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TR ¥ pucuux. qm-u of gg_-ju-ou (;) has un uumu ’
im 9% ctcpl n‘ an overall yia.ld of 691. starting fyes levulimis acid. ‘
Condenention of Tevalinic actd uwmnym afforéed ketal:

. ebtar 3. m:ma;nnxmwammru.mm-‘

| neum ;nw: u, ,umau ht,u cn;ga'- :-;m u ;awuui- o

" gave nm«xmx [ -Mch way a-uuu u&u Jmo.r-n-t wtu
+ dione 2, the tqodhu mm ‘l m-juqo;g\(p . Fimal ﬁ’ﬂ-uutiou

.o 2 ndcx bu\e *u:hn il" g_tg‘fjm . SR LY
. | ‘ ' t . | ‘ “,: . w .’ .'s § R ) »--_ “,_‘ . ‘. - ._ K » ) o .f ) . “ ‘. - . |
W A omdne de ‘syathesis of twp potential dynthetic .

-procuuoro (ktto-uto: 31 and" ng) of npcuhctono (& and _' .
related cyclopentanoids, 8 end.) Rap been achieved. The mthuu | |
) d.omcn:u a'saw and cuuxuc mathod’ for the constructios of s
functionalised bicyclol3, 3.o1oeuu sfstem.. It iavolves b.uuuy >
. the formation .of a suitably. skbstituted bieyelo(3.2. o]mm- . .
' intermediate by pht.ocl\oﬂul -uu touw“ by thc onluu-an of its:
."cyc‘lobutm ring.- - ~
’ mucywtm of G—oeceo:y-z-cyclopuccu-l-ou (_;,) to
1-yw1 ucamo save p&m g =2 Aeu uu;n-t dmtm of
i3 yuuu entne 14 which wes m, msud with u—mz
11thiue cuprate to give keto-dstéxr }3. Bydrolysis of ;_s, followed by
.mrmummmxa!mdw_g xa.muq,on B
.to um ‘23 wes ueﬁm 4a two mlmnt ways. Up- cruuunc ' .‘,‘
- with oﬂlyl Mn ia m 'tou.ec o! boron, cﬂ{hotuc otuuto, -
23 mz ring hpnuo- -oof.uy ts give keto-estes y_, Acid .
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al vardetsve of :u-m 1s an igportimt uuuuhe ia.

,‘" ageat for spearmiant and pepperanint: tlmn ia tho

!MWuy’- . 1¢ was fivsg uouuﬁ fzrom the nmcul oil of

mqmun.ué.uumrumu
M mtnmummmuod.:u-

olefinic -uo ehu.

l-ol .

tro- Mt.ut.l sources as well its uaique um:urcl tumn-mn

-utunuy qecuriag cf-ouudo. g_g_-ju-om (y has drewm’ much .ttcnuon

to igs oynthuu* 1ia the last uw docdu - Memy of the existing

mth’l'u are qp-uu-dovuh the d«umu: of new/or improved
h-thodp Lor :lu ca-truction ot 1; Hihto.u .d cyclom

' ~um sis~jaspone (1) only as 8 :oum -odd for their qpncubbuty.

Often thase pmduru. ‘as well as bch. lengthy, roqutt- costly m
lesp availadle ch-ﬁeah. thus they exe not oeou-t.uuy vublo for
the large oeilc pn“ctm of g_g.-ju-u- (y c.-uqu.uy there_ 1s
& contiswous d-ud for u!ocun melnn of- gg-ju-ou @) nuag
Muy ocenouh u‘ w materiale.

»
.. : @t

o .

-

m:,r mﬂocte works" nu: to 1!76. see rotu-nr.u 8 d 9, and

m syatheses references 10-17. Lo

-k

Q) the pthuy odouul ’rw of the nmr.

:¢don of high grade fragrances is the perfune {ndustry?sd

» "t“ mnld watil l”i whea cn.m-
ond lctnz’ prmrd gishjasmens (}) unequivically from s&-m

'S ] . \‘ . : . . . a .
Decause. of its’ compqrcial importance and limited svailability
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* hm“. -ouucum of ahe M& group of uvoum
. uxl 1te sore tive katome carbonyl wes fivst pretested. m:

. oluwu cuum«-mummwuwum

tocmlyuc“:o!rwm.qumt‘/h
p cumtmummmu.mumw;u

. A M
.
. 3
. . .
.

m,uu» The Mulmw z.uu- clearly frem its -spacetrel

dagils’ The tafréved (i7) nuu.‘ulQmmthl.
‘@\gummeWuwum ol

. Reductica of uux-nuc;uuuwuuu-
. slusiaium hydride gave rise to as 84X yfald of ketal-eleckel 4. Its,
* ir ppectswsl exhibits a stredg sbsorpticn basd at 3415 s "1 for the
hydroxyl moiety aul ‘the aqlou m of amy catbemyl abeorxption.
1ts mass spectrul u»hyo - -ohcuhr iom pesk but-a very proaissnt

-1;:.1 ac, 131.0706 which 1s ia wt vuh the loss of & mathyl growp

(uIed for c n°3‘ 131.070.)" BSuth lt,puutu. putteza (the losd
_ o!udky{.chueo;tvccomh anntu- - found by Marshsll

-

and wuu.—" and others?? to be comsisgent for 2,2-dialkyl - .

- diomolanes. loul-aloohol 3 has previocusly beea 'w by Prown
" end DEh12! using uu.mc routssd and woted to be.apasitive ® acid

which induces 1t xap“ iatramoleécular txauk,uuuttan to give cycltc _

_ hetal 3, In our hands, m.umtﬂom;tuiotgh
mmummly-muo'ﬂtbmuumﬁ

" eeid. . . _
. . ) e L) ) | :
wt oxidatios of gufq :colim to-.ﬁe“'m
- . - ] : { J

- nmuxxy.guux-mgmmmnz ;mm,n(mu
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;nuitable for further

dn sicu?3 gave rise t
spectral datas unra'iou
previously?!. Instead

92X yield .
tévge in agreement with those rnported
mass ‘spectyum displayed p _1ncnt-ch§:’:; 129 (the noreal 10.. of a
‘C@a unit) and 145 (prestmadbly a ptotonaned cpccxca) The kctal-

' aldehyde 6 proved to b ‘very unstable. 1Its purittcation by either”

column chro-ntography or diutillation could not be achiavod without

oubltantial loss aof the waterial, The 1nptabilitj¥apa turthcr

L.

" tndicated ty ‘the. fact ﬂn: vhen 6 was exposed to chlorisiated solvent

for two days.at 0° 1t.wu' converted near quantitativcly to keto-

~ acetal 7% as a‘consequence of ttinske;aliz’tion. In as such as the

“crude” 6 vas ‘shown.

both glc and tlc to be ho-ogcn-.ns, it van
formation without purificationm.

-~

of ketal-aldehyde 6 into dione 2, the well
of cis-jasnone'(l)z“} was carried out in two

The convers
established prccuri )
stages. Gtignard reaction of 6 with cis-3-hexeny1 magnesium bromide

-_iu ethex gave rise to ketal-alcohol B-Hhich was fouand to be unstable

and vithout purification was immediately treated with Joned reagentzs
.uhich affected si-uitaneoualy 1taJd:iztalitation and oxidation to give

(f\\\dione 2 in a 902 yield. The ir and nnr spectra untt shown to be

\

identical -with those’ previously reported?®, The structure vas further
. confirmed by its mass spectrum displnying a molecular 1on eak at
- 182.1308 (calcd for cllﬂ : 182.1306).

<

18 2
[ 4

13

-

. - [N 3 . .
*The structure of 7 was evident from its spectral data. 1In the ir
spectrum the absence of aldehyae absorption. at 2820, 2720 1720 cm

" “was coupled with the appearance of ‘a new carbonyl ab-d?ption and at

1710.cm” -1 ‘whereas in the nar spectrum a triplet at & 9.40 for. the L
aldehydic proton and a methyl ain;let at § 1714 and 2.87 prtvﬁyusly _
oboerved for ketal-aldehyde (] shifted. -ubltantially to § 4.78 and 2.87

readily accountéd for by the methine proton of ‘the acetal group and the

-three hydrogen_ato.a of the methyl ketone, respectively.

’

o
ko:al-aibehuii 6 vhose ir and n-t

the expectéd nolccular !bd'lignal a!'l&b Ito

o - ‘.’ . ' vl ’

/kinal cyclization of dione 2 under the described conditions26
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resulted in the. formation uhjnuonc (_) 1n an 81% yield. Thus.a .
- total synthesis of ch-j.&a\ fro- lmlinic acid: vas achtcvul in

. & total yield of 49%.- Ihe narl¥, 1r? . nass -pcctta”. and thc 2, ‘ADNP
' dorivat.ivc” of the lynthcuc utcrial \nrc found to bc mnt:lccl vith

: quc des ribed in the lucramro. . —_—
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stal analyses vere perforied by the microssqlytical N
this dcpart-ont. H‘luﬁ. ‘points vorc dct.t-inl on’a ¢
Qpautu‘ and m uncortcctd. Inttu'oi bp‘ettn (1r) |

% ou s Parkin-Elaer Nodal 337 or 437 grating tafraned ?” o
tcr. \n- qpoc:n mn caubtatod u-m th- mw om 1 | *
" '&M -uuue ‘Yesondiice (ut) were: recorded |
q - *vu.-nn hoocutn Model AS0/60 lpoctto-ttcr with utr-&yhuam
as an utoml ctﬂard. ‘The following abbrcviatiou are used 1n the
text: 8 = -h.ht. de doub.lot. t - ulct. L5 - qn‘;t.t. and a-.
-dtiphc.‘, Mass -pcc);u uotc rocordod on‘a A!I uodcl M8-2 or #—9

MASS lp‘Ctl‘“‘t.f .

B f'
~-
w

. «
. . . . .
. . . . , N L I

cu chto-atograph analyses (glc‘) wers performed min. a . LX
Bovlott-l’achtq research chtoutograph Model 5750 ‘with a c.oh- ‘of 15 .
ﬂwonchm.ooorbw 30-100-0-1:. _ : _ - ot

-

-gc-uu' R - \ 7

}
- : ¥ |

l.-vuJ.Mc acid (95%) purchaccd trot tlu Ald::lch Ch-h:al
chnay wvas -used vithout ftu'thor purification. cil-l-lrc-o-l—htncnc

" wad prapared from ch-&h&m—l—ol (Aldrich Ch.tcnl Coq.ny) according B '

s

to the rq»ortod ptouduuz‘

: ‘-41 {oxypentanoa 3) e L.
. ' B
. ro...a.u..ofso.(oaam)ofmmemusoon

‘ ot m'u added 200‘ (322&1) of .chylm gl.ycolandl;,

(o 005 mol) of g-tolmuouc acid: W-u. The

‘mixture wvas refluxed with a nun-swk water separator uut l’”ﬁtrogcn
atmosphere for U hr. m was patti.ll.y.‘(__; 200.ml) removed by _
d.utulupn and” m u—mu nxmo attor coonu to roem uqcuturc

ot

LY . - . :
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‘ e ' ' . . . P . o, -
ves poured ;:':o 300 m1 of ice-oqld saturatad aqueous sodivm bicarbosats’,
m soﬂthu aqubou nluuon acucud with ciluo!om “ = m -1) v
 -whiteh vu m.d with utuucd oqnoou oo“u- chloxide (230 -1). R
ormzc dp;ud.onn vere eohbm dried. ouso‘), m:oud. and | .
encca:utod. _The eddy product vas distilled at ’0-92‘ 05 mm f.o '
, give 76 ‘33 s (872) i g g: ‘pmr (001‘) 1.7 (-. L f). 1.97 (e, 2 u,
REEER TN -quIO-O). 3.34°8¢, 2R, J= 7N, AyOn0).
o), 3.68 (e, 2 M, 3= 6.5 N, -e_l_zu), 3.89 (o,\ 8Py,
411 (:. z‘p .n-@sn;,l. zon); u(uh)v:l“ '

Yoo, e e s : - : . :
. . . .. . . o . C .
L + » . .- S

: . ! : e . .

. m_(blca tor c,n“os: C, 52 93; l'l. 7. 90. Iou.d: C. 53 01. .
- " s2. 675 Il. 7.91, 7.70.,_ " A N TR N J, o
R W m;mggm' entan-l-ol (&) - . . . -
T At 0‘, a ooluuon ot &o 8g (o 2 -91) of hm-utn 3 tn-

" ather (250 ul) vas n&ld aropvuc ovot a 1 S hr p-riod to &

of ltthium dt-iniun hyd Q1o ;; 0f6 -ol) ia 150 ll ‘ X The .
~.Teaction mixture vas -:u - at .room t-pornturc uud.t ¢ Z S

.o at-o.phorc for 16 hi. After: ;cooling to 0°,. athano] and iCvire _ .
addod ooqpontully to dutroy ucul lithn- d-m:lu- hydruo. The
orgsnic layer was separated apd the agueous .aoluti.on oxtractul with i
ether (3 x 500 -i) and chlorofot- 2 x 500 =1). The combined organic .

. .«y,ution vas driod over ugmh- culfau. !utcrd and couecntntod. v
The crude oil after digtillatien lt 62-64° }0 04 wm save a 24, Sg (“3)' -
yuuozism(ecx“)cl.zs (s, 3 H, cu CHy-), 1.63 (m, 4 8, . i
-clzcgzmzau). 3.00-3.52 (m, 2 W, —cazon). 3.78 (o. ‘1 H, -ON), end
88 (s, 4 B, ;OM, 0N 0-); ir (£ilm) v 3415 b- (udom). nass
spettrun: m/e (M - 1S5) 131.0706 (CaXcd for °s'iu°a’ 131.0708). ,
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RESULTS AND DISCUSSION
' b-&:ctox;JZQcyclopcathh-l-om"{ 12) - ;nd l-proptuyl"lcotato-.
-the: tuo ;ountetparu of the nuusun; phot.oeycloadditm tuccion. _
cparod according te the ‘procedures pf W 3:__/2\__‘5“"7 and

mith lb.t dbdifications. A 313
f lrpropony‘llucue'q ves_cbtained

o e -
Vs ‘ "‘- e S

and u.d withon: tcparation.

.--\/

Irtadtntion of .olution of (_g) with an cacl-. of l-propcnyl. J
u.ut. in" benzane fot 26 hours gave rise-to a dissterecmeric mixture
of photoadduct 13. The pho:ocycloaddition reaction proceeded vith a
high dcgtec of rcgiooclcctivity in the expected head-to-tail mf. _

- The orjmd.on of" thc paoducts follows shnrly from tnrtlor ,..
trmfomtiou. Phot uct 13 was found to undetgo & f.votablc ‘
elininntion reaction upon pralonged exposure to Kiesegel“?, in an
attempt to purify it, giviang the duircd ytoduct cnonc 14. More .
effectively 14 could be obtained by trut-ont of 13 vith a saall amount
of g—tolucnuulfonic uid in benzene. Ilono 14 thus obtained in a

54% yield from 12 was shown td be a diutcreo-cric mixture consisting
of at least three .tcteo:lsmu as indicated by its umr spectrum vhichD"
axhibitéed three doubletc at § 0.90, 1.10 and 1.35 for the C-7 methyl
group as vell as three singletl at § 1. 97. 1.99 and 2.08 for the

acetoxy grouﬂ The ir spcctru- shoved ab‘orption bands at 1736, 1101 IS
..d 1574 ca! Yor the ester and the ketpme carbomyle and the double
”bond,tq.’.ctively. . The ketone abcorption appurul at s somevhat

lower than normal valucso but ig was found to be gemeral in cases in
vhich a cyeuc .ketone is fused to & fonr--ln:d ‘ting. Since two

of the four chira,l rs prucnt in a%l be sither- usttoyed
or possibly epime n the hut stagss, Do utqt -was made to
oqsirqtc theac 4 .
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The ucorporation of'a ut.hyl group 1nto thc C-4 position of
enone _go_ vas 'ubuqucntl.y affcctod » a 1,4~addition reaction. Treatment
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mun’ma. A selution of 1prepenyl scetete mdm

aixcure; 277 gi:2.8 wol) ol A-acstonj-2-cyclepdnten-l-one (J) (2¢ 83
0.18 mel) ia 300 ul of dry bemsens ves trradissed for un:cur.u. ,

' uu»ma-.ﬁamm.&un-“wm

u-umq-uh a"nt tHidw, m* irradiation d edmstant’
-M.mm-dwwhuﬂwumnim ..ucln

.uiuu,unnvud br-mo!mrmm ,"°'
._.lot d (ao-p)!msuuu.otquogu-oa. .

mm*wauzg(asouruxmuu
-nhydrau(bdg)mmoolvdtnmdoldnbmdm

’-mmmm-tmmm.*ahwnm

for 24 hr. The wesctiss aikture was made \eeic with icé-coldd B
sodiwm bicarbomats. The bemsens uxu:'m seperated .and the aqueovs
layer extracted with sthek (3 = 100 ml). The orgemic extrscts were
u.hlvtthm&dmu‘i.buuﬂnu (zson).u-m
(250 ml), cembimed, drsel (Ogs0,). filtered, ‘comcentrated o4 e

‘a browa o1l vhich wes distilled et 84-91°/0.4 giving 18 g (562 from
D of 3t ir (f1im) v 1796 (sster), 1701 (ketehs) sad 1574 ! (dowble

w)s.l(w‘)Co-”.lmlﬂl”(dI‘. *m)lql.7.l.
a,"‘). 0’7. 10” and 2.“ (m [ 1Y t.“l ’ l". a’w.). 2. l‘ (‘. k..

CyCE-), 2.91 sad 3.70 M-.xl..es.-coa'u-). 4.0 (2, 1 8,

).6:5(;.1-.-”»).-.\47.96-.11.@”-);--

m,_mal for °m'u°3‘ o u.cs. l. 6.71. n—‘: C, 66.35;
n, 699,
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‘Fig. 1. A. Dewar flask; B. sintcred glass filter;
C. mctal cooling coil; D. water inlet; - E. water
-~ outlet; P. reaction vessel; G/ quartz immcersion. |
- welXl; U. pyrex. filter; I. lamp; J. nitrogen ga&s
inlet; XK. ground glass: joint; L. comdcnses:
. M. calcium chloride dryisg tube. . O
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- -luf QM at 0° mu«-um.-am-m
| e ;-ma.«wocsom. uzuan-ﬁ)on..nx
mhyiu’&;.u A!toz stirring for am -«tlm-n 30 .u, s ..:,u:m
'oz phowdduc:,a(su;. 28 wmol) nso)! -Mmaﬂ-qm.
br adlV &in. msod. m mmﬂu uamul n 0‘ ow: nctn‘

.m--xot,};, 4’1 R
" f1ltared. ‘The. futntom «m-;m vith dum'o! .
The eo-bigul orpnu cntmu were mfnd writh water (1000 -1)
uturucod mm sodium- chloruc (1000 ml), dried ovot -uuuiu
oultau. t4dpered, and: mtr;td. _ The brown o1l product wvas

bensene as almt siving, in addition to 0.4 § (7%) of uvareacted
luttin‘ nwm. 3.6 -8 (671 ‘based on consumed utctul) of & and

0. 28 3. (n) of deobol 2 lnto-ucouto 4 ‘showed the folloving .poctrnl :
dlu: ir (fih) N 1763 (utm and’ ut&).- : (CCI ) § 0. 83+1.19

(d's, 6 B, 2 CH -). 2. 00 (l. 3R, 3000-) and 4‘39-5 36 (m's, 3 H,

) -cnocoa3), nass nppct.ru- H 196. 1106 (Calcd for Cu516 4 196. 1100).
_ . Anal, Cclcd for C..H,.:0.: C, 66.32; H, 8.22. Found: c. 66. 77,
B, 8.28. -

11163

@

‘!oa.olhuonof17| (85-01) of koto-‘gcut.tlo inlS-l

of utblnol was add.d 15 -1 of uwrat..d aqu sodium carbonate.

e runltht mixture, after octrrtu at ‘temperaturs for S hr, vas
. dijuted ‘with 30° ul of water and mtimly extracted with chlorofors
for 24 hr. The chlorofors solution was dtied with oodin sulfate,
£i1t and concentrsted givifll @ yellow odl. Columa chtonncognphy
of f£he ‘0il.0n Kiuqcl. using a solution of- 5 ctht is benzens as q.ucnt
elded. 1 I3 (76%) "of . bto-alcohol it‘(fih) v. 3440° (nleol\ol)
JJZQP (hton.)., (001‘)5098nd116 (bOtll d. tvulBll',J-
7 Hs, CH -).109.«!119(&&4. :oulsn. J-sns. =), 3.25 .
-(l, 1H, —(ll), and 3 37-4 18 (2 t and 1 d. 1 H, CHON); mass lpoctgll
‘l 154 0”30 (Calco for C,lluo .,156.09938) ' :

w R . R . S . ' o C . K —
R v R oo s N . . . Lo “ X
v . - . ‘. , - . R S NN TR

d on a lim;cl column uding a lolutimi of SX. ‘sther in .\

- .

<



urxhr,mm:puuaummm ‘Muucm'w- '

r-wd fco- cln d.xmo by m ot cxm cendmns.v Tha . S
uquntun ‘was thcn Taised to 190’ and utnu&n’d at thct ;.pmturo '
for 3. Shr. 'nun:mcm noolod to 0° and 50‘1 otntcr\'iu added,

Ektraction with chlorofess (3.x 20 ml) followed by. the usual work-up = ™ o
muon\tichupondutu-vuhS!cthcrtnmonanuqd ;
col.n-n m 0 1s (612) of alcohol .6_: ir (fih) v 3350 o (alcnbol). . '_ v

mr (CCL) ¢ o,75-1.25 (@', 3 B, 2 GB;-), 3.20 (¢, 1/2 B, J = 68s,-
©.1/2 -M). and 3.67 (¢ aad .. 1 1/2. Il. ~Of and 1/2 -QOI). nass ,;
cpoctrw H 160. - A -

2 -j.gwu after o::l.rtin; at Toom for. 1.5 hr vu pourod
108300 ul of 4 N sodtim ‘hydroxide ‘snd u §vith chlorefors (4 x

- 90 ml). !In co-bund cttlcn ware ughod vith 4N soddum hydtcxm
(250 -1). Mu (250 wml) and saturatsd aqueous codiu -chloride (250 ml), *
M«l over n;nui\- ulfau. fumdl, and.. eonc.ntrud. aoh-n

Wof myammnmmuummmumm-.

. ucxmzmuzag(umo#«u(nmvzma‘ (a1gpbol i,
-

mmr - (CC1,) & 1.00-1.26 (d's, 6 a,-;. 3.19 (s, 4N,
and 3.40-3.88 (d's 1 H, -qon). mans .poc;m u 230
culns 0: zso oooo). , -
w.ed ot 'u‘z"’ ¢, S7. 35: n, .n; :. :n.aa'. |

ma c. 31 u; n. .oo; s 21.11. o Ll Loy

fo




. 204l1).- The M solution vas dr:l.d dver qagnasium sulfate, £

e ro..ox-uo-ofmu.(15-»1)»:.1@:19_:-2-1‘:
1.«:«-.:0’ M!lm:mtmnmuﬂnuurm |
' retained- Q__,_o.uu) mwemwmm-gmum“wum-
: asmmo.snofmx.mnzmm  The slxtere was. T

?-_mummnotmmmummunmwmux |

. and mumuo'wmuamx pmq. myuu-ou. ‘
‘auuuul ustag s Kugelrobr spperatus at an oven ‘tenparature of ss-co'/"
o7 yuun. 179 »e (qam of katons 81 1r un.) vand et
i ' “c,ams-,ﬂ._

‘2 cn,-). mass me:n-l 138. ,
ma-iutul by » sun m;., '

s mw u-une W" R

o
}-r..‘« )

O Ag o' 1.45 s (10.4 q.m) of nlcohol s was au.oh-i ia
. 20 -n of freshly #istilled dimithyl eulfoxide .and 20,ml (31D weol) of
‘,;muc .aby&rmm-u-a mwmmmmawmm
."_.: =3° for 48 hr sad 25&0!1“&‘“!!7‘:«31&-”-1#11
‘ The mmmam vm. mhyhu chloride (3 :25-1 )
;‘.umuummmmm (azzs-nua-.m uoo-n, ‘
m wog. wmun n-d m:ug( -,e 3‘) .an am- 011 which
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mwn 417,16, (99R): aF Beco-estiy 9 i
ua‘ (bgod‘) ' usr (emwm' nm). .'
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