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Abstract Competttton rate constants were determmedfor the addmon of cyclohexyl radzcal to I@ 

umutwated am&s dertved from pyrrolrdme and trans_2~-~lmethylpyrrolldt~ The relattve rates can be 

understood by single crystal X-Ray analyses of the alkenes and an exammanon of the presumed transitton state 

The control of stereochermsuy m free radxal reacnons has received mcreased attenhon m the past several 

years and slgmficant stereochemxal control has been realized for the reactions of cychc radicals where the radical 

faces are mfferentlated by bulky groups or m cychc alkenes where the same stenc hindrance strategy 1s employed 

to differentiate olefin faces I,* There 1s less of a record of success for acychc stereocontrol m free r&Cal 

reactlons and only recently has qnlficant control of stereochermstry been demonstrated m free ra&cal addmons 
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We3-5 and Glese5,6 have reported unprecedented a stereoselecnon m the addmon of radicals to alkenes 

substituted with choral armdes prepared from 2,5-dlmethylpyrrohdme Substltutlon of chxal anodes onto a radcal 

center also Bves nse to stereoselecnon m the center formed from a radxal (R stereoseleceon) and anudes derived 

from 2,5-&methylpyrrohdme are effective control elements m R stereoselechon7z8 as are armdes of a sultam 

denved from camphor 9 Thus, stereoselectlve radxal addition reacnons have been achieved with alkenes 

subsmuted ds m 1 or from radicals like 2 or 3 

While we have made proposals about the onglns of the observed a selectlvlty based upon models of 

preferred conformations of the alkene,s*lo expenmental support for these models IS lackmg and dddmonal data 
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LonLernmg these first-generation auxlhary bystems IS required We report here competlnon kmetlc and structural 

data that are relevant to the question of acychc stereocontrol from pyrrohdme-amide auxlhanes and we present an 

analysis of tlus auxthary that may provide d point of reference for other systems 

Cyclohexyl radical, generated from borohydnde reduction of cyclohexylmercunc acetate, was added to the 

alkenes 4-7 and the products of addmon, 8-12, were fully characterized 11~2 Competition hnetics expenmentq 

were carned out at 221 *C l3 Each alkene pan was exatmned tn competmon 111 at least three different 

concentration rattos and the alkenes were always present m at least a IO-fold excess relative to the ra&cal 

precursor Product rmxtures were analyzed on a 30 m SPB-5 cap&uy column and the detector responses of all 

adchtton products were deterrmned by analysis of standard mixtures Table 1 presents the relahve rate constants 

compared to dlmethylfumdrdte (k=l=l 0) for the alkenes studied 

Table 1. Competrtton Rate Constants For Addmon of Cyclohexyl to Alkenes 4-7 Relative to Dwnethyl Fumarate 
krer 

Reactunt Product k ml (statmcally corrected) 0 

Ph 
-/ 
4 

7 7ti h l 10” 1 _5+0 l+ 10-2 

3 4M 1 l 1o-2 6 8M 1 l 1O-2 

0 36510 01 0 72+0 02 

0 23+0 01 

0 009fO 003 

0 92kO 02 

0 037M 003 

a Dlmethyl fumarate has 4 equivalent addluon slles while 4,5, and 6 have two equivalent sites and 9 has two meqmvalent SL s 

Smgle crystal X-ray analysis of the alkenes 6 and 7 was camed out I4 and their solid state Structures are 

shown III Rgure 1 Both alkenes adopt sun&r conformatmns of atnide reldtlve to the double bond The armde 
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carhonyl oxygen 13 m a “Z” onentatlon with respect to the olefin for both compounds while torsion angles about 

the alkene-armde carbonyl and armde carbonyl-pyrrohdme mtrogen are somewhat dlstorted Thus, C=C(H)- 

C(O)-N and C(H)-C(O)-N-C dre +164 3(2)’ and -3 5(3)‘, -178 3(2)’ for 6 while analogous torsion angles for 7 

are -173 7(2)” and +lO 5(3)O, -172 2(2)’ The pyrrohdme IS m a half-chair conformauon for both 6 and 7 and the 

methyl substltuents of 7 occupy pseudo-axial poatlons The observed solid state conformation for 7 IS close to 

Figure 1. Solid-state conformation of 6 and one enantlomer of 7 

the sn-ucture predicted by molecular mechamcs 5Jo 

The armde group IS an actlvatmg group for alkenes m their reactions with nucleophlhc radicals Thus, 5, 

being some 4 5 times more reactive than styrene, ~b somewhat less reacuve than acrylate esters towards addltlon of 

cyLlohexy1 radical On the other hand, alkenes such as 6 or 7 that are substituted with the amide group and with 

two vlcmal esters, are nearly as reactive as dlmethyl fumarate toward? zddmon 

Comparison of the relative rateq of addition for 6 and 7 IS part~ularly mstructlve Addition to the face of 

7 that leads to the mmor product of addltlon, 12, occurs with a relative rate 20 tunes less than ad&tion to the 

model alkene 6 Addltlon of cyclohexyl to the face of 7 that leads to the major product 11 occurs with a rate -I 3 

tzmes greater 15 than addltlon occurs to the model alkene 6 The methyl subsntuents on the pyrrohdme protect 

one face of the alkene from addition while modestly achvatmg the alkene toward addition from the opposite face 

The onentahon of the pyrrohdme methyl substltuents are cnhcal to the selectlvlty and considerahon of the 

polar coordmates of such protectmg groups relative to the a Labon provides a reasonable framework for 

evaluation of potennal auxlllanes The distance of groups from the a carbon, r, and the two angles CD and El as 

shown below are important parameters for evaluahon of qclcctlvlty We suggest that groups which occupy a 

volume of space with coordmate @ - 0 ‘, 6 - 110 “and with a small r value (2 5-4 0 A) protect electrophlllc 
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alkenes from addition of nucleophlltc radicals 16 For the alkene 7, the pyrrohdme methyl that protects the bottom 

face from addmon (Figure 1) has coordmates of r = 3 34, Q, = 10 8 ‘, and 0 = 141” while the top face of 7 IS 

relatively accessible, methyl coordmates, r = 4 35, cf, = 60 ‘, and 9 = 157“ Analogous coordmates may prove to 

a carbon 

be useful m drscusslons of R stercoselectlon 
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