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,ABSTRAC'l‘ L

L :

_ v ‘ — . .
In an approach to the synthe51s of the blcycllf
\dlketone 1, a potentlal precursor of pre21zaene 11 and N
prez1zanol 111,_three cyclohexenone derlvatlves 1v, v
and vi, were Q{epared from e1ther commerc1a11y avalla-
ble 10= camphorsnlfonlc acid v11 or. a—p1nene oxide L
.!ll%f Treatment df 10- camphorsquon1c acid vii with
fused pota651um hydrox1de'afforded ac1d~1x, whxch was
ﬁ%duced w1th llthlum alumlnum hydr1de to glve the |
‘alcohol X 0x1dat1on of X with pyr1d1n1um chloro-"‘
Ahchromate reSulted in the formatlon of aldehyde x1,f
whlch was also prepared d1rect1y from a—plnene ox1de’
'Xill.by treatment w1th z1nc chlor1de.- W1ttlg reactlon
.of. aldehyde xi w1th methoxymethylenetrlphenylphos— o
phorane gave v1nyl ether xi1_ Selectlve hydrogenatlon
of x1i afforded the ether.zllij whlch ‘was'. subJected to
ozonoly51s followed by reductlve workup w1th z1nc—;
lbacetic ac1d and aldol condensatlon w1th_p_toluene—"‘
‘ gsulfonlc ac1d to form keto ether x1v.f Treatment of
;keto ether Xiv w1th boron trlbromlde gave bromlde xv,_
vfﬂwhlch was hydrolyzed to the alcohol XVi by means of
.s1lver carbonate. Oxidation of alcohol Xxvi w1th )
<

pyridinium chlorochromate afforded the correspondlng

aldehyde 1v,'wh11e oxldation w1th Jones reagent gave;ll



directly the aéid v.' The carbdxylic acid v was

esterlfled w1th potass1um carbonate and methyl 1od1de

to give- ester v1.‘ Attempts to convert 1v,'v and vi to

I

the b1cyc11c dlketone i, the target molecule of these

studies, are also dlscussed.
e N R 2
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. CH=CHOCHy

- Xil

- GHCH0CHy =

Xiv

OfGHBr . GHOHOH
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INTRODUCTION

oy

Zizaene (3) is the parent hydrocarbon of a small

group‘of“trlcycllc sesquiterpenes found in vVetiver

oil. Vetiver oil is an-essentia) oil found in the. -

roots and rhiiomes'Of the'herba eous plant Vetiveria =

21zanlodes which - grows w1ld or is cultlvated in

Southern Ind1a, Indone51a, Ceylon,'the Ph111pp;nes,
East Africa and ‘Central America. Due to itS'charac-
teristic SWeet,rearthy'odor, 1t ‘is exten51vely used as

a raw mater1a1 in the perfume 1ndustry.

The study of the blosynthe51s of z1zaene (3) and N

similar compounds w1th the trlcyclovet1vane.(z1zaane)
_skeleton 4 led to two dlstlnct blogenetlc hypbtheses.

The f1rst (1). (Scheme I) proposed hlnesol (6) as an

1ntermed1ate. Hlnesol is a splrovetlvene sesqulterpene

:formed by a-: serles of r1ng closures from farnesyl pyro-‘

frphosphate (5).‘ Cycl1zatlon of h1nesol (6), followed by

_the chemlcally precedented rearrangement (7 + 8),

;affords zlzaene (3) The fea51b111ty of carbocatlon 1.

rearranglng to form 1somer 8 was supported by the"
‘fobservatlon of Ramage and coworkers (2) that'the sol— :
voly51s of alcohol 9 1n reflux1ng pyr1d1ne/tr1ethy1—

,amlne,gave ketone }Q:, ThlS blosynthetlc proposal was':

" later dismissed since vetlver_01l produces sesqu;ter—-

X



il penes'enantiomeric to hinesol (6). Parallel to the

‘biosynthesis of cedrene .(Scheme II), but requiring

intermediates of different relative and absolute

——f+—stereochemistrmiis—a—second_biogenetic@hypothesis (3=

7) (Scheme III) Cedrene (13) is derived from the

catlon 11 posse551ng the alaskane skeleton, in whlch"”

the 1sopropenyl group is c1s relative taq the double
bond.- Thls allows a fa011e Markovnlkov add1t1on to
form 12. Zlgaene (3) is derived. from a.d;sasterlomer
oflll;haVing’the acorane skeleton }ngin‘which steric
constraint favors anti-MarkoVnikthadditIon’to'form'

carbocation 15, .

In examlnlng the second blogenetlc scheme,
Andersen noted the prev1ously unknown skeleton of the
carbocatlon lﬁ:“‘ThlS prompted a search for a product'

derived from-lﬁ, Since. a direct deprotonatlon of 16

.

seemed-reesonable, thewhydrocarbon portlon of a'vetlver:

011 sample from the island of Reunlon was reexamlned

for exomethylene compounds related to thls skeleton.'

In 1970, the de51red molecule was 1solated in reason— .

""abie'amounts~as-1ts dextrorotatory 1somer.and de51g—‘

nated pre21zaene (1) (8). TThedstructural'asSignment"
“was - made on “the ba81s of spectral data and optlcal
propertles.'AThe'dlscoveryzof prezrzaene_gl),supported
. the theory of the'biosyntheSIs_of-ziiaene_(ix_from'thef

\
\
\

S

~



cation 16 as shown 1n Scheme III. Further evidence was
supplled by Tomlta and coworkers who succeeded in the

conversion of B—acoradlene (17) to ( ) pre21zaene (2) X

(9) by a. serles of chemical transformatlons mlmlcklng
1the blogenetlc process (Scheme IV) .'
Chemlcal 51mulat10n studles (7 8,10) involving'
”acid catalyzed rearrangement‘of preleaene‘QlY‘and'
.ihi;aene«(j) have’confirmed theptendencyhtor prezizaene
(l)“to undergo a (1“21'methy1 shlft to yield the carhon
'skeleton of zizaene (e. g. 8)' Thus,. when prezizaene 3
‘(1) and zizaene (3) were 1nd1v1dually treated with
51xty percent form1c ac1d in tetrahydrofuran, each gave
the same mlxture of products possess1nthhe 21zaene'" h
skeleton. The same time course for the development of
'each produCt further 1nd1c$tes a common 1ntermed1ate o
'specles.. ‘ |
In l976 Ghlsalberti‘and coworkers (11)~repdf£éd'
the fgrst 1solat10n of z1zaane sesqu1terpenes from a

source other-than vetiver 011. The steam volatlle

:ifractlon of the shrub Eremoghlla;georggl_was found to‘
”cons1st malnly of (=)= pre21zaene (2), 78~ hydroxy—(-)-?.i
‘pre21zaene (pre21zanol) (18),1(-) 78 hydroxy—2 6, 6 8—4‘1
tetramethyltrxcyclo[G 2 1. O]undecane (19),-and (—)-7—
.oxo—2 6, 6 8- tetramethyltr1cyclo[6 2. 1 0]undecane

ggg), The absolute stereochemlstry of these molecules

§



. v o _ :
was found.to be ahtipodal to that of the vetiver

derived zizaane 'sesquiterpenes. .Since then, prezizaene

. (l)'has been iSolated‘from'Cupressus sempervirens and

___;Cupressus_dupreziana (12).

In 1978 Ganguly and coworkers (13) 1solated 78—
hydroxy (+)—pre21zaene (21) from vetiver 011 of the
Moosanagar area of Ind1a.. Th@s new alcohol was

de51gnated (+)-allokhu51ol.’ The same compound was

1solated in 1981 from Indonesian agarwood Agulllarla

" " Sp.,s by Nakanlshl (14) and named Jlnkohol..
A total synthe51s of preg;zaéne (2) and pre21zanol

(18) was publlshed by Vettel and Coates in 1980 (15).
The e1ghteen step synthe51s (Scheme V) produces the
’ levorotatory 1somer of pre21zaene (2) from (+)—pulegone

(22). The key step 1s an. 1ntramolecular r1ng expan51on

-of the d azoethyl compound\24 to the 1somerlc methano—
perhydro zulenones 25 and 26, formed in .a ratlo of
1'1'12% f the two, only 1somer 26 possesses the

de51red tr1cyclo[6 2 1. 0]undecane skeleton wh1ch is-

useful for the subsequent .conversion to prez1zaene

(2).‘ The reported overall y1eld of the synthe51s from

the a—keto ester\23 was three percent.“v;v -

.T;%: f_ In thls laboratory,‘an 1nterest in the z1zaahe

famlly of compounds f1rst resulted 1n the total

synthe51s of - ( ) khu51mone (27), (+) zizanoic ac1d

<)

H
!
I

A



o o

(28), and (- )-ep1z1zan01c ac1d (29) by. Chan (16) in

'y : oo

1:979. Ip contlnuatlon of our stud1es 1n this area, a
&

synthesig of-'the bicyclic~diketone,}l;from'a—glnene .

.

& . T .

. C I : . . - .0 ) s e .
oxide_@;QL_has_boen_undertakenl4 Diketong%ékfisﬂan—.'

sidered t; b; a key 1ntermed1ate towards the total
synthe51s of prezqzaene (2) and pre21zanol (18) Lhé
‘ stereochemleally controlled conversion of dlketoﬂe 31
to a compound such as_gg,;followed‘by cgcl1zat10n.
(32 ; 33), would provide anfécile‘foute'to the‘reQUiggd
trlcycllc system of - the pre21zaane famlly. |
Th;s thesis deals w1th the work dlrected toward :

@

the synthesis of the bicyclic diketone }l:
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. SCHEME V
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o. .(b)-NéOEt,’Et‘O‘ (c) O

(a). Brz, Etz 2 3

Et3N; v(e) pyrrolldlne, HOAc, HZO.' (f) Hz;.Pd/C.i

(g) (CH OH)Z' oY, (h) L1A1H4.v-(1).CH

3 3

BRG] NaCNj‘Et4NCl,_ (k) PhcoCl, (1) H3 . (m) N o4

~(n) KOt-Bu, t-AmOH. - (o) KH, ca31. (p) CH3L1

gd)NMVK;

>sozc1 Et.N.
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RESULTS AND DISCUSSION

Our preliminary'studies on the prezizanoid family .

focussed on the synthesis of the bicyclic diketone 31.

19.

The diketone_éliis“an appropriate~potentiallprecursor
-of ‘the prezizanoids possessing carbon'skeleton-34. Not

~ only does 1t contaln the requ1red fused blcycllc r1ng

system,klt also possesses su1tab1e functlonalltles for

]

further elaborat1on of the carbon framework as drs—‘
‘cussed prev1ously. 1 _
By means of retrosynthetlc analy51s (Scheme VI),fV
n'the de51red dlketone 31 can, 1n pr1nc1ple, be obtalned
_from a 6 6 d1methy1 2 cyclohexenone derlvatlve such as
f;35 posse551ng a functlonaflzed three carbon 51de

chaln. - The ba51c cyclohexenone skeleton can be en- -

v1saged as arlslng from a cyclopentene, e. g. 36, of the

‘campholenlc famlly, by  a sequence 1nvolv1ng ozonoly31s X

and aldol condensatlon. Two log1cal compounds that:

_could be used as, startlng materlals are campholenlc

:Tac1d (37) and campholen1c aldehyde (38), wh1ch can be

easlly obtalned from, lO—camphorsulfonlc ac1d (39) (17)

~and‘q-p1nene_ox1dev(§2) (13,-19),respect1yely, -
~our initiaiisynthetic?route wasAdesignedfto”con_

nstruct the cyclohexenone r1ng flrst, and then'extend

-,thebc—S s1de_charn, formlng an 1ntermed1ate related to



——————(37)—1n—76%—y1eld.

' & - . 4

"éé:hiTo‘this,end,_commerc1ally available d,l-lO—_.
camphorsulfonic acid (39) was‘fused with’ solid
potass1um hydrox1de (17) to g1ve a—campholenlc ac1d

The—ar spectrum of the— compound

20,

showed absorptlon bands character1st1c of a carboxyllc
vac1d at 3200- 2500 and 1709 cm ;.‘ The- v1nyllc proton
‘appeared as a complex mu1t1plet at 6 5. 24 in the nmr

spectrum. The v1ny11c methyl was seé% as a broad

51nglet at § l 62, wh11e the gem1nal methyl groups were

ev1dent as sharp s1ng1ets at 1.02 and 0 80._ Both ‘the
mass,spectrum; wh1ch showed a molecular ion peak at T
‘168dll47 'and elemental analy51s, were in agreement

‘ w1th the requ1red molecular formula of C10H1602.
Esterlflcatlon of the ac1d 37 w1th pota551um carbonate
‘and,methyl 1od1de,1n refluglng.acetone (?O) gave af90%
yield-of*methyl ester 40 .whlch showed an'esterl;g'

) absorptlon band. 1n the 1r spectrum at 1745 cm -1 ;
s1nglet at 6 3 65 1n the nmr spectrum for the three' :

methoxy hydrogens. SRR .

The ester 40" was subJected to ozonoly51s at -78°C o

"-1n a solutlon of dlchloromethane—methanol (l l)., Re—

ductlve workup u51ng trlphenylphosphlne (21) afforded
. the 1ntermed1ate keto aldehyde 41 Whlch, due to 1ts
1nstab111ty, was - cycl1zed w1thout pur1f1cat10n,‘us1ng

p;toluenesulfonlc ‘acid in reflux1ng benzene w1th

and'a-i'



continuous removal of water. . The ir-spectrum of the -

A\ _ S ‘
resulting keto ester 42, formed in 81% yield over the-

three steps, showed carbonyl absorptlon bands for an

21.

o 7 B= unsaturated ketone—and—an ester—at 1671—and 1738
cm'l respect1ve1y. ‘'The beta proton of the a,B-

unsaturated ketone ‘was dlsplayed as a doublet of

—

x‘doublets of doublets centered at 6 6 80 (J =10, J' = “"

5, nd J" = 3 Hz) in the nmr spectrum. The alpha

'proton appeared at § 5. 94 . ‘as a. trlplet of doublets (3
10 and J' = 2 Hz) . The mass spectrum molecular ion.,

peak at 196 1101 and elemental analy51s conflrmed th?

olecular formula C11H1603.

"Reductlon of keto ester 42 was attempted 1n1t1ally‘

_:w1th 11th1um alumlnum hydrlde in- tetrahydrofuran.‘ The
.reactlon ylelded two maJor products, oné of whlch was
:the des1red d1ol 43.‘ The other dfsplayed no v1ny11c
~protons 1n the nmr spectrum. Both hydroxy (3440 cm_ll

- and saturated ketone carbonyl (1705 cm 1) absorptlon

t'bands—appeared 1n the 1r spectrum._ Therefore,-lt was
3 ‘ PN

":tentatlvely a551gned the structure of the saturated ' \hf.l

;results, dllsobutylalumlnum hydrlde (DIBAL) (22) wasf

h_}ketb alcohol A4, In an effort to 1mprove upon these ;\'h

_used as the reduc1ng agent.. When the keto ester 42 was f?‘i, ,elf

ia.dlssolved 1n ether and treated w1th DIBAL, the d1ol 43

. ;;was formed as ‘the 51ngle maJor product 1n 73% y1eld.



;.The ir spectrum of compound 43 dlsplayed a 'broad peak
at 3340 .cm 1, 1nd1cat1ve of the alcohol functlonal—

ities." In-the nmr spectrumrlthe methylene group

adJacent to the hydroxy on the 51de cha1n appeared as a_.

22,7

multiplet- at §.3. 70, whereas the methlne proton ad-
jacent' to the=r1ng hydroxyl group appeared as a broad
singlet'at'8*3-95; oxia;tioa of‘the:diol 43 with an
’excess of pyr1d1n1um chlorochromate (23) in - d1chloro—:L
methane gave keto aldehyde 45 in 67% y1eld. The alde-

'hydlc proton appeared as a- broad doublet (J 2 Hz) in
"the nmr spectrum at 5 9. 86 The ir spectrum showed

,:aldehydlc absorptlon bands at 2730 and 1735 em™1

[a,s unsaturated ketone carbonyl stretch at 1680 cm -1,
_ A molecular ;on peak at 166 0997 in the mass spectrum ‘

€N
ver1f1ed the C10H1402 molecular formula.;-'

-

The exten51on of - the s1de cha1n of aldehyde 45 by

one carbon un1t can concelvably be achleved by a Wlttlg_~l

{.reactlon to form the v1ny1 ether 46,,followed by M!

’hydroly51s to. y1eld the aldehyde 47."Unfortunately,

_when the aldehyde 45 was treated w1th methoxymethylene-'h

:trlphenylphosphorane, under varlous condltlons, the

d“reactlon yielded a complex m1xture of un1dent1f1able

pcompounds.f The fa1lure ‘to form 46 suggested that the B

7a,8 unsaturated ketone m1ght be under901ng l 2 or 1,4

..addltlon to the W1tt1g reagent. In‘order to c1rcumvent

and an
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this problem, the~protection‘of the‘ketone carbonyl
' prior to treatment with the Wittig reagent was '
jattempted. Thus, the-keto ester'42 wasrsubjected'to

»

ketallzatlon and thloketallzatlon u51ng standard c_ -b“i‘féa

condltlons. However, the des1red protectlon could not '“@QQ?F
_gbe ach1eved in elther case. In the former reactlon,,

‘the start1ng materlal was recovered, wh11e in the

latter case the major product exhlblted no V1ny11c

| '.protons 1nhthe»nmr Spectrum. Thls suggested that

bMichael addﬁtion7of theereagent,”1,2jethaned1th1ol,vto-’.
‘the conJugated enone, had occurred. 'if,y;f'“.vf'f‘ |
Slnce the exten51on of the 31de chain was dif-
_flcult 1n the presence of the_a B-unsaturated ketone, a
"«new synthetlc strategy was explored. -The success1on ofu
-Toperatlons of our f1rst route was reyersed.j The‘secondﬁv
pathway beglns w1th the exten51on of the 51de cha1n of
;the campholenlc precursor to the de51red three carbons,
‘gfollowed by the formatlon of the cyclohexenone r1ng |
from the cyclopentene r1ng system.f The start1ng
hmaterlal was agaln ;;campholenlc ac1d (37).j The ac1d

'h'37 was reduced to the alcohol 48 in 69% yleld w1th

'11th1um-aluminum hydr1de in ether.v The presence offa

hydroxyl group was ver1f1ed by the broad peak at 3321
;tcm"l 1n the ir spectrum and the multlplet at 6 3 68 in

the - nmr- spectrum, whlch represents the methylene group



adjacent to she hydroxyl group.‘ Oxidation of the
"alcohol 48 to campholenlc aldehyde (38) ‘was accom-"

p11shed u51ng pyr1d1n1um chlorochromate in d1chloro-.

methane._ The aldehyde 38, formed in 66% y1eld, showed ~5‘

24,

characterlstlc absorptlon bands for an aldehyde in the :

ty1r spectrum at 2720 and 1727 cm 1; The aldehydlc)

"proton appeared at & 9 82 as. a trlplet (J = 2 Hz) 1n

vthe-nmr_spectrum. The molecular formula of C10H160 waS_-b*J

lverified'by‘the~molecular_lon_peak found at 152.l198 1n"

the mass spectrum.> : »':‘“f e f:” B _I"
A more conven1ent route to campholenic aldehyde
‘(38) 1nvolves the ac1d catalyzed r1ng openlng of a-

p1nene ox1de (30) (18, 19) : Treatment of the commer-'

‘ ‘,c1ally avallable epoxlde 30 w1th freshly fused 21nc'

.chlorlde ‘in reflux1ng benzene ylelds campholenlc_n”
-faldehyde (38) in: 63% y1eld°' |

‘“t Exten31on of the 51de chaln of aldehyde 38 by one

'carbon was affected by reactlon w1th a W1ttlg reagent.,

'

_TThe aldehyde 38 was treated w1th (methoxymethyl)—

urltr1pheny1phosphon1um chlorlde and sodlum hydrlde in a-'"

r;solut1on of d1methyl sulfox1de and benzene (24, 25)

\

" The resultlng v1ny1 ether 49,‘formed 1n 70% yleld, was’

o'pur1f1ed by dlstlllatlon and flash chromatography.: The

. nmr spectrum 1nd1cated ‘the presence\pf both the czs and}f”f'*'v

-trans 1somers of the v1nyl ether 49 The methlne

~



hydrogen adJacent to the methoxy group appeared as two -
' multlplets, for both the cis and. trans 1somers,_at 6 ~;]]

630 and'S 88, 1ntegrat1ng for a total of one hydro- d‘“

J;___gentmsThe other v1nyllc proton appeared as two-
l\;,dimultlplets at 6 4 72 and 4. 36 for a total of one
| hydrogen.f The methoxy group appears as two 51nglets at
6 3.58" and 3 50 1ntegrat1ng for a total of threefpf:
hydrogens for the two 1somers.: The molecular ion peak

By

,1n the mass spectrum at 180 1509 as well as: elemental

ana1y51s, ver1f1ed the C12H200 molecular formula.
Usually, v1nyl ethers are readlly hydrolyzed to T
aldehydes or ketones under m11d ac1d1c condltlons.vfln?

the present case, however, the hydroly51s of the v1nyl

- ether 49 to the aldehyde 50 proved to be more. dlfflcult o

than had been ant1c1pated. Treatment of the v1nyl'
lether 49 w1th varlous a01ds, 1nc1ud1ng perchlor1c; e
hydrochlorlc, n1tr1c, acetlc, tr1f1uoroacet1c, and fﬂ.”ﬁ*
oxa11c, d1d not y1eld cleanly the des1red aldehyde
50.: Under these condltlons, except in. the case ofjfts:ﬁ
uacetlc ac1d whlch gave no react}on, an’ alcohollc
“lgcompound was formed in varylng degrees as the ma1n‘
»lhproduct. The 1r spectrum of th1s compound revealed the'
..absence of the carbonyl functlonallty requlred for the

x'fdesired product 50 ' However,-characterlstlc ahporpt1on

.,bands for an alcohol (3390 cm-l) and an exocycllc



o

///’double bond (1650 Cm-l) were present._ The nmr spectrum N

contalned a 51nglet at 6 4., 88 1ntegrat1ng for two

hydrogens,‘wh1ch 1s characterlstlc for an exocycllc

26, .

~-_double bond,_llhe“presence of ambroad_SLnglet_at 5 2 70‘

and a mult1p%et at 6 3 66 weach 1ntegrat1ng for one

hydrogen, was 1nd1cat1ve of an alcohol1c proton and a

o

methlne proton adJacent to .a hydroxyl group. Ev1dence ﬁf"

’of gem1na1 methyls appeared as. two sharp 51nglets at 6
1 14 and 1. 06 .each representlng three hydrOgens..7On"

‘ the ba51s of the spectral data, the structure 51 was

a551gned to th1s compound.‘ Th1s as51gnment was further'”

conflrmed by the mass spectrum,'whlch showed the I

'requ1red molecular ion peak at 166 1356. Formatlon of‘f

alcohol 51 was apparently a result of an 1ntramolecu1ar

Prlns reactlon (26) of the 1ntermed1ate aldehyde 50..p

. Although the Prlns product 51 was 1neV1tably

formed 1n all the reactlons attempted, under carefully.fﬂf‘

N controlled cond1t1ons 1t was pos51ble to produce the~”
A

R 1nvolved treatment Wlth 30% aqueous perchlorlc ac1d 1n';

"f'ether at 0°C for a perlod of two to four mlnutes.. Iheyiua3

de51red aldehyde 50 1n moderate yleld._ The best methodf77311‘

"resultlng aldehyde 50 was shown to be rather unstable. qff.j

It readlly converted to compound 51 on standlng.;;:ro’

B Attempted pur1f1cat10n of 50 by column chromatography

on s111ca gel resulted in substantlal LOSS of materlal{z-”

‘-



However, a. small amount of the pure aldehyde could be
“1solated by thls method. Tge 1r spectrum of the
'fpur1f1ed compound 50 showed absorptlon peaks at 2720

_and 1710xcm’1,.characterlstlc of an aldehyde. The

27.

«’_aldehyd1c proton appeared as a tr1p1et (J = 2 Hz)‘atlé

.9 80 in the. nmr spectrum. | |

| Due to the unsatlsfactory reproduc1b111ty and

Iyleld of the acid. hydroly51s of the v1nyl ether 49,.
-alternatlve methods for  the preparatlon of aldehyde 50
'were sought.-’In one case, the v1nyl ether 49 was
treated- w1th trlmethylsllyl 1od1de, generated in 51tu
.from trlmethyls11y1 chlor1de and sodlum 1od1de, in~
reflux1ng acetonltrlle (27).' It was ant1c1pated that

”the formatlon of - the 511y1 enol ether would facilitate
‘.‘the productlon of the aldehyde 50. Unfortunately, thep;
7'?reactlon wasyunsuccessful, formxng-a complex-mlxtureeof'
u:products. . o | B
o Another method often used for the demethylat1on of

:'aryl methyl ethers 1nvolves the use of th10ethox1de in-

“Apdlmethylformamlde (28,”29) When the V1nyl ether 49

.5was treated with sodxum hydrlde and ethaneth1ol 1n'
J.freflux1ng d1methylformam1de, no. react1on occurred and

tfthe startlng materlal was recovered. On the other
hr?hand, when 11th1um hydrlde anq,thlophenol (1 1 in molar -

‘rat1o) ‘were: used under the same cond1t1ons, the start-
. - . o B . . :

SN
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' ing ‘material was consumed. .;However,  the major product.

was .found not to be the desired aldehyde_égy but the

- 28.

'c,ompgund‘ 52 .____Th_e_nmr;s pectrum of 52 indicated the

presence of ten aromatic protons in the region-of §

7.00-7.60 and a Single olefﬁnic proton at § 5.25 as a

broad singlet;‘ Mass spectrum ver1f1ed the C23H2852

f

molecular formula of 52 dlsplaylng a, molecular ion peak“

at 368.1631. Although this compound. is most llkely

produced via the 1ntermed1acy of aldehyde 50, it re-,
.on

mains unclear as to how the th1oketallzat10n occurred.f

under bas1c cond1t10ns.

)

' The decarboxylatlon of al1phat1c glyc1d1c ac1ds‘

has 1ong ‘been an establlshed method (30) for the

preparat1on of ketones and aldehydes. W1th thls'ln
m1nd, we chose to prepare the glyc1d1c ac1d 54, whlch
ghould thermdlly gecarboxylate to form aldehyde 50

-The glyc1d1dﬁa01d 54 was prepared from the corres—

pondlng ester 53, whlch was obtalned from aldehyde 38

0
by a mod1f1ed Dag;ens reactlon. The aldehyde.g*_was

| treated w1th 11th1um b1s(tr1meth2151lyl)am1de and

ethylbrOmoacetate 1n tetrahydrofuran (31) to-produce”‘
the . glyc1d1c ester 53 in. 54%(y1eld (based on consumed:
starting mater1al). The ir spectrum of 53 showed thei'
characterlstlc ester\absorptlon band at 1760 cém ;;_as

well\asaan%oleflnlc;band at 1680 cm 1‘.,The nmr
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spectrum correlated well with the assigned structure.

The "epoxy protons appeared as two'multiplets'at § 3.52

and; 3.2 . The"methy{ene~hydrogens—ofithe~ethoxy-group
were seen as a quartet (J =”7 sz at $ 4 25, whiie'the
methyl hydrogens of that -group @ppeared as a trlplet
(J = 7 Hz) at § 1.30.- The mass\spectrum dlsplayed a
'ﬁmolecular 1on peak at 238. 1560, ver1fy1ng the C14H2203
olecular formula.' The ester 53 was subsequently
hydrolyzed w1th aqueous sodlum hydroxlde in 98% ethanol_
‘to g1ve the sodium salt of the glyc1d1c ‘acid 54 Thez'
salt, after ac1d1c workup, ylelded the glyc1d1c ac1d 54”
“in 78% y1eld." That the ethoxy group was removed and .
that an a01d had been formed were ev1dent from the
absence of the ethoxy 51gnals and the‘appearance'of a
 broad 51nglet at 8§ 9. 35 due to the ac1d1c proton in the
ﬂnmr spectrum.u The glycidic racid 54. was subJected to |
pyroly51s at 150°C/5 torr for ten hours. Although -
'decom9051t10n of the compound/%4 ‘was found to be.;

complete, only traces of the de51red aldehyde 50 were

Tproduced.
| Prlor to further dlscu351on, a brlef summarf of

nresults 1s deemed approprlate.» Campholenlc aldehyde;‘.

TX38) has been prepared both by a three—step synthe51s . _hh/

from 10 camphorsulfonlc ac1d (39) and d1rectly from a= .,

'p1nene ‘oxide" ggg) W1tt1g reactlon of 38 y1elded the
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vinyl ether_ig, which was hydrolyzed by means of‘30%_.
perchloric acid to the aldehydeYSO. |

In order to form the cyclohexenone r1ng system,

aldehyde 50 was subJected to ozonolys1s. The expected
product, keto aldehyde 55,‘could theoretlcally undergo;

selectlve aldol condensatlon to. give the" de51red com—
pound‘47. However, ozonolys1s of aldehyde 50 could not4 .
‘be carr1ed out successfully u51ng elther dlchloro-" |
imethane or methanol d1chloromethane (1:1) as a solvent

systemﬁl The former ‘gave a complex mlxture, whereas the
»latter afforded ma1nly compound 56 Its structure was
_a551gned on the ba51s of the nmr spectrum dlsplay1ng
. .three methyl 51nglets at & 0. 92, 0.94 and 1.25, two o

Imethoxy 51ng1ets at § 3 25 and 3 .45, a multlplet at 6'

T9 70 for the aldehyd1c proton and - a doublet of doublets:'
at 6 4, 48 (3 N 10 and J' =4 Hz) for the methlne proton‘i
_°gem1nal “‘to - the methoxy group.v Equally unsuccessful y
was the attempted hydroly51s of compound 56 w1th hydro— ‘h
chlorlc ac1d in’ ether. Instead of the des1red keto ‘
aldehyde 55, the reactlon gave a complex mlxture of R ;,p"s,v
:unldentlflable compounds. | i

. The transformatlon of the cyclopentene rlng,

'present 1n compound 50, to a cyclohexenone ring. system.A

' was. found to be d1ff1cult, presumany due to the

presence of the aldehyde funct10na11ty. Mod1f1cat10n

I . B L . i B W , - ) . i




of this'labile'functional group to form an ester, via a
carboxyllc ac1d, was deemed approprlate._ A'standardb

__method_for_the oxldatlon of an aldehyde"to an a01d is

"reactlon with' Jones reagent (32).f However, 51nce"
',aldehyde 50 is- partlcularly susceptlble to Prins re- »_,
'»actlon under ac1d1c condltlons, th1s method Q\E not
Tused The use -of . Tollen s reagent, a ba51c ox1d1z1ng
"reagent, was preferred.‘ : o

Slnce the aldehyde 50 was shown to be unstable, it»b
‘ was more pract1ca1 to carry. out the ox1dat10n on the‘v,“:hh
Jcrude mater1al, obtalned d1rect1y from the hydrolys1s

. of v1ny1 ethﬁr 49 (v1de supra) Treatment of thlS‘

‘"materlal w1th Tollen s reagent in 98% ethanol gave the”
_ac1d 57 in: 39% yleld from v1nyl ether 49 | The StrUCTj:i
'ture of 57 was ver1f1ed by the 1r spectrum,'whlch |
'contalned the characterlstlc ac1d bands at 3300 2700
}and 1710 cm;l,. Both the mass spectrum, wh1ch gave a -
emolecular 1on peak of 182 1308 and elemental analy515'
_'agreed w1th a molecular formula of C11H1802. |

‘ Esterlflcatlon of ac1d 57 w1th pota551um carbonate
'and methyl 1od1de 1n reflux1ng acetone afforded the
}gester 58" in 60% y1e1d.d The ester carbonyl stretch
'appeared at 1742 cm 1:1n the ir spectrum and the:
methoxy hydrogens were. observed as a sharp 51nglet at §-

/
.3.68 in the nmr-spectrum.

.
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Aithough‘the conversion*of aldehyde_ég;to ester 58

~f_could be successfully carr1ed out, further tranSforma-

tlon ‘of ester 58 was not pursued 1n llght of cbmpllca—

.32,

tions encountered in the hydroly51s of v1nyl ether 49.

'Instead, at thls p01nt, we chose to. explore the

';possiblewuse of compound»jg_ln a~d1fferent manner.

1

new direction“takes'adVantage of theﬁexpected'differ-_

~

pence in- react1v1ty of . 1ts two ‘double bonds towards-:
catalytlc hydrogenatldn.‘ Selectlve hydrogenatlon is
- expected“to saturate only the 51de chaln double bond,
‘;gformlng a stable methyl ether m01ety wh1ch should not
, 1nterfere w1th the operatlons requ1red to. modlfy the
y'rlng sfstem, and whose ox1dat10n level could be |

.

approprlately adjusted at a’ later stage.: Towards thlS

“iend, v1nyl ether 49 was subJected to. hydrogenatlon w1th'

_5% palladlum on carbon in ethyl acetate, at room.
temperature and atmospherlc pressure.. The selectlve
ihydrogenatlon of the 51de cha1n double bond 1ndeed
ioccurred to glve the ether 59, but the reactlon also
cproduced a substant1a1 amount of alcohol 51, resultlng

“From’ the hydroly51s of the startlng mater1a1 and

'u'-subsequent cycllzatlon. The formatlon of thls un—'“‘

"de51red byproduct could "be completely e11m1nated when_r
tthe hydrogenat1on was carrled out 1n the presence of

'*one equ1va1ent of pota531um acetate, u51ng glassware» %

D

‘The



,prewashed‘with'ammonium hydroxide. Uhder these condi-
tions, the'desired'ether.59 was formedtcleanly in high

“?ield-(97%). The 1r spectrum of 59 d1splayed charac-

33.

ter1st1c absorptlon bands for an,olefln (1645 cm 1) -and .

an'ether (ll22-cm"1) . In the nmr Spectrum, a single

v1ny11c proton was dlsplayed at 6 5 24 as a broad

51nglet, and the f1ve hydrogens surround1ng the ether ;d

. - il
: oxygen appeared as a multlplet at 6 3,

Ozonoly51s of ether 59 in a mlxture of dlchloro-,i

2 methane and methanol (1 1) at -78°C, followed by

Areductlve workup w1th z1nc/ggst and glac1al acet1c

~ac1d (33) afforded the unstable keto aldehyde 60 _ Th1s h

' compound, w1thout pur1f1cat1on, was subJected to -

>

- cyclygatlon u51ng-2;toluenesulfon1c ac1d in reflux1ng

'benzene to g1ve keto ether 61 ‘in 56% y1eld from ether
‘_égb‘ The 1r spectrum showed an a,B unsaturated ketone
'absorptlon band at 1675 cm” 1 and an ether band at 1118

vcm"l The presence of a- conJugated enone system was e

'i_further verlfied by the nmr spectrum. The alpha proton7

o

'*_appeared as a. trlplet of doublets (3 = 10 BNG J' .= 2

_sz) at 6 5 94 and the beta proton appeared at 6 6. 84 asi;

a doublet of doublets of doublets (J = 10 J' = 5 and

'TJ"‘= 3Hz).. The ether hydrogens appeared in .an 1den-

¢;t1cal manner to those 1n 59 and the gem1na1 methylsf B

‘”.were ev1dent as 51nglets at & 1. 18 and 1 00 Both the ,'w

hmass spectrum, w1th a molecular 1on peak of 196 1462,



.and elemental analys1s agreed w1th a molecular formula‘

Of C12H2002.‘

At thls p01nt, w1th the goal of the b1cycl1c

34

ketone 31 in m1nd, 1t was necessary to modlfy the 51de
cha1n of keto ether 61 to prov1de a sultable substrate
‘for cycllzatlon. Therefore, the conver51on of the:[
methyl ether 61 to the alcohol 62 was. undertaken. :
AlRecent reports descrlbed trlmethy151lyl 1od1de as an‘4
-}excellent reagent for the demethylatlon of methyl |

..ethers to alcohols (27, 34); Accordlngly, compound 61

"was treated w1th tr1methylsxlyl 1od1de in Chloroform '

(34) at .room temperature. To our d1sapp01ntment, the ;'“~

-,startlng materlal was recovered 1ntact. However, when'”‘

-trlmethy1311yl 1od1de was generated in 51tu, from :

.itrlmethy151lyl chlor1de and sodlum 1od1de,-and when the

reactlon was performed 1n acetonltrlle (27), the methylu

.lether 61 was completely consumed with1n 51xteen hours..
'QContrary to our expectatlons, the maJor prodUCt, ob—-
a1ned in’ ca. 30% y1eld, was found not to be the

'alcohol 62 but the correspondlng 1odo compound 53,

;Q7wh1ch showed absorpt1on bands for an alkyl hallde (1240f

1) and an.a B—unsaturated ketone (1674 cm'l) 1n the
'Aflr spectrum.i The mass spectrum had a molecular 10n

;peak of 292, 0319, conf1rm1ng the molecular formula'

“_C11H17OI. o - ‘“‘;i‘;.



An alternatlve reagent WhICh is - known to be hlghly

effectlve for demethylatlon ‘of a methyl ether 1s boron'-

..y

-tr1brom1de Y35). - Thus, keto ether 61 ‘was treated w1th

. « B ) ’ M M .. - ¢
. PRI L . ‘ 35
-L < L * . . . . L ]
. . . ¢ .. .
v e R E . R . . Lo

I v ° -

“boron try bromlde‘ln dlchloromethane at room tempera—
.sture. However,’the 51ngle product formed 1n 78% yield r“b
”was shown aga1n not to be the de51red alcohol 62,_but'
the bromlde 64, wh1ch showed _no hydroxy absorptlon
'y bands in the ir spectrum. The ether protons of the
3'start1ng materlalv;ere absent from the nmr spe;trum of
ﬁg, Instead, a trlplet (J . 6 Hz), appearlng at S
3. 44, strongly 1nd1cated the presence of a methylene ;i§»~
,group adjacent to a bromlne atom. The mass spectrumv'
'lhad characterlstlc molecular ion peaks at 244. 0464 and
“‘246 0445, ver1fy1ng the molecular formula of C11Hl7g%r.'
. In llght of 11terature precedence (27, 34, 35)
.that methyl ethers undergo reactlon w1th both tr1—
~fmethy151ly1 1od1de and boron‘trlbromldedto give
7alcohols, the above results were most unusual. The’wbh
unexpected ha11de formatlon could be rat10nal1zed by
';1nvok1ng the part1c1pat10n of the ne1ghbor1ng ketone
'i.carbonyl (65 + 66),¢as shown in Scheme VII wlth boron,'
'wtrlbrom1de.; ;— A | N o . -
Regardless of the exact cause: ‘of the formatlon of.”

t-halldes 63 and 64, the fact that the de51red alcohol 62

\~could not be obtalned d1rect1y ‘from methyl ether 61.f:;” .
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prppounded-its'preparation indirectly via these com-
‘pounds. Slnce the bromide: 64 was obtalned in much

’hlgher y1eld than the iodide 63, it was used for

36.

‘subsequent transformatlons.
Attempted hydroly51s of the bromlde 64 to alcohol

62 by treatment with pota551um hydrox1de in tetrahydro—

[

'furan at room,temperature was unsuccessful:and resulted .

f_ only in reccVery,of"starting material. On the other

hand, when the reaction was carried out at refluxing

"temperature,'alcohol¥§g:was formed in pocr.yieldj along

~with severa1;Unidentified products, A more successful'
method for the‘desired tranSfdrmatipn-invoiued the
treatment of bromidevfﬁ_with silver carbonate'(36Y.in‘

: Wpeous tetrahydrofuran, at150°C, for‘fbur;daYS.'qIn

this way, alcohol 62 was obtained in 53% yield. -The

characterlsticdalcdhol absorpticn peak'appeared.at 3430

Cm’l.ln the ir spectrum A molecuﬂarxlon peak of

| 182»1307 1n the mass spectrum ver1f1ed the molecular' |

’ I_rmUla Cllﬂlsoz. )

",,/

: For the cyc11zat10n leadlng to the target molecule}

:ZL several su1table 1ntermed1ates were prepared fromlv
“the alcohol 62. Treatment of alcohol 62 w1th pyr1-‘_
':’dinlum chlorochromate 1n d1chloromethane at room .r o
>'temperature gave the correspondlng aldehyde 47 in 96%

,_y1eld.» The Ar spectrum of 47 d1sp1ayed characterlstlc

B T



aldehyde absorptlon bands at 2720 and 1723 cm 1. The '

L&)

’

aldehydlc proton appeared in the nmr spectrum as a

‘triplet (J = 1 Hz) at 8 9, 78. The mass spectrum 7

:‘conta1ned a molecular 1on peak at 180 1150, verlfylng
the C11H1602 molecular formula.- The alcohol 62 was
'“also d1rectly ox1dlzed to the carboxyllc ac1d 67 in 96%

'y1e1d with Jones reagent in acetone at 0°C. 'The ir

spectrum of thls compound dlsplayed absorptlon bands at

3200-2800 and - 1709 cm 1, character1st1c for an ac1d.A

' e'The ac1d1c proton appeared at 6 8 90 in the nmr spec-

./\.

§
t’

trum as a. broad 51nglet. Esterlflcatlon of ac1d 67

with pota351um'carbonate and methyl 1od1de 1n reflux1ng :
:acetone resulted 1n the formatlon of ester 68 in 69%
yield. The ester functlonal aroup was' expressed at
'1738 cm-1 1n-the 1r-spectrum. The methoxy group |
'-appeared as a s1nglet 1n the nmr spectrum at § 3 68
_The mass spectrum{ dlsplaylng a molecular ion peak at-.'

'4210 1257, ‘verified the C12H1803 molecular formula. e

' These compounds,-each possessing a sultable s1de

"chaln,'are expected to undergo f301le cycl1zat10n. How—“

"_5ever, ‘at the present time, we have not been able

'h,to carry out thls transformataon, although several

.attempts have been made as follows.r Aldehyde 47 and

;ester 68 were 1nd1v1dua11y treated w1th sodlum hydrlde

'1n 1,2-d1methoxyethane. These reactlons resulted in’



‘38.

" substantial loss of'material; and ih_each case, the =
desired product was not'detected. ESten,GS»was'aISG’

subJected to ‘treatment w1th pyrrolldlne in refluxlng

benzene, 1n an- attempt to - 1nduce cycllzatlon via . an
henamlne 1ntermed1ate. Th;e:was_found to be“unsuc—
cessful,,result}ng in complete reeovery ef starting
material."In the case-ef~thevcarborylic7aeid 67,
cycllzatlen was attempted by treatment w1th boron
‘. tr1f1uor1de etherate in. acetlc a01d,‘1n the presence of
acetlc anhydrlde (37), either. at room temperature or atl
'reflux._ In'both cases, the startlng mater1al ‘was re=
ecovered 1ntact.'> | v
| Su1tab1e cond1t1ons wh1ch would effect the de51red
c&cllzatlon are be1ng further studled. We are con-
hfldent that the preparatlon of the progected key 1nter—1'

E medlate 31 Tcan be achleved v1a the potent1al 1nter-

_’medlates jzj 67, and_gguso<far obtalhed;
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N

" EXPERIMENTAL

General .

Infrared (1r) spectra were obtalned by u51ng
‘Perkln Elmer Model 457 and N1colet 7199 FT—IR
"cspectrophotometers.> Unless otherw1se stated, 1r

samples were run as th1n fllms. Proton nuclear

’7ﬂmagnet1c resonance (nmr) spectra were recorded on -

v_Bruker WP-80 and Varlan HA 100/Dlgllab HFT

spectrometers._ Deuterated chloroform was employed as‘f*

’.the sqlvent and tetramethyls1lane as 1nterna1

‘e_standard;‘ The follow1ng abbrev1at10ns are used in thev

text. .8 s1nglet, d doublet, t'— trlplet, q =-,»
. quartet, m = multlplet and br = broad. ‘Mass spectraf‘;

-nj(ms) were recorded us1ng A E I.:Model MSSO mass f;.

'5ispectrometer. Elemental analyses were performed by the

m1croanalyt1cal laboratory of th1s department.A_"u

‘Materlals

' 'Benzene, dlethyl ether (ether),ltetrahydrofuran

“(THF) and 1, 2-d1methoxyethane (DME) used for

'J}were freshly d1st111ed from 11th1um alumlnum hydrlde.r_‘ﬁ

'Methanol and ethanol were refluxed over magne51um

lturnlngs at elevated temperature for 2 hr. and dls--‘-f'ff

'tilled., D1methyl sulfox1de (DMSO) and acetonitr11e

o ]

»~eact10ns‘
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;were dlstxlled from calc1um hydrlde. Acetone was“ S oy

'treated w1th potass1um permanganate and d1st111ed. o o ,

D1chloromethane was washed w1th aqueous 5% sodlum a

K carbonate solutlon, dr1ed over calc1um chlor1de and

”dlstllled. N N- Dlmethylformamlde (DMF) was: dlstllled
” over phosphorus pentox1de. d l—lO-Camphorsulfonlc acid - - .
“and a-plnene ox1de were obtalned from Aldrlch Chemlcal

‘Company.« Ozone was generated w1th a Welsbach ozona-

;;tor._ N1trogen and argon were passed through a purl—'

f1cat10n sequence of Fleser S solutlon, concentrated .

‘sulfur1c ac1d and pota551um hydrokﬁde pellets. Slllca

‘ﬂgel, 0 040 0. 063 mm - partlcle 51ze, 230 400 mesh ASTM

.fwas used as adsorbent for flash chromatography (38),y

e

'?and 51l1ca gel 60 120 mesh was. used as adsorbent for

:{column chromatography.f Th1n layer chromatography was"

; \-:5': -

_vcarr1ed out u51ng Merck 5111ca gel G.

':a-Campholenlc ac1d (37) .

. To fused pota551um hydrox1de (85%, 120 g, 1 82 ;:'

‘mol) in a large porcela1n casserole, was added, slowly B

v,wlth st1rr1ng,_d 1- 10 camphorsulfonlc ac1d (39) (98%,}5.““'

,193 0 g, 0 39 mol) After the add1t1on was complete,

heat1ng was contlnued for ten m1nutes.*¥Upon coollng,ji ;

the dark brown molten mass was d1ssolved An. 1ce water”{;

i 'A_.

'(SOO;ml). The aqueous solutlon was washed‘W1th ethergjfi,r.ﬁ“



(4 X lod‘ml), a01d1f1ed wlth 1ce cold d11ute hydro—i

chlorlc ac1d, and extracted w1th ether (5 x 200 ml).

1

_vThe organlc solut1on was washed with - saturated sod1um e

'h tracted with drchloromethane (4 x 100 ml)., The organlc___- -

“,solutlon was dr1ed (sodlum sulfate), flltered and con—‘ff'

”‘chlorlde solution and water, dr1ed (magne51um sulfate),

5f1ltered and conc\htrated. The re51d8e was dlstllled'

N

to glve pure a01d 37 (50.1 g, 76% y1eld)-°‘b p 89°C/

0. 3 torr, ir 3200 2500 an

1709 cm 1 (ac1d), nmr 6

"510 88 (br. s, 1H,‘—C00H),'5‘24A(m,'f ;“—Hc=),~1<62 (br,f,-

s, 31, q_3-cn )» 1.02 (s, . 3ﬁ,'-cu3), and 0.80° (s, 3H,

V—ca3),‘ms M* 168, 1147 (calcd.\for cloﬂlﬁoz. 168, 1150)."

Anal Calcd. for C10H1602. ;C, 71,38, <9, 59, Found.

ATmol) and anhydrous pota351um carbonate (95 g, 0 69 mol)

‘ Methyl a-campholenate (40) ', f ."ff '.j_\<‘,'

A mlxture of u—campholenlc a01d 37 (47 g, 0 28

\ R

N

1'1n acetone (460 ml) was stlrred at room temperature for\\
: two hours._ Methyl 1od1de (76 ml, 1 23 mol) was added

E and the reactlon mlxture refluxed overnlght. ‘After B
iﬂmost of the acetone and excess methyl 1od1de was removedf

'”)by d1stillat1on, water ‘was, added and the product ex—»'

.)scentrated. Bulb-to-bulb d1st111at1on (80°C/0 9 torr)

flgave the methyl ester 40 (46 l g, 90% yield) ir 1745';":

Ve o

A L



; (ester), nmr 6 5. 23 (br. s, 1H,'-CH ), 3.65 (s,
“3&, -COOCH3), 1. 60 (m,_3H,»CH3C ), 1 00 (s, 33; -ca3),

Hand 0 78:(s, 3H, —CH3), ms Mt 182 1308 (calcd for;"

50.

R IR .
. ..v‘,

vC11H1802.' 182 1307).
5 Carbomethoxymethyl 6 6- d1methyl 2 cyclohexenone (42)

At -78°C, ozone (cond1t10n°llEt:v80V, a1r 1nlet
_ oy

8 ps1,'ozone outlet = 0 06 p51) was allowed .to pass

;‘through a solutmon of the methyl ester 40 (43 94 g,‘

0 24 mol) in methanol (110 ml) and d1chloromethane (135

fdml) unt11 a llght blue color ‘was retalned (about 7 5

twhours). Trlphenylphosphlne (63 g, 0. 24 mol) was added

'to the solutlon under a n1trogen atmosphere."»lhe "f

R

‘mlxture was allowed to warm to room temperature and

':ist1rred overnlght. After removal of the solvent, the‘:'f

"Lﬁcrude keto aldehyde 41, w1thout purif1cat1on, was
=fdlssolved 1n benzene (200 ml). \p_Toluenesulfonlc\ac1d

\

“';(4 82 g, 0 028 mol) was added and the m1xture refluxed
1_for seven hours w1th cont1nuous removal of water u51ng
'7a Dean—Stark water separator. After remoVal of the f:'
Msolvent, ether was added to prec1p1tate trlphenyl-"l
fjphosphlne oxlde.k After fllterlng and concentrat1ng,d
'ﬁthe res1due was- dlst111ed at 100°C/2 torr u51ng a B
--Kugelrohr apparatus to g1ve the enone - ester 42 (37 90

fjig 81% yleld).i:§r 16 7 (a B—unsaturated ketone) and

4



51.

1738 cm’l‘(eéter); nmr‘s,e;eo (ddd, 14, J = 10, J' = 5,
and J" = 3 Hz, —coen CH-), 5.94 «(td, 1lH, J = 10, and J°

= 2 Hz, -COCH= CH- ), 3.68 (s, 34, —coocu3), 1.18 (s, 3H,

—ca3), and 1.00 (s, 3H, —cn3), ms M* 196.1101 (calcd.
n'for 011H1663-. 196.1100). . o o

Anal. calcd. for Cy1H1603¢ C, 67.31; H, 8.22;»F0und:“
c 67 34; B, 8.35. o

-

’5 (2 Hydroxyethyl) -6 ,6~ d1methyl -2~ oyclohexen -1- ol (43) j-'
‘3 iAt 0°C,_a 75% solution of dllsobutylalumlnum | |
hydrlde 1n toluene (32 ml, 47. 31 mmol) was added to a
solutlon of the keto ester 42 (2. 041.9,,10 41 mmol) in
"eether (10 ml) under an argon atmosphere. After thlrty‘
umlnutes, the reactlon mlxture was allowed to come toi
:room temperature‘and stlrred for an’ add1t10na1 nlnety

bnﬁ‘mlnutes. Water (20 ml) was added and the mlxture

flltered to remove alumlnum hydrox1de. The flltrate .

;iswas extracted w1th dlchloromethane “(4-x 40 ml).t The

—

V’,organlc solut1on was ‘dried- (magne51um sulfate), N

flltered and concentrated.' Column chromatography'of,
‘fthe res1due on sxllca gel,'elutlng w1th 30% ethyl

dﬁtacetate in petroleum ether, gave the diol 43 (1 30 gr .o

~.’73% y1eld).v-1r (cnc13) 3340 (alcohol), 3020 ‘and 1660

-1 (olef1n), nnr § 5. 66 (m, 28, —ca CH- ), 3. 92 (br.

s, lH, -CHOH), 3.70 (m, ZH,‘—q_on), 1.90 (br.‘s. 2H,



-OH), 1.04 (s, 3H, -CHj), and 0.74 (s, 3H, —CH3) ms M*

©170.1307 (caled. for CjgHyg0z: 170. 1307)

52,

i 6 6 Dlmethyl -5=— (2 oxoethyl) -2- cyclohexenone (45)

To a suspen51on of pyr1d1n1um chlorochromate

(1. 040 g, 4 84 mmol) 1n .d

etHane (25 ml),'was
(205 g, 1.21 -
_hefmixture‘was .

' erat&re under;z an

argon atmosphese. Ether (207 mRk

.ture flltered through a short pad of florlsll. 'After..

®

'removal of the solvent, the product was pur1 1ed by

column chromatography on 51l1ca gel, u51ng 10% ethyl

acetate in petroleum ether., The pure keto aldehyde 45

(134 mg, 67% yleld) gaye the follow1ng spectral data.‘

Jir 2730, 1735 (aldehyde) and 1680 cm'1 (a, -unsaturatedw

‘,ketone), ‘nmr 6 9 86 (br. lh,‘J = 2 Hz, —CHO),VG 86

(ddd, 1H,; 10,- l=‘5}'and an = 3 Hz, —cocu -CH- ),;

o

6.02 (td,,lH,_J‘ 10 and J"# 2 Hz, —COCH=CH-), 1-201'

'( “3H, —CH3),;and 1. 04 (s, 3H, -ca3), s u* 166 0997

(calcd. for cloﬁl,;oz.‘ 166, 0994).,‘”;_ R

2 (2 2 3- Tr1methyl 3—cyclopenteny1)ethanol (48)

To a suspens1on of 11thium alum1num hydrlde (185

“mg, 4. 87 mmol) in ether (10 ml), at 0°C, a-campholen1c_'

B

. e P : ’
R EUT SR

was added and the m1X-



acid (37) (450 mg,_? 68 mmol) in ether (5 ml) was added

dropw1se. The mlxture was allowed to come to, room’

‘i_temperature and stlrred for two hours. After coollng
¢

53,

to 0°C, ‘the. m1xture was succe551ve1y treated with water;‘

(2 ml), aqueous 3N sodlum hydrox1de (2 ml) - and water (2‘»;

ml),_ The alumlnum hydrox1de was flltered off. The

'flltrate was. drfgd (magnesxum sulfate), f11tered and

g “concentrated. Flash chromatography of the re51due on -

.f,51llca gel, elutlng w1th 30% ether in petroleum ether,_

-_afforded the alcohol . 48 (287 mg, 69% y1e1d), 1r 3321

T(alcohol) and 1670 enl (olefin); nmr 6 5.24 (br.'s, k3

“1H, -Hc=), 3. 68 (m,‘,u, ~CHoOH), 1.62 (m, 34, cn3c ),_,
1 00 (s, 3H, —CH3), and 0 80 (s, 3H, —CH3); ms M

 154.1356 (calcd. for C1o“18°" 154. 1358).w'

gfa—Campholen1c aldehyde (38)

‘ {From alcohol 48

' To ‘a suspens1on of pyrldfnlum chlorochromate
”_(17 87 g, 83 12 mmol) in. d1chloromethane (100 ml),}
'f{solutlon of the alcohol 48 (3 20 g, 20 78 mmol) in
d1chloromethane (50 ml) ‘was 1ntroduced.t The mlxture
l‘was st1rred at room temperature under an argon
hfatmosphere for three hours.' Ether (50 ml) was added

s and the mlxture flltered through a short pad of

fiori511. After removal of the solvent, thp product fii't.:

S



':was purlfled by flash chromatography on s111ca gel, fSifl
us1ng 2% ether 1n petroleum ether. The pure aldehyde

”*,38 (2 10 ‘g 66% y1e1d) gave the follow1ng spectral
1

dataz ir. 27207 and 1727 (aldehyde) and 1650“Cm‘
.‘(olefln), nnr & 9.82 (t, 1H, J = 2'Hz,’-cuo), 5.26 (br.:
'}s;fl '~-Hc ), 1.62" (m, 3a, CH3C=), 1. 02 (s,.3ﬂ,;-cu3).
0.80 (s, 3H,d—cn3) ‘ms M+ 152.1198 (calcd. for

- Ciofy0t _.15'?1%2;01,_*; o

fFrom afplnene ox1de (30)

-

| y* a-Plnene oxlde (30) (95%, 19 50 g,'o if"maidhdaé“,lf:
lffadded to freshly fused zinc chlorlde (275 mg, 0. ooz |
'*vmol) in benzene (50 ml). The mlxtUre was refluxed for
';‘flve hours.; After the solvent was removed, the éESLdue
d was dlstllled at 65°C/4 5 torr to glve the aldehyde 38

"(11 7o g, 63% yleld)

B I PO A
8

-/fl Methoxy—3 (2 2 3 trlmethyl -3- cyclopentenyllpropene (49)

‘ A mlﬁture of sodlum hydrlde (l 55 g of 50% d1s— ﬁf -
‘hpers1on in 011, 0 032 mol) 1n dlmethyl sulfox1de (253?nh
%;;ml) and benzene (40 ml) was heated at 90°C, under anff

i e

'lvargon atmOSphere, for forty f1ve mlnutes, to produce’

"*the methylsulflnyl carban1on.. After allowlng the mlx-f’“
"ture to come to room temperature, (methoxymethyl)trl-»

\ phenylphosphonlum chlor1de ?I§$83 g; 0 035 mol) was



[ T
' ' 55.
v | ; %k }
uadded‘and the m1xture strrred for twenty minutes. To ;
. the deep red methoxymethylenetrlphenylphosphobane :
, solutlon, the aldehyde 38 (l 75 g, 0 012 moI)?was'“
,added. After st1rr1ng for f;fteen hours, the m1xture :
dVd*was poured 1nto 1ce water (100 ml) and extracted wlth C
y-ether (4 x~100 ml). The organ1c solutlon was washed

A-wlth saturated sodlum chloride solutlon, dr1ed

's(magne51um sulfate), flltered and concentrated. _The‘

'ttrlphenylphosphlne oxlde.n The dlstlllate was purlfled

'Qre51due was vacuum dlstllled (80°C/3 5 torr) to remove

'fthe follow1ng spectral data-'-lr 1656 (Qlefln)-and 1208”

el (v1nyl ether),_nmr 8 sfao, 5.88'Kboth_ﬁ,ulﬁ,
'1feca caocn3).,5 22 (br., 1H,_—HC ), 4. 72,j4.3@;1;t

.fjj(thh m,_ln,,-cn-eaoc§3g; 3. 53 ©3:50 (bothys;'ja;*f”

R

|+ —CH=CHOCH3); 1.60 (m, 3H,.CH3C ), 1.00 (s, 3H, -CH3),

'-anawd’éo*(m;'3H,?-cu3), s M* ©180.1508 (caled. for
"_C12H200.V 180.1514). B R
f]_Anal Calcd. for clzuzoo.u c,«zg.gsg{u; 11.19; Founds,

80 05,\H, 11 31.
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2 Hydroxy—ﬁ 6 d1methy1 7-methyleneb1cycﬂo[3 2. 1]-
N -',\

octane (51)

At 0°C, ‘aqueous 30% perchlorlc ac1d (40 ml) was

D
added to ‘a solutlon of the v1ny1 ether 49 (l 20 g, 6.67 R

,gmol) in. ether (50 mk), 1n a separatorﬁ funnei After

;shaklng for ten m1nutes, the ac1d ‘was neutrallzed w1th

. . - .

\

saturated aqueous sod1um blcargtnate solutlon. The'.
-_prodUct was extracted w1th d1ch;oromethane (4 X 40

“ml).A The organlc 301utlon was washed w1th saturated

'sod1um chlorLde solutlon, drled (magne51um sulfate),

' ,.\

A _flltered*and concentrated to glve the alcohol 51 (1. 01 . f.

e 'u‘
o my

;;hg, 91% yleld) i 3390 (alcohol) and 1650 cm'1 (d&pble

bond), nmr 6 4 88 (s,_ H CH&%’ 3 66 (m, 18 ;—cnoﬂ), f" f'f”F"

g 70 (br.'s,IIH, —CHOH),‘l 14 (s, 3H,‘—CH3), and . 1.06.

3H, ‘-CH3), ms M 166 1356 (calcd. for CllHIBO‘

C' 166 1358). _,‘7'. ; 'i.-;.‘ 3'”"‘ \*,; - |
] Treatment of the v1ny1 ether 49 w1th hydrqchlorch ‘ o ~“F

ﬁ'ac1d, trafIUoroacetlc ac1d and oxallc ac1d also

-’ E o

ﬁ‘aafforded alcohol 51 as; he ma§n product,-ln ylelds'

TR O o
: NG ng__fi%m 50 to 8{5%,-"'




TN ¥ T . f o
R F 1

&2 ml), was added dropw1se to a solutlon of blS(trl—

methy151lyl)am1ne (1 86 ml,,8 66 mmol ) 1n tetrahydro—‘
!

57,

:;furan_LB ml) under _an. arqon\atmosphere.5 After thlrty

5 : Pt

,ﬁlnaﬁgé, ethyl bromoacbthte (0 82 ml, 7. 17 mmol) in
CNEN Sy -‘-‘—r—

/

;1iahydrofuran (2 ml) wa% adde After an add1t1onal

T

17 PO «*,. .,gc" a,r" ""
L“' fbetraherofuran 13Z4§$'Was addeds After the mlxture_'l

)leh ether (4 x%20 ml). Thefbrganiéﬂsolutlon was

;washed w1th 0 Svahydrochlorlc ac1d and water, drledf

]
o

35_; ;(magn651um sulfate and pota351um carbonate), flltered E

L and concentrated. Flash chrdmatography on s1llca gel,

o ! X-,Ji
’ usxng 3% ether in® petrﬁléum ether," afforded the-

vfglyc1dlc ester 53 (518 mg, 54% based on Sonsumed
'*IStartlng materlal),-1r 1680 (olefln) and 1760 cm- =1

L e
' ‘(ester), nmr 6 5 25 (br._s, lH,;fHCP), 4 25 (q,u2H J

éCooé"
"HC0O0~|

' - 3
l ‘ h B .

’f,—cno i 1 60 (br‘

:_;-CQQCHZQ?3), 1,00 (s,_ ,w§§33), and 0.75 (s, 3,

'.1--cn3),'m§ M*’238 rseo (calcd. for Ga4“zz°3 238 1589).‘ﬁ u

5. ] R ) .
o 5 . M . . e PR S ~"‘A‘;- .

N el

Pl
¥
<

s, 3H~ cu3c ), 1. 30 s 3a, ,;f7_§z;:



2, 3—Epoxy—4—(2,2,é-trimethyl—3—cyclopentenyl)butYric

_ac1d (54) u"' ‘j S ;

a

Aqueous 1 M. sodlum hydrox1de

(5 ml) was added'to-af

58“. o

‘L

solutlon of the glycidic ester 53 (6UU mg, 2 52 mmol)

in 98% ethanol (8 ml). After stlrrlng_for th;rty.,f\'

.m1nutes at room temperature, saturated'SOdium chloride

solutlon (20 ml) was added and the solutlon extracted

L]

- with ether (4 x 10 ml)

]

h(magne51um sulfate), flltered and concentrated to;glvein

the sodlum salt of the ac1d.

ether and the solutlon acreifled w1th 1N hydrochlorlc

K]

,ac1d, washed w1th water, drled (magne51um sulfate).
ffflltered and concentrated.
54 (416 mg, 78% y1eld) gave the follow1ng spectral

"daté nmr 5 9 35 (br. 1H, ~COOH) , s 20 (br. s, 18,

f,f-uc ), 3. so (m, lﬂ, —CHcoo—), 3.20 (m

m(br._s, 3m, CH3£ ), 92-(31
", -CH3)- R S ¢}7df I
W T el i e T TS s
Cwwm ST T e

'3 (2 2 3 Tr1methyl 3-cyglopentenyl)prop;onaldehyde

A1

' ﬁvO) and 3-(2 2 3 Trlmethyl -3- cyclopentenx})proplonlc-\~

a., [ )

P
-

- aCld (57) ,ﬂ?l.'ffVi?,;',ff”u ;fftittif?i'n o

The organlc solutlon -was dr1ed-f~’

The salt was dlssolved 1nQ
The resultlng glyc1d1c ac1d

1H, -CHO:hV 1. 55;.

_CH3), and 0 62 (S' ” \\ _:v,-,", >,

Ab 0°C,.aqueous 30% perchlorlc ac1d (10 ml) was f:”h':‘

added to the v1nyl ether 49 (400 mg,,2 22 mmol) 1n.?"”’,.

ether (25 ml).s

I?%mlnutes, 1ce cold 9 5 N sodium hydroxlde solutlon_;fi'

After Stirrlng vigorousﬂy for four S A



59,

(10 ml) was added.. The mixture was extracted.wfth di—

chloromethane (4 x .15 ml). The organlc solutlon was

3 oy

————washed—w1thmsaturated sod1um chlorldemsolutlon,_drled

(sod1um sulfate), flltered and concentrated. A small'

sample of pure aldehyde 50 was obtalned by column‘
' ﬂ
chromatography on. s1l1ca gel, u51ng 5% ether in

o...

petroleum ether, and gave the follow1ng spectra data.‘ﬂj;mrﬁgfﬂw

-

’” [1r 2720 ‘and - 1710 cm'1 (aldehyﬂe), nmr 6 9. 80 (t, 1H:y:

J =2 Hz, ‘—cao), 5. 24 (br. s, 1H, _—HC ),. .62 (m, 3H,'

- cu3c=), 1. bo?\s; 33, -cu3), and o 80 (s,l "i-ca3)]
The aldehyde 50 was found to be rather unstable, re-ll
bf: su1t1ng 1n substantlal loss of mater1a1 dur1ng the |
.pur1f1cat10n.‘ For the subsequent experlmenv thehcrudefagfll
product was used d1rect1y w1thout pur1f1cat10n..'Crudeqif;
-

t‘afdehyde 50 was dlssolved 1n 98% ethanol (10 ml)., Thisfﬁ

’ﬁfmlxture was added dropw1se to. -a solutlon of Tollen s

%Tﬁareagent (50 ml), prepared by addlng aqueous 6 N ..i,;;f:

';fammonlum hydrox1de (10 ml) to a m1xture of aqueous

.7§»solut10ns of-511veran1trate_(10%, 20 ml) and sod1um“!"ﬂ-
X B k gt

-

‘hydrox1de (10%, 20*m1). ‘After’stirrlng at rbom '

e jtemperature for one hour, the neutral compounds werea.
_ o ‘

“'<hextracted w1th d1chloromethaﬁe (4 x 10 ml). The 1ce l“v' e ,f
g ..f. C L
;}Tcdﬁd aqueous layer was ac1d1f1ed w1th concentrated _

2 A
! . [ S

1Thydrochlor1c acid and then exbracted‘vdth dlchloro-'

.7methane (4rx lO.ml)vl ThlS organic solut1on was washedf-v

R R /NN R T
. . LRI P R N
v

-



w1th saturated sodlum chlorid% solutlon, dr;ed (sodlum

:=;su1fate)y f11tered and concentrated to afford the acid .

57 (158'mgd,39%-y1eld‘fromv499;~, -3300= 2700 and rjio;,

60,7

-1 (acid), nmr _ § 11. 14 (br. s, 1H, -coou), 5 22

'-ca3), and 0. 78 (s; 3H,:—CH3), ns M+ 182, 1308 (calcd.} .

. for Cllﬂleoz. 182, 1307).,";A ,..,,,5%;@ ww
Anal. Calcd. for C11H1802' C, 72.48; .H, 9:96; Found:

.//r
L R : ) o

72 7o “He 10. o7.,.i-r,vz;a T T

‘Methyl 3 (2 2 3 trlmethyl -3- cyclopentenyl)proplonate (58)

A mlxture of the ac1d 57 (62 mg, 0 34 mmol) and

‘jeanhydrous pota551um carbonate (171 mg,-l 24 mmol) 1ni{

acetone (20 ml) was?ﬁtlrred at room temperature, under _;v“'

.- 6 : :
an argon atmosphere, for forty m1nutes.v Methyl 1odfae

(0. 11 ml, 1 78 mmol) was added and the reactlon m1xture_‘

4refluxed overnlght.ﬁ The m1xture was d11uted w1th watervn‘

Ry

i;and extracted w1th d1chloromethane (€ X. 15 ml) The vf“ Tt

g

. R
ixf'organlc solution was washed Wlth saturated sodlum

L N L B
chlorlde solq§;on,*dr1ed (s%dlum sulfate), flltered and

concentrateﬂ@égThe re51due was pur1f1ed by flash chro- ~]»~h

LK v

5»zmatography on s;g%ca gel, §§ng‘9% ether 1n petroleum

n q

.it)?g esteruzgh(}0~n9, 623 y1eld) gaveﬁ

R x)ix’

l',the following spectral data.iff?

RL7@2~§ester) and 1620

1 (olefln), nmr 8 5 22 (br.

.ungH.)r 3 68 (sl
gl T |

117~f¢€z”



R Dt (S AN U : P
. ‘.&;{} W , . ‘ m

“and 0.80 (s 3H,_-CH3), ns M+1;96;1462.(¢a16d;"£or_;1~‘

IWC12H2002- 196:1463). ‘_f”lf.éﬁf}"’ w

ii Methoxy 3 (2 2, 3 trlmethyl 3 cyclopentenyl)propane (59)

Pota851um acetate (150 mg, 1 53 mmol) and 5% pal—'3“_:fg '

"ﬁlad1um on" carbon (55 mg) were added to a solutlon of i o

'.ﬁthe v1ny1~ether 49 (554 mg, 3,08 mmol) 1n ethyl acetate:.b
.(100 ml).“ The m1xture was stlrred at room temperature, df}-
’ under an atmosphere of hydrogen, for one hour.' After" a: : -fdft
-fllterlng off ‘the’ catalyst,}the solvent was removed to,d'%  n‘

t3g1ve the ether 59 (545 mg, 97% yleld) ; 1£ 1645 »

Xolefln) and 1122 cm"1 (ether),_ nmr- 6 5 24 (br.' 1inh_7'ﬁ:fn1¢¥;fh

- -HC= ), 3. 40 (m, 5H,~—CH20CH3), i 62 (m/ 3H, .C

-0, 98 (s, 3 f-ca3),,and 0. 76 (s, “'*—cn3),-m§$M+

’_“182 1668 (calcd. for C12H220-. 182. 1671)- T e d
4 E e s . : . o . £ . - Do . .. - ' N IR a;"-"'. \ » ol
L ~';,u-sr{; R O U B

e

_A‘.A_ L

vf5 (3-Methoxypropy1) 6 6 dlmethyl 2 cyclohexenone (61)

t -78°C, ozone (condltxon'" E ‘ 80V, a;r 1nlet

f"8 p51, ozone outlet = 04 06 p51) was allowed to pass

6

:°fthrough a solutxon ofwthe ether 59 (1 19 g, 6 54 mmol) f'”
:5”1n methanol (10 ml) and dichloromethane (10 ml) unt11 a »,fV'*ﬂ o
;G_llght blue color was retaihed (aﬁout twe“ty‘mlnutes).a.,.j;"

y 'Glac1al acetlc acid (15 ml) and 21nc dust (2 12 g,; L

?f132 62 mmol) were added to the*solutlon under_an_argon ‘;i“' -



_.'VQ).I. : : .
,atmosphere.' The mixture .was. allowed to come to room

CaL

' temperature and st1rred for three hours. After f11ter—

62..

;‘1nq off the 21nc, the organlc solut1on was washed w1th

'saturated sodlu,w

B, »:;,l
. phere for threé ﬁours w1th concinu”'“””an

"“petroleum ether gave the keto ether 61 (0 72 g, 56%

T';lyleld), ir- 1673 (a,B—unsaturated ketone) ‘and 1118 cm,

'_(SQ ml), dr1ed (magne51um sulfate), flltered and

nfconcentrateds The crude keto aldehyde“GO (1 24 g), _:?

-

:fw1thout pur1f1cat10n, was dlssolved 1n benzene (25

i mx); _ETTQ?Uenesulfonlc ac1d (30 mg, 0. 46 mmél) was”

added and the mlxture refluxed under an argon'atmos—'

B S

‘nl

' .,-- ey ?\5.‘.‘ . J._.

P ifu51ng a Dean—Stark water separaé%r. After remgval of

f‘the solvent, the re51due was purlfled by flash chro-.:-e

“w

ematography on: 51r1ca gel. Elutlon w1th 20% ether 1n
’ L

'i‘3 Hz,:—COCH-CH ), 5 94 (td,le, g o= 10 ‘and J'*‘ 2 Hz,

";r?-COCH CH ),_s 38 (m,VSH,;—CH20CH3), 1 18 (s, fH; —CH3T

v

'”d‘1"00 (s, 3a,;-cn3), ms M+ 19631462 (calcd. for
‘ffC12"2002~',196 1453) ' ,' e R o
f_,Anal. Calcd. for C12H2002 c;;73,41};a;-10;28;f‘.f:g

“ice’ cold 0 05 N sodium hydroxlde solutlon (2 X 50 ml),»

su}flte solut1on (50 ml), and water f

-ff‘(ether), niE £l 6, 84 (ddd, 1, a --10, ‘é's, ‘and 3" =

s




g 0

».d

5 (3 Bromopropyl) 6 6- d1methyl 2 _yclohexenone (64)

Boron tr1brom1de (0 4]’ ml,

added to a solution of the keto ether 61 (280 mg,

1.
v\mmol) 1n d1chloromethane (25 ml).

The mlxture was

4 29 mmoi) was slowly

,4-3’-.'

63.

stlrred overnlght under an argon atmosphere.
water 05 ml) was added,

‘ After
ether (4 X" 15 ml).

v i 4.

Thls organlc solutlon was washed
W1th saturated/sodlum chloride solutlon and water,

LI

dr1ed (magnes1um sulfate), £1ltered and concentratedt
Flash chromatography of the re51due on sillca gel,
Lu91ng 15% ether 1n petroleum ether, afforded the
brom1de 64 (272 mg,x78% y1eld)

1675 cm’l (a,B-
unsaturated ketone),

nmz’, .6.80 (ddd, 18, 3= 10, J* =
5, and’ J"i 3 Hz,_—COCH =CH-), 5. 9% (td, ;'d 10 and’

,x??,i? 2:Hz,,fcocn CH= ),13 44 (x, 2, 3 =

-"’l 18 (s, 3 E

6 Hz,f-CHZBr),

, ms M
244 0464 and 246 0445 (calcd. for QA1H17OBr.
,f and 246. 0442).2 '

¥

244 0462

R

5 (3 Hydroxypropyl) 6 6 d1methy1—2-cyclohexenone (62)

S1lver carbonate (683 mg,

2 47 mmol) and water (8
ml) were added to a solutlon of the brom1de 64 (200 mg,

0 82 mmol) in tetrahydrofuran (10 ml)

heated_for flfty hours at 50°C.

The mixture was
was f1

The resultlng mixture
d through a Ce11te pad,

<,

drled (sodidm

the mixture was extracted w1th

;gjsfp

: Js»,j(_-,f .

-




fgsulfate),_filtered and cdncentrated. 'The crude'prOduet_..

: was pur1f1ed by flash chromatography on 51llca gel.
' N}

Elutlon w1th 70% ether in’ petroleum ether gave pure 62

:64‘.‘.

'(79;mg,,53% yleld).‘ 1r 3430 (alcohol) and 1673 cm”

J‘(a, -unsaturated ketone),.nmr s 6 86 (ddd, IH,‘J = 10,.'

.e'J'p 5,‘and g =3 Hz,7-coca=qﬂr). 5.96 (td, 1H, ,.5 10 7
. and J* = 2 Hz, -COCH=CH- ), 3.68 (t, 2H, 3.5 68 Hz,
‘f-q_zoa). 1.18 (s,':‘ H-CH3),‘and 1.00 (s, 3H'_-CH3) ms

Mt 182, 1307 (caled. for 01131802-- 182.1307),'

g6 6— D1methxl 5 (3 oxopropyl) 2—cyclohexenone (47)

To ‘a. suspen31on of pyr1d1n1um chlorochromate (418"

E:mg, 1 %24 mmol) 1n d1chlor0methane (3 ml) under an argon:h_'7

°atmosphere, was added the keto alcohol 62 (70 mg,;0;38jf

J'mmol) ii‘dlchloromethane (3 ml). The mlxture was .
fstlrred at room temperature for n1nety m1nutes. Ether

5(3 ml) was added andftnp m1xture flltered through a

. W
‘short pad of flor1s11._ Removal of the solvent afforded'

glt‘&i‘“t‘he pure keto aldehyde 47 (65 mg, 96% yleld), whlch

gave the following spectral data° 1r 2720, 1723_

(aldehyde) and 1673 cm"1 (a, -unsaturated ketone), nmr. SN

r;n

89, 73 (t,vln,gq;: ¥ Hz,‘-CHO), 6 82 (ddd, 18, J 10,

J' =5, and 3" = 3 Hz, -cocu-ca ), 5.94 (ta, -‘-[jf

l
[

10

and J"= 2 hi, -cocu cn ), 1 18 (s. 3H,,—ca3), and 1 ooﬂ“ff“ -

k7] .




" (s, 3H,_-CH3); ms M*.180.1150 (calcd. for C))H)g02:
¥ 180.1150). - o o

65;

5- (2 Carboxyethyl) 6 6- d1methy1 -2~ cyclohexenone (67) -
The keto alcohol 62 (50 mg, 0 27 mmol) was

‘fdlssolved in . acetone (5 ml) and chllled to 0°C. A
e _

"solutlon of 8 N Jones reagent (about 2 ml) was added

'dropwlse unt11 an- orange color was retalned.. After

.st1rr1ng for th1r€§ m1nutes, the reactlon mlxture was o

'"‘extracted w1th d1chloromethane (4 x 10 ml). The

forganlc solutlon was washed w1th saturated sodium

»,chlorlde‘solutlonr dr1ed (magnes1um sulfate), flltered

“and’ concentrated to. glve the keto ac1d 67 (52 mg$ 96% :hiu

y1eld)-a 3200 2800, 1709 (ac1d) and 1673 cm—1 (a,B-

_unsaturated ketone), nmr 6 8 90 (br. 1H,'-COOH),_IV
6.84 (ddd, lH,-‘s= 10, J' =5, and " =38z,
'j;-cocu cn s 5.96 (td, 1a, | LQﬁand 3 =28z,

-COCH CH ), 1 lBPAs, 3H, -CH3),'and } 00 (s, 3H, —CH3),

-_ms e 196 1100 (calcd..for C11H1603-‘ 196. 1099)

W . 2 S

- 5—(2—Carbomethoxyethyl) 6 6 d1methy1 -2- cyclohexenone (68)
';; A mlxture of the keto ac1d 67 &57 mg, 0 29 mmol) .

v;and anhydrous potassium carbonate (140 mg,\l 01 mmol)‘”v

fv1n acetone (5 ml) was stlrred vigorously at room tem- fﬂf‘

atmosphere, for one hour. é*f¥{<g»*‘~=:"

f‘vperature,,underhan;a'
DA N ’ R I

.



Methyl 1odide (0 10 ml, 1 62 mmol) was added and the

~
-

- mlxture refluxed overn1ght. -After-the excess methyl

,1od1de was removed by d1st111at10n, water was’ added and

the product extracted w1th d1chloromethane (4 b 5 ml).

Z”The organlc layers were washed w1th saturated sodlum'da;
‘chlorlde solut10n,-dr1ed (sodlum sulfate), flltered andd-f
concentrated. Flash chromatography of the re51due on-

§111ca gel, u51ng 20% ether in petroleum ether, afford-:'

Ted the-keto %&fer 68 (42 mg, 69% yleld),' ir 1738 ;:l”7‘ d,:h7-

ﬂ(esterl/and;1675 cm’ 1 (ay B—unsaturated ketone). nmr X

. 6.82 (ddd, 1H,_,_ésip; Jv 5,‘and J"‘ 3 Hz,

"*\.

zzl:-COCH-—CH )y 5 94 (td QH, J = 10 and J. '_... 5 Hz, —_
f—cocn:ca—), 3.68. (s 3a,f—coocn3),v1 18. (s,_ H, ~CH3)
and 1.00 (S:,3H}f#CH )3 ms M* 210.1257 (calcd.3gu.‘;_ﬁ,gét1_ﬁ~:7"‘
'hC12“18°3- 210 125§5 “ }4'1.'Q lﬁf-~cgl- ST ay v .
e . . S : -@§/~-5%: & ‘5_ .
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