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abstract-The sbxcochemical possibilities of ~hc tillc reaction arc consdered in dc1ail. taking mfo accoun1 both 1hc 

relative ra1cs of rotation. mverrion. formatmn and dtcomposi1ion. and 1he stabilitrcs of the spcc~cs involved. Hricfly. 

a ra1ronate for prcdomman1 reten1ion is ou1lined and a SCI of condr1ronr favorable IO inversion arc described. FIN II 

IS assumed 1ha1 the ekchangc of X and Y m cqn (1) includes 1he anion lor 2 as an intermcdialc. I?K reaction pathway\ 
can be mapped in OK form of graphs: mechanisms by sclcc1cd routes can now he related lo 1hc characIcris1ics of the 

sysrem or modifrcd IO accommodarc special mechanistic alternatives. e.g. addition-climina1ion and concerted 

subs1i1u1mn. In the graph dealing wth OK pyramrdal anion BAC-CXYW. the favored re1enrion route IS anfi 

formation and SW dccomporitron. whik ~hc inverston route is ryn formatron and syn decomposrtion These 

s1ereospccdic models arise for ditTeren1 reasons. in IIK furl. certam rotomcrs of I are favored because of UK wanr 

(contra-gauchr) ctfecr; m the second. strong ion painng prcdominalcs over other facrors. This scheme has IO be 

altered for the “pyramrdat” anion dcrivcd from the I warner of AN-CXW. smce the anri-svn sequence may gtve both 

re1entron and mvcrsron. In rhe graph dealing wr1h the trigonal anron BAC-CXYW or A%CXYW. retcnlron paths arc 

always favored. All of the stereospccrfic pa1hs dcscnbcd hold for specthtd models-when constramb arc rcmobcd. 

slereoconver~crhx follows. 

Of all unsaturated carbon sites. carbonyl. aryl. cthynyl. 
etc. it is only at an alkenc carbon that a stereochemical 
choice for substitution reaction is possible.‘-’ Initially. it 
was thought that nucleophilic exchanges of the type in eqn 
(I) went with predominant or exclusive retention of 

AQ=CW-X =A@-CWXY=AQ=CW-Y 
+ Y + X (I) 

1 Q-C-H 2 Q=lr; 

configuration. As results accumulated on diverse systems, 
it became clear that displacement with retention was 
merely the preferred end of a selectivity spectrum. AI- 
though stereoconvergent products have been obtained in 
some cases under equilibrium control.‘-’ exclusive inver- 
sion under kinetic control has not been observed. Recausc 
of new results in the field as well as basic dcticiencies in 
the mechanistic descriptions of the processes involved. 
we reexamine this problem. It turns out that the general 
analysis of the several mechanisms considered for pro- 
cess I constitutes a detailed scrutiny of the fate of the 
model anions YWXC-CAH or YWXC-NA . 

Three recent cxamplcs indicate the variations in the 
stereochemical results of substitution at what appears to 
be a similar site. 

Ph F Ph Y 

X - * - X (2) 
B Y l-3 Cl 

Working with similar systems (B = CF, or Ft. Burton and 
Normant provided two leaving groups in %-PhCF=CFCI 
and found that substitution of either one went with 
virtually complete nrenlion (eqn 2)‘Johnson cf al.. found 
that the reactions of sodium methoxide with Z (or 2) 
hydroximoyl chlorides proceeded with predominant inrcr- 

sion (eqn 3) a stereochemical 

Ph 

Ph 

N’ 
OCH, 

+ Na’C’l (3) 

CH,O 

outcome which is opposite to one for cqn (4) in which 
substitution occurs with retention.’ To place these 
stereochemical results in perspective. 

Z-RXC=N-NMeAr - Me0 - 
Z-RtMeO)C=N-NYcAr - X 

X = Cl. Rr; R = t-&t. Ph (4) 

one should realize that stereoselectivity and specificity 
with retention are representative of numerous alkcne 
systems, while processes 3 and 4 are still isolated cxam- 
pies. 

Wechanrstic variation in process I may be great; thcre- 
fore. it is essential to set limits on the scope of the 
analysis. Solvolytic (SN I) processes, e.g. via vinyl cations, 
\. - 
,C=C-.’ are excluded as is elimination-addition through 

an acetylene intermediate.’ ’ We propose that “normal” 
substitutions of the type given in eqn (I) go by way of one 
or more anionic intermediates and thus involve at least 
two elementary steps. (Attack is often by an anion; where 
a neutral nuclcophile is involved the anionic site of the 
intermediate twitterion will still be the focus of interest.) 
While this mechanistic proposal is not proved. a large 
body of diverse experimental data is consistent with it.‘* 
We regard addition~limination, e.g. via AHQ-CWXY. as 

a variant of this mechanism which can be explored 
separately. Likewise. the proposal that the steps of pro- 
cess I may be telescoped into a single step will be 
examined as a limiting case. 
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Among several models for process I, we consider one 
in which the anionic site is telrdhedral (Figs. I and 3) and 
another in which it is trigonal (Pig. 2). The reactants. 

products and intermediate anions are given as Newman 

projections at the top of the Figs. l-3. If one considers 
any set of reactants, intermediates and product(s) from 
one of these figures, one can see that the overall 
stereoselectivity depends on one or more of the following 
factors (rate constants). (I) formation of the intermediate 

anion (k,). (2) isomerization of the anion by rotation (k,). 

(3) isomerization of the anion by inversion (k,). and (4) 
dissociation of the anion IO reactant or product (k,, k,,). 

Implicit in any choice of one of the several paths lo or 
from the anion are possibk stereochemical or ther- 

mochemical preferences in anti addition or dissociation, 
least motion elementary steps and energetically favored 
conformations. 

processes I.’ The “complete” graphs for the association- 

dissociation are set down in Figs. I-3. Reactants contain- 
ing the group X and products containing group Y were 
assigned labels Z and E or % and 1. Anionic intermediates 

were labeled so as IO indicate a kinship with a reactant. 
where possible. Each species is indicated as a r:erfc~ or 

point while the transformations or elementary steps be- 

The task of evaluating all of the components that go 
into a reactivity pattern is obviously formidable. To cope 

with the many possibilities we find it convenient IO map 
the problem first. Following this we examine the effect of 

each factor in turn and finally show how routes on 
the map could correspond to stereochemical re- 

sults. 
Network or graphic analysis. which has proved useful 

in other complex systems is used to advantage with 

tween species are given as lines or edges on the graphs. 
For reasons to be mentioned below certain lines are 

considered IO represent steps of relatively high energy. 
Each reactant or product is allowed IO participate only in 

associations, while the anions may dissociate or undergo 
inversions or rotations. In the course of the discussion we 
shall attempt IO make explicit our assumptions and 

our models and IO expand on their consequ- 

ences. 
Model processes. Inversion at the anionic center de- 

pends on the barrier (V,). Since V, for an anion is 
unknown we can only make estimates using the amine 

(ABRN:) as a model for the carbanion (ARRC ). Indeed. 
V,==6kcaI/mol. which has been calculated for CH, by 
some workers, is similar to V, for NH,.‘-‘” Theoretical 

calculations on pyramidal species indicate that this anal- 

ogy is reasonable.“.” Typical low V,‘s (kcallmol) are 

found in PhNH: (- 2). H>NCN ( - 1.9). H:NKO: (2.7). 
H,SiN(CH,): (0.7) and H,NCHO ( - I. I) in which the lone 

Fii. I. A graph of the substitution reactions of E-and I,-ABCXXW with Y- is given The reaclilnb are 7.X and EX; 

one set of products is EY and ZY; rhe other ret is EXY and ZXY for ABGCXY. The conformations of hc pyramidal 
anions. ABCXXYW. are indicated. The labels for the rreps are anti(a). synts). roUon(r) and inversion(i). 

x 26 a< , ‘E6 rE‘&E5 

26-.. _. -‘-z&j _-_Z,L -E6-- .E4, -E5 

\\\ \i 
.?Y EY 

FIR 2. A graph of lhe subslilulions of E- and Z-ABC=CXW wiIh Y is given. The conformations of rhe Irigonal 

anions, ABi‘-CXYW. are indicated. .See Fig. I for reactanIs ami producIs. 
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Fig i Agraph of the\uh\lttutiopof I-and E-AS-CXW with Y i5gwcn The conformationsof ~hc pyramidalanrons. 

AN=CXYW. arc mdicated (labels arc defined in FIB I). 

pair on nitrogen is presumably delocalized by the sub- 
stituent. Higher V,‘s are found for h’H, (5.8). tCH,),SH 
(4.4 z I). (CH,):NH or aziridinc (IH). HJF (20). H:NNH: 
(h.g-8.0). and tH,C),h’OH (13).” 

Since rotational barriers of anions arc unavailable. they, 
too. have to bc deduced from stable isoelectronic 
species.” I.owcr limits on V, (kcallmol) for the carbanions 
(sp’-sp’) of Fig. I are approximately set by H,C-SH, 
(I.y11) or H,C-NHCH,) (3.2) and H,C-s;(CH,), (4.4).“’ 
Rulky substituents in the amine raise V. so that it can bc 
measured by the NMR method (see Mow). Since the 
barriers for H,C-CH, (2.9). HC-CHCH, (3.3) and H,C- 
CH(CH,): (3.9) arc roughly comparable to those of the 
amines. we shall estimate V, for anions from the values 
given for ethanes. e.g. H-C’-CHF: (3.5). HC-CHCI: (3.5). 
HIC-C(CH,)CIz (5.4).” The advantage of using the 
ethanes is that the process is unequivocal. On the other 
hand, the amines and the anions for which they arc 
models may isomerizc by rotation. inversion or both. 
Examples in which this competition is thought IO occur 
are (H,(:),C-S(CI):K:H!(:D, (8.5) and tH,C),C- 
h’(CH,CD,), ( - 6.31.” ‘* 

When V, = 0. V, for the carbanion (sp’- sp’) type 
pictured in Fig. 2 is required. Some low barrier models 
(V,. kcal/mol) are H,C-CX=CH, (X = H. F, ..- 2). H,C- 
COX (X = OCH,. OH. F. Cl. 0.3 1.6). F,C-COCF, (- 
2.8).” I0 Of the many molecules with harriers that are 
“high”. we give IWO ~ypc\. 2.4.6X,C,H:-CHCI: with 
LtG’ = IS-IX for X = Cl or Hr. and 2.6(r-C,H&-& 
(H,CK:,H:-CH,X in which E,, L I I- I6 kcallmol for X z 
Cl. Rr or I.” 

‘Ihe last V, barriers WC need are those for the nitrogen 
anions (sp’ - sp’) of Fig. 3. Here WC must use oxygen 
analogs, e.g. H,C-OH (1.07). HC-OCH, (2.7). H,C- 
OCOX (X - F. CN. H) (I.0 1.2). H,C-OCl (3.1). F,C- 
OOCF, (5.7). Substitutions on the carbon would normally 
increase V,: for the anions of eqns (2) and (3). i.e. 
PhCI(MeO)C-NZ , we estimate V, > IO kcallmol.” 

It will be useful to sort the possible anionic inter- 
mediates of cqn (I) according to their energies. Since the 
sp’ - sp’ anions (V, = 0) favor the semicclipsed confor- 
mations of Ftg. 2, others, e.g. 3. were not included.” “J’ 

By way of contrast, only the staggered rotomers of the 
sp’- sp’ species are of low energy.“-” We admit. how- 
ever, the possibility that the three eclipsed conformations 
of WXYC-h’A in Fig. 3 may be at or close to. energy 
minima. This appears to bc the case for certain oximes. 
e.g. RJOR (R = H. CH,).“ and is supported by an MO 
analysis which assigns one of the eclipsed isomers of 
H&OCH,, H,LOH, HCNH-OH. FHS-OH or HO- 
OH as the most stable form.‘-‘ But more realistic models 
for the anions of Fig. 3 are available. e.g. H:N-OF, 
hydrazincs. alcohols, H,C-OF and HL-OCH,. and these 
all appear to be staggered.‘: It is for this reason that the 
eclipsed forms are rated as high energy and may well be 
deleted from Fig. 3. 

5 
6 

Next we consider [he orientation of the reacting species 
in eqn (I). The low energy path for the nuclcophilc is 
presumed to lie in the plane of the n system. i.e. pcrpcn- 
dicular to the plane of the sp’ bond (4). This route IO the 
anions of Figs. l-3 is supported by quantum calculations 
on model systems and by natural packing arrangements in 
the structures of certain nucleophile-carbonyl com- 
plcxcs.“-‘s An entry (departure) of the nuclcophile con- 



strained in this way ensures that certain vertexes in the larly when X = Cl. Br. I or ArSO,. Since the gas phase 
graph are not connected, e.g. ZX and El in Fig. 1 or ZX reaction 5 has AH(g) = 6 kcallmol.” one can compute 
and 22 in Fig. 3. from the Born equation that enormous solvation energies 

The disposition of the newly formed polar bond (ph) 
and lone pair C/p) poses a problem, that is, are they gauche 

or frans? If any one of the Z rotomers. say 21. of Fig. I is 
energetically favored, it has the “new” ph and /p rrans. if 

formed from ZX. and gauche. if formed from ZY. Since 
the energy of a given conformation is a balance between 
attractive and repulsive “components”,” ” it is not sur- 
prising that the effects of interactions of vicinal /p and ph 

on the relative energies of rotomers could lead to appar- 
ently contradictory “rules”. Contrary to the gauche 

effect.?0 what appears to prevail here is the rrans effect in 
which that rotomer with pb and /p gauche is destabilized 
with respect to the rotomer in which they are trans.“3 

This leads to an energy difference calculated as ca. 6-7 in 

FCHrNH,. ca. 6 in HOCH, or FCH)OH and 
2.1 kcallmol in (CF,)JJH-OH:“~” it is found to be 1.3 - 

I.5 kcallmol for anomeric pentose (or hexose) acetates.” 

The fact that the Irons rotomers of XCH,CH?X or 

X,CH-CH,X (X = F, Cl. Br) arc favored over gauche 
rotomers hy ca. 0.6 - 3.0 kcallmol may arise from analog- 
ous causes.“” Thus. 23 and E2 which have two pb 

gauche to a /p are presumed to be rotomerc of high 
energy. 

FC:H, - C:H, + F (5) 

( > 100 kcallmol) will drive reaction (5) to the right.” 
Presumably, k, for F (and Cl, Hr. etc.) will also be large in 
solution. 

On the basis of solution data it has been proposed that 

most E2 elimination reactions may go by EICB mechan- 
isms, as in eqn (6). in which 

HABC<WYXy >ABC<WyX” 

I 

In some cases, the anionic intermediate may have three 

pb (W. X. Y) and one /p. as in eqn (2). A priori exclusion 
is no longer possible for the Z or E isomers of Fig. l-the 
whole graph stands. Likewise, in Fig. 3. the staggered 

anions have two /p and at least two ph so that neglect of a 

given isomer is difficult to justify. If pressed. we would. 
however. take the following (tentative) position. Given 
that reaction I is unidirectional. i.e. the “strong” nuc- 

leophile enters and the “weak” one leaves, we postulate 
that the tmns rule favors the anion in which the new ph 

and a Ip arc trans. Thus. for W=X. there would be a 

preference for ZX +ZI in Fig. I and ZX -11 in Fig. 3. It 
is implicit that those intermediates which are ther- 

modynamically favored will also be favored kinetically. 
We stress that these assumptions are only to be used in 

the absence of information on rotomer stabilities or the 
factors that influence them. 

ABC=CWY + X (6) 

k4b k,.% Another view is that whether the overall 

mechanism of elimination is E2 or EICB. the overall rate 
is smaller than that for the kti step.5 Independent of 
theory or conjecture is the real difficulty in observing or 
validating actual examples of the EICB mechanism in 

which the k, step is large.“-% 

At the other extreme are examples of_isolable. detecta- 

ble anions, Ar(OR)CHC(CK)C,H,NO.-p. 
Ar?C(CN)C(NO:)r “%f (CH,O),CH&H,(2-SCH;,4- 

NO,).” These may have CN, RO. RS and F as slow 

leaving groups. 
A rate scheme of intermediate complexity will suffice to 

define some of these questions. Assume that eqn (7) 
represents such a system in which A, are isomers of 

RXY formed by inversion or rotation (k,). If 

Y -RX- - , l’RXY I-A (7) 
.* I 8 I 

I ‘- c 
RY+X 

the steady state condition applies to RXY .. the expres- 
sion (8) follows. Several limiting cases arc of special 

interest: if k, B k, > k,. 

The above argument on rafe preferences leans too 
heavily on uncertain equilibrium preferences. A pragma- 

tic approach here is simply to admit that anti is usually 

preferred to syn (or gauche) selectivity in rate processes 
involving 1.2-elimination and -addition. Although 
anti-selective eliminations (EICB) and additions which 

produce vinyl analogs of I are known.“-““ analogous 
processes leading to 1 and 2 in eqn (I) are more difficult to 

identify. Certainly, many anri-E? cannot be distinguished 
from EICB mcchanisms.“-a Nevertheless. a few stcp- 
wise nucleophilic additions which have been found to 
be kinetically controlled generally show an anfi prefer- 
ence e.g. ArS or (EttXK):CH to substituted cyclo- 
hexenes.“ Although svn additions and eliminations arc 

known and may involve anions of the type 1 and 2 in eqn (I). 
the conditions and/or substrates favoring this selectivity 
are usually special. Weakly dissociating solvents and/or 
associated ionic reactants (products) appear to be most 
characteristk.“~^g Based on this experimental back- 
ground as well as on simple MO arguments.yI.“’ we favor kr 
and k, of anri over s.vn elementary steps. 

dIW __ k (MRXIIY I- k. ,[A, 1) 
dt * (k, + k, + k,) 

(8) 

then the observed rate constant reduces to k, and the 
effect of the leaving group is small; if k,~ k, or k,. the 

observed rate constant remains complex but the effect of 
the leaving group is fully reflected in the contribution of 
k,,. Other restrictions which lead IO 

and 

k, 2 k,,k,l(k,, - k,,) (9) 

k, = k&k.,, (IO) 

are easily included. 

Our last concern is with the decomposition rates of the 
anion to reactant (k,) and to product (k,). It is. in fact, 
easy to demonstrate that k,, is relatively large. particu- 

Retention models. Retention appears IO be consistent 
with a few relatively simple paths in the graphs of Figs. I- 
3. That of Fig. I depicts the possible paths through tet- 
rahedral carbanions connecting reactants and products. 
Surprisingly. perhaps, it is possible lo lift out stereos- 

pacific paths in defined systems. WC shall examine only a 
few of them here 
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In the typical examples there is only one leaving group 
(X) in 1. Therefore, ZXY and EXY and edges to them 
need not be included. If k6 IP k,. k,, then the retention 
paths arc 

EX’-EILEY (12) 

and the inversion paths arc 

. 
ZX-Z3:EY (13) 

. 
EX-E2’-ZY. (14) 

As pointed out in the previous section the anions 23 and E2 
are probably of high energy because of the trans 

effect-two pb Rouchc to a fp. This would be the plimory 
reason for favoring retention eqns (I I) and (12) over 
inversion routes (13) and (14). 

We regard the preference for anti (a) over syn (5) steps 
as a second and supporting explanation of retention. 
Moreover, there is a bias for the upper a-s over the lower 
s-a routes of cqns (I I) and (12). Consider the reaction 
coordinates for the retention path (Fig. 4). When X = Y 
and ZX = ZY. the s-a and a-s routes are energetically 
equivalent overall even if the individual steps k,(a) > kds) 
and k,(a) > k,(s). When X f Y and ZX f ZY. the reac- 
tion proceeds to the right. It is probabk that the relative 
energies of some species will be lowered as indicated. This 
is the energy pattern that favors the a-s path of eqn (I I). 

If, in fact, the relative energies of the activated complexes 
on the left hand side of Fig. 4 were lowered. the s-a path 
of cqn (I I) will be favored. In either cake retention would 
be preferred to an inversion (s-s) sequence. 

In the less typical alkenes in which there are two 
leaving groups (X, W). we must consider the whole of the 

- .- 
Rmhon cm- 

-. 
- 

Fig. 4 Exchange of ARC=CXW or ZX with Y according IO eqn 

I I. Symmelncal energy protik. sa or as. for Y-X Unsymmelrical 

probk for Y f X follows lhc as path (thick line). 

graph in Fig. I. Retention is again preferred for the 
reasons discussed above. 

In the second graph (Fig. 2) we deal with the formation of 
trigonal c&anion intermediates or with tetrahedral anions 
whose inversion barrier (V,) is so low (k, * k,, k,) that two 
of them are effectively equivalent to one trigonal anion, e.g. 
Z I, Z2 -. 24. El, E3 + E4. etc. In addition to the restriction 
that X is the leaving group. the special features of Fig. 2. i.e. 
the favored rotomers. the implicit &fold rotational barrier 
and the absence of certain edges have been discussed 
previously. Provided that k, ti k,. the implications of this 
graph are simple. Substitution occurs with retention in two 
steps as in eqns (15) and (16). If W 

group. analogous retention 

ZX+%4+ZY 

EX-.E4+EY 

prevail. 

were also a kaving 
processes would 

(I.0 

06) 

In the third graph (Fig. 3). we come to exchanges 
involving tetrahedral nitrogen anions. Again we assume 
k, b k,. k,. The retention path (a-a) of 

. . 
1.x- %I-ZY (17) 

cqn (17) will always hold when the leaving group is cis to 
the substituent on nitrogen. An unlikely path (eqn 18) 
from the other isomer also proceeds with retention, but 
here syn steps and the eclipsed intermediate appear to 

IX-z2+ZY (18) 

be unfavorable (see previous section). A more acceptable 
path is eqn (19). 

:X’Z3”-xy (19) 

which gives exclusive retention. This would be plausible, 
except that k, is syn in cqn (19) and anti in the competing 
eqn (20). In the latter. partitioning of ?; I could yield both 
the product of retention and of inversion. Apart from 
particular molecules in which there may be special 
constraints, UC &now of no woy lo require stenospecific 
reaction paths from IX ot the present time. 

Trigonal nitrogen anions are. of course. possible in eqn 
(I). but the graph of Fig. 2 is completely adequate to cover 
this case, as long as group H is understood to be /p. 

Subject to the condition that I’, = 0 and k., b k,. substitu- 
tion of ZX and ZX by Y always goes with retention. 

A large majority ( > !N%) of the collected examples of 
eqn (I) involving cu. 60 pairs of isomers going to products 
under kinetic control fit the category of exchange with 
retention.’ Slightly more than half of these are stereos- 
pccific and the rest are stereoselective with retention. In 
applying the retention mechanisms we shall draw mainly 
on examples that have appeared after Rappoport’s com- 
prehensive review.’ 

In order that process I occur, the alkene must bc 
activated. Electron-withdrawing substituents which facili- 
tate nuclcophilic attack usually fall very clearly into the (I 
vs n types and will bc illustrated presently. Moreover. it 







l2lR s. I. Mu.I&a 

‘G. W. Kocppl. D S. Sagatys. G. S. Krishnamurrhy and S I. 
Miller. 1. Am. Chtm. Sot. 89. 3396 (1967). 

‘-H. E. Lcy. A. E. Fotc and S. hi. Rorhsrein. Ibid 97.!030 (1975). 

by S. Par&. pp. 491-501. Interscicrnx. New York (I%&: l M. 
Procharka. L. Strcinz and V. Vkretka. Cull. Crtch. Chtm. 
Comm.32.3799(1%7);‘R.A.AhramovirchandS.S.Si~er,~. 0~. 

‘A. Rauk. 1. D. Andose. W. G. Frrck. R. Tang and K. Mislow. Chrm. 41. 1712 (1976) and earlier work 
Ibid. 93. 6507 (19711: ‘ 1. M. I.chn. Forfwhr. Chcm. Fonch IS. ‘“1. Sichcr. Annrw Chtm. Inf Ed. II. 200 (1972); ‘R. A. Barrxh. 
311(1970);‘J. B. I&rhcrf. 7opicrinSftrtochrm.6. 19(1971). Accounfs C/&r. Rts. 1. 239 (1975). 

“‘F. Bcrnardf. 1. G. Csizma&a. A. Mangmi. H. B. Schlcpel. 

“S. Srernhcll. qnamic Suclear .Uogntfic Htronanct Sptcfros- 

“‘H. B. Burgi. J D. Dunirr. J M(. l.chn and G. Wipf?. Ibid. 36.. 

(1975); ‘S. Wolfe. H. B Schkgel. I G. Csirmadia and F. 
Bernardi. Ibid 97, 2020 (197Cl. 

.‘I.. Radom. W. 1. Hehre and J A. Pople. Ibid. 94. 2371 (1972). 

M.-H. Whangho and S. Wolfe. 1. Am. Chtm. Sot. 97. 2209 

copy (Edircd by L. M. Jackman and F. A. Cofron). Chap. 6 

I(63 11974): ‘1. M Lchn and G. Wioff. 1. Am. Chtm Sot. 96. 

“‘1 E. Wollrab. Rofionol Sptcfro ond .Ho/tcu/or Sfrucfurt. pp. 
418ff; Academic Press. New York (IW7): ‘1. P. 1.0~~. Pro~r. 

Academic Press. New York (1975). 

Phyr. 0q~. Chtm. 6. I (1968). 
‘“C. H. Bushweller. W. G. Anderson. P. E. Srcvenson. D. L. 

‘“W. 1. Hchrc. 1. A. Popk and A. 1. P. Ikvaqucf. 1. Am. Chtm. 

Burkey and 1. W. O’Scd. 1. Am. Cbtm. !&-. 96.3892 (1974); ‘C. 
H. Bushweller. W. G. Anderson, P E. Srevcnson and 1. W. 

Sot. 98. f~64 (IY76): ‘N. S. True and R. K. Bohn. /bid. I. IIRB 

O’Ncd. Ibid. 97. 4338 (1975). 

(1976): ‘W. Ct. Farcly. F. E Kiviar and P. A. Miller. Sptc- 
rrochim. Acfo 26A. 315 (1970). 

“‘A. Vcfllard. Chtm. Phyr. l.tff. 3.3. IS (1975): ‘R. A. Y. JOMS. A. 
R. Karrirrky. S. Saha and A. 1. Sparrow, I Chtm Sot. Pcrkin II. 
l!SJ (1974). 

“‘D. R. Kclscy and R. D. Bergman. J. Am. Chtm. Sot 93. 1953 
(1971); ‘B Nclandcr. Ttfmhtdron 34. 1337 (1974) 

Marchcsc ad F. Saso. J. Chtm. Sot. Perkin II. 221 (197s); ‘V. 

-‘G. Marchesc. F. Saso. I. SchcncrriacdO. Sciacovelli. Chim. Ind. 

“*I. N. Junchnovski and 1. G. Bincv. Ttfrohtdron fnftn 3645 

*J. Klein and R Ixvcnc. J. Am Chtm. Sot. 94. 2520 (19721; ‘1. 

Fiandanesc. G. Marchcx and F. Naso. Ibid. Chem Comm. 250 
(1972); Ibid. Perkin II. IS38 11973). 

“G Klopman. Chemical Rtacfirify and Rrocfion Pafhs. pp. 

(.HilonoJ 53. 843 (1971); ‘V. Fiandanex. C. V. MalTeo. G. 

(1974J:‘S. Hoz. M. Albcck and 2. Rappoporr. Ibid. 3511 (1974); 

Rajaram. R. G. Pearson and 1. I. Ihcrs. Ibid. 96. 2103 (1974). 

91-94. Wiley-lnrerscicncc. Sew York (1974). 
“S. A Sullivan and 1. I.. Beauchamp. /. Am. Chrm. Sot. 98. II60 

‘G.BartoliandF.Ciminak,fbid.178~(1975);’D.R.Marsh~l.P.J. 

(1976). 
“*J. 0. Bockrb and A. K. N. Reddy. Modem Ekcfrochtmkfry. Vol. 

Thomas and C. 1. M Sruling. J. C. S. Chtm. Comm. 940 (NW. 

I.Chap!.Pknum.NewYork(l970);‘R.T.Myers.J.Chtm.&duc. 

“1. D. Park and E. W. Cook. Ttrmhtdmn Ltfftn 4853 (1965). 

53.17(1976);S.D. I.csskyandR.O.Rapsdak.Ibid.S3.19(1976). 

“* L I. 7.akharkin and V. N. Lebcdcv. Ih. Obshch. Khim. 42.5S8 
(1972); Chtm. Absfr. 77. ll4468d (1972); ‘I.. 1. lakharkin and V. 
N. Iehcdcv. Zb. ObJhch. Khim. II. Xl7 (1971); Chtm. Abrfr. 75. 

63869 (19711. 
-W. E Truce and M. I.. Gorbary. 1. Org. Chrm. 35. !I I3 (1970). 
“D. V. Gardner and D. E. McGrccr. Can. 1. Chrm. 48.2104 (1970) 
“M. Schlosser and M. 6mmcrman. Chtm. Bet IU, 288s (1971). 

4&8 (l974ji ‘H. B. Burgi. 1. D Dunirz and E. Shcftcr. Acfa. “1. C. Chalchar. F. ThCron and R. Vcssicrc. Buff. Sot. (‘him. Fr, 

Crylf 630. l5l? (1974). 2301 (1973). 
““S. Wollc. Accounfs Chtm. Rtr. 5. 102 (1972); ‘S. Wolfe. A. 

Rauk. I.. M. Tel and I. G. Csizmadia.J. Chtm. Sec. B.. I36 (1971): 
‘The goucht cffccl is charactcrislic of hose conformers which 
“adopr thaf srrucrurc which has lhc maximum number of In- 
rcracrions hcrwccn rhc adjaccnr clccrron pairs and/or polar 
bonds”:” l The tm,v cffccr (whfch includes the onomwic 

cffcc~“) indicates a fmnr preference for pb and /p. pvticularly 
when F or OR goucbt IO lp can hc a\oidcd.” All of lhcsc 
“cfTcc~s” derive fnirially from cquilihrarcd srcrcoisomcrs: apph- 
cations IO raft hchaviour should be made critically. 

“‘E. 1.. Elicl. Angtw. Chtm. Inr. FA. Engl. II. 739 (1972); ‘E. 1.. 
Elicl. S;. L. Alltngcr. S. I. Angyal and G. A. Morrrson. Con/or- 
mafionol Ancllyrir pp. 377. 411. Inrcrscicncc. New York 
(l%C). 

“D. R. Truax. H. Wicscr. P. N Ixwis and R S. Rochc. J Am. 
Chtm Sot. 96 ‘327 (1974) 

“R 1. Abraham’ind K Parry, 1. Chtm. Sot. B.. 539 (1970) 
“S. I. Milkr and R. Tanaka. Stltcfiw Org. Transjormofionr I. I43 

(1970) 
“-W F. Saunders and A. F. Cockerill. .Ucchunitmr of &bmino- 

fion Rtocfions. Wiley. Sew York (1973); ‘R A. More O’Fcr~dl. 
771hr Chrmirfry ojfht Carbon Halown Bond (Edfred by S Pauuj. 
Parr 2. Chap. 9. Wiley. New York (1973). 

“F. G. Bordwcll. Accounfr Chtm. Rts 5. 374 (1972); ‘W. H. 
Saunders. Jr.. /bid. 9. I9 (1976) 

:‘*S Parai and % Rappoport. Tbt (‘htmirfry of Afbtntr. (F&red 

“D. E. McGrccr. B. D. Page and D. P. Kaushal. Can. 1. Chtm 51. 
1239 (1973). 

“H. A. Selling. Ttfrahtdron 31. ?Xl7 (1975). 
“J. H. Exncr and E. C. Steiner. /. Am. Chtm. Sot. %. 1782 (1974). 
“D. 1. Cram, F. WiJlcy. H. P. Fischer and D. A. Scoff. Ibid. 66. 

s370 (1964) 
“Ct. Marchcsc and F. Naso. (‘him. fnd. (.HiJano) 53. 760 (1971). 
^G. Parrcndon and B. 1. Walker. J Chtm. Sot (Cf. 531 fIW9). 
“‘Z. Rappoporf and P Pckd. Ibid. Pcrkin II. 616 (1973); ‘7. 

Rappoporf and S. Ho7. Ibid. Pcrkm II. 272 (197s). 
**M. 1. van dcr Sliuijs and C. 1. M. Srirling. Ibid. Pcrkin II. 12613 

(1974); ‘R. Fonfanclh. G Paschcrfa. M. T. Vcnruri and D. 
Siancsi. Ann. Chim. fro/y 59. 211 (IW9). 

“A. 1. Kresge. Accounfr Cbtm. Rts. 8. 354 (1975). 
9v. D. Srohrcr. Ttfrohtdmn J.tffto 207 (I97S); W. D. Srohrcr and 

K. R. Schmiedcr. Cbtm Btr. 109, 28s (1976). 
“‘1. A. Jafri and R. G. Jcsairis. Ttfrohtdron 1. 3363 (1972); ‘I 

E. Williams. Jr. and A. Srrcfrwicscr. Jr.. J. Am. Cbtm. Sot 97. 
2634 (1975); A. Srrcirwkscr. Jr.. P. H. Owens. R. A. Wolf and 1. 
E. WiJhams. Jr.. Ibid. 96. S448 (1974). 

“7.. Rappoporf and D. Ladkaru. Chtmioo Scripfa S. 124 (1974). 
“’ W. P. Jcncks. Chrm. Rtr. 72.70s (1972); M. I. Page and W. P. 

Jcncks. 1. Am. Chn. Sot. 94. 8828 (1972); l A. Kivinen. ?ht 
Chtmirfry o/ Acyl Hobdtr. (Fdfrcd by S. Pafail. pp. 208fl. 
Inrcrscicncc. New York (1972). 


