
OPTICALLY ACTIVE #34JNSATURATED y-LACTONES 

STEREOSPECIFIC TRANSFORMATION OF ALLENE 
CARBOXYLIC ACID@ 

. . 
Duaomum of con@xtion of chirxl xlknu by 
cknicalmethodxbbualontbciitteranpwilkryb 
tbcni8 form ophlly active rubstntcx Of tkir stereos- 
pccac trxnxfonnxtion into optically active pmductx.’ Al 
prcwlt only 8 few ex8mpk¶ of steraJql!citk tnosfor- 
amtknl of xlknic systems xre kDow0.’ 

IbcpuQolcofourwork”wxxtbxrca+thofr 
otodclofaxymmcaicinductioniothesynthuisofalknc 
arboxylkutcrsbymansofrreycattruuferingtbe 
chhlityffom8nxsylMwfkPuomxndulbxume 
time tbc dcrivxh of the -1 possibk number of 
dhl CompoaDds from Ibuc atcn (1) aa weu’u tk, 
&terminath of coaQuntio0 of such &fiv8tiva 8nd’ 
cvaltdyoptial~.welmvcfoundthu-- 
tioo of dkne cuboxylic rids (3) xnd their methyl extas 
(1) to u&lmand 7-konca (2) io xckl solutioo 
txkex place fairly readily; thi¶ co&Ins arkr obscr- 
vatiom reportd by Kahkr,’ Aksna’ and more recently 
byKmxedaL’ 

nLc6ntrtrpofourrIudiuw8atheryntbcsiaof 
racemk hctones. 

(a). Tk coupling constant ‘J,, = 6 Hx indicates thxt AB 
protOOSUChCiJpitiO4L 

wtu!nyc3-mu~l~diene-l~xyk rid 
esta (3e) trcxted with boilipl bydrocbhk xcid or willl 
sulphurkacidinDMEdidoor&etbecxpcctcdlxctone. 
fhtbcothcrhMditinhKwnthurlactoneisformcd 
from3$-dipbcoylpropr-l3-dic#-I-cuboxylicrcid 
atcr780dforthi8N!8sooourobaenf~nptdinOd 
kisofinter+FromDrciionnkbitcankseeo 
thhaonirrbonof3eis~bytbcrlaiceU~of 
orh Me poupa of mcrityl substitumt. which prevent 
Ihc iatr8mokculu utuk of the ouckopllik 00 c, (Pi 1). 

Tbehwlkoel3dic+oxylicridr(3fuldsI)wcre 
xlsoannpluelyumactlwuoderthecondiaioaofthc 
bctonisxtiooprocus.Docanexpcctthiawuduetothe 
@ox&i&y of fomwh of 8 trdhod aboaium ioo 
hril?8lkcbaQcinopositiootothccarboxylk@Xlp., 

Foftkpro6rewofoIustudhoobctona(42bxml 
2c)mwereu8~optianyactivclnxtuixlinorderIo . . 
dctchDcthertatorpeaeaty of lxctoahtion. Tk 
methyl ester of 3.4 - dilm!aylpeora - II - dienc - 1 - 
arboxylicacid(ld)whichwuuacdutbesubxuxtefof 
2d wax rvaihbk in the rxcemic form only. we pxid 
uten~mxinlytothe~ttwocompLumds(&xnd2b). 
Tbxrmrt&mxtuhlcolhtedofoptic8llyrtiver* 
(3x and 3b) or exten (18 8llj $1 o~kteflntefln~T~*~ 
purity.‘Them4lltsof- 

TabkIilluntntathttkhctonesokinaifrom& 
C0mrpoadipll!StUS&VC~bW~OptiCdpWitytbM 

tbac ohiood from arboxylic ada under tbe rrmc 
coaditiolu. 

Tbencxtstcp~totbcxohaioooftbepfob&m 
wxxthedetaminuionofoptialpurityxnd~n 
oflactoaa(&xnd2))byamverxionroeithuurolrctic 



c!N$s ..I. % [arl? l *o. 1) 
/CHjW /Cal,/ 

y;$O*jgOy2 y* :::,;p* 

l 8 
+42,53* 13.4 l 33.35* 12.2 9.0 

l 41,tP 13.4 +25,65* 9D4 30.0 

-35*35* 11.1 -2s,s* 10.5 S.4 
-34,e* 11.1 -23.3' a*5 23.4 

+43.25* 13.6 +37,16* 13.6 0 

l 41,70 13.6 l 30,93* 11.3 17.0 

P a 

-20,34* 9.13 -20,75* 7.8 14.5 
-20,45* 9.13 -19,40* 7.47 10.2 

-20.34* 9.13 -23,?5* 9.13 0 
-20,4s* 9.13 -19rss* 7.P 17.5 

8 knd on tnomfomstlor, to ~6kyl l trolaotato /Bobam 2, Tablo 2/ 

P borrd *PI [c@ ot optioally gun p ooafimod by 111 rprotrr 

rcid or its metbyl ester (6). For tbis’pwpoae we were’ 
l&jl tc oxidiu tbc a~-ud (cx) dc4lbk 
bcodusiogwuktmo~rrrpnuul8krdiuaent 
cditions.Inspiteofmray~wewucao8bkto 
obt&ntbecompktetyunambiguuusruuft.~~wc 
isokted acid hwllc (cooH)DcocoDH (4). u directly 
formed by ozonolysis. !hce this failure cdd have bocn 
ductotbefNcsmceofranlj~systemmdecii 
toe4imiiitdtbcntooxidiKtbeisoktaldouMc 
bOlUi.Fo~tlliSptUpoMWttWd(~-~ZIwith~. 
cxcessofC3r+fd~duivcdffommcthyliodidc. 

czHsx-t5-Mcthyl-2-p&nylbcxcxddioi-~ (5r) 
w8sforldiIlquultitrtivcyield.Tbccrudeoilyproduct 
(k) vu tratcd autahely with OtolK. +ncthyl WI- 
$w.~8ikditusiivaoxidc8ad&ISyduromc(brae. 
‘fbcmixtureofatus[(-)(rand7lwanscpuatdby 
di8tiu8tiohootbebfuisofoptialproOcrlitrwewc 
tbc coaclusion that abc isohtaf kwomntory methyl 
amkcme(h)“hnstbc(R)cxta@mhdtbcume 
o@icd purity u tlmt of substrate (RH-M used lot 
lKztoni$uioa.ThiaobviolulymaostlmtLctoniutionof 
rid h ia fully stacorpecibc. llle muIt of tbac 
experimeotr 8re shown T&k2 

TlbkZ 

c~-<ooa c:xh 3 
Ir 

[6@ l .e. [a# .A* 

/clyw % &al,/ s 

-59rs* 10.7 R -51.4* 10.7 2 

d2.6' 13.4 2 +36,5* 13.4 2 



463 

The~8cquenceofrcactbmckedwtintbc 
areofLctoaeSbpverporitivcretultonlyinIhcfint 
rtcp.TbeO-(S)-(-)-2-me(byl-S-pbeaylbeptcn- 
3-dbl-23(sbhlbtimdwmml?dforlnolbctcomlrioa. 
-fil--5fdu to &termiDc the cxn&unon and optical 
purityof2b8Ddcodrmour6odingsregadiQ2&we 
UdtbCUWll~pUbw8ycOti~iUtbcib 
tNldUChOfdOUbkbOOdhtOfb6~~-l6CtOO62 

(86 and a). FOr thia purpoac we rmohcd yaydroxy 
riQ W’.” lad9b)Whkhfl!8d@pvCoptiC@rctivc 
+ctom (8P’ 8adI)).lottlcnextucpwewedtbc 
R&baadSupkssmethodfortbeimoductionofr 
dOUbkbODdiOtkOJbpOdhL 

lllccO~rrktiwdprMdthcOpticrlpuri- 

til!aofcompoud(scheme3)ueinlgsewotwiththe 

rudtsdainaJforIrootbebmirofthe6lmlproductof 
tbc pceviDmly de&bed path (scbcmc 2). IiavipI 
obtaWrmmpkofkctone2boftbch@stoptial 
p~&y[o]~='t26lTwe exam&d the NMR spccmm of 
tbc dqdatioo product of (+dioi (5b) ill tbc pmcnce 
of Eu(faam),. We fouod that tth sunpie does not give 
the rigdr of tbc diutcrcotopk Me ooupr in the bwer 
tIcId. cibuMahtic of tbe (-) eMn~lncr. Ako tbc rigad 
of tk lbotbequiv8kot 8nmuk potoat (oabo) brvc ml 
beeodeteaed.lnthcc8scofsmpk8ofmeditmpurity 
the mment betweco intcgr8tivc mcmurcmcll~ (IS 
experimcotr) in the NMR rpccbum and tbc results of 
pohlhctricdetamiartioarwugood.Iobotbcmea(k 
8nds)thesigl&ofdiuteEotopkMelrouprof(t~ 
did k rod (+tdid s luving tbc cdgudoo (R) 
appcud in the hi&r fkld thul tba of lcvoroatory 
dbls(kandSb)whichh8vcthe(S)co&tmth. 

ktonidoa of methyl estera (la aad lb) in acid 
solutioo pve tbc sune mults but tbc optical purity of 
tbcpductswercbwer.Aninacme of the tcmpeaure 
of reaction (Scheme I) had the same uaf8vour8bk effect 
(MO% losort of optical purity). 

nbk 3. 

JR aa 2.0 

l 5,3O 91 I 4.1’ 91 s -248~~ 91 a 

cB, -1.4O 24.4 R l l7r70 24.4 R l 66,6O 24.4 2 

9.h Qk P 

-17.40 loo 2 484.70 loo 2 +260.4' 100 R 

vs l lO.OO 57.5 a -46.70 57.5 2 -147J0 57,s 2 



464 S. MUSIEROW1CZ and A. E. WROBLEWSKI

Attempted preparation of optically active spiro lactone
(2e) from optically active Ie failed. The crystalline
racemic lactone (2e) was exclusively formed.

We presume that lactonisation of esters (Ia, Ib and Ie)
takes place via hydrolysis to the corresponding acids
which becomecyclisedto isomeric lactones(2a,2band 2e).

The results of our stereochemical studies could be
interpreted by means of Caseiro's mechanistic sug
gestion'! but two aspects connected with the objects of
our investigation would have to be considered in such
interpretation: (i) the nucleophile attacking on the elec
trophilic SpL C atom is a fragment of the molecule, (ii)
the substituent (phenyl) stabilises the carbonium ion
which could be formed as intermediate. In our opinion
the participation of benzyl carbonium ion (lOb) is less
likely than the formation of bridged 1T or a complex
(lOa) which could rationally explain the stereospecificity
of lactonisation. We believe that the following obser
vations confirm the conclusion that benzyl carbonium ion
does not participate in the cyclisation: (i) after heating of
lactone 2a (7.5% e.e.) with dilute hydrochloric acid for
3 hr we quantitatively recovered 2a having much lower
optical purity (2.7%;71% of racemisation). This fact can
be readily explained by postulating the participation of
tertiary carbonium ion according to the AMI mechanism
of acid hydrolysis of esters," (ii) lactonisation of optic
ally active ester (Ic) under mild conditions always leads
to racemic lactone (2e) which could be due to exceptional
tendency of the benzyl C atom to accept full positive
charge.

EXPERIMENTAL

M.ps and b.ps are uncorrected. M.ps were determined on a
Biichi capillary m.p. apparatus. IR spectra were recorded on a
Perkin-Elmer Infracord Model 137 with NaCI optics. NMR
spectra were taken on TESLA BC-487c (80MHz) or Bruker HX
72 spectrometers using 5-10% solns with TMS as an internal
standard. Chemical shifts are given in ppm. A Perkin-Elmer
photopolarimeter model 141 and 241 Mc were used for the
measurement of optical rotations. Products purities were deter
mined from integrated IH spectra and GLC analyses. Mass
Spectra were obtained on a LKB GCMS 2091 with 70eV ion
isation potential.

Synthesis of (:+:) v-lactones (8a13 and 8b14l, (z ) v-hydroxy
acids (9a".1' and 9bI.'), diphenyldiselenide16 and optical resolu
tion of 9a11

.
17 and 9b as diastereoisomeric salts of brucine were

carried out according to the general procedure described earlier.

Synthesis of (:+:) 2-(5H)-furanones (2a, 2b. 2e and 2d) hy action
of acids on the methv! esters (Ia, lb. Ie and Id) or on the acids
(Ja, 3b, 3e and 3d)

General procedure. Method A. The mixture of methyl ester
(la-d) or acids (Ja-d) (I mmol)with HCI (I rnl, 17%) was refluxed
for 0.5-2 hr. The organic substances were extracted with ether
(4 x 5 rnl). The combined ether extracts were washed suc
cessively with water. sat NaHC03 aq and water. The dried
extract was concentrated under reduced pressure. Distillation of
the residue in high vacuum gave pure material.

Method B. Sulphuric acid (I mmol) was dissolved in DME
(I ml) and while maintaininga temp. of 0° was added to the ester
(Ia, Ib, Ie. Id) or acid (3a, 3b, 3e, 3d) (I mmol). The mixture was
left at room temp. for 24hr. The mixture was dissolved in ether
(15 rnl) and cooled in an ice-water bath, then dilluted with water
(10 ml). The ether layer was separated and washed with water,
sat NaHCO, aq and water. The dried extract was concentrated
and residue was purified by distillation in vacuo.

(:+:) S-Methyl-5-phenyl-2-(5H)-furanon (2a). The reaction was
carried out using the procedure (A) or (B) described above with
la (2a. 68%): b.p. 116-20° bath/O.l mm (lit." b.p. 180
186'/22mrn): NMR (CCI.): 1.78 (s, m, CH3), 5.91 (d, IH, 3J= 6.9,

Fig. 3.

C=Ca-H), 7.1-7.4 (rn, SH, C6Hs), 7.56 (d, IH, 3J = 6.9, H~-C=C):
IR (film): 1770 VCo(): MS: 174 (M') (15.5). (Found: C, 75.92: H,
5.79. Calc. for CIIH100,: C, 75.84; H, 5.78%).

(±) 5-Ethyl-5-phenyl-2-(5H)-furanon (2b). Hydrolysis was
carried out using the procedure (A) or (B) with lb. (2b, 65%): b.p.
120-25° bath/O.I rnrn; NMR (CCI.): 0.85 (I, 3H, 3J = 7.2, CH,-),
2.04 (dq, 2H, 3J = 7.2, -CH,-), 5.89 (d, IH, 3J =5.6, C=Ca-H),
7.1-7.4 (rn, SH, C6Hs). 7.50 (d, IH, 3J = 5.6, H-~C=C): IR (film):
1770 Vc"o; MS: 188(M+) (16.6). (Found: C, 76.62; H, 6.68. Calc.
for C,H"O,: C, 76.56: H, 6.42%).

(:+:) 12,3.4- Tetrahydronaphthyl-l-spiro-5'-2',S' H-juranon (2e).
The reaction was carried out using the procedure (B) with
Ic. (2e, 53%): b.p. 180-90° bath/O.4 rnrn: m.p. 76-7°: NMR (CCI.):
1.9-2.1 (rn, 4H, -CH,-CH,-); 2.7-3.0 (rn, 2H, -CH,-) 5.94 (d, IH,
3J= 5.5, C=Ca-H), 6.9-7.4 (rn, 4H, C6H.), 7.55 (d, IH, 3J= 5.5,
H~-C=C); IR (film): 1770 Vc=o: MS: 200 (M') (100). (Found: C.
77.89: H, 6.19. Calc. for C"H"O,: C, 77.79: H, 6.04%).

(±) 5-Methyl-5-isopropyl-2-(5H)-furanon (2d). The reaction
was carried out using the procedure (B) with Id. (2d, 30%); b.p.
85-900bath/l rnm: NMR (CCI.): 0.92 (d, 6H, 3J= 6.75 (CH3),C),
1.35 (s, 3H, CH,), 1.92 (sp, IH, 3J = 6.75, CHl, 5.94 (d, lH,
3J =6.0, C=Ca-H), 7.45 (d, IH, 3J= 6.0, H-~C=C); IR (film): 1760
VCo()' (Found: C. 68.65; H, 8.39. Calc. for CSH I20,: C, 68.54; H,
8.63%).

(Z)-(:+:)-5-Methyl-2-phenylhexen-3-diol-2,5 (Sa). In a 3-neck
150ml flask, fitted with stirrer, reflux condenser and addition
funnel, was placed 480mg (0.02mol) of Mg turnings. Ether
(20 ml) was added to cover the Mg and 2.84g (0.02mol) of fresh
distilled Mel in ether (20rnl) was added dropwise. To this
vigorously stirred mixture was added 0.87g (0.005 mol) of 2a in
ether (10ml) at boiling while stirring for 30 min under reflux. To
the cooled (_5°) mixture a soIn of ammonium chloride (15ml)
was added. The layers were separated and the combined ether
layers were washed with water, sat NaCI and dried. Evaporation
of the solvent yielded quantitatively an oily product (Sa)of satis
factory purity of further transformation. NMR (CCI.-C6D6 ) : 1.02
(s, 3H, CH3(Me)COH), 1.14 (s, m, Me(CH3)COH), 1.65 (s, 3H,
CH,COH), 4.90(bs, 2H, 2 x OH), 5.20 (d, lH, 'J = 13,HC=C),5.57
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(d, IH. 3J = 13. C=CH), 7.0-7.5 (rn, 5H, C.H,); IR (film): 3500
3000 VO.H' 1650 Vc=c. (Found: C, 75.17; H, 8.62. Calc. for
C13H 180,: C, 75.68; H, 8.79%).

(Z)-(±)-2-Methyl-5-phenylhepten-3-diol-2,5 (5b). This material
was prepared similarly to Sa. (5b) NMR (CCI.-C.D.): 0,88 (t, 3H,
3J= 7, CHrC-COH), 1.06 (s, 3H, C:H3(Me)COH), 1.30 (s, 3H,
Me(CH,)COH), 1.80 (q, 2H, 3J = 7, C-CH,-COH), 4.0 (bs, 2H,
2 x OH), 5.27 (d, IH, 3J= 13,HC=C),5.65 (d-, IH, 3J= 13, C=CH),
7.0-7.5 (m, 5H, C.H,); IR (film): 3500-3000 VOH' 1660 VC=C'

(Found: C. 76.31; H, 9.10. Calc. for C,.H,oO,: C, 76.32; H,
9.15%).

Ozonolysis of (ZH±)-5-methyl-2-phenylhexen-3-diol-2,5
(Sa). The soln of the crude Sa (1.03g. 5 mrnol) in MeOH (30ml)
was treated with 4% OJ at - 60'. After 0.5 hr. Me,S (2 ml) was
added dropwise and the temp. increased to 20' in 3 hr. The
excess of Me,S was evaporated and to the residue was added
successively MeOH (50ml), AgNOJ (1.7g, 10mmol in 20 ml of
water) and NaOH (1.7gin 70 ml of water) and the mixture stirred
for 2 hr at 20'. The ppt was filtered off and washed with MeOH
(15mI). The filtrate was evaporated to remove MeOH. The water
soln was extracted with ether. The mixture was acidified with
10%H2SO. at 0' and extracted with ether (4 x 25 mI).The solvent
was evaporated and treatment of the crude acids (6a H) and (7a H)
with etheral diazomethane gave the corresponding methyl
esters (6a and 7a) which were distilled in vacuo collecting the
fraction boiling at 105-10' (0.4mm) (lit." 99-100'/0.1 mm) (6a,
20%). GLC indicated the ester to be pure by comparison with an
authentic sample. NMR (CCI.): 1.52(s, 3H, CH3-C), 3.64 (s, 3H,
CH,OCOj, 4.0 (s, lH, OH), 7.1-7.8 (rn, SH, C.H,). (Found: C,
66.40; H, 6.75. Calc. for CIOH,,03: C, 66.65; H, 6.71%). 7a was
identified in GLC by comparison with an authentic sample.

(S)-(- )-5-Methyl-5-phenyldihydro-2-(3H)-furanon (8a). The
soln of (S)-(+)-9a (2g, [alo"+5.3, 91% e.e.) in dry benzene
(50ml) was gently heated in a distillation set and the solvent
nearly completely removed. The operation was repeated four
times. The crude product was distilled (8a, 1.65g, 91%); b.p.
110-12'bath/0,6mm; [alo"-66.1 (c, 1.3, ccu, [alo25-52.9,

[a]g,-55.9 (e, 1.2, EtOH) (lit." [alm-54.8 (c, 1.2, EtOH);
NMR (CCI.): 1.60 (s, 3H, CH3), 2.20-2.50 (rn, 4H, CH2CH2) ,

7.0-7.5 (rn, 5H, C.H,); IR (film): 1785 "c=o, 770 and 700 Y=C.H'

(R)-(+)-5-t:thyl-5-phenyldihydro-2-(3H)-furanon (8b) was
prepared as described above using (RH-)-9b (3.8g, [alo"
17.4; r, 2.5, EtOH, 100% e.e.) gave 8b (3.3g, %%); b.p. 110
12' bath/0.6mm; [alo" + 84.7' (100% e.e.; c, 4.4, ccu, NMR
(CCI.); 0.82 (t, 3H, 3J= 8, CH3 ) , 2.0 (q, 2H, 3J= 8, Me-CH2) , 2.4
(rn, 4H, -CH,-CH,-l, -7.3 (m, SH, C.H,); IR (film): 1780 "c=o.

(S)-H-5-Methyl-5-phenyl-2-(5H)-furanon (2a) via dehy
drogenation of 8a. In a 3-neck 150ml very dry flask, fitted with a
stirrer, THF (25ml) was placed with stirring under argon at - 78'
(solid CO2-acetone cooling bath) and etheral soln of BuLi
(22mmol) was added dropwise so as to maintain a temp. of - 70'
or less, then cyclohexylisopropylamine (11 mmol) in THF (5 ml)
was added at - 78'. To such prepared lithium sec-amide soln 8a
(1.74g, IOmmol) ([alo"-66.1, 91% e.e.) in THF (5 ml) was
added slowly at -78' and stirring was continued for 15min.
After, the THF soln of phenylselenyl bromide (13 mmol) was
added dropwise. The mixture reached gradually a higher temp.,
at -10' sat NH.Cl aq was added. The organic products were
extracted with ether (4 x 10ml) and the combined ether extracts
were washed with 5% HCI, NaHCOJ aq, water and dried. After

concentrating under reduced pressure, the residue was dissolved
in a soln of THF (10 ml) and AcOH (15ml). The soln was treated
with 30% hydroperoxide (7ml) at 20' and left for the night. Next,
benzene (50ml) was added and the organic layer was separated
and washed with water, NaHC03 aq, water and dried. The
a,/3-unsaturated lactone (2a) was purified on the following way:
the crude 2a was dissolved in hot 2.5N KOH (5 mI). Then the
soln was diluted with water (25 ml) and extracted with ether
(3x 5 ml). The water layer was cooled in an ice-NaCI bath and
acidified with 10% H,SO. then extracted with ether (5 x 10rnl).
Etheral soln was thoroughly washed with NaHC01 aq to remove
unchanged acid (9a). The dried extracts were concentrated and
the residue was distilled in vacuo (2a, 55%), b.p. 11~20' bath
00.1 mm, [alo" - 248.3 (c, 5, CCl.), (91% e.e.).

(R)-( +)-5-Ethyl-5-phenyl-2-(5H)-furanon (2b) via dehy-
drogenation of 8b was prepared as described above using (R)
(+ j-8b; [a10 " + 84.7'; (2b) m.p. 47_8'; [aJ0

25 + 260.4' (c, 5.26,
CCl.), (100% e.e.) [al o" + 260.5' (c, 1,1 EtOH).
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