Correlations of Additions to Alkenes

Chemical reactivity of an alkene is directly related to the types (or properties), number, and relative
positions of substituents attached to the alkenyl carbons. Therefore, understanding substituent effects
upon alkene reactivity in a wide range of addition reactions to alkenes will enable recognition of patterns
in the reactions; this will facilitate mechanistic studies of additions to alkenes and their use in syntheses.

We have developed a technique for correlating measurable characteristics in addition reactions of
alkenes in order to gain information and identify patterns, which are useful mechanistically and
synthetically. We have applied this technique to many reactions: hydroboration,"* oxymercuration,**
bromination,® epoxidation,* sulfenyl halide addition, mercuric chloride complexation,* silver ion
complexation,® diimide addition,” oxidation with permanganate,® carbene addition,” nitrosyl chloride
addition,” oxidation with osmium tetroxide,” chlorination,® complexation with iodine,® palladium chloride
(Wacker) oxidation,® hydrogenation using Wilkinson's catalyst RhCI(PPhs)s,"°*2 chromyl chloride
oxidation,*® chromic acid oxidation,” iodine thiocyanate,** and others. This technique offers (1) a
procedure to determine relative magnitudes of steric and electronic effects in the rate-determining step,
(2) a relatively simple way to predict the effects of substituents on reaction rates for synthetic purposes,
and (3) a method to choose between alternative proposed reaction mechanisms in some cases.

In these investigations, we apply this simple method by correlating the logs of the relative reaction
rates (log kg values) versus alkene ionization potentials (IPs), with their highest occupied molecular
orbital energies (HOMOs), and in some cases with their lowest unoccupied molecular orbital energies
(LUMOs). Reactions with similar mechanisms give correlation plots which are similar in appearance, and
those with different mechanisms give dissimilar correlation plots. For example, the correlation plots of
hydroboration and bromination (Figs 1 and 2, Table I) show similar slopes caused by similar electronic
effects but different groupings of alkenes due to steric effects; hydroboration exhibits a natural separation
into sterically similar groups while bromination has a single line of correlation regardless of the steric
requirements of the alkene.

' l -8
} g // i ! 21 |
! / S
18 2 /
e o 17 18
g © a L ¢
© o, Ot ‘ 9 30 2%
/ 18 . ! 5 o
| P uc / | 5 4
| -
:P | // 10 /EJ P /
| c/ -~ T
a0 S8 r i l
-'IGI' ,9/‘9 i ' 6“0 | -~k 11 / alimnes |
"/ ' zﬁﬁ: 7 = arenes | o 0.98 tntmingl (@]
| A0 ° ; | P/ ] i0.c8 internal €|
| e | 092 wmny O / [e] ol
o loer o © | 13 | - | tre-auoatituten
14
/ 1 = |wtra-scostiumalll| | / | n.oe Wi
- [-a.27 al
-'I'Il I L n N 14 I L H e s I 1 1
-3 -2 -1 o} 1 2 a 4 -3 -2 -1 Q 1 2 3 4 & 6 7
log k{rel 9-BBN) log &(re! Br,)

Figure 1. Plot of log k(rel) for hydroboration of alkenes using 9-BBN
versus alkene IP. Numbers next to data points refer to alkenes in Table
la The natural separation of sterically similar alkenes is more
pronounced here than in oxymercuration, indicating a greater influence
by steric requirements here. Within sterically similar groups, there is an
excellent correlation between log k(rel) and IP. Legend for octagon type
versus site of B-C bond formation: open, H,C; half-filled, HRC; filled,
R;C.

Figure 2. Plot of log k(rel) for bromination of alkenes using Br, versus
alkene IP. Numbers next to data points refer to alkenes in Table I. All
alkenes, Regardless of steric requirements, lie on one line, which has an
excellent correlation constant; this indicates that the reaction is inde-
pendent of steric effects. Legend for octagon type versus site of Br-C
bond formation: open, H,C; half-filled, HRC; filled, R,C.

On the other hand, plots of hydroboration (Fig 1) and palladium chloride (Wacker) oxidation (Fig 3,
Table Il) show similar groupings due to steric effects, but opposite slopes caused by opposite electronic
effects. In order to develop further this new technique and to elucidate synthetically and mechanistically



important information from experimental or from computational data, we are applying the technique to
additional important reactions with a variety of mechanisms.

Table I. [onization Potentials and Relative Rates of Reaction of Alkenes

HOMO relative reactivity
P energy hydroboration oxymercuration bromination®

no. alkene eV level ($-BBN) {Hg(OAc):) (Br;)

1 00 -9.07 -9.92 1615

2 = siMeg -8.85 -9.61 300

3 :.Q\ -9.08 -9.79 196°¢ 10004 8§95

4 =~ -9.48 -9.97 100 100 100

5 oMo -9.44 -10.17 325 3.8 7.20°

6 T sMe -9.95/ -10.10¢ 26.1

7 = one -9.85 -10.03 22.8

8 < e -9.82 ~10.04 228 25.4

9 = oac -10.09* -10.34 21.9 0.72

10 1 -9.78 -10.17 7.1

11 =N -10.18* -10.53 59 0.7

12 = -10.18 -10.32 4.5

13 =g -10.34 -10.48 4.0/ 2.36 0.06

14 = cpn -10.5% -10.39¢ 271

15 S -8.68 -9.63 1.13 25.84 1.40 X 10°
16 T -8.95 -9.76 0.68' 1747 9.76 X 10°
17 ThN= -8.97 -9.76 0.3 3.5447 3.57 % 10°
18 TN -9.12 0.95¢ 4.05 % 107
19 =, -9.82 -10.05 0.011
20 _X;\“c- -10.00 -10.16 0.003"
21 = -8.3 -9.49 0.006/ 1.274 1.40 x 10%

Table II. IPs. HOMOs. LUMOs, and Relative Rates of Palladium

2 Chloride Oxidation of Alkenes
o No.| alkene | IP(eV)s | HOMO LUMC |k, PdCl?
= {&V) V)
T — 1052 | -10.17 132 297
r alkenes
T ethene . 2 = 974 ©.97 112 241
10.31 || 0.99 | mono-substituted O 1 3 — 9.63¢ 993 1.14 103
0.43 di-substituted  © o
L] 1] = 0.63 EXT 112 100
0.87 all v
5| — d | 992 .18 35.0
106 r . = 9.52
1.0 15 2.0 25 3.0 OH
log k (rel PACI 5 / H, 0) [ — 9.24 9.0 0.99 aa.9¢
Figure 3. Plot of the log k. values for PdCl, oxidation of alkenes 7 . S.12 .79 0.93 769
versus their corresponding IPs. Data are from Table 1. Lines of 3 517 KN 093 553
correlation for monosubstituted alkenes and for disubstituted alkenes =
are shown. Correlation coefficients r are given in the legend for ’ =y 901/ 473 ove 3

monosubstituted alkenes. for disubstituted alkenes, and for all alkenes
regardless of the degree of substitution about the double bond. The
y-axis IP data are plotted in inverse order so that data reflecting lower
m-electron energies appear at the bottom of the plot. to facilitate
comparison with the plots of HOMOs and of LUMOs.
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