: 1), 0. 41 (dlchloro— |
methane/acetone. 7 3)-\ir (CHC13, cast) ' 3428 (bp),,?726;
‘1726 (br), 1249, 1172, ;142, 1119, 1o7o.F947, 755 em1; 1y

nmr (200 MHz, ch;3); 69.74 (0.2H, t, 2.5 Hz, H-12), 5.56

(0 4H d 6 Hz, H—lz), 50%4 (004H' m, H—IZ),' 5019' 5-11

1354.2034, Foundz'"asa.zogé(a), 281(66) , 221(27); 203(21),

. 121(26), 73(100). "Analysis~ calcd for C19H3006.1 c ~'; -

64.38, H 8.53; Found: C 64.61, H 8. 62.'". . o

N "Z\\\\

(IS 5R 6R 9R 115 13R) 1 S—Dlmethyl 9-ethylened10xymethyl-

ll-methanesulfonyl 5-methoxycarbonyl 10-oxatr1cyclo- .

[7 4 o o9 13]tridecane 46

Ly

To a solution of hemiacetal 45 (10 mg, 0 028 mmol)

ice/water bath (5'C) was added methanesulfonyl chlorlde ) \\

(0 05 mL, 0 29 mmol) The solutlon was stlrred for 2 h ‘at g3'af¢ﬂi

5 C. then poured onto cold Hzo, and extracted w1th Et20



120 -

_ (2x). The organlc layer was washed w1th cold 10% HCl‘
+(2¢). sata NaHCO3 (20), 10 (x), brine (2x), dried
‘ (MgSO4), and ev’ao.orated in Vacuo to grve a yellow oil (8. 9.
‘ mg) Purlflcatlon by flash chromatography (Skellysolve ‘
) B/acetone, 3: 1) yleld 46 as a. colorless oil (6- mg) |
tlei Rg 0.3 (Skellysolve B/acetone, 3:1), 0.49 o
(benzene/acetone, 3 2); ir (CH2C12, cast) 1726 1358 |
1335, 1247, 1150 1143 1122 ,11Q0, 945 cm “1; 14 nmc (4oo
MHz, coc13):‘ 55.18 (IH, s, H-14), 5.06 (1H d 5i75 Hz,

y

3-12)\ 4.02-3.94 .(2H, m),‘3 9-3.78 (2H, m), 3.65 (31, s,

B

- C-18 oca3), 3.37 (38, s, c-12 osozca3), 2.38 (1n, at, 12,

'3 Hz, H-731, 2-34° (1H‘ aaa, 14.5, 11.5}.5.75 Hzr,hrlla)h D
2.02 (14, -dd, 14. 5,.6.75 Hz,’ﬁ-11a$;‘1.92 (14, da, 1L.5, 3

-tz a-S), 1. 81 (lH at, 13.5, 5 Hz), 1.94 (1H, ad, 11*5n‘:
6.75 Hz, *H- _9), 1 78-1. Zlm(BH,'m), 1.16 (3H, s, C-4 cu3){
0.95 (3H, s, c-1€ ca3) &ims (NH3):  354(61), 337(39),
295(2), 197(8) o L "

. “ . )
5 . . o K W
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(1s SR, 6k 9R, 11R 13R)-1, S-Dlmethyl -9- ethylenedloxymethyl—‘

A

S-methogycarbonyl lo-oxa 11—phenylthiotr1gyclo— ~

[T, 4.0, 09 13]tridecane 47, (1S.5R,6R,9R, 11S, 13R)- 1,5-

dimethyl 9-ethy1ened10xymethyLr -methoxycatbonyl 10 —oxa-

‘llfphenylthiotrxcyclo[7‘4 0, O9 13]tr1decane 48, .and.

(lS 2R, 3R 6R, 7R) - 1 ?—dlmethyl 2 (2, 2 dlphenylthloethyl) 3-

t

ethylenedioxymethyl 3-hydroxy—?-methoxycarbonylblcyclo— g

[4»4 OJdecane 49 .

A solution of the crude hemlacetal .45, thlophenol
(1 22 mL, 11 88 mmol), and trlfluoroacetlc ac1d (3 drops)

in CH,Cl, (25 mL) was stlrred for 38’ h at r. t. The'wﬁ‘f o

£ o

eolutlon was dlluted thh CH2C12 and washed w1th 5% Na2CO3
(4x). brlne (x),fdrled (MgSO4), and evaporated in vacuo to i
. yxeld the mlxturd’of thloacetals as an o1l Purlflcatlon ei
K ‘ by flash chromatography (Skellysolve B/acetone, 3*1)~gave:f
) - the hemlth1oacetals 47 and 48 (1927 3 mg, 72%) as an 011
K ; ‘and the thloacetal 49 (189 2 mg, 6%) as an 011. ‘4 ‘A“V
“an, analytical sample of the hem1th10aceta1 47 was . ?N;};afx
obtained by flash chromatography (Skellysolve B/ethyl B
acetate. 7 3) as. an 011. tlc~‘ Rf 0 7 (benzene/acetonehfv
4:1),)0 44 (Skellysolve B/acetone, 7 3), 0 41 (Skellysolve 5”,”
| B/ethyl 6Eetate, 7:3); [“]D +eo 3 (e 0. 11, cac13), ir v
(CHzclz,‘cast) 3045. 1725, 1580, 1246. 1143. 1122. 1110,c
- 1069. 914, 740,,690 om™ -1, 1H nmz (200 an. cnc13) 57548

P . .
ot i i i g -
' .o B T W o . . ,. M N ‘r_ [N . sl . . . " '_ o . r T N \ i PN
. L Vo w PRI . ct . B ) e, . 3 . #
. - i . s , . . W, TS ; .
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“(1H, dd,- 9, 6 5 Hz, 4—12), 5.28 (lH s,‘u-14), 4.39 (1H )

yt complex),(4 10 3. 71 (3H,. complex). 3‘67 (3H, a, C-l8

- OCH3) 2.39 (1m7 ddd, 14 5. 11. 5. 9 Hz,_H-lla), 2.38 (lH,:l

Co R

m, H- 7p),l2 12 (1H dtﬂ 11 5, 6. a Hz, H 11«), 1. 91 1 28

(llH m), l 16 (3H,'s, C-4 CH3), 1.02 (3H,.s, C—lO CH3), K

13¢" nme (ch13) | 8178 7 (s, C~18). 138 1 .(s). 129. 708,

'rzx{, 128 8 (a, 2;),‘126 0 (d)./105.3 (d, c-14), 89. 3 (s,

¥

| C- 12)1 84.2 (s,.C"B); 66 5 (t) - 64.9 (t),‘61 8 (d c 9),‘ .
51.9. (q. c-18 ocn3), 51 8 (a, c-5), 47. 0 (s, c—4), 39:1
(t), 37.2. (t), 36. 3 (£), 35. 8 (s,,c 10), 3143 P 23.2
(t), 17 S (t), 16 2 (q),_15 8 (q) hrms{- m/z calcd for

C25H34°53 (M*): 446 211?-'found-‘ 446. 21?7(2); 373(51),-4p

4337(100), 293(21), 263(39). 215(18), 121(17), 73(85):;Q®*;§

((NH3): a4’ (m* 4 18. 0.6), 354(4). 337(3; ‘Analysis: .

7. 58..\" T S .

T

calcd for c25334oss. C 67.23, H 7. 67 Fbund- ‘Cl67.23, H o

.
o

. . 'a [
..,A‘.' "

,  An analytical sample of the hem1th10aceta1 48 was

obtalned by’ flash chromatography (SkeLlysolve B/ethyl ﬂ'w,L““"

acetate, 7:3) " as an oil:- tlc., Rf 0 64 (benzene/acetone,;
4 1),;0 39 (Skellysolve B/acetone, 7 3), 0 33 (Skellysolve\
B/ethyb acetatg, 7 3), [a]Dr-Bl 3 (c 0. leﬁ cnc13) ira«‘*“
(CH2C12, cast) 3045,‘1725, 1580, 1247 1145 1121, 1106,

r‘.ﬂv“

L2937, 738, sao cm.l, 1y nmr- (200 an, coc13).*-57.61 7 5 'ﬁ

o

(2H, m' A.r—H),‘ 7 42 7 28 (3H' m' A\ ‘-H)i 5 63 (lﬁp dd' ,8' l' .

1. 5 Hz, H—12). 5"22 (13, s, H—14), 4 oe-s BO (4H, m), 3.67°

o , ',-. ..‘

[ . ..""‘v" c [

b

o
oo

BN

.
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row

L

i {Hz./ﬁrl2).‘§ 87~3d66 (QH,‘m)‘ 3. 66 (3&,

Lo . 7 . ! " ot :‘ . ' ! . ' -I, . t

. . . v . .
e fpaee e

' s .

} (3H, - s, C-18 ocu3), 2. 72 (1H, ada, 14.5, 11.5, 8 Hz,

H—llp). 2. 38, (1n, m, ﬂ—7s). 1. 84 (11, aaa, 11. sh'7, 1.5

v“nz; H-Yla), 1:76-1.22 (llH. m), "1.12 (3H, 8, C-4 cny),

0. 93 (3H,-s, c-10 CH3), 13c nmr (coc13> 6178 7 (s,‘
' C 18)’ 134 5 (B' Ar)l 132 O\ (d, AI‘, ,2’()' 128 7 (d" Ar,'

2x),”127 0 (d, Ar), 105 s (4, c 14) 86 a (d c—12) . 85. o

.J:t( ; C—a)l 66 2 (t)' 64 7 (t)r 60 O (d C”9)1 51 9 (quC—le

N

35, 8 (t?a 35. 5 (8, C-lO)' 31 8 (t), 22 9 (t), 17 5 (t),
v B, . ‘ }’
16 O‘(q),,1®&§ (q) hrms-m m/z calcd for C25H54OSS (M )¢

’446 2117, found' 446 2127(1). 373(37),‘337(100),‘293(16)

263026), 215(15), 121(14),‘73(78) cmms (NH3) 464 (Mt s
L I L W .l- K
-18,‘8), 354(15) Analysls: ‘calcd for CZSH34OSS‘f’GJ

it

67 -23] H 7. 67- Founa>y c 67 14,«3 7. 74._:,'g"v ks o

\
¥

The\thloacetal 49 bhéws the followzng propertles.f

' ysolve B/ethyl acetate. 7 3), 1r (CHC13, cast) bl

“,'7 46 (2H, dd ,34 1 5 Hz, Ar a); 7. 36 1_19
(sn..m, CH),_4 99 (IH,)B, H-14),.4 96 (159 dd. ‘9. s, 5. 75

>

o

C-lB OCH3)'I
S\

2 33 (1n. ddd; 15 5, 6 751 s 5 Hz, H-ll). 2 51 (lH,‘s, DZO
S

exchangeable). 2 1 (IH. dd. 10.,3 Hz, HLS), 2. os (1a. dd,<j;

7,12 75 Hz, H-9), 1 82 (13, ddd. 15~5, 9 5,\2 75 Qz,f7

"" o . H y . '«'r N PR
T . o o - ’.\ T ERA \ . P
PRt & Mo = . e TN ro - S, - PR N

\(.‘

ocﬁs), 51. 6 (d C- 5), 46. o (s, - c~4) 39 0 (t)R 37 1. (t)'KT"

Rf 0.33 (Skallysolve B/acetone, 7337, 0.24 TR

hS

3056, 1723. 1582, 1248, 1141. 1117 1026/‘759,_n%'

_'?41.‘§91'c1“,<$%§ nmr (zoo Muz, cnc13) 87, 54 (2H, dd,’all
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LI
™.
e

, "‘ketoperoxlde 43 15 75%. o 4‘

oo T K A P
. . "

H—ll), x 95-1. 16 (IOH. m),ll 1 (3H. s, c~4 cu3), o 83 (3H,f
'é, C-10. CH3), lrms.‘ 447(7), 429(15), 373(29). 337(89),,

L293(14), 263413), 215(14), 149(17), 121(30) 116(23),

J e

ﬁ109(l9) 73(100) ; ‘ f: ‘“ D ‘

[

A solutxon of the thloacetal 49 (189 2. mg,.O 34 mmol) l

and trlfluoroacetlc ac1d (1 drop) 1n CH2C12 (2 mL) was\

‘.

stlrred .at r t. for 78 h.. The reactlon was’ worked up and

124

. C 7
, .,

purlfked as descrlbed above to- yleld the hemxthloacetala

‘48 and 49 (72 1 mg) as an 011 'The overall yleld from the

\ N \ ' " i

. o - X “ ,
.- ’ : LA
S . ' BN o i v " v
o . o - ;
N ) o "y " e ) ! . '

i
i

:H(ls 5R, 6R, 9R 13R) 1 '5- Dlmethyl 9 ethylenedloxymethyl 5-.

@

kmethogyparbonyl 10—oxa 1lfphenylsulfxnyltrlcxclo-

”v”[7 4 O 09 13Jtr1dec:ane 50 "

\A ; A solution of . m—chloroPerbenz01c ac1d (188 2 mg[ 1,09
.immol) ‘in CH2C12 (3 mL) ‘was added to a, cooled solutlon (ice

, M‘bath) of hemlthloacetals (468 3 mg. 1 05 mmol) 1n CH2C12

u

‘“1(8 mL) The solutlon was stlrred for~15 min,vthen dlluted
":?wlth CH2C12,'and washed w1th satd NaHC03 (2x), brine (x).
- ___..__,————‘
w'drled (Mgso4),‘and evaporated 1n _vacuo_ to glve the

desulfoxxde 50 (452 §,mg) as an 011. Puriflcatlon by flash

",
i

"df‘gchromatogréﬁpy (benzene/acetone,,4 l) afforded the

[
L . R -
o

‘“'The Bulf@dee 50—3 has the follow1ng properties-‘

' Y K

‘”,tlc.f Rf 0 36 (benzene/acetone,~4 ;), 0.35. (Skellysolve

.
. . ) ahe v . e . T e .
! . \ . “ i : e » : sen i [

(.

Yy

" 4sulfox1 es so-a and Sohp as an . oxl. ' v "“f‘%'a“« ;m:;‘

Vo
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&l‘(a}’ : . A oo o) ' .
B/acetone, 3:2); ir (CHyCl,, cast): 1729, 1580, 1242,

11120, 1105, 1029,'972, 751, 685 cm™}; 14 nmc . (400 Mitzg
CDClz): 67.75 (2H, a4, 8, 1. 5 Hz, Ar-H), 7.56—7546 (3H,f

s , o ,
W, Ar-H), 5.17 (1H, s, H-14), 4.65 (1H, dd. 8, 6.5 Hz,

H-12), 4.26 (1H, m), 4.62~3.85 (34, m, 3. 66 (3H, s, C-18
OCH;), 2.85 (1H, d4dd, 14, 11 5, 8 Hz, H- 11a) 2.31 (1H,
dt, 11.75, 3 Hz, H-7p). 2. i6 .(1H, a, 1. 5, 6.5 Hz,

,
H-1la),. 1..88~1.23 (11H, m), 1. 17 (3H, s, C—-4 cn3) 1 os

‘(3H‘ s,;C 10 Cu3), hrms: m/z calcd for C,,H,90,4S (M =

© C3H 5%3 389-1778,pfound: 389.1787(10), 337(33),

263(35), 203(24).~73(100); cims (NH3): 354(62), 337(100),.

>

' The sulfoxide $0-q presents the following

;&properties: tlc:s- Rg 0.33 (bénzeng/acetone, 4:1),-0.39 " .

(Skellysolve B/acetone, 3:2): ir:(CH2C12, cast): 3045,
< , \ . 2

1723, 1580, 1248, 1121, 1106, 1037, 1026, 745,730, 690

em™1; 14 nme (400 MHz, CDCl3): §7.61 (2H, 44, 8, 1. S)HZAA&Q‘“

8

Ar—H), 7. 52 7. 44 (34, m, Ar-H), 5. 19 (1H, 8. H—l4), 4.71

(IH, ad, 8, 2 Hz, H-12), 3. 89-3.73 (4H, m), 3.67 (3H, s,

c-18 OCH3); 2.36. (1H, at, 12, ‘3.5 Hz, B-78). 2.32-2. 2 (2H,.
complex), 1.96 (lH, dd 14, 7 Hz ), 1. 91 (14, 44, 12 5 3

.Hz, H-S), 1 .84-1.23 (9H.,m), 1.16 (3H B,. C-4 CH3), 0. 94

(3H. s, cjgb ‘CHy); cims (NH3) 480 (M* + 18, 0.1), %3

354(87)1 337(100). 252(47). 234(22). , ‘
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(1S,5R,6R,9R, 13R) -1, 5- Dlmetnyl -9~ ethylenedloxymetnyl 5-

methoxycarbonyl 10-oxatrxcyclo[7 4,0,0% 13]trideg&}1 —ene
/ ¢

l

)
A solution of tég;shlﬁoxid%s 50 (462.5 mg, )1 mmol)
and trietﬁprhosphite.(Q.89 %},'5321mmor):in 10 mL of
xylenés.was:refluxed,for 2 1/5 ﬁ’Undér N,. The solvent
was removed qzeotfobica;i?ﬂﬁiﬁh be£zené in, the
'rotavaporator. %hé residdé-Was}éﬁrifiéd by flash ‘ S

-.chromacography (Skellysolve B/ethyl acetate, 65:35) co’
\

give 'the enol 51 (225 7 mg. 65%(ove;all yield from the

henut&ﬁoacetals) as a solxd. An analytlcal Bample was

[

obtained by rectystélllzatlon from Skéllysolve

‘B/dxlsopropyl ether I\m p 93;95 C tle: Rf 0.41
”(benzene/acetohe \4 1), 0.27 (Skellysolve B/ethyl acetate,
7:3)5, Lalp =677 (e o. 13,.CHC13),‘1r (CH,yCl,, cast):
‘3080, 1723, 1585, 1246, 1146, 1108/ 1030, 99], 675 cm };

X_ln nmc (200 Miz, CDCls)s ° 86.4. (1H, t. 3.25 bz, H-12) |

(14, s,\ge14),\5 a7 (IH, t, 2.5 Hz. H-11), 4 06-3.76
(4H, m), 3, 67”(3ﬁ s, C-18 ocn3), 3.06 (1H, br s, H-9),
2.42 (1H; at, 12, 3.25. Hﬁ&ﬁ& -78). 1.91-1.18 (10OH, m) 1.17
(3H, e C-4 CH3) 1. oe (3H, s, C-10 CHy): 13 nmr. |
(cnc13) 5178.7 (s, c-18), 147.8 (a, C-12), 104.9 (d,'
c-14). 101.7 (d, c-11), 88. 9" (s, Cc-8), 65.5 (t), 65.0 (t),
64.5 (4, c-9), 51.9 (q, C-18 oca3), 51.4 (&, c-5), . 46.9

(s, C-4), 39.3 (t),v37.2~(t), 36.2 (s, C-10), 34.6 (t),
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23.6l(t),‘17f7 t)., 17.5 (q), 15.5‘(q); hrms: m/z caled’
o Crolpg0s (M*): ‘336.1929;‘ found: 336.1936(0.2‘),
263(22), 262(12), 203(30), 121(11)‘ 95(10), 81(39),
73(100)} cims (NHj3): 354 (M* + 18, 24), 337(100).
Analyais: calcd for C19H2805‘ C 67 83, H 8539;‘Fodmd: C.
67.55, H' 8.28. ) ’ |

1 : A s
\ ! [ \
\

-12,12—Eth¥1enedioxy*9a-hydroxy-4a—méthoEYCarbonyldrlm—ll~
-al 19 . o A ' : f v .

A solution of the enol . etttiLSI (L24.7 mg.'0.37'mmol) .

in dlchlorOmethane/methanol (10\mL, 1:1) was'cooled in a-
> § A
C02/acetone bath. Ozone was bubbled through the solutlon

¥

‘ until a pale blue. color appeared. Excess ozone was 1
’ \

removed wlth Nz.» Methyl sulflde (0. 06 mL) was added and '

the reaction . mlxture allowed to reach ri t. The solvent

N
2t -

- was evaporated and the re31due dlssolved in C52C12, washed
with H20 (2x), brlne (x), drled (MgSO4). and evaporated in.

vacu® to give the g-hydroxyaldehyde 19 {123.6 mg, 98%) as

1

a solld._ An . analytlcal sample was obtaxned by, . ° /
recﬁystallization*from Skellysolve B/ethyl acetate. ‘m.pr
120 l%l C [a]D —52 8 (c O 13, CHCl3), tlc. -Rf'0.36 . I

(Skellysolve B/acetone, 3 2), 0 3 (dlchloro--" ,
. v > ¥
methane/acetone, "9:1), "0.32 (benzene/acetone, 4: 1), xr'

] -4
(CHxCly, cast): 8505 (br), 2755, 1720, 1353, 1122 cp~
W onr (400 MHz, CDCI3): - 9.92 (1H, 4,3 Hz, H-11), 5,26 ©

| o ' . 4



12, 12 Ethylenedioxy 4a—methoxycarbonyl (98H)~drim-7-en-11-

128
N

(lH, 5. H-12), '4.08-3.86 (4H, m), 3. 68 (3H, s, C-13 OCH,),
2, 97 (1H, ‘éV D,0 exchangeable)ﬂ‘?.;7 (ﬁy, 4, 3 Hz, H-9),
2.15 (1H, aa, 10,3 Hz, H-5), 1.99 (1, br 4, 13 Hz),
1.a2-f;1oN(9n,‘m), 1.29 (3H, s, C-10 CHz), 1.19 (3H, s,
c-4 CH3) hrms- n/z calcd for CjgHyg0g (M*): "340.1878,
found: 340. 1885(2), 322(2), 295014), 267(9), 207(10),
‘121(8), 73(100)“ cims (NH3) 358 (M* + 18, 100), 341 (m*

\ |
+ 1, 1 ‘ Analvsls: “calcd for CygqHngOr: C 63.51, H
,11). " Analy: \ 18H28% 63.51, H"

' 8.29; Fdund: c;%3.13. H 8:27.

al 52 "y E ~

The p—hydroxyaldehyde 19 08 5 mg, O. 025 mmol) was

added to a 1M solution of NaOH in methanol (3 mL) . The

-~

reactlon mi xture was :efluxed under N, for 45 m;na,;mu14nL__~_-
of the solutﬁﬁn was adjusted to 9 with 10% HC1l, diluted ’

with water and extracted with’ CH2C12 (3x). The extracts -

were comblned and washed with 10% HC1 (Zx) 'satd NaHCO3

- (2x ), brlne (x), drled (M;SOA), and the solvent removed in -

vacuo to gzve an 1mpure B, %Cynsaturated aldehyde 52'(5.2

.mg)SS An‘analytical sample was oatained‘by flash

'Chrbmatography (SkeIlysolve /acetone, 4:1). tlc: ‘Rf

0.32 (Skellysolve B/ethyl ace ate, 3:2), 0.24 (Skellyaolve

B/acetone, 4‘1) ir (CH2C12,Vc‘st)~l 1720, 1708,_16757

_‘ N "\ . @

AN : . .
-



. GDCl3): 69.64 (1H, 4, 5 Hz, H-11), 6;19‘ilﬂ,;t 3.5 e,

.4a1MethorycarbonYl-(9QH)-drim47hen—ll'12~dial 54
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. , . . < ‘ _ A

\ "
f

¢

n—v), 5.16 (lH,‘s,Hﬁ—lz), 4. b9—3'i3 k4n, m), 3.68 (3H 8,
C-13 OCH3), 2.63 (1H, 4, 5 Hz, H-9), 2. 47 (lH, aa, 1@ 75,,
6.5 Hz, H-5), 2. 1422203 (2H, m, H—Gp, ‘H- Gq), 1. aLo az‘?eﬂ,
m), 1.26 (3H, s, C-4 CHj), 0. 99 (3H, s, c-10 cn3); hiems
m/z caled for CygH;g0g (M%) :I 322 1773, found:
32?.1781(5)[”?93(95),l279(16;, 263(11), 262(13).'éofgzd),
172(;3),‘139(12),,105(26), 99(17), 91(19),. 73(100); clme

(NH3):  340(M* + 18, 100), 323(m* + 1, 18), 322(m*, 79,
, Ve

. . f \
ik " ’ . ‘ y

/ .\;‘ . } ‘_ “

vacuo; The residue was dlssolved 1n{5ﬁ2012 and washed

A solution\of the B y—unsaturated aldehyde 52 (3 mg),

‘and catalytie amounts of E;toluenesulfonlc ac1d in acetone

s

(3 mL) was strrred fon 1/2 h. The reaction was quenched

oo +

with satd NaHCO3 (l drop) and the solvent removed in

with ‘satd NaHCO3 (2x), brine (x), dried (Mgso4), and

'e%aporated in vacuo to afford epi -pol&godlal 54 as a

solid. Purlfication by . flash chromatography'(Skellysolve

B/ethyl acetate, 3:2) furnlshed the pure dlaldehyde 54 as

a solid. tlc: Rf 0 47 (Skellysolve B/acetone, 3:2), 0. 39‘

(Skellysolve/ethyl acetate, 1 l), ir (CH2C12, cast):

/

‘2715. 1724, 1679, 1646. 1249, 1191, 1140, 720.cm }; ﬁv

(ca303) lmax" 228 nm (c 7443); 14 nmr (400 MHz, cnc13)=
69.85 (1H, d, 2.5 Hz, H-ll), 9.41 (1H, s, H-12);"7.05 (1H,

i



130

.

t..3.5 Hz, H-9), '3.67 (3H, s, C-13 OCHs), .3.26 (1H, br s, "

‘wl/2‘=‘2'5-ng,‘ﬂ-95; 2.44 (18, dd. 10.5. 6 Hz, H-5), 2.37-

'2 31 (2H, oomplex, H-6p, H- 6a), 1.80 (1H, br 4, 12 Hz),

®

1.74-1.14 (5H, m), 1. 27 (31, a, Cc-4 CH3), 0.99 (3H, 8,

/

C~10 CH,); hrms: led. c : .1512;

__ found: 278.1518(3), 250(100), 235(14), 219(16), 201(17),

190(51), 175(25), 161(15), 147(15), 121(26). 105(29),

.91(38); cims (NH3): 296(M* + 18, 100), 298(M*, 2).

11-al 56 |

.

Yo
5
o

12,lZAEthylenedloxy—9ueformyloxy—4a7methoxycarbonYldrim-

o . . }’

A solutlon of the enol ether 51 (141 mg, 0 42 mmol)

from Skellysolve B/dlchlorOmethane (9: 1. 10 mL) was cooled .

in a dry 1ce/acetone bath. Ozone was bubbled through the

,~solut10n untll a pale blue color appeared., Excess '‘ozone

. was removed from the solutlon with N2.l Trlmethylphosphlte

(0.05. mL) was added, the bath réhoved and the reaction .
mlxture allowed to reach r. t. The mlxture was drled

(Mgso4), evaporated 'in vacuo and left under vacuumrfor 2 h

!
to glve the crude formate 56 (160. 3 mg) as a partly

“solld1f1ed 011 . Purlficatlon of the crude formate by

flash chromatography (benzene/acetone,ﬁ9 1) afforded pure

'h
56 aa an oil: tlec: R¢. 0 53 (benzene/acetone, 4 1), 0 41‘

*

'(Skellysolve B/acetone, 3 2), 1r (CHZCIZ. cast) N 2755. .

‘1723 (br s),. 1254, 1173, 114% cm}; 1Higmr (299,MH¢,»

oA i

. : - - . L W . 4 :
| o o E
SO s - T
. - ' ‘v L, . . . o R T . ) ey

N

o
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coc13);‘ 69.86 (1#, a, 7. 5 He, H-11), 8. 24 (11, c-8"

ocno), 5. 45 (1n e,‘H—lz), 4.04-3.84 (4H, m), 3.68 (3H s,

c-13 ocHy) 2.g€ (18, 4, 2.5 fz, H-9), 2.44 (1H, dt, 13,
3.5 Hz),.2.26 (1H, A4, 13, 5 Hz), 2.02 (1K, br 4, 13 Hz), 1
1.93-1.16 (8H.. m), 1.29 (34, s, C-10 Ch3), 1. 18 (31, s,

‘ C—4 CH3) hrms.- m/z calcd for C29ﬁ3807 (M ) ‘ 368.1827; ,“

found: 368 1835(0 2), 322(6), 309(9){ 295(3), 121(4),

‘73(100),vc1ms (NH3) 386(M* .+ 18, 100), 323(20), 278(6).

-~

. ' ) “’ i ‘ .
12,lZ-Ethylenedioxy—4a—methoxycarbonyidrim—BLén—1l—al 53,

12, 12—ethylenedlo§y-4a—methoxycarbonyldr1m-7 -en- llsal 58,

and 52

A solutlon of the crude formate 56 (160 3 mg) and DBU

4

(0. 19 mL. 1.25 mmol) in benzene 3.5 mL) was refluxed

under argon for 1 1/2 h. = The reactlon mlxture ‘was dlluted

;ﬂ with CH2C12. washed w1th 10% HC1 (2x), satd NaHCO3 (2x).,

brlne (x), drled (MgSO4), and evaporated in vacuo to yleld '

a

~a mixture of the aldehydes 53. 58, 52 and the
jflhydroxyaldehyde 19 6113 mg) The ratlos of the products
..as caICulated,byAlH nmr was 14%. 23%, 48%vand 15% "

respectIVely. The ratlo of the unsaturated aldehydes

changed w1th changing reaction condltlons.',p-ﬁydroxy

;faldehyde 19 was abways found in 10-15% of the mlxture.

\
Purlfication of the crude product by flash

chromatography (benzene/acetoné, 95 5) afforded a pure

RS ':‘

R "“. P-4 o .. e . ' ,‘ . ' 8 ~ - 8.
e B . . . PR

N e . : Lo o
cr B



1

o

sample of the a,p—unsaturated -aldehyde 53 as. an oil.

“tle: Rg 0.43 (benzene/acetone, 9:1),  0.49 (Skellysolve-

‘B/acetone” 3:2), 0. 39 (Skellysolve B/ethyl acetate, 1:1)

ir (cn2c12, cast): 2760, 1725, 1680, 1252 1118, 1102
em™1; uv (MeOH)‘Amax:“‘237 (¢ 6650); H nmr (400 Mz,

'f ch13)- 510‘08 (1H, s, H-11),, 5.82 (1H, s, H512), 4.03-
3.90 (4H, m), 368 (3H. &), 2.47-2.26 (3, complei)g 2.01
(1, aa, ;2{5, 1.75 Mz, H-5), 1.78- -1.50 (SH, m), 1.26 (ju,‘

:  s), 1.22 (3H, g); hfﬁs~ m/z calcd for C18H2605 (M*): : .

322. l77§-‘found: 322 1780(72), 307(23). 293(5), 263(15),

247(14), 217(29), 203(13), 105(16) , 73(;00)

The B—y—unsaturated aldehyde 58 was purlfled by flash
chromatography (benzene/acetone, 95 5) to y1e1d a pure‘
éample as a»solld.“klc, R¢ 0 4 (benzene/acetone, 9 1),
0. 47 (Skellysolve ﬂ/acetone,‘3 :2), 0.38 (Skellysolve
B/ethyl acetate, 1:1); ir (CHyCly, cast): 3005, 2740,
'“_1719 1249, 1180, 1144, 1o1, 1076,w840,-810'cm‘1; 4 nmr
(400 ‘Miz, coc13) 59.57 (lH, 4, 5.5 Hz, 3-11), 6.14-(1H,'
‘] ddd,xS 5,,2 5,_2 Hz, H-?), 5 17 (IH, s, H-12), 4.02-3. 72
(4t m), 3.65 (31, 5, C-13- ocn3), 2. 8:013, adadd, 5.5, 'a,
2. 5, 2 Hz. 3-9), 2. 13 (1H, dddd, 18 12 25, 4, 2 Hz, |
x “H-Ga), 2. o1 (IH,.dd, 12,75, 4,25 az, H—S), 1.85 (1&, dddd,b‘“
(18, 5. 5, a. 25. 2{Hz, H-6a).‘1 B-1. 33 (en, m),;l .28 (3n. s,
c—1o CH3), 115 (SK*\s, C-4 CHy) ;, hrms: ‘m/z calcd for V1
ClBH26°5 (M )-a 322 1773-*fbund;i 322 1780(13),'294(39).‘ 

. .
. A : A . " . “
-4

o ; . o
&“ A Ao .
. . ' v LU S P L . S i,
i ST , . - N B [ . ) KR



; 293(34);-279(10);‘263(8),‘247(7)4 172(11), i§4(19),

4a-Methoxycarbonylpolygodlal 59

<\ﬂ““ e - | “‘h S0 133
o v})\ .

1

139(18), 105(17), 91(19), 73(100) SR .

The B, y—unsaturated aldehyde 52 and the 3—

hydroxyaldehyde 19 are also 1solated from thls reactlon

‘and present the propertleS‘prevlously described.

v

'\;-,‘ ‘
*

A solution of the p,y—unsaturated aldehyde 58 (4 mg,

"‘_0 012 mmol) and a. cat. amount of_B:toluenesulfonlc ac1d in

acetone (2 mL) was stlrred for 2 h. The reactlon ‘was

”'“Maz,<cnc13ow 59 54 (1u, 4, 4 Hz,'H—ll), 9. 46 (18,

.3

1010, 727 cm Pr uv. (MeOH) lmax- 223 (55681),_1H nmr (400 R

quenched w1th satd NaHCO3 (1 drop). and the solvent

removed in: vacuo.' The residue was dlssolved in. CH2C12/H20 '

vand washed w1th satd NaHCO3 (2x), brlne ( ), dr1ed ’

(MgSO4),‘and the solvent removed to- yleld tompound 59 (3. 2.

mg, 96%) as a solld. An analytlcal sample was obtalned byy

flaéh chromatography (Skellysolve B/ethyl acetate, 3: 2)
A |

tlc.- Rf 0. 44 (Skellysolve B/acetone, '3:2), 0. 32

Q(Skellysolve B/ethyl acetate, 1: l) ir (CH2C12, cast): |

N o .
, -

)2726, 1723, 1679, 1642,.r247; ll89,-ll42, 1107, 1069,

“W‘a-lz), 7. oe (1H, ddd, 5 5, 2, 2 Hz,.H-7), 3. 69 (3H. s,

i\oca3), 2 92 ' (1H, dddd.“l4, 35,2, 2 Ha, H-9) - 2. 4ou”

,""(1n, aaaa, 19 25, 11. 75, 3.7, 2 Hz, H-ep), 2.21 (m,

°",dddd, 19 25! 5. s 4, 2. Hz, H—en). 2. 09 (1n, dd,‘ll 5, a.

o

ey, o
7,



‘.Hz;'nfsj 1: 9 (lﬂ, br.d, 11 5 Hz),.l 82- 1 24 (5H m),,i 31
‘g(3hi's), 0 99 (3H, s) hrms r m/z calCd for C16H2204 .
“"hikm*)l‘ 278. 1512- found; 278 1518(21), 276(2). 250(70),,
249(16), 236(17), 205(12),‘190(41), 175(23) 1094100);

cims. (NH3) | 296(M+ + 18, 100),. 264(54)

toy

(18 5R,, 6R 9R 128 14R) -1,5- Dlmethyl 10 11-d10xa 12~ 150—‘

propylcarbonyl S—methoxycarbonyl 9—tr1methy1ened10xy-

methyltrlgyc10[8 4,0, 09 14Jtetradecané\60 | ,"7

A eolutlon of . the ketoaldehyde 2 (273 6 mg, 0.718 .

} mmol), trlmethylorthoformaai (0. 39 mL, 3.59 mmol),hl 3-‘»
propanedlol (0.26 mL, 3. 59 mmol) ‘and cat.famount of P~
toluenesu1f0n1c ac1d 1n benzene (3 mL) was warmed to 45 C‘
1n an 011 bath under mlld‘vacuum (160 mm Hg) When all |

‘ the solutlon had dlsappeared, the«react1on mxxture was

‘,‘refluxed for 15 mln.‘ The solumlon was dlluted w1th | .
CH2C12,'washed with 108 HCl (2x), satd NaHCO§ (2x), brlne
(x), dried (MgSO4), and the solvent removed to glve the

| fcrude dloxane 60 (298. 4 mg,‘95%) as an 011. Purlflcatxon

,’;by flash chromatography (Skellysolve B/ethyl eéher. 3: 2)

“furnlshed a pure sample. tlc-. O 42 (dlchloro—l_ijgf

";Imethane/acetone, 95 5) gb 23 (Skellysolve B/ethyl acefate,

h*7 3), 0 30 (dlchkoromethane/ethyl acetate, 91 1), ir

"(ca c1 ,,cast) 1722,41248. 1152, 1121. 1108. 1021. 936,{i7”
22 |

[,754 om” 1L‘1H nme (400 MHz. cnc13) 54 91 (13, 8, H;;4,;ng""‘

©

! . a ce ’ . Lo Vot . S o . e o -



"7‘ai(M9504),\andmevaporated to obtaln the eplmeric mlxture of

Bhie S ST
5 -

ICH3 17). 0 93 (3H, s( C-lO CH3), hrms m/z calcd for

"IC24H3807 (MY):  438.2607; ~foundx’ 438 5617(0 1), 367(4),
307(2),.291(5),&235tﬁtf‘ﬁ59(4), 121(3), 87(100), 71(12),

gt

v ¢ Y ' 4

S L L ‘
4.72 (1H, 44, 11.5, 3.5 Hz, H+12). 4.78 '(1H, complek)/‘4 1
~ (1H,. complex), 3.81 (1H,' complex), 3.67 (3H, . c 18

OCH3), 3. 65 (1H, complex), 3. 02 (1H, qulntet, 7 Hz, H—lS),

2 23- 2! l (2H,.m),‘1 94 (IH, dt, 13, 3 Hz,%H 75), l 85 (lH,d

| aa, 12.5, 2.5 Hz, H-S), 1. 78 o 98 (12@,.nﬁ 1417, (3H, s,

o4 ca3),‘1 09 (38, a, 7, e ! CH3—16), 1, 07 (3H; 7 Hz,

§ &,
'

* L

C ) o . |
£, 4 . . ]

(IS 'SR, 6R, 9R 13R) -1, S—Dlmethyl S-methoxycarbonyl 10—oxa- .

1l-phenylthlo—Q—trimethylenedloxymethyltrlcyclo—

[

(7,4.,0, 09 13Jtridecane 61 ?,“ i ,"7 /~'A

f;then the solvent was removed 1n Vacud and the’ resldue
;eand washed w1th satd NaHCO3 (2x), brlne (2x). drled
?,dalcohol as a yellow oxl. fmuﬁﬂ‘gg“,&_kg

P

E methylate (74 5 mg. L 38 mmdl) 1n methanol (&?mL)lyaé4

‘0 " . )
Sodlum borohydrlde (52 2 mg,,l 38 mmol) ,was added 1n

parts to a solutlon of the ketone 60 (570 mg, l 38 ﬂmol)

in dlchloromethane/methanol (1 3, 4 mL) Acetlc acld (3

’dxdrops) was added to the reactlon mlxture after 15 mln,

u‘

-

_— r .

dlssolved 1n Et20/320\ The organac layer was separated

3

\m

o
p o " . 1“ "

L3N

Py

The solut;on*of Ehe crude alcohol and sodlum.d” .

. ~" \P IR 4,

b S o v . o ‘ et 8 ,
AN e et EEREIR AR

A .v_" . . . .

100), 438(M+ 6) | B {

ot

135
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sire

. mL, 29 mmol) and a cat. amount of trlfluoroacetic acld in B

1‘CH2C12 (8 mL) was stlrred at r.t. for 12 h. The reactlon
lF}(4x), br1ne (2x0 dried (MgSO4), and evaporated in’ vacuo

"Purlficatlon of the crude product by flash}ehrdﬁefoéraphy.

v(dlchloromethane/ethyl acetate, 95 5) gave the . Qin

'll,cm'}p the'lﬂ nmr shows that the mlxture 18 present in a

'W..respectlvelv.¢ 1H nmr (400rMHz, CDC13) .65 72 (0 78H. dd,-

PN

W e ' '”'1 \ Co
u’ ! . ‘ -" \' ’

’fsﬂirred at<r;t:‘f0r“24'h H20 (3 drope) was added and the

v, . v « |

solvent”remdved. The 011y resldue was dlssolved in CH2C12

- and washed w1th H20 (2x), brlne (2x), drled (MgSO4), and"‘ﬂ

the solvent removed in vacuo to yleld the hemxacetal as an

‘L A solutlon of the crude hemlacetal, thxophenolf(o 3 |

1

b

‘ o ‘ v
mixture was dlluted with CH2C12,‘ washed with 53 Na2C03 «‘  |

d to glve the hemlthloacetals 61 (437 mg) as'a yel}ow,o1l.

o«

~

hemlthloacetals‘Gl (200, 0 mg, 32% from the ketone) as a-

colorless 011.“ tlc: R¢ (same for both eplmers) 0. 3

' ‘(dlchlorOmethane/ethyl acetaﬂe, 94 6), 0 4 (dlCthtO-‘ ‘ "

\ , 3

‘methbne/acetoné 96 4) 1r~(CH2C12. cast) 3045. 1725, Lo

‘1596,.1247. 1120. 1108 1070,.1035, 1015, ?58. 738. 670 Yo

.,/

K] -

‘Lratlo of 1 3\5 of the B to a-hemathroacetal, ‘i,“ Qda

] - \

v

'Le 5, 2 Hz. H-1é), 5. 54 (o 22H. dd, 8, 6 75 Hz.xH-12). 4 75

(o 22H: sL H—14). 4 65 (o 78ﬂ, s, 3-14),u4 18 (o aea, s.

A .»I,AA

Tf c-4 cn3), 1 13 (2 34H,Js, c*4 CH3), 0. 98 (o esn, 8, c-1o a;.[P

‘A‘,y‘ RN -_‘ i 3 S N P , o ) S ‘. rv---l‘ .
;! S S . S S . o
- HE T .

. ., \ . . [ AP AT R L . RTINS RPN
. . . RO R . . Y . o < L ’ . L
- . L ' (I St v ‘ e AP . ' P R S
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o, BRI , | |
) - h ' VY ‘.“.“\ o ! . ’
‘. . \‘\\. 4 ~ |
» \ L, l\ K . » SR N
: R
22H2903S (M - C4H702 %73 1858 foun ‘373 1837(7), : (‘
! 351(100), 307(12), 275(22), 215(28). 197(9) Le?(a), |
; 121(11), \,110(11), 87(70), 59(13) clms (NH3) 478(:4*“ ‘
C 18 9) 368(71), 351(100) TR R .
K (xsksn 6R, 9R, 13R) 1, 5- Dlmet;hyl 5-methoxycarbony1 Jol “oxa- 9- 2
(- s R
s trlmethylenedloxymethyltrlcyclo[?\4 O 09 l3]t_1:1dec—11 -ene .. "~
in Y . Lo . . R . R , IS G o
‘ g '\g . e o o ot N PO o
o \
oy A solut1on of m—chloroperbenzo1d\ac1d (77 2 mg. O 447
- : ‘ \. o nj ~\ ‘ ‘
oo mmol) 1n CH2012 (3 mL) was added to a, éQOIed rsolut.lon of (fl
t ‘ A
the hemthloacatals 61 (200 1 mg, g 0 434 >rqnol) irf\QHZClz (6
‘\"‘ l ‘ “.} . ’
‘ o mL) A&ter 10 m1n the reac;ion mlxture Wae-dlluteﬁ wlth "ﬁ E
i oo . S ST
,c52c12, then washed vuth 10% NaHSO3 (x), 'gat NaHC®3 (3x), o
‘ ) » Coten
SRR brl.ne (x), «dned (Mgso4), and the 801Vent remo\\d under A
\/ s " f v \ . L :.. g
- v&cuum to yleld the pure sulfokldes (220‘& mg) ae an /\ 7,;’}‘\r
4'1‘-7011., tlc. ~Rf 0 29. 0J17 (benzene/acebone, 4 1) \\_: w\ K e;;
' ‘ T L S
) - ’ff A solution of the crude sulféxldes (220 2 mg) and 'g\;ﬁ' o
‘ ' . . .. ',': _' K k\),;‘j;.d'
triethylphoephite (0 37 my 2 16 mmol) in xylenee (5 mL)
 ‘was refluxed for’ 2 1/2 h under érgon. The.solvent was 3;wg Q;Vfg»
G f'&zeotrOplcally removed with benzene 1nethe '\“{fJﬁﬁfu‘f{X\
‘ﬁrotavqporator. The 01ly residue was purlfled usrng flash
N 'chromatography (Skellysolve B/acetone, 3 1) to Obtaln the ‘7“‘ﬁfuf
fu*enol ether 62Q$105o3 mg, 69% overall yield) as a. solld.‘ﬂ:'”sf .
,‘tlc: Rf 0 47 (benzene/acetone, 4 l), 0 31 (Skellysobvekiia;‘Q;Vﬁf
o B/acetone, 3:1), 1H nmr (200§yﬂz. CDC13) 66 45 (IH. t.u3,,"§u\~<
‘ NG f K , _ : _'u¢v; o N T AT
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ce | ‘ ) ' o
N ﬁi; H—12), 5 16 (IH. np‘H— 1) 4155 (14, s, ﬁi14)hf4.264 |
4:03 (ZH,'complex),n3.76‘(JH, complex), 3. 59 (1H, |
':,complex) 3 06 (lH, br 8, . H-9); 2.42- 2 28 (24, complex),
1 86-1. 1 (14H m) 1.15: (3H s, c-a CH3) 1.0 (3&, 8, C-10~“
CH3) hrms.‘ m/z calcd for C20H3005 (M ) 350 2085- )
found~ 350 2093(0 37, 263(7), 2§2(}1)ﬂ 203(2{5 187(2)

E { 121(4) 109(2), 87(100), 81(12); cims (NH4): _368(M+_+m18,

Ca
o o ‘
| - -

'15) 359(100) —275(42) s e T
rvgf_‘;j*Unsaturated”aldehydés 63 . - - . o
S qu‘t_‘ Ar solutlon of the enol ether 62 (105 3 mg.. 0. 3 mmol)

ffﬁd” ;n SkelIysolve B (8 mL) was, cooled in a dry 1ce/acetone

1

bath. onhe Was buﬁbled through the solut1on until ‘a. pale\
o . K ""\ . ool }
e blue colorrappeared. Excess ozone was removed with N2.

v 5;” Trlmethylphospﬁlte (0 1 mL) was added and the reactlon

L

‘mxxture allowed to reach Y t., dlluted w1th CH2C12 and~

N Lo, LEN . A S
\n‘ J

drled (Mgsoql“~ftltered ?nd the>solvedt wqg evaporated in

\II'
O, . ALY v

The crgde re51due was left under mlld vacuum for 2*\’“

_4‘\. . V.

." ,‘t 4 ,' “‘Vac‘ho o‘ “,

...\, <,

‘lﬂfvh. The crude formate (113 2 mg) was 2. semlsolxd.w

ST . -
.

mmwi‘ﬂ A solution of the crude formate and DBU (0 09 mL, O 6,
mmoly in dry benzene (5 mL) waa refluxed for 2 'h under

AN ﬂ-f\ _.___.._——— I

\ argon““ The" reactaon Q}Rture was dnluted with CH2C12,.4$:;.
i washed_&dth'10§ﬁ01 (Zx), satd NaHCO3 (x), brine (x), |
o drled (Mgso4), and the eolvent removed' under vacuum. to; ; t'ﬁgd-
glve "a mlxture of the unéatura::d‘aldehydes 63 (67 4 mg) Ffff?tA

Y PN
- oy

o .'»;\,




'
2O
1

. ”
as an oil. tlc: Rf 0.42 (for the a,ﬂ-unsaturated

aldehyde), 0.38 (for the g, T—unsaturated aldehydes) The "
1y nmr indicates that the crude product is composed of the
g—hydroxyaldehyde, a ,p-~unsaturated aldehyde, 95 B.y—

unsaturated aldehyde and 9q-g, Y—unsaturated aldehyde'ln an

approxlmate ratio of 1:1:1.25:1-25 respectively. ,lH nmr

(200 Mhz, 'CDCl3): charactefiatic signals for the a,B-
uneaturated aldehyde: §10.08 (s, H-11), 5.43 (s, H:}Y);
for the g-hydroxyaldehyde: ' §9.83 (d, 2 Hz, H-11), 4.68

(s, H-12): for the éaeg,y-unsaturated aldehyde: 9.68 (d,

4.5 Hz, H—ll), 6.04 (m, #-7), 4.89 (s, H-12), 2.85 (m,

H-9 ) and for the 9% -8 .,y- Jnsaturated aldehyde 69.62 (4, 5,

Hz, H-11), 6.13 (¢, 3.75 Hz, H-7), 4.71 (s, H-12), 2.67

(4, 5 Bz, H-9). o

12,12-Ethylenedio§y?9a-hydroxy-4a-methoxycarbonyl-drim-?—ﬂ

en-11-al’ 64 o _

In a flamed three-neck round-bottom flask. adapted

#

with a L-shaped tube, -a Ny line, and a septum wag., placed a

l

N
row

35% KH emu191on (59 mg, 0.5 mmol) The o0il was removed

139

with Skellysolve B (3x) and 1 mL of THF added. - ', The flask.“

was cooled in an ice bath then the mixture oﬁ aldehydes‘
52, 53 and 53 (46 mg, 0.14 mmol) in THF (4 mL) were added

slowly. The suspenslon was stlrred for 2 n. The MoOPH

: reagent (99 ‘mg, 0 228 mmol) was placed in the L-shaped '

. ,} -4
L ‘. A
. RY ",r"
Kl

Sy



\

tube and the flask placed in a CO,/acetone bath. The
MoOPH reageni was added all at once and the_auspensioh'
stirred vigorously, while,the reaction warmed to -44°C
(CO,/CH3CN) . The mixture wae”stifred_at this temperature
for 1 1/2 hi the bath removéd, and‘éllowed to warm to

0°C; The reaction was guenched with 108 Na,SO5 (1 mL) and
stirred until no further change in the o;ganic layer was

observed. The two phases were separated and the. agqueous

-~

layer extracted with Héd (3x ). Thé ethereal extracts were

combined and washed with HyO (2x), brine (2x), dried
(MéSO4), and evaporated in vacuo to give an oil (;7.1

mg) . Purificationfb*vflash chromatography (dichlorg;
methane/acetone, 92:8) afforded the hydroxyaldehyde 64
(23.9 mg, 50%) as a solid. An analytical sample oﬁtained
by recrystallizaﬁion from Skellysolve B. m.p. 146—141°C;
tlc: Rg 0.27 (benzene/acetone, ®:1), 0.29
(dichloromethane/acetqne, 95:5), 0.28 .
(dichlor&methqné/ethyl acetate, 85:15); [a]D -30.7° (¢
0.13, CHClj3); ir- (CHpCl,, cast): 3450 (br), l714f71§75;
1246, 1181, 1135, 1049, 922 cm~!; 4 nmr (40_Q_maz_, |
CDCIS): 69.83 (1H, 4, 1 Hz, H-11), 6.29 (1H, dd;‘SLéS{j
2.5 Hz, H-7), 5.17 (1H, s, H-12), 3.92‘(1H, a, 1 Hgé/bzo
‘exchangeable), 3.93-3.71 (4H. m), 3.65 (3, s, C-13 OCH3),
2.66 (1H, dd, 12, 5 He, H;S).'2519 (1H, ada, 19, 12, 2.5

Hz, H-6), 1.96 (1H, dt, 19, 5 Hz, H-6q), 1.91-1.79 (2H,

140 °
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m), 1163—1552 (3H, m), 1.31 (3H, s, c-4 CHg) ., lf?S (34, s,
C-10 ca3)A 1.01 (1H, br 4, 13 Hz); 3¢ nmc (cociy): .
6202.9 (a, c-11), 178.5 (s, c-13), 135,7 (4, C-7), 133.4
(s, c-8), 105.8'(df c-12), 80.2 (s, C-9), 64.8 (t), 64.5
(), 51.9 (q, C-13 OCHy), 46.1 (s. C-4), 41.1 (s C-10),
3722 (a, C-5), 36.4 (t), 31.2°(t), 25.6 (t), 17.5 (q, 2x)
"17.5 (t); ﬁxms~ m/z calcd for C18H2606 (M ): , 338.17?2;
found: 338:1730(7),. 320(2), 309(80), 277(8), 265(7)
187(15),-159(13), 109(15), 73(100) .. Analysis: caldd for -
clenégos: c salaehkn 7.74;‘Fcund:' C 63.66, H 7:1§‘|- | \

-4a—Methoxycarbonylwarburganal 20

A solutlon of the monoprotected dlaldehyde 64 (14 2

»

mg, 0. 042ymm/T7ihng cat. amount of . B;toluenesulfonlc acid
in: acetone (3 mL) was stlrred fop 1. h ‘at r t. The

‘react1on quenched with satd NaHCO3 (1 drop) and the

N o—

* solvent removed in the rotavaporator.‘ The re81dUe was

™ '

dlssolved in CH2C12/H20, washed wlth satd NaHCO3 (Zx),

0 ,

ubrlne (x), dried (MgSO4), and evaporated in vacuo to’ glve
——

the dlaldehyde 20 (11 2 mg, 90% pure by tlc) as‘ a solld.

The solid was recrYstalllzed from’ Skellysolve B/dl-
”chloromethane to obtaxn an analyt1ca1 sample as whlte *

crystals. m.p. 101- 102 C' tlc:” Rg 0 24 (benzene/acetone,

"

'931),‘0 27 (d1chloromethane/ethy1 acetate. 85 15) 0.38‘

'(Skellysolve B/acetone.¢3 2), [a}D ;135.0_(3_0.1,.cﬁc15);

"

. . e .
a . . . . R Y
) . . R



13, 5, 3.Hz); 13 nmr (CDC13) -5201,5:(d S Ci11), 192.4

[N

ir (CH)Clj)) cast): 3465, 2720, 1725, 1679, 1639, 1249,
1183, 1137, 1120, 1054, 802 cm}; uv (MeOH) Amaxt 226 (e
6000); 'H nmr (400 MHz, CDCl,): 8977 (M. 4, 1.5 He,

H=11), 9.A4~(1H' s, H- 12); 7.22 (1H .da, 5, 2.5 Hz, H-7),

v4.1§‘(1ﬂ, d, 1.5 Hz, D20 exchangeable), 3.7 (3H,'s, C-13

OCH;). 2.68 (1H, 44, 11.5. 5.5 Hz, H-s), 2.42 (1H; ddd,

: . ‘ k , ‘ A N
20 5. 11.5,.2.5 Hz; H-6a), '2.32 (1H, dt, 20.5, 5 Hz,
H—Gﬁ) 1.86-1.75 (2H, complex), 1.69-1.53 (3H, m), 1.33

\

(3H, s, C-4 cn3) 1.13 (3u, 5. c—1o CHy), 1.07 (1H, dad,

(d, c—12$[ 177~9‘(s. c—13) 156.2 (a, c-7) - 140.5 (s,

c-8), 77.2 (s, c~9),\52 2 (a, c-13 oCH3),,45 9 (s, C-4),

41.1 (s,;C-lO), 37.0 . (a, c-5), 36.3 (t),"30.5 (t), 27.2
| ° A

(t, C-6), 17.5 (qﬁ. 17 .4 (q)» 17.2'(d)~nhfms:. m/z calcd

for CygHy,0g (M*): 294 1461; found. 294 1467(3), 276(5).,

N265(100),‘261(16), 223(15), 205(32), 189(15), 187(68),

'159(64), 121(78), 109(74), 105&26). 91(30). Analysis.

N
- M ”

Calcd er C16H2205 C 65.29, H\ 7'53,‘ Ffouh‘d: h C 65 30: H
7.46. ‘ " S st PRV "‘
.u ! "‘. ' S ’ AR . ‘ |

(ls 5R, 6R, 9R 13R) 1, 5—Dlmethyl 9-ethylenedloxymethyl 5-

o

;ydroxymethyl 10—oxa—1l-phenylthlotrzqyclo[7 4 0«09 13]- -

N

tr1decane 66 ”‘._  e "\ﬂf' - Lo

N

'f_i A solutlon of the’ ester 65 (849 mg, l 9 mmol) in THF

(4 mL) was slowly a&ded to a suepension of L1A1H4 (144 2

.,-.. EL ,v' L ] .

: Lot i w“ o, . -
. . S e . ) RN i . - 4

P L . ! . o L ER . P
PR S A L . o LT . R . ¥
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\
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Kl
, 3.8 mmol) in TH§ (Z”mL) éooléd in an ice bdth. The

suspension was stirred for 1/2 ﬁ at 5 C then 1 h at r. t.
The ekcess of_llthlum alumlnum hydride was‘Zestroyed by“
careful additioﬁ of HéO-(O.lS‘mL{, 158 NaOH (0.15 mL), sz
‘(0.45 mL) . The slufry was vigorouély stifred untll a flne',
solid formed drxed (MgSO4) and flltered The white ‘'solid
was washed with Etzo (3x), and the solvent removed in
nggg.to yleld‘an eplmerlc mlxture of the alcohol 66 l
(730.1 mg,.92%) as-a colorless 011. tlc: URf 0.38 2
'(benzene/acetone, 4 l), 0 43- (Skellysolve B/acbtone, 3: 2),‘

if (CH,Cl,, cast): '3436 (br), 3050 1580,‘1142. 1122,
‘1971, 1051, 1025, '937, 739 693 em™1; 1y nmr (200 MHz,
CDCla): - 65.34 (0.2H, ‘s, H-14), 5.25 (0.8H, 5. H-14), 3.37.
“(1H;+br 4, 11 Hz, H-18), 3.11 (H, br 4, 11 Hz, H-18),
1.04 (0. 6H, ‘s, C-10 CH3), 0. -93 (2:4H, s, C-10 CH3), 0.80
~» 4(0.6H, 8, C-4 CH3), 0.77 (2. 4H. s, C-4 CH3); hrms: “mfz
calcd for CpgH340,5 (M* ):_-418,z;§8;ufqund@l 418.2177(1),
'345(44), -309(98), 265(19), 247(21), 235(35), 217(26), s
110015), 73(100). L

» i .
at oo L ' 1

.__L

BN

(lS 5R GR 9R,13R)~ 1 5-D1methyl 9 ethylenedloxymethyl 5-

formyl-lo-oxa-l1-pheny1thiotridyc10[7 4, 0 02 13}tr1decane R

S
“ . ~-’e . ..»\“ .. . C "vi‘ . . C L

A solution of the eplmerlc mlxture of alcohols 66

(414 4 mg, 0 99 mmol) 1n CH2C12 (5 mL) was added to 'a

B . o s . . 3
o . .

. [
o o



SR Q(lS 2R 3R, 6S) 1, 7-D1methy1 Zwethyl 3—ethylened1oxymethyl-‘K’

- . - S S ' 144
’ : ' ' \ e}

p

~¢@? - | ‘3 S
suspension of PCC (373 4 mg, 1. 73 mmol) in CH2C12 (10

.mL).* The suspension stlrred for 1 1/2 h at r.t., then

\

t‘f diluted with Et20 (30 mL) The reaction mi‘xture was _“

decanted and the sticky 011 washed w1th Et20 (3x) until it

I

‘ turned BOlld. The organic comblned extracts were flltered

‘ LI
through a-pad of Flarisil and evaporated to yleld an A

aldehyde 67 (373 4, 90%) as an oil. The lH nmr of the
products shcws 51gnals for both eplmers in a ratlo 4:1.
tlc. “Rg 0. 45, 0.43 (SkellysolVe B/acetone, 7: 3),‘0 46,

" 0.4 (Skellysolve B/ethyl acetate, 3 2); ir (CH2C12,
’(é K
d.cast) 3050, 2680, 1723 1580, 1142, 1122 938, 742 693 Co

cm™1; 1M npr (200 MHz; CDCl,): 59.22, 9:17 (1n, 5 H-IB),~A
v 8.29,.5.19 (1H,.s, H-14), 1.09, 1.05, 1.03, 0. 9% - (GH, s,

C-4.and 10 CH3); hrms: m/z calcd for c24u3204s 1M )

v

416 2012' bend: 4L6,2\21(2), 343(30);“307(100), 233(29),
‘ '\ ‘ \
73(77) L e ot
e ' h [ e T
! . - ",'J‘ h ' s " . K t e . " . '\

\‘ Vs

\

“3-hydroxyblcyclo[4 4 OJdecane 68

A mlxture of the aldehydes 67 (20 2 mg. 0. 048 mmol),

(LI

ethanol (0 1 mL), 95% hydra21ne (0 1 mL) and KOH (0 2 g)

‘"1n eshylene glycq} (2 mL) -was placed in an- 011 bath and J?Q
" warmed slowly' to 150°C under Nz. After 3h at 150°C the .
'condenser was replaced w1th a take—off condenser'and the.5*

temperature increased to 210‘ | The reaction mixture wa8'7 o

. \‘

"stlrred for 5 h at this temperature while a few drops of

L4 . . B . .



¥

R S

Y

R

‘ dolorless 1iquid distilled."The'solutidh'was cooled,

N \

diluted with HZO, and extracted with Et20 (3x) 'Tﬁe'

fcombined extracts were washed ‘with Hzo (2x), brlne (2x),‘

“drled (MgSO4) and evaporated in vacuo to glve a: complex -

m1xture (12. 8 mg) as an oil. Purlflcatlon by flash W

chromatography (Skellysolve B/ethyl acetate, 7 3) gave the-

alcohol 68 (1. 2 mg) as an. 011.\ tlc: Rf 0.35 (Skellysolve

*found. 223. 2062(100). 205(q6), 137(40), 123(15). 109(13),

‘ B/ethyl acetate, 7 3),‘1r (CHZCIZ, cast) 3565 (br?

~

1387, 1364, 1340, 1118.,1059, 1045, 1020, 963, 947 cm'l; L

1H nmr (400-MHz, CDCl3): & 5.1 (IH. s, H-14), 4.13-3.85

o

(4H, m), 2;674(iH 8, D20 exchangeable), 2 23 (1H dt, Ty

A}

145

11 5, 3 'Hz , H—7p), 1.99 (lH, complex), 1.78-1.16 (12H, m),,;'

4

1. 01 (3H, t, 7.5, Hz, cn3-12), 0.87 (6H, s), 0.81 (3H, s)

hrms. m/z calcd for C15H270 (Mt -‘C3H502) CQ23 2055;

0 " -

_99(15), 95(17), 83(11), 73(96), cims’ (NH3) 314(M+ + 18,

100). 296(M+ '2), 279(95), 235(;5), 217(59)

. L T A e ,~."' o, . 3 N :
) R < ' v ,; £ v, B ¥y t s : . v
n AN ' o

l i

(lS 5R,6R 9R, 13R) 1 5-D1methyl 9—ethy1ened10xymethyl 5-

i

formylrlo-oxa-llfphenylthlotricyclo[7 4 0, 09’13]tr1decane

_g;tolueneaulfonyl hydrazone 69 - l\5i - e

Al \
. N N3
AY

.‘.\

A eolut1on\of the eplmerlc.mlxture of aidehydes 67 L

(96.4 g, 0. 231 mmol) and_E:tosylhgdra21ne (47 9 mg, 0. 258

’ .\

B Lo cu g - Lo

<

§

/
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'f. ‘ 1 5, S—Qflmethyltr1cyclo[7 4 0, 09 l3]trldecane %0 and~.

A

ro methanol and the solvent removeq in vacuo to yield 69 aa a !
whlte solld (quantltqtlve) The'lﬂ nmr indxcates Upat the ,a'@

R . \ } ~
fo epxmers aré 1n a ratﬁo of 4 1; tlc: Rf 0 2 ($ker1yaolve‘

B/ethyl acetate, 7% 3), 0 37 Kbenzené?acetone, 9 1), 1r

(CH,Cl,, cast) . 3195, 3058, 1597, 1584,.1559' 1169. 1120

V11022, 814, 738, 696 579 549 cm” 1H nms (406 an, /' ‘ ﬂﬁ"

A o : o “ N 5: B

| Cbc13): 56.85, ‘6.81 (11, s’ Hrla)‘ 5. 25. 5.16 (;H, Sy

b H—14), 2-44 (3H, B, Ar- ca3), 1 0. 0. 97 (3H° s). 0.98, o 89

| A ol \ ,.l \"‘*_'

'.«._1" (3H, S), hrm-: m/z CalCd for C28H35N20382 (M , :I\‘ I‘/‘ 4: i ,‘f“t

N n.C3H502) . 511 2079 found ‘511 2089(1), 475(6m,é327(25),‘ Sh

. L ;
4 n A I S fr r.f

291(89). 217(28%._185(13)' 155(17). 109(20L,'91(52) T
: L N st \ 3 ff' e

73 ( 100) " . S ”_. l K ,'.‘.‘"; ! ", :‘:A g f‘ ‘l , o N ,1 ‘}, ('? ) :; "' ‘ '(. ;
} /. . ' K L . L :. 'k\'," v l.‘\' . \ AN “ N N ,

";' . .- . ‘f )
! iy ’Vu My K

D,.‘..

/,.", .
Tren oy

(18,68, 9R 11R, 13R) 9-Ethy1enedlogymethy1 111bheny1th10h

e ! R

LAS es 9R 11s, 13§) 9—ethylenedioxymethyld111phehylth1b— ST
. \l.i , . o ,‘.,\.:,'"‘ \

1,5, 5-tr1methyltrlcyclo[7 4, O 09 13]t,r1decane 7L

3 : ‘ L ‘ ‘g f "‘ 'A~ E *'\.
< A, flamed three-neck round-bottom flasw waa tharged , o

"'7;'Wlw1th benzolc ac1d (115 3 mg, 9 44 mmol) and dhlproform’ ‘}&,v

.Y. . I‘rl

) ! ) . 1 ’:.“1,,]
(1 5 mL) 1n¥a N2 atmosphere.;vThe solutlon Was cobled.ln ‘gw

iy \"1 H '6 R l* “ '? 1

!ﬁ, an 1ce bath. A 1 M BH3/THF solUtlon (0 47 mL,‘O 47 mmdl} _
”‘ ! oo,

;waswadded' wly by syrlnge to the cool solutioh” and the .

;' v -9 IR

nlxture stlrred for 1{2 h. "Axsolutlon of the toayl-' ‘k‘ TLJi

4‘.,:5

TR

L hxdrazone 69 (135 mg, 0. 231 mmol) in’ chlorbform (2. 5 mn) IR

T i R A

vite - 1 .4-’1‘,

was added to the hydrlde reagent and sti;red for 1 7/} v
i ~A““u ‘
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the ice bath, NaOAc 3520 (64 mg. ' 0.47 ‘mmol) was added and "

the ice bath ﬂemoved. The solutlon was dlluted w1th DMSO

\

(2 mL), then refluxed for 1 h under N2 atmosphere. Thg,
\reaction mlxtﬁre was d11uted w1th CH2C12, washed thh 5%
Na20034+ar%—*br1ne (x), drled (MgSO4), and evaporated 1n
the’ rotavaporator to yield an 011. Pur1f1cat10n by flash
chromatography (Skellysolve B/ethyl acetate, 85 15)
afforded the»p»hemlthloacetal 70 and a—hemlthloacetal 71
(43 mg, 46% from the ardehyde) each as an 011 that |
Bolldlfbed 1h the fr1dge.'r ! ' |

q’% . The a—hemnthloacetal 70 was recrystalllzed from
‘méthanol/acetone-'m p 98 5- 99 swc ‘tlc: Rﬁ)o 56
(Skellysolve B/ethyl acetate,.7 3), 0 40 (Skellysolve‘
.B/apetone,_9:1); lalp 65°‘(c 0.21, CHCl,); ir (CHpCl,,
cast) \3045,'1583, l390, 1380, 1143, 1123," 1055, 951,
944, 912, 741, 692 cm 1; 1H nmr (400 MHz, cnc13) .s,p
(2H, da,be, 1 5 Hz, —H), 7.34- 7 26 (2H, m,:, -H), 7. 19
(IH; tt, 7 5. 1 5 Hz, -H), ~56 (lH, dd, 9, 6 Hz, H-12), )

:complex),*z 44 (IH,‘m), 2 37 (IH, ddd, 14. fr}s, 9‘Hz.'”"

12

H-llp), 2. 15 (IH, dt, 11. 6 Hz, H-lla), 1.73 1H. ad, 14, -

’{’;84 (3H, s),.}3c nmr (100 MHz,-CDCl3) 5138 2 (s,_

R Ar)o 129 e (d. Ar.‘Zx). 128 8 (d. Ar, 2x).-126 0 (dr«‘« ‘f“fxu'*ﬂﬁ
vf‘ﬂAr-C),‘los 5 (d. C—14): 89 4 (dv C-12)' 94 3 (S' C'S)' e




w66 E (t), 64.8 (t), 62. 1 (d c-9), 57.5 (d c-5), 42 s

‘Analysis: calcd for C24H34O3S~v C 71 60 H 8. 51, Found:

.,(1H, ddd 12, ?; 1.5 Hz, H-lla),,l 94 (1H,‘ddd'.14' 6.5,5‘ ‘  ‘¢;3&

{;2x), 127 o (d, Ar)._los 7. (d. c-14), ss 5 (d, c-12), ‘8s. 2"

o I " .\ “ - “ .‘ ' ‘4 e 148 L

\

'“m(t). 40.1 (t),'36.8‘(t), 36.4 (8, C-10), 33. 4 (q. c-18).
' 33.2 (s, c-4), 31,5 (t), 20.9 (q. C—19),v20‘8 (E);‘IB 6 .

(é{ C—Z). 15 9 (q, C—20) hrms: m/z calcd for C24H34038

)

(M+)- 402 2219; found' 402 2228(2), 329(40), 293(100),..

_249(17). 219(31). 187(12). 149(38), 109(12). 73(72).

T Co 71 48 H 8 39“

An apalytlcal sample of the a-hemlacetal 71 was

IS

*‘*obtalned by recrystalllzatlon from acetone m.p. 123-

‘124° C;. tlc: Rf 0 47. (Skellysolve B/ethyl acetate, 7:3),

v

0.28 (Skellysolve thcetone. 9: 1) [a]D"—QG (c 0.32, o -,

B cac13) ir (ca2c12, cast): 3045, 1580, 1396, 1379,,112L, A

‘;109\, 1028, 1015, 929, 751, 691'cm71§ I8 nmr (400 MHz,

CDCla) 57. 54 (2H, 'ad, 8, 1.5 Hz, Ar- -1y, 7. 36-7.24 (3H R
m, “H): 5. 6 (IH, dd‘,‘s, l 5 Hz' H-‘12), 5 26 (].H, s, . . '-/

( i N . .
 H-14). 4 07-3. 80 (4H complex), 3. ee (1H dad, 14 5, ! ;*‘ "7‘{Wf

! »nz), 1 48 (1H, dd,.14 5, 7 Hz, u-9), 1. 67-0 78 (3&, my,'ﬂf'»*,_{.,
[0.89. (38, s), 0. 84 (3H, s), 0.8 (3H, s),T13C omr “;\’ |
‘“(CDC13) 5132 7. (s,.Ar), 132 5 (d, ‘Ar,” 2x), 128 6 (d. Ar“,“_

'§, ( cxa),,se 2 (t), 64 7 (t), eo z (a, -9),'57 .30 (d,. ‘u""t”
" 0'5)' 42 5 (tfn 39 9 (t). 36. 2 (t). 36 2 (s.kc-10).*33 4 V 7 9'*5‘
.?r;; -, }. RN Z?-‘JE{:E p;;iA:““":} {;"~3~‘ IO ;‘1 S




( c-18),n33 1 (s, c44), 32. l(t)~ 20 9 (q, c—19), 20*7
(t), lB.S.(t, c-2), 15.8' (q, c- 20) hrms.' m/z ‘calcd- for

C24H34055 (M ) '1402;2219; found- 402 2228(1), 329(24). *

‘r’-

,"293(l00), 249(13),,219k20), 201(7), 137(10), 95(14)

A

%7}(69). Analysis:"calcd for c24334o3s., C 71.60, ayé.51} .

'Fouﬁd- c 71 44, —H 8 45.-

\Catecholborane (l‘mL, 9 mmol) was -’ added to-a solutlon

<.

of the tosylhydrazone 69 (prepared as. descrlbed above from'

o \‘

the aldehyde 67 1109 8 mg, 2 45. mmol) and tosythdraz1ne

"

-.'(501 4 mg, 2, 7 mmOI)) ln CHC13 (7 mL) cooled in an ice w )

vﬂ.bath. The solutlon was stlrred for l 1/2\h at 5 C h

A '

quenched W1th NaOAc 3H20 (2 34. ‘g, 17. 1 mmol) then warmed “
,to r»t. ‘The' slurry was. dlluted w1th DMSO (2 mL) and
'Mrefluxed for .2 h Under a N2 atmosphere. wOrk—up and

W.*purl&gcatlon as descrlbed above gave the eplmerlc mlxture

“of hemlth%oacetals 70 and 71 (354 5 mg, 36% from the

NS -, P e . ‘ 5

' aldehyde) as an 011' T 'f-»;‘ X 3 :‘? N
P TRy ' ‘ ST
"t" .I ) \' ‘-m .. ':' " . N oo )
h ¥

(1s 5R 68;9R 13R)-1 5-D1methyl-9 ethylenedloxymethyl 5— -

'rmethanesulfonylmethyl lokoxa-ll-phenylth10tr1cyclo~"

l:“ .

[7‘4 o 09 13]tr1decane 72

*

Methanesulfonyl chlorlde<(0 04 mL. 0 5 mmol) was

““ﬁ7added to a: dool (ice bath) solutLon of the ep1mer1c

‘ﬁmixture of the alcohol 66 (17 5 mg, o 042 mmol) and NQS »

‘“.ﬁftriethylamine (0 08‘va O 57 mmol) 1n CH2C12 (2 mL) ' fﬁé~*4§‘:




. ‘ ’ ‘ ‘ ‘ ‘
reactlon mlxture was stirred for 1 h at 5° C, dlluted with

CH2C12 then washed with 10% HC1~ (2x), eatd NaHCQ3 (2x),"
B \ |
T brlne (2x), drled (MgSO4), and the solution removed\in

\

/- P
vacuo to yleld the mesyiates (20 5 mg,J98%5 as\an 011-'ﬂ D

N . . b

t1c- R. Q. 56 o 1 (benzene/acetone,/4 1), 0.29,70.24
£ 28 af

(Skellysolve B/acetone; 7:3); 1H nmr (80 MHz, CDC13)=C”'

1
t

65 3, 5 23 (lH 8, H-14),‘3 lﬂ 3. 02 (3H. 8, O3SCH3),
f ‘ L 1 " ‘,
‘1.05 10.93 (31, ), 0.9, 0.85 (3H ,s) e S
»AI . ' ':“ I \ 7 . "‘ t ,’/ " "I' »
' ) ) PO . " \ ’
(IS SR 6S 9R 13R) 1 5*D1methy1 9 ethylenedloxymethyl lQ-a

oxa—llfphenylthlo—s tosylmethxltrxcyclo[? 4, 0 09 13]tr1—‘

1o

X

decane 73 N Lo S S ‘n" PR

A

Tosyl chlorlde (47 mg“ 0 246 mmol) was added to»
3 " v, .
solutlon of the eplmerlc mlxture of the alcohol 66 (51 6
Yr \ Al “ - ’

) ﬁg; 0. 123 mmol) and a catalytlc amount of DMAP 1n'pyr1d1ne’

‘v’. [

(2 mL) The reactlon mixture was stlrred for 66 h at s t.'

»«—~‘_ . v

”*d:then Poured onto a cold, satd salut1on of NaHC03 ”‘The

P

aqueousxlayer was extracted w1th Et 0 (3x)hﬁ The or anlc."
2; 9

l'l ) N l
extracts were comblned, washed\wlth 10% HCl (3x), satd

.f', NaHCO3 (3%5 H20 (x), br1ne (2x), drled (Mgso4), and the T

kN

eolve%t removed in vacuo to give the tosylates 73 (68 9

\ 'g 98%) as a colorless 011. The 1H nmr of the producé? f\3:r‘

<

"q 1nd1cates that the eplmers are 1n a ratio of 3:2.f tlc.,wfuﬁv“'

Rf 0. 52, 0 47 (Skellysolve B/acetone, 3 2). 0 32. 0 21

(Skellysolve B/ethyl acetate, 7 3) 1r (CH2C12,-cast)

T

o . T R

Ty

N\



K

’

’ﬂ‘stlrred mlxture of ;—propanethlol (10 g, O 13 mol) and Hzo"

.

-

LT

3050, 1595{ 1585‘ 1359, 1188,-1176. 1143, 1121.‘965 938,,

. 847,625, 556 cm 1, I8 nme (400, Mﬂz epery) s 65.24, $.15 ., o

. between 0-10 C. The addltlon of, chlorine was stopped when

" (1H, a; H—l4), 3. 68, 3;64,73 sir 3'5 (2H, d 9 Hz, H-18),

2‘46, 2. 45 (3, s, AE4CH3) 0.98, o 86 (33, 5,0 CI10 cn3),",

oA . -
‘0. 78, 0 73 (BH, s, ci4 CH3) hrms [z calcd for ' S
C31H400682\(M K \572.2254- found- 572 2266(1), 499(20) ;‘V ft

463(57), 389(22).'Q91(27), 217(30), 110(20), 73(100)

o ) . . . oo v "‘ \" T
ch, e S
2- Propanesulfonyl chlorlde ’@.‘ o A O
N ‘,: ' ,4} AN } . Lo o . \ [
Chlorlne was bubbled through a cool,‘vigorously I

f PN

(100 mL) The temperature of the reactlon ‘was malntalned N

', - Lo

the aqueous layer (upper layer) turned greenlsh«yellow.'{ n o

The reactlon mthure was extracted w1th ether ' (3x) ana the\
organic extracts washed w1th 5% NaHSO3 (4x), 10% NaHCQ3
(2x), dﬂled (Mgso4). and the solvent removed to yleld an, .f‘fﬂf) ‘

011. ‘ Dlstlllatlon of the crude product (66 68 C, 13 mm_

RS

i)panesulfonyl chlor:.de (7 mL, 48%) as a colorless 01l.

von

/ ' -——-—-——————d—— . i fe
Hg, ‘reported- \b P', Hg 68 70‘ 11 mm) afforded the 2—» o

\ v

nmr_i*po MH:, CDC13) 63 78, (1H~ qu1ntet. 7 Hz), 1 613 R

. > . ’ v . ' ~|~,, o [
' . RN ~

M-n? Hz) " AP o 5.'. «‘.\ e e e
. . - L LR \ : : ’
: R R R
: o B ‘j. et Ve . ' . '
i e g “ Y " e " v
e . - p [



LN

‘ ;5‘»qu1ntet, e,s Hz). 2 492 -2, 28 (2H..m). 2.12 (1a, dt. 11,5.45

.‘l~

ﬂ‘woll" Pdr1f1qat10n by flash chromatography (Skellysolve

ey
Iy

. \

(lS SR 65 9R 11R 13R) l 5- Dlmethyl _o- ethylenediogymethyl—

5 156propylsulfonylmethyl 10~oxa~ll—phenylthlotricyclo—-j

[7 4, o 09 13]tridecane 74 and (18, SR 6S, 9R,lls 13R) = 1 5-,

dlmethyl 9 ethylenedloxymethxl 5- 1sopropylsulfonylmethyl-

. v ~

| lo-oxaell—phenylthlotrlgyclo[7 4 0, O9 13Jtr1decahe 75

h! ﬂ “2~Propanesulfonyl chlorldﬁ (0. 14 mL. 1. 25 mmol) was

-t added oS a solutlon of the epimeric mlxture of alCOhOls 66

(105 mg;'O 25 mmol) triethylamlne (O 43 mL, 3~29 mmol)nin

\,«‘

'i‘EtZO (4 mL), cooled 1n a C02/CC14 bath.‘ The reaction v

\M

. mlxture was kept at —20 (O for‘é h, then poured onto a cool -

. RN
N b ' 3 | ) il»

,‘solutxon of NaHC03;: The 01ly product was extracted w1th

CH2C12 (3x),'washed thh lO% HCl (2x) 8at&/kaHCOL (Zx),M

brlne (x) drled (MgSO4), and removed 1n vacuo to glve an

\ o~

v

/ethyl acetate, 3 2) afforded the p—hemlthloacetal 7§,and
,(’F‘S

W

the athmlthloacetal 75 (lll 5 mg, 85%) as an Ollr

‘wifi ﬂhe 3~hémlth10acetal 74 shows the follow1ng f[e“

)

propertles:_ tlc~"'Rf O 48 (Skellysolge B/ethyl acetatep
1 l)‘ 1r (CH2012, cast) 3050,’1580,\1350, 1156.11144. .

1122, 960,¢912, §36,.694 em~1; 1H nmr (2oo an, coc13)

AR

o ! v

-a),\s 56 (1a, dd, 9, 6 s az; H-12),.5 31 (lH, s,\ﬂ-14),,.

4 41 (lH, complex). 4 18 3 7 (SH, complex), 3 31 (IH, "

R o
, oo

5.S‘H2), 1 44 (GH, d, 6 5 ﬁ%{. 1. 88—1 04 (llH. m), 1.°4f
PR S L ' ¥

w0 o s oo N

R P ) ' :
LT N : . . . N B ! i
o LA v LA

\ .
,' o
. A 4‘

: 57 58 7 44 (2H, complex, Ar H),» 7 36-7 12 (3H.vcomp1ex,¢ L

‘‘‘‘‘

p .
[P
.



o

) . ‘ e

'(3H, 8, C-10 CH;), 0.89 (3H, s, C-4 cn3), hris : | M/z calcd

1

for CpH3506S (MY - CEHgS): 415.2144; fouhd: ! I

I
! \

) ) ‘ ‘ <« [
415.2154(25), 371(4), '341(12), 291(16), 229(30), ?17(149,
135(10), 110(183, 105(11), 73(100)

The q-hemlthloacetal 75 irows the followxng

’properties. tlc: . Rg O. 38" &Skeilysolve B/ethyl acetaté

l 1); ir. (CHZC;Z, cast) 3050, 1580 1349 '1336. 1177,

1155, 1120, 961, 937, 834, 739, 694 cm-l; 1H nmr (200 Mz,

CDCly) 1 ;57.59—7.48 (2H, complex,lAr-H), 7.3977.22 (3Ha,

conplex, Ar-H), 5. 58 (1H a4,

'141 S Hz, H-12), 5.21

- (1H, 8, H-14), 4 09- 3 78 (SH, complex), 3 72 (lﬁ, d 9 Hz,

H-18), 3.31 (1H, quintet, 7 Hz), 2.68 (IH, dda, “14 5 o

A

11.5, 8.5 Hz, H-11g), 2. 4 (lH m), 1.81 (1H, ddd,‘12 7.§,

1. 5 Hz, Hﬁlla). 1.47 (en a, 7 Hz), 1.73~1.0 (113, m),

0.92°(3H, s, C-10 CHj), 0.89 (3H, s, C-4 CH3); hrms: m/z

3 < - N
- c3lcd-for 'Cy7Hag0gS, (M'): 524.2254; found: 524. 2267(1),

451(13). 415(45), 371(6), 341(12), 129(10), 136(11),

110(19), 95(13), 73(}00)

"Compounda 70 and 71 | : ; : .

."‘.

‘was added to a solutlon of the 1sopropanesu1fonate 74‘and

4

A .

Q

A O 4 M solution of L1£t3BH/THF (1.3 mL, .O. 52 mmol)

2% ‘
,4

75 (68.2 mg, 0 13 mmol) in toluene (1.5 mL) The reactlon

~

mixture was stirred ln an oil bath (QO'C) for 6 h. After

153

this reaction time, 1 drop of Hzo(ﬁas added. The reactlon

. !
S
B

[_;' ) N



‘was dlluted with ehher, was?;d“w%th NaHCO4 (2x). HZO (2x),
N

‘brine (x), drled (MgSO4), a removed the aolvent Yto give

N f
-an oxl (45 mg). Purlflcation of the crude product by

E ‘flash bhromatography (Skellysolve B/ethyl acetate, 85:15)

‘l

"afforded the hemlthxoacetals 70 and 71 (33.6 mg, 64%) as
. an oil whlch preSents ‘the same spectrogcop;c properties as
! 4

Qescribed above. .

{15,65,9R,13R)~9-Ethylenedioxymethyl-10-oxa-1, 5, 5-tri-
. ' N A

hethyftricyclo[7 4, 0.09'13]trldec—ll -ene 76

“

A solutlon of m-chl roperben201c acid (259 7 mg, 1.5
mmol) in CH2C12 (10 mL) . was added to a cooled solution
(ice bath) .of the hemlthloacetals 70 and 71 Tbos 9 mg, 1.5
mmoI) in ;:;Clz (10 mL). The reactlon mlxtofe stlrred‘for
15 min at 5°C, diluted with CH,Cl,, washed with satd °
ﬁaﬁCO3 (2x), brine (2x), dried (MgSO4), and the solvent
evaporateo in vacuo to give‘the sulfoxides (610.5.mg) as
an oil. tlc: Rf 0.24, 0. 12 (benzene/acetone, 9:1).

Alsolutlon of the crude sulﬁoxldes (610:5 mg) and .
trlethylphosphlte (7.5 mL, 15 mmol) 'in xylene (10 mL) was

@

refluxed for 4 h under Nz | The solvent was removed

N

azeotroplcally with benzene. The re81due was purifled by

‘flash chrbmatography (Skellysolve B/ethyl acetate, 3 1) to
CoweE _
glve the ‘enol ethér 76 (287 1 mg, 65%) as a solid.. tlc:"

Rf 0. 49 (benzene/acetone, 9: 1), 0 34 (Skellysolve B/ethyl

154



i

" acetate, 713); ir (KBr): 3089, 1592, 1387, 1369, 1142,

1122, 1030, 696 cm-l; 1y nmc (400 MHz, CDClz): 66.47 (1H,

t, 3.5 Hz, H-12), 5.39 (1H, s, H-14), 5.23 (1H, m, .H-11),

4.12-3.82 (4H, complex), 3.02 (1A, br s, H-9), 2.51 (1H,

dt, 12, 3 Hz, H—]ﬁ). 1.91-1.0 (1on, m), 1.05 (3H, s), 0.89

(34, s), 0.84' (3, s); 13c nmr (coc13) 6147.7 (d,,Call)n

[}

105.3 (4, C-14), 102.2 (4, c-12), 89.2 (s, c—e), 65.5 (t),

65.0 (t), 64.8 (4, C-9), 57.1 (d c—5), 42.8 (t), 40.3

(), 36.8 (s, C—lO) 35.3 (t), 33 5 (q, CH3-18), 33 2 (s,

C-4), 21.4 (t), 20. 7 (q,_CH3—19), 18.6 (t, c- 2), 17 5 (a.

CH3'&Q) hrms. m/z calcd for C18H2803 (M 2) 2 292 2031

<found: 292.2038(2), 219(30), 203(7),u149(2),'137(47,

'125(14), 81(46), 73(100), 69(19). e

_,_._———‘;'—— ’

12, 12~Ethylenediogy 9a—hydroxydrim—7-en-ll‘al 78

- A solution of the enol ‘ether 76 (62 3 mg, 0'313 mmol)

: ’in ethyl ‘acetate (6 mL) was cooled in a Coz/acetone “
‘batba - ' Ozone was bubbled through the solutlonruntll a pale

. blue color appeared. "Excess ozone was removed w1th Nz..,”

Triethylphosphite (0.1° mL) was added and the reactlon .

,mixture allowed to reach r. t. The solvent was evaporated

in’ vacuo and the. resldue left under vacuum for 2 h.ﬁ The -

N

o formate 77 was identlfled as follows. tlc. Rf 0 41

(dichloromethane/acetone, 96:4).,0 41 (benzene[acetone. E

S 9:1); 1H nmr (100 MHz, coc13) 59. se‘tln. ,3,nz, H-11),

P

'
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‘-“

' \
\

.8.24. (18, s,‘ocuo);vs 51 (lH s, H-12), 2:83°(1H, d, 3 He,

"H-9), 1.29 (3u, s, cn3 15), 0.9 (34, 8), 0.85 (31, s).

'A solution of the crude formate 77 DBU (0. 063 mL,
0. 42 mmol) 1n dry’ benzene (3 mL) was refluxed under argonv
for .1 1/2 h. The reaction nukture was dlluted with Et20
washed Wlth 102 HCl (2x), with NaHCO3 (x) brlce (2x),

\ !
drled (MgSO4), and. the ether evaporated in 3acuo to give ‘a

mlxture of unsaturated aldehydes (50.4 mg) In a flamed

" three- neck round bottom flask adapted with a L-shaped

tube, a N2 llne and a septum was placed a’ 35% KH emulsion

(50 mg). The oil was removed with Skellysolve B (3x) and

1 mL. of TH: added.' The flask was cooled in an ice bath

~

then the crude aldehydes in THF (1 mL) were added slowly

to the slurry and the m1xture stlrred for 2 h at 5 C. The‘

' 1

MoOPH reagent (118 mg, 0. 27 mmol) ‘was. placed in the L~

shaped ‘tube and the fiask cooled in a Coz/acetone bath.(

The MoOPH was added all 'at once, anJ the suspenslon

stirred v1gorously, then warmed slowly to -44° C S TR

(COZ/CH3CN) and stlrred for 1 h. - The bath was-removed and

_ the reaction was quenched w1th 10% Na2803 (1 mL) at 0 C. 5‘

T

 The two phase solutlon was stlrred unt11 no change in

color in the organlc layer was observed. The two phases

" were separated and the aqueous layer was extracted with

l »

"Et,0 (3x),-washed Wlth HZO (3x), brine (2x),.and dried

!

(MgSQ4) ; The Etzo solution was flltered and evaporated in )

. Co . . ) N . .
N vy . L

lﬁ:‘



b v,

‘vacuo to yield the crude hydroxyaldehyde 78 (37.5 mg) ' F
) , i ’ K RET

.Purification by’ flash chrOmatography ”‘p“ﬁ‘.f o

?(dichloromethane/acetone, 97 3) gave the hydroxyaldehyde‘
'*-78 as a: solid Rf ,n42 (dlchloromethane/acetone,w
':96 .4), .0. 39 (benzéne/acetone, 9 1), ir %CH2C12,-cast)
‘3460 1713, 1387 1362,}1111 cm }? 1n nm (4oo\MHz,;.;o’ L o
’coc13) 6985 (i, a, l*ﬁz,_H-ll),;G 36 .11, ad,ﬂs,:zlsi”"‘ |
‘ »Hz,,H-?), 5.22 (IH As, H- 12), 3 9 (IH,‘ 1 Hz,.DZO .'95; -
- x exchangeable),-3 99 3.85 (4ﬂy m), 2. 28”(1H dt,‘19, 5 Hz,'
Qﬂasa), 2. 11. (IH ddd 19, 12, 2,5 Hz, H- 65), r 89 (iﬂ. ad,
12,,5 Hz.'H—S),»l 77’ (15. 13, 4 s, Hz) 1'53 (iH, dt,»; f
A 15;5, 3‘Hz); 1. 49 -1.0 (aH, m), 1. 22 (3H s),,o 97, (3H,‘s),}e
.. 0.91 (BH s)- 13c Anr (CDC13)., 6203, 5 (4, C—ll),‘136.6 e
h | (a,. c-7), 134 2 (s. c-s), 106.1: (a, c 12), 77. 9 (s, c-9), . -

64.8 (t),_64 5 (t); a1.6 (d,/C—S),,41 5 (t),. 41.4 (s,df
vc-10), 33 1 (q. c—13), 33.0 (s, c-4), 31.9° (¢}, 24. 3 (t),,
22 2 (q, c—14), 18;0 (t, c-z), 17.2 (a. c-15), hrms ‘m/z

'calcd for c1732604 (™) 294 1824- found~ 294 1831(6)“'

'276(2). 266(11). 265(58). 221(10). 293(4), 157(6)‘

.109(23). 105(11).,73(100). 69(12) o .

' Warburganal (1)

-
»

o A solution of the crude hydroxyaldehyde 8 (37.5 mg)

X

‘and a“cat. amount of_g:toluenesulfonlc aczd in. acetone (4 Sl

‘r. t. for 1 h. The reactlon\was'e‘:-a S

[

A A




quenched thh\satd. NaHCO3 (1 drop), the solvent removed
N

~ and the residue diluted with CH2C12.' The organic solut;on

was'’ washed w1th satd NaHCO3 (Zx), brine (x), dried

’

(MgSO4), sz evaporated in vacuo to give the crude prOduct

- (30.4 mg) s an 011. Purxflcatlon by flash chromatography

.'/

(dlchloromethane/acetone, 97 3) gave an impure eample of i

polygodlal (3) (3. 9 mg) and warburganal (1) (7 5 mg. 14% '

\ \r‘

N i ’ |
overall yleld from the enol ether 76) as a 3011d * An

.,

Vlanalytlcal sample was. obtalned by recrystalllzatlon from \

Skellysolve B. . p- 106-107° C; tlc: Rf.0.37 Wt i

~, . o . . ' l
(dlchloromethade/aéetone, 96:4), 0.4 (benzene/acetone,
29:1); [adp ~243¢ (c 0. 037, cnc13) ir (CHyCl,, ‘cast): .

3479, 3406, 1720, 1682, 1638 1360,'1357, 1129, 803 cm~1;

Ly ome (400 Mz, CDC13) : 59.76 (1H, 4, 1 Hz, H-11), 9.43
B T ! 0 S ‘

(14, s, H-12), 7.28 (lH, dd s, 2.5 Hz, nni), 4.09 (1H, a,

f

1 Hz, D20 exchangeable), 2. 59 (1H, dtﬁ*21*51 S»Hz, H—6a),.

2.35. (1H, @ddq, 21.5, 12, 2.5 Hz, H-6p): 1.9 (14, ad, 12, 5
'Hz} H-s), 1.75-1. 22 (6H, m), 1.1 (3H, s), I. 0\(3Hr-s),‘ \
10.95° (38, s): 3 nir. (cnc13) t}zoz 0 (a,. c-12),/f92 5
(ay c-11), 157 2 (a, C~7),v14Q 5 (s, C-8), 77 1 (s, C-9);
41‘7 (d, c—5), 41 4 (s, c-lo). 41.3- (tu c-3). 33 o (s,

) c-4),‘33 0 (a, c-13), 31.2 (t, c—1), 25 9 (e, c—s), 22.0

-+qa C-l4). 17 7 (t, C—2), 17 0 (q, C-lS), hrms: m/z»calcd o
for C15H22°3 (MF): 250 1563; found-‘ 250. 156&(8), 232(7),_{»*

» 222(31), 221(92), 189(18)0.161(7)4 151(8), 135(7),

‘.

[}
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*@“ﬂg,l), [a]D'-sg 2 Q%].OG, CHC13), ir (cnzclz, castr-‘

\ R . o . .
. SR ¥ sy

124(43), 123(20),  109(100),- 105(41), '91(26), 69(42).

) . v | .
I . . . e .
\ o , n . . C . A

(18, SR 6R, 9R, 13R) 11- Benzyloxy -1, 5-d1methyl 9—ethy1ene—‘

dioxymethyl S-methoxycarbonyl 10-oxatr1qxclo[7 4,0, 09 13]-

\

tridecane 79 . .,

h '
‘\ ' , e

A solution of the hem1acetal 45 (351 6 mg, O 99
mmol), benzyl alcohol - (0 31 mL. 3 0 mmol) and a cat.
*.;amount of trifluoroacetlc acid 1n CHZC12 (6 mL) was, . . ) .

stirrea fbr 22 h at r. t. The reactlon m1Xture was diluted
. N
e :
‘w1th benZene and éll the organxC\solvents were remobed 1n '
. A

vacuo. The re81due was purlfled by flash chromatography -
‘(Skellysolve B/acetone, 4 1) to glve the benZyllc acetal

79 (375 3 mg, 85%) as a solid.ﬁ The ratlo of the q and p
0 \ i
-eplmers at C—lZ*was ca..6 1. respectlvely.‘ Startlng w1th A

A [

:Athe ketoperoxxde and caﬁrylng out the sequence of I

teactlons prev1ously desdribed glve the benzyllc apetal 79
/ , .

1n 80% overall. Apaiytlcal sample 79—a was\obtalned by '
A ! N A /l

g A\
-vrecrystallizat1on fxom Skellysolve B/ethyl ether. m’p..," £

137-138°C;. tlc. 'RfWo 3 lSkellysolve B/aceﬁone. 4 13,:0.98 ¢ .-
o . 3}
y(dichloromethane/acetone, 95 5) '5'39 (benzene/acetoﬁe,1t}‘ L

A

,330505 1726, T248, 1242, 1123, 1109, logs, 1070.\945. 732
' 695 cm 1, 1H nmr (360 MHz, cnc13) ' 7. 38-7 22 (sﬁ i

b
2. RV

£, T

Ar-n), '5.25 (IH. € Hz. H-12). '5.17 (iH, 8 3-14). 4.8 vy

f;;[(lﬂ, d. 1115 Hz. -03203 4. 46 (lH,‘d,(ll 5 nz, Ar—CHzo), S
i _ . - K R I S



\

. \ Iq\" | " , .?v" . Y
e ! ) | A SN
. : o ‘ 160 "
\ v 1 ‘." \ | . /
S « Mo T
g '4.02—3.74.(4H, complex)” 3.62 (3H, 8, ‘C-18 qcu3) 2.36 e
' (1, at, 12' 3 Hz, H-75), 2. 33 (IH ddd 14,.11 5 6 Hz, X
1{—113)4 2. o7 (lﬂ | aa; 14 5,\7 He, Hflld), 1. 88 (1H dd A
| . 3 Hz,‘HhS) '1 78 (1H, td, 13, 5 Hz), 1.61' (lH, dd L
| _11. , 6 's Hz,‘HA9), 1.7+ 1. oe (oH, m),41 11 (31, 8" cL4 PP
cu3)..o 91" (3H s, ¢-10 ch3) 13 ‘nmr (cnc13) 6178 7 (s,.g.\“h\f
C—aa), 138 7 (s, Ar). 128. 2 (d Ar, 2x), 127.8 (d,\Ar g"*
"2x), 127. 3 (d, Ar), 105.5 (d’ c+4), 104. 5 (d, c- 12), 84 5 ,p,
. (s c—e), 69.3 (t, ArCHZO), 66 1 @y, 64.6 (d). 59, é (dr 1
| c—9),‘51 8 (q, c-1aocn3), 51.7 (d CAS),.47 1 (t, c- 4), AT
39.3 (t), 37 3 (Y 36.2: (£, 35. 7 (s, c-10), 31 1, (t), LB
L
232 (¢, c-e), 17.6 (%,.c 2); 16.1. (q), s, 9 (q) pgmgbiwf P
K calcd for C + und: . - .
‘-.;‘ m/z C c for 23H3104 '(M ; C3H5'02,)« 3#1 2214 f(?und ’ ‘4 e
. 371 2222(23).‘.279(1). 219(4).,181(2), .121(3), 91(100), Ve
' 83(14). Analys1s. ‘calcd for c26“36°6 ¢ C 70 24, H.8.16; v ¢
A ' co e ) e
‘Found: c 70. 34, H 8. 23 T ; ; K T
bl /‘ R L 1 } N R
b 3 - o . ,—f J" . - ":ff“
t ‘-“t. . e ', ' g S N _' ' s wL ] o S0y
‘(lS SR 6R 9R 13R) 11- Benzyloxy 5-carboxyv1 S-dlmethyl 9--\_ b
" T o T
ethylenedloxymethyl 10-oxatr1cyclo[7 4,0, 09 13Jtr1décane ﬁ,f,z
, bo Vol ".:i‘ l ) oL ‘,‘i e ‘»',{"“ " ‘ l', ) - Qf!‘j!'#.i:a ’
ffﬁj; " Pota851um tertqbutoxide 4404 mg, 3 6 mmol) waa added - '4“‘ff
T ‘ g , vt b ‘, *«
— to a solutlon of the methyl ester 79 (18L 8 mg.‘O 409 . fﬁﬂj
'ﬁmmol) and water (o 016 ,PL, 0. 9 mmol) in THF 64 mLf coo;ed B
Q;”ln an. 1ce bath. The lce bath was removed after 15 min' \;‘fé5e
N * . 3 5 : C
. The. elurry was stlrred for 1 1/2 h at r.t. The reaction'g;g””’ .




. “.. ) .
LAY

oy

Do

i o .\ . . ‘ ~ g, R ,
;V\was quenched Qy addltxon of $ce. dlluted Wlth ether,‘aﬂd

‘,the layers separated.v The aqueous phase was acxdlfiedt

~;‘with 108 HCl to pH 3 and extracted with: Etzo (3x). The

. : [

S

| :
orgaqic extracts were mlxed ,washed w;th H,0 (2x), brlne‘a

161

(2x), dr1ed (MgSO ), ‘and evaporated in vacuo to'glve hhe'.f‘
4 ,ﬂ =1 yacuo ”

acid 80 (170.8 mg, 97%) as a sol1d. Recrystalllzatlon oA

‘from Skellysolve B/acetone gave a pqre ac1d as whlte gA\

i

.  crystals. m. p. 187 190° C*'tIC° Rf o 20 (Skellysolve ;

L‘

B/aéetone, 7 3), ir. (CH2C12, cast) 3520-2240 (br), 1693

1141, 4121, 1094, 1069. 1003, 946, 933, 754 cm &H nmr

N

L
"

ArCHZO—), 4 47 (IH d. 11 5 Hz, AICHZO*), 4 01 3. 72 (48,
; complex). 2 4 (lH, dt, 12 2 5 H2f H—7p), 2 36 (1H, ad4ag,

14 5 ll 5, 6 Hz, H-llp). 2 09 (lﬂ, dd,»14 Sk 7. Hz

H-lla), ; 96 l 18 (llH‘ m), 1. 13 (3H,k8,‘ -4 CH3)T O 92» e

(369 MHZ CDClj)‘ 87 38 7. 28 (SH, m, Ar-H). 5.26 (1H.,d;f‘3
5 5 Hz, H-lz),_s 19 (1H"§ 5-14). 4. 81 (lH, di 11. 5 Hz.‘k

(3H“ 8 “C—IO\«CH:,),‘hrms. m/z calcdlgor C22H2904 (M “ . :n#‘ ',.

c3ugoz)= "357% 2087; toqu Y 357 2066(20). 237(2, 219(4).

< ‘4” '

1‘3 121(2)\/94(100), V3(15), cins’ (an). 450(M+"0 1), G
, 357?3)“’§ho(35).'323(100) ' PR

- }rl7t“'¥"T*“Vﬂ< v\f" -;- ~\;“ff‘. | S
t” ﬁonmation oﬁ the isomerlc mlxture of olefin 82 ,V;ﬁb
- = co R
'E ok A solution of the acid 80 (24 9 mg, 0 058 mmol), RN
'uﬁ“ thiohyl chlo:ide (l‘drOp) and pyrldlné*(l drop) in dry v
TT:q ethyl ether (4 mL) was stirred for 1 hoat’ room-u ) RS
‘:'\.. 4 . -_“ o r , .‘.’\', X .l" e ‘ “
ﬁ } 4 «‘;f T '.‘ ,~ 1 .» ‘ ) _v" ‘ : K ‘“‘ B ’ " oL "". L ' N /( o . o . L ‘, '

M



frtemperature, then 2 h at reflux.v The solution ‘was diluted
w1th CH2C12.,washed with l% NaOH (2x), brine (2x), and

[P —

dried (MgSO4) ‘ Removal of the solvent yield an oil (27 4

A

‘md) “/ ’ y."" A““M ’ “ I,’:.' .'. N

RO .

A solutlon of sodium azxde (5 6\mg, 0 087 mmol) ‘in fL

water (1 mL) was added to a cooled (0° C) solution of the K

!
|

‘crude ac1d chloride in acetone (5 mL) V After 20 min,the
- .

’. N (‘ N s ‘ ' .
‘reaction mixture.was poured onto 1ce, extracted‘with-

CH2C12, washed w1th brine (2x), and drled (MgSO4) The.ﬁ

:fsolvent was,removed 1n vacuo to give the acyl azide 81 as
|

‘an 011 (22 8 mg) tlc. Rf 0.47 (Skellysolve B/acetone, L

!

'.,7 3), 0 54 (Skellysolve B/ethyl acetate,‘l 1),.1r (Cﬂzclz,

cast) 2134, 1704, 1}79. 1141, 1007, 735, 698 cni‘l“lu

nmr (360 MHz, CDC13) spectrum of 81 1s 1dentica1 to the"

R CA Co o
spectrum of the ac1d 80. f~"- W C, ”]" 'i”'
N v xr ‘ / - ‘ . f ‘ 0 * ' ‘
t;/;7 A solution of the acyl a21de 81 1n_2;xy1ene,(4 mL)
/

was refluxed under argon for 36 h.v«The reaction mixture
R )

was added to a solution of lithium alumlnum hydride (ll,i‘

7/

mg, 0 29 mmol) in dry ethyl ether (3 mL) Tne mixture'was

refluxed ﬁor 2 h. ]The hydr1dé~present Was destroyed with

1
5

1 watérftcaution., exothérmlc reaction) 'bO%‘NaOH (5 mL)

. . ‘
was added, then the miXture refluxed for 1 h and extracted

xiezu

V“‘

K

w1€h Cﬂzclz.f The organic layer Was washed wi@h brine (2!%

and drled (M 804)” Removal Uf the solvent yielded en oil

149 2 mg) '*A solution of the crude prodqct. methyl iodide

A - "- v

1 R DI P ) e - . e . B, P . .’

. ‘!‘
,;.\,

0



f’(b;lth)_and‘pOtasslum carbonate (ekcess) in ethanol (5

'+ mL) waa'reflnxed for'36 h under argon.~ The 8011d was -

fglve an 01l (23 1 mg) ‘ Purlflcation by flash

: R T

f

\

"removed by - filtratlon and washed w1th CH2C12 eeveral

t1mes. The organic extract was evaporated in vacuo to

" Y]

“"chromatograph (Skellysolv B/acetone, 87: 13) afforded the
v Y

‘ mixture of oleflns 82 as an 011 (2 3 mg) tlc. Rf 0 56

. (Skellysolve B/acetone, 7: 3) ‘lﬂ nmr (200 MHz,‘CDCl3)

‘-54 67 (br s, H-18), 4.43 (br e,JH-IB), 0. 95 (s, C-lO CH3),’

‘f-0‘73 (s)jC—lo CH3), 0 65 (s,'C—lo CH3) The last three

[isomers. The ratlo is ca. l 3:4. 25 respectlvely

51gnals correspond to the angular methyl of each of the b

’(determlned by 18 nmr).g

[
A

(lS 5R, 6R SR, llR 13R) S-Acetyloxy ll-benzylo;y 1 5- s

‘:dimethyl 9-ethylened10xymethyl lo-oxatrlcyclo-ﬁ' o

l“£7 4, 0 0?113]tridecane 83 and mlxture of oleflns 84

'V_pyridlne (0 2 mL) in benzene (5 mL) under an argoni~h

_mmol),‘lead tetraacetate (255 mg. 0 575 mmol), and

~)7ﬂglycol (0 05 mL) The mlxture was stirred for 1/2 h,.then ;+,Vg"f

for l h., The excess reagent was destroyed with ethylene

K )

A solutxon of the ac1d 80 (a eplmer) (99 5 mg, 0 23 ‘Ql

“ .

'natmosphere was stirred at r.t.‘for l 1/2 h, then refluxeda xm.dZ; 

";fpoured onto water and extracted thh CHZClz (3x)‘ The Ljd_'”fﬁdf

"z.‘

'if;organio extract was washed W1th 10% HCl (Zx), aatd NaHC03

,_-- -,' ‘<
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St N .
. o o
vor

(2x), brlne (x), drled (MgSO4),‘and the dlchloromethane

"

'”fq'removed under vacuum to give the crude product (84 7 mg) oy

'

as a yeilow 011.; The components'of the m1xture were

,
1

B separated by flash chromatography (Skellysolve B/acetone,t
85 15) to, the 1somer1c oleflns 84 (14 8 mg, 17%) and the

acetate 83 (24 4 mg, 24%) as an 011.2,’ ' ‘t” R ;u;

w
" L

The mlxture of oleflns 84 presents the follow1ng
,'~,characterlst1cs. tlc. Rf Q 5 (Skellysolve B/acetone,‘
| f7=3); ir (CHZClZ;’cast) 13050, 3020, 1650, 1142,.1122.~"
1096, 1073, 11005, 945 735f'6§7 cm ?;-theﬂln‘n;f”showsg
’ that the three oleflns are in a ratlc of 1: 2 2 3. -lﬁ'amr‘
(360 Mz, c0013) . 60.99 (198, s, "c- 10 ca3), ojre (373, é; o
C—lO CH3),f0 69 (43%, 8, C—lO CH3), hrms m/z calcd for
C21H2702 (*-- c35502)w 311.2004; found: 311. 2011(20),
219(8), 191(2), 163(1), 121(4), 9;(100), 73(15). : ﬁ“
0 The acetate 83’ presents the follow1ng ,1"‘ ‘hv . A
chpracterlstlcs-h tlc., Rf 0. 42 (Skellysolve B/acetone,~ 1
_.‘7 3), 0. 25 (Skellysol‘B/ethyl acetate; 7: 3), ir . (CH2012,,
l‘cast) 1727, 1248,‘1140,>1120, 1103, 1065, 946. 735, 6959 -
| ;lcm -1, 1H ‘. (360 an, cnc13) | 57 35- 7. 22 (SH, m, Ar—H),:;YL
 ﬂ'A5 27 (15, d,.6 Hz,‘H-lz). 5. 24 (1a, s, 3-14), 4 81 (18,4 ;,
:*:12 Hz.‘ArCHZO-), 4. 47 (lH,.d, 12 Hz, ArCHzo-). 4 05- 3. 78 i
"7f}¢4n, m), 2:63 (IH, m). 2.46 (1u,‘dt,.12 5.3, He, H—?p),‘wﬁ
“ »e2 37 (1n, ddd. 14, 11..5 Hz; H—llp), 2.10. (lﬂ,‘dd, 14 6 ;t
| Hella), 1 93 (3H, ‘8 cascoo), 1.75 (1a, dd,,lz 5'.2-75

. Lo . " v . . " - s P e .
[NET S ol ’ N I3 " . 0 . .
- . I Lk L - PR ro w .



. Hz,‘H-S)

14 41 (3H. 8, C—4 CH3), 2. 0o8-1. 13 (9H, m), 0.91.

NEL s, C- 10 CHy) ; 13c nmr (cnc13) 5170,;;(g<u¢gagpo),

\138 6 (s,

(a, Ar).

105 4 (d C- 14) 104 5 (d C—lZ). 85.2

Ar), 126.2 (a, Ar, 2x), 127-8‘(5‘\Ar;'2x).{127-4

> ( ‘C:éYl

. 84.2 (s, c—4)A 69 3 (t, ArCHZO), 66 1 ((3::3275”(t),‘58 9

‘(d C“9)l

55.5 (d c-s) 38.7 (t), 37 9 (t), 370 (s,
Ry

*fb—lO), 35.9 (t), 31 1 (t) 22.7 (ay CH3COO), 20. 1 (t)

19 4. (t), 18. 4 (90, 15 6 (q), hrms., m/z calcd for

C23H3104 (M - C3H502) 371 2214 ﬁound-< 371 2222(20)

- 311(7), 221(30). 203(4) 121(3), 91(100), 73(22).

Nuclear Overhauser enhancement d1fference ,_vk'

4

: ppectroscopy (nOeds) on the angular methyl gave the‘

followxng results.v presaturatlon of C-lO CH3 an 91), 16%

(1 41, C—4 CH3). 15% (5 24, H—l4), 9% (2.37, H 115)

\

>

¢

(1s SR GS 9R 11R 13R) 11- Benzyloxy-l 5 dlmethyl -5-"

dlphenylcarbinol 9—ethy1enedloxymethyl 10—oxatr1cyclo—'

\ .
"o

{7 4 o 09 13]tridecane 85 and (IS'SR 6S, R, 113 13R) 11--

benzoyloxy 1 5-d1methyl-S—dlphenylcarbxnol-9-ethy1en--{;'
. T .

‘fedloxymethyl-10-0xatr1cyclo[7 4 0, 09 13]trldecane 86

A 2 M solution of phenylllthlum/Etzo (1 26 mL, 2. 5

wmmol) was added to a solution of: the methyl esger 79 Vi".

“7(375 3 mg. o 84 mmol) in Et20 (s mL) cooled 1n a salted

‘fice bathu;

Lf; 5* under argon¢ The reactidn was quenched with water ‘fif‘”'.

The reaction mixture was stirred for 3O,m1n at

3 —
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(0 5 mL) and dxluted thh Etzo. Theﬂprganxc 1ayer ‘was

h“‘washed thh H20 (Zx), brlne (2x), Qried (MgSO4), And the

solvent remdved }nrvacuo to nge the alcohols as an oil.

I

&,Purlficatxon .of the crude by flash chromatographyeﬂ "*_

| h'7 3), 0..43 (Skellysolve B/ethyl acetate, bSﬁ@S) 1r ;““

y‘l,'MHZ, CDClB) . GL-&HM" 8 Hzp Ar H)a ‘7 53 (2H)‘: dd,a 8'?.
1.8 Hz; Az - “HY, - 7 41~ =711 (11H m), 5 76 (1H: B H 14)

oA

and 86 (38l 9 mg) as an oil ln 87%. L
f(cnzc12, cast) 3450 (br) 3050 wleoo. 1495' 1453 1147.

@.5 19 (1H,A } 6 Hz; H—l2), 4 eo (1H, d 12 Hz, Qﬁ_azo—o, o

ﬁs, D20 exchangeabLeL ﬂ$§9 (lﬂ é?éd; 14 5 11 6 Hz, _'

“”(Skellysolve B/ethyl acenate, 65:35) yleld 85 (33 6 mg) L

! o

The alcohol 85 presents the followlng “-Tf"3,7 \,'  3 3

L) .
oTe T Ve

,»,characterlstlcs tlc-‘ Rf O 35 (Skellyso}ve B/acetone,-'

I

\

E1124 1087 L067 1057,.945 752,,701 cm” 1H ‘o - (200

Pl

. LN
AN R

e

‘4 49 (lH d 12 Hz, ArCH20~),A4 08 3 69 (4H,-m),‘2 49 (IH.

1 . tooe

'H—llp),,Z 04 (1H, dt, 12 5 3 H H-?g), r 96 O 79 (11H.

,'m).‘l 24 (3H, s), 1. 06 (3H, s) 0 64\(1H, td 12 5, 4 th,wa’{;j

. ’j(d)& 127 2 (d, 2x), 126 6 (a), 126 5 (d),,105,3 (d. c~14),.fﬂ

”(d). 128 3 (d 3x), 127 é (d Zx), 127 S (d, 4x), 127 N “fﬁlL:

"

"'313c hmr (onc13) 5145 7 cs), 14533 (s)f‘138 4 (sf, 128 4‘;»‘**ﬁf

« I

,dstg\id. C—12), 84. 1 (a; G-s),;ez 1 (8, C-lB), 70 6 (t)'~d&Tﬁ~

3~

65.8 (t),‘GS o (e 61 7 (@, c-9),»51 7 (d. c 5), 46 4 (s,ﬁgﬁuﬁ\f
c~4) 39.2: (t),q}l 7. (t), 37 0 (s, c-10), 35. 8 (t). 30. 1
(t), 22. 2 (t). 18 5 (t,‘C-2). 16 3 (q). 15 8 (q), h ms:,;

(IR ) _‘,‘.._‘ . P {'m.‘ o . ‘ .

A



)

'm/z-calcd forCy4Hy005 o C3H50,): 495.2889; found:
) " . ' ' I "I
495.2899(20), 313(p), 277(3%, 221(6). 183(19), 121(2), !

105(34) , 91(100), 73(26). , - R
A ’ . » v

i The‘alcéhol 86 presents’the followihg properties:

. Wplo; ‘Rg 0.35 (Skellysolve B/acetone, 7:3), O. 35 ) LM

i

'x‘ “ﬁékellysolve B/ethyl acetate, 65:35); 1r (CH2C12, cdst):’
' ‘.

3460 (br), 3055, 1590, 1491, 1445, 1140, 1121, 1091,»;059
1027, 1003, 942, 751, 702 cmH 1H amr (400 MHz, cnc13)

(

x
© - 67-81 (2H, 4, 7. S)Hz. fH), 7.53" (28 d 7.5 Hz, Ar-H),

.7.38-7.14 (11H, m)} 5.19 (1H, .4, 6 Hz, H~12), 5.35 (1H, s,

L

'ArCHZO)U}3 98-3.71[(4H, m), 2.44 (18, 8. D0
exchangeable), 2 28 (1H ddd, 14 S, 11 5, 6 Hz,\H—lla),
. oa (1K, dt, 12.5, 3 Hz, H-TB)\ 1.96 (1H, td, 13. 4 Hz)
1. 91 1.80° (3H, m, 1.67-1.1 (6H, m), 1.18 (3q, 5), 0.94 *
(3H.,a), 0.860.76 (2H, m); 13c nme (coc13) ©145.9 (s).
©145.7 (s), 128.3 (d).'128 2 (d, 2x), 127.9 (4, 2x), 127. 8

*

e
(d, x). 127.6 @ 2, 127, .3 (d. x),_127 3 (d..3x), 1&6 (3

H-14), 4.75 (1H, g 12 Hz, ArCHQO—), 4.42 (1H, d,ﬂlz'ﬁz;\\;<\

-

[N

(d). 126 5 (d), 105 6 (4, C—l4)f 104 5 (d. C°12)0 84 2 (s, .

L d

¢-8), 84.0 (g. c-1a), 69.3 (e), 65 9 (t), '64.6. (t),’ 59.6
(a4, c-9), 51.8 (@, c-5), 46.7 (s cr4). 39.5 (x), 37. 8
ST ge). 37.4 (s. c-10), 36 0 (t). 31.5 (&), 22.4 (t). ;e.sv“
jt, C—2)I\,16 5 (q). 16. 2 (q) hrms: m/z calcd for “
c34a3903 (M* - c3a592) -495.2889; found- 495. 2899(20).

A}

331 3(3), 278(6), 235(9). 221(7), 183(31). 155(5), 115(29),,

AN

ot

167
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l68

105(35), 91(100), 73(46); cims (NH;): 478(11), 461(100),

v

443(7).

Formation of the mixture 84 from 8S f

A mlxture of the alcohol 85 (381.9 mg, 0.67 mmol), i

lead tetraacetate (327.4 mg, 0 4 mmol), and CaCO3 (200
mg, 1.99 mmol) in dry benzene (6 mL) was‘vigorously
.stirred at 40°C under argon;‘ Thefreaction was quenched
with ethylene glycol after 30 min. The reactxon mlxture
was diluted with Etzo, then placed under argon for 2 h.
The euspension was filtered then Et20 was. added to the
soi;d and the mixture refluxed for 30 min. . The suspension .
was filtered and the last step_repeated once mpre.“The
etherealmextraéts were-combined, washed with satd NaHCO4
(2x ), brine (Zx), dried (MgSO4), and the ether removed ®
unde; vacuum to yleld a ,solid. Pur1f1cat1on of the crude
product by flash ehromatography (d1chloromethane/acetonec,
98 2) gave the isomeric clefins 84 (197.8 mg, 77%) as An'
oil. The 1H nmr shows that the mlxture is formed of the
oleflns A4 (18) (s0.68, 858), a3 (50. 76, 113), and a4
'(80 98, 48). A pure sample of the exocycllc olefin 23 was
obtalned from the photoxygenatlon of the mixture as an
"‘011:‘ llc- R¢ O. 51 (Skellysolve B/acetone, 7:3), 0 33
(d1chloromethane/acetoneK 98 2); [a]D —27' (c 0.29 cuc13),
‘.1r (CHZCIZ, cast), 3070, 3030, 1650.;&453. 1118, 1Q049

I K K

* B

4



*

: 74 82, H 8.40.

943, ‘886, 734, 697 cm 1; 14 nmr (400 MHz,‘CDCl3):' 57.35~
7.22 (SH, m, Ar-H). 5.28 (1H, 4, 6 Hz, H-12), 5.22 (1H,
s), 4.82 (1H, 4, 12 Hz, ArCH,0-), 4.70. 1H, 4, 1.5 Hz,
C=CHp). 4.49 (IH, 4, 12 Hz, ArCH;0-), 4.44 (1H, d, 1.5 Hz,

C=CH,), 4. 04 3.77 (4H, m), 2.44 (1H, dd, 9, 3 Hz, H-5),

2.35 (14, aad, 14.5. 11, 6 Hz, H-11g), 2.27 (1H, dt, 13, 3

Hz), 2.14 (1H, 4d, 14.5, 7 Hz, H-11¢), 2.0 (1H, m), 1.88

(1H, br 4, 10 az>,‘1.59 (1H, dd, 11.5, 7 Hz, H-9), 1.72-
1.49 (74, m), 1.33 (1H, td, 12, 7 Hz), 0.7 (3H, s, C-10
CHS); 13¢ nme (cpC1,) - 5149.2 (sf”C—4),{i38;6 (s, Ar),
i28.2|(d, Ar, 2x), 127.8 (d,rAr, 2x), 127,3v(d} Ar), 105.2
(d, C-14), 105.0 (t, C-18), 104.6 (d, C-12), 84.3 (s,
C-8), 69.4 (t, ArCH,0-), 66.0 (t), 64.6 (t), 57.6 (4,
c-9), 53.0 (4, c-5), 39. 5 (t); 38. r (£), 36.4 (t), 35.5
(s). 31.6 (t), 23.3 (t), 22. 9 (t), 13.3 (q. C-20); hrms:
m/z calcd for Cg3Hy50,: (M+ - C35502) ‘ 311.2004;‘found:
311.2011(28), 219(8), 191(2), 121(2), 91(100), 73(15),»
cGims (NH3): 311(6). 294g6), 277(86), 91(44)

v

Anaiysis; Calcd for CZ4H3204 C 74.96, H 8.38; Found: C

’

. | ’ N ERECENR |
(1s SR, 6R, 9R 11R 13R) 1l-Benzoyloxy-Q-ethylenedloxymethyl-

l—methyl l0-oxa~5-ogasp1rotricyclo[7 4,0, 09 13Jtridecane

-

87 . s L .
A sofhtionvpfzgréﬁlprqpefbenzdic-aéid,(69.4 mg, 0.4.

R ‘ )
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2a
I

mmol) in CH,Cl, (4 ﬁL) was added to a solution of the
mixture of olefins 84 (128.9 mg, Qi335 mmol) in CHZClé (8
mL) cooled in an ice bath. The'solhtion was stirred at \
‘r.t. for 3 h, then methyl sulflde (O 02 mL) was. added..
The reaction mlxture was dlluted w1th CH2C12, washed thh
satd NaHCOqy (2x). brine (x), dried (Mgso4), and the
solvent evaporated in vacuo to yield a mixture of eporides
_(13Q.mg,‘97%) as' a colorlesé‘oil.. Purlflcatlon of the
epox1de3 by flash chromatography (Skellysolve B/acetone,
3: 1) afforded a pure sample of 87. tlc: Re¢ 0.36
(Skellysolve B/acetone, 7:3), Q.36‘ ‘
(dichloromethane/acetoae, 95:5); ir (C52C12, cast):. 3036,
1453, 1114, 1075, 1004, 942, 818, 735, 698 cm~1; 4 nmr
o(360‘MHz, CDCL§)¢ 67-4-7.21 (su, m, Ar-H), 5.29 (1H, .d, 6
ﬁz,valz); 5.20 (1H, s, H‘l4)..?.83'(lﬂ, d, 12 Hz, ﬂ;
ArCHQO-), 4.49° (1H, 4, 12 Hz, ArCH,0-), 4.07-3.76 (4H('m;;
2.74 (1H, 4d, 4.5, 1.5, ﬂz; H-18), 2.57 (1H, d, 4.5 Hz,
’H—185,‘2.46;2;32'(2H, m) . 2.12 (iH,-dd'.i4 5; 6 5 Hz,
H-lla), l 92 (lH, m, H?3a): l 69 (IH, ‘dad, 11 5, 6. 5 Hz.
3-9). 1.82-0. 94 (ga, m),. O. 94 ean, 5, C-10 cn3) hrma
m/z calcd for C21H2703 (M - C3H502) 327 1953' fouud-,

327, 1960(28). 235(3). 219(3), 115(2), 91(100). 73(22)
/"

s . e
.
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a, . -

(ls;GR,QR‘llR l3R);1l-Benzyloxy;9—ethylenedioxymethyl 5-

hydroxymethyl l-methyl lQ:oxatricyclo[? 4,0, 09 13]tridec—

)

4-ene 88 ' oo r

A 2.7 M aolutlon of ethyl magnesium brom1de/Et20 (0.8

‘'mL,- 2.16 mmol) was. added Blowly to a solutlon of 'iso-
',propylcyclohexylamlne (O 39 mL, 2. 4 mmol) in THF (4 mL)
cooled in an ice bath.‘ The . solut1on was refluxed for 45

min after addltlon was complete, then cooled to room

temperature. The epox1de 87 (96.2 mg, 0. 24 mmol) in 1 mu’

of THF was added to the amlne solutlon then the flask
placed in an 011 bath at 40 C for 28 h. The reactlon was

quenched with lO% NH4Cl (4 mL) and dlluted with. CH2C12.,
L]

The reaction mlxture was washed w1th 10% HCl A2x), satd '

NaHCO3 (2x), brine (x), drled (Mgso4), and the solvent

removed ‘in vacuo to y1e1d a yellow 011 (96 3 mg) " The

( R

gude product was pur1f1ed by flash chromatography

ichloromfthane/acetone, 85 15) ‘to obtaln the secondary

. )

U‘ alcohol 95 (12 mg) and the primary alcohol 88 (18 8 ng,

20%)\as an oil. B

\

?The prlmary alcohol!presents the follow1ng

properties- tlc: - Rg 0o 23 (Skellysolve B/acetone, 7: 3),_

\. 0 32 (&Ichloromethane/acetone. 85 15), 1r (CH2C12,_-'

o cast): ‘€4so. 3030,, 1450. 1120, 1005, 942, 735“ 695 em=1;

K

1H nmr.igoo Mﬂz, CDCl3) ; 67 35 7 22 (SH. m. . -H), 5 60;'

(m, m, u—3), 5 29 (lﬂ. d. 6 Hz, H-12), 5 26 (m, s,
- .

171



'119(5),. 91(100) ,. 73(18) . S W

/-

y

H-14), 14.83 (1H, d,'"12 Hz, ArCHZO—). 4.50 (1H, a, 12 Hz,

(@ 12, 84.s (s, co8), 694 (£)/,66.03E), 654 (¢,

‘12-6 (q)I hrmsi_: m/Z ealcd for C21H27O3 (M - C3H502): L ","\2“

$327.19537 found: 327. 1972(25). 235(2).<219(4){1L89(8é§,;

R s 172

.t , . ) \ o |
. :

~

‘ArCHZO-). 4.12-3. 92 (4H, m), 3. 88-3.78 " (28, m). 2, 49 (1H,

\

at, 12,3 hz, H—?B), 2:43 (1n, aad, 14, 11,’6 Hz, H-11p),'

2. 24 (lH, m), 2.17 (24, m).‘2 09 (IH dd,\14, 6 5 Hz,.

o/

B-1la); 2.13- 2.06 (1H, m). 1,73 (1H ad, 11.5, 7 Hz, H-9),
}1 63-1.41 (4H, m, 1. 15 (1H, ¢, 6 Hz, D50 exchangeable). |

- 0.81° (3H s, C-10 CHy) 13¢ nmr’ gcoc13). 5138.7 (s, Ar), :

t
th

13703 (s. c-4), '128. 23" (a4, 'Ar, 2x); 127 8 (4, Ar, 2, R

/ ‘ R 34

q127l4 (4, Ar, 1x), 124 3 a, €-3), 105.5 (d, ¢-14), 10476 "t

Loa

C—18), 64 6 (t), 56. 8 (d C-9) 47.8 (d, C-5), 36 0 (t),

35.8 (t), 34 9 (s, C~10), 31 6‘(t)r 22.6 . (t),w22 2 (t),

- . ?

[ 4

e . .

R ot ot e '
il e PR

(1s 6R 9R llR 13R) 11~ Ben%ylogx-Q ethylenedloxymethyl 1-‘

methyl 10—oxa-5 (tert-butyl)dimethylslLxloxymethyltrl-

"‘

gyclo[? 4,0, 09 l3]tr1dec-4-ene 89 "d.l‘,‘

-

A’ solutlon of ‘the crude alcohols 88 (87 3 mg),

dilsopropylethylamlne (O 06 mL, 0 344 mmol) in THﬂ (2 mL)

was cooled 1n an 1ce bath.' t-Butyldlmethylchlorosilpne

(39 4 mg, O 26 mmol) was added to the solution, then ‘Fg‘Zi\rEQE

.fAstlrred at room}temperature for 1 h. The reaction was ‘?te“

K quenched w1th HZO (o«os mL). stlrred for 10 min, and

- f'-qi . ‘. Co . ' . e ERTE . " L



3
J

ﬁdiluted with Etzou The organic solution was washed with

satd NaHCO3 (2x), H20 (3x), brlne (2x), drled (MgSO4). and

| the solvent removed to yleld an oil (83 1 mg)

I'Purification by flash chromatography (Skellysolve"’

' 836, 775 cm 1{ 1y nmr (400

f 2§.' The pr1mary protected alcohol<;9 presents ‘the

‘follow1ng properties.. tlc.e

"B/acetone, 9:1) gave the prlmary protected alcohol (23 mg“

20% overall y1eld from the epox1de) ‘and the secondary

n
1’
.’\ B

\alcohol (10 mg). each as’ a colorless 011. 7 CE

Rf 0 55 (dichloro—

o173

methane/acetone, 95: 5), 0445 (Skellysolve B/acetone, 4: l),

ir (cn2c12, cast):, 3035, 1295, 1124. 1093, 1064, ' 944

Muz , CDC13) \ 57.36 7.22 (5H,

m{ —H),'S ss (lH. m, n«l).vs 3 (1H.. 6 Hz. H*IZ)* 5. 25fﬁ

'12 Hz, ArCHZO-), 4 n (1&, 4, l3 5 Hz..: H 18). 4.0453, 94

/

'l(3ﬂ. m), 3. aa 3. 8" (23,,m)& 2. 46~(1H‘ dt, 12, 3 He, H-?g)/

2,08 (13, qd, 14 5.l7 Hz.»H-dla): 2 04 (lH. dd: 10 5. 7 g :

,\\

":'-' Hz H-s)' 1’7? (]-Hi‘dd" 11 5 7 HZ, H-g)' 0.64-1 41 (SHl

EE .o«-»'.«,' o ‘\ ."« oo . b

LIS

(GH' 3, Si-QH3)' ﬁrmB\\ m/z Oa].Cd :Eor C27H4103Sl (M -",i o

n“m). o 93" (hiy’ su_rC(CH3);). 0.82 (3a, 8, C-10° ca3), 0.08

c3a502)='“%41 2814--found 441 2925(70). 311(10), g;niwfﬁ* L

217(1“)..189(7), 115(11),‘91(100),_73(26) | 5;,?;’§Q'f;g;f*h
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(lS 4R SR GR 9R 11R 13R) 11- Benzy}oxy-4 51¢Poxy 9-.
¥ T T
'-. ethylenedloxymethyl l-methyl 10—oxa-5 (tgrt butyl)- !

1 o
dxmethylellyloxymethyltr1cyclofv 4, 0\09 13]tridecane 9 >

A sqlutlon of m—chlorOperbénzo1c ac1d (7 3 my) in , '

L

CH2C12 (2 mL) was adced\to A cocled (1ce bath) solutﬁon of‘ .
o Ithe olefln 89 (14 6 mg, 0 028 mmol) in CH2C12 (4 mL) | . The ‘,.
wﬁ{y‘reactlon mlxture was stlrred at room temperature for 3 n ,;

_,h. Methyl sulflde (0. 04 mL) was added to' the soLution A

'L'“then stlrred for 10 mln.; The react1on mixture was dlluted

"

“uw1th CH2C12,'washed w1th satd NaHCO3 (zx), brlne (x),‘

drled (MgSO4), and concentrated to glve ‘the epoxlde 20 %

\

(13.3 mg, 89%) as an 011. tie: Rf 0.37 (Skellysolve { -

B/ethyl acetate, 7 3), 0 41 (Skellysolve B/acetone, 4: l)' ‘
_1: (cn2c12, cast) 3030, 1253, 114of 1121,_1092, 1075 |
-942, 837, 778 695 cm'l, 14 nmr (360 MHz._CDC13) | 57 35-
| '7 21 (SH, m, 2 -H), 5. 26 (lH.,d, 6 Hz, H—12), 5.24 (IH, 8, _f_ Qr
;7“fH'14)' 4. 82 (lH d. 12 Hz, Aqggzo-), 4 47 (IH, a, 12 Hz,' S
| ug’A;ggzo-),,3 ] (1H, d, 11 Hz, H18), 4 04-3 78 (48, m), 3.4

ff(xn,_‘ 11 Hz. H-lB). 3 11 (lﬂ, 4 3 Hz, H-3),}2 49 (1H,,“
ALY .

at 12, 3 Hz. H—75). 2 34 (IH. ddd,=14 5, 11 5, 6 Hz, =

'%J\fu-llp), 2. 11 2. 01 (ZH,‘m), 1. .93, (IH,'dd, 14, 7 Hz, H—lla),

‘*‘0%(15. m). 1. 79-1 o9 (6H, m): 0:89 (9H' 5'




R
-t

?c-19), 33.9 (t). 31. 8 (t), 25 9 (q, 3x),‘21 s (t), 20 6‘

. 457(21), 219(3), 91(100). 73(33)

(a, c-14),_104 4 (d c~12), 83.9. (s,\C-B), 69 4 (t) 661

(t), 64 7 (x c—18), 64. 6‘ (t),,S9 2 (s, Cc- 4), 56 4* (d

c-9), s6. 3# (a, c-3), 51 0 (d. c—S), 35. 9 (t). 34 3 (s.,

() 18 3 (s), 13 0 (q, c-20) hrms“ m/z calcd for ’-T

CogH370681 (M* - C4H9)'; 473.2349; found. 1473.2360(4)5""3

. .

v

1*8 4R, 5R, 6R 9R 11R, 13R) 11 Bengxloxy-4 S-epoxy =9-

175

' “ethylenedioxymethyl S-hxdroxymethyl l-methyl lO-oxatrl- .

clo(? 4,0, 09 13]tr1decane 91

j A solutlon of chhloroperben201c ac1d (12 2 mg, 0 07
mmol) in CH2C12 (2 mL) was added to the allyllc alcohol 88
(18 8 mg. 0. 047 mmol) in cn2c12 (3 mL) cooled in an ice *

bath. The reactlon mlxture stlrred at room temperature

N\

 for 1 n. Methyl sulflde (o 02 mL) was added -and the

An

"solutlon stirred for 10 mln.vthen-dlluted Jlth CH2C12,H;‘

8 o

washed with satd NaHCO3 (2x), brlne (x), drled (MgSO49.‘~

77[color1ess oLl.‘ tlc., Rf 0 26 (Skellysolve B/acetone,.w

ot

",kand evaporated to yield the epoxlde 91 (15 2 mg, 77%) as a’ m':

“?Q3=2),-0 19 (dlchloromethane/acetone, 85 15), 1r (CHZCIZ,"‘;
i cast):. 3457 (br). 1453, 1121, 1109 11075, 1038,,1006.‘.hh:§ff~
'§;942,‘735;’698 om af H“nmr,(4oo MHz, coc13)" 87, 3-7.22




b "., ' . " . v‘ 1 N | N . . |
v . g . . . ' f -y,
. . ) 1 PR ' . . -
' * N . . . ‘ t . .
‘ . B O e 176.
. } . ' . . ' . . 2! . ' o .
. ' ey f . L '

) . . . .
vl , A . — ;

‘ArCHzo—){ 4. oz 3.78 (sH, I 58 (1H d 12. 5 ‘Hz., H—18), S

3.31 (IH a, 3 5 Hz, H-3), 2. 45 (IH, m, H-?p), 2.35 (1n,1 \

x

ddd 14. 5. 11. 5,,6 Hz, H—llp), 2 08 (IH dd 9. 4 Hz, ~ ' .

Vo H—S): 2 07~ (lﬂ, ddl 16, 7 HZ, H— 2(1), 1.93 '(IH, dddd,“lﬁ'\; T ‘—‘

|

. . ' 1 ot .
13, 7. S 3 S Hz. H—Zﬁ)" l 21 (lH, dd 14.5,f7 Hz, H-llad,r:'

')

1. 72 (IH, br, g%o exchangeable) 1.63 (1H, dd 11.5, 7 Hz, LT
| 13.5, 7. 5 Hz, H-lp), 1 17 (IH. aa, 13,‘7 Hz, H—la)p 0.85

1

(3H. S, C—lO CH3)' 13C nmr (CDCl3) 5138 3 (5, Af), 128 7 ;1‘7

| (d AT, 2x), 127." d, Ar, 2x), 127. 4 (a, Ar), 105.0 (d,'

' c-14), 104 3 (d,‘;-lz), 83.5 (s. c—e), 69 4 (tY, 66. g (t), e

64.6 (t), 61 5 AN ~18), 59. 8 (s, c- 4), 56.1% (a, c- -9), . R

55 o* (a,, c-3), 50.3 (d; c-5). 35,7 (n), 34.3 (s c-lo), ” rn
~" ? ".";‘ *

33, 5 (t), 31 6 (t)<321 2 (t), 20 3 (t), 17 6 (q, cizo)~

hrms'v m/z calcd for C21H2704 (M - C3H502) 343 1902u-- 5
found 343 1909(12)’ 325(5), 251(2), 233(2).‘91(100)
‘ " } I- . e’ . ) s
- . 73(15) 3 .‘ ', b. “.. -“‘ ‘ : ' . "'"‘ Q’
O . ‘é,;a-; WV

\

(1s 4R SS GS 9R 11R 13R) 11 Benzyloxy-Q-ethylenedloxy-_ R
o - ; - , g
L methyl 4-hydroxy ’5 ( l-hydroxyethyl) l-methyl 10-

o oxatr1cyc10[7 4 0 09 l3]trldecane 92




- ‘ » Co : - , "

“added to the mlxture and the temperature was brought ~4‘
”slowly to o'c.' The eprIde 91 (12. 4 mg, 0. -03 mmol) 1n

?Etzo (O S mL) was. added to the cuprate reagent. The‘ : "J~ -
ﬁ N P .
sLurry was Btirred at 0°C for 1 h, warmed t OOm .k‘M‘;

" v A
v -

temperature, then THF (013 mL) added and. stlrred -for, 10

h.. The reactlon was quenched wlth 10% NH4C1 (1 mL) and

\ A

‘udlluted with Etzo. The organlc layer was washed w1th H20

. (2x), brlne (Zx) "dried- (MgSO4), and concentrated in vacuo

-

uto glve an 011 (5 2: mg) . Purlflcatlon by flashn‘53‘

: chromatography (ethyl acetate/Skellysolve B 4 l) gave two \.)
| 7ep-lmerlc alcoholb 92 (0.9 mg and 0.7 mg) each’ as a solld.-‘

‘.,,\

ey /. "

The alcohol 92b. presents the follow;ng . .
: : g e : N
characteristxcs t10° ’Rf 0. 29’(ethy1 acetate/Skellysolve

ﬁ‘ : e

(Br 32 1, 0.3 (Skellysolve B/acetone, 3: 2),‘0 26 (dxchlor&- g
RS methane/methanol, 96 4), 1r (CHZClz, cast), 3400 (br), /“\ S

‘ mo, 1057, 1005,.943, 730, 695 em~1; 1H npr (4oo MHz,
) c0013) 57 35 7 28‘(5H, m. Ar-H). 5 29 (IH. d. 6 Hz. n-,f' .‘ufﬁﬂ
H-12). 5 21 (1H, s. H-l4), 4.83 (1H. a, 12 Hz, Arcnzo-), ,xg]'ff

{ " -:' e

4 47 (IH, d,‘12 Hz, ArCHzo-): 4 39 (lH, br s, H-3), 4 08




) h)‘l’

. ' ' C ) ! [ N ¢ hat L . . ‘ﬁ R .
Lo SR C 18]
. , - : .o " ' ‘ . . » . B : . . . >

R L . . e, ’ ' ' ) ' C hs .
r,,-'" R . Y " \ . T . n
P -‘" [ . . g : s
! '\"' - L : Co * 4 : ,| ' " . .
. B " v ' v

\\
. H- 9), 1.67- 1 13- (6H. m), 1. 31 (3H q, 6 5 Hz), 0.83 (38,

S

s.,C 10 CH3) hrms. m/z calcd for 022H3104 (m*

1,\‘ ‘.‘ hee

kF3H502) 359.2214; foqnd:~ 359 2222(9) 327(1). 233(1),
‘119(!).\ ‘0). 3z b e

! The ‘alcohol 92a presents the foliowxng propertles

*‘jm tlc.‘ Rf'g 22 (ethyl ace%ate/SkellysolVe B, 3: 1),&0 25 :;»';7
I4(Skellysolve B/acetone,l‘ 2), 0. 21 (dlchloro—‘,g o ', ‘g

l,methane/methanol 96‘6)‘3Lr (CH2Cl2, cast). s3440._1121

1090,.3967 1007 948, 738, 697 em™b; 1H nnr (400 MHz,

. vcnc13)'<187 35-7. 28 (5H, m, Ar~H),‘5 27 (1H, d,\6 Hz,)  5
T'H-12), 5 23 (1H 8, H—14), 4. 82 (IH a,"12 He, A;ggzoﬁ),”
- 4.48 (lH d ‘12 Ha,’ ___20—), 4. 10 4.04 (2n, m, H—3 '
,,H-la), 4.04% 3 91 (21, m), 3.8 8~3 78 (2H m), 2. 49 (lH a,

2 Hz, Dzo exchangeable), 2. 43 (lH, dt, 12, 3 Hz,.H-7g)p
,F 2 36 (lH, aad, 14. 5, 11. 5, 6 Hz,vH—lla), 2 12 (IH ad,
14 5.7, Hz*'H‘lla), 2.1 15 2.08 (1H, m), 1.94 (15, td, 12,
3 5 Hz, H-S), 1 85 (IH.‘m), 1: 73 (1H,‘d,,3 Hz, D0 ‘;_“,'f5im_:}

exchangeable),ﬂl 69 (lH,‘dd, 11 s,fs 5 Hz H-9), 1. 36 (1ﬂ;_~“"

d 12.

.‘HJ-4): l 65 l 19 (SHK'.m)lil 30 (3H, d, 7 Hz),"-:_ ’

10 CH3), hrms.m m/z calcd fpr 022H3lo4 (vt

y359 2214- found.. 359 2222(16).;251(2),:,w,ﬁjgmﬁff,gj

t




a 9% (55 27, H-14) and ll% (61.36, H~4) enhancement on

‘those' signala,‘“ h~uh' - ,‘ ' S , :

(lS 4R 6S, 9R 11R 13R) 9—Ethylenedloxxmethyl 11- ethoxy—4--

. hydroxy lkmethxl S—methylene—10—oxatr1cyclo{7 4 0, 09 13J~

trldecane 93 B - 3”: ‘ '"k L :

\
o

A solutlon of the mixture of oleflns 84 (59 mg,.o 153

mmol), selenium dloxlde (8 5 mg, 0-076 mmol) and 2 d:pps

of H20 1n absolute ethanol (8 mL) was refluxed for 7h

"\ V. " _\

under an inert atm08phere (Ar), The solutlon was flltered

to remove the metalllc selenlum and evaporated to, glve a,

,~‘l| ‘;1:
yellow 011. ‘;he crude product was purlfled by flash

.ﬁ ch;omatography\(ethyl acetate/Skellysolve B, 7:3) to
obtain the starting material (10 mg) and the allyllc'

valcohol 93 (18.6 mg, 36%), each frhction :as an oil. .
tlc.h Rg¢ - ‘0. 32 (Skellysolve B/acetone, 7 3), 0 34 (ethyl

7f‘acetate/Skellysolve B, 3 7), o 32 ﬁ”

(dichloromethane/methanol 95 5), 1r (CH2C12, cast)

K

3453, 3075, 1655..1118. l058.‘975, 870.‘800. 740 om 1;_13,

\

f»"V‘nmr (400 an. cnc13) 55 2 (IH. s H—14)' 5019 (1Hv e

5 5 Hz, n—12),_4 .94 (1s, €, 1 5 Hz. H—18),14 eo (lH, EVER

k’1 5 Hz' ﬁ-le): 4-27 (IH. t.uz 5 Hz. H—s). 4. 03 3. 91 (zH.;j%u**1c'

m)‘ 3 85'3 75 (33' ), 3 43\(1H: dq.;9 5, 7 Hz._ocuzca3)n:;h\" -

i{‘gz so (13. br d,_l”}nz. H—75),v2 42 (1H. complex, H—ﬁ).ﬂ»

o

14. ff'"””



-
v &

7.5 Hz, Hllg)s 1.87-1. 69r(3u',‘m)‘..1"‘64 1.46 (4H, e 1. 37

(11"-1 s, DZO exchangeable), 1.35 (m, m),m 17 (3a t, 7 .

"Hz,. ocuzcn3). o 69 (34, s,‘C—lo CH3),‘ 13¢ nmr (coc13)=

'»—-5150*( C-4), 1108.5 (t, c-18), -105.8 (4, C-14), 105.0 °
R oc' ® :

DA
\

- .f'\K Lo

o min and at room temperature for 1 h. The mlxture was“*‘” :

‘o,

\

. . . . :
e ' : . v
RS ﬂ‘ &, . N

._1‘\' '

N

(d, c-12), 83.9 ‘(s,“C—B),'73‘.2 (@ ©-3), 66 .0 (t). 64,6

(t), 63,0 (%), 57.4 '(ci'“céé) 46:5 (@, c- 5) 38.2 (s,

C-lO). 35.5 (t), 34 1 (t), 31 e (t) %6 (t) 22»9,,(,”" -

15 3 (q), 12 5 (q); hrms: m/z calcd for C19H29q5 (M -

bl
1‘);"" 337 2007- found : 337.2014(0. 5), 293(3), 265(100),’ o
219}4), 201(10). 157(7) 119(9)%)91(1‘@; 73(29) ‘. o . :
s SRR o T . ; : L -
(13 65 9R llR 13R) 9—Ethy1enedloxymethylﬁ11 ethoxy-methxl- ;Tiu

fS-methx;ene—lO-oxatrlcyclo[7 4, 0 02 l3]tr1dec 2 -ene 94

| Mesyl chlorlde (0 15 mL)rwas added ‘to a solutlon of

-

the" allyllc alcohol ‘93 (9 mg, 0. 026 mmol) and

b

tr1ethylam1ne (0 1 mL) 1n 2 mL of’dry CH2C12 tooled in an

»

lce hath. The reactlon mlxture was stxrred at 5 C for 30
) ‘.n‘

. =y
poured onto 1ce-water, then extracted w1th CH2C12 (2x)

»

NaHCO3 (2x), brlne (x), drled (Mgso4),‘and evaporated Ln '

\ ,
vacuo to blve an 011 (20 mg) PurLflcatlon by flas?x

3 ‘."‘,

‘} The comblned extract was washed w1th 19% HCl (2x7 satd

‘/acetone,.BS 15) gave 93 as a

A
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Q?ﬁ@,(Skellysolve B/ethyl acetate, 3:11; ir (CHZCLz,

Vo

cast): 3020, 1635, 1595, 1181, 1118, 1080, 1040, 953,

935, 882, 870 cm~!: lH nmt (360 MHz, CDCl,): '66.2 (1H,

dad, 10, 2.5 Hz, H-3), 5.61 (1H, mg H-2), 5.2 (lH, 4, 6 Hz,

H-12), 5.18 (1H, s, H-14), 4.83(1H, br-s, H-18), 4.7%5

(1, br s, H-18), 4.03-3. .89 (20, m), 3.85-3.72 (3H, m),

i !

3. 42 (1H, dq. 9. 5, 7 Hz, OCH2CH3) 2.40 (1H, at, 12, 3.5

H 78)., 2.35 (lH, dadq, L4.5, 1}.5, 6 Hz, H—llﬁ),lzfﬁs_

‘2104 (24, m), 2.05 (lH, &4, 14.5, 7 Hz, H—lia)b 1.95 (1H,

’

Ad, 18, 5.75 Hz), 1.94-1.86 (1H, m), 1. 55 (lH, aq, 11-5, 7
Hz; ﬂf9)f i.6~1,38 (2H, m), 1.14 (3H,‘t 7 Hz, OCH2£§3),
0.68 k3H, s, C-10 CHy3); hrms: m/z caled for'C19H2704 (m*
- 1): 319.1902; found: 319.1910(3), 275(16), 247(100),

201(20), 133(10), 157(16), 149(9), 119(22). 105(17) .,

(lS,4R,GS,9R,llR,13R)—1I—Bengyloxx—9—e§hxlenediéiymethyl— :

91(18), 73(40).

4-hydroxy-l-methyl-5-methylene-10*oxatricyclo-

[7,4,0,09'13]tridecane 95

Selenium dioxide (6 mg, 0.054 mmbl) was added to

'CH2C12V(2 mL) followed by a 90% solution of t-

butylhydroperoxide (0.23 mL,'2.08.hm010 and the mixture
wés‘stirred for 30 min. The mixture of olefins 84 (195 3
mg, 0.508 mmol) in CH2C12 (3.mL) ‘was added to the

oxidlzlng reagents ‘and stirred at room temperature for 5

1
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X

.h. The reaction was codled in an -ice batH and,

N . "
trimethylphosphite (0.24 mL, 2.08 mmol) 'added cirefully.
‘ ' ‘ \ ' N o
JThe solution was diluted with benzene, then concentrated

in vacuo to,give a yellow oil. Purification by flash

\
}

chromatography (Skellysolve B/eﬁhYl acetate, 1l:1) afforded .

the starting material (28.7 mg) and the allylic alcohol .

y
. TN
(95.7 mg, 47%), each as a colorless oil. ~

The all;lic alcohol 95 has the folléwing,
éharactefiegics: tlc: Rg 0.3 (Skellysolve B/acéténe,
é:3), 0.3 (Skellysolve B/ethyl acetate, 1:1); [aigl—39.0
(c 0.385, CHCly); ir (CH,Cl,, cdst): 3457 (br), 3030,
1655. 1141, 1120, 1058, 1006, 948, 937, 735, 698 cm~}; ly
nmr (400 MHz, CDClz): §7.37-7.20 (5H, m, Ar-H), 5.28 (1lH.
d, 6 Hz, H-12), 5.22 (1H, s, H-14), 4.93 (1H, br s, H-18),
'4.82 (1H. 4, 12 Hz, Aqggzoi), 4.60 (1H, t, 1.5 Hz, H-l@f,
4.48 (14, 4, 12 Hz, ErCH0-), 4.27 (1, t, 2.5 Hz, H-3), .
4.04-3.76 (4H, m), 2.49 (1, br 4, 12 Hz,.H-7p), 2.45 (1H,

 comp1ex; H-5), 2.35 (1H, d4dd, 14.5, 11, 6 Hz, H-11g), '2.22
(14, 44, 14.5, 6.5 Hz, H-1lq), 1.68 (1H, 4d, 11, 6.5‘H£,
H-9), 1.89-1.46'k6ﬂ,'m), 1.37 (1H, br s, D,0
exchangeable), 1.34 (1H, m). 0.69, (34, s, C-10" CHj); 13¢ .
nmr (CDCl3): 6150.6 (s, c-#), 138.6 (s, Ar); ;28:3 (4,

Ar, 2«), 127.8 (4, Ar, 2«), 127.4 (d. Ar), 108.6 (t, -

C-18), 105.2 (4, °C-14), 104.6 (4, C-12), 84.3 (s,’éfa),
73.0 (d, ¢-3), 69;3:(t),,66.1 (tj, 64.6_(t);’57;4"fa,‘

—
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C-9)., 46.5 (d, C-5), 38.2; 35.5, 34.2, 31.6 (t), 29.5 (t),
23.0 (), 12.5:-(g, C~20); hrms:' m/z calcd for Cy)H,40,

(M* - C3Hg0,) 327.1953;;found= 327)1960(22), 309(1).,

235(1), 219(9),. 119(4), 91(100), 73(18).

!

Nuclear Overhauser enhancement'difference

spectroscope (nOeds) of the exocyclic olefinic protons ’
’ ' n . ‘:{\;v".B)
gave the following result: presaturatlon of the broad
. . ¥

singlet at §4.93: 27% (54;6, H-18), 12% (54.27, H-3).

, A
! »
\

(15,48, 58, ¢R/9R, 11R, 13R)-11- ~Benzyloxy-9- ethylenedloxy—

methyl-4-hydroxy- 1—meth§l~10—oxa 5- oxagplrotrlgyCIOH

(7.4,0,0°% 13f§51q9cane 96 .

A so-lutlon\o ﬂ-ch/loroperb;:‘nzoic acid (368.5'mg, 2.13 ’
mmol) in CHZClé ( mL)iwas added to a‘sqldtion of the
allylic alcohol‘95'(424.6 mg, 1.06 mmol) in CH,Cl, (6 mL)
cooied in ag ice batﬁi/ The“reaétion mixture was stirred
at room temperature for 2 h, then methyl euifide was added
(0.1 mL). The soiutién was washed with satd NaHCO, (2x),
) brine'(x), dried (Mgsb4), and thg solvent evépora;ed to .
give.the epoxide 95 (421.9'mg, 95§) as An oil. . tle: Rg¢
0.31 (Skeliysolde B/écetoné, 7:3), 6.31 (eihyl
‘acgtate/SkeliysOIVe B, 7:3), 0.38 (dichloro-
methané/methanol,.9é:4); ir (CHyCl,, cast): “3466 (br),
3026, 1450,‘i120, 1104,‘1064, 1028, 1006, 948,k732,‘6§7

cmrl; lH nmr (400 MHz, CDCl3): §7.35-7.21 (SH, m, Ar-H),

A
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5.28 (1H, d. 6 Hz, H-12), 5.1 (1H, s, H-14), 4.8 (lH, a,?*
12 Hz, Aﬁggéo—), 4.47 (14, 4, 12 Hz, 'ArCH,0-), 4.03-3.89 B
(24, m), 3.81-3.75 (2H, m), 3.36 (IR, t, 3 Hz, B-3), 2.85
(1H, 4, 4 Hz, H-18), 2.63 (1H, 5‘ 4 Hz, H-18), 2.42-2.30 |
(34, m), 2.17 (1H, dd, 14, 7-Hz, H-1lq), 1.95 (1H, s, D,O Q;l
exchangeable), 1.92-1.79 (2H, m), 1-7%:0.95,(6H, m), 0.85
' (3H, s, c-{o cnj); 13¢ nmr (pnc13):- 6%38.4 (p; Ar), 128.3
(@, A, 2¢), 127.7 (d, Ar, 2x), 127.4 (d. Ar), 105.2 (4,
C-14), 104.5 (4, C-12), 84.1 (s, C-8), 72.8 (4, C-3), 69.3 b
(t), 66.1 (t), 64.6 (t), 61.7 (s, C-4), 57.5 (4, C-9), |
50.0 (t, C-18), 42.8 (@, c-5). 3§.2'(s, Cc-10), 3%.1'(t5,
33.2 (t), 31.2 (t), 27.3 (v), 18.6 (t), 13.1 (g, C-20);

hrms: m/z caled for CyjHyp04 (M* - C3H50,): 343.1902;

found:ﬂ}343.l9°9(§). 325(1), 251(1), 91(100), 73(18). = -+ '«

. - [»] " ’
(1s,5R,6R,9R,11R,13R)-11-Benzyloxy-9-ethylenedioxymethyl—- =« °

l—metﬁylilo—oxa—5—6xaspiro—4-oxotrigyc10[7.4,0,09'13Jtri—

decane 97 .

'A 2.82 M solution of szo/ca2c1i'(o 89 mL, 2.52
) ’/;s added to”a solution of oxalyl chlorlde (0 11 mL, l.
mmol) in CH2C12 (2 mL) cooled to -60° in a dry -ice/acetone
bath and stirred for'5 min. A solution of the alcohol 96
(421 mg, lioi‘mmol)vin ¢H2C12‘(4 mL) was added to_ﬁhe Cn

reaction then stirred at ;60’0 for 15 min. Triethylamine

(0.70 mL, 5.05 mmo}) was added, . the bath removed and the



185

A .
mixture allowed to reach rodm temperature. The reaction .

'.mixpure was ‘quenched with H 0 (O:lme),‘dilutedﬂwiéh
CH,Cl,, washed'ﬁith HyO (2x), 5%16e‘(x); driéd-(MgSOQ), v
‘and concentrated 'to afford the ketone 97 (411 2‘mg, 98%)l
as an oil. tl?‘\ Rg¢ O 39" (dlchloromethane/acetone, 9:1),
'0.32 (ethyl acetate/SkellysoLve“B, 7:3); gg (CH2C12,%3,
cast): 41720, 1453' 1142;'1119 '£103. 10841*949, 736, 698
em™1;  H nmr (400 MHz, CDC1,4): 57.39-7.25 (SH;'F, Ar-H),
f:s 31 . (1H 4, 6 Hz, H—12),‘5 22 (15;‘3,'H—14), 4. 82 (1H, a4,
12 Hz, A;ggéb-), 4.48 (1H, a, 12 Hz, A;ggzo-): 4. 06 3.79
(4H m), 2. 91 (1H, 4, 6 Hz,‘H—IB), x.vf (1H, 4, 6 Hz,“
H-18), 2.67-2.51 (2H, complex), 2. 46 (1H dda, 14 5, 11.5,.
6 Hz, H-11p), 2.41 (1H, at, 12. s, 3 Hz, H-75), 2.19 (18,
dd, 12.5, 3.5, H-5), 2.14 (IH, dd, 14.5, 7 Hz, H-lla), .
1.90 \(1H, ddd 13, 6.5 2 Hz),. i‘71 (15, aa, 11. 5, 7 W2,

an

‘H—9),“;\78ﬁ1 61 (2H, m), 1. 5 (an, td, 13,.4 Hz), 1.16 (1H,\,1

- dq, 13 5, °3.5 Hz),. 1.06 (3H, s, C-10 i) ; 3¢ omr. -
(coc;3). 5205.7 (s, C-3), 138.2.(5, ar), 1;8.3 (a, Ar,

2x), 127.8 (d, Ar, 2«), 127.5 (d, Ar), 104.9 (d, C-14),
104.3.(d, c-iz); 83.9 (s, C-8), 69.5 (t), 66.2 (t), 64.7

(), 60.6 (s, c—47.a57 4 (4, c-9), 49.8.(t, C<18), 47.9 = .
(a, c-5), 37.3 (s, c-10, 37.3 (¢), 362§ (£), 34.6 (v), -
S 31.3 (), 19.2 (t), 13.2 " (q C-20); hrma: m/z caled for -
Cy Hps0, (MY - 635562): 341. 1746 found- 34{.1753&}3).

2

—

325(1), 249(1), 91(100), 73(19)
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*

N ' \

(1S, 5R, 6R, 9R 11R, 13R) -11- Benzyloxy -9- eth(lenediogymethyl-

v
;

l-methyl-~ 4-methylene 10-oxa- 5-oxasp1rotrlqyclo-

\
W

tert—amyl alcohol (0 22 mL. 1. 98 mmol).and\the'slurry

W

A 35% potasslum hydride emu181qn (227 mg, Q"98 mmol)

was rinsed with’ Skefﬁysolve B (2x) and benzene {x).

| Benzene (8 mL) was added to’ the" whlte sol1d followed by

_etirred for 20 min. Tr;phenylmethylphosphonlum bromlde'

- (708.7 mg, 1.98 mmol) was added to the solutlon and th‘

o

mmol) in benzene (7 mL) was added to the slurry and the
mixture stlrred at room temperature for 2 h. Bquene wae

added, the reddlsh yellow solutlon was washed w1th ‘Hy0

.(2x), brlne (%), drled (MgSO4), and the solvent was

removed in vacuo to obtaln ‘a red 011. The ¢rude was

pur1f1ed by flash chromatography (dichloromethane/acstone,

186

\mlxture stlrred for 15 min. The ketone 97 (411 2 mg, O 99 .

97: 3y, to afford the exocycllc olefln 98 (248. 7 mg, 61%) as .

- a colorless-011. tlc..ARf 0. 4 (dlchloromethane/acetone,L

‘93 4), O 38 (Skellysolve B/acetone, 3: 1), 1r (CH2C12,""

cast) ?030. 1645. 1142. 1122. 1084. 1079, 1003, 941,

.917, 733, 695 om™ kﬁ nmr (400" Mz, cnc13) 87.35- 7 25 "

(SH. Ar-ﬂ), 5.28 (1H, 4, 6 Hz, H-12), 5. 21 (IH, s, H—14)

—

4 95 (IH. t. 2 H21 H-19). 4.81 (IH, a, 12 Hz, ArCHZO-),

4. 69 (¢, 2 He 3-19). 4.47 (IH, a 12=Hz,‘ArCH20),
-g. ' /

—-——

i
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4.0343.12‘(43; m), 2;§$ (18, 4, 5.5 Hz, H-18), 2.46 (1H,
d, 5.5 Hz, H-18), 2.55-2.34 (4H, m), 2.09° (1H, Ad, 14.5,

‘6.75’Hz(:ﬂ411a), 1.84 (1H, dd, 12.5, 3.5 Hz, H-5), 1.69
(1, d4q, 13, 3.5 fiz, H-6¢)» 1.67 (1H, dd, 11.5, 6.5 Hz,

Mn;9),‘;.ea (1H.Iddé;,1f, 5.5, 2 Hz),. 1.46 (1H, td, 13, 4
Héf ﬁ-?a), 1.39- (1H, tq, ié,'s.s azy; 1.08 (1H, d4q, 13,

3.5 Hz,‘H—eg;t 0.97 (3H, C-10 CH3); 13. hmr‘(coc13):

6147.0 (s, C-3), 138.7 (s, Ar), 128.3 (d, Ar, 2x), 127.8
(a, Ar;‘%x), 127.4fxa;faf>ﬁ 166.2,(;, c-19), 105.4 (d,
c-14), 104.5 (a, C-12), 84.3 (s, C-8), 69.4 (t), 66.1 (t),
64.7 (t), 59.6 (s, c-4); 57. 9 @ c-9), 52.2 (¢, c-18),

1 50.4 (4, cfs), 39.6 (t), 38.3 (s, C-10), 35.1 (})(,3;:4.
(£), 29.9 (t), 19.2 (t), 13.5 (g, C-20); hrms:' m/z calcd -
for: C25H3105 .(‘M_;" - 1):. _l\lli.2163; ,fOuhd: 41‘1;2171‘(0.\11)-,‘ :
339(33), 247(3), 91(100), 73(16); o - o
o , o T y

(IS SR 6R, 9R, llR 13R) 11~ Benzqugy 9 ethylenedloxymethyl-

'1 4-d1methyl lo—oxa 5—oxasp1rotr1cyclo[7 4 0 09 lﬁltri-

decane 99 o S .

3

. The exocycllc olefln 98 (kﬁ 4 mg, 0 039‘mmdﬂ),,.i, »

platlnﬁm oxlde (1 4 mg), and 95% EtOH (2 mL) we e mlxed in

v

- I round-bottomoflask. The system was purged wzﬁh hydrogen

three tlmes. A ba;loon fxlled with hydrogen s fitted to

»

the flask and the mixture stlrred vigorously for 30 min.

\

The solutlon was diluted w1th Et20 and the catalyst ‘ o
‘ ' . _/'j' - f';'f" " f';;i'_ﬂ -

'. T ) - ) Lo - . - .
Lo . ' e - [ ' .

L.
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removed by filttation.ﬁ“EYaporatién df_ﬁhé‘soléenéj o

afforded 99 as é‘éolofiess oil (14;7‘hgg 90%) . _Aﬁaleia
ofvﬁhe_lﬁ‘nmrdéf the mixﬁﬁrg,shdws'thdt'iﬁe a dhd B .
epimérsxd;.é—3‘afe:ﬁredént}in a.raﬁid df;gé;;4{L
gespeétivély.' tlc. fkf‘o 27-(didﬁloromethane/acetdné,f

96:4); ir (cnzclz, cast) 113030, 1454, 1142, 1122, 946,

‘

735, and 698 en~l: 14 nmr (400 MHz, coc13) 57'37-7;23'
(5H, m, Ar-H), 5.28 (1H, d, 6 Hg, H-12), 5. 19—(1Hb.si
H- 147, 4:82 (o(gﬂ, 4, 'i2 He, ArCH,0-) 4.81 (0! 2H,'d,'12‘
A;ggzo—), 4.49 (0.8H, a, 12 Bz, A;ggzo-), 4. 48»(0?23A
“q, 12 Hz, Ag__zo-), 4.02-3.76 (4H, m).. 2.75° (0. 83,‘55'4.5
Hz, H-18), 2.69" (0.2H, @, 4 Hz, H-18), 2.57 (0.2H, d, 4
az, H-18), 2.53 (0.8H, 4, 4.5 Hz, HO18), 2.42-2.30 (2,
)"2“12"(1H, dd,\14 5, 6.5 Hz, H41i¢),.£.02-b.é (108, m).,
‘1.10. (2: aH, a, 7 Hh c-3 CH3), 0.87 (2. 41, s, C-10 CH3), |
1 0.83 (0.6H, 8, C- 16 Cii3), 0.72.(0.6H, d. 6.5 Hz, C-3 ca3),
vprmsx‘ m/z calcd for 022H§§03 (M b—vC3H502) 341 2109-
found:l;34l.2116(29). 249(3), 149(3),. 91(100), 73(61)..

1
'

)
! .
. ]

(1s 5R 6R 9R 11R 13R) 11 Benzxﬁoxxﬁ9—ethylenedioxymethyl-

hydroxy 10-oxa-1 4, 5—trimethyltr1cyclo[7 4 0 02 l3]-

'

‘_tridecane 1oo L “"\; L

. : 4
A 0 4 M solutlon of llthlum trlethylborohydxlde in’

:THF (0 4 mL, 0 16 mmol) was. added dropwise to a solutlonmb

<

')f of the epoxxde 99 (20 6 mg, 0. 049 mmol) 1n dry THF (2
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mL) . After 30 min at room temperature the reaction was : fy
h' M

quenched w1th 10% NH4C1 and diluted wlth Et20‘ The
i ethereal solution was washed wlth 10% NH4C1 (2x), watet, ﬁ‘~1
(2x), brine (2x), drled (MgSO4). and the solvent

evaporated in vacuo to y1eld the_alcohol 100 as a solid -

\
v

.‘:(18 4 mg, 90%). | The 1H nmr ﬁpectruﬁﬁof'the crude product
dlsplays the methyl grougs for the. C—3 B eplmer (ca. 20%-
of the isomeric mxxture)~at 50.95 (s, Cc-4 CH3), 60.91 (d
7 Hz, C-3CH3), 60.84 (s, C-10 cHz). A pure sample of the
’C—3 x. epimer was obta;ned by recrystalllzatlon from )

HSkellysolve B/dlchlorOmethane.‘ "M p ¥79- 180 C tlc: Rg

lO 19 (Skellysolve B/ethyl acetate,‘l l),hO 27 (Skellysolve

t

K

:B/acetone, 7:3); ir (CH2C12, cast):. 3530, 1450, 1080,
1002, . 947 935 cm™1; 1 npr (400 MHz, CDClj): 6§7.35-7.23

(38, m, Ar-H), 5.26 (1H, 4, 6 Hz,\H—12).j5.20 (1H, s,

‘t

.H-14), 4.82 (1H, 4, 12 Hz, ArCH,0-), 4.48 (1H, 4, 12 Hz,
ISR S R :

‘H TB)[ 2. 34 (IH, ddd,‘i4 5, 11 5, 6 Hz, ‘H- llﬁ), 2 07 (lH, o
r) .

,ﬁ-1 92 -1.78 (2n, m),.l 62 (IH,,dd 11g5, 7 Hz,fﬂ-9). 1.56
ot Lt / . - Lo - .
”(lH, da, 12.5, 2.5 uz; H-s), 1r51'(1H,,td¢ 12.5; 4 Hz,
Y A , o ' . o)
H~7a), 1.45-1.26 (3H, m), 1.17 (3H, s,'C—4 ?H3), 1. 14 (1H,

) 1 08 (1H, 8, Dzo exchangeable), 1 01 (3H, d. 7 Hz', | C—3
cH3), 0.89 (35. s, C-10 cu3) “13c nmt (cnc13)~ 6138 5 (s.: |
u‘lAr), 128.3 (d, Ar,\2x). 127.9 (d,/ »Zx), 127.5 (s, Ar),‘j, R

,—-‘. o
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[ . \ ’ ‘ R . ',‘.
105.4 (4, C-14), 104 7 (d c-12), 84 4 (s, C-8), 73.3 (s,

r

C~4f,‘69.55(t), 66.1 (t), 64.6 (t), 59 0 (d, c-9), 51.3 .
(4, ,9—5):_ 46.6 (d; C-\3l), .36..7 (s‘v; C-10), 36.1 (t), ,33_’0-“ G
(¢), 31.2 (t),-26.4 (t), 24.5 (a), 19.5 (ES,‘15.4 (q).
14.6:kq)7'hrmsk m/z calcd for C22H3103 (vt - QBHSOE)%
343.2265; found: 343.2273(29), 251(2),.235(5), 135(2), .

91(100), 73(22). o " oo I o
' ‘ Y !

Mi xture of oleflns 101

A solutlon ‘of the C-3 q alcohol 100 (3 4 mg, O 008

mmol) and‘p;toluenesulfonyl isocyanate (1 drop) in dry -
toluene (1 mL) was stlrred at room temperature for 1 h
under argon. The solutlon was refluxed for 1 .1/2 h, ‘then’

cooled to room temperature. and dlluted with benzene. .The

\
. reaction mixture was washed wlth water (Qx), br1ne (2x),

and drled (M9864) . The. solvent was removed to yleld the
crude product whlch ‘'was purlfled by flash chromato- aphy
over sillca gel (d1chloromethane/acetone, 98 2) to nge an
: oil (1 7 mg) The 1H nmr spectrum of the product shows

signals for two compounds 1n a ratio of 7:3. ‘The ‘=l_,'

_ exocyclic olefin is the major component og\the mlxture, f

‘o tlc.;,Rf 0. 56 (Skellysolve B/ethyl acetate, 1: 1), 0. 34
(dichloromethane/acetone, 98 2), ir (CH2C12, cast) 3070,‘L
3030, 1643,,1454, 1122, 1673, 1007.‘949, 935, 887.,733, e

697 om” -1; 1n nme (400 MHz, cnc13) 67 37-7. 24 (sn, o

o



IR )

AT-H), 5.43 (0.3H, s, h—14);/ -%8 (K, 4, 6Kz, H-12), .
5.21 (0. 7H, s, H-14), k83 ‘(0. m“ 3, 12 Hz, ArCHzo—), 4.81

(O 3H. dt 12 Hz, ArCH20—) /4 73 (O 7H, br 8, H-18), 4. 50

3 Y

(0.7H, d 12 Hze ArCH_,_o) 4.49 (0.3H, ‘a, 12 Hz, An-CHzpq),.' /
'4.40 {0.7H, t, 1,5 Hz/ﬁ—le). 4.04-3.77 (4H",' m), 2.65 . ~—-'

(0.3H, m), 2.53 (0.7H/ dq, 7, 6. Hz, H- 3), 2.48-1.22 (124,
m)., 1.08 (2.1H, 4, 7 sz, c-3 ca3), 0.99 (0.9H, d, 7 Hz, ' ..

f

c-3 CH3), 0.98 (O H) 8, C-10 CH3):_0.68 (2.1H, s, C-10

CH3); hrms: m/a ca}fd for C22H2902 (M 'jC3H592)= '” R

325.2167(31), 233(8), 205¢1), 135(3),

325. 216- found°‘
e

“

91(100), 73(18)

L]

o Nucleaf Overhauser-enhancemedt difference - o ¥
N \ !

'”spectroscoéy c{Oeds) of one. of the v1nyl protons gave the
follow1n§/results. presaturatlon of the broad sxnglet at
54'.23:/26‘% (54'f4, H-r18) -and 7% (52 53, H-3). I
s / ' SRR T

fTIS;SS 6R,9R,11R, 13R) 11- Benzyloxzel 5-d1methy1 -9~

: hevhylenedloxymethyl S—hydroxy-4-methy1ene—10—d&atr@4yclo-
'Lé 4,0, 09 l3Jtr1decane 102 S ’ ‘

A O 4 M solutlon of 11thium trlethylbor hydrlde in -
THF (0 2 mL, 0. 08.mmol) was added dropw\ae ‘o a solution‘
of the allyllc epoxlde 98 (8 5 mg, 0 02 mm 1) 1n dry THF

(1 mL) The reactlon mixture was 8tirred for 30 min at

s w1th Etzo. The ethereal solution was waahed with 10%

R ‘
1 . . ‘. . ..

oy ‘f,f:,N‘\~qr g¢'j~,f BT



!
.

NH4C1 (2x),.H20 (2x), brlne (2x) drxed (MgSO4)ﬂ and- the
solvent removed in vacuo to give  the allylxc alcohol 102
aa a cclorless oil (7 s mg, 90%),ftIC‘ Rf 0.3
(Skellysolve B/acetone, 7.5), ir (EH2C12, cast) 3452,
1644, 1605, 1469,v1120 1089. 941, 735, 697; 1y nmr (400’
MH;; CDC13)-’ 867. 35 7. 27 (SH, m,.Ar—H), 5.28 (lﬂ, dc 6 Hz, -
H¢12), 5.23 (1H, - <14), 5.01. (lﬂ,‘bf sb H-19), “4'79
‘(IH, d, 12 ne, ATCH,0<), 4. 72 (14, br s, H-19), 4. 45 (1H,
‘4, 12 Hz, ArCH,0-), 4.05-3.77 (4, m), 2.49-2.36 (2H, m),
'2.35 (IH,-ddd, 14.5, 11, 6 Hz, H—llg), 2. 29 (1H, ada,
14 5, a, 2. 75 z, H—Ga), 2.11 (IH. m), 2.01.(1H,,dd, 14.5,
7 Hz , H-llgr‘ 1'59 (IH, dd 11.5, "7 Az;.ﬂ-9), 1.56-1. 21
(SH, m), 1.21 (1H s,a D,0 exchangeable),ll 17 (3H s, C-4
CHy) 0.97 (34, s, c-10 cy); 13¢ nmr (cuc13) © §156.5 (s,
c- 3), 138 7~1s, A;), 128.3. (? Ar, 2x), 127 8 (d Ar, 2x),
127. 4 (a, Ar),‘105 7I(t, c—19), 195 5.4d c—14), 104. 6 (d . Q'
c-12)," 84 'y (s, C-8), 74 4 (s, -4), 69 3’ (t), 66. L (t),
‘f? 64.7 {t). 59.8.(dL\¢—9), 59 0 (d, c—5), 40 4, (t). 37,1 (s,
c-10), 36.0‘(1);'31 3 (), . 29 7 (t), 22.8 Aa, c—18), 20‘0
| '»(t), 14 8 (q; C—20), hrms. m/z calcd for C2232903 (M -
c33502) 341 2109w found. ‘341 2117(24). 373(1), 233(4).

193(2).‘149(3)0‘91(100). 73(17).-

M
- — \

’
oSl
-

v s
B¢
B

Nuclear pverhauser enhancement difference '.V;

'f epectrobcopy (nOeds) of the C-4 CH3 gave the fOllOWlng
o results, preaaturation of the 31nglet at 51 17"'16%1a}*”‘~5‘>



(5§0.97, C=10 CHy). >, .~

o

(Y™

L}
' -

(IS Ss 6R 9R llR 13R) 11~ Benzyloxy 1, 4~dimethx} 9—

' ethylened104xmethy1 10—oxa 5~oxaaplrotr;¥yclo—

7.4,0,0% 133tr1dec-3 —ene 103

)

The exocycl1c olefin 98 (l70 mg; 0. 41 mmol), 10%

'palladlum over activated ca;bon (17 mg), and acetonitrlle

'(5 mL) werclmlxcd‘in aoround—bottom flask The system ‘was

. purged with hYdrogeh éhree timcs. A balloon fllled wlth

~

‘_hydrogen was fltted to the flask and the elurry was“

 stirred v1gorously for 1 1/2 h. = The catalyst was removéd

48:2) to obtaln a pure sample. of 103, tlc: Rf O 33

| Gdlchloromethane/acetone, 96 4), o. 31 (Skellysolve B/ethyl .

‘a.48 (1H. d, 12 Hz ArCHzo-),‘4 04 3 76 (4u, m). 2 90 (11,
: f&gal 5' Hz, H18), 2. 75 (1, @, 4«5 Hz, H—18),.2 42-2 35

by flltratlon, and the solvent 'was removed to yleld an oil
(165 mg, 97% contamlnated with less than 10% of 84) A
portlon of the crude product was purlfled by flash

chromatography over 5111ca gel (dlchloromethane/acetone,'

t

adhtate, 3 2), ir (CH2C12, cast) 3020, 1453, 1143, 1120,

1084?’952 736, 695‘cmv1; 5 nmr (400 MHz, cnc13) . 67.35-.

7.23 (‘SH. i, -H), 5.61 (m. m, H—2), 5 29 (m, a, 6}?

, H—12), 5. 21 (IH, s, H-14), 4 81 (lH, d; 12 Hz, ArcC 20)..‘

(1, m):;2.40 (IH. add, 14.5, 11, 5‘ 5 Hz' 3'113"‘2 12

o

‘*'~(1H, dd,,14 5. 7 Hz, H-lla):‘z 03 (lﬁ. ddo 1235: 3 5 Hz"

E e
e - -
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H-5), 1.91 (1H, 4dd, 17, 5, 1 Hz, H-1g), 1.68 (JH, da, 14,

3.5 Hz, H-6q), 1.65 (1H, dd; 11.5,

7 Hz,

H’"g) ]

1.54~1.44

©(2H, m), 1.47 (3H, br d, 1} Hz, C-3 CHjz), 1.15 (I, dq,

13.5, 3.5 Hz, H-6g), 0.9 (3H, s, C-10 CHy); 13C nmr

(CDCl,): 5138.5 (s, Ar), 133.8 (s, C-3)

‘27()1 127-8 (do Al", 2)()1 ‘127-4 (d'
~104.9 (d, C-14), 104.5 (d, C-12),

66.1 (t), 64.7 '(t), 59.2 (s, C-4),

, 128.3 (4, Ar,

Ar), 126.3

84.0 (s,

57.1

C-18), 46.6 (d, C-5), 41.3 {t), 37.1 (s,

(a, ¢€-2).,

Cc-8), 69.4 (t)

4

(d, C-9), 47.1 (t,

C—lO), 34:9 (t)l

i

194

31.3 (t), 19.7 (t), 15.6 (q), 14.4 (q); hrms: m/z calcd
for C25H3205 (M )z 412.2?73; found: 412.2249(0.5),
339(27), 247(2), 119(4), 91(100), 73(26).

bl

(1S,5S,6R,9R, 11R,13R)-11-Benzyloxy-9-ethylenedioxymethyl -

5-hydroxy-10-oxa-1, 4, 5-trimethyltricyclo[7,4.0,

[l

tridgg—B-ene 104

v

f

A_O 4-M solutlon of lxthxum trlethylborohydrlde in
THF (3.5 mL, 1 4 mmol) was added dropw1se to a solution of
gpe allyl?p epoxide.103 (165 mg, 0.4 mmol) in‘d;y THF (5
mL)“at"Q'C; *Tﬁé'keéctibn m@xtufe was stirred for 30 min

at 0°C, then quenched with 10% NH4Cl and diluted with

>
! o

-EtzO.}'The~¢thereal solution’ was washed with 10% NH,Cl
,t(Zx), Hy0 (2x), brine (2x), and dr;ed (MgSO4) The

'~fmolvent was removed in vacuo to give the. allyllc alcohol

) 104 as a colorless oil (155 6 mg, 93%); tlc: Rg 0.39

S : B



(dichloromethane/acetone, 4:1), 0.39 (ethyl
aceﬁéte/Skellysolve B, 7:5);1ir (CH,Cl,, cast): 3400,
1453, 1142, 1121, 1086,'1035, 949, 936, 736, 697 cm”*; lH
nmr (400 MHz, CDClg): 87.34~7.22 (SH, m, Ar~H), 5.33 (1H,
br d, 6 Hz, H-2), 5.27 (l1H, 4, 6 Hz, H-12), 5.25 (1H, s,
H-14), 4.81 (1H, d, 12 Hz, ArCH,0-), 4.47 (1H, 4, 12 Hz,
ArCH,0-), 4.05~3\76A?;H, m), 2.46 (1H, 4, 9, 3 Hz, H-78),
2.38 (1H, ddd, 14.§, 11.5, 6 Hz, H-11g), 207 (1H, ad,
14.5, 7 Hz, H-1la), 2.03 (1H, dan14, 3 Hz, H-6gq), 1.92
(18, br 4, 16.5 Hz, H-1a), 1.77 (1H, dd, 16.5, 5 Hz,

H-18), 1.74 (34, br &, 1.5 Hz, C-3 CH,), 1.64-1.45 (3H,

m), 1.58 (1H, 4ad, 11.5, 7 Hz, 'H~9), 1.15 (3H, s, C-4.CHy)..
' {

»
"1.06 (1H, s, D,0 exchangeable), 0.86 (3H, s, C-10 CHj);

13¢ nmc (cpcly): 6138.8 (s, Ar), 128.3 (d, Ar, 2x), 127.8
‘ .

(d, Ar, 2x), 127.4 (4, Ar), 123.8 (s, C-3), 121.9 (4,

C-2), 105.1 (4, C-14), 104.5 (4, C-12), 84.1 (s, C-8),

72.6 (s, C-4), 69.3 (t), 66.1 (t), 64.7 (t), 57.7 (4,
c-9), 56.1 (4, C-5), 41.4, 36.3, 35.8; 31.2, 20.9, 20.2

(q),‘17ﬂo (q), 15.8 (q); hrps: m/z calcd' for C,H2903 (m*

- C3HgO,): 341.2109; found: 341.2117(27), 323(13),

233(6),.215(4),'133(5). 91(100), 73(22).

]

3

~'E‘Ormation of the‘alcohols 100 from_104'

The allylic alcohol 104 (35 mg, 0.084 mmol), 10%

palladium dn»activatedpcarbon (15 mg), and Et,0 (10 mL)

~ . . T "K



were mi xed in a hydrogenation flask. The éystem was
purged with hydrogen three times. The flask was shaken-
under 3 atmospheres of hydrogen for 32 h. Then the
catalyst was removed by filtration and the solvent
evaporated to give the alcohol 160 as a colorless oil (32
mg, 91%). .AnalYSis of the M nmr Sf the mixture shows
that the « and B epimers at C-3 are present in a ratio of

1:8 respectively; tlc: Rg 0.32 (dichloromethane/acetone,

" 4:1), 0.33 (ethyl acetate/Skellysolve B, 7:3); ir (CH,Cl,,

cast): 3470, 1455, 1143, 1122, 1097, 1077, 948, 735, 695

cm~1t; 1n n@k (400 MHz, CDCl;): 6§7.36-7.28 (5H, Ar-H),

5.26 (1H, d, 6 Hz, H-12), 5.22 (1H, s, H<14), 4.82 (1H,.4d,

— Q

12 Hz, ArCH,0-), 4.48 (1H, d, 12 Hz, ArCH,0-), 4.05-3.77
(4H, m), 2.45 (1H, dt, 12, 3 Hz, H-7), 2.35 (1H, 444,

14.5, 11.5, 6 Hz, H-11g), 2.36-2.32 (1H, m; D,0

exchangeable), 2.12-1.94 (24, m), 2.04 (1H, 44, 14.5, 7

Hz, H-1la), 1.60 (1H, 44, 11.5, 7 Hz, H-9), }.67-1.19 (7H,

m), 0.93 (3H, s, C-4 CH3); 0.90 (3H, 4, 7 Hz, C-3 CHj),

0.84 (BH.‘g. C-10 CH3): hrms: m/z calcd for C22H31Q3 (M*“'

- C3HgO,): 343.2265; found: 343.2273(27), 251(2),
235(7),.135(2), 133(2), 91(100), 73(28).

BT
-

.
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