FREE RADICAL REACTIONS OF COMPOUNDS
CONTAINING THE
CYCLOPROPANE AND OTHER ALICYCLIC RINGS

Thesis for the Degree of Ph. D.
MICHIGAN STATE UNIVERSITY
Denald Paul Wyman
1957



ramws
@.3/ MICHIZAN STATE UMIVERSITY

OF AGRITULICHL ALD ACPLILL SuitlCE

FAST LAMSING, MILoiaay




A




Fo70 TATICAL RIAOTIONS OF COFPLTS COMTAINTG

T8 CTLFITANT AL G151 ALICYILIC RIKGS

By

Lonald Paul Wyman

Subxaitted to tiie Sclool of Advanced Graduats Stucies of Micilgan
State University of Agriculture and Appliad Science
in partial fulfillnont of t:8 requirsnmte
for tae cogres of

ZOCTR OF PUILGSTRTY

Departsaent of Cheulstry

150



FATE BALICAL REACTIZNS COF CQT'INIS CLHTATIDNG
TUE CYCLOPROPANE AND CT.IER ALICYILIC RINNGS

Donald Faul Wyman

AN ATSTOACT

Submitted to t:¢ Sciool of Advanced Gracuuzte Studies of Micipan
State University of Agriculture and Applied Science

in partial fulfiliment of t:e requiremants
for ¢-e dagree of

DOCTR P PIILASPTY
Tepartment of Chenistry

Yoar 1927




The papans of 4ils Laxrostloallicn ws 20 Llaly vore Informmilon
coxxarning e beiavior of eyclopron;) &nd eyclmroylcarbingl £299
reclicals, In orvar to <o Lls an? to bo abla to polnt ocud nave fully
t.8 ususl carvctarlstilos encomtars ™, puccuidon wiich woull wpon
cacosposition fanigh e ¢rzlopraryl, exloprep,landinl, &3 will 49
L9 eyclobuiyl thrah oyclolaptyl et opelotutylaet iyl tioough gpalle
havrloerhingl racicnls wors prevared gnd decorposad, ladlsgls wers &l
gmaruted by t.e plotochanicsd ¢ lorlatlion 6 yarious cyclmpé.w
sabgtitutold tyrirocarbons, e pro usts rosulting dstxrinal,

T8 chlorimeilon of is promvileyelencepane ylol ad 2=crelopropyle
leo'Joropronana, ralier tan s epacial dinetiplarelonreloa-bingd
atlori e, Tue ctlorimation of diecyclomroryimotians resaltad in 2
formatlion of legyelonrorslelee lorchiutbmonle J08albla epianations of
L.289 rosults are olfere,

e procucts and retne ef cocomponition for tlo pancridns wore
cabarrinai, ALl ©f e docoupasillons were perfloresd in dllute solution
in carbon totrachlorile an’ lolloarst gtrict first oo Linctles, Too
princizal profucts from (L00g) e 12 211 easas but one wara carbom Claxilla,

al:yl cldorice (101), and losser amounts of esbar (1005%) ass scld
(Clglle Toacaos of plotzond ward produced, apid hadclorvel ans wis

formad 4a large ut undoternined Guantitise. ihan 2 wus [>«C7y, tie

iv



estar was the ma jor procuct (C.0), and no XC1 ws detectad, In &l cusas
>34 of o parexlie wes accrnwar 1ot and b sulntaioat 1ts elructareld
taritye Aullantlec saples of L.e products wore smiosizad for
cparisen,
The rolative ratas of dacoposition of e various parocios &t

s 1n carbon tebtrac:lorice wara

- ‘;‘:‘.}. ( i :3..;:]3) 3
'y r Y. -l 1 ( L%
- 800 ,_.E=g E. S-,..a
C. GQBS vy 10s
C‘ Teis C‘ 1.7
CQ ;1. % cg 2073
Co Beb e 2.

wiers bagoyl paroxide rad & value of 1.0, Nates ware cetornined at
sovaiwl terparaturas and on (ipllokte sasplos, Thi¢ activetlion enargles
for all tie paroxi:ss excaept blscyclopropaneformyl and biscycloprepanes
ecetyl peroxides ware 27 ¢ 1 kilocssloriss par nole, Thie activetion
energy for blscyclspropansforzyl peroxide we 27 kilooctlories por xl:,
whersss that for blacycluprunansacatyl peroxice wes only 22 kiloceloriss
pa> mols,

The ratos, products, entropies and entivlples of activution were
a1l ocongistant with a machanisa which ncluded the formation of an allydl

racicel ae one of two rate dotermining stops, The rosonancs energy of



¢t eyelopropyleardinyl recloal arpeers to be arnreciaklae, Ie-straln in
the cyclopronyl en?, to s lossar tod §ti1l Lportant extant, in the
czelobutyl redicel can account for tioir slov rates of formation,
Cyslopropyl locide wue prap red for the firgt tiwe {ocam ti9 decoypoe
sition of biscyclopropanaformyl parexida in th9 prosance of io'ine,
It has nod bean foand poesibls to prapure this eompoun’ by Clsplacdnsal
resctions, A huw, consiiaredly Lmcoved, symilesls of cyclopropyle
ecarbomlianyde based on cataljtie ceyuropmation of v wlconol we
actdaved, The progaration of j,levlagelopropy/ipropendel wid accoipilssd
b7 & saquence of reactions stariing wilh cleyelopropyl ketona, Iicyvloe
propyl ketons was also comvartad to cyelopropyd eyclopropancarbogrlate
using trifluoropsroxyucatic acld, Saveral otior now cytlopropano=

contalning cerlvatives wore praparal,.



TS OF G5

Yage

- B
posye ‘b-fﬁv:a'-;ﬁocoooooooooooooooooooooooooo 000000000008 0ccc00sNcess00s
PINTIITAL
el Bt 008080000000 0005000000000000000000008000000000000000¢

1. rhcparimztalu.u..uu.........u...u... I Ty

A, Cilorination of Eyirocarbons Containing & Cycloe
MaNG 2iNZ.sescsesssvosescccocsocancossscssncscee
Freparation of Isopronylcycloproiun@sessescesccsses
(lg Isopropylicenemalonic ESteresecssccecesscsee
b) Isopropylmlonic /8to0reccccccscecccsccessces
0) 2eIsopropylpronane=l,3«dioleeesceseccccsccce
fdg 1,3%.4br00=2«480PT0D1propunSesecesscecsoes
8) Isopropyloyclopropan®ecesscccsocsosvscscscns
Chlorimation of ISO})I'OP]].O?C].OWOM‘....QCOOO.....
Grignard Reagent from te Product of Chlorination
of IsoproprleyClopropin@sesececscsscessscsosscee
Solvolysis of t..9 Froduct of Chlorinmation of
I80propyleyolopropRilt3ecscssccevensscecscsssssccse
Chlorination of I800Ct&NGecescsscsssscnsesscssceces
Dimethylisopropylearbinyl Chloridecsesecvssesseccee
Chilorimation of 2,3-E.-1;Mf1ylmtmu.............u..
DicyclopropylmothanGecsesecoccscsscccsossessccccees
Chlorination of iicyclopropylmothan®.ceesseccscecece
Reaction of the Product of Chlorimation of
Decyclopropylmathane with Magnesinmecseesscsscce
Cxidation of tie Froduct of Clilorination of
Licyelopropylmethant.eesecesscssecossncssocsssce

B, Praparation and Cecorsposition of Certadn Alicyclic
Acyl Por0oricoBececscoccecocscesescoccscecscocesesce
Preparation of tie Roquired Carboxylic AcidSesesses
Cyclopentanocardboxylic Acidescscosscorosecossecrces
Cyclohaptanscarboxylis Acldeececssssccccesce-nease

(Q) Cyclohsptm»l........u.-....u.u..........
§bg Cyclohepty) BromliBeesnccsssscovcescccssscne
¢) Cycloheptanaoarboxylic ACldecscssssssscsccse

0aCOtic ACLdseescescnctacscncecccscennes
(a) CyclopropancetiiainOlesccscccscessecsnsseseeses
b Cyclopro-,nnaaoctaldalwdo........“.u...-...
¢ Cyclopmmnmet.‘.c ACidececccesececscccevace

vii

1l
7

sy

BLER

&

22






TAHLE OF CONTNTS » Continuecd
Fege

tanaacotls ACllceesssosascevcncccesccrssnes 27

8 ) Cyclopontyloarbindolesecescccssocscsccscsccee 29
Cyclopantyloarhinyl Bromic@essesecescessssee 29

¢) Cyclopontanoacetio Acilicecesccnnceocesceces 30
Proparation of t'8 Acid CiloridoBececececoscssoscss 30
Cyclopropandcarbonyl Cilorlifesecsssenscsssscccsccce 30
Cyclopentanscarbonyl CillorlC@ieccssescessssscscsese 1
Fropamation of Ctuar Acld ChloricoBecesesccssssscsse 31
Prepm\tion of the llacyl Foroxido®eescesovessesess 31
Biscyclopropanaforty)l FParorxitiGeesevesocscscscscccsse 33
Biscyclopropanoucetyl Foroxic@eeessesescesceesscess 3
Cther Acyl ParoxiGoBececscosvesessoccessscsscscsncs 3l
Preparation of Cortaln Leiar8essecesssosscoccccecee 3”
Cye Pyl Cyclopropanocarboxylat@.eeesesccesccscse 39
sl Triflucropero:yacelic Acldesesesssesccsccses 35

b) Cyclopropyl Cyclopropanooarboxylatececsesces 37
Cyclopropylcarbinyl Cyclopropanaecdtatoesececsscese 33
Cyclohayl Cyclonamnecarboxylatdeecsccececessceocre 37
Cyslohexyloarbinyl Cycloliwaniacstateceececccesesee 39
Ph@fvl BanzoatBeececsasccccescessvscecscescsosceces 37

IX, ipparatus for Procucts and Kinotics of Decorposition of
Various 1071 Por0oxicoSeceossconecsecevsccesccecsccsccnnce Lo

Quantitative Jetornination of ProfuctBeescecesocecs lo-l
Products from the locorpogition of Blscycloe

propenoforryl Poroxidoccecscoccecencsescecocceese L3
Procucts of lecorposition of Eiscyclopropanee

‘0“}'1 Peroxic0eiseccesssccsessccoccsccnccsccnccs h’)
Decompositimn of Biscyclopropansfortyl Peroxice in

the Presonce of Iodine and Wateresccsscscecensee 51
Kinetics of Uecomposition of Various Aoyl

Peroxiingececscosrcccsccescstoencscacsooscsssnes 51

III. 24800l1AN00USc0e0cesecessccencscosscscoscesncciretsosesaveces 52

1, Reactions of Siuple Cyclopropane DerivativeS.ceccsesee 52
C}’Olbp‘l‘op}fl Jo(i1G®esoovecvceserncoceccnssovcesosecs ©
leaction of Cvelopropyl Iodide with lagnesium,eceee 52
Cxication of P «Cyclopropansethanol with

Potassiun Pmmt@..ooooococ-oooooooo-oo.coo 53
Cyclopropanacarbo:Blio |y Becessosceessanecosesncese S

2. Attapted IM'reparstion of Iimetlyleyoclopropyle

O&l‘bimfl ChloricOeececccesscncsecoscescsnceceoceone Sh

viil



TR F CETITS » Contimed

Paze

Roaction of Prosptiorus Trichlorids with Iizethyle
mmmjlc&rbinﬁlooooootQCOrooooooooooocooooo
'fl'lp’Wl Thoopiillldesessessecscrcovessesccsonsecene
RNeaction of Triphaonyl Phospiilte with Benzyd
Cllorice with inothylcyclopropylearbinolevesese
3« Raactions from Iicycloproepyl KotonBGesesesscecnsccscsens
1,1-5105&10171‘(7{7}'10@919119.0.oo.o-.o.o X I TYYYY YY)
Proof of Structure of l,l«icclonrop;letiylans.see
Sthyl Bota, bata=Cicyclopropyl=botastydroxye
pmpionate-o'ooooooo-ooooooo-ooooocoono.cooooooo
oyl bet&. bota=. loyelopropylacrylatBeescvocsoccne
3=3 [icyclopropyl Allyl Alco.i0lesvecesscesnscsseccs
3)3=Acyclopropyliroiii0lececosveccvscscoccsccscene
3,3« 0yelopropylnronylacatateccevecssoveveen-cnnes
3,3=16yTlonropyl=lepropnoilSecsceasosscssssssncsocen
Attorpted Frepuration of Licyclopropyl Glyeidie
uw'.‘..’..‘.’........"..'......' (AR X X2 X XN J
Raacllon of Ferbenzois Acid wilh 1,1=<Cicyclow
mlﬂﬂ:ylmgcooooaoc000ooocoooooouooooooooooo-

CIGCT 00Tl 000000000000008000000000000000090¢06000000000¢0000000000
Aes Froe Racica) ChlorinationNBecscccccsesssscscsscosvesecscesans
B. Gemera) Consideretions Regarding the Decomposition of Acgyl

ParoxicdCBeses000000000s0s000000000cs000000000000ncssssnne

Ce Preparation and Propertises of Yarious Acyl PeroxicoS.eesecse
D, Products of the lacaposiilion of Sorw llacyl Paroxicedeceees
L. Kinetice of tl.a Iscompositica of Various Acyl Parc:idloS.ceee
F. Proposed Mechanisne for the Decomposition of the Various

83
&
92

Am Por0x1d0Beevcsscensesccccrcensesccnsevse-osconrasioee 10U

G. ¥iscellaneocus }Wcoooocooooo-oooooooooooooooooocodoo 1

| 524 Sad )
ST AT Y cee0000000000000000v00000000000000000000000c00000000s00s00e 14

Ln%\AmE CII;‘JAJO...O......‘...I.....O..‘...Q.O... 0000000000000 ¢ u?

maﬂ-:n....QOOQ..l.....’..‘......‘. 090000 Q00800N000000OCSOINCTOICESSICS m



e e e ™ = m———

TAILE

1157 CF LTSS

1. Photolysis Procducts of Moyl Cyrelopronyl Yeton@.eessecscssce
2. Rates of Decorposition of Several Plsazonitrile@.csssesscces
3, Ylalds and Boiling Points of Sovoral Acld Chloridas..eese...
ke Yiolds and Puritios of Seversl Acyl PoroxictBeecscsccosceces

S. Products fron the Docoaposition of Biscyclopropaneformyl
Peroxide in Carbon TetiachiloriCOcecsssavcssvscecsscacescenee

6, Beer's Law Constants Usad in Detarmining the Quantities of
Procducts froa the Decorpesitiom of Biscyclopropaneformyl
Peroxide in Carbon Tatrachlorid@seesesccsccccsenceccsesscsos

7. Procucts from the Decorposition of Biscyclopropansacotyl
Paroxide in Carbomn Tobtrachlorico.cecescescocvvsssescoscosone

8, Products from the Decorposition of Biscyclohaxanaformyl
Paroxide 4in Carbon Tatrachloricsescsscsccrcssncesscncsveese

9. Procucts from the Decorposition of Bisoyclohexaneacstyl
Peroxide in Carbon TotreciiloricG.ceveessvessccsccroveccscces

10. Procucts from the Decorposition of Bansoyl Peroxide in
Carbon Tomchlori.dc.u.....nn.u.u,u...................

11. Rases of Decorposition of Substituted Bemsoyl Peroxides in

DAOANG 000600090001 00000000008000000000000000083000600000000

12, Rates of Decomposition of Benwoyl Peroxide in Various

SOV 00 000000000000 0800100000000000000000008000000000800800s0

13. Producte from the Decorposition of Benzoyl Peroxide in
Various SolveritSeeereeee000e0e0s0000000000000 00000008000 00

14, Procucte from the Decomposition of Bisedeltaephenylvaleryl
Peroxide in Carbem Totrachloridtececcscsenevensscscsssescece

13, Rate Constanta for the Devomposition of Some Cycloalkange
formyd Poroxiiosescecescncsessncscescssorseccnsccecasssscece

Papa

L3

LY

9]

78

78

79

eo

95



LIST? CF TADLES o Contdnued

Pago

14, Rate Comstants for the Decomposition of 2ome Cyeloallianes
acotyl Peroxicdolececosovecncocecacesnasossccnscsecececsesecee 97

17. Rate Constants for ths Decomposition of Various Acyl
Poroxides At 70 Ceececcssveccccscsncssercsocscscssssesssncs 100

18, Activation Morgies, ™nt'wmlples, and Entroplss for the
Dagorposition of Varlous Acyl FerordcieBesecssscsssssnsessscee 101

19+ Decomposition of Bigcychpropnmforvl Pearoxide in Carbon
Tetruchloride at 63 Cesesocecocscnvsscnssacocesnsossscsssee 121

20, Decomposition of Bigcyelapmpamfozwl Paraxide in Carbon
Tetrachloride at 70 (I)oo.ooooooclo‘ooonoooooctccaoooo-oooo 122

21« Decomposition of mgcyclapropanafoml Peoroxide in Carbon
Tetrachloride at 70 (n)oocooot00000000000o.i.oco.oocooo.oo 123

22, Tecozposition of Biscyclopropancliormyl Perovide in Carbon
‘l‘ognohbﬂdo Containing an iquimolar CQuantity of Iocdine at

70 (XXX XXX XS TSR ZRR SRR REZ SR RN R RN RN X X X ] m

23, Decouposition of Bigeyelopropanefonyl Peroxice in Carbon
Totrachlorice Bt 75 sesssececccccsncececoscssscnossocccscese 125

24e Decomposition of Banaoyl Peroxids ia Carbon Tetrachloride

2
“ 70 cQCQQ....O.‘.0000000000000.‘..... 2000020000900 0060000 12-)

25. Decomposition of Bgmlobuhmfwl Paroxide in Carbon
Tetrachloride at 6‘) Coveoncscossnsnessesccscscscnscsnsecesce 127

25, Decomposition of Mpyulobnhmtorwl Paeroxide in Carbom
Tetrachloride at 70° C (I)¢coooo-oo.o¢-toooc¢aaocooocot-oooo 128

27. wmummmmm?mum
Tatrechlorice at 70° C (II)..oooouoooo.ocoooooo-o-ooo.oooaoo 129

28, Decomposition of Bi lobutanaformyl Peroxide in Carbon
,mw" ‘t 7 c"..‘..l.QO..Q.Q...Q.‘.C...C‘..O....OO no

29, Decomposition of Mgcyclnpmowl Peroxide 4n Carbon
rmcmm. ‘t ha c‘..‘00..'..0.00..'0'.0.0..00.‘....'... Dl

30, Decomposition of B%gcyvlopmowl Peroxide in Carbon
Totrachlorids 88 LS Cececcocccscescsasecsc-vsesesesoscscsos 132

x3



LIST OF TADLES e Contlimied
Pape

31, Decomposition of Bigcyclapentmutoml Paroxids 4n Carbon
Tetrachloride st f:o Ceveccsnsnccssscnrcsscoscsansesessscses 133

32, Docoeposition of mrgmmmmm:‘mwl Paroxids 4a Carben
Tetruchloriie at 5) ¢ (I)oco-ooo.ooocnoooooosoonoouocooooo 1313

33+ Decormposition of w;geyelnpmmform Paroxico in Carbon
Tetrechloride at 55 € (H)ooono-oooc.o.oo.ooooooiuno'oooooo 135

3ie Docomposition of mﬁcyclobwmform Paroxide in Carbon
Tetrachloride 8t 35 Ceveccooncacossesoscteseoccrcecccsssene 136

35+ Decomposition of Discyslohexanaforuyl Peroxide in Carbon
Tetrachloricde et LO” C (I)oo..‘otoo.otll-o...oo.oocoovaooooo 137

35 Decorposition of Biaeyeloheumnofarayl Paroxide in Cardon
Tatrwohloride et LO™ C (xx).aooootnooooooocoooooooooovocoooo 153

37. Decorpoition of Bigcyvelohamnaformyl Peroxice in Carbon
Tetrachloride at Covovsencsvsvnreonssesecosvonsenscsses 137

33, Decorposition of Bigeyolohoptaneforsyl Peroxids in Carbon
Totrechlorida 8t 35 Cuesecsnvcsesoscscncesssconcsessarssnss 340

39+ Decomposition of Bigoycloheptanaformyl Percxide in Carbon
* Totrachloride ad O~ C (I)000000ocooooot'looo.oooooo.ocooooo la

Li0e thummwmym in Carbon
Tetrachlorice ad 4O C (II)..n....-...nuu............... 1,2

L1, Decorposition of 1oheptanaforayl Peroxide in Carbon
r.mhmd. “ CCO0.0...QI...Q..Q...OO........'.....‘. w

2+ Tecorposition of Bigeyclopropansacetyl Peroxide in Carbon
Tetrachloride at 1} Ceeessetsconsacscesnscncesvaccosascssas 1’.24

L3« Decorposition of Digcyclopropanaacetyl Percxide in Carbon
Totmechilorice ab 25 ¢ (I)oooooooo.ooooooooocoooo.oooo..ocoo 1.‘45

Lie Decompoaition of Biﬂcyclompanmoueyl Paroxida in Carbon .
Totrachloride at 25" C (n)000.0"0000'..0!.000'000.0.0-00'. 16

LS+ Decorposition of Bigeyclobutansacetyl Peroxide in Carbon
Tatrechloride at 65 Covsvocconsesncosssensensevencocnsvacae 1&7

xit



LYIST CF TiULES e Contimuod
Yags

LS. Dacomposition of Dizcyelatutancanatyl Paroxide in Carbon _
Tetrachlorico at 707 © (I)qoocooooo--ooocoo.noaooooonaooo.-' 1.3

L7« Docomposition of Bigc;rclcmt:nﬂaaes:yl Ferozlde in Carbon
Tetrachloride at 70° C (n)...-'oooocoo.ooooocc-oc-.oo.cooco 19

48, Necomnosition of Pigeyclchuianrecstyl Parestide in Carbon
Ta‘thI.lQJ‘."i&O ﬁt 7:" C""....Q‘OO.O.O.OCQQ.OQ‘I.‘Q‘.0..0000 1\;3

49« Lacommposition of E.‘.g«c;,*clcpanmmcetyl Paraxile in Carben
TotrachlorTiCe 80 G207 Cessesssencscverseccvnssccnconcascercsce 1‘,1

£0, Lecorposition of Miscyelopatenancotyl Paroride in Carbon )
Tebtrachloricds et 73“ c (I}.0.0&0.OQQGIOOOOIOQ..OQOOOCOGO'0.. 12

21, Docomposition of Bizorcinpantoneacetyl Pervxice 4n Carben )
Totawciilorics ab T‘JQ c (n)ocooooontooocanooocooocovobonoocc 153

52, Decorponilion of Rizcyolopantansacatyl Faroxide dn Carbon .
Trtrachilorle at 75 Cenosveenversssenscesnsasracesenvececcs 1‘,4

©3. Lacompoaition of Mgmhhmnmml Paroxide in Carbon
Totmealloride at 60 Cavssesescescnsrvessorsccnesnsccssensats 1:5

e Loconposition of mgcyclo?mneacebyl Parcxids in Carbon
Potraciloride at 707 C (I)ouoo-on.-ocoouooocoooooooooooo-oo. 1;5

Se Nacormosition of Bigcyclohe:meml Paroxide in Carben
T@mc!ﬁnﬂ&h ﬂt TU c (II)Q......'....D.l‘l.!ﬂ.‘.""..I... 157

S5e Docomposition of B!.smlchmce‘tyl Paroxide in Carbon
Tetracrlorids at T Covocsovsacssancesesnsessnssacsessscans 133

Tl



LI5Z? GF FIZXC2°3
) el e Face
1. Infrarod Cpactrum of Toooronylooloproin2ececcscccesscoceeee 21
2. Infrarod Spectrus of 2« yvlopronyieleClloroRroNiNitCesssesseee 13
3¢ Infrared Spoctzum ©f l«Cyclopropyleu=Cllorcbutdmael.eesssses 20
Le Infrarod Spoctrun of l=Cycloporlbutond=lecesscocssscossces 21
Se Apparatus for the Tocaposition of Acyl Poro:lCoB.cecsccecse L2

5, Infrered Spoctrum of tia Procuct from tho Roaction of
1,1=icyelopropyiotiylone with Pecbonzole Acidessecescaseese

7. Quantitative Infrarad Spoctra Usad in Dotoraining the
Kimt&co of Dscorposition of Disecycloiumancacstyl Porgizice

‘t LS CO..’.‘.'.......'..."....'..‘IQ.......O...'........l 915

8, Flot of log (P) versus ¢ for t:e Locorposifion of Biscycloe
pentanaforayl Parozice at 35 'y 40 g QN LU5” Ceeeesessscocses 93

9« Plot of log (P) versus ¢ fop tie Tecorposition of Biscycloe
butaneacetyl Parczide at 45 2 10, and 75 Ceessescossccoces 99

13, Plot of &1- versus n for Savarel Biscyclosllaneformyl

-
Peroxides ceecesvecscsevecessseresscsrecnsssssccecnscscrnes 152

1le Plod of log k versus % for the Decomposition of Biscycloe
WWI PEroxic Besscevccecesesssscssscesesecsscococnce 17

12. Plot of log k vorsus % for the lovompositiom of Biscycloe
Ww ParoyiG6sececnsessecscocennsccnscnsersacessenes 155

13 Plot of log k varsus # for the Deodcposition of Biscycloe
mdbﬂvl ParoxicBesceennsessesacocescrsscsccoscnscescee 131

1. Plod of log k versuse %ror 9 Docorposition of Biscycloe
bumfawl Paroxlin,eseesscessessscsscncssesccanssnssnssene 142

15, Plot of log k varsus 2 for the Decoxposition of Cysloe
hoptansforryyl PeroridBesecscesesvcecnsscscscesevcscncceseces 153



LIST OF FIGUZS e Conbimuexd
Fague

15, Plotb of log k versus § for the Dacomposition of EBlscycloe
mml POroxic®ccoescocesnccocesncccnsocencsscosacsns l’v:&

17.Plotoflogkvam.%£ortm£mspoutianofm1m
butansacetyl FororicdCeeseccecsccsecscececcoccscsnsesccssecces 153

13, Plot of log k versus %fa@ the Decoaposition of Biscyclow:
pantansacety)l Feroxid

m.Morlogkmm%tcrmnmmnuonotmmh-

hmmoet:rl.....u............ I I IR XY Y YY IR YR Y Y XY Y 1"'7

‘.
0000000 COCSRCRNNIONRNOSOOOCRROOROCOIROITS 1"6

20, Infrared Spectrum ef Blscyclopropylfomiyl Peroxic8ecessceecss 103
21, Infrared Spectmum of Discyclobutanaformyl Parcrideseceecscecee 1757
22, Infrarad Spoctrum of Blecyvlopantancforsyl Poroxicoessessese 170
23, Infrared Spoctiua of Biscyelolwamnofomtyl ParoitdBececsscese 171
2%e Infrurad Spactrua of Biscycloheptanslornyl Poroild®eeseccess 172
25, Infrared Spactrum of Bisoyclopropanonacotyl Peroiideeececesee 173
25, Infrered Spoctrum of Blacyclobutancecotyl Peroxicecessecsvee 174
27. Infrered Spectrum of Biscyclopantansacotyl PeroxidSeessecsss 175
28, Infrared Spoctrum of Eiscyclohexanoacotyl Pm‘oxida..;.uuu 175
29, Infrered Spoctrum of Cyclopropyl Cycloprepanacarboxylatdeses 177
30, Infrered Spectrum of Cyelopropyloarbinyl Cyclopropansacatate 173
31, Infrared Spoctrum of Cyubpromneat‘-nml..........;..;...... 179
32, Infrared Spoctrum of (yelopropanascotaliohydOeessseesssccsss 130
33+ Infrared Spoctrum of Cyulopropyl Iodiéa.u;..n..u....u... 151
34. Infrared Spectrua of 1,1-1‘*1.cyclopmp:ﬂmt?v1ms.........;.u. 132
35 Infrared Spsctrum of Ttiyl 3,3=licyslopropyle3=hydroxy

propiona.te 060080 0000200800000 000800000008000200¢0R 0000000 193



LIST OF FIZU0'S e Contirmuod
Fagze
35« Infrared Spectrua of Cityl 3,3=Uicyclopropyl AcrylatGeeseees 134
37+ Infrared Spactrum of 3,3« icyclcpropylallyl Aloohiolesesscsse 135
38, Infrared Spectrua of 3,3«dcrelopropylpropancle=leescccccecss 333
39. Infrared Spoctrum of Eigyl 3,3=Cicyolopropyliwopionaticesess 107

xvi



Tals thesis is concermed principally with & stuly of reactions
wiich proceed via free racical inteormeciates poesessing cyclopropyl,
cyelopropylearbinyl, or other alicycliec groups. There are savarsl
reagons why this stucdy wms uncertaken,

Resctions which proceed via ionic intarmecdiates that contain a
cyclopropane ring show several ummsual characteristios. For ezample,
when cyclopropyl p=tolusnssulfonate was hyrrolyzad in scetic acid (1),
the reaction proceeded very slowly, and the procuct was allyl acetate.

C
]
> mo‘@CHa-—-. Cr;zq:l.c: !,-O-C-Cr;:

The intermeciate oyslopropyl cazbonium ion, if formed, was procucad
reluctantly and rearrangad reacily to the allyl carbeontua ion. Cycloe
propyl chloride is almost as inert towmrd both SH]. and snz ¢isplacexnants
a# chlorobensene (2). The difficulty in forming & positive ifon with
the charge on a cyclopropyl carbon aton has bean ascridbed to I-strin
(3)e That is, vhen boniing 48 ohwnged from & (neatrel moleculs) to
op® (carbonium fon), the internal strain is increesed, A possible
msagure of this increase in strain is given by the difference betwoen
the bond angles in the two casesy i.e., (120°=0%)=(109,,5,°= %) or 10.5°,
" Part of this thesis deals with an investigation of this same
phencmenon in free racioals, Thers is conflicting information in the
literuture about oyclopropyl radicalsy uncer certain circumstances



thay seen t0 maintain their icentity, vhereas under others they mey
rearrange to allyl radicels.

The photocherical chlorination of cyclopropans (L) proceaded withe
out rearrangament to yield cyclopropyl chloride as the mein procuct,
along with lesser amounts of cichloro compounds,

Cl

. Cl,-b-—-u Cle . «C1

1 cl

Also, Hass and Schacter (5) found that the vapor phase nitration of
ocyclopropans gave nitrocyclopropanos

0
The Aanscdieker reaction on silver cyclopropanecarboxylate (%) ylelded
cyclopropyl bromice.

Bry
Coghg W Br e C0q ¢ AgDP

Presumably all of these reactions procead via cyclopropyl free racicals.

On the other hand, cortain resctions which may involve rearrangee
ment of cyclopropyl redicels have been roported, Thus, 4t is claimed
that the Xclbe electrolysis of potassiunm cyclopropanccarboxylate gave
allyl cyclopropanecarboxylate (7)1

[>{o,'< L [>»~co,-cn,-cz;-cn, * COp



The photolysis of methyl cyclopropyl ketone (8) also yislled products
in vhich the cyclopropane ring had rearrangsd,

ALE 1

PHOTALYSIS PAXIUCTS CF HOTIYL CYCLOPRCPYL KETAE (8)

R — - -
0
Oty el mC a0y c.31
O 0.05
CH =l geCiiml g 0.021
0 CH «ClimCl!g 0.05
I
Cilg 0.0034
CllmCllaCigeCligeCimlily L0005
Cyclopropane 0,500
L S R e

Generally ketones when photolysed cleave betwsen the carbonyl oarbon

atom and one of the alkyl groups, The principal product from metiyl
ayclopropyl ketons was msthyl propeanyl ketone, which preswsbly arose

from opening of the cyulopropane ring &s the primary process, Some aliyle
earbonyl cleavags ¢id occur, howwer, giving rise to the minor products
ghom in the tabls, Partisulerly notowortiyy is the presence of a muber
of products wich can be sscribed to allyl radicals (i.e., l<butens,
propens and ¢iallyl) and the esseutinl absance of procucts directly



derived from & oyclopropyl racdical (i.e., oyclopropene, motiylcycloe
propane, dicyclopropyl).

_ To exaxine the behavior of cyclopropyl racicels more directly, the
diacy)l peroxide of cyclopropaenecarboxylic acid was prepared, and the
kinetics and procucts of decomposition were studied., For eomparison,
peroxides which would yleld higher cycloalkyl radiosls were also prepared
and decormposed, The results are reported in this thesis.

© In contrast with the reluctance with which eyolopropyl carbonius
1008 are produced is the remarisble behavior of corpouncs that furnish
eyolopropylcarbinyl earboniun ions, s;xch cases h:io besn studied
extensively by Roberts (9), Winstein (9) and others (11). Thls typs of
ion 19 easlly formed, and is stadbilized by considerable resonsnce energy.

CH: n—— 4& - ’dého-—o \:—:
s

Cilg
+

o=p eto,
*

Dicyolopropyloarbinyl carbonium ions are even furtler stabilised, since
Sancri (12) stowed t'ab compounds which lead to such ions solvelyse
extremaly rapicly. Rearrangsments ocour in certain of these systeus.
For example, cyclopropyloarbinylamine, with nitrous acid, gives both
cyclopropyloarbinel and cyclobutanocl,

A few oxamples of reactions wiich may procesd via oyclopropylearbinyl
free radicals tave been reported. The free raciocal chlorination of
met ylcyclopropans ylelded a mixture of products wich included olefins,



[>¢2!, ¢ Clg = D—C:!,’Jl ® ClgmllleClig=CT1g%0 (13)
D-C}'}, ¢ Cly om=es Dﬂ:&!,ﬂ. 7 (1)

noberts clajimed that ths allyloarbinyl culoride was prouucai by
rearrangsnant 0 the greloproprlonrbinyl fres radical.

[>'m:" —— ClgmCileCligeCiige

An indioaticn of the wmsual stability of a systea containing a
eyolopropyloartinyl redicel wme obsorved by Ovarberger and Labowits (12)
in a study of the cacorposition rates of saversl alicyclic sudbstitutod

ago<btisnitrilas,
o T CHs
8-?-!0-&-0-3  — 28-?- * Ng
col 2l cm

The case with which the ¢yclopropy) copound decorpossd has bean
asaribed (15) to resomance stabilization of the radickl producets
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TS OF DICOFUSITION OF (z-‘gI - B3y (17)

SRpT——— ——— — s
o
R @ cyelo l:,,lwo"1 x 10, 82° ¢,
L —
Ca 33
Cq 1.51
Cs 1.30
Cs 2.27
Teopropyl 1.03
PRSP e — SIS N ——

In tals thesis, two approaches to the gemsretion of eyclopropyle
carbinyl free radicals were used, The chlorination of certain hyCroe
carbans (4sopropyleyclopropane and d¢isyclopropylmetianc) which would be
expacted to glve intxmodiatas with ons or two cyclopropane rings on
the oarbon bsaring the odd electron was imvostigated. Also, dlacyl
peroxides which would give tie cyclopropylearbinyl and other cyclogliyle
curbinyl recicels were preparsc, and the Linstics and procucts of thelr
decaposition was studlad,

Some rdscallaneous roactions involving cyclopropans cospouncs ars
&leo recorded and dlscussaed 4in ths last part of s thosis.
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A, Chlorination of “ylirocarbons Containing
& Cyrlopromane ling

Przeratlon ef Teopmomrloliomroiana
(a) Isoprepylicanscmlonie Teior

Cily Con’alla
Scec
ciy” CCalaTs
Isopropylidencralonic estar ws prapured according to tha prococures

of Gaindamd Quha (15) and Cops axi Yancock (17). In a §piczal proparction,
& =1, raund<bottomed flask equippsd with a reflux condenser was chargsd
with 730 go (Lel3 molos) of etiyl mlonate, 720 g. (7.15 molas) of acctio
anhyceride, £0 g. of freshly fusad sinc chlorice, and 550 g. (11.4 moles)
of acotone, The mixture wms reflumraed for 100 hours, after whiich it wms
eooled and poured into tiree liters of wtar. The aguoous nixture ws
extractad with throas 37«1, portiong of banzena., The cobinad bonzone
extracts wre dried over calcium chiloride (an'ydrous) anxd tes mirture

wg ion dlptilled I vasud Wirough & Lle-lnch Vigraux colua to rowcve
the damzone, Fracticmeticn cf €0 ragiiual black ligull tirough & l5-inch
class helica packad jccketad colirm ylelded 420 ge (°3.57) of isopropyle
Loanemlonic ester, b.p. 165=157° &t 5w, ra” 1.LL70.

(b) Isopropylmslonte Fster

ey IAVRANER 2]
(J--\ - ‘.”/Cs"v.;.ﬁ
C Cl=CI A
CH; ctawa.



Lttopts $o hydrogemuie Ssopmpyliluaemionle estar at roox
teaperature and tiree atmosphares of pressare with Raney nickel catalrst
proved unsuccezaful, Howevrer, at a higher terperature and pressurs, the
uptaiks of Ipnirogsm procesiod swoctily end 1apllly.

In & tpicel preparation, a Cenl, hish pressure hyvrogomation
boch was chargxd with 300 g. (1.5 moles) of isopropylidenssalonic estar
and approxiretely 23 g. of Ranoy nichal catalyst. 4% & tesporature of
150° e pressure fell smoctily from ea initial value of &0 pouns per
square ineh to S50 pounds por square inch in & perlod of 1.5 hours.
Aftor rawvel of the catalyst by filtration, there was obtainad 290 g.
(783 of isopropylmlonte szter, b.pe 202° at 15 ma, no- 144133,

(c) 2«Zsopropylpropanasl,3=¢iol
CHy _cigt
c.fz,; s CiglHt
2<Isopropylpropana«l,3=ciol was propared following the procadure
aiployed by Pines, Huntemen, and Ipetieff (17).
A 2«1, three-nocked rouniebottomed {lask equipped with rellux come
canser, mercury-eeslod gtirrer, and cropping funnal wes giargad with
31 g. (2.775 mole } of litvium aluminuns lycdrice and 600 ml. of eniydrous
ethar. Thers was them addad 101 g. (0.5 wola ) of iscpropylmalenic

estar, dropwise, with stirring ovor & pariod of tirud hours. The reaction

mixture was allowad to stir for ome hour afier the addition ws complete.
A% the end of this tims, the systeam was cooled in au ice bath and 125 =i,
of wter followad by one liter of foe cold 108 sulfuric acid wae addod



over a paricd of twe hours. Separuilon of the diol from tho roaction
wmixture by nxmal actractlion procsiures proved unsstisfectory cus W

Y8 formation of ewlsions and e apprezichlse eolihility of the clol In
wmtar, Thase difficulties wore circuwrwented by the vee of liquil«-liquid
etraction, The reaction mixture cosoridad shove was extractad ina
sinrle stage liouideliquid ertrector with ethor for tiree hours., Aftor
ranoval of the ethar &3 yoouc, distillation ylolled L7 g. (7¢7) of

2« soprepylprorangs=l, 3=iiol, b.p. 130-1512 at 1 wn., nﬁg 1.LLoc.

(c) 1,3=iAbromo=2=igopropylpropans

Ci, _Cligx
> ClieCl

o \"3., )

G ) il g

1,3« 1broso=R=isopropylpropans was prapured by the proexurs of
Mmts-an, Fines, an! Ipatief? (12). |

In a typicel proparation, a l=l, tiree-necied round=bottoned flask
egirpod with a morcury-swlod silsrar, rellux condansar, dropping fumel,
and tsammometer, was coaarged with 95 g. (C.217 mols) of 2-iscpropylpropanes
1,3=C151, This wes heatad to 70° on 2o staas bath and 175 g. (9,595
xole) of phosphorous tribraila ws ac el Cropwise to the etirra? alcohol
et & rate sufficiont to mintalin tia resction tzpxaiure botwom s,
Aftoar the addillion was caxgplite, the rirxiure wns allowed to hwb on the
stoan bath ovarndzhte.

The coolad reaction mixture was tlien poured into 22C ml, of 4ce
wtar, The aqueous solution was extractod with thres 150«ml. portions
of ethor, The cozbinsd ethereal ertrects wore wshod with tiros 125w,
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portions of 10% potassiun carbonata solution followed by two 200-ml,
portions of wmtar, After drying over anycrous ocalcium chloride, tho
sther ws stripped ij vacup. idstillation of the resicue yleldsd 15.5
go (73%) of 2-4s0propylel,I=iioromopruncig, bupe 92° &t 12 ma., no”

1053} Je

(o) Isopropyleyclopropans (3)

2 bliz
Ji‘i
N~
iy

A 1=1l, tues=nociad rouni-botiouad flask equipped with & rellux
sondenser, mercury-eaalsd ghirrer, and drepping funnel was cuarga! with
80 ml, of 6C7 othyl alcoiol and [0 g. of ging cust. The sti-od mixture
wms broug it to roflux altar w:ich L) g. (0,173 mole) of 1,3=ibrouo=2e
soororyirrpans wes added dropuise over & poriod of 3/4 hour, After
the acdition ws camplots, stivring and rafluxing were contimeed for
G.5 hours, The epparatus was tien fitted for distillation and lsopropyle
eyelopropans wes cistilled dirocily fron the reactlon mixtare.
Recistillation throu: & 1i«dneh glass holies packed column yleldad 12,1
g (5.%) of isopropyloyclopicpans, b.p. 58. 8-*9.10 ij 1,399, Bae

Flgurs 1 for the inf-ared spoctrir,

chlorinetion of Isomrooyleyelon—oana

A 100=ml, roundehottomad flagc ecuippad with & reflux conlenser was
charged with 25 ge (0.3 m1o) ef isopr.pyloyolopropans, 13.5 g. (0.1 mole)
of sulfuryl chlorile, 25 ml, of carbon tetrechloride, and C.1 g. of
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bansoyl peroxides The cobinod reactanis wore refluxed for five hours
and thon fractlonatod through & T=plate glass hslice paciced colum,
After removing ths excoss isopropyleyclopropans (19 g.) and carbon totrae
chloride, the residue was ¢istillod in vacid. Thore was obiainad S ge
of & mtarial boiling at 555" at £3 mm,
The amalysis for chlorine was s by the mothod of Unhoeffor (17).
Caloulatod for C.M;,C1s €1, 29.8:3
Founct 1, 29.52%
2943
The infrared spectrun (Flgure 2) of this corpound indicated banls
for a oyclopropane ring dut not for olalin,

Experinents in which isopropylcycloprepans was chlorinated photoe
chaxioslly with and without carbon tetrachloride as a solvend ylelded

sinilar results, Howsver, the ylelds ware very low,

Srigerd Reagent fron S Protuct of Cilorimtion of Teo
REOpen0,

A 250wml, thres=nscked roundebottomed {lask equipped with & mercury=
ssaled stirrer, reflux eondenser, and dropping funmel was charged with
1 go (0.0.2 g. atom) of magnesiun turnings and 20 ml, of an'ydrous ethor.
To this well stirred mixture wme acded 2 wl, of & solution of 5 g. of
the ehlorimtad isopropyleyclopropans in 5 ml, of ether. Osutles heating
initisted the reaction, after wilch the rest of the chlore eompound in
sther was added at a rate sufficient to meintain a gentle reflux, After
the addition ms conplsts, the sclution of Crigmard reagent ws allowed
%o stir for an additional twe hours,
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The systen was thon oooled in &n ice hath and 25 ml, of water ws
alondy added to the stirrsd sclution of Grigmard recgont, Thie aquoous
and organic layers were separatoed, The organic laysr wus <ried over
anigyrous menesiun sulfate anl then distilled, Aftar remocvul of the
sther there wmse obtainad 3 g. (757) of isopropylcyclopropans, icontified
by its physicel constants and Infrared spoctrun,

One nl, of the chloro compound was pipsttsd into 100 ml. of 807
ethyl aloohol (by volume) meintoined &t 25 # 0,2° in a thersostatted
bath, Periodically 5 ml, aliquots ware removed, and the solvolysis
quenchad by irmeclately insorting the sample into 20 ml. of ice cold
absolute ethyl alcohol. Each saple was then titrated without colay
with 0,02074 ¥ alcoholie potassium igrioxide, MNethyl rod was usod ae
the indicator, Preliminary exporinents indicated that 25.0 ml, of base
were nscossary to titrate all the hyurochloric acid obtaimsble from a
S ml, aliquot of the solution, 7The rate constant, k, wme calculated
from the integrated form of the first order rate equation,

ke 2.303/% log o/a=
4 » tine (seconds)

a o nl, of base nccossnry to titrats all of tha hiytrochloric
acid obtainable in ¢ 5 ml, aliquot,

x » aount of base nocesaary to titrats ti.e Myirocllorie
acid present at time ¢,

(asx) 18 proportional to the amount of unreactod chloride
at time ¢,



<} s
1D Tana ¥, 826, 2 10
300G 0.03% 2.7
500 0.00.4 1.4
G930 c.C:2 1.32
1230 0.0k l.25
1000 G077 1.07
1830 C.072 0.65

Thue inconslancy of k, slony with the indicated downmrd trend of
its valus wms detoctad throughout an exparimont in shilch the solvolysis
ws followed for 7500 seconxs, A% the end of thie time, the marple
(S nl, aliquot) required cnly C.133 ml, of base for neutrelisation.

Ghloripation of Tsec~try

A 100-), round=bottoue? flas: equippad with & reflux condansar
wmg charged with 35 g. (0.3 mols) of isooctans, 13.5 g. (0.1 mole) of
salfuryl chlorids, snd 0.1 g, of bonzoyl paroxide. The resulting solue
tion ms refluxed for 2.5 hours, Fractiomstion tirouch & 15S«inch glase
helice packed colwm in vacud ylolded 20 g. of iscoctuns, b.p. 18.5° at
27 ma., B> 1,3002, and 12,1 g. of another mibstance, b.p. 47.5° at 10
mi., ngi* 1.L2845,

The literature valuss (29) for dimetlylneopantylearbinyl chloride
are bp. L at 15 m,, 25 1.120%,

The yleld of dimethylnsopsntylearbinyl chloride was 837 (based on
sulfuryl chloride), Fxparinents 4n which carbon tetrachloride wms
eployed as & solvent ylelded results w:ilch ware essentially the same
a8 those reportad in thoss ocses whare carbon tetrachlorice was not
used,



Bperlyuts in wileh iscevians ws cidorinatad photochxdeslly

with and witout caxdoa tatzacilori’s as a sclvent yialled si=ilar
resulls,

To the Grignard reagant projarsd from 2.5 g. (0,189 molo) of isoe
propyl bromice end 4.8 g. (0,197 mola) of meznesium turnings in & fivee
handred ml, t'res-nscked rouniebottomsd {lssk equipped with a Hirghdarg
stirrer, dropping funnsl and reflux ecniensar, acotons (9 g., 0.185
mole) ws acdad dropwise at a rata sulficimt to maintain a gonils
reflux, After the acéition of acctons wes complstad, the reaction mixture
wms s1lowed to stir at roow txpemture for one hour. The contents of
the resction vesssl ware then pours. into 100 ml, of ice=o0old 107 sulfuris
ecid, ?mormnieuﬂmm:awwvmobpumtod. The aquoous solue
tion me extractad with two SOenl, portions of ether. The combined
Mutmun-dnﬁwm!vdmlnmimmm,mdﬁn
ether wms then stripped in vasze. Ths residual dimetiyyliscpropyloarbinol
W8 placed {n a lel, separatory fummel without further purificetica.

To this was addad a S molar excoss of enld concentrated hydrechloris
acid (based on the theoretical yield of carbinol), This mixture was
shaken seversl Aimes over a poriod of one hour. The lower layer wes
ssparatec, More hydrochloris acid wms added to the soparatory fummel,



and the procadure of shulinz poriofically wes romoatad during the net
hour. OCnecs afein the lown layr wes gorcruted,

The ugper layer from ti.e procading conversica was Criasd over
anydrous mgnosinm pulfate, Iistillation through & siwednch Vimreux
column ylelced 14.7 g (C37) of cimetylisspropyloarbimyl chloride,
bope 7.5+50° at 10k ma., 020 1.4270.

A solution of 25 g. (0.3 mle) of 2,3«¢inotiyibutane, 13.5 g. (.1
mole) of slfuryl chloride, and 0.1 g. of benzoyl paroxice wes reflured
for tao hours. Distillation of the resulting mixture ylelded 13 g. of
2,3=dimethylbutane and 5.3 g. (L.0) of cimetiylisopropylecrbinyl
chlerids, bepe 13«115°, K20 1,0370-1.4172.

IMeyelopropylnst ane wes propared from dicyelopropyl katona (12)
by ths I'uang Minlon nmodification of tie Wolff«isgmnor roduction (22).

In & typiosl preparation, & 2«1, two-neched round=bottamad flask
oquirred with & reflux condansor and thormonetsr wes charpad with 55 g,
(0.5 mole) of dlcycloproryl kotena, 57.5 g (1.75 m0lsa) of potaueiua
hytroxide, %00 rl,. of cietiylmme glyeol, and G sd, of C27 Lyrocine
Iyvirate. The renction mixture was reflurec for ons hour. The apperatus
was then fitted for Cistillation and a mixture of wtor and Cicyclopropyl
methane wes distilled over until the pot tenporature reached 175° C.
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The apperatis w=a azin arranyed for »222ax end $h2 8olution was furtlar
bautad under ralux for 2,5 hourz. Arrngement ws then racds for dige
tillation, and distillcte boilin: up to 11°° was collactad. A1l distile
latos ware coxdingg, szpuratad frea wtx, and dried over anhyirous

mneiug sulfato, Cistillstion ylolied 33.5 g. (507) of dlsyelopropyle

¢ . ,
metians, b.p. 103.7-10:% ni- 1,127, noo 1,5213.

Clorineiion of "ovrlonvomedwellons

The apparatus consistad of a S00=-nl, two-nected round<botiomad
flask equimpad with & ¢ry 1cs condonoor and, a ges disparsion tudbe for
tha ac’misaion of ehlorinz, The ﬁaal w9 {marsed to aprrovimtoly 1/3
its copth 4n & Wsth of dry-ios ant Lsooropyl aleohel, and 4 complotely
wrepped with aluwdmun foil ercopt for a Emsll window through which the
greton wms frrediatad. Chlorine wes conducted from te eylinder tirough
a flow motor into the flagk (via the disporpicon tude), Irrediation wes
accogllstis! by moeas cf a Crmeo meiun proseure moroLry arc.

In a ttpicel ellorinetion, 171 g. (1.75 moles) of dicyclopropyle
methane and 150 ml, of carbon totracihloride wore placed in tie chlorie
maticn flast, The solution was irmecinted and chlorine wns passod into
1t at & rete of 0,55 l./imte for 70 mimtes.

After removal of carhon totrachloride and excess cicyclopropyle
asthane Yy distillation, there romainod £l g. of rosicual liquid,
Fractiomal cdistillation tirough a 1S«inch holice packed colum yielded
52 g« of a chlorinated procuct, b.p. 340 at 13 m. ngc 1.4770.



The infrarad spatmm (Mloure 2) of s roioricl lod girong olafin
ba’e, and banls aliributable ta a0 cyxlopropune ring.
»* ISP Vo=
Anal. Qm‘d. < v 2115:1: C, f%.)?’ ﬁ’ 3.)42) Cl. 27020

”n

Founiis €, SL.5L3 i, 8505 €1, 25,70

geaction of fhe Procduct of Itlo-ingtion of o Zwtiany with
P TR .
A S500«l, treewnacked roundbotionoed flag: equipped with a Hirsiberg

stirrer, reflux condenser, and dropring fumel wes charged with 0,325 g.
(C.0305 mole) of marnesiun twmninzs, To tids w3 adled a § rl, porticn
of a solution of L g, of tho chlorinatlon procuct of dicyrlopropylacthane
in 25 rl, of etrer, Centle heating initirted the reaction efter which
the remining solution ws asdad drepwvise at a rate sufficiant to maine
tain & gamtlie rafllux, Aftar the aldltion wa coplete, rellur wis cone
el for eloht hours, At the end of tide time, essantlally @l t:e
menosium had digsappeared.

The resulting Crigmard reogant W8 hydrolyzod by cautious addttion
of 20 ml, of wizr followod by 22 xl, of lco=cold 177 sulfuric acis.
The aqusous and organic loyors woara sowrate, and the orgunie portion
Wms dried ovoer anhyrous re;nccium sulfito, Afber ths reooval of e
ether, distillation ylelix! 2.9 g, of a lyirocarbon, b.p. 120-111°,
ngs 1,570, 8se Figxra L for tha Infiared gnsclrua,

4

Anal, Cale'd for 0,00, O, 88.L33 7, 11.47

Founis €, 83,113 ¥, 11.75
e

'Am]arm mriked with un asterisk wore dons by a commercial analyst,
either Spang Horcanalytical Labd., Amn Ardbor, Mcohigan, or Mcrotech
Lab,, Skokie, Illincis,
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of $53 Prodush of Chlowinntion of Meovlooronylwniiong

A 500eml, Srionngyoer flasi equippod with a Ilirsiberg stirror and
surrounced by an ica bath was charged wiih 10 g. (2.050 mols) of tie
chlorimtod hyx'rocarbon, £0 rd, acstons, S0 ml. wter, and 7.3 g. of
potassius perranmnate, The oooled reactlion mixture wus slirrad vipore
eualy for a pariod of €0 hours. Ixcess potassiun patenganato was than
deoorposed by the additlon of sociun !pirosullite. The man;pncss
dloxide wme filtared and waged with tw SCeml, portions of bolling
mtar. The acetono wes driven off on tiie gtoaan bath, Tue romining
aqueous solution was acicifiod with sulfuric acid, and thon ectrected
with six 200=ml, portions of etisr, Tie coibined ethereal ectructs
were dried over anlydrous calciunm ¢hloride, aftar wilch the cthor wa
rawved in vocio. Thars reminad 7 g. of an acidic rosldue. Diotile
lation of this resicdue i3 vocug tirou;h a smll sovensplate colum
yielded 2,8 g. of eyclopropanscarboryllic acid, idantifiod thuwough its
infrared spectrum and ptysical constents. Tho resicue from distilletion
wms taion wp in ligroin, filtorad w.ile hot, and tuen coolad in & bath
of drywice and isopronyl alcoiwl, The solld wilch soparated was ro=
orystallised once from ligroin and them collactad on & filtar, There
wa obbained 2.3 g, of beta=chloropropionio acld, m.p. 38«39°, Its
infrered spootrum was idantical with that of &n authentlie sarpls,
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B. Preparetion and Decorposition of Cartain
Alioyclis Acyl Peroxides

Ereparation of the Required Carborylic Acids

Cyslopropanscarboxylic and gyclobutanecarboxylio acids were prepared
sccording to Organic Symthosog (23,2L). Cyclohexanecarboxylic acid was
cbtained from Profeseor Robert M, Harbst. Cyclopentanecarboxyliec acid
and cyocloheptanecarboxylis acid were prepared from cyclopentyl chloride
(Coluxiria Organic Chemiosl Co., Colurbia, Scuth Carolina) and cycloe
heptanone (Columbia) respectively, acoording to the sequences desoribed
in detail delow,

Cyclopropansacetic and cyclopentansacetic acids were prepared from
relopropyl chloride and cyclopentyl chloride, respectively, as described
below, Cyulobutansactic acid wms avallable from the organis preparetions
ecures) 1% had been made by H, S, Flouterio via an Arndt~Eistert synthee
sis from cyclobutanecarboxylic acid, This procecure is not specifically
desoribed in the literwture, but is amelogous to others which have baen
desoridbed (25). Cyclohemnescetis acid wes also obtalned from Profossem
Herbet.

D

A S00«:l, threesnecked round-bottomed flask equipped with & Eirshberg
stirrer, refinr condensor, and dropping funnel ws charged with 5.7 g.
(0.234 g. atom) of magnesiun turnings and 100 ml. of dry ethyl ether,



2%

To tils wns acded § g, of & 27 g. (C.225 mle) portion of cyclopamtyl
chloride, Gentls hoeting Indiiatod ti:e rescticn aftar wilch the rest
of tio cyclepantyl clloriie ws all2d at a rets sullficiont to ruintain
8 gxxtlo r3flux. LStz the ald’itlon wug cocplots, the racction mixtuire
ws allowed ¢o0 silr for an & itlonal 1.5 hours. Tie cyclopautl;le
msesiun ¢hlella solution wus thon pourad cndo 100 g. of eruaiad doy
ica, The reactlon mixture ws & swod to wara up until £33 tha vy Lc9
had ¢isappaered, at wilch {1 sulllcimd {coe=cold 177 sulfuris acid wus
allod to malzo tie solutlon acld Yo congo rod, The organic and agiscus
layars were sspareted and ths agueous lior wes ectrected with throe
170wnl, portions of ether. Ths eitrereal solutions wers combinad and
c¢rial over anlpnrous calelum ¢l2orile, After rawval cf the ethar on
s stoam bath, ¢istillation of i rosiiue yilolded 20 g. (777) of
cyclopantanacarborylis acid, b.pe. 132-13;° &t 400 ma, nig 1..070,.

(Literaturo valuss b.p, 235° et 750 mm., n})B L.u734 (29).)

Sreloiptansca-borlie Acid
{a) Cyclohoptancl

[

A 500-m), turog-nockad round<botianod flask equipped with a Hirgiberg
stirrar, dropping funnel, and reflux coniensor wns chargod with 3.275 g.
(0,005 mole) of 7 . itua elurdmua hydrice and 110 ml. of dry othyl ethor,
To this we added 25 g. (0.223 mols) of eyelohoptanons (Llcrich Chm‘f;!.cal
Corpeny, Milwmukroe, 1lsconsin) cropwise with stirring at & rate sufficiont




to mintain & pmtls raflux, Aftor adiition wms coplots, ths nizture
was allowad to stir an acditional two hours. The arstom wns thon
coolad in an ico bath an? hwirolyzad by the slow aliiion of enouth
fco=nold 107 sulfuric acld to matae 4t acld to congo rod. Tho aquocus
and organic layors wars then srmamtod and the aquocus solution wus
extracted with two 100eml, portions of ethar. Tha cordbinod etherosl
extracts ware dried over an'yrous potaasiun earbomte., Tha ethmr s
raooved In verio and cistillstlon yiolisd 20 g (307) of eyelousptancl,
b.Pe 133-13550, a.g" 1.07548. (Litormtare valuo b.p. 183-185;", ;13,3 14725

(27).)

(o) Cycloteptyl Bromlde

(O

Cyclonoptyl broilds wes prepared fron tis carbinel eand phospliorus
trivronide according to t:e procecure of Ruzicia (22). Froam 2C g,
(0.113 mole) of cycloheptancl and 17.1 g. (0.072 mols) of phosphorus
tribroide, there wes obtainad 2 g. ("l.fY) of eycloheptyl hromdde,

bPe ’._'300 a% 15 Ny ng’ 1.59303, (Litamb.n‘o value b.p. 1C1.5 at LO mi,,

122 1,595 (28).)

-

(e) Cycloheptanecarbozylic Acid

Cytlohaptensoardicylic acid was proparod in & mannor analogous to
tie proparation of cyclopentanecarborylio scid (pege 23). From 2.75 g.



(0.1227 g. aton) of regnasium twmizzs and 29 go (T.101 s0l3) of ¢eloe
heptyl bromice thers ws cbialnad 7.5 go (L27) 0f cyelonoptanacatuyll
acid, b.p, 121° &t 10 Tide, ni; 1..71%. (Titercture vuiaa b.p. l:)o 2t

15 mu, 050 1773 (20).)

Crelomronansacatle Actd
(a) Cycloprepancethancl

[>-czz,::z,o:z

A 1«1, tireownociod rouncdebottonad flask equippad with e high spoed
stirver, ¢ry ice oonlensar, and gas inlot tube was charged with 8 g.
(1.13 g. atems) of lithium powdar, 5O g. (0.55 mole) cyclopropyl eilorids,
and 250 ml, of pantane, Cyslopropyllitidun was prepared from this mixe
ture as descrided by liort and Suncri (30), and the systen wea cooled in

an ice bath, Casoous et ylams oxile (7.5 g., 1.3 molos) was intooducad
into this mixture by means of the gas inlat tube curing a pordiod of onee
half hour, Aftar the adcition ws complate, the reaction mixture was
alloved to stir in tia oocld for an aciitional two hours. Sufficient icee
cold 107 sulfuric acid ws then added to make the solution acid to oongo
red, and e orzanic and aquocus layors wore sopavated, The equecus
layer wms satuutad with sodiun cllorise and thien axtracted with two
1C0-eml, porticns of ethor. The organic fractions were cocbined and (ried

over anyurous v asaiun corbunoto. fistiliation ylolded 22 g. (5U7) of

[’: ..
gyolopropancetiansl, b.p. 13:° et atowopharle preasurs, nﬁ" 1..732 .\\
sred ® caletd for c o €, 69.765 T, 12,7 e

Fo’s C, (09087' H’ 12.21
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(®) Cyclorromanmacetalisirxie

Cyclopronpeneat enol ws catelytirally delndrogmatal to oycloe
propancacataldsionis ovar & catalyst of cormar and sllvar sumneniold on
prdce as dogaribel b levies end Mo reen (21). The avmaretus conolstad
of & coppor tubs 1 meter long and 1 em, wida, te wilch was sollerad tw
nenel mota) 20./.0 fxvls ‘oints at $h:4 top and bottonm, Tue tuha wes
wrared with Yo, 294 nishroe wire for haating en?! inmilats? with
ashastng, A coppor thermocouple woll swe placed 4n the rdddle of ¢
the in such a fag':lon that ths toperotuve st tho embar of 47e colum
could be detorminat, A chromlealuwwl thermocoupls attachad to & Leecs
end Forthmup modal 1219 potantionatar wus eployed to doter—ine te
taporature, In opamation, & 27°0-ml, t'raeswnschod roun’<botionod flasic
wp attachad to tho bottom of tha coppor tubs (which was proviocusly
peciad with catalyst) by means of t:o stecl fitting and a saitabla
&’antor lod from the top of ths connar tubs o an efficlant eonsonsar,
sw:ich was in tarn atiachac to a rocoiver holiing & second condonsar,
The receiving flask wse usurlly cooclod in an 420 bath. The coppar tube
wwa proucated 0 355% Tha oil bath wes haated by moans of & hot plato
to & taperature 0=20° ebova 18 boiling point of the alcohol %o be
celydrogonuted. Alr was introduced tnrouzh e inlet tube at a rate of
0.5 liter por ri.ate. The alcoicl wes croppoed dnto the haated flag:
through the cropping fuxcl 8t & rals of a;proxizatoly 5 ml, por mlmts

&l the slusiycs wes coilectod in ti9 rocniver,



nn
-

In a typical prasaratica, 17 g. (2.0270 acls) of eycloprronnge
etanol yiloed 9 g. (5Y) crrlepmoponmscntoldaiytie, b.p. 107-137,

2 . O
n%? 1.1292, m.pe of parasnitresiamyloyvieaone, 1107,

L3, Calet¥d, for Cy47..1,%a% 6, 50,03 1, SO0 Y, W0

‘9 e,

Icm't €, 50123 ¥, £.°03 ¥4, 10,77

-

(e¢) Cyclopropansacstic Acid

Dtn,ca,:

A 125enl, lodine flask wes chargad with 6 g. (0.071 mole) of cyclopro-
panescetaldetyde, 35 g. (0.152 mole) of silver oxide, and 27 ml. of
wmter, The flask ws tightly stoppsral and mochaniocally shaken at roca
teporature for 12 hours, after which it ws removed from the e'zlor
and heatod at 50° for one hour, The silver and remaining silver oxice
were filtered and washec with soversl portions of etiizr. The aquocus
portion of the filtrete was extructad with four 17O-nl, portions of
othar, The ethereal solutions were corbined and driad over an'yrirous
calcium chloride, The ethor was removed in veouo leavimg & rosicus,
w.dch upon cistillation, yilslded 5.5 ge (777) of cyclopropensecetic
acid, Y.p. 90° at 15 m., B.p. of para<bromophienacyl cerivative 83-83.5" .
(Literature value d.p, 90° at 17 m., m.p. of para-bronophenacyl deriva-
tive 83,584 (32).)
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gyclenortanaacstie Act?
(a) Cyelopentyloarbinol

D-czz,ca

Cyelopantylie mosium chloriie was preparad from 25 z. (G225 mole)

erzlopantyl chlordie and 5.7 ge (0.235 . aton) regnosium tarmings,
Formeldlehyle, ganerated by the demoljmerizatica of 11.7 g. (9.132 molz)
of paraforalla-yrle in an ol bath at 272% (33) w3 introducsd ina

slow strean of nitrogm through & gas fnlad tube., Aftor the mamformidse
hy'e was corplataly dapelymorisad, the raactlon mizture was allowad ¢o
set overnight. Sufficiant dcawaoll 177 salfiric aczid was then adde? o
mis tha solution acld to conpgd r2d. The organie and aquecus layers
wore saparsled and the aguecus salutlom wns thom saturatad with sodiun
chlorice and extractod with 170e-rl, of ether. The corbined orranie
fractions wore dried over an’yirous potassium carbonats, Reroval of the
sther laft & resicus which, upon distillation, ylelied 15 g. (°71) cf
eyclopentylearbincl, b.p. 172°, 05 1.L136. (Literaturs valus b.p. 1%°,

B0 14253 (34).)

(b) Cyclopantylcarbinyl Bromide

E Pl

Cyclopmtyler-Linyl bromiio was promared fron ayclopentyloarbinol
ani phosphorus tridbro=ide by a methol corplately anclogous to that
eployel in ths pranaraticn of cvelohantyl bromidas (page 25).
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From 15 go (.15 molas) of phosytorus tridromtls thers s obtainal 12.1

e N 7’ ~r; MlalKd
g« (3%) eymlopmt;loarhinyl broiis, b.p. 11¢° &t 7O ™, ni 1..°77,

(Literaturs value b.p. £ as 10 wma, no” 145555 (32).)

() Cyclopentancecetic icid

Cyclopentancacetic acid was preparad by a method analogous to tiat
used in the formation of eyclopentanes cardmylic acid (page 23). From
the Origmard resgent formed from 17.1 g. (0.072 mole) of oyclopantyle
oarbinyl brormice and 1,51 g. (0.0°2 g. aton) of mapnasium turnings thore

ws obtalnad 5 g. ("37) of cyclopomtancecatls acid, b.p. 22°-C3C, no’
14512, (Literature valie b.p. 224023, no” 1.L720 (35).)

Promaration of tha Acid Chloriag
Th9 acid chlorilas were propared from e corresponiing eclis by
either of two procacurss, exshance with banzoyl cllorids or rocctiion

with thionyl chlorids. 4n erarple of each procecdure i3 givon below,

gaardonl Chlorde

[>u‘.d.

A 100mml, roundebottomed flas!: equippsd Jor distillztion wea charged

with 22 g. (0.25% =0la) of ccloprepan®rarborylic arit and 77 go (0.5 mole)
of benmoyl chlorida, Cyclopropanscarhormyl chleoride ws cistilled
directly from the mirtars an! upon recistillation tiire we ohtainad



12,5 ¢. (737), bop. 13%=117° (Utoretars salue b.p. 112<117° (27)),

EEEE.S? ‘ffu !u"%s (820344 v'}, Chl@:’i‘f:a
4 100~al, round=bollomod f2ask equippod with & reflux condensar

was clarged with 10 g, (0.0ES mole) of cyclopantanecarboxylic acid and
10.4 go (0,092 mole) of tiulonyl cidorile, After the initial remction
rad iubddod, the sclutlion ws haated gantly on the stean bat:x for ons
hour, After two cistillations, there wms obtainsd 8.5 g. (737) of
eyolopentanscarbonyl chloride, b.p. 155«1%°, (Litoreturs valus

bop. 155-159° (39).)

Promgvation of Cihew A0ld Thlant tng

Cyelopropansacetyl ehlerids an! eyclchutanacarbonyl chlorils wora
prepared by the banzoyl chileris procedure, Cyelohoranecarbenyl chloride,
cyclohentanacarbonyl chlorice, eyclobulansacetyl ehloridie, eyrlopenianoe
arcetyl chloride, and cyclohxmnoucstyl cklorics wors propurad b thue
t:lonyl chlorids mothod, The yislds end bolling polnts are 1istnd 4n
Talle 3.

Promraticn of 9 Tacs]l Paroritos

The paroxidas ware nreparsd by the action of socium parocice 4n
nolat ether on the corresponding scisd halldese Two sp2cific exarplss
will be givm.
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”B‘mmyl chloride procaduro. All cthore by the thioml ehlorids
PrOCBIUrG,



A SO0, threownachod roundebotioned flugh equippead with a
Rrelberg stimor, dropoing famel, rolfliae cononsar, and tharnoootoy
wms clargsd with 4.9 ge (0,050 mole) of socius porocide and L5 nl, of
oyl other, T3 poraxiio was stirred {0 & slurry in the ether and
there was tion adla? 15,5 g (0.177 mole) of eyclopropanocsibonyl
chlorice over a pariod of 10 oimutes, The roactiom was indtiatod by
the a dltion of 1=2 drope of wmbior. This causad the roaction to procood
et & ruts sulllciont to raflux the othar. Vhon the roclion subglicad
and accition of a crop of wior no longor causad an incrocse in tus
roaction torporaturse, tie stlarraer ws stoppad and the paroddo=sald
rixture was axtractad with wuter, The etler solutlon wns t.on soparatod
and ¢riod over anycrous caleiunm ehlerido. The aguoous solution ab
tis point ws basic to litoms. Tvaporation of e eliior in a elrean
of Cry alr lalft the cryslalling bis-cyvlopropanaloryl paroxide as a
resifua, Tho yleld ws 12.3 g. (27). Ths unique stabllity of tuls
paro:is pormittod 1t to be rocrystallized froa pantons (mepe 79.200.0%).
Todonetrio analysis by the netiod of Swain gt gl. (37) indicatod the
recrystallised matorlal to bo ovar 997 pure,



Blserelopronan 2t Parol o

i 0
{>-cz:.-c-o-o~c-a:.<]

Biscydlopropanoacetyl poroczicdeo was propared ia the s rmunor as

blecyclopropenaformyd poronids with e following excaptionst the Quantie
tios of reactants wore mch smmllor, the reaction tomporature ws not
allownd to excoad 22 C, tie end of reaction was assuned to coincide

wth the dlsappearunce of the yollow color of sodium poroxils, and the
reaction mizture was washed wiih 4ce wator, In a ¢ypical preparation,
there ms obtainad from 0,05 go (0.011 molo) of sodium perarisde and 3.9
ge (0.0213 mole) of oyclopropanacacatyl ehloride 1.83 g. (247) of bise
eyolopropansacotyl parazids, The procuct wes not obtalnod in erystalline
forn, but a8 & clear colorloss liguid, Todomotric anclysis iniicatod @
purity of 8.«3%7, The comtaminent, for the mogt part, was cyclopropyle
earbinyl cyclopropancecatate, as ‘udged from ite infrarad gpoctrun,

(See the sppandix of this thesis for the infiwred spoctra of the
paroxises.)

Cthor Acyl Pororl’ng

The othor acyl paradcdos used in tixdla study wore preparod ina
mmer ainllar to thut employed in the properation of biascyclopropanse
scatyl peroxice wilh the axeopilion that the reaction taperature ws
allowod to extent as hizh as £° C,
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The yialls and purities of all porosdlos pronarsd are listed in
Table L. Thue prily was dotorrinod Lodomotrically and cuplicatoe
mubers ara for cuplicate proparetions. The rocson for the purity boing
lses t:2n 1007 in many cascs my be Sus to fallwre to renove all of t.e
solvent,

LT |
Y108 OF VARIOUS ACTL POGICTS POPAY DD

L — e e = o —
Macyl Peraxide (100)s Total Tield Purty
Cyelopropyl 83,84 100
Cyelotutyl 84,84 92,54
Cyelopantyl 8,85 91,94
Cyeloharyl 73,51" 9,93
Cycloheptyl 85,57 52,93
Cyelopropyles~vinyl By, 85 £4,8%
Cyelobutyloarbinyl £8,5 £3,09
Cyclopentyloarbind 87,91 91,93
Syeloleclcarbinyi 78,80" 95,97

*tmose perorides were crystalline whan stored in the fressar, Mtut
Uquified ot roon trmeratare. All tha poroxides (oicept the
Lirst one in tiue table) ware clear, cclorloss liqul.s at room
tamperature,
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Prepasation of Colain “ohers
In orcer to cdotsrrins quantitativaly ti:o amcunt of estor produced

in t:e docorpooition of certain of €9 paroxides, il wss nocogsary to
propare pure saples of sovernl egtars. Thosd proparetlions ars
desoribod balow,

(2) Triflucropercyucotic Acld
F3CCO, Nt

1 fluoroparoayacetic acid wms proparad by the mothod of Trmons
and Lucas (3%). In & typloal preparetion, & thoroughly cleanad S30eml,
tresnocka! roundebotioned flas: equipped with a Hlrsiberg stirrer,
refluz coniensar, and cropping fumncl wns cooled in an ice bath and
chargad with 10.8 m), (0.4 mele) of 907 hydrezen peroxide an! 100 al.
of matiylone ohloride, To %is weli-stirred solution was adfed £7.5 rl,
(0.L3 mole) of tistrifluoroscotic an'tiricts dropwise over a poricd of
eno hour, Tho rosuliting solution of trifluoropororymcstic acid was usa!
without dalay in the subseuant reaction,

(b) Cyclopropyl Cyclopropansoarborylate

moed

Cyclopropyl eyelopropenccarborylate was propared by the Dagyore
Villige resction of dlcyclopropyl Lotons with trifluorcpercxymcatic
acid, In s typlcsl preperution, & lel, threswnasied rouni-botionod
fNask eqipped with a Lirg barg stirrer, éropping funnel, and reflix
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coniongrr w8 charyed with 152 go (1 mols) of cisociws hyirozam phose
phate, 22 g. (0.2 mole) of <icyeloproyyl krtona, and 200 ml, of
natiplans chlorides. The trifliuncropororyacatiis acid soluiion proviously
cescridod ws aided to the wollesiirrod glurry ovor a pordiod of 27
ntmtas, The metiylane eiloriie refluxod curing tids eldition, iltor
the alcition was corpleto, the rocetlion mitare was gantly roflmiad

for one hours The solics wure tiaon filiored and wmshed with 120 nl,

of wsliylens chloride, and €9 fillruies ware colloctald, Tha codined
£1ltretss ware wnstad with 100 =1, of 177 sodium carbonate follownd by
10 wle of wator, and then drisd ever an'ydrous ragnesiun sulfate,
After recoving the moliylane ellorids by clatillation, thers romainad a
resicae wiich, wpon éistillatiom g vemo, yloldad & mixturs of ostor
and unconvertod ketono, bape 07 at 17 m. From the rolstive intonsie
tizs of tue esltor and kolcns pouis in tus Inflraroed spoctiun, it we
estlmbal ted the mixture contained S2-507 ester and LO«U0L ketona,
Since cyeloprory) orelopropansousboryloto and dicyoloprel kotons boll
at essxmilally tie mang terporature, 1V ws not possilla to sopasnte
then by cistillation, ERepostod attayis to spparats the mixtnre by
chromtagraply oa activatod aluming, wring pontane as tho eluant wore
wmaccresiul,

Tost epariants to dotoruins tha reactivity of Cirard's roagmute
?an P (27) tomrds dleyolopresyl kotena resulted, in each case, in
sseontially copleto recovery of tiwe uuclanged starting kotone,

1% ws subsoguantly clocovarad that dicyclopropyl kotons reactod
quantitatively with Iyirayladne Ignirochlorids. In & typical soparation,



a U3, rouyi-bottonnd 2o equizpod with a roflux condansor

carged with 9 g, of tia esize Lotone micbure, 7 g ©f Nviroglasine
hrorocidorice, 10 ml. of prviiing, and Y sl. of absclate aliyl elovlnl,
Tie roccilon mixture was roflaval for 1.Y Loars, after w.lzh tha pllilas
&l aleolol wore rawved In Tecud. Careful distillntion of the rosifua,
&ise 1g vamio, yisliad 5 ge of cyxloproyyl cyclopropanccartoyylata,

bepe 1:3° at atrospuaric pressura, 52° at 15 M., ndf; oo, 23, BapoMilie
cation equlvalent (LO) 127, calculated 129,

L . - PN -
Am. C‘lc'l'. for Cvgxo‘\f’n' C’ ?" - Q""q" H’ 3.(«',','
Tousls C, (5.003 T, S.07

Credorvenmydan $hipd Delonpirvonetots

0
[>.<??. «C 0w c:z,-<]

& To=ed, Zrlaancyer flagx was clwrzxd wills 20 ml. of pyril s,
24 go (CoC3)3 mis) ©f eyclopropylcitinei, atd § go (2.003 wolu) of
gyeloproganaecatyl chlorico. Tho mixturs was allowed to stand at rom
taparetire for two howrs allor wich 1h was cilutod with 00 d, of
eliur, The eliursal solution wus wasial in tum wilh twe =2, porticns
of wtar, & oJ-=nl, porilon oF & Ignirodiloris acid, & 20« porilicn of
157 eocius cacbemato, and fLally wila & [C-rd, portlon of wicr. after
érylng over mgnasian suilalo, i3 ellior wus rovoved §n yoouop distile
lation thon y1alled L. ge (7°7) of cyelopropylearbinyl eyclopropanas

’

-2
acetato, b.p. %3-5° at 2 nn., nj" 15575
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»
A).” falst, for CpM,.0pt €, 72,103 H, 8.75

Tomt C, 77,933 ¥, 8.3

Cyeloheryl cyelol@mnocartaylate ws propared in the sane mennor
as cyelomropyloacbizl cyeloproponacotates From § go (04034 mole) of
cyolohaanocerboryl eliloride and 3.4 g (9.034 m0le) of cyelolxancl
Lare ws chtalned S.4 g. (77.57) of cyedoheyd cyelotamnecarbatylata,
bope 132:021° ot 10 m., 850 LS4, (Literaturo valuos b.p. 132-132°

at 10 MRy nz.a 10'4”29 (‘Al)')

Soomrooyhiwdl Coslonmansseatols

Onreeteal )
Mg @ C = C ™ g

Cyslohaxylearbinyl ecyclohxznaacotats was prepared in the sane
mamer a8 eyclopropyloarbingl cyclopropans acatate. From 5.15 g. (0.035
wols) of cyclohamnoacatyl chiloride and 3.53 g» (0.C35 mole) of cyclow
harylcarbinol tiare was obtained 5.7 g. (70%) of cycloheyloarbiayl
cyclohaxansaceiato, Dep. 122 5° at 10 m., n?';‘; 14770 (Litorature
valuos, b.ps issdis® et 10 ., 0 1579 (12))

Ziawd Pomageto
Phayl banzoats was propared by the Schetten=-launmm procaduras
described by Elckanbottoa (L2).
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Tho doecorpogition vessol ooncistod of a 2°0=cil, rounklebotiomod

X

flasic to the top of which ws &itochod a emled=on Gralun cond'omsar,

A gas Inlst tube, ertoniing to tie botion of the flasi, ws saalal

into tha top cf cma slls of ths vosadl, and & cold~{inyer groundegiags
stopper e affivnd dn at-4lar positi-n on the othor, An eiyht m.
glass tuhe holding a tireesemy etoncock and oullots, wag sttachad to tho
tcp of the conlonnor, |

Nitrorm was adrdtied thirongh the rAs inlot tubed 1t wos purifiad
by passing 1t throush a traln consisting of twa 20«nl, po:-tions of
Fiesorts solution (!3), 120 =l. of 12ad scctats, 350 =l. of concentrated
slfMia acid, and finelly a crying tower £1llad with anycrous calcima
chloricds,

The axit gusos from tho ronction vosssl ware sliowxd €0 rass
traich & trein asssrblad 4n sorins as followms a 377 solution of
anilins 4in ccrbon totrechilorlle, two ecld traps comtainod in dry icow
{sopropyl elcoliol bathe, a tared U«tube containing ascarite, snothar
protoctive ascaritae=Cillacd U«tube, a U«studo £111ad with an'yiromo, &
ocld trap mintainad at dry ice«deopropyl aleohol taparatures, and a
caloiws ¢hilozrice Crying tube. In 089 cases whoreln ths epparatus
ws being usad for kinotic studiss, ¢:2 absorpiion train for exit gusce
oonsistad only of an ascarite U«tubs and an an'ydrons Ustube, In ordor
%o rexve sarples curing the kinotlcs eporiments, the pitrogen flow
through the gas inlot tade was sloppat and caused to flow in thes revorse
direction through the top of o coniansor by noans of the tiiroew-wny



B%opcocie AliGuOts ware tims forcad cub of tho gos inlot tube inlo a
rocedvar,

Toe roactlon veosol, in &ll casos, wa coutainad 4in a rinoral oil
bath, Hooting ws actoplishod by & kmdfowblads hoator end controlled
by & Iathobing y mevwy thermworeilator comwetaed tiroug: 8 Tighore
Serfnss eloctronig relay.

The apparutus 48 gioim schaetically in Figuro S.

Quentitotive Fotaraiaotion of Frocuts

Phosgrme wes Cotariined groviweirically as dipheaylurca 1solatod
from ¢he aniline tiup. Carbom Cloxile wos also dotorminod pravimoirice
ally by meaguring tho incraase in weig:t of the tared apcarito tubo.

A1l otiar cetortinations wore eccorplisied by the use of quantitative
infrared, erploying tie buse line technique (LL).

In the intrerad moasuranzts 4% wos nacossary to datorrdne unique
bancs for the corpouncs in quosiion. I wes also nocassary to detasuine
whethor thepe bands adoved 0 Door-lasbort-Dogiore law ovor thoe conoone
tration rangos encountarsd, In $.050 cases wiore the Cotarmination of
peroxidos wore balng psrfo=wd, and the pororides were not of 1003
parity, oorroctions besod an fodomotric analysis were employed in the
cotermizmtion of the amount of percide in & givem saplo.

¥hon determining the achorence to Boer's lav of the various conme
pouncis encountsore’, measuroments wore mads at thres varylng consene
trations (in the range ¢o bo stulisc) and then the constancy of § in
the expresaion log Io/Ims ebe, whars g 4s & constant, b 1s coll width
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(oms), and ¢ is concentration in g. per liter was determined., If the
band was then unique to the compound in question and obeyed Bearts law
in the necessary concentration range, the precetermined value of g wme
uded to determine concentration, For example, measuremont at thres
different concentrations gave valuas of § for biscyclopropaneformyl
perexide of 0,3475, 0.3.57, and 0.3477, an average of 0.3.73. This
value was then used to cetsrmine unknown concentrations of peroxice,

In & test experinent, 0.2.1 g. of peroxide were placed into 100 ml. of
carbon tetrechloride and a guantitative spectrun taken, There wms found
0,239 ge by this method, A detailed description of the product amalyses
from the decomposition of discyclopropanaformyl and eacetyl peroxides is
given below, The results are summarised in Tsbles 5, § and 7. The
reslts for biscyclohexanefornyl and «acetyl peroxides, and for bensoyl
peroxide are given in Tables 8, 9 and 10,

ts ac 1 f Bl 1o L aroxica

In all cases, purified carbon tetrachloride (L5) was used as the
solvent, Carbon dioxide and phosgene were analysed gravimetrically as
previously described., Cyclopropyl chloride was isolated and dstermined
by infrared spectroscopy using the banio at 3.31 and 5.90 microns. Any
remaining peroxide wms deterxmined by using the band at ©.55 microns.
Cyclopropyl oyclopropanecarboxylats was determinsd by using the band at
575 microns, Cyclopropanee=carboxylic acid was cetermined similarly
using the band at 5,20 microns,



In & typical decomposition, 1.078 g. of biscyclopropaneforwyl
peroxide and 100 =), of carbom tetrachloride were placed in the decorpoe
sition vessel, The sclution wus cooled in an iceesalt bath and then
swspt with nitrogon for 30 mimutes, after which it was heated in a slow
strean of nitrogen for 72 hours at a torperature of 70°, The solution
wms then transferred to & 1C0eml, volumetric {lask. Approximetely 7 ml.
of earbon tetrachlorids had bsen lost during the heating period and
this was added to bring the velume up ¢to 100 ml, again. A Quantitative
infrared spectrum was taken to dstermine the amound of ester and acid
produced, and the amount of untecomposad paroxide, after which the
solution was aumm in vacuo throuzh a preheated seven-plate helicow
packed column, Spectre of the distillate, taken periodically as it ws
collected, indloated that all of the cyclopropyl chloride was collectacd
in the first 10 ml, of distillats. The resiZual solution was reciluted
to 100 ml, with carbon tetrachloricde and another quantitative infrared
opectrun obtained, There wms no msasuradle difforence detween the
@antities of psroxide, ester, and acid obtained dafore and after dise
tillation, A similar distillation wae performed om the aniline trap.
Infrared spectra of the varicus eold trap contents incicated only cycloe
propyl ohloride, The two distillates and the cold trup contents were
combined and diluted to 100 ml. with carbon tetrachloridae. The quantity
ef gyslopropyl chloride wms then measured by quantitative infrared.

A1l liquids were evaporated from the aniline trep In vacuo. The residusl
#0lid wms washed with severul portions of wmtor to remove the aniline



LS

nirochloride, and ths remining diphenylures wae crisd and welghaxd to
detarmine the amount of phiosgens procucsd, Nxachlorogthane was also a
procuct froa the docorpogition, but atterpts to isclets it wore not
quantitative,

Two separately prenarad batches ¢f paercxide wars decorpesad and
analyzod as doscribed in dotell immediatoly above, The rosults are

shouny in Tuble 5,

TABLE 5

FROZUCTS PRQM LECQPOSITION CF BISCYCLUPROPANTFIIYL PERQIILE AT 7'&0
DI CARBOR T TPACILORIVE AFTR 72 RS

(z « <]

Amount of
Peroxide  RCl (Cy  RCOgH  RCOQR  COCl,
Lecomposed
g 1.329°  0.842 C.603 0.0L3 0.210 0,002
m:’gl;' TTe p | 1431 1,75 0,084 0.152 o
€. 1.303"  0.73 C.c01 0.0859 0.211 0,003
R 1.25 L8 0,29 0152 ==
Average
wnle
m 1 1.33 1.62 0,095 0.21 -
L NSRS o

'0.569 g+ of peroxide were undecomposed.
61,790 g. were originally taven, of wilch 1,303 g. wore decomposed.



The values of & (Soer's luw constant) for the verlcus couapcunis

waira found to be as siow in Tutla £,

[ X R4
SN

—b Pa

B=ZR93 LAW COUSTANTS

Conypound 'y (=) Wave Length of
g. cm. Analytie Band
(idcrons)
L e e
( >CO.). 0.3L73 .45
>c:1 0.01318, 0.01905 3.31, 6.90
>c-o-< C.3103 5.75
0
[>co,q C.71C 2450

Froducty of Tseommosition of Biscwelonwnransecedyl Pororide

Biscyclopropanescetyl psroxiie ws decoxspossd by & method analogous
with that described in the case of biscyclopropanaformyl peroxide (page

Yo The psroxide decomposed very rapldly and completely (hew'.ing

period of six hours). The anount of peroxile cecomposed was corrscted
for Lpurities by ic omotric anelyeis. The amount of ester obteined ws
also oorrectad for the aacunt of esler present in the origilmal peroxide.
The quantitics and xinde of products, are listed in Tedle 7.
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FadoUCT3 RO DICOTCEITION OF DISCYLLArCPAN LCUTL PIRGRILG AT TV
™ CANIGY TOTACIONINS PO SIX HOU:S

(L= D-‘Cii a=)

Azvunt of
Foroide 21 COg R3CH RCO1 CiClg
vaoomposad

W S

'0 . 00716 0 001285 00022 Otm 00008

& 1 0 0.3 0.06°5 0.8 -

T.e Baar's Law Congtants

{ &; - - e s = e ——— P .-».Ea

g (( ——) Amlytical Band
. Cme (#icrons)

N g . v

[> c;z,c-o-o-ca-cn.q 0.1715 5455
0

D-:u,i-o—czt.q C.2772 5.75

D-cz,co,!z 0,712 552




TAXLE 8

FROCUCTS FRO$ DICCGPOSITICH OF BISCYCLOWIRANFOINL PROIIVZ AT TOO
N CA'BR ToMACILGINS F& 40 4833

mﬂ RC1L €Oy RCOg1 RCO  COCly
AT R A e
z. 00831 00615 0.280 ml 00161 Ole
mﬁ% o 1.5 1.67 = 0.225 D
L e i e - el
L R iy e E—— v
POl
Yo of poranics 155 107 = 0238 e
) ie it -
Average
Eorpeeds T 13 L = 0232 e

The Bear's Law Constants

I
Ol zia
Ocl 0.0378 1,20
<:>-co,n C.L377 5.9

R Mty o e
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- 21 > " b ) S Sied N o
PLOTCTI P2 [TOODOSITICN OF RISTY LA W ACTTA PACIITT AT 70
M G3G TTTIACLONING RA 72 B8

AR N R AN R M S S N R I R X T I R

Trwdle s W1 C0y 2001 RCOR CXl,
g 1.125  0.58 0.319 0.021  0.225  0.002
L o
Melas -
ole ot seroxice 2 1.32 1.77 ©.C25 0.30 e
L

The Daer'e Lav Constants

<:>c.:, g -czz,-<:> 0.1.02 5465
<:>m,~c-o-cn,-<:> 0.1153 $.75
Om.::z 0.067% 1.2
/\_—_>CI¢CC),H 0.3443 S5




1
PRO-UCTS MO DCHTCSITICN OF B”""u.... PROSISE AT 70°
T cAnsdt TTUSIRCITS FOR 72 BANS

ﬁ:;:%o:ed RC1 €0 RGO AC3R  COCl,
€ 1,554 0.925 Q.90 0.,0120 0.321 0.008
a8 2 e
— pn‘om b 1.2710  1.725 0.5 0,255
L —
The Boar's Law Constants
Compound g (=—=t—)  Analytical Band
g. Cm, (l‘zi )
L L _— L el

@co"q 0.763 5,90
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T‘w; sition of B screlonropancfor = Porosias in e Progoace of

A carbon totrechlorice solution (adout 10 ml.) econtaining 1.220 g.
(0.007 mols) of biscyclopropancformyl peroxdide per liter was placod in
a glass vial, Iocine (3.2 g., 0.003 mole) and 2 ml. of watar were adced
and the vial ws them sealed, After heating st 7:° for 65 hours, tue
vial wms placod in a ¢ry ico-acolons beth and opened, Ths contants
wvare wsi:ed with sociua hydrogullita ¢0 rawve tie atcess iollne, and

then drisd over anydrous caleium eiloricde. A Quantitative spactrun

wms than takan, Cyclopropyl iodlde wme detornined by using the strong

peak at 8,08 microns (a ® 0.6707). Tho ester and acid were detormined

as desoribed previously (page L3). Th:e solution was found %o contain

1.121 g./1. of crelopropyl docide, or L53 of ths theoretisal smount,

0,514 go/le of eyclopropanscarvo:ylie acld (L17 of the thecrotical quantity),
and about 0.04 g./l. of sstar,

The apparetas and method of sarpling ware proviocusly doscribed
(page LO)s The reaction was followod by the rate of disspposrance of
peroxiie as catarmined on aliquots by quantitative infrared., Tha intree
gated form of the first order kinotic equation,

logP = !%%r ¢ log Py

ms used to determine the rots constant k. In practics, k wme dotermined
from the loast equares slope of a plob of log P vorsus t. Tho rute data
for various runs ere givan in the Appaxiix of tils thesis.



C. Jilscaliansous Topsrinonts
1, Roections of Sipls Cy:lopropane lorivatives

£re Tords

4 1«1, round=bottomad flask equipped with a reflux coniamsor wes
chargad with 15 go (2.0825 mole) of biscyclopropanoformyl peroxilia, 22.9
ge (0.09 mole) dodine, and 700 ml. of carbon tetrachlorice. The sclution
ws refluxad for £C hours, aftar wilch 4t w8 ccoled and then weshed
with sufficient sodiwm hycrogon sulfits solution to remove any remining
{odine. After dryilng over anhtirous magnesiun swlfate, the solution
wms fractiomally distilled taronzh a 30«dnch halicewpackad colum.
Aftsr removal of all the carbon totrachloride, there rewminod & resicuo
w.1ich ws fracticmated through & smll 7<plate colum. The yleld of
cyclopropyl docice was 18 g (577) bupe 95°, B3 2.5320. Tha cipole
ponent (1.53 &) was dsterminad by Frofoasor Y. T. Rogers.

dmale Cala'd, for C .13 I, TSe55n

Founcs I, 75.31, T0.12

ocdde with lacnostur
A T00al, thrso-nsclad roundebottomod flask equipped with & reflux
concensar, Hirshbarg stirrer, and cropping funncl wes clarged with 0.73
g« (0,03 mole) of magnesium turningzs, Cyclopropyl 40¢ia (5 g.p C.C3
mle) 4n 30 nl, of ethar wms thon a’dcd drepuwise over & period of ten
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P

zimtes, Contls hoating dnitiat~d ¢he reacticn, Aftsr the indtizl
reaction had subslded, the gyutom ws heatod under reflux for one hour,
At this tine 1t was poured onto approximtely 50 g. of erushod dry ice.
The reaction mixture ws then allowsd to stand until all the dry ice
had evaporated, Sufficient 137 sulfuris acld was then added to mai:s
the solution &cid to congo red. The organic and aquocus layurs wore
scparatod and the aquoous portion wes c:tracted with two SOeml, portions
of ethor., The combined orgmnic solutions were driad over any<rous
ealciun chlorlde., Removal of the solvents In veeuo loft 1.1 g of &
liquid residus which upon distillation in vacuo through a rilsro distille
ing flask ylelisd C.77 g. (307) of eycleprenmanscarborylic acld, idontie
£iad %irough 4ts inTrared gnpactrun and plysical constants.

Ovidetion og falyel orwanantipnal yith Potagelym Paymancrrmpto

A 2«1. twowmacia! round=hottomad flask: equippod with & reflux cone
densor and Hirsibarg stirror ws clarcod with 25 g. (0.29 mols) of
fwoyclopropanestiancl, and &1 g. (0.305 mole) of potassium pormanganate
in 12C0 nl. of mtar, The solution wms coolsd in an ice bath end stirred
for four hours, aftor wich it wms allowed ¢0 warn to yoom tarporatmo
and stir for an adcitional eight hours. Tlie menganecso clovdice wes filtored
and the filtrate wus then evaporatad on the stean bath until the wvolume
of liquid reeining ws arprocimataly 100 i, The aquoous solution ws
covered with 300 ml. of ethar, scidiflad with 107 sulfuric ecid, then
mturatod with sociua chlori‘e, T:e aqueous and organis layors ware
soparetad, and the aqueous portion wus extructod with 170 ml, of ethar.



The corbined ether extrects wers Crisl over sl yrous magnociun sullato,
and the ether was them removed in vocio. Lictillatiom of the roaicue
yleldad 13 g. (aporoxdimatoly S077) of en acid prosumed to0 be cycleprojonoe

acalle acld, lowover, subscquont raactions, especially the formetion of
paraxics from this smubslancs, gioued 43 %0 b8 an epprocimtcly eguinclor
mixture of cycloprepanecarborylic and eyclopropancacsile acids.

Cyclopropanscerboalceiyta wes prajared froa eyelopreopylearbinol by
the same procecure erployed in the preparation of eyclopropanoncstalielyce
(page 27).

Froa 27 ge (0.L95 mola) of eyclopropylogrbinol there was chtained
7 g» of unreactad starting matarial and 21 g. (757 basod on reacted
scarbincl) of cyclopropanccarbomaldaiyie, diantifiad by its infrered
spectrum end physical eonstants (.5).

2. Attaptad Proparation of Dimotihyleyclopropylearbingl Clilorice
bogehomig Srichlamt g ptdn Tt tedemel oo loarbinel

4 100-nl, round«<bottoned flas ws coolod in an $ce bath and chargad

witla 11.3 g (0.023 mols) of phocphorus trichloride. A solution of 24.3
ge (06213 mole) of éimetnyleyclopropylcarbinol and S.4 g. of pyricine
wms adcad dropdse over 8 pericd of ono=helf hour, The uppor liguid
layer was soparated and ¢istilled, Thare was oblained 14 g. (7¢F) of



2z
2«cyclepropyliprapens, b.p. 7*-77°, 2" 1,218, T3 infrarad sroctmus
el 418 copound was idantlazl wiith ot reperted 1n thio Litamature (L7).

(Co1a005P
A 2«1, roudsbottonad flosh: ervipwad with @ raflux contonsor wog
chergnd with 127, g. (1 mola) of pheapiorus trichloride and 202 g.
(3 molas) of phancl. Tue scluiion wes refluxed for elx hours rosuiling
in te formation of & pale yollow liguid. Upom ¢istillation tiwouh &
12«inch Vigroux colurm thaes wes ohtoinad 202 go (507) of triphanyl
phoapite, b.p. 223«27.° &t 5 m., n.p, 232.%

int e}

Ranetd o hoani-$ds a‘hr“ "—vnns A T Inwl s getdthy 09 ﬁvﬁ‘nf}_wrmﬁr
ne - ! "l Lo VL WLt DTS AT L

A 25011, roundsbottons! flogh equippad with & pracatad two={oot
helieswpackad ecolum wes chargad with 22 g, (C.22 mole) of triphayl
plosphtie and 25.5 ge (9.21 mla) of banzy)l chlariZe. Tue pot taperature
wms mintained betuom 130-3.‘.-2" axi %8 colum taperature betwoen 100e
131°% After L3 hours thare ws obtainad 4.9 g. 6f 2ecyclopropylpropao,
identified by its piyeioel constamts and infrarad spoctrus. o othor
product could be isolated, |

3. Roactions of Iicyclopropyl Eelona
-l o 43209) e

Cw (g



A 100-nl, roundebottcad flasi wus eQuippod with a prohestod
1S«dnch helicespacied colurm was oargad with 30 go (0.230 mole) of
¢loyelopropyl=motiyloarbinel and two drops of concantiwted sulfuric ecld,
The presmirs in the systan wus recucad to 105«110 m, and & nlcture of
1,1=d1cyelopropyletiylane, and wtar was distilled into a roceiver,

The olefin ws soparated fron the weter, driod over an'yirous magnesim
silfato and then recistilled. Thors was cbtalnad 22.5 g. (307) of
1,1ec1oyolopropylotiylans, b.p. 6° gt 200 me., na° 1.4ALS,

Ame).”  Cale'd for C.T;8 C, 63.L0p H, 12.52

Founis C, £3.0Cp H, 12.39

A 500mm), Erlommoyer flagh equippad with a drsibarg stirrer ws
chargod with 10 g. (0.003 mols) of 1,leCicyclopropyletiylene, 19 g. of
potasciun porrennuate, end 260 rl. of wmiar. Tha mixturo was coolod in
an ice bath and stirred vigorcusly for & parlod of tuiree days. Yanganoso
cioxide s rawved by filltrotion and woahad with ether, Tho aquoous
filtretls was satwratod with potassiua carbonate, and then extractad with
five 100=l, portions of ethior, Tho etloregl solutions wore cocbincd

and dried over axyirous polassium sarbometa. Ramoval of the ethor
Iavpcup deft 6.5 ge (707) of dicyclopropyl ketone, ilentified by meons
of 1ts plysical constants and infraxod spactrun,




A 3=l, rouni=botiozsd flag: equirped with e Dirsborg stirrer,
reflax oomdensar, and dropring funndl wms charged with 62,4 g. (1 g. aton)
of sine dust, A S0=ml, portlon of & eclution of 110 g. (1 mole) of
¢icyelopropyd ketone, 157 g. (1 nole) of eti:yl bromoacatate, 200 rl. of
¢ry tolnons, arxl 230 nle of &vry bonzans was adcad and thom haatod ganlly.
A vigorous evtharde rasciion was indtiatad aftar whilch the rest of
the solution wmg addeld at a rate sufficiant %o mointain & very rapid
reflux, After tie addition ws ocoplote, e reactlon mizture was allowad
%0 stir for two hours more. Sufflclont iceecold 107 eulfuric acld was
then adced to cause tho formatlom of two layors and the cissclution of
the sinc salts, The orpanic eand aquecus layers were soparatal and tie
agusous layor was than extimetod with 130 =1, of bansame . The organic
portions were cordinod, drisd over aniyirous calciua ehloride, and dlge
tilled jn yecus, Aftor removal of the toluens and banzens, thars
reminad & residus silch upon further distillation yloldod 121 ge (537
of etiyl beta, bota=cicycloprojyl-bota=tyirayproprionats, b.p. 103«105°
et 2 mm,, ngs 14634,

Saponificetion equivalemt  Calc'ds 178

Founcs 105, 125.5
$282e" Calctd for Cp37ys008 €, 724433 H, 8495
Founct €, 71.703 H, 10.09
This substance ws contesdinotod with swll amounts of the corrosponcing
acrylate,
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A 200-rl. round=botione’ flusk equlpped for éistillation s
clmrgad with 95 ge (0.45 mels) ef otipl bets, bota<iicyclopronyl-betoe
iro:gpeoprionste and gix dreps of conoantrutod sulfusle ecli, The
prosours in tie grubon g reusad to 37 m. ond & doture of eerviata
and watar wus ¢istillx! and ccllactod in a rocelver, The orgpnic product
we scparated fron th9 wabor, ¢riod over anhyrirous calclium ellorica, and
rodistillod, The yicld ws 75 g. (O77) of stiyl bota, bots=icyclopropyle
scrylate, bep. 1052020 st 6 mu, 95° et 2 m., B2 1,550,

Saponlficstion oguivalanls Caletdt 1020

Foun's 173.), 173.7
Lol Calotd for €y, 0nt C, 73303 H, 8.95

.
Lzoho

,C - CE! - -A":’:I

A 1el, tres-nocted round=bottomod flaak equippod with a Idroiberg
stirrer, reflux conlensor, and dropping fumel wma charged with 11.5 g,
(0.3 mle) of 1tihtuwa alurdmn hxiride and 500 ml, of eniyrirous eyl
other, Etlyl beta, bota=ticyelopropylrcrylate (35 g., 0.2 mola) wee



added dropwrise ¢ the stirred solution over a poriad of LT mimtos,
Hrirolyels weo thon acconlighiad by the eaullous addition of 100 d, of
wetor followod by gutfinimd lco=cold 177 21 furic acid to o tiw
eclutiom acid to eongo read. The orgmnie and aqueous layors wore
soparatod, an? the aqusons laysr wng o-focctod with 120 ml, of cthor,
The orgzanie portions were cordinad an? driad cover en'yrrovs potassim
cardonsta. Th2 ethor wg roovad in sma, laaving 8 resifog of 3, 3eile
eyelonrapAelly) elcohiol, ALSapAs to C1gtill this subolanca wore
wmmiceasaful ginca it invariably ot up €9 a glasg an? began o docorposo
won heatine, Tharelors, t:e cruds prolfust ws used for mthsogquont

reacticns. The ylcld of crule alcokel was 2% g. (257).

oY o~} amrorr
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A low pregsure lyrogantlon bottla was chargad with 24 g. (0,188
mole) of bata, botaeticyeloproalallyl aleohiol, C.l g. platimun oxide
catal at, and 50 ml, of etyl aleolwl, The initlel pressure wng 5O

P roranal,

N geCH g AT

poun’s por squarg inch end 4hs roanctlion wae accorplishisd at room tapaae

tire. Tha theoretical uptals of irocm was coplote in 15 mimitos.

The oatalyst wans ramovod b flliretlon and the othanol by distillation

in vecuo., Distillation eof tis rosicus ylelled 25 g. (ossonticlly quantle

tative) of 3,3=cicyclopropripropancl, b.p. 901 et 3 ., ngs 1.2,
£2l.” calete for €1, 01 €, 77.7C3 T, 11,50

Founds €, 77.453 1, 11.29
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A 270-l. rouniebotionad flasl ecuinnad with & reflux eon'onser wos
chargnd with 12 g (0.3 molo) of 3,3«immlopronylpropenol, L5 g, (0.5
role) of acatic anyride, an! 100 11, of gloclal acotic acilt, Tha solue
tion wms refluxed for 2.5 hours after wilch 4t was cooled and ¢iluted
wlih cne litor of wtor. Tho umar larye» was eporetad and driod over
anydrous calcium elloride., Pistillation yianlded !7,5 g. (O17) of
3,3=Ceelopropylpronyl scotate, b.p. li”l—li“zo 8¢ 3 mi., nis L0,

Seponification eguivelmit Colo'ds 132,13

Tounct 171,85, 133.2

fnole Csdeld for Cp371390g8 €y T2.L73 Hy 9497

Founcs C, 72.403 H, 10.09

3.2-17*:0*&10'7, ererpl s yieig )

/AN
v

3,3=C1icyclopropyl=l=gropano ws proparad by pyrolysis of 3,3«die
cyclopropylpronyl acotata using tha gonoral procadure dascridad by
Beilay (19)e The apparutus consisted of & 15.5 inch Pyrex colum f£illed

CileCiCilg

with 1/15 inch plass holises e wroooed with merdor 13 Hichrone wirs

(5 turns to tie inci). Tho botien of t.8 colum was attachced to a



to-nocked round=boticsed receiver holllng & ¢y ice condcascre Tim top
of tue colurm hold & gae inlst tubs, cropping fumnel, i $iemwocouplid
well wiich extenced haliwy into t.e coluan. In & Yyplcal pusparuilon,
the rocoiver wus placsd in & iy fcewlsopropyl alcoicl bath end tha
colum was hoatod to £20 % 5%, The teparetwro was duluraiasd Ly use of
& ¢lronslealum) thormocouple cunneciad to @ Leeus<liwiinup movel 1015
potantioneter, The estar, 3,)<Cicyulopwropyipropyi acotata, (10 g. C.U5
mols) s dropped outs tie top of o colum (itrogon aluogphere) at
to rata of 2 nl. por winuis. aftor resoval of the aculis ecld by Wele
ing with 1037 sociun carbosute, distillutlon of the racalver conlonis
yiellad 5.1 ge of olofin, b.p. 1.3°, ngg 1.3918, and 2 g. of starting
mierial,

pmal, Cale'd for Gl €, 33.373 H, 1113

Founis C, 83,553 H, 11.27

hal WO
Lol W iAde

Prepgration ¢ aidde
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™hs reaction wa stiteptod followinz the pomorel procecture glven
for acetophenone in Orenle Simttanes (50). In & typlosl propavation,
a 11, tireswndckod round-botioned las: egulppad wita & Mlrshberg
stirrer, rafliz condansar, thermomctor, and eolid ailitlion tube was
charged with 80 g. (0.73 wols) obtryl droavacotate, €O g. (C.73 mole) of
dicyclopropyl ketone and 140 ml, of dry fresuly distilled bomsens.



Tue scittion wud coolel $o0 107 12 an 230 bath and 37 g. (0.9 mcl:) of
sociun anlde worg aldxd tizoo g 2 aliition ik over & priod of two
hourg. The mixture g soiscruonily ellowd to stir at 20° for pix
touars, after whilch 1t ws powsC enls L0 po of 1ce, Aftor tho fcs hel
meltol, the organic layor ws sopomats’s Thoo eguosus layor wms ottoootad
with 100 nl, of bxwzme &l Lo axtoccd ws Lim el il 49
erifmal orpuic fraction &l Cxiel over axipnlous caleliua ¢ lori’e,
Nzovol of ¢ bmaine 23 vars 1oft & rosidvy which upen froetlcmation
iayore ylelied (3 g. of stariing ketomm aud 7.7 go of et 1 bronoe
ssotalne A larygy qunlily of rocincus o rowingd,

Purtlor attxple o propers tho gyclcle estar, dnclaling the use
of ctiior basos, L0 uso of cilordosiar, the cmdsslon of solvemt, hoating,
and Lwerss acoliion faila? 40 causs rasclion, A% no tine could more

tan a 22ll aount of tha broxosior L3 recovaral,

naasdion of PxYriccdic Act? wiih 1, - edayeorlot o lomn

Parbanzole acld wes prepared by the molliod of

fmomdo O-mblomon (),
B

A 1=, Lilamnayor {lask was cocled in ea dco bath and churgad with
20 ge (0.1L5 mols) of perbanzole acld and 500 ml. of eyl sther. To
tads ws addad 17 g. (0.175 mele) o 1,1=Cicyclopropyletiylons over a
parlod of 30 nbutes. After 4.9 aiditlon was copleto, the Trlamayer
flagh was tigitly stoppaored and allowx! to stand 4n the caric for threa
caye, The solution was then neutralized (phanclphtinloln indisator)
vith cold 1IN sodiwa hyriroxdle, U9 orgmnic luysr wus soparaiod and

driod ovor aniylrous calcium c¢lilorlle, aftor which the ether and excoss
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1,l<icyelopropylotiylons wore rencved in vecus. The bullk of the rosiiue
boiled about 70° at 7 m,

The infrared spocirua of the distillats showed no bancs wilch could
be attributad to an opoxide. Thore was & strong cardbonyl band at £.90
mlorons, and & carbonyl shouldsr at 5.50 microns. A strong hytrogyl
band at 2,80 microns, and bancs attributable to cyclopropens ware alse
preoent,

Part of trhe distillats probably contained an aldatyde or ketons
oarbonyl, sincs & srall axvunt of 4t formed an i-meciste precipitate wiih
2,h«¢indtrophanyliydrasine, No further attepts wore male to resolve
the distillate into its posailbls components.
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A+ Froe Nacdical Chilorimations

The fres mdiacal chlorimation of lydrocarbons has been the obiect
of many researches, Most of the investigmtions pertaining to alip'miis
systens have Lixiicated thmt chlorinations are charscterizad by coparas
tively long clain rasctions, In the case of photochanical ehlorinatlions,
thase long chains rosult in high quentum ylelds. For earpls, it ws
roported tiet the photochlorination of heptans in carbon tetrachloride
muwﬁgﬁddot‘r.sxm‘ (52), and that hexadecane uncer sizilar
soniitions gave & quantum yiold of 7 x 10% (53), The proposed mechanism
iss

Clge H evesevesvessssp 201

Cle ¢ NIl ewocwssssssssend R ¢ EC)

Re ¢ Cly wssssansscecsss FCl ¢ Cle, chaln continuocs
Re @& Re
Re ¢ Cle e chain termination
Cle ¢ Cleo

In the proceding ewamplaes, no effort was mde to charectorizs the
position of substitution. Iowsver, varicus investigntions have suowm
that certain ganeralitiss concsrmning the site of substitution of &
chlorine atom for a hydrcpan aton can be erpressed (5L,55). Those studies
have shown that a tertiary hynirogen atom is mora eesily substituted than
& seoondary, which in turn 1s »ore easlly substituted than a primry



hydrogen atone Brown (55) has retionalized these results from the vieww
point that the reactions are controllsd in part by inductive effacts,
This wms congicsred to be reasomable since the hydrogm atom bound to
the ocarbon atom possessing the groatnst eloctron density tonded 0 be
veplaced the most raadily, 1.¢., & tartlary hydrogm atcn, Ilowsver, in
my cases, this tancancy for tertiary subgtitution is somawrct countore
acted by the fact that there are statistically more seconcary and primary
positions avallsble timn tertiary onos,

In this thesis, the froa rucical chlorimetion of iscoctane and
2,3=dimetlylutane undor varying eonditions ylelded results in accord
with the ciscussion, The monochlorinated products wers dimotiylnecpant;le
oarbinyl and dimetiylisopropylearbinyl chlorides respectively. Similar
results were reportad by rRussell(57) and by Browm (58).

IS soencd of intarest to stuly the chlorimation of isopropyloyuloe
propans, Wiich has two tertiary Lyirogon atoms, cne acyclis and one

P UA’I,

\ >
c‘ha

alicyclio in & Highly strainad ring. Pravicus work has showntat evon
& primry acyclic hydrogmn 43 chlorinated in preforence Lo a tartlary
hydregon on & cyclopropane ring. Thus, from motiyleyelopropanse, tho
principal product (withiout rearrengencnt) was cyclopropyloarbinyl
chlorits (13,1L).

It ms originally thought t'at isopropyloyclopropane upon freas
racical octlorination would undorpgo exocyclic tortiary substitution



lealing to cinetigleyclopropylearhingl clloride., Unfortumatsly tis

¢1d not turn out to be the casa. Thus fach that the product reaclly
formnd a Grigmerd reagent, wiich upon Hpirolysis ylalded the oriinal
isopronyleyclopropane indicated that there wes no s:elotal rearruncoe
mont end a4t tis chlorine atol wis protadbly not on tue cyclopropung
ring. T:ls premiss s base! upen L8 fact that cyoloproy,l chlorico is
raportat to form a Crignerd reagont only sitremuly sliuzrisily and in
very poar ylald (£7). Further, it w3 considarad that thse ring probadly
would not bta ehloringtod with 80 many other positicus avallable for sube
stitution, since it has bom giown tiat e whetrsction of & hytrogsn
atan from cyzloprupans proceacs wilh comsilaredbls dlfficulty. For
earpls, Trotmn<Cickenson and Stoaocls (5C) stulied th9 easo of abstrace
t.ion of hydrogen atons froa various alicyclic hyrirocarbons by determining
ths rate of raxval by moliyl racicals of Rytropgm atons froz Lylioe
carbons, a8 contrastod with t.e rete of codbination of matiyl redicals

o form ethane,
0

I
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Py¢rocarbon ¥/ /[ 3 x 1333 por =¥ Yeal./rols
Ryorogan Atonm

nPantans L0 (for Cilp) 9e3
Cyclohearane 3.8 -
Cyclonentane L7 93
Cyelobutane 2.8 -
Cyelopropans 0.4 13.1
Bengens 0.3 -

Their results show that tie romoval of a hydropon atom from cyclopropane
is more ¢ifficult than from other alicyclic hyxirocarbons and indecd is
almost a8 cifficult as the removal of a hycrogen aton from the benzond
ring. A more recent investiztion has inclcated that in the resctions
above, the cyclopropyl racical, when formed, rearranges to an allyl
radioal (51). Since 4% gains stability (looses ensrgy) in so doing, the
value 0.4 for cyclopropane in thoe proceding table mey de high.

Tho most probeble explanstion for the reluctance of cyclopropans
to form a free radical is bassd upon Iestrain (3). Thwms, cyclopropans,
a highly strained molocule as such, would unlergo an even furthor ine
croass in internal strain upon bocoming @ redical due to a changs in
hybricization of orbitals from 8p° to opt,
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molocula radical

The attarpted etiunnlysis of tio product of chlorination of isve
propyicyelopropans indlcatod tiad there was 1ittle AL any reactive
tertiary ohloricde in the molacula, Attepts o measure tio rats of o
reaction showed it to be extromely slow (almost nogligzible), and not of
the first order kinatically. [ad the clloring bomn on & tortiary carbon,
4% would Mvcbema::pectadtoum:argasﬂl solvolysis at & fairly rapid
mta under 0 reaction concitions used, For those reasons it ws con=
cluced that the structure of tie chloarimtal capowxt was probably
1eclloTo=2=cyelopropylepropand

LCH01
l S
S Cily

Trat this, rather tan the epoctad dineilyleyelopropylearbinyl elloridas,
ws formod, w8 probadbly due to the statisticsl factor of thore having
boan six primary end only onas tortiacy Iy<rogms, coupled with the fact
tat the tertiary position was weil si:doldad from attaci by the wetiyd
and cyelopropyl groupse



The nard corpound starisd wus Cloyelopropylmethane wiich wa
soleotod as a corpowy’ for cilorinctlon upon the &sziplion it tUis
would loed 40 an intarmotiate dleyelopropyloarhinyl free ralicsl,

Tais epmarently turned out to be 4o cape, altlough $me procduct was
ghotm 40 have wilersans 84ilotal raarrangazent. 3y o:llotlon of tha
olafin chtalnosd 1 s clorinztion, 1% wms estoblishad trad tas procuct

wen lecyeloproryl=ij=giilorcintons=1,

Dcl-c:z-cr,-c;z,n

This rolt ws analoous to {hat obtalinad by Toberts, who isolaleld
&Yy learuingl chlordde £ro1 L8 ehlorbweiion of ratiyleyelopropana (13).
In gocord with Robrrts eplanation, 1% is prohabls twt this proiuct
arose from tre rearrangment of a dicyeloprovylaarbingl free medicel.

(>-cz ‘<] — [>4::1-cn-cn.-cu.-

It was particularly intereoiing tint the intermedicie digyclopropyle
carbinyl redicsl ¢id not meintain iis i‘ontity, By analogy with a
sirdlar type carboniuz ion, 1t is possibls to formulate saverel resononce
structures wilch could sasily ap:ly to this systen,

] ] ]

flowovar, 1t 1s apporont from t:9 me ‘or procduct isclataed tiat
structures (II) and (III) above wore not part of & resomanco hybrid tut,



rather, mist have bom discreat Inbarme’ictes at tho tine thoy roactal
with the ¢llorine, Towwor, Viore rowing @ possllility of ioh would
not nocaesdly s out thia Lvortanzs of 1 rosomancs Coplctsd ahove
In ethor rxmctlons, Tis, since the product cbiaingd was anfoubiacly the
rost siable one dorlrxible £-om Cleyeloproyylivwihana, 43 i3 poscinl
Lol e roscilon {(@dariratlon) ws &b 20t to tlarmedimacte eontiol,
I 4223 was tis occae, thaa t02 procduct chiained wus 8 ona whish would
ba epxiad, Farthermmre, the exmamilrzely M A yialls of procuct
ehialings at vory low tapmiatara nlht be &0 m &3 an inliatlion of s
2lottivra ense of Soredlom of 4he oovloproylzartiyd radiael,

I3 6:oul? ba polato? o) tet 4o pootalotad rxunTasY A 1 b
&b 811 unagquivocallly osteilliohel as a fiv20 radlesl rauction, eiihar in
13 pragmt astance or in the wrk of Tchorts (12). Sinca Igvirogem
chloriie 18 produced in gunilly ¢uring the chlorinatlon, end sinco it
is Inowm Cat cyrlopropyleartizy) ¢hilellas lonize vary reacily (1.), 4t
1s possidble tiat ¢the chszrved product was produced by & cerbontum dom

rearrengomont. Suc: rearrangeronts ere well known 4n tiis system (13,52).
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B. Ganarpl Consicarations Dogarding the
Lacoposiiion of Acyl Farariies
Since a mjor portlon of ti.is thosls coals with tha cocospogition
of alicrvlilc dlacyl poroxiias, 1t will be well to roviow brioflly the
extansive literaturo on the mochaniss of such pareedde dacorpositlons.
An acy) peroxlde may uncerge spontancous cocompesliilon via a horoe
iytie fission w:arain the original molocule yilolls two fres racicals,

9 0
RalleNalalall esesossewssaunemrsvaseonely ZZCO..

er, un’er cartain conditions, 1% my unlerge hetarclytic cloavage ‘o

si0ld initixlly & palir of Lons (53).

0 0 0 0

i I I . T
Ralelalnlell eseessncenesnsnusts Realel ¢ Relad

It has umually b2m cbserved tiat the formor situation provails
for syrmotrical perc:icdes uncergoing coconposition 4n relatively none
polar solvants such as carbon totrachloricas, bonzens, hyirocarbons, etc.
Tis roce of decorposition by bawlytic fisslon of en oygam=ogygon bond
is probably & consoquence of the rolatively low bond dissoclation enorgy
of tat particular ba:d. The valuos of the bond dissoclation mnorglcs
for acotyl and banzoyl paroxicdes, for axurple, have been estimmted to
be botwean 27«35 kilooslorics por mole (5.). On the othor hand, tuo
toncancy for acy) peroxidos o docorpose haterclyticelly 1s incrensod
by & cocroage of oymotey in tha original molecule. In principle, tuls
type of decorposition moy run tho entire gamt froa caplote cdissociation
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into froe ions, tirough ion=palr formation, doun to & more polarizallon
of the ayygon-oxypon bond,

0 0
) 1 - &
ReCalaleCeail! cnssvsesssssesulds RCCq ¢ R'C‘C}a
S 9
ReCaOal-Ct = - (13Cg ) (10C0")

H 11 0-

NeCalelalal! aonwssnced E;-G-O u—u-O-O-(ﬂ

I8 49 readily concluced fiom the sbove tiad solvents of Mgh cdialectrie
constant would favor hetarolytic cleavage of acyl peroxides,

In addition to the spontancous cdecorpositions discussed sbove, an
acyl paroxide may uncergo an inducad decomposition caused by tons (55)
or by radioals (5£). An emxla of the former resction is the hydrogon
ien catalysed dacomosition of pemathoryleptenitrobanzoyl peroxice.

czz,o@g-o-o-g@ﬁo. = czsy@-&o—o—gx@m,
.,@-o—o-g( Vli0g et ct e *e f'd@.u‘

An exarple of the lattar process is the clsavago of bensoyl paroxice by
the triphenylmettyl racdiocal (55). FKexaphenylethane in bensene eolution
diseocistes to & consicersble extamt into triphenyluetiyl redicels.

When these sclutions are added to bensoyl peroxide (sither dry or in
solution) a rapid reaction cccurs at room teperature. No carbon dioxide
1s evolved and the procucts are banscis acic, trityl benscats, an! totrae
phanylaethane, The proposod machanisn was as followss



(1) (Csllg)aCe ¢ (CoMyCOg) ymmmmed CH,COg C(C,Rg)y ¢ CyMsCOpe
(2) (Collg)sCo ¢ Collgllqemmemmesd C,7:C05 S(Calls)s

(3) Clellge ¢ Collgmmmmeed C,5,C0gT ¢ Collge

(L) Collas ¢ (Cqflg)Commmud (Cofig)y C

Reaction (3) above may not take place as such, since no carbon dioxide
ws deteoted, Rather, resctions (3) and (L) may be similtaneous,

C,!aCOze ¢ CyHy @ (Collp)y Comwmed CIl.CCH ¢ (Cil)g C

The initial stop in the froe redical dacorposition of aoyl perorilos
bas been a sub’ect of some espaculation. After ths free ruciosl neture
of the process had beon accopted, 1t was postulated that the initial
stop involved simaltansous rupture of two carbonecarbon donds and an
oxygen=oxygen dbond resulting in tie formation of two molecules of carbon
dioxide and two hyirocarbon racicals (57).

R-gCO-O-g«TM e & 22Cy

Fowever, the appearance of ¢ignilicant amounts of ester and acid emong
the dscomposition products in those cases whare incuced decomposition

wms unizportant, mors or lsss excludss this postulate., It wme later
sucgested (53) that the initial step yleolded & molscule of carbon diodce,
an acyloxy radical ani a hyirocarbon radieel.

n-g-o-mﬂdl-—--u RBe o TC0ge ¢ COp
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Thare w3 conslieralls rmarit 4n 043 arplanation ia et 4t accountad
for ths origin of cartain decorposition procucts as well as some rete
&h. ¥ore recent invostisztions have indicated that an acyl paroxids
upon spontansous thormal decomposition ylel-s initislly two acyloxy
1a.dcals,

a-g-o-o-?-a-—-- Fre g s mmmmmmment  procucts

For exaple, Nammond (55) docorposzd bausoyl paroxide in carbon totrae
chloride containing an equimolar quantity of fodine and water., Thare
ms obtainad froma this reaction & quantitative ylclld of dansole ecid,
which was pcstulatsd to havs bam formad by maans of ths following staops.

C aﬂogﬂﬂ-g-c aligwensesnees 2C 6;{5.8.0.

C‘-,Hbg-Oc ¢ Igevennccen 0335-3-0-1
c gﬁa‘gco-! ¢ T 0neenaced C,ﬁsdg-OH

In other words, since the ylsld of bonsols acid was guantitative, it ws
concluried that the inttlal dacorposition step ylelded two banzcate
racicals whilch Lrmedintely combinod with the vary actlve scavengx iodine
to yisld an acyl hypoiodita, This in turm ws hydrelyzod by tho wter
to yiald bongolc acid, In a contrel eporinomt in the absonco of iodine,
no siznificant amount of bansolc &cid was producod, the principal products
doing cllorobanzane and hamchloroatiang.

In & study of the decorposition of acetyl paroride (7)), it wms
stated that the products eonld by axpleinad only on the asswption that
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3 dmlt wholly, or at 1lxast to a oombt extaet with acstato radicals
wiich decarhoxylate as tusy react, A rors dotailed wochanism wilch
«plaing the origin of all this dacoposition products obtainad will ds
given latar in the Ciscﬁnsion.

Saveral detallad kinatie investimations of tha fres recical dacorpoe
sitions of acyl peruxides have deen carriad cut., In essmtially all
cases, the kinetiocs oould bs apreased by the following equations

ZR) wxy (p) e kg (1) X (72)

(p) » concentration of peroxide

kg @ rate oconstant for spontansous decomposition

k4 @ rate constant for incuced dscomposition

x @ order of the inducad decorposition resction
The manber, x, has usually bodn found to vary betweon 0.5 and 2, It s
of particular interest t0 noto that according to tha preceding equation,
acyl peroxice decorpositions are of the first order kinetically if induced
decompositions are elininated,

Acyl peroxices related to bensoyl peroxide have deen the most widoly
studied systems in respect t0 both products and kinstics., It is felt
that 1% would be advantageous to summarisze the resulis of several of
these investigations previcus to discussing the results cbtained in the
present thesis, Included in this discussion will be the results cbtained
in the case of a non=bensoyl type peroxide in order $0 point out dife
feorences and sisdlarities which exist botwesn the two types. Fimally, it
is further felt that an indication of the various detailed mochanisme



formilated %0 aplain the oricin of e varicus docorposition procducts
obtained should be of value, and, theralore, those will also be included,

Swain, in & stucy of the decorposition of substituted bensoyl
peroxicas, found evicence tlab thoy docomposs becauss of electrostatie
roision botwean the two benscate groups (38).

D
-

o
* ® e ¢

In othor worcs, it wes considersd tiat the molacule consisted of two
dipoles oriented witu their nogutive en.s nearost ewch olliar's Such &
situation should creatd a lurge clectrostatic rapulsion which would tond
to force the mdlaculs spart. Tuls concapt procdictod tat electrone
relensing substituants (especialiy thoss wilch were situated in the pars
position) should incroess the rute of cocomposition wherees siailarly
placed elactrommrithirewing groups should decrease it. The exarples
given in Table 11 {llustraete tids point., The eleoctronwithdrawing cyano
and chloro groups cecroase the rate (witi respact to the unsubstitutad
paraxide), whereas the elsctron-reloesing actlyl and mothoxyl groups
incroase the reats, The effect, howover, is not & very larga one.

Ta rate of decorposition of beusoyl poroxiis varlcs gonssiet with
the sclvent used in the docomposition. This may, however, bs dus in
part o insccuraciszs in correciing Ior dinduced decouposition w:ich is
higily solvent deopenient, Swwe ropr:ezniative rate data of tids typ@
is 1isted in Table 12, )
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s 11

DECHRPOSITION OF SUBSTITUTY) BINZONL PERQKIDIS
IN DTOKANE AT 80° C. (38)

Subsbituente Ky x 10 (min.™)
Pyp® dinethoxy Zgi
Psp? dimethyl 3:6.8
n,m? dimetiyl PRI
benzoyl peroxide 2.
Pyp? dichloro i'}l
Pap? cloyano 122
nyntedicyano .02
TABLE 12
THE D D!

ECGHPOSITION OF BENZOYL
I VARIOUS SCLV:NTS (73)

Solvent taperatare %,  kg,(sec.”)
bangene ) 195 x 107
bengene 8o 3.28 x 10~
acetic anhyiride %0 5.55 x 0™
acetis anhydride 8 7.5 x 107
carbon tetrachiloride 80 2.08 x W0~
toluens to 3.28 x 107
nitrebensene 80 3.28 x 207
t-tutylbensens 80 3.28 x 207
cyclohaxens 8o 193 x m“"
eyclohexane 80 5435 x 10 5
styrene %0 2,25 x 207

Trds effect has been discussed in detail by Leffler (72).



As might be axpactac, thers 13 & large civersliy in tue producis
chtainad froa the fros medloal cecorgosition of baacyl porouica in
difforant solvants (73). Tuare are sxworal factors wilch cuatribate to
tiis situation. An Lmportant pard of the products Fimally isclated 1s
procucad by raacticn of the froe reclwis frem the peraxide wiih the
solvent, Also, most of tho cocorposltions have been parformed in eolue
tions of #illiclant eonsant-etion as to allow induced cecuwposition
reactions to becona particularly igportant. Thurelore, procucts rasulie
ing from the induced Cecompositlon cf the paroxide by solvant radicals
will of courss ba ciffarent for ciiforend solvanis, Some illuslietive

caples of this are given in Tuble 1J.

Talll 13

PROIUCTS FCI T2 DCEGITICN OF 3Ll
il JE Lo IN VACTVUS sUWvas (73)

Sclvant Procucts

c’“hz’m CO‘.C QTXSCO&’T, O,Mﬁllasn‘ca.a.

Cq}';;_-,,c ,SFIGC 94".:11,0 eerC\'J. C ,-g., ie
Carbon trtrachloride 004,0009,01; CT o l(00CY, Calla,l i a7Y

Danzone COgsCelinllg’1,Culislsllgy tmln nrocucts,

also, regin, Cul,Clg Cslip, triphend

—__ ——-
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A particalarly careful stuly of an aliphatio paroxide cocorposition
ws mis by eTar and Vais (71), w0 staiad the cocoposition of bine
daliaspharylvalaryl pere:xile in ¢iluts carbon totrachlorice solution,

It ws consilared that a clluts sclutlon of poroxiie in a coxparatively
roactive solvant such as carbom totracilorics coused tie amount of
induced Coconposiiion to be neplipihla. Tholr product analysis is listed
in Tadle 14, Thoy wors ahle to account for 977 of thoe carbon dloxile
and £7.53 of the pharylhutyl groups. It should bs noticoad that carbon
dloxide and lechloro==phanylbutane ware the ma for products.

AEE L

PRLIUCTS IO TS DIOOTS ,u,.cm F 14.9 !TILICLTS OF DIS=L1lTie
PIUTTOVALLIZL PUACITOE TH CATBON TOTACHLORING (Ta)

CalpCllgaCilgmCilg=CiigCl 12,2
cCcCl, 11
ioo] 3.5
Calls 2.7
Coilg (Cllg) 403 1.1
Cals (Cg)qCO(Cligd g o Ms 2.5
Ce7:(Cllg)s Colls 3.2
Cotlo(CHg)aCicl Cilg CC1, 1.5

L NSRRI -
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In order to raliomllise the products obtained, Ialar and Wals
proposed the following mechanisms '

[CoTe (Clig) (COC) grommmegs  2[C 1\ (Cilg) (C00]
[cf,na(czz,)‘coo.] ——— [0 (C0)e%] ¢ COy
Call;(Clig)e® ¢ CCly =t CH,(CT3)(T1 @ oCCl,
2eCC1y semp CoCl,

2{(:&%(011,)‘.]“ ety €1 (C113)6C Ma

Calle(CH i e
2[ 8 5( ’)"J”W cﬁ IB( ”)J a"vgﬂg(u 1,) CimC! Y.
Cotnfcrae ~
Coile(Cilg)eCO0s  op === Colla(CTR)(" 00(CMg) Ca'ls
2)e®
L ] o »
C s ‘)‘VQ‘G' CG a(‘v 1')‘umwi- Za\: ﬁC.I,

lvies WIS A ol Plasi ol VR Gy FRossceit Mains BN

€51 (Cilg) aCTiCTgCCY ;000 gty C 7 (115 ) gl 10TgC0 4@ #0015
200130 CC1,000CY, or 2TCCLCly or CLTOCCCLgeC),

Colla(Cl15) (B00CCL 0110 wmmumeps C .1 (C115) (COUTMCOCY g HCL

It should bs epocifically pointod cut ¢ut in no case <id Delar and Vels
allow for incucod daocorposition 4n the moclanletic schene dopioted above,
As W proviously montions!, £6 wns folt tint t:ls <14 not occur since
the concantretion of perc:ice was swll, and carbon tetrachloricde is a
comparatively reactive solvent for fres redicels (notice, for emrple,
the large quantity of chlorine containing corpounds cdtained in tCie
¢aoamposition).

In 1ight of the many investixilons portaining to the products
obtained from the decormposition of benzoyl peroxiie, Tobolsiy and



Hearobian (79) have formilatsd a rather useful gmnorel moachanisn to

eolain the products cbearved. In Lis following scham, P refors to
ts oriiml paroxide, R 18 the banzoats ralical, and SH and ST are

hydrocarbon and halopomnted eolventse, respoctively.

k1
(1) spontansous cleavege ) S
¥
(2) tranafer of raiical Re e s--:-u 8. {(for unmaturated or
activity to solvant arocntic solvemts)

Re ¢ CHeweneenepy 5* &
Re & Slwwanenesp 3¢ o C.11, ¢ COy
Re ¢ Slwamuwenep Se 4 X
Re ¢ Sesseneeets Se ¢ C ;1,01 ¢ COy
ky
(3) daduoed decorposition  Re & Pesmess Re ¢ 2igT; ¢ COp
by B Re ¢ Pest Re ¢ C,M,Colly ¢ COy

ke
(L) :nduzed decorposiilcn Se ¢ Pomvnnsssnead 2o ¢ 1S
[ ]

s‘ ® Pm 3. ® c,;ﬂgs * CO.
. kg
(5) tormination R. ¢ Re ewess procucts of corbimtion and
cisproportionation
ks

Re ¢ S+ aswed procucts of ecocbimtion and
¢lagproporiionation

Xy
Be ¢ S¢ omene procucts of cocbination axt
¢lsmroportionation
Although Toboldly aid Fasrobian fomslatsd tiis schams for banzoyl
parexiia, corparison of its various stops (with or without those which
are bassd upon induced decorpositions) with thoss propoand by FeTar and



Wals, indicotes enougi gl larity Listiman the tio that AL =g ba
consl. el o be a gmxwul scha anplicable to0 a1l &cyl pxoxdios,
Ce Premavation and Propertios of
Varimg iscyl Pooxidos
A1) o2 the porcides used in ti:is thesis, with the excoption of

bansoyl pormcids whilch wes comerciully availakble, woro propared by the
reaction of &4 appropriate acld cliloride with socium paroxicds in etiyl
ether containing & fow drops of wtar,

8 - adthom 8
ReCall o Hagly — ReGade(=«l ¢ HaCl
2

In tiooe cuses whore R in tho above equation was cyolohayl, cyclohaptyl,
eyclopentyloarbinyl, and eyclo}:;mm-ﬁ;lm'l. the peroxides ware solicds
whan stored in the frecsm, bub liquiflad at rooa tarparaturs, All of
the others, ercapt bilscyclopropanaforyyl poroxids, were clear cclorloss
oils even at tha taperuture of the frecger. Biscycloprepanoformyl
pervxide was & white crystalline materfal which moltod at 79.0<00.5°.

Its cryetalling oharactar and unusucl tharael stabllity allowsd it to be
parified by recrystallisation from pontens bafore use.

In the cases of biacyelohaanafdingsl, blacyclohsplanaforyl, ant
blacyclopropanmcaty) paracldos, the origiml pramirations wara found to
contain smll portiona of tho correoponiing cster. This ws correciod
for Ia the sudssqueant kiastle (oterminalicns aad product analysass. In
th082 cases whare nd estar could be dotactad in the paroxide, and whare
the pmwoxide still wms not of 1207 purily, as dutorained by Lodomotrie



titration, it we prchatls Cald saall aowils of solvaut (athar)
raeinsi., Tha rowctlion mixlures, &n wiich the &ppropriild piradlcs
wore formad, wore invarisbly basic to 1lims at the conclusicon of the
reactiony organis scide warw ierafore nod contardnants,

For both quantilative product andysas and kinetic cdetorminations,
t-s origimel peroxids consentrations wore corrocted for Lipuritioss by
locimotric enal;sos. Clten, proiuct analyses and kinetlis dotemdnmations
were porfomsi ca soperabtoly moxead batzihiag of o varisus parosxi’as}
the romlts wore gonormlly in vary ool azreanxad.

Te Frocucts of 13 ocomposition of
Soas Jiacyl TFeroxidus

Two claspos of cdlacyl paroxices ware stucled. These my be roproe

sontsd by the following ganoral formmlas.

/\ /\
I (Cg)y CleumCelel=Ca  (Cig)p ne 2«

II (c:'g;\ c:x-czza-g-o-a.ug-::z,-ca (Cilg)y, n® 25

In all cases, the coconposiilons wore pariomsd in dilute earbon
tetmcilorics solutioa. Im tus 1i.kt of the work of Zolur aad Wals
{page 80), it wa fadt tab this elisdmtad inluved dacosposition,
A ciock aperizent en the kinolles ia the preszace of Loiine couliriwl
Lide, ead will be dlscussed ln L.e gacllion an Linalics.

For sagh 6f tho above sirtnctures, Luie products wers emmined in
¢atall (quulitatively snd Quanbilatiively) whon n ws 2 and 5. For other



valusa of 2, e Lioutilyy of 4L polucts wms eskblishe’, enl the
grprxiaic rotisg ¢f tha poinelxl proiacts ws netal,

In reforoncs to tha gmaxwl forzla (I), whoon n e 2 tho procucts
wora o sioprogyl ¢hilorile, ca¥on dioxlle, oyeloprapyl eyelopromance
carbaylade, cyelopropenseerulie a2ll, axd phos:;one, DBassd upon tha
decosposition of one mola of blacyelorropanaformyl paradds, the mutor
of mius, 01 &3 avaragd, of each of thosa prolfucts wy as followss

"y B e Y

TS

cam mas e

ocaxdon Ludlo 1,72
cyclopronyl chloridae 1.33
eyclopropyl aynliopscpanrsaarbesyiute c.a1
cyclopyropanacarboyids acld 0.095
piiosgone t-ace

It plicudl Do pelatad out €t fa two swute epariamts 71=077 of the
paraxziia decoposod -ms accounved for Uy the products ghown. Furthar,
1t will be notoad tiat thore wne obtalnxt A77 of the theoretical axunt
of cyclopropyl chilorids, and 217 of tiw theoretionl quantity of cycloe
propyl cyelopropanscarborylato.

Saek<] B en [

Suall but maaswutis aouals of crulviwipalocasuenrils sold wue 2290
prasmt (abous U4 of the prowucis). T4 WO ba notad thal the toted

" rdbar of aclos of casbon diodlle #:uld b eGual 4o tie muiof toe

- meier of solod of cllorlds wk w3 pruducel, TUJ3 wea easmtlally
t:.3 cesv. Phosgama w8 2180 & procaciy houcver, it wns ctialnad in

vary sall yleid (loss ten C.il go) amd was dolin'ioly a alnor consiituent.



Famchlaroetiane wis also a a'or reactlion procuct, but the amunt ws
not quantitatively established, slthouch attrpts wore mias o Co so,
Yio olefin wms dotactod dn the infreroed epsctrun of ¢:8 raactlon nlxture,
nor in tho mpactia of thoe various toop conbanta. This is porticularly
notoworthy becouse it deronsiratos that the cyrloprupyl free maiiocal
retainad 4ts idemtity and did not recymange to an allyl ralical.,

™0 ity of the producta obteinod in this oa39, and in thooe
wileh w11l be ¢iscusssd bolow, we establisiod b an unasbliuous gymtioe
sls of each, end tian corparisom of tholr inliwrod spectre. Tims,
cyclonropyl cidorie was procucal by plotoctemical chlorination of cyclow
propane, and its infrared spoctrum was found to ba Ldmtlcal with tet
of the chlorimatod product from tha paoronide decomposition, Cyclopropyl
cyclopropanecarbaglato, & now coupound, was propared by the Dagyore
villiger reaction of dicyclopropyl ketono with triflucroperoyacetis

acid,
D-g<<] ¢ CPL00,0 ey Dn&od

et ts wms the corpound obtained is besod upon its elanantal analysis,
ssponifiostion equivalant, and infrarcd spectrun., This matorial had an
infrared spectruwa wiich was icentical with that of the ester obtainod in
the cecorposition of the peroicide,

In the cese of forrula I wiors n e 5 (biscyclohaanelormyl peraxide),
1% wos found that ths products wxo very simllar in type and quantity to
tosa cbtainad in the decorposition of biscyclopropanaformyl peroxice,
Cycloharyl chloride and carbon dioxide wire the mujor corpouncs idantified,
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The matarials cotarzinad and tholr quantities wore as follows (busad
upon the dacorposition of ona mole of poroxide)t

ocucks )las
carbon dloxice 1.07
cyclonanyl chlovida 1.53
oyelohearyl eyvlohxanecarborylate .22
cyclohamnecarborylie acid : taca
p.osgend trace

In this ¢ase also, phosgone wes & rinor procuct. Thore wes cbtained
93.7% of the theoretical amount of carbon dioxide, and 75.5% of tie
thooretical amount of eycloheryl ehlorlde., The total quantities of
ester and chloride are about ogual to ths amount of carben diorclie
detactacd. A Rl ancumt of cyclohaamnocarborylic acid ws prescnt, but
nod 4n sufficisnt quantity to mceasurs rellably via infrerod. Howmchloroe
ethans ws also a procuct, but its quantity ws nod establishod, The
products obtained were once again establishied by uvrarbiguous eynthesls
followad by coeparison of the infrared spoctra of the known matorials
with those obtainad from the poroxicde dacoposition.

{ Yavsm— (o
Oereot ) — OO

In tis particular instance, tie procucts isclatod accownted for 9C% of
tie poro:die decorposed,



In refurencs to ganaxwl formauls (II), the bisalicyclicacatyl poradicoes,
tie products wien n e 2 wre ¢ytloproylcarbinyl cyclopromnmeatate,
carbon ciovide, cyclopropancacetic acld, and phwszenc, The arwunts of
tooe materials oblained from the docorposltion of one mole of perocide

wre as followss

Copoug! Ltios
carbon cioxide .05
cyclopropylcarbinyl cyclopropanancatate 0.L5
cyclopropansacctic acid 0.0550
picegene c.0C1

It will be notad that only 4 of tie theorotical a-wunt of oarbien
Cloxice ws oblalnxd. Mowsver, (23 of tis tlisoroiicel estar wae found,
and the quantity of carbon cloxide evolved and the axvunt of estor found
correspaxied very well, About 55 of t:0 procducts obtained was coloe
propancacatis acicd, Ko olofin could be dotoctad, eithor in tie reaction
mixture, or in the various traps situatod 4n the ebsorption trein, Thus,
if a oyvlopropyloarbinyl recical wms formed, 1% did not rearrangs to a
butenyl yadisal. The material isclated acooumted for 857 of the perexids
decompased, It should further be ephasized that this particular case
was unique in that no chlorimatod procduct was dotoctad. Carofl fractione
ation of the resotion mizture (appreccintely 802 was cistilled) fuilaed

to yisld any product which showod a carbonehydirogan band in tie infrared,
Similarly, nons was found in the various traps. Tims, it was deciced
that eyclopropyloarbinyl ellorise (b.p. £7°) was not a procuct. The cone
pouncs that ware cbtained were &zzin established by synthasis and ciroct
ocorparison of infrared spoctra.
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In ths case of Zormila II wioro ne 7, (biscrelosoxancacelyl pererice)
the procducts obtained wore sirdlar in type and quantiiy to {iope cbiwined
from t.e decarpocition of biscyelohix:anafornyl perwcice., Thus, the followw
ing mtorials and their Quantitics ware found from the cocorposition of
ono mole of perovidos

Compormd 018
ecarbon ¢ioride .77
cyclohazyloarbingl chloriis 1.32
cyocloheylearbinyl crelohamnreurbosylate .39
cyclohxmnaecotie acid 0.0125

Those products accountad for 517° of the parexide, It will ba noted tiat
892 of the theoretical carbon Cicdde and 435 of ths thoeoretical cyrlow
hagylearbliyl eiloricde wes obiainal. Ths estor socountal for 307 of the
procucts, FPhospens was azein ¢btaingd in very swll quantity. Those
procucts ware estadblishad in a mannor similar to those described previously
for the other peroxidas., Tha cifference in the nature of ths products
produced whon n @ S and wion n e 2 18 striting,

Orm,m # S0C1, wmme—s e
Orinsated D) = Ol )

The deconpogitlon of banzoyl perccide dn ciluts carbon tatrachlorice
solution wms also studled, Surprising cs it mey scem, despile the large
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volume of lilcraturs on o decoposiiion of bensoyl perailic, no Guantie
talive study of the proucts fiounm nonedalucod dscorpesition in carsbon
totreciloriias hus beon reportad, The products and th.oly qualiitics vne
founx! to be a3 follows (basx: on the docorposition of ons mla of
puroxide)s

Uoles
1.72%
1.271
0,278
0.C125

Those substances account for 527 cf the paroccido. The amounts of chloroe
bonzane and carbon dioxide were 6.7 and 05,07 raspectively. The estor
sccountad for 25.0% of tha prolucts. Fhosgone was also prosant, but
ag@in in troos quantities. It w'll also bse notsd that the exunt of
benzelc acid obtainad wus s:all. The cuantity of chloride and ester
80908 reasoradly woll with the aqount of carbon dioxids., Tho products
wore establishod as dafore (1.9., smalhizals and comparison of the infrue
rod snoctim),

Chilorobenzens wng commorelally avalilable, TFhenyl bonsoate was rroe
pared by estorification of phancl and bonzoyl ehloride in & basic meciun,

Whon biscyolopropanelorry) peroxide was cacorposed in carbon totrae
cilorics contelning an szcass of ioline, the principal procduct was cycloe
propyl dodice (isclated dn 407 ylal2, but wncoubtsacly produsxd in higher
yleli)s Othar organie procucts prosmt 4n minor guantity wors cycloe
propyl cilorile, eyclopropyl eycloprerenscarbogylate and crelopropanes
enzboxyllo acld, The structure of tiie 10dide wna establlizhisd by infrasod
(no double bond), elemental analysis, and preparetion of the Grignad



rasmd which ws carhomntod $o omlop~coinassbhonlie asisl,

Unltie bmmoyl paroxids, wilsh Farenl (75) founl o give & Quuntie
tative yiold of banzciec actd whim cecorporad in carbon tatrmahloride
extaining focine and water, blsz=lopropancloryl pore=icda ¢id not give
a quantltutive ylald of cyvlopropanscurbaylie acid, The quutity of
acid ws, howover, considocebly inerougad at tha epaize of ¢yele ronyd
iodidee The romults wore as follows (beszed upon the docorposition of

one mols of perovics)s

Sxpound iolas
creloproprl 1odide e,

cyclopropanica=sxylio actd .02
ayelopronyl cyolapropenacarbovylate C.04

Therelors, 0L of t:.3 thsorstlicel awund of lodida, and 17 of to3 tioow
rotioal aacunt of acid was obiuined., Approxlmetely LY of the procuct
wa atiributable to0 estor. Sinco tioso reactions wore carried oat 4n
saalod tubos, anelynis for carben Cloxiie wasd pot atieptel. FPacsrame
ws alnd pregenty howwvar, 118 exunl ws ageln s:ll,

In tie casos of tie othor bisslicyclicforyyl and scety) parcoxices,
quantilative product amalyses wors ot parfomed. Howaver, 4t ws qualie
tatively establishad that tho ma or product ws the clilorids corresponce
ing %o the alkyl radical fozmisd by cecooposition of the appropriate
peroxide, This premise is basod upon the fact timt a oonsidemable arvunt
cf osrbon cloxlde was evolved wicn these mataricle decorposad, Furtliormore,
at the conclusion of each kinatio sporinont (ciscussad in the following
soction) an infrared spoctsun ws run on the reactlon mixture. The ester
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and acid carsayl tands wors poozammt bul &l 4 corporison with i O«
siratcllng banige Tids Lplies Lol 403 prineiskl orpanic product s
noithar Lie estar nor e 20l but tha allind Ralids,
Tis, 1t ws found that in evesy case studlxd, emcopt ong, ¢

mlor products froa th9 spontanocus cocopoalition of tha varlcus acl
paroslias wara carocn Cloello and aliyl ciloride. T cous ecoplicm,
that of blscyclopropanaacstiyl porwdds, ia wileh tis corresponiing estar
ws predordnately formwed, wes sonowlat analogous to 4.0 cco9 of biapaonyle
acetyl pervxice repertad by Dartlets and Loffler (71). Thay found the
follow!ng products fron ti.a dacomposition of ona mols ¢f porocdle:

(e cay o o 1275 N
R a1
bzl chiloride c

benzyl pusylacotato iS5

fe Einotica of the Incomesition of
Various Acyl Foroiides
421 kintic dotorminetliong were porformed in diluts carhom totrae
cllorice solutions, the ixlarity of perericde ranging from 0,00«0,1, The
Cocorpositions follouwod tha first ordor Liastle ogquiiont

:-'P
%{ » ke (F),

wiilsh upon futepallon gives

Lg (P)e = == telog (o)



(P) » ecomomitntlan of porasiiy et 4w ¢,
(Po) = 12187 eonomtietlon of poraiile

ke = 2irct erdor rota eomslant,

In precilice, tha rate of cisoppaarance of parozide wes followed by quantie
tative infrared, using the dand ad 5.50 wicrons, An emmple of the
procaiure 48 given in Figwe 7. In evary caso, the base lines wore froshly
eateblizhed bafors sach sorlas of determinations, The rats constant, k,,
ws thon cilcuiatod from tho leasd squaros slope of a plot of loz [P)
versus ¢ (Bes FMijurns 8 and 9 for troical plots).

kd u 2.3 81200

hctlvation encrplos ware caloulatad vie the intowrated Arraonius

oGus ticng
Igky B weme & o 2
» Ma Eeot Y

Tha plots of log kg vs 1/T for the veriocus peroxcicas appear in Figures 11
to 12 in the Appanxiix. In each cass, the activaticon enoryy was calculated
from the loawt squares alope of the plot,

Ta » 2,37 x (8lome)

R ® 1.997 exlorics dcgma'l nole -

Tho enthalpy of actimation, A I", ws culoulate? from ths following

equation, '

A & T

Tie entropy of sctivation, A 5°, ws calculated from the Tyring equation
(32)0
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k=T A S3/3 e A EY/aT

kd P T L ®
ka VAN o
or As* e 2.2 10g 23? ¢ T
27
h e Planck's constant, 6.523 x 10  erg second

il -t
k, e Bolizmann constant, 1.300 x 10U erg degree
B molecule

The various rete constants are listed in Tables 15, 15, and 17,
The activation energies, enthalpies, and entropios for the various
peroxices are listed in Table 13,

The rate constants show that in the case of the Mélimn;fowl)
peroxides there s a steady increase in the rate of decomposition as
the murber of ring carbons incremssed, However, it is evidant that the
rates began to level off in the rangs Cy«Cy (mse Figure 10). On the
other hand, the series of bimlicyclioacatyl peroxices showed an amsingly
fast rate of decorposition for biscyclopropansacetyl psroxide, and a
very slow, nearly constant rate for tie Cq=Cs substitutec peroxides.
I8 48 evicdent from Tedles 17 and 13 that the rates seea to be somevhat
dependent upon the activation ensrgies. Zspecially striking is the
fact that there are about seven kilocaloriss per mole difference betwesn
biscyclopropanslorsyl peroxide and biscyclopropansacetyl peroxide, the
Slowest and fastest decorposing materials, respectively. Although not
a8 striking as the above comparison, careful exarination of the results
in Table 18 shows thad there is a genersl, if slow, decline in activation
energlies as the rate of decorposition incressed., The activation energy
for the decomposition of biscyclopropaneformyl peroxide (29 kilocaloriee
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TABLZ 15

EDNCTIC RATE CONSTANT3 FOR THZ LRCOMPOSITION OF
8O3 CYCLGALIANFOLTL PIRGXIZES

(ch')' Tarperature °C, ky sec ." x10
eyclopropyl €3 0.255
eyclopropyl 70 0.551
ayelopropyl 70 0,505ma
eyclopropyl 75 1.19
eyclobutyl 65 Ss.8
eyclobutyl 70 8.33ue
eyclobutyd 75 15.2
eyclopantyl Lo 1.25
oyclopantyl L5 2.59
eyclopantyl 52 4.9
eyclohexyd 35 2.57
eyclohexyl 40 LogTen
cyclohexyl L5 10.32
eycloheptyl 35 8.05
oycloheptyl 40 15,20
oycloheptyl LS 18.4
pheny1” 70 1129

’Alﬂwngh not a cycloalkaneformyl peroxide, bensoyl peroxide wmse

stucied and is listed for conparison purposes.

“*rne average of two runs performed upcn different prsparations of

psroxide.

For a complete compilation of all the kinetic data,

reference should be made 0 tme Appencix of this thesis,
#*mis rate constant was deteruined with excess Sodine present,
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TABLE 15

KINZTIC RATE COUSTANTS FOR TUT DECCIPOSITICN CF
SOME CYCLCGALFANTACTTIL PiRIKIUES

(RCHaCOg) s Terperatare °C. ky nt:."1 x 10"
eyelopropyl p Y 23.6
eyolopropyl 25 102"
oyelobutyl 65 1.5%
ayclebutyl 70 2.0"
eyclobutyl 15 3.9%
eyelopentyl 453 1.57
eyslopentyl 70 322"
eyclopantyl 75 L.91
eyclohaxyl 60 .43
eyclohexyl 70 | 2.67°
oyclohexyl 75 3.78

"m average of two runs psrformed upon different preparutions
of peroxide, For a somplete corpilation of all the kinetic
data reference should be maie to the Appendix of this thesis.
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Figure 9. Plot of log (P) versus t for the Decamposition
of Biscyclobutaneacetyl Peroxide at 65°, 709, and 75° C,
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TLE 17

EDITTIC RATS COUCTUNTS POt TMI 5900
VaiITU3 ACIL PERUAIL'S AT 70 C,

T

(Ecg.). ky x 10™ sec.
¢yclopropane 0.L9
bensene 1,12
eyelobutane 8.3
cyclopentane 35.5"
eyclohamane 7.5
eycloheptans 79.5"*
oyelcprepylosrbingl 1200,0°*"
eyolopentylcarbinyl 3.12
ayclotutyloarbinyl 2.0
eyclohexyloarbinyl 2.87

*xtrapolated value frop the Arrhenius equation) actusl retes
ware measured at LO='5 .

"m:mpohf.od value trog the Arrhanius equationg actuasl rates
wore maasursd at 35«.C o

mmhtod value rrgg the Arrhenius equation} actual rates

were measured ab Li=25 ,



TALY 18

171

ACTIVATION ENTRGITS, INTLIPICS, AND TRAPITS

FOR V.OTAUS ACTL PTORINES

SET— = =
E"Sfﬁ. ta i s*
R
S -
D 29.5 2 2.9 3.3 S %2
27.3 % 0 25.5 a2 $1
:> 2.5 ¢ 1,0 25.0 S * 2
<:> 25,7 £ 1 25,1 3.1 % 0,8
O 25.4 ¢ 0.4 2.8 0.4 +1
[>cn. 22.0 % 1.5 214 bt 1
<>-:n, 254 £ 1,0 25.1 9.9 £ 0.8
<f:>-m, 27.0 £1.1 25.3 «3.8 +2
<:>-cn. 25.4 + 0.8 25.7 10,3 2
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per mole), 48 about the same as tiat for the docomposition of bensoyl
paroxide (71). Also, the activation enargy for the Cecorposition of
eyclopropansscaetyl peroxide corparos w2ll in magnitude with that of
bisphenylacetyl paroxide reported by Bartlett (71), the values being

22 and 23 kilocalories par mole respsctively. Bartlett also found that
bisphenylacetyl peroxide decorposed as fast at sexo as bensoyl peroxice
d1d a$ 70°, The situation is epparently the same when biscyclopropanse
forzmyl and biscyclopropaneacetyl peroxides are corpared, In the sane
stucy, Dartlett found that dbispherylacetyl peroxide underwent & Nyxirogen
fon induced decomposition along with the free radical reaction, In that
particular system, phenylacetic acid was a decoxposition product which
furnished the hydrogoen ionj 1.e.; it was an sutocatalyzed systen,
However, arnalysis of the rate data showed that the magnitude of the ionie
reaction was very ssmll compared to ths fres redicsl reaction. Since
oyclopropaneacetic acid wme one of the decomposition products formed in
this study, it is possible that a similar type of ilonic reaction may
have occurred, Ho attempt was mace t0 analyse the cdata for this)
however, it s felt that the magnituce of this reaction was not Lrportant
viian corpered with that of the free rucical reaction,

I wms interesting to find that the entropy of activation values
were negative, and not particularly large. Only in the casses of Dise
mlobxtnmcdyl, biscyclopentansacetyl, and biscyclohexanescetyl
peroxides did the wvalues approach =10 entropy units., As will be discussed
more fNully in the section on machianism, the. larger negative values
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oblained in those cases my be associated with the relative sizse of
certain solvent cages which may %o Lportant,

As can be seen in Table 17, biscyclopropansformyl peroxids decorposed
only ens=half as fast as bensoyl percxide, The fact that ite rate of
decomposition in the presance of iodine ws sssantially the sams as it
wms in its adssace, showsd that incuced decomposition wms not taking
place, If 1% had oocurred, the very efficient radical scavenger, iodine,
would have caused the rate to de slower.

Thers 18 a striking similarity between the rates of cecomposition
of the bisalicyclicformyl peroxides and the rates of abstractlon of
Eydrogen atons from alicyclic hycrocarbons reportsd by IrotmeneOickenson
and Steacle (page 68). Furtier, the similarity betwsen the rates of
deconposition of the bimlicyelicecetyl paroxides and the decoxposition
of various alicyclie substituted bisasonitriles reported by Overbarger
(page 6) is evident, Thess points will be discussed more fully in the
segtion on mechanism,

¥. Proposed Mechanisms for the locomposition
of the Various Acyl Paro:dides

In the stuly of the daecorposition of variously substituted bensoyl
poroxides 1t wms suggssted that electrostetis repulsion betwsen the
benscate groups csused the poroxicdes to decompose, and that the stability
of the subsequently formod racicals had no influence on the rate (36).
However, this suggestion predicts that othsr alicyclio acyl peroxices



should decomposs at very noarly e sans rate., 7The kinetic results
listed in this thesis show tiat tiis 1s not the case,

It wms apparant from thie cecorpeaition ratoes of the bisalicyclice
formyl peroxides that they gonsrally tended to follow the ordsr of
hydrogen aton abstraction found by Trotman-Uickanson and Stascis (page 68).
The only exception wms that of biszyclopentansfortyl peroxids, which
dscorpoaed more slewly tian bissyoloieaneforayl peroxide. Also, there
w8 8 dafinite parellel trend among the bisa’icyclicacetyl peroxides
when corpared to t.8 ratss of decorposition of various bis-eszonitriles
investigatod by Overberger (pags 6).

The activation enargles showod sufficient divargonca to bdbe irmportant.
This would not have bdesn e—pactad Af the rates wors controllod sclely
by fission of the oxyprsne=oxygon dbond,

It 18 trus that inductive effocts of groups attachad 1o the «lwle
bond would influneance the enarsy required for its fission. The cycloe
propyl group 18 electronwdthcrewing with respact to other alkyl groupe
(75), and would be axpected to alow down the rate of decomposition,

The effect, however, should be a smll one (sven pare-nitro groups in
bonsoyl peroxide only decressed its rete of dacorposition by about onee
half), wheress, in fact, the ¢ifferencs botwsen a cyclopropyl and a
oyclohaxyl group wms soxe two powers of tan.

It would appear, therefore, that the rate of decomposition i
controlled, in part at least, bty anothar process as wells an attructive
possibility is the stsp in which the alkyl radioal 48 formed.



R ky ka
R-g-OuO-G-& scsvsssenp 2 (0ge eewssswsep [CTge ¢ Re ¢ COy

In otier worcs, nelther I, nor ka above would be small encugh to excluce
the other froa halping to detaridne tie rete. Tie sxperimsntally
measured mucmuntkdmuldbethomofk,mdk..

The following s ries of equations wes formilated for Liscyclopropane=
formyl peroxide to explain the mute data and the products.

ky ke
(1) D‘Eﬂﬂm csssd E [>§-0- @3@“
[[>¢o,.e D]uge’ COg
- ~
(2) LD ‘e CC]‘J cage e D\?l ¢ *CCl,
(3) D e N—O‘ B e ——— W
) HeO
() D&o. o (Tl emsnuat Dﬁ-ﬁ:{:la covanep
D-:D,;z s COC1,

(5) 'CCI‘ ¢ CCl; emmscwcemswees b CoCl,

No inducad decomposition staps ars included in the above schomg, ToTar
and uats (77), 4n a recant papar, found no evidance for inducod cecompoe
sition in the fission of bisdealtaephomylvaleryl peroxide in eoncentrations
as high as C.5 molar in carbon totirachlorids solutions sincs the peroxide
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conesntrations in thig thosls wero usuzlly on €00 ordor Of CeCliw0,.{2
nolar, 1t i3 congiiored Liprobable that inducsd decomposition occurred,
Both siop3 doplictad In squutlon (1) aca Luougld to deternine tie muts
82 dacomposition, Iguatlon (2) ko3 two Lpllcatious; ficch, that a
crelopropyl racical wm producad {(wiich lud do cyeloprosyl chlorice)

id gaocond Lhat Wids ralleal ¢id notb reurrangs to an alliyl radical, The
formor postulate 1s buzald uwpon two argusenta. First, it 18 fult Lat
tie formetion of & cyclopropyl racicsl, a <ifficult process boouuse of
I-stiuin, contribatad 0 s slow rute of decompesition. Cyclopropyl

ciloriie mght &riss from & reaction guch as

[>ca,. ¢ (Cly wsmesep l><§1 e (0 ¢ (71,

Waich does not require 4ha cdlscrote formation of a cyclopropyl melicsl,
TeTer and Vals (79) recently derrmstated the wnlits1tioed of such a
procoss in ecyl puroxice Caxcorpositisons, They decompossd eptiocally active
bisebaiaphanylisstutyryl paroxids in cardbon totrachloride and found

tiat the products wars veary gimilar in kind and quantity ¢o thoss obtained
from .8 cdecorposition of bis«sllis-phanylvaloryl perodide., Furthermors,
6ince the 2=cihloroelephanylpropans cbiainad was opllcally inactive,
whereas the ester showed 757 ratention of activity, the chlerids presume
ably had beas formel by recction of hydrocarbon redical with ocarbon
totraci:ioride yathar tisn by the rsaction of an acyloxy racicul with
carbon totrachlorids,



(CatleGt -ER,C,}, wassenwanty G .0 ra-i A;u,m C;11,Ciiy -gz; * COy
ch,,-crz,-ggz- ¢ CC)y weesed C,M aCiigeCiClaCll, & *CCY,
.
I% is considered tiad suoh evidance would also apply to the presant
systan, and that cyclopropyl chlorids, therafors, arcse from a reaction
wsach as deploted in equation (2). The fact that the solution wus very
dilute mkes the idem of & redical in a sclvent cage plausibla,

Reastion (3) uhich leade to ester, say or may not occur in a solvent
cags. The fact that optically active peroxices give ester im which the
alkyl portion has retained considereble activity (79,80) suzpests that
this step cocurs precorinantly within a solvent o.gs, possibly by a
concerted mechanism,

The szall amounts of acid detocted probably arose from & reaction
such as (L). Although efforts wore made to koep the mystem an‘iydrous,
traces of moisture ware probedly present, and it would take only & very
smll azount of water to0 yield the quantity of acid produced, This dose
nos corpletely rule out the possidility that acid arcse by msans of the
acyloxy radical extracting & hydrogen atom from & cyclopropans ring,
But this process ie particularly cifficult, and probably did not eccur,

IS follows that a machaniss similar to that postulated for bise
oyeloprepanaformyl peroxide would £it the cata for all of the peroxides
(exoopt biscyolopropansscetyl peroxide, which will be clscussed separetely
below) .
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Although considerably fastar than biscyclopropaneforyl peroxile,
the cyclobutane analog is neverthaloss much slower than tha highor
nahoers of the series, Tiis can be ascribod to I-strain in the fours
menbered ring redical w:ich, slthough not as groat a8 in a tizecs
merbored ring radical, may stlll bs sipmificent, On the basis of none
bondad intearsctions betwoen hirogss atoms, one prodadly would have
arpactad £33 biscyelopuntanefornyl perarice (and the corresponding cyeloe
haptyl compoun) to degorposs more repidly than the cyolohsiyl analog
(31). The reason for the slowar rate of tiis cyclopantyl corpound i3 not
apparent, but 4% should be notsd thiat all thres of these peracicoes
decorpose at corparable rates, all of wtdch are aprreciably faster than
the sraller ring mechers of the saries.

Biscyclobutansacetyl peroxids, and highor marbors of this seriss
all ¢docompose at about the same rete which, howover, was appreciably
slover tian the corrssponding biscycloaliansformyl peroxides. 7This my
be due sirxply to the fact that primary alkyl, rather than socondsr;
altyl redicals are baing procucsd, Sacondary allyl racicals are more
stable than primry aliyl raciicals, and are therofore formed more essily.
T™his provides another argumnt for including the formetion of the gllorl
racical as ons of two rete~dcterrining staps,

In the cases of biscyclobutanescetyl, discyclopentansacatyl, and
biscyclohexansacetyl perorices 4t wus found that the entropy wes somowat
more negative, than for the othar poroxides. It may wsll be that this
is due, in part st loast, to the fact timt $hoss comparetively dulky



substances would have & largor solvent oaga, honcs & greater ordering of
the systom associated with then,

The bahavicr of biscyclopropansacstyl peroxice was truly remrisbloe.
Cne has to account for the extramsly repid decomposition rets, and alss
for the faot that the product wes principally the estor and that no
corpound corresponiing to roooval of & chlorine atom from t.a golvant was
encountered, The astivatiocn emargy for tils docoxposition was soaa four
kiloonlories por mole loss than tae otisr paroxides (and ssven kilow
calories per mole less than biscyclopropanelormyl peroxide). A satise
factory mechanism must account for all tiese facts.

The scherw wrritien above for the othor peroxices can raadily ejplain
these results provided cns allows timt the oyclopropylearbinyl fres radical
can bs stadbilized by resonance, porhaps in a fashion eimilar ¢to that
already demonstrated for the cyulopropyloarbinyl carbonium icn (see
page L), The fired stops are idatical with those shown in the provicus
scheam,

.8 f ky ky
ReCa0uOuC ol wunnennouets [210a0+] owewess [2C04° @ R* @ COp) cago

g3

The socond of these stops is particuiariy favoradble bocauss of stabilie
mtion of 4* by resonance., This acoounts for tis low activation emorgy.
IS 19 suggested that Re (tuat is, tie cyclopropylearbinyl raciosl) is
sufficiently stabilised 8o that it coos not abetreot a chlorine atcm
from the surrouncing carbon tetruciloride molecules. Its only recourse,
then, 18 %o ocozbins with acyloxy racicals (an energotically favoreble
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process) 4n the cagoe to procacs sstir, Thals machan’ss accouns £or all
he obsarved facts, It ehould bs noty! thad Ovarbargzer (17) has
aplained ths repid dosompesiilon of

Cly Gila
[>.F.u-n.<l:c<]
¥4 4]

c=x

by & slnllar stabilization of the

1'3523

|>..I:' . redical.
=%

G. ¥iscellanoous “xpariments

Certain of these eporimonts wars directed towmard the synthesis of
dlayclopropylacstio acid, the intent buing to stuly tie decoposiiion of
1ts peroxide. The mdical tias procucad (dilsyelopropylowrbingl racicsl)
wuld be the same as that initially formud in tiie chlorinmation of dicycloe
propylastimne., The synthizsis was slde-tracied siwortly balore its
sonclusion because siapler systeus (alreudy dlacussai) soomsd wortiy of
prior investigrtion, Thuo myntheslis, as far as it ws carlsl, ¥l be
d¢iscussod hare.

Cleyciopropyl kotome condunsad wilh ollyd brouwowcsiata in e
Reformatasy roaction o produce etiyl {, ~cicyclopropyl< «hyrroy=
proplomate in 53,77 yleld. Delyiratlom (377), reduction wiih 1ithiun
aluzminun hydelds (857) and hyvrogmation over platinan lod to
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3,3=¢icyelopropylelarorancl, This was comrortsd to the scotats (917)
wiish, whon pyrolyead at 120° gave a 777 yleld of waat w8 presueol to

CHaCliaCllg

be 3,3«¢icyelopropylelepropone, as shown in tho echame. This olafin, on
oxidation should furnish Lho cesired dlcyelepropylacetic aoid,

A new synthseis of cyclopropanaca:boaldehyde wes deaviss’y catalytio
exidation of cyclepropylearbinol ovor silvarecoppsr on purdice with alr
gave good yialis of ti:e alleigxle,

fad A
oo QAL ik S He
) 3‘{00

Tus motiod 18 more conhcive o larse asals proapacations of the aldehyde
than those glven in the litornture (L7).



i Intereating eaxidaltion of a slla=ciain o LB ¢y ulopitaie 3Ly
was obsorved whiam Lt was found tiat [ecyclopropylatianol (froa cycloe
promyl Uithlun and ebigloms oide) wa oddized by nostral pormaguwso
0 & mdxturs of cyclopropancmcstis and cyclepropaneaabogllie acids,

[>caz,cu.-an Lllley [>-m,co,a N Dco,n

Finally, dicyelopropyliotirAdcartiancl was ghoun to daytrate reuilily

t0 1,l~cicyclopropylotiyylane with sulfuric aclld,

A : FaS04 A
- C:IJ consmms——— L @ c:z.

Attapts to meko the cpodiide wiia parbonzole acid gore inconclusive
resulits, It i3 inlsresting ¢t the dicmlopro;:jlw‘aonim iom, w-:ich
prosuzadbly is an intxrmoecdiata in 9 deltyrdmetdsn, ¢4 not glve raarrangod

procuct,
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1. Tha products from g conoc! lerinadden of 4sopropleyelopropans
end dicyclovrorylontiane ware found o b 2ecyelomopylel=ciloropropona
and lecyclopronyles-cilorclulone=l, rosactively. Doplamstlions for

0o sonowiat unampacted producta ware offxru,

2. Two now garios of acyl poracilas word proparad wilch my be

raprosonted by the formiass

TINT Ay

[ (.J:;‘)n C“’c' ]. 'n’)«; [ :":' n L .u.laJV. ]'
visre n @ 2«7 and n & 2«5,

3. The products and raias of decompoaliion for the dascribed acyl
parozlios ware dotaralnad, 4All of the Cocapositlons wore parfornad In
¢Lute svlutlons in carbon tetrachloriis and followed strict first orxdar
kinetics. The principal products from (D005)g 4n 61l cases but ons were
carbon cioxide, allyl ehloride (1), and lossor arounts of ester (iCO52)
and acid (CogN)e Trucas of phosgme wore producod, and hawmchlorostians
wa formad in large ut undetornined Quantitics. Whon R was Cligy
the oster was the malor procdauct (277), and no RC1 wae dotectad, In all
cases > 907 of the porciide wns eccountad for and R maintainod its
structuml integrity. Authentic sarplos of tho products ware symthosizod
for co-parion,



The relative mteos of docoposition of the vorious pororidos at 7:°
in cardbon tetractlorilie waret

ae 2 3 i 5 4
ne 2 3 L 5

whare bansoyl poroxide las a value of 1.0, lates wors cdetormined &t

&t loast tires tepmuinres, and on mr,ulicam saplos, The activation
ensriiss for m @ 3=5 and n @ 3«5 wore ehoud 25 £ 1 kilocalorios por mola,
thanme 2, 5" ws 29 kilocalorios por wols, vhorais vian ne 2, it ws
only 22 kilocalorios par rols,

Le Tho rates, procucts, and entropics and enthalpies of activation
wre &1l consistont with & mechanism wiich included the formation of an
allyl redical as one of two rots cotormining etops. The resonancs emergy
of a cyclopropylearbinyl redioal appours to be significant.

Se Soveral now corpowrx’'s wore proparad in comection with the poroxice
work., Thess were cyclopropyl 1od!ile, cycloprepyl gyclopropanscarbosylats,
eyelopropylearbinyl cyclopropancacotate, 2-cyclopropansetiansl, and cycloe
propansacetaldshyce,

64 Some 'mucal‘.lmua rexclions invelving cyolopropyl substituted
compouncs ware dascribed, Thosd incladed an Liproved syntliocsis of cycloe
propanscarboxaldolyde, the preparetion of 1,l«dicyclopropyletiylens, etiyl
3s3=cioyelopropyle=3«tyriroxypropionate, etiyl 3,3=dicyelopropylacrylate,
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2oL 1
LECOEFOSTTION OF BISCTOLAWFAN FOUTL PgmIng
DI GRAZQT DT ATICIILT AT 63 £ 0,2
Io = 13.07 en. P ® concantration gg./l)
a = 0,373 Pa ® concantration (molarity)
Po ® 1.234 g./1® 7,24 x 10® mokie* ¢ @ timd (hours)
Sarple I em, log I,/ b Pp<103 log PoelQ® ¢
L - o4
1l 11l.70 C.2C712 1.173 7.02 Cc.2L56 5
2 11.90 0.19975 1.100 6.75 0.530 8.5
3 12,13 01715 1.101 5.48 0,012 17
b 12,31 0105 1,055 6.27 C.797 21
L — ]

ke 9,2 205x 10.‘ hrl..z * 2,56 %02l x 10.. m.“

R _ o
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LT 20

DICTTOTITA OF DIGSTUI AN TOUTL I'”"”“’I:"
0§ Gl TCTTPASILTIST AT 710 2 0, 2° (1)

Io® lg.h!! om, P @ concontration Eg./i)

;, : 2:234372-/1 ® 1.3 x 10 molar l;n: :o;a(xmn molariy)
faple Iem, 1log I./1 ? Ppx10%  log Ppx10° '

b § 7.3 0.40278 2.32 .6 1.134 b

2 7.00 0.37L91 2,16 12,7 1,134 745

3 8.13 0.35335 2.C4 12,0 1.073 12,

L 8.52 0.33526 1.94 NG 1.057 1

S 9.25 0,32055 1.73 10,2 1.0085 2

6 10.53 0.25221 1. 8.3 0.919 28

7 10.90 0.22927 1.32 7.8 0.892 33.25

-l -t

K@ 1,97 4031 x 107 hre.” @ 4.92 £0.30 x 10 @ea.

L iy ——
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TooGPOSITION OF BIf;cmcv:tcf’:.zs'-?m‘:m.or.fzamﬁ
I CARBOY TITPACILONILZ AT 70 & 0.27 (1Y)

Io = 13,79 en. P @ concontration (5./1)
a o 0,3.73 iy Pp ® concomtration (molarity)
Po® 2.95 g./1® 1,735 2 20 molar % » tine (hours)

Sanple X em. log Io/X ¥ Pxl0®  log Ppx10® 1)

1 634 OLTML 292 16.00 \9@’ 1.204 4
2 680 02 2.5 1u9u 1174 8
3 8.14 0.36331 2.09 12.29 31,0595 13.5
b 8.90 03254 LS7 11,00 oy 2
§  9.29 030591 135 10.35 1008 2
6 9455 02090 167 9402 0,992 34

K 1,68 200 x 10" hre.™ @ 469 £ 0,20 x 10 ses.”

ARSI = - ——




TATRS 22

r

ZCQPCSITICY OF BISCITLOYNIRA TN P I GACEQY T .6&3.&1223

CQRUTATIING AR SUTNILAR (UATITZI GF ISMIE AT 70 & 0.2
' S I DI SIS

Io » 12,15 em,

P & concantretion (g./1)
a ®» 0,3.73 P, ® concmiretion nolarity)
Poe 255 glellox 16" nolar 2 @ tine (hours)
Sampls I om, log IJI 4 Pox108 log Ppx103 t
L A el g
p § 7.60 0159 2.3 13.58 1.13290 L
2 8.17 0,37C19 2.3 12.53 1.0979% 7
3 9.00 0,22814 1,37 a2 1.CL610 13
L 13,40 0.25037 L3 9.00 0.95L,24 22
5 0.1 020058 1.0 8.29 6.91275 27
ke 1,02 201 x 10". hr-" ® 5,06 20,25 % 10'. o0,
L SRR R -
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DECOPOSITIN CF RPISCTL NPT IO PR

T CAT N TRACLONT T AT 75 4 0,29

TS~
A At~ -G A 2 VA AT BN A1 D TV R A

I, = 17.92 em, P @ concentration i ge/1)
a = 0373 Pp ® concontration (wolarity)
Po ®» 3.5g1m .wxli) rolar t ® tins (hours)
3
fample T ome log To/T P Pac’  og Pl 8 b
1 5.35 .,-.....79 'j 3.‘;" 17.76 \/ 1.514)\;4 )» h ’)* L B
2 6.2 C.LELAD 2,52 5ek 1.19750 9.25
3 7.18 0.37722 2.2% 13.47 1,12937 2.
Y L+ H 7 | 0.23130 1.34% 7.1 0.892012 23.5 Y.
5 1.2 C.20:.12 1.13 5494 0.8.135 27.25 1.5u
"o sy - .
k ®4.23 2 C.5 x 10 trs™ w 1.19 £ C.20 sec. ST

R g e




L IR X )
-u‘..-\u 24

STV L VAN o 2 e Tee Tkt s )
LLSQECLITIAN 02 DalNUT prariTis 7 Unniyd TTTAMRLOIITS

'IO ¢+ 0.2
To ® 18.C0 em, P e concontretion g./)
a & 0,375 Pp ® concmtration (mclarity)

Pg® 2.52 g. -1.04310 wolar toum(boum)

Sarpls I ems log I/X P P, =1C3 log P08 t

——— -
1 6.93 oL, 2.33 9.62 0.98313 L
2 7.63 0.37275 2.9 8.63 0.935C 8
3 8.84 0.30382 1.73 7.20 0.6:723 12
L 10,93 0.21505  1.22 504 0.702.3 23
1 12,22 0.15820 0.9.4 3.90 0.£912% 28
k= }4,0320.55x 10'. ! . 132 ¢ 0.15[0&.“

RS RS S

NS

(O



ITOOPCCTTION P DUCYALST AT TSR

I CATOR PITATILGIID

s 25

AT 55

o ® 12,39 em, P @ concentmation (z./)
& ®» 0,203 - P, » concantretion (uolarity)
Powm. 9,721 g A e L725 x 10" mclar & e time (aimutos)
Sarpls I cm. log I/I c CyA0*  log C,x100 t
— - — -
p 8 1.95 0.97432 935  LeT22 0,67.L13 b ]
2 2.1 0.7.007 9.022 LI 0.(2053 30
3 234 0.35713 8.590  L.337 0.63739 LS
4 2.51 0.4 8.135 L. Gefd374 €0
1 2.91 0.800455 7.652 3,850 0.53303 75
6 3.50 0.72023 6,912 3100 055295 108
7 3.0 0.57217 6.L5L  3.253 0.51275 120
6 Le12 C.6.945 233 3218 C.l2303 1335
9 Lo 0.,62090  5.959 34009 0.478.2 150
J— s S ~ ———

kK ®3.48 $ 0,15 x 10™ xine.™ @ 5.81 2 0.25 seo,

G

L

A

. g
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TAELE 25

MO POSITIN OF BISCYLODUTARTFOUTRL PIRCKITE
IH CAUXH TTTUACILUIILS AT 70 £ 0.27 (1)

i

Is @ 17.75 en, P = concentration (g./1)
a & 0,208 - Pa @ concentration (molarity)
Po® 74343 go/1l ®» 3.709 x 10° molar t o tine (mimtos)

Barple Iems log I/X P PX10%  log Pxl0% t

P - —
> S F 0.71798 6.5 3.480 0.51058 15
2 LA 0.5557%  5.421 2.83  C.L5317 L3
3 1495 0.554€3 5325 2.6% 0.L27%9 60
L 5.L9 0.50907  L.893 2..kn 0.39207 75
1 5.9 0.LT785 506 2.316 Cu30.T4 90
6 6.3 0.:3738  L.202 2,122 0.32475 105
7 61N 02272 L.CST 2,09 o1l 120

ke 5.20 - 4 08 x 10" mo‘x L] 8055 % C.30 mt.‘

S — e
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TAXE 27

UoSAFOOITION OF DISCTCLOIRITANL oIy I

CALBOY TUTACILIDIDT AT 70 £ 0,27 (1X)

To ® 17.50 P = concemtration (g./1)
a & 0,200, P, ® concentration (molarity)
Po ™ 6,028 g./3 ®» 3.0Lh x 107" mlar 4" @ tine (imtos)

L

Saple X om. og I /I P PX10*  log Ppr1d®

1l Lef5 0.5839%  5.50L 2,830 0.u45179 15
2 L38 0.50415  5.318 2.605 c.L21 30
3 5.22 0.,£3372  5.122 2,087 0.43280 L5
L 5.72 0.L9329  LJ7L1 2394 0.27912 60
s 6.12 Ol ka2 2,232 0.35257 (F]
) o5 0.L3715 LS 2. C.32408 9

k ®» hoas 2047 x lﬂamim..; o 8,102 030 x 10" ioel..;

ARSI AR p il
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TABLE 28

DICQPOSITION OF BISCYCLOBUTANCZFCOUMYL PE%OXIDE
I CARBON TETRACTLGIDE AT 75 + 0,2

Io » 18,50 P e concentration gg./l)

e = 0,200 - P, = concentratlon nolarity)

Po® 5.80 g/l @ 2,929 x 10" molar ¢ e time (winutes)

Sazple Tome log LT P Ppx10® log Pyx10® %
SReains i RS- ]
b § .20 0.50017 5.290 2.672 0.L24684 15
2 6.21 0.4708 L.550 2.298 0.36135 30
3 7.13 0.41408  3.974 2.007 0.3025%5 LS
4 8.04 0.360191  3.473 1.75k 0.2LL03 60
5 8.89 0.31827 3.054 1,512 0.16808 75
6 9.80 00,2759 2.6.8 1.337 0.12613 90
-t ot

kK ® 9,04 2 0.55 x 20™ xing.™ » 1.2 + 0.11 x 10™ secs.
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TASLE 29

OPCSTTIN OF BISCTCLOPTANFONL P2 Hyr e
IN CARBON T:TRACHLOMINS AT LO # 0.1

b

I, = 18.59 enm, P = pconcantration gg.ll)
a = 0,2752 P, ® concamtration (molarity)
Po w 2,512 g./1 @ 1,156 x 10 “molar ¢ e tioe (alwtos)
M N MR A o
Serple Y om, log I./1 P P X108 log P, x10% t
0 3,68 0.71872 2.612 1,155 0,05294 0
1 3.73 0.7C452 2,350 1.2, 0.05077 15
2 4.00 C.67117 2..50 1.094 0.C3503 75
3 4.20 0.65298  2.373 1.050 0.02119 105
L L.25 Cedub 2.350  1.040 0,0L7C3 120

K @ 7,52 % 045 x 107 mina.” » 1.25 £ 0.08 x 10” sec.”

AR — . —
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mawme o am
LT TN VR

DO PCSITION OF RIMNTILLE 2R FOI L PIONIDE
T CATRE TTTATILOIDG AT 4F 4 0.1

oy , P T TN ES SEIrR WS Sy
Io ® 17,17 cn, ? = concortrailon (gz./1)
a » 02772 3 Ty ® euncoutration (uolarity)
Po™ 2,927 g/l @ 1295 x 35 molar ¢ e tiwe (admtos)

Sarple I eme log I,/I 4 P X108 log P x108 t
_ i e P o
l 34372 0.7758 2.830 o2z 0,070 15
2 3.2 0.75277 2.772 1.225 C.053.9 30
3 3..9 C.7.1% 2,973 131 0.07°91 60
4 3.79 G72013 2,082 1.3 0.C0L5 90

kw161 2008 x 107020, m 2.42 0.2, x 10™ o0,

RS — e - .. J




UCOSUPEITION OF BTN OPTRIRT
T GO TIDACILANIOR AT 50 £ 0

RT3

VL
b W it

Bale 08 683D
Prrdni

D e T N o oy s = ey 3 . ™ s e

33

TEETEITASI IS ISR

Io® 17.17 P @ concomtretion (g./1)

& ®» 00,2772 Pp ® eoncentretion (molarity)

P°.2q33s./101.325110 molar 3" ® tiwe (mimics)

Serpls Tem. logly/t P P XY logPxl ¢

b ja 0.60L05  2.923 12.93 1.,11150 135
? 33 0.75279 2.772 12,26 1,C2049 30
3 3.9 0.73979 2.5633 1.87 1.07518 LS
b 3.68 OUSTT 2.605 11.52 1.,0A1L5 60
5 L0 0.565504 2.L3L 1077 1.02222 75
6 430 05715 2,359 10.44 1,01870 90
17 Le07 040045 2222 9.031 0.59260 105

Kk ® 2.9 4 032 x 10" ”ine. "

e L S1%20,2x 10"' 00,

g



TAILE 32

DECGPCAITIAN F DisCYTariedalrFaual, ponllns

N CA DM TTACLOIZG AT 55 2 6.1° (1)

A o 8 gy g N o~y

Io @ 19,17 cm, P ® concentration (g./1)
3 P, concontration (=olariiy)
Po ® 3,01 go/l ® 1,355 x 10™ rolar t e tim (=inutss)

e & 00,2752

Sarple Yem, og I,/X 4 Pyx103 log Ppx10? t
i

i 3,00 0,80550 2.927 12.95 1.13227 15

2 3.6 0.7 2,57 1,75 1.070.3 3c

3 L.00 0.63036  2..73 1394 1.03902 L5

L Leisd 0.03037 2.273 13,14 1.08504 60

S 493 0.23277 2.3 9.L33 0.97595 75

é S0 0.55023  1.999 8,847 0.94530 90
—p—t——— ——

K ® 4SS & 0,16 x 10 mine,” & 7.8 £ 0,27 x 10 sec.

e

i



TS 33

LICGPOCITILN OF BISTYLLOPIIMA FOAUTL PInGIIy
I3 GOy To ..Mz,fr:.::: AT ©3 2 0.1° (I0)

Io = 15.17 on, P @ concantration (g./1)
e ® 0,272 P, ® concantiution (olarity)
Po® L350 gofl = 2,137 x 10 nolar 4" e tiue (almatoa)

Saple Ieme  log Io/T P Pgrlo® log Px1c? ¢

) k.63 0.41237 LSO 199 0.27L25 15
2 5 0.57155  43.055 1,030 0425.35 30
3 £.855 053705 3951 1.1 0.23777 L3
L 6.1 0.5C375 3.620 L.620 20052 5
5 6.3 OL,LTISL 3,23 LWS1D C,15041 75
6  6.97 043739 373 1.1 0,1501Y 99

k @ 430 2 0,13 % 10 mins.™ ® 7.32 £ 0.21 x 10™ sec.™

L e o
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TS 3G
SSCAPCSITION OF PISCYCLO TTAL TOUML Pgm::*:::
IN CAND ToTACIEORINE A 35 £ 0.2
Io @ 13,00 ceme P o gonoamtration gg./l)
e » 00,2721 Pp ® concontretion (olarily)

Po® 7.00 gl @ 2,718 x lodaml.ar t o tise (dmitos)

AR

Sapls I em, log Io/1 P Poxl0®  log Ppz10% %

mm

| 2.2 09100 6,728 2,447 Gel2275 1
2 2.5 00798 6.l 24543 0el35 a5
3 2.78 G036k 6453 2,10 C.55252 77
4 3. C.Looud  £.879 2,315 036475 105
5 330 0 75024 5.505 2.1 - 0434223 5

kel 20182 m"'n:m." e 2,5720.30x loJm.

—— g - -
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disrd B

LTCETOSITIZ CF RISCTLOTILCIMRECiL PRorInd
I CuidS] ToTRRSIDONIUT AT L0 2 0T (XI)

e g e e e T ey e T ey
Io ® 13.5L em, P @ concmtration (z./1)
a » 0,2721 Pye concatrztion (molarity)

Po® 3.3 g/lwlAx lﬁ'zmk.r t » tiwe (mirutes)

Smple Teme 1og X/I c Chel0®  log Ol t

p 8 7.08 c.La735 3.0 11.25 1.050125 30
2 7.L9 0.39530C 2,928 1C.57 1.22.C7 | L9
3 8.ct 0.36977 2.720 200 0.95323 65
b 8.c0 030776 2,537 9.153 0.9537% 90
s 8.72 0.335086 2.L73 8,076 0.91913 107

-~ SIS - SRR anad

k» 3.05 2 0018 x IOJ uinl..‘. 5.12 4 030x ICJ 80C,

BTN e v aaaae csnand
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TALT 36

LICQPOOTTION OF BISCYLUIIANIFOUTL P IURIuD
Il Gl TILCLnZon AT L0 £ ¢ (21)

Iy ® 13,00 em, P @ concantration (g./1)
a ® 0,272 i Pn » concentration (molarity)
Po® 7.66 g/l ®3.,017210" mlar ¢ e time (minutos)

Saple Iem, log X/1 ? Ppx10%  log Ppxlo® 4
2 19 0.995L8  7.314  2.879 0.L5924 15
2 2.3 0.,95037 6,533 2.749 0,.43913 30
3 2.33 091139  6.4956  2.402 0.11531 4
L 2.64 0.85715  6.293 2..%0 0.394LL5 60
s .04 0.825.3  6.063 2.323 0.37803 75
é 304 0.73182  s.uL 2,241 0.35.30 90

i ——— -

Kk ® 2.8 4 0,20 x 20" a8, @ L.82 £ 0,35 x 10" e

AR EPRENEeNE " e -




3
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¥

TALR 37

DECCIPCOITIGE OF BISCYULOTVANTTOUTL P SR
T CARD TT.A"‘ZL(".L?Z AT L5 ¢ 0.1

T e e e ag

I, » 18.42 cm, , P e concantraticon (g./1)
a = 0,272 Pp @ conontration (molarity)
Po® 5.550 g./1 @ 2,27 x 107 molar & ® tize (wimites)

Saple I em. log Io/1 P Ppx10® log P 310 ¢
1 3.35 0.7u025  SJL39 2Ll 1.33062 15
2 L.20 0.6.2C4 LA 18,07 1.2483 39
3 L.70 59319 Le3iB 27,5 1.23L52 L5
k 53 0.53CL9  3.870 1535 1,134 A2
5 8.1\ 0.LT712 3.306 13,89 1.135C3 75
é 6.25 0.LL905  3.299 12,99 a4 0
7 7433 0.39959  2.936 11,56 1.06296 18
8 T.95 0.36u92  2.631 15,55 1.02358 120

kK ® 6,20 % 0k x 10”mdze.™ @ 1,032 £ 0,05 x 10

TR e e — -
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TS 38
DRCCHPOSITION CF BISCYLOITPTAN TOUTIL Pgmmz
™ CADON TITRACHLOWIE AT 35 2 0.

Io @ 17.03 cm. P = concentration ig./l) '

a » 0,273% <2 Pp ® concentration (molarity)

Po® L5620 g./1®1.638 210 mlar ¢ e time (mimites)

Sarple I om, log I,/1 P Ppxl0® log P x108 t
b ¢ Le30 C.5777h 4365 1.5.8 0.18277 5
1 L83 0.54205 L.021 1.422 0.15220 30
3 5.23 0.50353 3.735 1.217 0.11957 45
4 S8 0.L7773 3.506  1.2.3 0.09L47 €0
6.10 0.44583 3.227 1AS 0.,05253 75

J e

k ® 1,02 2 0,15 x 10~ mins.™ e 8.05 £ 0.25 x 10™ sec.

L R —ethin




TXE 37
DICCRCITIY GF BISCTCLCIF I TR }6’?&"‘1:3
Il GO TTalIDUIoT AT L0 £ 0.7 (X)

Io ® 17.C3 cme P @ concartoution (g./l)
a = 00,2733 Y Pp ® concanteation (rwlerity)
Po® 7453 gofl ® 2,605 x 10" molar & @ tios (sdnutcs)

ARGt NS o =

Sampls Iems  log I/ 4 Px10®  log Ppulc® t

——
1 2.23 0.35291  6.LM7 2.287 0.30927 &1
] 3.00 0,77.09 5,588 1.953 0.27C70 30
3 3.0 0.82029 L7202 1035 0.2202, L3
Y L2 007007 L.293 1.02 C.17377 &
5 5.10 G023 3823 1555 .10 72

e e

K ® 9.5 ¢ 0.55 x 10 mins,™ @ 1.67 £ 0,10 x 10™ 850,

_t ~—Eigp




DICCPCSITICN 07 DISTTILOIPIUITENML PAIONIS

N CAildl TOTACILUALEE AT 40 # 0.2° ()

I, = P = emconiralion (¢./1)
a ®» 0,2738 Pp ® comcantration (wlarity)

Po® L.371 g /1 @ 25,15 x 10 molar 4 @ tiue (:dmtes)

Sarples I em. uéz,n c C,x203 log Cpxl03

1l 5.C4 0.025¢C 3.857  13.68 122507 s
2 .02 0.LAZE3  3.401 12,06 1.021335 30
3 6,57 0.i1233  3.015 10,70 1.02938 L35
L 739 0.37372  2.732  9.630 0.93233 0
S 7.91 0.35227  2..27 0.506 0.83L00 75
6 8.67 0.292.3 2,136 7.574 0.87933 §o

k ® 8071‘ * 0.147 X 10.’&1113.‘1 L 1.&6 3 0008 b 4 10..‘.”

L ad
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LT 1A

IZCQPCSITIN GF RISCYCLCIPTAITIONTL P;QZ’.IZ.‘S
7 GARDRO TIUACLANICT AT L5 £ 0.1

Io » 17.C3 em, ' P e concantration (g./1)

s ®» 0,2738 2 Pn ® concentration (molarity)
Po® 6,000 g/l ®» 2,390x10 molar ¢ e tim (mimutos)
Serple X em. log I /I c Cn log Cp \ 3
b\ 2.83 0.77132  5.638  1.999 0.29885 15
3 L.82 0.5u818 L.OCh  1.420 C.15229 LS
L [ 0.47925  3.500 1.2 0.09377 60

K @13 % 0.09 x 107 mns,” » 1.8, # 0,15 x 10” see™

IR




TARLE L2

amcm;m
IN CARBON TRTRACHLORIDE AT 14 2 0

x.-xg:gsm ; = goncentration (g./1) )
:.-6.07 g /1= 30,55 x 10 wolay 4" = tine (mimutes)

Sample I om. log Io/I P Ppx10® log P x10% %

6.28 07735 557 289 146598
647L O.ulf50 5.2 25.67 140903
7450 0.40022  be67  23.56 1.3728
8.09 0.,36765 L9 278 1.33806
8.8 0.34709 405 20,2 1,31952

w oE W e
Ae&EeER

K @13 $0,18 x 07 ntne. " » 23.6 # 0,30 x 20%see.”"




TAT2 3

N O Y S £ FRIICE o o NI . £agEP
SO POSINIE CF SISO IPATACTTE, FrRONOG

IN CAACH TOTIASTALGAING 4T 25 2 G117 (I)

Yo = 13,85 P ® eoncontreliion ig./i)

a ®» 0.1715 Yy Py ® eoncantration (nolurity)
‘Pow 27,8 go/1 ® 11,3 210" molar ¢ e time (rdmtos)

Sarple T om. log I/1 4 ?nxlo’ log Ppxlo® %

1 2.3 11557 12.871 65.00 1.81298 b3

2 9.24 C30773 3.612 18.2, 1.25132 39

3 W7 0.10539 1.227 6.207 0.77238 LS

h o 17,32 0.0L1C8 04875 2.L43 0.27145 62

5 17,73 00297 03051 LS C.a37%0 b

S

k #68.35240,5x m"aim."' « 1,052003x 19'""&3::.""l

i AR St




1.6

—

TTCOTOOITINN F SISO @i as, L.L.J ol ILT

IN G DRIl AT 25 ¢ 0.1° (1I)

Pergony e - - 4..4 J AP ARG A S - AL sl .mm
o * 13,55 em, P e cocuceniemtion iz /l)
a = 0,1715 F, ® concontoailon aolly)

Fg ® 2.,.39 g. J1=123.3 x 1a oler t e tiwo (loudas)

Samle I em, log 1./T 4 Pyx10® log Prl® )

1 2.7y 0,92.47 12,70 SLLW 1.736%0 ¥
2 8.r3 €,2432 Ll.C03 20,20 125073 30
3 LD C.11733 1.2} 9.L5 C,.95123 Lo
L 1651 0.0L725 C.222 2,78 ORIy )
17.63 00233 0.25 .77 0.2522 7

— -

k & 5,95 4011 %10 m..x!.“ - 9,92 %018 x IOJm.J




e v
[N Ty
TYTWh A3 A W A e -ﬂw-' FYN TR AT ea " ek ARGt adiat)
DOCOTXEIIIN op Brocyoin e TTCITT

I:I \-ﬂ\uu—hlJ Tu& ‘..v‘t-l&:' .: AT 65 t 001
B R T e e o8 ™ i S 2 2Ty T LTI T TR

Io ® 17.10 cu, P ® concomtontiom (2,/1)
& » 0,ic.2 P = conzm :'._ﬁ"m molurtd)

Po® 56755 g/l @ 2,020 2 207 wetr T tiom (atnotis

farple Iem.  og I/ v P-10®  1sp Pli% g

1 n
b ¥ 530 0,0L272  5.4L5 2.0 0.22322 b &
2 5430 0.0222 5075 2.L55 0oL 30
3 Seid ColIL22  BuLDD 2..07 0.33.07 43
L 504 0elIL7  Bel23 2..0% 020073 60
5 g.51 0.L3.435 72 2277 0.27333 75
) £ 07k £,242 2.329 0.35%98 9

SR R

k 5,23 £0,52x md‘:dm.'l ®1,55¢0,09x IOJm

"y
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TALT L5

LnoopeIINt ¢ I'S‘.'..,"Y,.\.{L SORIITACTTL eI

I GO TYTASILORINT AT 70 £ 0.1 (T)

Io ® 17.10 cu, P e concontretion (z./1)

a ® O 1’33.. Pp ® comcomtration (molarity)
Poe 6.021 g /A ® 2,735 10 “wolar b e tim (socon:s)

farple Y em,  log To/X 4 Pax10® * log Py %

1 L.U5 02337 6,413 2.51 0.L2755 15

2 N 0.5°AL8 5,207 2.578 0.L1LA, u>

3 Lo75 €203 6,141 2.539 0.L0L55 60

L L.l 0.£0002 6.5 2..8% 0.39250 75

5 Sccz oc..ﬁh 509(“8 2 .lsLl 0033757 90
PRSR R N - PR N

k @ 1.25 # 0,12 x 207 mins,” @ 2,10 % 0.20 x 10" sec.”

SNSRI RS S e CE ———




1.9

TILD LT

LECCHPOSITIQN OF BISCYSLOZTRIIACCTIL PRIy
Dl GABON ToTCACLGRIIUD AT 79 + 0.1 (II)

I, » 17,10 en, P @ concantration (z./1)

a » 0.1332 2 Ppe concentration (molarity)
Po® 6.695 go/l @ 2,505 210 molar ¢ @ tima (xinutos)
Saple I em. loz Io/X P P08 . log Ppxlo® %
1 K50 0.51979  6.L35 2.847 0.L539 15
2 L.53 0.5%275  6.245 2,754 0.7y 30
3 L.20 0.77176 6.124 2.710 0.L3207 LS
L L95 0.23339  5.975 2,484 0.42225 &0
é 521 0.5151%  5.727 o835 Q.L0331 §9

K @ 124 2035 x 107 mine.™ & 1.51 % 0,25 x 10~ sac. ™

AT, —— -




& e Ls
I)."CJ?Q.»I"'I”’Q GF wam zuu 1 - nC"”ZL BuZC':..
I¥ B wzxr“muwr,.nvsxo.l 4

Em— = —- — — —7

To ® 17.10 on, P e concantration sg /1)

a ®» 0,10C2 Py ® concentration (wclarity)

Po® 6.144 g/l ® 2,53 x 20 molar ¢ w tine (mimites)
L SRR i L e . .
Sarpls loa.  log I/ r Px10"  log Ppx10® t

b § g.00 053403  5.927 2.4 0.3309% 15

2 .13 0.013%7 S.75T  2.379 037539 30

3 5.L0 000081  5.558 2,295 0.35007 LS

kL S.62 00,4332 5.3%  2.217 0.34577 60

5 5.0 G515 D129 2.112 0,32713 75
M e L . - -p

K ®2.36 ¢ 0,14 x 107 mins.™ @ 3.95 2 0.23 x 10" sece




TWR2 L9

DECOPCCITICN CF BITIOILOTE x... hAL'“TIL P'&"C.ZIZTL’.
I COB3 TTACIEILE AT &5 £ Gl

T v SFoap e~ - —
Io = 17,10 ca, F @ concuntration sg./l)
a = 0,172 Pp ® concantretion (molariyy)

Po® 6.5 g/ = 2,558 x 1 nolar 4 e tine (strutos)

Saple Ieme logly/I P Ppxl0® - log Ppac® ¢

1 Le20  C.A0075 6.373 2.1 0.37955 15
2 Le28  0.6C1T5 64202 2.LT7 0.39393 20
3 L.35 0.59%5% 6.2.0 LS5 0.37323 LS
i Lou5 C.O0LSL  6.215 2.407 0.331.8 &
5 L.52 0.27785  6.0L3 2,280 0.37428 7¢
6 G50 0.57C2L  5.9%5 2,218 0,37970 90

K ® 9.3 4 0.8 x 10%mine. & 1.57 £ 0.63 x 107 nocs.™

- I - ra—
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TaZLE 50

LECOPISITIN CF BICCYCLOPINTANTACTTIL P2 CKITS
IH cx&m TOTAGILGIIT AT 70 £ 0,17 (X)

b ——— —
Io = 17.10 enm, P e concemtration (g./l)
a ®» CAv P, ® eoncentration (wolarity)
Pow 6.115 g1 ® 2,108 x 10" wolar t° e tins (xdrutes)

S RN ————

Sarple I oem. log I/I P P x10% log Ppx108 t

1 LAy 0.554.8 5.925 2.323 0.36791 15
2 L8O 0.5517% S.772 2,272 0.35541 30
3 493 0.53277  5.0L 2,206 0.3.39 LS
L 5.2 0.52373 S.L78 24157 0.33385 60
s 5.30 0450572 5,321 2,095 0.32113 7>
6 S8 0.9L22  5.170 2,035 0.303558 90

k 1,83 20,09 x loamin-." ® 3.05%005=x 10Jm.°1
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. e

o bhrr B "

DECCIPCCITICN OF BI%ELTE’JQ‘JZI;CMOP‘:{C?I A
IV Gl TOTLLCIGHIDE AT 10 #0417 (IX)

-
Io » 17.10 em, P e concuntration (g./1)
a = 0,102 - Pn ® concantration (molarity)
Po® 5.0L3 go/le ® 2,179 x 10 molar ¢ o tims (mimmtes)

Sample I om. log I/I P Pnx10®  log Px10® t
1 5.20 0.51700 5,408 2.129 0.33818 15
2 £.42 0.L9900 1°.220  2.055 €.31251 30
3 559 0.4%1%1 5071 1.99% 0.35015 XA
4 S.76 0.47258  4.9.3 1945 €.26914 %)
5 5.94 0.45921 L.2°3  1.851 0,275 75
6 6.12 0.44%25  L.6%8  1.838 0.25L35 90

k ® 1,90 £ 0,09 x 10™ mins.” ® 3.7 £ 0,12 x 16~ #eae™




TADLT 52

IDCOPOSITION OF BISCYCLOP'RITANIACTTIL Pg.lCKILi
I CARDOH TOTUACILORIIT AT 75 ¢ 0.

154

Sm—— —— —
Io ® 17.10 em, P @ concentrstion (g./1)
a e 0,192 o Pn » concentration (molarity)
Po® 5..96 g/l ® 2,04 x 10" molar 4§ = tine (minutes)

Sarmple I cnm. log X,/1 ? Ppxlo® log Pox108 )
p § S.40 0.50081  €.237 2.052 0.31429 15
2 S84 0.LB172  5.039  1.9% 0.29754 30
3 5.92 0,450458 L.E19 1.897 0.27807 Ls
L 6.20 0.LLOAY  L.A09 1.815 0.,273S8 60
S 6.50 0.42009 Le3%4 1.730 0.23805 75
é 6.76 0.L0305  4.226 1.6%0 0.22011 90

o

kK @ 2,94 £ 0,14 x 107 ming.™ @ L.91 £ 0.31 x 10™ sec.

_—

»l




LCCQPOSITION F BISCYCLGIEANVACITIL P

TLADLE €3

TOKIED

155

IN CARBON T.TACILORILE AT 60 ¢ 0,1°
e == = ——
Io ® 1.8 om, P = conosntration 2 g./1)
e ® 0,1502 Pg @ concentration (molarity)
Po® 3.839 g./1®1.35x 107 molar & ® tize (minutes)
Sarple I em. log Xo/T y Px10% log P x100 1
1l L35 0.52294 3.730 1.323 0.12155% 60
2 4.70 0.48933 3.590  1.238 0.09272 120
3 4.83 0.4L77i:8 3.L06 1,208 0.03207 180
L .20 0453 3.177 1.127 0.0.192 2,0
5 Seu? 0.42344 3.020 1.071 0.02979 300
— o

ke 5.16 $ 001‘3 X 10-'}“'.0.‘

e 1.13 £ 0.12 x 10” sec.

-

_

g—
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p AL AR

LTCEPOSTITION OF BISCY LU T XANTACTTIL guufsnﬁ:
N Can3iN T-TRACHLMTITT AT 70 t 0.1 (I)

Io = 14.84 P ®» conocentration zg A1)

a & 0,102 P, ® concantration

molarity)
Po® 4.050 g./1 » 1.0 x 10" mlar t . tine (mimutos)

Sample I cm. log o/ P Ppx10% log Ppx108 t

) 8 L.03 0.55512 3.967  1.u07 0.14,029 15
2 L33 0.5L548 3.851 1,330 0.13983 30
3 L.30 0.52795 3.5 1.335 0.125.8 L5
L bli8 0.51015 3.639 1.270 0.11059 60
-1 L8O 0.49857 3.307 124 0.10072 75
6 L.70 0.L8933 3599 1.238 0.09272 99

k ®1,76 ¢ 0,18 x IOJniul..‘ - 2.93203x 10"“0..‘

R
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TAZLE 55

DICOPOSITION CF BISCTCLCOIIZANTACTIIL g"”CI"D"‘

COT
T CARDCN TITRACHLOINE AT 70 2 0.1 (IX)
e

Io = 14,84 om. P ® concantration ?g./ﬁ.)
a & 0,102 Py® concontration (molarity)
Po® 6.63 gofl @ .34:10 molar ¢ » tine (zinutes)

Sample I em.  log I/I P Ppx10%  log Pyx10% .

1 5.18 0.k5720 .21 2.312 0.36399 15
2 5.30 0.LLT1S 6,379  2.282 V% AR 30
3 5445 0.L3.24 6,195 2,137 Ce3u1E3 Ls
L 564 0.42015 5.9 2.125 €.32758 60
S 575 0.L217% S.BT4 2,083 0.318%y 75
6 5.36 0.40353 $.756 2,011 0.30904 90

k ® 1,68 £ 0.09 x 10~ mine. " » 2,81 # 0,15 x 20™ se0.”

A _—_
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TLALE =4

LECQPCSITION (F BISCYCLOTZUN ACSTIL PLAWlLlS
I CARBN TITCACSITORILZ AT 75 2 c.a1°

— 1 - — —

I, = 14,5, en, ? & concmtration Eg: J/1)
a = 0,102 Pp ® concantration (zolarity)
Poe® L.50 g/l ®1.L3x 107mlar ¢ @ tise (aiautes)

Saples I om. log Io/1 ) 4 Ppx10® log Ppx10® t

1 3.8 0.5718  L.07%  1.LLS 0.15987 135
2 L2 0.51553 3.698  1.392 0.1i,05) 30
3 k.21 0.53715  3.331  1.329 C.13522 L5
L LelS C.233CT 3,650  1.298 0.11327 &G
s L.50 0.L2357 3.557 1,25 0.10072 75
6 .83 047748  3.40% 1,208 0.03207 90

k » 2027 %2 01l x mémo.; L 3078 b 4 0.15 X 10-‘&30..‘




Log (k x 10%)

C
Fi ure 11. Plot of log k versus 1/T for the Deconposition 129
of Biscyclopropaneformyl Peroxide.
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Log (k x 10%)

Figure 12,

of Biscyclobutaneformyl Peroxide.
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Plot of log k versus 1/T for the Yecamposition
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295
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&O0g (K X 1U+)

Figure 13. Plot or log k versus 1/T for the Decomposition 141
of Biscyclopentanefornyl Peroxide.
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0455~
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Log (k x 10™)

Figure 1. Plot of loz k versus 1/4 for the Decomposition
of Biscyclohexanetormyl Peroxide.
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0075 T_-
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0.50[—
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Piure 15, Flot of lo: % versus 1,/T for the Decornncition

PR Do e . s 193
of Bisc; clolicpis nefonuyl Perciiide.

120

1.15 —

1.10 —~

1.C5 T

logo s

095 I~

D50 [

1 1 ] | |
3.155 3,16 3,205 2,23 3,255

1/T % 107



Loz (k x 109)

2 .O7

1.57

1.87

1,77

1.-’37

1.57

147

1.37

Fizure 15. Plot of loy; k versus 1/T for t:e Deconposition
of Yiscrelopropancacetyl Peroxide. 144

34365 3415 3 o455

1/T x 157



Figure 17. Plct of log k versus 1/T for the Decauiposition
of Biscyclobutanezcetyl Peroxide.
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Log (k x 102)

Figure 1%, Plot of log k versus 1/T for the Decoripositicn
of Biscrclopentaneacetyl Peroxide,
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0455

0,30

Vel75 [ 1 I l |
2.91 2.96
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(k x 107)

>
>

Los

0.50

00375

0225

Figure 19. Plot of los k versus 1/T for the Decaiposition

of Biscyclohexaneacet:l Peroxide.
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