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kovachjc and Lei toh 11) and Griesbaum, 0.~~16 and Hall (2) 

have observed that the photolnjtlated addition of hydro+en 

bromide to allene yields exclusively Z-bromo-1-propene, the 

foin,er worl;ing with ljquid phase addition at -7l3O, the latter 

with gas phase eddltion at ambient temperature= Ihis orjenta- 

tion contrasts with thjol addltioo (3). where attack is larpely 

at the terminal carbon by the thlyl redjcsl ICHSS*. CHaCOS* and 

C5H5S'). and wjth addition of CFSI. where the product Is re- 

ported to be exclusively that which results from attack on the 

terminal carbon by the CF3 radical (4). Inasmuch as thlyl 

redfcels and tne tr1fluoromethyl redicsl are heljeved to be 

eleatrophiljo rsdicals, similar in cheracter to the bromjne 

atom, the results seem contradictory. and a more crltlcal 

exnminat1on of the HBr-allene reaction was undertaken in these 

laboratories. 

The gas phase, photoinitlsted addition of’ hydrogen bromide 

to nllene was carried out over a ranpe of ten,peretures from 

50° to 150° end with a variety of allene-nBr ratios ranging 

3727 



3728 NO.49 

from lo: 1 to l:lO, eqd et preesurer of 10 to 80 mm. Added 

CC14 (72 mm) or CEC12F (400 mm) did not ohenge the rate of 

the edditloa or thr produot, which wea oleenly 2-bromo-l- 

propeoe. Ilo treoe of the Isomerlo methyleoetyleoe oonld be 

found even In reeotlons run 95-98% oompletlon. The klnetice, 

followed by decrease in pressure, were oleanly first order in 

BBr under the oondltione specified and independent of the 

ooooentratio,n of ellene. Good Irrhenlue plots were obteloed 

under all oooditions, giving an eotivetion energy of 4.52 f .20 

keel/mole. 

The reeSotion of allens with hydrogen bromide oontrests 

markedly with the reeotion of oleflne with isolated double 

bonds with the same reagent (5) In the follorlng respeots: 

(a) the ellaoe-EBr reaotion is kioetloelly first order, whllt 

other olefin~s show kinetios dependent on both olefln and EBr 

ooaoentretio~oe. lb) the allene-HBr reaotion has e positive 

aotlvetlon e,nergy. whereas ethylene, for example. heB e nega- 

tive eotlvetlon energy of -7.5 keel/mole, and lo) allene iB 00 

effioient in aoavenging bromine atoms that the mOBt reeotlve 

olefin previously lnvestlgated. isobutene. does not yield any 

leobutyl bro,mide in competition with ellenr et 100’ until all 

of the lattex has been consumed, even et 4:1 ratio0 of Jsobutene 

to ellene. At 500, however, where ellene iB less reactive and 

isobutene more reactive. the reeotioo of e 15:l: 1 mixture Of 

BBr:ellene:l~obutene Yielda a trace of isobutgl bromide of the 

order of 0.6% of the yield of 2-bromo-l-propene. I Uobutene is 

about 200 tUmB more rseotive then ethylene toward HBr at 5Oo(5)). 
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The dlfferenos in klnetlo behavior between alleoe and 

other oleflna with Isolated double bonde oan be explained moat 

readily In terms of the thermodynamloa of the reaotlons. using 

available data and making some approxlmatlone by the group oon- 

tributlon method of bodemen, Beger and Watson (6). the energy- 

reactloo ooordloate diagrama of ethylene and allene in reaotlon 

r3th HBr are ooostruoted a8 shown In Pig. 1. Neither ethylene 

nor allbne may be expeoted to 

have an appreolable aotlvation 

energy in reaotlng with a bromlae 

atom (7). Ethylene gives an exo- 

thermlo reaotioo (EMJ!, Fig. 1) 

of about P-4 koal/mole (7) (prea- 

sumably the -7.5 koal/mole 

measured from Arrhenlus plots 10 

C thla laboratory). The reaotion 

of allene wlth bromine atoms 

FIG. 1 (A+B, Flg.1) may be expeoted to 

A. Allene 

5 Br-allene rsdloal 
be about 8 kosl/mole more exo- 

C. 
g-Bromoallyl radloal 
2-Bromo- 1-propeoe 

thermlo than the oorrespondlng 

E. Ethslene 
F. Bromoethyl radloal 

ethylene-Br atom resctlon. slnoe 

0. Ethyl bromide Klatlakowaky, Ruhoff. Smlth and 

Vaughan f8) have shown allene to 

be that unstable relative to 

ethylene in hydrogeoatloo experlmeote. The lnltlal alleoe-nr 

otom reaotlon Intermediate may then alter struoture or oonfor- 

matlon to give reeonanoe stablllzed 8-bromoallyl radios1 (B’, 
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Fig. 1). The lnltlel redlcel, B, ylg. 1, mipht be either the 

Z-bromoallgl or the 3rCH2-6=CH2 radical, but rrther more likely 

the letter. The enerpy berrler B+B’, FIR. 1, is unknown, but 

probebly rather smsll. Flnellg, the ectlvetlon enerples for the 

hydropen abatractlon reectlons are 2.3 to 3.0 keel/mole for the 

bronoethyl redlcel (FdG, Flp. lj(7.9) end 4.5 kcsl/mole for the 

Z-bromoellgl rodloel (B’+C, Fig. 1) from our klnetlc experiments. 

The smell barrier In the HBr-bromoethgl redlcsl reaotloa IS still 

large enough to produce reverslblllty in the preceedln2 step. the 

formatlon of the bromoethyl redlcal (F-G. yip. 1) because of the 

favorable oompetitlon of unlmoleculer deco%poeitlon of that redl- 

ccl vs. blmoleculer hyorogen abetraction. ‘L’he much lsreer berrler 

In the hydrogen ebstrectloo by 2-bromoallyl redloel le of smell 

consequence ti’lnce tne much higher exothermlcity of the allene-5r 

atom reectlon traps all the 2-brosoallyl redlcels formed. Thus, 

bromine atom6 , formed either from the orlmary photochemloel 

prooess or from dlssocletlon of bromoethyl radlce!s. react lr- 

revertilbly vlth ellene, end the sole product of these competltl n8 

Is the edduct of the ellene-XiSr reectlon. 

On the besls of these thermodynamic date end klnetlc evl- 

denoe one can deduce th?t the seoueoce of events In radicel addi- 

tions to allene is proheblg etteck on e terminal carbon, rearrenpe- 

ment when that la posujble to en ellylic resonance stebillzed 

radjcel, and, finelly, hydrogen ebstrectIon. This series of 

events con. tnere’ore 1 , expleln the observed orlentotjon of 

attecr on ellene by vl:rlous radicals. Additional thermodynei,ic 

sod rlnetic dats ere highly deslreb:e. In any ce..e. echleve- 
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ment of sllylla reeonanoe ae a driving force in the Initial 

radioel-alleae reaction would eeem to be of little thermo- 

agnamic consequence, and can probably be ruled out. 
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