
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 
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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 



AttetnptedpocpuUioadophUyutivespirvbctoac 
(tc) froal opthny wtive Ic hikd. The ctysuinc 
rwenlic hctooe (2e) wu cxchuivdy fotlncd. 

wepresumctlmtbctonwollofutera(I&1b8adIc) 
hkea pke via hyholyrir to tbc cYxfcspondin# &Is 
which~cycliaedtoiromaic +-twt.lbradIr). 

niefexuhofours-r~couldbe 
itlteTptctedbymaaB0fCueiro’8mochrnirtic~ 
gcstion” but two upecu cantmtcd with the objects of 
ouritlvertiptiaawouldb8vetokcon#~itltucb 
in-: (i) the nuckqhik uucking on the ekc- 
aophilicrp‘C~mhrf~atoftkmdacult,(ii) 
the sub8titucat (pbcnyl) lt8hilh the cubonitlm ioa 
whicbcouldkfomEduin~.loouroptia 

V8thSCOtthtk&XIOChhtbrtkazylarbopmmh 
daerootputkipxtcinIbxcy~fl:(i)8f&?r~of 
ktonc 2a (7.5% CC.) with dilute bydrochbric acid for 
3hrwequxoriixtivl!lyrecovcfedt~~mucbbwer 

tCftiUyarbohmioosawdiagt0tkA~Imccbrnbm 
of dd bydrolysin of esters,‘~ (ii) lactopiution of optic- 
xuyrtivecstl!r(Ic)olukmildcoaditioarxlwxyxI#dr 
tomcemichctonc(2c)wl&couMbcductocxcepzhml 
tendeacydtbekazylCrtomtorc#ptfuIlpositive 
chup. 

-AL 

Up, sod b.p are uacarsctod.Ygcwcredetemidar 
Mehi CduY OLP. 8mu8au. fRmocframwelealddomr 
Pm&in-be-lof&od Uodd I3fwitb N&l optica NMR 
mauowefemkmaTEsLAEc487c((OMHz)aBmhrHX 

(4X54). Ibc coibid etba exuocta wae washed au- 
caaivd~witbwua.aatNoHCO,eaodwua.Tbedried 

(i) +Muh~-~*~-~s~jllmull(&). lb reocth wm 
ahadout~tbcpmcedmc(Na(8)dwaRwdebovcwitb 
Ir 01. 69%); b.p. 116-W WM.1 mm Uk” bp. I9& 
lWZ2 mm); NMR (CCl& I.79 (N, Mt. CH,A X91(4 IH. ‘J - 6.9, 

m 

lQk 

tX.-HI. 7.1-7.4 (m, SH. &it,), 7.36 (d, IH. ‘J - 6.9, H,-CX); 
IR (umk IllD -; us: I74 (M’) (ILVJ). (Found: c. 73.n: H. 
3.79. CJC la CllH,& C, 7SM H. 3.79%L 

(*I ~-JW-~-#W~UJ~@W~ (2U HyhIyric *u 
anieaoatpriprmcprocuh(19or(B)~Ib..CSI);hp. 
12&P lmW.1 mm; NMR (CCIJ: 0.63 (t, 3H. ‘J - 73, CH& 
20) (6q. 2H, ‘J - 72, CHrh 5.99 (4 IH. ‘J - 3.6, Cc,+, 
7.1-7.4 (a. 3H. C,H,). 7.30 (4 IS. ‘J - 3.6. H-,&C’); IR (9lm): 
ITlo rho; ys: II) (y’) (l6.6). (lb& C. 7662; H. 6.68. CA. 
la C,rH,& C, W, H, MZW. 

(*I lu,cru~~~-l-~-3’-~~~-~~ (&I. 
TtlCMCtiOOWUCUTiCdOMtpdaltk~(B)Wi& 
le. (a S3%k b.p. l9MV baW.4 mm: r.p. tbf; NMR (CC&): 
lS2.l (m. Ui. CHdH&: 2.7-3.0 (II, 2H. CH,-1 3.W (4 IH, 
‘J - J.3. C=C,-H). 6.S7.4 (m.4HH. C,HJ, 7.3s (4 IH. ‘J - S.3, 
H AX% IR (RI@: ITlo r,: MS: 200 (y’) (MO). (i’oad C. 
7h H. hl9. Cdc. la C,,H,& C. 77.19; H. 6.04%b 

(:I J-~ehwwJwsif~f~ 0. Tk mauia 
wucddo@us&tbeproccdm(B)wi8b1C(y.#JL);b.p. 
83-WWUI mm; NMR (Ccl& 0.92 (d. 6H. ‘J - 6.73 (CH&X 
1.3s (a. 3H. CH,). I.92 (sp. IH. ‘J -67% CH). 5.94 (d, IS. 
‘J - do. C<,-H), 7.43 (4 IH. ‘J - 6.0, H-,tX); lR (Um): I)60 
P- (Fbtnd: C. 69.6% H. 9.39. C&. la C&O,: C. 6U4: H. 
8.63%). 

(z).(iM-MuhyI-2-phalyfhaa-3-did-~ UIE lo l 3-neck 
ISO~hlk.htdWhb&fW.tC#lUCOOkKf~dditi# 
fumd.*IrWcd~lal@.a2moOdYIcPaippBtba 
(2Oml)wn~aocovcreo*a~md2.Mg@.OZmol)dfrcsb 
dbtitkdyclimuber~ml)vu&eddmpwiK.Tocbir 
+mmdyuhdhmuwudQd0.87~(Ommol)d&~ 
etber(IOmt)8t~~r(inqfa3Ohn~_~.~ 
tkawkd(-F)titwerrdadraawbm 
wuul&d.Tbehya8wuc~nlttheambbaJctkr 
h~WUCrubdWilb~~SUN~uddritdBnporrti# 
dtkaotveatWdedquwhav+~~umhdPOdDdUl)d~ 
fwrypwitydhmbcrcnndamthNMR(CCl&&llm 
(a, 3H. CH,(WCOH), I.14 (h3H. lWH3colr). I.63 (h 3H, 
CH,COH), 4.90 (k, 2H. 2 x OH), 320 (4 IH. ‘J - If. HCa 33 



(d, IH. ‘J - 13. C-CH). 7.b7.S (m. SH. C,H& IR (Rtm): 3SO& 
16SO vce (Famdz C, 75.17: H. 6.62. Cxk. for 

?fi B 7X6& H 6 79%) 
‘(2;(*;2&&&,~-3-dial-~ (Sb). Tbix mlelixl 

N moue4 simildv to SX. lS) NMR (CClAJU 0.88 (r3H. 
9 -i. CH~~COH); 1.06 (s. 3~. ~~fle*oif,; 1.34 0. 3~, 
NdCHXGHI. I.10 (a. 2H. ‘J - 7. CCHrCOH). 4.0 (bx. 2H. 
2 x &,.-S27 (;6 IH. ‘i- l3:HCXj. MS (d; IH. ‘i - l3:GCW 
7.&7.S (m. SH. C,H& IR (din): 3SO&3Qoo r,. 1660 m,,. 
;zL: C. 76.31; H. 9.10. Cek. for C&,0,: C. 7632; H. 

* omndyrir of (ZW*Mmahyf-2-phmyfha8o-+dfd-u 
(%).IbrlobdIhrendcL(l.ffl1.Sarad)ioMcOtI(%al) 
wNtreuedwitb4%G#4--bQ.AflaOJbr.ue#Qml)wex 
eddxddmpwiIeendlbemp.iocmledlo2oin3br.ne 
cxcexxpiMe#wxscvxpofuedendtotbemiduewexedded 
amesmdy LIeOH (~0). A#JG, (1.7~ IOmmol ia 2oml of 
nrcr)mdNeOH(l.76intOmlolwrca)~cknairtunccirsd 
for2bruarr.TbepptwexdlhabdoReedwubedrilLkDH 
(ISml).mlumtewucvapomed(oremoveMr.oH.Tbcwrca 
XOhWKCX(KkdWilbcI)#.TbcQiXtWCWKKidi#CdWitb 

l~H~,uQmdexmctedwitb*La(4~~ml).‘Ibc~nt 
wexeveponwdmdmemfat ofMeecMeH~u~I0aI~ 
wilbelbenldiexomelbxne&wetbemmPmdm6 
esux(6oend7r)wbicbwefedktiIkdkmcooco&cciallk 
fn&a & u l&IQ (0.4 mm) (lk” 9wWlo.l mm) ((c 
2O%).GLCiDdk8kdIk~tokDlUebvCOatDUk~M 
eutbentk smpk. NMR (CC&): IJ2 is. 3H;CH;C). 3.64 (x. 3H. 
CH.GCOl. 4.0 Ix. IH. OM. 7.1-7.6 (m. SH. C&l. ff’ooad: C. 

Il&l2’buUO.6&; [0~~-6&l (c. 13; cCl,):Tobs-S2$ 
IO&- JJ.9 (c. 1.2, EtOH) (lb.” IO),,,- S4.6 (c. 12, RtOH); 
NKR (CC&): 1.60 (a. 3H. CH,). 2.2M.M (at, 4H. CHFH,). 
7.b7.S (m. SH, CJl& fR (Rtm): 17% &o# m emd 100 ‘la 

mW+M4lkrJ-s-~r-243n~fummoa 8) wu 
pepued u de&&d &vi us& (Rj+b Q.EI. io),,-- 
17.4: c. 2s. RIGH. lm e.e.1 pve 0 Q.3r. %%I: b.p. IIC 
12’ botW.6mm; [oh= +84.7’ (IOOJ) e.e.; c. 4.4, CC&J; NMR 
(CC!&): 0.62 (I. 3H. ‘J - 6. CH,-1.2.0 (q. 2H. ‘J - 6. M&H,). 24 
(m 4H. CHrCHr). - 73 (m. SHH. C&l; IR (Oh): 1780 b 

(SH-~+~ahrr-+p~~-2~S~~~ (2x1 0L d&y- 
woJ&. larhecklSOmlvery&yhxk,6nedwhhr 
xthl.lHP(2Sd)WxxphdWilh&?&UOkUgOOU-IC 
(did CO+moox cad& bxcb) d c&ml so& of Buti 
Q2lMKlr)WUddddropwhcxO~lOdUhiUxtrmg.d-74 
or lxxx. Iheo cycbkxylixapmpyixmiue (II mm00 in THP Q ml) 
wexeddxdu-fs.ToxtEbprtpuedl&mxec~xohRe 
(1.74& IOmmolI Qob”-66.1. 91% e.e.) in THP (Sd) wxs 
added Jowly u -7r Md rtinirr *I( coatkmd for IS& 
Nter,tbeTIiFxolnofpbeoyhekayIbromidx(l3md)wu 
ddCddRlpWk.TktitUCEdKdpdogyxh&?~.. 
u-IQxuNH,CI4wasedded.Tkor&cpm&ctxwere 
extmctedwitb*(4xlOplneadlbewmbimedecbaextrectx 
vacwubed~S%HClN~CO,rq.rrta~dricd.AIta 

coeuoa&DadarrQlcsdpreuue.tbrmiducwudiudwd 
inrrdaofTHF(lOd)radArOH(ISml).Tbc~wrcaatsd 
witb~hydmperoxkkQml)u~udkftfortkai&t.Next. 
bemme(%mowueddedmdlbxapaichyefwNsepented 
end wexbed with warn,, NeHCG, 4. we&v cad dried. Tk 
0+nnmualhctoBe(&)wexpulfRedoalbef~wey: 
tbecmkhwxsdiuohvdinbotZJNKOH(Snd).Tbeo& 
aohrudihaalwitbncaNml)rsdexmctedwilbeaber 
QxSml).Tbewuerlayerwexam&diu~ice-NeClbetbeod 
widikd with Ia H&I, tbea extmcted with etbxr (S x IO ml). 
FAxrxlxolnwutho&lywukdwifhNxHCO,qmrcame 
tmchmd acid Or). Tbx d&d exmctx were umcamwd x01I 
cbr &be wu -&tilled b wcw (& SH)). b.p. IlbzQ bub 
00.1 mm. (oLs-246.3 (c. S. CClA (91% e.e.L 

(+A: [o -+..; Qb) rg. 47dT IoQ’+260.~ k 1.26 
ccw. (I CA e.e.) [olDa + 2tW’ k I.1 INNO. 

‘Taken fmm Ph.D. Tbaix. A..EW. Tecbnial Uaivarity. J!& 
(1976). 

a Rmxi ud P. Diveni. syofair 23 (1973). 
LW. C. Amam. 1. An. Chm. Ser. 86.2638 (1964k ‘K. Slkm~. 
S. H&&m ud M. N&gem. 7’amkka -J.urux 451 
(1961); ‘N. H. Gii. Ph.D. Tbexix, Univ. of New Hmqmbke, 
Chm. Abm. 41. IdJoai (l%l); ‘L Crombk. P. A. Jedinx xod 
1. Kobtix. 1. Cha See. Per&ix I. I090 (19711): ‘W. L. Wuerx 
md M. C. Cake. J. Am. CDrm. &XC. 90,674l (l96@; ‘hf. C. 
Cuefio. sda. ok. Ihurfom. 1.239 (I97OL 

‘S. Yuriaol*ia. i WrcUkski aid H:Kr&yk, Txtm6edm 
LAuux 437 (mm. 

‘S. y&mwicx uld A E wf6bkwxki. alen- io prepan1ion. 
‘EP.K~rodW.J.~.I.~CLaSor.U,189 
(1910). 

‘G.AkxoexealP.Fwyeo.Auo&n.&ood22.2347(1%8). 
b.Krexxe.LKbmueinmdW.~.LJt&i@Au979 
(19761. . . 

‘A. Seamesa. Jr.. &fwl#ic Dlrplrcmm Jfactbru. p. 119. 
Mronw-Hill. New Ywk (1962). 

“I. PrDpr W. P. Kavemy. I!. Gwckr end Y. m, T&o- 
h&mJ.artn4273(1%6). 

‘1.W. A. Boawr end R. A Gfimm. J. *. ti #. IQ22 (1967): 
‘W.A.Baa.J.A.ZbaicudG.A.Clulato.J.AnrCLa 
ser. 74. Sa6 (Ion). 

‘tS.Gotdd.MeAUfUoul~kCh#MiCChtm~. 
pp. 33M42. HoR, R&but Ir Wiarcoa, New York (19S9). 

“J. A. Reid xod E R. Tuna. 1. Chm. Sot. 3219 (MI). 
“J. 1. Ttivudi cod K. S. Nlrptd. 1. U&o. Bombry 10, I02 

(1911); C&am. AbrM. 36, 3802 (1942); ‘F. G. Bedder. L S. 
mAxuleodAHebexhiLtsasw.4%(1%S). 

ltiW. S. Jobmoo. 1. W. Petmoo d W. P. Sdmdu, 1. AIR. 
Ch. Sot. 69.74 (IQCT); ‘R T. Arnold cod 1. R. Bmkky. Jr., 
1. Am. Chfm. Sk. 7Ll78l (I9m. 

“.D. 0. Fox&r. Gvp. Srurcprr Cti. Vol ffl.771 (MS); ‘I(. B, 
&dexxxdK.F.Lua.I.AaCha..k~.%97~1973k 
‘H.J.~I.LRcidudJ.Y.~~R1.5113il~~ 

“J. Keayoa xd Y. C. R S~BOOI. 1. Chm. &c. 390 (19S3). 
00. s. Kipr xod IL s. ww Jbu Pub I. 1499 (1974). 


