
STERIC AND KINETIC EFFECTS OF CHANGING SOLVENT 
AND REACTANT IN GRIGNA.RD REACTIONS 

CONFORMATIONALLY MOBILE VERSUS RIGID 
I-KETO ESTER!3 

Previous publicatioll~‘~ show that Grignard reactions on 
b-keto esters can exhibit unusual changes in stereo- 
spec&ityandstericdirectionwithch8ngiqgfexction 
conditions (reactant, solvent, temperature). We discussed 
the hypothesis thnt these variations have to be related to 
the conformational mobility of the two mps (the ester 
and the keto group) with respect to each other. In this 
hypothesis changes in the reaction conditions are no 
longer expected to produce large changes in stereos- 
peciKty with conformationally ligid Meto esters. Also 
we were convinced that changes in stereospecificity with 
changing reaction conditions, have to be accompanied by 
measurable kinetic effects. 

We chose rmnd 7auuhometboxy&caH~ne (21 as a 
good model of a conformationally rigid d-keto ester. In 
this paper we describe the stereochemistry of Grignard 
reMion on 2 and the kinetic effects of changing the 
reaction condSon.5 as measured in competitive reactions 
among the rigid d-keto ester 2 and the two d-keto esters 
4 and 5 which have different conformationel mobilities. 

Startins compounds. Subt~tances 4 and 5 were 
synthesised using known methOds.” tnms 7a- 
Carbometboxydecal-l-one (2) was synthesised by 
catalytically reducing 1: This opera& actually yielded 
a mixture of four 8-keto esters (obviously the four 
possible pairs of enantiomersS) 

tWethaaktheCmi#ioNaziaukdelbRicwcbefa- 
Upon a@&mtion with hydnmlcoholic NaAXb this 

mixtureyiddedrmixtureofonly28nd3towhichbotll 

sTbefr&lya&aiDaifedu&lomixIurecbntriasddmut24% tbemoreatrMetmnr&uctureattheringjunctionsmust 

of52%3mdtwowaekctoestws(48~24%,rape&dy). beesaig&.Bothcompounds2and3,whichcanhe 
wet&dto8qmr&Md&acraErhcfaur~, buttwo =p-edeYilybycol~chrwutopnphy,an-. 
dtbaote&dtoiaomw& iatotbeoIbmtwo(2amd3)~ vertedintor7925mixture0f2slad3upon-t 
~mrnipllhtioolacwnoast-%&Soweweva~pmayias withMeQN~TbuaasuitabJe s4uxeasioIlofclmni&and 
tbullfulilM. chromrtogrphic operations allows tbc tranaform8tion 
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of the reduction mixture iato 2 or 3 at choice. The 
composition of the quilibrium mixture (2j3 = 75/u) ia- 
dicates that 2 has the cerbomethoxy group ia the more 
stableqaat&dcoafolmatjoawhereas3hasitiatbe 
axial one. Accon@jy the NMR spectrum of.3 shows 
the sigaal of the proton 00 C7 between 2.66 aad 2.86 as a 
distinct multipkt ia accordance with its equatorial uia- 
foramtioa. The comspoadiag signal of compound 2 is at 
higher field together with the other ri~6 proton sigaals 
(1.16 -2.46) ia &ccordance with its axial coafolmatioa. 

rroruerl7t. 

fromnmtorunthesum2+6+7wesalwaysintheraaee 
91-9596 of the startiag met&l. Table 1 also gives for 
comparison the ratios of lactoaes 8 aad 9 derived from 
Grigaard reactions on keto ester 4’ aad of lactoaes 10 
aad 11 derived from Gr@ard reactions on keto ester 5.’ 

&w&mistty of G&nanf nactio~~ 011 t&s 7~ 
ct&omethoxy-decal-l-one (2). Grigaard rca&oas on 2 
yielded, as expected, mixtures of the two oxy esters 6 
aad 7 ia which compeuad 6 was always largely prevailing 
(88-9396 depeadia6 00 the reaction coaditioa.s: see 
further) 

2 

6 7 

This was slmva by GLC-MS meaturemeats 011 
purified oxy ester fractioas: these exhibit two distiact 
peaks both having m/e -226 @xperhneat& for the 
complete fragmentation patterns). Structure 6;,witb the 
alcoholic oxygen ia the axial coaforamtioa m’attri- 
buted to the coalpound with the lowest retel&a time. 

Accordiagly tbc NMR spectra of the. oxy ester fmc- 
tiom always show a high swet at 1.15& attributable to 
tbequato&lMegroupof6,aadasmallpeakat1.098 
due to the axial Me group of 7. 

G&aard rea&oas 00 2 were carried out: (a) ia bea- 
zeaewithMeb@IatWaad(b)iaTHFwithMeMgClat 
60”. nese conditioas are those for which tbc extremes 
were reached ia the &age of stereospecillcity for keto 
esters 4’ aad 5’ (with this substrate phcayl Grigaard 
reageats were used). Ia the above specilkd Mmditioas 2 
yields the oxycsters 6 aad 7 ia the ratios as reported ia 
Table 1, Mag the meaa values from GLC measurements 
taken 00 several lulls. Ahhougb rcactioas yields varied 

Compefitiw Gdgnad mctbns between 2,4 and 5. 
Competitive reactions were carried out 00 quimolccular 
alixtures of 2,4 aad 5 ia the already specifkd coaditioas 
(a) aad (b). Reaction mixtures were examined by GLC 
meaWiagtheareasofthepeakscorrcspondinpto 
compounds 2, 6, 7; 4, 8, 9; aad 5, 12t. Each area was 

a I 
0 

I2 

divided by the correspoadiag mokcu&r weight aad the 
obWiaedvalu&wereus4!dforcakuMagtheyiekisof 
each competing rea&oa. Tabks 2 aad 3 give our results 
for competition rcn&as ia beaxcae with MeMgI and ia 
THF with MeMgCl, respectively: they arc in the order of 

Table2.RatentiafortXgaardrca&ascaketoutaa2,4aad 
5wittlMeMgIiabuucae 

Rllll Yil?M8 of G !? 
No. 011: t; G 

2 4 S 

1 1.8 
2 9 
3 20 
4 25 

ii ii 
7 42 
8 45 
9 43 

:; 57 

:: til n 

2.7 

ii 
43 
43 
61 

Ei 

ii 

ii 
87 

1.0 151 
4 1.23 

14 1.47 
20 1.95 
ii 1.87 

1.97 

ii 1.87 153 

ii 
2.a 
1.79 

59 1.82 
73 1.83 

V&t 1.39 
1.7*0.2 

0.55 
0.43 
0.67 
0.n 
095 
0.87 
0.79 
0.85 
1.0 
1.08 
0.95 
1.09 
1.09 

0.8*0.2 



Rllll Yiddr of k4 4 
No. nrctioluoll: t; E; 

2 4 9 

3s 
: 31 

10 
:: 17 

0.34 0.24 
0.59 

55 35 
: 68 47 : 

054 E 

5 39 
: 71 ?I 

Et E 
6 0.39 0.22 

IlUUlVrhres 0.56*0.02 0.25*0.02 

incrdng mean yields. The values k4/k2 and k&x were 
calculated hypothesing that ratctions are of the 6rst 
order for all keto esters and have the same order in 
Grigoard rcapnts for all substrata The formula k&t, = 
loR(ao-x/tb)/loR(bo-y/be) in which a0 and b0 represent 
the moles of starting compounds at t -0; x and y 
represent the moles of products was us4?d. 

The variations in ratios 6/7 (Tabk 1) are much smaller 
thanthoseofratiosR/9andalsosmallerthanthoseof 
ratios lU11. This indicates that confonnational mobility 
can play an important rok in determiniag variations in 
stereospecifrcity by varying the ra&on’conditions in 
Grigmrd rcutioas. The stereospecificity we observed is 
very close to the findin@ of suxuki et al? in G&lard 
reactions on tr4n.r a-de&one (94.9% of the axial and 
5.1% of the equatorial alcohol; ratir 18.6). which 
meansthattbeestergroupof2basnoinfluenceoathe 
stereospecifkity of the reaction. 

Compctitioc tuacrions in buucnc. Keto ester 4 reacts 
faJterthankctoesterZ(WG=1.7)juatinthose~ 
tions (reactions in benzene with MeMsI) in which it also 
reacts with its lowest stereospecitkity (Tabk 1: 8/9 = 1.3 
corresponding to a minimum of quauwial attackt). From 
rate ratios and stereoisomer percenta8es we c&dated 
tbeapproximaterelativerateofequatorialandaxial 
attackon2and4forrea&onsperformedinbenxene. 
ThesearereportedinFiil(2aandIr)andr&rredtotbe 
rateofquato&lattackon2takenasone. 

TherateoftbeaxialattackofGriRnard~nton4is 
6.4 times faster than in 2. This is a case of stereoselective 

an&merkassistancebyaremoteestergroupmuchof 
thcsamekindofthatalrusdysapposedbyKwartcrcrl. 
for b&h ekctrophilk’ (additkm of 2,4dinitrobenzen- 
slllfenyl chloride to oletlns) and ttu&o@k’O (NaBIt . 
rcdwmm of ketones) re&&s. Also the rate exal- 
tations are of the same order of mqnitmk. The only 
di&ence being that, in our case, anchimeric assistance 
deauses the reactbn stereospecitkity. The results 
brought us to postulate strucnue 13 as one of the possi- 
ble# transition state of Grignard reMions performed on 
conformationaIly mobile S-keto esters in a poorly 
solvating medium as benzene. structure 13 can also 
explainthehigberreactivityof4witbnspecttoS:this 
one, due to the absence of the riq. has a greater 
freedom to rotate around the G-CA bond, and 
consequently it could exhibit an higher negative activation 
entropy. 

Cbmpetitf~ reaction in THF. Kinetic data in reac- 
tion.scartialoutinTHFwithMeM&l(rabk3:k4/kz= 
056; k&=0.23) display a different situation: it is ap 
parent that the more rigid the molecule of a 8-keto ester 
the higher its reactSy. In this case obviously no role 
can be attriited to an&me& assistance by the ester 
Oroupof2.Ontbecontrary,altboughinahiOhsolvating 
medium, as TIP, the two groups, with their solvent 
cage, tend to stay apart from each other, it is likely that 
tbeestergroupmighthinderthereactbnsattheketo 
group, unless they are @idly held far from one another 
asin2Thishh&nceisalmostrandomforketoester5 
and this causes the relatively bw s-city of its 
reactions in THF (Table 1: 10/l 1 = 0.48). Keto ester 4, on 
the contrary exhiiits the maximum stereospccificity 
(Tabk 1: I#- 14.4) under these conditbns, which im- 
plies that steric hindrance works unsymmetricany. we 
believe that this supports our hypothesis’ that lactone 12, 
at least for reactbns in THF with Meh@l, is formed by 
axiaiattackontheaxialconformationof4:thiscon- 
formation, in fact, exhibits the maximum Mereace in 
sterk hi&ance between the two sides of the molecule; 
asaconsequencetheteactantisforcedtoapproach 
axiallyfromthesideoppositetothechain,thusjustify- 
in8 the lower reactivity of 4’with respect to 2. Anyway 
from rate ratios and stereoisomers percentaRes (‘Tabks 1 
and 3) it is useful to calculate the approximate relative 
&es of the (seem& for 4) equatorial and axial attacks 
for Grignard reactions performed in THF. 
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Tbesc are reported in F@ 2 (Zb and 4b) and refer 
asin& l,totberateofqworialattackon2takenas 
one. Conymrhou between Fm. 1 and 2 evidence the 
substantial changes in the relative rates produced by 
Clmllghg the reactions umditions. 

Our data indicate, that in conformathaUy mobile 
Q-keto esters, the ester group am anchimerically assist 
the Grignard reactions of the keto group. The occurrence 
of this effect depends on the reaction co&ions which 
can favour (reactions in benzene) or not (reactions in 
THFJ the interaction between the two functional groups 
through a fokled transition state (Eke U). 

When sohtion prevents anchimeric assistance, um- 
formational mobility is, on the contrary, prejudicial to 
reactivity. 

ExPmMmAL 

MpWWCtRkWOORKOkllppuahuUtd~uacorreded.IR 
SpedlawereXcdeduliDgaPerkinElma~257spec- 
trophotometer.NMRspectn~lVZO&doflaJtdJNM-CdO 
HL.MswercrecofMoo~AEI?ds12~tllc 
rChliWill~oftheperlrr(iipueHtbCsii)Uentur;;dtO 
tbemonthten8eonetakalas1an6.0Lc-Mswererecuf&don 
tbeslmcdNment(AErMs12)coupledtoaVarian14wgu 
cbrormtoqrPpbudqer2m,2mmid.cdwmpackcdwiul296 
ov 17 on sihnkd ChluXoh W. 80-100 me&. Tw-T~= 
2o(r; L. =174;N~tlow-3OmUmin.GLCandy~wereur- 
tialoutunaCadoErbaFrac&vapCilappamtuusingtbesamc 
cohmmandtheaameaditkmaasstatalabove.Altawivdya 
2m,2mmid.c&umpeckdwitb0.2%PEOZOMon~ 
~uw~.Twd this last pack& the GLC adyaia 

: w=Tinl-Znr; T,-2#r; Nz tlow- 
3Omvmh. 

!hdg mated&. Compoud 4,’ 5’ and I‘ wQe syotkhd 
llSiDgtbe~tbodSdLXUibd~~(~ 
Ch&)frOlllC!ShEd~Ud 

Tmru-7cr-Carbomdhy-dccol-l-~e (2) and tmnr=l&caho- 
methy-decal-l-one (3). Cornpad l(1.01) dissolved in EtOH 
(loOmI) was bydrogmated over 0.54 of 10% Pd/C at 25’ and 
atmoapbakplesawe.nctbeonlialamolmtofH*wuabuwbed 
dlUiUg2hiD.IbcCSU&tWMllbCdOff~tbCalcobolicroln 

wasevapo&dtodryneM.‘lbereBiduc(1.0g)wasdilJaolvalin 
6oml MeOH. -his noh m refhued witb 0.66 of Na#(h for 
4hlsaDdaftawahitwaapouredhtoke-watl!X(5OOml)aad 
CXtMCd8CVdlilBS3WiUldidl~stba.IbediCtbaecll 

tolmwcrcdrkiovaN@O,.fikedandswpomtedtodrymm. 
ByOLCexlmiartiontberesjdue(0.90)coo~69%of2and 
31% of 3. nia mixture wall chromUoOrrpbedontilicapel 
(R= l/75) uaiaft bexw@toAc, 9/l aa ehmnt. 35 ml Fractkms 
wae cokted. Fmctioaa l&27 (0.15s) were p~lre 3; frhona 
28-34(0.1p)containedamixture0f2and3;frdons35-60 
(0.6g)wcrepure2aswhitec1ystak 

Fmcthls1tL27distikdat7~(extunaltemp)at0.5mmHgto 
Oivea~coilwbich~cryrcrllizcdm.p.-~l*.NMR 
rpsctrnm in cc4 M the f0n0eg phi a: 3.61(~, 3fi) 
rttribDlbktotbeOMepoop;28_26(m,lH)rthibrmbktotLc 
equrtorhl proton H-Cd!O#e: 2Cl.l (m, 14 H). 

IRrpcctnrbowedr~cm-‘:3020~.~~.29U)rb,2920a. 
2890 sb. 2860 m. 285Om. 1735 s. 1715 s. 1450 m. 1435 q . 1365w. 
1355 w. 1340 w.1310 0. i295 w:1285 WY. 1275 w. 1250 a, 1230 sb. 
12OOs, ll8Om. 117Om, 115Om. 113Ow, 1120~. 1090~. 1070~. 
1OSOw,1~rh.l015w,980w.%Ow,930w,920w,900w. 

MS specbum: m/e 39(52%); 41(71); Xl(l2); 51(20); 53(n); 
54(16-l; 5s(49): 56(37); as(zo); 67(51); 7Vrr); 78(27X 79(B); 

tA~texauoftbeG~rapeoteMuncthtrlmort9of 
tkStUhgtMtL?&lWU cmaumcd wbkb improvea mcaaurement 
oftbeGlCueasof7. 

80(n); 81(31); 8y24); 87(18); 91(86); 9309); 94(o); 9500); 
loy31); 10500); 10608); 107(22); 122(43); 132(53); 133(lW); 
lY31); 135u4); 15q56h 151(20); 17q23); 179(10); 192(M); 
21lV4); 2110. 

Found: C. 68.33; H. 8.48. CnH,& twpkes: C, 66.55; H, 
8.63%. 

Fnctiom13540aftersublimotioaat650(exter~ltemp)at 
0.5 mmHg had m.p. - m71’. 

NMRspedrumincnsbowedtbef~perLsa:3.60(~. 
3 H) amhtabk to tbe mehxyl group; 2&21(m, 15 H). 

IR spednun &owed v~an-‘: 2990w. 29501, 2930s 
2910 ah. 2860 m, 2E50 m, 1740 s, 1715 s. I460 w. 1450 m, 1435 m, 
1375w. 134ow, 131ow. 128ow, 1255m. 123Ow. 1205w. 1165m. 
1145w. IllJw, lO603b. 1055w, 1035w, 1OOOw, 965w. 965w, 
910w. 

MS rpectrum: m/r 39(35%); 41(51); JI(l2); 53(2O): 54(13); 
55(49): 56(4l); 65(15); 67(41): 7705): 7800): 79(m)): 8007): 
81(n): 84u2); 67(X0: 91(64); 9303): 94(37): 9509): 10400); 
IOH13): lOq21); 107(20); 12X44); 132(49); 133000): 13405): 
I50@); 15l(ti); 17802): 179(15): 192(29); 21q21): 2llQ. 

Fountk C. 68.55: H. 6.47. C&I,& m&es: C. 68.55; H, 
8.63%. .- 

Eqviubmtionapcrimmtson2Md3.MecgicNa(O.Olp)ans 
dislolvedinZmlrnhydrollsMeOH.A~ofO.~Iofpllre2(a 
3)iu2mloftbcsamcSdventwasadded.nlereaultilt8adomr 
refhuedunderanbydronsumdithsfor3hrandtbenpo0ed 
into aat. icacdd NH&laq. (lOOmI). The water soln was cx- 
tractedaeveraltimeswithdietbylethncetbcdsolnswere 
extr&edwithratNaHCOjaq.,waabalwitbwater.dridover 
N&30,, Wared and evaporatd to dryau. Yields wm almost 
cnuntMveandtheresi&cae~bvGLC~2md 

MeM#J) at W. Typically: a sole of the Grigeard rea6eat (OS 
O.lM:OAmmdt)intbechosea~mtwrcrddsd~toa 
y-ye* of 0.063 8 (03 muId) of 2 d&olvd-in 5 ml of 

ReauhiabelKenewerestappalafter10minandtbesein 
THFstta6Omin,byaddingsat.NH&laq.Aw&balamomtt 
0:4waaaddedatthispoi11tasGLCstanddadtbeakture~ 
extrsctedwithdidhyiethTbeetbwealsohawerewasbed 
with v. dried ova NaS% M2b~wF s 
wasadysc.dbyGLCtomeasure 
2+6+7aDdtbefatioI6/7. 

;sY.cI&ud+6e&es&untilwmLwe2aru~by 
OLCexamhbokIbeuaoalwdiugupyiddedamixtIue0f 
only6and7inthentioVl-113(0.1p).ThismixtPndirtilkdU 
I#r (exted tell&) and 0.4 mmH& 

NMRspccbuminCcl4aftbe~mixtlueabowalthe 
fdlowis) peak8 4: 3.61 (s, 3H) aahtabk to the ester OMe 
~up;I.U(~,~3H)whichwuamibotedcOtbe~~ 
~-OHd6Pndarrmlkrp#L(Ibout~tsatboftbel.IJd 
peakak~s~ wqicb*wu attrii to $e axtd ?&C-OH d 7. 

xammxUmoftbeaboveddk4imuturepehtted 
to-rcmtbemaMspcctndbuh6aMll: - 

MS suectn of (: m/c 3%24%): 41(45k 43000): 45US: 53(16): . 
58U3); ‘65(U); 67(45j; 7lb3);-nczo,; l?qiO); 81(34); 87(12j; 
91(43); 92(21); 9Y40); 9402); 9505); 105(n); 10604); 10702); 
ltXK191: 10X13): 119(21): 123(25); 13309); 14q90); 14%9(r)); _. 
151(M): I52(i3)i 208(10); Zll(lSj; 2X(15); 227(r). 

MS meam d 7: de 3X36%): 41(56k 42(18k 43(100): 4wZl): _ . _. 
50(10); -51(14); 53(2Oj; ~12);~~65((16); 67(42); 71i34)i 73(lOj; 
7Xn); 7803); 790; 80(12); 8102); 6X13); 91(51); 92Q2); 
93(Jo); 9y16); 9505X lOl(18); 105@2); 1Oq23); lQX21); loe(la); 
10902); 119(22); D(19.I; 133(3339; 148(84); 149(32); lSl(20); 
152(10); 15801); 176(12); 179(14); 183(14); 2Oqll); 211(10); 
22600); 227(3). 

IRyctmdtbcdMkdmixtmd6and7rbomrl 
vp,cal : WlOm, bnd; 2926s; 286Om; 2&(0m; 1725s; 
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146Osh; 1445m; 1435m; 1375m; 1320~; 11%~; 1175s; 11%~; 
1115alx 1100m: 1065sb’: 106Om: 105Om: 1OMm: 1OZOm: 
1000wf970w;9U)w;8~;~5w;~w:~s~;76c; 
69.s t&H& rcquins: c. 68.99; H. 96096. 

reachu AtwoneckU)mlfhskwsquippcd 
witbmnge*ti.broppisohmoel.am&aacr,~inkt, 
CaCl,tubcaDdbeatmpbatllthetemp.ofwhkhwasmaiotrinedrt 
6(pfolmacth3inTHFandat2ffof&illbenzare.Tbis 
qparatuwaecarcfuliydriedby~itundcradryN,llow. 
Anquimokcularmixtulcofx4amJs(o.9mmolinall)dk- 
solved in I8 ml of anhyd. THF (or benzene) was tbr.n introduced. 
Uader~s~lOmlofasolnO.~MofMeMgX(X=C1 
forreacthhTHFandX=Iforrcacthiobcaza)iathe 
chcaensolvcntwenaddaJdmpwiscdurhg30mio.Theusual 
woaking up gave etheral extracts which were aucfldiy rcctilicd. 
TbemidueswaeeumiasdbyGLC~tbeanssof2,6.7;4,8, 
);Sdl2WC!XCllllXSUltd. 

IIolorion ad chamcte~ion of @tmhyho-5~temethyf- 
2 H-pyrau-Z-one (12). Grignud reaction oa 5 (0.2 g) was per- 
formedas~indktbylether(25ml).AsdnofMeM%iatbe 
samcsolvcntwascarefuUyaddeduntilnomarcSwasprrsentby 
GLC examhth. Work& up ykkkd lactca l2 (0.18g) whkb 
was 9096 pure by GLC. It was chromatographcd (HI .&ca gel 
I-R= l/xl) UsiIu cHCl3/e. 2./l as ChlMt. 4ml fractioas 
were &kctai.-hacths 7-12 c&hed pure 12 which dieilkd 
at no-13(p (external temp.) at 24mmHg. 
NMR in Ccl, rhows 8: 0.95-1.05 (d. 3 H) attrii to tbc Me 
grouponCS;l.~(s,3H)andl.Ul(s,3H)omibutaMetotbctwo 
MegroopsooC6; 1.6-1.9(m.2H)amibutabktothepro~son 
c(; 1.95-2.2 (m, about 1 H) atthhble ta the proton on C5; 
2.2.5-2.55 (m, 2 H) &but&k to the protons on C2. 

IRlpecolr~4cm~‘:1980m;l910sb:l880w;l740s;ltLOrb; 
MOW; 142Ow; 139Ow; 1370w; 133Ow; 1270s: 125Ow; 1210w; 
l14w: 1135s; 112Om; loBow; lOIOm;##)w;%5w. 

MS SpcctNm: m/r 3909%); 41(69); a3q; 4YlOO); 450; 
5509); 5603); 990; 70(82); 7401); 64(49x 99&I); 127(21); 
1$20. Foumi: C, 67.41; H. 9.70. C&h rcqainx: C, 6757; H. 
9.9246. 

Acho&ifgem~s-WC thank Mh D. Cisamolo and Mesrn 
LPahbiai.A.c.RnsaoaDdL.nmioBaidassarriforteclmical 

‘G. Di J&k, M. T. Pdkghi aad P. A. Tardella, Ric. Sci. 31. W 

(l%Q. 
L;. Di Maio. hf. T. Pcflcghi and P. A. Tadella, Ibid. JA 240 
(1968). 

‘A. Cohtoni, G. M Maio, C. Qua&da, E. Vcccld and E. zeuli, 
Tctmhehn in pnss. 

‘G. Stork aad H. K. Laodesm~, 1. Am. chnn. Sot. 7& 51#) 
(1956). 

~.E~sndR.LEifat,I.Og.Chrm.tLl~Tl 
(1953). 

‘R. G. Carlaon sad E. G. Zcy, Ibid. n,2468 (1972). 
‘T. suplki, T. Kobayashi, Y. Takegamy am! Y. Kawasaki, Bull. 
Chcm. Sot. 1.47.1971(1974). 

‘E. C. Ashby aDd J. T. Laemmle, C&m. J&D. 76.52~6 (1975) 
dR!fSCikd. 

%H. Kwart ami L J. Miller. 1. Am. Chem. Sot. Iu, 4552 (I%I). 
‘OH. Kwart aml T. Takcabita, M M, 2833 (1962). 


