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Lovacnic and Leitch (1) and Griesbsum, Os~slé end Hall (2)
have observed tnat the photoinitimted sddition of hydroren
bromide to allene yields exclusively 2-bromo-l-propene, the
former woriing with liquié phese addition et -78°, the latter
with ges phase sddition at ambient temperature. <his orienta-
tion contrests with thiol smdéition (3), where sttack is largely
at the terminsl carhopn by the thiyl rasdical (Csz-, CH,COS+ and
CgH5S*), and with addition of CFzl, where the product is re-
ported to be exclusively that which results from sttesck op the
terminal carbon by the CFz radical (4). Inesmuch as thiyl
redicals and tne trifluoromethyl rsdical are believed to be
electrophilic rsdicals, similsr in cherecter to the bromine
etom, the results seem contradictory, and s more criticasl
exsmination of the HBr-allene resction wss undertaken in these
lsborstories.

The gas phase, pnotoinjtistec eddition of hydrogen bromide
to allerne was carried out over a rauge of texperatures from

50° to 150° end with a variety of allene-iBr ratios ranging
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from 10:1 to }:10, and at pressures of 10 to 80 mm., Added
CCly (72 mm) or CHClpF (400 mm) did not change the rate of
the gddition or the produot, which was cleanly 2-bromo-1-
propens. No trace of the isomeric methylacetylene could be
found even in reactions run 95-98% completion. The kinetics,
followed by deocrease in pressure, were oleanly first order in
HBr under the conditions spegified and independent of the
conocentration of allene. Good Arrhenius plots were obtained
ander all coaditions, giving an activation energy of 4.52 t .20
koal/mole.

The reastion of sllene with hydrogen bromide contrasts
markedly with the reection of olefins with isclated double
bonds with the same reagent (56) in the following respects:

(a) the allene-HBr resction is kinetically first order, while
other olefins show kinetice dependent on both olefin and HBr
concentrations, (b) the allene~-HBr reaction has e positive
activation energy, whereas ethylene, for example, ha® a nega-
tive activation energy of -7.5 kcal/nole, and (c) allene is so
efficient in scavenging bromine atoms that the most reactive
olefin previously investigeted, isobutene, does not yield any
isobutyl braomide in competition with allene at 100° until all

of the latter has been consumed, even at 4i1 ratios of isobutene
to allene. At 500, however, where allens is less reactive and

isobutene more reactive, the reaction of a 15:1:1 mixture of

EBriellene;isobutene yields a trace of isobutyl bromide of the
order of 0.5% of the yield of 2-bromo-1-propepe. (Isobutene is

about 200 timee more reamctive than ethylene toward HBr at 50°(5)).
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The difference in kinetic behavior between allene and

other olefins with isolated double bondas can be explained most

reedily in terme of the thermodynamics of the reactions. Using

available data and making some approximetions by the group con-

tribution method of Andersen, Beyer and Wateon (6), the energy-

reaction coordinaste disgrams of ethylene and allene in reastion

with HBr are constructed as shown in ¥ig. 1. Neither ethylene
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Allene

Br-gsllene redicsl
2~Bromoallyl radicel
2-Bromo~1-propene
Ethylene

Bromoethyl radical
Ethyl bromide

nor allene may be expected to
have an appreciable activation
energy in reacting with a bromine
atom (7). Ethylene gives an exo-
thermic reaction (E—»F, PFig. 1)
of about 7.4 kcal/mole (7) (pres-
sumably the -7.5 koal/mole
mesasured from Arrhenius plots in
this laboratory). The reaction
of allene with bromine atoms
(A-»B, Pig.l) may be expected to
be about 8 kcel/mole more exo-
thermic than the corresponding
ethylene-Br atom resction, sinoe
Kistiakowsky, Ruhoff, Smith and
Vaughan (8) heve shown allene to

be that unstable relastive to

ethylene in hydrogenation experiments. The initial allene~-br

atom reaoction intermediate may then dlter structure or confor-

mation to give resonence stabilized 2-bromoallyl redicel (B',
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Fig. 1). The initisl radicel, B, Fig. 1, migsht be either thne
2-bromoallyl or the BrCHZ-é=CHZ radgical, but rsther more likely
the latter. The energy barrier B—»B', Fig. 1, is unknown, but
probebly rather small. Finslly, the activetion energies for the
hydrogen abstraction reactions are 2.3 to 3.0 kesl/mole for the
bromoethyl redical (F—G, Fip. 1)(7,9) and 4.5 kxcal/mole for the
2-bromoellyl redicel (B'—»C, Fig. 1) from our kinetic experiments.
The small barrier in the HBr-bromoethyl radical reaction is still
large enough to produce reversibility in the rreceeding step, the
formation of the bromoethyl radical (F=»G, Fig. 1) because of the
favorable competition of unimolecular decomposition of that redi-
cal vs. bimolecular hycrogen abstraction. <The much lsrper bsrrier
in the hydrogen abstrsction by 2-bromoallyl radical is of smell
consequence tince the much hipher exothermicity of the allene-sr
atom reection traps all the 2-bromoallyl radicels formed. Thus,
bromine atomg, tormed either from the orimary photochemical
process or from dissocistion of bromoetnyl radicels, resct ir-
reversibly with ellene, and the sole product of these competiti ns
is the sdduct of the 21lene-ziBr reection.

On the besis of tnese thermodynsmic dats end kinetic evi-
dence one can deduce thet the sequence of evernts in radicel addi-
tions to allene is probebly atteck on a terminal carbom, resrrange-
ment when tnat is possible to an =sllylic resonsnce stabilized
reéicel, and, finelly, hydrogen abstrsction. This series of
events cen, tnerefore, exolgin the observed orientation of
atteck on allene by vericus radicals. Adéitionsl thermodynaiic

and xinetic date ere highly desireble. In suy cs.e, aschieve-
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ment of allylic resonance as a driving force in the initial
radicel-allene reaction would seem to be of little thermo-
aynsmic consequence, and can probably be ruled out.
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