IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1952
The reactivity of ¢ clopropane derivatives with
certain free radicals

Robert Weare Todd
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Organic Chemistry Commons

Recommended Citation

Todd, Robert Weare, "The reactivity of cyclopropane derivatives with certain free radicals " (1952). Retrospective Theses and
Dissertations. 14129.
https://lib.dr.iastate.edu/rtd /14129

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14129?utm_source=lib.dr.iastate.edu%2Frtd%2F14129&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

THE REACTIVITY OF CYCLOPROPANE DERIVATIVES
WITH CERTAIN FREE RADICALS

by
Robert W. Todd

A Dissertation Submitted to the

Graduate Paculty in Partiel Fulfillment of
The Requirements for the Degree of
DOCTOR OF PHILOSOPHY

Major Subjeet: Orgeanic Chemistry

Approved:

Signature was redacted for privacy.

In Chefrge of Wajor Work

Signature was redacted for privacy.

Héad of Wajor Department

Signature was redacted for privacy.

Deah of Graduate College

Iowa State College
19862



UMI Number: DP13011

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP13011

Copyright 2005 by ProQuest Information and Learning Company.
All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



Q Nass” i1
- -

TABLE OF CONTENTS

INTRODUCTION AND HISTORICAL BACKGROUND, .,
BXPERIMENTAL o 4 4 v « 5 o o o o o o o & s
Meteriels Purchased . , , . . . . . .
¥aterials Synthesized , , , , . . . .

Cyelopropanol
Diezomethane

- » » - » - -~ » -

»

.

»

Attempted prep&ratiaﬁ af ‘evelopropyl

Sodemide , , , w % ale
Gyalaprmpyl ey&ni&a . s

Cyclopropylmethyl k@tana
Cinnamyl bromide , , .
leheuylwl,Swﬁibramaprmpana

*
*
L] .
*

* ® % = ®

Attempted preparation of pheny‘hye

5«-Fhenyl-3-pyrazoline
Phenyleyelopropene , .
Platinized asbestos ,
Phenylethyl earbinol ,

@ ~Methyletyrene , .

-

* W B e
* w % % &
® % % » &
& & % »

»
*
»
»

- % % #* »

® % % * W

»
*
"
-
1o
*

*
»
*
L

-

L2

LI
‘acetats’

® * & ® *

*
L]
[
*
.

Experimentel Technlques , . . + « % s o« »

Decomposition of benzoyl peroxide in

eyclopropyl oyanide , .,

>

»

» " » . "

. » & 2 @

[ ]

.

* & & » ®

propan

* % ® % &

-

-«

" ® % & - g * - % & &

Decomposition ax‘azamhigaiathylaaetonitrile
in cyolopropyl oyenide , . . o+ + ¢ & o &
Decomposition of scetyl peroxide in

¢yelopropyl cyanide ., ., , .

Reasction of eyelopropyl eyanida with

triphenylmethyl . . + + « « &

»

]

»

*®

L]

*

Polymerization of styrene in the presence
of cyclopropyl eyanide . . 4 ¢ 4 o o o o
Polymerization of styrene in the presence

of eyelopropylmethyl ketone

L]

-

-

Analytical procedure for benzoyl psrﬁxide
Analytioal procedure for styrene,
Determination of polymer molegular waighta
Decomposition of benzoyl veroxide in cyoclo-

propylmethyl ketone and acetons

Decomposition of acetyl peroxide in cyeclo-

.

*

»

»

propy’lmethyl ketone « « s o « s «

Ti0o26%

[ ]

»

*

-

L]

.

[ ]
»

]

L] - L]

® % % ¥ % & 5 & & 2 & & w &

»

-

- ® w [ 3 *® % ® @ £ . % & - »

Page

- 29
30
31
31
32

32
33

34
35
36



111

Page
Decomposition of benzoyl peroxide in
cyclopropylmethyl ketone « « « + « o ¢ +» o » 36
Decomposition of benzoyl peroxide in
phenyleyclopropene +« + + v s s » s & & o« o o 37
DI%CQ@SX@N GF REEL&TS L2 T T T S TR TN TR T SR T T TR S S ] 4:0
g‘m‘,}m&aﬁy‘tﬁu;pma»a&cﬁiac;i»aasuau#65

ﬁcm(}WL ?}Q%gm LIS D I D D D T T O S T DT R T D Y I B 6 a



INTRODUCTION AND HISTORICAL BACKGROWND

In the last half centwry a eaaéi&erahlw emount of evi-
dence has been presented in fevor of the theory that cyelo-
propane ia intermediate between alkenes and ﬁlkaﬁaa* Although
this hypothesis may not be entirely vslid, there are certainly
a number of similarities between eyclopropane derivatives and
their ethylenic analogs. |

If one considers first the synthesis of eyclopropane and
its d@fivativaa, one finés'tbﬁt practically all compounds of
this type are formed ss & result of elimination reactionsls 2,3,
Here, certainly, ié a‘fundamental aimildrity between oyclo-
propanes and olefins.

Proceeding next to s comparison of reesctions one sees
thet en overwhelming majority of both ethylenes end eyelopro-
penes undergo additions with s number of oammén reaagents, One
of the first comprehensive chemicel studies wes carried out by
{ohler and Gsnanté in 1917, They noted ﬁhat ¢yclopropane
acids and ketones with carboxyl or cerbonyl groups adjecent to

the ring behaved 1xké the emrraﬁﬁmndingcx,Qmunsaturataﬁ COM

1,. FPreund, Nonestsh, 3, 626 (1882),

( 1?3’ B. Cloke and Co-workers, J. Am. Chem. Soc., 52, 2791
1921), o 4 g

%L. H. Sommer, R. %. Von Strien, F. C. Whitmore, J, Am.
Chem. Soc., 71, 3056 {1949), e

4p, P, ¥ohler end J. B. Comant, J. im. Chem. Soc., 39,




pounds. For example they found thet 2-phenyl-3 benzoyleyclo-
propane dicarboxylate underwent ring c¢leavege reactions when
reduced with zine and acetie aei&l, when attacked by strong
basesz, and when treated wi%h‘ﬂﬂr%; #ith these reagents, to
whiech 0(,3~unﬁatumta& systems ére peculiarly sensitive, the

analogous cyclopropeane qﬁrivmtivas reacted in e similer fashion.

(1) ¢—C7G—J ¢+zn Hie ¢f___c___c! ¢

(co&a)a | (COOR)

| v 0
) CP—-%—E:——{: ¢ ——MG ¢-c=c——g4-¢

\/
c g — OOOR
/ Y 4
(COOR), /p\\
B’o ONa



¢— C—

\/

» /C
{COOH) o
H
QE:«SG\Q g=3—0=0-¢
DSl
Q/
0
[
(CooH) 2

) H
0
+
CH,. 0 H
5 c=c|~:-—-- czﬁ:cl:-
Br C— 0
647 |

Upon further 1nvestigatianﬁ they found that ethyl meg-
nesium bromide adds only across the carbonyl and not the ring
in methyle3-bromo-4-methoxyphenyl-cyclopropene~dicarboxylete,

but that phenylmagnesium bromide may have clesved the ring.

%%, P, Kohler snd J. B. Consnt, J. Am, Chem., Soc., 39,
1699 (1917).




The diaeid, but not the mono- or dlester, resected with phos-
porous yantaahlariéeé in & manner exactly the same as that
observed by Straus® usinge(,@-unsaturated ketones. Hydrogen
bromide feiled t0 react when mixed with the scid in methyl
aleohol, but added readily when glacial acetic acid was eme
ployed as & solvant. The resulting products were not, however
the expected satureted products but a mixture of lactones®.
Kohler and his co-workers' later isclated some of the inter-
mediates, using an ester of slightly different structure, and
proved essentially that the originel producte were the ex-
pected ones, but that they immedistely underwent a series of
rearrangements to give the final lsetones. This study slso
showed that the cyclopropane ring was opened in two different
ways by the halagan acid.

Kahlarﬁ next proceeded to demonstrate that the substitu-
tion of a2 methyl group on the sgame ring carbon as the benzoyl
group in his original ester* prevented cleavage by basic re-
agents.

In a summary of the warkgg ¥ohler and Stsele made some

6y, straus, Ann., 393, 235 (1913).

v@.‘?. Kohler, Y. A, Hill and L. A, Bigelow, J. Am. Chem,
Socs, 39, 2405 (1917). ‘

8z, P, Kohler and T. L. Davis, J. Am, Chem. Soe., 41, 992
{l@igjav

9z, P. Kohler and L. L. Steele, Ibid., 41, 1093 (191e).

*See p. 1l.
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ocbservations on thrﬁa‘typie&l eyclopropeane derivetives.

¢i§ gsﬁﬁ‘f’ @ Bl
I. i Sl St ELSE o : I1. ~{H——C—C~—
N/ « g

E// \bGQH : ﬁ/Q\CG@ﬁ ‘

I

I1TI. - 0 ~—— CH—(C—

P-on -

C
(COOR) o

Compound I behaves like a saturated compound in all respects
whereas II forme an ascyl chloride with thionyl chloride or
phosporous pentachloride, but is inert to attack by bases.
Howeyer, II reacts more resadily with hydrogen bromide then III,
but IIT is more easily lactonized by heating then 1I.

Allen end his eo-workersi®»11,12,13 tyeated a similar
series of cyelopropane derivatives with verying amounts of sul-
furiec aecid in acetic acld snd compared the results with hydro-
gen bromide addition. A4s was expected, the sulfuric acid was

mueh less reactive then hydrogen bromide, and many of the

10, ¥, H. Allen and M, P, Bridgess, J. Am. Chem. Sogc.,
51, 2151 (1929),

11, ». B. Allen and W. E. Barker, Ibid., 54, 736 (1932).

12¢, P, ¥. Allen 8nd H. W. J. Cressmen, Ibid., 55, 2953
- {1933),

, 13¢, ¥, H. Allen and R. Boyer, Cen, J. Resesrch, 2, 159
(1933).




compounds which Kohler was able to cleave with the halogen
acid were unattacked by sulfuric acid. However, those which
d1d react added the elements of water or acetie acid in a
predicteble menner i.e. the ring was broken at the same bond
as with hydrogen bromide.

The one exception was found with the eyelopropane hydroxy
acids in which the hydroxyl group is on & carbon adjacent to
the ring. When treated with either seid alana or in solution,
this type of compound yielded an unseturated addition product
according to the following scheme:

¢—2§\—-/C§X—CK-¢+HX-) ¢-¢.m B O =08~ ¢

/\ X | COOH

COOH

where X is bromine, hydroxyl or acetste., This discrepaney,
previously reported by'staerm@rié, wag explained by sssuming
that dehydratiaﬁ oecurs first. 7The resultant moleocule may
be likened to an allene if one considers cyclopropane to have

ethyleniec properties.
H
¢ - op—o==c—
N ¢
ﬁ/ \\&Qﬁﬁ

( ?*R‘ Stoermer, F. Schenk, H. Pansegrean, Ber., 60, 2566
1927



It has long been known that this type of compound is extremely
unstable and it has also been shown that substituted allenes
gdd in & 1,2 feshiontd,

Furtherm@xe, the product can be predicted using the more

modern mechanism shown below:
' OH +
@-cn—cr—cr-@+E —>
-+

‘CH (P-CH—-—/ﬂﬁe—— Cﬂ—(b
COOH H

¢ $ COQH

+ - 9+
~CH—— CH—— CH===0H 30~
P-on— o SRE
coom > |P-cZ--o---SCH
¢
COOH

¢—g’-ﬁ—-ﬁﬁ—— CE=CH -+X—> ¢~ CH - CH - CH=CH-¢
g;QH X COOH

In other words, this apparent anomsly eetually supports
the thaory of the olefinie nature of a three membered ring,

It must be pointed out &t this point that although the
eyclopropane derivatives used by Kohler and Allen behave like
the corresponding N,Beywnnsatumtea compounds in many respects,
the raaativity seems to depend largely on the type and number

of substituents on the ring. One is compelled, however, in

15y, spatiew, J. Prekt. Chem., 55, 4 (1897).
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the lighﬁ’cr such a monumental amount of work, to accept the
fact that there sre certain similarities in the two systems.

4 recent study by Roberts end wazurlﬁ on the solvolysis
of c¢yclopropylearbinyl, oyelobutyl, m@thylallyi, allyl, and
allylcarbinyl halides has yielded some rather surprising
results. The rate of unimolecular solvolysis was greatest,
in all ocases, for the cyclopropylearbinyl ecompounds,

An identical order of rsactivity asg observed almost
simultanébaaly by Bergstrom and Siég@llv who investigeted the
rates of solvolysis of the benzenesulfonstes of eyelopropyl-
carbinol, éllyl aloohol and 3-buten~l-ol.

This neighboring group participitation of the eyelopro-
pane syestem is again well explained by the staebility of the
e¢yelopropylmethyl carbmnium ion which may be stabilized by
resonance as indicated by the following structures:.
| H H
AN AN+
CHyp Hy, €—> CH, | CH,
/ N

163. D. Roberts and R, H. Mezur, J. Am. Chem Soec., 73,
2509 (1951).

176, G. Bergstrom and S. Siegel, Ibid., 74, 145 (1952).




The similsrity of cyclopropene to ethylene 1s striking

in thesge cases since both systems accelerate the solvolysis
and both give rise to resrranged products.

 On the other hand, it has been shown that vinyl and cyclo-
propyl halides are more resistant to soclvolysis that their
saturated alkyl snalogs., This sdditional stubility is probably
a result of the fect that there is a certain amount of T bond-
ing in the eyclopropane ring, as in ethylene, with the result
that the carbon to halogen bond possesses more s character
thﬁn the normsl tetrahedral bond.

| After e number of successful sromatie alkylations with
olefins under the influence of typicel Friedel-Crafts cata-
lysts, Grosse and Ipatiefflg‘wara abls to produce analogous
reactions with cyelopropane as the elkylating agent. The
important difference was that cyclopropene yields n-propyl-
benzene whereas slkylation with propane gives the isopropyl
isomer.,

19 has shown

Yore reecent work by Fuson and Baumgartner
that benzene and mesitylene can be alkylsted with mesityl-
e¢yclopropyl ketone with the subsequent yradﬁcﬁian of ¥ -phenyl-

and ¥ -mesitylbutyromesitylene. The original ketone d4id not,

( ?$%¢ Y. Grosse and V. N. Ipatieff, J. Org, Chem,, 2, 44?
1987

ian C. Fuson and 7, }gi ﬁ&mgal’tnﬁr, Jo Am, Qh&m« SC’#Q»,
70, 3255 (1948).
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however, react with ethyl malonate or the Grignerd reagent
while mesitylpropenyl ketone gave the products expected from
con jugate addition.

a®0 gaged hydrogen fluoride to ethylene,

Grosse and Lin
propylene, ayaléhaxana and oyelopropane without a catelyst
in the ¢old. 1In 8ll ceses they obtained the axpaataﬂ product,
and the only side reaction of eny importance was polymeri-
zation, The best ylelds of n-propyl fluoride were produced
when the contact time wes fifteen minutes. More prolonged
reaction periods led to less of the desired adducts and more
polymer.

Another typé of reaction which may be pertinent is the
polymerization of a series of hydrocarbons reported by ﬁaiaigal
who used raaan a8 his catelyst, It can be seen from Tablgvl
that e¢yelopropane onee again aihibits properties intermediate
between saturated and unsaturated hydrocarbons, Heislg
expleins the palymerizatiens‘simply s8 8 result of the ion
clusters formed by the passsge of an of particle through the
gases, |

On the other hsnd, @yelspiapan@ end its derivatives are

inert to oxidation by permengenate and ozone, and s been

20A, ¥. Grosse and C. B, Lind, J. Org, Chem., B, 26 (1938).
2lg, B. Helsig, J. im, Chem Sos., 54, 2329 (1932).
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shown, fail to undergo certain addition reactions if suffi-
@iantky substituted., Cyelsyrapyl cyanida and 1 yh@nyl~l
~eyamweyelapr0yan@ have be@n a@nv&rtad to their ami&as with-

out eleavage, by pase®? or phosphorie acid®3,

Table I. ‘?élymarizatiaa of Hydrocarbons by Hadon

{(vol. Ho ana CHg lost) X 1QG Yolecules

Hydroecarbon “”““?%Tf“ﬁ?“hgﬁraaarban Condensed
o polymerized on pair
Prapﬁn& ‘ . B2 | 1.7
Cycelopropane 20.5 | 2.3
Propylene : 1%f4 | 4.9
Fropyne 6.1 8.3
Allene | 4.9 rk~ 10.4

Haller and Benoist®% demonstrated the sﬁability of the
eyclopropene ring when they alkylated phenyleyelopropyl ketone
with methyl i1odide and benzyl chloride in the presence of

sodium amide., Furthermore, they prepared their original ketone

33?. Bruylants and A. Castille, Bull. Seoi. Acad. Roy.
Belg., 13, 767 (1928).

B34, c. Knowles end J. B. Cloke, J, fm, Chem. Soc., 54,
2088 (1932).

245, Haller and %. Benoist, Amn. Chim., 17, 25 (1921),
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by treating psnzana with cyelopropanecarboxyl chloride and
aluminum chloride. The ketone reacted with sodium emide in
moist benzene to give oyelopropane end benzemide. These last
examﬁies bring to mind the unreactivity toward cleavage of the
higher alicyelies and cannot be overlooked if & thorough com=
parison is to be made. |

In his review of the chemistry of smell ring rearrenge-
ments, ﬂamjanawgﬁ states that cyeclopropane systems are not
like olefins. His reasons are (1} that the three membered
ring is isomerized easily and 1rrevara1bly to a double bond
and (2) thet compounds of the type ?K,,Q==X are either incap~
able of existance or are, at best, gzgremaly unstable, Howw
ever, in an investigation of this sort, one csnnot base theo-
ries on specific similarities or aisﬁimilaritias, but rather
he must camyar@‘prayar%i@a gualitatively snd in a general
sense, Thus, while Demjanow's arguments are correet, their
soope is not broad encugh to constitute s true comparison,

In 1917 Cerr aend Burt®® presented spectrosecopic results
indicating that the cyeclopropyl group can interact strongly

when conjugated with unsatureted systems, Thelr theory has

25y, Y. Demjanow,
{l934) C. 4., B8, 458 |

26carr end Burt, J. Am, Chem, Soc., 40, 1590 (1918).

Uspekhi Khimii
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since been strengthened by ﬁagaragv

who observed shifta in
the ultira-violet absorption maxima of methyleyelopropyl cya-
.nide, phenyleyelopropane and eyeclopropymethyl ketone toward
longer wave lengths. The corresponding olefins produced
shif%a'aimilar in direction but somewhat greater in magni-
tude. Corroborative evidence hes also been presented by
Koberts and Greene®® in their investigation of & series of
2,4=-dinltrophenylhydrazones and by Volkenburgh and his co=-
workers®? who reported the spectrum of vinyleyelmprepan@.

Similarities in the infra~-red spectra of cyclopropane
and eyalmbut&na exist as shown by Derfer, Plckett and Boordd0
in their studies of a series Gf halides.

cyelagr@pane ia 1ntermaéiata between ethylene and higher
alicycliecs in almost all of its physicel properties inecluding
melting point, bolling point, density, parachor®l, molecular

refraction, heat of combustion, heat of formetion®2, bond

27M, T. Rogers, ibid., 69, 2544 (1947).
?87. D. moverts and Green, ibid., 68, 214 (1946).

29, v. Volkenburgh, K. W. Greenlee, J. M. Dufer, C. E.
Boord, ibid., 71, B595 (1949).

30y, ¥, perfer, I, E. Pickett and C. 8. Boord, J. Am.
Chem. Soe., 71, 2482 (1949).

8lg, B, Jeffrey and A. I. Vogel, J. Chem. Soe., 1804
(1948},

327, w. Knowlton and T, D. Rossinl, J. Research Natl.
Bur. Standards, 43, 113 (1949).
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order®®, vond distance®® and thermsl stability. However,
tha'$1gnifiaanaa of these facts is soﬁéwhaﬁ dubious in view
of the differences in molecular weight. and bond angle.

It ahmuld'ba~natad that all of the chemieal reactions
thus far ¢ited have been loniec in neture and that free radi-
cal reactions are consplcuously absent. Qna finds that the
only reactions of ay@laprapané with free radieals, reported
in the litersture, are those done imn the wvapor phase, snd
even then, only in the present of light or at elevated temp~
eratures,

'Cyalaprayana is econverted to 1,3-dibromopropane by
" bromine in sunlight but 1t can be substituted by chlorine
in diffuse daylight to give ehloroecyeclopropane., The first
of these reactions probsbly prweaaas/threugh radieal eddi-

tion {1}, while the second 1nvalv$$“nyaragwn abstraction (2):

(1) cgg;;:;CHﬁ + Br« —> Br(CHp)3*

2

Br{CHg)8+ + Brg —> Br(CHplszBr+ Bre

%3¢, W. Copley, Chemistry and Industry, 1941, 683,

%41, Pauling and L. O. Brockway, J. Am. Chem, Soec.,
59, 1235 (1937). T
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(23) CHy——CH, + Cl1° CH CHe. + HC1
R/ E N/

v

v

ca?\——/sa* + c1, cmz\ /:Ecu + ci.

CH, - CH,

Béth ra#etiana are observed with ethylene and no doubt in-
volve the same méahaniﬁms respectively.

A rediecal initiated polymerization of ayélayrepana has
recently been reported by Seott and Gunning®S, These authors
photolysed pure cyclopropene in the presence of mercury
vapor and presumably obtained a polymer of unknown constitue
tion, Their theory, based on the absence of unsaturation, is
that the product is eyelic and that the chain terminating re-
action is the ayelimatien. The polymer is apparently & mixe
ture of compounds of verying molecular waight, &8 shown by
freetional distillation.

Ogg and Priest ® studied the gddition of iodine and bro=-
mine %o eyelopropsne and found tﬁat while 1?ﬁine prodused 1,3
~diliodopropane and no hydrogen iaaiéé at 25596. the rats of
the reaction wes insensitive to illumination by a tungsten
lamp. Bromine and cyclopropsne in visible light gave the 1,3

addition product along with some hydrogen bromide. The same

: 553. J. Scott and H, B. Gunning, J. ¥Yhys. Chem., 586,
156 (1952).

35&. 4., Ogg and W. J. Priest, J, Am., Chem., Soe., £0,
217 (1938),
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reaction, carried out in the dark at 250°¢, yielded a large
amount of hydrogen bromide and was, therefore, abandoned.
Cyelopropans, when heated st 50000, with hydrqgen chloride,
bromide, or iodide gave essentially no reaction.

Photochemical and thermal chlorination of cyeclopropsne
have been shown by Robefts end Dirstine®’ to give approxi-
vmately equal yields of chlorecyclopropene. The thermal
“Yeaction produces mostly allyl chloride as a by-product
- whereas the photochemical process gives rise to l,l-dichloro=-
eyclopropane along #ith the principal produet. Roberts
explains this as prébably being due to the thermal instability
of ehlorocyelopropyl raedical.

The three c¢yvelopropane derivatives employed in the
present investigetion were cyclopropyl cyanide, cyclopropyl-
methyl ketone, and phenyleyclopropene. For each of these
compounds there is a well~known, corresponding olefin, ecry-
lonitrile, vinylmethyl ketone, and styrene respectively. It
seems unnecessary to cite here the vast amount of research
that has been ecarried out on the reasctions of these olefins
with various free radicals. Polymers invariably result end
acryvlonitrile and styrene are so sensitive thet it is neces-
sary to include a small amount of inhibitor when storing

them for esny length of time.

%77. D. Roberts and P. H, Dirstine, ibid., 67, 1281
(1945).
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- In view of the extreme vulnerability of olefins to
attack by free radieals, it appeared not unlikely that the
same analogies in reactivity should be observed with the |
ayelaprapyl systems as have been found in the case of ionie

reagents,
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TEPTRIMENTAL
Materiasls Purchased

toetone, Beker end Adamson reegent grade B. P. 56.5°C.,
was uged in the styrene polymerizstions without further
purifie&tiang |

Acetonitrile, Wastman Kodak Company B. P. 829C., was
used as obtained.

Acetyl chloride, Rastman Kodsk Company B. P. 51-29C.,
was btaken from a seeled vessel and used ilmmediately in the
preparstion of scetyl peroxide,

Benzoyl peroxide, Tastman Kodek Company M. P. 108-79C.,
waa'uﬁaé without further purifieation since lodine titrstion
indicated 99.97% purity.

Cinnsmeldehyde, Magnus, Mabee and Reynerd Ine., U. 8. P.,
B, P. 250°C., was ponsidered to be of sufficient purity and
was therefore used as r&@eiV&ﬁ;

Cinnenyl sleochol, Bastman Kodak Company M. P, $3°ﬂ., was
used as obtained. '

Epichlorohydrin, Rastman Kodak Company E. P. 117°C,, was
used directly from the contalner.

Hydrazine Hydrate, Paragon Division of the Metheson
Company, Ine,, was uaed\with@ut further purification.

Lithium emide and sodiwn hydride, Metal Hydrides, Inc.,

were taken directly from their contsiners.
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Styrene, Tasiman Kodak Company siyrene Waa‘aigtilleﬁ
away from the stabilizer et reduced pressure*. The fraection
boiling 49-50°C., at 21 mm. was used immediastely after the

completion éf the ﬁistillatimn.'

| Toluene was distilled through & vecuum=-jecketed column
packed with nelicés, and the frection boiling at 1109C., was
used th&aﬁgh@mt the viaaﬁity‘&érkv

Trimethylene chlorobromide, Xastmen Kodak Company B. F.
14ﬁ~3@c., was used witnwut further purificetion.

| Vinyl scetste, ,aazmﬁn Eﬁdak Company B. P. 78-3° Ca, Was

us@d &iraetly even though 1% conteined a trace of stabilizer.
Materisls Synthggizad

Cyelopropanol.

The preparation of ecyelopropancl was carried out accord-
ing $0 the method of Magrene and Cottle ® with & few modifice~
tions, One mole (éz grens) of apiehlsrmhyﬁr&ﬁ in 200 c.e.
ether waé added slowly to 1.1 moles of freshly“prepared ethyl
magneeium bromide in a two liter flask, During the aﬁdition;‘

*211 distillations carried out in this work were done
through a vecuum=-jecketed, centre-rod column (44 theorstical
plates), unless otherwise specified.

38, ¥. Magrane and D. L. Cottle, J. im. Chem. Soc., 64,
484 {1942).
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the reaction was stirred constantly and eooled in an ice-
bath. To this mixture was added a second mole of freshly
prepered grignard reagent in ether, sufficient to meke the
total volume 1500 e¢.¢. The reaction was allowed to stend

Tor five days efter which time 1t was hydrolysed with a sat~
ursted ammonium chloride solution., The ether lsyer was
separated, dried over sodium gulfaete for ten days end the
solvent removed by distillation. Further distillsation at

35 mm, yielded about five c¢.c. of colorless liquid boiling at
55-60°C, The product boiled et 105-1109C. et atmospherie
pressure, had a peculiar odor, turned yellow upon standing,
and rapidly decolorized bromine in ecarbon tetrachloride., 4All
attempts to meke a 3,5~dinitrobenzoate falled.

The water layer from the hydrolyslis was extracted with
ether and the ether treated exactly as given above., Two ml,
of liquid were recovered which appesred to be the same as the
original product.

Diszomethane.

Diszomethane was prepared by the base catalysed decompo-

39

sition of N-Nitrosomethylurea“ "™ employing a modification of

the method of Arndt40. A two liter, three~-necked, round-

%9y, arnat, Org. Syn., 15, 48 (1935).
40rps4., p. 3.
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bottomed flesk was fitted with a rubber sleeve leading from

a small Brlemmeyer flask which contained the N-Nitrosomethyl-
ures, a nickel stirrer, & pressure outlet sud & condenser set
for repid distillation. The condenser outlet was plsced
below the surfeace of 100 c¢.c. of sther in 8 1 liter erlen-
meyer flask cooled in an lee-salt bath. This flask was con-
nected in series to & similar second trap, In the round-
bottomed flask were pleced 120 ¢.e. of 70 per cent agueous
potassium hydroxide and 500 ¢.c,., of anhydrous ether. The sys-
tem was cooled to 0°C. while being stirred and 41 grams of
N=-Nitrosomethylures were added through the rubber sleeve at a
moderate rate. The temperature then wes raised enough to
distil the ether and &iézmmathane rapidly until two-thirds of
the ether had come over. It was found that the yleld of die~
zomethane could be ineressed by the addition and distillation
of some fresh ether if considerable yellow color remained in
the raaatiwﬁ vessel after the originel distillation.

Attempted prepsration of eyelopropyl acetate.

It was thought thet the resction between vinyl acetate
end diazomethane would produce either eyelopropyl ascetate or
the ﬁyram@lin@ which eould be pyrolysed to the desire com-
pound, Vinyl acetate, in ether solution, was‘added to the
&thar solution of diazam&thaﬁ@ an@ the mixture refluxed gently
fbr one hour. Tha heat was then removed and the reaction
aildwaa'ta stand for two &ays during whieh the color of the
diagomethane failed to disappesr but a @hite, geletinous
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precipitate 4id form., This precipitate gave no test for
nitrogen and had no sharp nmelting point, so it was considered
to be & polymer arising from either the diazomethane or the
vinyl acetate.

The excess diszomethaene was decomposed with benzoice acid
and the ether removed by distillation. The only recoverable
productes from the residue were methyl benzoste snd vinyl
acetate.

A sacond attempt was maede to prepare eyclaproyyl acetate,
this time using the method of Friess*l, A 500 e.c. Erlemmeyer
flaask contsining ,lé mole of perbenzoic scid (prepared by the
method of Eraunézig +12 mole of eyelopropylmethyl ketone, end
five c.o. glacial acetic scid in 400 e.c, moist chloroform
wag allowed to stand for 19 days in the dark st room tempere-
ture, The disappesrance of perbenzoic acid was followed by
pericdic titretion of eligquots of the mixture iodometrically.

The mixture was washed with dilute sodium hydroxide,
dried and distilled. The fraction boiling at 98%C.,
ngﬂm 1.3870, wes considered to be the desired produet, and
emounted to 5.4 c.c. It showed no reaction with aqueous

permangenate, but decolorized bromine in carbon tetrachloride

4lg, 1, ¥Friess, J. Am, Chem, Soc., 71, 14 (1949).

43&; Braun, "Organic Syntheses", Fifth Printing, Col.
Vol. I, John Wiley and Sons, Inc., New York, 1948, p. 431.
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and gave a pauitiy& ferric hydroxamate test%3, The p-tolui-
dide of the acid portion of this apparent ester was made by
the method of Koelsch and Tenenbaun®® and gave no depression
in a mixed melting point with suthentic acetyl-p-toluidine.
Although the product may have been eyeclopropyl acetate, it
seemed impractical to meke it in quantitias large enough for
our usge, 80 work wes discontinuyed. |

Sodamide.

About 250 e,e. of liquid emmonia was poured into a §00
¢.0, three-necked flask equipped with a stirrer and condenser
and cooled in a dry ice-acetone bath., A small erystal of
hydrated ferric nitrate and a 5 mm. cube of freshly cut
sodium were added and the solution turned deep blue. When
the ecolor had changed from blue %o gray, 8.1 grams of sodium,
eut into thin strips were added rapidly and the solution
again became blue. Upon the reappearance of the gray color,
100 c.ce of dry ether were added to the'smlutian and the
smonia was allowed to evaporie, leaving the desired suspension

of sodamide inether.

4%y, D. Cheronis and J, B. Entrikin, "Semimicro Quali-~
tative Organic Analysis", Thomas Y. Crowell Company, New
York, 1947, p. 121. ~

44p, Xoelseh and D, Tenenbaum, J. Am, Chem. Soe., 55,
3049 (1933),
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Cyelopropyl cyanide.

This compound was prepsred by a method similsr to thst
of Cloke®. In one liter Dewar flask were placed 250 c.c, of
l;qui§‘aman;a end 21 grams of U?an;mrabutyrmnitrila (pre~
y&é@d by the method mf;&llenéﬁ}. Aﬁ ether suspension of ten
‘gr&@a of freshly prepared aw@émida wes added two or three
drops at a tine thraugh,a long~stemmed separatory funnel, the
tlaak\heing shaken after gaahx@aﬁitian. The sddition was
eamplat&é in one hour and thﬁ:raaetima was sllowed to étand
ror anathar nmur wi%h shaking every fiva or ten minutes,

The excess a@ﬁamidé was neutralized with two to three
grama of ammonium chloride to 8 phenolphthelein end point end
100 e¢.c. of dry ether was added. The emmonis was voletilized
by @aéaing,ary air into tha‘flaak’and the raﬁiﬂual ether solu-
tion was filtered thréugh a fluted filter to separste it from
the inorgasnic salts. The ether solution was dried with cal-
cium ehloride and the aslv&nt'%amavaﬁ*ﬁy distilletion. Crude
eyelopropyl nitrile was distilled et reduced pressure and the
frection boiling at 35-48°C. at 21 mm. collected as product.
This wae carefully redistilled et atmospherie pressure and the
fraction boiling at 131,5-2°C. uaad throughout the experimental
work., The yields were 55-66%, H@G 1.4161, Sp. GT.0. 894,

45;, P, H. Allen, "Organic Syntheses", Fifth Printing, Col,
Vol. I, John Wiley and Sons, Ine¢., New York, 1948, p. 156.
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One run was made using lithium amide in place of soda-
mide and no raeaverabl& amount of product was obtained.,

Then 026 mole of sodium hydride was added és an ether
suspension to an equimolar quantity of ¥ -chlorobutyronitrile
in 850 é.e. of ether, no resction was evident., After the re-
action had been stirred overnight at room tempersture, then
at reflux for two haurs'withaut visible change, a few drops
of @ﬁhyl aaatata, atnyl'aléahal and, ﬁinaily, wvater were
added in an attempt to initiate & reaction, Vhen the mixture
was wérked up, the Y~-ehlorobutyronitrile was recovered almost
quaentitatively.

Cyclopropylmethyl Xetons .

This compound was prepared according to the method of
Bruylantaéﬁ using Y-chlorobutyronitrile and two moles of
methyl magnesium iocdide. THowever, it was féun& that the ketone
could be obtained from the Matheson Company, S0 lérga seale
preparatioﬁ w&s‘abanammédt The commere¢ial m&teriél wag dig-
tillad‘thraugh a vaaum@«jﬁckmteé column @aakad w%@h helices snd
tﬁa fraction béiling at‘llﬁwléﬁﬁ was used tﬁrmuggéat the exper-
imentel war%. B |

Cinnamyl bromide.

This compound was prepared by hesting and sti?ring one

mole of ainﬁamyl aleohol with 3 moles of 48% hydrobromic acid

46p, Bruylesnts, Rec. Trav. Chim., 28, 180 (1909).



for ome~half hour. The solution was ellowed to seperete

into two layﬁrs, and the produet was tsken up Iin ether., The

ether solution was washed with dilute sodium carbonate, then

with water, érieé over ealeium chloride and distilled through
e Clailsen hesd until the efherQQQaa@ﬁ coning over. Distille-
tion was continued at Tive umm. and the prnﬁu&t‘waa collected

at 1@é@aﬁg, in & %ﬁ%‘yiald¢_

lnPhanylml,ﬁué1brmmapfspﬁﬁa.

This cmmp@und we g pray&rad hy s&turating 46,5 grans sf
einn&myl bromide with hydrogen bromide at -65°C., placing the
mixture in & sealed bomb, and heating for five hours at
95-105%¢, The reaction mixturw‘wag distilled 2t 5 mm. through
a Claisen head and the fraction boiling at 130~136QG. was
collected as crude product. Yield 46%.

Attempted preparstion of Ehaﬁxleyelaproyana.{
?nis‘préparatimn involved mixing 30.6 grams of erude le
ghanyl*l,5~dibramaprapana with 80 ¢scs of ethyl alaahml and
tan grams of pawaarad zine, and refluxing for twenty minutes.
At %h@ end 0f this time, the solution no longer h&& the
aleudy appeaxmnea of the original nixture, and the zinc dust
and zine salts had settled to the battam of tha fiaak‘ ‘The
mixture was filtﬁraﬁ and poured iﬁ%a warm.watar at wnian time
an oil separated. Treatment of the oil, suspended in a large
valu@e of water, with 1% p@rm&ngan&ﬁ& yielded s lerge smount
of mangsnese dioxide and no préauat could be isolated after

the oxidation.



2%

5~Phanylwa¢yyrazalin@.

This compound wes prepared according to the method of
Lardelli and Jeg@ré?. A mixture of 80 c.c. (90 grams) of
ecinnemaldehyde, 50 c.c. {45 grems) of hydrazine hyﬁrata, and
180 ¢.c. of absolute ethyl aleohol was refluxed for four hours.
The slcohol weas removed at reduced pressure and the pyrazoline
subjected to = short path distillation at 14 mm, The produet
was collscted at 138-1482C. Crude yield was 40-60% for seversl
runs.

Phenyleyelopropane .

This compound was prepared by & modifieation of the method
of Kishﬁar4&. A mixture of 118 grems of S~phenyl-3«pyrazoline,
30 grams of pulverized potassium hydroxide, and 2.5 grmas of
platinized asbestos wes heated in & one liter, three~necked,

. “rmuﬁd»b@ttam&d flesk equipped with & stirrer and a Claisen head
set for short path distillation. The tamparetura was raised
slowly by means of a Glas-col hesting mantle and the mantle
shut off ut the first covidenec of reasction. When the reaction
had ayyarantly ceased, the tempersture was again reised and the

produet was distilled as it was produced. Both the distillete

(104 ‘;“?a‘ Lardelli and 0. Jeger, Helv. Chim. Acta., 32, 1817
949) .

48y. Kishner, J. Russ, Phys. Chem. Sog., 45, 949 (1913),
Co hey 7, 3965 (19137,
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and the residue were stesm distilled, combined, taken up in
ether, dried with sodium, and redistilled. The product

boiled et 60-63°C. ot 11 mm. (173.5°C. at stmospheric pres-
amra)vand th@ yleld was 11,5 grems (12%), ngga 1.5320,

Platinized asbestos.

Platinized asbestos was prepared by the method of
$his1a49. Two grams of fibrous asbestos were bolled for a
short time in 100 e.c. of 5% sodium formete with occesional
stirring. To this mixture was esdded 1.137 grams of platinuﬁ
chloride in the form of a 5% aqueous solution previously
nautralizma with solid sodium carbonste. The whole mixture
wae stirred and boiled gently for ten minutes end filtered
through a Buehner funnel. The'eruﬁe materisl was washed in
the funnel successively with hot 10% sulfurie aeid, hot
distilled water, hot 5% hydroehloriec aecid, and, finally, hot
distilled water until the fitrate showed no c¢hloride or
sulfate ions to be present, The product was dried overnight
in an oven at 110°c.

Phenylethyl carbinol.

This compound wes praparéﬂ in normsl fsshion by the
action of phenyl magnesium bromide on acetaldehyde. The
product boiled at 108-1109C. at 15 mm. and was used after a
single distillation.

49 ' '
D. O. Shiels, J., Phys. Chem., 33, 1167 (1929).
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@ -Methylstyrene.

This compound was prepared by the dehydration of phenyl-
ethyl carbinol with phosporie acid according to the method of
Dehn and JacksonC. The product distilled at 53-6°C. at

-
11 mm., n§° 1.5461,

Experimentel Techniques

Decomposition of benzoyl peroxide in eyeclopropyl ecyenide.

In a lerge test tube were placed 10.582 grems of cyclo-
propyl cyanide and .529 grems of benzoyl peroxide. The tube
was cooled in & dry ice-scetone bath, evecuated, and sealed.
After being heated in a constent temperasture beth at 82°C,
for twenty-four hours, the contents of the tube were distilled
at atmospheric pressure. The distillate proved to be pure
cyelopropyl eyanide and recovery was essentiaslly quantitative.

An equimolar amount of benzoyl peroxide (20.13 grams)
wasg added to 11.098 grams of cyclopropyl eysnide in & 500 e.c.
flask with 850 c.c. of carbon tetrachloride as & diluent. The
flask was sealed and heated as in the previous case, ¥When the
system was opened, there was evolution of a considersble
amount of gas whieh was assumed to be c¢arbon dioxide. Distill-
ation gave & 10 c.c., fraction boiling at 126-79C. and left a
residual solid which consisted mostly of p-triehloromethyl-

59@. M. Dehn and K. E. Jackson, J. Am, Chem. Soe,, 85,
4285 (1933). ” ‘
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benzoie acid as shown by a wmixed melting point with en
authentic ssmple.

The liquid produet had an ultras-violet spectrum quite
different from that of pure eyelopropyl c¢yendie and gave a
positive Beilstein test for ohlorine. It was found that s
mixture of five e.c. sach of chlorobenzene and eyclopropyl
¢yanide b@haved, in all respeets, like the liquid from the
reaction during distillation. We c¢oncluded, therefore, that
our produet was only an azeotrope of the nitrile and chloro-
benzene.,

Decomposition of azo-bisdiethylecetonitrile in eyolopropyl

eyenideSi,
Pure cyelopropyl eyanide (8.907 grams) and .917 grams

of azo~-bisdiethylacetonitrile were hested together in a con-
stant temperature bath at 82°C. under a nitrogen atmosphere

for twenty-two hours. Distillation of the mixture produced

only one liquid fraetion which had the boiling point end
refractive index af«éyalayrepyl cyanide, A s0lid remained

in the flask whiech after a gingle reerystallization, geve no
depresgsion of melting point when mixed with authentie bisdlethyl-

succinonitrile.

51Tha author would like to thank George B. Lucas of Iowe
State College for making available generous quantities of
azobisdiethylacetonitrile end bisdiethylsuecinonitrile.



31

Decomposition of scetyl peroxide in eyelopropyl eyenide.

Acetyl peroxide (467 mole in 95 c.c. carbon tetra-
chloride prepared by the method of Kharaschﬁg) was added
through a long-stemmed separatory funnel to 5‘&.9.‘afﬁayela~
propyl eyenide heated at 90-100°C. The resultant mixture
was heasted for one-half hour after the addition, washed with
dilute sodium hydroxide dried and distilled. After the sol-
vent had come over and three c.c. of nitrile had been
collected, a solid was formed at the bottom of the column,

80 the distillation was discontinued and the solid product
worked up. The compound was found to be hexachloroethane,
and no other products could be iaai&tad.

When a similar decomposition of the peroxide was cerried
out in acetonitrile, & small but definite yield at\suacinon1~
trile resulted. |
Reagtion of cyclopropyl cyenide with triphenylmethyl‘

Pure cyclopropyl cyan;d&,(fiva ¢c.c.) was added to tri-
phenylmethyl (anparsd by the method of Hammandﬁsl and the
mixture was allowed to stand at room temperature in a sesled
system for five deys. Iodomwetrie titration of the radical
at the beginning end end of this period indicated no appreci-

“dble decrease in radical conceniration, and the color of the

%M. S, Kherasch et al, J. Am. Chem. Soc., 63, 526 (1941),

%3¢, 5. Hemmond, J. T. Rudesill and ¥, J. Modic, Anal.
Chem., (in press 1951)~
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aelu%ion, characteristic of the radical, feiled to diﬁappear.
3tirring in the presanee of air pra&u&ed triphanylmethyl
peroxide which melted at 182-4°C. ‘

Polymerization of styrene ln the presence of eyelopropyl
cyenide. - |
Bguel volumes (lﬁ'a;a*) of c¢yclopropyl cyasnide and sty-

rene were mix&d;:evaaaata&:ané sealed, The mixture was hested

for twenty hours st ?SQC.; then distilled et‘éﬁ mm. Fraction

I ceme over ot 41«41.590. end had & refractive index of 1.4655,

A second fraction distilled et 41.5-449C, and its refractive

index was 1.4826. In view of the fact that the total voluue

of the two tzaatinns.@xce&aad that of the originsl ayeioprapyl

eyanide, and that thelr refractive indices were miﬁway between
those of styrene (1.5449) end the nitrile (1.4161), the product
was considered to be an azeatrmgie mixture of sterting mate~
rials. |

The infre-red spectrum of the polymer isolated from a
second semple, prepared and trested in exactly the same way,
failed to indicated an absérpﬁian in the region of 4.5 mierons,
the typical frequeney for th@ nitrile linkage.

The polymerization of styrene in the presence of cyelopro-

pylmethyl ketone.

Appréxim&tely equinolar guantities of styrene and cyclo-
propylmethyl ketone were mixed with e catalytic emount of
benzoyl peroxide, The mixture was divided into seven parts

and'plaead in large test tubes (228x175 mm.) whose necks had
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been previously constricted. The separate smpules were
cooled to -75°C, in a dry ie@~ehlurararm~aarbanvtatraehlaride
mixture and evacuated for a shart time. The systems were |
elaéea with stopoocks and allowed to warn to room temperature
at whioh time the freezing and evacuation was repeated. After
this procedure had been carried ﬁut three timas; the cooled
ampules were sealed with a torch and were heated at 78°C. in
‘& constant tezperature beth. Periodic determination of the
styrene and permxiaebaaneaﬁtfatiana by‘iadematriu titration
(deseribed below) served as a method of following the course
of the reaction. All runs, including the controls with ace-
tone 1n plagce of eyelaprayyimathyl ketone, were carried out in

the above manner.

Analytisal procedure for benzoyl peroxide.

An aliquot of known valume‘{uﬁually 10 ege,) was with-
drawn from the reaction vgaaal as soon as it had been opened.
To this aliquot, in a 500 e.c. Erlenmeyer flask, were added
0 e.e. of glacial scetic acid, zwc.e"ar saturated agqueous
potassium iodide, Qnd several small pleces ofdry ice. The
system was alldﬁad to stand for ten minutes with occasional
swirling end a&ditidn of m@ré’dry ice. A%t the conclusion of
this time, the system was ﬁiluté& with 100 c.c. of dilstilled
water and the liberateéd iodine was titrated with stendsrd

sodium thiosulfate sclution to & steréh end-point.
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Anelytical procedure for siyrene.

A small semple from esch ampule was welghed directly
into a 100 ¢.c. volumetrie flask, following the withdrawsl of
the aliguot for the peroxide determination. The sample was
diluted to 100 c.c. with carbon tetrachloride and mixed
tharsughlyg ‘A 10 ¢.c. aliquot from the carbon tetrachloride
solution and 25 ¢.c., of standard bromide~bromatic solution
were placed in a 300 c.o. erenmayer flask equipped with a
three-way inla% funnel connected tnrmugh a standard taper
joint, The ayatem.w&s pertislly svacusted and two to three
c.c. of 6N sulfuriec scid and 10 c¢.c. of glacisl acetic acid
were added through the funnel. After the flask hed been l
gshaken for two to three minutes, two c.c. of saturated aque~
ous potassiuvm iodide were added and oxidized to iodine by the
excess bromine, The ilodine was titrated with standard sodium

thiosulfate to a starch end-point as before.

Determination of polymer woleculsr weights.,

Polystyrene resulting from several typical polymeriza-~
tions in the presence of cyelopropylmethyl ketone or acetone
was precipiteted by‘pomming‘tha reaction mixture slowly into
100 ¢.c. of methsnol with vigorous stirring. After being
filtered end dried the polymers were dissclved in benzens and
lyophilized for further purificstion. They were used, in this
condition, for the determination of their average moleculer

welghts.
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The average molecular weights of the polymers were
ealculated from the viscosities of their toluene solutions
at various concentrations, using the Staudinger reletionship
["\]im"‘wham [M] 1s the intrinsic viscosity, X end o are
suiteble constents, and M is the average molecular weight.
Tha.iatrinaia viasaaity,’defiaaé aadiigc;7lrwl /C where ﬂ\r
is th@ relative viscosity, and C is the concentration in grams
of polymer/100 c.c. of solution, is determined by plotting

M ¢~1 vs. concentration and extrapolating to C = 0. The

constants, X aﬁd X were those reported by Pe995354 for unfrac-
tioned polystrene in toluene.

The results of the molecular weight determinations are
shown in Table II (Discuscion of Results).

The infra-red spectra of the polymers were practically
identical with thet of polystyrene prepared by bulk poly-
merization.

Decomposition of benzoyl peroxide in eyelopropylmethyl ketone

and scetone.

Mixtures of benzoyl peroxide and either eyclopropylmethyl
ketone or acetone were placed in separaste ampules and sealed
using a procedure exsctly the same a&s that used in the styrene

polymerizetion experiments. The samples were heated at 78°C.

54p, C. Pepper, J. Polymer. Sei., 7, 347 (1951).
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and the course of the per@xiﬁa &eaompo&ition was fGllaWﬁd

by parimdia 1ﬁda@atrie titrﬁtian as before. Thasa kinatica,
when treated by the method of Bartlett and Nozeki5® 1naiested
that there is litile or no grester amount of chain decomposi~
Atian of the benzoyl peroxide in aﬁe solvent than the other.

ﬁaeampasitian of scetyl paraxiﬁe in ay@l@prbpylm&thyl ketone.

Freshly praparaﬁ acetyl parnxiéa was deﬂampoaad in a
10 - 20 fold axaesq uf eyelopropylmethyl katana sceording to
the method of ﬁhar&seﬁﬁﬁ* The methyl aeétate, acetic acid
end excess ketone were distilled at 50 mm. end the residue
at two mm. About two e.c. of 1iquid boiling at 359~%6°G.
(1?4“~§Q6, at atmospherie pressure) were isolated., This pro-
aueg,gﬁﬁé a positive test with 2,4-dinitrophenylhydrezine
saiutieh,ana a wea&’iadatwrm test, The infra-red spectrum of
the product showed absorption in the ragians 3.2 to 3.3, 9.8
and 10.9 %o 11.7 microns.

Decomposition of benzoyl peroxide in eyelopropylmethyl ketons.

A mixture cf ten grams oOf banaeyl paroxiaa and twentiy c.c.
of eyelopropylmethyl ketone was ssaled in an evaauataa 250 ¢.c0.
flask and heeted at 78°C, for twenty hours. Upon distilletion,
11.5 6,¢. 0f oyclopropylmethyl katan@ were reaavaraﬁ and the

ragi&u@ darkened considerably. The residuve was axtrasted with

55p, p. Partlett and ¥. Wozaki, J, Am. Chem. Soc., €8,
1686 (1946).

6y, s. Kharasch, J. Am. Chem, Sce,, 65, 15 (1943).
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five percent aqueous sodium hydroxide which, in turn, was
extracted with ether. Evaporation of the ether produced a
small amount of oily méteriai; When the'aquaous?pnéaa‘was
acidified, another oil separated, from which baﬁzaie acid
could be sublimed. The oil from the acidification finally
solidified to an emorphous materisl which, when reecrystall-
ised from sn ethyl alcohol - weter mixture , derkened at
1899, énﬂ melted with decomposition at 1929-69¢., The solid
gave a questionable phenylhydrazone test and its infra-red
absorption spectrum indiaat@ﬂ'mnly a éarbonyl linkage and s
carboxyl group. The spectrum did, however, compare closely
with that of one of the products of benzoyl peroxide decompos-
ition in phenyleyclopropene.

Decomposition of benzoyl peroxide in phenyleyeclopropene.

Ten ¢.¢. of impure phenyleyelopropene was heated overs-
nignt st 78%C, with .5 grem of benzoyl peroxide in & sealed,
evacuated tube, The mixture was distilled at 11 mm. and
8.5 c.c. of phenyleyelopropaens came over at 609C., leaving a
‘residve of benzoiec mcid snd about one c.e. of liguid,
presumably a mixture of phenyleyclopropane and 8-methyl-
styrene, possibly in the form of a%}ew polymer.

A second décampaaitian wee eaééiea out, this time using
20 ¢.c. of phanyieyclaprapana and 10 grams of benzoyl per-
oxide in a 250 c.c. system, evacuated and sesled before use.

The mixture was heated for 20 hours at 78°C,, then distilled
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at 9 mm. Fifteen ¢.c. of phenyleyclopropene was recovered
before distillation wes discontinued. The residue was
extracted with five peraent agueous sodium hydroxide and
chloroform. When the agueous layer was acidified with hydro-
chloric acid, 4.5 grams of benzoic seid contaiminated with
some phenyleyclopropene, end some other msterial, precipi-
teted, Eveporation of solvent from the chloroform layer left
an oily resldue which solidified on cooling. The masterial
did not burn eleenly and fsiled %o melt shsrply, hence it wes
'c@nmvdwad to be either & polymer é‘f @-—methylstyram or a
mixture of decomposition products of benzoyl peroxide. The
infra-red absorption spectrum wes very similar to that of the
solid isoleted from the decomposition of benzoyl peroxide in
eyelopropylmethyl katéne an&~igﬁi¢&ted‘na eyelopropyl linkage.
Although the solid was aﬂaembtﬁély é mixture or products,
comparison of the two spectrs with thet of pure benzoic acid
demonstrates that the amount of benzoie acid is pr@hahly’smali.
(See Plate IIT). |
F;nally, 11 c¢.c. of phenyleyelopropens, recovered from
the previous run and considered t¢ be of high purity, was
treated with 5.5 grems of benzoyl peroxide using tné 58M@ DPTo-
cedure as before., After being hested for twenty hours, the
reaeti&n mixture wes distilled at 12 mm. end 8.5 c.c. of
phenyleyclopropane, boiling at 61”*68°Gf; was reCUvered., A

0.5 c.c., fraction was collected between 62° ana 120%c. and



had a refractive index identiesl to thet of pure phenyl-
e¢yclopropene (1.5316). The residue was sxtrscted as before
and acidif;aatimﬂ of the basiec extract yielded over one
gram of baﬁxaie acid, along with s smell amount of & rather
amorphous, water insoluble, substance from which benzoie
acid could be sublimed., After recrystallization from ethyl
alcohol the solid melted at 2069-210°C. and gave no melting
point depression when mixed with the s01id resulting from
the decomposition of benzoyl peroxide in cyelopropylmethyl

ketone.
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DISCUSEION OF RESULTS

In their determinetion of the monomer resctivities of

various substituted styrenes and vinyl heterocyecles VWalling
and his co-workersd? have defined styryl as an electron donor
raéieal and methaerylyl as an eleotron acceptor radical.
These terms, previously employed by Bartlett and NWozaki®® with
“reference to styrene and maleie enhyride, respectively, are.
concerned with the contribution of non~bonded resonance étruc~
tures to the transition state of the rssction between two
monomers in & copolymerization.

| 0f the radicels used in our work, one finds three of the
electron scceptor type. They are bonzoste, ascetate and diethyl-
cyanomethyl, Bach of these, when undergoing chemiesl resetion,
should gain considerable stability from structures typified by
the Hllowing; |

Bz, o= «—» Etg-§ x—:é{

C=N | C=N

!

|- Nt oS
Btg—C0—C—( “—> Btz;7—C C—-C
R BN
o= C=N

As an example of an electron donor radicsl, it is clesar

 57¢, welling, ®. Briggs, ¥. Wolfstein and F. Msyo, J. Am.
Ch‘m} QSGQO $ .Z?..’ 1537 (19‘48) .

58p, D. Bartlett end K. Nozaki, ibid., 68, 1495 (1946),
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that the growing styryl redical is stabilized by structures

involving electron trensfer from the radioal.

\ -
~Cr—CH_R - @-—GH—GH R 6—&
@ R 2 \
@-eﬁ—-e-—c» «—> +©=cﬁ—cmga >c——t3<

mga

dn olefin le convenient to use as & point of attack in
these cases because 1t cen set as either an slectiron acceptor
or donor molecule.

Triphenylmethyl rad&cal should be classed as & donor redi-
¢al, although it is somewhat weeker then styryl in this respect.
Despite the high resonance energy of the triphenylearbonium ion,
the inherent stability of the radicel itself makes it reluetsnt
to lose its unpaired electron.

During the first part of this work, acetate, benzoate and
diethyleyanomethyl radicals exclusively were used to test the
reactivities of our ecyelopropene derivatives. It bedame
apparent, however, thet this would involve an attack by an
acceptor radieal on molecules which should, themselves, be elec~
tron acceptors. Hence we chose to investigete the reactivities
of the eyelopropsnes toward the growing styryl radical.

If radicels were to attack the ecyeclopropasne system one
would exp&at to observe oneof two poesible resctions. The

first of thaaa 15 hydrogen ab&tract&an whieh has been f@und to

poour batwa@n meny different radie&la and ﬁhe solventa in which
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they are produced. This type of reaetion is particularly
prevalent with setursted hydrocarbona although hydrogen

abstraction frow aromatic systems is not uncommon.

T
¥

ﬁﬁe St—x + & T~ +m
— X+ R —> C—X + mH
ﬁg/ Hgé/ '

The alternate reaction would be one involving radical
addition to the eyclopropsne derivative with simultenecus

ring cleavage, ',~

2m\»s-—-x+ R+ ——> R—CHyCHaCH—X
By | | it
Addition reactions are frequently observed between free
redicals and a variety of unsaturated systems:. It is
1nt@reating té gsté4that all three of the olefins enslogous
to the cyoclopropane derivatives employed in this study under-
go reactidus of the addition type with great facility.
Gyclopropyl eyanide is completely insensitive to all
radicals used in the experimental work, as witnessed by the
fact that all of the originel nitrile could be accounted for
in every case (allowing for losses during the process of
working up the reesction mixture). One might expect & certain
amount of edded stabllity as a result of the desctivation by
the substituent on the ring, but the faect remalns that scry~-
lonitrile exhibits no such unresetivity.

That benzoete radicals do not attack eyclopropyl eyanide
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is demonstrated by the fact thet no isoleble emount of product,
apart from the original nitriie and‘bsnmoie acid, could be re-
covered from the dacompagitimn of benzoyl peroxide in ﬁhis 801~
vent, Further imdiaatian of the insensitivity of the nitrile
is the preferential attack of the benzoate radical on earbon
tetrachloride when the latter was used es & diluent for the
resction. Tha'proﬁuets found, p~trichloromethylbenzoie scid,
carbon dioxide and ehlareﬁénﬁaﬂa, are known to be the normal
ones arising from the decomposition when it is carried out in
pure carbon tetrachloride®9,

Other work in our laboratory has shown that a high yield
of bis-diethylsuccinonitrile from the decomposition of azo-
bis4ﬁiethylaué€énitrile ig indicative of the unresctivity of
the solvent in‘whiéh the decomposition is earried oet®C, since
no produect except the substituted succinonitrile and the orig-
inal cyclopropane derivative could be found, one must conclude
that there is no reaction between the diethyleyanomethyl radi-
¢al and cyelopropyl cyanide,

The failure af acetate radiecal to attack eyclaproﬁyl
'eyaniaa is, perhaps, not too &urpriaing in view of 3%9 fact

that the yield of the dimer from the eontrol run with acetoni-

598. Kambara snd T. Futsu, J. Chem. Soc, Japan, Ind. Chem.
Sect., 51, 113 (1948).

6Guhpu%11ahed observations of George B. Lucas, JIowa State
College.
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trile was extremaly small. On the other hand we may not

be working with scetate radicals in this cese, but sctually
with methyl radicals., At any rate, none of the radicals
produesd by the dee&mpw&itién of scetyl peroxide seppesr to
be sufficlently resctive to affect the nitrile.

As far as electron danar’radiaals are eencég§ad, neither
triphenylmaﬁhyl'ngr growing styryl radiwai&;unﬁa;ga any re-
action with eyelopropyl éyani§$§; Thﬂ_fact that there was no
appreciable change in radical goncentration during the reaction
period and the isolation of triphenylmethyl peroxide after
exposure to the air are sufficlent proof thst the nitrile 13
not attacked by triphenylmethyl. Although eyclopropyl eyenide
was reecovered from the reaction with styrene only as an @zeo-
trope with the manmmar, the infra-red ayeotr&mgl of the
resultsnt polymer shows no absorption in the region of 4.5 mi~
erons. Since the nitrile linkege hag a very shary bend in
this region, we can say that no eapalymefizatian or chain transe
fer has taken place during the resction.

Since the mechanism end the kinetics of styrene polymeri-
gation have been trested so exhaustively in the literature,
it seemsd logicel to study the remctivity of cyvelopropyle

methyl ketone toward the growing styryl rediecal from a kinetie

6lye are indebted to the Institute of Atomic Researeh for
use of their Beird Infra-red Spectrophotometer snd in par-
ticuler to Richard . FPedges who ren all of the spectra
reported in this thesis.
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point of wview, Th@ method used was partieularly convenient
since the titration of both species to be determined wes
carried out iodometrically, Typical plots used to ealculate
the rete of consumption of peroxide and palymafizatimn‘ar
styrene are ﬁhawn in Figures I and II. Data for several typ-

ical runs are compiled in Table II.

Table II. Kinetie Data from Styrene Polymerization

Mole Fraction

Run Solyont O Py K X' xrxigh
501 ,00788 1214  16.50 5.98
8 L5801 ,00864  .1425 15.81 5.22
+501 00444  ,1164  19.25 6.57
10 484 .00482  ,1248 15.40 5.44
11 . 498 L,00898 1473 11.85 4.55
12 5538 0218  ,2250 10,50 5.09
13 5638 00784 .143% 13.44 5.98

8puns with acetone

In deriving the kinetie law, P is defined as the per-
oxide concentration, M as the monomer coneentration, Ky, kg, kn,
and ké‘as the rats constants for the initietion, propogation,
transfer, and terminstlion of the chain, respectively, &nd X' is

the overall rate oanstant for the pelymerizetion process,
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Figure I. Rate of bonsumption of peroxide
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Figure II. Overall rate of polymerization
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P £, 2m
Re+ ¥ k2, -8
Re4 o _Kay w4 s

2re K4 R—R

a[r3

35 =2k [ + 2k, REY o

 Assuming a staéﬂy state for R+,

ra=(z 1)’

and

‘%@]: k, [0
12 = k%&) re

t=x, (1|
A LY

2

Assuming that k& is approximately equal for all runs, it
follows thﬁt ko is proportional to the product of KXK' and klﬁ‘
Although the renge of calculated values, as shown in Table II,
is fairly large, it should be noted thet the value of X' X k¥
for the oontrol runs with acetone are straddled by those for
the runs using oyoclopropylmethyl ketone as the solvent. The

most probable explanatiﬁn for the failure of the above relstion-
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ship %0 hold more rigéreualy is that there is & certein amount
of chain a§acmpoaitian of b&nﬁayl'perexiﬁe~hy the growing
s%yrﬁl raéicﬁis« A side raaatiwn'ﬁf'this tyge»wauld‘inarease
{tha rata ar disappearance of peroxide withsut ahamgiﬂg k, »
appreciasbly. A variatimn,in the amount af ehain deeempasiti;n
is n0t~nnlikely since tha ;ni&ial paraxide eanaantrationa},
differed, in some cases, by a xaatar of almost ten.

; From the visecosities of some af the polymers resulting
from the atyraﬁe,@alymerizatigna it was possible to caloulate
their intriﬂsia‘viseaaities,ﬁ#ﬂ, graphically, as shown in:,
Pigure III. Thaae waxe, in tura. used in the Staudinger equa~

tion to ealeulete the average molecular weights, ¥, of the

p@lyatyxana.54 )
[M=x E~
K =4.57 x 1074
o = 0.66

Tabls I1I.  Average Molecular Weight Data

Solvent
Cyeclopropylmethyl ketone 0.019 7,800 0.013
Acetone - 0.021 10,800 0.0096
Acetone | 0.015 . 18,450 0.0084
Acetone 0.017 16,000 0.0084

Cyelopropylumethyl ketone 0,004 27,500 0.00286
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Determination of the average molecuvler weights of the
polymers enable us to ealeculete the degree of polymerizetion,

¥, FKinetieally this is defined by the enustion

iy ] ] (1)
1E»I??*] [ﬁﬁ %W

where | .
% (2)
o E}; > .
2 ;

Inverting one finds that

T kM

It is interesting to note from Table III that the degree
of palymarixétian inereases as the initisl concentration of
peroxide decreases.,

This sensitivity of molecular weight to peroxide con-.
centration, ﬁoupl&d’witn the assumption that k4 is approx-
imately the seme for all rums, indicates that the term
k, [sH] | |

ks [

to monomer ratio in every case wae olose to l:1, one can say

in equetion {%) is neecessarily smell. Sinee the solvent

qualitatively that the ky's for acetone and eyelopropylmethyl
ketone are, probably, smell and approximateély equal in magni-
tude. The only conclusions that can be drawn from these data

are thet both ketones are poor c¢hain transfer agents, and,
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therefore, that the ecyelopropane ring undergoes hydrogen
abstraction with difficulty, if st all.

Perhaps the most conelusive evidence against either
ehain transfer arrgapalymariaatian is the infra-red spectra
of some of tﬁaipalymarsi fxamination of Plate I reveals
that not only does %he'&p@@trwm.fail,tmfin&ieata & carbonyl
band, but thet it is virtually identiesl with the spectrum
of pely&tyraa&yﬁrapmra&'by'bﬁlk polymerization.

Bince vinylmethyl ?ataﬁa is known to copolymerize

smoothly with atyrsnaﬁz

. here is one more example of dissime-
ilarity in behavior of ayslaprayaﬁa end ethylene derivatives,
The kinetics of the desomposition of benzoyl peroxide in
both acetons and sy@layrayylmathyl ketone were studied and
treated by the method of Bartlett and NozakiS®, This treate
ment was propossed as e means of studying the ohein decomposi~
tion of benzoyl paraxiﬁé in verious solvents. The rate iaw
is derived in the following way, using the ssme nomenclature

as that employed for the kiﬂati&a styrene polymerization,

F—-]-'-—>2R*

Kg
Re + P — 5 5 Y 4 Re
k ,
2Re —— 3 R——R

‘624, p, Melaren end C. J. Jeilar, Paper Traa@ Jday 128,
T»@PPI, gect. 95 {}.‘34&)’
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At the steady state

afr] o
o= - 21{4[12']

(k)= @%

The rate of peroxide decomposition is then
i eap s wf B
:ki[lﬂ + k‘g(k}, [P] |

Razg

ky

‘ :ki[}?] + kil}ﬁ]'f’/g

| ky = ky klé‘

and may be. considered the rate constant for induced decomposi-

where

tion. Integretion of this expression gives

% s Y ) ‘%
SRR —5r T “
where \
8= E&
ky

It can be seen thet if the peroxide concentrations are
measured at equel reection times for any two runs, the

equation (4) above tekes the form
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o + P 7 a+ P, t
Pl~:5: Pg % ,

which may, 1n tumn, be canvarted to

1 c | c-1
=L 481 ~(8)
% P # a
0 : z
Plote of . l‘\,va.f~ ; should give straight lines from

which C and a aah ﬁs @alaulatad{ Figure IV shows three such
lines, whare X 1a an arbitrary aanatamt t@ rsauae the siza of
tha gragh,
i ,
Similarly, a plat of B X L. against time, es shown in

Figure Vv, should give a streight line if equation (4) is valid.
The faet that the curves are linear for both acetone end
eyclopropylmethyl ketone indicates that = certain smount of
chain dscomposition does occur when b&ﬁzayl peroxide is decome
posed in these solvents. However, ﬁiﬁ#e*%h@ results are
| similar for both katan&a, one oan say tnat the eyclopropane &s~
rivative exhibits essentially no grester activity in this type
of reaction thén does acetone. Even if chain decomposition
does ovocur, there is no’avi&enaa that reaction tekes place on
the ecyelopropane ring.
Altheugh the decomposition of ecdtyl peroxide in cyeclo-
propylmethyl ketone yielded a small amount of produet, the

reaction appears to have taken place a2t the methyl group rather
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than the ring. This hybath&sis‘ia supported by the fect that
the liquid showed absorption of infra-red radistion in ragibna
typiaal of the éyaiépropane mﬁiaty &ﬁﬁ‘th@ carboayl group. The
small yiald indicates that raaatian, ir any, must be slow and
.aartainly not = ahain r@&eti@n.

| If was mnnd that the phanylayalapropam prepwad by the
pyr@lysis mf 5~phany1“2~pyrazalina, evan after exhaustive frac-
timatwn, contained s small amount of ﬁ-—mthylstzwem. %hen
the mixture was heated svernight with 8 catalytie ameunt af
benzoyl peroxide tne phenyleyelopropane was racaversd in 8
ao&awﬁat purer stete as shown by the infra-red spectrum, When
the treatment wes repreated ﬁith & larger emount of benzoyl
peroxide a produet was reeavaréa whose infra-red spectrum ine-
dicated no P -methylstyrene whatsoever (see Piate II). There
was also found in each case & considerable yield of benzoic
acid aont&mtnatgd‘with & substance which may be polymerized

~methylstyrene. TFurther reaction of this purest phenyle.
cyclopropane with benzoyl peroxide did not charnge 1ts‘refraa~
tive index or its infre-red spectrum. )

Plate II demonstrates clearly the disappearence of the
vinyl sbsorption, due to @—-mmhylstymm, in the region of
10,4 - 10,5 mierons, with suecessive benzoyl peroxide treat-
ments. ; |
The faot that virtuelly all of the phenyleyelopropens

can be accounted for efter being used as a solvent for the
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decomposition of & large amount of benzoyl peroxide is con~
clusive evidence thnt the eyelopropsane 15 completely unre-
active towerd benzoate redicals. The fate of the benzoyl
peroxide is somewhet in doubt, but it may reset with itself
to give a mixture of products. | | |

At least one of these products has also been iadlatad
from bYsnzoyl perwxide deeﬁmyﬁsitian in eyeclopropylmethyl ketone
as witnessed by the similerity of the infra-red spectra shown
in Plate IIT and the feallure of the mixed melting point to
be depressed., It seems highly improbable that such agreément
in physiceal properties is merely coincidental, The implica-
tion is, of course, that the bauzbata radieal attacks a
peroxide molecule in praf@r@néa ta@githar phenyleyelopropane
or eyelopropylmethyl keﬁan@. - |

The failure of free radicals to abstraet hydrogen from
the cyeclopropane ring was predicted, at least in part, by
He Co Brmwnﬁs during his study of I-strain. Using his approach
to the matter, one would say that removal of a hydrogen atom
r:mm a ring carbon would change the coordination number of
thet carbon from two to three., Since there is already con-
gidereble I-strain caused by the shrinksge of the bond angle
from 1090 28' to 60°, a coordinstion humber of three, requir-

ing an engle of 120°, would serve only to increase the strain.

65&. C. Brown and M. Gernetein, J. Am, Chem, Soce., 72,
2926 (1950).
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Coulson end Mofritt®4 have discussed strained ring systems
using the malacular‘arhital treatuwent. They statad that since
there are six carbon to carbon bonding orbitals in the plane
of the deiapropana‘ring, there is probably an appr&ciable
error in ealculating the resonance energy by the conventional
methods. Using the methylene dirsdical es a model for compar-
ison, they calculated a resonance energy of sbout one elec~
tron~-volt per methylene group in cyolopropane, This value is
approximately the same as the one caloulated for ethylene
using the ethylene diradical as a comparison. |

The authors went on td say:

‘We c¢an now see how the rél&tivaly high dﬁgrae,ér

delocalization which we have been led to associate

with the C~C bonding electrons menifests iteelf in

the behaviour of cyeclopropaene. We should expect

such effects to inoclude 8 eapacity for conjugeting

with neighbouring unseturated groups of favourable

symmetry as well as for giving the cyslopropyl

system en electrophilie eHarsecter. ‘

Thus, oyeclopropane wmainteins its similarity to ethylene
as far as hydrogen abstraction is concerned, sinece both types
of molecules resist the removal of a hydrogen atom by homo-
lytic cleavage. ‘Why, then, should not ring opening occur with
at least comparable ease?

It has been shown repeatedly thet such ring opening osn
be effected by a number of acidic and basie reagents, although

the reaction ususlly tends to be slower with cyelopropanes.

84c, 4. Coulson end W. E. Moffitt, Phil. Vag., 40, 1
(1949).
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One should remember, however, that most ecids end bases can
exist as such in solution for, essentially, an infinite time.
This is certainly not the case with free radicals whose half
lives e¢an be, at most, only e fraction of a second,

Therefore, despite the fact thet ring opcning by redi-
cals may be energetically just sa feasible with cyclopropeane
a8 it is with ethylen3s, the energies ¢f aciivation for the
two remctions must differ eenai&ar&biy. The highly reective
free redical, during its brief existence, must attack some
species, other than uYélapréyﬁnm, in a resction which re-
quires less energy to reach the transition state,

In conclusion, one can say that the data indicate a
pronounced difference in the reactivities of cyclopropane
and ethylene deriwaﬁivas toward free radiesls. Although
tha?a is not unequivoecal proof that the cyclopropsne moiety
is entirely insensitive to radical attaeck, we can state with-
sut fear of contradiction that eny rese¢tion which takes place
does 80 at & rate much slower than the rates observed in

similer reasctions with olefinic molecules,
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STMMARY

4 review has been made of the literature since 1900 con-
cerning the ocomparison of cyclopropane derivatives with ana-
logous ethylenes end higher alieyelies. It has been found
thaet the three-membered ring resembles ethylene c¢closely in
physical properties and in resctions with & number of ionic
reagents. An ettempt hss been mede to show whether this ans-
logy can be extended to resctions with free radicals,

Cyelopropyl eyanide has been shown to be completely
insensitive to attack by benzoate, acetate, triphenylmethyl,
diethyleyenomethyl, and growing styryl redicals.

A ﬁﬁaay ér the kinetics and products of styrene poly-
merizaﬁian in the presence of cyclopropylmethyl ketone has
indicated no copolymerization or ¢hain transfer with solvent.
Decomposition of benzoyl peroxide in both acetone and eyelo-
propylmethyl ketone, when followed kinetically end trested
by the method of Bartlett and Nozeki, have shown that a
certain amount of induced decomposition of the peroxide does
‘oceur, The reaction has been considered to tske place at the
methyl rather thaen the cyclopropyl group. Acetyl peroxide
has been decomposed in eyelopropylmethyl ketone, and the small
yvield of product has been found o contain the cyal@prepana
ring, egain indicating reaction at the methyl group.

?nﬁnyleyelaprayane has been purified by repeated heating

with benzoyl peroxide. An impure product has been isolated
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from these treatments whose infra-red spectrum shows no
cyolopropyl group, but 1§ very similar to that of a product
of the ﬁaéampmaitiah of benzoyl peroxide in eyelopropylmethyl
k@tama, It has been aneluééﬁ, therefore, thst benzoate raaw
icals react with benzoyl per@xidavin‘ptaferanua to eyeclopro-
pane derivatives. |

The theories of H. C. Brown and of Coulson and Moffitt
have been discussed since thés& workers have predicted or
implied that hydragaa abétractian by free radicals would be
diffieult in e ayelaprapana‘syst@m. These predictions have
been shown, experimentally, to be‘aarreat.

An attempt has been made to rstionalize thé failure of
ring cleavage to occur by essuming a higher sctivetion energy
for the reaction than for the corresponding addition to

ethylene.
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