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.  ABSTRACT

The use of p-keto thiolesters in the constructio
via Michael and aldol, of fused (e. g.vl)hand'bridqed
2) ring systems possessing a functionalized substitue
the angular positiOn has been successfully studied.
synb?etic applications of the annelation procedure ha
also been demonstrated 1nc1uding- selective reductio
thé thiolester group (e.g. 2+3) with Ra-Ni; the
concomitant removal of ketone carbonyl ;nd reduction'
'thiolester'to the alcohol level via thioket ‘interme
(e.g. 1?4»5) using Ra—Ni, and the direct conversion o
ketone carbonyl to a g__fdimethyl group . (s.g. 1*6) us
lithium dimethylcuprate. In the latter unprecedented
reaction, the involvement-of a lactone'intermediate g
as-7 was concluded based on a mechanistic investigati
- This compound was shOWn to couple readily with .lithiu
dimethylcuprate to glve acid 6. Extrapolation of thi
f1nd1nq sugqested that allylic plvalates might posses
1nterest1ng’propert1es in coupling with orga ocupra‘p
Indeed the experimental results showed that llylic
p1va1ates coupled with both lithlum and magnesium org
‘copper reagents with'high efficiency. Interestingly,
complementary mode of regioselectivity.was displayed

these two types of reagents. With lithium diorgano-

»



cuprates, the general mode is the displacement at the a-

I

cagnqn resu tinq in the. predominant formation of ‘the

"SNZ"-type gﬁLcts. On the other hand, ‘the major product

reagents,JRMgX-CuI (2:1), was found to be cons,'
~the "SNZ:;-type resulting from y-attack. For“exanple, the:
.reaction of compound 8 wi)h n-BuMgBr~Cul (2 1;\gave Qjenes
_9 and 10 in a ratio of 11 1, while the latter was.formed
as the only product when 11th1um di- n-butxlcuprate was
used,’ These re3ults are, discussed innStudy I of this
thesis.v ' | |

Study 11 descr1bes the preparation of the optically
ective keto aicphol 11, a potential 1ntermed1ate towards
the totel synthes}s'of a4petchoulene (12), starting.from
t—lO-camphorsulfonic acid ammonium salt (13). Treat-
ment of (13) with fused potassium hydro;ide gave (=)=~
' tcamghorlenic acid (14) which ues conuerted‘to;the‘.";%E.
corresponding ketone 15 with.ethyliithium; Photooxyge;;
- ation of ketone'15 uszng tetraphenylporpnine as a
sensitiier in the presence of acetic anhydride and 4-"
d1methy1am1nopyr1d1ne gave rise to enedione 16 which
‘funderwent cyclization sto glve ketone 17 upon treatment
:thh methanolic potassxum'carbonate. Epox1datlon of

) ketone 17 w1tn m-chloroperben201c acid followed by

rearrangement of the resulting. epoxlde 18 using stannlc

- . o

vi



chloridé as‘.a car:al‘yst‘afforde‘d diketo ‘valcoyho]'. 1§. . ’rhlis
compound was subjected éq tteqtment with' triethyla‘mihe, “4-
dimethy}arﬁ”indpyridipé aﬁd trimetvhyl“siply.l' chloride.,
Se-1‘e§tive reduc"tibdn',bii the resulting silyl ether 20 with
1ithium tri-_f:_—bm;ééxyaiuminmn hydride furnished keto

alcohol 11. . . .~ . SRR _

¢ . N . R ' .
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STUDY 1

Annelation of B-Keto Thiolesters~and

Synthetic Application
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INTRODUCTION

4

The isolation of,the first documented throlester was

described more than a century ago bquuhler; who observed

that the reaction of "acetyl chloride and ethyl mercaptan

‘gave ethyl thiolacetate. In the ensuing years, several

other synthetic methods were described for the formation
of thiolesters.? It uas, howeVer, not-until 1946, some
seventy Qears after its tirst discovery, that the
synthetic utility of the thiolester fungtionaiity_was
realized. Apparently inspired by the then newl
observatiOns’of'tﬁe simultaneous desulfurizing and
reducing‘action3'4 of Raney nickel,® Wolfrom and
Karab1nos,6 and Prelog et al. 7,8 independently and

concurrently stud1ed the Raney n1cke1 reduct1on of

thiolesters., The former group»found that the reduction of~w,

th1olesters gave . rxse ‘to. the correSpondlng aldehydes while

the latter school noted the format1on of primary alcohols

'as ‘the end. products. Further studies by Levin and
:coworkersa 10 in 1948 conflrmed both observatlons and

‘showed that the discrepancy in prev1ous f1nd1ngs was

apparently due - to the degree of reactivity of the Raney

. nickel used; w1th a standard Raney n1cke1 catalyst u51ng

vnormal react1on condltlons, alcohols were produced from

-

the correspondlng thiolesters, whereas, with deact1vated

¥



Raney-nickel, the aldehydes were formed} These resuld

are summarized in Eq. 1.

[ §

Since the early 1960 s the interest in.thiolesii iy -

new synthetié methods based on the thioiester-group have

been developed to facilitate the formation of carbon-
carbon'bonds and the transformation of functionalities,
often under mild and specific reactlon conditions. As

- well, new and 1mproved methods for the preparatlgn of this

<

class of oompounds have emerged.

Several preparative methods were reported by

Mukaiyama,'et al. They showed that carboxylic acids. could
be directly converted to the respect1ve thiolesters by

treatment either w1th trlphenylphosphlne and a d1su1f1de

L

(Eq. 2)11 or with an on1um salt of. ‘azaarenes 1 in the

r .
presence of a tertiary amine and a th101 (Eq. ).12

'Alternatlvely,bthey found that.th1o1esters could be
p;eoared by'tfaneesterificafionlof O-esters with
'trimethylsilylisulfides undef aluminum chloride catalysis
‘(Eq. 4):13‘ l a | |

| Phoephorus;containing reagents have been used

eitensively to activate carboxylic acids. 1In the presence
of a thiol, the resulting mixed anhydrides 2 were shown to

>
L
i



4\

undergo further reaction to give thiolesters in accordance

with the general equatioﬁﬁ(sg. 5). Activating agents

effectively applied include diphenyl phosphorazidate

(3),14 diethyl phosphoroéyanidate (4),15 N,N- dimethylphos-

. phoramidic dichloride (5),16 phenylphosphorqdichloridate
(6) 17 ‘18 ang N, N-bis(2-oxo-3—oxazolidiny1)phosphoro- C
diamidic chioride (77,19 _

It has also been shown20 =22 that the mixed anhydrides
(or acid chlorides) react effecﬁively with thailpus P
'methylpronanefz-thiolate to give_gjtfbutyl-thioiesters'
(Eq. 6), o . ‘ .'TA;

Other activating‘agents useful for the_conversion of
carboxylic-acids,to thiolesters include i—flu0r042,4,6—
rtrinitrohenzene (8)23 which converts carbbxvlic acids to
active derivatives 9 (Eq. 7)} carbonyl diimidazole (10)
and carbonyl 1,2, 4 triazole (11). 24 " When 5ubJected to
reaétions with carboxylic acids, the latter two reagents
gave ‘rise to highly reactive carboxylic acid 1m1dazolides
- 12 (Eq; 8) and 1,2, 4—tr1azolides 13 (Eq. 9) respectively.

2-Mercaptobenzoxazole 14 has also been used as an

- activating agent which effects the conversion of

carboxylic acids to s—acyl and. N-acyl derivatives 15 and
16 (Eq 10)25 as reactive 1ntermed1ates. o S
Associated- with the thiolesth group are two

’f‘rimportant attributes which make this functionality highly
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. usefbl‘in oroanic synthesis. Thiolesters are generally

‘stable compounds and can be handled thhouﬁfs@ec1al

B e

precautlons.f When subJected to reactlons under a specific

7

o -set of]condit1ons, however, ‘a high degrge of reactivity

" can be aohieved due to‘the'followingfproperties of the

thiolester moiety.

EUN

1-

2.

Cy

AsiaiSCUSSéd.preViously, the carbon-sulfur bond i~

_\prone to reductive”bfeavage with Raney nickel.

Mercaptide is a good leaving group. Furthermore, twe

. . - . s
sulfur atom can easily form complexes with a number

of. metal catlons such as Hq , Aq+ and Cut‘ Thus,
the departlng ab111ty of the mercaptlde group ‘can be

easily enhanced with the a551stance of a suftable,

, metal ion.

The acyl group of thlolesters is much more electro-

philic than that ‘of the cprrespondlng O—esters.

‘Consequently,_nucie%phlllc addltlon takes place more

read11y with thlolestersr

The ac1d1ty of. thlolesters is considered to he qultel

cloge to that of ketones (pk ~ 19) and is certalnly

~much greater than that of: O—esters (pk ~ 25).

.Hence, the . deprotonatlon of th1olesters posse551nq

-

one or more enollzable a-p:otonS’can_be effected

.under rather mild ‘conditions.



~ Other than the'reductive desulfurization ;o'oive
eldehydes and‘alcohols,'thioleStersVhave found thensive
“-use Aas reactlve intermedlates to fac111tate the formatlon
o of lactone rings of various sizes. 26-30 Examples are to -
be found in Fq. 1131 and 12.32 TheSe methods have been
successfully applled to the total synthesis of many
'macrolides, such as zearalenone (17) 26 methymycin (18), 32
| brefeldin A (19_)',26 and enterobectin‘(20)731’posse551ng eb
broad’spectrum'of biological activities. :
Another'application of thiolestersvto the synthesié
of b1olog1cally 1mportant molecules has been successfully

explored recently by wOodward et al 33 They found that,

upon heatlng in toluene, B- lactam thlolacetate 21

T » \ ) ST
-\,/—\nﬁdetxeif cycllzatlon via an 1ntramolecu1ar W1ttlg—type o
S : f

reaction tb’@Tve\penem derivative 22 (Eq. 13), thus
pfovidipp e deg_gp%roach for thevsynthesls‘OE B-lacteh "
‘ant1b1ot1cs.( - R = o
| Other/}ﬁ1olester-based synthet1c methods developed P
p1nc1ude ;Ke formation of ketones34'w1th organocopper
. _reaqents (Eq. 14) -and the D1eckmann oondensatlon of
dlthlol .diesters, 35 36 for examﬂle 23 » 24 (Eq. 15), which
was shown to. proceed unde:_cond1t1ons substantlally mllder.
than those:requi;ed for the staqdard condensatlon o{ theji-
H‘oxygen analogdee-( During the‘Course‘of»studies of the

¥
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1atter reactions, it was also observed that B-ketol

thxolesters, unlike simple thiolesters, underwent
'dealkylthiocarbonylation to’ giVe the correepondinq ketones'

(e. g. 24 > 25 (Eq. 16)) when subJected to Raney nickel ,
‘,treatment._ 1t was due to this interesting accidental
' flnding that a research proJect was 1nit1ated in our
-laboratory to study the utLlity of thiolesters in organic
‘synthe51s and over. a period of six years, several methods
have been de@eloped accordingly. The ease of removal from
B~ keto thlolesters ‘with Raney n1ckel makes the: thiolester
‘rgroup an attractive act1vating group for a;substitution of .
;ketones.. Accordlngly, a qeneral method was developed for v
the preparatidn of 6-keto thlolesters via methylthio-
'oarbonylatlon of ketones37 uS1ng S, S'*dimethyl dithiocar-
bonate (Eq, 17).f B -Keto thiolesters were sqbseQuently
iifohnd”to underoo substitutioﬁ’?eadily withea variety of
electrophlles (Eq. 18) 38 vMore importantly) the'removal
of the thiolester mo1ety from the h1ghly subst1tuted a—;
keto'thlolesters (Eq. .18) was shown to be equally facile
.w1th Raney n1cke1 under v1rtua11y neutral condxtions:3§n
et Based on the observed unusual react1v1ty of the B—.
keto thiolester moiety towards Raney nLckel the \
feas1b111ty of using S, S'-diethyl dithiomalonate (16) as -

“an ethanol carbanion equivalent in substltutiOn reactions

a
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(Eq. 19)35 and Michael additions (Eq. 20)39 has also been

realized experimentally ‘ e |
‘Due to. its high electrophﬁlicity, the thiolester

L

_grou&EEﬁ susceptible to reduction with the mild reducing i
agent socium borohydride which does not reduce commonly 5
ijencountered stable acid derivatives such as O-esters,
amides, and nitriles. This was first observed by Fujita
and coworkers on the hithy activated thiolestqrs 27 (Eq.
21) derived'from 2-mercaptoth1azoline40,but later it was
shown ih our laboratory that'ordinary thiolesters-could
also be . reduced to the alcohol level. | | .
| The ease of reductlon of the thlolester oroup with
isodium borohyéride prov1des a humber of 1nterest1ng
p0551b111t1es for its use as a latent hydroxymethyl unit
‘in“synthe51s, espec1a11y when such a unlt with oruwlthout
'orotectiohfcan not be directiy involved in a;desired
'\ttanstrmation. ‘For'instance, cyanothiolacetate 28'can'be
cohsidered-es a‘maskedrB—hydroxypropionitrile'unit} Its
h application to the synthe51s of B—hydroxypropion1tr1les

~and acrylonitrlles (Bq. 22) has recently been

demonst‘r_ated.41 S E o : LS

As a part of the broad research project_direcﬁéa ot

towards the;synthetic applications of thiolesters, we have

14

~examined the annelation reactions of. B-keto thiolesters as:
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well as the chemigtry of the reaction prodncts.' Results
‘are detailed in this chqpter. | | |

During the course of the studies, an interesting
coupling reaction was observed. This led to the ‘
examinetion of the coupliné,reactiéns of allylic pivalates
with lithium and magnesium. organocopper reagents. Results

'obtained for these studfes are idﬁb discussed in this

chapter.

CRUSN

o

* part of sge Sesults discussed in this chapter has been
published 4 : : .



RESULTS AND DISCUSSION

Three B-keto thiolesters 29, 30 and 31 were used for

s

thé presént‘studies. These compounds were gggﬂily

'prepared according to the procedures developed in our

.

laboratory; the first tﬁowpy the Dieckmann condensation of
_s_,_s_'—diethyl dit_hiplﬁimglite and §,S'-diethyl -
kdithioladipate-respectivély.44 The réacéions were carried
out in.1,2-dimethoxyethane at'room\temperature using

o » . N
sodium ethylmercaptide as a base. Compound 31 was
~
synthesized by # ’

-methylth10carbony1at1on of 2-methy1cyclohexanone w1th

‘§J§_—d1methy1 d1th10carbonate and sodium hydrxde iﬁ
]

reflux1ng 1,2-d1methoxyethane.37 An 1mproved y1e1d of 85%

was obtained for'31 when the reaction was allowed to

proceed for 12 h instead of 16 h.

. | \
1. Michael Addition of B-Keto Thiolesters to a,B-

Unsaturated Carbonyl Compounds. - ' ‘

The six-membered ring annelation of the B-keto

%L; thiolesters examined was carried out in all cases via a
“ & ’ ) ) . .
two-step reaction sequence: -Michael addition followed by
an aldol condensatlon., In our initial attempts to 1nduce

the Michael reaction of g-keto th1olester 29 to metﬁ?i/

19
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'(i.ef deprotonationJ

vinyl ketone, the use of the sodium and lithium salts 29a,
generated ig;gisg_osing'sodium hydride and\lithium“hydride
roepectively}_wes found@to be completly ineffective.

Under a variety of conditions, the starting materlal was
recovered intact.v These'results could be attributedﬂto
the unfavorable reversible nature.of the reaction (SCheme
1) due to the high stability of the anion 29a which can
also serve as an excellent leaving‘group.' A\llkely |

solution to this problem would be to trap the incipient

anion 32a with a proton source. In assessing various .

.,solutions, the use of a tertiary amine as. a base evolved
-'as ‘an attractive possibility; Tertiary amines are

f sufficiently basic'to deprotanate B-keto thiolesters,

which' should possess acidity comparable to that of the

'closely related oxygen ana{/;ues (pk ~ 11), and therefore

sthould produce a reasonable concentratlon of the requ1red

A
anion such as 29a. Furtheryore, the con)ugate ac1d of the

;'tert1ary am1ne so generated is far,more acidic (pk ~ 10)
'than ‘a ketone (pk ~ 20) and consequently it can |

»conveniently serve as an excellent ‘proton source to trap

*

.the intermedlate enolate ion 32a v1rtua11y 1rrever51b1y

F

The above expectations were proven experlmentally to

be correct. In the presence of a %ertlary amine, B-keto'.

’“tthlolesters were;found t6 undergo Michael reaction readily

[ . : B
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with a,B-unsaturated carbonyl compounds'. seyeral'amines
'?_‘were’examined including triethylamine,.l S5-diazabicyclo-

i

:[4'3 0]non45~ene, 1, 8 d1azab1cyclo[5 4 0]undec-7-ene,‘and
“_1 4~ d1azab1cyclo[2 2. 2]octane (DABCO) of these, DABCO

{ was shown to be most effectlve, glv1ng con51stent1y hlgh
‘ylelds of the products under mlld condltlons. In a
typ{cal experlment, DABCO and"methYl vinyl ketone (1 2
iequiv. each) were- added to a solutlon of 2—ethy1th10—‘
carbonylcyclohexanone (29) 1n.1,2—d1methoxyethane lca._4
_mL/mmol of 29). After stlrring at room temperature undeff‘
kkka nltrogen atmosphere for 24 h, the reactidn mikturé w:s |
ac1d1f1ed w1th hydrochlor1c ac1d and extracted w1th |

¢’

~ether. The usual work -up. of the organlc solut1on followed

-

by column chromatography of the‘crude product on sxllca
gel: gave adduct 32 in quantltatlve yleld. Compound 32

qgshowed 1n the 1n spectrum, absorptxon bands at 1712

ta

-(ketopes) and 1665 cm‘1 (thlolester) The 1Hmr spectrum
showed a two proton quartet at’ & 2 88 wh1ch was mutually

coupled to the trlplet dthree protons) at 6 ‘1. 26., These
1élester

%

04 for thev

51gnals were readlly attributed to ‘the’ ethyl

B TS
iqroup. In addition, a methyl s1n;l3?\a

ketone 51de chaln was also observed.r The mass" spectrum o

>

' ddld not dlsplay the requlred molecular ion peak. However,

4

"‘a promlnént peak was found at 195 1021 resultlng from the

- loss of a CH3CH28 un1t.v' : BREEEREI (;



i85

ethyl th1olester ‘group dlsplaylng a methylene quartet at

v6‘2.88 and a methyl trlplet at § 1;25,\each with

Gl | L S 23
 The reaction of 29‘with ethyl*vinyl‘ketone proceeded
sxmllarly to glve adduct 33 in 88% yield; Two intense |

carbonyl absorptlon bands, a broad one'at 1712 cm”! and

1

-lthe other at "1665 cm l, were again Observed'invthe ir

spectrum, . The 1ﬁmr spectrum 1nd1cated the presence of

coupling. constant of'7 Hz. Another triplet wi an 8 Hz

coupling constant was also observed for the thylﬁgroup

of the ketone side’ chaln. The molecular ion in thls case

was suff1c1ent1y stable to be detected in the mass
“spectrum at m/e 270. 1290 in agreement with the requ1red

‘molecular formula C14H2203S.

B—Keto thlolester 29 was. also shown to react with .

'acroleln readlly at room temperature in 1 2- dlmethoxy-' R

eethane in the presence of DABCO. ‘In this case, howeuerr

the reactlon was found -to stop proceedlng after 8 h or so

s

'presumably due to the consumpt1o . £ acrolein by competlnq

processes, e. g. polymerlzatlon. To dr1ve the reactlon
to completlon, an add1tlona1 quantlty (O 5 equ1v ) of

acroleln was 1ntroduced and the reactron was allowed to“

‘proceed for a further perlod of 3 h dur1nq wh1ch tlme the

startrnq mater1al was C letely consumed. The ‘adduct. 34

v‘thus obta1ned in 88% y1eld showed, in the 1Hmr spectrumr”a-“"‘

" low fleld trlplet at 6 9. 71 characterlstlc of the



¥
_ dldehydic proton. The 1r spectrum displayed, in addition

‘to the carbonyl absorptxons at 1720 (ketone and aldehyde),.

r7

1680 and 1670 em™l (th1olester), two d1agnost1c bands at
o '\

2876 and 2732 cm'?l for the aldehyde group.l Instead of the
molecular ion peak which was not observed, the mass .
dspectrum d1sp1ayed two promlnent peaks at m/e 181.0866
(C6H1303) ‘and 153.0904 (CgHj305). These peaks could‘be
_attr.ibuted’ to the/los‘s: of CH3CHpS and COSCH,CHj units -
respectlvely. t_m‘ R ‘ | .

Under . s1m1lar condltlons, the Michael reaction of the

f1ve-membered B-keto bhlolester .30 proceeded equally

MA—

,:kell. Treatment of 30 w1th methyl v1nyl -ketone gave rise
-

to, in quantltatlve'yxeld dlﬁeto thlolester 35 which

-

showed,~1n the ir spectrum, three dlstlnct carbonyl
ab50rption bands at l7¢4_(f1ve-membered ketoqe), 1716

oy . » . . P
(sidechain ketone),'and.1665-cm‘1f(thioleste;)~ ‘The lHmr

‘spectrum conflrmed the presence of a methyl ketone m01ety

E AP

whlch appeared at 6 2.04 as a 51nglet 1ntegrat1ng to three

..protons. Other characterlstlc signals, aaparently due to
' ' &
the ethyl group, appeared at & .84, a, two~proton‘quartet

(3 =7 Hz), ahd'b'l.22, a three7proton,tr1plet

7 Hz). i

(J
' 'Using methyl and ethylf%inyl ketone and acrolein as
M1chae1 acceptors, three adduCts 36, 37, andA38awere B

.prepared from B-keto thlolestgg 31. The reactiohs



proceeded uneventfully. Suffice it to say that the
products were,all obtained in(good yields (88-10@%).
f_Adduct'36‘displayed three carbonyl absorption bands in the
ir speCtrum, two for ketanes at 1718vand 1705 cm‘l.and the
remaining’oneuat 1664 cm~! for the ester group; The,IHmr-
spectrum showedotwohmethyl singlets At ) 2.26 and 2;04‘for
the methyl thiolester and the methyl ketone moieties
respect;vely. In addltlon, a doublet at & 0.96 w1th a
coupling constant of 7 Hz was also observed_gor the methyl
3 group attached dlrectly to the rlng. The mass spectrum‘

"y

fa11ed to show the .expected molecular ion peak but the

base peak at m/e 209.1176 (C12H1703) could be rea 11y A
'attr1buted to the loss of a SCH3 un1t. ' - '
ngu o N \ .
In the ir spectrum of adduct 31%3the ketone €

.absorptlon bands found to superlmpose at . 1714 cm~1 while
the thiolester gavecan intense band at 1670 cm 1 The
.1Hmr spectrum showed three methyl signals, a 51nq1et at
'd& 2.28 for the th1olester, a trlplet (J = 8 Hz) at & 0. 98
for the ethyl ketone grouplng,fand a doublet (J = 6 Hz) at
6 0.97 for the rema1n1ng methyl , Although’the molecular
ion peak was - aga1n not observed in thls case, the mass
spectrum lent strong support ‘to the structural ass1gnment
‘by dlsplaylng two prom1nent ion. peaks at m/e 223. 1334
(C13H1903) and 195.1386 (C12H1902) due to the loss of SCH3

and COSCH3 respect1vely.,
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N v

Addudt 38 obtained from p-keto thiolester 31 and

acroleln as a mixture of two eplmers was shown to be R
N
. [y

eagher unstable. When subJeCted ‘to pur1f1cat10n by column

T’romatography on s111ca gel, a ‘substantial deterloratlon’
Wof the compound was obserVed.v The pure mater1aly however,
cbuld be obta1ned satisfactorlly by dist1llation and ’
showed two sets of s1gnals (ca. 4:1) in the ler spectrum
1nd1cat1ng the présence of ‘two stereoisomers. Each set :

o contained a narrowly:split triplet (J = 2 Hz each) for
the aidehydic‘proton (6 9.69 for the major and 9.71 for
<the~minor). Tne presence of tnefa;dehyde group wasi
confirmed by‘tné ir‘spectrum‘Which displayed
characterlst1c absorptlon bands at 2862, 2720“ and 1720
‘cm'1 along w1th Ehose at 1708 and 1664 crn'1 for the ketone
.carbonyl and the ‘thiolester carbonyl respect1ve1y.
Furtherrin agreementswithfthe”structural'assignment, the

j«mass spectrum exh1b1ted the requxred molecular ion peak at
m/e 242.0969. )

L Thedexperlmental resuits obtained for the Michael

addition reactions are further compiled in'Tablexl.

2. Cyclization of the Michael ‘Adducts

The Michael adducts'were'readily cycliied.to‘give.the

octalone system under the. influence oflg;toluenesulfOnic'

-



32 R 2-3"'3.

33 R = CHpCHy

35

36’

37

27

f, c'uzcugco_cu, -

R = CHyCHg



'rablgfli'ni;hael deition of B-keto thiolesteﬁs to conjugat

’ ‘)

ed enones.

B=-Keto Thioesfer 2 Enpne'

Time(h)‘ Product

- Yield (%)

-

PR

, i | |
‘ ' CSCHZCH3“ . o
€% CH,=CHCOCH, 24
29 S o : -
o o . CH2=CHFHO ) mn 14 R=H, -
o e o
| CSCH,CH, T _ | .
| ~ CHy=CHCOCH, 25 N ]<covscnz\“cu3
3 - T | oo
0. ﬁ“ - . B _0~ ,
P CH4=CHCOCH 48 =
' “ e 3 : )~ cosch
31 36 R=CH3( | 97
(two isomers)
(CHy=CHCOCH,CHy - 48 37 ReCH,CHy 100
. . (two iSOmers)\i )
; CH2=CHCH0 12 18 R=H ' | 88'
' (two isomers) .

28°
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oA E
acid using a well-documented procedure.45'46 Treatment of
diketone 32 with a small amount (1/6 of 32 by weight) of

'p:toluenesulfonic acid in refluxing”benzene with a Dean-

Stark water separator for 10 h gave rise to a 98% yield of

bicyclic enone 39. Slmilarly, reaction of diketone 33,
| gave enone 40 in quantitative yield. 'Enone 39 showed.din
: the ir spectrum, three characteristic‘ab80rption bands at

. v . N
1687,}1670, and 1618 cmr'1 for the ketone carbonyl, the

thiolester group, and the carbon-carbon double bond
respectively. In the.ler spectrum, in addition»to‘thet
methylene quartet (J e.8‘Hz) at & 2.89 and the methyl
trlplet (J = 8 Hz) at'6 1.26 characteristic for the ethyl
group of the thxolester, a low field singlet appeared at
6 5.92 due to the v1nyl1c proton attached to the newly
formed enone double bond. . The mass spectrum further

o
confirmed the structural a551gnment show1ng the reQuired

. molecular ion peak at-238.1030. The ir spectrum of enone

40 was found to be similar to that of compound'39; three .

diagnostic absorption'bands were displayed'at 1675, 1612

(enone); and 1667 cm~! (thiolester). The‘mass spectrum

indicated the presence of an addltlonal methylene unxt
showlnq a molecular 1on*peak at 252 1184 for the molecular

formula of C14H208. The absence of any vinyllc protons

. was clearly 1nd1cated by. the 1Hmr spectrum which also
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displayed a'three-protoﬁ singlet at § 1.81 due to the
vinylic methyl group. o

The cyclization of the five—membered(ring compound 35
Qas shown to be‘eoually facile. Enone 41 thus obtained’inv
90$.yield showed a harrowly ooupleo (J = ZTHz).tripiet at
I 5.91‘for the vinyiic proton.in_the’lﬂmrJspectrum_and a
moleculerlioo peek at 224.0871 in the mass spectrum., 1In
the ir spectrum, all the chardcteristic absorptlon bands
gwere present 1nclud1ng those at 1721 (ketone), 1670
(;hlolester), and 1645 cm~! (carbon-carbon double bond).

The secooq posSibie mode of aldol condenea;ion lead-
ing'to a bridged system.could be effected by Marshall's
mooification47 of the Wichterle reaction.. The method,
whlch effectively induces &he kinetically controlled aldol °~
cyclizatlon,«1nvolves the use of concentrated,sqlfurlc
acid as } reageot. When diketo thiolester 32 weé brie%ﬁy
(30 min) expoeed to C°1§'(2’4°CX oonceotrated 5ulfuric"‘
acid gh'oenzene; the bridged enone 42 was obtained in 93%
Yield.  The oomoound was reedily characteriied by the
'foliowing spectrel properties. in the mass spectrum,ea
molecular ion peak at 238 1026 ver1f1ed its molecular

comp051t10n of C13H13028. The presence of the ketone and .

,th1olester carbonyl groups ‘were clearly 1nd1cated by’ the
-1 .

i

N'absorptlon bands observed at 1721 and 1669 cm
respectively‘in the ir spectrum. The Yemr epectrum

»



displayed a‘one-protonhmultiplet at ) 5.65 typical of~a
v1ny11c proton on a non—conJugated carbon-carbon double

bond -This along with the ;pp\grance of a vinyllc methyl

\\“‘-‘*\/

51gna1 at § 1.70 ‘as a dodbiet of .doublets (J = 4, J' = 2

Hz) further confirmed &he formation of the bridged system.

| S1m11ar1y{_under kinetically controlled condit;ons |

“* using sulfuric’agid, the cyclization of the ethyl analog

© 33 furnished keto“‘e_ster 43 in 95% yield. 1In the lHmr
spectrum of this_compound, the ethyl signals-qf the
thiolesrer oroup werejobserved at & 2.84 as a quartet and
‘6‘1.23 as a triplet, each with a coupling constanb of 7
Hz. Ln agreement Qith the structure, the lymr spec!rdm.
also indicated the presence of e second etbyl group nith
the triplet (J - 8 Hz) at & 1.01 and a‘vinylic proron with.
the multiplet at‘&35.61. Both the ir and mass spectra
were'in support of'the structnral assignment. The former
'splayed two carbonyl absorptlon bands . at 1725 (ketone)

¢
‘the required moleculaq ion peak at 252.1184.:

and 1672 cm~1 (th1olester) and the latter spectrum showed

The cyclization of diketo thiolester 35 to the
correspondlng bridged compound 44 was found to be less

facile. In benzene solqt1on at ~4°C, the reaction was

/
‘s

" very slow. On the other hand, complex mixtures were
produced when higher'reeotion temperatures were attempted. -

However, when the reaction was carried out in methylene



chloride at 0°C for 1 h in the presencelof magnesium

sulfate to remove the water produced, a 53% yield (based

on thé‘gonsumed"starting material) of the desired product -

4@ could be obtained along with a paftial recovery of the
starting material (33%). In ;he.ir ;peétrum of the
compound, the parbonYl’absorptiéns were obsefved at 1756
"and 1669 cm~! Charéég;ristic of the‘five-meqbqréd ketone
and thé'thiolester group respectively. The limr spectrum

displayed a broad singlet at § 5.26 due to the vinylic“

7 Hz) at 6§ 2.88 and a

ﬁrotoh} a methyleng guartet (J
methyl triplet iJ = 7 Hz) at 6§ 1.25 due to the eghyl
thioiester group, and a narrowly split doublet 6f.
doublets. (J = 2, J‘b=‘l hz) at § 1.77 due to the vinylic
" methyl group. The molecular ion peak, which appeared "at
m/e 224.0868 in the mass spectrum, further confirﬁed the
assigned structure. _

) The cyclization'of aiketd thiolesters 36 and 37
proceeded feadily under standard conditions to give the
corresponding bridged.compounds AS and 46 in high
yields. The spectral da;é of tﬁese combounds are as
follqws; In the mass spectra the moigcular ions were
observed respécti&ely at m/e 238.1024 and 252.1186. 1In

each ir spectrum, two strong éarbonyl absorption bands

32

were displayed, one at 1716 cm~1l (ketpne) and the othef at

1672 cm~! (thiolester). The lHmr speétré were also in

N
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supportvof the assigned structures. Compound 45 showed a

33

multiple: at 6 5.65 for the vinyl proton and three metHyl"

sighals, two singlets at & 2.28 (thioiestér) and 1.04
(bridge-head methy1) and a doublet at § 1,62 (vinyliC'v

methyl) with a long range coupling constant'of 2 Hz. In

addifion to the.multi%ﬁet g; 6 5.65 for a vinylic protoh,

cbmpgund 46 also“showed three methyl signals but in the
form of two singlets (5 2,28 and 1.09) and a triplét
{6 1.04) as expected.

The preparation of the bridged keto thiole;taéé 47
and 48 was also attemp;ed'put met with very litﬁle |
success. In both cases the required cyéliiétidn of the
corresponding immediate preéursors 34 aﬁd 38 proved td be
difficult. Neither 34 nor 38 underweﬁt tﬁe desired
reéction under standard conditions with concentrated
sﬁlfuric acid. Thé lacﬁiof‘the desired reactivity of
theée compound§;jé(?QQshérp contrést ﬁo.the reac;iVity

pfeviously observed for the ketone analogues. A posSible

cause could be that, being secondary, the intermediate

alcohol 49 is considerably more stable towards acids and.

thus more difficulf to undergo dehydration fequired fq;

the forxmation 6f the desired product. On the 6therlhand,
the aldol process ié known to be reversible under aqidic
éopditions and the alcohol could revert back to the thér-

modynamically more stablé open form as shown in Scheme 2.
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In order to c1rcumvent the d1ff1cu1t1es encountered the

’ f cycllzations of compounds 34 and 38 were attempted in the ‘

[

‘presence of acetlc anhydrlde to trap the 1ntermed1ate

:'alcohols 49 . When the reactlon was performed under ac1d1c

o d.

“”condltzons (sulfurlc ac1d), compound 34 was consumed

"rather rapldly (30 mln) even at low temperature.“ However '

8 2 28, 2. 26 ‘and 0. 91 1n the 1Hmr spectrum. On the ba31s

“,attempted w1th the a551stance of acetlc anhydrlde. ‘The
g

the product formed was. shown to be not the de51red acetate

50 but keto thlolester 29 resultlng ftom a. retro-M1chae1

»reactlon. almllar results were obzalned when keto

s
K P {

'aldehyde 34 was subjected to treatment w1th sod1um hydrlde

Iand acet1c anhydrlde in- refluxzng 1, 2 dlmethpxyethane.

The cycllzatlon of keto aldehyde 38 was also

best résults were'obtalned when the.trapplng aqent, i"

:compound'38 and pota551um carbonate were stlrred 1n

acetone for 24 h. Under these condltlons, a small amount
G ,

;(&20%):of-a product was formed;, ThlS compound showed

three carbonyl absorpt1on bands at 1740,"1703, and 1670

R
cm™ -1 in the ir spectrum and three methyl 51nglets at ?-
g

J

of these spectral data, the de51red structure 51 could be

tentatlvely a551gned to this compound. - The low ylequof

~.1ts formatlon, however, ‘makes the cycllzatlon pszeedure

,dsynthet1cally unattractlve;ﬁ

Q . 6 e
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in Table 2..

a : y
. o B

The results obtained for the aldol condensation

. . v .
* . . B <

_reactions discussed in this section are further compiled

E

3. SOme Syn{ﬁZtlc Apgl1cat1ons of the Annelatlon

~ : _
,, Produc , : w

The annelation prooess'described,abovejprovides,a

' viable alternative tofthe’commonly used B-kéto ester

approach46 48 to the constructlon of brldqed and fused

r1ng systems with' concomltant 1ntroduot10n of a- reactlve
funct1ona11zed subst1tuent at the angular p051tlon. " The
© ,

th1olester group may be transformed to a number of: other_h

w

llmportant funct1onal1tles, often under mild and spec1f1c

condltlons as dlscussed 1* the Introductlon section, thus

$

A feature whlch is of obrlous synthetlc ut111ty is the

Raney nickel w1thout need of protaétlon of the ketone

“

carbonyl; Thls worked partﬁgulawﬂy well 1n the case of

s..>$ &
the br1dge@>c ounds. Thus, treatment’ of enone 42 with
\

‘ -ca. ten-fold (by we1ghf) ‘excess of W- -2 Ra N1 in benzene
S 0

for 30 min resulted in the formatlon/of alcohol Sz\1n 88%
2 . ‘ B
yleld. Alcohol 52 showed, in the ir spectrumfeonly one -

‘ carbdnyl'absorption at ‘1711 om'I; along wit".3Strong band

-~

AT

38

mprovxdxng greater flex1b111ty in the annelatlon react10n.~

'dlrect reductlon o; the thloiester to the alcohol7 8 u51hg

°
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‘Table 2. Cyclization of the Michael adducts.
Michael adduct Catelyst | Time(h), Prbduci' Yield(z)
I COSCH,CH,
0 B—TsOH, 98
. _
100
/. COSCHCHS o
cont.  ": 93
H.SO ,
2°Y4
2 95
B ‘\\\, ‘» .
- v COSCH,CH, |
.p-TsOH - 11 .90
0o .0 et PR
- Kl
‘ COSCH,CHy | |
35 L d COSCH,CHy
conc. ' : 53
@ H,S0, 1' . o
| 44
.’4-
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- Table 2;‘§yclizatiqn of the Michaei adducts. (continued)

Nt

"‘Michael ;dauat = 'v';Catalygt Time(h) vProduci " Yield (%)

v‘ »
B
a . ‘FOSCHj |
. - ) . - "y’,.:.

<

6§ . R=CH - conc. )
36- ‘ 3 - H.S0O

N
B~
&zt
N

3

317 Rs_guzcn
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~at 3460 em~1 for the newly ‘formed hydroxy group.and a
, carbon7carbon double bond absoxpt1on at 1675 cm 1. In the‘
1Hmr spectrum, the 51gnals characteristic for an ethylu
'th1olester were absent-and replaced_by two doublets at
t8‘3.32 and 3.21,_each'uith a large gemihal coupling
constaht of*22 Hz, for the-methylene<protons adjacent\to
‘,the hydroxyl group. The 1Hmr"spectrum also indicated‘the
presence of:a vanyllc proton at 6 5.61 as a mult1p1et and
a v1hy11c methyl group at & 1.67 as a*broadu51nglet, thus
confirming thatfthe'carbon-carbon_double bond - was intact
‘during the'reduction. This'was alsolevideht from the mass

spectrum wh1ch showed a molecular ion peak at’ m/e 180 1151

in agreement w1th the requlred molecular formula of

.

| C,j‘11H1,602_-- | B
It is noteworthy that, although the thiolester group
preseht in{enoneaﬁf‘ie:part of alB-keto thiolester system,
it’is also dlrectly attached to a brldge¥head_carbon atom.
As such, it is expected to‘hehave in-theisame way as an
ordihary;thlolester Qroup towards Raney nickel, slnce the
Stabllizingreffect of the ketone on Whatever the inter-
umkmedlate resultlng 1mmed1ately from the complete removal of-t
’?the thlolester m01ety, whlch apparently prov1des the |
Wﬁdr1v1ng force for the observed dealkylthiol- carbonylatlon

reaction of normal p-keto th;olesters,35'36"38 can not’

prevail.
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Four additional casestwere examined;, The results

" were a11 comparable. TrehtmentAof enone 45 with'Ra-Ni'in

' benzene for 30 m1n gave an 89% ‘yield of keto alcohol 53

S1m11arly, reduct1on of enones 46 and 44 furn1shed the

v, _
.corresponding keto alcohols 54 and 55 in 84% ‘and 53%

.yields respect1vely. The only exceptlon was the reduction

of enone 43. When the reductlon was.carrled out with

L

freshly prepared. W-2 Raney nickel, a mixture of keto -

in

eICOhol 56 and diol 57 was formed in ca. 7:2 ratio e; 
d a'totallyield of 85%. The formation of the latter )
compound was apparently due to the highly reactive Ra—Ni
used which also effected the reduction of the ketone

" carbonyl. | | |

¢ The structural assignments'oftthe above cdmpohnds

42

follow clearly from their spectral data.  1In addition to ‘

the requiréd molecular ion peak'in the ‘mass spectrum, eachd

"of the keto alcohd;s'53, 54, and 56Lehowed; in the lHmr
‘séectrum,'a multipiet.centered at &gBS.G'fof.aAvinylic
proton and a pa1r of mutually coupled doublets (22. Hz in
all cases) in the reglon of. ~6 3 3 for the methylene
protons nelghbcrlng the hydrggz grouy. Furthermore, ;
carbonyl absofption and ‘a hydroxy band were observed,
‘typically at ~1700 and 3500 cm",1 res&%ctively, in each of
the'ir spectra. The carbonyl'absorpt1on of keto alcohol

55 appeered at 1742 em™ ! in the ir spectrum ‘as expected

7
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due £8 the presence«of~a/cyclopentanone system. In
contrast to those of the bicycio[3.3.1)nonane analogs, the
.ZIHmr»spectrum of -this compound was :ound to be also qqite
Unique.:.ItsvhydroxY—bearing methylene group appeared as a .
oroad singiet at § 3:50.“As‘weil,ithe~vinylic.proton Qas
observed at a muah higher field of 5 5. -19.'_ Diol 57 showed
‘a strong hydroxy band at 3380 cm~! and- the complete
absence of carbonyl absorption in the ir spectrum. In the
lHmr spectrhm,,two doubiets were observed, one at 6 3.85
with a coupling constant of 4 Hz for a single proton and.
‘the-other at & .3.43 with a coupling constant of 3 ﬁz for
two protons. These 51gna1s4ycqe :eadlly ascrlbed to the
protons adjacent to the hydnoxyl groups. Also in
ﬁagreementbw;th the structural a551gnment‘were\a multipiet
observed for the vinylic proton at 6 5.38 and a methYLW
triplet (J = 8 Hz).at 6 0.98. pi01?57 appears to be a
singie‘stereoisomef. Its,Stereochemistry; howevet,
nremains to be detefmined. | | |
The results obtained from the reduction of tne.
‘pbridgedienones 42, 43, 44, 45, andv46varevfurther compiled.
in’ Tab_L‘e" 3. | |

| The Raney nickel reduction of the fused sj§§én was
also examined. -On exposure to ﬁa-Ni, fused compounds,
such as 39, posse551ng a vinylogous B-keto thiolester, are

expected to result e1ther 1n the complete removal of the

<
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'ble 3. Raney-nickel reduction of ihe‘))',d.ged enones,

'Eh;)ne | “Time(h) P‘roduct‘_ Yield(R)
0 -
0SCH,CH3"
/».
42 R=CH§ i 1
T 2 88
‘ T .1_ ’
43 ¢ CH,CH 7 oo
0
l ’
COSCH,CHy
: : £,
\
\ 1 o ,
- 44 3 55 53
0 0.
05CH, B\
NS . | N
R , - -
R
13 l 53‘ R'CH .
45 R=CH, 5" _ 3 89
: R=CH 1 - ' Co
46 C ZCH3' 2 54 R.C-HZCH3 84

45



jthioléé;ef group aqpi%go;s,to those ébSetyéd for p-keto
thiolesters38s44 or in thé“reduction of the thiof:stér
group to the alcohol level in parallel to the observed
reduction of ordin&ry thio;estgrs. ,Uﬁfor€Una£e19, these
two different modes of reactivity were found to be highiy
competitive. Invariably, a rather comﬁlex mixture
consisting, among oﬁhers, both the eliminaﬁion and the
reduction products (in various ratios) was formed
Eeéardless of the ngde of tﬁe Ra-Ni applied and dnly'
modest yields of thése two types of'compounds could be
obtained; For‘exampie, the reduction of énone 39 gave
1onlyAa 45% yieid of the‘correspondihg‘endne alcohql 58
under éarefuliy controlled cénditions’using deqcﬁivated
(refluxing acetone; 20 min).kéney nickel. Thus, the
-direct conQeksion bf Ehe'fused'annelation producté to tge
corrésponding keio al@ohols or compounds resulting from:
déalkylﬁhiocarbonylation can not be cdnsidered as general
or highly synthetically ﬁseful. ( B

A more.ffuitful area of synthetib épplicatibn is
illustrated in ﬁhe followiné examples, which éhow that the
removal of the ketone cérbonyi of a fused ahnelatioﬁ
prﬁﬁuct and.the reduction of the angular substituent to
the alcohol level can.be sfmultaneously efféctééxgié_a
thioketailﬁérivatiQe. Tréatment of enone 39 with 1,2-

ethanedithiol in methyiene chloride in the presence of a

\
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c&talytio amoont,of boron trifluorlde ethe;ate gave an ﬁ?i,,
.yield of the cotfesponQinglthioketal 59, which shoWeo\b
absorption bands at . 1683 and 1674 em~1 in the ir spectrum
- due to the thlolester group and the carbon-carbon d0uble‘
bond rospectlvely. The lHmr spectrum confirmed the
presence of/ghe thiokétal gfoup"by displaying a.four-‘
proton multiplét‘ip‘the 6 3.24 region. . In hdoitlon, a
btoad'singlet a£'6«5.78 for .the vinylic proton, and
charactefistic sionalé for‘the_ethYl ﬁﬁiolesoer group,
consistjng of a‘triplet at-é.l.22 and,a‘quarteﬁ ar 5 2.81,
were also obser&ed. The molecular;!azmula of C15H2203 was
‘ver1f1ed by the mass spectrum showing a molecular ion peak'
at. m/e 319 0839. ’ . . (
The reduct1on df thaoketal 59 with Raney nickel in
beniene at room temperature for 2 h'gave the wh1te
c;ystalllne alcohol 60, m.p. 66—67°C,_in 82% yleld, as a
resull of COncoﬁftaHt desulfurization of both the
thioketal and Fhé thiolestéf groups., The vinylic proton
- appeared in the lHmr spectrum at & 5. 50 as a broad triplet
with a coupling constant of 4 Hz. The two-proton slnglet
at & 3.60 ond énothér singlet at & 2.49 for one hydrogen

/
atom were readily assigned to the hydroxymethylene
‘groub. In the ir spectrum, two diagnostic absorption
bands ware observed'at‘3478 and 1658 cm™1 due to the

" hydroxy group and the'Carbon-catppn double bond

Y
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'respectively. The elemental analysls and the massv
spectrum,<which showed a parent ion at m/e 166.1360,"
further substantiated the assigned structure;of 60.

‘Under similar conditions, thloketalization of enone
ln_fuxnished, in 88% yield, thioketal 61 whlch was read11y :
reduced w1th Ra-Ni' to glve a 74% yield of alcohbl 62 as a

hwhite solid, m.p. 69-TO'C. The;former compound showed a

parent ion at m/e 328 0987 ‘in the mass spectrum, a stronq

carbonyl absorptlon at 1682 em~ ! in the ir spectrum,vand a:

’four-proton multiplet at § 3.28 characteristic for'thes‘~

th1oketal group in the lgmr spectrum. In the 1: spectrum‘

w
e

of the latter compound 62, the carhonyl absorpt1on was “‘3”~

absent wh11e the hydroxy group gave a character19t1c ban
at’3360 em~l. The lpnr spectrum dlsplayed a metmy;.b
singlet at 6 1 59 and a methylene 51ng1et at 8 5.49“%u::“;
ethe angular subétltuent.‘ The molecular 1onx£%aﬁ'atfiﬁ, ‘
180. 1150 displayed by the mass spectrum servedi%s?;‘?p
further con£1rmat1 n of the structure.

i

xample to demonstrate the gen,’

:As a. further
the above s;nthet'c appllcat1on, enone 41 posse
‘kblcyclo[4 3 0ln nane system was subJected to
thxoketallzat"n. SubSequent treatment of th1o;
_obta1ned in q ant1tat1ve yield, w1th Raney nlcf*
in the formati§n. of alcohol 64 1n«88% y1e1d.

;Hmr,spectrum o fcompounds.63 and<64 were founi
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‘;éimigar'to those of the.correSponding bicycl&[4.4.0]decane-

homoloqs 59 -gnd 60, wh11e the mass spectra showed, in each |

case,_a reductlon of 14 mass un1ts /as requlred.

The traniformatlon of enones 39, 40, and 41 to’ the'

correspondlnq alcohols 60, 62, and 64 are further outllned ‘

in- Table 4 - x

TS 8

The conjugate addlé/;n of organocopper reagents to_i

o
a,B‘unsaturated carbonyl compounds 1s a well—establlshed

synthetlc prmess.49 It is also known that thlolesters

‘d‘undefgo reactlons w1th o;ganocopper reagents to g1ve

°

2
b

i : o
ketones.3f ThUS,Vthe fused keto th1olesters (e. g. 39)

wére expected to react w1th llthlum dlorganocuprates tok

L. Y

' {g13 compounds of type 65 as a result of the 51multaneous

occurrence of théhabove react1ons.; This type of

v ks s k . Ty

transformatlon 1s‘of con51derable synthetic potential as’

1t allows the establlshment of tw° consecutlve quaternary :

carbon centers along w1th the 1ncorporat10n of a hlghly
T PR
vexsatlle functlonallty 1nto the molecule. It was w1th

thls realxzat1on, tn\t\we examlned the react1on of 39 w1th '

1Pth1um dlmethylcuprate (4 mol equiv. ) in ether at —40°C.'

Contrary to the exmectatlon, a- crystalllne carboxyllc
\ . K wo .
~ac1d1 m. p. 88 88 5°C, was formed per51stently in Splte of

N h "
o t

~;he.extreme«care und .taken‘to exclude m01sture., Thew-

(l

n,e

ac1d, wh1ch was produced to the extent of 78 y1eld, was
. .y /
,.later shown o:possess “the struct

R - v L .v . . .
SR ,,//, S hl
. ~ oo g ‘ !

e of 66 by the
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follouing spectral data;‘ The carboXyl group was clearly
defined by the appearance of two cha{acterlstlc bands” at
3400 2400 and 1700 cem~l,ih the ir spectrum. The 1Hmr

spectrum showed a 51ng1et at 8 12 18 for one protOn,‘

“'conflrmlng the presence of a carboxyl group, as well as. a

- e slnglet at 6 5 19 for an uncoupled v1ny11c proton,

oy

‘(68) accordlng to the sequence outl1ne

”Dlmedone (6 ) was. treated w1th ethan

»'separator.
';thhlum al m1num hydr1de in ether followed by ac1d1c

‘vworkup gav

suggestlng that the double bond was intact.. In addltlon,

“ftwo sharp s1ng1ets, 1ntegrat1ng to three protons each,

were obssrved at 6 0.97 and 0.91,r,These 51gnals were ;

'readily ascribed to‘methyl‘groups. The mass spectrum,

whlch dlsplayed a molecular 1on peak at m/e 208.1463,

further revealed Ehe molecular comp051t10n of C13H2002 in

Ve

further conf1rmed~as-follows. Esterlflcatlon of ac1d 66

»

’kw1th methyl 1od1de and potas51um carbonate in refluxlng

‘acetbne gave rlse %9 the correspond1ng m% Lyl ester 67 '

'identlcal w1th an authent1c sample prepa;sé'ffdm dlmedone

in Scheme 3Q

Yl in benzene in the

-1/

Reducﬂion of the result1ng ethoxy enone w1th

.9 !
N L3

u51ng 5% pllladlum on barlum carbonate as a catalyst 50

52

1.agreemen; w1th the ass1gned structure. The a551gnment was

presence of.p;toluenesulfonlc ac1d w1th a Dean-Stark water

enone 69 wh1ch was subJected to hydrogenation R
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@arbomethoxylation of 3, 3-dimethy1cyclohexanone 70 thus
obtained with sodiuﬁﬁhydr1de and d1methyl carbonate in
réfluxxng 1, 2- dimethoxyethane gave malnly keto ester 71
‘along ‘with a small amount -of the reglolsomer.51 Michael
addition of 71 to methyl vinyl ketone usung DABCO as a
'base followed by an 1ntramolecular aldol condensat1on "
catalyzed by oluenesulfonlc acid led to the formation
-of enone estegwt Thls compound was subjected to
thloketallzgtlon with 1,2- ethanedlthlol and boron
trifluorlde etherate 1n lene chlorlde.- Subsequent
desulfum1zatlon wlth Raney n1cke1 afforded ester 73. The
ir and mass spectra of this’ compound were found to ‘bear |
close r%bemblance to. those offester 67. ) Thelr }Hmr
spectra were however markedly diffefent.: The ldmr
spectrum of 67 showed a sharp 51ng1et for the v1ny11c
prot%p A% 6 5 18" and. three methyl singlets at 5 3. 61',

" 0. 94, and 0.91. In the case of compound 73, three methyl
‘51nglets appeared at §. 3 68, 0. 90, and 0.80, wh11e the

.r .'S

31qna1 due to, the V1nylac proton was observed as a broad

*

1”t 5 5.53. Compounds 73 and 67 were correlated by

1somer12atxon as follows. Treatment of compound 13 WIth

p;toluenesulfonlc ac1d 1n refluxlng benzene for 12 h

resulted in the formation, in quantltatlve YIGIG, of -

mlxture con31sting of two parts of the starting ester 73
o

and one part of an isomeric compound whlch was found,to be

)

54
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L identical with E’ter 67, “The same equilibrium mixture was

o ~)l 'also‘dbtainedo w‘}"3'1 ester 67 was treated th pr
%o . ' |

toluenesulfonic ac1d‘under 51m11ar condlt'ons, Thus, the

structure of carboxy11c ac1d 66 was fi y’established.

t' _
The dlrect conver51on of a ketone cgrSonyl into a .
hiu

'g -dlmethyl qroup by the action of lit dimethyl-

cuprate is,'to the best of our knowledge, unprecedented.

Vg .
1
N 1.

ATh1s transformat1on appears to be general for compounds
structurally related to enone’ 39. Con51stent results were

obtained for enones 40 and 41. Treatment of. the former

- c mpound w1th 11th1um d1methylcuprate under condltlons

fsim11ar to those descr1bed‘prev1ously.for enone 39‘gave
rise to ac1d 74, m. p._105-106°c} in 94% yield. The

’ reactlon of compound 41 and 11th1um dlmethylcuprate was
found to be equally fa01le giving rise to. a‘61% yleld of y
75, m.p. 92 5-93, 5°C. The structure of 75 was>further

confirmed by ester1f1catlon with methyl iodide and

: 4 : \
potassium carbonate in acetone to give the correspondlng,_
methyl ester 76 Q; PRI T "_m,: .
v | S . i ’ /,.;“ ) \

It is worQh not1nq that the above results obtalned
2

for the v1nylogous B -keto' t%gl‘esters-are in sharp SN

.l .

contrast to the result obta d  for the O-ester analog 77 ‘
Hwhlch,’on 51m11ar treatment,w1th 11th'um‘d1methylcuprate,;;mgyg
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react similarly with me;hyliithium to give, in 97% yield,
alcohols.78 and 79 but, inteuestingly, in a reversed :etio’
of ca. 3.5:1. The stereochemistry oé these alcohols' .
followe from the following‘observations. Although bbth’
.compounds were recovered intecg affer treafment‘with‘
eodium'HYGride in 1,2-dimethoxyethane at room temperature,
at reflux, elcohol 78 was transformed to‘diene 80 while
~its epimer 79 remalned unchanqed Gompoundlso was
apparently produced via the lactone 1ntermed1ate 81
follOwed\QX the extrusion of carbon dioxide involving a
retro-DielséAider qeaotion. As'FeQuired by.the formation
‘of 80; the sﬁereochem;stry of the startihg aloohol was
assigned as showh in formula 78. |
Mechanistically, the unusual replacement "of a ketone
. carbonyl w1th a g__;dlmethyl may be ratlonallzed by
invoking a lactone 1ntermed1ate such as 81 which could be
produced by stereoselectlve add1t1on of llthlum .
dlmethylcuprate to enone 39 in a 1, foashlou (39 82)
followed by lactonlzatlon (82+81).~-Fufther coupliugtof
lactone 81 with 11th1um dlmethylcuprate eould lead gggxhe

j‘%

‘observed product 66. In order to determ1ne the val

of this mechanistic rationale, the preparat1on of
' . &
81 was sought. As -indicated above, thlS compougp 81, due

to its thermal instab111ty, could not be effectively



.
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‘prepared by . lactonization of alcohol 78 which required
rather severe reaction conditions.‘

To fac111tate the lactonization, the thiolester
analog of comppund 78 was prepared from enone 39 which was
‘subjected td\trea}ment with methyliithium in‘ether at
—78°C for 15 min.?“The reaction: prdceeded with complete
stereoselect1v1ty giving rise to alcohol 82 as the sole
quduét‘ln 88% yield. The lHmr spectrum of this compound
displayed a‘one-proton Eihglet at & 5.58 due to the
- vinylic proton and a methyl 51nglet at 6 1. 08.» The
quartet and the triplet characteristic for the ethyl
thiolester group appeared at & 2.81 and 1.24 respectively.
In the ir spectrum, the‘diaghostic absorption bands‘were
observed for. the hydroxy greup (3460 Cm'l)iand the
thiolest¥ér carbonyl (1680 cm~l). The structure was
further substantiated by'the mass spectrum_which exhibited
a prominent peak at m/e 239.1105 which was attributed to
"the loss of a CH3.unit. Thefsterebthemistry of the

+

" compound, however, could not be unamnigqopsly,determined

59

at this point on the basis of the spectral data. The fact

that it possesses the desiredYStereochehistry as depicted
follows from the subsequent lactonization.

On“exposure to sodium hydride in 1,2-dimethoxyethaneh
at room temperature, alcohol 82 underwent cyclization to

give the desired lactone 81 along with a small amount of

<€
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diene 80 reeulting from the decomposition of 81. The

presence Qf diene 80 was indicated by direct comparison

£l 9

with an authentic‘samp)erohtained previously by'thin—l%yer

chromatography. It wagﬂfu5ther confirmed by comparison of

'»tpe lygmy spectrum of pure 80 with that of the mixture
- which showed. two sets of signalez the minor set of signals

~was found to be identical with those of diene 80. The

major set of signals, c ting-of.two singlets, one at

"6 5.78 for the vinylic proton and the other at § 1.74 for

the angular'methyl group, eould be attributed to lactone
8l. 1In adreement with t&%s’assignment,.thefir speottum of
the mixture showed a diagnostic 6—1actone absorption at
1750 cm"1 _Although the mass spectrum failed to give the .
parent ion peak, the appearance of: tﬁo fragments at m/e

164 1199 and 148.1233, due to the loss of CO and COp

respectlvely, lent fdrther support to the structural

‘assignment. By 1ntegrat10n of the lHmr spectrum, .the .

ratio of diene 80 and lactone 81;-thch were obtained in a

total y1e1d of 100%, was determined to be approximately
1:3. The separatlon of these two compounds proved to be
difficult. - Several attempts made to remove diene 80 oy
dlstlllatlon and column chépmatography resqited in
1nvar1ably the decomposition of the desired lactone 81 to':

diene 80.‘ Consequentlyh the mlxture yas used for the

subsequent coupling reaction without purification.



62"
’ When the ca. 1:3 mixture of 80 and 81 wae treated
with l\thium dimethylcuprate (2 mol equiv.) in ether at
-40°C, a single product was formed rapidly at the expense
fof lactone 81. The compound, thus obtained in La. 85% ~
”yield based on lactone 81; was found to be identical in
\all respects s with atid 66, previously obtained directly
from the reaction of enone 39 .and lithium dimethyl-
cuprate.’ These results are in agreement w1th the
: mechanistic pathway proposed for the latter unusual
reaction. v |
" In conjunction with the eesy accessio;lity of the
required precursors, the unique and efficient |
‘transformation of the carbonyl group to- a.g__fdimethyl
'described above should have broad synthetic application,
particularly in the area of pentacyclic triterpen01ds,“

“many of which-have D/E ring systems similar to_that of

. 66,22

4. Coupling of Allylic Pivalates with Lithium and
»F B}
agnesium Organocopper Rquents.

P 517:

s described in the preceding section,“léctone 81
coupled’remerkablyveffectively with lithium dimethyl-
guprate'under;extremely mild conditions to give acid 66,
in spite"of the:steric congestion at the site;of

e

YOF
S~
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, o
reaction.v An extrapolation of theee findings suqqested « .

that allylic pivalates might possess interesting "C
” o , *
: prope;ties in coupling with organocuprates.
~ In accordance with .our expectations, allylic

pivalates were found to react smoothly with lithium

diorganocuprates as well as’ with Rng—CuI €2:1) complexes

under mild gond&iions giving rise to coupling products-

high yields: in a-%ypical experiment involving lithihm\\-///
'Idiqxganocupra¢e, a Qolution of alkyllithium (6 mmol) was

“Q

B e .
i . e

“hdded w1th»st1rr1nq to a. suspension of freshly ‘

t,' ‘ e 4\1 B

recrystallised cuprous iodide (3 6 mmol) in ether (20 mL)

.’., ,.z,“x#

at 0°C unden-an argon atmosphere.‘ After 10 mjn, the

!

mixture Mas ch:ll%dgto’o40°c and’ a solution -of the allylic
‘;pivaiate @1 mmdl) in ether (S'mU) was introduced. The

readtlon Qas monltored by thin-layer chromatography. Uponﬂ

. i '5
cpmplet}on (l -4 h),,the réaction mixture was ac1dif1ed

vy e"‘

3
~w1th 1 N”aqueous hydrochloric ac1d and extracted with
7 .

‘iether.f Work—up of the extracts in the usual manner gave

t

the q;ude product which was purified by column . ,‘:(t
i . O i 3 s -
chromatography on sllica gel and/or by Kugelrohr

-dlstlllaxion. W1th the magne51um cuprates, the reactions

I s R . .
R . ®
. x X . ! " -
T N
A . .

L

* In an isolated case,>? allylic pivalate .83 was shown -to couple
with lithium’ dimethylcuprate qiving triene ester 84 as the major
product. o \ 5

L






’,plvalates examlned 1nc1uded both the prlmary and the

chlor1de (1, 5 equiw.yuand pyrh@‘ggf(ﬂ .2 equ1v f 1n ether

: at room temperature. We . ha

ot

were carrie out in a s1m1lar fashlon except that a molar

ratlo of 613 -1 was used for alkylmagnesium halide (1n
place of al 'lllthlum), cuprous 1od1de and the reactant

and the reac ion temperature was malntalned a& 0°C

‘,throughout..KSeve§al react1ons attempted at -40°€ faifﬁd

~and the use of sy;/aller amounts of . the reagents was shoﬁh ﬁ

(-

' experlmentally tq be‘substantlally less effective.

Table 5 summarlzes the results obta1ned.j The allyllc«.'

seéondary ones wlth‘the double bond substltuted 1n various

o

patterns. These plvalates were readlly prepared from the

;,

correspondlng alcohols by ester1f1cat10n w1th plvaloyl

¢ '. . o ‘ "’w - - “*
2o W { Qe%lso attempted. t examme

v
*

"‘the 3° allyllc plva&ates but have‘not been able th make’
’;ythese sﬁbstrates effectlvely due to thelr instabllity,»

u;nhmerous attempts to. ester1fy 3-methy1~4—cholesten 3- ol R

[ 4

o ’jand trans-2-methyl 3 decen 2 ol resulted consfstently in-if

Athe format1on of the\dehydratlon products 1n maJor"

\ Y

:}%k”Quantltles. »The structures and ratios (where appilcabis) gL;

. chemlcal methods aS/deta11ed below.v'-.iw;f 1,; 7;6<7Qf:
3 . R R A

jof products were determlned by spectroscoplc and/or "

o

The dtene 86, obtalned from geranyl pivalate (85) _fgf

(Entry 1) as the sole product in 1003 yield showed a

Y
parent 1on at m/e 194 2031 in the mass spectrum and a weff?

R A SUTE R S , »

. Se o ) N oo .?“\
. “ S N
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.v:. (J = 11, J = 2 Hz) and 4 88 (J = 17' J = 2 h2)4

c01nc1de w1th those of dfene 86. The;ma;o; set of

carbon-carbon absorption band at 1664 cm"1 in, the. ir

spectrum. The lgme- spectrum exhibited a multiplet at

b 5:@2,‘integrating to two hydrogen atoms due to the
L f_wo methyl singletswat‘b 1.60 (sirf/ S,

'coupling constant of 7 Hz. The nuxture _.5,‘% yield)

L

resut“' ‘from pivaL&%e 85 and the n-BuMgBr—CuI (2 1)

rea&i (Entry 2Q,Falon wrth a small amount of geraniol

"!

B, of 51gnals in a. ratio of 1: 3

(S% yield3 showed two se

¢

g
in, the 1Hmr spectrum. The minbr 51gnals ere>found to .

signals, which was attributed to diene 87,

doublets of doublets at 6 5 69 (J = 17, J?

%

vchanacteristic for a v1ny1 group attached to a quaternarx_

‘- @,

.c®rbon. Therremaining v1ny1-protonrappeared at 6-5 11 .as
EE - A ,

a multiplet. 1In add1g1on, ‘a. methyl tr1plet (J = 7 Hz) atv
5 0. 88 and th(’é methyl s‘inglpts at 5 1.68, 1. 58 and 0. 94‘ :

]were displayed. In agreement thh the structural

{

:.assignments, the 13Cmr spectrum also showed two sets of

<@

signals 1n ca.‘l 3 ratio.. These 51gnals were a551gned as

e

r

outlined 1n formulas 86aiand 87a.

& o

' Farnesyl pivalate (88) was subJected to coupling w1th ‘

%

la 1arge npmber of organocopper reagents\ The structures

of products 89—94 and the compositions of - products in. the o

‘ ' } . »

V)

- T -

s
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. standard ones. At the

| wmixtures, which showed, 1n each case, a poorly resolved

"described above ﬁor dienes 86 and 87. Suffice it to say'

fthat the starting farnesol use’ywas a mixture of “two

: pgggusts 89, 91, and 93. It is alsg ‘nots

'“summarizes ‘the: results obtained for ‘the reaction of 88ﬁ;

'a95»and 91 in a. 2 1. ratio. The 1Hmr spectra of the

'were not sufficiently informativeqf\r assfgn1ng the~

,stereochemrstry,and\determining the composition otithe

& . ' \]

“p v . . . ) N,

case of mixtures were deduced mainly by careg 1

’

examination of the lyme spectra in the same nanner as o

stereoisomers due to, the doﬁble bond bearing the a

‘;hydroxymethylene group (E z x 2, 5 1. It,appears.thaE_

this stere01somerism was inherited by

!..

'reactions of 88" with both the lithium and m@gnesium '.\ R

methylcopper reagents (Bntrie‘? and 8) proceeded mor.e

“'e temperatures, the formatio

b N : e

o effectively at te‘tg‘peratures about 20°C higher thanyi . N
f &

farnesol as a by product was shown to be minimal. Table 6 ;"p

4 .

‘~11thium dimethylcuprate at variouS\temperatures."‘ i‘§¥,1
3?« -
The coupling of pivalate 95 with butylcopper reagents
Y 3

. qave rise to trans— (96) apd cis-6 tridgpene (97)._ With'

2y

the lithiUm reagent (Bntry 9), the>trans to c1s ratio was

I3

.found to be 6: 1, while the'magne51um reagent gave rise to

n, o

5;: i

4 L
two methyl triplets (J = 6 Hz each) at ‘5 0. 9% and“)o 89,

g

v

ftwo—proton multiplet at 5 5 38 for the v1ny11c protons and.,h'
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Table 6. Coupllng of fd‘rneSyl piyalate 88 with 11thium

7

dimethylﬁcuprate at war:,fus ’temperatures. 4

":?Mpeia:i‘d'ré(°C,‘)',‘..f9{"i~me'(“h) Product 93 Farnesol P1va1ate 88
SE CNERE _ Recovered

| 722 -0 T28% .t
22 - 2 80% . 9% ..

I ot . T, S A L
40 : 2 ,. . 66% - 27% 1%
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. 3nixtures. These determinatidns were made qn the bag‘s of

the 13Cmr spectra. W1th the assistance of transwvand cis=

+

qyl as»trans— and cis-3-octene53 as model

4~-octene as_
S e

. . E L4
compounds,fthéiL3Cm€;51gnpls were-assigned as shown in
(M

formulas 96afql

P ratio, in éﬁ‘ Lmy ew of the two compounds were
14 A o l‘:{” "a PN .
ﬂﬂwtentatively ﬁngced. |
Pivalat’ % reacted with 11th1um dlmethylcuprate to

‘e of the ﬁsomerictdlenes 99 and 100

i" These two oénﬁuunds were also produced u51ng the MeMgI Cul

' f(2 1) reagent but in a 1gn1f1cant1y;dlfferent ratio og\\“~

1z 6{¥! %he latter isqmer predomlnating. The ratios of
«s
th@‘p h% WEre deteymined by\lﬂmr analysis. . In the
. ~7'~",i ; _h.q“-‘,,“' ]
4umr sp tka,v vinyllc protons of both isomers appeared

o8
at 6 5.10 asﬁq*multipket and the c-7- proton of’ compound 99

at 6, 4 88 as’ a”)ouBiet‘ whereas the c-7 and C—8 protons of

(@u ! l~
compound 100 were found 1n the - 5 5 3 region. Integration‘

- €

'Tof these'81gnals 1ed to the estimated ratios of the

t

_~products.
/

The. coupling reactlon of (i) -perillyl. pivalate 4101)
.and lithium d1 n-butylcuprate LEntry 13) afforded diene

.102 as the sole product. The structure was readily

-

. evident from the 1Hmr spectrum which 1nd1cated the

presence of three vinylic protonsn two of which appeared

as- a ’singlet at & 4.73 and’ the other as a multiplet at
E |

¥

N . o ‘ v

: d 9Qb ahd the; stereochemistry and the -

-
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22.72 28,92 ;31.50 130.46 29.44  22.63

By

32.68  29.73 ®31.87 32,66
. 96a o
.l‘

f‘ 22.72 29.85 27.31. - 27.29. 31.64

SUU U
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) 32.68  29.08 129.98 2955 22.63
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5 5.41. With the magnesium reagent (Entry 14), diene'103:

was found as the majo¥ product alono‘with a small quantity
" 'of the 1somer 102. The former compound showed, in‘the‘ |

limr spectrum ofﬂthe mixture, a narrowly split (1.2 Hz)

triplet at 6 S 68 due to the vinylic protons of .the

isoprozenyl moiety.\ Twi,other narrowly split, triplets-

(J = 1 6 Hz each), 1ntegfating to one proton each, were
ﬂ,also observed in the low fiéld at 6 5.64 and 5 60, * These e

signals were readily ascribed to. the exocycl1c ylene

group. ,Qompounddloapwas further shown to be
two stereoisomers by thé}}3Cmr spesgkum of the mixtufe of

1
102 and 103 which displayed, apart from a set of s1gna13wl,m¢

corresponding to compound 102, a maJor Jset of
signals, apparently due to 103. .
' - . - ' . N "/
A 2;2:1‘mixture of stchturally isomeric cémpyunds

105 and 106 were produced‘by the couplin feaction of ‘
. & . . [ ] h .

pivalate 104 and lithium di-n-butylcuprate. When the
corrgsponding'magnesium reagent was used,'stereois mers
!bs,and 107 weré isolated in a 1.5:1 ratio togetner with a

‘small amount of‘;ompodnd 105'(less than 8%\of the total

~mixture) . The ‘tentative structural assignments of these"
compounds could be reache? by a qareful analy51s of the |
1Hmr spectra’ which revea;ed the signals correSpondlng to
each of these compounds. For 105, a multlplet at & 5. lSm

for the vinylic proton, a methyl doublet (Jaa 8 Hz) at
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8 0'89{ and a methyl triplet (J = 8 Hz) at & 0.88 were *
| g\ erved. Isomer 106 displayed a quartet at.§ 5.22 with a
V‘l‘;;&.ing constant of 7 Hz ‘due to the v&n;lic p?bton, a: -
, trlp)et (J = 6 Hz) at § 2.81 for the C- l proton. and a,
vinylic methyl doublet at 6 1.50 with a 7 Hz coupling i
constant? These signals we:p a&so observed for cOmpound
‘lo7ibut at markedly different chemical shlfts respectively
at § 4299 as a doublet of guartets (J =7, J° = 2 Hz),
& 2.42 as & broad triplet (J a6 Hz), and & 1.58 as a’ |
doublet of doublets (3 =17, ;: ; .2 Hz). -Compounds 106 anL .
107 proved to be stereo1somers due to the’double-bond :\ .
iapther than. the ch1ral center beeiing the_gybutyl group by

_the following experiments. : ‘ L

.

/
Ozonolysis of the mxxture obtaw from the &mgnesium

n—butylcoppﬁr reagent followed by reductive workwup with
% ) d1methylsulf1de gave ketone 108 as a maJor produét in 88%
. yield. The compound showed a molecular i n peak at m/e

! 1

194.1662 1n the maso spectrum and a strong carbonyl | |

LI < N

absorptlon at 1703pcm ; 1n\the ir Spectrum. In’ the 1Hmr

Lspectrum " the Cel‘prqﬁon~appeared as doublet (J = 6 Hz)

S

at 6¢2.59 and the C-3- protoq as~a multiplet at 6 2 52.0 A ‘ﬂ&

T o
s1ng1e}tr1plet at & Q. 92 and two sharp sbnglets at éQl 33 '1
./ T V v ‘ '
and' 0.88 were also d1splayed for 6 tptql of three methyl
./\
; groups indlcatxng the presence of a single sterooisomer.p'
B, o~

he~isolation of a single isompr of 108 in high yield
| ' L



DY . . .‘.

stronqlm squested that compounds 106 and 107 were double -
"dbond isomers. Furthermore, treatment of ketone 108 w1th
inl N aQueous sodium hydroxide in refluxing methanol for
ah16 h resulted in the epimerization of its enolizable a-
carbon glving. in quantitative yield, an eqquTB?Tum//
mlxture with the newly formed epimer predominating to the‘
-extent of 80% The 1Hmr spectrum of the mixture.
S exhibited, ,Q‘add1tion to signals due to the’ starting
ketone lba,ﬁgﬁmajor set of siqnals congisting of a doublet
”KJ = 6 Hz) at 5 2. 59 (C -1 proton), a multiplet at X3 2. 48 '
(c-3 proton), a msthyl triplet at 65 0. 9§“and two‘slnglets,

<%

at: &v.¥30 anA 0 73 for the ge -dimethyl group.\\\lnce th1s’

\ new eplmer was. formed 1n\ma)or quantlty under

Y

v

hermodynamic?%&y eontrolled conditions, 1ts

stéyeochemisbry could be log1ca11y assxgned as depictedr1n

-

for ula 109 in whlch the bulky n-butyl group rs.remote

}
frb the met‘hy1 group ‘on’ the bridge carbon. Consequentry,

) e .
the stereochemistry of ketone 108 and the configurat1on d%f

as shown. The,doqﬁle ﬁd@g,etereocn;f%gtry of 106

‘.’eg&"" Wty

"33assigned bn &he gis of the 1 Cmr spectrum

I

’Vpivalate 104 and n:BuMqBr-CuI. Uslng a- and»&—p1nene as‘

Mbdel compounds,53 the 13Cmr signals were assigned to

. . oo
) W

v .

%

compounds 105; 106 and 107 as shovn-inxformulas“lOSaﬂ 106a °

\
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P
and 107a‘respective1y,'resulting‘in the‘deGUCtion of,thef

-stereochem1stry of the two latter compounds.5" “ S ‘

In pr1nc1p1e, an a11y11c plvalate cours couple with a,

.dlorganocuprate in two dlfferent ways 1nvolvinq either the

~

_ -carbon bearlng the p1valoxy group to give the ”S 2”-type
product or the y—carbon with simultaneous mlgratlon of the

,vdouble bond to g1ve the "ShZ'"—type product. An

-

» T

'exam1nat1on of the exper1menta1 results showed that the -

ﬁf,coupllng proceeded wqth a high - degree of regxoselect1v1ty

|
with both the . 11th1um and the magnesium-containxng

reagents. More 1nterest1ng1y,'a complementary mode of

‘ select1v1ty was. d1sp1ayed by these two types of

reagents. W1th 11th1um dlorganocuprates, the general mode
hls the dlsplacement at the a-carbon as indicated by the

;predom1nant formatlon of the "g 2"-type product in all the

Lcattruns studied—except-one Lpntry gy in wh1ch the double
'hond:bf~theda11ylic’piyaiate-system ié term1nal;“‘W1th the
' magne51um orqanocopper reaqents, the maJor product |
obtalned w1thout any exceptlon was found to be that
»resultlng from y—attack. f;t is also noteworthy Ehat the f
double bond - g\pmetry remalned 1ntact wheneverpthe reactlon
',proceeded v1a a—substltutlon (Entrles 1, 2, 11 and 12).

The: ab111ty of a11y11c p1valates to undergo eff1c1ent

~coup11ng w1th both the 11th1um and the: magnesium

organocopper reagents w1th reversal of req1ochemistry
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bpromises to have broad synthetic utility Other alﬁylic
estersss_so far explored ogten show’ incqnsistent and thus v
‘rather unpredictable regioselectivity when subjected to
coupling with lithiﬁm organocopper reagents and 'in general
do no&*couple effectively with maghe51um organocopper |
reagents. This is further substantiated by thﬂ.!ollow1ng

/
experiméhts. ‘Farnesyl acetate 4110) was treated with

ethylmagnesiuQ\bromide—cuprous 1od1de (2: 1) complex under

the same condltidnseused for the corresponding pivalate
1] /O
(Entry 4).‘ Upon c0mpletiom of the reaction (1 h), trienes

‘ 1 0

‘89'and 90‘were.isolated ir 4:3 ratio and in 27% total

I &

yield ' éimilarly, treatﬁent of farnesyl acetate (110)

“?“"”"’*’Q

w1th n*BuMgBr—CuI (2: lY complex géve a total of 43% yield
/

Aof two coupling products 91 and/ﬂz/tn 'ratio of 4: 3,

_These ts. «\:-( Sii 1y, obtained
for farnesyl pivalate (Entries 4 and 6) in terms of y1e1d

. and reqioselect1v1tya“ﬁ

Although the mechanism of the coupling reactions
/
1nvolving organocopper reagents is far from clear, the

observed regiochegical reversat might be rationalized by

'b“ 1nvok1ng the preferential complexatlon of the lithium
' ]
organocoepdr reagent with the carbonyl oxygen atom and
that of/khe magne51um organocopper reagent with the Y]

vrallylié oxygen atom follo ed, in each case, by the carbon="
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'ii carbon bond formation via a six—membered ring transition.
state as indicated resbectively in formulas 111 and 112.“;
In conclusion, the annelation of g- keto_thiolestersn
. provides a viable alternative to that of the oxygen
nalogs to facilitate the preparation of fused and bridged
‘polycyclic compounds. Making use of some special | |
properties of the thiolester functionality, sevenal
applications of the annelation products ﬁn oﬁganic
‘synthesis have also been suocessfully demdnstrated. |
- .Furthermore, an extension of an 1nteresting finding duringr
the course‘oi'theseﬁstudies.resulted in the development of
-a nvecoupling processrin‘which the carbon-carbon bond

formation is facilitated by the use of an allylic pivalate'

fas the reactant and the regioselect1v1ty (Sy2- or sy2'-

“““"tV‘eT“caﬁ“be“cbntrotted—by’mereiy*setecttng~a~8u1cable

vorganocopper reagent_in;the form of lithium or magne51um

L

complex.






General

f 4 » ' h *
Melting points were det| rmined on a Kofler hot stage

| apparatus and are uncorrect d. Elemental analyses were
performed oy the microanalytycal laboratory ‘of this
d@partment. Infrared-(ir) spedtra were recorded on a
-Perkin-Elmer model 457 or Nicolet 7- 199 FT-IR spectro-

iphotometer. Uﬁless otherwise ated, samples were run as
da thin film or-, as a)hhlor:iorm so utlonwagalnst a blank

ch oroform celii‘qproton(guclear magnetlc resonance (1Hmr)
were recorded on a ‘Varian HA-lOO,\ER 100/Dig11ab,

..

Bruker WH- BO,NBruker WH-200 and WH-400 spectrometers and,‘
except otherw1se stated. were obtained on solut1ons in’ "
vdeuterochloroform with tetramethylsilane as internal *
reference. ‘Carbon-13 nuclear maqnetlc resonance (13Cmr)
spectra H%fe recorded on Bruker WH-200 and WH 400

_ spectrometers and were obtalned on solutlons in .
deuterochloroform using tetramethyls1lane as internal
reference. The . following abbrevxat1ons are used: 5}5‘
dsinglet,.d = doublet, t =«trip1et, q é qusrtet; m =
multiplet—;nd br. = broad. MasS»spectra.(ms) were
recorded using A/E.I. model MS 9,-Mé'12 orvMS 50 mass °

spectrometers. Concentrat1ons of solvent systems used 1n

column chromatography are given by volumes, e.q. 10% ether

.
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in hexane means lO parts of diethyl ether to 90 parts
hexane by volume. All ihe isolated products were found to.,
be homogeneous onnthin-layef chromatogram in‘variousw

solvent systems. . u - :
. ' l ) S ) S ’

Materials

. Ether, benzene -and 1,2—dimethotyethane used for
reactions were freshly distilled from lithium aluminum
.hydride. Pyridine was distilled from potassium hydroxide’

Iand stored over barium oxidé. Argon and nitrogen were

* passed through a’ purification train of Fieser's solution,
:concentrated‘sulfuric acid and potassium hydroxide
pellets. Silica gel, 0.040—0.063‘mm particle size, 230-
400 mesh ASTM, was used as adsorbent for flash-
chromatography and 5111ca gel, 60 -120 mesh, was used as
adsorbent for column chromptOgraphy. Th1n layer
.chromatography was carried out by using Merck Silica gel G
(type 60). ‘Unless otherw1se stated, anhydrous magnesium |
sulfate was used for drying organlc solutions.l

| Commercially available sodium hydride (50% dispersion in
011) was used without washing. Commercially<available
'methyl vinyl ketone (MVK) " ethyl vinyl ketone (EVK), ‘and B
acrolein were distilled before use, Bthyllit!ﬁum was made

from lithium metal and ethyl bromide according~to the



alcoho£* éﬁd ( )~-Myrtenal were also obtained from

. . ' é

\
’

described procedure.56 Methyllithium and n-butyllithium

L .
ware obtained from commercial sourges. All the Grignard

reagents used were freshly prepared from its corresponding

“alkyl halide with magnesium turnings according to the \

standard proceduge.s7 Qgraniol, farnesol, (z)- petiyllyl‘

commercial.sou;ces.. ~

2-M3¥hyl-6—ﬁethylthiocarbonylcyclohexanone (51) o f* il

(50% 011 disper51on, 2.58 g, 53.%4 mmol) was added to the

’WLth;water, dried (Mgso4), filtered and concentrated. -

. - M . 5 '
2 Methylcyclohexanone (3 g, 26.87 mmol) and's s'-

d1methy1 dithiocarbonate (6.588 gr 53.74 mmol) were

dissolved in 1 2- dimethoxyethane (304mL). Sodium;hydride

/

_solution. The mixture was heated to 80°C w1th stirring

f

for 12 h qnder an argon atmosphere, After cooling to room

A}

temperature, it was poured into ice-cold 1 N agueous

:hydrochloriCsac1d (100 mL) and extracted w1th

N .
‘dichloromethane (3 x 20 mL) The extracts were washed

Bulb—to-bulb distillation of the crude material at 70°C
(oven temperature) /1.0 torr gave the B-keto thiolester 31
(4.24-g; 85% yield): ir 1710 (ketone C=0) and 1675 cm~!

—

(thiolester C=0); ms M* 186.0717 (calcd. for CgH;40,S:

LI
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186.0714); lHmr (CCl4) 673.51 (m, 1N, -coénco-). 2,32 (s.
 3H, -SCH3), and 1.18 (d, 34, J = 8 Hz, &nc_s) .

A

'2-E€hy1thiocarbony1-2-(3-oxobuty1)gyclohexanone (32) .
S

DABCO (497 mg, 4.43 mmol) and methyl vinyl ketone
(311 mg: 4,43 mmol) were added to a solution of Bketo
thiolestei«is (690 mg, 3.7 mmol) in i,2-dimethoxyethane
(15 mL). Afééé stirring at room temperature under a
.nitrogen atm§§p§§re for 24 h, the_fe;ction'miiture was
,aciéified Mithia‘sglution of 1 -N aqueous. hydrochloric acid
(50 mL) an& extracted with dichloréme&hane‘(3 x 20 mL).
QThé extracts were washed with brine, dried,~filtered and.
concéntrated. The crﬁde material wés pufified by column. 2
‘chromatqqraphy on silléh gel, Elution with a solﬁtion.o?"a.“E

.-10% ether in hexane gaVe the Michael |adduct 32 (944 mg; -

1008 yield): ir 1712 (ketone-C=0) and 1665 cm™!
"(thiolester C=0); hs M+.256.1132 (célcq.'for C13H50035:
256 1132); mr (cCly), 2.88 (q, 24, J = 7 Hz, ~SCHaCH3),
2,04 (s, 3H, —COCH3), and 1.26 (t, 3H J = 7 Hz,

'-SCHZC_;;).; o

9 - . 4

2- Ethylthlocarbonyl -2- (3—oxogentyl)cxclohexanone (33)

/-s.

N\
DABCO (666 mg, 5.9 mmol) was dis'solved in 1,2- \B -
igon

dimethoxyethané (20 mL) at room tempqrature under an

N\



,ntmqnphere. B-Keto thiolelter 29 (762 Mg, 4.1 mmol) and

EVK (499 mg, 5.9 mmol) were added. After stirring for 20
h, the\re;ttion mixture was poured‘}nto 1 N agqueous
hydrochiertdvacid (50 mL) and extracted with dichloro-'
‘methane (5 x 20 mL). The extrachs were washed with water,

dried, filéered and aoncentrated. The grude material was

87

-

_ purified by column chromatography on silbca gel. Elution. -

with a sqlution of 10% ether in hexane afforded the
Michael adduct \33 (974 mg; 88% yield): ir 1713~(ketone
c=0) and 1665 Z?fl (thiolester c=0); ms M* 270 1290
(calcd. for C14H2;O3S° 270, 1289); lame (Ccly) 6 2.88 (q,
2H, J = 7 iz, -sq_zcu3), 1.25 (t, 34, J = 7 Hz,'—SCqu_3),

and 0. gs (t, 34, J = 8 Hz, -cocnzq_3h‘

IS

e

2-Ethylthiocarbonyl-2-(3-oxopropyl)cyclohexanone (34)

DABCO (553 mg, 4.9 mmol) and B-keto thiolester 29
(741 mg, 3.98 mmol) were diseolvedlin l1,2-dimethoxyethane

(10 mL) at room tempé@ature under aﬁnitrogen atmosphere.

[

" Acrolein (268 mg, 4.8 mmol) was added to this solution and

the reaction mixtﬁre stirred for 12 h, 1t was then poured

into a solution of 1 N aqueous hydrochloric acid (50

mL), The resulting solution was extracted with d1chloro-

methane (3 x 20 mL). The extracts were washed with water,

dried, filtered and concentrated. ' The crude product7wes



purifled by column Chromatography on lilica 901. Elution

N with a solutioh ot 108 othtr in hcxaﬂﬁ gave thlololtor
aldehyde 34 (847 mg; 88% yield)s 1: 2876, 2732 (—cho).
11720 (ketone and aldehyde c=0), 1680 and 1670 cm~1
(thiolester C=0); ms m/e 181.0866 (M*-61, calcdﬁdfor

CyoH 303 181.0865), 153.0904 (M*-89, calcd. for'
C§H1302= 153.0916) ;nd 137.0964 (base peakf\g*-los.'
caled. for CoHy30: 137.0966); lhmr (cCly) 5 9471 (t, 1H,
3 = 1 Hz, -CHO), 2.89 (q, 2H, J = 7 Hz, -SCHyCH3), and
1.27 .(t, 34, J = 7 Hz, -SCqu_s)g Anal. Calcd. for
CyH1g03S: C 59.48, H 7.59, S 13.23. Found: C sg,gs,Qn
7.58, S 13.29. | |

2—Ethy1thiocarbony1—2—(3—oxobuty})cyclopentanone (35)

DABCO (234 mg, 2.08 mmol)/égdxggxfh)46 mg, 2. 08 mmo1l )
were added to a solution oE“é;keto thiolester 30 (300 mg,
1.74 mmol) in 1, 2~dimethoxyethane (6 mL).. The reaction
m1xtun.vwas stirred at 0°C for 3 h under- a nitrogon,

" atmosphere and poured into 1N aqueous hydrochloric acid
(30AmL). The resulting solution was extracted wifh
dichioromethane (3 x ?0 mL). The extracts were washed
with water, dried, filtered and concentrated. The crude
material was'purified by column chromatography on silica

gel. Elution with a soldtion of 5% ether in hexane
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:'fg9’¢‘§ﬂﬁh° Michael ﬁaduct 35 (421 mg; 100‘4Yi‘1§)’u,1’
1744 (five-membered rinoketone\Z:O), 1716 (ketogz C=0), m
* and 1665 cm~! (thiolester C=0); ms M* 542 0984 (caled for
, C12“18°35‘ 242.0977); lamr (ccly) 5 2.84 (q, 2H, 3 = 7
Hz, -sq_zca3) \h 04 (s, 3, ~COCH3), and 1.22 (t, 3H, J = .
7 Hz, -scnzq_s). i

. | f{;;“'

G-Methyl-z-methylthiocarbomzl—2-i3-oxgbuty1)gyclohexanone
(36) S N

DABCQ” (448 mg, 4 mmol). was dissolved in 1,2-
'dlmethoiyithane (20 mL) at room température_Under an argon
. atmosphere. g -Keto thiolester‘3l (620 mg,’3.3 mmol ) and.
.'1‘BVK (280Qm§,'4 mmol) were added. After stirring for 16 h,ﬂ
_the reaction mixtu‘p'was poured ihté‘l N equeous -
lhydrochlorig acid (50 mL) and~extracted.withrdichloro-

methane (3 x 20 mL) ‘The ertracts were washed with brine,”

- dried, filtered and concentrated.. The crude product was

M
purified by column chromatography on ;llifa gel. Elution:

. vwith a solution of*10% ether in h;;ane afforded a/=
diastereomeric mixture of the Michael adducts %F (819 mg,
978 yleld): ,;r 1718, 1705 (ketone C=0). and 1664 cm™
(thiolester.C-d); ms m/e 209.117§ (bése peak; MY-47,’
caled. for‘c12H£7o3: 209.1177) and 181.1227 (M*-75,
calcd. for c11n17ozz_~la1.izzb). The lHmr (CCl,) spectrum

-«
N
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showed two sets Q£f819ﬂ118”;n,i031'tatlozfn;mojqxfgatmgtd%ﬂgﬁ
signals qt 6 ?ﬂzs,(s.,ﬁﬂt 1SC53). 2.04 (l{ Jﬁf -COCE,MTQ
and 0.96 (d, 3ﬁ,‘J_- 7 'Hz, -éHQﬂ§+z a minor set of ilgnqln
‘at 5 2.29 (s, 3H, -SCH3), 2.09 (s, 3H, -COCH3), and~0.9%
(a4, 3H, J = 7THz, -énqga).

»
£

6-Hetny1-z-methylthiocarbonxj-z-(3-oxopengx})cyclohoxanoﬁo
(37) |

DABCOI(ZQI mg, 2.6 mmol) and EVK'(200 mg, 2.‘ ﬁmo})
were éddbd to a solution 6f B-keto thiolester 31 (372 mg,
2.0 mmoli in i,2-dimethoxyéthané (10 mL) at room - |
‘temperature under akpftrogen atmoéphere. After stirring

for 24 h, the rehbticn mixthfé was poured 1n£o ice-cold
"1 N aqueous hydrochloric acid (50 mL) and extracted with
,dich}o;bmethane (3 x 20 qL)..bThe extracts were washed
;}th brine, dried, filtered and concentrated. The crude
product was purified by colgmn chromatography on silica
gel. Elution with a solution of 10% ether in heiane
afforded the Michael adducts 37‘(540 mg; 1008 yield): :-ir
1714 (ketone C=0) and 1670 cm‘lf(thiolestéiqc-O); ms m/e
223.1334 (M*-47, calcd. for Cy3H;g03: 223.1334) and-
195.1386 (M*-75, calcd. for CyoHyg0p: 195.1385). lHmr
(CCly) & 2.28 (s, 3H, -SCH3), 0798 (t, 3H, J = 8 Hz,

‘QHzCﬁB), and 0.97 (‘d,o 3H' J = 6 Hz' "éHCb)O



. . : : e . "
. ' 7"“"“' i i ! * -‘. .
. s : 91,

-

f6-Methy1 2~methylt&1ocarbonyl-z-(3-oxqprApy*)~yclohexane

¢

(38)
6aacOr(2é9*mg} 3.4 mmol) was dissoived‘in 1,2~
dxmethoxylethane (12 mL) at room temperature under an .
argon atmosphere. ‘B-Keto thlolester 31 (370 mg, 1.99 |
ksmmol) and acroleln (134 mg, 2.4 mmol) were added. After
'stlrr1ng overnlght, the reactlon m1xture was poured 1nto 1

N aqueous hydrochloric ac1d (50 mL), and extracted w1th

fdlchloromethane (3 X 20 mL) The extracts were washed

4

. .w1th water, drled, flltered and concentrated. Bulb- to—

bulb dlstlllatlon of the crude resxgue at. 90°C (oven B L
!temperature)/z torr gaye a dlastereomerlc mlxture of
oth1olester aldehydes 38 (424 mg, ' 88% y1eld) ir 2862,‘~
2720 (-CHO), 1720 (aldehyde c=0), 1708 (ketone C= 0) and ‘?“‘
n;1664 cm'l (thlolester c=0); ms M+ 242 0969 (calcd. fOr S
C12H1803S: 242, 0976)delﬂmr (cc14) 5 9.71 (t, l/SH,YJ =2

H, =-CHO), 9‘69 (t, 4/5H, 3 = 2 H, -cuo), 2. 29 (s, 3/5H,
‘,—SCH3), 2. 27 (s, 2 2/5H,'—SCH3), 1.00 (d, 2 2/5H,‘J-='7 -

énq_3), and -0.96 ar 3/5H, 3= 7 Hz, éuq_3)

kG%Ethylthiocarbonylbicyclo{4«4{0]dec-ifen—3eone (39Y

A solutlon df the dlketo thlolester 32 (2. 04 g, 7.97

mmol) “in benzene (2 mL) was added to- a solutlon of p-
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toluénesulfon1c ac1d dlhydrate (208 mg, 1 mmol) in benzene
‘(200‘mL) The . reactlon mlxture was heated under’ reflux

wlth a Dean-Stark water separator for 10 h under an argon

/ o S L \
’ atdosphere; After'cooling to room temperature,vsaturated
0 5 K

,’aqueous NaHCO;3 solutlon (20 mL) was added. ‘The, oroanic_

la er was,separated and the aqueous layer was extracted
-~

adaln w1th d1chloromethane (3 x 20 mL) The extracts were -

l

'~washed with water, dried, f11tered ‘and concentrated. The
crude material was purified by column chromatography on

5111ca qel Elution with -a 501ution of 20% ether in.

vhexane gave enone 39 (1,843 g; 98% yield): ' ir 1687
(ketone C=0), 1670 (thiolester C=0), and 1618 cm~l (C=C);

ms M* 238.1030 (calcd. for Cy3H)g0pS: 238.1028); 1Hmr

v

(cc14) 5 5.92 (s, 14, =CH-), 2.89 q, 28, J = 8 Hz, L /

-sc ,CH3 L, aad 1.26 (c, 3H," J =8 HZ), —SCH2Q_3), Anal. 1//
'v__Ca‘vlcda- for C13H18.025°‘ € 65, 51, H 7.61,_ S 13.65. FOUD¢/2

| C 65.88, H 7.66, S~13.65. AL S
- 6-Ethylthiocarbonyl-2-methylbicyclo{4.4.0]dec~1~-en-3-one
S . , — 7
(40) - SN A

A solutlon of the diketo thlolester ‘33 (407 mq, ‘1.51
"mmol) 1n benzene (1 mL) was added to a solut1on of p-
toluenesulfon1c ac1d (88 mq, 0. 51 mmol) 1n benzene (100

mL) _The react1on mixture was heated under reflux w1th a



Dean-Starkrwater‘separator for 20 h'under an argon
atmosphere. It was then cooled to room temperature and a

saturated agueous NaHCO3 solutlon (20 mL) was added. The
o}

organic layer was separated and the aqueous,layer

extracted with dichloromethane (3 x 20 mL). The extracts

’

were washed-Qith'brihe,'dried, filtered and concentrated.
The crude mater1a1 was pur1f1ed by column chromatography
oh silica gel, Elution with a solutlon of 25% ether.ln'
hexahe gaye_enone 40 (380 mg; 100% yield): |

‘ir'1675, 1667

(ketone and thiolester C=0), ahd‘1612 cm'lr(Cﬁcﬁi ms M*u

252.1184 (calcd. for Cy4Hp002S: 252. 1186), lﬂmr (cc14)
8 2.85 (a, 2H,, =7 Haz, —sq_2CH3), 1. 81‘(3V” |

and 1.23 (t, 38, J = 7 Hz, -SCH3CH3).

7

4

At

JGeEthylthiocarhohylbigycld[4.3.0]nohf1;§ﬁ?u
‘A s6lution of the diketo thioiester 55;?426pmg;‘i{74
mmol) in behzene K4lmL) Was added to a‘solutioh ofhp—p
toluenesulfonic acid (82 mg, 0.47 mmol) ih‘beniene (100
mL). The resultlng mixture was’heated under reflux w!#h a
Dean-Stark water separator for 12 h under an argon

atmosphere. After cooling to room temperature, the’

reaction mixture was made basic with saturated‘NaHCO3

Zone (41) T

'solution'(SQme). The‘organic layer was separated ahdpthe’

aglieous layer extracted with dichloromethane (3 x 20
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‘ML). The extracts were washed with brine, dried; filtered
and concentratcd.- The crude mécerialkwés purified by
column chromatography on siljcé gei. Elution with a
solution cf 20% ethér in hexane‘affqrded enone 41 (251 mg;
90% yield): ir 1666%(ketone and thiolester C=0) and 1640
em~l (C=C); ms M* 224.0869 (qayed. for CjoH;g0,S¢ )
224.0871); lamr (cCly) 5 5.91 }t, 1H, 3 = 2 Hz, =CH-),
2.84 ig,‘zﬂ, Y = ¥ng, fscgchSS. and '1.22 (t,laa,‘a =7

. Hz, -SCH,CH3).

'ciécarbonyl—z-methx;bi%xplo[3.3.l]non—2-en49—one

' To a solution of concentrated sclfcric acid (0.2 mr)
in benzenéi(z mL) atc2;4°C, was added tcecdiketo
- thiolester 32 (155 mg, 0.6 mmcg),' The rcact}on mixture
was stirred for 30 min ‘and poured.into ice-cold watcrj(zo
‘mL). The resultlng solution was extracted with ether (3 x
-20 mL) . The extracts were washed w1th brine, drled, \

filtered and concentrated. ‘The crude material was

‘:purlfled by columnpchromatography on silica gel. ‘Eluti n
4w1th a solution of 10% ether 1n hexane gave enone 42 X&B?
' mg; 95%-y1e1d): Ar 1721 (ketone C=O) and’ 1669 em 1//
(thiolester Cc=0); ms. M* 238.1026 (calcd. for c13nleozse'

238.1028); lHmr (CCly) 6 5.65 (m, lH, =CH-), 2.88 (q,’ 2H,



1

J = 7 Hz' ‘-SC__2CH3)' 1 70 (dd' 3H' J = 4' J! = 2 Hz'
éCH3), and 1.25 (t, 3H, J =7 Hz, -scneq_3), : ’

\.
\
!

; ‘ , | | -
2-Ethyl-5-ethylthiocarbonylbicyélo[3.3.1]non-2-en-9-one

(43)"

)To a solution of concentrated sulfuric aci,f(q,ﬁ uL)

in benzene (5 mL) at 2 -4°C, was addep the dlketo
thlolester‘33 (256 mg, O. 95 mmol). The reaction mixture

was stlrred for 1.5 h under an argon atmosphere, poured

o

w
¥
. '»Ay"

- ol

into ice -cold water (50 mL’) and extraqted with

' dlchloromethane (3 x\15 mL). The extracts were'Washed
w1th brine, drled,‘f11tereq\and concentrated.h Th&‘crude

material was’ pur1f1ed by column\chromatography on dillca

\

gel. Elutlon w1th a solution of 10

Tenone 43 (227 - mg; 95% yield): ir 1725 (kRetone c=0) and

1672 (thiolester C=0); 1s Mt 252.1193 (caled. For

\ .
C14H20025. 252.1184); limr (cc14) 5 5.61 (m, 1H, =cﬁ;¢{\

“2.84 (q, 24, 3 =7 Hz,‘-SQ_2CH3), 1.23 (t, 38, J = 7 Hz,

4SCH2Qﬂ3), and }.01 (t, 3H, J =‘8 Hz, -CHZC_3)~

5-Ethy1thioearbonyl-zlmethylbicyclo[3q2.ljoct12-en4840ne

(44) o - L ‘

‘Diketo thiolester 35 (125 mg, 0.52 mmol) was

dissolved in anhydrous dichloromethane (2.5 mL) and a

" 95

ether in hexane gave %



96

shall amount of,anhydron magneéidm sulfate (50 mg) wagi;“
'addéd; To this mixtﬁfe‘at o°c, cohcentratedvsulkbric acid
(0.23 mL) was added. Aftef stirring for, 1 h under a |
nitrogen atmosphere, the reaction mixture was’poured into
iceécoid water (30 mL) and extra¢tgd with dichlqromethane
(3 x 10 ﬁL5;' The extracts were washed with bring,vd}ied,
. filtered and concentrated. Tﬁe crude{materia1 was
purified by coluﬁn qh;omatography on silica gel. vElution
with a so;ution_oﬁ 5%:e£her in hexane afforded starting
hagefial 44 (41 mg; 33% recoVety).'IFurther‘eluéion yith
10% ether in hexane gave éhone 27 (41 mé;‘3$% yield): ir
1756 (ketone C=0) and 1669 cm™l (thiolester 'C=0); ms Wt
224.0868 (calcd. for C1H1g02S: 224.0871); lHmr (cCly)
5 5.26 (br.s, 1H, =CH-), 2.88 (q, 2H, J = 2 Hz,'-équcn38.
i,vz (dd, 34, J = 2, J' = 1 Hz, =éca3), and 1.25 (t, 3H,
J = 7 Hz, -SCH,CH3). | | '

i

1,ZeDimethYI—S-methxlthiocarbohylbicycld[3.3.1]non-2—én-93 ?,-

one (45)" - : - .

To a solution of concentrated sulfuric acid (0.4 mL)
- in béﬁzene_(z mL) at 2-4°C, was added the diketo thiol-

ester 36’(146 mg, 0.56 mmol). The reaction mixture was B
'stirred for 1 h under an afgonvatmosphere,‘pbufed in£03~MA

ice-cold water (50 mL) .and ext:écted'with dichloromethane



(3 x 10 mL). The extracts were washed with brine, dried,
filtered andiconcentrated, .The,cr de‘product was~purified ki
by column chromatography on sicha rel. Elution with a |
solution of 10% ether in hexane gave\@none 45 (133 mo;
1008 yield): ir 1716 (ketone C=0) ana 1672 cn” -1
(thiolester C=0); ms M* 238.1024 (ca1¢d for C13H15028:
- 238. 1027); YHmr (CCl4) 8 5.65 (m, 1H, =CH-), 2.28 (s, 3H,
‘-sca3), 1.62 (¢, 3, 3= 2 Hz, tcu3), and .1.04 (s, 3H,

‘CHB).

. 2-Ethyl-1-methyl-5-methylthiocarbonylbicyclo[3g3.1]non=2-

' en-9-one (46) -,

o

~To a solution of concentrated sulfurlc acid (0.5 mL)
51n benzene (4 mL) at 4- 5 C, was added the diketo thiol-
ester'37 (220 mg, 0.81 mmol) The reaction mixture was
stirred for 1 h under an argon atmosphere, poured into
ice -cold waterI(SO mL) and extracted w1th,dichloromethane
(3 x 10 mL). The extracts were washed w1th brlne, drled
filtered and concentrated The crude product was purlfled
by column. chromatography on silica gel. Elution with a |
‘solution of 10% ether in hexane afforded enone 46 (165 mg;
81% yield): ir 1716 (ketone C=0) and’ L672 cm 1'~ |

: (thioieeter C=0); ms Mt 252.1186_(ca1cd. for Cy4Hp(0,S:
252.1184); lumr (CCly) 6 5.65 (m, 1H, =CH-), 2.28 (s, SH}

.

4
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-SCH3), 1.09 (s, 3H, -CH3) and 1.04 (t, 3H, J = BHz,

-CH 2CHJ) . ’ o -

i

5-ﬁydroxymetﬁyl-Z-methylbicyclo[3.3.1]npn-2-enﬁ9-6ne L§2);

e ' .
A solution of enone 42 (130 mg, 0.55 mmol) in benzene
(i'mL) was added to a suspension 6£'Ranéy-nickel (1.5 mL,

settled volume) in bég;ené (2 mL)} The mixture was
/.t B

Qs%{rred for 30 minrat room température under a nitrogen
atmosphere and filtered. The fesidue was washed
thoroughly with‘Qéi ethanol (15 mL). Concentration of the
filtréte gavé the crude pfoduc£ which was purified by
column chromatography on silica gel. .Elution with a
solution of 40% ether in hexane afforded alcohol 52 (88
mg; 88% yield): ir 3460 (OH), 1711 (C=0), and 1675 cm~l
(C=6); ms M+.180'1151 (célcd. fsr C11H1602:¢ 180.1150);
ame (cCl4) 5 5.61 (m/ 1H, =CH-), 3.32, 3.21 (both d, 1H
each, J = 22 Hz each, -CH,OH), and 1.67 (br.s, 3H, -éCH3).

// s

SzgydroiymethQIQI;2-diméthyibigjclo[3.3i1Lnon-2-en-9-one

(53)

A solution of the enone 45 (133 mg, 0.56 mmol) in
benzéne (2 mL) was added to a suspension of Raney-hickel
(2-mL, settled ‘volume) in beénzene (2 mL). The mixture was

ﬂ st§rred for 30 min at room temperature under an argon



atmosphere and filtered. The residue was washed
thoroudhly with 98% ethanol (12 mL). Concentration'of the
filtratq gave the cnuéé material wﬁich was purfffed by
"column éhrogatography on silica gel. Elution with a
;olution;of 40% ether in hexane gave alcohol 53 (97 mg;
89% yield): ir 3480 (OH) and 1696 em~1 (€=0); m;_M*
194.1305 &calgd..for C12H1862: 194,1306%; Yymr (CCly)
9w3.64,(m" 14, =CH-), 3.33, 3.22 (both d, 1H each, J = 22
Hz each, -CH,OH), and 1.40 (dd, 3H J = 2,‘J' = 2 Hz,

éCH3)’ and 1 05 (S, 3H' -CH3)

2-Ehyl-5-hydréxymethyl-1-methylbicyclo(3.3.1]non-2-en-9-

]

.”,g

one (54)

!

A solution of the enoﬁe 46 (135 mg, 0.54 mmo;) in
benzene (2 mL) was added to a suspension Qf Ranef-nickelﬂ
(2 mL, settled volume) in benzene (2 mL). The'mixture,‘
éfter’stirring for 30 miﬁ-at»rodm temperature ﬁnder an

~argon atmosphere, was filtered‘éhd the residue was washed

9‘9 oy

thoroughly with 98% ethanbl (15 mL)._ Cohceh;ration of the

filtrate gave tﬁevcrudeiproduCt which was purifigd by?
column chromatography on silica gel. Elutidh with é
 501ution of 408 ether 1n hexane ‘gave alcohol 54 (94 mg;
84%»yie1d{: ir 3500 (OH) ‘and 1700. cm~1 (Ceo);_ms m*

208.1464 (calcd. for Cy3Hpg0: 208.1463); lHmr (CCly)

X
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5§ 5.62 (m, lH, =CH-), 3.34, 3.23. 4both br.d, lH each, J =

o

100

22 Hz, -CH,OH), 1.05 (s, 3H, -CH3), and 1.04 (t, 3H, J = 8

“Hz, "CHzc_l'l_s) .

A solution of the enone 4q (87 mq, 0;38}mm-¥j ;

(1.2 mL, settled volume) in benzéne (

]

éfter.stirring forAZO,min~a£ room temieraﬁﬁre undefhhi
argon atmosphere, was filtered and th

thoroughly with 98% ethanol (10 mL). %Concentration_of the

'filtrate gave the crude material which was purified by .
column chromatography on s111ca gel. }Elutlon with a
solution of 40% ether in hexane afforded aleohol 55 (34 '
mg; 53% yield): ir 3546 (OH), 1742 (C—O) and 1665 cm~!

(C=C); ms M* 166.0990 (calcd. for clonl4o-' 166. 0993),

residue was washed

mr (cClg) & 5.19 (m, 1H, =CH-), 3. 50' (br.s, 2H, -q_2on)."

and 1 75 (dd’ 3H' J = 2' J"— 2 HZ, &CH3)

)

2—Ethy1-S-hydroxymethylbigyclo{3.3.1]non-2-en-97pne (56)

.A solution of the enone 43 (92 mg, 0.37 mmol) -in
benzene (2 mL) was added to a sospension of Raney-nickel
(1 mL, settled volume) in benzene (2 mL). After stirring

for 15 min at room temperature under an argon atmosphere,



tﬁe mixtufa»yas{filtered. The residue was washed
thoroqghly with 98% ethanol (15 mL) and thé filtratd wa
concentrateq., Column chromatography of the crude.prqdué;
on silica gel, eluting with a solution of 50% eth;r in \

.

hexane, afforded'alg@hol 56 (47’mg; 66% yield): ir 3480
{OH) and 1705 ‘cm™! (ketone C=0); ms M* 194.1310 (calcd.
for CyoHyg0p: 194.1306); lumr (cCly) 6 5.62 (m, 1H,
-CH-): 3236,'3.25\(bothjdj I each, J = 22 Hz each,
-CH,OH), and 1.01 (¢, M, J =7 Hz, —cnécgs). Anal.
Caled. for CypHjg0p: C 74.19, H 9.34, Found: C 73.85, H
9.h2. Further elution with ether-hexane (4:1) solution
gave diol 57 (14 mg, 19% yield): ir 3380 cm"1 (OH); ms‘M+
196.1464 (calcd. for CypHy0p: 196.1463); ltinr (ccry)
5 5.38 (m, 1H, -cu ), 3.85 (d, 1H, J = 4 Hz, énoﬁi 3.43

(d, 2H'»IJ = 3 HZ, .C__20H)' and 0|98 (t' 3H’ J = 8 HZ,

v6-Ethy1thxocarbonyl -3,3- ethylened1th1ob1gyclq[4 q, 0]dec-1—

ene (59)

Eﬁone 3§'(300 mg, 1.26 mmol) and 1,2-ethanqd£thiol
(0.3 mL, 3.78 mmol) were dissolved in dichloromethane (4
- mL) and boron trifluoride ethérate (O,Q mL) waé addeéf‘The
‘reaction mixtufe was stirred for 18fh at room temperathfe

under an argon atmosphere, poured into 4 N aqgueous

¢
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o )
potassium hydroxide solution (1oo“mL) and extracted with
dichlqromethane (3 x 20 mL). The e;tracts were quhedT
with“watef, dried, filtered and qoncenﬁrated;, The crude
matérial\was purified by columﬁ chromatography on silica
gel. Elution with a soluiton of 108 ether in hexane gave
the thioketal 59 (354 mg; 91% yield): ir 1683 (thiolester
C=0) and 1674 cm~! (c=C); me M* 314.0839 (calcd. for |
CysHgq083: 314. 0833); lmr (CClq) 8 5.78 (br. s, 1H,
.-CH-), 3.24 (complex, 4H, =SCH,CH,S- ),fa 81 (q. 2H J% g

Hz, -Sq_2CH3), and 1.22 (t, 3“"J,= 8 Hz, -SCH3Q_3r.

*

6-Hydroxymethylbicyclo[4.4.0)dec-1-ene (60)

A solution of the ‘thioketal 59 (511 mg, -1.02 mmol) in
benzene (3 mL) was added to a suspen51on of Raney nickel
(6 mL, settled volume) in benzené” (5 mL). The mixture,
after stirring for 2 h at rdom'fémperature under an argon

atmosphere, was filéered‘and the residue/ﬁas quhed

thordughiy with 98% ethanol (15 mL). Concentration of the -

filtrate gavé the crude material which was purified by

column chromatography on'silca gel. Elution with a

102

)

[

soluéion of 10% ethei in hexane afforded stariing material

60 (32 mg; 108 yield). Further elution with 40% ether in

hexane gave alcohol 36 (127 mg; 74 yield) as colorless

crystals: mp 66- 67°C (ether-pet. ether); i 3478 (OH) . and

~
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1658 cm”1 (c=C); ms M* 166.1360 (calcd. for CyjH,gO: .

g ————— . . -"L. .
166.1358); ldmr (cCly) & 5.50 (br.t, 1H, J = 4 Hz, =CH-),
3.60 (s, 2H, -CH,0H), and .2.49 (s, 1H, -OH). Anal. Calcd.

for CyjH g0t C 79.47, H 10.9; Found: C 79.23, H 10.9.

G-Ethylthiocarbonyl-B,3-ethy1enedithio-2—ﬁethylbicyc104 ‘
[4.4.0)dec-1-ene (61) i o »

+

i

Enohe 40 (320 mg, 1.27 mmoll‘aﬁga1,2jethahedithiol
(0.32 mL, 3.81 mmol) were dissolved in dichloromethane (4
mL) and boron trifluoride e;herete (0,5 mL) was added. —.
The reaction mixture wes stirred for >h\h>at room
_“,t-efnperature under a nitrogen a“tmosph.eir?e', pogred in:to”ﬁ
aqueous potassium,Ryd;oxide_soiotioh (100 mL) ano'
~extracted wﬁth dichlo\omethane (3 x 20'mL) The extracts
'werc washed with bri?’, dried, flltered and concentrated.‘
‘ The crude material wgs purified by column chromatography

Al

on si11ca qel. Elution with a solution of 10% ether in ;
hexane gave the th1oketa1 61 (368 mg; 88% yleld) ir 1682
cm“l (C=0); ms M* 328, 0987 (calcd. for)C16H24OS3.v

328. 0989); 1Hmr (cc14) 5 3.28 (complex, dH, -SCH,CH,S-),

2.79 (g, 24, J = 8 Hz,--Sq_2CH3). 1.96 (s, 3H, écn3), and ,

1.20 (t, 3H, J = 8 Hz, -SCH,CH3).



-

"6-Hydroxymethyl-2-methylbicyclo[4.4.0]dec-1-ene kigL .

' ;

A solution of the thiokstal 61 (313 mg, 0.95 mmol) in .
benzene (2 mL) was added to a buspehsion.ct Rancy-nlckegﬂ
(5 mL, settled volume) in‘benzenev(S'mL). Thcimixcuro was
stirred for 2.5 h at room tepperatUre'under an aréoh”
atmosphere and filtered. The residue was washed .
thoroughly with 98‘ ethanol (15 mL) and ths filtrate
concentrated. The crude product was purified by colunn

chromatography on silica gel. Elution with a solution of .

108 ether in hexane gave stﬁrtinq material 37 (47 mg; 15!

recovery).. Furtﬁer elution with 50%° ‘ether in. hexane‘
afforded alcohol 62 (108 mg; 63% yield) as colorless
crystals: _mp 69-70°C (ctger-petc ether); ir 33607cm71ff
(OH); ms ;;'180 1516 (calcd. for CypHp90: 180.1514); lymr
(CC14) 3 49. (s, 2H, -C_2OH) and 1.59 (s, 3H, séCH3)

Anal. Calcd. for C12H200° C 79 94, H 11. 18. Found' C

'79.78, H 11.02,

,d

6—Etny1th10carbony1 3 3- ethylened1th10b1cyclo[4 3.0}non-1-

ene (63)

[

'
L i d

"Enone 41“(104 mg, 0.46 mmol) and 1,2-ethanedithiol
(0.18 mL, 2.13 mmol)‘ﬁere disscived in dichloromethane (3

mL) and boron trifluoride etherate (0.5 mL) was added.

-

—

After\st1rr1ng for .20 h_at room temperature under a
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nitrogen~atmosphere,rthefreaction mikture waS‘poured into ‘
4 N aqueous pota551um hydroxlde solutlon (100 mL) and

racted with dlcploromethane (3 x 20 ML). The extracts,’

re washed with brlne, dr1ed, f1ltered and concentrated

nThe crude materlal Was pur1f1ed by column chromatography

¢

on 81l1ca gel. Elutlon w1th a solution of 10% gther in
‘hexane gave the thloketal 63 (138 mg; 100% y1e1d) ir‘

f1678 (thlolester c= 0) and 1654 cm'l (c= C);vms ﬁ* 3oo 0675

sk

_(calcd for C14H20083 300 0676), ler (CC14) 5. 70 (s, 1

»

mH, *CH-), 3 21 (coyplex, 4H, -SCHZCHZS ), 2.86 (q, 2H J =

.8 ‘ '-Sq_2CH3)' and 1 20 (t’ 3H, J = 8 HZ, -SCHZQ_s)

¢ e

1

7GeHerokymethylbicyclo[4.3;0]non-l-ene,(64)m . | e

- . ' . ..

; A solutlon of the th1oketal 63 (140 mg, 0.47 mmol)*'
. benzene (2 mL) was added to a suspen51on of Raney nlckel
(4 mL, settled volume) in’ benzene (5 mL) The reactlon

'.mlxture was st;rred{for 40 ‘min- at room- temperature under- ]
- LB
‘an argon atmosphere and flltered. The re51due was washed ‘

|

:pthoroughly w1th 98%/ethanol (15 mL) “and the f11trate
;concentrated to gyée the crude product whlch was subjected
>to column chromafography on s111ca gel -Blutlon w1th a |
solutlon of ZO%fether in. hexane afforded alcohol 64 (62

o SRS
mg; 88% y1eld)./ ir 3374 (OH) and 1682 cm’1 (C C); ms M+



L1108,
S o N
152.1207 (calcd. for CjgH)¢0: 152.1201); lhmr (c014) 5. 36*‘
(m, 1H, '=CH-) and 3.32 (m, 2H, -C_20H) B B
_ Sy N | |

S
SR

\ Il

6—Canboxy-3;3-diméthy1bicyclo[YL4.0]éec-1-ene (66)

@1n ether (l 6 M-

At 0° C, a solution of methyillthn%m
10 mL, 16 mmol) was added to/a suspensxon .of cuprous.
iodide (1.6 g, 8:4 mmol) 1n-ether @30 mL) under an_aroon
atmosphere. Afteristirring for.S min,ftHe nixture was
cooled.tO'-4q°c and'a5501ution'of enone 39 (476 mg,52
mmol) fﬁ ether (10 nL) Qae added dropwise.A The rpaction
mlxture was stlrred for another 2 h and then poures into
ice- cold 1 N aqueous hydrochlorlc ac1d (200 mL) PG
vigdrous st1rr1ng. The resultlng solutlon was flltered
.through ce11te 545 and extracted with ether}(z x 40 mL)
- The separated aqueous layer was again- extracted w1th
.d1chloromethane (3.x 30 mL) The extracts were washed
‘ with br1ne, drled, flltered and concentrated., The crude ‘
product was pur1f1ed by column chromatography on silica
gel., Elutlon w1th a solutlon of . 30% ether 1n hexane"‘
afforded carboxylré acid 66 (325 mg; 78% yleld) as white
crystals:‘ mp 88-88 5 C (ether-pet. ‘ether); 'ir 3700 2400
(acid oH) and. 1700 cm" (ac1d c=0); ms M* 208. 1463 (calcd.
for Cy3Hp0p: ° 208. 1463), 1Hmr (cc1y) 5 12.18 (s, 1H,

-COOH), 5.19 (s, 1H, =CH- ), 0 97 (s, 3H, —CH3?, and 0. 91



»

(s, 34, -CH3). Anal. Calcd. for C13H20020 C 74.96, H

9.68. Found: C 74.98, H 9.52.

6-Carbomethoxy-3,3-dimethy1bicyclo[4v4.0}dec—1-ene'(67)

A mixture of_potassium'darbonate (743 mg, 5.38 mmol)

hY

) and carboxylic acid 66 (297 mg,'l 13 ‘mmol); in acetone (5

mL) was stlrred at room temperature for 2 h. Methyl

iodide (0.6 mL, 9.6 mmol) was added. The resultlng

107

mixture was stlrred for another 20 h, pouredvlnto 1ce-cold

water -and extracted w1th d1chloromethane (3 x 20 mL) The
extracts were "washed w1th brlne, dried, flltered and v

concentrated. - Column chromatography of the re51due,

'elutlng w1th a solutlon of 15% ether 1n hexane, gave esterx

67 (254 mgy 80% y1eld) ir 1730 (C O), 1371, and 1362

em™1 (CH3)} ms Mt 222.1623 (calcd for C14H2202.‘

222.1620); lume (cc14) 6 5.18 (s, 1H, =CH-), 3.61 (s, 3H,.

-OCHy), 0.94 (s, 3H, -CH3), and 0.91 (s, 3H, =CHj).. :

- 6- Carbomethoxy-9 9- d1methylb1cyclo[4 4, O]dec 1 en-3 one
|

(72) ‘

cTA

»

DABCO- (433'mg, 3.86 mmol) was. dissolved in 1,2-

~dimethoxyethane (S‘mﬂ) at room temperature under an argon’

. atmbsphereS‘ B Keto ester 11 (580 mg, 3.15 mmol)kand'MVK4

(262,mg, 3.74 mmol) were added After stirring for 20 h,

LN
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the resulting mixture was poured into 1 N aqueous hydro-
chlorlc acid (50 mL) and extracted with dichloromethane

(3 x 20 mL). The extracts were washed with brtne;_dried,
filtered and‘concentratedJ 'The.crude‘product was purified

column chromatdgraphy on silica gel. Eiution'

_with a solut1on of 10% ethyl acetate in hexane gave 2=
carbomethoxy -5,5- d1methy1 -2~ (3-oxobuty1)cyalohexanone (581
. mg; 73% yleld): ir 1732 (ester. C=0) and 1710 c&m"1 (ketone
“ C=O);'.ms'M+ 254, 1521 (calcd. for C14H2204. 254, 1518),, A
lyme (CCly) & 3:68 (s, 3H, -OCH3), 2.04 (s, 3H, -cocn3).
1;01 (s, 3H, -Ch3), and.qxﬁg‘(s, 34, -CH3).

A solution of the above diketo esterv(466 mg, 1.83
mmol) 'in benzene (2me) was added to a sdlution of p-
toluenesulfonic acid (90 mg,-0.52‘mmol) in beniene (80
,mL) After refluxlng with a Dean-Stark water separator‘
for 10 h~ under a n1trogen atmosphere, the reactlon m1xture
was cooled to room temperature and a saturated solutlon of ,
aquecus sodlum bicarbonate (20 mL) was added. The organlc‘
layer'xas separated and the.aqueous layer‘extracted again '
thh d1chloromethane (3 X 20 mL).-~The extracts w%re
washed w1th brine, dr1ed filte ed and concentrated.] The
crude mater1a1 was purified bygcolumnvchromatography on

¥

silica gel. Elution w1th,a solution of 30% ether in.

1

hexane afforded ehone 72 (373 mg; 86% yield): ~ir 1720

(ester C=0), 1680 (C=0) and 1665 cm~1 (C=C); ms M*
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236,1410 (calcd. for CyqHpp03: . 236.1412); 1Hmr‘(CC14)
65,91 (br.s, 1H, =CH-), 3.73 (s, 3H, -OCH3), 2.12 (s, M,

v,

o N I

6-Carbome thoxy =9, 9~dimethylbicyclo(4.4.0]dec-1-ene (73)

Enone 72 (897 mg, 3.8 mmol) and-1'2—e£hanedithiolf

(1 mL, 11.9 mmol) were d1ssolved in. dlchloromethane (10
AT T

C
=

mL) and boromptr1f1uor1de etherate (1_mL) was added.‘.
After stirring for 20 h at room temperatute:hnder.a‘.
nittogeh atmosphe;e,‘it was;poured“ihto 4 N eqdeoﬁs
potassium pyéroxide*soiution (100 mL) and eitfacted:with
dichleromethane‘(B x 20 mL). ?he:extraqts werebwashed 
‘with brine,fdried; fiitefed and concentrated;‘the erﬁde-'
product was purified by column-éhfomatography on siliea‘
gel; Blut1on with a solutlon of 5% ether 1n hexan

af forded the correspond1ng thioketal (l 07 g;:. 98%

yield): ir 1732 (ester c=0) and 1668 cm'l (C=C)° ms MY N
312, 1215v(calcd for Cy4H240257" 312, 1218), Yamr (cc14y
5 5. 68 (br s, 1lH, =CH-), 3.68 ( s 3H, -OCH3), 3,32,
(complex, 4H, —SCHZCHZS ), 1.31 (s,_ZH, éCHz ), 0.91 and |
0.81 (both s, 3# each, é(cu3)2). o | |

A solut1on of the above ‘thioketal estef k625 mg,‘2
mmol) in benzene (3 mL)" was added to a suspen51on of -
¥

Raney n1cke1 (6 mL, settled volume) 1n benzene (5 mL)
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.
After stirr{ng for 40 miniat roq’ temperature»under a’~
nitrogen "a"tmosbher‘e; the .r'e'actionvmi'xtnre was filtered and
the residue washed thoroughly'with 98% ethanol (15 mL).
- The flltrate was concentrated and the crude product .
“‘pur1f1ed by column chromatography on sil1ca gel. ‘Elution
with a solution of 108 ether in hexane gave ester 73 (356 .
"mg; Boi‘yieid)° ir 1730 (ester C=0) and'1382‘cm‘1 (CH33’;
rms M+ 222.1621 (calcd for Cy4H205: 222,1620); 1Hmr/
(CC14) 6 5 53 (br. s, 1H, -CH ), 3.68 (S;v3Hf -0CH3), 0.90
'and 0. 80 (both s, 3H each, -é(CH3)2). ' |

Isomerization of Ester 73

¢ ) N . ' . ——

‘Esterd73,(106 mg, 0.45 mmol)'and p-toluenesulfonic‘
acid (100 mg, 0.58 mmoi)_were’dissolved\in‘benzene (10
- mL). The mixture was heated under reflux with a Dean-.;_
Stark.water separator‘for‘12 h. After.cooling.toerOm'

température, it was poured into .a solution of saturated

Y
£}

o

aqueous sodium bicarbonate (20 mL) and extracted with
dichloromethane (3 x 10-mL). The extractS'were washed
'.'w1th brine, dried; fiitered and concentrated._
Purlflcatlon of the re51due by column chrdmatography on'
s111ca gel gave a, mixture of esters 73 and 67 (100 mg,

100%‘y1e1d) The 1Hmr spectrum of the- mlxture showed two

sets of signals in 2:1 rat1o.b The maJor,set was-identical__,

> . D ow oo
LR 2
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‘with thqpe of the starting material and the minor set

attributed to the isomeric ester 67.

6-Carboxy-2;3%3-trimethylbicyclo[4;4.0]dec-1—ene (14)
R - , - R :
At 0°C, a-solution of, methyllithium in ether (1.6 M;

o

4}12 mL, 3 39 mmol) was added to a suspen51on of cuprous
<$Jdide (323 mg,,l 66 mmol) in, ether (10 mL) under a

o nitrogen_atmosphere. After stirrlng for 5 m1n, the .

mtxture Was cooled to -25°C and a’scluticn of enone 40
(136 mg, 0.49 mmci)‘in ether klO‘mL) was added. The
reaction nixture.was stirred for an'additional‘period of
4'h and‘then poured intc ice-cold 1 N adueous hydrochloric
acid (lOO'mL) with vigorous stirring. The‘resulting
-solutlon was filtered through ce11te 545, separated and
the aqueous layer extracted w1th d1chloromethane (3 x 20

-mL).‘ The extracts were washed with brine, drled,‘flltered

. and concentrated. The crude product waslpurified‘by.

[}

cdlumn.chromatography onh silica gél. AElution withla
solution of 30% ether in hexane afforded~carboxylic acid'
74 (102 mg,'94%‘yield) as white crystals: ‘mp 105-106°C
(n-hexanej, ir 3450- 2620 (carboxyllc OH) and 1702 cm™ -1

(C=0); ms M* 222. 1622 (caled. for C)qH330: 222, 1620) ;

yme 5 1. 62 (s, 3H, écn3) and 0.98 (s, 6H, -é(ca3)2)
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G—Carboxy-lia-dimethylbicytloT4.3.0]noq37m né»(15)

| At 0°C, a solution of methyllithium jin ether (1 6 M;
v2.2'mL, 3.52 mmol) was added to a suspension of cuprous
‘iodide (0.35 g, 1.84 mmol) in ether (10¥mL) under a
nitrogen gtmgsphere.“After stirring.fcris min; the
mixtﬁre'was cooled to 4409C]and15 solution of enone 41 (92
mg, 0.41 mmol) n etﬁen'(ib"mL) was added dropwise. The
reaction‘mixture was stirred for 2 h.énd poured ;ﬁtolice-
cold 1 N‘aqueoﬁszhydtoch;oric>qcid (100 mL) with vig?rous.ﬁ
stirrihg;‘ The resulting sintibn waé filtéred throughw
~celite 545 and extracted Wi;h dichloromethane (3 x 20
mL). The extracts wére'wéshed with brine, driéd, filtered
‘and concentrated. The crude matefiai was pu;ified by ‘
column chromatoqrabhy on silica gel. Elution with a
soluéioh éf 30% ether in heianeAgave cérboxylic acid 75
© (48.5 mg; 61&\y1e1d) as white crystals: mf 92.5~- 93 5°C
(ether~pet. ether); ir 3700 2500 (carboxyllc OH) and 1702
cm™l (C=0); ms M* 194.1304 (caled. for CjqH gOs: o
194.1307); lime (CCly) 6 5.21 (br.s, 1H, =CH-), 1.0l (s,

3H "—CH3), and 0.91 (s, "3H, -CH3)

v

6-Carbomethoxy-3,3-diﬁethy1bicyélo{4.3.0]non-1-ene (76)

-

Potassium carbonate (156.7 mg, 1.13 mmol) was adder .

I

to a solution of carboxylic acid 75 (44 mg, 0.23 mmol) i



1#3
acetone (3 mL). The mixture was stirred at.room
temperature for 2 h and methyl iodide (0.14 mL, 2;26'mmbl)‘7
was then introduced. The resulting mixture yas stirred |
fer an additional period of 24 h, . then poured into ice-
cold water (50 mL) and extracted with dieg;oromethane (3 X
10 mL). The extracts were wasﬁed'with brine, dried, |
filteredeand eoncentrated. ‘The crude material ‘was
purified by column chromatography oh silica gel, Blutionr
with a ' solution of 15% ether in hexane afforded a rather
- voiatile ester 76 (22 mg;-46%‘yield): ir f732-(C=O) and -
1378 en”l kcn3); ms M* 208.1465 (calcd. for Cléﬂzoozz
208. 1463), lyme (CC14) 6 5. 16 (s} 1H, =CH-), 3. 68 (s,-3H,
~OCH3), 0.98, and 0.90 (both Su 3H each, é(CH3)2) '

o

' 6BeCarboethoxy-3ﬂ—hydroxye3a-methYIbieyclo[4 4.0]dec-1-ene

(78) and 6ﬁ—Carboethoxy 3a—hydroxy 3ﬁ-methylb1cyclo—

[(4.4. Oldec-l ene (79)

(A) Usigg,Methyllithium

- Enone ester 77 (444 ng, 2.6'mmdl)kwas‘dissolved in
ether (10 mL) aud a solutioh of methyllithium in ether :
(1 6 M; 1.25 mL, 2.0 mmol)vwas added at -78°C under\a
n1troqen atmosphere. After st1rr1ng for 0.5 h, the .
reaction m1xture was poured into a saturated solutlon of

aqueous ammonium chloride (30 mL) and extracted with ether

»
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(2 x 20 mL). The aqueous layer was separated and
extracted again with dichloromethane (3 x 20 mL). The
extracts were washed with brine, dried, filtered and
concentrated. The crude product was purified by coluﬁn
 chromatography‘on silica gel. Bluﬁion with 50%~ether,in
heXane'afforq?d aicohol.78 (357 mg; 75% yield): ir‘3450
(OH), 1730 (ester C=0), and 1669 cm~l (C=C); ms M*
238.1562 (calcd. for C14H§203: 1238,1568); lyme (CCly)

5 5.38 (s, 1H, =CH-), 4.10 (g, 2H, J = B Hz, -OCH,CH3),
1.23 (¢, 3H,'J = 8‘Hz, -OCH4CH3), and 1.21 (s, 3H, |
’-CHé). Furtherlelutio; with the same solvent system gave
aicdhol 79 (103 mg; 22% yiéld): ir 3460 (OH), 1732 (eéter
¢=0) and 1680 cm~} (C=C); ms M* 238:1566 (calcd.'for'
C14H§203: 258.1568); limr & 5.40 (s, IH} =CH-), 4.13 (q,
2, J =8 Hz,'~oc_2cn3), 1.25 (t, 34, J = 8 Hz, -qu2C_3)L

and 1 15 (S, 3H, "CH3)-

(B) Using Lithium Dimethylcuprate

Methyllithium (1.6 M in ether; 8.57 mL, 13.7 mmo1)
ﬂwas added to a suspeﬁsion of‘cuprousliodide (1.37 g, 7.2
mmol) in‘ether (25 mL) at 0°C undeg an argon atﬁosphére.
After stifring for 5 min, the reaction mixture was cooled
to —46°C and a sqlutién of eﬁone ester 77 (444 mg, 2.0

mmol) in ether (10 mL) was added. After stirring for an

additionél period of 2 h, the reaction mixturg was poured
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'1ntb ice-cold 1 N aquequs hydrochloric acid (100 mL)Vwith' '

‘vigorous stirring. The tesultigd solution Qﬁs filtered
through celite 545, separated and the aqueous laye;
extracted with dichloromethane (3. x 20 mL). The extracts
- were washed with bgine, dried, filtered and concentrated.
The crude maferlal was purified by column chromatography
on siliégﬂgel,‘ Elution with 30% ether in hexane afforded

alcohols 78 (80 mg; fi% yield) and 79 (242 mg; 51% yield).

2-Methyl-4,42,5,6,7,8-Mexiky8ronaphthalene (80)

Sodium hydride (50% éil'dispersion; 93 mg, 1.91 mmol)

was added to a solution of ester 78 (460 mg, 1.90 mmol) in

1,2—dimethoxyethahe {8 mL). The feaction mixture was
heated at reflux fd%¢i% h under a nitrogen atmosphere'and
poured into water (20 mL). The resulting solution was

.

extracted with diéhloromethane (3 x 20 mL). The extracts
were washed wiiﬁAwater, dried, filterea'aﬁd conéentrated.
The crude material was purified by column ch}omatography'
on silica gel. " Elution with hexane gave cyclic diene 80’
(165 mg; 59% yield): ir 1667 cm~l (C=C); ms M* 148.1250

(calcd. for C11H16t 148.1252); limr & 5.45 (br.s, IH,

=CH-) and-1.63 (br.t, 3H, J = 2 Hz, =écu3).
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1-10-oxatricyclol6.2.2.03'8]d063c-2-on-9-ono (81)

S um hydride (50% oil dispef?ion: 145 mg, 3.0 mmol)

‘ ﬂf} addgd'to aisolution of hydroxy thiolester 02'(64i md,
2.52 mmol) 16 1,2-d§methoxyéthane (10 mL).~ The reaction
mixture was stirred at room temperature under an argon
atmosphere for 24 h. 1t wasythen poufed into water (20
mL) and extracéed with dichloromethane (3 x 20 mL). The
extracts were washed with brine, dried, filtered and’
concentrated. The crude material was a mixture of 1éc&oné‘

" 81 and cyclic-diené 80\(totalA457 mg, £g, 2.8;1 by.lefJ
analysis). Attempted sepération of ghese'compoﬁnds by
column}chromatography caused‘fhe dgcomposition of lactone - .
81 td cyclic diene 80. The followi%@ q§ta were recorded
for the mixture of 90 and 81: ir 1750 (iactone C=0) and
1388 cm~l (CH3); ms m/e 164.1199 (M* (81)-28, calcd., for
C11H160: 164.1201) and 148.1233 (M*(81)-44 and(oi\nt_of
80 calcd. for CyjHjg: 148.1252). The lHmr spectrum df‘\\\
the crude product showed two sets of signals in a ratioIOf\\\*\
2.8:1 by inéegration. The minor set of signals were
identical with thoée described for co'pound 80‘§nd'the
major set ‘was attributed to compound 81 with signals at

6 5.78 (br.s, lH, =CH) and 1.74 (s, 3H, -CHj).
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"‘i’}i f
GB-Ethylthiocarbonyl 35-hydroxy 3a-methy1bicyclo[4 4,0)~-

[y

dec-l-ene (!3) ' .

\ ‘ " ew

Enone 39 (455,12 mmol) was dissolved in ecﬁar (10 mL) "

and a solution of metﬁyllithium in ether (1.6 M; i\25 mL,
N
2 mmol) was added at -78°C under a nitrogen atmosphere.

After stirring for 15 min, the reaction mixture was poureq;

\
\

into water (20 mL) and extracted with dichloromethane,(3 X N

20 mL). The extracts was washed with brine, dried,'
filtered and concentrated. Theucrude-material was
purified‘by column chromatography on silica gel. Elution
with 30% ether in hexane afforded‘alcohol 82 (447 mg; 88%
yield): ir 3460 (OH), 1680 (thioester C=0), and 1661 cm‘l
-(C-C); ms m/e 239.1069 (M+—15, calcd. for C13H19028.»
239.1105) and 149.0965 (base peak; M —IOS{vcalcd.Vfor

| CigH130: 149.0966); lHmr & 5.58 (s, H, =CH-), 2.81 (q,
24, J = 8 Hz, -SCH,CH3), 2. 02 (s, 1H, -OH), 1.24 (t, 3H,
J = 8 Hz, -SCH,CH3), and 1.08 (s, 3H, -CH3). AAal. calcd.
~for 614322028: .C 66.10, H;éﬂﬁ‘TfSMié.GO. Found: C.
66.05, H eﬁsa,is 12.53. | |

S

"Cdrboxylic acid 66 from Lacto&e 81

o Methyllithium (1.6 M in ether, 5.85 mL, 9. 37- mmol)
‘T wasg added to a suspen51on of cuprous 1od1de (910 mg, 4 79

»mmol)rin ether'(lo_mL):at 0°C under a nitrogen atmosphere.

] .

Q
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After stirring tor 5 mi//‘tho mixture was cooled to -40‘0
and a solution of lactone 81 and diene 80 (457 ™mgy ~2 8:1)
in ether (5 mL) was added. The resultinq mixture wao

!

. stirred for 2 h and poured into ice-cold 1 N aqueous ~M‘
hydrochloric acid (100 mL). The solution was filtered
through celite 545* extracted with dichloromethane (3 x

- 20 mL). The extracts were washed with brine, dried,

. filtered and concentrated. The crude material was -
*purified by column chromatography on silica gel. Elution
with hexane gave diene 80 (97 mg) Further elution with'
30% ether in hexane afforded a carboxflic ac1d 66. (355 mg;

) ~85% yield based on 81).

‘(E)-B,7—Dimethyl—2}6-octadien41-y1 pivalate (85)

~Geraniol (625 mg, 4.05 mmol) and.pyridine (0.393'mL,

’ 4.86 mmol) were dissolved in ether (8.mL) at 0°C under a

\\\ nitrogen atmosphere.‘ A solution‘of pivaloyl chloride

AN
N

.~ (0.748 mL, 6.08 mmol) in ether (10 mL) was added in a .
RN .

\dropwise_manner.‘ The reaction mixture was stirred for 2 h
_at\bgé and 10 h at roomhtemperature. It was then

- acidigiéd with 1' N aqueous hydrochloric acid (20 mL) and -
.extracted with dichlorUMeehpne (3 x 20 L), ~ The extracts
were washed w1th brine, dried, filtered and concentrated.

‘The crude material was purified by column chromatography
_ o vl B . S

»

Y
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~.on silicafgel.; Elut1on with 10% ether in hexane . afforded
"]
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allyllc plvalate 85 (964 mg; 100% yxeld) 1r 1730 (ester

¢=0) and 1668 cm‘l (C=C); ms M+ 238.1927 (calcd. for

s
C15H2602
He , =ca—cnzo-), 5.07 (m, 1H, =CH- ca2 ), 4.55 (4, 2H, J = 7

 Hz, —cuzo—), 1.68 (s,\GH, —C(CH3)2), 1.60 (s, 3H, ?$¢33) .

_,and 1.19 (s, 9H, -c(cu3)3). T R

T on

' (E)-2;6-Dimethyl-2, 6-dodecadiene  (86)

il ‘

- . Y ) g . ) : b

A . : L -
At 0°C, n—butylllthlum (2 4 M in hexane, 3.7 mL, 8. 9[

‘ mmol) -was added to a suspensxon of cuprous iodide (1.03 g,

i

5 45 mmol) in- ether (10 mL) under a n1trogen atmosphere.'

N After st1rr1ng for 5 min, the m1xture was cooled to —40°C

and a. solutlon of plvalate 85 (352 mg,;l 48 mmol) in ether

(10 mL) was added. The reactlon m1xture was stlrred for 2.

h and/poufed xnto 1ce cold 1 N aqueous hydrochlorlc ac1d

4

(100 mL) w1th v1gorous stlrrlng. It was. then flltered

through cellte 545 separated and the aqueous 1ayer
ék‘:a L E
extracted w1th dlchloromethane (3 x 20 mL) The extracts

S
were washed with brine, dr1ed,vf1ltered and concentrated.

The crude materlal was purlfled by column chromatography

on 5111ca gel Blutlon WIth hexane gave alkene 86 (287 .

238. 1932), 1Hmr 5. 31 (br.td, 1H, J = 7,_3- =2 -

mg, 100% y1e1d) ir 1664'(C-C) and 1385 cm™ -1 (CH37. mS Mf'

194.2031 (calcd. for CygHyg: 194.2034); lhmr & 5.12 . ..

- e

e T L
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‘(m, Z'H’ bOth —CH ), l 70 (S' “ ! CHB)' 1 60 ‘Sp 6H' )
2 x éCHB),'and 0.91 (¢, 3H, J = 7 Hz, —CHZQ_3): o P

i 13Cmr 6,&34 6, 131.0, 124. 9, 124.5, 39.8, 31.6, 29.6,

27.9," 2% 8, 25, 6, 22. 6, 17.6, 15.9, and 14+0.

' 2,64Dimethyl-6—viny1-2—decene (87)

n—Butylmagne51um brom1de (0. 4 M in. ether°'30 mL, 12

L

mmol) was edded to a suspen31on of cuprous 1odide (1 14 g, ‘

'6.0 mmol) in. ether (10 mL) at 0°C under a nltrogen
atmosphere. After st1rr1ng for 5 min, a solut1on of‘
plvalate 85 (476 mg, 2 mmol) in ether (10 mL) "was added.
The reactlon mlxture was. st1rred for 1 h and‘poured into-
ice cold 1 N aqueous hydrochlorlc ac1d (100 mL). fhe'
'result1nq solutlon was flltered throuqh ce11te 545, T-; e
e separated and the aqueous layer extracted with | | |
fkdlchloromethane (3 x 20 mL) The extracts were. washed .
’w1th 1 N aqueous potassium hydroxlde (30 mL),zbrlne, |
‘drled, flltered and'conpentrated. .The, crude product uas
‘purlfled by column chromatography on silica gel. Blution?
with hexane gave a m1xture of alkenes 86 and 87 (339 mg;
87% yleld) in 1: 3 ratio by “Fmr 1ntegrat10n.‘ Further
'elutlon w1th 10% ether 1n hexane afforded Startlng
mater1a1 85 (38 mg; 8% recovery) Cont1nu1ng elution w1th~

e

' 50% ether in hexane gave geran101 (14 mg;. 5% y1elié.  The

& | : S S -
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'

"following data were recorded for the’ mixture of 86 and

87¢ ir 1637 (c=C) and 1372 cm-l (CH3); ms M* 194.203%

£

(calcd for C4Hpe: 194.2034)! The lHmr spectium of the

mixture showed two sets of 51gnals- the minor set was

ident1ca1 with those descr1bed for compound 86 and the

A\

major attributed to c0mpound 87: lHmr 6;5.q3 (da, 1w,
R _ R~

(dd, 14, J = 11, J' = 2 Hz, -CH=CHH), 4.88 (dd, .1H, J =

17, 3 =r2'Hz{'acH=CHH);'1 68 (S.*3H. =éCH3){- ‘58.(5, 34,

v —CH2Q_3), the 13Cmr spectrum of the mixture also showed

two sets of s1gnals~ a minor set for compound 86 (vide

supria) and a ‘major set for compound 87 with slgnals at:

6 149.59, 130.86, 125.32, 111.31, 40.89, 40.67, 39.5,
. 29.6, 26.4, 25.69, 23.62, 22.95, 22,73, 17.6 and 14.1.
‘Anal. Calcd. for CygHpg:” C 86.52, H 13.48. Found: C
- 86.60, H 13.51.

‘\‘ ’

i -

N | R . o
3,7,11-Trimethyl-2,6,10-dodecatrien-1-yl pivalate (88)

Farnesol (3«021 a, i3,5Q mmol) and pyridine (1.3 mL,

121

‘V.J 2“17' Jw %.ii HZ, 1ﬂg=CH2)’ Sollﬁ(mi'lH"=qE:CH2-)' 4-96‘

16.08 mmol) were dissolved in ether (60 mL) at 0°C under,a *

¥ oY

: nLtrogen atmospheﬂe. A so#!plon of p1valoy1 chlor1de

=]

-(2 51 mLF_lo 39 mmol) in ether (10 mL) was- added dropw1sev

'.and the reactlon m1xture was stlrred at room temperature

J

' for 20 h. The reactlonzglxture ‘was then ac1d1f1ed with 1
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N aqueous hydrochloric acid (30 mﬁ),{separatedvand.the_
eoueous layef extracted with diohlo?omethane (3 x 20
mL)’_ The extracts were wasued with 1 N aqueous potassium
hydrox1de (20 mL), brlne, dried, filtered and
concentrated.. The crude‘matefialvwas purified by  columh
chromatography on silice gel. Elution with a solution of‘
10% eEuer in hexanergave a mixture of cis and trans i
‘isomersvoﬁ>pidalate‘88'(4.i g; 99% yield).in:a 2.5:1 ratio
based on gc.anaiysis and 1Hmf;jntegr£tion:o ir 1737  ‘
(ester C=0) and 1670 cﬁ'l-(C=C){ ﬁe M* 306.2557 (calcd.
for CygH3y0p: 306.2558); lHmr &6 5.34 (br. t, 1, J = 7 Wz,

=Q§;CH2—O-), 5.11 (m, 2H, 2 x CH ), 4. 55 (d, ~10/7H J =

ot
3L

7 Hz, =CH-CH;-0-), 4.52 (d, ~4/7H, =CH- C__2-0 ), 1. 68 (s, ¥
6H, 2 x -éCH3), 1.50 (s, 6H, 2 X —éCH3), and 1. 19 (s, 9H,

3 x —CH3).‘Anal. »Calcd. fOl“kC20H34022‘ C 78 38, H .
11.18. Fadnd: C 78.31, W 11.17. QIID
2,6,10-Trimet5¥1-2,6,1o-tetradecatriene (89)

Py

Ethyllithium (0.33 M in pentane; 11.4 mL, 3.76 mmo1)

(‘fwas added to a suspen51on of cuprous 1od1de (430 mq, 2.26

mmol) in ether (10 mL) at 0°C under a nitrogen
atmosphere.» After stlrrlng for 5 m1n, the mixture was

cooled to -40°C and a solution Of farnesyl plvalate 88

(192 mg, 0.62 mmol) in ether (3 mL) was added. The
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eaction mixture was stirred for Z—h and poured into ice-‘
cold 1 N aqueous hydrochloric ac1d (30 mL). The resulting
solutlon was f11tered~through celite 545, separated and
‘the aqueous layer extracted with dlchloromethane (3 x 20
mL). The extracts were washed with 1 N aqueous ‘potassium
hydroxide, brine, drled, f11tered‘and concentrated. The
crude material was purified by column chromatography on
silica gel. Elutlon with hexane affordedua mlxture of |
alkenes 89 (138 mg; 95% y1eld) ir 1660,'1636'(C=C) a_ndm
1378 em~l (CHy); 'ms M 234.2348 (caled. for CyqHsg:
234.2348), limr 6 5:13 (m, .34, 3 x =CH=-), 1.70, 1.61 (both
s, 6H each, both 2 ideéCH3); and 0.88 (t, 3H, J = 7 Hz, |
 =CH,CH3) . eThe~13émr spectrumlshowed two sets.of signais
in 2;5{1 ratio based.on integration; a major set.With L
signald'at 5 134.99, 134.90, 131.18, 125.26, 124.72,
124.57; 33'83,f32.10, 32.04;‘30.11, 26.89, 26.85, 26.d9,
-25.66, 17 65, 16;01, and 13.79; a‘minor set with‘signals
at & 135 09, 135.04, 131.43, 125.53; 125 50 124.50,

| 40.16, 26.75, 23.38, 23. 0, 17‘65,'16.01, and 133.88.
~Anal. Calcd. for c17n30. .C 87.10, H 12.90. Found: C

87. 30 H 12, 91.’
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(g)—3—Ethyl~3,7,lldtrimethylél,S;10-dodecatrfend‘(90)

Ethylmagnesium bromide (1 M‘in’ether;'G ﬁi,'6 0 mmOl)»

was added to a‘suspen51on of cuprous 1odide (685 mg, 3.6
mmol) in ether (15 mL) at 0°C under a n1trogen atmosphere.

The mixture was stirred for 5 min and a- solution of

1'farnesyl vaalate 88 (306 mg; 1 mmol) in ether (5 mL) was

‘added ‘After'stirring for 1‘5 hy 1t was poured into ice-
cold 1 N aqueous hydrochloric acid (100 mL) The
resultlng solutlon was flltered through ce11te 545,
separatedxand the aqueous layer‘extracted withd
dichioromethane'(B X 20 mL). The extracts were waehed

wlth 1N aqueous potass1um hydroxlde (30 mL), brlne,

dried, flltered and concentrated. The crude material was

purified by column chromato&raphy on‘eilica gel; Elution

with hexane afforded a mixture of alkenes 89 and 90 (234

mg; 1008 yield). The following data were recorded for the

»

mixture of alkenes 89 and 90: ir 1674, 1646 (C=C) and

1386 cm'l (CH3); ms M* 234.2347 (calcd. for CjqH3p:

'234.2348). .The 1Hmr_spectrum showed two sets of signals

in 4:1 ratio,based on integration; the minor signals were

the same as those described for the mixture of'aikenes 89;

o

the ma]or set was attrlbuted to compound 90 Wlth signals

S Hz, -_-C_H_“CHz) '

5:13 (m, 2H, 2 x =CH-), 5.00 (dt, 1H, J = 11, J' = 1.5 Hz,



=CHH), 4.90 (dt, 1, J = 17, J' = 1.5 Hz,AiCHH), 1.70 (s,
6H, 2 x -ccn3), 1.60 (s, 3, écu3), 0.95 (4, 3H, J = 3

2, -CH3) and 0.80 (ta, M, 3= 7.5, 3 = 1.5 Rz,
.-cﬂzq_3) The 13cmr spectrum showed three sets of
‘signa15° two minor sets of 31gnals were identical with
those described for alkenes 89; the major ;Lt was due tof
compound 90 w1th signals at &6 147. 22, 125.94, 124. 51,
111.60, 40 79, 40 49, 33.40, 33.09, 22 81, 22 69, 22.08,

17.69, and 8.39.
| r

2;6,1o-rr;methy1-2;6,1o-hexadecatriene (91)

~

n—Buty111thLum (2 M in hexane- 3 mL, 6 mmol) was

125

added to a suspens1on of cuprous iodide (658 mg, 7. 2 mmol)

in ether (10 mL) at o0°c under a nltrogen atmosphere.

After stlrrlng for 5 mrn,-the mlxture was coo}ed to ~40°C .

dand‘a,501ution of“farhesyl_pivaiate 88 (306 mg, 1 mmol)
Vwas added. The reactioh mirture was stirred for 2 h and
poured into ice- cold 1 N aqueous hydrochlorlc ac1d (50
mL). The resultlng solution was f11tered through ce11te
. 545, separated‘and the aqueous layer extracted with
dichloromethane4(3 x120 mL). The extracts were washed
w1th 1 N aqueous potas51um hydrox1de, brine, dried,

f}ltered and concentrated. The crude material was

purified by column chromatography on silica gel. Elution -



with hexane afforded m mixture of alkenes 91 (262 mg; 100%
yield). ir 1672 (C=C)’' and 1388 cm™ 1 (CH3); ms Mt 262.
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2660 (calcd. for C19H34. 262.2660); Hmr 5 5.13 (m, 3H, 3

X =CH ), 1.70, 1. 62 (both s, 6H each, both 2 x -éCH3), and

0.88 (t, 3H, J =7 Hz,v-CH2q53), The 13cmr spectrum
showed two sets of signals in 2.5 to 1 ratio based on

integration; a.major set with signals at & 134.76, 134.63,

124.90, .124.49, 124.35, 39.78, 32.04, 31.98, 26.69, 26.61,

25.61, 22.65, 17.58, 15.90 and 14.03; a minor set with
signals at & 134.90,'134fe4;'131.03, 125.69, 125.19,

124.90, 40.09, 34.58, 32.30, 31.69, 29.86, 23,33, 17.58

- and 14.03. Anal. Calcd. for CjygH34: .C 86.94, H 13.06. ., -

Found: C 86.89, H 13.09.

(E)-2,6,10-Trimethyl-10-vinyl=2, 6-tetradecadiene (92)

n-Butylmagnes1um bromlde (0'59“M in etﬁer,‘ll 6 mL,
‘6 84 mmol) was added to a suspen51on of cuprous iodide
(653 mg, 3.4 mmol) in ether (15 mL) at 0°C under a
uitrogen‘etmosphere, Af ter tﬁe mixtufe was s®irred for 10
min, .a solution of farnesyl pivalate 88“(550_mg, 1.14
.mmol) in ether (5 mL) was added. Stirringewas continued

~for 1 h. The result1ng mlxture was poured into ice-cold

1 N aqueous hydrochloric acid (50 mL) The solution wasxve

fnltered through cellte 545, separated and the aqueous
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layerVextrécted with dichloromethane (3 x 20 mL). The
extracts were washed with 1 N.aqueous potassidm hydfoxide
(20 mL), briﬂe, dried, filtered and concentrated. The
crude material was purified by columﬁ-chromatography on
'silica gel. Elution with héxane atforded a mixture of
alkenes 91 and 92 (296 mg; 99% yield). fhe following data
were recorded fdr the mixture of alkenés‘91, and 92: ir
1670, 1648 (CaC) and 1387 cm™) (CHy); ms M* 262.2660
.(calcd. for CigH343 262.2660). The linr spectrum showed
two sets of signals in 6:1 ratio’ based on integration; the
minor signals were thg same as those described for the
hiktute of alkenes'91; the major set was attributed to
compound 92 with signals at § 5.69.(ddd, 1H, J =-17, J'b?

. 11' J” = SHZ,‘ -C_‘i.'-:CHz) r 5.11 (m' 2H, 2 X =CH-) I 4. 96 (dt'

IH' J = 11, = 1 5 HZ, —CHH)' 4 87 (dt' 1H' J = 17’ J'

=écn3$, 0.94 (4, 38, E Hz, -CH3), and 0.88 (t, 3, 3
7 Hz, -CH2Q_3) The 13Cmr spectrum showed three sets of
51gnals' two minor sets of 51gnals were 1dent1ca1 with
- those described for alkenes 91; a maJor set was due to
Océmpound,sz with signals at &6 147.54, 134.52, 125,99,
,125.17, 124.57, 111.35, 4i.20,40.93, 40.71, 32.05, 26.90,
26.39, 25.72, 23;65, 22.86, 22;?4, and 14.16. Anal.
Calcd. for CygHyy: c 86.94,'a 13.06. Found: C 86.96, H

12.98.
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2,6,10-Trimethyl-2,6,10-tridecatriene (93)

+
1

Methyllithium (1.6 M in ether, 8.12 mL, 13 mmol) wae'
added to axeﬂspensioh of cuprous jodide (1.48 Q, 7.8‘mmoi)
in ether f20 mL) at 0°C unde:va nitrogeh‘atmosphere.‘
After stirring for 5 min, the mixture was cooled to -20°C
and a soiutien of pivalate 88 (663 mg, 2.16 mmol) in ether
(10 mL) was added. The reaction hixthre was stirree'for 2
h and poured into ice-cold 1 N aqueous hydrochloric acid
(100 mL);ﬁyThe resulting solution was filtered hhrough
celite 545, separated and the aqueous 1ayer extracted with
.dlchloromethane (3 x 20 mL). The extracts were washed
with 1 N aqueods‘ﬁotaesium hydroxide”(3b mL), brine,

bdried, filtered and concentrated. The crude material was
purified hy column chrematography on silica gel; Elution
with hexane gave a m1xture of ‘alkenes 93 (381 mg, 8l%
yieid): ir 1670 (O—C) and 1382 ‘em~1 (CH3). ms MY 220 2190
(calcd. for C16H28. 220.2191); imr 6 5.12 (m, 3H, 3 x
=CH- ), 1. 70, 1,61 (both S ~4 2/7H each, 2 x. ‘éCH3), 1.69,
1. 62 (both s, ~1 5/7H each), 2 X -éCH3), 0. 94 (t, ~2 1/7H,
P -, ‘—cnzc_rg), and 0.93 (t, ~6/7H, J = 7 Wz,
-CHyCHy) . Anal. for CigHpg: C 87.20, H 12.81. Found: C
87.33, H 12.67. Further elutlon with 10% ether 'in hexane

gave the starting material 88 (72 mg; 11% recoVery).

1
°
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(E)-3,3,7,11-Tetramethyl-1,6,10-dodecatriene (94)

3

MethylmagneSiUm bromide (0.44 M in-ether, 13.6 mL, 6
‘mmol).was added to a suspension of cuprous'iodide (571 mqg,
3‘mmol) in ether (20 mL) at' 0°C under an argon atmosphere.
The mixture was stirred for 10 min ahd ‘warmed to room
température before a solution of farnesyl pivalate 88 (3OQ
\,mg, 1 mmol) in ethgr (5 mL)‘waS‘added.' The reaction
mt)tdré was stirred for 8 h, poured into ice-cold 1 N
agueous ﬁydrochl&éic acid (50 mL). The resulting solution
was filtered thfough celite.545, separated'and the aqueous
layer extractéd with dichloromethane (3 x 20>mL). The
extracts were washeé with 1 N aqgueous poﬁassium hydroxide *
(20 .mL), btine, dried, filtered and concentrated. The
crude product was purified by column chromatography on-
silica gel. Elutlon w1th hexane gave a mlxture of alkenes
93 and 94 (?7_mg; 65% yield based on ;onsumed,startlgg
material) in,6:i ratio based. on lHmr and 13¢cmr
integrations. The foilowing data were recorded for the
_mixture‘of'alke;es 93 and 94: ir 1645 (c=C) and 1382 cm!
(CH3); ms M* 220.2183 (calcd. for CygHzg: 220.2191). 'The
;Hmr spec;rum‘showed'two sets of signals;_a minor set of
signals was identical with ghose described for alkenes 93;
a majof set was due to ééﬁpound 54 wiﬁh éignals at & 5.78

(dad, 1H, J = 17, J' = 11, J* = 5 Hz, -CH=CH,), 5.13 (m,
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éCH3), 1.60 (s, 3H, éCH3), 0.98 ang 0.97 (both s, 3H

each, both #CH3). The 13cmr spectrum showed three sets

130

of signals; a major set was attributed to compound 94 with-

signals at & 148.49, 125.05, 124.51, 110.29, 42.81, 39 79,
26.74, 25.65, 23,31, 21,13, 13.43 and 12.99; two minor

sets were due to the mixture of alkenes 93 with signals ;t'

5 128.52, 126.52, 125.85, 43.12, 42.65, 37.68, 36.63,
31.99, 25.90, 23.99, 23.39, 23.19, 22.35, 21.38, 21.21,
17.65, 11.09. ' |

1-Nonen-3-yl pivaléte (95)

Heptanal (3.4 g, 29.8 mmol) was dissolvéd in ether
(40 mL) under an argon atmosphere., At -78°C, vinyllithi‘um
(2.9 M in THF; 10.3 mL, 29.9 mmgg) was added to the
reaction mixture. The resulting mixturg was stirred for
1 h; A'solution.of piyaloyl chlpride (5.5 mL, 44.8 mmol)
in ether (10 mL) was adhed.dropwise. The mixture waé
‘allqﬁed to warm up slowly to room temperatpre.l After
s;irring for 20 h, it was poured into a solution of»fceQ'
cold 1 N aqueous hydrochloric acid (20 °'mL), separated and
“the aqueous‘laye; extracted with dich}oromethdne (3 x 20

‘mL). The extracts were washed with 1 N agueous potassium

" hydroxide (30 mL), brine, dried, filtered and
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‘éoncentrated. The erude.producé‘;es‘ﬁurifiediby column
“chrematogrephy on silica geI; Elution with a so}utioﬁ‘of ‘
104 ether in hexane gave pivalate 95 (S 517 g, 82% o
yield): ir 1735 (C=0) and 1648 cm~l (c=C); Tia m/e
141.0908 (H*-85, calcd. for éeni3ozz 141,0915), 125.1325
(M*-101, calcd. for CgHy%: 125.1330) and 85.0657 (base .
peak; M*-141, caled. CgHgO: 85.0653). lumr 6 5.82 (dad,
1H, J = 18, J' = 10, J* = 6 Hz, -CH=CH,), 5.24 (d, 1H, J =
10 Hz, =€@dl), 5 ﬁa (dd, 1§, J = 18, J' = 4 Hz, -cﬁg), 1.19

ﬂ\»«’ . . .
(s, oH, ~CttH3)3), and 0.88 (t, 3H, J. = 6 Hz, -CHyCHj).
Anal. Calcd. for Cj4Hyg0p: C 74.29, H 11.58. Found: C
74.36 B 11.60. T

W

(E)-7-Tridecene (96) and (Z)-7-Tridecene (97) ~  °

o v

e

(A) Using Lithium Di-n-butylcuprate

n-Butyllithium (2 M invhexane} 6 mL, 12 mmol) was
added to a suspehsion of cuprous iodide (1.37 g, 7.2 mmol)
in ether (20: mL) at 0°C under a hitrogen atmosphere.

‘After stirring for 5 min, the mlxture was coo;ed to —40°C

~and a solutlon of plvalate 95 (452 ®g, 2 mmol) in ether (S.”“*

;L) was added,. The reaction mixture was st1rred for 2. h
and boured ‘into 1ce-cold 1 N aqueous drochloric ac1d (50

. mL). The.resultiug selutionww§s~filtered‘through celite

s d
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*54§, separated and th‘e’aqueous'Iay}er‘ext‘racéédy with - '
dichlordme;hane (3 x 20 mL). The exf;acts were washed

with 1 N gqueéus‘potapsium‘hydroxidé»(Zb'mL).7b:ine}

- dried, fiiteked and concentfated. The érﬁdeymaterial was -
‘xpgtified by column chroﬁgtqgraphy on;srlicé‘éel. Elutioﬁ
@i%h hexane gave a mixture of 51keneé,96 aﬁd 97 (335 ﬁg;‘

92% yieid).  Tpe.£o11ow1hg déﬁa»we?é recérdqd for the.
mixtufe'of alkenes 96. and 97: ‘1t}2928 (C-H) and 1456

" (CHp); ms M* 182;2036‘(¢31¢d.1foyzC13ﬂ56:l 182.2034); lumr
'5.33'(ﬁ; 2H, -HC=CH-), 0.90 and 0:89 (both t, 3H-each, J =

6 Hz, both -CﬁéC§3). 3Chr"spectrum_showéd two sets

of signals in 6:1 rati on integration; a major set

of signals at & 130.46, W88, 32.66, 31.87, 31.50, 29.73,

29.44, 28.92, 22.72, 22.63 and 14.08; a minor set of
signals at & 129.98, 32.68, 31.64, 29.85, 29.55, 29.08,

27.31, 27.29, 22.72, 22.63 and 14.08.

(B) Usigg3n—Bu£y1magnésium Bromide- and Cuprous Iodide

n-ButylmagneSinﬁibiOmide (0.4 ﬁ‘in ether, 35.7 mL,
i4.3mmmol) waéﬁadAQd‘gq‘a;suspension of cuprous iodide
(1;63:9} 8.6 mmol) .in éthérﬂ(lo mL) ét O°C under an a;qoq
atmbsphere; Tﬁe;ﬁixturé~waé stirred for'5 min:and a -

solution of pivalate 95 (538 mg, 2.38 mmol) in ether (3

mL) Waézadded. After stirriﬂg fbf 1 h, thenhixtUre was
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g‘poured into ice-cold l‘Nanueous hydrochloric acid (SO

umL). The result1ng solutlon was. flltered through cellte

s

- ! fl

'545, separated and the aqueous layer extracted with'
dichloromethane (3 x120 mL) - The extracts were washed‘

\*1th 1N aqueous potass1um hydrox1de (20 mL), br1ne,vi-‘

D v

drled flltered-and concentrated. The crude materlal was

’-'purified by column chromatography on 5111ca gel. Eiution'

1w1th héxane afforded ‘a mlxture of alkenes 96 and 97 (421
mgﬂ 92% yleld) in a 2: 1 ratlo based on 1ntegrat10n of the

‘13Cmr'spectrum. Except for the* ratlo, all the spectral

- data were 1dentlcyl w1th those prgv1ous descr1bed for’

compounds 96 and 97.

e

’ ’Qg)-Z;G—Dimethylé2,6-dodecadien-8;yl Pivalate (98)

Citralv(794_mg, 5.21kmﬁol).%as‘diegolvediin ether (8

. mL) ati¥789Cdunder a nitrogen atmospherel A 2, 4 M

¢
¢

" solution _of":n-butYllithilmﬂ"in»heﬂxane (2.17 mL, 5.21 mmol)

‘was added. The mlxture was stlrred for 1 hy followed by»y

addltlon of p1va10y1 chlorlde (0 97 mL, 7. 88 mmol) 1n

-extracted w1th d1chloromethane (3 x 20 mL). »The extracte

ether (5 mL) The reactlon mlxture was stlrred at room
temperature for 20 h, poured 1nto 1ce—cold 1 W agueous

K
hydrochlorlc a01d (30 mL) . The resultlnq solutlon was: z

were: washed Wlth bglne, dried, flltered and concentrated

S ~
‘ B T,
. v w‘
. vy .
; ,
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}The‘crude product'was,purified bY~CO1umn'chromatography on
Silica'gei. Elution Withflsi ethervin'hexane-afforded
inaiate'98 (1. 30§/q; 85% yiéld)* ir 1728 (ester C=O) and
1670 ‘em~1 (c=C); ms M* 394 2554 (calcd. for CigH3402¢
294, 2559), Hme 5.41 (m,. 11, =CH- b )y 5.13 (m, 1H,
du- ~0), 5.04 (m, =CHCHy-), 1. 20 (s, 9H, -C(CH3)3),’and
0. 91 (t, 34, J = 6 Hz, -CHZQ_3)

: o , ‘ |

u(g)—Z,G,B—Trimethyl-Z,6-dodecadiene'(99), (E); and (Z)-,

2,6,6-Trimethyl-2, 7-dodecadiene  (100) -

’ :.Q‘(" - S ‘
- (A) Using Lithium Dimethylcuprate

. | Methyllithium (1.6¢M in ether, 6.43 nL, 10.3 mmol)
/o ; ) oo : - , R oo . . . : ) .
; “was7added to a suspensibn of cuprous iodide'(l 20 g, 6.3

‘

i; mnol)  in ether (20. mL) at 0°C under a nltrogen atmosphere.

i

tlrrang for 5'm1n,‘the mlxture was cooled t0‘¥40°C
! ﬁolutlon of plvalate 98 (505 mg, 1. 72 mmol) - in ether
| as added. The reactlon mlxture was stlrred for 2
“h and1poured 1nto ice- cold 1N aqueous hydrochlorlc ac1d

(100 mL) 'The resultlno solutlon was filtered through

ce;;te 545, sepa;ated and ‘the aqueous layer extrac*ed with,'"

1chloromethane (3&x 20 mL)._ The extracts were washed
.w1th 1 N aqueous pota551um hydrox1de (20 mL), br1ne,‘ﬂ
drled, flltered and concentrated.‘ The crude product was

purxfled by column chromatography on 8111ca gel."Elut1on

(8]

»



with hexane*’lbe a mixture of alkenes 99 and 100 (222 mg;
:62% yield). The following data were recorded for the
mixture of alkeneS'99 and 100: ir 1662 (C=C) and 1386

o

.cm -1 (CH3) ms m/e 193, 1944 (M -15, calcd for, C14H25.
'193.1956) and '151. 1486 (M —57, calcd, for C11H19. |
151.1486).: There are two sets of signals in the. lﬂmr.
speetfum.in 7-1 ratio based on'integration; a maJo:;set of
’31gnals at & 5.10 (m, 1H, =CH- CHZ—), 4.88 (d, 1H,
. =CH- éH ), 1.70 (4, 3H, J = 1.5 Hz, éCH3), 1.59 (4, 6H,
J = 1. 5 Hz, 2 X —écu3), 0.9 (d, §H J = 6 Hz, —éHQ_3), and
0.87 (t, 3H J = 6 Hz,\-CH2Q_3), a minor set w1th s1gnals
at 6 S 33 (d, 1H, J .= 18 Hz, -CH=CH-), 5.27 (dt, 1H, J =
J' = 6 Hz, -CH=CH CHz ), 1. 69 (s, 3H, éCH3), 1!60 (s,
3H, ‘éCH3), 0 98, 0.89 (both s, 3H each “both %CH3). and
0.88 (t, QH J = 7 Hz, -CHZQ_3) f.éﬂil: ‘Calcd. for
vclsnza:_' 86.46, H 13.54.  Found: C 86.28, H 13.26.
- (B) ‘Using;Methyimagnesidm‘quide and_cuprdus Todide

13

MethylmagﬁeSium iodlde (0.87 Mvin ether, 13.8 mL, 12
l
: mmol) was added to a suspen51on of cuprous 10d1de (l 37 g,

S 7.2 mmol) in, ether (20 mL)%ﬁt'O°C under an argon
. g . '
,atmosgﬁeéﬂfisAftet stf}rlng for 10 min, a solutlon of

-~

pivalan ‘8 (588 mg,_2 mmol) in ether (5 mL) was added.

'TheO:eaction m1xture was stlrred for 5h and poured 1nto

-
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ice=cold 1 N equeous hydroehloric acid (100 mL). The

resulting solution was filtered through celite 545,

separated and the

dichloromethane {

with 1 N aqueous

dried, filtered a

agueous layer extracted with

3 x 20 mL). The extraete were washed
potassium hYdfoxide (20 mL), brine,

nd concentrated. - The crude material was

\

‘purified by-colump“chrgm%;ography on silica gel. Elution
B Co T ey

with heXane*gaveQ

yield). The foll

‘of alkenes 99 and

[

¢l

32.55, 32.14, 29

described . previou

-1 (CH3); ‘ms M+

f'99 and 100 (403 mg, 974

\»

a-

vy : i

Y W }ﬁ L
L

owing data“were recorded for the mixture

100: ‘ir 1662, 1645 (f=C), 1381 and 1376

208. 2185 (9alcd. for C15H28

208.2191). The 1Hmr spectrum was the same ‘as that

changed to 1:6.

signals at & 131,

sly except that the ratio of signals was

The 13cmr spectrum showed a}major ‘set Of -

91, 130.63, 126.25, 135;47, 43.41, 35.66,

a minor -set of siqnals at & 133.18, 131.01, 126.81,

124.66, 39.89, 39,

© 22099, 22.77, 22.

VC15H282 C 86.46,

Perillyl Pivalate

57, 30.96, 28.37, 27.12, 26.95,‘23.79;,\

05, ande14.14. Anal Caled. for

H 13.54. Found: C 86.45, H 13.54.

-

L
L4

(2)= Per111y1

pyrldlne (1.5 mL,

;y@

:Fﬁﬁ

.85, 27.47, 25.66, 23.56, 22.41, 13.95 and

aony - - '

alcohol (1. 9}5 g, 12.6 mmol) and

18.65 mmol) were d1ssolved in ether (30
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ij;at 0°C under an argon atmosphere;‘ A solution of
‘pivaloyl chloride (1 57 mL, 12.8 mmol) in ether (5 mL) was .
added dropwise. After st1rr1ng for 20 h, the reaction _ |
mixture was poured into 1ce -cold i N aqueous hydrochlorlc

acid (20 mL).» The resultlng solutlon was separated and
“q\ - aq,
the agueous layer extracted w1th dlchloromethane (3 x 20

\
\mL). The’ extracts were washed w1th 1N aqueous potassium

[

hydroxlde (20 mL), brine, drled, flltered and.
concentrated, The crude mater1al was pur1f1ed by column
'chromatooraphy on silica gel. Elutlon w1th lO%-ether.ln"
hexane afforded ester 101 (2.98 g,'100% yield)r ir 1732
'(ester C=0) and 1646*Em‘1 (C-C)- ms M+“§36 1777 (calca'

for c1532402.~ 236 1776)?'1Hmr 5 5.76 (m,*lH, =CH- ), . .67

and 1.22 (s, 9H,'-C(ca3)3) Anal, Calcd. for c15324o o
, T
76.33, H 10.23. Fourd: ¢ 76.34, H 10. 22. .

4 Isopropenyl l-pentyl 1- cyclohexene (102) ‘and 2- Butyl-

vlsqpropengg l-methylenecyclohexane (103)

A

" (A) UsingfLithium‘Di-n-butylcuprate‘

t

n- Buty111th1um (2—Mw— —hexane1 6 mL, 12 mmol) was
: :added to a suspen51on of cuprous 1od1de (1 37 g, 7.2 mmol)
in ether (20 nL) at 0°C ‘under an atmosphere of argon.

fAfter stirring for SVmin, the mlxture was cooled,to =-40°C

RN .
e

v



and a solution of perillyl pivalate 101 (472 mg, 2 mmol)
in ether (2 mL) was added. ‘The reaction mixﬁure"was

stirred for 2 h and poured into ice-cold 1 N agueous

fhygrochloric acid (100'mL). The resulting.solution was

filtered through celite 545, sepafated and the aqueous

layer extracted with. dichloromethane (3 x 20 mL). The
extracﬁs were washed with '1 N aqueous po;aséium hydroxide
(20 mL), brine, dried, filtered and concentrated. The -

crude material was purified by’ column chromatography on

'silica gél. Elution with hexare afforded alkene 102 (322

mg; 84% yield): ir 1650°(C=C) and 1381 cm™! (cH3); ms m*
192.1855 (calcd. for C4,Hp,: 192.1878); lgmr & 5. 41 (m,
1, =CH-), 4.73 (s, 2H, =CHp), 1.73 (&, 3H, J = 1.5 He,
éca3), and 0.89 (t, 3, J = 6 Hz, -CHyCH3); 13cne

6 150.26, 137.78, 120.07, 108.37, 41.39, 37.62, 31.68

30.87, 28.88, 28.05, 27.50, 22.62, 20.79,-§ndil4.06;.

Ahal. Calcd. for CygHpyg: C 87742, H 12.58." Found; -C

87;45, H 12.58. Further gihtion with 10% ether in ﬁexaﬁe

géve the statting material 101 (42.5 mg; 9% recovery{r’

(B) Using n-Butylmagnesium Bromide and Cuprous Iodide

P
—

'n-Butylmagnesium bromide (0.635M in ether, 19 mL, 12

138

mmof5 was added to a suépension.of cuprous . iodide (1.37 g,

7;2.mmol) in ether (10 mL) at 0°C under an argon

e
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atmosphere. The mixture was stirred fbr 5 min and a -
solution of pivalate 101 (472 mg, 2 mmol) in ether (10 mL)

‘was added. After stlrring for 6 h, the reaction mixture
was poured into ice-cold 1 N agueous hydrochlorlc acid
(100 mL). The resultlng solution was filtered through
celite 545, separated and the agueous layer extracted w1th
dichloromethane (3 x 20 mL). 'The extracts were washed
with 1 N aqueous hydrochlorlc acid (20 mL), brine, drled,
f1ltered and concentrated. 'The crude- product was pur1f1ed P‘
by column chrohatography on silica‘gel. Elution with |
hexane afforded a mixture of alkenee 102'and 103 (280 hg;

. : _ gw
73% yield) in a ratio of 1%11 based on lHmr aniE13Cmr' )
integrations. The,follcwing data were recorded for the
mixture of alkenes 102 and.103:‘ ir 1665, 1645 (C=C) and

1385 cm™l (CH3); hs m/e 191.1793 (Mfel, calcd. for
Cy 4H23: 191.1800) ahd;135.1i78 (M*-57, calcd. for
CioHys: 135.1174). The lﬂmr and 13cmr spectra each.
shewed.two sets of signalsf The minor sete were.identical

with those described for 102 (vide'supra) and the major -

Sets were attributed to ccmpdund 103- 1Hmr‘6 5 68 (t, 2H,
3= 1.2 Hz, =CH,), 5.64, 5.60g (both t, 16 each, J = 1.6
Hz, both tﬂ), 1.70 (s, 3H, tcu3), and 0.88 (ty 3H, 3=
7.5 Hz, -cnzc_3), 13cnr 5 151.69, 150.19, 108.57, 107.66,
43.40, 39.37, 33.44, 32.09, 31.14, 30.16, 22.77; 20.91,

and 14.11.
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(1R,5R)-6,6- D1methyl 2- (lfpivaloyloxylethyl)bicyclo-‘

*

(3. 1. l}hept- 2-ene (104)

"

.(-)-Myrtenal (2.96 g, 19.7 mmol) was dissolved in »
ether (30 mL) and methyllithium'(l 6 M in ether° 14.8 mn;' “
23. 68 mmol) was added at -78°C under a nitrogen R
1atmosphere. ‘The mixture was stirred for 1 h, followed by
add1t10n~of a solutlon of pivaloyl»chloride (3.65 mL;

'29 64 mmol) in ether (10 mL).‘ The reaction mixture was
allowed to warm to room temperature, stirred for 20 h and-

fpoured 1nto ice-cold 1 N aqueous hydrochloric acid (20
mL). The resulting solution was separated and the. aqueous
1ayer extracted with d1chloromethane (3 x 20 mL). The

' extracts were washed w1th 1 h aqueous potassium hydroxide
(20 mL),. brine, dried, filtered and concentrated. The.
crude product was puriﬂied‘by column chromatography on
:silica gel. ElutionT&;th a solution of 10% ether in
hexane gave pivalate 104 (4.704 g; 96% yield): ir 1754
(ester C=0) and 1376 cm~1 (CH3); ms Mt 250. 1928 (calcd;
for CjgHyg02: 250. .1932); limr 5 5. 47 (br.s, 1H, =CH-),
5.21 (q, 14, J = 8 Hz, -éH -0), 1. 20 (d, 3H J = 8 Hz,

éHQ_3), 1.18 (s, 9H, -C(CH3)3), 1.14 and 0.78 (both s, 3H

\5\3352,//1(CH3)2)

— . @'.
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(1R,5R)-6,6-Dimethyl—§-(l-methylpengyl)biqxgld[B.1.llheph-‘
2-ene (105),'(2)- (106), and (2)-(1R,3R,5R)-3-Butyl-2~

‘ethyiidene—G,6-dimethy1bicyélo[3.1.l]heptane‘(107)

(A) Using Lithium Dibutylcuprate

n-Butyllithium (2 M in hexane; 6.0 mL, 12 mmol) was
addgd'§o é,suspension of cuprOQS iodide (1.37,@,_2;2 ﬁmol)
;min.ethéf (20 mL) at 0°C under én argon atmosphere., }Af&er
| étirring for 10 min, the mixture was cooled to -20°C anéj?
solution of pivalate 104 (spo‘mg;.z mmol) in ether (5 mL)
was added. The régcpion mixture was stirred for 2 h and
p;ured into ice-cold 1 N aqueous hydrochioric acid (106
mt). The‘resulting,solution.was filtered £hrough celitef
555, §eparated and the aqueous layer was extracted with
‘dichlotbmethane (3 x 20 mL). The-éxtracts were washed
yith 1 N aqueous potéssiumrhydroxidé (20 mL), brine,
‘driédh filtered and concentrated. The crude product was .
purified by colgmn chrohatography Qn silica gel. , élution
with hexane gav£ a mixtﬁre of alkenes 105 and 106 (333‘mg,
81% yield) ih 2.2:1 ratio based on lHmr and 13cmr
fintegrations. The following spectral data'were recorded
for the mixture of 105 and 106: ir 2920 (C-H) and 1380
| cm~1 (CH3); ms M+.206‘2025 (calcd.'for CiSHZG’ 206.2034).

The lHnr spectrum showed two sets of signals. The major
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set was due to compound 105: & 5.15 (m, 1H, ;CH ), 1.28,
0.84 (both s, 3H each, -é(CH3)2), 0.89 (d, 3H, J'= 8 Hz,
éHQ_3),‘and 0. 88 (t, 3H, J ='8 Hz, -CH,CH3). The minor
set was attributed to compound 106: R 5.52 (4, 1H, J = 7
Hz, ﬁCHCH3),\2 81 (t, 1H, J = 6 Hz, -éH éé), 1.58 (dd, 3H,
J =7, 3" = 2‘Hz,»=éCH3), 1 23 and 0.70 (both s, 3H each,
é(CH3)2) 2pé 13Cmr spectrum also showed two sets of )

signals; a mpjor set for compound 105 with signals at

&5 14679, 115.19; 43,51, 42.88, 41.64, 41.29, 31.95,H

31. ;:J 26 45, 21 48, 18.68, 14 14 and 12.48; a minof.set
for compound 106 with 51gnals at 5 147.99, 116.61, 44.58,
43,57, 40.89, ﬁ0.87,427.81, 26 23, 22.84, 21;59, 14.21 énd

12.50. | N

0

(B) Using n-Butz}magnesium‘Bromide and Cuprous Iodide

n-Butylmagnesium bromide (0.635 M in ether; 18.9 nL,
12.0 mmol) was,addéd/ﬁéﬁa‘suspension of Cuprous iodide‘

(1.37 g, 7. 2 mmol) 1n ether (10 mL) at 0°C, under an argon.

.

atmosphere.+""Af stirring for 5 mln, a solution of.
‘pivalate 104 (500 mg, 2 hmol) in ether (5 mL) was added.
The reagtlon mixture was stlrred for 1.5 h and poured into
- ice-cold 1 N‘aqueous hydrochloric acid (100 mL). The
resulting solhtionvwas fiiterea through celite 545,

separated and,thé aqueous layer extracted with
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: ‘ \
"dichloromethane (3 :—20 mL). The extracts éeré washed
‘ withyl N aqueous'potassium hydrdxide (20 mL), briné,
Qried, filtered and concentrated. The ér;de material was
burified by co}umh chromatography on silica gel. E}ution
with hexane gave a mixture of alkenes 105, 106 ané/107
(354 mg, 86% yield) in 1:7. 5:5 rat1o based on lHmr and.
Vemye integrations. The following spectral data were
recorded for the mixture of alkenes 105, 106 an 107: ir
2922 (C-H) and 1380 cm'i,(CH3); ms M¥ 206.2031 (calcd. for
CisHpg: 206.2034). The lymr énd 13Cmf.spectra each
showed three sets of;signals. - The minor and the major

signals in each spectrum were identical with those

described for 105 and 106 (vide supra). Thé‘remaining

; signals were attributed to combound 107§ ‘1Hmt 5 4,99 (qd,
1, J = 7, J' = 2 Hz, =CHCH3), 2.42 (br.t, 1#, J = 6 Hz,
a-bey, 150 (e, 3, 3 = 7 me, écn3), 1.20 and 0.62
(both s, 3H each, é(CH3)2),-13Cmr 5 146.75, 116. 36,

52.96, 41.62, 40.59, 27.65, 25.95, 22.86, 21.53, 14.21 and

12.50.

(lR,BS[5R)—3—Butyl-6?éhdimethylbicxclo[3.1.i]heptan-2-one

(108)

A mixture of alkenes:.105, 106 and 107 (80 mg, 0.39

mmol) was dlssolved in dichloromethane (2 mL) and methanol
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(2 mL) .’ At -78°C, ozone was bubbled thf0ugh the mixture e

"until a light blue color was retained. ‘Dimethyl“sugtide
(0.6 mL, 8.1 mmol) was added. . After stirring oveqﬁioht,.ﬁw

the resulting mixtu?g'WEEMBOured into water and extracted

with dichloromethane (3 x 10 mL). The extracts were ‘iiy

washed with brine, dried, filtered and concentrated.

Column chromatography of the re31due on silica gel,

elutlng ‘with 10% ether in hexane, afforded ketone 108 (62 o
mg, 88% yield): ‘ir 1703 (c=0), 1385 and 1370_cﬁ'1 (CH3)3

ms M* 194.;662’(caicd for Cy3H,50: 194.1670); lHmr

5'2.59, (4, 1H, J = 6 Hz, —#-énco—), 2.52 (m, 1H,

~CH,- éHCO-), 1.33, 0. 88 (both s, 3H each, -é}cul)z), and -
0.92 (t, 3§, J = 7.5 Hz, -cnzc_3). gggg,-fﬁlcd. for

ez al. faled. -
Cy3Hp20: C 80.36, H 11.41. Found: C 80:24, H 11.37. ~ -

-~

e

[

'(1R,3R,5R)-3-Butyl—6,6-dimethylbicycio{3.l.llheptaq;z-one
“ilggL < L - .oﬁﬂ ‘
- . . o . . o o
Ketone 108 (20 mg, 0.1 mmol) was dissolved in
methanol (1 mL) and a solution of 1 N-oquoous sodium®

hydtoxide (0 S’mL) was ,added. The reaction mixture was

~

heated at. reflux for 16 h. After cooiing to'room
temperature, the resultlng mixture was diluted w1th water
(10 mL) and extracted with dichloromethane (3 X Sq mL) .

The extraots wére washed with-brine, dried, filteréé and
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concentrated. The crude product was nurified by column
chrOmatogtoph‘y on silica gelr. Elution with 10% ether 1n
hexane afforded a mixture of ketones 93 and ‘4 (20 mg;

100% yield) in a.4:1 ratio based on lhmr integration. The'/V
following data»were recorded for,. _' xture of ketones

108 and 109: ir 1701 (C-O), 1;%)5 and 1370 cm- (CH3); ms
© M* 194.1668 (calcd. for Cy3Hp,0t 194.1670). The lamr

| showed two .se'ts of signals; the major set ofA sigraals‘ was ‘
the same as that described for ketone 108 and the mi.nor o
signals for ketone 109 appéared at & 2.46 (m, 1H,

~CHy- éHCO-), 1.30, 0.73 (both s, 3 each, é(cn3)2), and

0 93 (t’ 3H, J = 7 5 Hz) "CHzc__s) . L .\4 0
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‘Studies on the Total Syrithesis of a-Patchoulene
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INTRODUCTION

‘ ’ Al . Qh.. S
_'—Patchou1ene (1) is a tricyclic sesquiterpene'WHich

has been 1solated¢from Naraostadys jataman5158 and

patchouli‘o1l 59,60 ‘The cqmmerc1ally avallable patchou11

- .
011 1s malnly extracts of the/f::;es of Pogostemon‘tablln

Benth (syn. P. patchoull Pallet var. suav1es Hook), a

'v‘vmember of the Lablatae family, and is: an 1mportant

e

' mateféal in the perfume 3ndustry. P - ;

' v i

; The structure df/ —patchoulene (1) was 1dentif1ed by’)"

Buch1 and co-worﬁerss9 in the early 1960 s in connectlon‘

P4

w1th thélr studles on the structure of patchou11 alcohol

)

(2) Dehydration of patchou11 alcohol (2) wlth phosphorus

oxychlorlde in pyr‘ldlne61 or v1a pyroly515 of the

correspond1nq acetate 359 g?ve a m1xture of a—~(1), B~ (4)
-’
and y-—patchoulene (5) It bvas later found that the‘ :

dehydratlon 8! patchoul1 alcohol (2)62 63 proceeded w1th a

- a k~ ) ;

S

concomltant Wagner Meerweln rearranqement reactlon.. Thus,

-a patchoulene (1) possesses a trlcyelo[S 3 1,01, 5]undecane,

'rlnq system whlch also forms the parent skeleton of

[N

o

several closd{y related sesqu1terpenes such as a-

patcholenone (6;\\f 65 sugeonol (7), 66 cyperene (8)}65 and '

cyperotundone (9)67 1solated from Cyperus rotundus L.

)

tuber‘01l&v o
k wea

L

,,‘~v; .r ;bo,ggf



“#n splte of their unique’ stirctural features and

2
COmmerc1al 1mportance, —patchoulene (1) and the
structurally related sesqu1terpenes hav lyn+litt1e
;attentlon to the1r synthe51s. The o tal synthesis of

-patchoulene (l) ‘known (Scheme 1) was
twenty years ago by Buehl and co—worker563 who . made dse of
( ) - homocamphor 10 as a startlng mater1a1 By a short o
synthetlc sequence, thlS compound was transformed to‘the

' }ﬁﬁcycllc enone 11 which was then converted to- the key

rntermedlate, 3—patchou1ene ox1de (12). Treatment of 12

ok

/ 'Wlth boron tr1f1uorade etherate followed by - deoxygenatlon

‘\—'and dehydratlon gave a-patchoulene (l).‘

[

148

eported more'than‘

-

Recently, an 1ntere4t1ng synthet1c approach (Scheme A

1 2) to a-patchoulene (1) Mas dev1sed by Deslonqchamps and
vco—workers.68 They recdgnlzed that the carbon- frameworks
of a—patchoulene A1) awé -cedrene (13) are very, |

51m11ar. These compou%ds dlffer from each other only at

2

// L
‘v/‘l. r‘~

the p01nt where r1ng C/of each compound is attached to the

' g

@# fused 2B rlng system %nd the locatlons of the methyl

| roups on thn fe 3 r1ng# - It was further recognlzed that a‘
tetracycllc compound/suCh as 14 could serve as a common
1ntermed1ate for the synthes;s of both a—patchoulene (1)
and a-cedrene (13) by selectlve cleavage of %he

cyclopropane ring. Select1ve cleavaqe of bond a (Path A)

;‘is expected to‘leadweventually to the formation of c-

e
&

§ 7 g
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.

Kl
.

cedrene whereas cleavage of bond.grlpath B) should g1ve a

N

synthetic 1ntermed1ate which couid be further elaborated
..p

~to form.a—patchoulene. The selectlve cleavaqe of bonds a
and b was experlmentally carrled out under’ k1net1cally and
‘thermodynamlcally controlledwcondltlons respect1vely. The
further conver51on of compound 15a to a-cedrene and 15b to

K

ajpatchoulene, however, remalns.to~be~accomp11shed.
‘\: : P Q

>

" i ) Do .

A partial synthesis of cyperene‘(a), cyperotundone
'(9)rand a -patchoulenone (6) has been\achieved by Hikino
and co-workers.65 As out11ned in Scheme 3, the requlred

'rtr1cyc11c skeleton was aga1n effected by %he rearranéement .

of B-patchoulene oxlde (12). o ,
In another synthesis of a-patchoulenone (6), 6? an = .
1ntramolecular addltlon of dlazoketone to olefln (16+17)

served as awﬁey step. Subsequent mod1f1cat10n of compound

17 An accordance w1th the synthetlc sequence summarlzed in

‘Scheme 4 gave the" natural ketone-ln racemlc form.

‘Several years ago, the trlketone 18 was prepared in

-0 ____s_,,,.
'-optlcally_actlye form "in our: 1abor§%!ry from 2 (- )-

‘fcamphorsulfonlc ac1d in connect1on w1th a prOJect dlrected g
towards the total synthe51s of a-cedrene (13) 70 ‘The .
1ntended a proach called for an ‘aldol reactlon (l8+19)
‘followed by -an 1ntramolecu1ar M1chae1 addltlon (19+20) to .
,'facilitat4 the constructlon of the cedrane r1ng system. :

During'th'-course_of these studies, 1t was recognlzed that l

N 2 o ' . |
\ ‘ : N . . _An . . ;
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‘ a revereed seddence of reactionsv(f;e., Michaelkreaction

and then Aldol condensatlon), when, applled to the.
analogous trlone 21, - could 1n prlnciple result, via the
1ntermed1acy of b1cyc11c trlone 22, 1n the formation of -

tr1cyc11c compound 23 posse551ng thé complete carbon
4

framework of .a—patchoulene (1). .Based on this strategy,
denomlnated the M1chae1-A1dol approach,'the synthetic

project descrlbed in thls chapter was - 1nitiated During

!

the ‘course of the 1nvest1gatlon, a second approach\ /!

1 de51gnated as the rearrangement approach emerged. In

4

‘this approach, the rearrangement of keto’epoxide 24 to
diketone 25 was involved as a means for the construction
‘ . A ’ ‘ w . ' )

of the bridged bicyclic system present in the target

‘molecule.
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0~ |
S | I o} | o

Yy : “ ) . ’ ' ' ' ’ ' .
;;(a)gllylmagnesium bromide; (b)(BH,),;(c)H,Cr0,;(d)2znCl,;
% HoAc, (AcO),0; (e)Ph,PCH,; (f)Raney nickel W-2; ~ ~ ~ .

v y f’_c‘o"J;lt'ijnu»ed c
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@ ‘ _SCHEME 1.’(c.0ntinu‘ed.)

(g)CH CO OH NapAc (h)BF *Et,0;(i)(BH,),7/ H O.,NaOH
(J)Ac.o Pyt.,(k)PtO,,H,,AcOH (1)350 C.”

—~ :

;o
.
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SCHEME 2 , - ,

a,b . o 02Et

. ‘ HO

0 .
,."u!hoi “ '

Ik,
‘h.i,i,k

(a)LiH,DME; 3-bromo-2-butanone; (b OK(, t -BUOH ; (c )NaBH,,
EtOH; (d)KOH,H,0; (e) (CH,C0) ,0,p-toluenesul fonic acid;
_(f)CH,ONa,CH,OH;(g)pyrolysis,200#210°Cr(h)Naoﬁ,H,o;

(1) (CH,C0),0,pyridine; (j)oxalyl chloride, . . '
pyridine,benzene;(k)CH,N,,ether:(l)Ag.O,CH,OH;
(m)copper,benzeneflr:(n)NaOH,H,O,THF;(o)pyr,-c:o,.

-

H



SCHEME 3

=

12

~ (a)BF,*Et,0;(b)(BH,),/ H,O,,NaOH;(é)Ac,O,Pyjs;(d)LiAIH./v
H,0;(e)H,CrO,; (f)NH,NH, ,KOH, trietylene glycol; (g)t-butyl
chromate. o S v

157
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SCHEME ¢ = .

OHC

' (a)200°c,2000psi; (b)(COCL),/ CH,N,;'CC)BF;'Et,O;(d')LiAIH.:’ '
(e)Pyr,CrO,;(£)(EtQ),POCH®CO,Et Na® , benzene, reflux;
(g)w-5 Raney*nickel:”(_h)MeLi:(i)H.Cro.r(j)t-"?]éJO,K,t-fBuOH. .

[
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'« . RESULTS AND DISCUSSION - e
Ca o “,“' 4‘ Q) ' “ . o j i
JX;' eﬁiohaeleAldol‘Approqoh\‘ v
“! ;h.55AdiscusaedeFeﬁiOUSIYi the completcharhoE)ﬁ,'
Vo N " :

"framewOrk»of a-patbhoulehe (l) couid, in- pr1nc1p1e, be

W /

e constvucted from enetrione 2} by two cohsecutlve I

f

dgycllzatlons, an 1ntramolecu1ar ﬁ1chae1 addltlon followed

by the aldol conde?satxon oE the resultlnq b1cyc11c tr10ne\~
. ' ; [y .
22 to give enedlone 23,

'aTo,study thls Mlchael aldol - e
‘approach to a-patchoulen@,'our 1mmed1ate goal was to,-

3prepare the kegpahtermediate 21 Towards thlS end. trlone‘f‘

- . '

26, the immed1ate precursor of 21, was synthe51zed as

ifollOWS\v1a a rov e analogous to that developed in. thls
l" Q A r
’laboratory for the preparatlon of 1ts lower homolog
. & ‘ \
18 -70 llﬂ-Camphor&lfomc a01d ammonlum sal? 27 was-

n"

L}l

heated th fused pota551um hyerX1de -to glve (-)-

»campholeh1c Pc1d‘28 possesLlnq éhé same ch1ra11tz\as that

28 was co\vexted to the

\

-of a-patchfulene at’C 7 A01

R =
b correspond ng ethyl ketope 25. by treatment eit er w1th two
— 3 o e
' ‘equxvalentSeo( ethylL}E/;um,71 ‘or qequentlally w1th one;ﬁ 
| s N N Soo
equivalent each of 11th1um hydrlde and ethylllthlum‘v j"fﬂl
Ketone 29, [a]23 ‘=--19 040 (e = 1. 68, tHC13), thus» -
’ '3-» S 2
M e AT
obtalned in’ 32% yleld showed an 1ntense oarbonylc .
S y RN * - - T
CFE o 161 e o
. 4 s\" - ; N \ g
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‘;absorptlon at 1702 cm 173n the'ir Spectrum;o In the inmf' g
I

' speqtrum, three methyl 51ng1ets and a methyl triplet

¢ ' W’K h

Hapgeared at 6 1.61 (broad), 0.99, 0.78, and 1.06 (J = 7 Hz)
e

yespectlvely,.Whlle a broad singlet was found at &. 5 21
‘nbof the v1nyllc proton. In agreement with the structural
'formula of C12H200, the maSs spectrum displayed a

molecular 1on peak at 180 1511

e

Ketone 29 was subJected to photo-oxygenatie!r-’2 7%’!“” u';f

A
methanol uslng methylene blue as a sensit1zer."R!6UC€iE?‘

‘c‘(— )

4t:‘work up of the qesu}tlng hydroperoxldes with d1methy1 f -
:'éulflde gave' rNQe to-a 73% yleld of a mlxture of two' S
'e’eplmerlc alcohols 30 in ca. 9: 1 ratxo as Lndlcated by~the‘
(EV»,' '1Hmr spectrum Whlch d1splayed two sets of 51gnals, each
.contalhed two methyl 51nglets (8- 0.84" and 1. 14 for the
major, and 5 0 87 and 1 08 for the m1nor) and a methyl
trlplet (majbr,ﬁt 1 06 agd”m&nor at 0. 94). The ¥Hmfharso‘ N
Pt showed two broad{;lngf% 1ntegrat1ng toﬁgne proton4eac:'hb -
“'“at 8 5 17 and‘%.QB for the exocycllc methyléne protons of,dk ;l
both . eplmers and a broad douzlet at 6 4 44 for the proton .
.Mv,adjacent to the hydroxyl group for both compounds. The ir

o

and mass Spectra were cons1stent‘w1th thé structural

-'_

‘nass1gnment.“ The former showed characterlstlc absorptionu

v

552 j‘bands at 3420 and 1702 cm'l for the hydroxyl gtoup ardl the

‘Vketone carbonyl respectlvely,i In the latter spectru ' th

R f,p_‘requ1red mblecular ion peak at 196 1463 w%& observed;e'
} .:J;";V. 3 ﬂb R .‘. y e h_‘_ ; :

e RN

\\, o R : \ .- T o ST . e Lo 2 .‘&'v? IR
R . . [ AR et . : n cles . : : s
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N

when he mixture‘was'subjected to coiumn'chromatography‘

with X tr eme care, the major isomer could be obtalned in

pure form and showed a speciflc rotat1on of -42, 94° (c =

[

, ﬁﬂ‘ 0.34, CHC13) .at room temperature using the sod1um D line.

) However, since .the newly created ¢hiral center would be
destroyed}@n the subsequent transformatlon, the epimerlc
L
,m1xture deuld be conveniently used w1thout separation.

Manganese d10x1de70 and ceric (IV) ammonlum ni rate

wer. used in initial attempts -to bring about the ‘

-of the eplmerlc alcohols 30 to enone 31 These

f proved to he ineffectlve glv1ng 1nvariably complex m1xture,

‘~of products. %Alternat1ve1y, the.mlxture ofmalcohols 30

. was subJected to Moffatt oxidatlon usﬁnq Swern s

| mod1f1cat10n.7§’ To our de11qht, the de51red enone 31 was”
formed as a 31ng1e product in 93% yleld, when alcohois 30
N
were treated sequentlally with' OXalyl chloride and‘
.

4 )
trlethylam e’ over a temperature range ofm-78°C to 20°C.

L &gdiméthylsu?ude in d1chloromethane and then w1th

he

e 3 . fﬁ}

L s ! +

74

51ng1ets at 6 5 95 ani\s,la.were observed for the'v1ny11cf

1dat10nj

dﬁ The ir spectrum of enone 31 showed two carbonyl absorptlon
bands,,one at 1728 cm 1 fflve—membered enone) and the»
‘other at iZig 1, as well as a double bond absorpt1on at
1634 em"1 _h"molecular 1onxbeak at 194 1306 in ‘the massf

ff;piispectrum :as‘consistent w1th thq(r qulred mo{;cuiar

R .
.'?ﬁﬁ formula of C12H1802. In the 1Hmr spectrum, two one proton"
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protons, along with three methyl signals, a triplet
(J =8 Hz) at 5 1.07 and two singlets at & 1.01 and 1.22.
Enone 31 could also be prepared d1rectly from ketone
29 by carrying out ‘the photo—oxygenat1on reactlon in

dichloromethane in the presence of acetic anhydr1de,

' \pyridine and 4~dimethylamfnopYridine-using-5,10,15,204

‘:1H '23H=- porphine (TPP) as a photo— | Y
sensiti“, o 6 As depfcted in Scheme 5, under thesei
'.cond1t1on“§ the initially formed hy‘peroxide was

'5ety1ated'and1§he resultlng peroxyacetate underwent

?
‘her elﬂﬁ1natlon to glve the deS1red enone 31 in a
yield (~60%) compﬁgaq}e to that obtained from the two:a?ep '

reaction sequence desm!ﬁbed above. Although shorter in @

b

. synthetic steps,'the>d1rect method w‘g 1es,,preferred in

pract1ce because of the d1ff1cull§es encou ter! to\remOVe

TPP. The most effectlve method to ach1 e\its nemovai Yy

dlstlllation could not be applled due to\ths 1nstab111ty

observed for -eénone 31 whlch underwent substantlal ,‘ . f&f
T : . oy e A
gecomp051tion upon hegtlng. o S

‘.‘ ?

To %nstall the second 2-oxobutyl cha1n present in

e ) '
trione 2;rmenone 31 waS»treated w1th 1—n1tropropane and o

)

. Y
pot3391um carbonate77 at room temperature 1n methanol.

L The M1chae1 add1tion occurred read11y g1v1ng rlse to, in
near—quant1tat1ve yxeld, crystall1ne n1tro ketone 32 (m. p.
_82-83°C)awhich showed, in the ir Spectrum, ‘a strong

é‘%;- ) » : \ _" . r .
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- the simplicity of the 1Hmr spectrum suggested. that a

»
Cd

show1ng two 51nglets at’ 6 0. 65 and 1 05 and two tréplets

specttum displaced two methyl singlets .at 3 0 64 ind 1. 06

sodium methoxlde in methanol aﬁd th

B il

| AT e o o
o o .- v | j.' » ‘ 'y \5.‘-‘,‘ ‘ o . " - . \ :
. o 16
“

absorption at 1542 cm -1 characteristic of the nltro group ,l?g‘

e i
and two carbonyl bands at‘1732 and 1708 cm l, The Alme

-

and“uué methyl trlplets (3 = 8- Hz each) centered at 6 0. 89

and 0. 98¢ The observed sharp meltmg pofhﬁ' coupled w1th a(

K

stngle stereoisomer df nit,b ketone 32 was produced.‘

S1nce the appl1ed cond1tio§§ are expected to give the ”f%?%v
R SR A

thermodyhamically mbre stable productrvits stereochemxstry

=

was tentatively assiqned as. deplcte dn }he formula.

c ot 4

R .

k) I f
. Nitro ketone«32 was treated qggh a sllght excess of

coréespondlng sodlum
salt 33 thus formed was subJected to ozonoly51s at -78°C.‘
B . D e

Reductlve work~Up w1th dlmethyl sulflde gave rPSe to

trione -26 (8”‘ y1eld) in crysta,lhne form, m. p‘—69°c.-

Thé’structure of %rlone 26 was' read11y estab11shed .on the

basis of the”follow1ng spectral data. in the ir spectrum,

[}

diagnost1c ketone carbonyl absorptlon bands were oﬁserved

J .
at 1736 and 1708 cm =1 wh11e a~molecu1ar ion. peak &9' :

252 1728 was dlsplayed in the ‘mass spectrum in agreemene

* e '
wlth the molecular formula of‘ﬁ15H2403. The  Ymr spectrum
.
ind1cated the presence of a total of four methyl qroups

0)‘

at: 6 0 98 and 1 16, ‘each w1th a- coup11ng c0nstant of 8 Hz.; éq

2
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.fhe preparation of'enetrione 21, the key intermediate~
in the Michael~ Aldol approach according to the synthet1c ’
plan, frOm trlone 26 requ1res the introduction of a double

% | bond:to the 1, 4-dione moiety of the latter comgﬁund |

8,79, ang

Several reagents such as d1chlorod1cyanoqu1npne
i

80

1ox1de are known to effect d1rect1y this type

" i)v

seleni

LI

®

of traés;dvmation. These reagents were applled. The

o

results. &gre, however, very d15appo1nt1ng. Under a 'g

d -vérietnf‘,
‘Wa&@%' ‘
o either ihe recovery of the startlng mater1a1 or the

Vi”dﬁtionsyfthe attempted reactions resulted in

Y,
formatléﬁ‘ggrcomplex mlxtures. - In no case was the de51red
produothF cted., Equally dlgepp01nt1ng were the
resulexobta1ned from the attempted indirect ox1dat1on

reactupns via.

_dﬁigaariahly,-

* N

logenatlon81 and phenylselenenylat\bm-g2 v

1xture of a 1arge number of un1dent1f1ed

AP J“ﬁiots was formed. As a consequence of these negat1ve

R . s‘ o
&mg ‘

ﬁmhf *ternatlye route leading to enetrione 21 was

. LJ
sought 1mrf;“§.,¢

- e -

{;: ; It 1s’coh&e Vable that epox1de 34 could undergo

ks substltutlon'reactlon w1th a su1table nucleophlle.such as
n1tnopropane-(34+?5) and'the resultlng aLcohol 35 could\
euentuélly,provide'the oouble bondiin‘queetionlby‘ ‘"' L
dehydration (36> 21) (Scheme 6). Towards'this eng,”enone

”31,wa5°subjected to“epoxidation using 30% hydrogen |

peroxide and'sodiuh hydroxide in methanol.83" a

£, A
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' bcrystalltne'conpoundv(m.p.:Bs—QGf%)‘xas proguced ap?S%»
yield. This compound was shown s@gotroscopically'to be
not the egoxide 34 but alcohol 57'resu1ting from an
: ‘intramolecular aldol reaction. = Its molecular composition
of C12H1802 wesﬂverified by the mass spectrum which
displayed a molecular ‘ion peak at 194.1306. The ir
spectrum indicated’the presence of hydroxy group.(3445 : ‘.:
cem~ 1y, saturated s1x-membered ring ketonem(1702 cm~1) and
R carbon~carbon doubi; band (1655 cn'l) In the 1Hmr,
‘spectrum, v1ny11c prbtons were observed at 8§ 5.00 and
4 96, each as a singlet integrating to one hydrogen aA, ' ;

i o

J“gtom.‘ The spectrum also showed three meth signals, one

douplet at 6 1.02 with a coupllng const Hz and two

singlets at 6 0.94 :and 1.12. ﬁﬁ suggested by its meltlng

¥

p01nt and lHm’r sp%ctrum, alcohol 37 was most 11ke1y gormed g

.n“m J

as a single stere0150mer. An examination of the Dreiding
ha gt 4
models reveals that, of the two possible epimers, the one
S
with an exo- orientatedlmethyl group is cont erably less

congested sterically. Hence, under quilibrium condi-

[ 4

tions, this compound could be produeed preferientially. It o

was based on these.considerations that the s reochemistry

-
- e

%  of alcohol 37 was tentatively,assigned.

~

The formation of alcohol 37 suggested an interesting

vand~remarkably~simple solution to the problem of

.

construct1ng the B/C ring system of a-patchoulene (1). Itj

‘1
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‘ LA ) - . .
-

'was realized that alcohol eould; in prihciﬁle, be
transformed to the required bridged bicycllc system zig_e.”
Wagner-Meerwein tearrang’emen_t84 involving the gigratloﬁ of
the strategic bond a as depicted in Scheme 7. .Since both.
thenﬁydfoxyl group and the keﬁone carbonyl are expecteé’to
provide aintional drivfng‘force; the desi(sq bpnd;

igration should proceed with ease and high-selectieity.

The lack‘of success in securinglenetrione 21 tequired

for the Michael-3ldol approach to a-patchoulene

" necessitated a ;eéireetien of the synthetic,strategy: At
i : ,
the same time, the rearrangement reaction ptesented itself
|

as a hpghly attractive pathway 1ead1ng to the

|

synthetically demandlng btidged ring system of the target{ -

molecule. As a consequence of these events, further -
studies were centered at.nhe7rearrangeﬂlnb,approach3 ' L *

Results are described in the following section. | -
C- L ) . ) ] . -

«

, _ o
B. The Rearrangement Approach

. . . ‘ e ‘
-+ In order, to make use of this approach effectively,xa

*

fundamental problem of- 1mmed1ate concé&n was the improve-

ment of the alébl reaction of 31 1ead1nq to the fonmaxiOn

-\

of hydroxy ketone 37. The\aldol 3eact10n 1s khown to be
t

'reversmle. ‘ In the p?esent case, he sxtuation is furthem ?5,
- ,."" ‘:'

%omplicated by the presenbe,°in the molecule, of

———
. -
. . . £~ L 2 . . ( *
' . . b P r v i
. Y ' o it A co :
R ] k< e

»
y:" fea :‘,7 . ”
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an a,ﬂ—unSqturated ketone moietg,!ploh can oaoily undergo

Michael " reaction (also reversibleowith external

‘\\/J A

nucleophiles. In order to suppress +these undesirable

cqQmpeting reactions, an'extehsivefsearzh of a favotable

combination of solvent and base was carried out. Solventsd

examined include methanol, chanol, 2-propanol; t-butyl

~ . alcohol, l,2-dimethox9ethane,,tetrahydrofurah, and

ey

sodium methox1de, sodium t- butoxide, and sodium hydride A

benhene, while pyridine, triethylamine, diisopﬁgpyiamine,
sodium‘cafbonate. potassium Carbonate, sodium bicatbonate,
were explored as potential bases Unfortunately. an ideal
set of condltlons,‘whioh would induceﬁexclusively the

desired reaction, could not bevreachedk"The best results

°  were obtalned when the reactlon was chried out in

,&&/

) recycllpg once the m1xture of adduct 39 an? the startanf

methanol at room temperature using soélum carbonate or'

pota551um carbonate as a base. Under these conditiens,

the desired product 37 was for%ed preferentially (two
parts) along with the M1chae1 adduot 39 (one par ), wh11e /

the startlng matdtial was recovered to. the extent of

b

(D
25%. Fortunately,,the tdtal mater1a1 recovery\ga_g~

S

excellent. v1rtua11y thhout any loss of ma>7rial. By

mater1al recovered, whxch was separated féom hydroxy , 'f..?f

v

3

K

lo,‘

by c°1umn chromatography, the desired compound

c0u1d be obtalned in a total yield of 75\ Thehstﬁucture

- /4
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of the Michael adduct 39 follows clearly from 1ts spectral
[

data. \The ler spectrum showed a methoxy151nglet at

,6 3. 52 aed a multiplet at 5 3. 50 for the meth !ene protons

—

adJacent to . the me thoxy group._ The methyl groups were ;

.found to r\senate at 6 1. 08, 0. 75 and11.22, the formerras‘

\ '
a tr1p1et and. the" latter two as 51ngAets.“ In the ir

spectrum, two carbonyl absorptlon b%nds were observed, one

at . 1736 cm,1 characterlstlc of a saturated’flve—membered

ketone and the other at 1706 cm-l for the‘butanone

';moiety. In further support of/the structural a351gnment,

the/mass spectrum d1sp1ayed\almolecular/;on peak=at'

- 226.1561" 1nd1cat1ng a molecuiar composit1on oﬁ C13H2203.
Although,~0n treatment w1th a Lowry Br¢nsted a01d or

a commonly used Lewis ac1d, hydroxy ketone 37 is expected

to undergo Wagner Meerweln rearrangement with the desired

7 m1qratory aptltude, such a process 1s virtually useless

for thewpresent synthetlQ purpose. This is 1mmed1ate1y ——
apparent;631nce the aht1c1pated product 38‘cou1d not be
eas11y elaborated “further due to the Yack of functlonallty
on the subst1tuent attached to the brldqe head carbon. It
is thus clear/that the rearrangement reaction alone is not
synthet1ca1;y'useful unless a funct10na11zed side-chain
can he 1nbroduced.to ‘the bridged~head carbon 51mul—
taneousry An exceed1ngly 1nterest1ng possibility ‘was the.
use of an acyllum ion to trlgger the Wagner-Meerwe1n

/
; i



rearrangement. As shown in Scheme 8, by such a process, a
hibhly useful ketonic sgiﬁ:chaln'could:be incorporated to
the molecule at a strateglc point. MoreoVer,’when a |
propionyl acyl1um ion is used, the ant1c1pated product 22
could,'ln prlnciple, be. subsequently cyc11§~d by an aldol
process to prov1de the complete, carbon skeleton of the

‘target molecule (1) Both aromatlc (Prledel Crafts
. acylat1on85) -and aliphat1c carbon-carbon double bond886'87
are well known to undergo addition . reactions with: acylium
ions which'are usually generated in situ from an active
ac;d der1vat1ve (e g. acid chloride) and a Lewis acid.
Adcordlngly, hydroxy ketone 37 was subjected to
‘fFrledelLCrafts reactlon with propionylium ion preformed
using propionyl'chloride and stannic chloride‘atk0°C in
;|carbon dlsulflde. However, hydroxy ketone 57 was found to
be unreactive under these conditions even ‘after a prolonged
perlod of tlme. OnrtJe other hand, when the reaction was
carried out,An chloroform at room ‘temperature, a compound
\\\\\xwas produced in 90%- y1eld. This compound was shown to
possess the molecular formula of C15H2203 in agreementtq
with the de51red produtt 22 by the mass spectrum wh1ch
dlsplayed a molecular ion peak at 250.1569. Howevef, the
1g~spectrum showed, in add1t10n’to_carbony1 aosor,tions at

1750 and 1734 cm'l, a band at 1686 c:‘m"1 9uggesting the

presence of a catbon-carbon double bond or an a,f~

v
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unsaturated ketone- moiéty, neither oi‘which could be

l
accounted for by the structure of the desired. compound -
. 22. It was further disclosed by a careful lﬂm nalysis
that the product was.1n iect not the desir%dazz but the
: isomeric e;gl proolonate 40. ‘A total of five methyl
signals were a pparent, three as singlets at 5 l 06, 1.03 .
and 0.85, onerbt 1. 43 (vinylic methyl) as a triplet with a
small allylic coupl1ng cohstant of 2 Hz, and the remaining
signal'atll.l7 also as a triplet which was found to
mutually couple>with a methylene quartetuat § 2 43, With
‘the aid of decoupling experiments, the.remaining_protons,
of 40ncould also be concluslvely determined as follows.
rThe bridge-head proton H3 appeared at 6§ 1.98 as a doublet
oﬁ doublets of doublets w1th three v1canal coupllng
constants of 7 (Hy_ 4),,4 (H3 2), and 2 Hz (Hj_ 1). Protons
Hy and H;}fwh1ch were found to resonate at &6 2. 53 and 2.22°
respectlvely, coupled to each other w1th a large geminal

coupl1ng constlant of 19 Hz. The former was' further

vcoupled w1th Hg (7 Hi),‘whereas H3-Hg coupling was nob

observed. Protons Hy (6 1. 91) and Hz (6 2.70) were found
also to couple to each other w1th a large gem1na1 couplinq

constant of 17 Hz, In addition, each of these protons was
- o
coupled with the brldge-head proton Hy (v1de

supra) and. w1th the v1nyl1c methyl group w1th a small

coupllng constant of 2 Hz. ‘ ‘ -

o . . . . -~
' b

t .

S
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To confirm the etructurar assiqnment, enol proﬁionate
“40 was subJected to treatment with‘sodium methoxide in
Dmethanol. Diketone AI thus obtained in quantitative yield

.showed, in its ir speétrum, two carbonyl‘absorotion bands,

.

one at 1738 em~ 1 for the five-membered rrng ketone and the
other at 1702 cm'%,f&r the 51x-membered ring ketone. A

molecular ion ‘peak was displayed at 194.1302 iqnthe mass

- spectrum in- agreement whth the requ1red molecular formula
of C12H1§QZ' The lHmr spectrumrshowed a doublet at 6 0.98
with a coupl ng constant of 7 Hz and three singlets at

6 0 97, 0 99 ang l 23 for a total of four methyl droups.

3
The fact that only one set of methyl 51gnals were observed

further suqqested that a s1ngle stereoisomer was
produced On ghe ba51s of thermodynamic stability, “the
stereochemistry was tentativelyaa551gned as depicted.

Several other Lewis acids were employed in attempts

[ *

to effect the transformation 37> 22. However, the use of

.

boron trifluoride etherate, zinc chloride, and aluminum

chloride all failed to change the course of the reaction.

:

In all cases examined, enol propionate 40 was formed as

the sole product'without €xception. The’ only maJor’

dlfferences ‘observed were the rate of reaction and the.

s

yield of product. - Aluminum chloride was shown to be the

S y .
most powerful catalyst. With this catalyst, the reaction

proceeded™more rapidly (1.5 h) than that with stannic

180
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chloride but the yield (75%) of product 40 was. somewhat

'poorer. 'Zinc chloride Was less effective than stannic
. . - .

chloride botﬁ igjterms of reaction rate (24 'h for zinc

“chloriide) and product yield (~70%). . With boron i
trifluoride etherate, the reaction proceeded;;“;t;“ﬁw

slowly; oniy 20% converéion was observed after 24xﬁi
fDuring the course of these -studies the follqwinq
r observation _was also made. When keto alcohol 37 was
exposed briefly (45 min) to prop10ny1 chloride in
methylene chloride at 0°C in the presence gf stannic
chloride or aluminum chloride, the co;respondlng
‘propionate 42 was formed in 95% yield. This compound;

which could be independently_formed by acylation;of 37

with propionyl chloride and pyridine in ether, showed,

the ir spectrum, ah ester carbonyl absorption band at 1731

182

em~1, a characteristic ketone carbonyl absorption band at .

1708 em™1 and also a weak absorption ban® at 1652 cm"1 for

carbon carbon double bond. A molecular ion peak was found

at 250.1567 in the mass spectrum in agreement with the

required‘molecular formula of,C15H2203Q“The lHmr spectrum

showed a singlet at & 5.01 for two vinylic protons. A
total of four methyl grodps‘waS“found at & 1.23, 0.99

-(singlets), 1.60 (a triplet with a coupling constant of

7.5 Hz), and 0. 96 (a doublet with a coupllng constant- of

9
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.7 Hz). The sfereochemistfy was- tentatively assigned as

depicted on the basis of thermodyramic stability.
" The isolation of propionate 42 aq? the outmost

formatlon of enol bropionate 40 in the Lewis acid

' catalyzed reaction of keto alcohol 37 with propionYl

chor1de strongly suggested that the reaction proceeded

via the mechanistic pathwaywoutiined in Scheme 9. Keto

-—n——-
L]

give the correSpqnding propionat¢ 42 which underwent

alcohol 37 was f#rst esterlfled gnder ‘acid catalysis to
subsequent rearrangement to give the diketone 41.
Esterification of 41 eventually resulted in the formation

of enol proplonate 40. An analy51s of the hypothetlcal
reaction pathway raised an interesting question. Since
hydrogenuchloride'was formed as a by-product in the | -

initiating step,s it is conceivable that the undesired

rearrangement reaction leading'ultiméfely to enol

© propionate 40 could have been induced by it. Inmthe:

absenoe of hydrogen chlor1de, proplonate 42 might well
undergo the "Frledel—Crafts reaction" g1ving-r1se to the
desired product 22. With this in mind, pure‘propionate.iz
wasusubjected to treatment w;th prqpionyl chlofide'and
stannic chloride in methylene chloride at 0°C.
Unfortunately, the prediction proved to be incgf&ect and
enol propionate was again produced in a high Yield of
~90%.“Similaf~reeu1ts were aiee obtained]using aluminum

N » \
. . \

Al . RU—
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chloride as a catalyst or the combination ot‘t?ﬂc bhlorido‘
and prdpionic anhydride.86  ' R ;_
¥ . . ﬂ '

The "Friedel-Crafts"™ reaction was also attempted on .

acetate 43 which was readily preparedlby treatment of ketgu
alcohol 37 with acetyl chloride and pyridine. It w;q
considered that the presence of a large propionate
substituent in compound 42 could hamper the donired
reactivity of ‘the double bond towards propionyltum ionﬂ‘.
The situation could be somewhat rectified by using the
smaller acetoxy group. Thus, acetate was treated with'
zinc chloride and propionic anhydride. Disappointingly,
the unde51red enol propionate 40 was again obtained as the
sole product in near quantitative yield regaréﬁgss of the
reaction conditions (0°C or refluxing in methyléne
chloride).
lén intramolecular 'Friede14Crtfts‘ processvwas also
'examined.with the intention of preparing an oxalic o
acid derivative 44 On exposute to a suitable Lewis acid,
this compound couid, in principle, proceed via the
”Fri;del-Craéts“ reaction in an intramolecular fashion to g
give compound 44 as outlined in Scheme. 10. Towards this
end, hydroxy ketone 37 was treated with oxéljl chloride
and, stannic chloride at 0°C for 24 h.“Unexpectedly, under
" these conditions, keto alcohol 37 underwent a retro-aldol

reaction giving ri'se to enone 31 as the major product. In

»
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7another experiment a complex mlxture was " formed when keto
alcohol 37 was treated with pyr1d1ne and oxalyl chlorlde _
in metﬁylene chlor1de at 0°C for 5 min followed by the
”add1t1on of stannlc chlorlde and allow1ng the mlxture to
'react at‘room temperaturemforizo.h.

The above experimen&s were so designed'that‘thekb
‘wagnerLMeérwein rearrangement\of‘keto alcoholb37 cpuld beil
effected with concomitant’ 1ncorporat10n of{a su1tably
functlonallzed three-carbon unit to the molecule at a4 7
strateg1c;posrtlon. After, a long search for approprlate ‘
reactioniconditions without 5uccess, it‘was deemed |
"lnecessary to modlfy the synthetlc plan.= As noted'i

_aprev1ously the Wagner—Meerwe1n rearrangement w1ll not be
_dsynthetlcally useful»unlesstthe br idge-head substltuent of
“ the“prodUct»cou1d be simultaneously.functlonallzed; )ln
approaches to thls problem, epox1de 24 represents 1tself
as an attractlve alternatlve candldate to fulflll the‘ ,
requ1rements.y This compOund is expected to undergo faclle
'rearrangement (Scheme 11) under ac1d cataly51s to glve
v‘hydroxy dlone fS posse551ng\not only the B/C ring system K
. of the target molecule (1) but a hydroxymethyleneAgroup on
‘the'brldge-headvcarpon su1tab1e for further manipulation.
'b'Towardskthe_preparation of epd%ide,24,88,keto,alcoholr
,37;was.treatedeith m:chloroperbenzoiclacid'in‘methylene
' chloride[atlroom'temperatqre. After 3 h}*the reaction was'

( : vt
S e L #
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'* directly to the oxygen atom and the absence f‘an'

shown to be’ complete and a mixture of two epimeric -

epoxldes 24 in ca. 3 2 ratxo was isolated in a total

1

190

yreld of 85%. The-m1xtdre showed a hydroxyl absorptlon at

3494 cm~! and a ketone carbonyl'absorption at 1704 cm™l in

the ir spectrum ahd a molecular ion peak at 210.1255‘in

the ‘mass spectrum. Ihe lgme spectrum showed two one- .
proton doublets at 6 2.93 and 2, 81, -each with a coupllng

3 oo
constant of~4 Hz, for the methylene group attached _ fuﬁf

protons. In addition,: two sets of methyl 51dnaTs’1n

\

ratlo of ca. 3 2 were observed 1nd1cat1ng the presenCe of

two dlastereomers. For the major 1somer,vthe 51gnals E

- appeared at 6 0.9 and 1. 02, each as a 51nglet, and at

5 1. 28 as a doublet w1th a coupllng constant of 7 Hz//w

,whxle the minor set con51sted of a doublet" (J = 7. Hz) at

5" l 11 and two 51nglets at 6§ .89 and 0.96.
/
" When the epox1dat10n reaction’ of keto alcohol 37 was
performed for an extended period of 16 h, two crystalllne

compounds were formed in a ratio of 3:2. The minor

product, m.p. 117-118°C, was found to be identical ‘by lﬂmr

LY

4nalysis with the minor epoxy ketone obtained previously.
The major product (m.p. 96-97°C), which was found to be a

new compound, showed, in the ir spectrum, a hydroxy"

_absorption band at 3495'cr>n-1 and two carbonyl absorptions

(}E 1732 and 1703_cm‘1 characteristic of five-membered and

-
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six-membered* ring ketones'respectively. The molecular
P

formula of C12H1803 as determined by the mass ‘spectrum
1nd1cated that it was an 1somer of epoxy ketone 24. These
spectral evidences coupled with the‘mechanistic consider-'
ations (Scheme 11) stggested that the compound was the
des1red-rearrangement produ;t 25. The structure was

lyme Spectrum‘which displayed two. methyl

’ A
singlets at 6'1 16 and 1. 43 as well as a methyl doublet

confirmed by

(J = 7 Hz) -at 6 1.08, The latter 31gnal was found to
‘mutually couple‘with the quartet at ) 3.01 which was
attr1buted to Hg. - The presence of the'hydtoxymethylene'
un1t was evident from the. doublets at § 3.93 and 3. 84,
which were shown to couple with eech‘other with a large

geminel coupling constant of 11 Hz, and the singlet at

8 1.79 which disappeered on addition of deuterium oxide.

Also in agreement wlth the assigned structure were signals
at & 2.19; a douplet of doublets of doublets»with coupling
. constants of 8, 3.5 and 3 Hz due to Hj, & 2.60 and/X.QG_
for thermethylene’protons h; and Hg tespectively,;the
former as a doublet of doublets of doublets (H4 5. = 19,
Hy_3 = 8, and Hy-p = 3 Hz) and the latter as a doublet

with a geminel coupling constant ‘of 19 Hz. The methylene
protons'of the six-membered ring ketone appeared at § 2.38
(Hy) and 2.86 (hz) equpled to each other with a large

couoling constant of 17 Hz. Proton H, was fufther»coupled'
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to'both Hy (J = 3.5 Hz) and Hy (J = 3 Hz) while only one
additional coupling was obServed for Hy (Jj.3 = 3 H?j;.
The findings that, under the.similar conditions{!i
briefhtreatment of keto alcohol. 37 gave a mixture of two
eooxides 54 in ca. 352 ratio whereas prolonged treatment.u
resulted in ‘the formation of a single isomer of epoxide 24
and dihetone 25 also in 2:3 ratio, suggested that the
maJor isomer 1n1t1a11y produced in the epox1dat10n
underwent’ select1ve1y rearrangement reaction’ to glve VLQQ

r",

d1ketone 25. _The ease of rearrangement of the maJor

.1somer fur. er suggested its strue\ure of 45 (and thus %

structure . 46 for ;Le minor isomer) in whigh the carbon—

'roxygen bond - and the"carbon—carbon bond 1nvoibeg\1n the
rearrangment process are allgned in a favorable AEE}\\\
"parallel manner.

The rearrangement'of.the minOr epoxide 46 could also
be effectlvely carried out, although somewhat more severe
cond1t1on5'were feeded. Upon treatment of 46 w1th stannlo
chloride89 at room temperature.ln chloroform for 8 h,
diketaone 25 was formed in 92% yield. Under similar
»conditions,'the.epimerib mixture of keto egoxides 45 and
. 46 furnished, as expected, diketone 25 as the sole'product
in 95% y1e1d. |

Prior to further dlscu551on, it is deemed*aooropriate,

to summarize the_results. (—)-Campholenic acid 28 -
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' , : \
" obtained from the commercially available (-)-%-

camphorsulfonic acid ammonium salt by treatment with

it

molten pogggsium hydroxide was cohéﬁrted.to the

: corresponding ethyl ketone 29 with ethyllithium. Photo-

oxygenation of ketone 29 in dithloromethane in the

presence of acetic anhydride, pyridine and 4- , .

194

dimethyla@inopyridine using TPP as a photo-sensitizer gave:

enone 31 which was subjected to treatment with potassﬁgm
éarbonate in methanol. Epoxidatién of the resulting keto
alcohol 35 géve‘the epimericnmixtUre of ‘epoxy Kketones 45
-and 46‘w;iéh;underwent rearrangement on exposure to )
stannic chloﬁfdé to giye hydroiniketoné 25 ([a]%3 =
;16.39°, c =;1.55, CHC13). Thus the B/C iﬁg<systan of
a;patéhoulene (1) with the cogr&ct absolqte configuration
and the requifed méthyl substiéﬁéhps was established by a
six-step syqthetic sequence. |

The conversion d{\hydfoxy,diketone 25 to the target

. molecule requires a five-membered ring annelation. . Our

synthetic plan called for thé conversion of the hydroxygi
. . \b,’

methylene substituent to a 2-butanone moiety using

nitropropane as an acyl carbanion equivalent as shown in

Scheme 12 followed by an intramolecular aldol reaction for

L8 '

rind‘closqre.

j‘Towérds this end, hydroﬁy diketone 25 was subjected

90

to ogidation with pyridinium chlorochromate in methylene
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chloride with sodium acetate. The reaction proved to be

fruitless. Under normal- conditions, the starting material

was recovered intact, presumably due to the formation of a

stable complex with the assistance of two adjacent

T

c rbthl groups. On the other hand, a complex mixture was
L4
- produced when the reaction was performed at elevated

temperature over a prolonged period of time.

Alternatively, hydroxy diketone 25 was oxidized using

Swern's modification of the‘Moffatt oxidation.75 " Thus,

compound 25 was treated with a preformed solution: of

dimethylsulfoxide'and oxalylichloride ln'methylene,
chlaride at -78°C for 20 min, followed by addition of
triethylamine and a@lowlng the react1on m1xture to warm up
to room temperature. Diketo aldehyde 47 was produced in

near-quantitative yield as a mixture of a pair of

-inseparable epimers (3:1) whlch showed, in the 1Hmr

spectrum, a singlet at 6§ 9.79 and a doublet (J = 4 Hz) at
5 9.49 in a ratio of 3:1 for a total of one aldehydic

proton. Two sets of methyl 31qnals, each cons1st1ng of

. two singlets and a doublet, were also observed w1th the

' maJor signals at 6 1.35, 1. 22, and 0.96 (doublet) and the

m1nor ones at & 1.30, 1.20 (doublet) and 1,11, In

agreement w1th the structural assignment, the mass

‘spectrum showed a molecular 1on peak at 208 1094 whereas -

the ir spectrum_exh1b1ted the d1agnost1c absorption bands -



at 2830 and 2720 cm~l for the aldehyde group in addition

to carbonyl absorptions at 1740 and 1712, em~1,

Diketo aldehyde 47 was treated with nitropropane and .

potaﬁsium carbonate in methanol?? in anvéttempt to extend
the aldehydic chain. Acetylation of the .crude material
éave a major product (52% yield), which was readily
identified as the tricyclic dikéfo'acétate 49, without .the
férmation of the desired nitro acetate 48. The same. |
result was also obtained when diketo aldehyde 47 was

91

treated with nitropropane and potassium fYueride’!l in
. . . & -

"isopropyl alcohol followed by acetylation. Diketo acetéte

NW@f.which resulted apparently from an intramolecular aldol

condensation of diketo aldehyde 47 and subsequent

H

acetylation of alcohol 50, was isolated as a single

4

‘stereoisomer as indicated by the 1Hmr spectrum showing a

single set of‘methyl singlets at & 2.14, 1.36 (six
‘ - .
protons), and 1.19.  The stereochemistry of the asymmetric

.

carbon bearing the acetoxy group remains, however, to be

" determined. s

- On the basis of the abové observations, it became

necessary to modify the ketone carbonyl attached to the

~six-membered ring of dixetone alcohol 25, preferably to

. ‘ ' . .
the carbon-carbon double bond present in the target

molecule, prior to thé introduction of the 2-butanone

'moiety.. Initially, diketone aléohol'25 was directly

v
;e
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subjected'to reduction ué;ng sodium borohydride, lithium
aluminum hydride or sodium bis(2-methoxye££oxy)a1um1num‘
»hydride92 as a reducing agent. 1In all cases éxamined, the
reaction was found to be non-selective giving rise to a
complex mixturevof pfoducts; To circumvent this problenm,
the hydroxyl group, which uﬁdoubtedly contribited at }east
in part to the difficulties encountered, was ggotectgd in
.the form of a'trimethyisilyl ether. This was effécted by
brief treatment éf compound 25 with triethylam;ne,|4—
dimethylaminopyridine, and trimethylsilyl chlorideg3 in
methQIene-chloridé at room‘tempe:ature. "Diketo silyl
ether 51 thus obtainea‘ih 80% yiéld,showed,-in.the ir )
' spectrum, two.intense carbonyl bands a£ ;7ﬁ0 and 1708 cm™ 1"
and the absence of the hydtoxy)absorption.vizp’;he maks .
spectrum, a molecdla; ibn peak was displayed at 282.1651
‘corresponding t$~£he required formula of C,5Hy035i. The
lamre speifrum'showed twé/three-proton singlets at & 1.32
and 1.04‘due to the gem-dimethyl‘group, a methyl doublet
at & 0.95 witﬁ a coupling constaht\of 7 H;, and a high-
field singlet (& 0.04) inteérating to nine protons for the

trimethylsilyl qgroup. -

Selective reduction dfkdiieto silyl ether 51 with one
equivaleht of lithium tri-tert-butoxya1uminohydride9‘4 in
ether at room temperature gave a 95% yield of two isomeric

keto alcohols in a 5:1 ratio; each showed a molecular ion
_ v .
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poan at 284.1806 in the mass spectrum. In the ir
spcctrum,.the mcjor isomer, m.p. 113-113.5°C, displayed
absorption bands at 3510 and 1734 cm'I for a hydroxyl —
group and a ketone carbonyl respectively. The™ ir opectrum
-of the minor ‘isomer, m.p. 132 133 5°C, was found to be,

-1 .and a

similar with a hydroxy absorption at 3275 cm
carbonyl band aé 1727 cm~l. The fact that each of these
compounds showed a carbonyl absorptxon which could be
attributed to a cyclopentanone moiety indlcated that the
desired selective reduction of the‘six-membered ring

ketone of compound 51 had occurred giving-rise to a palr'

of epimeric keto alcohols ‘52. As further confirmation of
the sc;ucturaldassignments, the MHmr spectrum of each |
epimér showod a nine-pfoton singlet at 6 0,00 clcarly a
indicat?ng that the trimethylcilyl ether protecting group
was intact during the reaction. ‘

e The formation of the eplmerlc ‘keto alcohols 52
Zrepresents the current advance in our studies towards the
-total synthe51s of a-patchouleno (l) Further ,

1nvest1gation via olef1n 53 is currently being carried out

in our laboratory.

B
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EXPERIMENTAL

-

General

For general remarksasee thétexperimenta& section of
Study I of this.phesis;‘ Optical rotations were measured

using a' Perkin-Elmer 141¢polarimeter;
: ¥

c
»

Materials

‘ Tetrahydrofuran wasafreshly dlstllled from 11th1um D
m‘aiamlnum hydrlde.' Methanol was purlfled by reflux1ng and
dlst1111nq over magn351um turnlnqs. chhloxomethane was
\washed with 10% sod1um carbonate aqueous solutlon, drled ,

rqyerlmagneg&um sulfate and QLStllled over calcium
| chloridé.ﬂVOthet solvents Qeré parifiéd byrthe_proaedures,
descrlbed in the experlmental sectlon Study I. 1-104

Camphorsulfonlc acid ammonium salt was obtalned from

Aldrich Chem;ca} Comgany.

. ES .
R s
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(-)<tampholenic acid' (28)
) _
g

Pota551um hydroxxde (~85% pure, 265 df‘gafmol) was ’

1fused in a ten 1nch porcelaln casserole with a Bunsen
N * 3) :

burner. The flame was removed and ( )= - 10—'
camphorsulfon1c ac1d ammonium salt (27) (25 q, 0. 1 mol)

© was added slowly with v1gorous st1rr1ng over a perxod of

EY

10 min. The brown - solld was heated aga1n w1th a Bunse-

~ burndr until it turned into a yellowish syrup. Afte the

molten mass was cooled to room temperature, water (500 i)

»

was ‘added slowly to dissolve the hard cake. The resulting

solution was extracted with-ether £2 3’200 mL): The ?
aqueous‘layer was cooled to 0°C and acidified with ice-
colq 6 N.aqueous hydrochlbric“acid; The,acidic~solution
was extracted with dichloromethane (3 x 100 mL).- The
organlc 1ayer was’ separated and washed with water (300 - -
"mL). The extracts 'were combined, drled, flltered and |
concentrated,.,The crude/material was distilled at 102e ' '
103°C/2 torr to.give the pure acid 28 (lé q; 95% yield):
(2133 7 =7.0° (c = 0.8, CHCl3); ir 3500 (COOH) am) 1718

-1 (c 0),r1Hmr 5 10.90 (br.s, 1H, -COOH), 5.20 (br.s,
»lH, -CH ), 1.60 (br.s, 3H, éCH3), 0.99 and 0.77 (both s,
3H each, 2 X -CH3),.ms Mt 168.1150 (calcd. for C10H1602
'168.1150). Anal. Calcd.' for CjgHyg02: C 7138, H 9.59;

‘ [l
Found: C 71.42, H 9.63..
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4-(2—0xobuty1)~1L5,S-trimethy1cyclqpentene (29)

N
¢-)-Campholenic acid (4.2 g, 25 mmol) was dissolVedv
in“é mL of.bénzene under a nitroéen atﬁosphere at 0°cC. ‘A
0.5 M solution of ethyllithium in pentane (100 mL, 50
hﬁolr was édded:slowly over a beriod'of 10 min. The
reaction mixﬁure was st?r}ed for 3 h and pbgred'into ice-
cold 1 N aqueqpé hydrochloric écfd’solution (100 mL) with
vigorous stirring. The organic layer was separated and’ S
the aqpeous'layer extractedAagain withndiéhlorometﬁane (2.
X 20 mL); The organic extracts were Qaéhed'Wiéh-brine;
‘combined, dried, filtered‘and:concenﬁratéd. The pure
ketone "29 was obkained (4.14 g, 92%) after the crude
material was purified by column chroma#ography on silica
gel with benzene—hexane (1:19) elution. The folldwingR
spectrai data were recorded for 29: ir 1%02 (C=O) and
1368 cn™l (CH3); ms M* 180.1511 (calcd. for C1 2Hp00:

180.1514); lHmr & 5.21 (br. s, 1H, =CH-), 1.61 (br.s, 3H,

écn3), 1.06 (t, 38, J =7 az,]—cnzq_3),‘o.99 and 0.78
(both s, 3H each, 2 x -CH3); [2123 = -19.04° (c = 1.68;
' CHCl3). ‘Anal. Calcd. “for CjpHpg@: C 79.94, H 11.18;

: ¢ |

" “Found: C 80.27, H 11.23.
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3,3-Dimethyl-2-methylidene-4-(2-oxobutyl)cyclopentanol

(30)

. A solution of the.keibne.zg (3.3 g, 18.3 mmol) and
methylene blue (100 mg) in methanol‘(250 mL) wa§\i g
irradiated with two 200 W tungsten light bulbs for 5
- days.v During this period a moderéte streém of oxygén_was
bqbﬁled;through the solution. .Dimethyl-sulfide'(é mL,
"0.11 mol) was édded.;.After stirf@hé at room temperature
for '10 h, ‘the resulting solution wés poured into ice-cold
1 N>aqueous hydrochloric acid solution (500 mL) ‘and

s

extracted with dichloromethane (3 x 150 mL). The extraéts
'were/washed'with watef, combined,‘dried, filtered and
‘concenirated. The residue was cﬁromatogréphed on silica
gel. Elutioﬁ with a solution of 5% efher in hexane gavev
the starting material 29’(363'mg,’11%:recoveryi. Further
iéiution with‘a solution df 40%-ether‘in héxane afforded an
epimeric mixture of allyliéﬁalcohols 30 (2.6. g, 73% R ¢
‘yield): 'ir 3420 (OH) and 1702 cm'l'QEEO); ms Mt 196.1463
(calcd. for CyoHypOp: 196.1456); lHmr & 5.17, 4.98 (both
"br.s, lﬂ“eaéh, =CH2); 4,44 (br.d, 14, J = 7 Hz,]—éﬁo-)'
1.14, 0.84 (both s, 2.7 H each, 2 x -CH3), 1.08, 0.87
(both s, 0.3 H eéch, le'-CH3),,l.0§((t, 2.7 H, J } 8 Hz,
_CH,CH3), and 0.94 (t, 0.3 H, J = 8 Hz, -CHyCH3). When

the.chrqmatogtaphy was carried out very slowly, the major

[
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epimer could be isolated in phre form}ahd showed [a]%3 ;
‘-42.§4° (¢ = 0.34, QHC13). Thé‘ir and mass séecfra were

found to be similar to those of ﬁhe'mixgyre. The 1Hmr'-
'signals were'identiéal to those of the h%jof'cpmpdnent of
) the_épimé;iéJmixturei 65 5.17, 4.98 (both}d, 1H each,

J = 1.7 Hz each, éé%z), 4.51 (ad, 14, 3 =17, J' = 3'ﬁzﬂ

-éHO-), 1.i4, 0,84'(bo€h s, 3H each, 2 x =-CH3), and 1.66

(t, 34, J = 8 Hz, -CHCH3). | - | |

. . .

3,3fDimethyl-i—methylidene~4-(2—oxobuty1)cyclopentanone

»

.(a) From alcohols 30

At -78?C, oxalyl chloride (0.55 mL, 6.3'hmol)‘was
dissolved in dichlbéo%ethane (10 mL) underfa nitrqgen
'atmospheré. A'solution of DMSO (0.98 mL,'I3.8 mmol),in‘

"dicﬁloromethane (5 mL) was added drbpwiée over a»pefiod bf» )
‘S'min_with stirrihg. After 20 min, a solution of allylic
alcohols 30 (1.12 g, 5.7 mmol) in dichloromethane (5 mL)
was;édded slowly over a period'of 15 min. ' The resulting
milky solution was sﬁir;ed fér 10 min and then'é éolutiqn

of triethylamine (3.8 mL, 27.3 mmol) in dichloromethane

was introduced in a dropwise manner over a 20 min

period. The sdlution,ﬁas allowed to warm Up.élowly to

~ room temperature. The yellowish solution thus obtained e

-+
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was stirred for 2.h, peured into ice-cold 1 N aqueous
hydrochioric acid éolution (30 mL) and extracted with
dichloromethane (3 k»lo mL). The extracts were washed
with brine, combined, dried, filtered and concentrated..
The crude material'was.purified by medium pressufe flaeh'.

et

cnromatography'en silica gel. Elution with a solution of\
10% ether in hexane gave a,B-unsaturated ketone 31

-(1.03 g; 93% yleld): ir 1728 (enone C=O), 1710 (C 0) and
1634 cm'1 (c=C); ms M 194.1306 (calcd. for Cy,Hy1807¢
194.1307); lHmr 6 5.95, 5.18 (both s, 1H each, =CHy),

1. 22, 1.01 (both S, 3H each, 2 X -CH3), and 1'.07 (t, 3H,

J ‘= 8 HZ, -CHZC_3)

(b)' From ketone 29

i i

A solutloh of the ketone 29 (§67 mg, 5‘4 mmol),'
acetic anhydrlde (0.55 mL, 5.9 mmol), pyr1d1ne (0.47 mL,
5.9 mmol), TIPP . (10 mg) and DMAP (12 mg) in dlchloromethane
(200 mL) was 1rrad1ated with two 200 W tungsten 11ght
bulbs for 8 h. During tP1s‘per10d a moderate stream of
oxygen’was_bubbled throngh the solution. After stifring
at room temperatnre for an additional period of 8 h,'the.
‘reaction mixture was washed with wate} (2 x 50 mL) VTThe

organic\solutlon was dried, filtered and concentrated.

The residue was dissolved in methanol (10 mL), filtered -



. , : |
through ceLite.545, and concentrated. Chroﬁatography.of
the residue on silica ‘gel, eluting with a solut1on of 5%
ether in hexane gave, the starting material 29 (174 mg, 18%
recov f&). Furthervelut1on wlth a solution of 20% ether

'in,hexaﬁﬁ;affcrded d,B-unsaturated‘ketonex31 (636 mg, ' 60%

. yield). . |

.o .
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3,34Dimeth¥;-2-(2-nitrobuty1)-4-(2—0prut§l%gycLépentanone--

(32)

Anhydrous potassium carbonate (200 mg ., 1 45 mmol) waé
added to a solutlon of nitropropane (2 3 mL, 25 mmol) in
methanol (20 ‘mL).' A solutlon of: a,B-unsaturated ketone 31
"(2.03 g, 10v5 mnol) in methanol (3 mL) was then added,
‘The react1on mixture was stlrred at room temperature under
vén argon atmosphere for 16 h, then poured into water (50
mL), and extracted w1th dichloromethane (3 x'15 mL). The
extracts were washed with water,udried, filteredvand
vconcentrated; The crude material was purified by column
,vchromatography on silica gel. Elution with a solution of
40% ether in hexane afforded nitro ketones 32 (2.9 g; 98%
yield): ir 1732, 1708 (C=0) and 1542 cm™} (NO); ms m/e
7282.1698 (M+-1, calcd. for CysHoyNOg: 282'17053

Recrystall1zation from ether—hexane gave wh1te SOlldS,

m.p.\82-83°C, wh1chvshowed the same ;r and ms speetral '

L
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data. In the lHmr spectrum, the following signals were

_observed: & 4.90 (br.m, 1H, Jéunoz)” 1.06, 0.64 (both.s,
3H each, 2 x -CH3), 0.98 and 0.89 (bath s, 3H each, J = 8
Hz each, -CH,CH3). Anal. calcd. forfC15H25N04= C 65.58,
H 8.89, N 4.54;'Founq:v‘C'63.29, H 8,90, N 4.82. |

3,3-Dimethy1-2,4-bis§2-oxobuty1)qyclopentanone (26)

N1tro ketone 32 (252 mg, 0.9 mmol)vwas dissolved in
methanol (5 mL) and a 1.4 M solution of sodium methoxide
in methanol (0.8 mL, 1.12 mmol)‘was added. At -78°C,
ozone (conditions: E - 80 V, air inlet = 8 psi, ozone
outlet = 0.06 p51) was allowed to pass through this
solution unt11 a blue color was retalned. After 15 min,
the reaction mixture was purged with argon to remove
excess ozone. bimethyl sulfide (2SmL) was then added.
The mixture was stirred at room temperature for 7 h,
acidified with ice-cold 1 N aqueous hydrochloric ac1d (20
mL),‘énd extracted with dichlbromethene (3 x 10 mL). The
extracts were washed with brine, dried, filtered and
concentrated. The crude meterial was purified by column
chromatography‘on silieé _gel. Elution with a solution ofv
25% ether in hexane gave rise to the triketone 26 (197 mg;
87% y1eld)’ m.p. 68 69°C (ether-pet. ether), ir 1736 ..and .

1708 cm’1 (c=0); ms M* 252.1728 (calcd. for CygHy403:

209
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252.1725); limr 6 1.16, 0.98 (both t, J = 7 Hz each, 2 x

-CH,CH3), 1.05 and 0.65 (both s, 3 H each, 2 x -CHj3) .

-

.
-

1-Hydroxy-2,6,6—trimethy1—7-methy1i@enebibyclo[3.2;1]-

octan-3-one (37)

Anhydrous pptassium carbonate (100 mg, 0.73 mmol) was’
added to a solution of d,s—unsaturated‘ketone 31 (1.02 g,
5.3 mmol) in methanol (5 mL). After stirring at room

“temperature for 4 h, the mixture was poured into water (30

. mL) and extracted with dichloromethane (2 x 20 mL). The

extracts were washed wfth brine, dried, filtered and
concentrated. The residue'was suﬁjected to column
chr&matography on silica gel. ‘Blution with a solution of
20% ether in hexane afforded the starting matefial 31 (255
mg; 25% recovery). Further elution witﬁ é solution of 30%

ethégvin hexane gave a mixture of epimeric diketones 39

. '“(“;‘-" i _ . .
* (297 mg;-25% yield): ir 1740 and 1717 cm™! (C=0); ms M*

226.1561 (calcd. for C)3Hp;03: 226.1569); 1Hmr & 4.53 (m,
2H, -OCH,-), 4.29 (s, 3H, -OCH3), 1.17, 0.70 (both s, 3H
each, 2 x -CH3), and 1:02 (t, 34, J = 7 Hz, -CH,CH3).
Fuéther elution with a solution of 46% ether in hexane .
géve rise to keto alcohol 37 (510 mg;'SO% yield): m.p.
95-96°C (ether-pet. ether); ir, 3445 (OH), 1702 (C=0) and

1655 cm~1 (C=C); ms M* 194.1306 (calcd. for C)H1g0y:
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194.1307); lHmr & 5.00, 4.96 (both s, 1H each,’=CH,),

1.12, 0.94 (both s} 3H each, 2 x -CH3), and 1.02 (d, 3H, J

= 7 Hz, -éﬁqgs)a

1,2,8,8-Tetramethyl-3-propanoyloxybicyclo(3.2.1)oct-2-en-

7-one (40)

At 0°C, keto alcogol 37 (457 mg, 2.36 mmol) was
dissolved in chloroform (6 mL) under an argon atmosphere.
Propionyl chlo?ide (0.62 mL, 7.1 mmol) and stannic |
( chloride (0.83 mL, 7.1 mmol) weré¢ added to the solution.
| ﬁ%ter stirring for 4 h at foom tempreature, waterv(20 mL)
and then ice-cold 1 N aqueous hydrochloric acid¥{(30 mL)}"
were added. The mixture"waé extfacted with Qichlbro-\
methane (3 x 10 mL). The extracts wefé washéd with
saturated aqueous'sodium carbonate solution, water, dried,
Af;ltered and concentrated. The crude’ﬁatérial was puri-
fied by column chromatography on silica gel. Elution with
; solution of 30% ether in hexane afforded.enol propionate
. 40 (531 mg; 90% yield): ir 1750 (ester C=0), 1734 (C=0)
and 1686 em™! (c=C); ms M* 250.1569 (éalcd. for C15H2203:
250.1569); lHmr 6 2.70 (ddt, 1H, J = 17,°J3' = 4, J" = 2
Hz, =$-én—),‘2.53 (dd, 18, J =19, J' = 7 Hz, -coéH-).
2.43 (a, 24, J = 8 Hz, -COCHaCH3), 2.22 (4, 1H, J = 19 Hz,

-COéH—)’ 1098 (ddd, lH' J = 7' J' = 4' J" = 2 HZ,

4
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-CHyp- éu-cnz ), 1.91 (dt, 1H, J = 17, J' = 2 Hz, é éu ),
1.43 (t, 34, J = 21z, écu3), 1.17 (t, 3H, J = 8 Hz,
-cnzq_s), 1.06, 1.03 and©0.85 (all s, 3H each, 3 x ~CH3);
13cmr 6 211.0, 172.4, 143.4, 121.5, 57.0, 41.9, 40.9,

38.4, 33.9, 27.4, 25.0, 18.8, 11.4, 9.5, and 9.1.

“n
r

1,2;8,8-Tetramethylbi¢yclo[3.gyllogtane—317-dione (41)

* =
" ¢

Bnbl'prbpionate 40 (190 mg, 0.76 mmol) was dissolved
in methanol (4 mL). A solutiénddf sodium methoxide inl
methanol (1.2 M, 1 mL, 1.2 m@ol) was added. The reactioﬁ
mixture was brought to reflux. After 3 h, the mixture was
acidified w1th ice-cold I*Nﬁgqueous hydrochloric acid (20
mL) and ex;racted with dichloromethane (2 x 10 mL).. The
extracts were washed with water,lAried, filtefed and
concentrated. The crude material was purified by‘column
chromatography on siiica.gei. Elution with 10§ etﬁer in
hexane gave rise to diketone'&lv(l47 mg; 100% yield): ir
1738 and 1702 cm~1l (Cc=0); ms Mt 194.1302 (calcd. for
CyoH1g0p: 194.1307); lHmr 6 1.96 (d, 1H, J = 19 Hz,
‘-+—coqu-), 1.23, 0.99, 0.97 (all s, 3H each, 3 x -CH3)}

and 0,98 (d, 3H, J = 7 Hz, -éH-Qﬂ3).
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2,6L§-gjgmethy1-7rmethyl1dene-l-propangyld&xpicyclo-
[3.2.1)octan-3-one (42)

(A) From Stannic Chloride and Propionx;‘Chloride

Keto alcohol 37 (186 mg, 0.96 mmol) was dissolved in
{

‘dichloromethane (3 mL). Propionyl’ chloride (0.1 mL, 1.15

mmol) and stannic‘chléride (0.1 mL, 0.86 mmol) were added
to the solution atbﬁ”c under an argon atmosphéYe.‘ After
sﬁgrring for 45 min at 6°C, water and then ice-cold 1IN
aqueous hydrochloric acid (30 mL) were added. The mixture
was extracted with-dichloromethahé'(g x 10 mL). The
extracts were washed with saturated adueous sodium
carbonate solution and water, dried, filtered and

concentrated. The crude material was purified b9icplumn

chromatography on silica gel. Elution with 5% ether in.

hexane gave propionate 42 (228 mg; 95% yield): ir 1731,
1708 (C=0) and 1652 cm~1 (C=C); ms M* 250.1567 (calcd. for

C15H22033 250.1569); 1Hmr 6 5.01 (ﬁ, 2H,_=CH\2), 1-23'
0.99 (both' s, 3H each, 2 x =-CH3), 1%60 (t, 3H, J = 7.5 Hz,

[

(B) From Pyridine and Propionyl Chloride .
Py ‘

Keto alcohol 37 (194 mg, 1 mmol) was dissolved‘in

dichlqgomethane‘(? ﬁL). Propionyl chloride (0.{/25, 1.15



mmol) and pyridine (0.1 mL, 1.26 mmol) were added at 0°C

under a nitrogen atmosphere. After stirring for 8 h at
room temperature, ice-cold 1 N aqueous hydrochloric‘acid

%

(20 mL) was added.‘ The mixture was extracted wi;hA )
udichI;romethahe (3 x 10 mL). The extracts were washed
with brine, dried,‘fi}tered and concentrated. ‘The crude’
product was purifiéd by column: chromatography on siligé
bgel.- Elution with 5% ether in hexang afforded éropionate

42 (250 mg; 100% yield).

1-Acetoxy-2,6,6-trimethyl-7-methylidenebicyclo-

[3.2.1)Joctan~3-one (43)

N . . Q
Keto alcohol 37 (122 mg, 0.63 mmol) was dissolved in

dichioromethane (3 mL). Acetyl chloride (0.06 mL, 0.84 .

mmol) and pyridine (0.1 mL, 1.26 mmol) were added to the

solution at 0°C under a nitrogen atmosphere. After

stirring}for 8 h at room temperature, ice-cold 1 N agueous

hydroghibric'aCid (30 mﬁ; was added. The mixture was
exéracied with,dichloromethane (3 x’lO hL)r The extracts
were washed with briﬁe,-dried, filtered and
’Aboncéhtrated. The crude product-waé(pﬂrified'by column
chromgtography on silica §e1. Elﬁtion withAS% ether in

hexane gave acetate 43 (148 mg; 100% yield): ir 1730,

1708 (C=0). and 1652 cm~! (C=C);,ms M* 236.1413 (calcd. for

114
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Cy4H2003t. 236.1412); lHmr 5.18, 5.06 (both d, 1H each, J
= 2°Hz each, =CH,), 2.06 (s, 3H, -COCH3), 1.14, 0.86 (BBth
s, 3H each, 2 x —CH3), and 1.04 (d, 3H, J = 6 Hz,

éHC__s).

‘Spiro(l-hydroxy-2, 6 6~ trimethylbicyclo(3 2., 1]octan— -one) -

2'-okirane (24)

[N

m-Chloroperbenzoic acid (ca. 80% que, 236 mg, ~ 1.1
mmol) was edded to afsolution of keto alcohol 37 -(194 mg;
1 mmol) in dichloromethane (5 mL). After stirring for 3 h.
under an argon atmosphere at room témpe:atﬁre, a 10% o
agueous sodium sulfite solution (20 mL) was added. The.
qrganicvlayer was separated and washed with 10% aqueous'
odium‘bicarbonate eolution (20 mL). The aqueous layer
was extracted w1th d1ch10romethane (2 x 10 mL). The
organlc solutlon was washed with brine, drieﬂj‘filtered
and concentrated. The residue was chromatographed on

silica“gel, eluting'with 35% ether in hexane, to give'a

mixture of epoxy alcohols 24 (179 mg; 85% yield): ir 3494

T e

' (OH) and 1704 cm‘l (c=0); ms W', 210 1264 (calcd. for
CypH)g03:  210. 1256), lamr s 2. 93, 2.81 (both d, 1H each,
J = 4 Hz earh, -CH,-0), 1.60 (br s, 1H, -OH), 1.28 (d,
~9/5H, J = 7 Hz, éncga), 1. 11 (a, 6/5H, J =1 Hz, -énq_s),

: 1 02, O. 9 (both S, 9/5H each, 2 X -CH3), 0.96 and 0.89 -



T B
. N

(both s, 6/5H eacﬂ: 2 x =CHj). 5331, Calcd. for

Cy3H1g03: C 68.54, H 8.63; Found: C 68.29, H 8.65.

M

l-Hydroxymethyl -2,8,8- tr1methylb1cyclo[3 2. l]octane-3 7-

resulting solution was then poured into ice-cold 1 N

. dione . (25) e ;} SR

s

W .-

‘ ﬁtannlc chlorlde (0. 1 mL) wae added to a solutlon of

[l

eﬁoxy alcohols 24 (105 mg, 0.5 mmol) in chloroform (3

;mL),' After st1rr1ng for 8 h under a nitrogen atmosphere

-

© 216

at room temperature, water (10 mL) was™.added.. ' The .

ERl

aqdeods hydrochldric acid (50 mL) and extraCted>with.~

dlchloromethane (3 x 20 mL) The extracts were washed

»

o

was purified'by‘column’chromatography on»5111cadgei.

- diketo alcohol 25 (95 mg; 95% yield)" m.p. 96-97°C

(ether¥pet. etherf: [az]z'3 : -16. 39°. (c =-1. 55, CHC13), ir

3945 (on), 1732 and 1703 cm‘l (C—O), ms M¥ 210, 1257

: w1thlwaterr dried, flltered and concentrated. Thefre51due \

,Elution with a soldtion of 40% ether'in.heXane afforded ‘

{caled. for CoH1503: 210, 1256); lamr 6 3.93, 3 84 (both

o

4, 1H each, J = 11 Hz each, -Q_20H), 3.01 (q, 1H J =7

Hz, cacn3),‘2 86 (ddd, H, J = 17, 3" = 1.5, J" =3 Hz,“"

#*COCEH ),/1..’38 (dd, AlH,' J = 1V7, J' =3 Hz, -J:HCOCHH )

"2)19 ‘gddi 1“, J ? g,.J"={3,5i,J" = 3 Hz':_cﬂ2éﬂpﬂz_)'

EN <

‘ﬁ\ﬁ.y

g i
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1. 43, 1.16 (both s, 30 each, 2 x —CH3). and 1. 08 (d, 3H, J

= 7 Hz, éHC_s) Anal.»Calcd.‘for C12H1803. Cv68;54, H

8.63;'Found: C 68.75, H 8.82.

Splro(l hydroxy -2,6, 6 tr1methy1b1cyclo[3 2 lloctan 3-one)—

217

7,2~—ox1rane (46) and 1-Hydroxymethyl-2 8,8- trlmethy;bi—

cyclo(3.2.1)octane-3,7-dione (25)

m-Chloroperbenzoic acid (Eg# 80% pure, 236 mg, ~ 1.1

mmol) was added to a solutien of keto alcohol 36 (194 mg,

1 mmol) in dichloromethane (5 mL). After stirring for 16

h under»an argon atmosphere‘at room temperature, bharium
hydrdxide (1 g, 13.5 mmol) . was added. The mixture was

allowed to stir for 10 min and filtered. The residue was

Lashed thoroughly with dichloromethane (20 mL).\ The

f;ltrate was concentrated and the crude product purlfled

by column chromatography on silic® gel. Elution with 35%

l'ether in hexane ‘afforded an epoxy alcoholr46 (71 mg; 34%

o
-

yield): m.p. 117-118°C (ether-pet. ether); ir 3495 (OH)

“and 1704 cn”! (c=0); ms M 210.1258 (caled. for

ClgH1g03: 210.1256)7 lnmr 5 2.93, 2. 81 (both’d,- IH each§ »

/

Ve

aand 0,89 (bbthvs,hBH,each; 2-x vCHj). Further elhtlon
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~with 40% ether ln hexane gave diketo' alcohol 25 (107 mg;

51% yieldl. | |
.

1—#orny1—2,8;e-trimetny1b1¢yclo[3.2.1]octane-3;7-di¢ne :

(47)

‘Oxalyl chloride (0.14 mL, 1.6 mmol) was dissolved in
_dichloromethane (10 mL) at -78°C under a nitrogen
atmosphere and a‘solution of pMSO (0.25 mL, 3.5 mmol)'in

dichloromexhane (5 mL) was added dropwise over a period of

5 min. After stirring for 20 min, a solution of diketo

: K 13 : . : . ‘ . .. '
”7%@¢ohol 25 (300 mg, 1.4 mmol) in dichloromethane (5 mL)
was added slowly. The reaction mixture was stirred for
‘another 20 minhand a solution of triethylamine (0.95 mL,

6.8 mmol) in d1chloromethane (10 mL) was 1nhroduced. Thé

K

mlxture was allowed to warm up slowly to room~,
temperature, The resultlng mlxture was poured 1nto 1ce-

cold 1 N aqueous hydrochlorlc acid (30 mL) ‘and extracted

2;

w1th d1chloromethane (2 x 20 mL). The . extragts were @l

Dy é“
washed wlth brlne, drled, fllterg!’and concentrated. The
i .

f;re51due was pur1f1ed by column chromatography on silca

gel.- Blut1on with a- solutlon of 20% ether in hexane

'afforded a mixture of aldehyde@ 47 (285 mg; 98% yield):

ir 2830, 2720 ( CHO), 1740 and 1712 cm-l (c= o)//mgnm

©208.1094 (calcd. for c1231603. ®08. 1099); {/94 5 9.79 (s,
o _ Sl

@»'
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'3/4H, -CHO), 9.49 (d, 1/4H, J = 4 H, -CHO), 3.10 (br.q,
IH" J = 7 HZ,-(]:HCH3), 2.12 (d, IH' J = 19 Hz, -%-COCHH-)'

1.35, 1.22 (both s, 9/4H each, 2 x —CH3), 1.30, 1.11 (both

s,. 3/4H each, 2 X —CH3), 1 20 (d, 3/44, J = 7 Hz, éHQ_3) -

and 0.96 (4, 9/4H, J = 7 Hz, éHQ_a)

"

2-Acetoxy-3,9(9—trimethyltricyclo[4.2.1.01'3]nonané-4,87

i >

dione (49)

‘fotaSsium fluoride (20 mg, 0.34 mmol) wasg added to a'
| sdlutipn of aldehydes 47 (266 mg, 1.25 mmol) and 1-
nitropropane (6.22 mL, 2.5 mmbl)tinlz—propahol (5 mL).
'The reaction mixture was stirred at “roo’r(n temper,e \;nder_
an argon atmosphere for 6 h. The'iﬁitent was eva érated
under reduqedvpressure. Ether (10 mﬁ?%was 1ntroduced
fol}owed by the.addioionjof DMAP (12 mq,ﬁO.l mmol) and
acetié anhydride (0.3 mL, 1 mmol). The resuit{ng mixture
was stirred for another 26 h, then poured into ice-told

1 N aqueous hydrochlorlc ac1d and extracted with
dichloromethane (3 x 10 mL). The extracts were washed
wtih brine, dried, filtered and-concentrated. AThe residue
was chromatographed on 31llca gel EIutién with a
solut1on of 30% ether in hexane gave diketo acetate 49

(225 mg; 72% yield): ir 1745 and 1715 cm'1 (C=0); ms M*

250.1206 (calcd. for C14H1304. 250.1205); lHmr & 6. 95 (s,

.



r .

Lho-), 2.14 (s, 3, -COCH3), 1.36 (s, 6H, 2 x -CH3),

1.19 (s, 3H, -CH3).

~
{

‘I"‘\,'
e
o

4 " .
-2fg}8-Tr1methyl 1~ trlmethy151lyloxymethylblcyclo[3 2.1]-

‘octane—3 7- dlone (51)

- Diketo alcohol.25 (1.119 g, 5.33 mnol) was dissolved
in dichloromethane (30 mL) DMAP‘(80 mg, O. 65 mmol) and
’trlethylamlne (1. 48 mL, 10.6 mmol) were added The
resu1t1ng mixture was cooled to 0°C: under a nltrogen
atmosphere and trimethylsilyl chlorlde (2 7 mL, 21 2 mmol) .
was "added. ' After st1rr1ng at room temperature for 2 h, an

ice-EOld'l N aqﬂeous hydrochloric acid (30 mLi-was
added}n The resuit}ng solution was ertracred with |
dichloromethane (3 x‘ZO mL). The extracts were washed
with brlne, dried, filtered and conoentrated. The“orUde
.materlal was pUrlfled by column chromatography on silica
gei. Elutlon with 30% ether in hexane gave diketo silyl
ether 51 (1.2 g 80% yield): ir 1740 (C=0) and 1708 em™1
(C=0); ms M+'282.1651v(Ca1cd. for C15H26Si03: 282,1651);
lgme 6 3.78, 3.53 (both d, 1H each, J.= 1l Hz, -CHxO-),
1.32, 1.04 (both\s\£3ﬂ each, 2 X -CH3), 0.95 (d, 34, J =7
?éHQ§3), and 0.D4 (s, 9H, 3 x CH3). |

»

220
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3—Hydroxx;2;8,8-trimethyl-l-trimethylsilyloxybicyclo-~

(3.2 1) octan-7-one (52) o | | | -

A

Diketo silyl ether (564 mg, 2 mmol) wasﬁdissolvéd in
ether (5 mL). .thhlum tri- tert butoxyaluminohydride (508
mgrz mmol) Was addedlat 0°q‘under an argon'atmosphere;
After stirring for 2 h at room temperature{ the resulting
y‘mixture.was poured into water. The so;ut;on was extracted
with diéhloromethane (3 x 20 mL).. The egi;aéts;were
washed with'brinequried,.fltered and'cohcéntrated. The '
crude métérial was purified by column chromatography on
silica gel. Elution with 40% ether in hé#épe gave the
major epimer of keto alcohols 52 (450 mg; 79% yield): .
‘m.p. 113-113. 5°C'(ether-pet.fe£hef);'ir 3510 (on) and'l734

m-l (c=0); ms MY 984 1809 (calcd. for.CjgHpg03Sit
284.1807); lumr 3. 88 (br.t, 1H, J = 4 Hz, énou), 3.74,
3.41 (both 4, 1H each, J =11 Hz, -CHZ-O-), 1.12, 0.89
(both s, 3H each,.2 x -CHz)7 0.91 (d, 3H, J = 7 Hz,”

énq_3) and 0.00 (s, 9H, -Si(CH3)3). Further elution wiﬁh
40% ether in hexane afforded the.mlnor epimer of 52 (90
mg; 16% yield): m.p. 132-133.5°C (ethér-pet. ether); ir
3275 (OH) and’1727 em~1 (C=0); ms M+'284.1806 (calcd. for.
. Cy1gHg03S1i: 284, 1807), lymr 3.86, 3. 38 (both d, 1H each, /
J = .11 Hz, -CHZ-O ), 3.28 (br. dd, 1H, J = 18, J' = 11 Hez,
-éﬂpH), 1.16, 0.85 (both s, 3H each, 2 x -CH3), 0.86 (d,
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