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Eliminations from 1-Phenyl-2-alkyl Tosylates Promoted by MeONa in MeOH.
Steric Effects in Alkene-forming Elimination

Bong Rae Cho* and Man So Han

Department of Chemistry, Korea University, 1-Anamdong, Seoul 136-701, Korea

Reactions of PACH,CH(OTs)R [R = Me (1), Et (2), Pri (3), Bus (4), Bu? (5)] with MeONa in MeOH
have been studied. The reactions produce both conjugated and unconjugated alkenes. The yields of the
conjugated alkenes are nearly the same for 1-4, while the £/Z ratios depend strongly upon the a-alkyl
group. The rates of eliminations forming the conjugated £ alkenes are decreased by a bulkier alkyl
group as indicated by the relative rate of 1, 0.8, 0.7, 0.6, 0.2 for 1, 2, 3, 4, 5, respectively. On the other
hand, the relative rates for the formation of the unconjugated alkenes are 1, 1.7,2.8, 1.9 for1, 2, 3, 4,
respectively, indicating that the rate increases with the double bond stabilizing ability of the alkyl
groups and decreases with their steric effect. From these results, the relative steric effect of the a- and
B-alky! groups in alkene-forming elimination is assessed.

Steric effects of the B-alkyl group in alkene-forming eliminations
were extensively investigated by Brown and Ingold, although
their interpretation of the results were exactly opposite.!™
Later, Charton reported that the steric effect was the controlling
factor of the product and rate data for eliminations from RCH ,-
CH,X or RCH,CXMe, compounds, based upon the excellent
correlation of the existing data with his steric effect parameters.®
Similarly, Bartsch has shown that the base steric effect in elimin-
ations from RCH,CHXMe compounds is strongly influenced
by the B-alkyl group.® In contrast, relatively little is known
about the steric effect of the «-alkyl group in alkene-forming
eliminations.

Very recently, we observed that the rate of eliminations from
ArCH,N(X)R compounds was decreased, and the structure of
the transition state changed towards E1-like, by a bulkier ‘N-
alkyl group.”’® To determine whether a similar effect might be
operating in alkene-forming eliminations, we have investigated
the reactions of PA\CH,CH(OTs)R 1-5 with MeONa in MeOH
[eqn. (1)]. It has been established that alkoxide-promoted

MeOH

analytical data for the new compounds were consistent with the
proposed structures.

The reactions of 1-5 with MeONa in MeOH produced mix-
tures of isomeric alkene products. The products were identified
by analysing the 500 MHz NMR spectra and the GC trace of
the product mixtures and also by comparing the GC retention
times with those of authentic samples. The product yields were
determined with gas chromatography on a 25 m capillary
column of 5% phenylsilicon. The yields of elimination product
are summarized in Table 1.

The rates of reactions were followed by measuring the in-
crease in the absorption of the conjugated alkenes at 250 or
252 nm. The rate constants were calculated by the Guggenheim
method.'! Excellent pseudo-first-order kinetic plots were ob-
tained. The pseudo-first-order rate constants were divided by
the base concentration to provide the second-order rate con-
stants, which remained constant over a three-fold variation
in base concentration. The second-order rate constants were
multiplied by the product yields to determine the rate constants

PhCHZCﬁ{CRR’R” + MeONa ——— PhCH=CHCRR'R” + PhCH,CH=CR'R” 1

OTs
1-5

E 6 2,7

E S8 Z,9

CRR'R” = Me (1); Et (2); Pr (3); Bu® (4); Bu’ (5)

eliminations from 2-phenylethyl tosylate proceed via an Elcb-
like transition state.!® Since the substitution of an alkyl group at
C-1 is expected to stabilize both the developing double bond
and the partial positive charge at the «-carbon atom, the
transition states for these reactions are expected to shift towards
E2-central. Moreover, the steric requirement of the substrates
can readily be modified by utilizing different «-alkyl substituents.
Therefore, the steric effect of the «-alkyl group upon the alkene-
forming E2 reactions may be determined by utilizing the rate
and product data for the processes forming the conjugated
alkenes (6 and 7). Furthermore, the relative importance of the «-
and B-alkyl substituents upon the alkene-forming E2 reactions
can also be assessed by comparing the data for the two com-
peting elimination reactions forming the conjugated (6 and 7)
and unconjugated alkenes (8 and 9) [eqn. (1)]. The results of
these studies are reported here.

Results
Alkyl tosylates 1-5 were prepared by the reactions of appro-
priate 1-phenylalkan-2-ols with tosyl chloride. The spectral and

for the formation of the conjugated E alkenes (k,). For the
formation of the unconjugated alkenes, the overall rate con-
stants were calculated by multiplying the second-order rate
constants by the combined yields of 8 and 9. The k,” values were
then obtained by dividing the overall rate constants by the
number of B-hydrogens. The rate constants are summarized in
Table 2.

Relative rates of eliminations forming the conjugated E
alkenes are 1, 0.8, 0.7, 0.6, 0.2 for 1, 2, 3, 4, 5, respectively. The
influence of the «-alkyl group upon the rates correlated satis-
factorily with Charton’s equation using v’ values.3-7-12:13 The
Charton plot is shown in Fig. 1. On the other hand, the rates of
eliminations forming the unconjugated alkenes increased and
then decreased as the size of the B-alkyl substituent increased, as
indicated by the relative rates of 1, 1.7, 2.8, 1.9 for 1, 2, 3, 4,
respectively. The results indicate that both the double bond
stabilizing ability and the steric effect of the alkyl groups are
important in these reactions. Therefore, the rate data were
correlated with log k, = aD + Wv + h, where D and v are
double bond stabilizing parameters'* and Charton’s steric
effect parameters,®7-12-13-15 respectively. Utilizing a non-linear
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Table 1 Product proportions? from elimination reactions of PhACH,CH(OTs)R with MeONa in MeOH

Conjugated alkene (%) Unconjugated alkene (%)
R E z E/Z E VA E/Z
Me 75.1 72 104 174
Et 71.6 6.7 10.7 150 6.8 22
Pr 76.4 0.0 236
Bu* 80.7 0.0 12.5 6.9 1.8
Bu’ 100 0.0 0.0 0.0

? Product proportions are reproducible to +0.5%,.

Table 2 Rate constants for elimination reactions of PhACH,CH(OTs)R with MeONa* in MeOH

Rb kobs/lo_a dms mol" sfl cd kzoveull/lo-a dm’ mo]—l s—l cd.e k2/10—6 dms morl S‘l cd f kz//10-7 dm:s mol—l s—l c.d.g
Me 6.97 7.27 5.46 (1)* 422 (1.0)*

Et 6.22 6.48 4.64 (0.8)* 707 1.7)*

Pri 4.80 5.00 3.82(0.7)" 11.8 (2.8)*

Buw’ 3.89 4.05 3.27 (0.6)* 7.87 (1.9)*

Bu 1.34 1.40 1.40 (0.2)* 0.00

“[MeONa] = 0.959 mol dm™. * [Substrate] = 2.0 x 10~ mol dm™>. ¢ Average of at least two kinetic runs. ¢ Estimated uncertainty, +5%.

e kzovcn.ll = kohs/[MeONa]' sz

number of B-hydrogens. * The numbers in parentheses are the relative rates.

log k»

Fig. 1 Charton plot for eliminations from PhCH,CH(OTs)R pro-
moted by MeONa in MeOH. Slope = —0.64, r = 0.991.

regression program, values of « = 0.787 + 0.002 and ¥ =
—4.41 + 0.02 were calculated.

Discussion

Product Distribution—Previously it has been established that
the formation of 1-alkene products in eliminations from
RCH,CHXMe (X = I, OTs) compounds is strongly favoured
by a bulkier B-alkyl group owing to steric repulsion between the
base and the alkyl substituent in the transition state.® In
contrast, the yield of the conjugated alkenes changes only
slightly with the variation of the «-alkyl groups (Table 1). The
yield decreases with the change of the alkyl group from Me to
Et, apparently owing to the increased stabilization of the
unconjugated alkene product from 2 by the methyl group. The
yields are nearly the same for 2 and 3, probably because the
double bond stabilizing ability of the two methyl groups at
C-2 in 2-methyl-4-phenylbut-2-ene is counterbalanced by their
steric effect. When the stability of the unconjugated products is

obs X yield of conjugated E alkenes/[MeONa]. ¢ k,” = k,,, x yield of unconjugated alkenes/[MeONa] x

kept constant, the alkyl group steric effect becomes evident as
indicated by the higher yield of 6 from 4 than from 3. It appears
that the product distribution of these reactions is determined by
both double bond stabilizing ability and the steric effect of the
alkyl groups. The result is in contrast to the regiospecific form-
ation of the conjugated imines in eliminations from closely-re-
lated PhCH,N(OAs)R compounds under the same conditions.®
Thus the stabilization of the partial double bond by conjugation
with the phenyl group must be less important in the alkene- than
in the imine-forming transition state.

On the other hand, the E/Z ratios depend strongly on the
substrate steric effect. The (E)- to (Z)-1-phenylpropene ratio for
1 is 10, which is much smaller than the ratio of 23.5 determined
for the reactions of 1-phenyl-2-propyl chloride with MeONa in
MeOH at 60 °C.!¢ The result may be attributed to the leaving
group steric effect. Since the bulky tosylate leaving group is
expected to prefer a conformation where the sulfur is anti to the
a-alkyl group,'”* it should be more destabilized than when such
interaction is absent (Fig. 2). This would predict a lower E/Z
ratio for the former, as observed. The ratios are nearly the same
for 1 and 2 owing to the similarity in the steric requirement of
the Me and Et groups.!® However, the ratio increased sharply
to infinity with further increase in the steric bulk as indicated by
the zero yield of the Z product from 3-5 (Table 1). Assuming
anti transition states for all of these eliminations, the results can
be attributed to the higher concentration of the anti (I) than the
gauche (II) conformers of 1-5 and the lower free energy of
activation for the reactions leading to the E products 6 for the
sterically more congested substrates (Fig. 2). The much lower
E|/Z ratio for the unconjugated alkene products from 2 than for
the conjugated alkene products from 1 can also be explained
similarly by assuming a smaller steric requirement for the benzyl
than the phenyl group in these reactions.!> However, the
smaller ratio of 1.8 for the 2-methyl-5-phenylpent-3-ene pro-
ducts from 4 does not indicate the steric effect, but simply
reflects the diastereomeric ratio of the reactant mixture, because
each diastereomer can produce only one product.

Relative Rates of Alkene- and Imine-forming Eliminations.—
The second-order rate constants for eliminations forming E
conjugated alkenes from 1-5 are 1.40-5.46 x 10~ dm?® mol™*
s~! (Table 2). The rates are approximately 10° times slower than
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Table 3 Susceptibilities of various elimination reactions to steric effects
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Reaction Yor¥’ Reference
RCH,CH,N*Me, + Et0~ 22, RCH=CH, -2.36 5
RR'CHCH(OTs)CH,Ph + MeO~ M%, RR'CH=CHCH,Ph ~ —441 This work
PhCH,CH(OTs)R + MeO~ M<°%, phCH=CHR —0.64 This work
PhCH,N(CI)R + MeO ™~ M4, phCH=NR —211 7
PhCH,N(OAs)R + MeO~ MH, phCH-NR -0 9

Conjugated alkene
(o] [o]
gAr gAr
1l ]
o/ 0/6
H Ph Ph H
R H R H
H
I a
Unconjugated alkene
[o] (o]
gAr gAr
/11
[o) o/b'
H CH, CH, H
PhCH; H PhCH; H
H H
m v

Fig. 2 Possible conformers of compounds 1-5

those of the closely-related imine-forming elminations from
PhCH,N(OAs)R compounds under the same conditions.® The
difference is much greater than the 5 x 103 fold retardation in
rate for eliminations from PhCH,CH(CI)Me compared with
PhCH,N(Cl)Me under similar conditions.!® Considering that
the C-OSO,Ar bond is approximately 50 kcal mol~! * stronger
than the N-OSO,Ar bond and the C—Cl bond is only 20 kcal
mol™! stronger than the N—Cl bond,!® the result can be attrib-
uted to the greater difference in the strength of the bonds to the
leaving group for the former.

Steric Effects—The rates of eliminations from 1-5 decrease
systematically as the steric requirement of the «-alkyl group is
increased. The relative rates of eliminations from 1-5 to afford 6
are 1, 0.8, 0.7, 0.6, 0.2 for 1, 2, 3, 4, 5, respectively. When log
k, for the formation of 6 was plotted against Charton’s v’
values,'>'* a straight line was obtained with excellent corre-
lation (Fig. 1). As shown previously, the result can be inter-
preted in terms of the repulsive interaction between the base
and the «-alkyl group in the transition state.”~® On the other
hand, the relative rates of eliminations forming the unconjug-
ated alkenes are 1, 1.7, 2.8, 1.9 for 1, 2, 3, 4, respectively,
indicating that the rate increases with increased branching at
the B-carbon and then decreases. Moreover, the data could be
correlated with the modified Charton’s equation, log k, =
oD + Yo + h, to give a = 0.787 + 0.002 and ¥ = —441 +
0.02, respectively. This result clearly demonstrates that the
alkyl groups influence the elimination rates not only by the

*1cal = 4.184).

steric effect but also by the double bond stabilizing ability. The
increase in the rates with increased branching at the B-carbon is
consistent with the assumption that these reactions proceed via
an E2-central transition state.

The susceptibilities of various eliminations to alkyl group
steric effect under comparable conditions are summarized in
Table 3. The ¥’ value for eliminations from PhCH,CH(OTs)R
is much smaller than those for the RR°"CHCH(OTs)CH,Ph and
RCH,CH,N*Me, compounds, indicating that the steric effect
of the «-alkyl group is smaller than that of the B-alkyl group.
The result is consistent with that observed in the product studies
(vide supra) and can readily be understood by considering the
longer distance from the base to the a- than to the B-alkyl group
in the transition state. The greater steric effect of the p-alkyl
group in eliminations from RR’"CHCH(OTs)CH ,Ph than from
RCH,CH,N*Me, compounds may be attributed to the greater
double bond character and the greater steric requirement at the
a-carbon in the former transition state. Since the former
transition state should have less negative charge development at
the B-carbon'’” and the developing double bond can be more
stabilized by the B-alkyl groups, the -carbon atom is expected
to have more sp? character. This would decrease the distance
between the approaching base and the B-substituent and thus
increase the steric repulsion between them.2® Moreover, the
presence of the benzyl group at the «-carbon atom would
provide additional congestion in the former transition state.
Therefore, the sensitivity of the elimination reactions to the
substrate steric effect must be greater for the former.

It is interesting to note that the steric effect in eliminations
from PhCH,CH(OTS)R is similar to that of PhCH,N(OAs)R
even though the structures of the transition states are quite
different. From previous work, the smaller steric effect observed
in eliminations from PhCH,N(OAs)R than from ArCH,-
N(CDR has been attributed to the looser transition state for the
former.® The smaller steric effect of the «-alkyl group upon the
eliminations from 1-5 than from N-chloramine can also be
explained similarly. Since the C=N bond is shorter than the C=C
bond and the imine-forming transition state is known to have
extensive double bond character,?! the distance between the
base and the a-alkyl group is expected to be greater in the
alkene-forming transition state. Therefore, the sensitivity of the
elimination reaction to the substrate steric effect must be smaller
for the former.

The present result demonstrates that the alkyl substituents
influence the elimination reactions by both steric and double
bond stabilizing effects and that the steric effect of the B-alkyl
group is greater than that of the «-alkyl group in alkene-forming
eliminations that proceed via an E2-central transition state.

Experimental

Materials—1-Phenyl-2-alkyl tosylates 1-5 were prepared by
the reactions of appropriate 1-phenyl-2-alkyl alcohols and
tosyl chloride.?? The physical, spectral and analytical data
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revealed that these compounds were racemic mixtures except
that 4 was a mixture of diastereomers with a 1.9 to 1 ratio. The
melting points (°C), IR (KBr, SO,, cm™!), NMR (CDCl,), and
analytical data of these compounds are as follows: PhnCH,CH-
(OTs)Me, 1-phenyl-2-propyl tosylate (1), m.p. 90; v, 1140,
1340; 6, 1.3 (d, 3 H), 24 (s, 3 H), 2.8 (q, 1 H), 29 (q, 1 H), 47
(sextet, 1 H), 7.0-7.2 (m, 7 H), 7.6 (d, 2 H) (Found: C, 66.55; H,
6.5; S, 11.2. Calc. for C;cH,30,S: C, 66.18; H, 6.25; S, 11.04);
PhCH,CH(OTSs)Et, 1-phenyl-2-butyl tosylate (2), m.p. 54; v,
1140, 1340; 6, 0.8 (t, 3 H), 1.6 (m, 2 H), 2.4 (s, 3 H), 2.9 (m, 2 H),
4.6 (quintet, 1 H), 7.0-7.2 (m, 7 H), 7.7 (d, 2 H) (Found: C,
67.0; H, 6.9; S, 10.8. Calc. for C,,H,,0,S: C, 67.08; H, 6.62; S,
10.53); PhCH,CH(OTs)Pr', 3-methyl-1-phenyl-2-butyl tosylate
(3), m.p. 81; v, 1140, 1340; 6, 0.9 (q, 6 H), 1.9 (m, 1 H), 2.4 (s,
3 H), 29 (d, 2 H), 4.6 (sextet, 1 H), 7.0-7.3 (m, 7 H), 7.6 (d, 2 H)
(Found: C, 68.2; H, 7.3; S, 10.2. Calc. for C,3H,,0,S: C, 67.90,
H, 6.96; S, 11.07); PhCH,CH(OTs)Bu’, 4-methyl-1-phenyl-2-
pentyl tosylate (4), m.p. 65; v,,,, 1140, 1340; 6, 0.7-1.9 (m, 9 H),
24(d,2H in 1.9:1 ratio), 2.8 (q, 1 H), 2.9 (q, 1 H), 4.7 (m, 1 H),
7.0-7.3 (m, 7 H), 7.5 (d), 7.6 (d, 2 H in 1.9:1 ratio) (Found: C,
69.3; H, 7.6; S, 9.65. Calc. for C,,H,,0,S: C, 68.85; H, 7.30; S,
9.67); PhCH,CH(OTs)Bu', 3,3-dimethyl-1-phenyl-2-butyl tos-
ylate (5), m.p. 96; v, 1140, 1340; 8, 1.0 (s, 9 H), 2.3 (s, 3 H),
2.7 (quartet, 1 H), 3.0 (quartet, 1 H), 4.8 (quartet, 1 H), 7.0-7.1
(m, 7 H), 7.4 (d, 2 H) (Found: C, 68.9; H, 7.7; S, 9.9. Calc. for
C,0H,,0,8: C, 68.85; H, 7.30; S, 9.67).

Product Studies—The products of eliminations from 1-5
were obtained by reacting approximately 0.5 g of the sub-
strates with 1.0 mol dm~® MeONa in MeOH for 2 days at
room temperature. The products were isolated by extracting
the mixture with hexane. The hexane solution was analysed
with gas chromatography on a 25 m capillary column of 5%
phenylsilicon at 60-80 °C. The products were identified by
analysing the NMR spectra of the product mixtures. All of the
NMR peaks were nicely separated in the 500 MHz NMR
spectrum and thus could be assigned to each product. The
relative peak intensities observed in the NMR spectra were
then matched with those in the GC trace. To confirm the
validity of this method, authentic mixtures of Z and E
conjugated alkenes were synthesized by the Wittig reactions of
Ph;P=CHPh with appropriate aldehydes. The GC retention
time of the authentic samples were exactly the same as those of
the product mixtures assigned by the above method.

Kinetic Studies—Reactions of 1-§ with MeONa-MeOH
were followed using a UV spectrophotometer with thermo-
statted cuvette holders under pseudo-first-order conditions
employing at least a tenfold excess of base. Reactions were
initiated by injecting 5-10 mm? of ca. 10-2 mol dm™ solution
of the substrate in MeOH into a cuvette containing 3.0 cm?® of
MeONa-MeOH. Cuvettes were temperature equilibrated for
at least 20 min prior to a kinetic run. The increase in the
absorption of the conjugated alkenes at 250 or 252 nm was
monitored for the initial period and then after three half-lives.
The cuvettes were always kept in a constant temperature bath
when the measurement was not made. The rate constants were
calculated by the Guggenheim method.!’ Excellent pseudo-
first-order kinetic plots were obtained. The pseudo-first-order
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rate constants were divided by the base concentration to
provide the second-order rate constants, which remained
constant for a five-fold variation in base concentration. The &,
values were calculated by multiplying the second-order rate
constants by the yields of conjugated E alkenes. The k,” values
were obtained by dividing the overall rate constants for the
unconjugated alkenes, respectively.

Control Experiment—The possibility of isomerization of the
alkene products under the reaction conditions was assessed by
determining the product ratios periodically with gas chromato-
graphy as described above. When the products were extracted
with hexane before the reaction was completed the hexane
solution contained small amounts of the tosylates, which inter-
fered with the GC analysis. The hexane solution was cooled to
—60°C in a freezer, filtered to remove the tosylate, and
concentrated by bubbling with nitrogen when necessary. The
product distribution was always within experimental error
over a 1-9 day period.

Acknowledgements

This research was supported by grants from OCRC-KOSEF
and Basic Science Institute Program, Korea Ministry of
Education (1992).

References
1 H. C. Brown and O. H. Wheeler, J. Am. Chem. Soc., 1956, 78, 2199.
2 H. C. Brown and I. Moritani, J. Am. Chem. Soc., 1956, 78, 2203.
3 H. C. Brown and I. Moritani, J. Am. Chem. Soc., 1955, 77, 3607.
4 D. V. Banthorpe, E. D. Hughes and C. Ingold, J. Chem. Soc., 1960,
4054,
S M. Charton, J. Am. Chem. Soc., 1975, 97, 6159.
6 R. A. Bartsch, R. A. Read, D. T. Larsen, D. K. Robert, K. Scott and
B. R. Cho, J. Am. Chem. Soc., 1979, 101, 1176.
7 B. R. Cho, J. H. Maeng, J. C. Yoon and T. R. Kim, J. Org. Chem.,
1987, 52, 4752.
8 B.R. Cho and Y. W. Suh, J. Org. Chem., 1989, 53, 2855.
9 B.R. Cho and S. Y. Pyun, J. Am. Chem. Soc., 1991, 113, 3920.
10 R. V. Hoffman and E. L. Belfore, J. Am. Chem. Soc., 1979, 101, 5687.
11 A. A. Frost and R. G. Peterson, Kinetics and Mechanism, Wiley,
New York, 1961, p. 49-50.
12 M. Charton, J. Am. Chem. Soc., 1975, 97, 3694.
13 B. R. Cho, Y. W. Suh and S. Y. Pyun, Bull. Korean Chem. Soc.,
1990, 11, 79.
14 J. Hine, Structural Effects on Equilibra in Organic Chemistry, Wiley,
New York, 1975, p. 270-276.
15 M. Charton, J. Am. Chem. Soc., 1975, 97, 1552.
16 S. Alunni, E. Baciochi, R. Ruzziconi and M. Tingoli, J. Org. Chem.,
1974, 39, 3299.
17 W. H. Saunders and A. F. Cockerill, Mechanism of Elimination
Reactions, Wiley, New York, 1973; (a) p. 181-185, (b) p. 59-67.
18 R. A. Bartsch and B. R. Cho, J. Am. Chem. Soc., 1979, 101, 3587.
19 R. V. Hoffman and E. L. Belfore, J. Am. Chem. Soc., 1979, 101, 5687.
20 M. J. Dewar and Y. C. Yuan, J. Am. Chem. Soc., 1990, 112, 2095.
21 R. V. Hoffman, R. A. Bartsch and B. R. Cho, Acc. Chem. Res., 1989,
22,211,
22 L. F. Fieser and M. Fieser, Reagents for Organic Synthesis, Vol. 1,
Wiley, New York, 1967, p. 1180-1181.

Paper 2/03246E
Received 22nd June 1992
Accepted 2nd September 1992



