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The first chapter of this thesis desc ' Tst total lynthesis

o of (»-)morpatohoulenol {18),+ the substanoe respomihiedor tho)

‘ - cyclizatioﬁ of 101 tclform the desired tricyclic skéléton has also

)

odor of patchouli ofl. Compound 89 was -pggepared from 10-
camphorsulfonic acid (78) ir; 6 steps Protection of the, ketone in
89, followed by convefsion of the ester group into an aldehyde,

. Wittig reaction and hydrolysis cyclizafion produced the’ key
intermediate 101. Baeyer-Villiger oxidation of 101 followed by

hydrolysis of the resulting acetate, oxidation. vinyllithium'
addition and protection gave rise to the two epimeric keto-ethers
'112 and 113 Treatment of 112 with sodium metal in reﬂuxing
tetrahydrofuran produced norpatchoulenol (15) along with the
tricyclic compounds 117 and 118 When }13 was subjected to
similar conditions 15, 119 and 120 were isojated. The, direct )
been investigated. Treatment of 101 with lithium
x:sopropylamide at low tempernature afforded the hydroxy-

tone 76. The conversion of this’ compound into

norpatChoulen-ol. is currently under investig_ation. An alternate

. route to the aldehyde 108 was explored, involving a novel use of a

Wittigreagent\asa trapping agent - For this compound 89 was
_treated with 124 and—pptassium hydride in dimethyl sulfoxide. to

give enol- ether 123. Hydrolysis of 123 produced the desired'

a.ldehyde 108 and its epimer 129 o o '

-



T ' 4 - A ] ‘ ‘
the dt mo "l.Ol tnd lﬂs hal been Havelope . lnvolvmg the /-
p%cloaddmon reacﬂbn of vinyLaceta,te vmh the enone-ester
18\7 els-Alder reactlon ‘91' the diene 161 with 150 gave a 1 1; 1,

’ 2N mikture jf adducte 174.  Stllar treetment of 168 *produced a
v 1:1 0 3 ure of the adducts Reblaclng the acetyl group ln 163 ,
with a pivaloyl group y.ncreased the selectivity of the reactlon.

leadlng to '‘the isolation of a 1:1 mixture of adducts 180 and 181.
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" Introduction v

T ARG LA
; & e
Y oo

Patchouli oil i‘s an esse tial oil obtained by steam distillation from

the dned leaves of an ast indian shrub Several species ‘of the '
Labiatae family‘ grow in tropical regions. but only one,
Pogostemon patchoult Pellet var, suaws Hook (syn P. cablm
Benth P heyneanus Wall) is utilized for the commercxal
acquisition of the essential oil* 'I‘his extract has’ been used as raw
mateﬂal in the perfume industry for over one hundred years
The first notice of its. appearance in European commerce\seems

\ s N \«\ -

to have been given by Virey in 1826 ‘ 2: " / | .,', »

The major component of this oil wa 5
Gal3 in 1869 and was kno"

camphor due to its crysfalline

-camphor " In 1877 Montgol_ 4

SO

‘ "patchouli alcohol" the term by which it has been referred to

is substan(:e as Cl

molecu}ar formulafor, ; 60 Seventeen years

later“‘/i‘n“ 1894 Wallach5 suggested that it should be named

: ever since : In,1912 Semmler and Mayer‘3 reported the firSt

substantially correct physical constants and ‘p¥ T

structure E



'o‘ . .

However. it was not until 1949 that Tretbs" proposed stnrcture 1

L Jm.ss.—' .

later shown to be 1ncerrect

‘ Fmally. in 1963 Buch1 and coworkersg isolated a pure crystalhne.
chromate ester of patc ouli alcohol (or.‘ more recently,_
patchoulol) and ‘were abie to determine Ats. structure . (3) .

B 'unequi(voc/ally by X_-ray-cryetallographic analys_is,. V‘This le_d, to the';"

. accurate structure of the natural prodiict, as depicted in 4.

ﬂand in 1956, Bt’.ichi8 sug.gested structure 2, ‘both’of which v)eref



' .patchouli oil s«Much to- the contrary. the

by perfumers than the crude oil. -

" Patchouli alcohol,’ however accounts for only 35 to 40% of the
. substances contained in t;;'ﬁw essential oil.. ‘To 1966 ten
compounds. other than patchoulol had been isolated from -
| E 'patchouli oil and ?haracterized These are: pogostol (6), a-
,patchoulene (6) B- patchoulene W) seychellene (8) a-gaiene (9)
‘p‘caryophyllene (10) B- -elemene (1 1) and three sesquiterpenic
ialkaloids. patchoulipyridine (12) epigaiapyridine (13) and

'gaiapyridine (14) R cgp

. 'A .
. uv‘ ""’F‘" . '
..-",»",’70“ . :

| None of these compounds exhibit the characteristic odor. of-

) sence of some of them,

specifiCally the\_al-kaloidal components enhances the aroma

Thus. the oil washed with’ an aqueou, acidic solution and

"subsequently neutralized has an odor notic ably more appreciated N

»

: .v’rresponsible for the scent of patchouli oil 10.11 The same authors‘

-

JRESRRNEe—

L

ln 1973 'l‘eisseire et al reported the isolation of the substance

elucidated shortly thereafter.l? 13 the structure of said substance | a






[d



‘and natﬂed it "norpatchoul@nol" (1 5) The structural;

determination of this compound wasf earried out by means of .

extensive and careful chemicai degradation combined with
spectroscopic analysis ‘The ac(:uracy of the’ structure was later
\ confirmed“ by X-ray crystallographic analysis of the bromo

*

| derivative 16.

As a sesquiterpene, patchouli alcohol is ﬂﬁiosynthetieally derived
" from .trans, trons‘ famesyl pyrophosphate (17)15.16 (Scheme 1)
Anumber of researchers have’ proposed17 19 that the process :
involves the protonation “of the isopropenyl group of an o-.
»bulnesen‘e intermediate (20). followed by cyclization and a series
of Wagner-—M'eerwein rearrangements (20-—)21-—)22-—}4).
' More recently, Croteau2?? has reexamined the biogenetic
possibihties and #proposed an altemate pathway without the
protonation deprotonation steps Rather, it involves only tertiarye ‘
cation intermediates and a 1, 3 -hydride shift fo yield carbocation
" '21 from which the patchoulenes (6 7 and 23) and patchouli»
alcohol (4) would ultimately arise (t: e., 17518-18-21). This
‘ suggestion is supported by the results “of a number of
_,experiments such as inﬁuivo incorporation of (12, 13-14C 1-
' 3H|farnesyl pyrophosphate and (12,13-14C:6- 3H]farnesyl :
. pyrophosphate using a cell free enzymatic system prepared from

P. cablin leaves.’

\'






coworkers’ll _capyfet
patchoull alcoho{. to yabbits and isoiated two biooxidation

| Nbrpatchou enol in tum is connideted to be biogeneticaliy

derived from patchouli alcohol “In 1975 Ouriuon and

.w\,?“t an administration experiment oi‘

products: hydroxy patchouli alcohol (24) and the corresponding
carboxylic actd (25). Based on this resglt they p_roposed a
biosynthetic pathway involving severa ‘-‘ -oxio‘atiOn steps and a

decarboxylation (Scheme 2).

iy N »

HO.

4

»

. (W . . k)

HO. HO
" A :
'COZ Sey -
, ‘COz2H
15 \\\NWM 25

| To-this défe there"“"'héve been ‘Six total syntheses' of patchouli '

alcohcl. Fijve oi’ these approaches produced the racemic materjal
and th° other involved the preparation of both ()patchouli '




“comy 'erciilly ‘uvailiﬁle.”:
enantlomerto starting materlalé. In addmon.
‘ “““""‘Gf‘fﬁcmé“?" ] 'V”ltéﬁbuleﬁ“dl m;t “"Wﬁe"bf' fhé un
have appeared in the uterature

1denucnl routem from nepnrnte.

o < I L

[

The first synthesls of patchoull a]cohol was reporte d byBuchi and
| 5 note 'that
at t.hat point of time 2 was considered to be the corroct stnjcture
for the naturally occ;uring compound and ail éf'forts were directed
towards the preparation of this compound

o A
Scheme 3™




Ocham. s (gont.)

[ ]

HO : HO
C s-t :

ey . - e,

Ho .
27 a4

-

(a) CH2=CHCH2MQC|; (b) 1)32H6; 2)H202; (c) A020; (d) POC|3. Pyridine; (e) LAH;
(1) CrOg3; (g) SOCIy: (h) AICI3, CSy; (i) PhaP=CHj; (j) Hz. Raney-nickel;
(k) CH3COgH:; (I) BF3-OEty; (m) 1)BzHg, 2)H202: (n) Ac,0, Pyridine, reflux;
(0) Hp, Raney-nickél; (p) pyrolysis, 350°; (q) CH3COzH; (r)BF3-OEty; (s) CrO3;
(t) HoN-NH,-H 0, KOH.

“

Thus, Ehe sequence of reactions originally conceived involved the
oxidai’ion of _a-patchoulhene (6) to epo:dde 26, which was then
hydrolyzed to a diol, at that moment thought to be 28. Isolation
of the final product w‘a's accomplished by treatment of the diol
with chromium troxide followed by a Wolff-Kishner reduction of

the resulting hydroxy-ketone. It was only ﬁhanks to a fortuitous




]

In 1968 Danishefsky and Dumas24 used the Diels-Alder reaction
of dienone 29 with methyl vinyl ketone té form the
bicyclo[2.2.2ioctane system of diketone 30 and then a key intra-
' molecular reductive cyclization of the bromide derived from 31
to ‘produce ‘the-tncyclol5.3.1.03'°]un”g:ecahe (homolsoivristane)
skeleton of patchoulol (Scheme 4). These authors also reported
the syri£hesis Of. 4-epi-patchouli alcohol, unknown from natural

sources. o }

e



Scheme 4 '
!
. *.
a-¢
A
" 29 o 30
\ ‘d-e
\
¢
HO_ .. o
f-i
* . ‘
4 - 31
(@) MVK; (b) Hy, Pd/C; (c) NaOCH,, CHEON; (d) vinyliithium, THF; () HCI, CHCl
(f) Ho0, dioxane: (g) Ha, PA/C. EtOAC; (h) PBrj; (i) Na, THF, reflux.
4 ' P
v

Mirrington and Schmalzl”f made use bf a similar approach in a

more efficient y?aﬂléMSéhgme 5). By delaying the introduction
of the carbony! group until after the bicyclic system was formed.

it 'was possible to synthesize both patchouli alcohol (32-+33-4)



-\

4-35) from "the ‘common intermedjate -

a4

)

md-seychellene (32—

- :

"fﬁf@

oS

£

488



“(a) MVK (b) BrCHzcogEt Zn benzene reﬂux (c) PhNMez, CHacOCI (d) NaOEt
- EtOH; (e) LifNH3(1), EtOH 1) Ph30C| pyndme benzene, reflux; (g) 1)82H5, THF
2)C:0a; yndme (h) 1)Ph3C K*;2) CH3| (i) Hp, Pd/C\-EtOH; (j) TsCI pyndlne (k)
Nal acetone ) Na THF, 100° sealed tube

s



L1

R “:The 'ﬂrst;; SYnthe‘sls of optically active' patchou«lil‘\““v-‘«: "

' (a) CH3C03H NaOAc CHZCIz, 0° (b) LIC|O4, hexane, reflux; (c) KOt-Bu, 02.

Sy

glyme, 20°; (d) LAH Eto0; (e): PBry, pyridine; {f) Li, Etzo -8°; (g)266—tnmethyl

1  2 4-cyclohexaduene 1-one Et70, -60°; (h) xylene KOt By, 280°, sealed tube: (l)
Hy PtOg. EtOH. , - . .



’l:h\ ehiral lithium salt. 37 was prepared from the commerciallyﬁ"f'-{f""
" available ()-3.7-dimethyl-1,6-etadiene (36): Treatment of 37
| 'with 3 6,6- trimethyl -2, 4 cyclohexadien 1-one in ether at' 60°C"'. e

afforded a diastereoisomeric mixture of t( nols 38 and 39
Compound 39 underwent intramolecular Diels-Alder cyclization' e
in the presence of potassium tertiary butoxide to produce the

vtricyclic enol 40 which was subsequently reduced to ()
A

- patchoulcl Interestingly. compound 38 did not undergo the

Diels-Alder reaction The diast‘!:reoselectivity is%accounted for by‘
the presence of severe 1, 3 diaxial interactions in the transwon o
: state 511 disfavoring the forfation of the precursor of epi-
. patchouli alcohol |

41



; ~Patchouli alcohol’;v‘,?‘

the nantiOmer: £ the "naturauy ;OOCurrin g
[‘Gewwasu smm ::q_;;, t B

b , < PE n.-the.. nti_pode of
; ‘-‘-:‘“vcompound 36 which is also comrﬁercially available }' -
“Yamada and collaboratorsz‘3 utilized an elegant double cyclization
reaction as the key step i'or their approach Thus,' ithe'
i‘unsaturated keto- aldehyde 42 (Spheme 7) experienced '
‘intramolecular Michael addition under the action of potassium

,tertiary butoxide to give a mixture of diastereomeric cis-

) _decalones ln the. second stage of the cyclizatioraﬁa and 44,

.v:‘(Wthh necessarily assume the conformation shown in the scheme
for intramg\le\_cular_ aldol condensation;» would yield Vthe ,tricycl_ic
| ke‘toi'45 and its ’epimer 46. ‘The fact that compound 46 was only )
observeda"s a minor product was explained by the authors on the ‘. (e
'basis of a'1,3-diaxial interaction in the transition state frorn 43 to.
R . 46 as indxcated by the arrows which inhibits the formation of
) v‘l‘46 In contrast no such unfavorable steric. factOr is present in »
going from 44 to 45. However, no prﬁ ‘z‘as presented that 43
‘was actually formed in significant amount and the researchers
i 'might have overlooked the possibility that the outcome of the
" reaction may be governed by the Michael addition process rather |
than by the second stage of the cyclization That is if 43 is |
ﬁormed in small amount then 46 ‘will also. be produced in small

NN .



) ‘The last preparation of patchoulol foyxd in "
[dgte has been descnbed by Tetsselre ¥ 'co_,_‘ v‘porkers” in 1980
These authors use the same approach as. Danishefsky.f“ withv

e literature to this'

minor modiﬁcations towards the end of the synthesis (Scheme
8). | | | |
"In 1983 the same authors published3° some further insight into

: their approach The reductive cyclization of the unsaturated
'methoxymethyl ether 47 gives in addition to patchouli alcohol a
small amount of the epimeric hydroxy-ethers. 49 These com-'~

| pounds arise from a five- mernbered ring cyclization of the inter-

mediate radica] anion 48

Furthermore,. exposure of 50, an epimer of 47, to the same
reaction conditions afforded the five membered cyclization

» products 51 exclusively

&Y
H
4



a . 45 R=0-CH,
“ ‘ A '. ' v 46 R=f3-CHj

'(a) Ph3P-=CH2, DME, DMSO, -30°-»r.t.; (b) Ha, Pd/C Et/H ) LAH Etgo 0°; (d)

PCC, CHZClp; (e) PTSA, (CHa0H),, toluene, reflux; (f) 1) LUNH(l), THF, -BuOH,
--33°; 2) oxalic acid, CHz0H, H20; (g) NaOCH3, CHSOH (h): ACOH, Hp0; (i) KOt- -
‘Bu, 1-BuOH; (j) (CstH)z. BF3 OEtz. (k)Raney-nickel EtOH; (1) Cros, pyridine; (m)
'_'1)LDA THF 2)M005PyHMPA aH; 2)CHsl; (o) CH3Li Etzo (p) SOCIZ,’
pyridine, benzene; (q) bis(N-aﬂﬁenethylsalicylaldnmldato)Cu(ll) CHaN,, hexane-

o f‘benzene (1) Ha, P:oz, AGOH, NaOAc; (s) c:os ACOH, cnzcu2



N R ." " ‘, ‘v,,‘ o . T oy R “"‘\w~“‘:’f"’
- Scheme 8 S ‘ oL
\ ' 5 T - ' : A
,

4

(a) MVK, benzene, reﬂ(ix (b) Hp, Pd/C, pentane; (c) NaOCHj, CHQOH (d)
vinyllithium, THF, -20° (e) (CH300H2)E13N"Cl CH4CN, reflux; (f) Na, THF, reﬂux
- (9) H2. Pd/C E1OH. e



The forrnatjon of these byproducts is not surprismg since they

arise from a favorable 5-Exo- Trig3! ring closure The formation
- of patchouli alcohol in contrast, follows a 6-Endo-Trig process,
known to be a less preferred pathway. 'The mechanisms
proposed for the two reactions are somewhat different The six-
~membered ring cyclization is considered to follow an internal
displagement (ScN' mechanism”) ‘where the ketyl radical anion

in 52 acls as a nucleophile and the allylic methoxymethyl ether as
the leaving group. '



On the other hand, the five-membered ring produgt is formed by
means of a radical cyclization of the ketyl in intermediate 53 onto

the double bond.

To explain the differeqce in tlgeﬂoutco'me‘ of the reactions of 47
and 50 the authors propose that the displacement process takes
place‘in‘ a suprafr:xcial fashion. That is, the nucleophile attacks syn
to the leaving group This geometry is allegedly allowed in the
case of 47, but impossible for 50. However, this is not evident
.from careful examination of models of such co}(pounds
Furthermore, the literature presents contradictory arguments as
to the stereochemical course of the intramoleéular'displacement

react’ons, with examples' of both anti and syn relatjonshlp§.32'35 '

(

L]



| “ln the case of norpatchoulenol ftve syntheses have beenv
| reported ’I‘hree of them have been carried out by the same’
Hreeearch /group and tnvolve similar methodology One of these
three approachd’s produces ()norpatchoulenol t,be unnatural

isomer.

.

The first synthesis was published by Teisseire et al. in 197436
J(Scheme 9). It involves an adaptatton of the pathway’ used by
Dantsluféky“ and Mirrington?® for the preparation of patchouli
élcbhol. Dlels-Aldér reaction of diene 54’wtth a_croleindfollowed
i)y a Reformatsky reaction and reduction gave diol 85. ‘After
selective ‘rotecttén of the hydro:vcy‘groups. a hydroboration-l
oxidatlon ~s}t:c:;utmce produced compound B56. Methylation
followed by fa* ;ﬂ'li‘“éfevstep replacement of the trityloxy group by
iodide gave 5?. which was thén subjected to reductive
" cyclization, . cléét\;age of the b‘enzy\l protectiri% groud and

dehydration to afford the desired product 15.

[ 4

4>y
In 1978 Oppolzer and Snowden37 reported an approach to

norpatchoulenol“ using a strategy similar to the one utilized by
N4f26.27 to produce patchoulol (Scheme 10). Reaction of
‘divinyltriethylsilyloxymethatte lithium with dienone 38 folldwed
‘ by‘i)t'otection of the rest.tltant tertiary alcohol with a tr,tn'tethylsilyl‘
group gave compound 58. Sélective ‘deproteétion and intra-

moleeular D'iéis-Aldt;r reaction afforded 59, which *was then



hydrolyzéd, hydrogenated and then subjécte‘d to a Bamford-

Stevens reaction to finally give riq}"patchoulenol. ' F
Scheme 9 |
a-c OH . 0
OH .
54 o 55

HO

15 )
(a\ acrolein, reflux; (b) BrCH2C02Et Zn, HgCIz, benzene; (c) LAH, Et20; (d)
Ph CI (e) 1)NaH; 2)PhCH,Br; (f) BoHg. THF; (g) CrOg, pyridine; (h) 1)PhaC’K*;

2) CH3l; (i)80% aq. AcOH; (j) TsCl, pyridine; (k) Nal, acet8ne; () Na, THF; (m) L|
EtNH,; (n) brosyl chioride, pyridine. '

e

{
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15 ?

(a) (CHQ-CH)ZC(OSlEta) Lit, THF (b) TMSC!, THF, HMPT; (c) KF, MeOH
(d) benzene, sealed tube, 230°; (e) AcOH, Hy0, THF; (f) Hp, PtO2:.(9) TsNHNHz,
HOAC; (h) CHalLi, Et20. M ;

4
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Teisseire cﬁptﬂbuted yet moﬂ;ger nynthelu bned on the D!’ell»
" Alder reaction of 2,6,6- trlmethyl -2,5-cyclohexadiene-1-one (29)
with acrolein®®.” As shown in Scheme 11, a five-membered ring
- cycnzauon product is alsa observed as a secondary product in the
last step, in agreement with the results obtained by the same.
group during the preparation of patchouli alcohol. Further
investigatlon30 led to some minor modifications (Schetne 12).

The epimerization of keto-aldehyde 60 was gccompllshed more

efficiently by means--'of,a deprotonaﬂo}protonatmn sequence.
; L

' ~ Scheme 11
L
o O,
a-b c . d-e
— CHO
29 61
\
OMOM
OMOM
) Vi

(a) acrolein, reflux; (b) Ha, Pd/C; (c) piperidinium acetate; (d) vinyimagnesium
.bromide; (e) methoxymemyltriethylammomum chloride, CHscN reflux; (1) Na, -
THF, reﬂuxi

+ $ ' \\\
& 4
. /
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(a) NaH THF (b)‘HgO pH 7 (c) vmylmagnesuum bromude THF; (d) (- )-camphanoyl
chlonde pyndme, (e) fracuonal crystamzatlon (f) NaOH, H20- THF (g)
inethoxymethyltnethylammomum chlonde (h) Na THF retlux c

. "«‘



| ‘-”compound 64 to 6

| 'gave a B X 9 mixture of 60 and 61 “his is 2‘1 contrast to the'v ‘

. previously found 3 2 ratio when the equilibration was carried out :
with. piperidinium acetate Furthermore. resolution of the vinyl
”thdroxyketone‘62 was accomplished by fractional crystallizatiOn

~of the two diastereomeric esters obtained by reaction with
camphanoyl chloride (63): Completion of the synthesis from (+)-
62 resulted in . the production of (-)- norpatchoulenol the

)
unnatura_l steremsorner. e ’

W

S . .o.eoct -

Yarnada and coworkers39 realized.a. lengthy but neverthele,ss
elegant preparéﬁon of racemic norpatchoulenol (Scheme 13) As.

Cin- their synthesis of;atchouli alcohol28 ‘Ae double cyclization of

o b'steps were carried out following the biogenetic route oxidaﬁon of '

plays a key role in the process The final‘ |

~-hydroxy patchou:' alcohol (24) to the corresponding carboxylic " C

Aamd and then oxidative decarboxylation
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' scheme1s
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' Scheme 13 (cont,)

0- p - ,
. (o) DMS M
iy TB | ,q(omoms

B
i .

(a) CHy=CHCN, benzene reflux; (b) 1) LDA, THF -7830 ..... 2 )02.»‘-78°C 3) Na2803
0°—-25°C; (¢) 1)LDA 2)(CH30)20H(CH2)3I (d) NHaOH-HCI, NaOAc, CH30H, M0,
~ reflux; (e) TsCl, LiC}, pyridine; (f) AcOH H50; (g) EtoNH, CH30H H50, reflux; (h).
(CH28H),, BF3 OEt,; (i) DIBAL, toluene, CHyGlp, -78°;. (j) NaBHg, CH3OH (k)
Raney-nlckel EtOH, reflux; ( SCl, DMAP, TEA, CH,Cly; (m) PCC, CHoCly;
(n) 1)LDA, THF -78°%2) Mo‘MPA (0) Ph$0(-NCH3)CH2 Li*, THF, 0°;(p)
Al(Hg)'?HY-‘ AcOH HZO (q) 1)CHuN,, CuOTH, benzene; 2)P10,, Ho, AcOH
NaOAc; (r) mANF THF; (s) PDC DMF; (t) Pb(OAc)4. Cu(OAc)z. pyridine,

benzene, HZO : ,B : :

As of the time of writing of this thesis no synthesis of the

naturally occurin&bj_porpatchoulenol has appeared in the

: "lit*rature _The first such synthesis from commercially available. a

opt:cally active, (+)~10-camwilfenic~ acid is ﬂescribed in the |

e ¢

first chapte‘r of this thesis. -
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Several synthetic schemes can be. envisioned to provide our target

- compound norpatchoulenol (15). I shall brieﬂy discuss a number of
S ,

these approaches

P4

Let us consider. for example. the cleavage of the C-6, c- 7 bond,

process a. It lnvolves the preparation of a molecule of the type of '_

32



e
e

66 S eT

. This molecule should b'e functionalized in a"manner th'at permits

subsequent cyclizatign for example, by means of a carbonyl group at .

C-8 to activate*position C- 7 towards the abstraction of a proton. and' '.

also a leaving group at C-6. ’I'his would lead to derivative 67

A less.‘._accessible model results sthe'matically from ‘the. eleavage of .
the C-5, C-10 bon'd (proeess b). Th'is requires the preliminaryﬁ"ﬁ. '
' synthesis of molecule 68, which is a priori difficult to obtain. In.

addition, suitable actlvation of C-5 and C-10 is necessary. This

“could be visuahzed as in compound 69, with a carbometshoxy group -
at C-10 and an allylic leaving group All these without taking into '

jaccount many stereochemical problems, makes it a difﬁcult target
A : - N

'Me0,C



| 'This approach has been used by Frater‘° and Yoshikoshl‘“ et al for

the synthesis of seychellene (8). and by Néf and coworkers” 27 for

the preparation of patchOuli alcohol In the present case ‘the pre-

‘existence of the 3.4 double bond would pose a serious problem

concerning the selective hydrogenatlon of the C-8, C-9-double bond..

S
.

Diels-Alder

70 -

A precursor of the C- 3 C-4-double bond is therefore: required such

asa carbonyl group at C-4. Compound 71 ‘possesses this feature and

has been used by Oppolzer and Snowden37 in their synthesis of

raeemic norpatchoulenol \

71



\

= *Disconnectlon of carbons 1 and 11 (process e) leads to a molecule

. -with the skeletoh. of. 72, funcuonaltzed asin 73, ‘I'l)c: intramolecular
'cyclization of e-haloketones is a known process"“z -44 and could bp

..y

used to effect the ring closure. S o T

X

72 : I 73

w ' : | Lo
This’ reactiorl can also be utilized if the cleavage of 't..heC-l.\: c-2
‘bond (process d) is considered Such a procedure would require
the preparation of a compound like 74. The syntheses of patchouh.
alcohol reported by Danishefsky 24 Mirrington25 and Telsselre29-3° |

are based on' this methodology as are those of norpatchoulenol‘

published by Teisseire.30.36:3%

74
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L “
) Another type of reaction using process d invol\%e 8 possible intemal

--aldol. condensaiion of diketone 78 to form hydroxy-ketone 76, The o

- carbonyl group at C- 3 could then be manipulated to produce the.
. desired double bond by a reduction- dehydration sequence or by

means of a Bamford-Stevens reaction

75 ‘ 78

We set our goal to the preparation of the naturally occurring,
optically active. (+)-norpatchoulenol (18). An analysis of the
approaches mentioned above suggests that process d, the
‘retrosynthetic disconnection of the C- 1 C-2- bond is the course of
action that permits the best degree of control over the absolute
'stereochemistry of the final product ‘and the related intermediates.
We decided to address the problem of forming the third ring in the
patchoulane system«by means of the intramolecular, aldolization of
compound 75, since this method looked very promising and had

’r

never been reported before A

e

A

From the retrosynthetic analysis, the immediate task at hand was to
prepare' the bicyclo[2.2.2]octane derivative 785 with high
stereoselectivity. "The diketone could .be envisaged to originate



N

. onto the side-chain urtsaturated ketone:

I'; camphorsulfonic acid (78).45

| // ug/ ' ‘“‘.- ‘fl

from an ‘mtramelec'u'lar‘ Michael addition of the C-10 enolate in 77

75 [ | r 77 A

. o . :

Note that the absolute stereochemistry of the desired final product
will be controlled :téo’)’ely by that of C-7 alone. T-he shown 7R
confxguration wou’ld ‘lead to (+)- norpatchoulenol whereas the 75
epimer would produce the unnatural (-)-isomer The absolute
stereochemistry at C-10, the only other’ chiral center in 77, is
uniniportant since the reaction requires the formation of the

cdrresponding enolate, which would destroy the chirality at this

'position. TAﬁS brings up a point 1n‘ favor of the approach& 1at we

decided to’ follow: if the stereochemistry at the C-7 center can be

controlled in a stereoselective and stereospecific manner, both the

_natural and the 'unnatural antipodes of norpatchoulenol can be

prepared using the ‘'same method.

Campholenic acid (79) can be prepared by alkali fusion of




KoW COLH
300° | |

79

Cleavage of the double bond in 79 by ozonolysis followed by

recycllzation would produce the unsaturated keto-acid 80 (Scheme

14).
Scheme 14
0
OHC

-0 CO2zH |

0

L
I -
CO2.H
2 | D

- 80 %{\{ e

38
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Since the only chiral center in cémpholemc acid does not

‘partlcipate in any of the reactioy the _sequence, and slnce both

enantiomers of camphorsulfonlc.acrd are commerclally available m |
very high optical purity, the stqreochemlstry of the intermediates in /
our synthesis, and therefore that of the final product, can be easily/
controlled. ,Compoun’h 80 can then be converted into 77 by the
introduction of a methyl group at C-10, followed by exteﬁsion of the
~ side ch§in by three carbon atoms and the necessary functional
~ group manipulations. The full retrosynthetic pathway is shown in

~Scheme 15.

~

In the present context, (1S)-(+)-camphorsulfonic acid (78) was ‘
react®d with fused potassium hydroxide at ca. 400°C to provide (+)-
campholenic acid (81)4% in 80% yield. Compound 81 displayed a
specific rotation [a],?? +9.2° (c = 0.98, CHClj3). in close agreement
with the reported4® valuc. It also showed a molecular ion peak at
rﬁ/z 168.1148 in the mass,s;i;égfrum. consistent with.}the’ molecular
formdla CioH 60, Its infrared spectrum showed the presence of a
carboxylic acid at 3500-2300 and 1705 cm!. The 'H nmr
spectrum .exhibited methyl groups at § 0.82, 1.03 and 1.61, as well
as a vinylie proton at 8 5.24. The structure was also conﬁrmed‘by
the 13C nmr APT spectrum which shows signals for methyl groups
at § 12 26, 19. 60 and 25.40, oleﬁnic carbon atoms at 5/121.55 and
147.55. and the carbonyl group at & 180.21.




HO

15

80

CO2H -

Scheme 15

HO_

78

76

SO3H
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~The

~CO3CH,

81 82

The transformation 50‘ fthe acid 81 into the methyl ester 82 was
effected in 98% yield upon treatment with potassium carbonate
sugpended in acetone, followed by the addition of an excess of
methyl iodide at room temperature. Compound 82 showed a
specific rotation [&],?2 +12.0° and an ester carQonyl at 1740 cm™! in
the infrared spectrum. Its mass spectrum ﬁesentedﬁa molecular
jon peak at m/z 182.1297 and \Q the 'H nmr spect.ruﬁx the methoxy
group was observed as a singlet ;i“§\3.67. The carbonyl group also
appeared as a singlet at § 174.09 in the 3C nmr spectrum.

_ o
4nary studies for the present work were carried out

using ic materials. Racemic 81 and 82 were prepared in an

analogous manner from (i)-camph‘brsﬁlffonic acid sodium salt.

Interestingly, when the fusion reaction was carried out using the g‘

sodium salt, a second product was obtained together with
campholenic acid. The two compounds could be partially separated
by fractional vacuum distillation. The Byproduct so obtained

~ displayed bands for a carboxylic acid at 3500-2400 and 1700 cm™!"

g o
i -
N -

k|

in the mfraréd spectrum, and a peak at m/z 1”15.0757’ln1the mass

spectrum. The 'H nmr spectrum Showed complex signals at d 1.68,

»



-one doublet one triplet and nne singlet L e S

"

| corresponding to the expected molecular formula for the ammoniab:

“ 5 cluster of the a“i:id (CSHIQOZN)

6 0 77. g Its mC nmr, APT" (Attached Proton Test) spectrum -disp@ed

a carbonyl peak at ) 185 92 and seven other signals four quartets" ‘ -[ ‘

"(

The presence of the two methyl singlets coup-led"»i'ith" th‘e‘

appearance of a carbon singlet (other than the carbonyl group)

suggests the presence of a gem«dimethyl group in, the compound

spectral data is in accordance with the structure 83 for the
secondary product ’I‘he electron impact mass spectrum of 83 did‘f*;'f
not show a molecular ion peak but the chemical ionization mass" '

spectrum displayed ‘a. base peak at m/z 162 ([M+ 18]"“) B




......

o "'sing the ame procedure as above. _The products wex@e separatedﬁ
‘f-by”fractional{' distil ation and the i&olaft, i of “con

Mconi‘irmed the presence of a carboxylic acid in the structure of | the‘a-;w '
j“secondary product Compound 84 displayed a molecular ion peak at '
m/@ 158. 1305 in Wthe mass spectrum in accordance with the S

" ‘molecular formula C9H1802 Its. lH nmr spectrunﬁshows a signal at

8 3. 65 for the methoxy group and a set of signals equivalent to those

of the corresponding free acid ‘A band at 1735 cm-! in the 3

infrared spectrum also conﬁrms the presence of an’ ester moiety

K ‘sodium -salt of camphorsulfonic acid indicates that more severe '

»settﬁle ’.t_his point.

* methanol  anc

] R
B
o

8 known The factr that the product was only obtained from the:

'coriditions are required fot" its formation since higher

[APT

temperatures were used for the- fus1on of this salt “When the.
. b

; reaction was carried out at lower temperatures. only campholj‘x-ic L
o acid was, obtained This suggests that the byproduct could be

“formed. from the campholenic acid salt and not directly from the

.9.

: -_'_;_Compound 82 w ds subjected to ozonolysis at 78°C in a rnixture of !

4

¢ dichloromethane Reductive workup using)'v’ |

The mechanism by means of which compound 83 is formed is not .

~camphorsulfonic acxd Further investigations are. in progress to 5



,-“'of ma o al"' “,This cOmpound.W&S. therefore. immediately treated“'

o 7with p-toluenesulfonic acid in reﬂuxing benzene. to afford enone-

0

)

- | | coch; .

/I /

ester - 86 _[_o_tlnff +58. Wrom 82. The‘ infrared
o spectrum presented _carbonyl bar(xds at 1730 and 1680 cm* and its
v_mass- spectrum showed a molecular ion peak at m/z 196 1098

tconslstent with the formula c“H,Gos ‘The lH nmr spectrum
| displayed two doublets of doublets at 6 6.83 and 5. 97 for the vlnylic} o
’ ’_;,?protons and sharp singlets at 8 3 70 for the methoxy group and at |
5 1 18 and 1. 01 for the other two methyl groups The presence of “ ) |
. the double bond was confn'rned by doublets at 5 143. 13 and 127 69,
2 in the 13C nmr APT spec}rrm. which ‘also showed carbonyl signals at",
5 202 42 and 172.38, ' e

T e

' J ‘ Work carried’ out in our laboratories47 has. shown that the use of L

o AR,

dlmet;pyl mﬁde is ineﬁ‘ectlve and'a single ozonide is isolated

]

P
O*N
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Hydrogenation of the unsaturated kctg,vest# 86 at 10 20 psig in

o ‘ethyl acetate solution using Adams catalyst (PtOQ) gave a 9:1 mixture -

: 1

.,;of keto- ester 87 and hydroxy-ester 88 in a total yiel‘v

of. 96%-" B

Compound 87 showed carbonyl bands at 1740 (ester) an d -
1710 cm 1 (ketone) Its 'H nmr and Bc nmr spectra did not display e

any signals in the vinylic or double bond' regions A molecular ion'

¢ peak at m/z 198 1255 confirmed the molecular formula CllHlBOS

oH @

COCH3, - - A ‘ c02CH3/
87 - 88
” 1

’I‘he alcohol 88 on the other hand presented atmd band at 3200-

3600 cm in the infrared spectrum and a molecular ion peak at v
m/z 200.1416,. in accordance with the structure depicted |

)
.

~The - formation of the hydroxy ester during the hydrogenation -

, reaction was avoided by using a different catalyst Thus treatment.

of a solution of compound 86 in ethyl acetate with hydrogen at. 10-'

20 psig in the presence of 5% palladium over carbon afforded a 97% ‘ o

yield'of ketb ester. 87 SR _' RERRE . .

,] - S : B ‘ . . . Iy i .-




. iy

T T’he ‘gnonometliy;gtion of 87 was thought at fu‘st to be an easily

B

f’\achievable s XD protonation of the substance with a,»suitable base

T e ,..Cx.'?’.,‘

‘Tﬁrtiifollowed by ‘addition of methyl iodide should give cOmpound 89 B

- “The generation of the dimethylation product Qo,iwas not pecteg

. to represent a’ problem since the introduction of 'the second

: methyl group onto an already sterically crowded position was not -
'very 1ikely Therefore we proceeded 'to carry out the alkylation by.. _
| treatment of the dimethyl keto-ester 87 with two equivalents of
lsodium hydride in 1,2- dimethoxyethane solution After stirring at -+ -
room temperature for three hours 1.2 equivalents of methyl iOdldC:.
‘"were added: and the mixture was allowed t6 teact at room
_temperature " After the workup, a2: 1: 3 mixtui% of starting ‘material |

87). 89 and 80 was obtained in 66% yleld. )
! Y s ) - ‘ . . \

'To reduce the amount of dimethylation product we decided to

, ‘_decrease the amount of base used When the reaction was effected :

, .with 1. 1 equivalents of sodium hydride. an: 83% yield of a 1:5:2 -

: ,.‘:fmixture of the séme compounds was produced Lowering the
. ;a.

- .reaction temperat)lre and increasing the reaction time reduced the‘

/.




"'amount of starting material recovered but only at the cost oi‘

increasing the extent of dimethylation These results were still |

R unacceptable espeeially due to t‘he i‘act that tl‘ie separa‘tibﬁ”bf 89

5 i'rom 90 ptbved to be ext_remely difficult., requiring an objectionable
number of recycling steps in the chromatographw process. The
goal at hand then, was the elimination of the tet.ramethyl keto ester |
90 asa product of the reaction. '

An. "alternate route was considered at this point: the alkylationv

‘process could be carried, out before the hydrogenation step.

Treatrnent of enone -ester - 86 with sodium hydride at room - ¢

'temperature. followed by the addition of methyl iodide. gave al: 2

mixture of compounds 91 and’ 92 in only 23% yield The lH nmr |
spectrum of the conjugated enone -ester 91 displayed a. ’
'characteristic low field signal at o 6 58 for the vinyl proton, and a

molecular ion peak at m/z 210 1251 in its mass spectrum.

ound 92, on the other hand, showed a peak at higher field

COCHs -~ . : CO2CHj3

91 S 02



o ‘:-";’mis outcome was not. totally unexmcted malkylauon ‘3 known to

“be a major problem durmg the alkylatlon of o, B unsaturated',

: rlz:etone.",9 52 because a proton is 5bstracted more easily from the

o058 SR

'Wintermedlate" B. y—unsaturated ketone (93) than from the starting“'ﬁ

: material (86) 53 o

o

' CO,CH;

4

In the hope that increasing the steric bulk at the ester position
could have some effect upon the *ylation reactidn we decided to

prepare an ester of higher molec

94 was prepared in a manner analogous to the sequence aJready/

described for the methyl ester 87 (Scheme 16). Treatment of 94
: with sodium hydride in dimethoxyethane followed by addition of
- methyl fodide at room temperature gave a 1: 4 2 mixture of starting
' material and the corresponding monomethylated and dimethylated

- prOducts.

ar weight. The isopropyl ester -



" Scheme 16.

94

(a) 1) K2COg3, acetone; 2) (CH3)2CHI reflux, 20 h; (b) 1) Og, CHaCly, CHaOH, -78°C;
2) (CsHs):;P -78° — 25°C; (c) TsOH benzene, reflux, -H,0; (d) H2, EtOAc, 5% Pd/C. \

i 'Sine: fione of the procedures attempted up to this point showed a
significant improvement of the reaction we resolved to try other :
bases for the deprotonation step Lithium - diiSOpropylamide
; potassium hydride and potassium hexamethyldisilazide54 were‘v»
h tested under various conditions The results are summarized in" '

Table 1.

-



1 ik:f"Reaction conditiona and prbduct Y‘eld‘ for the

methylation of compound 87

No. Eq. Temp. Time™ . Yieki(%)

Entry Base No.Eq.  CHy (0O (hr). Mono DI SM.
1 NaH - 20 ° 12 25 42 12 34 20
2 NaH 14 " 12 25 22 53 18 12
3 NaH 1.2 11 0 36 55 26 <5
4 LDA 1.7 20 -3 6 49 16 15

5 KH 1.1 . 1.2 25 6 31 13 26
6 KH .12 12 0 5 35 17 20
77 KH 1.1 20 30 7 58 7 14
8 KH 1.3 20 50 14 65 10 7 -
9

KHMDS 1.2 6.0 -78 2 77 0 0

: The best conditions achieved (entry 9) involved the treatment of
keto ester 87 . with potassium hexamethyldisilazide at -78°C,
followed by the addition of a large excess of methyl iodide, al'so at
low temperature ‘to give a 77% yleld of pure monomeﬂﬁrlated
product 89 Unfortunately, scaling up the reactio/n over 500

milligrams brought about the unavoidable formation of the

' dialkylated material, 90 in amounts varying from 5 to 20% of the

isolated product It should be noted that the monoalkylated
'compound was always obtained as a mixture of epimers at the alpha




o posmon in ratlos varylng from 1: 1 to 5 l depending on‘ the;reactlon "

. condltlons. Its 'H nmr spectrum clearlx showed .two sets of llgnals

for the methoxy group. the alpha proton and the methyl groups |

m’;‘he mass .spectrum’ ‘displayed’ the mdlec‘ular lon Et m/z 212 1418,

The dialkylated compound 90, presented four methyl singlets in
the 'H nmr spectrum and a molecular ion peak at m/z 226. 1570 in

the mass spectrum. The infrared spectrum of both substances

sbowed carbonyl barrds at 1730 and 1700 cm’ 1,

With the keto-ester 89 in hand, we h‘ad"then to lncrease the length

of the side chain by three carbon atoms to form the a,p-unsaturated

~ diketone 77 and then to carry out a cycllzation via Michael addltlon

~ The simplest way to effect the above transformatlons would be to -

benzene.

| replace the ester group with an aldehyde and then extend the chajn

with a suitable Wittig-type reagent.

o

To this effect, the ketone was protected as a ketal by treatment of

89 vldth -toluenesulfonic acid and an excaess__of ethylene glycol in

E reflux temperature, to produce compound .95 in
quantitative yield. The 'H nmr spectrum of 85 showed a (:ornplex
signal centered at & 3.98 with an integral of four, representing the
protons on the ketal portlon of 'the molecule. " Its infrared spectrum
had only one band corresponding to an ester carbonyl at 1740 cm’l.

A molecular fon. peak at m/z 256.1680 in the high resolutlon mass .

) spectrum was in accordance with the molecular formula Cl4H2404



CO2CH;

25

Reduction \of the ester moiety to give the hydroxy ketals 96 was
carried out in 94% yield with lithium aluminum hydride in reﬂuxing
ethyl ether, followed by alkaline workup The 'H nmr spectrum
displayed the protons at the base of the hydroxyl group as a
multiplet at 8 3 62. The infrared spectrum showed a broad band at
3700 3100 cm- -1 characteristic of an alcohol and nolignals in the -
carbonyl region A molecular ion peak at m/z 228.1726 confirmed

the formu13 C 1 3H2403

An alternate and more convenient method for the separationxof
compounds 89 and 90 was realized chemically. The crude mixture
fropr the vmethylation reaction was Subjected to ketalizatién‘
producing the ketal-ester 95. The tetramethyl keto-ester 90 did
not form the corresponding ketal presumably due to the steric ,
hinderance exerted by the four methyl groups onto the ketone
. carbonyl. Unfortunately, chromatographic separation of these two
| compounds proved to be just as difﬁcult Lithiurn aluminum hydride
reduction of the mixture of substances gave hydroxy-ketal 86 and
diol 7. The bulk of compound 97 could‘be separated by

]



| precipltation upon cooling of a l;exane eolution of the crude.

reaction products 'Further purlﬂcaﬂen of 968 was achieved by either

flash chromatography or High Performance Medium Pressure quuld

Chromatography (HPMPLC). The mfrared spectrum of Omhowed a

band at 3500-3000 em-!. Its mass spectrum did not display a
‘molecular ion peak, but a M-18 peak"w@g_ present at m/z 182.1678

:Af%ii?;’ SR

OH

due to the facile loss of a molecule of water. The 'H nmr spectrum‘
had two complex signals at 8 3.74 and 3.61, corresponding to the
two protons adjaéent to the hydroxyl group on the side chain, a
. doublet’ at 8 2.93 for the proton at the basé of the secondary alcohol,

“and rﬁ_ethyl greups at 8 1.02, 0.97, 0.89 and 0. Mhe '3C. nmr

spectrurn clearly presented the carbon atoms bea

~ §84.49 and 61.95.

The oxidatfon of con’t-pound 96 to the corresponding aldehyde
turned out to be a more laborious task. Treatment of 86 with
yridinium dichromate®® in dichloromethane solution afforded a

‘mixture that showed at least flve spots in thin layer

oxygen at "



‘.wu

ehromatography A ctmﬂar result was obtained yith P&'ﬂd‘m“m

i)

chlorgchromate.” Cheng and coworkers have reported the use of |

pyﬂdlmum chlorochromate adsorbed on- alumlna for the mild
ox.idatlon of sensitlve alcohols 57! When the hydroxy-ketal was‘

cxposed to this reagent m hexan; solution a clea?er reaction
resulted,”and the ketal- aldehydes 98| were isolated in 68% yieﬁ) An
improved yield of 79% was realizedg%hen the oxidat.ioq, was carried
out with pyridinium chlorochromate \in dichloromethane solution,
in the presence of sodium acetate ad a buffer.55 The mixture of
épimers ‘98 shoged a éainplelx‘signa at & 9.'92 and two sets of
'.‘m\éthyl groups in the 200 MHz 'H nmr spectrum. The infrared
“ spectrum;h'ad_ bands at 2890 and 1725 cm'! , which correspond to
the aldehydé 'ﬂjn‘ction and 'the mass spactrum displayed a
molecular fon peak at m/z 226.1569, in full accordance with the

mOICC\Jlar fomUIa C13H2203

.reacteg with sodium - metho _dim metl}anol

?;,

-

!



corresponding sodium salt, and then a solution of 98 gpmcthunol
was added. Stirring the mixture at room temperature for ;18 hours,

followed by workup, gave the crude mateﬂ_ai 100, irhlch was .used
| without purification for the next reaction. Refluxing compound 100

'

e [\

o. O L S

100
o
in é‘ 1:1 mixture of 3N hydrochloric acid and tetrahydrofuran for
four hours brought about the hydrolysis of the acetal group, with
concomitant cyclization via Michael addition . Two major products

were discernible on TLC, and separation was achieved by |

chromatography or HPMPLC. Each of these compounds “%% :

broad band centered at 1705 cm'! in the infrared sﬁum.
. ' . o

" Molecular ion peaks were observed at m/z 222.1620 and *1622

in the higl;ﬁreiglutioh mass spectra, whichsare consistent with the

molecular fox’mt‘ila‘ C14H2,0,. These spectral data suggest structyres
161 and 102. Individual assignment of these structures was made
with the basis of high resolution (400 MHz 'H and 100 MHz ’."{G);
nmr spectroscopy. The spectral data are ‘shbwn in Tables 2 to 5.

S
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H3-worH3-p

H-Q or H-10°
. H-100rH-9
CH1

2.34
212
2.04
2.00 -
1.97.

. 1.69 (4H)
187
113

1.08

C0d@40,17) .
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s
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Table 3. fb\? MHz ¥°C nmr data for'compound 101. .
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‘Table 4. 400 MHz 'H nmr data for. compound 102.
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Shitt (8)
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"~ Chemjcal

L

7 Muttiplicity (coupling constant in Hz) |

¥

«
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Voo
A

-

a7

H-12a0rH-12b

“"H12borH-12a | -

' HS-B -
e
H-60 &4
H4
H5-oc

" He-B

CH10 .
Cwe
o H-3a

H-11

‘H-14 -

1

- 217

_ . 2.14 _—~
COHEB 182

1.78

1.66"
1.54
1.44
116
ERT:
1.06

088’

260
2.48
\2..-34' -

L dd(40:18) -

- dd (11,18)
© dddd (3.0,35, 11,14) *

'8

“complex -

ddd (3.5,7.0,11,13)
© ddd (4.0, 115, 14)

A
Qa

apparent quintet (3.0).
~dddd (3.0, 5.0, 11, 13)

s

8

 ddd (25,60,14)

i

 dddd (20, 55, 12, 14)
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Figure 1. COSY-90 Spectrum of 101.



»

M R ROF "R " R

o b b TR

PPM

50 B J_sv' da Jé

Vi

e Fig\u'eZ ".H-‘"’CA Cprreléhon Spectrum of 101. f B

\



T W—]ﬁfl"v‘.‘b
28 26 24 22 %0 1

Figure 3. COSY-90 Spectrum of 102.

L 28

PPM



N
) o d N - ® « e ﬁ -
* - - L - - N ' o~ E
IO UREUU VERRN WO S WY [ PRI NUEP SIS BT W BN ) I e
e
v -——
° —— ———
* ..
3
———— ——— “
L}
-y
— —
A
v
- ——-
L
' 5
w——
”
.
\

»

ot 11713 . ' : ,
Flgure 4. 'H-'°C anelaﬂ(?p Spectrum of 10{2.'

Iefh'lz'ioﬁ‘:fa*de':14'32,'50'2‘8'2‘6'#'52(50'fa'{s'

&

PPM



i C 8
R f‘ : s } Yoo
. &

For the diketone 102 the assignment followed the rationale |
| described below. The two doublets of doublets at low field in the H
~ nmr, were ascribed to the protons attd’ched to C- -12, ’l‘his was
| conﬁrmed by the appearance of C"l2 as a"triplet at 6 48.0 in the 136
nmr spectrum The ‘H COSY spectrum showed that these two
signals were coupled to one another and to the peak at & 2. 14,
which is therefore assigned to H-2. In turn, H-2 showed couplings
to H-3p and to H-3a at 8 2.34 and 1. 06, respectively. Both of these
peaks are Dporrelated to the carbon atom appearing at § 31.4. Also, a
coupling of H-2 with the signal at 81.44 allowed the asslgnment of :
the latter to H-6p (W coupling). From the lH-“’C correlation
spectrum. H 6a is allotted the peak at 6 1.78. The guintet at$ 1.66
_'was assigned to H-4 on the, ‘basis of 'its multiplicity. This was
endorsed by the l%act that the corresponding carbon atom is the only
other doublet in the 13C nmr spectrum. ‘Other than the methyl '
groups, the only two signals left unassigned at this point at 1. 92'
and 1 54, were attributed to H-5f and H-5aq, respectlvely The
"methyl ‘groups were assigned on . the basis of NOE experiments :
Saturation of H- 9 (5 1.12) gave rise to a 2% enhancement on each of |
H-v4 (5 1.66), H-58 (3 1.92) and H- -6B (& 1..44). Similarly.,irradiationr
'of H-10 resulted ifn NOE enhancements of 4% for H-3p (3 2 34) and ‘
2% for H-4 (5 1.66). Finally, saturation of H-11 originated an NOE
of 6% on H-14 (6 2.17) and of 7% on H-10 (5 1.16). “The signals in
the nmr spectra for compound 101 were assigned in a similar
manner. Unfortunately the higher degree of overlapping in its 'H;

nmr Spectrum precluded the unequivocal assignment of every peak




‘ Ulumate proof of the rclauve stereochemistry of 101 and 102 at

c-2 was achieved ‘by means of the chemlcal transformations
described below. . |
Since diketone 102 represented '50% of the product.mixture

obtained from the reaction it was desitable to convert it into the

required epimer 101. Presumably this could be done‘y means of a '

halogenation: - dehydrohalogenation - hydrogenation sequence.
Toward' this end, we attempted to prepare the a-chloroketone 103
by treatment of 102 with sulfuryl chloride in carbon tetrachloride

. 103

solution. 'Howevgr, ohly starting material was reéovergdﬁéﬁér,the
‘workup of the reaction mixture. Bromination, on the 6ther hand,
tui'ned out to be more successful. When compound 102 was reacted
with pyridinium bromide perbromide59 59 and acetic acid in
dichloromethane solution at room temperature, a 2:1 mixture of
monobrorpinated -diketone 104 and dibrominated compound 105

- was _obtéined in 67% yield.
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104 L 108

Compound 104 displayed a doublet at & 4. 63 corresponding to the
proton adjacent.to the bromine atom ‘and the methyl ketone at &
2.38 in the 'H nmr spectrum Its mass spectrum showed two
molecular ion peaks at m/z 302.0702 and 300.0724, in accordance
with the molecular formula C14H21023r.' The dibrornide 105, on -
the other 'ha’nd. showed. 'H-lé as a doublet at & 5.09 and also
doublets at & 4.39 and 4.06. representing the two protons on C-14.
Th'e mass spectrum showed three pea'ks at..m/z 381.9785,
379.9808 and 377.9830 in a 1:2:1 intensity ratio, as expected for.
the formula Cy4H300,Br,. Lowering the temperature of the reaction
to (5°C increased the total yield to 81%.‘ and the ratio of 104 to 105
to 4:1. At -10°C the monobromin_ated compound was obtained
“exclusively in essentially quantitative yield. | |

An attempt to dehydrobrominate 104 by refluxing in pyridine61 only
produced what by TLC appeared to be a complex mixture of
substances. However, when the base ‘was changed t‘!t&

diazabicyclo[2.2.2]octane (DABCO)‘”-63 and the reaction was ca;ried

*



106

this compound showed a vinyl proton signal at § 6.12. The
stereochemistry around.the carbon-carbon double bond is not
known and, in view of the next reaction, is irrelevant to the p&pose

of our scheme- Completion of the sequence was achieved by

hydrogenation of 108 at atmospheric pressure using PtO, as a

catalyst to afford ((ile desired isCmer 101 in quantitative yield.

With compound :101 in hand, we were set up to attempt the
intramolecular cyclization that would form the third ring and

complete the patchoulane skeleton. For {ﬁis purpose the

generation of a carbanion at the C-14 position, W‘)iCh would then’

add to the C-7 carbonyl group, seemed to be the reasonable route to

follow. Unfortunately. our eﬁ'orts to effect the above transformation

under various conditions proved fruitless Treatrrient of 101 with

. sodium methoxide in methanol or lithium diisopropylamide in -



vk

i

,k %emperature; al}vays'
%ing material.

tetrahydrofuran or dimethoxyethane &
resulted in the gecovery of the unchanged

Nukailyama and coworkerva64 have reported the reacuon of suyl enol ]
| e::?mrs with aldeﬂydes and ketones. in the presence of titanfum

tetrachloride under mild condmons to glve cross-aldol addmon
(4 products in good yield. To apply. this methtdology to our case, it
became’ necessary to prepare the sily} enol ether 107. This was
done in 72% yield by treﬁa‘tml'en't' of 101 with lithium
diisopropylamide in tetrahydrofurafi at © 78°C followed by addition
of an excess of a 1:1 mixture of triethylamlne and trimethylsilyl
chloride. Compound 107 dlsplayed broad smglets at § 4.06 and
3.98, corroborating the presencé of the two vinyl protons.
Moreover, a large singlet at 5 0.21 confirmed the 'presencegof the

trimethylsilyl group in fhe molecule.

R -
TS 107

H@ying obtained the desired enol ether, we moved along to attempt
Muk_aiyamas reaction. Not totally unexpectedly in view of owr

previous results, treatment of 107 with a 0.1 M selution of titanium
'k <, . ) . ' s
a . . \ i ‘ < -



tetrachloride in dichloromethane at *78°C resulted' only m,,;the

O ydronsis of the silyl enol ether during the W‘O.__-up, to give"f(:’" E
diketone2or. b |

Due to the fa- fure of our cyclization attempts to this point we-'»_* '
decided to try;

different approach to generg"te the third, ring of %

norpatchoulenol Baeyer-Villlger oxidation of :}1 :

hydroly"'fs and oxidatiOn Would presumably produce keto aldehyde oo
108 and at this stage we could follow one of the methods already -
\Ji'epqted for the total synthesis of patchouli alcohol24 25, 29 and

. | e

racemic norpatchoulenol s0.38. R

‘ .fﬁf.".-" AR
N

,*CHo’; ,
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-".:-"_.'.bsolution in the presence of sodium bicarb@nate However only the

",.'_‘-'"’not have any effect on the outcOme of the reaction The )use of",f o

”':.'peroxytriﬂuoroacetic actd 65 however produced very g00d results



,- : two protons adjacent to the acetyl group at 8 4. 04 and 3. 84 each as .

e The high resolution 1H nmr spectrum of - 109 showed signals for the

- réaction was carried out in the preSence of disodium hydrogenf']‘"

phosphate as. a buffer to avoid- hydrolysis of the resulting acetate T

a doublet of doublets Also the acetate peak was evident at 8 1 96

109 L a0

4 ’ ’ RN

: Hydrolysxs of the aéetyl group was achieve’ Without difficulty .in‘{

‘\ :92% yield by stirring a solution of compound 109 in methanol with

ch"

. spe’s

showmg a moleculatdtm‘peak at m/z '196 1464

o a saturated aqueous solution of potassmm carbonate at room o

5 rfture for three hours Thé"‘H nmr spgctrum of. the resulting |
- ,* :
.mxy ketone (l‘lﬂf displayed a doublet with an integral of 2 at e
d no§ignal for an acetyl group in the 8 2}0 region Its $mass e .

?m was in agreem‘;nt with a molecular for ]
\

. 43. Of Clezooz'

g

S

5

e? considerable experimentation it was found that the bestfv

*conditions for the oxidation ,of 110 to 108 required the use of a

i supported zhromium }eagent In this regard pgldiniuﬂ

EC

PSS "

:."q



dichromate., ffered or unbufi‘ered pyridinium chlorochrbmate and

Swerns reagent proved to be quite inefﬂcient producing complex

""l"'res that decomposed further ‘very readily Pyridinium

n"

chlorochromate adsorbed ‘on Alumina57 was. the reﬁgent of - choice

affording keto aldehyde 108 in ca 86% yield This compound

&

turned out to ‘be. highly unstable and all puriﬁcation attempts ,

resulted in extensive decomposition Therefore the crude material S |

was imrnediately utilized in the next reaction N

g

When 108 was exposed to the action of vinylhthium at low
temperature. the allylic alcohol 1=!1 was isolated in 87% yield
Compound 111 displayed vinylic proton signals at & 5. 80 5 26 and

5 13 in its 1H nmr spectrum Moreover a broad signal at 8 4, 42 V
indrcated the pre@ence of a proton adjacent to an hydroxyl gnoup

‘ The high resolution mass spectrum showed a molecular ion peak at

m/z 222 1619 in. concord with the ma}ecular formula C,4H2202

The stere)chemistry of ‘the newly created chiral center was. not

known at this pomt but the sharpness of the signals in the nmr | S

‘.\,v’n Q L



f"suggested that a, »éingle isomer had beeﬁ obtalned' : Quite A

unexp'e;:tedly. the ei!isuing reactlon demonstrated the existence of

1\. Coen

two epimeric comﬁbun&g e N T RO g R
| B | ,,,';.{? ;_ e B |

‘ With compound 111 in our hands ﬂ was now necessary to convert

| - the alcohol functionality into a leaving group tt@t wpuld allow a

~ reductiv'e cyclization reaction to take place

'_'we decided to follow the sdr e,approach In contrast to the ﬁndings o

RER RN



s r.attempts | De[ftotonation of the alcohol with lithium .
. diisopropylamide followed by. addition of chloro- or bromomethyl
"t.‘methyl ether was also unsucce‘ssful\N Nevertheless when sodium'
'.-hydride was used as the base, a 96% yield of a 2 1 mixture of the :

"egimenc MOM ethers 112 and 113 was obtained i R

L]

el e

‘?'J“,‘-.;’h S e R ’ i\ ’ .
. St 5 \ .

" The ‘,'ﬁ nmr spectwm of each compound showed signals for three | '

K}vinyl prbtons ,At 8 5‘75 5. 15kand singlets at 8 3. 36 anq 3.35
respectively. for the metho grouﬁé The infrareriispeétra

o

- f'fp‘rkesented baMs at 1718 and 1715 cm"\ representing the ketone x: 2"

,,,,,

L mfz 266 1885 and 266. 1881 m accordan‘ce % formula
.v‘-{CLsteoa ‘ e L |
o~ The stereochemistry arourid‘the carbon atom\b\N ng the X’IOM

substituent could not be assigned unambiguously from the data

. 4 . B



he
b basts of the. spectral data published by Teisseire et aL for ccrnpound f‘

supplied bypmr spectro'scopy Our assignment was made’

R

‘114 which correspﬁi‘\ds very closely to the results of our nmr .
'experiments The absolute stereochemistry of 34 ‘was established

isolation and hydrolysxs of the unreacted anhydride the optical
-l activity of the resulting o- phenylbutyric acid i’s measured and a
\c(\)rrelation is made using the following empir'ical rule if the ac1d

obtained is lev atory (l 15),- the stereochemistry of the secon"- Iy

- alcohol is such gat in a Fischer projection in which the Bydroxy.‘{'

e H=C=—Et M—CL . -y
R Co4 T
PR, oM 7




, ‘xocess Treatment of 112 %vith,f_“_"‘
4 sodlum in reﬂuxing tetrahydrofwaﬁ gave a mixture of three “
| substances by TLC which were separated by HPMPLC The lH nmr

W - ’
spectrum of theafaster moving compound dl@ayed two doublets of

O H),an - 1620~cm"“ (C~C)~ The mass spe’t:trum‘ prese‘nt‘ed‘«a'v

' : PR ”‘ . ; 3
| molecular jon peak. at m/z 206. 1675 n accordance with t*he'f a
' molgular fOMUla‘%ngo These data are in- full agreement With

' th'e : structure "ofS 4k orpatchoulenol (15) and also with the data

reported in’ e lit" atur%30 Unfortunately, the lsolated yield of 15;1 "
‘was only 14% :

The other tv&o substances obtained were identtfied as the ﬁve* ‘.,-.
membered” ring cyclizationfproducts 117 and 118 ufa ‘3:2 T




o

. ,‘I‘he stereochemistry

tﬁﬂ

molecular ton peak in its mass spectrum appeared at sz‘
268 2038 in concord wit,h the formula CIGHQSO:; Compound 118
displayed compara'a?‘”ﬂais 1n its ’H nmr spectrum at 8 3. 39“"2 44

¥ and 1.24, respectively. and’ a molec‘ular ion peak at m/z 268.2040. -

' tﬁ; C C 2 center was assigned o

L

‘followi m isideral 1ons. ln .the compgund with the cis-

a*?(v/gement the methzl group is sttuated in between the oxygen
atoms of the hydroxyl and ether -groups and therefore it would be

g k

expected to appear at a 1 T

.

stereoche‘i‘nistryv A comparabl@ ’ational%,holdsmfor the»n}p;}gne

ﬁeld than in the -case of the trahs-;

prdton at C- 2. Thus th; substance showing the methyl‘ signal at

« o

higher field a’nd the methine proton at lower field was assigned

s"tructure 1 17

. R




‘119 Y 120

A i : ' :
- ‘M.,.W;‘ ®

£ S
2‘: 1§
‘Qmis is in contrast with the observations of Teisseire et

syntheg‘»ts of patchouli alcohol29 30 (ﬁde sup

’_. ‘. 67«5

w ‘vlgubjected compound 47 to comparable conditions 121 gaS”

-

U4

. obtained as a major product (64%) and the mtxture of epimers &9

as a mtnor component However,

Jan 50 was used as the
substrate. only the five membered rin :“""cyclization produu was:
forrned in 70% yield. , B ' ’ '

.1

] n hxs ;

'ra). When“f the)i@ ‘

™
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121 49

l,n an attempt to improve the yield of the reductive cyclization
reaction, we decided to try a different reducing agent Lanthanide ‘

T derivatives such 1as samarium and ytterbium diiodides have been

t\.

’
¥

-

<" a different, more strai htforward ma\rﬁ\er of converting the ketQ

led only to the recovery of the unchanged Starting matenal

fo nd. t§be powerful reducﬂ agents with the added advantage of
being sOluble: in organic solvents. p(rticularly in tetrahydrofuran 76 -

%z

More rece‘htly. samarium d%lodide has . been used ‘for the @

intramolecular cyclization of 2- (w—-todoalkyl)cycloalkanones in highw
yields 77 However treatment of the MOM-ether 112 with samarium
diiodideuin the presence of iron tris(dibenzoylmet_hane) [Fe(DBM)al

~di!

: ~ R . F
. i " “

,
While we were repeating the complete seguence of reactiorﬁh to

build up more mateﬁ;‘ve camé across a result that suggmed gpi 1

S

B \

w_ﬁester 87 into the keto-aldehyc‘ 108. During the course of the

‘methylation of compound 87 we isolated a product \\‘Qose spectral

feat&res seemed to suggest the structure 12¢. This c mpound
would ‘axfginate from an.intramolecular Claisen condensation'o_ ther o
keto-ester 89. The diketone 122 could. prequmably be converted"

f b
. ['_m‘ .
L | e » RS S




‘ "mto the enolwether 123 hydrolysis of whi;:h“ would gtve the desired - ,
", keto- aldehydma R S S

h BEEIN
Ll
o * i
. .

. 89 H . 122
' }; Towards this end, we attempted to carry out +the cyclization of
compound 89. Hdwever treatment of 89 wit”potassium hydride or
potassium hexamethyldisg‘azide uxgder various conditions failed toy °
- ggnerate the desired cdn:ipodhd This is most likely. due to the fact *
" that the reaction is reversjble, and compoand 89 is probably
"thermodynamicm more stable than 122. What we. needed then
quilibrium towards the coveted
' diketone Since 122 wa c'onverted'a into the keto aldehyde
lb8 by meanﬁ%of a Wittig reaction it occurred to s that the Wxttig
- ureagent couild be used as the trappm"g agent mmg the -élaﬁ:Bn

" was a way of displaci

uié'condensatlon If the less sterically hindered carbonyl group were to . Yo
. react selectively with the trapping substance t:he enol ether 123
would be obtained L . o |



123 E 124

‘When the keto ester 89 was reacted with the phosa‘grous reagent
124 and an’ excess of potassium hydride, a 52% of the desired enol-
ether was~ produced as a 7:1 mixture of cis- and trans isomers
Unfortunately the réaction proved not to be highly reprodu-clble in .
other instances lower yields of 123 were obtained, along with"
~variable amounts of compound 125 which resulted from the
reaction. of 89 with 124. The _mixture of isomeric enol- ethers
fshowed resonances in the 'H nmr* spectrum at 3 5. 87 and 5, 82 for
| the vinylic protons and at & 3.46 and 3.60 l'o? the methoxy group

Its inﬁ'ared spectrum presented bands at 1716 for the carYSonyl

grou‘p and at 1671 cm-! for the double bond, ‘and -'»";“fmass Py

A

ns‘\. ffi-,_,- N
e

spectrum displayed a molecular ion peak at m/z 208 1469
representing the formula CI3H2003 In the case of 125 the H rimr -
w had signals at 8 5.70 and 5.66 for the vinylic protons, aad at 8 3. 66 ’

16

arid

. bond respectively. and a molecular ion peak at m/zi
240.1736 w

e with the molecular fqrmula 'cu;i,.,os..v

" ‘ : \ | ‘

55, 3.54 and 3.46 for the 'rnethoxy groups. Bands at 1731 and

cm! were observed in the infrared spectrum for the carbonyl .



‘,’b‘

L

..

£ that would be to

group. Along this line of reasoning, a thiol ester was deemed as a

., good candidate as the sulfur/évould certainly augment the reactivity.

towards the cycltzation Thus, we set forth to. pxepare the required

. substrate 126. E

126 ’ 127

. -

' In this context t.he keto-ester.89 was treqted ‘with an e:tcess of
lithium iodlde ln reluxing pyrldine‘. in th# presenee of a small

4

] <>. .

)
]

-

¢

the productior; "’ ;;
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amount ol‘ water.'“ ~to give the carboxyllc actd 127 in 88% yield.
‘f'rhls compound presented a broad peak at § 12-11 m ”tl.'le ‘H nmr

tﬁ-ﬁv«

spectrum. as well. as slgnals i the 5 4.5-3. 5 region. Its ln{rared
spectrum shoM bands at. 3500 2600 cm’! for the carboxyllc OH

o }-‘-"group and at !737 and 1706 cml for the carbonyl groups The

mass spec

W was in, accordz»tnce with the- formula C“Hsz.

, wwdisplaylng the molecular ion at, m/z~198 1253. Theé thtol ester 126°

I\

"could ‘then be formiéd as a 2:1 mixture of epimers, in quantltatlve

yield, by treatment of 127 with phenyl dlchloropllosphate and

?
ethanethiol in the presence of pyrldine 72 The 'H nmr spectrum of

126 presented a doublet of quartets at § 4.68 for the methylene

group adjacent to the sulfur atom, and triplets at 5 1.25 and 1.24 for
. the correSponding methyl groups. In the infrared spectrum there |
were bands at 1705 and 1687 cm’! representing the two carponyl '

| groups, and the mass Spectrum showed a molecular fon peak at m/z

242.1343, in \.;\greement with the molecular formula cmHnozs.

Treatment of 126 with lithium diisopropylamide in te’t.rahydrofuran

at -78°C produced a mixture of two major substances. After

chromatographic separation the faster moving component‘ was

. isolated in 22% yield as a 1 1 mixture of epimers and tentauvely

asélgned the structure 128. The 'H nmr of 128 displayed a quartet

‘at d 2.88 and triplets at & 1.26 and, 1.25_. corresponding to m’ ’
, .group. as well as ,methyl.doublets at §0.88 and 0.87 and methyl |
stnglet_s at 6 0.99 and 6.80.~ The infrarfed." speCtrum presented bands .

PR
Py
.
¢



o 1;;._"e diketone¥\122 was also obtained in 15% yield as a slower

Sy _-';;;-moving )ﬂ(tituept of the mixture Its 1H r}mr spectrum showed a

':,quintet at ) 2. 14 characteristic of the methine proton as well as

) methyl groups at 8 I 29 1 09 and 1 08 The 13C nmr displayed two

‘carbonyl groups at 8 21/3 0 and 208 4 Bands at 1736 and 1707 cm A

in the infrared- spectrum conﬁrmed their e:dstence The mass

ted a molecula‘f ion peak at m/z 180 1150 in

ev_forrriul‘a.“_,C1".15"1"-"111,‘602 The reaction was also

Withsimilar results ‘ '_ _‘f’ o e o f '. , '

D’ ,

-»"Since our attempts of base induced cyclization of the thiol ester 126
o were somewhat discouraging due to the low yield of diketone 122

1"_':_4we tumed our attention to the possibility of effecting the desired

b



-(broad) /noV 1644 cm ’., and its m
\ ]molecular ion peak at m/z 180 1150 in accordance;wdth the

: _:imoleeular formula CuHmOz More extensive NMR experiments are

>\ \currently under progress to eh
| substagce | EE

T\ R &

date the structure of this

\\

The enol ether 123 was hj/drolyzed to a chromatographica}ly
Separable mixture of the

: dehyde 108 and its corresponding
‘ &

by treatment with 35% p,
solution The lH nmr spectrum of 108 showed ‘a dou_‘.let at 8 9. 49
for }thfw aldehydic proto and singlets at% 1. 15 1 ll and 1 06 for

it the methyl groups Its/ infrared spectrum presented Pands ?t 2720

‘,f-’,.’(aldehyde C H) an 1720 cm'l (C-O). and the mass spectrum

| 'epimer 129. 1n a 2: 1 rati?.- fCthﬂc aCid

wt '"'_‘_}'the formula_j_,C,,H i 802 The aldehyde 129 on the other hand
sho g the ald ‘:--hydic proton as a doublet at 8 9 87 and two signa]s

oo e

"4 a. methyl doublet atjg.'"},
."_";Pt 5 5 70 an} a doublet} =

Vi

: _displayed a molec'j lar ion peak at. m/z 194 1303 in accordance |



.' m/z 194 1305 «in the mass spectruxn was in agreement with "thet " I

{*i‘formula bmH 1802 Assignment of the stereochemistry of the carbon : f‘
. x fatom bearing the aldehyde function was done by comparison withv' ‘
" the reported3° spectral data for these substances Teisseire and }‘

coworkers3° have described the epimerization of 129 by means of a‘_ Lo

- TN
X deprotonation-kinetic protonation sequence (vtde supra)

CIRNE i oy

After the completion of the work described above,v we were
informed that the cyclization of the diketone 130 to' the hydroxy-
ketone 131 has been carried out 78 The transformation was effected, k
by treatment of 130 with lithium diisopropylamide in the presence’

of 2 2' bipyridine at 0°C for 5 hours to give a 75% yield of 131




':-"‘-.;p{o‘duct formation

L1800 gy
"“Y"Undoubtedly. we. tried this procedure on our diketone 101 Wfien' -
""‘the reaction was cai'ried out with 4 equivalents of LDA at 0°C no |

s o o
”i'_s observed after 6 hours Warming up the

reaction mixture to room temperature however led to the isolation

o of the expected product 76 in 38% yield based onthe consumed E
‘starting material 53% of which was recovered Increasing the

. | "amount oi' the base to 7 equivalents and the reaction time to 5 days .

“ improved the yield of . %6 to 59%. with 49% recovery of thtarting
o material ) B |

.

,i.

o infrared* spectrum The high resolution mass spectrum
d displayed\a molecular ion peak at m/z 222 1619 in accordance' o

RN



03 anti; 0 95 and eignals t 6&2_74‘ o

l

f_three m!thyfeinglets at 8 1 11 1

and 2 38 for the protons on' C-2 Moreover. oniy one wanyi g!‘Oup S

, "‘was observed in the l~°'C nmr spectrum at 8 211 ﬁand a signal a\t"- S

‘8 77 8 coni‘irmed the presence oi' the carbon atom beariffg ~thef'“f X

| hydroxyl group A

,fWith compound 76 in our possession we had achieved the,

" conStruction of the complete carbon skeleton of norpatchoulenol
:All there was left to do was the transformation of the carbonyl group , .‘

- into a double bond at the proper position Towards this. end we

| ‘treated the hydroxy-ketone 76 with sodium borohydride in ethanol ,
to produce the diol 132 in quantitative yield Its 1H nmr spectrum- |
showed the proton adjacent to the hydroxyl group as a triplet at

8 4. SGi The simplicity of the splitting pattern of this signal could o
| '.presumably be attributed to very small coupling constants with two -\
~of the vicinal, protons This conjecture is supported by the results

, of molecular mechanics (MMPM) caleulations, which show" dihedral'.“

angles of -82° and 84° between H, and each of Hy and* Hd,

o respectively The stereochemistry around the carbon atom bearing S

the secondary hydroxyl group, as depicted in 132 rests on. the"_w |
'assumption that the reducing agent would attack from the less%
4 sterically crowded Tace of the carbonyl group The structure of 132
was. also conﬁrmed by the. absence of bands in the carbonyl regions

“‘zof the infrared and 13C nmr Spectra and by the presence of a

N / R )



S

Further tnvestigations are b?lng "barried out towards the

dehydration of the diol 132 to produce norpatchoulenol

w*
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" General | . .
| \v‘ ‘ . l?
Melting,potnts were recorid on a Koiler hot stage apparatus and

_' are uncorrected .Infrar spectra (ir) were determined using»' 3
the following spectrophotometeb-s Perlsin- Elmer model 457

'_model 297, Nicolet 7199 FTIR and Nicolet MX 1 FTIR - Mass

spectra (ms) were obtained using an Kratos AEI MSSO high"-
resolution mass spectrometer and fow resolution specfra: on a
_ K.ralos AEI MSl2 spectrometer Gas chromatographic analyses“

‘ ‘were performed on ewlett- Packard 5750 instrument ‘
equipped with a flame iongtion tector using columns of 15°/o ‘
SE-30, 15% OV-17 or 15% OV-l on Chromosorb W, with helium |
as the carrier gas Elemental analyses were determined by t.he
_'micro}analytical laboratory of this department Samples were_

- routinely distilled prior to the analysis High Performance‘ ‘
Medium Pressure. Liquid Chromatography (HPMPLC) ‘was c,arried‘
out on ACE GlaWichel Miller equipment using a solvent

eump from Fluid Metering Inc. ' Proton nuclear magnetic
resonance speetra ('H nmrl were obtained .using the following )
spectrometers - Varian EM- 360 (60 MHz), Bruker WP-80 (80 | |

 MHz), Bruker WH-200 (200 MHz), Bruker WH 400 (400 MHz)‘ |

and Bruker AM- 400 (400 MHz) Coupling constants are reported’ _'

90



0.6 MH¥" Carbon multiplicities were derived from off-
resonance of Carr-Purcel-Meiboom- b,ill spin echo J-modulated

'_ experiments (APT. or Attached . P:oton Test).J3™ Meth o

o methine groups are shown as signals possessing an antiphase (a) " '.

with respect to’ the. deuteriochloroi‘orm signal whereas
methylene groups. quatemary carbon atoms and carbonyl groups
appear in phase (p) v«)rith it. Nuclear Overhauser ‘Enhancement
} (NOE) experiments were determined in ‘the difference mode in
which . a control (undecouple "A' spectrum was comp'uter-’
qubstracted from the irradia‘z::d spectrum after Fourier
transformation. Positive enhancex:ex:s are defined as signals
possessing an antiphase- with. respect to the irradiated signal.
Samples for NOE measurements were deoxygenated with helium'
’gas for 5-10 min. prior to use. Two dimensional (2D)
homonuclear and heteronuclear correlation spectra (@OSY and
HCCORR) experim,ents were performed using the BRUKER
‘DISNMR‘software package. For the COSY sequence. normally 16
- scans per FID were accumulated to fulﬁll ‘the 16- transient phase
. _’program which provided quadrature detection in F1. Generally
| 1K X 128 words or 1K x 256 words were acquired and were zero- ;
| filled to 256 and 512 points in Fl respectively, during Fourier
| transformation " Sine-bell digital apodization applied in both
B diniénsions gave the best resolved spevgtra A} Bruker data station



_processor. graphics dleplay proceasor hnd dlgltal plottar' wasf-d |
.used for transformlng and plomng 2D data matrices. Optlcal “
rotations were determlned in a Perkln-Elmer 241 polarlmeter '
The solvents used for, t.his purpoee were purified as described
‘below '6zone was generated using a Welsbach ozonator (80 V) o
Al isolated products were found to be at least - 95% pure. as.
determined by tic and’ NMR T /

Materials. \) ¥

Flash chrornatography was performed according to the procedure
ofv Still using silica gel of 230-400 mesh. HPMPLC was carried
4out on colums filled with silica gel H for thln layer
'chromatography. Dry column ﬂas/h chromatography"9 was
conducl_ed on silic_a gel of 200-450 mesh. - Thin ladyer
chromatography was performed on Merck aluminnmfbacked‘
plates precoated with silica éel 60 .GF254. Solvents were purified
as follows: ethyl ether, “tetrahydrofu’ra\n (THF) and
dirn_emoxyethane (DME) by distillation from a blue or purple
. "‘solutl'on of sodium be'nzophenon_e ketyl Ander an argon
atmosphere; dimethyl sulfoxide - (DMSO) and benzene by
.disti}léﬁon over calcium hyd'ride at reduced and ntmospheric.“"-
p're;sure respﬁt;vely. triethylamine dusopropylamine and

pyridine by distﬂlation first over potassium hydroxide and then o

£



- iphblphorouﬁ pento:elde. o

(8)-(+)-9-Compholexil¢>ncld (81).

T
) ,

(+)-10-camphorsulfonic ‘acid (78) (100 g, 0.39 mol) was added in

"CO,H .

portions, with continuous sttrring over a 30 min. period to
molten potassium hydroxide (120 g of 85% material, 1. 82 mol,
4.67 eq) contalned in a porcelaln dlsh After the additlon was
complete. the dark mixture was heated with a Bunsen burner for
an additional 20 min. and then cooled to room temperature. The
brown solid was dlssolved in water (900 mL). The solution was
then extracted wir.h ether (3 x 150 mL). The ether extracts were |
discarded. Ice-cold: aqueous HCI was added cautiously to the
aqueoue solution untll 'pPH 1. The sq}utlon was then extracted
with me ne chloride (4 x 150 mL) The combined\prganic
washed with water (2 x 50 mL), dried (Na2804)

: filtered and ¢ ncentrated to leave a brown viscous llquld which
‘was purified by bulb to bulb distillation (130 160°C/6 5 torr) to
provide (+)- a-campholenlc acid (81) (50.1 g, 80%) as a colorless
viscous liquid: [o],22 +9, 2° (c=0.98, CHCly); 'H nmr (400 MHz,
CDCla) é 5.23 o(br._,s. 1H, =CH-), 2.48 (dcl. 1H, J=3, J =14 He,



-cm;:co-). 243 (m, 1H, -cuncn-) 2.35-2. 15 (m. 2H, cr-mco-f ~'
and -CHHCHs), 1.94 (m, 1H ,cn,cucna-). 1.61 (m, 3H, -ccn,)
- 1.03 (s, 3H, -CH,) and 0.82 (s, 3H, -CHj); !*C nmr (100 MHz,
CDCly) § 180.2 (Phg147.6 (p). 124.6 (a), 46.7 (p). 46.1 (a), 35.5
(p) 35.1 (p). 25.4 (a). 19.6 (a), 12.3 (a); ir (reat) 3500-2300
(COZH), 1705 (C=0) and 1370 cm! (gem CH,): ms M*’ 168.1148
(caled. for C,onOz 168.1150). Anal. calcd. for CIOH,GOQ
C. 71.39; H, 9.59: found: C. 71.67; H, 9.72.

. /
(S)-(+]-Methyl o-campholenate (82). =

A mixture of (+) -a- campholenic acid (81) (50.1 g, 0. 30 mol) and
anhydrous potasslum cérbonate (103 g, 0.75 mol, . 2. 5eq) in
acetone (400.mL), was stirred for 2 hrs. at room temperature
under argon atmosphere. Methyl iodide (93 mL, "211.4¢,
1.49 mol, 5. 0 eq) was added and the reaction mixture was. stirred
overnight at room temperature. The suspension was filtered and:
the residue washed thoroughly with acetone. The combined

organic extracts were then concentrated 'under reduce{l
. pressure. Short path distlllation of the residue under reduced
pressure afforded {+)- -0- methyl campholenate (82) (54 4g. 98%)
‘as a color ess llquid b.p. 75-80°C/3 torr; [oz),,22 +12.0° (c = 1. 18,



| ,cnm,). tﬂ’nm:- {400 MHE?DCI,) 3533 (br s 1H, oCH), 367 S
(8. SH. -OCHy). 2:40 (d, 1H, J = 10 Hz, -CRHCO-), 2.38 (m, 1H,
'-czmcn-). 2.95-2.15 (m. 2H. -CHHCO..afid -CHHCH). 187 (m,
| 1H, -CH,CHCH,.), 1.65 (m, 1H, sCCH), 1.00 (s. 8H, -CHy) and
0.78 (s, 3H, -CHy): '°C nmr (50.3 MHz, CDCly) 5 174.1, 147.8,
1215, 513, 46.7, 46.3, 35.5, 35.1, 25.4, 1.7 and 125 ir (peat)
3050 (C=CH) and 1740 cm"! (ester C=0); ms M* 182:1303
(ealed. for C;Hy405:182.1307) | a
(R)-(+)-58- Carbomethoxymethyl-e &dlmethyl-z—cyclohexentme :
(86). - o o

CO2CH;,

At -78°C ozohe was passed through a solution of- (+)'methy1
a- campholenate (82) (38.1 g, 0.20 mole) in CH2C12 CH3;O0H (1: 1,
- 100 mL) until a light blue color was retained (ca. 5 hrs.). At this
- . point oxygen was bubbled through to expel the excess of ozone. A
solution of triphenylphosphme (5§_0 g. 0W22 mole, 1.1 éq) in
; methylene chloride ( 100 mL) was then added slowly After the
addition was complete, the cryogenic bath was removed and the

.. mixture stjrred at room temperature for additjonal 11 hrs. under




e -«M;,‘
B ‘;,,, F REY

s - “ B Lo f : i
nrgon ntmoopherg/‘fhe solvents were mpomed undor rcduqed S0
pressure and the residue was dissolved in benzene (150°'mL).
. p- Toluenesulfonlc acid - monohydrate (3.80 g. 20 mmol~ 0.1 eq)

\was added* .and the, mixture was refluxed for 6 hrs. with
c ntlnuous removal o" water (Dean Stark). e solvent was then
 eva rated. in vaclilling ether (100 mL) was\added to preﬂpimte\
- theiphcnylphosphme oxide. The su.spension was then ﬂltcred
nd t\t\e residue was washed thoroughly ‘with ether. The

. cpmbined ethereal solutions were dried (Na,SO,), filtered and
.concgntra ed. Bulb to bulb distillation of the residue (140- R
IGTCIS .3 torr) provlded the desired unsdtutated keto-ester 86
s1leg, 80%)§s a slightly yellowish ofl: [a],?? +58.0° (¢ = 0.94,
CHCl); 'H nmr\ (400 MHz, CDCl3) 5 6.83 (ddd, IH. J = 10, J = 7.
J°s 5 Hz, -CH=CNCO-), 5.97 {ddd, 1H, J = 10, J'= 2.0, J' = 2.0 Hz.
-CH=CHCO-), 3.70 (s, 3H, -OCH,), 2.55 (dd. 1H. J = 3.5,
J’ =15 Hz, -CHHCO-), 2.53 (m, 1H, =CH-CHH-). 2.41 (m, 1H,
=C-CHH-), 2.24 (dd, 1H, J = 10, J = 15 Hz, -CHHCO-), 2.19 (m,
1H, -cnzﬁcn CH,-). 1.18 (s, 3H, -CHj) and 1.01 (s, 3H, -CH,); '5C
. nmr (100 MHz, CDCly) 8 202\9)’. 172.4 (p). 146.1 (a), 147.7
(@, 51.0 (@), 44.5 (p). 40.1 (a), 34.5 (p), 28.8 (p). 22.0 (a) and
| 18.6 (a); ir (neat) 1730 'ster; C=0) and 1670 ecm! (C=C); ins
 M* 196.1098 (calcd. for/C,,H,¢Os: 196.1100). Anal. calcd. for
C11H,603: C. 67.32; H, 8.32; found: C. 67.14: H. 8.28.




v-';.ethyl axtate (15 was subjected to hydrogenation in a Parr L

apparatus at 10- 20 psig using platinum diOXide (. 253’ as -
'7"."‘»v,v'v“"catalyst ’I‘he mlxture was then ﬁltered through a sintered glass,_l

- _‘,'funnel and concentrated Flash chromatography of the residue‘\ _-‘ ,
o ,._,'(20% ethyl acetate 1n hexane) afforded the keto ester 87 s 05 & S

© 80%): Hnmr (200 Mz, CDCly) 5 3.68 (s. 3H, -OCH), 1.13 (5.

'*,1;3H --cua) 1.03 6. 3H --cn3) ¢ nmr (503 MHz, - CDCly)

; 82143, 173 1, 51 4 48 1, 44.0, 37. s 35 2, 26 8, 24 5, 227 and: L
‘,_3,1958 ir (neat) 1740 (ester C-O) and 1710 cml (C-O) ms M + .
198 1255 (calcd for CHH1803 198 1256) Anal calcd for | |
_.__.{..»_-_‘-c“Hwos C; 66 64; H'?a 15; found C. 66 45£ 9. 17 Conﬁnue i “
‘.-:_‘:,’;_’:elution gave the hydroxy-ester 88 (0 37 g 9%) ’H nmr (80 MHz -
..{,,‘f;_;:;cnc13) 83.85 (s 3H, -OCH3). 3.30 (complex, 1H, -ca- OH), 250

(dd ;H J=3, J' 14Hz .-CHH cozcns) 103 (s 3H, -cna) e

o 75 (s, éH -CH3) u- (neat) 3650 3200 (on) 1735 cml (c 0);

o

¥ -

} ms M"‘. 200 1415 (calcd for CuH2003 200 1412) 1_; '




A sglu__ on of the unsaturated keto ester 86 (Zb 2 g O 103 mole)

‘ 2N X
: % .in. eth 1 acetate (100 mL) was subjected to hydrogenation in- a

‘”‘"Tmearr a paratus at 10 20 psig using 5% palladium over carbon as
L _'cataly t. When hydrogen take -up ceased the mixture was ﬁltered .
. ,through a slntered glass funnel - The solution was then =
_[concerltrated to yleld the desired keto ester 87 (19 8 g 97%) " |
[a],,ﬂ? 55 5° (c=0.95, CHCl3) y nmr (400 MHz CDCla) 5 368
(s, 3H, \ocna) 2.8-2.5 (m, 2H). 2.48 (m, 2H, -CH2 CH,- o), ./
, 234 (dddd 1H J= 1 5, J = 45 J"”-—-14Hz ~CHH- coch,,) i
- ,'2 17 (dd 1H, J=10, J'= 14Hz -CHHCOZCH:,). 2.10 (dddd, 15/
‘ _'J J 35 J"' J,__"‘_- 10Hz) 198 (m lH) 185 (m 1H), 1 13,)_s',;
_3H -cna) and 1. 03, (s. 3H -cns) 13c nmr (50 3 MHz Ke 'flc"1'3)_;
s 214.3, 173.1, 51.4, 481 44.0,37.5,35.3, 26.8, 24.5, 22“ and;,f“;[‘r:
To.¢ 8; n— (neat) 1740 (ester c-0) and 1710 cml (c=0) ms Mt
198.1: 1255 (caled, - for - anl,E.,o3 198, 1251) Anal. calcd for’j;
"7~_'-‘cnnmo3 lok 65/6&’ H,9.15; found c 66 45 H 9.17. %




b

?.tetrahydrofuran (4 x 15 mL) The white residue was suspv d

; (21 5 mL 16 45 g. 102 mmol 2. 02 eq ) was added dropwise ‘
,."“Upon completion of the addition the mixture was- stirred at":'-
'roorn temperature for 30 min Then the reaction mixture was' |

mcooled to -78°C and a solution of the keto,ester 86 (10 0 g }

i 50 4 mmol) in tetrahydrofuran (150 mL) was added dropwise.' '

The mixture was then stirred at -78°C for additional 30 min LI

| l‘:after which methyl iodide (16 mL 36 5 g 0. 26 mmol 5.1 eq) was,f"

added-at once ’I‘he mixture was stirred at -78°C i‘or ca._ 16 hrs A
\}j then the reaction was quenched by addition of saturated
_‘:aqueous ammonium chloride (100 mL) ’l‘he resulting layers were-;“ -

"'vseparated.and the aqueous phase was extracted with ethyl ether

v"




eid) lH nmr (4oo MHz CDC13) 5 3 69 (s SH --ocna). 2. 45. |

@d, 11, J=1a,0= 3Hzi-cn2c0) 222207 m, 2H), 1. 78-161(‘1‘;‘
(m, 3H), 1. 15 (s, 3H -cnai 1. 1@ (s.. 3H, -cna) 1. 10 (s, 3H;
| -cﬁ';) and 1.02 (s, 3H, -CH) 13c amr (50.3 MHz, CDCy) 6 219.0,
| 173.3, 51.4, 47.6, 43.8, 43.1, 87. 0
| ‘and 21 8 ir (neat) 1730 (ester C=0) and - 1700 cm} (ketone
© C=0); ms M* 226. 1570 (caled. for/q3H2203 226.1570). Anal,

caled. for C13H2203 c. 68.99, H, 9.80; found: c 69 29, H, 0.86).. -

359 278 27.9; 247, 23L73'"

'Continued elution gave the trimethyl keto ester 89 (8 85 g 77%“‘- .

,. g yield) as a 2 l mixture of epimers (det by nmr) The 1H nmr
spectrum (400 MHz CDC13) exhibited two sets of signals The,
following lH)J:I/lI' data were attributed to the major isomer 8 3 68 " ‘

- s. 3H, -OCHS). 2.65 (m, 1H, ~CH(CH, 0). 1,09 (s, 3H, -CHy) ,
L 04 (s 3H, -cns) and 0.999 (d, 8H, J = 7Hz -CH-CH,). The.

: ,‘ following lH nmr data were attributed to the minor isomer 8 3. 67"

(s. 3H -OCHa) 2 75 (m 1H, ’-CH(CH3)CO) 1. 29 (s, 3H »v-CHS)
1.03 (s, 3H, -cna) and 0.996 (d. 3H, J = 7 Hz, -CH-CHY). The
following spectral data were recorded for the mtxture ir (neat)

e '1730 (ester C-O) and 1700 cm! (ketone C-O) ms M"’ 212 1412

o '(calcd for C12H2003 212 1413)



Sodium hydride (140 mg of 50% material 29 mmol 1. 4_eq ) |

o contained in a three- necked ﬂask was washed with clry

/tetrahydrofuran 4 x 1. mL). The. white residue was. then',"

suspended in tetrahydrofuran (3 mL) and a solution of the'.'ft

uns_aturate kMto-este )86 (485 mg 2.2 mmol) was added via.'

o _ temp ra ure and then methyl iodide (O 16 mL 0.36. g 2, 6 mmol

, The mixture was stirred for 15° min at, room _

;1.2 eq.) was added Stirring was continued for 4 hrs and then

the reaction was quenched by addition of water The resultmg
’ layers were separated and the aqueous phase was - further*

extra'cted with methylene chlpride (3 x5 mL) The combined .

g ,organic extracts were washed with aqueous 5% hydrochloric acid

g | (2 mL) dried (Na2804) and concentrated Flash chromatographyv
i of the residue (5% ethyl acetate in. petroleum ether) gave the_'

' "unsaturated tetramethyl keto ester 92 (81 mg. 13%) lI-I nmr‘;_.

k lZOOMHz cnc:a) 8568 (m. 2H, -cn—cn—) 370 (s. 3H, -ocn3)
2 77 (ddd 1H J=J'=45, J'=11Hz, -cn-cnz) 253 (dd 1H, |




L and 1. oe (s. 3H -cna). ir (0H013 cast) 1740 (ester C=°) a"d»’_

] {)

' 1710 cm ! (ketone c—0) ms M+ 224 1412 (calcd for C,3H2003

224 1412); '3C nmr (50. 3 MHz, CDCly) § 218.2, 172.7, 135.9,

126.4, 51.6, 46.9, 43.8,.42.7. 36.6, 27.4, 270 25.2, 209,','

: fContxnued elution gave the unsaturated trimethyl keto-ester 91

(36 me, 8%): . ’H ‘nmr (200 MHz, CDCy) 5 6.58 fm, 1H, =CH-),
© 3.69 (s, 3H, -OCH3), 2.60-2.00 (m, 4H), 1.77 (br. s.’3H ‘CH3-C=),

123 @m, 1H), 1.18 (5. $H.-CH,) and 0.98 (s, 3H. -CHy): ir (neat)

A mixture of (+)-o-

1740. (C=0). and 1670 cm’} (C-C) ms M+ 210.1256 (calcd forv |

C12H1803 210. 1256). S ‘ R 1

(1)-Isopropyl a-campholenate.

ampht‘lenic acid (81) (4 0 g 23 8 rnrnol) and

anhydrous potas ium carbonate (8 3g, 60 mmol 2. 5eq) in

| acetone (50 mL) jwas stirred for 1 hr. at room temperature .
Isopropyl iodide 4.8mL, 82g 48 mmol, 2. 0 eq.) was added -and

""the reactlon m ‘ure was reﬂuxed for 20 hrs ’I‘he mixture was__ =

- then concenﬁv -ed and the residue was dissolved in a mixture of

methylene ch oride and water (1:1, 100 mL) The _layers were




: dlstluation of the resldue afforded (:t) lsopropyl a-campholenate

. 4 8 g 97%) as a clear liquld lH nmr (80 MHzV CDCla) 8 5 25
(b 1H. -CH-) 5.00 (m., ll-l -cn(cna)z) 1.63—pr. s, 3H,

. -c cna) 1. 12 (d 6H -CH(CH3)2) 1.00 (8, 3H, -cna) and oso (s.

"3H -cna) ir (neat) 3070 (C-CH) and 1740 em-! (ester c =0); ms

‘ M"' 210. 1625 (calcd for C,3H2202 210. 1621)

(it)«S-Carbolsopropoxymeth‘yl-s.Gdlmethylez-cyclohexenone.
.~ y:\"k y . . .

:"QB‘C ozone was passed through a solutlon of (:t) 1sopropyl
‘ ’_"fl aﬁﬁ;&hpholenate (4. 70g 22 4mmol) Ain CH,Cl,- CH30H (1:1,
. ~ S 30 'r'nL) untﬂ a llght blue eolor was retained (ca. 90 min.), After
bubbling oxygen through the mixture to expel the excess of
| xozone a- solution _____ of’ trlphenylphosphine (6 45 g, 24 6 mmol
\} 1 eq) ln methylene chloride (10 mL) was added slowly After
| completion of the addltlon the mlxture was stlrred at room

- temperature for 12 hrs. 'l"he solutlon was then concentrated and

o®

#hy



. esidug, was; ,soived ln enzene (150 mL) 'p~‘l‘ol[ ene-
sulfondc acid monohydrate (0 '3 g 2 2 mmol 0.1 eq) wes added
_and the reaction mixture was reﬂuxed for 6. 5 hrs, ‘with
_‘continuous displacement of water (Dean-Stark) After removal of
the solvent., under reduced pressure, ethyl ether. (100 mL) was,
added to prectpitate”_’the triphénylphosphine oxide - The
j.suspension was’ then filtered and the residue was washed'
'.vthoroughly with ether The combined ethereal solutions were
concentrated and bulb to bulb distlllation of the residue (80—5
90°C/1.0 torr) gave the unsaturated keto ester (4.0 g, 80%) as a
* clear liquid: 'H nmr (200 MHz, CDCl) 5 6.83 (ddd 1H, J =5,
J = 2 J" =15 Hz -CH—CHCO ) 4. 96 (m, 1H, —CHCO ), 4. 03 (m,
- 1H, -CH(CH3)2) 1.25 d, 3H J= 4Hz CH;-CH- CH3) 1. 24 d,
3H, J = 4 Hz, CH,- CH -CHy}, 1. 16 (s, 3H, -CH,), and 0.99 (s, 3H,
-CH3); ir (neat) 3050 (C-CH) 1730 (ester C= 0) and 1680 cm 1
(C-—C) | '

| (t)-s-Carboisoproboxyxfnethyl-z.2-ditnethylcyclohexanone@4), ’




| V'subjeeted to hydrogefixtion in a Parr apparatus at 10-15 psig for
90 min. using 5% palladium over carbon.as catalyst “The mixture

,vwas then ﬁltered through sintered glass and concentrated Bulb
to bulb distillation of the residue (80 -90°C/1.0 torr) gave the

S »...»keto~ester 94 3. 7 g 96%) as a clear liquid H nmr (80 MHz.

L -‘34

cDCly) § 5.02 (m. 1H, -CH(CHa)Q). 1.25 (d, 6H, J = 4 Hz,
-CH(CH3),), 1.17 (s, 3H. -CHj) and 1.12 (s, 3H, -CHj); ir fneat)
1720 cm! (broad (;‘:O) ms M* 226.1574 (calcd. for C, 3H2203

226.1570). . - *.M

o
%m»en)- and (3R 6s)- s-c.:bomethoxymethyi-i l-ethylenedi-
oxy-2 2 6-tﬂmethylcyclohexane (95)

AR

o] 0

COgéHa
g ;

A mixture of the keto-ester 89 (2 66 g. 12.5 mmol), p- toluene-
»sulfonic acid monohydrate (240 mg, 1 26 mmol 0.1 eq) and

. ethylene glycol (10 mL, 11.1 g 0 18 mol 14 3 eq) in benzene

(50 mL) was reﬂuxed for 41 hrs. with \displacement of water,

(Dean—Stark) After evaporation of the \solvent in vacuo, the

k

1



residue was dlnolved *n ether (50 mL) ‘and the .olutlon wa‘ o

extracted with 5% sodium btcarbonate

epimers. as determined by 14 nmr (3 21¢g. 100%) 'H\ n q " ‘
(200 MHz, coc13)5§~98 (m 4H, -oca,énzm 365( ;

0.81 (each d, total 3H, J = 7 Hz, -CH- -CHj); ir (neat) 1740 cm!

(C-O) mS M+ 256 1680 (CalCd for C14H2404 256 1675)
|

(3R, 6R)- and (3R 6S)-1, l-ethylenedioxy- -(2-hydroxyethyl)—
2,2 G-tﬂmethylcyclohexanone (96). '

e Wil

A solution of ketal-ester 95 (3.21' g 12.5mmol) in dry ether
(20 mL) ‘was added slowly to aAsuspenéion‘of lithium aluminuni?
hydride (1. 26 g 33.2 mmol 10 6 eqg) in dry ether (20 mL)  After:
completlon of the addition, “the mixture was reﬂuxed for 20 hrs.
The reaction was then quenched with water and acidlﬁed to PH 2 -

with aqueous Swdrochloric acid. The ethereal layer was |

‘separated and the ‘aqueous layer further extracted with . |



“ m,coa). fltered and concentrated to yield the hydroxy-ketals 98
(2,68 g, 94%) as a viscous oil (mixture of eplmers in a 2: 1 ratio.' .
det. by nmr) 'H nmr (400 MHz, CDG!&;) $.3.99 (m;, ~4H, -
-OCHQCHQO) 3.62 (m 2H, 'CHQOH) l .08, 0.90, 0. 89 0 87 (a.ll 8,

R A S

total 6H, 2x-CH3) 0°85 and 0.81 (d. total 3H, J= 7Hz '

‘-CH- cns) ir (neat) 3380 (OH) and 1060 em (C- 0) ms M"'
228, 1726 (caled. for C;3Hp404: 228. 1726) v

3

o - _ - _
(3R.' 6R)? and (3R, 6S)-1, 1-ethylenedioxy-3-(2-oxoethyl)-2,2,6-

‘trimethylcyclohexanone (98). ™~

A mixture of the hydroxy-keta] 96 ( 1.19 g, 5.2 mmol), pyridinium

' u chlorochromate (1 74 g, 8.1 mmol 1.5 eq) and sodium acetate-

(135 mg; 1.6 mmol, 0 3eq) in methylene chloride (10 mL) was'

N stirred at room temperature for 2 hrs. Filtration of the mixture

' through consecutive layers of silica. gel and basic alumina afforded
« the crude ketal aldehydes 98 (932 mg, 79%) as a 2 1 mﬁ:‘ure of

epimers The 'H nmr spectrum (400.MHz,. CDClz)«jhowed two

A

e v



2 77 (dd 1H, J- 4. 0 J= 18 Hz. -CHHCHO) 2 59 (ddd lH
J=30 J =10, J” = 18 Hz, -CHHCHO) 1.84 (m, 1H), 1.13 (é 3H
-CHj3), 0.86 (s._ 3H, -CH3) and 0.83 (d, 3H J= 7 Hz,. -CH-CHa)
" The following 'H nmr data were attributed to the minor isomer:
89.72 (m, 1H, -CHO) 4.02 (m, 4H, -OCH,CH,0-), 2.48 (Gﬂd 1H,
J 1.5, J =3.5. J"- 16 Hz, -CHHCHO) 2.22 (m, 1H), 0.89 (s, 3H,
-CH3), 0.86 (s, 3H, -CH3) and 0.82 (d, 3H, J =7 Hz, 7CH-CH3).
The following ‘spectral data were m.ea\sured for the mbtture: ms
M* 226.1566 (calcd. for C{3H,,04: 226.1570).

- (18, 4R, 68) (101) md (18, 4R, 6R)—2-oxo 6- (2-oxbpropyl)-
1,3 3-tr1methylbicyclo[2 2. 2)octane (102)

A‘ éolution of diethyl, 2-oxopropylphosphonate (99) (2.73 g
14.1 mmol 3.4 eq) in methanol (20 mL) was addcd to a solution
of sodium methoxide (661 mg, 12.2 mmol) in methano! (10 mL).
Afterﬁ surring thé mlxture for 30 min., a solution of the crude



;’fketal-aldohyde Oﬂh (932 mz. 4.! mmol) tn methanol (5 mL) was

added Sttrﬂng wao conttnued at room temperature for 19 hrs
'me eolvent was evaporated under reduced preesure and the ;

1 (B 10 mL) The combined organic layers
a;S0,). filtered and concentrated to afford the
osphonate adduct (1. 19@ The adduct was dissolved in
of aqueous 3N hydrochloric acld and tetrahydrofuran
(lsel 20 mL) and was then refluxed for 4 hrs The solution was
concentra d under reduced pressure and the residue was
extracted with methylene chloride (3 x 5 mL) The combined

organic extr cts were dried (Na2804) filtered and concentrated

.The residue \was eubjected to flash chromatography (5% ethyl

acetate in h xane) to glve the bicyclic diketone 101 (344 mg,
34%) as a cle llquld 'H nmr (400 MHz, CDCla) 52.54 (dd, 1H,
J=17, J'= 3 Hz -QHHCO) 234 (dddd lH J=11,J = 10,
J=6 J"=4 -CHCH2CO ), 2.12 (s, 3H cnsco ), 2.04 (ddd,
1H, J = 14, J’/ 14, J = 3 Hz, -CH-CHH- CHQ) 2.00 (dd. 1H,
J=17,J = 11 Hz, -CHHCO-), 1.97 (m, 1H), 1.69 (m, 4H), 1.3
(m 1H, -CH-CHH-CH-), 1.13 (s, 3H, -CH3) 1.08 (s, 3H, -CH3)
ahd 0.86 (s, 3H, -CH,); °C nmr (1oo 6 MHz, CDCl;) § 220.6 (p),
2066(p) 48.0 (p), 45.3 (p), 45.2 (p) 38.3 (a), see(a) 31.2 (p),
31. 1 (p), 30.1 (a), 246 (a). 22.7 (a), 22.0 (p) and 17.9 (a); ir
(neat) 1700 cm'! (C-O) ms M* 222.1620 (calcd for C,4H2202 |

222. 1621). Furﬂ’xer elution afforded the bicyclic dlketone 102
/ B ,



(,'302 mg, 809%) as a clear llquid ‘H nmr (400 MHz, CDCI;) 8 2 60'
(dd. 1H, J =16, J'= 4 Hz, -CHHCO) 2.48 (dd, 1H, J = 186, |
J'= 11 Hz, -CHHCO-), 2.34 (dddd, 1H, J= 14, J' = 11, J = 3.5,
J™ =3 Hz, -CH-CHH-CH-), 2.17 (s, 3H, CH,CO-), 2.14 (m, 1H.
“-CHCH,CO-), 1.92 (dddd, 1H,J = 3.5, J'= 7.0, J"= 11, J” = 18'Hz,
-CH-CHH-CH,-), 1.78 (ddd, 1H, J= 14, J'=11.5, J' =4 Hz
-CH-CH,-CHH-), 166 (m, 1H, -CH,-CH-CH,-). 1.54 addd, 1H,
J=13, J'=11'd =5, U =3 Hz, -CH-CHH-CH-), 1.4 vdddd, iH,
J=14, J'=12, J'=5.5 J" =2 Hz, -CH-CH,-CHH4'1.16 (s, 3H,
-CH3), 1.12 (s, 3H, -CH,), 1.06 (ddd, 1H, J=14, J'=6, J = 2;
-CH-CHH-CH-) and 0.88 (s. 3H, -CH,); *C nmr (1006 yruz \
_CDCly), §221.0 (p), 207.3 (p). 45.8 (p). 44.8 (p), 445(m 37.9
(a), 32.4 (a), 31.6 (p). 30.2 (a), 25.2 (p). 24.2 (a) 24.1 (a), 22.7 _-

(p) and 17.9 (a); ir (neat) 1710 cm™! (C=0).
« ¢

Bromlnatlon of the bicyclic diketone 102. f_/-\

104 105



'"fchloride'(l 5

{.‘\ ,

S 2 hrs and then poured into water The resulting Suspension was?f‘,jj}r R

The reaction ‘,mixture,fwas stirred at 0°C for

i r-"f"'-'f_'extracted with methylene chloride (4 x 2mL) and then the“

T ,:‘lcombined organic extracts were washed with aqueous 5% sodium '

:‘HPMPLC of the residue (2% ethyl acetate in petroleum ether)z
| \’vyn.gave \the dibromo ~diketone 105 (85 mg 15%) nmr e
e v_(4oo MHz, CDC13)8509 d. 1H, J 4Hz, -CHBr) 4&
"‘J- 13 Hz Hr-CHH—CO ), 4.06 (d 1H,. J=13Hz Br:-CHH cos),
| z 40-2, 15 @ 3H), 192 (m 1H) 180 1. 74 (m, 3H), 1. 36 (ddd |
”-'lH J 60J’- 12 Hz), 119 (s 3H -cna) 114 (s 3H, -CH3) and

":;bicarbonate (2x2mL) dried (Na2804) and concentrated _

0. 95 (s 3H, ‘-«cns) ms M*. 381 9785 379 9808 and 377.9827

y ,:_(calcd for CI4H2002Br 381 9790 379 9810 and 377 9830)
'Continued elqtion gave the bromodiketone 104 (85 mg 66%)

‘.;J,.‘;,.‘.nmr (4oo MHz CDCI3)8463 (d. 14, J = 5.0 Hz, -CHBr-) 238 (s, |
3H, cn3 CO) 2382 15 (m 3H) 1.92 (m, lH) 178 161 (m o

, SH) 134 (dddd 1H J= 1. 5, J'= 60‘ J"'_'_ 12 J""15Hz) { 19 S
.Jg.i;(s 3H -CH3) 1 14 (s 3H -CHa) and 092 (s 31-1 ‘Cﬁs)

- .

Lo a

d 1H



~ %

Pyridinium bromide perbromxde (208 mg of 80% &terial

0.52 mmol 1 05 eq) was added to cold (- 10°é) solution of the
dlketone 102 (110 mg 0 49 mmol) in methylene chloride

(1 5 mL) containing acetic acid’ (0 25 mL) The mixture \ivas‘
stlrred at 10°C for 2 hrs and then poured into wateir The“
resultmg suspension was extracted with methylene chloride " - SRR
(3 x 3 mL) and ‘the combined organic extracts were washed with f" g

] aqueous 5% sodium bicarbonate (2 x 3 mL) dried (Na2$04) and
o ‘ concentrated to give pure bromodiketone 104 (145 mg 98%) -
! nmr (400 MHz CDCl3) 3 463 . 1H J= 5 o Hz -CHBr-) 238";‘ :

(s 3H CH3HCO) 2. 38- 2. 19 (m 3H) 1 92 (m lH) 1. 78 1 61 (m,

3H) 134 (dddd lH J-*15 J' 60 J”’_ 12 J"'-15Hz) 119.' |

(s. dH -CH3) 1.14 (s, 3H -CHB) and 0. 92 (s 3H -CHj); ms M+

302 0703 and 3oo 0721 (caled. for C14H2102Br 302 0705 and_‘-

3oo 0725) S




;;1 4 Diazabicyclo[2 2 2]octane (DABCO) (81 mg O 72 mmol
1. 5eq) ‘was added to a’ solution of the bromodiketone 104, o

‘(145 mg 0. 48 mmol) in methylene chloride (1 5 mL). Tl}e\
3 "»mlxture was stirred at room temperature for . 13 hrs
| ﬁ, Concentration followed by flash chromatography of the residue;
' .(5% ethyl acetate in hexane) gave the unsaturated dlketone 106 - |

(80 mg, 76% yield) as a slightly yellowish oil: lH nmr (400 MHz,

'\:CDC13)86 12 (dd, 1H, J825, = 2.5 Hz, =CH), 327 (ddd, 1H,
J=2L,J0=6. 0= . 3 Ha), 283 ddd. 1H, J = 21,0 =3, J"+3Hz);{”
2. 21 (s, 3H, CH-¢ -0) L 19 (s 3H, --cn3) 1.14 (s, 3H, -CH.) and _

Yo

1 02 (S 3H "'CH3) ms M+ 220 1460 (CalCd for C14H2002
220 1463) | o o

b . e



Prepmtion ot' compound 101 ﬁ'om‘th'“ unutunted‘ dlketone

. .4,\‘ .

A solution of the unsaturated diketone 106 (43 mg 0. 20 mm?)l) in

ethyl acetate (2 mL) was’ sub}écted to hydrogenation at,v_;,_c,:- Rk

atmospheric pressure usin% 5%. palladiurr{;@ver carbon as catalyst

| ﬁltered and concentrated to give diketone 101 (43 mg, 100%) N
lH nmo (400 MHz, CDC13) 8.2.54 (dd 1H, J- 17 J" 4 -Hz,

C When the hydrogen takeup ceased the . reaction mixture was

'-CHHCO) 234 (dddd, 1H, J-11 J'4-10 J" 6 J""-4 Hzi L

‘-CHCHQCO) 2.12 s, 34, CH3CO) 2.04 (ddd 1H,J = 14,J°=14,
' J'='3 Hzi*-CH-CHH- CH,-), 2.00 (dd, 1H, J— 17, J'= 11 Hz,
‘CHHCO) 197 (m, 'iH),j 1.69 (m, 4H), 1.37 (m, 1H,

HCHH- CH ) 1. 13 (s 3H -CH3) 1 .08. (s 3H CHa) and 0. 86 (s.

| 3H -cna) 13¢ nmr (100.6 MHz, CDCls) 8 220. 6 ), 2066 (p),

_480(p) 453(p) 452(13) 383(a) 368 (a)égZ (P) 311 (p)

30.1. (a) 24.6 (a) 22 7 (a) 220 (p) and 1 9 (a) ir (neat)‘

- _-.1700 cml (C= O) ms M+ 222 1620 (calcd for C14H2202
| 222. 1621) R



A solution of the bicyclic diketone 101 (19 mg 0. 09 mmol) in" o

_"jtetrahydrofuran (1 SrnL) was added dropwise at -78°C to a. :
B solution of lithium diisopropylarnide (1.0 mL of 0 106M LDA in
| ‘THF 0 11 mmol 1.2 eq.). After the addition ‘was complete the
reaction mtxture was stirred at -78°C for 30 min. aid then al:l
mixture of chlorotrimethylsllane and triethylamine (60 kL, ca.

'_,'"25 mg of TMSCl 0.24 mmol 2. 7 eq) was. added at once. The |

: : resulting ‘solution was stirred at -78°C for 3 hrs. and then the

solvent was concentrated in vacuo. The residue was dissolved in

- hexane and filtered to elirhinate the precipitated “salts, :
j Concentration of the ﬁltrate followed by bulb' to. bulb distillation

(100 110°C/O 7 torr) gave the gimethylsilyl enol ether 107,

| (18 mg 72%) as a yellowish oil: 'H nmr (200 MHz, CDCl3) 8 4.06 =
(s, 1H, =CH), 398 (s. 1H, -CH) 2.24 (dd, 1H, J=14, J = 4Hz)‘

".“\136 (dd, 1H, J=14, J-13Hz) 112 (s, 3H, -CH,), 1.07 (s, 3H,
'-cna) 091 (s 3H, -cns) and 021 (s, 9H -sr(cns)si |



12 2 2loctane (109) T .

I

A- Ma_aimﬂwnﬂymmm

JTrifluoroacetic anhydride (0.76 mL, 1 13 g 5. 4 mmol) was added

, slowly to a cold. (O°C) suspension of 90% hydrogen peroxide |
(0.12: mL 4 4 mmol) in methylene chloride (4. 5 mL). After_~
"stirring at 0°C for 15 min. the solution was allowed to warm up to

room temperature and used for the oxidation step

(495 mg 2 mmol) and disodium hydrogen phosphate (950 mg,
""6 7mmol 320 eq) in methylene chloride (1 mL) ‘The mixture‘

.~ was stirred at room temperature for 2 hrs and then ﬁltered to

\ eliminate inorganic salts The precipitate was washed thoroughly A

'} with methylene chloride The combined organic solutions were”‘
| -washed with 5% sodium bicarbonate {5-mL), dried (NaZSO4)

" ﬁltere(. and concentrated Bulb to bulb distillation (so -110°C/0. 6'
| torr) aﬁ‘orded thexketo acetate 109 (5 _mg, 98%) as a clear oil




_ ‘.fo_?";H) 197»(m. lH).196 (s. 3H cn3c0) 1,8_ 73"(m. 2H) 17o
| :).'.”‘(m 1H, -OH,- cn-caz-) 1.68- 1.46 (m. 3H), 114 (5. 3H, -cua),
© '1.13(s, 3H, -CH,) and 0.93 (s, 3H, cnsi -

S

o ‘(1s 4R 6R)-6-Hydroxymethyl-2-oxo-l 3 3. trlmethylbicyclo- :

1[2 2.2Joctane (1 10).

A mixture of keto acetate 109 (521 mg, 2. 2mmol) and a
‘_'“saturated aqueous solution of potassium carbonate (2 mL) in
) methanol (3 mL) was stirred at room temperature for 3 hrs. The

reaction mixture was thbn concentrated dissolved in methylene |

. chloride and filtered. The filtrate was then concentrated to give |

an oil Bulb to bulb distillation of the oil (100- 120°C/O 6 torr)

viscous ofl: H nmr (400MHz CDCl‘N83 54 (d, 2H, J =4, L5 Hz, -
& -cuz-on) 2.00-1.55 (m, 8H), 1. 15 (s. 3H, -CHy), 1, 13 (6. 3H,

;‘fﬁl-CHa) and 0.97. (s 3H -CH3) ms M"’ 196 1464 (calcd for .
s }_cmﬁzoozt 196 1464) ‘

—



. ',(2.2 21ocume uoe)

’

A- Bﬂaratmctﬁﬂdmchmh_ommmw

Pyrldine 4.85 mL, 4.75 g 60 mmol, 1.0 eq) - was added slowly at

40°C to a solution of chromium trioxide (6.0 g, 60 mmol) in 6N
hydrochloric acid (11 mL 66 mmol, 1. leq) The mixture was
- cooled down to and kept at 10°C until a yellow-orange precipitate
: formed and then it was. reheated to 40°C to redissolve the solid
Then, neutral active alumina (50'g, Brockmann I, ca. 150 mesh)
was added to the solution with stirring After concentration in a
rotary evaporator the solid was’ dried in a vacuum desiccator

ovemight at room. temperature

'PCC, 2.0 eq) was add

| to a solution of the hydroxy- ketone 110
(143 mg, 0.73 mmol) 1

nate ox alumiria (1.57 g" 1‘465m'mol of ‘

)

hexane (5 mL) The mlxture was stjrred )



Thm uubstance{, prove
standlng and theregore the cmde materlal was

used lmmedlately for the next react.lon.

(18, 4R. 6R, 1R)- and (18, 4R, 6R, l'S)-B-(l-Hydroxy.z.

| ‘ propenyl)-z-oxo-l 3 3-trlmethylbicyclo[2 2 210cta.ne (111).
! : v

£

Vinyllithium (0.57 mL of a 1. 96 M solution in tetrahydrofuran.
1. 12 mmol 1.5 eq) was added at -78°C to a solution of the keto- |
¢ aldehyde 108 (145 mg, 0.75 mmol) in tetfahydrofuran (5 mL).
The mixture was stirred at -78°C for 10 min. and then methanol
(0.5 mL) was added to quench the reaction. The solvent. -was then
- evaporated and the residue was dissolved in methylene chloride,
-filtered andw&@centx‘ated The crude material obtamed was
. ,ﬁltered t_hrough a short column of Silica Gel, eluting with hexane
to eliminate grease contained fn the vinyllithium solution
o Continued elution with 10% ethyl acetate in hexane afforded the
unsaturated hydroxy-ketone 111 (144 mg, 87%) as a slightly
yellowish ofl: 'H nmr (400 MHz, CDCly) 5 5.80 (ddd, 1H, J =17, - -
. J=11, J =5 Hz, CHz—CH-) 5.26 (ddd, 1H, J =17, J'=J" ‘1.5
| f'; Hz cis- CHz=OH) 5.13 (ddd, 1H, J= 11, J' J=1 .5 Hz, trans-
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fcn,-cn ) 4.42 (br s. 1H, -cu-on-) z.oo-1 45 (m, sm 119 (s.w .

3H, .-cna). 1.12 (s, 3H, -cus) and 1.03. (s, 3H, -cna) ms

‘M+ 222, 1619 (caled. for CMH,,o2 222.1621). T

{ )

(18, 4R, 6R, 1 1'R)- (112) and (18, 4R, 6R, 1'S)-6-(1-methoxy- r

' methoxywopenyl)-z-oxo-l.3.3-trlmethylblcyclo[2.2 2]octane

.
(112 and’ 113).

““omom

112 113
A solutxon of the hydroxy-ketone 111 (225 mg, 1.0t mmol) in

dimethoxyethane (0.5 mL) was added to a suspension of sodium

| hydride (80% material, 70 mg of NaH, 2.3 mmol, 2.3 eq) in

dimethoxyethane (0.5 mL). The mixture was stirred at room
temperature fqr 30 min. ahd- then cﬁioromethyl-methyl ether
(157 uL, 167 mg, 2.07 mmol, 205 eq) was added via syringe.
After stirring. for 2 hrs. the solvent was evaporated in vacuo.
Water was then added to the residue and the. mixture was

extracted several times with methylené chloride. . The combined -

- organic extracts were dried (Na;SO,) and concentrated. Flash

chromatography of the residue (5% ethyl acetate in hexane) gave
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the MOM~ether 113 (178 mg 66%) as a yel'lowlsh oil: la],,“ -110°
(c =1.1, CHCla) and -102° (e 1. 1, CH3CN). H nmr (400 MHz. ~
'CDCly) 8% 73 (ddd IH J=7.5 J=41, J'= 17 Hz CHH=CH- ),
5.25-4.95 (m 2H, CHH=CH- and CH2=CH-) 4.57 (d, lH J=7 Hz,
-OCHHO) 436 (d, 1H, J = 7Hz -OCHHO) 416 (br d lH |
J=8 Hz. -CH-0-), '3.36 (s, 3H, ~OCH3) ‘!OB {m, 1H), \/D‘\l 83
(m, 2H), 1.70-1. 50 (m. 5H), 1.18 (d, 3H,, :*CHy), 1.12 (s, 3H,
-CH3;) and 100 (s. 3H, -CH3) ir (CHCl3 caSt)"'l?‘lB cm! (C=0);
ms M“’ 266.1885 (calcd. for C,6H2603: 266 1881). Further
elution afforded the MOM -ether 113 (86 mg, ‘31%) la)p22 -116°
(c=1.2, CHCl;) and -104° (c = 1.0, CHSCN) 'H nmr (400 MHz,
CDC13) §5.73 (m, lH CHH CH-), 526&5’19 (m, 2H, CHH=CH-
and CHQ—CH') 465 (d, lH, J = 7°-Hg, -OCHHO) 4.60 (d, 1H,
~J =7 Hz, -OCHHO ), 4.19 (br. d, 1H,J = 8 Hz, -CH-0O-), 3.35 (s,
~ 3H, -OCH,). 2.04 (m. 1H), 1.99-1.82 (m, 2H), 1.78-1.51 (m, 5M),
1.16 (s. 3H. -CHj), 1.10 (s, 3H. -CH,) and 0.90 (s, 3H, -CHy); ir -
(CHCl3 cast) 1715 cm'! (C=0); ms M* 266.188] (caled. for
C16H2603 266.1881).

(+)-Norpatchoulenol (1 5).

HO



[ 4]

‘ 118

117

Metallic sodium (62 mg, 2.70.mmo}, 15eq) was added to a
solutign of the MOM ether 112 (48 mg, 0.18 mmol) in

dimethokyethane (3 mL). The mixture was heated at reflux.
' temperature forv_3lhrs. and then' allowed to éoo.l to room
temperature. Methanol (1 mL) was added s)owly to destroy the
excess of sodium and then water (2 mL) was édaed._ "The
resulting mixture was extracted with ethyl ether (5 x 2 mL). The
combined organic extracts were dried '(Na27504). filtered and
concéntrated. I-Zlash chromatography'vof thevresldue (5% ethyl
acetate in hexane) gave norpatchoulenol (15) (5.2'mg, 14%):
[@],22 +19° (c = 0.35, CH3CN); 'H nmr (400 MHz, CDCl,) § 5.71
(ddd, 1H, J = 3.0, J'= 6.0, J" = 10 Hz, -CH=CH-), 5.49 (ddd, 1H.
J=2.0, J'=5.0, J"= 10 Hz, -CH=CH-), 2.38 (dd, 1H, J = 4.5,
J'=18 Hz), 1.85-1.55 (m, 3H), 1.50-1.30 (m, 3H), 1.10 (s, 6H,
-CHj) and 0.81 (s, 3H, -CH,); ir (CHCl, cast) 3620 (free OH).
3500 (bonded OH) and 1650 cm™! (C=C); ms M* 206.1675
~ Rpaled. for C,4H,,0: 206.1671). Continued elution afforded
compound 117 (22 mg, 46%): 'H nmr (400 MHz, CDCl3) 5 4.70
(. 1H,J=7.0 Hz -OCHHO-), 4.57 (d, 1H, J = 7.0 Hz, -OCHHO.),

»
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5a(br d. m J-BOHz. -cn-o-).s:u (s, 3H, ocn,) 279 (br.

f'q'mntet 1H, J»8.0 Hz, -cn-cna). 1.84 (m, 2H), 1 78-1 57 (m,
2H), 1.37-1.10 (m. 4H), 1.08 (s, 3H, -cna).,lol d, 3H
J = 8.0 Hz, -CH-CHy), 0.95 (s, 3H, -CHy) and 0.92 (s, SH: cna). ir

‘(CHCla cast) 3520, 1460 1450 cm!; ms M+ 26! 2038 (caled. for-

CleHgsog 268.2038). Further elution gave the hydroxy-ether
118 (12 mg, 27%): 'H nmr (400 MHz, CDCl3) 8§ 4.71 (d, 1H,
J=7.0 Hz, -OCHHO-) 4.62 d, 1H, J=7. .0 Hz, -OCHHO- ), 3.39 (d,
* 1H, J=6.5Hz, -CH-O-), 3.37 (s, 3H. -OCHy). 2.44 (br. quintet,
1H, J = 7.5 Hz, -CH-CH3) 1.90-1.80 (m. 2H), -1.87-1.52 (m, 4H),
1.36 (ddd 1H, J = 3.0, J—12 J' =14 Hz),, 1.24 (d, 3H,
J = 7.5 Hz, -CH- -CH,), 1.06 (s, 3H. -CHy), 1.05 (s, 3H, -CHj) and
0.99 (s, 3H, -CHy): ir (CHClg cast) 3580, 1470 and 1460 cm™; ms
M* 260.2040 (calcd. for c,stsos. 268.2038). [
Cis- and trans-(18, 4R)-8-(methoxymethylene)-2-oxo-1 3 3-tri-.
methylbicyclolz 2, 2]octa.ne ( 123)

o . K
OCH; -
Potassium hydride (262 mg of 35% material, 92 mg, 2.88 mmol,
5.8 eq) was added with stirring toa mikture of dimethyl sulfoxide

-

T,

3
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(1 mL) and benzene (1 mL) at room temperature‘ ’l‘he mm

was continued until the evolutlon of hydrogen ceaned and the
solution bécame clear. Then methoxymethyltriphenylphospho-
nium chloride (353 mg of 90% matg¢rial, 318 mg, 0.93 mmol,

2.4 eq) was added ang the mixture was stirred for two hours, &
3

after which a solution of the keto-ester 89 (83 mg. 0.39 mmol) in
benzene (1 mL) was added. The reaction was stirred for further
two hours and then water (1 mL) was added : The resulting‘
solution was extracted with ethyl ether (5 x 2 mL) and the'
combined organic extracts were dried (Na,SO,), filtered and
eonc:Htrated. The residue was eubjected to flash
chromatography (5% ethyl ether in hexane) to give the enol-
ether 123 (42 mg, 52%) as a 7:1 mixture of isomers 'H nmr
(400 MHz, CDCl;) 8 5.87 and) 5.82 (each t total 1H, J; = 2.0,

=3.0Hz, =CH). 2.65 (dq. TH. J=3.0, J = 18 Hz.
-CHz-CHH-pi-). 2.22 (dt. 1H, J =30, 4/ = 18 Hz, -CH,-CHH-CH-),
1.82 (quintet, 1H, J = 3.0 Hz), 115" (s 8H, CI-I3) 1.07 (s, 3H,
-CH;) and 1.03 (s, 3H, -CH,); ir lCHClaLcast) 1717 (C=0) and
1671 cm'! (C=C); ms M* 208.1469 (calcd. for c,;hzooz.
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it A mixture '_.of the keto ester 89 (900 mg., 4 24 mmol) lithiumg‘
~iodide (2.84 g 21, 2mmol 5.0eq) and water ©. 20 mL, 200 mg,
. 3'11 mmol 2 6eq) in pyridine (lO mL) was heated at reﬂux '

- temperature for 16 hours and then allowed to cool to room o

l': : :'temperature The reaction mixture was diluted with a 2 1
| '.mixture of ethyl ether and methylene chloride (50 mL) and the
' lresulting solution was washed w1th 5% aqueous hydrochloric acid |

;;;;

EX (3 X 15 mL) and then extracted with 15% aqueous s’odium.

o ,.hydroxide (3 x 15 niL) The alkaline extracts were acidiﬁed to G

: *jv_:..le with ice cold con(&entrated hydrochloric acid/ and theﬁ o

- :‘resulting suspension was extracted with methylene chlondeﬁf

SN 5j.f'(5 X 10 mL) dried (Na2804) ﬂltered and concentrated Bulb to':rf“--:f‘;fi‘-,’," |

Qlf’,,f‘f}‘,bulb distillation of the residue (110—120°C/O 6 torr) gave keto-,ff;»,g-‘i,'4-"

i‘ :f"‘,vaCid 127 (740 mg 88%) as a 21 mixture of epimers The :

f,’-_’_,;f,follo“,ing lH nmr data (400 MHz CDC13) were attributed to the.. g

"ff-.a,ff:major isomer: §2. 66 (ddd 1H J= 60, =12, J=19 Hz) 2. 54*;_' jEEcn

;_}"f_f},f.?j(dd 1H, J= 3.0, J =16 Ho). 2.22 (dd 1H, =10, o= 15 Hz) ; .

RIS



1 3o (s, 3H, -CH;
oo

| ;‘were ifecordedﬁ.'.

111 (s, 8H, "-cua) 1" 05 s SH, -CHy)and, -
_g J=6 Hz, .-CH'CH:,) The fouowing spectral data
b the mixture: ir (CHCI;  cast) "3500- 26605"{,',“.
(COOH) 1737 (carboxyl C-O) and 1706 cm’ (ketone C-O) ms R
'~’M+ 198 1253 (calcd for c“Hmo3 198. 1256) Anal calcd for_
c”Hmo3 c. 66 64; I-I 9.15: found C.66.50; H, 9.02. - =

(OR, 6R)- and (3R, 66542 0x0-3-thispents ) 22,6 trimethyl.
'cyeloheianohe (126). SRR S ,

)

A mixture of the keto-acid 127 (740 mg 3. M‘nmol) pyridine -
(O 90 mL 0, 88 g 11.2 mmol 3 o eq) ethanei% "‘iol (0. 55 mL, o
J,rophosphate‘. -

y 465 mg 7 mmol 2. 0 eq) and phenyl dic_
R (o 84 mL, 1 18 g, 5. 6 mm 1,.'.5»e~q)’ in  met] “1ene chloridef‘f U
(10 mL) was stirred at room temperature for 24 hours The,:*

reaction mixture was the 'diluted with ethyl ether (20 mL) DR

extracted with 1N aqueous sodium hydroxide (2 x 5 mL) dried :

(N‘a2804) ﬁltered and concentrated Bulb to bulb distillation of f'

‘__the residue (90 100°c/06 torr) gave comp u 126 (895 mg @ :
9%) as a 2: 1 mixture of epimers lH n_ vr (400 MHz CDCIP)




s 2 68 (q._zu ~CH;CH3‘ "2'44 and 2. 30 (dﬁ both m J = 11 E
J'= 15 Ha), 1. 25 and 124 tt, both 3H, J= 70Hz -cn-cna) 1. 1o%f¢i"
o (s 3H -CHa) 1 04 (s SH -CHa) 1 00 and 0. 99 Jeach d, total 3H .
“ _,“J 6. 5Hz -CH CH3) ir (CHC13 cast) 1705 (ketone Q:O) and
'1689 cm'! (thiol ester C=0); ms M* 242.1343 (caled. for
clstzozs 242, 1340) R s

(1s 4R) 2 S-dloxo-l 3 3-trlmethylbicyclo[2 2. 2]octane (122) ,and
" (3R, 6R)- and (3R, ss) 3-(1, l-dimethyl-2 -0x0-3- thiapentyl) 6-

. "'methylcyclohexanone (128)

122 LA 128
A solutton of the thiol ester 126 (1 19 mg 0.50 mmol) tn;
o f"tetrahydrofuran (1 mL) was added at 78°C to a solution of lithtum SN
,} diisopropylamide (O 53 mmol 1 05 cq) in tetrahydrofuran The | |
S mixture was stirred at -78°C for 4 hrs. and then the reéction was
.quenched by additton of water 6& mL) The re&ttng suspel\'lsion )
- ‘was extracted with ether (5x 3mL) and the combined organic A
'_extracts were dried (Nazso,,) ﬁltered and concentrated Flash vl
: chromatography (3% ethyl acetate tng hexane) of the restdue



L afforded a 1 1 mixture of eplmers of a cornpou‘

it ftentatively ldentlﬂéd as 128.(26 mg, 22%): ' 'H nmr’ 4°° MHZ |

‘.cpely) 52.88 (@ 2H, J =75 Ha. >-CH2CH3) 2. 63 (m 1H
-CH-CHj), 2.23 (m. 2H) 1.74 (m, 2H), 1. 56 (m, 2H) '1.26 and -
1.25 (each t, both 3H, J = 7.5 Hz, -cnzcna) 0.99 (s, 3H, -CHy),
0.88 and 0.87 (each d. bothSH J=6.5Hz, -CH-CHy) and 0.80 (s,
33H -CH3) 1r (CHCIa cast) 1736 and 1691 cm! Continued{

elution gave the dxketoneﬂZ (13 mg, 15%) IH nmr (400 MHZ

‘CD013)8271 (dt, 1H, J= 30 J' 19Hz~-CHHCO) 2.41 (dd
lH J=3.0, J—19Hz -CHHCO) 219(m 1H, -CHHCH) 214

o (quintet, 1H, -CH-) 188 (m, 2H, -CH,- -C- CH3) 1.80 (m, 1H,

-CHH- CH-), 1.29 (s, 3H, -CHy), 1.09 (s, 3H, -CH) and ios C
\3H, -CH3); 1°C nmr (1006 MHz, CDCly) § 213.0, 208.4, 62.3.
1459, 41.9, 38.3, 29.7, 243, 2338, 22.2 and 12.4; ir (CHCls cast)
1736 and 1707 cm'! ; ms M* 180. 1147. (calcd for CnH
180.1150). Further elution afforded a dﬁx‘nplex mixture of’:‘ |
'vsubstances (13 mg) ' '54; |
| | | o R S
as 4R);2.6-dioxo-1.3;3e,fr§methylblcyclo[2.2;2]§c§ahe (_125).

TR




. } , _,’A”._.mixture of the keto-ﬁﬁid 137 (260 mg' 1 3 mmol).
g "t“pOIYPhOSPhOﬂC ac’& (1 0 8 and acetic acld (2 mL) was heated at

100°C for 4 hrs. After a110wing the reaction mixture to cool to-

- 'v‘room temperature water (5 mL) was added and the resultingv

m,w»fb“icarbo“hate (2 x 5 mL), dried (Na2804) filtered .and = -

3

solution

organicv ,'tracts WCre washed wlth 5% aqueous sodiuml'“

concentrated Dry column ﬂash chromatography of the residuew
gave the diketone 122 (60 mg, 25%) 'H nmr (400 MHz, CDCl,)

»8271&(dt 1H, ‘J= 3.0, J' = 19 Hz, -CHHCO) 241 (dd, 1H,

J=3.0, J= 19Hz -CHH-CO-), 2.19 (m, 1H, -CHH-CH-), 2.14
(quintet, 1H, -CH ). 1.88 (m, 2H, -CH,-C- CH3) }180 (m IH,
-CHH-CH-), 1. 29 (s. 3H, -CH,), 1.09 (s, 3H, -CH;) and 1. 08 (s
3H, -CH,); 1°C nmr (1oo 6 MHz CDCl3) § 213.0, -208. 4, 62. 3,

.45.9, 41(9 38.3, 29.7, 2413, 23.8, 22.2 and 12.4; ir (CHCl; cast)
-1736 and 1707 cm’ .ms M’*‘ 180 1150 (calcd for C;yH 50,
- 180.1150). Continued elution gave an unidentified material

(60 mg) 'H nmr (4oo MHz CDC13) 85.70 (t. 1H, J = 2.0 Hz),

,444 (d. 1H, J= 20Hz) 276 (ddd, 1H, J = 20, J'=5.0,

'f_J=.14Hz) 2.33 (dddd, 1H, J = 2o J=7.0,0=14, J'"-15Hz)’

'-_1171 (dddd lH J=2.0, J = 35 J"-70 J"'-lSHz) 157_
. (dddd, 1H, J 3.0, J' = J"-—7O J"'-19Hz) 1.37 (ddd 1H -
L J= 5o J'=13, J"—26Hz) 118 (s 3H, -CH,), 092 (d 1H,

J= 70Hz) and 0.57 (s. 3H, -CHy); ir (CHCla cast). 1810, 1735"'

~ “and 1644 em; ms M¥ 180 1150.

; extracted with ether (5x 5mL) The combined



(lR 58. 7R. 108)-1 nydroxy-a-oxo-lo.ll 11 trimethyltrlcyc
. [5.3.1.0% ‘°lundecane (76) | i

.temperat\rh'e for 5 days after which water (1 mL) was added

o

»

n-Butyllithium (2.0 mL of a 2.5 M solution in hexane, 7.0 mmol.'

7.0 eq) was added at -78°C to a solution- of diisopropylamine -

(1. O mL, 0 74 g 7 3 mmol 7 3 eq) in tetrahydrofuran (4 mL)

After stirring at 78°C for 15 min. the mixture was allowed to

© 'warm up-.to room temperature and then a solution - of the )

diketone 101 (221 mg, 0.99 mmol) in tetrahydrofuran (1 mL) was |

added via syringe” ~ The stirring was continued at room

/

""(5 x 5 mL) and then the combined organic extracts were dried

L

(10% ethyl acetate in hexane) gave staptfng material (108 mg
49% recovery). Continued elution gave the hydroxy-ketone 76

‘resulting suspension wasQextracted with methylene chloride '

%(Na2804) filtered and concentrated HPMPLQ/of the residue

(67 mg, 59% based on thpcésumed starting material) H nmr o
. (400 MHz CDC13(2 74 (dd, 1H, J= 20 Jh= 16 Hz.
i -C(OH)CHHCO) 2.57 (dd, 1H, J = 5.0, J' = 16 Hz, -cncimcm |
"230 @, 1H, J = 16 Hz, -C(on)cnncm 2.18 (m. 1H), 1.94 (m,
i 3H): 1.72 (m, 2H), 1.11 (s, 3H, -cn,,) 103 (s 3H, -cns) and



- and’s 075‘ ir (CHCls cast) 3514 (OH) and 1702 em-! (C-O) ms M"‘
”222 1619 (caled. for c“szo 222, 1619) Anal. calcd. fo5

L]

L C“szo C. 75.63; H 9.97; found: C, 75 68: H, 10.05.

S “w_

i (m. 3R. 8S, 7R, 105)-1 3- mhydroxy-lo 11,11 t"m"‘h’“”"”“'

(d, 1H, J = 2.0, J’-?l_

'.[5310"‘°]undecane (132) . A -

A mixture of the hydroxy-ketone 76 (26 mg, 0 12 mmol) and"
sodium borohydride (21 mg 059 mmol 48eq) in ethanol
"(0 5mL) was stirred at room temperature for 6 hrs - Then,

| saturated aqueous ammonium ch]oride solution (1 mL) was added
and the resulting solutlon was extracted with methyl'ene chloride' |
(5x2mL). The ch extracts were dried (Na2804) B
filtered and concentrated to. glve the pure diol 132 (26 mg"

: 100%) -H nmr (400 MHz, CDC13) ] 430 (t lH J=7.0Hz,
"'-CHOH) 230 (dddd, lH QJ-J" 3. O J" = 60 J"';— 13 Hz), 2.13

_ ). 203 (ddd, 11, J=40, J=65
o '__'J-15Hz) 189(m 2H) 182(dd IH, J= 70 J'=16Hz) 167.
U m, 1, 1. 51 (m, 2H). 1.26 (s, 3H, -cna) 112 2 (5. 3H, -cHy) and" R




"""'“",_f":‘_o 79 (s. 3H -cns) l=‘c nmr (100 6 an cncls) 5 76,5(p

| (@397 (2. 36.7 (2. 36:2 (p). 339 (7). 29.1 (p). 28.6 (p). 260

(), 24.2 (p) and 20.5 (a); tr (CHCIy cast) 3513 and 3466 em!
'(OH) ms M"’ 224.1762 (calcd for c,‘,Huo2 224. 1763)



Chapter 2

Studies Towards the Synthesis of Strophanthidin
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lntroduction' | . N

- Steroidal compounds having the ability” to exert a specific action on
the" cardiac muscle on injection into htimans or anfmals are 4
: described as cardiac-active or cardiotonic principles 82 The more
typifal members of this group of physiologically active chemical ‘
Substances are glycosides of plant origin; hydrolysis splits off the
| ‘glycosidic portion and gives agsteroid aglycone or genin. Cardiac
glycosides occur in small t;vam‘ounts in Plants of wide geographical
distribution, particularly th'osevof the order Apocynaceae.®® Many
species grow in tropical regions and have been employed by natives

of Africa and South Amei‘ica for the preparation of arrow poisons

~ Digitalis, a preparatign rnade by extraction of' dried seeds and leaves

- . of the purple foxgldve. Dtgitalis purpurea. ‘was introduced in heart

' 'therapy in 1785 by the Scottish physician William Withering and
was met with great success Chemical investigations of ‘the active
princip. of the digitalis plants date from the early nineteenth'l
century. In 1938, Gattell and Gold®* demonstrated that digitalis
', increases the force of contraction in the isolated cat papillary
muscle. The subcellular basis of* the lnotropic effect of these
substances is a reduction in the Na* K‘-ATPase activity 85.86 Binding
of the drug to the enzyme at the outer surface of the cell membrane
brings about a change in the conformation of the protein in such a

‘134



| way thAt lt !ooeeo us abmty to bind ATP and therefore ite wctMty
The net result is a decrease in the activity of the sodium pump and
'therefore an ihcrease in the force of contraction, improvlng cardiac
emclency and lowering the heart rate. .Some cardiotonic steroids
have been shown to possess strong cytotoxic actMty against humank
| carcinoma of the ‘nasopharynx carried incell culture (KB).87-80

Chemically, the aglycones of the-cardiotonic steroids are divided in
two types: cardenélldes and bufadienolides .The more prev'alenp |
cardenolides, exemplified by dlgitoxigenln (133) are C,3 steroids.'
bearmg a 17B -oriented a,B-butenolide ring and genqrally a 14p-

hydroxyl group.®° Addigonal substitution by ketone hydroxyll
aldehyde, epoxide and olefin groups gives rise to various genin
portions. The bufadienolides, on the other hand, bear a 5-
. substituted 2-pyrone ring in the 178- position; otherwise the steroid
ring substltuents and stereochemistry resemble those of the

cardenolides le.g.: scilllrosidin (134)].




‘Much of the pioneerlng work®! (1922- 1934), carried out by W ‘A
. Jacobs, of the Rockefeller Institute towards the structural ppoblem
of cardiotonic steroids, was done on strophanthidin (135). ’l"_his
‘ substance is obta.ined from glycosides present in the seeds of
' Strophanthus kombé and turned out to be one of the more elaborate
aglycones since it has an aldehydic function at C-19.

185



- To thls date. only two synthetic otudles have been reported for
, ,.strophanthidin (185) In 1978, Yoshu and coworkers publlshed
‘thetr partial synthesis of 139 02 These authors employed the readuyl
'avallable pregnenolone acetate (136) as the starung material and B
elaborated it into strophanthldin in three main stages (Scheme 17).

" Schem\e 17

136 1ol

135 © 138

The first phase involved the conversion of the unactivated C-19

- methyl group into a hydroxymethyl 'substituent. and the




in_trodugﬂbﬁn’ of the C-14 double bond to give the dlhydpuydtenone
197. This transformation was achieved as shown in Scheme 18.

“The next 'task ‘cor_xslsted’ of the cons,tructioﬁ of the butenolide ring
without affecting the functional groups in the sterofd skeleton., It
was performed by a reaction sequence (Scheme 19) involving &v\
initial conversion of compound 139 into the 21-methylthio h

derivative 140 by means of a base-catsjilled reaction with diethy{d

oxalate followed by treatmént of t lting compound with

melhyl thiotosylate in the presence of m acetate in ethanol.
Reformatsky reaction of the correSponding‘ diacetate gave
compound 141, which was treated with trimethyloxonium
tetrafluoroborate followed by sodium hydroxide, to give the epoxy-
ester 142, 'I"he latter substance was adsorbed on alumina for 1 to 5

" hours to afford the diacetate 143.

The third stage of the synthesis involved the formation of the two
tertiary B-hydroxy groups at the 5 and .14 positions, followed by the
selective oxidation of the 19-hydroxymethyl moiety (Scheme 20).
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(a) (COZEt)z, KOMe (b) TsSM% KOAc (c) Ac20 pyndme (d) BrCHZCOZMe. Zn i
(e) M930+BF4 (f)OSNNaOH CHZCIQ. (g) alumma '




() 2M KHCO§ \MeOH; (b)' v‘ﬁ'zClz. © (cqu)a, (0) AcNHBr, H,_o (e) Raney
" nickel; (f). 2M K _Coa. MeOH: (g) H20,, NaOH? (W) ‘Ac,0, pyridine (l) c’(OAC)z. R
b ill) Umshb@ nickelA ('Q;ZM KHcosf. \ eoH (l) Cr03 (MezN)aPO o




.j."rhe" secOnd series .,°£ f udie_,“ frected’ towar ) on’of
strophanthidin have been carried out by Kocovsky‘ et aL ‘5-96 and B

: culminated in the isolation of l4-deoxy-14a—strophanthidm (144}

B intramolecular Wittig reaction as shown in Scheme 22 'l‘he
hydroxyl functionality at C-19 was then recovered by means of a.

. ‘,two step procedure. ‘ involving the treatment of 147 with :
,hypobromous acid followed by reduction with zinc fn hot acetic’j:

_me hodology employed by Yoshii to produce compound 146.?15
Scheme 21) The. butenolide moiety ‘was formed using an

,acid to afford the alcohol 148 (Scheme 23) Formylation of 148

. ".;followed by treatment with hypobromous acid gave the bromohydnn;_ :
= ;_‘,;149 which was dehalogenated With Raney nickel Finally, O’ddation Ry
of the C 19 hydroxyl group and saponification of the benzoaite -

e produced compound 144

v
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W S e
A 5

. .146

e (@ NBA, HCIO,, dioxane; (b) Pb(OAC),, 2, benzene: (c) Zp, ACOH.



B Schemezz -

" OAc

146 R

Bz0"

147

(a) 1)NaH, DME; 2)CHyl; (b) Pb(OAC);:BF3-OEt,, MeOH, benzene; (c) HCIO,,
. MeQH, CHCl3; (d) 1)DCC, (E10),POCH,COZH, benzens; 2)1-BuOK, DME, |



- '_~reaction of the enone- ester 150 with the diene

14¢ T 140

' - {a) NBA HCIO4, dvoxane (b) Zn, AcOH; (c) HCOgH 70°C; (d). NBA HCIOy, dioxane;
(e) Raney nlckel EtOH (f) Cr03 acetone; (g) KHCOs. MeOH Hzo reﬂux

,A potentlally very efficient approach for the formation of the "
steroidal skeleton of strophanthidin would involve the Diels-Alder\ ‘

b adduct 152




.

150 sy 1 152

\‘ll;his substance.' possesska number of features present in the

strophanthidin skeleton and could presumably be manipulated into
the production of the desired target molecule

5

An analysis of the Diels-Alder reaction shows that on the basts of

"the general rules for this process there are four possible transition

states. The formation of the\ntermediates 153 and 155 involve the
attack of the dienophile from the conve)‘tta_pe of the diene molecule,

to give the: compounds 154 and 156 respectively ' On the other
hand, the adducts 158 and 160 result from the opposite mode of

- attack from the concave face, via the transition states 157 and 159

Note that the adduct 154 is the substance ‘that possesses the o

' o stereochemical features required for the synthesis of 135 Studies :

on the Diels—Alder reactions of th enond‘ester 150 have shown

. that the products obtained arise predominantly from the addition of

the diene endo to tbe ester group of 150 07
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. be ;formad preferenﬂany Moreoverﬁaddttlon from\ the }concavc face.»‘-

of the dlene u.e. 188) would lnvolve far more sterlc lnteractionsq .
- than the addition from the opposite face. This led to the prediction
that ‘the'transmon state 153 would be the}p ferred pathway for the

~ the Diels- Alder reactioh of the dienes 161 163 with

“"benzoquinone give the adducts 162 and 164, respeg_:tiirely.

OAc . : OAc

o OH
+ H —— [ H | -#
s N
0 | OH |
161 | 162
w; .
OAc | | : OAc
* " OH - ¢
' . ,/ :
+ H — | » |

’ OH :
163 ) . " . 184



" Both adducts iez and 104 ‘were' formed by addition :¢
' benzoquinone from the less htndered convex face of the dlenes |
This gave the required trans relatlonshtps between the proton atc:
9 and the angular methyl group on C-13. Moreover the Dlels-Alder
react.tons of the dienes 161 and 163 with the enone- -ester 150 have .

.been carried out”8 and the results are discussed below

I
"

When the diene 161 was reacted with' 150 under Lewis acid
catalysis conditions, a 1'1°1 mixture of adducts was obtained After
a pafnstaking chromatographic separatlon the adduct 165 was

isolated and characterlzed by spectroscopic means '

L
s

CO,CH; OAC‘.

165

Th,,e structure of 165 was confirmed by xheans ‘of an X-ray
crystallographic analysls of the derivative 166, obtained from 165 by
hydrolysis of the acetyl group follqwed by oxidat.ion The productton‘
of only three of the four posstble adducts allowed the ruling out of -
the transition state 159, whlch would resglt from a greatly
disfavored endo-to ketone attack from the sterically hindered

concave face of the diene.

Al . L




,. v . - 166

Similarly, the reactlon of the enone- ester 150 with 163 .gave a

l 1:0.3 mixture of adducts. Hydrolysis of the acetate and oxidation
gave a mixture of ketones of the type of 166 that was
spectroscopically identical, except for the proportions, to an
snalogous mlxture ‘obtained 'ffrom 161. The ‘charige; in -
'stereoselectlvity observed in changing from 161 to 163 suggested B
that the endo orientation of the acetate group in 168 1ncreasés t:he
_steric hindrax&ce for attack of the dienophﬂe from the concave fage»; . *Ts

: previous results and second, to test the ideas outlined above :
resultsv-of our experiments are presented»m the second part of i

thesis. D L N g



The synthesis of the dlenes 161 and 163 was effected using the
commerclally avallable Douglas-ﬁr beetle pheromone 3-methyl -2-

67) as the sta.rung mtenal Irradiauon of a
mixture of the enone 187 and vinyl gcetate in benzene with a

,cyclohexen-l -one:f:

450 W Hanovia high- pressure mercury- vapor lamp usmg a pyrex

~ filter for 50 hours gave a yellw oil that was immediately treated

with 1.8-dlazabicyclo[5.4.0]undec-7-en¢ (DBU) in refluxing

benzene for two days. Chromatographic separation of the
products®gave a 64% yield of ihe two keto-acetates 168 and 169

in a 2:1 ratio. Compound 168 displayed, two.. arbonyl bﬁnds at

% “f.@ st 1737 and 1706 cm'! in the infrared spectrim. The 'H nmr

::f B
Cow e
B oo “fu

asctrurd showed a multiplet at § 4.92 for the proton adjacent to
¥ e""icetoxy group ‘and singlets at 5 2.06 and 1.23 for the two

methyl groups. Its high resolution electron impact mass

i: '5‘ a spgctrum did not present a molecular ion peak, but a [M+18]*
,’;;_péz;k was observed in the chemical ionization (NH3) mass
spectrum at m/z 214.30. The cq‘hpound 169 was isolated as a
"‘whlte crystalhne solid with a melt.ing pomt ?{ 53-54°C. The
infrared spectrum, showed carbonyl signals ‘at 1728 and
1689 cm’! for the ester and ketone carbonyl groups, respectively.
'The chemlcal ionization mass spectrum showed a M+18]* peako
i at 214.27 and the 'H nmr spectrum diysplayed.a- triplet at 5 4.72

é e 152

N 4



e r_gThe keto acetate 168 was then subjected to treatment with? o

-‘:,:'-‘;vinylltthlum at low tempex‘ature tp gtve a 4 1 mixture of the.
| :43'. : epimerlc unsaturated hydroxy»esters 170 and 171 in a 59% yield
v-‘i-The IH nm%- SDeCtrum of the mixture clearly showed two sets of,,
: slgnals for the two rnethyl groups and for the vinylic protons

t

B ‘nds at 6460 and 1730 cm in the tnfrared spectrum

_""’_onﬂrmed the existence of a hydroxyl and an ester carbonyl
s ,Nevertheless Ban [M 18]+ peak was observed at m/z 206 1307
:-tv!.corresponding to the molecular formula Cl 3H180 2. The
"f"""vf"v‘h-:ffstereochemtstry around the carbon atom beartng the hydroxyl
group was asstgned on the basis of the assumptton that th\e maJOr
j ':»prod ‘v‘ct should ortginate from the addition of the organometallic

;reagent fromz”‘.}_: e less



o ’I‘he diene 16L was obtained in 62% yleld by treatment of the‘ o

-mixture ol‘ 170 and 171 with tosylﬂ"isocyanate ln benzene.'“’v:_'f;; e

v.iv:followed by pyrolysis of the resu 1

g _aterial at 120°C under“"‘

'.f}vaﬂ:um | Cr@lmpound 161 showed signals for the vinyllc protons at'.,v E

o .8 6. 27 5 84 and 4 90 in the lH nmr spectrum as well as methyl-'- “ }
| groups at S 2 05 and 1. 16 Its lnfrared spectrum displayed bandsf{f “

at 1742 1635 and 1600 cm: ; conﬁrming the presence of the R

e fp_’{ester and oleﬁn functlons In the hléh resolution mass spectrum S

‘a molecular lon was discemed at m/z 206 1307 ln congruence o

with: the molecular formula c,snmoz PR ,' L

'__}The @pimenc diene 163 was prepared from 169 in an analogous - ”

""manner 'l‘reatment of 169 w:lth vlnyllithlum gave a 60% yleld of_:"';,'._»_i_‘

f""_"the unsaturated hydroxy—esters 172 and 173 ln a 6 1 ratio o

L _'Dehydratlon of the mlxture uslng the same methodology as before.-

: ‘ afforded the compound 163 ln 70% y'leld

"D



Ut 51, 15, 1.08 and 0.99. In the, infrared spectrum bands at 1735

.

By . . ! . . L te¥ . “_ A

Having obtained the required dienes we proceeded to carry out

the corresponding Diels«Alder reactions When 161 was treated o

with the enone ester 150 at -30°C in the presence of styannic‘

chloride ‘a l 1 1 mixture of adducts 174 was obtained in 62% g

yield The 1H nmr spectrum of this mixture revealed a multiplet:

at 5 5 30 with an integral of 3. for the vinylic protons signalsm}

corresponding to the methox\yf’ groups at 5 3. §3 3. 75 and 3 72, inw | _'

a 1: 1 1 integral ratio. singlets at 62 12 and 2 07 with a total’" |

integral of 9 represgnting the acetates and finally methyl peaks

and 1715 cm'l ‘conﬁrmed the presence of both the ester and

ketone groups ’and the mass spﬁtrum presented a molecular ion

peak a" m/z 360 1933 in concordance with the formula

5 Gas chromatography of the mixture clearly showed

o

[

3



174

-

Being able to reproduce the results of this experiment we, E
4 sm decided not to repeat the Diels-Alder reaction of the diene-' ;
: acetate 163 but to go ahead with our plans towards the?‘;
‘@‘ improvement of the stereoselectivity ‘of the reaction As was )

outlined before our intention was to: replace the: acetate in 163

for a more sterically demanding moiety A pivalate would meet;;__ |

this requirement and we set forth to synthesize the dierie-esterf o

ws. |
¢ 1 -. ‘?
4 7. . s

"\

yield oi‘ the hydroxy-ketone 176 The infrared s%ectrum of this f

The replacement of the. acetyl group was carrled out easily in two:" i
_- =steps Hydrolysis of the acetate by tre ﬁen#*of 169 with an -
excess of potassium carbonate in. wet méthanol afforded a 92% »; ,



-
d ~

) ’n'eatment of 176* with an excess of p’ivaloyl chloride in pyridipe

. . in the presence oﬁa catalytic amount of 4 dimethylaminopyridine
o :‘,gave a 95% yieldi}of the desired keto ester» 177 The lH nmr

‘spectrum of this substance showed a triplet at 5 4.71 for the“'-
. ﬁ;proton at the base of the pivalate and singlets at 51.27 and 1.22°

‘with lntegrals of 3 and 9, respectively The lnfrared spcctrum :

Qo presented an es?er carbonyl band at 1329 cm-! and a ketone |

o ‘carbonyl at 1706 em-t, The mass spectmm did not show a
_.molecular lon peait but an: [M-102I+ p;al& was observed at m/z :

V"‘vi,1~36 0889 resultmg from the..loss of a pivalic acid unit

i




"‘rThe next step in*(rolved the preparation of the unsaturated

hydroxy-ester 178 by treatment of 177 with one equivalent of

vinyllithium in tet_rahydrofuran at low temperature A single

' isomer was obtained ina6l1% yield as well as ‘some unchanged

C RS

starth

T 1’

material The infrared spectrum of 178 displayed bamds )

at. 3480 (OH) 1730 (ester C=0) and 1695 cm (C=0), Its mass

-spectrum did not show a molecular ion peak instead a M- 17]+

peak was present at m/z 249 1853 in agreement with the . -

- formula CmH2502 The fact that only one {somer was. obtained |
| ‘-"supported our belief that the face selectivity for the reacttons of :
) "".175 would. be improved with the introduction of the bulky‘
'substituent ’ ' o

o'l o s



‘ Out the ,@tbsutuuon of the acetyl group after the diene" o
‘Yr“molety had been assembled _For this purpose the dlene-acetate
163 was subjected to hydrolysis condltions with an excess of

A potassium carbonate in wet methanol to give the hydroxy~dlene e

RO 179 ln 92% ytﬁ T'he 'H nmr. of 179 displayed signals for the e

'vinyllc protons at 56. 26. 5.80, 4 96 and 4.90, as well as a broad‘
" "‘ quartet at 6.3. 96 representlng the proton at the base of the,v
: ’hydroxyl group. ’I‘reatment of 179 ‘with ‘an excess of pivaloyl 3
chlori_de‘ina‘ pyrldine. in the ..presence of fl-dimemylarninopyﬂdlne -
gave the desired diene- ester. 175 in qua'nti.tative yield.- "The,‘»'v
‘e:dstence of the pivaloyl moiety was confirmed by 'H nmr, which J
showed slnglet with an lntegral of 9at 5 1.19.

L .;O.H' J
B ” ‘
. < 9:.
e H

Todt

’l‘he Dlels-A.lder reacttons o( \175 wlth the enone-ester 150

proceeded smoothly in the presence of nfc chloﬂde to give a
e lH nmr spectrum of

63% yield of a 1 1 mixture ofgadducts [

wEED B T T A




ure showed a muluplet at 8 5 35 1

| e ups at’ 5 3.77 and 3.71 methf

’mpthoxy

'1.20, and t-butyl groups at § 1. 22 and 1 21, lts mfrargapectmm_"
dlsplayed bands %731 and 1710 cm ! for ﬁe ester and ketone

'f

‘carbonyls. respecti y. and ln the mass ctrum a molecular fon

- " - peak at m/z 402 2404 was- congruous “ the molecular. formula
‘.,C34H3405 On the assumption that the t,ransﬁion states 157 and
* 189 can now be ruled out, the products obtained should have the :
structures 180 and 181 | f?};t . : |
CO,CHy I
ol
] Wl H
°.  CO2CH, | .o o e
0 : r &
Wl ow
Qo N
§ o R
181
&

_\..Compound 180 bears the substituents with t.he requir{
e f‘f‘*jstereochenustry and arose from the endo—to-ester attack of 15’



rotﬂ"a bulky substituent ‘tl the a-pos tion'o the diene moiety tn 178" )
;would irxﬂuence the outcome of the reaction so-asto produce 180’
I excluslvely or with very high selectivity " The basis for this

) 'Experiments towards the’ fulﬁnment of this goal’ will be carried A gl
N .out in our laboratories in the near future. ‘ § -

_ ’prediction rests on the results of studies carried out in our group

on the Diels-Alder reactions of the enone- ester 150.97.99.100 It

,was found that the, Lewis acid cata.lyzed Diels-Alder reaction of .

150 With the 3-substituted diene 182 gave a 6 1 mixture of the
adducts 184 and 185 in 66% yleld. ’

LN

"R a
182 R = OPO(OEY), .
H

183 R

In contrast 'when the diene 183 was used a5:3 mtxture of the

.adducts 186 »and_ﬂ 187 was obtained in only 34% yield. The next
~ task at. hand i i"therefore the synthesis of the diene 188

7

re Y
gy
:




PO(O‘Et')g

o)
OPO(OEt),-
H

rOTO

OPO(OEt),

188



General.
For\general remarks see Chaptei-»ll of this thesis.

- Mateﬂfls. gy

" For the methods used in the. purification of solvents and other
materials see Chapter 1 of this thesis.

, .
(IR‘ 6R*, 7R‘) (168) and (IR‘ 6R*, 7S‘)-7-acetoxy-6~
methylbicyclo[ll 2 O]octan-z-one (169). .

"-‘;_ OAc - H OAc

168 | 169

A solution of 3-methyl-2- cyclohexen l-one (1 67) (10 7 g
9.7 mmol) and vinyl acetate (90 mL, 84 1 g 0.98 mol 10.1eq) in
benzene (50 mL) was placed in a phctochcmlcal reaction vessel

“The reaction mixture was cooled to 0°C and a flow of argon was

163 -



passed through the solut

'1,8- diazabicyclo[5 4, Olundec 7-ene (DBU) (14.5 m
- 97 mmol, 1.0 eq) was added and the mixture was reﬂuxed for 2

'on for agitation ‘l’he solution’ was
irradiated wi@ a 450 W Hanovia high pressure mere - po’r"
quartz lamp using a pyrex ﬁlter After 50 hrs. the ctwn .
mixture was concentrated and dissolved in benzeﬂs (100 ml.) -

L. 14.»8 g

days The resulting solution was concentrated .and the residue |
was dissolved in methylene chloride (100 rnL)..washed with 20%
hydrochloric acid (3 x 20 mL), dried (Na,SO,), filtered and
concentrated. Flash chromatography of the residue (20% ethyl
acetate in hexane) gave the keto-acetate 168 (7.2 g 40%) as a
yellowish oil: '"H nmr (400 MHz, CDCI3) 5 4.92 (m, 1H, -CHOAC),
2.52 (m, 1H, *CHH-CHOAC), 2.40 (m, 3H), 2.19 (m, 1H), 2.06 (s,
3H, -OCOCH,),1.91 (m, 3H) 1.46 (m, 1H) and 1.23 (s, SH, -CH,):
13C nmr (100.6 MHz, CDCl3) 6 213.9 (p), 170.5 {p), 69.8 (a), 46.6 -

(Pl 44.6 (2), 399 (p). 32.9 (p). 28.6 (p). 21.3 (a), 20.9 (p); ir

(CHC13 cast) 1737~(ester C-O) and 1706 cm! (ketone (C=0); ms
(CI- NH3) [M+18]+ '214.30. Continued elution gave the keto-
acetate 169 (4.3 g 24%): m.p. 53-54°C (recryst. from hexane): H
nmr (400 MHz, .CDClj;) 54.72 (t, lH J = 8 Hz, -CHOAC)., 260 ‘
(ddd 1H, J'=7.5, J = 9.0, J” = 11 Hz, -CHH CHOAC) 245 (ddd'
1H, J=6.0, J' =11, J"= 17 Hz, -CHH- -CO-), 2.32 (m, 2H), 2.18
(ddd, lH J=85, J=10, M= 12 Hz) 2 06 (s. 3H QQGCOCH:;),‘ »-
2.04 (m, 2H) 1.79 (dddd, lH J= 20 J" = 5.0, J"é: 11,
J" =22 Hz), 1.42 (m, 1H) and 126 (s, 3H -CHS) 13C nmr
(100.6 MHz, CDClg) 5 211.7 (p). 170.5 (p). 72.1 (a), 46.6 (p). 44.3'




i AR Py g . . B
DU ke el B Ve s ; RS N
_“1,» . ¥

), 37.8 ). 501 @ ). 3. 8 (p), 25.0 (a) and 201 P (cmcx3

caat) 1728 (ester C=0). and 1689 cm*! (ketone C=0); ms (CI-NHs)

[M+ 18]*‘ 214, 27

3 (' ‘,‘

(IR, 21&' 6R*, 78%- (170) and (uv 2R*, 6R*, 78%- “7-acetoxy-

vinyl-e-methylbicyclou.z.moctan-z-ol (171).

e

. OAc - OAc
HO ] ¢ | HO M <\ |
170 o 171

Vinyllithtum (6.15 mL of a 1.65M solution in tetrahydrofuran,
10.1 mmol, 1.0 eq) was added at -78°C to a solution of the keto-
acetate 168 (1.87 g, 10.1 mmol) in tetrahydi'ofuran {3 mL). After
stirring for 4 hrs. at -78°C, water (1 mL) was added and the

resulting mixture was extracted ‘with methylene chioride

-(4 x 5 mL). AThe combined organic extracts were dried (Na,SO,),
filtered and concentrated. Filtration through a short colum‘ of

silica gel, elumgﬁmt with hexﬁne to remove the grease and then
with 40% ethyl acetate .in hexane, gave a 4: 1 mixture of the |

: unsaturated hydroxy-ketones 170 and 171 (1. 34 g 59%). The .
}following 'H nmr- (400 MHz, CDCla) data were attrlbuted to

compound 170 8591 (gld 1H, J 11, J' = 18 He, -CH=CH2) 5.22

Cfor.d, 1H, J= 18 Hz, trans - CH-CHZ) 5.02 (br.d, 1H, J = 11 Hz,



-cn-cnz) 483 (ddalH J=5.0, J = 7.0z, _CHOAG), 2. 04 ie

3H, "OCOCHa) and 103 (s, 3H, -CH,). . The following 'H nmr

(400 MHz, CDCla) data were attributed to compound 171: § 5.79
de. 1H, J= 11,.J = 18 Hz, -CH=CH,), 5.19 (br. d, 1H, J = lBHz
trans CH=CHz) 5.07 (br. d. 1H, J = 11 Hz, cis ~CH-CHz) 4.73
(m, 1H, *CHOAC) 1.92 (s 3H -OCOCH,) and 0.95 (s 3H, -CH,).-
The following spectrglx.data were obtained on the mixture: 1r
(neat) 3460 (OH) ,and. 1230 cm'! (C=O) ms M-’ 18]"' 206.1304 |
(caled. for d,anwoz 206 1807). |

Y "t

mw eiv 7&‘)-7-gcetoxy-2 vinyl-s-methyn)lcyclou 2. Oloct-2-

e

ene (161) A ) "‘.;‘
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| A mixture of ,the urrsaturate‘;d hydroxy -ketones 170 and 171
(932 mg 4 2 mmol) and tosyl isocyanate (0.62 mL, 902 rng

4.6 mmol,: 1 1 eq) in benzene (5 mL) was stirred at 0°C for 2 hrs.

Water (2 mL) was then added and the resulting suspension was
N extracted wjth ether <§ x 3 mL), dried (Na,SO,), filtered and
concentrated Pyrolysis of the residue (120°C at ca. 2 torr)
fol-lowed by HPMPLC (20% ethyl acetate’ in hexane) gave the
*  diene-acetate 161 (530 mg, 62%): 'H nmr (400 MHz ‘CDC1'3_) N



v

V"'-extra:ted with methylene chloride (5x 5mL)




18Hz -CH-CHz) 529 (br d lH J 18 Hztrans 'CH-CH.,,)".,"._{., 7'.',7
"";5 09 (dd 1H, J=70, s 90Hz s CH CH,), 456 (dd, 1H, "
1=17.0, J = QOHz‘-CHOAc) 203 (s. 3H, -ococns) and 117 rs'-‘,
He Céia) The foll wing IH nmr. (4oq,MHz. ; cm013) «wmﬂ{
| a,ttrlbuted to compound 173 8581 (dd lH J- 11 J 17“Hz
| -CH=CH,), 5.22 (dd, 18, J = 20 = 17 Ha, trans - -CH=CH,), 502,7?*@-';‘_' :
(@4, 1H, J=2.0; J'= 1T Hz, cfs -CH=CH,); 4,51 d, J = 7.0,
s 9. [QHZ CHOAc) *z 06 (s 3H -OCOCH3) and 1. 26 (s. 3H,
.-ococnai S e T e e

. o . v . . ; . SRR : .
s . . .

(m* 6R‘ 7R‘)~7-ace£bxy-2 vinyf-s-methyxbicyclou 2 Ohft-2- -
ene (163) B R T :

.}°‘




_-;;i:“:v1635 (C=¢c) ang 1600 cm’ (C—C) ms

.@ ..
>
.

 2icar g]am;m.,-gy-?z:eyaqnexen&'-«fm:ef (150).

. =C] 4.95 (d, 1H, J & .-_M,_Arans;-CH cnz). 4.8 ..Q(a lH
Cge 11Hz cis CH-CHQ) 4.78 (t1H, J = B'Hz ~cnoAc) 221-‘”.["

"_‘fj.:‘.{.;za? (m BH) 203 (s. 3H -ococus) 1:90- 1 73 (m 2H) 136];
i (ddd lH J J" 35 J'= " 13 Hz) and 1 18 (s. 3H Cﬂa) ir‘ T
i (CHCla cast) 1740 (c:,
o ;;’M+ 206 1306 (calcd for c,:,H]@2 206 1307)

‘ 1‘,;"1 2 eq) ina.]‘
C ylen : chloride (5 mL) The mixture was stirred for 5 min at o |
‘om mperature and then it was cooled to (;’C Pyrtdine;} |



for 30 rnin Qnd then poured over lce cold 5% hydrochloric acid"r“ :

i "":_'.(50 mL) The organic layer was separated w,aShed with 5%
| "f..'f,fj,hydrochloric acid (50 mL) and cooled to 0°

: "_hydrogen peroxide (A mL) was added with stirring tn two";f "

"Portions over a period of 10 min and then the mixture was'} "‘i“ |

"r“l“_Aqueous 30%»; o

kel o

| Astirred Tor a further 20 min and diluted wfth water The organic_

s

layer w&%‘ separated and washed With aqﬁeous 5% sodlum. .
‘bicarbonate (20 T .' 4\ .ﬁttet‘ed and concghtrated SRR
; Xketo ' §50 g, 100%7 as a yellow"; R

, A

. ,oil H nmr (400MHz CDA3.“,

o»CaHloO;, 154 0630) e T

| The meis-_Aidei-fr_eaéuoxi[qf 161 with 150,

2 44N, J = 401;z “CH=)and
381 (s, 3H, -ocns) ir (erq:l,, ca;u 1750 (ester c=0) and 1715-.[ -
* (ketone C—O) and 1620 r:rn‘1 (C-C) ms M‘* 154 0629 (calcd for‘:’
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sl LA R, 35"’-;“& 0 9 mmolf 0. 5 eq) 1n. methylene chloridefffl
._...,(10 mL) was stirred at -30°C for 18 hrs The reaction ure"'v

L ‘:"chloride @3 X 5 mL)‘ The combined orgapic extracts were: dried» a2
| "(Nazso4) futerea and cqapen,trated HPMPLC of the q e

“ lH pmr Spécf;ruﬁb (400 MHz CDCls) of the,4

L) ‘ ' & ‘ts of slg'ha.}s o8 m,lnfegral ratio of 1:1; 1 and
S presented signals at 8 5. 30 (m. 3 X 1}{_ -) 4, 85 ( . 2 X 1H\
o .-CHOAc) 4.65 (m, 1H, -CHOAc) 3.83, 3. 75"and 3 72 (wh s,
S total 9H, -cozcns) 2 12, 2. 07 (each" §f>tota1 95. ocgcnai:»and;

. nis, 1. os and 0.99 (each s, tot’al 9H, -CH,); ir (CHC13 cast) 1735
{ ;L.’\;f-"(esten C=0) and 1715 em-! (ketone C=0); ms Mﬁ*seo 1933
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, A mixi iine ‘of the hydroacy ketone 177 (365 mg, ¢ 2 4 mmol) L
L pyridlne (5 mL) pivaloyl chloride @ 05 L, . 201 g 170mmpl

diluted with ether (20 .mL).Z washed with 5% hy@rocmonc acid
- Vo \. ; . i



| 5 ;(m.‘ 2H).‘ 1;79‘ |
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-CH—CHQ) 5?)9 dd. 1H, J= 1.5, J = 11 Hz“‘eis CI';—C§2} 4‘"55
. (dd, lH Jd = 70 J"QOHz -cnw-) 223 (@, 1H, J=7.5
J= lle -cn CHO) '2.01" (ddd, lH Jo= Q U= J"-ll Hz
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A mixture of the hydroxy—diene 179 (345 mg. 2 1 mmol)" and
pivaloyl chloride (2 mL 1. 96 g ‘16 3 mmol 7 8 eq’)’gnd a catalytic
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S ~dried
*distillation of

P

dﬂuted with ether (2"‘ ), - washid
: (3 X 10 I '):, an 4 tul;ated aqued;ss axpmonlum chlorlde (5 mL) ,‘ ,'
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" (d 1H, J= 18Hz, trans -CH=CH,), 4.91, (d. 1H, J = 11 Hz, cis
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" A mlxture bf thé enonewster 15@ (640 mg 4.2 mmol, 2.0 eq) .
the dlene ester 178 (516 mg, 2.1 mmol) and stannlc chloride

' (123"ﬁL ? 272 mg 1.0 mmol, 0. 5eq in methyleng chloride
B g L10 mL) was st_trred at. -30°C for 19 hrs The reactio‘n mixtu

g "was then diluted zdih water (10 mL) the or%anjc layer u’

-

separated and the a eous layer was ‘extracted with methylene

thonde (3 x 5 mL). The combined orﬂanic extracts were dried

~(Na2804) filtered and concentrated ~“HPMPLC of the residue

_(10% ethyl acetate in hwcane) gave a 1:1 mixture of the adductsv |
, 180 and 181 (527 mg 63%) 'H nmr (400 MHz CDCl;) § 5.35'

(m, 2 x 1H, -CH=), 4.75, 4.57 (each m, each lH -dnoco(CHg,)s)ﬂ
'3 77 3.71 (each Sy etmsn -ocna) 1.28, (s, 3H, -cna) 1.22,

' 12‘ (each S, eath QH 'C(Cﬁ3)3) and 1 20%8 3H 'Cns) ir (CHL]:; ‘

cast) l 31 (e r'C o) and 1710 cml (ket ne. C-O) ms M+

402, 2404. (calcd for 024}13405 402. 2407).
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