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ABBTRACT

The diugfbutyl~percxideuinitiated decarbenylations of cyclo-
propylacetaldehyde and dimethyicyclopropylacetaldéhydé in the presence
of benzyl mercaptan have been carried cubt and the chain~transfer con-
stants of neopentane, n~butane, 2,3-dimethylbutane, methylcyclopropane,
and isopropyleyelopropane with styrene at 79.1° have been determined
in an attempt to ascertain the.nature and number of the intermediates
invelved in interconversions of certain cyclopropylearbinyl and allyle
carbinyl derivatives in free~radical réactions. These interconversions

are shown to be reversible. It is concluded thabt the nonclassicsal

homoallyl radical and the classical allylearbinyl radical are the
intermediates invblved in the free~radical interconversion of the
cyclopropylcarbinyl'and allylcarbinyl skeletons. No evidence is
found for the existence of a nonclassical dimethylhomcallyl radical;
the classical dimethylcyelopropylcarbinyl and (y,y-dimethylallyl )-
carﬁinyl radicals are probably the only intermediates involved in
the free~radical interconversion of the dimethylcyclopropylearbinyl

and (7, r~dimethylalilyl)—carbinyl skeletons.
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INTRCDUCTION

In recent years the interconversion of cyclopropylcarolnyl,
allylecarbinyl, ocnd cyclobubtyl derdivatives in carbonium ion reactions
has been studied extensively; ang equilibrating, unsymmetrical, non-
classical "picyclobutonium” ions (I a~c) have been proposed as inter-
mediateg to aceount for the kinetic data and produet distribhuotions
oogerved {1). It was a loglcal progressicn to investigete the free-
radical reactions of related compounds to determine whetner cr not
similar rearrasngements might take place and whether or not similex

corresponding free—radlcal intermediutes might have to be Invcked.
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Previous and Corcurrent Studies Involving Uasubstituted

Cyclopropyleartinyl-Allylcarbinyl Racdicais

Eistorically, Roberts and Mazur initiated work on the cycelo-
propylecarvinyl Zree radical by = sbudy of Lhe vapor-phase phobtochlor-
inaticn of methyleyclopropane {ab approximately 50°). The monochleor-
inated »roducts, as analyzed by infrared spectroscopy, wers a mixture
containing H4% of cyclopropylcarbinyl chloride, 33% of allylcarbinyl
chleride, 21% of a mixture tentatively identified as l- and 2-chloro-
l-methyleyeicpropane, and 10% of intermediate fracticns (equation 1)

(2).
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+ pwiychlorinated matesrial (1)

Tae sawe reaction was cerried out in bhe liquid phase ot ~2C7 oy
Brown and Dorkowsxi (5), who identiXied the major low-boiling procuct a&s
eyelopropylearbizyl cnlcride. It was subsequerntly shcwn in these labora—
tories that their produclt coatained allylearbinyl chleorice as well (01).

The vapor-phese photochiorinaetion of methyleyelorpropane was rew—
certly lnvestigeted “n greater cetail by Renk, et al. (6,7). The prode
uet wixtures weve awamined Ty vencr—onase chromatograrhy (v.p.e.) =24
found to be execcetingly caomolex, cortaining up to twenty cifferent com—
ponents. The major moncchlorinated products were isclated by prepara—
tive v.p.c. and shown Lc be cyclepropylearbinyl chicride and allylcar—
binyl chloride. The razio of these chlorides was dependent upon the
extent of completion of the resction eng also The rate of introduction
of chlorine. Tre yield of allylcarbinyl chloride decreased as the re—
action was carried further toward completion, presumakly on zecount of
acdizion of chiorine tc the double wvond. Fatios of cyclopropylesrbinyl
chloriiz to allylearbinyl chloride thus varica from 16:1 to 1:2. As
in Tho above investigetions, nc cyclobutyl chloride wus cetectbed. DRing-
chlorinated monochoorides were identiiiced; sut none ol the higher—bhoil-
ing polychlorinated proaucts.

Of grest significance, the same study (6} showed that the photo—

chlorinetion of methylwljc-cycloprOPane proceedec without isotope-



position rearrangement (i.e., withoub measurable carvon scrambling, as

determined within 5% accuracy by nuclear magnetic resonarce spectros—
: : - : L I . - A2

COPI‘:") tc yield eyclopropyicarbinyl-0-"-C chloride and allyl-y-""C~

cerbinyl chloride (equation 2),
13 hv 1% P . ~
l>— CH 3 "'-*‘é-i;‘“} D 0112 SL -+ CI-I2 = CHCH2 CHE ¢ (

Wnile bhe present studies wers boirng concluded, Walling and
Fredricks (9) reported yet enother study of the liguic-phase photo-
chlorinaticn of methyleyclcoropane. Thelr exgeriments werse in general
carried out using s large sxcess of hydrocarbon tco chlorine (6:1 volume
ratio). Use of larger amounts of the chlorinating agent resultcd in
altered product distributions; in particuiar, the amount of pclycklor—
ingled materisls increased. Thelr results were ancmalous in that there
was apparcntly very little allylcarbinyl chloride “crmed and also their
proauct compogitions apparcntly refiected polar side reactions possibly
involving hydrogen chloride. The product distributions, as determized
by v.p.c., were respectively at 0° and 68°: cyclepropylearbinyl chlor—
ide, 30.3% and 55.6%; Z-chlorcbuvaue, G.1% =ni 9.0%; 1,3-dichlurvbulane,
T.3% and 8.C%; 1,3-dichloro~2-methylpropane, 5.5% and 3.5%; 1,2,d—tri~
chlorobutane, a trace at both terperatures; unidentified 04H7Cl, 2.4h%
and 6.2%; and unidentified higher-beiling material, 22.1% and 16.99%,
The authors nroposed that the 1,%-dichlcrobutane and 1,3-d7chloromz-
methylpropane resulted from a radical displecement on carbon with open—
ing of the cyclopropare ring. Control experimerte drdicated that the
£~chlorobutanc resulten from electrophilic attack upon the cyclopropane

ring of methyleyclopropane bty aydrogen chloride.
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Walling and Fredricks (9) also studied the reaction of zethyl-
cyclopropane with a legs reactlve chlorineting substrate, u-butyl hypo—
chlorite, using experimental conditions similar to thoge deseribed
above. In these experiments, the product distributions reﬁorted re-
spectively at 0° and 68° were: cyclopropylcarbinyl chleride, L2.0%
and 27.9%; allylearbinyl chloride, 4.2% snd 19.6%; a component tenta~
tively identitied as cyclobubtyl chloridée from its v.p.c. retention
tine, 8.9% and 10.2%; unidertified CL;_H'(C-' components (Mtwo peaks,
probatly ring-chlorinated material™), 10.2¢ and 15.4%; and approxi-
mately cight high-boiling wnidentified compcenents, 24.7% and 26.9%.
It is significart that the yield of =llylearbinyl chleride increases
with temperaturc at the expense of cyclopropylcarbinyl chloride, a
point wkhich will be discussed later in thie thesis when the mechan-
ism{s) of these reactions are discussed., It should alsc be noted
that the ildentification of cyclobutyl chloride s a reactior product
is somewhat tenuous; even should its preserce be verified, it 1s nog
clear—or likely--that it arises via & free-radical reaction. The
authors suggest that the cyslobutyl product might arisze vie an ir-
reversible Isomerizaticn of the allylcarbinyl free radical to the
cyclobutyl radical (equation 3); but that process seems improbable
as cyclobutane products have not been detected——alithough sought forw-
in any other reactions believed to vroceea through cyelovropylcarbiayl

or allylcarbinyl free radiczl intermeliates.

CcL

v (cr, ) coct
1 . _/’l___a
-\l —

(3)
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Walling end Frecdricks (9) also studied the reacticas ¢f 1,1~
dimethylzyclcpropane with t-bustyl hypoealoritc and with chlorinc.
Witk z-bubyl hypochlorite the majcr product, identificd by its n.m.r,
and infrared spoctra, was the chlorometayl derivative (52.4% at 0°;
57.1% at 68°). In the case of chlorine l-methyl-l-{chloromethys )—
cyclopropsne was sgain the predominant product (67.3% yisld at 0°
wken products analyzed immediastely after reaction); kEowever, here
too suffiziert hycrcaen chloride is produced so that competitive
glectrophilic ring cpening becomes o serious side reaction, as ruch
a8 45% 2-nethyl-2-chlorotuctene being producec iz a reaction sample

ailcwed to stand (equations 4 and 5).

- "~ - ~
C.f‘I3 UlE [0%4 uHECl
Y
(CH2)3CCC1 7 : (4)
CH:5 - L‘H3
2L
CHy HC1 |
3 Gﬂ5Cﬂéf"—Cﬂﬁ (5,
CH,
% CII:,)

By contrast, the photockhlorination of dicysloprogylimetnane In
carbon telrackhloride al -80° resulled 1z Lhe produciicn vnly of bhe
rearranged allyleartinyl product, l-cyciopropyi—l—chlcro-i~cuzene,
despite the _cow tempersture a7 whizh the reaction was carried oui
(equaticn 5} (lO).

CHl=CHCH,, CH,,C1 (&)

ccly , -60“ 2
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Enother reaction in wkich cyclopropylearbinyi-type frze radi~
cals are produced is the canlorlration of splrcpentane (IL), recently
investigated by Apploguist, Fanta, and Henriksom (12). The four
major products isolated Trom the photochlorination, thermal chlorina-
tion, acé liquid-phase chlorination of II were identified as chloro-
spiropentane (III), 1,i=di~(chlcromethyl )-cyelopropane (IV), 2-{chlorc
methyl )=d—chloroml-butene (V), and 1,2,4%trichloro-2-{chloromethyl )~
butane (VI), the relative yield of each being dependent upcn the exact
reaction conditions. Chlorovsplropentane srises via the usual chlcorine~
ebion mechanism, as indicated in equation 7. Tke obher products pre-
sumably arise via = cyclopropylearbinylwtype racical (VIL) formed ty
& ring-opcening radical displacenent on a spiropenbtane carbon atom Ty
atoric cnlorine {cf., the Tormation of l,jmdichlofobutane and L, 5
dichloro-g2-methylpropane during the chlorination of methylcyelopropane,
discussed above), a reaction step which might be considered anslogous
to addition ¢f a free radicel to a couble bond. l'-‘prmally‘ the radical
VI can react with chlicrine with or without ring openirng to yield re-
spectively the allylcarbinyl product V or the cyclopropylcarbinyl prode
uct IV (equation 8). Just as allylearbinyl chloride “ormed auring the
chlorination of methylceyclonropane may be consumed by excess chlorine
tc give 1,2,h-trichilorobutane (see sbove), so addition of chlorine to
the double bond of V yields product VI (cquation 9). A small amount
of lechloro-l~(calorcmethyl)-cyclobutans was also found zmong the re-
action products; but this product almost certeinly resulted from addi-
tion of chlorine to the double bond of the methyienecyclobutane which

was known o contaminate the spiropentane.
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The cyelopropylearbinyl free radical has been generatea at
higher temperatures than those previcusly discussed via the jeroxide-
initiated radical decurbonylation of cyelcpropylaceteldenyde (VILL).

This reaction was studied first by Urry ané Hartzler (13) arnt later in
greater getail by Schuster (15). In particular, Schuster investigated
the decarbonylation of cyclopropylacetaldzhyde at a temperature of 1350~
1H0° under a variety of experimental conditions: aldehyde dissolved

in éiphenyl cther, reaction initlated by di-t-bubtyl peroxicde; aldehyde
reat, reaction iritiated LYy diﬂEubutjl percxlde; aldehyde nesl;, re-
setion inibiated by benzoyl peroxide; and aldehyce dissolved in diphenyl

ether, reaction initiated by benzcyl peroxide. The yields varied cepend-



ing upon the cxact conditions; but the only monomeric hydrocarbon prode
et isclated in all of Lhe above cases was bhe recrranged allylicarbinyl
produect, l-butene. A highly simplifiec scheme of the abcve decarbcnyla-
tion reaction is given in eduetions 102~10&4; only the initistion and
chain-caerrying stepso (in the aboence of any hydrogen chain bransfexr
substrate more reactive than the aldehyde itself) are shown. One
possible mode cf formabicn of tne product is via the hypcthetical isca—
erization of the classieal eyzlopropylearbinyl free radiesl (IX) o
the classical allylearbinyl free radicel (X) which can react with the
original zldehyde to give lw~outene (equation 104). It will te shown
later in this thesis that at this relatively elevated temperature even
the prescnce of so potent a chain-transfer agent as benzyl merceptan
leaves thce hydrocarbon product distribution unaltered: within experi-
mental accuracy oaly l~butene is isolated slthough methyleycelopropane

was actively scught.
AN
RCOR —> ZRO- (10a)

RO~ + D—CI—IECHO ~———> RO + D‘Cfﬂgco' (100)
VIII

0
i
CH,C- —— [:>—CH2° + CO (Loc)
O

[:>“CHE' —3 N O L =0 AN+ (E}»Cﬂaé-}(lOd)

In her investigation of skeletal Interconversions in allylcar-
binyl, cyclopropylearbiayl, and cyclobutyl CGrignerd reagents, Hamilton

(16} had cccasion to study the resction of the Grignard reagents derived
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from cyclopropylearbinyl aznd allylearbinyl cklorides with cobaltous
chloride in ether. Aithough there ig disagreement as to the éxact
mechanism cf this reaction, it is generally agreed that the products
are derived from elkyl free radicals gencrated in the course of the
reaction (17,18). TFrom the Grignard reagents derived from a adxture
of 95% cyeclopropylearbinyl ané 5% cyclobutyl chleorides there was obe
tained a wmixture of low-bolling monomeric hydrocarbons consisting of
68% i-butene, 18% trans-2-bubene, 10% cis-2~bubene, 4% cyclobutane

ant possitly a trace of methylcyclopreopane., Whern the rcacbant halide
was allylearbinyl chioride conbaminasled wilh O.4% of cyclubulyl chiuvr-
ide, the analogous product mixture contained 50% l-butene, 29% EEEEETQ"
cubene, 20% cig~2-butene, and =zbout 0.3% cyclobutane, In toth cases
the cycelcobubenc product prebably wags derived from the reactont cyelo-
tutyl chloride,

Thus far we have reviewed studies concerned only with the prcd—
uet dightribubtions from reactiona Snvolving supposedly cyelopropyicarhinyl
and/cr ellylesrbinyl free radéicals ae intermediates. We turn now c z
consideration of investigetions wherein the rate of forration of the
Tree~radical intermediate{s) in such systems was also studied.

Over a period cf years Overberger and his co-workexrs have
studied the decomposition of a series of szo-bis-anitriles derivea
from the corresponding methyl aikyl zetones (19-21). Their results
are summarized in Table 1., IL may be seen that the azo-bis-nitrile
derived irom methys: cyclopropyl ketone decopposcs anywhere from 3.3

to 42.8 times Taster then the cothor azo nitriles. This rate enhance—
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ment was originally attributed to the fermation of a radiecal stabilized
by earbon-carbon redical hypercenjugation (21)," the first such sug—

gestion for a syclopropylearbinyl radical, thusly:

CIL ‘ . CH
[ 2 CH, N ij CE, ‘|’Hj
D—CIJ — ' — (f — =T &— ete.
- ~
O Gl K CH, o

Very recently Overberger, Tobkes and Zweig (22) determined the products
resulting from the decompositicn of the azo-big-nitrile derived from
methyl cvelopropyl ketome, 2,2'-azobis-2-cyclopropylpropionitrile (IX),
both in hexane solution at L0° andé at 69° ané ir the solid state ab
25° and at 40°. In solution the major product was ar "inidentified
brown poiymeric materisl of “ow molocular weight' which was showa by
n.m.r., and infrared spectroscopy to contain cyclopropyl and ritrile
groups and To lack other sources of unsaturation. Also isolated were
the zyclopropylearbinyl coupling product X (in IW4~19% yield) and a
material tentabively identified as l-methylceyclcpenten-H-one azine XI
(6~T% yleld). The azine was posbululed vu have been formed via Lhe
rearrangenent of the keterimine form XIT of the intermediste radical
XIII resulting frox the decomposition ¢ IX. These relaticnships are
illustratcd in equasions lie and 11k, Lo toc sclid state the yicld

of the dinitrile X increased greetly (63-80%) while the yield of the
azine XI teceme negligibie and the yield of polymer dropped. The
grest increage in coapling product was helieved to have resulted

from an ircrcase of "cage" recombinations of the intermediate radicals,

g process obviously favored in the solid stabte where ciffusion apart
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TABIE
?HB Gy
Decomposition of Azc Compounds R—{—N==§—_——R
ON ém
Azc nitrile Ex1Cc* Ea

R me, °C Temp. , °C sec” keal/mole Ref.
Cyelo-C,lig 6L-65 80.2 33 26 20
Cyclo~0335 (6= Bo.2 25 e 20
0% 5 80.2 1.60-1.72 3 19
CiL;CHy, 80.2 0.80-0.94% o3l 19
a-propyl 8o.2 1.65-1.74 23 19
igso-propyl 80.2 2.02=1.03 32 19
a=~butyl 80.2 .58 19
isombutyl 5657 80.2 10 29 20
iso-butyl =76 80.2 7.1 29 20
t-butyl 11h-116 80.2 C.77 35 20
t-butyl 115-318 80.2 1.09 30 20
Cyclo-CyH, 81.5-82.5 80.5 1,51 21
Cyc10mchﬂ7 38-h2 80.5 1.51 21
Cyc1c~051i9 96, 5-97.0 8C.5 1.30 21
Cyelo-C.H, T2 2-Th .5 8.5 1.31 21
~ Cyclo-C H. 108.6-1C9. 4 8G.5 2.7 21
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of the initially forwed geminate radicals becomes exceedingly cifficult

and slow.

CH,
l>——c--—m_..ﬂ——-c—q _N /.-.-.-.L ST ¢ I==F
oN ’
X XIIT (1e
CH., CH.,

— D.. —q @ K—= + poliyrer

um cz\

X
(|E5 CH,
D;g?:r;c:“' > 2 ==N. ——> XI  (11b)
XIZ

Jecomposition of the discyl peroxides XIV
0 Q
{l )
RC—O0—CCR
XIv

can lead to the generation of free wradicals E* . It can be shown from
date irn the literature {£3%,2L,11) that the ratc of decomposition of the
percxides XLV depends upon the nature of R; herce, there mast be R—C as
well as 0—0 benc stretching in the ftransition ztate for the reaction.
There dg = positive correlation between inecreasing stebility of the
redical B and increasing rete of decompositiorn of the corresponding
percxide, in the same marnncr as was cbserved by Bartlett and Hiats (25)

}
for the decomposition of a series of t-bubyl perestere, R'é-O—O—C(CHE)ﬁ.
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In particular Hert end Wyman (11) studied the decomposition
ir. cerbon tetrachicride ot a series of diacyl peroxides XV derived
“rom the corresponding cycloalkylecetlic aciis. ALl the peroxides ZIn

This series exXcept the one

0
N ] . ;
(on,) _, CHCH.C n = 3,4,5,5
2
XV

derived from cyclopropyiacetic acid (XV, m=3) decomposed ab aporoxi-
mately the same rate and gave sim’lar produet distributions, the pre-
Gdominent compcnerts being 65-75% alkyl chlcride and 15-30% ester, as
iilustrated in ecuation 12, Morecver, the rates of deccmposition
were apprOXimaEeiy the same as those for acetyl, propionyl, and n-—
butyryl peroxidcs (25) which aisc yield primary alkyl racdicais upon
deccmposition. Cyclopropeneacetyl peroxide (XV. z=%) dcecomposed
#aster than the others, but the rate data at that time were erratic
and not reproduciblic, the rate enhancement varying Ircom a factor of

1C to one ci 6U0 depending upon She particulzr sapple. AlsO the prods
uet disbribution from tkis peroxide was atypical, the orly major prod-
uct isolated (aside from carbon dioxide) being the ester cyclopropyi-
corbloyl cyclopropylacebate; no 2lkyl chloride product was debected,
altkough sought for. Hart and Wyman were not sure whether to atitrib-
ute this rate and product data to the Formabion of a rescnance—
stabilized eyelopropylearbinyl free radical, to sn acid-catalyzed de-
camposition, or To & reaction mechanism invelving the formation cf

the ester preduct directly from a cyclic transition state having
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appreciable carbcnium ion charscter. This last postulate is 1llus-
trated in equation 13.

o o
R —o—o—c ———} €O, + EC1 + RCC,R + RCOH (12)
(8

In sn stbempt to solve this cconundrum, Hart znd Cipriaci (26)
very recently reexsmined the deccompesition of carefully purified cyclo-
propancacctyl peroxide in carbon tetrachloride over the temperature
renge 4W56.7°. This time reproducible first—order kinetics were ob-
taiced. Although its rate ol decomposition was generally rot ag rapid
gs observed by Hart and Wyman (11), still the peroxide was found to
decompose epproximately 55 times fasier than cyclcnexareacetyl peroxide
(xv, w=0). The enthalpy of activation for cyclopropaneacetyl peroxide
was determined as 2L.3 kecal/mole, about 1.5-2.0 keal/mole less than
the ccrresponding cnthalpy of activation fcr eyclonexancacetyl per-
oxide; the entropy of activaztion was 5.1 cal/degree mole. The decom—
position of the peroxide was found to be falrly sensitive to acid
catalysis, pertizularly by strong acids or unconverted acid chloride
(tfrom the synthesis of the percxide)}. Certainly some free radicals

were produced by the decomposition of cyclopropaneacetyl percxide, &8
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it initisbeé the polymerization of styrepe at 60°, albeit less effim
ciently tnan benzoyl peroxide. The situation with respect to the
preéuct distribubtion remained the same; l.e., amolguous. Agair the
zajor product (56% yield) was founé to be the ester cyclopropyl-
cartinyl cyclopropylacetate; again very 1ittle, If any, of Lhe cormel
alkyl chloride product was detecsed. Moreover a goodly parcentage of
the alky? moiety (%2-40%) could not be accounted for; the authors pro—
posed. that it zamy have gone ¢ polymer. Since the rotes reporved are
those for diseppearance of peroxide, it still cannot be said with
certainty in view ¢f the product distrivution whether the rate en—
hancement nere observed is due to the Tormation of a stebilized
eyclopropylearbinyl radical or possibly to the predominance of a
Test pelar decomposition., Ir conjunctiorn with evidence o e pre-
senbted later in this thesis, however, it would scex that alt least
part of the ratc enhancement results from a radical process.

In addition to their product studies described abtove, Walling
and Fredricks (9) alsc carried out competitive chlorination experi-
menbs on succegsive paire of paraffinic aydrocarbons Irom which it is
possitle t0 celculate the relative retes o abstraction of speciiic
hydrogen atome in those substrates by L~butoxy and chlorine radicals
t0 yield the sppropriabe clkyl radicaels. These resulls are summarized
in Tables 2 and J. From thsse tables it may be scen that a methyl-
cyelopropane mebhyl hydrogen ator is abstracted about 3 times Taster
than a "typical"” primary ncopentanc hydrogen atom by a T-butcxy radi-
cal at 68°, sbout 5.5 times faster by a t~buboxy radical =t G°, and

about 16,5 times faster by a chlorine radical at C°. Since these



TABIE 2
Lelative Reactivitice of Pareffins boward

t-Butoxy Redicals Per Hydrogen Aton "

Eelative Reactivity

Cyclchexanc I Neopentarze E
Paraffin Conditions as sbandsrd as stancard
Cyclohexane 68°, CCig ' ~.CO 1.7
0°, CCly 1.00 17.8
Cyclopentane 65, CClg 1,04 8.0
0%, CClLq 0.69 15.5
Cyclobutane 40", CFCls .71 -
0°, CFCls 51 9.1
Cyclopropane é8°} CFClz .027 Q.21
0°, CFClsg .010 0.18
Neopentanc 66°, CFClg .13 1,00
0°, CFClg 056 1.00
n-Butanc 0°, CFClz 27 h.8
Methyl- 68°, CFCls 27 k9 2.1-5.7
eyelopropane 0%, CFCls .21 3G 5.8-6.8
1, 1-Dimethyl— 68°, CFCls 36,54 o, 8adr, 1
eyelopropane C°, CFClg L1875 3. 563

(a) Data taken from Kefercnce 9.

{b) On this scale a primary allylic C-Il bond would have a rclative
reactivity of 1.6-2.5 at 68° and 0.67-1.12 at 0°{27) relative
to & cyeclonexane C-d bond as standard, or :2-20 relative to
a neopentane (-H bond as standard.

(c) Reiative reactivity per methyl hydrogen.
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TARTIA 3
Relative Reactivities of Paraffins toward

Chlorine Radicals Per Hydrogen Atom

Paraffir Concitions Relative Reactivity
Cyclohexane 0°, CCL, 1.0C
Cyclopentan 0°, UCLa .35
Cycelobutanc 0°, CCi. 1.19
MethyZleycloprooane 0°, CEClg L.41”
ﬁeopentane 0° 0.085°

(2) Dsza taken from Reference 9.
(b) Relative reactivity per methyl hydrogen.
(:) Belative reasctivity calculated assuming same relative reactivity

¢ neopentane to cyclopentane for cnlorine radicals as Tound lor
t-butoxy radicals in Table 2.
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relative rates were fcllowed by moritoring the disappearance cf the
competitive substrates, the known preseace of Ulhe rapld, polar,
electrophilic cyclopropanc-ring-opening reactions rererred to above
mist cast gome uncertainty upon the accuracy of the calculated rate
crhancements for the production of cyclopropylearbinyl radicale rele—

~ive to neopentyl raéicals. Noretheless, it is likely that &t least

483

s;ome portion of the rabe acceleration so calculated is valid.

It will be vzluable to concinde this section with & brief
discusgion of the product distributions realized from reactions in
waich cyclobutyl free radicals are generated as intermedictes av
temperatures up to 250°. Cyclobutane upon vapor-phase chlorines-
tion (2), liquid-phase chlorination at 0° (9), or chlorinatior with
t-butyl hypechlorite ail 0° (9) yields only cyclobutyl chlerice. The
products derived from the photolysis of methyl cyclobutyl ketonc irom
E0-250° either kave the cyclobutane skeleton preserved or result from
fragmentation of the cyclobubane ring; out none nhave either the cyclo-
propylcarbinyl or allylearbinyl skeleton (28). The Hunsdiecker re-
schion of silver cyclobutanecarovoxylate with bromine yieldec entirely
cyeiobutyl bromide (29). Decarbouylstion of cyclobutanecarbozaldehyde
et 130-110° alfforded cyclobutare exclusively (15).

To summarize the results of this section: cyclopropylearoinyl
free radicals glve rise to cyclcpropylearbinyl an&/or allylesrbinyl
products; products with the cyclobutyl skeleton are not fourd, In
general the yield of product with an allylearbinyl skeleton relative
to that witk a eyelopropylearbinyl skeleton from a given cyelopropyi-

cerbinyl radicel appears to increase with increasing temperature and
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tc deersase with increasing reactivity of svbstrate. Cyclobubtyl radi-
cals give rice to cyclobutyl prcducts and not cyclopropylcearbiryl or
allylcarbinyl products. In some instances cyclopropylearpinyl rsdicals

sre genereted with apparent rate ennhancemerntb.

Possibie Mechanisms for the Interconversion of Cyelopropylcarbinyl

and Allyicarbinyl Derivatives in Frce Radiczl Reactiongz

The purpose of This section ie to lay the groundwork for the
inberpratation of the experimental reswllis slreacy ciscussed as well
s those to be presented later in this thegis, alsc to provide ine—
gight 2= to this author's reasons for aspproaching the problem in the
particular way he d&icd.

I'rom bhe resulbts presented in The previous section, it 1s clear
that in crder to explain the interccnversion <f the cyclopropylearbinyl
and allylecerbinyl skeletons in free—radical reactions there must be an
intermediste or intermediates capable of yielding both types of products.

At the outset, in view of the failure of' ¢yclopropylearbinyl
and allylearbinyl systems to yield cyclobubtyl nvroducts and the failure
of cyclohutyl systoms to yleld cyclopropylcartinyl or allylcarbinyl
producbs in Lree radleal reactions, & result in stark contrast to the
faclle interconversion of all three skeletons in reactions invelving
carbenium Zon intermediates {1,30), it seemed reascnable tc eliminate

I,

from conpideration ag an intormediate a non—classical "vicyeiobutyl"

free radical XVI.
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2
3 2
Cli- CH
2 ek .
< r——
/” '
o )
CHym =~ = = CH,
Lo SR
XVI

"1
Zowever, simple Hucxel Moleculsr Orbital (iMC) celculaticns
indicated there might be resson tc search fer a resonance~stabilized
nor—~classical, "homosllylic" free radical (XVIIa) as an intermediste

in such reactions (31-33). The homoallyl radical has as indicabed

L
CH,,_ .
|
S CHz==== C
" 1XE
CHE
3
XVIL

a) x=H
b) x=CHg
o) x=Cglls

e 1,2 ard 2,0 interaction tul differe from the bieyelobubyl radieal
XVI in that 2t lecks a significent 1,4 interaction. In particular,

in the most up-~to-date calculetions bzlancing delocaiization an

sbrair energles but ignoring non-bomded and interelectronic repulelons,
Howden (33) péedicted for a favorasble configuration cf XVIia (Rl2 =

o (o]
- 1 — " =h A - o ou abs : o eyf -
325 R3q Z.5h A5 Ry = 2.25 4) a net stabilizaticn of ap

o}
.5k A,

proximately 4.C Kcal/mole relative Lo The allylearbinyl radical Xl1Xa.

Farther Howden's calculations Indicated, in agreement with the observed

data dlscussed zbove, that a bicyclobubyl specics would rnot be impor-

tant in tue Tree-—sudical reacblons of cyceloupropylesrbingl znd allyl-



carcicyl derivatives. Taes boroallyl redicel could lead to elther
eyelopropylearbinyl cr allylcaroinyl producte end will ve discussec
i wore deteil iZn 2 later sccetion of this Shesis.

A priorl the rost likely candidates as Intermediates in thesc
resetions are the ¢lussical cyclopropyicarblznyl anc allylearolszyl free
reaicels (XVIIT ané XIX respectively) themselves. For purposes of
romenclature i this thesis only, waen X = = we reler to XVIIIs,

AIXe, cr XVile as the "umsubstituted" cyclopropyleerbinyl, allyl—
carbinyl, cr homoallyl free radical respectively; when X = R (R =

erybhing) we refer oo & "substibuted” specics,

i Ay L Moy O .
[::;--cxz OX, = GECHCH,

XVIII XIX
A) x=i a} x=H
b) x=CHgz B} x=Cla
c) x=0glls ¢) x=Cgls

Tre rost likely mecharisme for the interconversion of
ayeiopropylearbinyl. and allylearkinyl derivatives in free-radical
reactions are given in schemes U-18. The intermsdiates given in
the schemes arc those descrived above. Nevertheless, any delccal-~
izec irtermediatc wculd be eggertialiy kiretically indistinguishable
*ror the honcallyl radical. Schemo 17 1ls indistinguishable from one
in which the cyclcpropylcarbinyl derivative reacts in the rete-de-
termining cter to yield directly a classical aellylcaxrbiny: free
radicel capeble of reacting with the substrate to give noth cyelom

propylearvinyl and allylcarvinyl products; bat vhe latter pestulste
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seems vnreascnakle, especially in view of the large amcunts of cycle-

propylearbinyl products occasionaily encountered in such renocbions.

Scheme 16 is included for completeness only, as it could not be dige

tinguished experimentally from schemes 1k or 15 if one or the other

of them represented reality.

P
D-CXEY ———)D—cxz- T:*
1%

cyclopropylearbinyl
produchs

k_
.S §
o D—c}:g —
5

l

cyclopropylearbinyl

CXE =ClICl'12CI'lE -

ir
E<9)
Cl

al-ylecarbiny. products

(1k)

o> ¥=CK, {15)

PO
j,ke’kf

eyelopropylearbinyl and

products allylecarbinyl products
kd . k_
.— s L — . T . :
D—cxglf ——-)D—CXZ — L TCX, g X, =CHCH,,CH,, (16)
lkb Eerly Lo
cyclopropylearbinyl ecyclopropyi~ allylcarbinyl
products carbinyl and products
allylearbinyl
produets
\\' ke.?kf
E::>~CX2Y — ""CX2 —w=3  cyclopropyicarbinyl and (x7)
allylcerbinyl products
K
e N
I>-cxp:f e “CX,, e CX,,=CHCL,CH,, * (18)
ke’kf kc
cyclopropylearvinyl allylecarbinyl
and allyicarbinyl products

products



The question of the extent of reversibility of any of the schemes
unéer discussion is one which can only be satisfied experimentally; evi-
dence bearing cn this point is discussed in a later section of this thesis
(pp. 61-63).

Partial evidence helping to distinguish between these possibllli-
ties, bearing particularly upon the number ¢f intermediates involvea iz
these interconversions, could be cbtained ty a study of The product dis-
tributions realized upon the unequivocal generation of the initiel "eyeclo-

ropylearbinyl” radical in the presence cf a Lydrogen-atom chain—transfer
reagent sufficiently reective that all products could be assumed to nave
rezulted from resctior of this resgent with the intermediate c¢r inter—
mediabes of interest. In justification of this asserticn, coasicer the
following kinetic arguments, whica are baszed upon analogous arguments
first used by Seubold (34) in his study of the rearrangement of the neophyl
redical generated by the peroxide~initiated decarvonylaticn of P-phenyl-—
isovaleraldehyde and by Cristol and co-workers (33) in their study of
the addition of Efthiocresol to norbornadiene: (Any resder who sc de—~
sires may at this point, without any loss of continuity, skip cver these
kine<tic derivations to the coneiuslons which follow on p. &9 , referring
back to the derivations when necessary).

We consider the following general initistion scheme 19 for the
generation of o rodieal Rl' by the peroxide-~initisted decarbonylshion
of the aldehyce RlCHO in the presence of a reactive chain transier
egent ZH; it will scon be readily evident, Lowever, That the conclusions
to he drawn from this kinetic argument are independent of the means of

generatior of R ".
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k.
(In), —> =2Iin (19)

k
Ine + ZH -——5 InH + 2°
!
T o+ RlCHO — 7"+ Rlco-

k
R, CO" —23 R+ + CC

Case 1l: We consider firet a kinetic scheme 20 analogous to scheme 1k,
A1l produebs are sssumed to be formed by hydrogen sbgtraction from 7H.
"he redical Rl' has avallsble two modes of reaction: it may isoxerize
or avgtract hydrogen; and vice versa Tor the radical 32-.

Thus

k
Ry o+ H —=3 RH+ % (20)

R.» — R, *
s

z
32' + ZH -~é~9 RGE + 4

From elementary kinetilcs we have for the rate of fermation of

the products,

d(REH) ) )

— = k5(h2.) (z:1) (21)
and

d(P.lH)

—— = & (8) () (22)

How for small percentage conversicns to product, we have for the ratio

of produsha
(RoE) ., &(RH)

(R H) T ARA) (23)
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¥aking the steady-state approximation for the radical R2-:

d(BQ') ) ~
e kE(Rl') = k_E(Ra') = 55(R2)(ZH) =0 (2)":)
or
iy (By - .
R') = @y 75, (25)
3 -7
From (21), (22), (23), and {25), we have
(BE) ke (8, ) (28) e
(L E) [kE(ZH) +k_, Ik (R +){7H) (26)
k%,
=

leKE(ZH) + B !

We can sow deal with two limiting situabions.

Jase la: Let us assune that the radical species Bl' and RE' are nos

repidly reversitle; i.e., we deal with an irreversible isomerization;

i.e., k5(ZH)>>kwé.

Then Jrom (26),

(Ro1) |, X,

a

(R;H) - i (ZH) -

The product ratic ir this instance should be inversely proportlonal to
the concentraticn of reagent ZH; i.e., the product of the ratic of prod—
uctes and the concenbration of reagent ZI should remain constact as the
concentration of ZH is varied.

Case lb: Here we assume that the radical specles Rl' and RE' are rapidly

cauilibrating; d.e.,

K o >> k5(ZH) .



Then
Eieii = i3i2 = comstant,
. 1 w2

Tor rapidly equilibreting isomers R+ and R2- as irtermecdiates the ratio
of products should ve constant, independent of the (initisl) concertra—
tion cf ZE.

Cage 27 We now comsider a Kinetic scheme 27 analogous Te scheme 15,
Azain 2ll produets are assumed to asrise via hydrogen abstraction from ZI.
The initially formed classical radical Rl' can elther reacl to form prod—
uct Rlﬁ or isomerize irreversibly bto = delocaliszed radiecal N- capable of

vielding both products RlH and RQH.

K
R CO- —3 R, ++CO (27)

5y

R + 2 —=> RH+Z
k),

R+ —> W

5

Ne + 7 -—2—3 RH + Z

1

X,
Ne o+ ZH D REH-I-ZZ-

Tte rates of formation of the products Rlﬁ and BEH are given bty

d{RH)

as

= Ké(N')(ZH) (28)

o)
i3
&

d(RlH) )
—gp— = k(R ) (@) + kg (W) (70) (29)
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For small percentage conversions to procucts we have again

(REH) - i(BEH) ]
(E,H) ) () (z0)

Thus

(R,H) k(M)
®E) k(R ) + kg (5) (31)

ne

Making the steady-state spproximation for W-:

ig—l ¥ 0=k (R ) - ko (W) () - kg () (ZH) (z2)
or
(n-) = (g + BI () (33)

Putting (33) inte (31), we have after cancellation

(REH) B keky,
(Rlﬁ) kEKL + kl(kE + ké){ZH) :

(z4)

Tn this insbance Then it is predicted that the ratio of products REH)/
(Rlll) shouid decrcesc in cccordence with equation 34 as the iInitial
concentration of ZH is irncreaseq.

Case 5: 1ow we consider a kinetic scheme *5 analogous t0 scheme 17,
one in which = deicealized, nonclassical radical is the sole inter-

medizte leading to products.

I

R, CO —2 3 ¥+ CO (35)
k

He + ZH —2> R + Z-

1
ke
N + ZH —2> R+ Ze
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The expressicns for the rates of formstion cf products RK.H and R.H are

L 2
easlily cerived as
d.(RE,H) )
e = kg(N-)(2H) (36)
and
d.(RlH)
—=x - k5(N-)(ZH)3 (z7)
whence,
d(REH) d(RLH) ]
k. K. : (38)
o 7
Integration of both sides of REquation 38 yiclds
(REH) (Rlﬂ) (321—;) L )
) TR TR — - constans . (39)
6 5 N 5

Fer the case of both products being derived from only one inter-
meciste, the rabtio of products is predicted o be independent of the con—
centration of ZHE. This conclusion rests on Firmer grounds Than any of
the others as Tewer approximasticns went into Iits derivation.

Case 4: Finally we treat a kinetic situstion U0 anszlogous vo scheme 18,
Here the initiaily formed ncnclassical radical may react with Zd to yield
either procuct Rlﬂ or BQH and may lsomerize to RH. whick car yield only
RQH a8 procuct. As usual all products ars assumed to arise visa hydrogen

zhetraction from ZH.
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k
R.CC+ —3 N+ + CO (40)

k
N+ 4+ ZH ———2~} RlH + Z+

k.-
Ne 7 —23 R H + 2-

- *.jil_} RE.

]S"?
R+ + 7H —_— RI + 7

With assumpbicns 1ike those in Cases 1 and 2 above it car oe shown thet

(Roil) |, ke (W.) + kB(RE-)

2 : b1)
(HlI:D ke (m-) (
Making the steady—state spproximation for R, -
=
d(RE-) . e
~5t— = k(M) ~ B (By ) (22) T 0 (k2)

.

k'-f (N' )

(R,") = . (43)
Ry £, ()
Whence, Trom (K1) and (43), °

k. k
(REI{)g“é+ T )
(R.h) = = k. {zd)
1 b, 5
‘e relative proportion of E?H gshould decrease sanewhat as the original
concentration of ZH is increased.
Tre impcrtant conclusions which can be drswn from the above dise

cusslcn sre Lhe fullowing: As the concenbraticn of the reactivs chain-—

transfer agent is increased, the ratic of the products (EpH)/(RlH) is
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predictec bto remain constant irn only two instances, in the case where the
products are formed from only ome {presumably uaouclassical) Inbermedilabe
and in the case of rapidly cquilibrating (presumably classical) inter-
mediates. 1In all other instances, when more than one irtermediate are
invelved rogerdliess of thelr slectroniz nature, the ratic of preducts

is predicted tc change In the direction of less RQH gg the initial ccne
centration of the reegent ZH is increased. Thus ar appropriate product
study should cnable one to distinguish between Cascs 1b and 3 (schemes 1kb
and 17) on the one hand snd Cases la, 2, and 4 (schemes 14a, 15, and 18) on
the ofhcr.

Purther evidence of a different nature which could alsc be Hrought
to tear on distinguishing zmong scheres 14-18 would be sn appropriate ki~
netic study telling on the rate of formaticn of the iritial intermediate.
Presumably the indtially-formed resonanccnsﬁabilized recical Intermedizte
of schemes 17 and 18 would be produced st s Faster measursble rate than
the classical strained radical intermediate of schemes 1li=15 as detcre
mined by comparison cf the rates of formatlion of intermediates with ape
propriate medel compocunds in an apprepriate resction.,

In Zact it was hoped that a combiration of these two bypes of
approaches, sr apprcpriste rate study and an asppropriate product study,
wotléd enable s to determine both the nature and the number of irter-
mediztes involver in the free—rsiical Interconversion of oyelopropyl-
carbinyl and allyicarbinyl derivatives in the two systems of immediate
irterest to us: the unsubstituted cyclopropylecarbinyl system (XVIII:

ard XIXa) andé the dimethyleyclopropylearbinyl system (XVIIIb andXIXb).
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It was decided that an approprizte prcduct study would be the
investigetlion ol lhe hydrocarbon product distrivutions resulting from
the Efbutyluperoxideminitiatgd decarbonylations of cyclupropylacetalde—
hyée (XXe) and dimethyleyclopropylaceteldehyde (XXb) in ke presence of

varying concentrations of bvenzyl merceptan as & chain~trensfer agent.

D—CXE CHO

=X

a) x=A
b) x=CHgz

Thege systems were cnosen for study because the advantages of unequivo—
cally generating frece radicals of known structure by decarbonylation had
Seen recently demonstrated irn these lsboratories (36), becsuse the start-
ing alaehydes were relatively readily =zzcessible, snd because the catale
ytic potency of benzyl mercsptan as a chain-transfer agent in the de-
carbonyletion ¢f sldehydes had been demonsgtrated (37).

For the rate study it was necessary Lo choose a system in whick
the desired radicals would be generated unequivocally in a measurable
rate-determining step without interference from side reactions, such as
the polar decompositions somebimes encountered in the reactions. of peip-
oxides (11,26) and peresters (25,38,%9). The decomposition of appropriate
azo compounds (40) seemed a reasonasble candidate for such & system, but
the starting materiails are only cifiicultly accessible. Instead it was
decided to achileve our ends by determining the cnain-transfer constants
relative to polymerizing styrene (4L) of methylcyclopropane, isopropyl—

eyelopropane, and appropriate model hydrocarborn compounds. Despite its



simplicity and The ready availability of sterting materials, this teche
nique as & mesans of measuring the relative reactivities of hydrocartons
toward the polystyryl racdical has not been epplied since the classic
study of Gregg and Mayo (42), possikly because the original investiga-
tions were Industrially oriented and the _ow chainstransfer constants

o hydrocarbons in general rendered their use zs polymerization regula—
tors inefficlent and expensive, The theory c¢f chain transfer off a grow
ing polymer with sclvent has been discussed elsewhere (k1) and will not
be elakborsted in this thesis. Suffice it to say that the chain—transfer
constant rclative to polymerizing styrene for a given hydrocarbon solvent
represents the ratic of the rate constent foo hycregen abstraction

from solvent by the growing polymer radical to the rate coanstant for
addition Of The polymer radlcal Lo monomer; i.e., by deiinition

k
tr

¢ =k ()4'5)
P

Thus at a given temperature the relative rates of free-~radical hydrcgen
abstraction from the pertinent hydrocarbons will be gilven by the ratio
of their chain-transfer constants.

The results of the decarbeonylation and chain~transfer studies

are presented, discussed, and interpreted later in this thesis.
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Previous Stucies of Substituted Cyclopropylearvinyl-—

Allylcarpinyl Badieals

7o date there have been Tew investigelbions of reacticns poseibly

involving substitubed eyclopropylearbinyl snd/or allylearbinyl free redi-

The first study to deal with a substituted ecyelopropylearvinyl
“rec radical is cne which has alresdy heen describea in an eardiler secw—
~iom {pp. 9~12 }, the investigatior by Overberger and co~wcrkers of the
deeompositlion of ﬁhe wzo-pils-nitrile derivec frcm methyl cyclosropyl
ketone (20-22).

Schuster (15) exemined the di-t-outyr perovxide-initicted cecar~
Donyiation of dimethyleyelcpropylacezaldenyde (XXo) et a temperature of
150-14C°, Wnen XXo was decarvonylated neat or in diphenyl ether sclu-
tion, there was Tound only one monumeric hydrocersbon prcduct, Z-methyl—
2-pentene, the rearranged allylearcinyl prcduct. When, however, the
decarboaylation wes carried out In the presence of an approximately
cquimolar amcurit of benzyl mcreaptarn, the hydrocarbor product wae found
to consist of both 2-methyl~2-~pentene and izopropyicyclooropane in =
retio of L1:9. Tnese rescults will oe discussed later in this thesis in
conjuncetion with the present studica of the decarbonylation orf this zlde-
hyde.

Howéen (4%) has oxeminec a variety of reactions in which diphenyl-
eveloprooylearbinyl (XVIIIe) and/or (y,y-dipnenylellyl)-carbinyl free raci-
cals (XIXe) might te cxpected to be intermedistes. As would be cxpected,

only products with eyclopropyleerbinyl or allylearbinyl skeletoas but none
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witn a cyclobutyl skeleton were isolated. Ia particulsr, it will be most
insbruechtive to consider the following mesults ottained by Howden.
The thermal decompcesition Zn chlorcbenzere of the perester t-butyl

wag studied

z

(y,r-diphenylallyl)-vcracetate, (C6H5 ),,C=CIICH,,CH,,C0,0C (CE,)
= = -

3)
st 11C° in the presence of varying amourts of the extremely sctive hydro-
zen denor bributyltin hydride, and the distribution of monomeric hydroe
czarbon producte was debermined in each case., As the initial concentration
of the kydride was varied from 0.056 M to 0.56 M, initial perester concen—
tratior being maintained constant, the ratic of the rearranged cyclopropyl-
carbinyl mroduct diphenyleyclopropylmethane to the uarearranged allyle
cartinyl product l,l-diphenyl-i~butene remained cssentially Invariant at
5:65 {mctually & slight incresse From 4.5:95.5 to 6:94 was cbserved).
Mhis is a kinetic situstion analogous Lo that which was anaiyzed in the
last section (equaticne 20-44, pp. 24-29), the possible radical interw
mediates under consideration being the allylearbinyl radical XIXe (Rl-),
the cycloprcpylearbinyl radical XVILITc (RE'), ar:d the nonclassical di-
phenylhoncallyl radical XVIIc (N-). From our analysis we see that the
constent »atic of products thus obtained can be explained as resuliing
from & rapid sguilibrium of Gtwo (possibly classical} radicals (Caoc lb)
or from & single (presumably ronclassical) radical reacting to give
both products (Case 3).

Next the rete of decompogition of t-butyl (y,ywdiphenylallyl)-
peracetate in chlorobenzenc at 109,7° (kl = 7.Tx10"5 sec"l) was found
to be only 1.4 <imes greater than the rate of Gecoxpeosition of ite eabue
...l)

rated snalog, s~butyl 5,5-diphenylperpentancate (kf = S.SXlSHS gec.

»

which decomposed at approximately the same rate as t~butyl peracetate
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(kl = 5.,‘5}:10'“b sec“l). In view of the large rate acceleraticns observed
by Barbtlctt snd Hiatt (25) for concerted perester decompositions, this
lack of rate enhancerent precluded the formetion of the rescnance-stabile

ized diphenylnomoallyl radical (XVIIc) in the initisl step; instead the

classical (y,y—diphenylallyl)ecarbinyl radical (XIXe) must have been the
radical initially gererated.

Finally the effect of temperaturc variation on the ratio of prod-
ucts obtained from the decomposition of t-butyl (y,y-diphenylellyl)-
peracetate in the presence of tributyltin hydride was studied; ali other
reaction variables being maintained constant, a change in the temperature
of decompositicn from 11C° to 150° procuced only @ negligible, if any,
¢hange in the proéuct ratio of diphenylcycloprodylmethane to 1,l-di-
phenyl-l-butene,

To explain this lest result (&), let us consider the two schemes
46 and 47 still consistent with all the other results presented above.

In these schemes “A-" denotes the radical XIXe; "C«" dencbes the radical
XVIITc, "N-" denctes the radicsl XVILe; "A" denctes the allylcarbinyl
procuct; "C" dencbes the cyclepropyleartinyl product; "X" denoctes the

-

eguilibriwm constant for the isomerizallion of XIXce Lo XVIIIc; the swoall

LEE]

k's" denote the specific rate constants for the processes indicatead.

Tee argumernt to be presentea can, of course, be generalized tc other

—

simiiar sibuubicne.

0
i
(06115)90 = CHCHL,CH,C-0—%tBu —> A
ky k., ko
A EBuBSnH A 4 v Bu38m1> ¢ (46)
xr



A —Ey ey 4 (47)
k's |Bu,Snd
)
C
Scneme 46 represents the repid equilibrium of twe radicale,
eacn of wﬁich can react wilh the reactive hydrogen doncr to yicld the
corresponding preduct (presumsbly essentially irreversibly). For this

situaticr we may writs

&c !
rzte of formation of C _ dt _ kC(C ){BJ5SHH) - kC(C )
rate of formation of 4 GA kA(A-)[Buﬁan) kA(A-)
at
kC dC C
= — A :.:-—u- E’ 4 d P ~ 3l I
E, X =z = retio of proéucts (48)
,
$eBa, EJ K = ratic of products. (49)
A

Now Howden (45) has estimated the enlhalpy of Isomerizaticn for
the rearrsngement of the {7,7ndiphenylallyl)mcarbinyl radicel to the di-
phenyleyelopropylearbinyl radical as -2 5 kcal/mole. For so substaatial
an enthalpy difference it tollouws Lhab Lhere will be = large change in
the equilibrium constant K zg the temperature is raisea from 110° to 150°
(spproximately, log K = 13.9 at 110°; log X = 12.6 &l 150°). The energies
of sctivation Tor free-—radicel hyérogen abstraction reactions arc gencrelly
small, usually in the range 5=1C xeal/mcle (46); the encrgy cf activation

Tor abstraction of hydrogen from tributyltin hydride might bte ever smaller.
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At any rate the differsnce ir activatica cnergy for abstraction of hydro-
goen from tributyliin hyaride by the (7,7~iiphenylallyl)-carbinyl radical
or the diphenylecyclopropylearbinyl radical should be guite small, nod
more than two or three kcal/mole. Thus there should not be much change
in the retio ot rate constants kc/kA over the bemperature range 110°-
150°, Taercfcre, from the latter conclusicn and equatiom L9, one should
expect & measuravle (pcssibly Zerge) change in the ratio of products C/A
as the bemperature ic incressed from 110° te 150°. This is contrsry to
the opserved results; herce, scheme 45, the repid equilibriur of clas-
sical radicals, does not satisfactorily explain the lack of a tempera-
ture effect upon the rabio of nroducts.

Tn the other alternative, scheme 47, the initially-formed ailyl~
carbinyl radical isomerizes tc the nonclessical diphenylncmoallyl radlical
=pom which bhota eyvelopropyicarcinyl snd allylearbinyl procucts are formed.
In this case wiec may write

K'C(N-)(:Bu58rﬂ) k' o
=1 _ 5 = — = ratic ol procucts
k A(N )(3345 nll) k

o=

A

RS

Tae ratio of rate constants opproximatec the »atic of products. As

above, the difference in activation energy fcr cbstraction of nydrogen
from tributyltin hydride by either rescbive site of the homoallyl radical
is oxpeebed to be guite small. Hence the ratio of rate comsbante k'U/k'A
should change only slightly over the Lo°~tenperature range from 110°~150°.
The ratio of products according to this scheme Is thus predicted tec re-
wair essentially ccnstant frorm 110° to 150°, as was cpeserved. We con—

clude thzt Howden's observabions on the diphenylcyclopropylearbinyl syse
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tem are censistent with the intervention of a delocalized nonclassical
diphenylanomoallyl radical asg the agent for The Interconversion cof the

allylcarbiryl and cycloproaylearbinyl skeletons.
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RESULTS, DISCUSSION, AND CONCLUSIONS

Decarbonylation Results and Discussicn

General: In the experimerts to be described velow, the aldehydes“
of interest were mixed Lugelher with varying amcunts of benzyl mercapton;
the reaction vessel was heated to the desired temperature; t-butyl per-
oxide was sdded to initiate the reaction (and later as needed); and the
decarbonylation waz allowed to proceed until gas evolution became inter—
ninatly slow. Gasecus products non-condensable et -77° were collected
over mercury and examined by infra-red spectroscopy; the low-boiling
liquid produets, ineludirg the monomeric hydrocarbon products of special
interest, distilled out of the reaction flask into a Dry Ice~cocled trap
snG were examined by ¥.p.c.; the residue in the reaction flask was also
examined by v.p.c. Deteils are given in the Experimental Secticn.

In general the gaseocus products were found tTo cozslst cf carbon
monoxide (from decarbonylaticn of the aldehyde), methane (I'rcm reaction
of the methyl radicsls resulting from fragmeantation of the t-butoxy
radicals produced by decomposition cf the initistor), an unidentified
gas (propably clefinic) absorbing near 530 et (47), and vccasionally
carbon dioxide (origin uncertain).

In addition to monomeric hydrocarbons the low-beiling liguia
Lraction generally contained acetonc (fron fragmentation of t-butoxy
radicels), t-butyl alechol (resulting from hydrogen abstraction by b-
butoxy radicals), recovered di-t-butyl peroxide, and, on occasicn, un-—

identified components.
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The residue in the reaction flask woulc consist of recovered
gtarting materials, high~boiling unidentillied liguid componcnts, and
a white sclié, possibly dibenzyl disulfide.

These resultss are thcese which would be ncrmally expected for
the diuﬁfbutyl_peroxidcwinitiated decarbonylaticn of an aldehyde, a
reaction whick hes recently been discussed in great detall by Schuster
(48), whose Giscussion will rot be repeated here. In the presence cf
benzyl mercaptan, a pdtent hydrogen donor, it has been suggested (49,
%7,48) toat the chain-propagation steps for decarbonylavion of an alde-

hyde are as indicated by equations 51-53.

R'S. + RCHO —> R'SH + RCO- (51)
RO+ ——3 R- + OO (52)
R + R'SH —> HI +R'S" . (53)

Tne major products erise via abstraction of hydrogen from benzyl mercap-—
tan. The extent of decarbonylstion probably depends upcn the relative
rate of step 52 compared Lu Lue reverse of step 51. Leoss of carbon monox-
:de from an scyl radical can be a slow precess (50).

Tn the results presented below we shall dwell only upon the iden—

tity of the monomerie hydrccarben products, resuwiting from atep 53.

Heptanal .——The decarbonylation of heptanal was carried ocut Ho
serve as a model for the decarbonylstions of dimeshylcyclopropylacetals
dehyée and cyclopropylacetaldehyde. The decarbonyletion of hepbansl at
122-158° in the presence of benzyl merceptan led ©C the Termation cf

smell emounts cf p-hexane (2-3% yleld), in accorc with the results cZ
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Barrett and Waters (37). This small yield of hydrocarbon is probably
due to a slow decarbonylation step 52, as discussed above, the result-

ing n-nexyl raéical being a high~encrgy primary redical.

Cyclopropyiacetaldehyde .—~I% was haoped thet the decarbonylstion

of cyelopropylacetaldehyde in the nresence of benzyl mercaptan would
lead to the formaticn of both l-butene and methyleyclopropane, whose
relative coacentrations could be determined as & function of initial
mercapban concentration for reasons discussed in the second section
of the Introducticn, avove. However, the &i-t—~butyl peroxide-initia-
tet. decarponylation of cyciopropylacetaldehyde st 109-124° ir the
presence of a large excess ol benzyl mercaptan spoarently yielded

only —~butene and no methylcyclopropane, although as much as 1% of the

~egmount <f l-butene might conceivably have gone undetected. TFrom resulbs
t0 be presented below, there is anow reason to believe that a more dili-
gent search might have revealed the presence of a trace of methyleyclo-
propane among the reaction products. Even the presence of a trace of
methyleyelonrepane, however, would nui hzave rendered lfeasible Lhe use
of this system Zor a product study of the type desired. The elucida-
tion of the nature of Lhe unsubstituted cyclovropylearbinyl—allylicar—
binyl radical irctermediabtes had $o await the gathering of the kinetic
data presented iz the next section.

The isolation cf I-bubene as the only monomeric hydrocarbon
product from this resction was in accord with the similar result by
Schuster (15) for the decarbonylation of the rneat aldehyée at higher

temperatures and with the trend noted earlier thet the extent of
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allylecarbinyl proéict upcn production of a "eyclopropylearbinyl! radical
lncreases With increasing temperature. Lhis result In itseli is compat—
ible with the formatlon of the prcduct from either classical or non-
clagsical radicals.

Allylearninyl cocmpounds are known tc be thermodyramically more
stable than the corresponding cyclopropylearbiayl compounds (2).
Furthermore the enthalpy of isomerizeiion of a hypotheticel cyclopropyle-
carbinyl free radical XVIIIa to the allyicarbinyl radical XI¥a has been
estimated by Schuster (51) as -7.9 keal./mole and by Howden (U5) as
~16.5 keal./mole. The driving force for the formation of l-butene vis
guch an isomerization at 110° ig readily apparent.

e formaticn of allylearbinyi prodacts from s nonclassicsl
homoallyl radical XVIIa shouid also be favored over the formation of
cyelopropylecarbinyl products. For the favored configurablon of XVIIa

noted earlier (55) one carn calceilate the LCAD mcleculear orbital wave

functions
vy = C.6RTET 3y + 0.T0699 X, + 0.32549 %y,
h = 0.46023 L 0.88780 Xy, s
anc ¥y = 0.62787 X - 0.70699 X, + 0.32549 ¥,
(vhere the "x's" stend for atomic orbitals centered onm carbon aboms

1, 2, and L of XVIIz) which correspund to the crergy levels

B =0+ 126 8,
LE =Q
and I, =0 - 1.126 R
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ané fron which one can caleulate the bond coréers, Coulson free-valence

inGices, anc cpln Gensities as indicated in disgram XXI (52).

.2
¢.2850

’ G.Buk2
c=0.738 C~:ﬁﬁl; 1\1 8878 ’r

§ Sz C

/,/////’2 1 g =0.212

) ., 0
®XI (312 = 1.5% A3 By, = By, = 1.5k 45 &y, = 2.254)

It is evident that the spin density is largely loceted on C) (79%),

10 which extent the homeellyl radical snould resertle the allyl-—
carbinyl madical. Comparison cf bthe Tree—velcncc indices likewloce
indicates that the free-redicel reacuivity of the aonclessical species
is Zargely located on Ch’ Zavoring the formetion of allylearbinyl proae-

wets in & freoe—-radical rescetion.

Dimethyleyelioprepylacets” dehyde . ——The di-t-hutyl peroxite-

initisted cecarbomyletion of dimethyleyeolopropylacetalidehyée =t 125°
nas keen carried sut in the presence of various indbiel concentretions
of bernzyl mercantan. The resuits, suaca as they sre, are suwmmsrized in
Table 4.

At the outeet IT must be admittca that these resualts do not
revresent the acme of dezirsd accuracy. The zldehyde used Za theose
experinents was only 90+ %—pure. IL Turned out that scetone (from
the decomposition of T~butyl percxide) and isopropylcyclopropane were

mresoslvable on the ve.o.o. columr (dilscdecyl phthaiate packing) used
e gl I L
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TABIZ L
dydrccarbon Product Distributions from the Decarvonylation

of Dimethyleycelopropylacetaldenyde

} e
i Rel. %,
a b }Eolarc Fel. %, zeetone~
Run We., . We., &. ratio 2emethyl- 1lsopropyls
No. RCEO DTBP R*SE/RCHO 2-pentene cyclopropane
2 0.531 1.43 0.360 94,6 5.4
5 0.Lo8 0.2 1.005 62.8f 57.1f
5448 L5,68
1 G.67P 1.15 1.04 _b _h
o 0.89 — 1.07 82 18
4 0.225 1.22 8.16 —* —*
3 0.467 1.80 6.16 Tl 29
(&) Corrscted for purity of starting =zldehyde.

(v)
(c)

(a,
(r)
(=)

(1)
(k)

Di-t-butyl peroxide, initiator.

Moles mercapban/moles aldehyde. Tais molar ratio 1s eppreximately
equzl tc the concentration ratio Tor the same compounds. Assuming
no change of volume upon mixing, the original merceptan concentra-
tion changes from approximately 1.9 M to apprcximately ‘(4 M as the
molar rabioc changes from C.360 to 8.16,

Relative areas under the v.p.c. peaks assigrned to Z-methyl-Z-pentene
and acetone~isopropyleycelopropane, respechtively.

First hall of experiment.

Second half of experiment.

Hot known whick v.p.c. peak to assign to isopropylcyclopropane.
See Refercncé 15.

Kot enough hydrocarbon products trapped to analyze by v.p.c.



tc aneliyze the low-boiling liquid fraction. Further, as experience in
analyzing the liquid fraction increased, the nurber of unidentilied
components likewise increased; and it is possible that one or mere of
these unidentified components wight bhe cther moncmeric hydrocarpon
products. Also, it would appear froa Run 5 that acebtone was not
formed uniformly in & given experiment, more being nroduced Toward

the end ¢f a run than at the beginning. Finally, on account cof the
small quantities of starting sldehyde utilized ir each run, the perw
cenbage conversicns to products were larger (from the necesgity to
produce measurable guantities oF products) than woald be Ghecrebically
desirasble (EE. kinelic Cases 1=k, pp. 24-29}.

Nevertheless, despite tnese diflficulties, if It be assumed
that the Ttrend cf acetone formallor 1s similar [rom vne run Lo Lhe
next, one can nobe 2 definite trend from Run 2 4o Run O $o Run 3 for
an inereass in the amount of isopropyleyclopropane relative to 2-methyl—
P-pentene as the molar ratic of benzyl mercoptan to dimethyleyelopropyl--
acebaldehyde is increased. In fact, corsidering only Rune 2 and 3 and
recalling the kinctle law predicted tfor the case of an irreversible
isomerization of one classical radieczl to ancther (Case la, p.2h ), we
ncte that the product of the concentration of mercaptan with the ratio
of products (2-methyl-2-ventene: isopropyleyclopropane) in Run 2 is
1.9 % 94.6/5.4 = %3.% and in Run 3 is 7.4 x 7i/29 = 18.1. The devie~
tion from the rate law predicted for Case la in our case is less thean
that cbeserved by Seubold (34) when he cencluded that the resrrangement

observed upon proguction of the necphyl radical (B,B-dimethylrhenethyl
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radical) could best be explained by sz irreversible isomerization of
{the neophyl radical to the O,G-dimethylphenethyl radical.

Thus it seems fair to state that the results of the abeve prod-
uet study of the dimethyleyelopropylearbinyl system are most ccasonant
with the interpretation that an irreversible isomerization oOf the clas—
sical dimethyleyelcpropylearbinyl radical to the classical (7.y—ii~
pethyallyl)~carbinyl radical is respcnsible for toe cobserved hydro-
cerbon product dissribubtioms. At any rabte the evidence thus fer pre-
sented definitely must be said to faver the intervention ¢f more than
one radical intermediate leading to products in this system (schemes
lla, 15, or 18). The only reservaticn, ag noted sbove, conceras the
absolute sccuracy of these resulbs; but it wiil be noted in the next
section that Turther kinetic data on the dimethylcyclopropylearbinyl
syster leads to the same conclusion concerning the nature of the radical

intermeciates. . ‘

Chain-Transfer Results and Discussion

The results pertinent to the determinstion ¢f the chsin-trensfer
constants relative te polymerizing styrene at 79.1° of ncopentane, n-
tubane, methylceyclopropane, 2,3—~dimethylroutane, apé 1s0propylceyclopro-
pune are summerized in Tables 5-10. Exact details as $o the calcula-
tiong of the quantities listed ian these tebles may be found in the Exw
perimentul Secblon. Here it sced only be mentioned that it has beea
showvn {41,42) that the chein-transfer consbtent of a2 hydrocarbon solvent
Wwith styrene may be caleulated from a kn.owledge cf the degree oi" pcly=

merization of styrene for a given sample according to Egquation 5l
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1 z . [8]
§ + G [M]

(54)

2%l

where P represents the degree of polymerization of styrene for a given
sample; ﬁo represents the degree of polymerization ¢f styrene in the ab-
sence of any external trznsfer agent; C rcpresents the chain—transfer
constant of a given trensfor sgent; and [S] and [M] represent respece
=ively the concentrations of hydrocarbon solvert (the transfer agent )}
ard sbyrens monomer.,

The transfer constants themselves are surmarized in Teble 12
along with the transler constants of n-heptane and t-~butylbenzene at
79.1°, as calculated from the data of Gregs and Mayo (L2).

For a hydrocarbon solvent, the bulk chain-transfer constant
(measured)} is the sum of chain-transfier ccrnstants for each irdividual
hydrogea ztom in the molecule (W1); herce, it iz possihle to caleulaze
from the transfer data ir Table 11 transfer constants and thus rela-
tive resctivitics for individual hydrogen abtoms of interest. These
resultz are presented in Table 12,

It will be noted from Tables &-11 that the mean deviatlions of
the transfer coustanbts determined are on the average approximately 20
tc 25% of the value cf the respective transfer constants. Twenty-
Tive per cent represents a fair estimate as to the accuracy cf the
absolute value of the chain-trersfer constants determined ZIn this
work. “his asccuracy is comparsble to that for many of the values de-
termined by Gregg and Mayo (42); in particular, all their relstively

iow Lransfer constants. The relative reactivities of Table 12 are
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TABIE 5

Degree cf Polymerization of Styrene ab 79.1°
&

Dample _ D =c “%_ * 105
Yo. i ]® M P P, % Polymerizatior

161-L 2.12 463000 4500 22.24 10.9
1615 2.16 478000 4600 21,75 11.%
161-6 2.28 517000 4970 20,32 9.0
1617 2,11 L56000 Lu80 22.%3 9.5
161-8 2.01 U33000 4170 24,00 204
190-1 2.27 5130C0 4930 20.28 2.5
190-2 2.4% 564000 5420 18.45 15.6
190-3 o.1k L73000 ;55¢ 21.97 9.6
22l 2.06 451000 43Lo 23,06 9.6
2hom6 2.15 477000 4590 21.681 9.6
Ave. .17 L4000 4650 21.60 —_—

() Intrinsic viscosity of a dilute sclution of polystyrene sample

2l

benzeac.

See Dxperimentel Scebion.

(b) Dlhamker average molecular weight o polystyrene sample. See
BExperimental Scetion.

(¢) Averzge degree of pclymerizaticn of polystyrene sample. 3ee
Experimertal Section.
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TABLE 6

Chein-Transfer Constent of Neopentane with Styrene at 79.1°

Sample _[NP]* % Polymer— e 4 —=—x0 5
No. [Otyrene] ization  [% 1" 1 P S ¢ x 10
2771 C.358 2.1 2.10 hé2000 W50 2245 2.48
2772 .11 9.8 2.02 k38000 L4220 23,72 1.61
2773 3,06 5.2 1.62 %29000 3160 31.61 5.25
Ave. 2.5 + 0.58

{s) Rebio of concentrations of neopentane to styrene corrected for amount
of necpentane in vepor phase.

(b) Intrinsic viscosity. Sce Experimertal Secticn.
(¢) Humber average moleculsr welght. BSee Experimental Section.
(d) Average degree of polymerizetion. See Experimental Secvion.

(e} Average chain-transfer constant and mean deviationm.



0O -

—

ATl

TABLE ¥

Chain~Transfcr Coastant of n-Bulane with Sbyrene al TS.A°

Sample  [pButane]” b _ 1 = x10° 5 # Polymer-
No. iStyrene] {7 M P P Cx 10 ization
oplup %.05 0.52 86000 826 121.08 %26 0.98
1907 1.58 1.3k 249000  2L00 L1.70 2.7 1.46
190-8 1.86 1.30 238000 2290 43,65 11.9 1.56
1906 1.56 1.38 250000 210 41.58  12.8 2.9k
190~5 0.92 1.8% 385000 %700 27.01 5.92 5.57
190-k .40 1.98 425000 4090 2446 7.19 5.75
22h-1 1.30 1.84 334000 3TOC 27.05 .13 7. 52
20l3 0.73 1.99 425000 4130 ol..23 3.61 9.65
190~10 L. 36 1.67 336000 3230 30.95 2.1k 14,3
Best guess® z,% + 0,8°

() FRatic of concentrations corrected for amount of n-busane in
vapor phase.

(b) See Footnotes to Takle 6.

(c) Average chain~transfer constant and mean deviation for Samples 224-1,
2ol3, and 190-i0.
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Chain~Transfer consbant of Mebhyleycloprcpane with Styrene at 79.1°

Sample [Mcpt? % rFolmer— b 7 U b — x 20” 5
No. [8tyrene ization (n? r P P 0 x 10
2LCel 0.48 2.5 2.08 454000 L3O 22,89 2.71
240-2 C.91 11.8 1.86 392000 3770 26,55 5.45
240-% 2.02 10.1 1.82 379000 3650 27,41 2.88
240l 3.25 8.5 1.60 317000 3050 32.82 .45
240w5 2.80 10.2 1.56 306000 29k0 3%.98 b, 43
) b
Ave., %.8 + 0.9

() BRatio of concentrations of methylcyciopropane to styreanc corrccted
for smourt of methyleyclopropane 1n vapcer phase.

(b) See Footnotes to Table 6.
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TARIE 9

Crain~Transfer Constart of 2,3-Dimelhylbutane with Styrenc at 79.1°

Sample Di3 ] % Polmer— b Z 0 b “%f x 107 5
Ko. [Styrene | ization [7z ? T P » ¢ % 1C
3082 0.72 20.9 £.00 L22000  W150 24 .08 3,46
3063 1.56 16.1 1.38 396000 2810 26,26 2.99
306-5 c.38 24 L 1.99 L2oooo 4120 o2 7.00

0

Ave, 4.5 + 1.7

() Ratio of concentrstions cf 2,%-dimethyloutaene to styrene corrected
for amount of Z,3%dimethylrvutane in vapor phase.

(») See Footnotes to Table 6.

TABLE 10

Chain-Transier Consbant ¢ Isopropyleycelopropene with Styrene at 79.1°

Semple er]? % Polmere k 5 © b % x 107 .
No. [Styrene ization {n] n P P ¢ x 107
3301 0.38 24,7 2.13 4700 L4530 22,07 1.22
3302 0.76 2h.5 2.12 4E800C 4500 22.2h C.8h
. b
Ave. 1.C + 0.2

(a) Ratio of concentrations of isopropylcyclopropane o styrene corrected
Tor amount of isopropylcyclopropene In vapor phase.

{t) See Foctrotes to Table &.
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Chein-Transfer Constants of Some Lydrocarbons with Styrene atv T9.1°

Transfer Constant

Hydrocarbon Cx 105
Neopentane 2.5 + 0.5
n~Butane 3.3 + 0.8
Methyleyclopropane 3.8 + 0.9
2, 3=Limethylbutane hos + 1.7
Isopropylceyclcpropane 1.0 + 0.2
n-Heptane 6.3 + % *
t—-Butylbenzene 1.8 i'O.Ba

(a) Cslculated from the datae of Gregg and Mayo (42).



TABIE 12

Relalblve Reactlvibies of Selected Hydrocarbon IIydrogen Atoms towara the

Polystyryl Racdical at 79.1°

Transfer Constant
per Hydrcgen Abom

p Relative
ydrocarbon Hydrogen Atom ¢ x 167 Reactivibty
Neonentane prixary 0.208 1.00
n-Bubane seconda; 0.512% 2.h6
Methyleyclopropane methyl 1.27° 5.10
2,3~Dimethylbutane tertiary 1.00° 4.80
isopropylcycloprcpane tertisery negligibled r.egl.j',gibled

(2)
(b)
(c)

(4)

Calculated assuming relative reactivity cf = n-butane primary hydro-
goen stom 1s same as that of a necpentane hyarogen atom.

Calculated agsuming negligible trensfer constant Icr cyelopropanc
rilng hydrogens.

Caleulated assum’ng relstive reectivity of a 2,3-dimethylbutane
primary hydrogen abtom is same as that cf a neopentane hydrogen atom.

Celeuiated assuming ssme Transfer consvart for methyl hydrcgens &s
for a nreopentane hydrosen.
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undcubtedly mcre accurate than the transfer constents from whick they
are cderived, inasmuch as retioce of quantities are usually morce roliable
than the values of the quantities themselves.

As independent checks wupon the validity of the results determined
in this work, the following should be noted. From Table 11, the chain—
transfer constant of necpentane at 79.1° (2.5 x 10"5) is precisely 4/3%
that of the constant estimated from the resuits of Gregg and Mayo (42)
Tor t—-pbutylbenzene at the same temperature (1.8 % 10—5). Thisg is the
result that would be predicted, as Seuoold (34) has shown that the neophyl
radical is generated without anchimeric sssistance and necpentane contains
12 reactive prctons to 9 for t-butylbenzene. Secondly, the cata of Table
12 can be used to calculate the bulk chain~transfer constants for other
normal hydrocarbons with styrene at 79.1°. In perticular, the chain-
transfer constant for n-heptane at 79.1° should ve equal to six binmes
the transier ccnstant for a neopentane hydrogen stom plus ten times the
transfer constant for a n-bubane secondary hydrogen atom; i.e., 6 x
0.208 x 1077 + 10 x 0.512 x 1077 = 1.2 x 1072 + 5.1 x 1072 = 6.3 x 1072.

5

Comparison with Table 11 reveals that 6.% x 10 ° is exactly the value

of the transfer constant of a~heptane at 79.1°, as determiuned Lrom the
data of (regg and Mayo (42). This exact correspondence is undoubtedly
Tortuitous, but revertheless encouraging. Thirély the relative re-
activity of a methyleyclopropane metbyl hydrcgen in compardicon with a
necpentene hydrogen is of the same orcer of mesgritude as the same
guantity determired for methyleyclopropane and neopentane hydrogen stoms

toward the t~butoxy and chlorine radicsls by Walling and Fredricks {9)

and reported sbove in Tables 2 and 3, pp. 16 and 17 . Finally, frem
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Taple 12, The relative reactivities of typicsl primary, seccndary, and
tertiary carbon-hydrogen bonds towaré the polystyryl redical in solution
gt 79.1° as determined in this study (1.00:2:46:4.80) are quite similsr
to the ligquid-phese relative resctivities of primary, secondary, and
tertisry cerbon~hydrogen beonds towards the chlorine radical at &o°
(1.0:2.4:%.5), as interpolated from Walling's Teble 8.3 (53) which was
jerived from the results of Hass, McBee, and Weber (54). The polystyryl
radical appears to be slightly more selecbive Uhsa the chlorine radical,
as would he expected.

We consider further now scme of the specific resuits from Terles

n—-Butenc.—~The results for n-butane listed in the last two
columns of Table 7 ccnstitute = definite and unexpected quasi exponential
correlation between per cent polymerization and apparent chain~traunsfer
congtant; the greater the former, the lower the latter. This phenomenon
is contrary to theory; the chair~transfer constant for a given golvent
should be independent of the extent of conversion of styrene mopomer to
polymer. Fortunately this behavior was observed only in this one case,
the relationshin between per cent pclymerization and chain-transfer con-
sbant for all the other hydrocarpons exsmined in this study skowing
neither sn inverse nor a direct correlation to any extent, as may be
seen hy inspection of Tables 6, 8, 9, snd 10. The most logical explane-
ticn for the quasi-exponential relatlonship found in the case of n—-butane
is thet the n~bubare mey have contained some trace impurities vhicn were
fex more active as transfer agents but which were guickly consumed ir the

course of the polymerization. This woudld account for the low ncleculear



- 57 ~

welghts and consequent high apparent chain-transfer constants cbeerved
for very low percenbage conversions tc polymer as well as for the nabure
of the dependence. According to this ressoning the spparent chain-
transfer constants determined st higher percentage conversions shoul

be more reiisble. It is for this reason that only the iast three values
for the transfer constant listed in Tatle T have been used to determine
the average chain-transfer constent for n-butane =t 79.1°. And as was
pointed out above, the value so determired (3.3 x lOH5) seems eminently

reasonakle, correlating very well with cther independent datvs.

Methyicyclopropane.—It is cur intent here to show thal the

transfer constani cetermined for methylcyclopropane (3.8 x 1077 at
79.1°; cf., Table 8) in this study is a fair measure of the rete of

asbstraction of hydrogen atoms from the methyl group of methyleyzlopro-

pane reletive tc the rate of polymer growth.

If the growing pclystyryl radicel were Lo react with methyl-
¢yclopropane by a ring—cpening radical &isplacement on a ring carbon
atom, the result would be the formawion of an alkyl radical aors ree
active than the polystyryl redics: itself. 8Such a radical would in sll
probability ccntinue the chain of polymer growth by adéing to a new
sbyrens monomer unlt Lo produce ancther polystyryl radicsl and would
thus have no effect whatever on the determination of the trensfer
congbart. The same would be True Jor a radicel formed by addition of
the polystyryl rodicel to the double bond of poosible clefiniec im—
purities in the methylcyclopropane. (The methyleyclcpropane used in

these experiwerts was shown by v.p.c. to be better than 99% pure, the
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most likely contaminant being Z-butene.) Thus we need consider only
procezses which by atom transifer could terminate & kinetic chain of
pclymer growth.

The only such process left to eliminate as a possible serious
source of error is chain—trsnsfer by the ring protons of methyleyelo-
propane. But it has been shown ix many studies that hydrosen atoms
may be atstracted from a cyclopropane ring or that a cyclopropyl free
radical may be generated omly with grest difficulty (11, 15, LA, 55.57).
In particular the results of Trotmen-Dickenson and Steacie (46) show that
methyl radicals will abstract hydrogen frem cyelopropane only one—tenth
ag readily as from n-butsene. Hence all the riang protons in methyleyelo-
propans together, frow the results of Table 11, would be expected to cone
tribute to the bulk chain~transfer constant of methyleyclopropane to the
extent of no more than 0.3 x 10"5. Such a contributioz is effectively
negligible Tor ocur considerations; for it is far less than the expectancy
Ior reasonatle experimental errcr in the wvalue of the trensfer constant
and woulid noc affect the qualitative and barely affect the guantitative
resulte of Table 12, Hence for all practical congiderstions in this thesis
we can ignore chaln transfer by the rilng protons of a cyclopropane ring,
toth in this instance and in the case of isopropylcyclopropane.

Thus it scems reascnable that only the methyl hydrogens of
methylcyclopropane contribube to its chain-transfer constant; and tais
conclusicn leads to the relative reactivity value of 6.10 for a methyle—
cyclopropane hydrcgern relative to a necpentsne hydrogen (toward the poly—
styryi radical), ssg irdicated ir Table 12. A methylcyclopropane hydroger

is seen to be more than twice as reactive as a seccnéary hydrogen and
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mere reactive even then = tertiary hydrogen toward the polystyryl radiceal.
This result, coupled witkh the relative reactiviity results of Walling and
Fredricks (9) and the results of Hert and Cipriani (26) on the decomposi-
tion of cyclopropaneacetyl percxide discussed in the Introducticn, can
leave but little doubt that radical sbstraction of a methyl'hydrogen

from methyleyclopropane is anchimerically assisted. Inceed. the greater
chain~transfer constant for methylcyclopropane than for isopropyleyclow
rropane shculd lead toe the same conclusion. Since the initiszlly formed
eyclopropylearbinyl free radical is generated with rate enhancement, it
would seem most prcbable thet this intermedilate shcould ve represented as

the nonclassical homesllyl radical XVila.

Iscopropyleyelopropane .—~To be fair, it sust be sdmiitted Tthat as

yet there is nob sufficient data on the chaln-transfer constant of isoe
rropyleycliopropane. Nevertheless, dio conlrasl Lo the conelusion Jusk
rescned aboubt the nature of the uasubstitubed eyclopropylearbinyl redical
iritially generated, there is no evidence in Tableg 11 or 12 to justifly
o similar conclugcicn for the dimecthyleyelopropylearbinyl radicel. If
thers is no anchimeric assistance involved in abstraction of the ter-
tizry hydrogen fron iscpropyleyclopropane by the polystyryl radical and
if chain Transfer by the ring protons of isopropyleyelopropane is neg—
ligihie, then a priori one would expect tThat the chain-transfer constant
of 2,3-dimethylbutane saoculd be just twice that of isopropyleyclopropane.
To within our experimental accuracy this is precisely what is cbserved.
In fact it would appear that the chaln-{rensfer constant t'or isopropyi-
cyclopropane iz slightly less than would be expected. This might be

stiribuzsed to an inductive electron-atitractirg effect of The cyzlopropyl



ring inhibiting radical attack on the alkyl hydrcgens, the electron-
releasing properties of bhe corresponding isopropyl group on 2, J~di-
methyZbutare should sct in the opposite direction. Such an effect

would be expected T0 be rather small Jor a radical reactlon, particu-
larly a reaction irvolving the "doncr" volystyryl radileal. With re-
spect to the tertiery hydrogen, one might expeet from steric considera—
tions that the bulky polystyryl radical might heve difficulty apprcache
ing it; this might be & partial explanstion for the enhanced reactivity
of methyleyclopropane relative to isopropyleyclopropaene, but the ter—
tiary hydrogens of 2,3-dimethylbutare should be just as difficultly ae-
cessible to the polystyryl radical as the iscpropylicyclopropane terviary
hydrégen. Cne ccould argue thet on account of these steric considerstions
it would be vnreasonable to expect to be aktle to detect znchimeriec assis-
tance in the sbstraction of one proton oub of seven. But nevertheless
the fscet remains that our chain-transfer study has produced nc evidence
whatsoever for rate enkancement 1n the free-radical zbsiraclicn of the
tertiary proton of isopropyicyclopropane by the polystyryl radical.

Thus 8ll evidence points to the fezct that the initial free-
rajical intermedietc generated in the dimethyleycelopropylcarbinyl system
1s the classical dimethylcyclqpropylcazbinyl radiecel XVIIIt.

Such & result is not necessarily incompatible with the inifial
formation of the feloealized nomosllyl radical in the unsubstituted
cyclecpropylearbinyl syster. In that system the homoellyl rsdical is
formed ian preference to a strained primary cyclopropylearbinyl or an
unstreined primary allylearbinyl radical. In the dimethyleyelopropyls

carbinyl system the effect of the two methyl subsbituents apparently is
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either to stabilize the adjacent (tertiary) radicel center to the extent
.that electron deloceslization offers nc energetic advantage to offset the
partizl lcss of this stabilization or to localize the spin density of the
"deleoecalized" dimethylhomoallyl radical XVIIb on the Ocarbon €0 such an
extent that XVIIb becomes experimentaily indistinguishable from a classical
dimethylcyelopropylearbinyt radicael XVIIIb. A similar sensitivity cf the
nature of cyclopropylearbinyl-type irntermediates o substituent effecis

in carbonium ion reactions has been noted clsewhere (58).

Beducbions with Tributyltin Hydride

To rourd out the picture concerning tThe mechanisms for the inber—
ccnversion of eyelopropylearbinyl and allylearbinyl derdivatives in free-—
radical reactions of the cyclopropylcarbinyl end éimethylceycliopropyl—
carbinyl systems, exploratory wcrk was carriec out with an eye to deter—
miring expiicitly whether or not products with a cyclopropylicerbinyl
skeleton could be isclated [ror a free—radicel reaction in which the
criginal substrate possessed the sllylcarbinyl skeleton. BSuch a study
would reveal whether or not any allowance f'or a reversible step snould
te made in conacction with cur working hypotnetical mechanistic schemes
1418,

Kuivils and his cowworkers (59) claeim t¢ have shown that reduce
tions of alkyl halides by tributyltin hydrize proceed via a Tree—radical
mechanism, presumably involvirg allkyl frcee radicels as part of e chain
rezcticn, Tributyltin hydride also happens to be ore of the most power-

ful hydroges atom donors known (60). 'Thus it was felt that reduction of
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- allylearbinyl bromide and of (7,7~dimethylallyl)wcarbinyl bromide with
tributyltin hydride should result in the generation of the allylcarrcinyl
and (7,7mdimeﬁhylallyl)—carbinyl racdicals respectively and that il the
free~radical pathway frem the respective cyclopropylearbinyl to the allyle
carbinyl skeletons were at all reversible, then eyelcopropylearbinyl nrode-
ucts should e trapped out. These reactionz were in fact carried ocub.

The importent results are presented below; exzch details may be found

in The Experimentel SBectiom.

Allylearbinyl Bromide.-—The rsduction of allylcariinyl bromide

with tributyltin hydride at room temperature led to the formaticn of

l-butene anc a trace of methy.cyclopropanc, identiiied by v.p.c. analy—

sis. Ib wasg rot possible in this instance to sstimate the relative
vercentages of bhese two products. This resalt indicastes that for the
wnsubstibtuted cyclopropylcarbinyl sysbem the free—radical inbercoaver—
gion of the cyclopropylearbinyl zrnd allylcarbinyl skeletons is a ra-

versible process.

{7, y~Dimethylallyl)—carbinyl Bromide.-——The reduction cf (y,y-

dimethylallyl)-carbinyl bromide with tributyltin hydride at rcom tempersa-—

ture led to the formetion of Z-methyl-2-pentene and a trace amount of is0-

propyicyclopropane (v.p.c. analysis). I duplicate experiments the rels—

tive percentage of Z-methyl~2-pentene was found t¢ pe in the range 94%.h-
99.1% and that of isopropylcyclopropene wes crudely cstimated to be about
O.EEm0.0j%. The raliv of 2Z-melhyl-2-penbens Lo lsupropyl.cyclupropane
then is very roughly in the renge 4%0-3300. I the classical (y,y~die-

methylallyl)~ carbinyl and aimethylcyclopropylcearvinyl radicals axe the
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internediates Involved in the reaction and if their rate ccnstants Tor
hydrogen sbetracticn from the very reactive Lributyltin hydride are ap—
proximately the same (cf., equation 49), then an upper limit of about
3.6mlt.5 keal./mcle can be placed on the thermodynamic stabilization of
the former radical (XIXb) cver the latter (XVIIIb)--an upper iimit be-
cause it seems douotful that vnder the reacticn conditions the two
radicals are truly equilibrated and because it seems likely that uncer
conaitions of true eguilibrsition the relative percentase ¢ the radical
XVIIIb should be grestor than the amcunt of isopropyleyclopropane realized
from this reaction. This calculated stabilization ie in agreement with
the estimates of Scauster (51) and Howden (45) [or the enthalpy of isom-
erization or XVIIIb to XiXh, -5 kcal./mole and +% kecal./molc respec-
tively. At any rate the presencc ol isopropyleyclopropane among the
reaction products lndicates that for the dimethyleyclopropylcarbinyl syse—
tem also the free-~radical interconversion of the cyclopropylcarbinyl and
ullylearbluyl skelelbous L o reverslble process. Trace amounbts of 2-
acthylpentane and 2-methyl-l-pentene were also identified among the

reaction products.
Conclusiong

Unsubstituted Cyclopropylearbiny. System.—-We are now in a

peeition teo evaluate all the evidence relstive to the interconversion
of unsubstituted cyclcopropylearbinyl and allylcarbinyl skeletons in
free~radical recctions and to suggest = mecharism which best correlates

all the availapls data, results from this thesis as well =8 results of
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others. As hes been discussed sbove, kiretic data from this study,
Welling and Fredricks (9), and Hart and Cipriani (26) demands the initial

formation of a deiccelized radical intermediate, presumasbly the homoallyl

radica. XVIIa. Thus for this system we must decide whether scheme 17 or
gscheme 18 (EE'J P« 28) besb accommnoiates the product distribution data.
The general trend to an increase in the smount of allylcarbinyl products
relative to the amocunt of cyclopropylecarbinyl prcaucts with an ircrease
in temperatire has been noted in the Introduction. Unfortunately thic
Trend is glesned from resuits of various different tyopcs of reactions;
no ¢etailed study of the offect uwpon product distritution of changes in
temperature for a single reaction nas yet heen carried out for this syse
tem.  (Welling and Fredricks {9) did report the vroduct distributions at
two temperatures, 0° and 68°, for the chlorinaticn of methyleyelopropane
with t-butyl hypochlorite. Bee the introduction.) Nevertheless the
trend seems real. There would appear to be a fairly ssvere change in
the ratic of allylcarbinyl tc¢ eycloprepyicarbinyl products with temperam
Tture. HNow, as was indicatea in our discussiocn cr Howden's resulis on
the diphenylcycloprovylcarbinyl systesx (pp. 34-38), if all the cyclow
propylearbinyl and allylearbinyl producte zre formed from a single non-
clessical radical (scheme -7), a drastic change in the ratic of products
with tempereture should not Le expected (gg., equation 50 and aiszcussion
immediately iollowing). bBut there ig a fairly draetic change in the
retio of zproducts with termpersture. These results can best be accon~
modated by the intermediacy c¢f two radical intermediates. Hence, wo

Propose the isovmerizatlon of the 1nlilally-~genergted homoallyl radicsal

to another less stable racdical irtermediate which iz capable of reacting
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with substrate to yieid allylearbinyl products with a greater specilic
rate conetant than that For the similer reactica with the nomoallyl

redical, namely the classical allylcerbinyl free radicel. Finally,

we have just ceen that the entlre process should be reversible. Thus
gcheme 18 best zccounts for the interconversion of unsuostituted cyclow
propylearbinyl and ellylcarbinyl derivatives in free-racical reactions,

as is illustraeted below in scheme 18a.

cyclopropyl- ke -~ » @ i
carkbinyl — ‘/‘*---CHQ ‘—" CH.,=CHCH, CL, * (i8a)
product k_g )
lff ‘2
allyleartinyl product allylecarbinyl product
k >k, >k
o e

Limethyleyclopropylearbinyl System.——As has been discussed at

great length ubove, there is at present no evidence to require the
iotervention of a nonclassical dimethylhomoallyl frece radical as an
intermediate in the interconversions c¢f dimethylcyclopropylearbinyl and
(7,7~dimethylallyl)mcarbinyl derivatives in free-radical reactions. A1l
the availsble evidence can be eccommodated by mecharisr 1bb (ef.,
schere 14) shown below wherein products are formed from two classical
radicels waich are =xpecsted to equilibrate cnly quite slowly starting

from either direction.
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AXFPERIMENTAL

A1l boiling points and bath lemperatures are uncorrescted.
Vapor—phase chromatograms, uniess otherwise stated, were obbained
using a Perkin-Elmer Model 15L-—C Vapor Fractometer, Infrared spectra
were baken using a Beckmesn IR~ spectromeser. Nuclear magnetic reso—
nance spectrs werc taken using a Varisn Associates A-60 high resolution

spectrometer.

Heptanal.—Reagent heptanal {Matheson Ccleman and Bell) was
used in the decarbonylation experiments recorded below without further
purification. It was shown by v.p.c. analysis tc be chromatograpnically

Dure.

Cycloprovylacetaldehyde ,~~Cyclopropyiacetaldehyde used in the

Gecarbonylation experiments recorded telow was prepered in these labora—
tories by D. L. Schuster (61). It was shown tc be better than 95%-pure

by infrered and v.Dn.c. soalyses.

Gyclopropylcarbincl.~—Cyclopropylearbinol was prepared by the

lithivm aluminum hydride reduction of cyclopropanecarboxylic acid
(Columbia Organic Chemieals, Ine,) aceording <o standard procedures
(62,63) as mcdified by Schuster (€k). The yield of wure, colorless
cyclopropylearbinol, b.p. 119-324° (745.4 mm.}, Q?BD 1.4%0k, frem

200.7 ¢. of the acid was 128.6 g. (75.5%).

Cyelopropylearbinyl Bromide ana Isomers.-—The reaction of

cyclopropylearbinol wita phosphorus tritromide at C°, after the
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procedure of Roberts and Mazur (2), led to the formaticn of cyclopropyl-
carbiryl bromide, allylesrbinyl breomide, and cyclobutyl tromide. 1In a
typical experiment there was obtained from 128.6 g. of cyclopropyl-
cartirol 206.8 g. (85.8% yicld) of a mixture of bromides, o.p. 104-108°
(747 wm.), E?5D 1.4721, Tke nature and purity of the produchs weze
confirmed by infrared and v.p.c. anslyses. The relative percentages

~of the isomers, determined by weighing the area under their v.p.c.
peaks, were: cyclopropylearbinyl bromide, 52.5%; cyeclobvutyl bromide,

22,2%; and allylcarbinyl bromide, 24.6%.

Cycelopropylacetonitrile anc Isomers.——The reaction of a mixture

cf gyclopropyicarbinyl bromide, allylearbinyl bromide, and ceyclobutyl
‘Eromiﬂe with sodium cyenide, fcllowing the procedure of Schuster (55),

led to the formaticn of cycleopropylacetenitrile, sllylacetonitrile, and

a trace o cyclcbutanecarbonitrile. 1In a typlcal experiment, there was
ovtained from 67.%45 g. of the isomeric tromides and 37 g. of sodium
cyanide £5.1 g. {61.9% yieid) of a stiflingly pungent mixbure of nitriles,

D.p. 258-145° (745 mm. ), g?a

D 1.4218., The nature =nd purlty of Lhe mejor
aroducte were confirmed by irnfrared and v.p.c. analyses. The relative
percentages of the isomers, determined by weighing the area under their
v.p.c. peaks, were: cyclopropylacctonitrile, 73.1%5 allylocctonitrilce,
26.9%; cyclobutarecsrbonitrile, trace, The identity cf the trace nitrile
was inferred from the fact that its v.p.c. retention time was identical
to that of the product resmulting Ffrom the resction of eyclohutanecarhox-~
smide with phosphorus oxychloride ir pyridine et 0°, a reaction known
(66) to produce the corresponding ritrile from an amide. The product

cf the phosphorus oxyvchloride reascitlon was identiflied as cyclobubane~



carbonitrile from the method of syrnthesis and 1ts infrered spectrun:
peak =t 225C cm cheracteristic of a altrile fuactiorn &nd pesis at

1hiyo, 997, and 925 cn " which mipht be atbributed to the cyclobusyl

rire (W7).

ycloprepylacetonibrile .~Folicwing the procelure developed

by Scruster (€7}, Lhe mixburs of cyciopropylacetoenibrile and ailyle
acetonitrile Adegeribed directly soove was ellowed te react with a
aeutral, satursted agueous solution of potassium vermanganste, lesd-
ing to the complcede conosumption of the clelinle ritrile and to an wver—
age T5% recovery of esseatially pure cyclopropyiecetonitrile, b.p. 1k8°

. o5
(747 . ), &7

D 1.k227. V.p.c. analysic showed faat the recovered
aye” opropylacetonotriie wan still contemireted with a trace ©f cyele—

Yubtanecarbonitrile.

Dimethylicyclopropylacetonitrile . —Dimethyleyelopropylacetonitrie

wag prepsred by the methyletion of cycloprepylacetonitrile with methyl
bromice and socesmide in liguld ammonisz, according to the procedure of
Newman, Fukunsga, and Miwe (68) as modified nerticularly for this re-
sction by Schuster (69). 1o a typlcal experixent, there was cbtained
spom 11.66 g. o cyclopropylacetonitrile, 7.12 g. (45.5% yield) o di-
retayleyelopropyiacesonitrile, .y, 245«148° (744 mm,). The identity
aad purily of the product was establishec by infrared and v.p.c. anaiy—

3es.

Dinethyleyelopropylacetaldehyde wes prepared by the Inversc

sdditicn of e standard sclubicn of Llithium e weirum kyéride in ether (70)
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to a solution of dimethylcyclopropylacetonitrile in ether, according to
the procedure developed by Schuster (71). n a typical experiment,
there was obtained from T.12 g. of direthylcyclopropylacetoritrile,

3.18 g. (4%.5% yield) of dimethylcyclopropylacetalaehyde. The identity
of the product was established hy ecompariszor of its infrared spectzun
with that of an authentic sample of the zldehyde. Schuster recommendad
purification of the aldehyde vy redistillation under nitrogen; bubt the
dimethyleyciopropylacetaidehyde so purified and used in the decarbonyls-
tion experiments described below was shown by v.p.c. snalysis to be 90%-
purc, there belng eight unidentified peaks in the chrometogram in sddi-
tion to that of the aldehyde. Most recently it has been the experience
of this suthor that dimethyleyeclopropylacctaldehyde can be abszolutely

ruritied by preparstivs vapor-posase chromatograpiy on a Carbowex column.

Decarbonylabion Apparabus and Procedure.——Tne apparatus In which

the decarbonylstion experiments were carried cut was as fcllows: ‘The
resction vessel was an 8-ml. glsss bulb equipped with a thermowell, a
small glass—enclcesed magnetice stivring vsr, snd z 3mi. standard-tapcr
dropping funnel. Toe bulk was also comnected ir series to an air-cceled
cold finger, & stopeock, a Dry Ice-cooled trap (2 Dry Iece~cooled traps
in the case of cyclopropylecetaldehyde ), @ toree-way stopcock, snd a
250~ml. inverted zraduated cylindrical separztory funnel filled with
mercury and connected through Tygeor tubing 4o a 300-ml. leveling bulc.
The three-way stopcock was also ccnnected to an outlet for a gas ine
frared cell, an outlet to = vacuim pump, and & nitroger inlet connected

to the =nitrogen source via & mercury bypzss.
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The general procedure for decarbonylation of zn aldehyde in the
presence of penzyl mercapban was &s follows: The aldehyde and mercaptan
were placed In the reaction vessel znd then degassed by three cycles of
freezing, evacuating, ané thawing. After the last cycle, the system was
filled with nitrcgen st atmospheric pressurs and so malntained for the
duration of the reaction. An oil bath was then ralilsed Zntc position
znd electricalily heated to the desired reactlon temperature, the tempera-—
ture of the bath being maintained ccnatant by o Fenwal Series 560 Control
Therzeregulator. The temperature in the reaction flask was resd from a
thermometer inserted in the thermowell. Both the 01l bath and reactants
were simalbanecusiy magnetically stirred. When the desired temperature
was reached {a matter of a couple of minutes only)}, di-~w-butyl peroxide
was added to the reaction flask frcm the dropping funnel under nitrogen
pressure to initiate the decarboaylation. As The reaction proceeded,
mere peroxide was added as necded. Tne gas evolved was collected in
the separatory funnel over mercury, its vclume being measured ai atmos—
pheric pressure by balancing the levels cf mercury in the separatory
funnel and leveling bulk, The lower-boiling reaction products distilled
ous of the resction vessel and were condensed in the Dry Ice-cooled trap.
The reaction was continued until gas evolution ceased or hecame Inter—
minably slow. The gaseous products were transferred to an evacuated
i0-cm. gas cell, iz wh:i.ch_ they were analyzed by infrared spceiroscopy.
Tae Dry Ice~trapped liguid “rasction and the residue in the reaction
flask were snalyzed by v.p.c., using either diisodecyl phthalate packing
(heptanal and dimethyleyelopropylacetaldehyde experimerts) or tetraisow

butylere packirg {cyclopropylacetaldehyde experiment).



Decarbonylation ¢ Heptanal.—-TwO runs were madGe of the di-i-

butyl peroxlde-irclbiabed decerbonylabtilon of heplanal in bthe presence ol
benzyl mercaptzr. In a typical run, 0.5 g. (C.00438 mole) of heptanal,
1.5 =l. (0.0128 mole) of benzyl mercapban, end approximately 0.73 g.
(C.005 mole) of ai-t-butyl peroxide were allowed to reced eceording o
the general Cecarvonylation procedure described sbove. The temperature
in the reaction flask ranged Trom 123-138° throughout the durstion of
the resction (9.3 nours). Tasre was trapped 0.20 z. o liquid which
was shown by v.p.c. analysis to ccnsist of Gi-t—butyl peroxide (54.6
relative $}, w-outyl alcohol (34.€%), acetone (8.6%), and n-hexane
(3.8%). The yield of n~hexane was thus 0.0076 g. (2.01%). The evolved
gas collected (68 ml.) was shown by infrared analysis to consist of
mostly methanc, some carbon mwonoxide, and an unidertified component
(peak at 890 cmfl). The reaction residue was shown bty v.p.c. aanalysis
tc consist ol recovered starting materials, t-butyl aicokol, and several
wnldentified components, possibly coupling troducts. There was also a

white solid found in the rescticn flask, possibiy berzyl disulfide.

Decarpbonyiation of Cyclopropylacetaléehyde.~—The zeneral de—

carvonyletion procedure was used for the decarbonylation of this aldehyde
except that two Dry Ice—~cooied traps were used in series and all the ini-
tiator was originally present in the reaction vessel and was degassed
along with the aldehyde and mercaptan. Cyeclopropylacetaldehyde (0.87 g.;
0.0103 wcle) was decarbonylated in the presence of 6 ml. (6.35 2.,

0.0512 mclc) of benzyl mercaptan, initiazed by 1.921 g. (0.0131 mole)

of di-t~tutyl perczide. The temperature in the flask ranged Irom 109°
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to 12L° over the L7-hour resction period. (Three minutes were required

tor the system to approach thermal equilibriuvm after being neated from Yoo

to 120°.) The gas collected (90 ml.; Z4.9% yield) was shown by infrared

analysis to consist of mebhane, carbon monoxide, air, an@ an unigentified
[y

component absorbing at 890 cm . The residue in the reacbion flask wes
not invegbigated. The liquild ccndensed in the first Dry Lec trap was
shows by v.p.c. anaiysis to consist of acetone, t~bubtyl alcohol, cdi-f-
butyl peroxide, and l-butene. There was apparently no methyleyelopropane,
although as much as 1% of the amount of l~butene might conceivably have

gone undetected.

Lecarbonylation of Dimethyleyclopropylacetaldchyde.—Five runs

were made of the di~t-putyl peroxide-initiated decarvonylation of dimethyl-
eyclopropylecetaldenyde in the presence of benzyl mercaptan according to
the general dccartonylation procedure described above. Specific expori~
mental Getsils are sumsrized in Table 13 (cf., Table 4, p. 44). In
general, the temperature in the reaction flask was near i25°%, "Typically the
evo.uved gas was shown by infrared spectroscopy 0 conrsist of predominantly
carbcn monoxice, sgome methanc, a small amount of an unidentificd component
abscrbing near 890 cmul, and occagionally a Lrace amount of carbon dioxide
(EE., Teble 1%). The liguid collected in the Dry Icc trap was shown by
v.p.c. egnalysis to consist of recovered di-t—pulyl peroxice, t-butyl
aleohol, acetone, 2~methyl~2~pentcne, isopropyleyclopropane, and szeveral
unidentified components, including possible aldshyde contaminsnte. (The
aldehyde used in these expyeriments was shown by v.p.e. asnalysis To pe Q0%
pure.) Acetone ané isopropyleyclopropane were unresolveble on the diiso-

tacyl phtheiatic column used to analyze this liguid frection. The relative
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TABIE 12

Decarvenylation of Dimethyleyclopropylacetaldehyde

-

Run 1 Run 2 Run 3 Run 4 Runl 3

W, choa’b, 2. 0.612 0.531 0.h67 0.225 0.408
Moles RCHO™ 0.005h6 0.00475 0.COU1G 0.00201 0.00%65
yol. R'SH", mi. - 0.2 L 1.92 0.4%
Moles R'SEC 0.00851 0.00171 0.0340 0.0165 0.00%67
Wt. DTBPd, . 1.1G A3 1.80 1.22 2.21
Moles DTHPY 0.00815 0.0C9T7 0.0123% 0.00836 0.0151
Ru. Time, hr. s L.8 b5 3,25 32
Rn. Temp., °C. 120130 111123 126 126128 110~124
Vol. Gas, mi. 66 75 T2 sl 107
Gaseocus Co CC co CcOo co
Products CHy CH. Ciy CH, CHy

890° 890° 890° 890°

0z ¢ GOz CO= GOz
Wb. Liguid 0.08 0.11 0.13 £ g

Trapped, g.

() Dimethyleycloprepylacetaldehyde.

(b} Weight ccrrected for purity of aldehyde.

(c) 3enzyl mercaptan.

(d) Di-t-butyl peroxide.

(¢) Compound having an IR absorbtion near 890 em

() Nob enough liguid trapped tc znalyze by v.p.c.

(2) Not determined.
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percentages of 2-methyl-2~pentene and ccmbined acettne-~isoprepyleyelo-
tropanc were deterwmined from the relative areas under their respective
v.p.c. peaks and are presented ir Table 4, p. 4h, The residuc in the
resction vessel ccnsisted of a solid, possibly benzyl disulfide, and a
liquié phase shown by v.p.c. analysis to consist of di-~t-butyl peroxide,
venzyr mercapban, dimethylceyclopropylacetaldehyde, and unidentif'ied come—
ponents (perhaps coupling products) bubt ro t-buvyl slcchol or moncaeric

hydrocarhbons.

Ncopentane »—-Phillips &5 Research Crade 2,2-~dimethylpropane
(neqpentanc) was used in the chainetransfer experizents described below

without further purificatioca.

n-Butanc .»—In most cases Matheson Ccleman arnd RBell Instrumensal

Grade r—nutane was used in the chain~transfexr cexperiments described below
without further purificstion. In the case of sampies 22u-1,2, and 3
{cf., Tebles 7 and 16), the n-butane was refluxed over sodiwm for 2 hours

(to remove npossible peroxidic impurities)prior to use.

2, Z-Dimethylbutane ~-Phillips 66 Research Grade 2,3-dimethyl-

butane, used in the chain-transfer cxperiments described pelow, wWas dige
tilled througn a 60-~cm. glass-helix-packed column ir order to free 1t
from trace smounts of commercial Du Pont No. 6 inhibitor pricr to use:

b.p. 57.2° (745 mr.).

Methyleyvelopropane .~dethylcyclopropane wes prepared by the reduc—

tion cf 1,3-~dibromobutane with zine dust in ethennl (77). In = typieal
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experiment, the yield of mebthyleyclopropane from 12L.4% z. of 1,3-dibromo—
butene and 146.51 g. of zinc duslt was ab least 27.66 g. (37.4%). 'The
methylcyclcpropane used in the chain-transTer experiments described below
was purified by being refluxed cver aguecus potassium permanganate for 2
hours and Then over sodium for anotner 2 hours; it was then degassed and
transferred tnaer vacuum by bulb-to-buib distilliation to a special aire
tight glass cylinder with Teflon ccrewvaelve, in which it was storsd pricr
te use. Methyleyclopropene so GBreated was shown by v.p.c. analysis (elecm

troniz integratiorn) to be 99.3% vpure, the likely irpurity being l-bubtene.

Cyclopropanecarnonyl Chloride,——Cyclopropanecarbonyl chloride

wag prepared in accordance with standard proccdures for the nreparetion
o aeid chlorides (75). A typical preparation is degeribed. In a lDO—
wl., three-~necked flask equipped with a stopper, small droppirg fuanel,
and a reflux condenser fitted with a2 calelum chlorice drying tuve, was
rlaced 61 g. (0.512 mole: 36.9 ml.) of thionyl chloride. 'The flask
was heated gently on the steam vath (in the hood) as 22.16 g. (0.256
mole; 20.2 ml.) of cyclopropsnecarboxylic seld (Cclumbia Crganicz Chemie
cals, Inc.) wae added frowm the Cropping furmel auring the course of 30
minubes., When all the acid had been added, the flssk was heated for
ancther hour. Ther the dropping funnel wes replaced by another

stopper and the reflux condenser by & 30—cm. column packed with glass
kelices; and the reaction mixture was fractionally distilled. In addi-
tion tc excess thionyl chloride, there was collected 22.5 g. (BH.C%
yield) of pure colorless cyclopropsnececarbonyl chloride, b.p. 113-118°

(7Th2 mm. ), 51_£5D 1.4510 (lit., b.p. 114=119° (63)). The structure of
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the product was confirmed by its infrared speetrum with characteristic
) . . - . . -1 .

pcais at 1045 and 1070 cm {cyclopropyl), 695 cn (caroon—chlorine
o A ~1 s - .

tond), and 1785 e~ {acid chloride cerbonyl) (47). The purity of the

procuct was ascertained by v.p.c. analysis.

Dimethyleyelonropylcearbinol.—~This alechol has previcusly been

trepared in these laboratories by the reaction of ethyleyelorropanc—
carboxylate and methylmagnesium chloride in cther {7%) =nd Ly the re—
action of methylmagnesium fodide with methyl cyeclonropyl ketone (75).
in this study it was propared by the reaction of methylmagnesiun iodide
with cyclopropanecarbonyl chleride at 0°, A typical prenarstion follows.
In an oven-aried, 50C-ml., round~bottomed, three-necked flask,
equipped with a dropping funnel, mechanies] stirrer, and reflux condenser,
was placed 10.97 g. (0.45 mcle) of magnesium turnings, covered with 5C ml.
of ephydrous ether. From the dropping funnel was sdded s solulicn of
28 ml. (63.9 g.: 0.45 mole) of mebhyl iodide “rn 85 m_'l_-. of ether drop—
wise, with stirring, at a rate sufficiert tc maintain good reflux. The
addition regquired 2 hours., The dark solution was refiuxed fecr 3 hours
trtil mess of the magnesium had been consumed. The reaction mixture was
then cocled to below 0° in an ice—galt bath. There was added cver a %—
hour period from the dropping funnel a soluticon of 22.0 g. (0.210 mole)
of cycliopropanccarbonyl chlcride in 23C ml. of ether dropwisc, with
stirring, at such a rate as to maintair the tempersture below 5°. (Ir
g similsr experiment conducted at the temperature of refluxing ether,
no dimethylceyclopropylearbinol could te isolated.) Stirring was con-

tinued cvernight as the reactlon mixture warmed graduslly to room temper-
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ature. The solution was then poured into a large separstory funnel in
which had previously beer placed about 90 g. of ice and 120 ml. of cold,
sgturated asqueous ammceniim chloride solution. The funnel wes shaken
until the magresium alcckol complex had dissoclved as much as possible.
The layers were separated. The agueouc layer was “urbher exbracted with
two 25-ml. portions of ether., The elher extracts were combined snd dried
over anhydrous potassium carbenate. The dried ethereal solubion was Til-
terea through = plug of glass wool into a 200-mi. romd-bottomed flask,
from which the ether was distilled coff through a narrow 30-cm. Vigreux
ccitma. The residue was transfcrrei to a 50-ml. rouni-~bottcned Flask
and distililed through the same column. There was collected 12.467 o. of

‘crude product, b.p. 117-123° (74) mm. ), _2513 Y.8320 (Lis. (7h,76,77),

b

o
b.p. 120~-221° (743.5 mm.), 2 7T 1.4307; b.p. 123.7° (760 mm.),
2C - . . so B500 ). = o .
2D 143355 D.p. 121-123%°, n=-D 1.4%38), which was shown by v.p.c.
snalysis and oy comperison of its infrared spectrum with an infrared spec-

trur of authentic dimethyleyclopropylearpinol (78) tc consist of =t least

10,34 g. (49.2% yield) of dimethyleyclopropylearbinol,

Isoprooenyleyelopropane .——~Lsopropenyleyclopropane was prepared

by the sulfuriz acid-induced dehydératicn of dimethyleoycleprepylearbincei,
following the procedure of van Volkenburgs and co-workers (%) as applied
by Slabey and Wise (76) and Schuster (8C). In a typical cxperiment there
was obtained from 1C.24 g. of dimethyleyelopropyleariinol ané £ érops of
concentrabed sullfurle zeld 5.49 g. (05.2% yleld) of pure Isopropenyl—

cyclopropane.,
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Iscprovyleyelopropane . ~-Lsopropyleycloprepane was prepared by

The hydrcboration-proetonation of isopropenyleyclorropane according to
the general orccedure of Brown soé Murray (81).

To & magnebically stirred solubion of 47.68 . (0.581 mole) of
isopropenyleycelopropanc and €.CL g. (C.159 mole) of sodium borochydride
in 158 mi, of diglyme uncder nitrogein at O°, there was added 27.1 rl.
(0.222 mole) of boron trifluoride ctherate in 79.1 ml. of diglyme over
a pericd of 2.25 hours. The reacticn wixture was stirred for aacther
30 minutes. Then 63.5 g. {0.859 mcle) of propionic acid was added te
the reaction flasgk; the contents were stirred st room temperature Jor
5 hours. IFinally the reacsion mixture was healed (by an oll bath) g0 That
ether znd tae low-boiling hydrocariton rescticn proaucts coald aistil outb
0 the flask., This crude product mixturc was shown by v.o.c. and IR enealy-
ses Lo cousist ol ether, Z2-gethylpentane, isopropyicyclopropanc, E-mothyl-
l-pentenc, and Z2~zethyl-Z-pentene. (Individual corponents were separated
and collected by preparative v.p.c; and their infrared or n.n.r. spectbra
were examined and comparcé with spcetra of authentic ceamplec,) Tae ap-
proximate relative percentages of the hydrocarben products were: 2-
nethylpentane, 10.0%; isopropylcyelopropane, {7.8%; 2-methyli-l-pentene,
6.7%; and 2-mothyl-2-pentene, 5.6%. The crude product mixbure was
wached twice with dilute squecus sodium bicerbonate solubtion and then
<hree times with water. The layers were separeted and the organic
layer wag dried over Drierite overnight. Careful fractional distilla-—
+tion Through an efficient 1CO-cm. metal~helix-packed column permitted
separation of Iscpropyleyelopropane from ether and the companion hydro-

carbons. Overall there was collected 36.0 g. (7%.5% yield) of hydro-
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carbons. Tne cut of isopropyleyclopropane used in the chain-transfer
experiments described belew had b.p. 55.5-58.8° (745 mm.) (1it. (82),
o.p. 58.37¢ (760 mm.)); it was shown by v.p.c. analysis tc be 98.6%
opure, the most likely impurities being Z-methylpentzne snd 2-methyl-l-
pentene. Tae n.r.r. specetrum of lgopropyleyclopropane was relatively
agy to irterpret; 21l the rescrances cecurred at high field. Thore
was the expected (but unsymmetrical) doublet Jor the methyl protons,
z2nldl sl even higher fileld 2 partlally reso’ved maltlpleis characteristic
of c¢yclopropane ring protons., No resonance for the tertiary probton

cou~d te detected.

Preparation of Pcolystyrene Samples and Determinsfion of Chalr—

Transfer Jonstants.—The general procedure ic modeled after the nro-

cedure of Gregg =nd Mayc (83).

Bef'ore preparing each new batch of polystyrene samples, commercial
ahyrene monomer wszs purified hy washing 200 wl. of monomer four —imes with
H0-wl. porticns of 5% agueous sodium nydroxide soxution (to extract inhibi-
tor), then rinsing four times with 50-wl. portions of distilled water, the
lagt wash bheing nzutral to litrus. The styrene was éried over caloium
chloride in the refrigerstor and distiilled under nitrogen hefore use,

b.p. 35° (1C.5 mn.).

The procedure for the preparation of polystyrene samples in the
eboence of any external transifer agents fcliows. The moromer was weighed
into clean, heavy-walled glass Tubes, whicn were then attached to the
vacuwn Line and cocled in liguid nitrogen. Then the tubss were evacuabed

and dry nitrogen was admitbed a tobal of three times. Next the system
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was degassed three times by cycles of thawing, refreezing, and re-evacuat-
ing the tubes. Finally the tubes were scaled under apprcximately 1 mm.

of pressure. Bamples vere stored in Dry Ice before and immeciately follow-—
ing lmmersion in a thermostatted oil babth maintained at 79.1 + 0.2° Tae
duration of immerglon was vsried for verious samples.

The procedure for the preparaticn of polystyrene samples ir the
presence cf reopentane, n-butane, or methyleyclopropane was {the ssme as
that just described zbove except that the very volaibile hydrucarbons were
attached to the vacuum line in a special air-tight glass cylinder with =a
Teflon sercw-valve =nd were traznsferred to the sample tubes by bulb to
bulp disvillation at 1 mm. rrior to the degassing of the combined styrene-
hydrocarvon samples. The weight of the hydrocarvon used ir trese samples
was determined from the gain in welght of Uhe sample tube »lus styrene alter
the transfer of the nydrocarbon and the sealing of the sample tubo.

The nrocedure for the preparation of polystyrene samples in the
presence of 2,3%dimethyibutene or isopropyicyclopropane was the same as
that fcr the preparstion of polystyrene gamples in the sbsence off any
Lhydrocarhon transfer agent except that in these ceses the hydrocarbon
was alsc welghed iato the sample tube before it was attachea to the
vacuum line.

In all cases, the average degree of polymerization for each
volystyrene ssmple wes determined as follows. Rach sample tube was
chilled in Dry Ice-acctcne or ligquid nitrogen as was appropriate and
was cpened by cracking with a hot glass rod. The polystyrene solution
was bransferred to a 500-ml ITrlenmeyer flask containing 250 ml. of

magnetically stirred metharol so as to precipitate the polymer; thisz
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solution was lot stand for 2L hours. The precipitalc was then collected
on a Buchner tunael, dissolved 1o 25 ml. of benzene, and let stand for
another 2L hourg. The polymer was then further purified by two morc
cycles of precipitetion in 200 ml. of methanol Tollowed by solution in
benzerne. Pinally the vclymer wac reprecipitsted,; collected on a tared
sintered~giass crueille, éried under vacuur szt 100° for over 8 hours, and
weighed. Trom the weight of the polymer and the criginal weight of sty-
rene monomer the percentage polvmerization was determinea., Determinaticn
of the intrinsic viscosity [7 ], of = dilute solution of the polystyrene
in benzenc according to the prccedure described in Deniels, et al. (84)
then permitted estimation of the average number molecular weight, ﬁn, ol
the polymer and hence thoe average dogree of polymerizatioﬁ, ?} o the

polystyrene sample according to equations 55 and 56 (85):

B = 16000 (71707 (55)
V= 1047 . {56)

¥or samples with transfer agents the chain-transfer constant for the
hyirocarbor with styrene could then be determined from equsation 54, ». 47.
Tne experimental results relative to the Cetermination of the
chain-trensfer constants ol neopentane, n-—butanc, methylcyclopropane,
2, 3-Cimethylbutane, and iscpropyleyclopropane with styrenc at 79.1° have
slreedy been prescnted in Tables 510, pp. 48-52. Hurther experimental
details ©or tae same samples arc given in Tables 14=~1G below.
A word of explanstion is necessary aboub the calculstion of the

rasic of concentratlons of hydrocuribon bo styrepe n Tables (-1C. These
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ratvios were determined from the original amounts of reacbants in the sample
tubes as given in Tables 15-19, a first—-ordcr corrcetion being applisd for
the zmount of nydrocarbon in the vepor phase. It was assumed in all cases
for purpcses of this calculation that the sample tube capacity was 23 ml.
(a good approximaticn) snd that only the hydroearbon solvent was present
in the vapor phase to sn appreciable extent (a2 good epproximation). From
the known densities of styrene and hydrccarbon sclvent, and assuming nc
change of volume upon mixing, it was posaible to caleculate the volume of
sample tube unoccupied by the licuid phase. The amount ¢f hydrcearbon in
the veapor phase then could be calculated by assuming the hydrocsrbon to

be an fdeal gas at a pressure adstermined by a Reoult's Law correction o
the normsal vepor pressure of hydrocarbon at 79.1°, This emount would then
be subtracted from The original zmount of hydrocarvon prescni; and the
corrected ratio of concentrations of hydrocarbon tc styrene could then e
caleulated from the corrected amount of hydrocarbon in the liduic phase

and the original amount of etyrche present.

Yributyltis Hydride (60).~—in a one-liter, three-necked, rouna-

pobtomed flask equipped with & mechanical sbirrer, pressure—cqualizing
sddition funel, ant a niTrogen bubbler was placed 2.5 g. {0.0660) mole

of iithium aluminum hydride cissolved ln 200 wl, of elhoer. Wilrogen

was passed througk the stirred solution at all times. To this sclubicn
was added slowly {over ax kour or so) 51L.45 g. (0.158 zole) or tributyltin
chleride dissolved in $9 ml. of ether. The resulting solution was allowed
to stir for snother hour at room temperatuvre. The oxcess lithium aluninag

hydrice was then destrcyec by slow additicn of water. Theether iasyer
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TABIE 1k

= . . - . . a i
Preparation ot Polystyrene Semples ot 79.1° in Apsence ¢l Treasfer Agents

Senmple Criginal welght Tobar bime
Ho. styreae, g. in oath, hrs. % Polymerization

152wk 8.4 24 10.9
1635 5.7 2k 11.3
161-C 3.6 18 S.C
161-7 3.8 28 9,5
H1-8 8.5 ly 20,0
~90~1 6.00 21 9.6
G0 h,96 21 15.5
290~3 5.26 el 5.6
22kt 5.CH 24 g.¢
oLo-6 ho7u £z G.€
(2) of. Takle 5.

TABIE 15

. . - , e a
Preparation of Pclystyrene Semples at 79.1° in Presence c¢f Fecpentane

Somple Criginal welght Criginal weight Total tixze

Ho. styrenc, Z. necpestane, (. in bath, ars. % Zclymerization
277wl b7 1.27 hy,3 12,1
D772 L.56 3.5% 120.0 9.3
27T k.co 5,62 21g.0 5.2
() ¢2. Table 6.
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TABLE 26

: : Ao . . - o 4
Preparatvion cf Polystyrene Samplss at 79.1° in Presence of r-Butane

Sample COrigins: welgat Ordginel welght  Tctal wime

hc. styrenc, o. r~butane, g. tn bath, hrs. % Polymerization

2oL h.2i .24 89.0 0.98
1907 L.&c k.45 21.0 1.k6
190m8 k.53 L & 21.0 1.56
1906 5.C7 L. 52 hz.0 2.0
2505 5.10 2.7% £1.0 5.57
190-k 5.12 1.2% 21.0 5.75
20— 4,835 .65 £1.8 7.32
22h-3 4.59 2.C3 L&, 9.05
130-10 1.89 b, 80 96.3 1.3

(=) Cf. Table 7.

PATTHE 17
Preparation of Polystyrene Samplies at 79.1° ir Presence

of Iyieti:xylc:ye.“t_opz'opam51

Saumple Oxriginal weight Original weign;u—.Total tine

Wes, styrene, g. MO, s, in path, k>s. % Folymorizztion
UG-l 4,62 1.30 L. 0o 1z.5
DI .46 2,53 62,25 11.8
2hG—3 4.95 5,54 $59.25 10,2
250 AL 4,28 T.61 1%8.0 8.3
2L Ow5 3. b 5.56 148.0 o2

(a) C&. Table B,

(- Y} Methyleyeloprovene.
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TABIE 18
Preparetion of Polystyrene Samples abt T9.1° in Presence

of 2,%-Dimethylbutane™

Sample Original weight Origiral weight  Total time

No. gtyrene, g. DMB,® g. in bath, krs. % Polymerization
308~2 o L.95 2.98 121.C 20.9
2083 L1 S Al 169.5 16.2
Z08-5 5.95 1.89 95.5 24 4

(=) cf. Tarle 9.

(o) 2,3=Dimethylbutane.

TABLE 19
Preparaticn of Polystyrene Samples at 79.1° in Presence

of Isopropyleyclopropane

Sample Original weight Original weight  Total time

No. styrene, g. ICP,E . ir. bath, hrs. % Polymerization
BB, 5. Th 1.0 9L.7 2l 7
AR 4.80 3.00 129.7 24,5

(a) Cf. Table 10.

(v) ZIscpropyleycloprovane.
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was separated, washed twice with 5C-mi. portions of water, éried cver
magresium sulfate, and let stand under nitrogen overnight. The magnesium
suwitfate was Tiltered off; the ether was stripred off under reduced pres—
sure anc heating., ¥Finally the residue was fractiona’ly distilled under
vacuvur. The yleld of cclorless, caoriferous tributyltin hydride, b.z.

89.5-90° (1.5-2,0 mz.), was 30.65 g. (66.6%).

(7,7-Dimethylallyl)-carbinyl bromide was prepared by the procedure

of Caserio (75). A typical preparstion is described.

In & 300-mit., three-necked, round-botbtomed [lask, equipped with a
thermometer, a dropping funnel, and a magnetic stirring bar, was placel
153.6 g. (0.90 wole) of 4B% nydrobromic acid. This aqueous sclution was
cooled to 3° by iecc—water cooling. Then there was added dropwise 18.15 g.
(0.181 mole) of cimethyleyclopropylearbinol over 13 minutes. The mixture
was stirred for asrother 7 minutes as the temperature in the flask »ose to
8°. Me reaction mixture was placed in a separatory frwmel, and the
upper organic layer wes separated. This was washed with 40 =1, cf
water; and thern the now lower organic layer was removed and dried over
anhydrous calcium chloride. The crude product wes distilled thrcugh =
snort Vigreux column in vacuo. The yield cf (7,7-dimethylallyl)—carbinyl
bromiac, b.p. 81-83° {79 mm.), identified by compariscn of its infrared
spectrum with that of Caseric for ar authentic sample of the broride,
was 19.0 g. (6h.Lk%). The product was shown to be pure by v.p.c. and

n.m.r. enalyses.
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Allylearbinyl Bromide,—The allylearbiny: bromide used iz the

experiment with tributyltin hydride described below was prepared in
these laboratories by M. 5. Silver and was shown to be pure by v.p.c.

ard r..m.r. analyceos.

Tributyltin Hydride and (7,7~Dimcthylallyl)wcafbinyl Bromide.——

Duplicate experiments were carrica oub, the procedure being based on a
procedurc for & sinilar rcaction by Howden (85) and on the sketchy pro-
cedures outlired by Kuivila and co workers (59).

In a small two-necked flssk squipped with a anitromen inlet and
an atzpter leading tc a Dry Ice-acetone-cooled trap were placed L4.00 g.
{0.0;57 mole) or tributyltin hydride and 2.08 g. {0.0128 mole) of
{7, 7-dinethylallyl)~carbinyl bromide. 'he resction mixture was agitased
by ritrogen tubbling for 95 minubtes, then heated so that lcow-boiling
products could distdil into the cold trap. The distillate was anslysed
by v.p.c. (diisodecyl vhthalatc packing) and shown tc consist of =t
least 8 components. Compariscn of retention tires (and analysie of per
cent composition by the width-at-half-height technique) showed these
components <o be (in order of ircreasing retenticr time): 2-methyl-
pentane, 3.63 relative %; iscpropyleyelopropane, c. 0.22%; 2-methyl-1-
ventene, 0.33%; 2-methyl-2-pentene, 9U.U%; four unidentified componente,
total of 1.39%. It is likely thet at least two of the unidertified come
porents may ve organctin compounds. The yieid ¢f identified hydrocarhons
was 95.5%. Tae yield of 2-methyl-2-pentene was C.97 g. (89.0%).

In the duplicate run, the product distrivuetion was shown by

v.p.c. analysis tc be: 2-methylpentane, 0.444; isopropyleyelopropanc,
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0.03-0.07%; 2-nmethyl~i-pentene, 0.28%; 2-methyl-2-pentene, 99.10%;
four widentitied compcnents, total of 0.25%. The yield of hydrccarbons

was 0.54 g. (529).

Tributyltin Hydriée and Allylearbinyl Bromide .--The reaction of

2,80 g. {0.0120 mole) of tribvutyltin nyaride end 2.40 gz. (0.0178 mole)
of allylcarbinyl bromide was carriecd oub cxactly as described above for
the reacticn of bributyltin hydride with (7,y~dimethylallyl )-carbinyl
bromide. The aydrcearvon products were shown by v.z.c. analysis (tctrau
iscbutyienc packing) Lo coasist of predomlinuntly l-butene, a trace of

methyleyelopropane, and possitly some cis— or trans-2-butene.
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FROPOSITION NO. 1

Absbracy
A synthesis is proposed [or the cyelic azo compcund,

4,5~dimethylene~3,4,5, 6~tetranydropyridezine (I).

Discusgion
A prcepoced synthesis for the cyeliec azo compound I is cullined
below. Refercnces are given tc the syntheses of the starting materisls

and to urocedares for the individual steps:

CH20H CHEOK(l)

CHp = (e T C""E\
[OCH.C TCOZEL
i shaly |
oo
1 TS
+ CHsCHaOCH-NCOCHaCH 27 HOCf‘E‘J\NHE/ HCC2B
CHa
e N
(5,5,6) LOCH=CH NCCoES
cebalytic Hp 2?7277
Fa
ECCHoCH _moezi
CEz Cllz
® /
BrCHaCH \Z‘ICOgEt CHp=C ™,
PRr i A,5,7 | l
? l (05333001{)
BrCH=CH _NC0oES CH»=C._ _~MH
Nong CHZ
Cliz
/
(5,6) CHa=( Ny
Og or Hgo'\?’ ”
CHa=C il
\\CHé/’

I
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The azo compound would be of interest as precursor to the
ag-yet-nob-synthesized biradical diallylene (I1), a prototype biradical
(cf., for example, Schlenk’s Lydrocaxton (8)), which is predicted by
mo’ecular orbital theory to have a triplet ground state (9,10), %he
biradical could form such interesting organic compounds as IIT (1,2~
dimethylenecyclobutane (11,12)) and IV (13). Furbher, it would be of
interest to investigate the scavengirg of the biradical. And a study
of the decompositicn ¢ I or of i lapeled in either or both of the
methylene pesitions could ghed light on The mechanisn of the cecomposi-
tion of cis-azo compounds; in particular, labeled I could be utilized 0
investigate the possibility, suggested by Hemmond and co-workers (14),
that there may be a nop~radical decomposition path for zzo compounds
involving the transition state V. If a non-—radicald cdecompcsition peth
spch as that suggested were involved, all of the lavel should be re~

<ained in the methylene groups of product ITT.

Clloy, Al Czg Pt Gz, CHa Tl
. CHZ CHz - || CHZ CHy R---R
CHo—CHo

II I-I IV 1%
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PRCPOSITION NC. 2

Abstract
A compebition resction is propcsed whereln 1%t is suggested
that a large primary Geuberiur xinetic isotope efifect wi- l Le nmeas—

tred Tor an irtermoleculsr hydrids fon trensfer from carbon To carbon.

Disczussion

The magnitude of the priwvary devberium kinebic iscuope effect
nas been nmuch used 1n recent years as a criterlon Oof mecharnism (15—17).
Whereas ratios kH/KD ag large as the Theoretical maximum have been
meagured for proson or hydrogen atom transfers from carbon to some cther
wbom in Bhe rabewdetermining step.(lG,lT); there appears thus far to be
no well-documented example of a large isotope effect for a similar rate-
teterrining hydrice transfer, measured ratios kH/kD ranging only up to
three {(17-23). (The example cited by Wibcrg (17) of a large isctope
effect for a hydride transier—the cxidaticn of alechcls by diazonium
iong (2h)~~is row concedec by the original investigator to be a transfer
of radical charachcr (25). Very rccently Lachowicz and Critter (26)
have reported azn lsotope effcet kH/kD of €.8 + 0.5 Zor the silver metal-
catalyzed Cannizzarc reaction of bpenzaidehyde and benzaldehydemabgi with
godiium hydroxide in 50% aquecus etnanol; the authcre proposed a mecnanism
involving hyéride transfer on the catalyst surface but admitted that =
“pee-radicel mechanism for this reaction has not been ruled oub.) Since
theory mekes no distiretion as to the nature of the hydrogen species
being traxsforred with respect to the magaitude of the lsoctope eifect

(15-17), there would appear to be ne resson why a carefully chosen exe
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arple of a hydriac transfer reaction should not show an iscbtope effect
of magnitude comparable to [avorable sxamples of proton or hydrogen
atom transfers.

Bartlett snd Tate (27) and, to some extent, Swein and co-
werkers (23) have argued that_the relatively sbrongly bonded nsture
ol the activated complex to be expected for a aydride transfer might
be resgponsible for the small isciope effects thus far rezlized in such
cases. But the second-order—approximation theory of the magnitude of
deuterium isotope effects, reviewed by Westheimer (15), suggests thet
the above rationalization may only be ccorrect inscfar as the bonding
in the aciivated complex is not "Tully symmetrical.”

A""H""B

5 5

if I represents the activatcd complex for a hydrogen Transfer
reaction A4 + B ~d A = liB, then "fully symmetrical bonding” implies
that the hydrogen specles is cqually borded to bota A and L5 i.e., that
the force ccnstants El and EE for the A-H gnd E-E stretching moticns,
respectively, are equad. I the force comnstants gl and 52 are equal
and are the same Tor bota hydrogen and deulerlum, as 1s gernerally as-
sumed, tnen tc this order of approximstion the zero-pocint energy fox
the two isotopic activesed complexes willl De the same. Hernce, with
these assumpiions the difference in activetion energy Tcr bhe two
isotopic reactions will reflect almost compoetely the difference in

zero-point erergies ¢f the ground state A-H ard A-D stretching vikra-
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tions; and this difference-~in-zerc-point-erergies contritution to the
isotope effect KE/KD will Wwe a maxirum.

By a "fully symmetrical hydride transfer” is meant = hydrice
tranzfer (reaction) with a "fully symmetrical” activated complex in
the senses defined above.

Now a survey ¢ those hydrice transier reactions for which
isotope effects have been measured reveals no exapple whers a fully
gyrmetrical hydride transfer is likely (17-23). A consideraton of
the various *types of reactions involving hydride transfers (28,29)
suggests that a likely case for a symmetricel hydride trensfer Trom
carnon is cnc from a hydrocarbon tc a carbonium icn (28,50~55).

Hence, it is proposed that the primary deuserium isotone

eifect be reasured for the abstraction of hydride iorn from 2,2, 3~tri-

rethylbutesne (triptane) by t-butylcarbonium ion; and it is suggested

that the magnitude of the isotope effect so measured saould approsch

the thecoretical maXimum under favorable experimental conditions.

This conclusion is based on the assumpticn that there will he

& linear, alzost symmetrical trensition state tor the hydride transier;

to wit:
CHg
{3-{[3—CH5 CHa
e of
By CHa CHg s

1T
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The steric requirements of The two bertiary carbonium Zons are such as
to make it ¢irficult to visualize any olher tracsition stetc gocomcbry
of lower cnergy.

The isctope offect should be measured in a reaction in which
t—~butyleerbenium iorn competes for The terbiary "hydride” atoms of trip-
tane and triptane-2-d (2,3,3-trimethylbutane-2-4). (The triptane-z-G
could be comveniently syntnesized by ithe hydroboraticn of Griptens,
2,3, 3~trimethyl-i-kutene (36) wita perdeuterodiborane, followed by
protonclyeis with propionic acic (57).) In a properly devised reaction
system, the magnitude of the isotope eifect could be calculated from
the rolative amourts of deuterabed and undeutersted iscbutanc formed
85 products, analysis of thess hydrocerbons tc be effceted by nuclear
magretic rescnance Spectroscopy Or, praferacly, by mass spectrome.ry.

Such a system might pe the reaction in sulfuric scid es solvent
cl t~butylecarpbonium ion, derived from t-putyl aleohol or isobuterne, with
the isotopically lscmeric triptenes (Z8-42, 31-33). Ia related sulfuric
acid systems 1t has been estabtlisned that hydride transfer is rate~
determining and that eguiiibrium is nct instantaneously esvabliched;
indeed, by a judicious cheice of resctlon conditions one car ensure
that the product éistribution resulting from hydride transfer 15
kinetically controllea (31-33,35,43). A possibly alternative system

is the reaction with the triptanes iz liquid sulfur dicxide of t-butyls

carborium ion derived either from Lhe deccmposition of the t-bulyl

oxocarbonium nexaflucroantincnale compliex (frem pivalyl flucride and
- . toem - . .

sntirony pentailucride), (CH5)3000 8uFg , or from whe direct reaction

of t-butyl fluoride and antimony pentafluoride (b)),
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PROPOSITION NO. 3

Abstract
Possitle sxperiments are proposed %o demonstrate more con-
clusively=1f true——the free~radical nsture of the intermediates in-

volved 1n the reductlions of alkyl halddes by orgsnotin hydrides.

Discussion
Reecently Kulvila, Menapace, and Warner (MS)-have zaserted that

reductlions of sglkyl halildes by organotin hydrices such as tri-n-
butyltin hydride or triphenyltin hydride (h5~50) proceed wvia s free-
radlcal mechanlsm, probsbly "a chaln mechanlsm In Which an organobin
radical abgtracts a halogen atom from the hallide in one step, and the
resulting alkyl radical abstracts a hydrogen atom from the organotin
hydride in the other step.” Seyferth and co-workers (50) have found
Kulvila's evidence "convineing." It would be fairer, novever, and more

objective to say that Kulvila's evidence 1s consistent with a Sree-

radlcal mechanlsm but not conclusive.

Agide from the Iinherernt interest in arriving at the truth
with respect to the mechanlsm of such reactlons, establlching beyona
doubt the true nature of fthe alkyl Intermediates imvclved in these re~
ductions is of inberest Inasmich 2s some of the conclusions reached
concerning the mechanlams for The Interconverslon ¢f the cyclopropyl-
carbinyl and allylcarbinyl skeletons and the dimethyleyclopropylearbinyl
and (7,7~dimethylallyl)~carbinyl skeletons in free-radical reactions
were based on lhe assumplion thal ln the reducllon of aliylcarbinyl

bromide and of (7,7—dimethylallyl)—carbinyl bromide with tri-p-butyliin
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aydride alkyl free-radicsl irtermediates were indeed invelved (51).

The general stoichicmebry of such reductions is indicated in
equetion 1. The oropagating steps for a generalized chain mechanisn

for such reactions (nature of intermediates not indicated) are presented

in equations 2 and 3%.
hm )R 1 " - . .
()R + R JEy D (ben)RrE 4 R' sn¥) (1)
Step 1! R'Sm + RE ——> R'Sn¥X '+ R (2}
Step 2: R + R'Swli ~——> RH + R'Sn ()

The “act that reduction cf optically zctive G-phenylethyl chloride
with triphenyltin deuteride yields racemic G-ceuterio-phexyiethance under
conditions whick Go nct cause the racemization of the kalide (4%) elimi-
nates a possible SN2 mecharnism ané is evidence that the reaction probably
irvolves either aikyl free-radical or cerbonium icn intermediates. How—
ever, Kuivile's observation that the relative rates for reduction of the
halides in his investigation {45) parslleled more closely the —elalive
rates of abstraction of hatogen atoms from slkyl halides by methyl radi-
cals than SNi solvolysis veactivities——ir parbicular, cyclopropylcarbinyl
caloride underwent no reduction at all whereas G- and y-methylailyl chlor—
ide were readily reduced al room temperazbure by tripnenyibin hycride,
relutive yeactivities opposite to that for the =solvolyses of the same
oyelopropylcarbinyl end allyl halides in squecus ethanol (52)--is not
necessarily consistent owly "with a mechanism in which the rate of
formation of an zlkyl free vedical 1s the prime fector in determining

resctivity of a halide"; it is alsc consistent with the less plausible
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but %11l possitle alternative interpretation “hat the rate-determining
sbep of the reduction invclves the abstraction of aydrogen from the
organotin hydride by the alkyl intermediste, whether free radical or
carbonium lon; i.e., step 2 might be slower than step l.r If such were
the case, the reactivities of the various allkyl inbermedietcs might be
expected to be in lnverse crder to thelr relative stabilities; il.e.,
the mere stable alkyl intermediates would be slower to sbstract hydro-
gen from the hydride than the less steble intermedistes. This would
be true regardless of whether such alkyl intermediztes were free radi-
cals or carbonium ions. And 1f the intermediates were carbonlum lons,
then the reletive reactlvitles of the halldes would tend to be in in-
verse order 4o ‘the stabilities of the carbonium ions preduced upon
solvelysls; 1l.e., In the order ovserved. Tc express the concluslon
which has JusT been reached in sncther way, while it is true that the
order of halide reactivities toward organctin hydrides observed iz rot
consistent with an SNlH‘type of lonizotion as the rate-determining step,
such an observation does not necessarily rule out the possibility <hat
alikyl carbonium lons may be invelved as Intermediates in these reduc-
ticns. In fact it is posszible that, depending upon exactly which fin
hydride and alkyl hallde are used as reactants and the exazct reaction
conditions, thers may be both free-radical and carbonium ion mechanistic
pathways avellsble. One mlight even imagime & four-center mechanism
with considerable carbonlum lon or free-radicsl character. For example,
the azo-bis-isobutyronitrile~catalyzed reducitlons of benzyl chloride,
chlorocyclchexane, and bromobenzene undoubtedly involved alkyl free

radicals as Intermediates (45).
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The reduction cf alkyl halides by each organobin hydride should
be exsmined in greeter deball to debermine whether o fwvce-~radicsl or

carbonium lon—-Lype mechanicm is operative. In poarticular, in crder bo

H

4

b

determine in each casc whether or not "tree" alkyl free radicals ar

R

involved as reaction intermediates, the following experi;r_;ents 9@ PTOw
pesed zs diagnostic alds.

An attempt should e made Lo trap cut the possible Tree radical
intermediates. One mebthod of doing this woule be to carry oub the reducw
ticn of the halide with bthe organctln hydride in lhe presence of a2 monomer
such as vinyl acctate, scrylonitrile, or methyl methacrylate to determinc
vhether or not free radicals might be detected by initiating polymeriza-
tion (53). It is known, for example, that trien-butyltin hyd-ide will
by itsell mercly add across the double bond off acrylonitrile or metayl
acrylate rether then initiate polymerization (46), will not attack the
nitrile or ester functior while adding scross the double bond (L6), and
will react preferentially with a carbon~bromine bond in Lhe preosceocs of
an (unsclivebed) olefinic linkage {50); hence, initiation of poiymerizaw
tion would vaory likely indicate the prescnce of clkyl free~radical intere
mediabes. Oblher radical trapping agents such asg diphenylznicrylthydrarnyl
(54) or the very reoctive gelvinoxyl (55) might be used similarly il wp-
proprizte control experiments indicsted that they were not heing consumed
in some undcoired sidce rcecoetion with one or the other of the reaments.

Another possible way of determining more conclusively the nature
of the alkyl intermediales inveolved in these reactions would be to utilize

the fact that the "eyelopropylearbinyl" ecarbonium ion and free radical

give radlcally different types of product distributions (56), Thus if



the reduction cf cyclopropylearbinyl bromide with an appropriste organotin
hydride involved a carbonium ion ianbermediute utnder kinetlcally controlled
reacticn conditions, one might expect the hydrocsrbon products to consist
largely of cyclobutane and methylcyclopropane with scme l-butene (52,57)-
On the otner hand, if = free-radical intermecdiste were involved in The
reduction, the aydrocarven products would be expected to consist largely

cf l~butene, and no cyclobutane should be cbserved (58).
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PROPOSITION NO. U

Avstract
It is propcsed that the possible role of polar directive effects
in radical displacement reacticans be investigated for doncr~Lype free
redicals as they have been invesitigated for acceptor-tyve free radlcels.

& model experiment is discussed.

Digeussion

Tae poseible imporvance of polar factecrs in reactions involving
Pree~rudlcal intermediates has been stresscd by ceveral authors (56-62).
Aside from pclymerization processes, nowever, such phencmena have been
;nvestigated mainly in the case ¢ radical displacement reactlons of
highly clcctropnilic ("acceptor") radiecals, notably chinorive {63-68).
Irn perticular, polar effects have peen held to be responsible for the
Hammettwbype correlations observed for abstracticn of hydrogen atoms
from substituted toluensas sand cumanes by such acceptor ragicals as the
chlorine redical, the bromine radical, veroxy radicals, the I-buboxy
radicel, ard the trichlorcmethyl radical (59,01,62). Polar effects
have also been held to be largely responsible for product distributions
in chlorination resctions involving elkyl chloxides (64-G6), acid
chlorides (65-67), esters (65-67), acids (63,65-67), snd nitriles (67),
although at least onc author has gbated that the directlve effecte evi~
Gert in these chlorination reactions were due %o hyperconjugaticn in
the resulting alkyl radicals rather than to a polar effect {69). Tor
exampic, 8 typical product distributicn of monochlorides frcm the liguid-

phase photoch’orination of butyric acid (67) is shown pelcw (numbers in



- 108 -

parentheses represent percent of monochloriae prcducts derived from

atback of a chlerine radical at that position):

CHE—“CHE*—CHE——COOH

(31%) (64%) (5¢) .

This preduct distribution Is quite different from what one would expect
purely on the basis of the bona dissociation energies of the various
carbon~hydrogen bhonds.

Ir general, the following factors have been shown toe be of
importancé in determining the position of attsck within =z molecule
(and hence the proGuct distribution) in radicel displacemens reactions:
the bond dissociation energy ©f thae bend being broken;the bond strength
of the bond being formed; the stability of the resulting redical {(in~
cludes hyperconjugaction effects); the amount of boné breasking ia the
transition state; and polar effects beth in the molccule being sttacked
and in the attackirg species. Tas term "polar effects" Zmplics appropri-

¥

hiv)

polar contributione to the transition state of the resction. Sieric

T

cifeets appear tec he of Zmportance only when very large radical inber—
mediates are Znvclved (61).
Az incicated above, the less electrophilic "denor" redicals

kave been thus far virtually neglected in studies of this kind., Tre

literature cortains some scattered refercnces to iavestigations of
reactions involving the methyl radical wrere polar sffects might be
important (70~73) and a couple of references to explcratery work cn

the phenyl radical (62,74); ctherwise, nothing.
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The ravio of relative reactivities cof cyclohexane and toluene
toward the chlerine radical has been esbiguabed as 124 by Russell and
Brown (68); Edwards and Mayo (70) have found the corresponding ratio
toward the methyl radical to be 6.4,  Something obther thar s polar ef-
feel wonld appezr to be responsible for these resulte, probably the
amourt of bond oreaking in the transition state. By contrast, Price
and Morita (71) have found the ratio of the rabe constanbs for sbstrace
tion of hydrogen from the & and B8 pesitions of iscbutvryl chloride by
methyl raéical to be 12.4; the corresponding retio for the chlorine
radicel (63) is 1.5. Polar effects might be responsitle for bhe dif-
ference in the megritude of the ratios in this latter examplie.

It is 2lear that zn assessment of the importance of polar di-
rective effects in rsoical displacemens reactions ¢ conor radicalds
would be cf valuc in estimating the overall importsnce of pclar effects
ir. reactions.of free radicals in genersl. Io this end it i1s proposed
Lhulb a systewatic ifnvesblgabtlosr of polar elfects in radlical Clsplocee
nent reacstions of donor radicals be undertaken after the metheds of
the investigations of similar effects in reactions involving acceptor
radicals.

in particular, a good experiment with which to start would bhe
e study of the relative rates of hydrcger absbraction from the &, B,
and 7 positions of butyric acid by a serieg of donor radicals includ-
ing the methyl radaical, the ethyl racical, the isopropyl radicel, the
t-butyl radical, and the phenyl radical. Yhese rates cculd be measured

by successively ceubterating the &, B, and y positions in butyric acid
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and debermining the corresponding ancunts (by mass spectrometry) of RD
and RH formed for small percentage conversions upon atback by R-, Fcllowe-
ing the =ethod of Price and Morita (Tl). Similsrly the rales could te
obtained by successively tritisbing the available positions and measuring
the specific acbivity ¢ the "RH" formed alcng with that of recovered
starting acid. Tue radicels could ve genersted by conveational methods.
The Hubyric acid radicals formed would presumsbly eventually dimerize Or
telamerize (72,73). Kinctic isotope effectes would ve sutomatically laker
irto acccurnt (and estimated) by the above procedure, or by a compinstlon
of the stove procedures. The product distributions with eachr donor radi-
cal coulé we determired; comparilson ol the product distributions along
the series of donor radicals would hopefully provide a qualitative measg-
ure cf “he impcrtence of polar Girective effecls in this instence. Simi-
lar experimento could, of courge, bc carried out for other compounds with
obheyr functicnal groups.

The only factors aside from polar effects in the respective atback-
ing radiecals whiech could vary from a set of experimerts with one donor radis-
cal to a set with the next would be the bond strength of the bonc being
formed and the zmount of bond breaking ir the transition staze. If the
polar effect predominated in these experiments, presumably there would oe
relatively more atback on the & position of butyric acid as crne moveo along
the series from phenyl tc methyl to t-bubyl radical; if the other energetlic
factore were of Hrime imporbance, presumably the relative order of atback
on the @ position might be reversed znld Instead there right ve relatively
mere attack on the B position along the series phenyl, methy., othyl, Lso-

propyl, and T-outyl radical,
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PROPOSITICN NO. 5

Abstract

It is proposed that the temperaturc dependence of the product
distributions resulting from the generation cf the cyclopropylearbinyl
and dimethyleyclopropyleartinyl free radicals in the presence of an
active hydrogen donor be studied: in the former instance to verily
that swo radical intermedistes must be invoked to zcccunt for the
product digtributione obeerved; in the latber instance to search for

ayidence of a nonclassical dimebhylhomosllyl raciesl intermediate,

Tae theory and sigrificance of a study of the Lerperature de
bendence of the product distribubtions rasulting from the generation off
e cycloorovylcarbinyl-type free radicel in the presence of the active
hydrcgen donor tributyltin hydride nas been digeussed at length in this
thesis, pp.33-383, in ccnnection with & discussion of the ovidence for
the existence of & nonclassical daiphenylhomcallyl radical (75). DBriefly,
1% was shown that Tor two isomeric redicals differing significantly in
free crergy the product distribubion resulting from hydrogen abstrachion
could be expected to change significently with a reasonsbly smell change
in reactlion temperature; the same resulbt, ol course, woddd be prediclbed
for two radicals diftering to a lesser extent in free energy provided
only that the »roduct distribution be examined over a sufficiently large
temperature range. For two dscmeric radicals diffexring in frece crncrgy
by 4.6 keal./mole, a semperature change of 100 degrees would produce ap—

proximately a ten-fcld change in their equilibrium constant. < products
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were Lo ve formed from only onc (nonclassical) rsdical intermediate, the
product Cistribution would not be expected to depend criticslly upon the
reaction temperature.

Taus 1t 1s proposed Thab the tempersture dependence of the hydro-
carben product distributions resulting Cfrum the generation of the Teyelow
propylearbinyl” and dimethyleyclopropylearbinyl Iree radicals in Lhe pres-
ence of tributyliin hydride ve examinec critically over the experimentally
Feasible portion of the tomperature renge 0-180°. The radicels could be
gencratec by decarbonylation of the appropriste aldehydes or by decomposie
tion of the appropriate t-butyl peresters with aporcpriate initistors.

Eviderce has been presented in this thesis (76) for the Znitial
generation from the ceyclopropylearbinyl skeleton of & delocalized homo-
allyl ragical (XVIIz, p.20 ). Purther it was tentatively concluded {77)
from she general trend ¢ an increase in the amount ct allylearbinyl prod-
ucts at higher temperatures in a variety of reactions that both the homo-
allyl an¢ the clessical allylearbinyl free radicals had to be invcked to
gecount for the interconversion cf the c¢yclopropylearkbinyl and allyle
carvinyl skeletons in freewradical reacticns. The tempersture study of
this system proposed above should serve as & check ¢n the validity of
thiz tentative mechanistic conclusion. (The komoallyl and aliylecarbinyl
free radicals may dilfer by 4 kcal./mole or moré in their energy ccatent
{(75).)

It was zlso téntatively contuded in this thesis that the intar-
conversion of the dimethylcyciopropylcartinyl and (7,y~dimethylallyi)—
carpinyl skelebons ir free-radical reactions from evidence to date can

best be explained by the reversible isomerization of the clisssical



dimethyleyelopropylearbinyl and: (7,y-dimethylallyl }-carbinyl frce radi-
cals (78). L1t can be argued, nowever, thal this evidence may not be
aceurate enough or may be insufficient. It is puzzling that toere
shculd ve evicence for a nonelassicel homoallyl radical (XVIIs, p. 20)
and for a Ciphenylhomoallyl radical (xvi e, p. 20 ) but not for the
cerresponding dimethylhomosllyl radical;(XVIIb, v. 20}, The bemperature
study of this system proposecd asbcve then shoulé serve to confirm.the
tentative mechanistice conclugions reached in this thesis or Lo burn up
evidence consistent with the cxistence of a ronciassical Gimethylhomo-

allyl radical.
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