
Tetrahedron Letters,Vol.23,No.49,pp 521i-5214,1982 0040-4039/82/495211-04$03.00/O 
PrInted In Creat Brltaln 01982 Perqamon Press Ltd. 

ALKYLATION OF &-KETOESTERS : A MECHAlIISM CHANGE DEPENDING ON CONFORMATIOI~AI, 

MOBILITY AND SLJESTITUENT EFFECTS ON STLREOSELECTION. 

I)1 I$a1o. G.“, VECChl E. , Zeul1 c. 

Istltuto dl Chlmlc:? Cry,lnlca dell'Unlvcrr;lt:~, I-00185 Rome Itdiy. 

SUrJTilhRY: K1 nc tl c rvl d rnrr show:; that the Iwo f;roups of a d-ketoe-ter can lnif>' 
act 3n the tr,:n?ltlon Jtatu of a Grlpard rcactlon. This promotes hlph :,tcrto- 
selectlvlty by chlral center far from the ketonlc croup and produccs-cookZ COT 
relations bctl.ecn ctercoselectlon and electronic effects of substltuents. 

CQrlslder<~hl P ttcntlon his been foc~~sed 111 recent ycarq on the study I)= IhP 

con: rol of ~terroch~7mlstry during carb)n-c7+rb)n bond forq3tLon. ',?P ,Lre 02r-r~ lx- 

tly qearchini: for rerction condltlTns which could promote lnteractLon(, bptw~ tl, 

the two functlonnl r, w-oupc of confor*natlonally mobile6 -ketoesters a‘, a bat j c 

eynthetlc strntecy to stereoselectlon 111 alkylation reactions at the cnrhqT,,i 

193 group . In f-ct such lnteractlon? may either modify the otersoaeiectlvltU/ 

usually produced by a preexlstmg choral center at the reactlon site, or pro- 

mote stereosulectlon when the choral center 1s far from lt arid close to tJlr 

ester group. Rcactivlty measurements, carried out on &-ketoesters of dlffcrcrit 

conformatlorlal mobliity, suggest interactions occurrlnr through comnl CY< - 

tion of a molecule of the alkylatlng e.l:ent by the two functional Croup\. '~'hc 

present communlc,>tlon ITives an eramplr of ihls kind, lndlcntlnt; that d-kcto- 

er,trrs 1 dnd &' , dlffrrlne from one rllother In conformatlonal moblllty, do not 

havt the :;ime reaction order in Grl&nard reactant when rc,lcl> on5 arc r ar-rlr~d 

out, In C6H6 v.lth CRjJ~~[:T, ‘in-3 that tht reactIon order 1~ the z.;~mc for r~~cl,lon' 

2 hcvt been In TJJF b;lth CRjQCl. The relative reactlvltics Of Compound:, 1 and _ 

measured at 25oC In competitive reactlons on equlmolcculnr mixtures of them (to- 

tal ketonlc cont. -05 1,~) uslne three different concentratlow of the added Grl- 
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fJlnrd rCilfFrlt (0.5 , 0.1 , 0.01 16). ThC LfCSUltL hrlv~ been obtnlntd by CLC d(- 

tcrmlrratlon of the rcdCtlor1 yicldc 
4 
. The relative rr.iction rate: k,/k) , coin- 

puted hypotheslzlng that reactlonr, are first order ln ketone both for 1 and 2 , - 

were 11.7 , If.2 ) 11.8 In THF and 1.7 , 1.4 ) 0.8 rn C6H6. 

0 

P- CH3Mg X 

COOCH3 

OH CH3 

H COOCH3 

‘I 

‘-COOCH 3 

2 

The system‘_tlc uecreasc of 

2 as the conccntral1on of the - 

CH3MgX 

CH3 OH 3 

0 +od 

H COOCH3 

’ II ‘III 

thP ~rlatlve rate of compound 1 clth rcrjrcct to - 

added reactant j s loricred (renctlons In C6Hc) , 
-4 > 

lndlcrtcr- ‘ITI ?ll,ghhc I re~ctlon ordrr for 1 -. WC recently showed -' rn<it tne r_' 1er 

group of compound 1 romplcxes a molecule of Grlgnard reactant \:hen reactions 

are performed In C6H6. Since the ester Group of compound 7 cJnould have thr - 

sarnc ablllty In cornplcxlng a molecule of Grlgnard reactant, our crplani?tlon 

for the difference 111 the reaction order 1s that In anearly step of the allly- 

latlon sequence a molecule of the Grlgnard reactant complexes together the c'- 

ter and the keto Group in a cyclic IntermedIate (representable as In Flc.) 

which then evolves to the end products. Such a complex 1s forbidden for com- 

pound 1 o!ilng to Its higher conformetlonal rrstrlctlons. 
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Stereochemistry of Gri,Znard reactions on 2-methyl, 5-0~0 5-phenyl methyl 

pentanoate 2 
5 both confirms the above kinetic results and Indicates useful 

applications. Lactones 3 
-1 

and 3 
-11 

are the only reaction products, and their 

ratio $/AI, 16 equal to 1 In THF with CH3MgCl. This ratio raises to 2-3 in 

C6H6 with CH3Mgl. As far as we know this figure represents the hrghcr stereo,;e- 

lectlon produced by a choral center three u bonds away from the rcactlng s~tc,. 

C-CH2-CHz-CH-COOCH3 
II I 
0 CH3 

3 

Results In THP point to a complete 

ALKVLATION_ pharH3 + ,h a’“‘ 
po 0 

CH3 C”3 

31 311 

absence of interactions, whereas those in 

C6H6 lndlrnte that the choral center has been carried close to the keto group 

by the complexation phenomenon deplcted In Figure. 

Interestingly, when the alkylatlon was carried out with CII L1 
3 

in 1X20 , th( 

rat30 &/J,, xx=, reversed (0.67), suggesting that the geometry of Ihe complc- 

xatlon phenomenon depends on the nature of the alkylatlng agent. 

Moreover In the last reaction condltlon, the extent of the complexatlon 

phenomenon depends on the electronegativity of the 2 ring substituent in com- 

pounds 4(a_h). These, In fact, give lactones AI(a_h) and $I(a_h) in tht ra- 

t1os reported in Table I. For 3 , 4 -I 9 $1 : Z = p-CH3 (a); H (b); m-OCl13 (0; 

p-F (d); p-Cl (e); p-Br (f); m-Br (g); m-CN (h) 6. 

(Zm P) 

C-CH-CW~-CH1-cOOCH3 
CH3Lb/Et26 

0 CH3 
C% CH3 

Table I : Stereochemical ratios 4 
-I(n-h)'AII(a-h) 

obtained in alkylatlon rcrjc- 

tions on 4(a_h) with CH 1~ 
3 

in Et20. 

Substltuent Z p-CH3 H m-OCH 
3 

P-F p-Cl p-Br m-Br m-CN 

4I(a_h)‘~II(a_h) ‘-” 1a67 l-7’ 1.80 2.02 1.97 2.14 2.38 

A plot of 1%~ AI (a_,l> /4 
II(n-h) 

vs Hammett u's has p= 0.25 (correlation 

coefficient = 0.97) : to the best of our knowledge this is the first exnmplc 

In \,hlch a change in acyclic stereoselection correlates with the electronecrl- 

tlvlty of the substituent which, owing to the folding up phenomena, is able 
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to modify the Tot2mer population 1n the tranrltlon state. 
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