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On the basis of its ultraviolet spectrum (A 186 mu

max
(vapor)) and m.o. calculations, 2,3-di-t-butyl-1,3-butadiene

(I) was proposed to have a skew conformation in which the
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two double bonds are not in the same plane but orthogonal to
each other (Ia) 1. The prediction was made that such a 1,3-
diene would not display typical behavior of a conjugated .
system in its reactions. We have evidence that I indeed does
not react in the manner expected of a 1,3-diene in free
radical reactions.

Attempts to add BrCCl3 to I in both light- and benzoyl
peroxide-induced reactions failed to yield any detectable
amounts of either a 1,2- or a 1,4-addition product which
would be expected if the reaction involved the chain se-~
quence 1 and 2, After 31/2 hours of illumination of a mix-

ture of BrCCl5 (8.0 g., 0.04 mole) and I (1.66 g., 0.01

2569



2570 No,30

C(CHy) 5 C(CHy)
k |
C1,0- + I - C150CH,C~C=CH, <> C1,CCH,C=0-CH, (1)
C(CH5)3 C(CH5)5
A-

<lz(c:H5)3 c(<:113)5

A+ + 3rCCly —> Cl;CCH,C—C=CH, + (or) Cl;CCH,0=CCHBr (2)
Br c(cna)5 C(CHz) 3

mole) at 56°, only 5% of I had been consumed. A mixture of
BrCClES (14.8 g., 0.075 mole) and I (2.5 g., 0.015 mole)

heatec at 78° for 36 hours in the presence of benzoyl per-
oxide (0.51 g., 0.0021 mole, added in four portions during
the heating period) gave a mixture from which 1.2 g. of the
diene was recovered by distillation. A high boiling residue
was formed but all attempts to rectify this mixture failed
to yield any identifiable products other than benzoic acid.
In contrast, 2-t-butyl-1,3-butadiene (II), a 1,3-diene re-

ported to have properties of a conjugated system (A 225

max
mi, Epo 23,240) 2 reacted readily with BrCCla. Two hours
of illumination of a mixture of BrCClB (8.8 g., 0.044 mole)
and II (2.5 g., 0.022 mole) yielded 2.5 g. (36% of theory)
of the 1,4-addition products III and IV.5

C(CH;)3 C(CH5)5
) 01300H2Q—CH=CH2 ClBCCH2CHC=CH2
373

k11
Ce 4+ CH2=C—CH=CH2 ——= + (3)
C(CHB)5 (CH5)BC

CCHZC=CH9H2 ClBCCH20H=CCH2
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?(CH3)3
B: + BrCCly —> Cl3;CCH,C=CHCHBr + Cl,C- (4)
III
C(CHy) 5
Ct + BrCCly —> Cl;CCH,CH=CCHBr + Cl,C (5)
v

The relative reactivities toward addition of ClBC' of
I and II with respect to 1-octene, an alkene that readily
undergoes addition BrCCl3 via the chain sequence 6 and 7,
were determined by competition reactions of each diene with

1-octene toward addition of BrCClB.4

k
- . _ o & -
ClBC + CHZ-CHC6H,13 n —> ClBCCH2CHC6H13 n (&)
D ]
De + BrCCl3 —> ClBCCHECHBr06H13—g + 0130- 7
TABIE I
Relative reactivities of I and II with respect to “1-octene
toward addition of Cl;C- at 56°
Reactivity ratio | Value | No. of runs | Average deviation
kI/ko 0.26| 3 0.03
kII/kO 62 4 11
The high reactivity of II with respect to 1-octene toward
addition of 0150- is typical of a truly conjugated diene.
The comparatively low reactivity of I supports the hypo-
thesis1 that no conjugative effect would be encountered in
reaction of this diene.
We found that I does not copolymerize with styrene. This
is also indicative of a very low reactivity of this diene
in radical addition reactions. The polymer obtained from

heating I with styrene in the presence of benzoyl peroxide
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had an n.m.r. and infrared spectra indistinguishable from
that of pure pblystyrene. On the other hand, II copoly-
merized readily with styrene as would be expected for a
normal conjugated diene.5

Althcugh the reactivity of I toward addition by ClBC-
is low compared to a truly conjugated 1,3-diene, its re-
activity in this reaction is comparable to that of 1-octene
which does form addition products with BrCCla. Finding no
addition products in the reactions of I with BrCCl3 suggests
that the reaction of the adduct radical A+ with BrCCl3 (re- .
action 2) is the limiting factor in the chain sequence 1
and 2. Attack of the hybrid radical A* at either the 2-
carbon or the 4—carbon‘may be hindered by the two t-butyl
groups. The residue formed in the benzoyl peroxide-induced
reaction of I with BrCCl5 quite possibly is a mixture of
products resulting from termination reactions (possibly
coupling but more likely disproportionation) of the adduct
radicals.

Support for the suggestion that reaction 2 is the limit-
ing factor in the chain sequence 1 and 2 can be found in
the inhivitory effect that I has on the reaction of 1-octene
with BrCClB. Whereas 20 mole percent 1-octene in BrCCl5 was
almost completely consumed in 15 minutes in a light-induced
reaction at 56°, the presence of 10 mole percent of I in
the reaction mixture reduced the half-life of 1-octene to
80 minutes under identical conditions. Reaction of ClBC'
with I to yield the unreactive radical A+ would shorten the
normally long kinetic chain length of the reaction of

1-octene with BrCCl5.
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A more conmplete report on the behavior of I and II in
free radical reactions will be made elsewhere.
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