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Abstract: In the reactions of dichlorocarbene, nitrosyl chloride, and osmium tetroxide with representative acyclic
alkenes, alkene first ionization potentials (IP’s) are correlated against log alkene relative reactivities (kre}’s). Each
reaction gives a single line of correlation, which includes all alkenes studied regardless of the degree of substitution.
© 1999 Elsevier Science Ltd. All rights reserved.

We have reported a method of comparing steric and electronic effects in electrophilic addition reactions
involving three-membered cyclic intermediates or products by correlating the ionization potentials (IP’s) or highest
occupied molecular orbital energies (HOMO's) versus the relative reactivities (krei’s) of representative acyclic
alkenes.! In these studies, reactions having similar mechanisms gave similar correlation plots. In some reactions,
the plot yields a single line of correlation which includes all alkenes studied,!®? indicating that steric effects in the
reactions of those alkenes are of a similar order of magnitude. In those cases, the rate-determining step leads to
formation of a three-membered cyclic intermediate or product. In other reactions, the plots show correlations with
IP’s only among sterically similar alkenes, with a separate line of correlation for each group of sterically similar
alkenes,!? indicating that steric effects of different groups are of different orders of magnitude, depending upon the
steric requirements about the double bonds.

Most of our investigations pertained to reactions with three-membered intermediates or products,'®° so it
followed that the investigation of the addition of dichlorocarbene (eq. 1) should be included, since it is an example
of a single-step kinetic reaction yielding a three-membered cyclic product with no intermediate.? However, it also
seemed desirable to extend our investigations to additional and different types of mechanisms. The addition of
nitrosyl chloride (eq. 2) is an example of a single-step reaction proceeding through a cyclic four-membered
transition state.3 The rate-determining step in the addition of osmium tetroxide (eq. 3) is also believed to proceed
via a cyclic four-membered transition state. Therefore, we have studied the reactions of dichlorocarbene, nitrosyl
chloride, and osmium tetroxide with representative alkenes.
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RESULTS AND DISCUSSION
Experimental first IP’s for the alkenes, their HOMO'’s calculated using MNDO, and relative rates of the
reactions listed above are given in Table I. Calculations were carried out by using the MNDO molecular orbital
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Table 1. Alkene IP’s, HOMO'’s, and Relative Reactivities for
Addition of CCl, of NOC], and of OsO,
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-10.09" |-10.20 18.12
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approximation for reasons and with procedures which have been discussed previously.l The alkenes are listed in
order of increasing IP’s, which places the alkenes generally in the order of decreasing HOMO energy levels and
decreasing relative reactivities. In order to demonstrate more clearly the correlations, the alkene IP’s are plotted
versus the log krel's, and the correlation coefficient r is given for each group (Fig. 1). A variety of substitution about
the double bond in each study, from mono- to tetrasubstituted, explores steric requirements about the double bond.
Comparison of alkene relative reactivities against IP’s in order to explore steric effects is appropriate, because IP’s
are not themselves sensitive to steric effects.

A i with three-membered transition stat es,

The correlation of IP with log kre] for dichlorocarbene addition to alkenes (Fig. 1a) is very strong (r = 0.94). The
single line of correlation indicates that steric effects are of the same order of magnitude for all alkenes studied,
regardless of steric requirements. The positive slope is appropriate for a reaction which is considered to be an
electrophilic addition. Similar results were obtained in the studies of other electrophilic additions to alkenes in
which the rate-determining step leads to formation of a cyclic three-membered intermediate or product: (1)bromine
addition,!2 (2)arylsulfenyl chloride addition,1b and (3)oxidation via peracetic acid.1b

A factor common to all four of the above reactions is the nature of the reaction pathway in the rate-determining



5825

("OSsO (e4)y 60y

14 € c 1
— r oL-

‘Peinynsqnsen;s) e $6°0
pue ‘-u3 ‘-Ip ‘-ouow puoq 3[qnop ® rcaninsane-vae | -
> o auoe sd 3 14 @ peimpsans-uy - mw—,
W 03 payoepe sdnoid [Ayre jo saqunu ay ® sormsanse  |aso o
£q uaa1d sapureqiuns ousys 0y Surpiodoe papod O peimusans-ouow
are sjord ay; ur syurod ejep Yl ‘spualsl ayy wr souene )

UdAI3 d1e (1) sanjeA JualYyR0d Uole[aIIod YL

"OPIX0133) Wnrwso(d) pue ‘aplIoyd [4sonu(q) 164l
‘duaqredorofydrp(e) :ssuayie 03 suonppe
sriydongdage  pajesipur 3yl 10J A3anoeas
aAne[a1 30] SNSIAA JI SUSN[E JO SIO[] ‘1 a8y
()
m|
(1DON 184)y Boj (:0%0 184)y Bo
g g v e z L 0 g v g ¢ z L 0
T T T T T - T T T T -
1] 060
@ peinegns-sJie) - T 60
® pelnijieqne-~in - ® puininsane-wawm | -
@ Peimusane-p 28'0 gl © pmnipegne-in -

O Peinipeane-ouow | ggg- o\~ @ pmnipeane-ip - dot-
O Painijisans-ouow | 88°0- g
seusie U )
110 d
16~ 46-

@ (®)




5826

step. A symmetrical three-centered geometry is maintained throughout the rate-determining step in each.
Apparently, for the alkenes studied, steric effects in their reaction with CCl; are of the same order of magnitude
regardless of steric requirements about the double bond.

ions wi - ition r

Plots and correlations with a single line of correlation for all alkenes studied, similar to those above, are
observed for NOCI addition (Figure 1b, r = 0.90) and oxidation with OsO4 (Figure 1c, r = 0.96). This indicates
that steric effects are of the same order of magnitude regardless of steric requirements about the double bond in
both of these addition reactions.

The addition of nitrosyl chloride is reported to be a single-step reaction proceeding through a four-membered
transition state.3 The fact that the application of this technique gives different results for nitrosyl chloride addition
(a single line of correlation) than for hydroboration“1 ( multiple lines of correlation) is in accord with different
mechanisms for these two reactions. This comparison further supports the previous rationale!2? favoring the rate-
determining step in hydroboration to be leading from a n-complex through a four-center transition state to the
product, rather than a simple concerted four-center reaction.

It is now generally accepted that oxidation with OsOy proceeds through a four-centered transition state.4 Since
NOCI addition also is reported3 to have a four-centered transition state structure, similar plots for the two
reactions might be expected. However, n-complex formation leading to the oxaosmetane, which has been isolated
and studied,4e has also been proposed.4c.f The single line of correlation for addition of OsOy is also consistent
with such rate-determining formation of a n-complex, as has been obtained in other systems.!2 However, a single
line would not be expected if the rate-determining step leads from the n-complex to the oxaosmetane; instead, the
results would be expected to be similar to those for oxymercuration and for hydroboration,12? in each of which the
rate-determining step leads from a n-complex to products.}a? The plots for the hydroboration and the oxidation
reactions display multiple lines, each line corresponding to a group of alkenes having steric requirements which are
similar at the carbon which becomes bonded to the metal. Thus, in OsOy4 addition, this technique can be used to
counter the mechanism having a rate-determining step following n-complex formation, but not to differentiate
between the concerted four-centered mechanism versus rate-determining n-complex formation.
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