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The selectivities toward olefins of CBrs' and CC1a3 were first determined nearly two dec- 

ades ago, initiating mw similar studies of other carbenes. 4 Attempting to correlate the selec- 

tivity of CBra with that of Ccl,, Doering and Henderson noted two anomalies in the behavior of 

CBre.3 They reported: (a) When log(I&&)cBr was "plotted against the comparable dichlorocar- 

bene reactivities the scatter about a hypothe&cal line (was) so large that no slope (could) be 

determined," and (b) " . ..relatively dibromocarbene reacts slower than dichlorocarbene, the great- 

er the degree of substitution. This falling off may indicate the operation of a steric factor. 113 

In particular, CBra was observed to add more slowly to tetramethylethylene than to trimethyl- 

ethylene (rel. react. =0.93), 
3 
a result which has been taken as an archetypical example of steric 

hindrance in a carbene addition reaction.5 

Our interest in the correlation of cerbenic selectivity,e together with the availability 
7 

of new methods for the differentiation of carbene and carbenoid addition reactions, led us to 

reinvestigate the olefinic discrimination of CBra. The results, which follow, importantly revise 

our picture of CBr, selectivity. 

Dibromocarbene was generated by the action of KOR on CHBra, and added to the olefins enum- 

erated in the Tables. The product cyclopropanes, isolated by gc, were characterized by ir, nun, 

and mass spectroscopy. Satisfactory exact mass spectral analyses were obtained for new compounds. 

Carbenic selectivities (25") were determined by the olefin competition method,2-4 in whichbinary 

cyclopropane product mixtures resulting from pairs of competing olefins were analysed by gc (cal- 

ibrated detector). Relative reactivities were calculated in the standard manner; a>4 the average 

deviation from the mean of duplicate experiments was generallyc2%, and satisfactory cross- 

checks 374 were obtained. 
3 

To delineate the role of carbenoids' in the CBre additions, most of the competitions were 

performed both with and without an added equivalent of 18-crown-6.e And, because CBra could con- 

vert t_butoxide to isobutene, ' biasing relative reactivities measured against isobutene, 

KOC(C,H,), was used as the generative base in all competitions involving isobutene. mC(CH,), 

was used in most other situations. Final CBra relative reactivities for di- through tetrasubsti- 

tuted olefins appear in Table IA, together with analogous data for CC1a.l' Reactivity data for 

CBr, and CCl,ii additions to monosubstituted olefins appear in Table IB. 
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Table I. Relative Reactivities of Alkenes Toward Carbenes (25"). 

CBraa CClsb 

Alkene 
No crown Crown 

(A) Tetramethylethylene h.L 4.0c 8.98 

Trimethylethylene 2.8 2.6 3.12 

Isobutene 1.00 1.00 1.00 

cis-Butene 0.76 O.hhd - 0.27 

trans-Butene 0 Al3 0.35 0.18 

(B) l-Butene l.Ooe 1.00 l.OOf 

L-Propylethylene 0.44 0.w 0.48~ 

t-butylethylene 0.037 g 0.051f 

aFrom Char, + KOR; see text. Benzene was present in the 18-crown-6 runs. bFrom CHCls and KOR; 

see text and refs. h, 10, and 11. 18-Crown-6 was not used; the Ccl, is considered to be free 

under these conditions. 
78 c 

The same value was obtained using 2 equiv. of 18-crow&. 
d 
A sim- 

ilar value (O.h8) was obtained using KOC(C,Hs),, solubilized by THF', in the absence of 18-crown- 

6. e(k -l-butene'sis-butene)CBr, 
= 0.096. Therefore, to put the monosubstituted olefins on the 

isobutene scale, multiply by 0.073. f Results were similar with 3 generative systems: CHCIS + 

KOC(CH,)s in benzene; CHCla + KOC(C,H,)s in benzene; CHCls + KOC(C,Hs)s in THP (homogeneous). 

gA poor yield was obtained. The non-crown rate, 0.037, is therefore used below. Note, however, 

that a satisfactory (non-crown) cross-check [k 
-isopropyl&-butyl 

= 11.7 (obsd.), 11.6 (calcd.)] 

connects the (crown) i-Pr and (non-crown) t-Bu relative reactivities. 

Inspection of the CBr, results reveals minimal kinetically-effective carbenoid involve- 

ment in the CHBr, -KOR reaction; only with cis-butene are the crown and non-crown rates signif- - 

icantly different. Moreover, the steric discontinuity observed earlier3 is not apparent, tetra- 

methylethylene)trimethylethylene. A good correlation (r-0.995) of log(&i/k_)CBr (crown val- 

ues) vs. log(&i/k+o)CCl for the standard alkenes of Table IA is obtainable, and aspears in Fig. 

1. CBr, appears to bea"well-behaved" , at least under the present conditions; its selectivity 

index, 
6 0 

$,a= 0.65. 

Absence of a discontinuous steric effect does not preclude the operation of all differen- 

tial steric effects. Thus, $",z" a (0.65) is significantly lower than m calcd -CBr, 
(0.82), given by a 

refined version (9 carbenes)l" of our dual substituent parameter equati0n.e This discrepancy 

could reflect continuous steric hindrance to CBra addition, which would oppose and level elec- 

tronic selectivity based upon the degree of substrate alkylation. Relevant experiments are pre- 

sented in Table IB, and in Fig. 2, which correlates the relative reactivities of CBr, and Ccl, 

toward RCH=CH, with Es, the steric substltuent constants of the alkyl groups. I3 We observe 

6CBr, 
= 0.98, FCC1 =-o.eb, or FCBr 

/ ccl, 
= 1.11. This can be taken as a measure of the rela- 

tive susceptibilit; of CBr a to steric hindrance during these additions. In a suggestive numer- 



0.
0 

I 
I 

I 
I 

I 
I 

I 
I 

I 
J 

- 
_

 

2.
0 

1
.
0
 

(L
og

 
+ 

+ 
1.

01
, 

C
C

I, 
,2

5”
 

0 

F
i
g
u
r
e
 1
.
 L
o
g
(
k
/
k
 )
 f
o
r
 C
B
r
a
 v
s
.
 l
o
g
(
l
f
/
l
f
o
)
 

-
O
S
 

f
o
r
 C
c
l
,
,
 a
t
 2
5
 
. 

R
e
l
a
t
i
v
e
 r
a
t
e
s
 w
e
r
e
 

m
u
l
t
i
p
l
i
e
d
 b
y
 1
0
.
 
T
h
e
 c
o
r
r
e
l
a
t
i
o
n
 c
o
-
 

e
f
f
i
c
i
e
n
t
 i
s
 0
.
9
9
5
.
 
F
r
o
m
 l
e
f
t
 t
o
 r
i
g
h
t
,
 

t
h
e
 o
l
e
f
i
n
s
 a
r
e
 t
r
a
n
s
-
b
u
t
e
n
e
,
 c
i
s
-
b
u
t
e
n
e
,
 

i
s
o
b
u
t
e
n
e
 (
s
t
a
n
d
=
 

t
r
i
m
e
t
h
y
m
h
y
l
e
n
e
,
 

a
n
d
 t
e
t
r
a
m
e
t
h
y
l
e
t
h
y
l
e
n
e
.
 S
e
e
 T
a
b
l
e
 I
A
 

a
n
d
t
e
x
t
.
 

-2
.0

 

F
i
g
u
r
e
 2
.
 I
o
g
(
I
&
)
 
f
o
r
 C
B
r
a
 (
c
i
r
c
l
e
s
)
 

a
n
d
 f
o
r
 C
c
l
,
 (
s
q
u
a
r
e
s
)
 v
s
.
 s
t
e
r
i
c
 s
u
b
-
 

s
t
i
t
u
e
n
t
 c
o
n
s
t
a
n
t
s
,
 E
 
.
-
T
h
e
 
c
o
r
r
e
l
a
-
 

t
i
o
n
 c
o
e
f
f
i
c
i
e
n
t
s
 a
r
3
3
.
9
9
9
6
 a
n
d
 0
.
9
9
9
8
,
 

r
e
s
p
e
c
t
i
v
e
l
y
.
 F
r
o
m
 l
e
f
t
 t
o
 r
i
g
h
t
,
 a
l
o
n
g
 

e
a
c
h
 l
i
n
e
,
 t
h
e
 o
l
e
f
i
n
s
 a
r
e
 i
-
b
u
t
y
l
e
t
h
y
l
e
n
e
,
 

i
-
p
r
o
p
y
l
e
t
h
y
l
e
n
e
,
 

a
n
d
 1
-
b
u
t
e
n
e
 (
s
t
a
n
d
a
r
d
)
.
 

?
-
e
e
 T
a
b
l
e
 I
B
 a
n
d
 t
e
x
t
.
 

0.
0 



4624 No. 52 

ical experiment,, (crown) CBrz reactivitias (Table IA) were altered arbitrarily by ll$ (the rela- 

tive steric susceptibility14) in the direction of greater selectivity. The artificially enhan- 

ced reactivities afforded m&.a = 0.72. A small explicit steric correction can thus substan- 

tially narrow the gap between n&E: and ~$!$l". In principle, relative steric susceptibili- 

ties could be measured for many carbenes and explicitly included in the selectivity correlation 

equation.15 
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