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TABLE X 
PREDICTED MOLECULAR ROTATIONS OF (S)-RX, [MID 

sec- sec- sec- 
X BRD" Butyl Pentyl Ootyl a-Phenethyl 

-C=C-H 7.17 36 54 52 -148 or 28 
-C=N 6.12 . .  . c 48 43 . . .  
-HgR* 15.02 . . .  c 95 125 -244 
-HgCl 18.4 . . . c  113 157 , . *  

-HgBr 22.0 . . . c  132 190 -330 
-CPha 6.07 31.7 48 42 -134 
-Sipha 11.3 51.5 76 91 -199 
-SiRI3d 10.1 47.0 70 80 -184 
-GePha 11.93 53.9 79 97 -206 
-GeR's 12.2 54.9 80 99 -210 
-SnPh3 15.5 67.4 98 130 -250 
-SnRf3 16.6 71.5 104 140 -264 
-PbPhs 30.9 125.6 180 273 -440 
-PbR's 24.0 99.5 143 209 -355 

C 

C 

a Bond refractions taken from ref 16. b One group active. 
c Known compound, see Table 111. d R' = an alkyl group. 

unusual conformational preference or significant con- 
tributions from lower wavelength absorptions. 

Experimental Section 
Melting points and boiling points are uncorrected. Rotations 

were measured with a Zeiss photoelectric polarimeter. All sol- 
vents and reagents were of the best commercial grades. 

(+ )-2-Methylbutyric Acid .-Using the procedure of Freuden- 
berg and Lwowski,a' 40 g (0.455 mol) of 2-methylbutanol ([a] "D 
-4.04', neat, 1 dm, K & K Laboratories) was oxidized by basic 
permanganate to (+ )-2-methylbutyric acid. The acid exhibited 
bp 78-80' (16 mm), [ a I z 2 ~  $16.2' (neat); lit. bp 78' (15 mm), 

dZ6, 0.9332. The yield was 20 g (43%). The product was diluted 
with racemic material for further use. 

(+)-2-Methylbutyronitri1e.-A mixture of 20 g (0.2 mol) of 
(+)-2-methylbutyric acid, [a] 2 2 ~  +4.90', neat, and47 g (0.4 mol) 
of thionyl chloride was stirred at  room temperature for 5 hr. The 
excess thionyl chloride was removed a t  room temperature on a 
rotorary-film evaporator and the remaining acid chloride added 
slowly to 100 ml of concentrated NHlOH solution a t  -45'. 
The resulting amide was filtered while cold, the solid partially dis- 
solved in chloroform and filtered to remove the insoluble ammo- 
nium chloride, and the amide precipitated by addition of petro- 
leum ether (60-90'). The amide was filtered and dried to yield 
9.3 g (400j0) of (+)-2-methylbutryamide. The product was not 
crystallized in order to avoid optical fractionation, and was used 
directly in the next step. 

Using the procedure of Jensen and Rickb0rn3~ 5.9 g (0.0505 
mol) of (+ )-2-methylbutyramide was treated with 7 g (0.048 
mol) of phosphorus pentoxide. The solids were mixed in a 
simple distillation flask and then placed in a vacuum distillation 
apparatus, in which the receiver was cooled in liquid nitrogen. A 
vacuum was applied and the pot immersed in a 140' oil bath. 
The nitrile distilled as formed and 3.7 g (88.5y0) was collected: 
[a]22~ +9.00" (neat); dZ5 0.806, n 2 3 ~  1.3955 (lit.33n20~ 1,3900). 

(+)-2-Methylbutyronitrile of f9.0 degrees rotation was pre- 
pared in two steps, not involving the asymmetric center, from 
(+)-2-methylbutyric acid, [a]  ea^ +4.90 (neat). Freudenberg 
and Lwowski determined the rotation of optically pure acid to be 
[ a J Z 6 ~  19.8' (neat); thus the starting acid was 24.7y0 optically 
pure and an upper limit to the optical purity of the nitrile is 
24.7% and a lower limit to the rotation for optically pure 2- 
methylbutronitrile is 9.00/0.247 or [a] 2 2 ~  36.3" (neat). Ken- 
yon'sa4 reported upper limit for the rotation of optically pure 
materialis [a]25n 39.1'. 
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In  the sodium iodide promoted debromination of the stilbene dibromides in DiMF, the meso-dibromide gives 
trans-stilbene while the dl-bromide gives both stilbenes with [cis] /[trans] N 10. The activation parameters for 
elimination in the temperature range of 25-60' are, for meso, AH * = 16.3 kcal/mol and A#* = - 15 eu; for d l ,  
AH* =22.3 kcal/mol and AS+ = -7 eu. Adetailed esti- 
mate ofthe free-energy terms for solvation in DMF relative to methanol indicates that the iodide term is most im- 
portant in this elimination. Sodium nitrate and lithium bromide exert a positive salt effect on the iodide reac- 
tion. As compared with methanol, the rates in DMF are larger, the spread in the meso and dl  rates is greater, 
and the anti stereoselectivity of the dl reaction is higher: this is termed solvent dispersion of the rates of isomers 
into a selectivity spectrum. Our observations appear to be more consistent with stepwise ion-pair processes than 
with one-step dehalogenation mechanisms. 

At 36', therelativeratesare k[meso]/k[dl] = 323. 

Broadly speaking, this series of papers deals with the 
conformational responses of a pair of diastereoisomers, 
the stilbene dibromides (l), subjected to a given process, 
elimination, under widely varying circumstances. 

CeH6CHBrCHBrCeH5 + 31- ---t 
meso- or dl-1 

1 8 -  + 2Br- + CaH5CH=CHCeH6 (1) 
trans- or cis3 

Kinetic and mechanistic information was obtained 
for the iodide-promoted debromination of the dl- and 

meso-1 in the standard solvent methanol.2c Here, we 
hoped to uncover any differential conformational me- 
dium effects that might be typical of an aprotic solvent, 
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research. This paper was presented at the 148th National Meeting, American 
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(2) (a) W. K .  Kwok, I .  M. Mathai, and 5 .  I .  Miller, J. Ow. Chem., 96, 
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meso- AND DL-STILBENE DIBROMIDE DEBROMINATION 

e.g., dimethylformamide (DMF). Moreover, some 1,2- 
dibromides, e.g., dl-1, are reluctant to undergo elimina- 
tion and in hydroxylic solvents may choose a solvolytic 
decomposition route (eq 2).2c In  DMF, the elimina- 

CHsOH 
(CRH6CHBr)n -+ (CeH5CHOCHs)z (2) 

tion process would, of course, not be complicated by 
competing hydrolysis. The advantages of DMF as a 
medium for 1,2 debrominations as well as for their 
kinetic study was realized by Roumanian 

Kinetic da,ta on the reactions of both 1 with iodide in 
acetone were a ~ a i l a b l e , ~ ~ ~ ~  and more on meso-1 in DMF 
appeared r e ~ e n t l y . ~  It turned out that our emphasis 
on the dl-1 reaction was fortunate, in that this led to 
an expanded view of the debromination mechanism. 

Experimental Section 
Materials.--.Our solvent was Fisher certified dimethylform- 

amide (DMF). meso-1 had mp 237-238', from xylene; dl-1 had 
mp 112-113", from ethanol.2b All of the other substances were 
reagent grade, the salts, sodium nitrate, sodium iodide, and 
lithium bromide were dried a t  150' for -3 hr and stored in a 
desiccator until required. 

Analysis.-Triiodide production in eq 1 was followed by titra- 
tion with standard thiosulfate.2c In  DMF, the starch indicator 
is ineffective; undoubtedly the DMF-iodine complex is in- 
volved here. However, if a tenfold dilution of the DMF-iodine 
solution with water is made and 1 ml of acetic acid added, titra- 
tion to the starch end point is feasible. Near the end point the 
thiosulfate should be added slowly. In  some experiments, the 
amount of bromide ion was estimated with standard silver ni- 
trate. 

The composition of cis-lrans-2 mixtures was determined by the 
absorbance ratio method on a Cary Model 11 spectrophotometer 
a t  280, 290, 300, and 310 mp.8 Solutions in absolute ethanol 
were made up t o  contain 28.5y0, 13.6% cis and 71.5%, 86.4Yo 
trans respectively. Our method of analysis yielded 29010, 15% 
cis and 71%, 857& trans respectively. Of course, cis-trans mix- 
tures recovered after reaction are not likely to be more accurately 
determined. 

Kinetics in I1MF.-Aliquots of stock solutions of 1 and sodium 
iodide in DMIT were placed in separate compartments of a flask 
(125, 150, or 250 ml) containing an inner well. The flask was 
stoppered and placed in a constant temperature bath. After 
reaching bath temperature, the closed flask was inverted and 
shaken vigorously (-40 sec) and replaced in the bath. Aliquots 
(5.00 or 10.00 ml) were taken at  intervals, run into ice water, and 
titrated with thiosulfate. Conversions ranged from 50% t o  80% 
and were normally ~ 6 0 7 ~ .  Since DMF has bp 152' and our 
highest temperatures for the kinetic runs was 60-70", it is unlikely 
that solvent evaporation from the stoppered flasks wa9 significant. 

Since organic halides react with DMF,2bre87 both 1's were 
checked. By bromide analysis, less than 1% decomposition 
of stock soliitions (0.015 M) of meso at  46' in 24 hr and dl a t  
70' in 20 hr was observed; these conditions are more severe than 
those used in the kinetic runs. However, when meso-1 (0.2 g) in 
DMF was refluxed (-152") for 10 hr, an 80% yield of trans- 
stilbene, mp 123", was isolated. Indeed, even a t  ~ 2 5 ' ,  stock 
stilbene dibromide solutions turn yellow on long standing. 
For this reason, freshly prepared solutions were used in the ki- 
netic studies. 

The possibility that iodine might be consumed by DMF was 
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(4) J. Mulders and J. Nasielski, Bull. SOC. Chim. Belg., 72, 322 (1963). 
(5) (a) E. Baciocchi and P. L. Booca, Ric. Sci., 37, 1182 (1967); (b) E. 

Baciocchi and A. Schiroli, J .  Chem. SOC. B ,  554 (1969). 
(6) M .  Ish-Shalom, J. D. Fitzpatrick, and M. Orohin, J .  Chem. Educ., 84, 

496 (1957). 
(7) (a) R. S. Kittila, "Dimethylformamide," E. I. du Pont de Nemours 

and Co., Wilmington, Del., 1967, Chapter 12. (b) "A Review of Catalytic 
and Synthetic Applications for DMF/DMAC," and Supplement: and 
"DMF," a product information bulletin, prepared and published by E. I .  
du Pont de Nemours and Co., Inc. ,  Wilmington, Del. 

Liebios Ann. Chem., 706, 20 (1967). 

J .  Org. Chem., Vol. 36, No. 10,1970 3417 

tested; a DMF solution of sodium iodide (0.26 M) and iodine 
(0.017 M) showed no loss in titer after 20 hr a t  70". 

The stoichiometry of the iodide-stilbene dibromide reaction is 
substantially that given by eq 1. Weighed samples of the di- 
bromides were treated with excess sodium iodide (6 g) in DMF; 
the iodine content was determined. After 23 or 48 hr a t  70" a 
total of six trials for meso indicated 93.5% reaction; after 48 hr at 
70" three trials for dl indicated 93.9% reaction. In other experi- 
ments, debrominations were carried out a t  70" for 48 hr. The 
iodine was decolorized with aqueous sodium sulfite, the solution 
was extracted with ether, and the extract was dried with calcium 
chloride and evaporated. On the basis of their infrared and ul- 
traviolet spectra, the residues appeared to be the stilbenes. 
Yields from the meso- and dl-1 (0.2 g scale) were 85 and 88% re- 
spectively. Spectrophotometric analyses indicated that the meso- 
iodide system led to trans-2 and the dl-iodide system led to 88% 
cis-2 and 12y0 trans-2. Under the same experimental conditions 
the conversion of cis- to trans-2 by sodium triiodide was less 
than 5%.2b 

Rate constants for process 1 were obtained from the standard 
expression (a = [ l ] ~ ,  b = [NaIIo) or from the slopes of plots of 

(3) 

the right-hand side of eq 3 vs. t. Typically, 6-10 points were 
taken per run for 4-7 runs and the average deviation in k was 
<4oj,. The applicability of eq 3 depends on several factors: 
the initially formed IBr is rapidly transformed into Is-; there is 
sufficient iodide ion (21 > 32); the triodide is stable ( K d i s s  % lo-' 
a t  25' in DMFS). The rate constants together with their average 
deviations are collected in Tables I and 11. Because of solvent 

TABLE I 
DEBROMINATION OF mBSO-STILBENE DIBROMIDE BY 

SODIUM IODIDE I N  DIMETHYLFORMAMIDE~~~ 
meso- 

Temp, Dibromide, 

36.1 17.18 
9.71 
5.81 
4.29 
3.99 
9.61 
9.55 

OC f 0 . 0 5 O  M X 108 

25.0 

45.8 

7.97 
5.82 
4.19 

11.13 
9.59 
6.56 

8.20 
7.56 
4.31 
4.31 

NaI,  
M X 10% 

8.09 
4.57 
3.51 
1.62 
3.00 
5.28 
7.04 

7.51 
3.51 
2.10 
7.54 
8.12 
6.95 

8.41 
4.95 
2.35 
5.88 

k, iM-1 sec-1 X 102 

1.13 
1.10 
1.12 
1.00 
1.07 
1.09 
1.13 

0.390 
0.368 
0.361 
0.384 
0.381 
0.366 

2.32 
2.48 
2.33 
2.25 

k,,,, 1.10 i 0.04 

k,,,, 0.372 f 0.01 

k,,,, 2.39 i 0.07 
a The mean rate constant was corrected for solvent expansion 

to k,,,,. The average deviation is indicated. Reference 5 
reports rate constants of 2.68 x M-1 sec-l for K I  a t  50.3' 
and 5.2 X 10-3 M-1 sec-1 for (n-CIHo)aNI at  25'. The quater- 
nary salt was more reactive than KI by a factor of ~ 2 .  

expansion, correction factors were applied to the mean rate con- 
stants to yield mean corrected rate constants given as k,,,,. The 
factors were 0.998 at  25', 1.005 at  36', 1.011 at 46", and 1.019 at  
60.1 O .'b 

The 
other activation parameters given in Table I11 were calculated in 
eq 4. Salt effects on the rate constants are given in Table IV. 

AH* = E,,t -RT k = (kT/h)eAS*/Re-AH*/RT (4) 

Activation energies were obtained from Arrhenius plots. 

(8) R. Alexander, E. C. F. KO, Y. C. Mac, and A .  J. Parker, J .  Amer. 
Chem. Soc., 89, 3703 (1967). 
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TABLE I1 

IODIDE IN DIMETHYLFORMAMIDE~ 
DEBROMINATION OF dl-STILBENE DIBROMIDE BY SODIUM 

Temp, dl-Dibromide NaI 
"C f 0.05' M X 108 M X lo*  k, M-1 sec-1 X 104 

36.1 9.15 5.50 0.338 
11.12 6.73 .341 
13.68 13.25 ,352 
13.72 6.60 ,341 
17.79 10 I 77 .318 

k,,,, 0.340 rt 0.01 
45.8 13.68 13.25 1.13 

11.12 6.73 1.04 
21.89 9.05 1.07 
13.72 6.60 1.13 
7.33 6.93 1.07 
9.15 5.50 1.09 

60.1 21.89 9.05 4.81 
13.79 14.48 4.88 
11.21 7.35 4.79 
6.96 5.28 4.94 
7.33 6.95 4.91 
9.38 6.40 5.07 

a The mean rate constant was corrected for solvent expansion 

k,,,, 1.10 f 0.04 

k,,,, 4.99 f 0.07 

to k,,,,. The average deviation is indicated. 

Did bromide ion compete with iodide to any significant degree in 
the kinetic runs? The rate constants for the reactions of lithium 
bromide with meso-1 was -40 times lower a t  46" and with dl -1  
was -10 times lower at 60" than the corresponding constants for 
the iodide reactjons.Z& Given the concentrations in our runs 
(Tables I, 11), rate acceleration due to bromide ion would be in- 
significant in the usual range of our kinetic observations. 

Results and Discussion 
The reaction of iodide with either stilbene dibromide 

is first order in each reactant. In  the concentration 
range of 0.02-0.14 M sodium iodide, salt effects were 
within the experimental uncertainty. The stoichiom- 
etry is essentially that of eq 1: based on iodine pro- 
duction, infinite time reaction is -93-94% for both 
dibromides; based on preparative scale work, the 
yield of stilbenes was -90%. The products (2) were 
produced under conditions of kinetic control, Le., little 
or no isomerization. Processes 5 were not significant 

under the conditions of the kinetic runs, but may in- 
terfere at higher temperatures.2a!b,e All of the rate 
data are given in Tables I-IV. 

The debromination of meso-1 is stereospecific-only 
trans-2 is p r o d ~ c e d . ~  The debromination of dl-1 is 
stereoselective giving 88% cis- and 12% trans-2. Thus, 
the anti elimination predominates in both cases. Con- 
sidering that K =  [trans-2]/[cis-2] > 300 in the range of 
25-76°,10 the selectivity of the dl-1 reaction is remark- 
ably high.g 

The 12% trans-stilbene found in the product of dl-1 
can be rationalized in several ways.ll One may suppose 

(9) S. I. Miller, Aduan. P h y s .  Org .  C h s m . ,  6, 185 (1968). 
(10) G. Fischer, K. A. Musakat ,  and E. Fischer, J .  C h e m .  9 o c .  B, 1156 

(1968). 
(11) (a) D. V. Ranthorpe, "Elimination Reactions," Elsevier, New York, 

N. Y., 1963, Chapters 1, 6. (b) J. Hine, "Physical Organic Chemistry," 
2nd ed, McGraw-Hill, New York, N. Y., 1962, p 116-119. 

that there is an independent path from dl-1 to trans-2, 
e.g., by syn debromination12 or by an 8 ~ 2 - E 2  sequence 
via erythro-l-bromo-2-iodo-1,2-diphenylethane;13 our 
arguments against these alternatives are best character- 
ized as cumulative and indicative rather than as con- 
c1usive.2a-c Here and in related work, we prefer the 
single scheme in which both cis- and trans-2 can be 
formed, as in eq 6,2c 

+ 
PhCH-CHBrPh + I- 1 + 1- 

.- 5 11 \ 

L J 

3 
1 

4 

In  the general case (Ph = any group), if there is no 
great energy difference in the products, the intermediate 
can fall apart to yield 2, before isomerization sets in; 
if there are large energy factors favoring one of the 
products, this would probably be reflected in 5 and the 
relative rates from 4 to 5 us. 4 to 2. Thus, a range of 
selectivity has been o b ~ e r v e d : ~  anti stereospecificity 
for meso-1 under all conditions;2 anti selectivity for 
dl-1 and sodium iodide in methanolzc or DMF; syn se- 
lectivity for dl-1 and lit'hium bromide or stannous chlo- 
ride in DMF.2a*d Equation 6 also allows for a range in 
sensitivity of the intermediates to the medium. In  eq 
6, the open carbonium ion represents several rotomers 
which can lead to both 2's or be captured by another 
nucleophile, e.g., methanol.2c Since stable open car- 
bonium ions are less likely to return to starting dibro- 
mide in the presence of bromide salts, aryl and highly 
substituted alkyl dibromides show less rate retardation 
with lithium bromide than simpler d ib r~mides .~  Fi- 
nally, eq 6 is also consistent with accept'ed mechanisms 
for bromine addition to 214 or isomerization of 2 in the 
presence of halogen and halide ions. Although por- 
tions of eq 6 have been examined previously for specific 
~ y s t e m s , ~  our position is that it is useful to regard all of 
the iodide promoted debrominations in this way.2 
(We exclude, of course, cases which go via radicals,2 
carbanions, or t'he S N ~ - E ~  path".) 

Following the analytical approach that has been 
systematized by Parker,I6 one can dissect the relative 

log k " / k D  = log D-/F f log D#&2 - log (7) 
From t h e  

viewpoint of the products, this mould be thermodynamically superior t o  the 
anti process, which gives IBr + c i s 4  + Br-. A syn transition state mould 
have serious steric interactions and would violate t h e  orbital anti rule.# 

(13) The displacement-elimination path has been established for terminal 
dibromides." A crude S N ~  estimate follows. Consider stilbene dibromide 
to  be derived from ethyl bromide for which the exchange rate constant with 
iodide in acetone a t  2 5 O  is k = 1.7 X 10-3 M - 1  sea-1. Data for t h e  anal- 
ogous reaction with substituted chlorides and bromides have been tabulated 
so that the independent effects of q a n d  @-phenyl groups, @-bromine, and 
p branching as in isobutyl bromide can be estimated [C. K.  Ingold, Quart. 
Rev., 11, 1 (1957) : A. Streitmieser, Jr.,  "Solvolytic Displacement Reac- 
tions," McGraw-Hill, New York, N. Y.,  1962.1 If one further assumes tha t  
exchange rates in acetone and DMF are the  same, k N 8 X 10-5 M-' seo-' 
at 2 5 O  for  iodide attack at carbon of stilbene dibromide. This figure does 
establish t h e  possibility of Sx2 attack in dl-1 (Table 111). 

(14) P. S. D. de la Mare  and R. Bolton, "Electrophilic Additions t o  Un- 
saturated Systems," Elsevier, Amsterdam, 1966, Chapter 6, 7. 

(15) (a) 8. J. Parker, Chem. Rev. ,  69, 1 (1969); (b) C. F. KO and A. J. 
Parker, J .  Amer. C h e m .  Soc., 90, 6447 (1968). 

(12) A concerted syn process mould lead t o  IBr t -  and trans-2. 
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Stilbene 
dibromide 

meso 
dl  
meso 
dl  
meso8 
dle 
a Reference 2. 

TABLE 111 
RATE DATA OF THE IODIDE-STILBENE DIBROMIDE REACTION 

Solvent 

CHaOH 
CHaOH 
DMF 
DMF 
(CHs)zCO 
(CHa)&O 

Extrapolated value. 

AH+, -AS*, IC x 108, k(meso) 
kcal/mol eu Temp., OC M-1 sec-1 k(dU 

40 
19.8 14 36 0.140 
23.2 9 36 0.0035aJ 

323 16.30 15d 36 11.0 
2 2 . 3 ~  7d 36 0.034 

22 15.4 23 1.48 
23 0,066 

c Estimated uncertainty =k 1 kcal/mol. d Estimated uncertainty &3 eu. 

TABLE IV 
SALT EFFECTS IN THE REACTIONS OF STILBENE DIBROMIDE~ 

WITH IODIDE ION IK DIMETHYLFORMAMIDE 
k X 108, 

System Added salt M M - 1  sec-1 

meso, 0.002786 M NaN03 0 3.04 
NaI, 0,03156 M 0.1544 3.12 

0.3592 3.45 
0.5132 3.62 
0.6158 3.73 

Temp, 25.0” 0.2566 3.39 

meso, 0.009961 M LiBr 0 10.9 
NaI, 0,0523 1 M 0.1187 11.7 
Temp, 36.1 ‘’ 0.2091 12.0 
dl ,  0.009403 A4 LiBr 0 0.499 
NaI, 0.06464 M 0,02869 0,522 
Temp, 60.1 * 0 I 05739 0.550 

0.08608 0.65 
0.1148 0.570 
0.1429 0.587 
0.2000 0.63 

dl ,  0.007116 M NaNOa 0 0.0945 

Temp, 45. 8’ 
NaI, 0.04318 M 0.6158 0.100 

k (solvent) 
k (C HIOH) 

78.5 
9 . 7  

-100 
-95 

Reference 4. 

When comparing the rate processes for two isomers, 
it is useful to break down the energetics. The appro- 
priate relation is eq 8, where the terms refer to free 
energies of reactants and transition states, and the free 
energies of a c t i v a t i ~ n . ~ ~ ~ ~  It is convenient to extrapo- 
( G d t  - Gmm) f (AG*dc - AG*mew) = (G*dl - G * n e s o )  (8) 
late our rate data to SO”, at which temperature we have 
the only available figure for the first term, (Gal - 
G,,,,) N 0.78 kcal/mol (from benzene).2a Since kmes,/ 
kdl N 115 at 80°, the second term in eq 8 is 3.3 kcal/mol. 
Therefore, G*dC - G*,,,, N 4, a figure similar to that 
given for the product difference, (Gets - Gtra,,) ‘v 3.7 
kcal/mol,10 Since we believe that the time scale and 
reaction profile of eq 6 vary from meso to  dl ,  we should 
not insist that the transition states themselves are 
literally “productlike.” 
The Effect of Lithium Bromide. -Observations of 

salt effects in debrominations have often been scattered 
and u n s y ~ t e m a t i c . ~ ~ ~ ~ ~ ~ ~  The data (Table IV) for 
sodium nitrate on the elimination from meso-l indicate 
a small positive effect of ~ 2 5 %  at concentrations of 0-0.6 
M .  These data establish the scale of “ordinary” salt 
effects whatever their origin. 

In  contrast to our observations (Table IV), lithium 
bromide depresses the rate of the reaction of iodide with 
meso-1 in a ~ e t o n e , ~  and of bromide with fumaric ester 
&bromide in Di\IF.3 As the sodium iodide concentra- 
tion increases, the rate constant for its reaction with 

rate in two solvents. Here is a “solvent transfer” 
activity coef%cient for Y at  infinite dilution in D (e.g. 
DMF) and XI (e.g. methanol). Taking log Dy?! ‘v 

2.6,15 log Dd&rz N 0.3,16 and k values at 36” from 
Table 111, we obtain log D ~ $  0.4 for the ~ ~ s o - 1  
reaction and log Dy$ rv 1.3 for the dl-1 reaction. In  
essence this indicates that the transfer term of iodide 
ion, which favors methanol over DIIF ,  is the dominant 
solvation factor in these eliminations. Transition state 
solvation favors methanol over DMF, but this is a 
much larger contributor in the dl reaction as compared 
with the meso reaction. These results are qualitatively 
consistent with a somewhat larger charge dispersal in 
the transition state.15 One cautionary note: the 
terms in eq 7 do vary with concentration16 and we did 
have to guess a t  the value Dy&B,z; therefore, this 
analysis is semiquantitative. 

I n  a practical sense, the rate discrimination of the 
diastereoisomers in the protic and aprotic solvents is 
interesting (Table 111). At 36”, k[meso]/k[dZ] N 320 
for DMF and 40 for methanol; a t  23” the same ratio is 
22 for acetone. It should be obvious that relative re- 
action rates of any pair of compounds will change with 
solvent as they do with temperature, coreactant, etc. 
Although its origin is complex and often obscure, the 
device of solvent dispemion of rates into a selectivity spec- 
trum can be applied to any pair of isomers to effect their 
separation. 

(16) (a) R .  Fochs, J. L. Bear, and R. F. Rodewald, J .  Anzer. Chem. SOC., 
91, 5797 (1969): (b) G. Choux and R. L. Benoit, ibid., 91, 6221 (1969). 

sym-tetrabromoethane decreases. l7 It is interesting 
that the rate constant for meso-2 with tetrabutylam- 
monium iodide is appreciably larger (-2) than that 
for potassium iodide in methanol or D1\IF.5 We take 
all of this as evidence for the presence of ion pairs which 
are less nucleophilic than free halide. 

The addition of 0.2 M lithium bromide to iodide- 
stilbene dibromide reactions leads t o  a rate enhance- 
ment of -30%. This appears to  be a larger than or- 
dinary effect. Separate experiments without iodide 
established that the reaction of bromide ion with the 
stilbene dibromides was too slow to increase the ap- 
parent rate when iodide was present.2a Our tentative 
explanation is that BrL- forms in these solutionss and 
increases the concentration of iodide ion. The rate 
enhancement by bromide ion also indicates that there 
must be little or no return to dl-1 from 4 in mechanism 
6. Whether bromide ion also assists in the destruction 
of 3 before it returns to dl-1 is a matter of conjecture at 
this stage. 

Registry No.-meso-1, 13440-24-9; dl-1, 13027-48- 
0; sodium iodide, 7681-82-5. 

(17) W. G. Lee and S. I .  Miller, J. Phys. Chem., 66, 655 (1962). 
(18) C. F. Van Duin, R e d .  Trau. Chim. Pays-Bas, 48, 341 (1924); 46, 

345 (1926). 


