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Anchimeric Assistance in Hydrogen Atom Transfer Table 1. Relative Rates of Reactidiof the Amino Acid
Reactions on the Side Chains of Amino Acid Derivativesla—f and3a—f
Derivatives compd kel compd Keel®
la 8 3a 1°
Christopher J. Easton* and Martin C. Merrett 1b 40 3b 1
1c 9 3c 1.2
Research School of Chemistry 1d 34 3d 14
Australian National Uniersity 1}9 é‘* g? i
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@ Relative rates of reaction determined in duplicate experiments
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Only a limited range of examples of neighboring group

varied by less than 20%8.Reaction with NBS in CGlat reflux under

N, initiated using a 250 W mercury lampData refers to reaction of
thethreodiastereomer in each case. The diastereoselectivity was less
than 1.1 in the reactions @@, 3b, and3e and low in the reactions of

participation in atom transfer reactions have been reported. 3¢, 3d, and3f, but not possible to accurately quantify in the latter cases
Anchimeric assistance has been observed in hydrogen atondue to decomposition of therythroisomers ¢ Reaction with P5SnH
abstractions, in the vicinal bromination of alkyl bromidésnd in benzene at reflux under Ninitiated using either AIBN or a 250 W

in reactions oftert-butoxy radical with EfSi, EtGe, and Et mercury lamp®# Assigned as unity within each column.

Sn3 Results of studies by Wiltet al,* of reactions of . i

pB-haloalkylsilanes with stannanes, have also been shawn rates of reduction oI_Ba—_f were al_so determined (Tal_JIe 1). The
illustrate neighboring group participation in halogen atom €ffect of the aromatic ring substituents on the reactioriseff
transfer reactions. In each of these systems alkyl radical IS s_|m|Iar to tha_t previously report_ed for r§d|cal bromination of
production is facilitated by a substituent on carbon adjacent to S€ries of substituted toluene derivativesith 1a andlc, and

the incipient radical center, through 1,3-participation. We now 1P andld reacting much faster than the corresponding nitro-
report strong evidence for anchimeric assistance by an amidoSubstituted analogudeand1f, respectively. This is consistent
substituent, in hydrogen atom transfer reactions, through 1,4_Wlth the transition state proposed fo_r_radlcal_bromlnatlon, in
participation. The present work stems from our earlier observa- Which hydrogen transfer to electrophilic bromine atom occurs
tion$ that nucleophilic substitution reactions 8—f to give with the developmen'_t of an electron deﬁugnt cepter at the site
alcohols are substantially affected through neighboring group ©f hydrogen abstractioh. In the processes involving B3nH,
participation by the ester and amide groups, particularly in the the relative rates of reaction reflect the ease with wtdahf
latter case where the amido substituent can interact moretransfer a bromine atom to th_e trlphenyltln ra_dlcal. In these
extensively with an electron deficient center developing in a Processes, the effect of the nitro substituent is the reverse of

reaction transition stafe.In that work, 3a—f were prepared,
each as a 1:1 mixture of the diastereomers, by treatmeirat-eff
with NBS. The reverse transformations,3#—f to 1la—f, have
now been accomplished usingg#S8hH. As these reactions may
be assumed to proceeth hydrogen and halogen atom transfer,
respectively, to give the corresponding radicaes—f, they

p-X-Ph H p-X-Ph_ pX-Ph_ _Br
N l H \?H \cle
_CH CH _CH
PrthN” “cor  PmthN~ SCOR  PhthN”~  “COR
1 2 3

(a) X=H, R = OMe

(b) X=H, R=NHtBu
(c) X = OAc, R = OMe
(d) X = OAc, R = NHtBu
(8) X=NO,, R = OMe
(f) X = NO,, R = NHt Bu

provided the opportunity to probe for anchimeric assistance in
atom transfer reactions.
The relative rates of reaction dfa—f to give 3a—f were

that seen in the reactions with NBS, with the nitro-substituted
compounds3e and 3f reacting much faster thaBa—d. The
relative reactivity of3a—f is to be expected, however, as the
transition state for a reaction of this type involves transfer of
the halogen to the nucleophilic stannyl radical with the
development of an electron rich center at the site of halogen
abstractior?.

Whether the carboxyl group is protected as an ester or an
amide has very little effect on the relative rates of reaction of
3a—f with PhsSnH, yet in the reactions with NBS, each of the
amideslb, 1d, and1f reacted approximately 5 times faster than
the corresponding estdra, 1c, and 1e respectively. These
effects are not consistent with steric constraints resulting from
the greater bulk of the amido substituent relative to the ester
group, as such factors would be expected to be at least as severe
in the reactions of3a—f, where the large bromine atom is
transferred to the bulky triphenyltin radical. The most obvious
interpretation of the results is that the amido substitueritof
1d, and1f, being more electron rich than the ester groufaf
1c, andle facilitates reaction by interacting directly with the
electron deficient center in the bromination transition state
(Figure 1). The analogous effect would not be expected in the

determined in standard competitive experiments, by measuringyeactions oBa—f, where any interaction between the carboxyl
the relative rates of consumption of the starting materials and group and the electron rich center developing in the transition

of formation of the products, and in a similar manner the relative
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state would be unfavorable and would therefore be avoided.
Consistent with this interpretation, there was little diastereo-

selectivity in the reactions &a—f with PhsSnH, indicating that

the energetics of these processes are little affected by geometrical

constraints on interactions between substituents. To examine

the possibility of stereoselectivity in the hydrogen transfer
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B the phenyl and amido substituents in the reaction transition state.

Another possible interpretation of the results is that the amido
substituent oflLb, 1d, and 1f coordinates to the bromine atom
involved in the hydrogen atom abstraction [BXH(tBu)COR],
thereby facilitating reaction. Similar three-electron-bonded
species have been proposed as intermediates, for example, in
the reaction of amino acids with hydroxyl radical [HONH-
CHRCQG ] and in the radical-induced oxidation of sulfides
[RR'SOOCOR'],'2 and sulfide coordination of the bromine
atom [R:SOBr] has been demonstratéd. A third alternative

reactions, the deuteridea and 4b° were treated with NBS.  is that the reactions oflb, 1d, and 1f proceedia the
The (539-deuteridedagave a 1:1 mixture of the diastereomers ~ correspondind\-bromoamides and involve intramolecular 1,4-
of 5, with each diastereomer containing 79% deuterium, whereashydrogen transfer to the amidyl radicals. In these cases,

the diastereomedb gave 5, with 66% deuterium retention. ~ Stereoselective loss of the pBhydrogen fromlb would be
expected, however, as this would involve less steric interactions

TH._ PhthN H
g I

\\ /,- Fiad

o “~~NHtBu

o

Figure 1. Neighboring group participation by the amido group in the
reactions to give the radicalh, 2d, and2f.

Ph R pho P between the phenyl and phthalimido substituents. To confirm
SCR! ~Ccpg, this expectation, thil-bromoamides oftaand4b were prepared
(I;H (';H by treatment withert-butylhypobromite and photolyzed at reflux
PhitN”  “CONHtBu  PhthN”  “CONH!tBu in CCl;. The bromoamide derived from the§3S)-deuteride
4 5 4a gave a mixture of the diastereomers &f with each

diastereomer containing 28% deuterium, whereas the bromo-
amide of the diastereometb gave 5, with 85% deuterium
retention. These results correlate with a deuterium isotope effect
of 1.5 for the intramolecular 1,4-hydrogen atom tran$f&tand

a stereoselectivity of 3.8 for abstraction of the |ghydrogen.
Clearly this stereochemical outcome is different to that observed
in the reactions of4a and 4b with NBS and precludes the
involvement of amidyl radicals as intermediates in the reactions
of 1b, 1d, and1f with NBS.

In conclusion, all of the above evidence indicates that the

(@R'=H,R2=D
(b)R'=D,R2=H

These results correlate with a deuterium isotope effect of 2.7
for the hydrogen atom transf@rand a stereoselectivity of 1.4
for abstraction of the pr& hydrogen. This selectivity is not
simply a result of steric effects. THé&l NMR spectra of4a
and4b and the respective coupling constardgg, of 9.8 and

5.8 Hz indicate that the preferred conformation of tBe
enantiomer oflbis A. This is the only staggered conformation
which will give rise to the large coupling constant between the reactions ofla—f with NBS involve anchimeric assistance in
o-proton and the pr& B-hydrogen. In this conformation, any  hydrogen atom abstraction by the bromine atom, through
steric interactions affecting the hydrogen atom transfer would neighboring group participation by an adjacent protected car-
be expected to result in stereoselective loss of the Soro- boxyl group. It appears that this may be a more specific
hydrogen, as this site is the less hindered to the approach ofphenomenon than the examples of 1,3-participation in atom
the bromine atom and loss of this hydrogen would relieve steric transfer reactions reported previousty. While 1,3-participa-
interactions between the phenyl and phthalimido groups. The tion occurs in reactions involving either hydrogen or halogen
stereoselectivity is consistent with neighboring group participa- atom abstraction, with correspondingly electron rich or deficient
tion by the amido substituent. Considering the conformations transition states, and is also reflected in the bridging of the
B and C of 1b which have the correct orientation to undergo product radicals as determined by EPR spectroscopic stiidies,

Ph Ha Hs
PhthN H PhthN H PhthN H
He Hs Hs Ph Ph Ha
CONH¢Bu CONH!Bu CONHtBu
A B c

hydrogen atom transfer with direct interaction between the amide
group and the developing electron deficient center, the con-
former B would be preferred on steric grounds and stereose-
lective loss of the prdR hydrogen from this conformer would
be expected.

Several alternative explanations for the kinetic effects ob-
served in the reactions db—f and3a—f were considered, but

these are inconsistent with the stereoselectivity observed in the!

reactions o#a and4b. In principal, the phthalimido group of
la—f could be involved in neighboring group participation, but
this would be expected to result in stereoselective loss of the
pro-Shydrogen fromlb. This would occur from the conformer
A, whereas loss of the pr@-hydrogen would involve the
conformerC. Not only is the conformeC of much higher
ground-state energy, reactiam that conformer would also
involve the development of additional steric interactions between
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neighboring group effects observed in the present work are
apparently limited to hydrogen transfer reactions and the
stabilization of electron deficient reaction transition states.
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