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ABSTRACY

The halogennted cyslobutenccorbuxylic asids
axro of importenae in commoction with ixvojected
syntheses of thecrotlaelly inportant oyclotutone
dmivotives,

o fecilitate the direct synthesis of suah
ooupoankis, the froc rodloal oldorination of two
slxrslie mdelny gyclobutanscasrboxylic ocld and
1,lwcyclobutanedicorbosylic acld, hes dboen in.
vostigatad,

Heocanasy t¢ this stody wes the gynthesis,
by moens irdiocative of struotwre, of 5 isomeric
monochlorooyclobutevsearborylio acids, A ochromnto-
grephic method has heom dovelopod capshle of
effecting the soporcilon of theso ieomers fron
& mixture,

The regults chtained in this work are
consistont with modern intermetations of orgenic
chomistaxy theory and extenxl the scopo of its
appliceiion in tho field of froc redical chlorins.
tion to carboxyl~sibotituted carbooyclic syatens,
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OVERODUCTION

hexve has boen sarsiderable interost in this
loboratoyy in the chexisiyy of the ayelsimtane
ring, partioglm?y osncerrdng Iossible youbos to
1.3-uyclobutadinne mld its derivetives, Ceytain
halopanated oyoiobbtenessyboxyilie acids michid
pove usoful 6o aterding points in swh ayntheses,

For tustance, ono osn writd ningle sbep
Aminstion reastiont ylalding the cyolebutadione
ring ctarting fvon any ons of the 4 (dispesading
sHerovisonare) ayzmotrical Athalooyelodbutsnedinogttx.
ylie ocids shiwn delowns

b CCoH
COgH X s X xT —:Eo,n
COgH X off X KOaCL...

x FOC
X, i1, 9 5 R Iv.

The=2%10slly otsh type can give a gyolobutndiens.
dlecrboxylic acid wyen leas of @ HXy however, types
X apd IV mry oduc pasaibly uadersp o decsrboxyistive
Atmination peasttamn’ lgsing £ halide end 2 coardown
doxide extitlon:

o
a_cifi oo

¥ —~

IS * 7% Iv,

*sha spatinl syvensasent of the ayalsbubent
svbstituents may bo of grest lmperterce in

the
actuzl sucvess of this romobtion (cf, rof, (1) omd (2)%.
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Porkin, Jr. (3) Aaresticated the only known
romosentative of tys I X = Br, conficuretion
mimotm) s found that upon alkall treatnunt the
2-txomno..1-cyclobutanccearborylio acid wos forved
ingtend 0f the emectod 13-cyolohutadionoel j&-
Sicardboryliic aoclds

A Br
COgH COgH

- —_—r

—— 430 gH D0 gl COgH
Br

Br

This seams to indicate that the dovcardoxylative
elimination mrooevedd more easlly thon reguler elimination
in this serics, Domnin axi Yekoviev (4) have

shovm that, in tho caso where thars is no 2-halo

group, olimdnation does readlly tolee nlaces

Br

COgH COQH
.

only o single compound ie lmown of type 1X,
3 o Dichloro~-cis-1,2-0yelobutanadicarboxyile ssid
ves obtalnod by Cope and Burg (5) from the
oxidstion of a dtohlorinatod cyolocotratotresne,
This method” ie laborious for prepering the
astArdial in quantity end the starting meterial
is pot readily avallalle.

Yohe was ropeated in this Ldadboratory
by iadoff (6)p poor yields vere obtalnod Lol the
oxidation trocedwre gcivom by the adove oauthores (5),
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expoglon of types IIX end IV ac uninwown,

In faoct, tho parent l,3~cyoclobuteanodicarbo:yllc
acids only rocently becanc cvallsble tiwough:
work carricd out in %:is lodorowvory (7).

Porizin mwoenmrod his tyno I ecid by o lell-
Volhad-Zelinaky hrominetion ol 4he corvesponding
dlecid ad reepunably Wyro I1I coudd bo obtalinod
in a similor menner, The epmonch of Copo ol
Buxrg te typo IXI suffers fron tho dlessdvontares ore-
viously stoted and ils gunorallty has not bhoom
Investigatod, lMothods leadins to the mreporetion
of conpounds of type IV have mot ~wroviously beom
studioed,

The gencral mxpose of the prosent irvesbtigetion
is to advaonce our mowloedpe of properntive nethods
loading to the hadogonated cyclobutonecarborylic
acids, 8pecifionlly, Part I of theno stulicg dorls
with the cynthesis, by mothods indicotive of
structure, of 5 inonearic renocllorovcyclobutanscerixn:glio
ooids, Part II 1s a ptudy of ths froo redical
chlorination of gyclobutanccarbo:ylic asid,

It 48 £&lt that those atullos, which
nooeseerily were caried out on the simpler nwodals,
vill ald futuro Srvesticotors in tho mroparation
of more complex hnlocmatod gyolobutanscorbo:ylilc
aolds,
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PART X. BYNTIESIS OF THE HOROCHRLOROCYCLODUTANL
CARBOXYLIC ACIDS

In the introduntion it was pointod out that
only twe dihalogomated coynlobutancdicexrbsrylie
ecids are lmown, the 1;2.dibremocyclobutens-lyle-
digamrboxylic anid throush the efforts of Perkin,
dr. (3) ad the 3,4.dichlorcayclobutans.l 2~
dloatrboxylic acid thxroush the investicstions
of Oope axd Burg (5)s Certaln Other halogenatod
cyclobutanecarboxylic solds are known, all
dordivatives of coyclebutanemornwezrdoxylic soid,

2243 o IwTetratlworooyclobutancosrboxylic
tcid has been prepmrad recendly by Coffmarm,
Barrick, Oramper end Raasch (8) dy allowing tetsa-
fivoroethone to ocondenso with vinyl cyenids el
subsequent hydrolysis of the modust, A trihale.
aoid was odtalned by Perkin, J», (3) whon bromine
was odded to0 2-Dromo-l.ayclodutencearboxylic.aclid.
Dozmin end Yekovlev {4) reported s 1,2-6ibromo.
qyolobutansombasylio ecid resulting from the
treatnant of i.oycisbutonecarboxylis acid with
bromine, )

Twe sinple nopohaloecids ave yvvpam, Hell.
Volhand.Zellinsky dromination of cyolobutans.
csrbowylic acdd Wy Perkin, Jr, ad Sinoladr (9)

led to the formation of l.bromocyolobutansearboxylio
oaaid, Jones (13), in rogent unpublisned worke

haa wepmred one 3.chlorecyolobutanocarboxylie

acid Lfsone Ly a severel step xocodure,

The last two investications ere partinent
to the mresent one wnd they are disousasd at
length later, e Mllowing dlsoussion hag
boen 4divided into throe sentlons, deooction A deals

cadi
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with the mrepsration of l-.chlorocyclobutonecartoxylie
acld, Sootion D concerns tho 2-clhiléroncids while
Seoction € 1 .ports the stuly of the free roadloal
chlorination of l,l-cyclobutanadicarboxylic acid
and the reparation of the 3.ohlorocyclobutonc. 2
oarbogylic acids,
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Ae Prepapration of l.Chlorvoyclobutansearboxylic Asid,

The i.chlornayclobutanesardborxylic scid nmay best
be prepmrod fyem the sorrespronding monpotrboxyllic
aoid tiwough allexination of the acid chloride,
coltyaralon %0 the met'yl cstar and lydrolysis, as
ahown 4in figure 13

c1
COH cool : co01
L, Pl
]
01
C04CHg °’50 8

OHgOH

he scheme Lor the repmetion of the l-chlorescid,
Flgwe 1,

Direct conversion of the aold $0 the l-chloro.
acid shloride by ths Hall-Volhwrd.Zelinsly method
was not satisfoctory, Under conditions sinilar
to those enployed by Perkin, Jr. and 2inclair (9)

%0 obtain tho l.bromoacid, 2 rapid exothoredic
ressotion fook plece ropulting in 2 conmplex ahlorinated
mixturs, A smoother reactisn wea schicved by
ochleainating ths acid ohloride diresctly, To esveld

ah excoss of chloyrine, chlarinations were coxried

ouk with ths equivalent aount of sulfuryl chloride
vaing iodine es a catalyst and in the cbsence of
Unt, Only wmchlorinated acid chloxide was

roocveral from thepe experdinments. The stexrting
noterial was also resoverad unchanged after treetnent
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of the nold chloride with tho thooredliosdl mowount

of dlasolvadl ohlorine in ocrrbon tetrachloride
solution and with reod phosphorus as the cebalyst,
Howovor, by resulsting the flow of ahlorine
(0 ¢ exoeoe) tigoush the aoid chleride in the
rosence of lodine ot 10C°, chlictvinmtion mreccodoed
to cive a 15. ¥ yiald of the chloroscid shloride,
™is method (11) reobably depends upon ICL o8 the
rotive chlorinating agent (12), Unsuccossfnl
ostiaxpts vere nade %0 irgeove the yield Ly addang
lw{gcz‘ emounts of enlorinc, Chlorine in excess of
140 7 of the theory gave sn coid chloride mixtwre,
from wbd.cn, on treatoent vith watar, o 30lid was
obtained, This solid, mp. 104,2-105,2° gove
malytical rosulta in aeroenont with a dichloro-
oyclohtanesmborylic acld, ldttle, Af eny, matcrial
wag oollooted in the bolling renge of the l-chloro-
acid, .
™he l.chlorooyaledbutanecarboxylic acid was
net ahiainad in prre form dy treating the coarrespord.
ing adid chlsride with wetor, Fractionation omd
chronatorrapty, ooploysd olther sepsrataly or
consecutively, resulted in e preduoct averacing
1.3 < high An cardon’, Howover, whem tho arude
l.ohlorooyclobutanscarboxylic ecld shloride wes
troatod with ebsolute methenol, mwre aethyl estor
was obtainod (15 ¢ yidld from ayelobutancoerboxylie

YI¢ 1a possidlo that mmsll mownts of sulydrides
nwy bo mmmib’e for these high vailuves, After
tvee nt of tw crudo anid chlorids with wator there

e ent cyclobutumecarborylic avid and l-.chloro-
nesarboxylic soid an well se the corresponding,
mnctod ayld ahlorides, Interastion of thatto speoocles
would be cxpocted o yAeld the tkpee ponsible entyoridas,
ons o nore of uinlch could codistill ith tho des
l-chiloronsid, Tho srmtment firthor supposes thet the
enhydridc comteminant be noither srenoved nor altored
oy the chvonatographic oconditions wanloyod,
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acid clleride), This metlyl ester was oasily convordod
into the desired l-chlorecyclebutanecarboxylio esid

by sn aold hydrolysis, yielding 42 7 of aoid, b.D,

s 111-112°/ 12 mm, Tho overnll yield from cyolobutons-
{ : ocarboxylic acid 48 ca, 5 $. This acid was charootor-

}

ised by its anmide and infrarod absorption. The
infrared dete havo bsen ccllested in tables V aad VX
{p. #7) ad in Timve 7, pago 48,
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EXPLRIMENTAL"

Diothyl Cyoldobutans-l,l-dicesrboxylate
A 12.14ter, 3S-neckod, round-bottansd flosk,

heetod by nmeens of o (les-col nantlo, wes eculpped
with a 3-1litor peparatory fwumol calineted in 500
ml, 4ivisionn, a motor-ariven half-moon stirrer, &
500013, separatory fumel culibdrated in 1285.nml,
divisions, o toke-off total.rofliux co..denser rrotected
froo the alir by a cnleoium ghloride drying tube,; and on
entrenco for epplying alr prosswmc, Attached to the
larger Diomel at the todtom was & \7 1n tube which
roached into tho {flask and d1d not interfere with the
opxration of the estirrer. Into the resction flask
was placed 5 liters of aboolute ethanol and, with
modearate stirring over & poriod of two hours,

235 Be (1U. & 5o alons) of sodiun metal wea olowly
edded, Toword tho end of the addition, the rateo wus
controlled by the rate of reflux of the ¢thanol,

After the solution coolal o rMoon tomporoture, aly
mreasuro van usod to forae 2 liters of the sodlium
cthylate solution into the J=liter funnel, The air
easure vas thon released and 962 g, (6.0 molos)

of dlethyl naloneto (Rl Lilly orade) was added,

Tho solutien vag vroucht to refiux and 1012 g,

(5 moles) of trimothylene hronide was odded from

the 502-xl, soparatery fimnel in en interval of on
howe, At the same time, in a 1:2 ratio (by volumey
Almromidesethylate solution), the sodium cthyiate
contained in the larger famel was added, Aftes tho
eddition, tho refluxing wes comtimied fer 1.1/2 hours,
und than tho alcolwl was dlstilled off by moemw of the
take.off ocondenacr until the tomporativre resched

. "more sos by A, Klek, lLos Angeles, All
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80° (as mcosured Ly o thornonoter cuspeniod in the
condenser), One litcr of walar and 500 ml, of Lonzone
were added and the atiirving was contimied for 10
aimfes, Tho closr, two.nunge nixtre was sennreted
ard tho water lgyor tras diluted with 500 nl, of wator
and 500 nl, of bonmecne, The rosuwlting wator loyor
vas ciriractod twice more with 1265 ml1, portions of
hensone, The banpone washings ware edded to thoe
original bencone extract ond tho solvent was stripped
off st rcducod mrescure, Tho higher bolling rof-
brown rosidue was flesh distilled fron a 2.-.1lter
lalsen flank, oollecting the fraction boiling at
100-125°/ 15 mm, This naterial was trostod in the
dari: with bromino until on added 1 M, of Lromine
was 10 longer irmodiotely dscolorized., An Gversss
of sbout 30 ml, ves rocuirsd in this otep, The
spber liquid was froctionstod by neme of an
eleotrically heated 15 en, ool packed with 3 mm,
Rloes helloes, The desired ester was collosted over
& 5 demres range (the najor portion of the oster
had b,p. 110-112°/ 1E ., Df% = 1,4343)) the over-
all yleld after refractionntion of nolghboring outs
wos 55,5 % (555 g.)e The roportod veluos arot
bape 31-96°/ A ., NS = 1,4332-1,4334 (13) and
bepe 105-112°/ 15 mm. (14).

The above method 48 ccsontially that of Cason
and Allen (14) as modified by Lemaire (15), who
introducsd the bromination step to remove sy nllyl
naleais eater (h.p, 93°/ 6 mm, ) rresent,

Sy dlodbuytone-1 . l-Alaorboxylls Agdd

Potaoeivn hydroxide (225 g, = & moleoa) vos
Gioacived in 1 liter of cboolute ethmwl sontainod
in 8 2.11%r besker, The beaker wea then cooled
in an ioc beth end 200 g, (1 mole) of Alotlyd

e DR AN o ek TG s R S R i e . Gt -

shagl

+ \,5' fhe




11
1,l-cyclobutanedicarborylate woas sloviy edded,
Aftor the roaotion anpemred conplate, the minture
vwes plcoed on a stoan bath for 1-1/2 howrs i
gocassionally stirred, The vhite, soty moduclt was
fiisared throwh 2 coarse simtored gleaos fTuwrwl,
™e solid won veahod in o beelkor yith 500 =d, of
cboolute ethonol and filterod off as cbove, The
vaahing mroccoe wap ropected, uslng 500 nl, of
abosolute cthey andl the audo potossium salt was
&riod to congstont welpht 2o froe from trooos of
alooholy The Ary calt was tokon up in the ninirmrg
aowt of watoar end 300 mi, Of concenirated Iydro-
chioric ocid wes added, The resuliing mrocipitute
wag filtorod off and tho filtrate was evaporctod
neerly to drynese ab H-50* (vatcr bath) wnder an
aspirator vacuum, Tho mish was shalien thorouchly
with 500 ml, of othey snd the mixture was filtered,
The ethoreal filtrate was ovoporated (water Bath ond
sspirotor o8 bofore) wntil nising lines in tho
ddstilliete indiontod a sccondd substance Aistilliing,.
The realdus was orystallized from 200 ml. of
ethylone dichiorido ond the salld acid uss peperated
y filtmation from the G- hisse nothoy 1iguor at
out ¢°, The receining trancos of solvent wore
removed with a vaoutn paw, The yollowish rroduct
anellod of hydreochloric acid and wos epmreed out in
thin lgyors in & hood ovarnight, The remting
white yowlexr voighod 102,8 g (71.3 7) and melted
at 158.5% (4e0,)s ‘The decompooiticn peint ney be
rained to 157-153.5¢ by roowyatallizetions tho
reported (16) melting point is 1156.158°,

Qroloingiancembanyliic AcAd ’

Qralobutano-l ,l-Aicarborylic aled (W44 g, =
0.1 mole) wes plocod in a 25 nl, rowmd.bottonod
flasl: end hoated at 180° for 20 mimmtes at the end
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af which tine o furtha evolution of carbon diexide
wos ebhoarved (libaratod gssos were bubhloed throuch
& satwrated bardws hydxoxide solution), The crude oil
was distiiled &b 15 mm, colleooting the fraction
boiling at 96-58%, The yleld was 8,49 g, (85 %),
| 8 nf® = 1,41, %he reported constants arot b,
9G*/ 15 ma, (17), 10A-106°/ 21 mn, (13) ot nf® =
1436 (18).
Cyclobutanscardoxylils acid was clso obtainad
a3 described by Fischer (19). Tho asidified
T solution following saponification of the diethyl
v 13-oyclodbutanecsrbo:ylate was subjooted to 24 howr
o oontinous ether extraction snd then the ethor emtract
5, was evaporated, The resulting nush was decsrboxyleted
a8 depsoribed above rooultdng in an sverace yield of
58.1 £ o2 meterdsl, b.pe 98-101°/ 15 mm,, nf® =

|8 1.403,

g A 100 nl,, 3-nocked, rund.bodtisod flask wan
18 equipped with a Qropping fwrmel, & tharmesetcer whose
i % bulb reached nomr 4o the bottem of the fiaek, exi

4 a reflux conlanser rrotected from moisture by s
esxlaiwm chlorido tibe, Cyclobutanecarborylis acid
Bt (33.4 g« = 0,334 nole) wes added and 30,5 g (64222

i mele = 10,4 m), = 100 ¥ exooss) 0f Dhosphorus trd-
o ohloride wvas drepped in over & 20 minute intarval,

The tenporatre vas ralgsed (eil bath) to 105 » 5°
for sn how, The light yollow 1iquid was decanted
fron the visoous yelloveorance regidue and the lstter
was rinsed with a fov ml, of wevhorus frichloride,
Ths weshing was asidded to tho decanted liquid and the
solution was distilled Iven a laloen flaslk whose
neok below ths plde ww was filled with 1.1/2 éen, of
8 2§ mo, laan rings (bottom layer) ad 3.1/2 o, of
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3 ma, glass hollces (%0p layer)., The fraotion boiling
at 65.69°/ 60 mm, was oollectod ond wolghod 70,2 g,
(77.5 £)a The reported waluo (19) is 65°/ 60 mm,

l-Onlarnoyalopntencomrboryldo acld Qularide

A dubbdler £illed with chlorino-satizntod carbon
totrashloride was crlibtrotod (by oounting the mober
of twbhles corrseyonding %0 o kmown weight of ohlorine)
onpd attached throush o 3.y Joint to s supply of
&ry alr and dry ohlorine, A 100.nl,,; rowxl.-bottomed
flesk, osyrying en inlet tibe attached to ita dbotton
and plugced Wy a cinterod gless diso at the yoint of
attachuent, wes oquipped with & roflux condongor
motected by a saleium ohleride drying tube, The
inlot tube was attacshed to tho Lubbler and & small
positive rressw of atr vas apnliod, Xedine (0,85 g.)
and 20 g, (0,168 mole) of ayclobutanecarborylie noid
shlorids warc added %o the flask, with tho ald of
an oil bath, the flask was heated to obout 105°
and the alr presswre vas replaced by a flov of
odosins (rate 1.6 g./hour), After an oquivalent
aoount of chlowrine was ndded, the rooctlon nixtwre
was flesh distilled, and thon finelly freotionatod
st 60 ma, throwch an clectrically heated 15 om, X
15 =, coluwan peckod with 3 L;m, cglass holices,
A mojor portion of the ‘ecid ehlorlde was recovered
wnohangod tocether with 16 7 (4,2 g.) of metorial
bodling ot 74-78°/ 60 mm, This naterial jresunebly
oontainad sonll emounts of the unchlorinstod asid
ahloride, for its matds, which originmlly mclted at
VA-116,95%, woon rewmyntellisaticn Mron petroleun
othor, yialdod fraotions which smmronsh tho 155.156,5°
2olting podnt of cyclobutenscarboxylic soid amide,

An sttenpt was malo to inereaso tho ylcold by
sdding en exnoes of chlorine, Whon o 125 7 excoas of
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chlorins was uned,the mixtwme hydrelysed with water,
end tae mroduot Aistilled, a compound bolling at
130-1348°/ 9 mm. wes obiainaed in 33 % yiold (esloulated

as dichlorocyclobutanocarboxylio scid), This compoundd,

which spontznecously crystallined, maitod at 104.2-
105,2° (from petreleun sther), '

Annl, 0alod, for CeHeO0usClgr O, 35,533 H, 3,58
Founds €, 35,58 H, 3,47.
The same conpovnd wae recovered in A8 £ yield whon
41 % excess of chlorine vas allowed to react,

A 20 ¥ excens of ohlorine gave what may be the
optimm snount of momoohlorination. When 25 g. (0.2
mole) of ayclodutanocardo:ylic acld ahloride wom

treatod with 20 £ oxcens of ohiorine as described sbove,

e aruls yiald weighed 30.5 g. Andionting that oa,
95 7 of the thooretionl smount of ahlerine had been
sbacrbed hy the reacting liquid, However, when

thin orode nixture was converied to the ocorvesponiing
ester, as desoribed belew, only & 15 ¥ yield of
ester was obtained,

m mx!e mlxtm (30.5 G.) of aeid ohlorides,
obtained by the metlnd ocutlined above, was addad
slowly o 20 md, (0.5 mele) ¢f Lfce-cold ebsolute
nothmwl, 7The solution was «llowod to reach reoonm
tenparature and then 1t was refluxed for an howr,
The reaction nixture wae stached wvith a asturated
sodliwr Dicsrbonste solution, & sodium thiosulphate
solution, and finally with water, The srgenic loyer
was talten up in ethar, dried with magnesium snlrhate,
and flagh distillod, ocdllsoting s Jraction Boiling
st 80.110°/ 100 mm, PFractionation throwch an
eloctrically hented 15 ems ~ 1 om, Vigreux colum
yiclded 4,72 g. (15 %, bomed on cyclobutanecarboxylic
scid chloride) of nmatexrial dbolling mninly at 100.
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102°/ 100 m,, n8® = 1.M78, This compound gove
snalytioad flicures for nethyl l.ochloyoveyolobutane.
carboxylates

Anal, Oaled, for O li0edls 6, 43,403 H, 6.103
0’1. 505“. Fourds Gy wp%f ll, 6.17& ﬂ., %.M.

Anide: A 0 g. samplo of the sbove oater wae
taken up 4in 2 i, of consentrated ammoniwm hydroxide
and the mixture was belled wntil bomogoncous,
The reaction mreduct was oxtractod with othar, the
axtrects vere evaporatod and the rosidue was
reaystallincd fron petrolown othery m,pe 124-115°,

Anal, Culod, for CyllgOl: G, #4944 H, 6.04.
Found C, “a%‘ a' 6,09,

z;etm lwom.mwelcbut.mmm (3,6 ga
= 0,03 mole) wes nladed in & 100.zl., rowri-dbotiomed
fiask with 25 ml, of Alotlyl omrditol and 22,9 ml, of
12 ¥ hydrachloric asid (0.2 mole) snd the mizlwre wos
hoaded at 98.105° for 16 hours, After osgling, the Swe.
timse roantion mrodust wag extrested with & ¢otal of
20 ml. of ether in three portions, The ether
a tota) of 30 nl, of 5 ¥ sediwn hydvoxide (es, 0,064
mole), The alkaline polution was neutralized snd
brousht to & pH of 2.3 ond extracted with a total of
% ml, of ether, The otlky cxtracts were combined snd
dried vith negnesim sulfate and evaparotod, The yellow
oil rancining wvas distilled fron & 5.m1, Cleisen flask,
The major frsotion, D.pe 111-112°/ 12 mm., wao cbiained
in A2 % yield (.76 2,). Ths rofrestive index wes i
nﬁ'n},,% Theo overall yleld fron qyolotutaneomr-
boxylic acdd L2 an, 8 %.

Anol, Oalod, o CallyOall: O, 44,64y A, 5.24,
Founds €, 44,584 Hy 5.2,
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Apddal  Ths l.chlorocyclsbutanecmdorylio sold
(0.2 g.) obtained sdove was jluced in a 15 md,
sentrifuco tube and was treated with 0,1 g of cold
thionyl chloride in the wesenes of a drop of ary
srridins, The calution wie heatod on 2 ntoem Dath
for obout 10 mimites and them sooled t» about 0%,
the corule eoid chiloride ww then &ropped slovly into
106-001d oconsamrtreted ecoondium hydroaride, Ths
precipitate was oxtpootod with a totel of 15 wly of
chlarotorn in tvo portions and these extrects wero
evaporatod to drymoess., Romxyutallisation of the
residus from potrolemm othare yielded & snlid, m,p,
113-114°, The mixed melting point proved thad $his
xxdde vas dontioal with the one odbbained by '
azonie troatnent of the osowvespending oethyl sabor,

ixtraced Abscrmtion o the l-Qaroasid

The spestanm was token in carbon tetianhlioride

solutdon (0,080 g¢/ oi.) using 0,05 mm, sodiwa
ahioride oells with a Parkin.flioes Mofal 21, Seiad
122, dowble besmm cpectrepiwtomotor. The acid
sasnle waa that for which the microonslysis wae
givan adovy, Indyered delta conserning this anid
heve bosn cellestad in tadles V and VI (pe 47) =
in figre 7, pagt A8,
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B, Frepoxration of the 2.Chlorocyclobutanccarboxylic
Aclda,

Sterting frvm l-Dropecyclobutanscarboxylioc
acid (9), Domin end Yaloviev (&) prepared l-cyclo-
buteneamboxylio acid by troating a dry toluone solution
of the foruer asld with alkall, As shown in figwre 2,
t4he addition of snhydrous hydrocen ehloride to the
ayclobuteno acid could lesd t0 & mixture of 2-ohloroe
syclohutenocsarbozylie acids, The atoregchomistyy of
hydrogen holide addition to cevrdon.carbon double bonds
1s somevhab wncortein (20)3 howoven, it is roasonable
to assume that storegspecific addition mey procced in
the trang sense (21), Grovenstoin md Lee (1) as vell
sa Crintol end Horrds (2) have rpromentod ovidonve thot
vith cerylic acid derdvotives hydrogsn halide sdded
medoninantly in a trens fashion to the dovble bord,
Ons might expect that l.arclobulenceardoxylic asid
would yield eis.2-chisrogyclobulanesarborylic &oid
(by trons-addition) with leosser mmwwnta of the trans.
ohloroncid. However, tho coturl amomnts of oach isomer
formed could dspend uwpon experimentel conditions,

O ofl
2a. and 2b-
COgH /\ chlorocyclo-
Br v alcds
COnH
COgH

he schonme for the weperation of the 2-.chloroacids.
Moues 2, :
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; ) Aetually, yvhen anhydwsus herdcopen chlcxdds ias
' added to the l.oaycishrtensorrboxyliia soeid in tWwluveno
polution at 0°, the adiition gave & 60 % yisld of
a natorial with a bolling renme of 5 dogpreoe Whaoch
polidificd at room temperstuwre, 'Thin materisl, vhen
rerystallized from petrovloun sther, yialded 2 solid,
D.Pe T7-090%, 2 may bo tormod the 2e-cllorocyelo.
brtaioearborylic acid,
™o more conpletaly iamwesticots the orulde product

iYon hydrogen ehlazide additdion, clmometocraphle
seperation of the possible ncids present was
oomsidarod, Lostar Smith (22) first applicd tho
siliocic acid oalwan dovaloped hy Mariin exd Synge !
(23) %o lowor fatty aclds, Varlous Andisctors, ;
including newlyl orange (23)s snthecrsmins (24),
and an aso dye (25), heve nince been coployed to
angdlc thoeso colorloss acids to be asoen om the N
ooli=m. However, bromoorescl mreen (DX = 4,66) :
sooms superior both Ifred the standpoint of
sernitivity ond leaching mopsrtdes (26), e
mothod was oxtenvded to inolude the soturated
| ~ stradpht chain fatty netds Vmough Opy by Redesy
' ond Patteraen (27). Harvsl ad Rands (28) subeoquently
T o8 doveloped & genmeral qulitotive ad sed-gquintitetive
RS technique for the deteruination of meny weber solwsle
| aslds, . The nethold of Reusey ond Pattorwon secmod
o profersblo in tho Irosent stidy ta thas of Marvel

2 el Rurds due to the slipght water solubdiAty of the
vhiorooyclobuteans neids, The fopmer swthowe also
wero shle te ohiatr g hich Jdogres O scleotdvity,
Using 2,2k trinmstiylpantone ¢a the tobile solvent,
‘ o minimum of 10 ¥ of isobutyric acid wes dotsotsd in
g &0 . sexples of bubyrio acddy although in a sincle pess

4 tirough the colum the sepecation was ot oowplete (270). |

In practice, AL was found thet en Lsomewic ollove- -

ayolobutanessrboxyllie 6cid mixture was not separated

I
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by the Ranscy end Patterson colwm, Howeoler, &
nodificction of theolyr colum wes devoloped that
earlly senmrated tho nixture obteined fren tho
hydrocen chloride addition to oyciobutensesrboxyllc
acid inte two abid fractions, This oolum, vhioh
wos operatold at atmosphorio rressure, cmployed 17 £
aqueous nethsmol us the non-moblle selvont, n.heone
as tho mobilc solvent and ¢olite 585 as a flow.prate
rooelerator,. Titration osocording to the acthsd of
Horvel and Ronds (28) showed the 2a-chlaxwoyolodbubene-
carboxylic acid %0 bo wresent to tho extont of 65 ¢
£ the tote) noid content of the crude modunt,
inother oconponent, vhloh ey be termed the Zb-cilsrc-
qy clobhutoncosrborylic ecld, wos oshown 1o be mesent
to the extent of 30 %,

Thege acids vare charanteriged by their infre-
rod absorptions end y-hrenophenagyl eeters, The
2u.chlorescid ot 180° in thc mxesence of concontro.
tod hydwochlorio agld wos oonverted within 30 oinutes
W & nixlisrs of which 80 7 of the aold titrated was
o oonpound that moved on tho colum in & namor
sinilor to tho Jo-chiorvasid, o 2m-chioroacid was
formed whan 2b.chloveacid ves Jilkewise trooted,
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Ay deecribed by Peam and g4nclair (0), %0 o,
{0.50 mole) af arclobulancomrborylic anid was
teotod vith 5,3 g. 0Ff rod phoaphoras and 150 g,

{C.04 mole) of Phoavhorwug ponteoride.dried bromine,
The 430lstod moduot, B.D. 42457, volgheld &0 g, (A5 7,
Perizin and Sinclelir report n.p, 48.%0°),

U S N

mvmmsim ivd:-oude (53 Go = 0,945 mole) e -
25 o1, of dxy toluene voro sidod %0 a 200.ml,, J.notkod,
round-botionteld floak equipped with a yeflux condonsear,
dropring Sumno) and agtor-driven Hordhborg siirrer,
™hae ronction mixtire wos nlooed on o boiling watey bath -
and, vith vicoruus stirring, 40 ¢, (C,223 molo) of
1.Drompaoid, dissolved in 40 ml, of Ary toclucno, wos
alovly dropped in over B periad of % mimites, During
the aMiition tho mirture taoned tan and besons quite
pasty vhile the toluens was sewn %0 Dardsdlcally yeflux,
The Mirthne voi hoated s tdditional 0 nimites during
vidch time the toluene oo ianger refluxed, The contents
vers allovod o ool and wator vngs added wntid the e
ainttate Alaselved (ea, 200 z1,) Tho water-toluens 1
mixture wes acidified with sulfivic aoid until the
rosulting rrooipitato dlssolved {(pl = ca, 1), The layoers
ware sopareted el the dolueno loyoy vas vasghod with
about 50 i, of watar, separeted, placed in o sustion
Sionk vquipped vith & oapilisy aly losk ond then evepor.
ated ot 50° ol AD mm, After 5 5olid hed soperated, the
rost of the solvent was roawvoed at room tenperature and
1%, The yield of rod.byown sclid vos 9.6 g. (M 7).
Recpystallisstion of & sanpls of the crude produst fron
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benzenc gave ¢ whitc solid partly melting at 65.72°
but turaing, &t this temparature, %0 o clesr gum, In
&-peliing Mook rerchoatod to 78° a smyple melted
conpletely bvut quicly selidified to0 e milly while UM
{Doonin sl Yawylewy repcrt o m.pe of 78%, ) No atbdagpt
vas made to parify the crulde mudued (sce necd section),

Droooam-em mmommmwmmw:s.
= 04,085 mele) preporol sbove waa plssod in a 100.ml,
rouvlbottoned flaald, cosled 44 0° exl ti:om the Llaghk
ves loced in o hoakew Of ite end weder vhich vas yeiite
Ing upsn a Pdenoe, My tolume (SO ml,) ool 0.3X g of
hyrdroquimone (to rotexd polymerizstion) wes alded, in
et tuhe vith s opouR lsas heod was commectod t0 &
sowse of arhydrous Nydropgen ohloride end susponied

into the liguid, Afle 3.2 g. (0.000 mele) of Nydrepm

ohlarido waa passad Axto the solution, the yoaction
Neak wvan stoppared and otored at room temporature for
29 howrs, An aMAtional 3.2 g (totals 0,178 mole) of
hydrogen ohlorids was aAded st 0° and this nixturs wan
allewed o roact Sor an additional 35 hours st pusn
tooparaturo, e cober 20004 was fildared frwo fyos
e alicht st of amorphous reoiriteto, the tolusns
wos steippod off, and the molwt wvas Aletilled ot

6 =z, , collotting the Ivostion bdofling at 1181209,
mmwummmwwmwamu
the reoddver wodched 6.8 5o {55 ¥ yield) wm, after
roarystallizotion from potwilenm ellwn, nolted ad 97.
¢9%, The yiald from l.lyomoasid vas 25,6 I,

Progoduro D:  The agid say nore ocomviently b ebiain.

sd 4ireolly without fsslation of the wnaatvrated asid
and withouvd loss in overall yleld, IMtossim Nydroxide

{206 G.=1.99 mole) wnd 80 g, (0.446 moloe) of l-bremoscid

wvere fllowed %0 rdact as piven gbove, 7The oo} reaction

e s T - vew
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'mmmmmwmm.o@mwsmzﬁ.

Ths aquoous rhogsoe wes weshed twice wish tolusne and
the ocorbinod toluwone stdutions €mre Aried with mazgnesiunm
sulifate for 50 mMmutéa, Afier sopmweation oo the
arying egent, the solubion woz soclod to 0°, In the
norneyr desoribed hove, 0.5 g ©f hydvequinone sl
12.3 gs (0,338 mole) of sohydrous Mydresan ohleride
ware sdded, Aftar 15 howes ot room dAmssparature, the
salution wes saturetod twice more at 24 howr intervals
with 8,0 g, and 7,0 g, voupectively of hydrocen
ahiosdde, Ihe %A1 time of reaction wns 62 louws and
the total emommt of hydropsn chloride added wag 27.3 8.
(0.745 mole), Tho mroduct vas isolated scoording to
the drcctions given in Procodure A, A yiold of 15.8 g,
(284 ﬂ) of colid Bype U6,8.08,2° vas obtained,
gnrhenngya, it Uoing 0,1 ¢ of b

Mmm. tha mca&m*a rocormended by Shriner
ond Fuson (29) yiolded mystals Do watop-othamnl,
n.p, 88.89,5°,

Anal, Oalod, 299 CgellxelpMCls O, 4T.03) I, 3.68,
Fourdls O %;Q% He 3.06,

MQY&.,&WMW:&-WM
snolysis by the mothod of Romecy "oE Pettevsen, ant
3 g, of sallite SAS waro rlased in Z nerdbm and
thanoughly mixed, A selution of exsdlly 1.7 me (% 008
m.) of wsber, 3 nl, of sbealute methomwl, 1.5 drere
of freehly swepored ) I (2 0,2 ¥) coeniw hydroxide
ad 1 =1, of remnaroscl mrecn Indientor (0,500 g,/
o5 i1, methanl ) soivtisn wos odded end the pocis
was nized wndil o Fins bluwo.grem powdas vas odtainod
in the morter’. 2ntuch seiverd.sratc n-hespns wod
odled o thot $he oa binsd volume of the edscybant

.‘.-;5
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aod the homze wold Suet £33 o 1.8 z 52 on, rlaoss

tbe whiah had a stopoock (2 mm, bovre) ecalald onte ane
omd, A suell cotton Hlug wes tlased in tho bottom of
e e $al, vith e storoosk: opem, the zirture was
adied in one batch vidle e slurry vos stirved vigo.
sualy, Tho colum was tepped gamtly wntil tho level

62 the silloio acdd showold 1o settling over o norded
of 15 mirmtod,

It had dean found thet with tho oricinsl Roneay
ond Pettarson oolunp (ocontodning ro eolite), the use
of 2050 on, of aly pressmre, &8 rocormenided by thope
suthore, teanited in congiderabla Qryirs out of the
iower ond eff the oplows and thue Rl:dng of the Gads.
(Mo of voowim had Lhe seme effoat, ) At lower
preesures W0 rats of flow of cluate’ wap extroncly
slev, This date d1fficclty wes conoshat cvercoms Yy
the use of 15 % eelite, Even with calite, howevor,
bost meparation wad achloved 4t atnpapheric IOBNIe,
Zage of sopapation ute Alad found %o bo dlxvotly
depeniont dpan e canomntyation of watar ad of
ecxanin o the cbluwm, If ooch woB net resent in
wmmwnam,umowmmm
fook jilace,

mw.p.mmwmwmsa.um
o} tho solutidom; rdte o eaal) smmut of tho 2.
doroaoid vhich wes yoi undlsanlved,; wae 3ded slevwly
alang the sidec 42 the tube ab¢ut 3.2 mm, sbove

the surtnas aof 9w siliclo asid, Aftar thin teberdisd
WD fmorboi ante the columm, the midos of the tube
waz® wnahed with 1 ml, of nehcxans, Aftor the
sspio wss somplotaly sdsovbod, furtdhey Sepping of
Ahe columm ves nvasded, n-Hexane wvas addsd 40 the
Manmred solumn dowly 06 that the surface of the
841400 Adld was 18 Alptiwded, The colien ves
dovclopod, tha level of the sulvert being maintained
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Yy suspendirs oves the colurm a =toppmred . hoxeme..
fidled, l-Liter sopwratory fummel with fts stopoock
opan and Maving 1fts erit €ip aliphtiy below thle
loval, The developmont was oontimed wrtdl the
sfTiuent copteined only rcoos of cald (2 deys),
After sovoral Amyg, cntrappod &ir within the ocolumn
colleoded into bubbles which wore freed by tapping.
This allowed a oo rapdd erfluent flow, :

nw:uamzormummmu
eeoh 10 xi. fraction following the fivst 80 s,
tivough the caluman, The {Utesticn nethod wes that
of Mxwel and Raniis (28) waing 0.028 ¥ sodium
hyd&roxide, pheaol red as an Indicatoy and two dxepa
of ) £ Droft solutisn, Practions 16-A1 recuired
15,56 nl.y, otxwespordting to 55 4 of the "todal astd
contenst of the arwio mixtuse) this material vas
dentified a8 2a-chloreeydlobutansosrborylie acid as
outlined in thy neot seoticm, Fractions 1-15 sequired
8,82 1,y remesanting 29,5 ¥ of the acid oontent)
this vas ths bechlorooyclobutanssmxhorylic soid,
Thus, the 2.chloroscids epoounted for 84,5 & of the
mmmtofthemmm.

on O 2 bandis A 5,8 x 56 om.,
wlmmyaammthemdmraeamm
22 with 166,6 ¢, of silicic acid,; I3.4 c. Of colite,
10 ml, of imdisator; iT . oFf a3y 80 ml, of
ssalute nethitole and 15 dropes of 1 N soonduvn
hydroxide, A emxde mixiwre of 2-ahiaroacids (31,9815 . )
in 200 mi, of hexsne solution wes introdwed onto the
ooluwan ez descrided above and $he column dsveloped with
bexane, 7w banlds clemly seperated ool after 1100 =i,
af eluate had pesiad twough the oclumn, 100 nmi,
frectisns were sollected (hwring 6 aAsys).

Evoporation of the sol7vont from middle frastionse
o7 the second band yioclded a 3013d which after
rearystallization from potroleum etha* nalted ob

.m . v - o oy
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Chromatogravhic Separation of o Mixture of

2-Chloroccyclobutanecarboxylic Acids

ML, of 0.025
N NaOH

1:5

1.0 L

0.5 F

L A [}

L

1

A A i A

Fraction No.
Effluent (ml)

10
180

20
280

Fisuz‘e e

b e
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01,0985, the Sm.chlorocyclobutanecarbosyiic ncid,
Ansd, galod, for CghyOutis €, 44,654 H, 5.25.
Founds 0. Mﬁﬂ} ng 5‘16
Chioroaval snecizhos agidy  Isolation of
tmwﬁmmmormtmzbm&by avapisration of
the eluate Yiolded & yollow oAl, That thdns yellow
color van not lstched Uromsdesol precn was shown by
WANcAnG & portion to MR A0 vith @amenium hydroxide
and poting no coldor changs, Rechromatoprarhing the
ol) on & 1,8 x 20 om, columm pecked with 4,2 ¢. of
pilicic aclid, 0.8 g. of celito, 2,2 m}, of sdboolute
nothanol; snd 0,5 ml, of wetar, reslted in a maj;onta
band which roamained ad the top of the ocolumn bub the
1iquid odbtained upon ovaporation of the heaxane stiil
wvas a pale yollows A petrolew: ethar nglution of the
yellow oil when ooolad 8 ¢ay -50° baoame vory visoous
but no crystals sepwated, If, lmotesd of rechromato-
eyrophing, the oxdginal yollow oll wes 48stilled fyime
a 5 nl, Clalsem flesk, & frastion was oditainod doiling
et 127.1%0°/ 15 mn, ond oonslsting of a pado yollow
911’ 965 2 10%‘

Anal, Colod, for Cuplly04011 C, 44,65 B, 5,25,
Found: G, 45,4 o, 5.35,

For refractionatior of the above distillate, the
gonindoro distilling apperatus of Gould, Iolzmen axd
Riocann (30) wee amployed wsing fow 6 x 6O mm, tubos
a6 Peceivars., Iracticns wese obtainsd as follows:

Ho. Bepe/ mm, weight (z.) ngs
1. . $6.120°/ 14 0.118%4 1,466
2. 120.122:5%/ 14 0. 4780 L4732
Be 102,5-125°/ 14 02320 1,4768
& sbove 12%%/ 1A 0,0223 i

All the ebove fructions ware oolorleas, On the beeis
of the micrcanilysis glven below, Fyaction & ocwsinted
of B-chloracyolstvutoiecorboxyile astd with an uniopwm
oontaminant, Pregtion 3 ves enalyaed anl guve a
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sexrbon velue 3 9 low,

Ansl, Caled, for Cgllny0,01ls C, 44,0653 iy 5.2,
Found (Franction 2)1 C, 43,35 H, 5.30.

-Rramophonacyd eatop: Using 0.1 ¢l of the
M-clloroasid, the rrocedure recormended by Slhavinor
end Fuson (29) yiclded aryoiels fyon water.ctherwl,

2. Pe T3:6-T4.1°,

Ansl, Caded, for Cipllamlpelr0l: ¢, 47,083 1, 5.65,

Feundlt G, A7,15§ X, 3.76.

safxered Lpooxotigp of the S-Shloreucide

The apoctre wore tealien in corbon tetrachloride
solution (C.050 g./ml. for the Zh.osid and o
potwatod colution for the 2n-aeld) wning 0.05 s,
sodium chioride colls with & Perhin.idmer Zodel 21,
Joxdnl 122, downle bear spoctroghwtoncter, The ncid
soaples vore thoso for wideh the microenslyses wore
riven chova, Infrerod date concerming those nolds
have besn ocollscted in tebles V. and VI, (p. #7) o
in figuro ze pos;o 48.

Taomepdzodion Shiwies th thoe 2-Chlorocyclobubenc.
esrboxyile Aolds
Cualltative dnwestlrationt Smazlos of 0.1 .

esolh of the 2.chioronpids were scaled in sepspoto

6 x 100 1m. %des contalning 0.5 nl, of soncentratod
ydrogidoric ecid amd ploced in on oi) beth, The
tenperoatapre wos brouwlhit o 140° over o period of on
howr nd hold at 140.155° for 30 minutoa, The drrk
red-trovm polutions were oxtrooted with cther end the
other cvanoreted, Tho residuws wore Dailed with
benzene to renove water ond the benzene cglducs wore
chronateryepiod on 20 g. (8illods celd + oollte) column
mweperod as notod on paco 22. Ropidea the wousd non-
movine nateriel ot the %om of the colirn, each coluwm
hod only one moving band, The offluent peair of the
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band fron the 2o~chlorvacié wos 80 ml, while that Lyom
the D.-ochloroocid was 100 nl., Figwe 3 ohowe that the
ocffluont peek of the 2n.chleronsid on a A0 g. cclunm
wan 270 ml, whilo thet of the D.chlorcecid was 120 ml,
In ench coge only D24 ¥ of Lhe total thocrotical
acid content oX the ooluym was titrnded, supgesting
that coluan hold-up ool decomposition ascoumted for -
the remoining 79 % It wms noted that appmrontly mee#
metoriedl remalnwd at the top than usucl for this top
band (usually tho top 1/5 of the colum) extendsd
sbhoull haQf vy dcwm eath Whnronantograa wion the
titretlons wer'e comploied, Frastionstion was gontinued
wntil A00 nl. oFf o .cluate had bean coilocted,

uentditative invegticstdont One tonth-gran semploes
0f 2e.ohloroquelobutsnecmdoxyllio acid ware gesled in
four § X 200 M, tibes, eaddh with 0,5 m}, of concentrzted
hydrochloris acid, and ylesed in o wehoeted oil dath
at 180°, A twbo woa renved 4t the and of 1, 5, 15,
end 30 mirntes, The oonteuts of the tuwbes varied in
appomronce fon the l.ainute tube whlceh epperently vea
urcaotald throuch the 5. snd lG-aimrte tubos which
vore rogreasively dorier 0 the J0-.nimute tadc vhieh
woe vary woll blocksnsd, The method of isolation md
ennlycis woa that deecribod in tho mhove parasaph,
If the peek obtalned by tho l.ninute tude's contente
1s takzan as that of tho 2n-chloroscid, them the firse
poek % bo tite-ated ocouplod a position corresponding
to the S~adhlesvacid {346y 10 ol, previous, oz in
fimxe 3). Tohlo I sumnarines the results odtalned:
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TABLIE 2y
Time mtrnu:o; valuos Peroont of B Porcent
(=in,} (0,0183 K Reoit) total RODOVArY
1st onat? 1ot 2m Acta"
peak pook poaiz peeX
30 13.46 334 & 20 41,4
15 12,86 8.4z T >0 A5
5 T.54 8.7 A6 54 &G
i -- 7.2 0 100 &7
. *The theorotical reoo was 40,5 mi, Tw0 other

Are pexrdods were also ted, 20 end 6C mimutes,
Howover, re in thege w0 cused was L0-20 ¢
h:.gh-p{.hmin ongog noted, thius noldng theliy

ion horeo questionable,

~ %me position of this band corresponis to the

oho ponition of this band ocorvesponds to tho
2n.chloroecid (ses p, 28),
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Ce Preparation of the J.Chlorocyclobutenecsarboryliec
Acids,

Freviow to this Snvestigotion,R, C. Jones
(10) had rnrepared one lconmer of the 3.chlorovcyolo.
butenecarboxylie acid Yy the vopper cetalyzed dcoomp.
osition of the correspording 3-ohlore.i,l.diasid,
The latter rosulted fyom the sction of thionyl chlexide
on the I-lydroxy-1,;1-41ecid in the posence of _
yridine (g 4). Upon ropeating this work, sterting
with hydroxysacid prepared proviously in this ledbavatory
(31} an oil wes obteined from whioh & solid acid
apparently ldentical with the Jenes colid was isolated,
Thiz anid, n,p, 51-52.2°, may bo tarmed the 3e.chloxro.
ayolobutancomybarylic 202, As ono may see fyom
figure 4, the Jones meparation would be expeated to
leed vn a mixfame of {lr two forms, the 384 and tho
g 1]

co
o 801y Ngocl HeQ
oF C0aH @ o cog1

COgH

COH -CO c1
Ie'a? The 3a and 3b acids
Ccl COgH

| @ COH

The schano for the reparation of the 3.chlorcacids,
Moure 4,
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The re¢lative lnsccossibility of the hydyoxyssid as
well on theo faoct that apparently only Giis Lstasy wos
obtained by the Jonns nethod mele it desirable to
fAnd mmothor patlwsay to the 3.chloroacids,

Ash and Brovn (32) found that cortein direotive
offeots wvere obsexrved in eliphatic ochloxrination,

Ao @ terminal directing group (-000H, -C0Gl, wbte,)

is mado more clootrophilic, froc raiical ohlorinntion
tekes pince loss readily in tho alpha position,. Thus,
with n-butyric acld they found 45 % cagh of the botn-
end parme-halorenated produsts and 10 2 of the alrhs.
haloscid, The corrosponding acid chlomide gave 48 3
comma-neloacid, 49 $ bete-haloasid end only 3 ¥ of the
alma-haloaocid,

One wowld axpeot’ that a freo redicel ohlorina.
tion of cyclobutene-l,l-dicardoxylic scid or of itse
souivalent would lead to o mixtwo of 2.chlorodisvid
and 3.chlorodiacid, These asids oould then de
seperatod by orthodox mothods, It weas foud, using
tLo yelshulano~l,l-ddacid, that sulfuryl chloride
with benzoyl peroxide falled to ohloxinats the ring
eAther ot 77° for 48 hours in oxxbon teotvachloride
solution or at 100° for 6 hours in sym.tetrachlort-
octhmie, If, however, the dlacid dishloride was firat
ropepod end 1solated, chiorinatlon moseedsi witimvt
added solvemit, tho tamporature rising as the suitwuyl
chloeride rwsoted, The chlorinated matarial consisted
almost entirely of the S-chloredinsids &6 wwwa OF

comparison of the deoarboxylation pwoduots vith
outhentlo notorieds, This wowld acat $0 isiloads an
onhonoed elootrophilie chaeacter of & 1,l-discid

Berom the oxperinmcnt, Professor Hy 0, Browm
medl in o mivete omma.catim. thet the
3.chl acid and only 1gAdle anounts of 2-chloiow
diacid would result Oon chlorination of oydio-
dutane-1,l-Aleadboxylic asid,
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diohlorideo grouping cbhove that attributed to the

ainglc COCL xoup, A4Ash and Brown hove shovm &

sinller crhoncoment in tho sonles: «0Hall £ -0101,
€ 00,

Hthourl: & pady of isouers mirht bo cnpocted
in the decompoalition of the 1,1-dilacld, it vould
not som inposnidble; co the Jonce work and owr owm
repetition scamod to lndicoto, thot the decarboryletion
mwocens micht favor ono lsoner iractlcaily to the
cxzoluslon of tho othor. In on attenpt 4o oircwmvent
this poseidbility cnd o mropare from theo 3-chlorodiaaid
or its eqwivelent the isoner which opperently hal not
boen obtained by dlrect Aecerboxylation, the scheno
shoun in ficure 5 wes dovised, Separation of the
desired Lsoner wag to be offcectod olther et the
last step (as indlcnted Ain the figure) or ot sone
intormedlate step en route,

Stoudingcor and 0t (33) vere susoessful in
convarting dloWyloalonie celd into the halfl acid
cnloride, This lattor naterlel wes found in this
sty to react with rothawl to clve the halfaesid
ostar, M.D. 15-16.5°. described by Dumosnil (34).
Upen Geocorborylotizsm, 53 ¢ of tho oupocted dlethyl
soctic colds nf¥ = :.4030, wae isoleted, towevor,
vhon the method was spplicd to 3-chlorocyoclobutono-
1;1-d1lecid only diacld dichloride ond wwoancted Alacid
could bo rosutered,

L study of the Wroeatoent of tho diacid dichloride
with one oguivalent of nethanol resulied in ylelds
of umocsoted naterial and, to o Minor cxtent, hicher
boiling frections fronm which, nftor troatoent with
wator, only diacid wos isolated,

At thin point 1t was docided to atudy nore
cxriticnlly, by ciwonatocraipiic nothods, tWio crude
distiilatc fron the deconnosition of i J-chloro-
cyclohutnno~l,l-dlacid anl & tecladoue wes developod

2
4
Y

S

.
SRS

ey

S SOF)

o thah

0 Ty B R ; =
:

S A 40 e S R G I
]

o

e ok O

Bt oo B a2

LR S s
>



33
Proposed Syntheses of a Mixture of 3-Chlorocyclobutane
Acid
( coc:. COgH
c1 cocl COgH
CHgOH \\ 80C1,
k3 _ Ve AN
‘ L | B
COeCHa . Coc1 +{elon NN COgH
i + + .
cl c001 c1 COgCHy C1 COsH ©€1 \/ coCl
e H.o\ / CHaCH
i COaCHa COgH
+.
i , c1 COH ¢ COoCHg
A .L - CO0g
¥ OgH C04CH,
e << e
1 1 o1 c1 CO4CHy €1 GO 4H
il - @
1 %
v
¥ Figure 5.
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Tor this mepose (see pocoes 18, 22). Apnlication

of thia method lod to the sopeyation of thwe decarborgyl-
ation nixtwre intc 4o fractions viidch tocethar socoumted
for 80 ¥ of tho total aocid content of the crude oll,

one fraction (Kl $) consisted of tho sene acid isolsted
proviously by following the Jones mrocedure {cs shovm

by mixed melting points of the eclds and of tho
p=tronoghenncyl ostors), while theo otnor (30 7)) vas

a now ioomer, m.pP., 43,8-45,5%, which ney be termod the
Jb-chlorocyclobude '~ wdo:ylic acid,

Tho two oolds Liv . been charoctorlsged by thelr ]
Anfrered ebmorptions anwd pebromophonscyl cetars, i
Tho enldes propored fron ocech acid appcar to bo
identical, A @olininery inoonclusive attoenpt wes
nade to isomerigse one J.chloroacid into the other.
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Cyslobubono-lsl -dlcarborgidae Mid Pichloride
£ round.bottoned, HO0-nl,, 3-ncckod flask was
fittod with & reflux comdensary a dropping Sumel ’
and o thormonetor whogo bulb weohed nomsly to tho g
?
i
!
'
|

a1
b i N B8 ey

hotton of the flemelk. & calclum chloyide drying tube
on the comdomoor motcctod the systenm frenm molsture,
Cyclobuteio-l,1-dloarbo:ylic sold (104 p, = 073
nole) wes pleced in the fMask and 342 ¢, (M5 m, =
2.892 mole = 100 7 ercens) of thionyl chloride woa
added dwrine 20 ndmibos, The tonporoture was ralsoed
by noons of o (las~col hesting nontle wndil refluwrdng
startod (10 mimutos), Refluwing wes contimucd for

3 howrs, tho tomperatwe riging from 45° to 99°, with
little or no acid fumes evolived in the laat howr, .
The yellow cclution wes then {rectionsted tixouwh on
alectriecally hooted 15 om, colizmn packed with 3 mm,
¢lngs helices, 4he yield was 100 o. (77 2 of theory)
of motoricl belling ot 108.110°/ 60 mm,

To avold the isclation of the fyee cyclobulane-
1,l-Alcorborylilc acid, en attennt was mode W convert
the dipotassium sallt obtained from the soponificstion
of the corrosponding opter divectly into the 1,l.
diecid dichloride by use of thionyl chloride or
mwarhiorus trichloride, Yhen & bongeme slupry of
thic salt wvas treatod ulth pwephorus tyichloride
& vigorous erothermic resoction took pinco, After
rasevel of the benseno, attempts to distill the
rencindry: notericl resultod in sonatdoradble cherring
end only 10 % of the dosired oduct. Uso 6 thionyl
chloride without odditional solvent irnproves the yicld
] - to ebout 25 7/, Isolaticnm of the froec 1,1-discid is,

§ 2 tharefore, rocormondod,
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Nepida: Thoe alove tw-degroe-vrenre naterdal
(0.2 g.) wes eddod alowly to 1 ml. of icoe.cold
poncentratod cmonium hydroxide, The remlting solid
wes woeohed three times with 1 ml, of ico.water and
recrystellized Irom bhot water glving woll dolinsd
risng, M7, 278.278,5° (dec. ).

tned, Caled, for CgllyeQaligt ©s 50,703 H, TeOk,
Found: <, 50.65p i1, 7,06,

3=Chlorocyolobutrne-jal-dlearbosyllo Ackd Dlohlopide

A 206 nl,, 3-ncoked, round.bottonad Llaslk was
equipped with o reflux cordensor, drying tibe, theno-
moter ond dronning {fummnel es deserdibed above for the
cyclobutane-l,l-dinclid dichloride, Into this flasic
vero Dlaged 200,7 . {0,556 mole) of ths 1,l-dineid
dichloride and 2,33 5. of bengoyl perozide and thon
7,2 s (78.8 co = 0,584 mole = § & exoess) of
sulftwyl chilorido was slowly added as the solution
was broucht to roflwdng tomporature with the add of
& Glas~-c)Hl mantle, Reflwdng was contimued untildl the
tempereture rose to 110° and few et were obscrved,
(is roquiroed fron 1.1/2 to 2 howrs,) The yellow er
red-orence solution was fracilonstod as shovo with e
A:l reflum-retio ylelding 62,8 £. (52 ) of b.pe 96~
98°/ 14 ran, The yield wes retsed to 60 9 hy
refractionating ncipiboring froaations, The starting
netordsl was recovored in 85 ¢ glold fyom lowes
boiling, fractlons,

Ancl, Cole, for Sgliy0aCls: C, 33.413 H, 2.32,
Founsis C, 33.26) H, 2,39,

Digiiddes Tho S-childorodiecid dichlordide {0.2 g.)
was convegrtod to the dianide ag outlined for ho
molilorzmtoa natoriol ebove, Recrystallization
fron 0% wotor pove oryateln, ZeDe 210.5«-M03.5*
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3-dhlerecyclobutone-1,1-dloarbosvide Acdd -
Fron the Z-chlore-l,l-dlecld dichlorade: The 3
Jechloro-l,l-A%ccld dicilorido (1,07 g. = 0,005 molo) 5
wos »laced 4An o 15 nl. contrifuce tube snd 1 i, of s
water wos added, Jith virorown stirrinc tho niztiro + 5
was heeted on a stoar bath. After o briof induction i‘
poriod the rescilion mrocceded without oxtornal 1:
heating. Sther oxtraction of the one phaso caucous ";"*
soiution =il rosulimnd cvaporation yiclded 0,839 7. 3
(200 ) of m,pe 135-242° (dec, ). By ropeated :
rocryodollization from ethylene dichlorddn the
decorposition peint nay de relsed to 158-.159,8°,
Inconlote neltinge occuwrrol conewrrontly with <
deconposition within this rence. ;{
=

From $he J-lgdre;T-l.1-dreld (oddriod” donoa
Hethod): A 300 ml,, J-nvcked, round-bottonmed flaok
was oouirped with o refluw poxrtisl.trice-off condonser
ond & droppine fuwmel. To o mixture of 29,6 . (0.372
nols; of &y pyridine and 100 nl, of obsolute othaxr
conteined An the flask wes odded 20 g. (0,124 molo)
of J-hydromycyclobutane~l,l-dicevbarylic acid (31).
The solution wvas broucht to refiux and A8 g, (55 wd.
= 0,780 molo = 100 ¥ c¢iocas) of thionyl chloride was

*In s wctunl rrocodurc, Jones treatod tho
reaction Lroduct with o ndature of lce, water, ond
ethor end quicily oxtracted three tines with: cgther,

The ctherenl polution wes shekon with sotwureted godlun
chloridc solution, filterod through sodliun sulfate
and clloved to eveperate ot ropm toouerctws, After
the bulk of the cthor had cvaporsted, 50 nl. of water
wen edded ond alloved to reoct ot roon tcmpommme for
24 mows. The nixture wos thon wrnod on o steen both
end the solution wes decanted fron the oil, troated
mith lorit, filterod, and cllowed to concentrudte at
roon tenpoerotuwre, This lstter stop, in this lsboratory,
rocguiroed elcht doys, od the yi.old of the acld vas
Laroveld 18 7 to Blve the 56 % roportod by Joncs. From
the stendpolnt of oeso of operrction end tine conosuwipilon,
(‘;he mgadwe civen 4n the lext gbove 1s obeabdly
osiroble,

i
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dropeed in ovor o three hour period, Durding the
first how the solutlon was under total rofiux and
50 7 of the thionyl chloride was added, The otheor
wac talion off in the second hour and the noclution wes
egoln wder total reflux during the third howr at
vhich time the addition of thionyl chloride wos
conplated, The cooled solution vas slowly rowred
onto 5 g. of lce end thon the mixtuwre was hestod
on o stcam bath Por an howr with coossional atirring,
The original dark oil rceacted 0 give sm ODOQUS
solution which, aftor cooling; was exfrncted with
10-100 ml. portions of othor, The ethor wes siripped
off until the volume ras about 100 ml, &t which tinme
100 ml, of cthylene diahloride was pdded and the
solution 4distilled wntil tho volume was aboub 40 xl,
Upon cooling 8,9 g. {40.5 ¥ o the theory) of aolid,
n.Pe 140° (d00.), wos odbtained, (Jones reporta m,p.
130-160° dec, )

Decarpoxviation Ai  The J-chlorsayclobulans.
1,l-d1crborylic aoid (3.28 . = 0,0182 mole),
obleinod fron the corresponding dlncid dichlicride
Yy hydrolysie (ofs Pe 3T)s wes pleced in a 10 nl,
Clelson MNaak md heated at 180° fiur 20 minvbos
et the end of whioh time no fuxrthor evolution of
cobon dloxide was obsorved (tho libarated gascs ware
budkled throwh a saturated deriim hydroxide solution),
Thoe orude oil wos distilled at A4 mn., oolleoting the
portion bolling at 107-115°, After repoated roorys-
tallisation from petroloun ether at dry Lca-acotone
bath tcnperature, ¢ solid was isolated, m,p, 40
51.,8° (Jonee rerorts mp, 42,5-55.5°)

Degarhoxyletion s This experdnent differe fica
the one above only 4n that the 3.chlorocyclobutans.
1,l.Glcoerborxylic acid uned woa ebtained by the
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modifiod Jones owocodwre (of. p, 37) and in that
copper nowder (0,1 g.) ves added as & cetalyst,
The mroduct, whloh was collocted over the belling
rance 110.115°/ &4 mm,, weished 2,82 g, (75 %), The
g0olld, after oilpht rccorystailizations at sa, «60°
fronm potroloun ether, had 2 melting point 9L 0.5~
52,5°, It showed no melting point derression whon
nixed with the above 3n-chloyvacid (docsrboxyleiion A, )

Anide: Procedwre It The Ja.ehloroasid (0.28 g.),
obteined by decexbosylotion A shove, was placed in
a 15 ml, centrifuce tube and treated with 6,31 g, of
cold thionyl chloride in the presence of & drop of
dry oyridine and the solution wes allowed %0 wam W
roon temperatwo, After 1/2 howr it wes rofluxed for
10 minutos and dlstilled, The crmale aecid chloride
wha then dropped slowly into Aice-cold contentraied
cmmonium hydroside. The rrecipitate wes erxtracted
with a totad of 15 ml. of chloroforn in three portions
and wne chloroform solution was evoporatsd on & ctean
bath tc dwvyness, The rosildue was arystalliced from
dry besizene civing & n,p. 162,8.164°, (Jones roports
166,2.167.4°. )

™he 3a-chlorocsid obhhcined bty decsybaxylation D
obove was sleoc convorted to 1ts anids by the above
proocdire yilelding arystals, 11.D. 169.2-170%; this
D, Pe w68 pot dopressed vhen the amide was mixoed with
tho anide of the above poragroph.

Procodwre IXI3 The amide of decarboxyle.

tion A 3a-clloroncid wos alaoo cbiained by refluxing
0.03 g, of nhosphorus triciloride with 0,1 g, of the

acld for one hour and adding the reaclion xoduct slovly

%0 2 nl, of lco-cold rmmonivm hydioxide, Theo rosulting
nixture wos oxtractod with chloroform, tho extroacts

wero evepornted, = the residus was rearyatsallized from

benzene yiclding orystols, m,p, 170-17168°%.
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Procodure III3 A third synthesis of

tho anide was cffected via the nothyl eater, 3Je-(hloro-
acld (0.5 Ge) (Qecarboxylation A) wes diseolved in 10.
ml, of absoluto mothanoli and 2 drvpe of concembtratod
sulfuric 8oid were added; the mixtieo was rofluxod
for 5-1/2 hourz and the nothanol wes evaporatod,
iho residue was takon up in ether and the solutlon was
washed with sodiunm bicerbonote solution, dried vith
macnesiun sulfate end dlstilled, The distillate
wag troatod with 2 ml, of cweentirated czusoniun
hydroxide and the nixture wos bolled to give a homo-
gonoous solution, The reaction roduad was oxtracted
with ether, tho coxtracts were ovaporated and the
rosidus was cryntalliizod from bongenes m.p, 166-174°,

p=-tromophonatyl esters Using 0,1 g. of the
3o-chlorcecid from decerborylation A, the mrecedure
rocomnended by Shriner ax! Fuson (29) ylelded fine
noodlos fron water-ethanol, m,p, 110-112,2°, The
mixed meliing voint with pure p-bromophoenacyl
bromlde (Depe 109,8-4110.5°) was 86.94°.

Annl, Caled, for Gaaﬂgqc.ma Gg l;'hcrag ﬁ, 3.55.
Fouwnd: C, 46,16 B, 3.28.

Using Cal geo ©F tho Ja-chloroneid fron
dooerborylation B, the gbove mvocsiwre was ropeated
7ielding ncodles, m,p. 111-1312°, vhlch showod no
depreanion with the mbove estor fron the 3a-chloro-
acid of dooerboxyliation A,

2e-_opd Jo-Chloroncdl pixtunet The 5-chloroe
cyelobutane-l,l-dlcorboxylic acid dicllioride was
conwertod t0 the Alecid as noted above, However,
the dlacid wes not isolated bt tho crude mush
fron the other ovaporeilon wvas directly heated to
180° for 20 mimitos znd tho product was distilled
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at reducod pressire, Tho ylelds avaxraged 66,2 4 |
of 5-6° bolling-range noterial,

Propgretion of the column A 1,8 x 52 om,
oolumn vas xopared from 17 g. of silislio eanid,

3 0. 0f cadito, 1 ml, of bhromoerescel grean solution,
1,7 21, of wvatar, 8 ml, of ecbeoluto methenol end
1.5 Grops of 1 I ammoniun hydroxide eocording o
the schemo ggs outlined wnder soparttion 0f the 20. .
o Shechloreaciia,

The peparatiom A 0.1025 g. saamnle {C,00076
molo) of the nixture wos takon up in 2 M1, of
n-=hoxono and tho solution waz added siovly along
the asldes of the tube ebout l-2 mm, shove the
silliclic acid, After 1t wes adsoybad onto the silicio
acid, the sides were weshod with mn additional 1 ml,
of n-hexnne, The vashing was edlsorbed onto the
s8ilicic sold snd the tube was carefgly fiilod with
n-hoxane so thet tho surface of the silicic anid
was not distwbed, The eolumn wne then developed
es doeascribod for tho sopsration of the 2e.. and the
Zb-chloroacides., Figwe 6 is a plot of the titration
veluocs of the firet 4G frections taton efter 90 ml,
of n-nexones hod passed throuch the ocolumi, ZThe
moceduwre for titration was thet of laxwel and Rands
(22) using 0.0197 U soddunm hydroxide,

A Q1053 . sample {(0,00078 mols) of o aixture
derived fron s difforont sample of 3.chloxrocyclo-
butane-1,l-dlcarbo:ylic acid dichloride wves separatod
uder the gons conditions wd the results of both
exporinontes are summarizsed in table I,

Identisdontion of the hondss A 5.8 x 56 om,
column wap pasked An the usunl nemer with 166.6 ¢,
of niliclo acid, 33%.% g. of oclite, 10 mi, of
indisator, 17 ml, of watur, 80 m), of sbeolute
methonol, mxl 15 drops of 1 H ammmoniun hydroxdde,

Tho 3-chioroasid mixtwre (0,9907 g.) dlesolved in
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Fraction Xo.
Effluent (ml,)

Figure 6.
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TABLE X1,

3amiple  Frootions 4, 0f Peccent of Sstonos
0.,01097 total
B NabH aoid

0,1025 0-15 19.72 55 Ja-ohlore
16.26 10.61 30 Jb-chlore
0.1053 C=25 14,50 &7 Ja~chlere
25-49 D56 o3 § Jb~chloro
Avorages o3 | 3a~chlore
Total anid content of 20 b.onloro

nirxtirec gocownted for:

8

'

X i, of n.hexans wes addod o waghod onto tho
colwem in the usual mamnar, Devoloment of the
colum with n.-hoxane gave two well defined bands®,
AfSen 12%0 ), of eluetec had passed thxough the
column, 50 nml, frootiorne were dcllscted, Frostisns
8 ant 11 from the firet hamd were casbined, taken
up in petrolaunt ethar and recryntallized at va,
-50* yiclding & 280lid, n.p, 51-52,2, the Jo-chlore.
avid,

Angl, Caled, Tor CulleOaCl
Foundt O, 44.695 B, 5.32.

EC 3
Q

. d4,65; H, 8,25,

%mmmmsmb&ﬁormeelm
woro slzilerly purifiod at .60° from petrdlewn '
ether ylelding & solid, m.p. 45.8.45,5% the J.
ochlarocyclodutancemga®orylis asld, A portion of

*In one w:permm & third bend soporatod fyon
& cu-taa.n docex nixtwre, The asld
t of this ud waa Ldontified as the 2s-ochloro-
butenocarborviic seid by 4te mixoed melting point
th authentio mtw&d. However, sinilox sepsrations
Aid nod confirm its rosency in the same desardosyle-
tion mixture,
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this ooid when mixed with o scopls of tho 36~chlero-
ecid resuited in immcdiante nelting at room tenpert.
ture,

Anecl, Gnlod., for CgligOa0ls C, 44,65 H, 5.285
Fourd: C, 44,413 H, 5.57.

ApAce: This derivative was Lropmrred by the
tinvoe woceduroes (of, Dy 39) a8 outlined under the
Ja~chloroccid, Todble III summarizos thw date convern-
ing the amide of tho 3.chloroanids, IY would appesr
that only one anide was formed and thet ond isomes
was possibly convertded into the othier by an operation
in eech of the throe methods,

TABLE IXX.
- Hothody ,
Acdds 1, 8001, 1, PCl,s 1. CHaOH, “‘
2, WO 2, WioH 2, NH,OH

Jo.chlorot &) 162,8-164 b) 170..171. ¢) 166-174
Fowahloro: 43 168.5-169,5 o) 171.5-172,8 £) 173.174

M130d D Pl ' 8/d = 168,9-169,5° bfe = 168-1T1°

rompphens et This derdvative, mreparod
in the mw.l nanyes (29) erd recrystelliized fyon
veter-cthnnol, pavo & 80lld, M. 03,5«64,0°

Anﬁl. 0&184. fO!‘ Cg,gﬂgaomt c. 47008‘ Hi, 5065.

FoundtC,46,.65; H, 3,82,

Infyered Abgorption of the 2-Ohlgroscido
The speoctra vwere taken in cerbon tetrachloride

eolution (0,050 ge/mi,) using 0.05 rm, sodlum
chloride calls with the Porikin.ilner double boan
spoctorhotoneteyr, The acld senples wsed wore

thoso Tor which the microansiysic have bean xeported
shove, Infrerod dato concerning these acids have

sk
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boen cillectsd in teblos V. nnd VI. (p, #7) evd
An figwe T, poce 48,

Attenpted Ipomerasation of e 3-Chloroacids

Samples of 0,1 o, eooch of the puro J-chloroacids
wero seeleG in sceporste 6 x 100 m., tubos containlng
0,5 ml, of concentxreted lydrochloric acid and heated
et 120.130° for 45 minutes, Tho blockened contents
of the tubes wore extraotod with other, tho sthor
solutions eveporated, and the residuss wvero bolled
¥ith benzone to renmove water, Tho benzence sclutlons
wvere gvaparatad eand tis rosiduos tekon up in hexano
arnd chironatocrashod on 20 g, coiuwms fe described
in thoe siniler experiizent with the 2.chleroscids,
Pure sanples of the J.chloroacids vere olso

clxonatocraphed 83 contvls., o evidonoe wan ohtelined

0 indiccte that appreciledle isonerization had taon
nloce.
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SMARY TO PART I,

It Los bean tho purposc of the mrosont nert
of the study o propare 5 lsoneric monochloro-
cyclobutenceervoryllec neids, Five aclids hove been
meoperad and o sumary of cortaln daota concarning
thoese cempounds 4s glven holow in teble IV,

wABLE IV,
The lonochlorecyclobutonsoarborylic Aeido

R )

- -

:K.pol or I’Iopo of tho
Acid  Db,p,/mm, p-brouo,hicn- nie
acyl oster
0L 111-112°/ 12 114-115" 1,4545
28.C1  97-98.5° 88-89,5° -
2-C1  120.122,5°/ 14 T3.6-Th 1 1.4732
38-C1  51.52,2° 110-111,2 -
Ml 43.M505° 6305"6&. -
Acid Moroenslyses Tcats:
Cexrbon lydro- Deil- 24 Brs in
nen stoin KOy CCl,
S 1-C1 #4580 5.23 (+) (-) («)
20-CL 44,47, 5.16 (+} (-) (-)
-Cl 43,35 5430 (+) (-) (-)
38.C1 44,69 5,32 (+) (-) (-)
Db=Cl .21 5,57 (+) (-) ()
Expoot: M, 64 5,04 (+) (~) (~)

"’I-x‘olt.in{; moint of suddey no n-bronorionacyl ester
uns obteined using the stondrd meocodure (29),
: 4

For o diacussion of this valuc see poge 26,
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Thls table ehwows thot tho moperced noterlols are
isonore, wro ot uncaturaeted, and 2o each Alfferont
ohanmieel indivilusic, Exonmination of the T.7-S.4
nicron regcion of e infrored spcotra /Al attost
further to the lattor conclusion (of, fiowe 7 end
table V.)., Wlille rmrcoonce of the cyclobutane
ring ves not defindtcly movod; its resonce is
iapilod fron the fact tiiet 4ho Infrarold eboorptions
of thosc lsoners anl that of tho mo'm cyclobutane-
cardbosylic acid contain four uajor bends in cormon
{cf, Dipwro 7 ord tchle VI.L ).

TABLE YV,

Matingulehine Regdon (7.7-8.4 microns) in the

Infyared LGpcctye of the Cyclobulenecarboiylic folds

———

-—

no Cl T2 - Tell 8,12 8.32

1-C1 TeTL - 7.56 8.25 -

20.. TS5 7.85 8,02 8,15 &

2b.C1 - 7.82 T.92 2,18 8,39

38-Cl - 7480 8.0C 8.12 -

3b-CL - TeTT 796 8.12 &
ABLE VI,

Hnjor Bexxis in Cormon in the Infrarod 3pectro of
the lnlcacsidsn
and that of Gyclodbutenccorborylic Acid (in microns),

At A i g St i B 108 . s

no Cl 1-.GL 2a.CL H.CL He-Cl 3b-C1

538 Jukl D40 5439 S4h0 3.38
5. 34 5482 501 5484 5.85 5¢83
7.00 T.04 GO0 7.00 T.00 6,98
10,62 20.85 10480 16,65 10,65 10,65

o

A8 the rogult ofthese data it ngy be concluded that the

five deslryed isoncrs heve boen repercd and charscter-
ized,
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PART IX. IUVEITICATIOR OF TME RER RADIGAL C'IORe
INATION COF CUCLOBUTAIZC/RDOXXLIC ACYD

Pert I hoa dealt wiith the indirect mengretion
of 5 dsoncric menschloroayclobutencasrborylic nolds
by nethods indiostive of structure, The sdventages
of & diroot mothed, 1.0, chlorination, axre obvioua,
It 1e the ;opose of thie port to Anvestipete the
poesibilitics of thie latter nethod,

Ash = Drown (1) bave studied alirhatio
ohlorination in soms detell in the straipght chaln
perles, In liguid-phaso froo redical chlorinctions
two festors are inpardants the industive cffeot of
6 suwbstitummt and the stablillity of the Gigeric Iroe
redical intermediate,

The oarboxyl mxoupy &8 & substituent hag & -1
offoct, This elestron attracting group will hindor
the removel of o vieinal hydmoson atem, since puch
e removel neccgserily involves the loss of on oelootron,
Horeoveor, this hindrance would tend to be greantest in
the immcdiate viainity of thoe group, Ono wowdd then
redict that free radicol ohlorinstion, which is
Umught $o mocesd by the indtial viihdrawal of &
ston {2), wonld dake place most realdily iAn
rositions fuvihest romoved fron the cazboxyl group
or ite derivatives, That trhis 18 the eams, was
shown by the sbove astheps {(of. p. 51)¢ In the free
rodical chlorinstion of 1,l-cyolobutencilosydorylio
acid diohlorids, the detalls of vhich vere diccussed
i Furt I; \Voudr theoky waB uphold (for the firch
tine in a oyolliec systom) in that cXdorination
procoaded alsost entirely in the J-poaition, The
romits ohtained in Part I alse can be intormyoted
a8 o confiventiom of the Ash.Drown obsarvation that
the effecot of Llsmtionl substituonts i additive,
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Crrente frec redicels scon to roact in the
order mrinery > sccondaxy ) texrticxy (1), It
also Lias beon cdvenced thoet uhexc tio or 3oro
roducts ney dbe poosiblc, the one obteined Lo tho
ono derived from tiic nogt stedble froc redleal
intermedlate (35). With 2,l.cyclobutonadicerborylio
scid Q) the posoible Antermiedletes aro sccondoxy
redicals and, thercforo, one would coxpoct the
Liluotive offocet $o control thio roaction nroduct,
vhdch seems to be the cose, Ilowever, in the cose of
cyclobutanoccurborylic ocld, in nddition to & poesible
seccoxlexry radicels, thero 1g o Doosiblc and reswiably
nore stablo tortliary intormodiote Anvolving the
l-pozsitlon, The resultc mrodicted LY concldoratlon
cf 4o inductive effcct ee Ligiro L1n ovnoglitlion te
twoe modlceted on thie assuniptlion thal the nost
stakle {rec rodlcel AIntorzedlote dcteornines the
roduct. [n exmporinentcl otudy 1 thus nocessary Lo
detormdne vidleh offoct 1g nore lmportant in the fyee
rodiecal chlorinstion of this commound.

To investinate the froc radlcal cilorinction of
cyclobutenccarbo:gylic acid, onc neede o notlwd
for tho cnaldyslo of the chiovinnted ndnture that
would theorodticelly recult, If conditions can de
controlled so thet only wonocldorinotcd products
arc obtained, the anclytical method need cpnly
only ic tiic soparetion axl identificetion of the
5 noseible nosition ivencrs of monocillorocyclobutonea
carborylic ecld., The tochniques deserided in Part I
ghould be pertinent to this mroblon,

Accordingly, the chronatorrenhlc nmothod
rrevioualy developed was studied furtlhicor as on
snalytionl tool in tho lisonor seperation. A GO .
(silicic necid + cclite) colunn mrovoed the moot
corviont fron the stend oint of cccurncy aad tine
consuantion, A nizture of 2o~, Tbh-, 30~ ani Jb-
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ohlorocyclobutanceerboxylic aocids wan enslly separsat-
ed (eca, 75 ¢ recovaery) . by such & colum, Iy
Asolating the bands, tho aequence of olfluent,
naterials wvae ahown %0 dbe Je-chloro~, M.chloro.,
M.chloro- and 2a-chioroncid, Thoe offlucnt Dpeeke
ware also noted, The l-cliloroacid ond wnchlorinated
acid veroe gseperately run ond their pealis obacrved,

A velue, which moy be callied the effoctive Rpp was
obtainad by averesing R veluesn, obteinod in the
usueld marmor*. in the 100600 ml. effluent ronge,

This approxinetion was nesossoxyy bocornugoe the allicice
noid was packed rather lossely and tonded to sottle
in the 2.1/2 vecks noceesary to dcvelop the colurmn,
Tighter pocking resulted in more constont Ry values
but necessitate longor perlods of develoment,

The effcctive Rf values for o given band on

colwmns epparently oporetling undlcr the sade conditions
vere not always identical, IHowvever, on the aame
ocolumn, & shift (from an arbitrery standerd) in the
Re velue for ary band was acconpanied hy o correspond-
ing shift for tho other bandis., Consequently, it was
possible ty applylng on epprominty corxoction to
meke all ooluwrms comparzhlo, The totnl offluent
sequence and colum constents for thone sclds are
sumarized in table VII.

TALLE VIX.
Standard Values for the Lf{luent loaks and Lffootive
R:'n for the Cyclobutonecarboxylic Acids (6C . column),
{Averaco errors: poakin = & 30 ml.y R: = 3,0._067)

Sequsnoe: w €l 3e.01 1-C01 2b-Cl 3-C1 2a.Cl

Poske (l,)s 320 580 420 540 720 1060

Rf é%:'g | 0.188 0.148 0.13’4 00105 0-076 00053

-— D e S T S

*Rf 1o a noasure of the rotc of Plow (ef. p.62 J.
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It wvill bo noted thot the range for the L-chloro-
rcid (300-.450 ml.) and thet for the Sa-chlormacid
(350410 mi., ) cvarlap end trowdle in sopmrat.on on 4
60 o colum nicht be ontiocipoted, It was fourx® that,
when duwo bords were mreccont tocother, o titration
oo resuited not wnliko that of the first band
of fiswo 8, 4 somlquentitative spmroxinetion of
the snownts of the two acids was made in such cases
by ertonding the dovmuerd slope of the penk and in
such o menner reosolving the cwve into two poske.
The value of this nothod, as epnlicd to figmwe 9,
7311 ho discusooed later (¢f. p. 61), vhen an
attanyt was node to sepirote o mixtwre of l.chiloro-,
A-chloro~, ani J-chlorocyclobuitenccerbo:ylic aclds,
1t wae found thot conlote seopoyratlion wes offected
only by using e 120 g, c¢olumn, Sueh & colum
roculred over o nonth to develop, Therefore, two
60 e colurme worce nlecod oneo above the other aml,
aeftor the first two bends (Ja-~cliloroacld wixd l-chloro-

foid) hed ty=muférral themselves onto the sesond column,

cach colwm was gsparately developod, Values
obteined by this method were 510 ¥ low and, as
a prectical analytical tool, 1t vwas sbandoned,

The actunl ahiorination of cyclobutansesydorylioc
acid wes corriod out without o solvent ond with e
5 % orcess 0f sulfuryl chloride in the iresence of
benooyl peroxlde, the tamporatwro rising o 115° &n
a A5.mimte reaction Ainterval., Iracticnation of the
resotion mixtire indicnted that 49 7 of tho mroduct
was monochlorinztod materdal amd that 9 ¢ of the
oyclobutericearbosylio aclid was wnrueactod, Ssaples
of tic crude recction nmixture and of the {rectionated
nonoclilorinated naterlal were clwonatogxashod on
60 ¢. colums, Undeor theseo conxlitions coucl aswunts
of the 3on.cliloroacid ond of the unchlorinated acld
ngy be coperated, lowover, the relatively lexco
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amounts of the unohiorinated acid (resent in the crule
rongtion nixture 104 to the situation shown in figure
8: the owrve of the wnchlorinated acld overlepping the
neat {Je~chloroncid) band, JObscervobtion of thle clwona-
togran of the crude mirxdure indicared 5 bands, whose
positions up the coluwm agreod with unclilorinstod,
36~3hlox0~y Mchloro-, Ih-chloro- m¥l 2e8.chiloro-
aclids, respoctivaly, The cnolysls ¢f the Ifrectionatod
nonochlorination roduct indicated that, within
oxperinental errar {(ca, 2 5 7)), 38 & of tho total acld
ocontent was Zb-chloroacid, 34 7 was 3Je-chloreecid,
i0 7 wos 3d.chloroacid and l.chloroecid and 2&-chloro-
acld vore sobgent, The throc acids mresent in najor
amounte wore isolated and identified, Althousn &
band corrosponding to the 2n.chloroocid was gocn on
the colwimn, this aold could he neither isolated nor
titrotod and, therefore, mist be wocont in losps
than oz, 5 J. The l-chlorcacid could slso ho
wesent to the sane extont and not couse & defleotion
in the titration cuwrve guserved for this frectlonated
mixture (fig, 8). Titration of the acid compononts
of the nixtwre which do not nove down thc colum
indioated they compopod 6.5 ¥ of the totel ecid
contemt of the fractionated rixture, Thus, 88,5 &
of the aolds presont in the momochlordnated frootion
vere accounted for,

The question neoy wrise es W vhoinar tne ennlyzod

fractionotion nlxture was rorposontative of the original

crude mixture, Tho rolative coounts of the chlorinated
lgoners remalnn constant Lf no Lsomarigation, decompo-
oition, or other loss of the &oilds hay telron pleood
dauring tho distillation, Direct evidonce on the oxtent
of change dwring distillation 1o lecking, bLut 4t is
belioved not to Le o source af arror prester then that
inheraent in the anelyticel nmethod. 1The fallure to
ebsorvo the l.chloroacid in the fy actionsted natorisal
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ic not dne %o a loss Jweing distilletion, sinco it was
showm (in cormmection with ettempts to rropere the
l-chloroacid from its (0id chloride) thet nmixtures of
the unochlorinated snd l-chleroncids could offectlvely
be soparatod hy fracticnetion, A losa of thc othor
acids is excluded since these boil in e still hipghor
range than the l-chlcro isoner,

In view of the ratio of ohlorinstion in the 1l-,
2«p e 3-positions of 0:38:44, the chlorination of
cyclobutanccarbozylic acld may be andd Lo follow tho
pettern seb in the straight chodn ssries, The resulis
obtained indioats that it is tho inductive offect of
the ocarbeoxyl mroup which doterminos the products of
the reoonction,
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EXPERUIENTAL

geparotdon of n Syntholis (Rxture of 2-Chlere- and

3-Lhlerecyclobutansosrboxyllc Acids e

The oiromatographle tube was constructoed by
setling & stendard tapered 45 mn,/50-mm, outside
Joint to the wpper opd of & 50 X 1.8-om. glasa tubde
in such & mamer that & reservolr of oca. 70 ml,

(8 X 3.5 om,) wes loft above the nayrever tube and
beloe the mound slsas portion of the Joint. At the
lover end of tho tube wes soslcd a stopccok (4 mm,
bore) with & 12-en, blunt-onded take-off ntem’,

Belovw tho stopoook (2 om,) was gealed o astendard
tapered 45 m,/ 50-mm, &nside jJoint. sSuch construction
sllowed tubos to he ussd individually or in series

(ef, p. 55),

Using the ebove tube, & 60-5, coluwm ¥es
eperad in the uvsual manner (of, D 22) employing
31 g of sllicic a0ld, 9 . of calite 545, 2% mi,
of #baoclute methonol, 3 nml, of dromocrcsol groem
eolution, 5,1 nl, of water and 4,5 drops of froah
1 N axmonduwn hydroxide, Aftor the columm had setiled,
0.0836 . of cruwde 2-chiloroscid mixtwre (af, p. 2,
ocedure B) md C,0872 ge 0of arude 3.chloronocid
mizture (of, D, 40), surpondoed in 2 ml, of nehaxene,
vee added, Tho columm was develepod in the usual
nenney wuntil 350 mly of n.hexane had boon collected,

*me aten was so designed as to cnable convenient i
stopvrering in periods between actunl oncration of the
columm, Oontimmous collection of & complete cizonate-
roquired 6 dsys, In oxder to colloet 10 ml, !
cotions for subsequent titration, 2.1/2 weeks wore
requirsd becsuse the column was overated intermittont-
1y (stopperod overnicht).
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Frogtions (10 nl,) varo then collected syl titratsd
with 0,017 K eodduz hydroxido by tho mothod of Haxrvol
ad Rends (&) untdl 1300 =), of the offiuent hod
boon mnalyzed, %The titreation owrve s ahvwm in
figme 9,

Identisiontion of the bopdst The sbove expard-
nemt waa ropeated using & 40-g. column end C,0361 g.
af 2-chloroscids and (,0306 g, of 3-chloroscids, When
the inswer band liad "esched 19 cme boluvw the awrfeoe of
the sllicic oelid, cluting wes atopped, The column
ves antruded end the banda cut frve, Each section was
trealod with othar, tho etharoal solutions vero
ovaporatod, the residucss wae holled % drynsse with
benzone anxd polids obisined were resrystallized fyonm
potroloi othar ab -60°, The regsults oxe sunmarised
bolows

Brotor beords RB.Ds 46-50° Fallew so)is
2nd, bands - - yellow oil

3rd, bands MaD, IT=H2 yellow solid
. 30D bands e Lo 2-05Y yallow nolid

he second and top bands corresverd to the 2.chloroacids
(2b- 1iquidy 2e- n.pe 97-93,5°) the chronmatographlc
soperaiion of which has wrevizugly bvesn invostigated
(pege 24y the M-chlorvecid rrecedes the 2a- Loomer),
The botton «nd thiri bands rust then correspond to

the 3-chloroncids (3e- m,p. 51-52.2°) 3b- m.p. 43,8«
45,5° ), the roletivoe positions of which sre known on

e oolum (poce 4lp the Se-chloraacid dend lies below
that for the Jbp.acid), Tho above bands sde thus
ddentified ond the oxer is showm to bo: 30-~; 2.,

az'w of the bmﬂa hm-mg boen eatmﬂ 13110&, u ves
possible to aheok the cocuracy of the analysis using

tho d&ta on which figmo 9 1s basod and oempering the
reeits ageinst those obtained (pages 22rf, and A0fT, )
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Figure 9. 60 5 Efflu-
Separetion of a Synthetic Mixtwre ent
of 2-Chloro- and 3-Chloroeyclo- (ml.):
butenecarboxylic Aclds
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vith simplor codlums, The findings, sumarized in
tohle VIII, indicate that this colwm can functlon
effectivoly as on analytliocel ool whon applled to
the four.componont system,

TABLE VIIX.
Sumaw of Anaiysical Date

Acld Froactions 0, of Cory, czied, !
Collcoted 0,017 ¥ ol ar z*
IeOH
3a-C1 Owid 18.66 18,66 25.5 26
-C1L 15-30 9,36 29.90 13.5 14,5
3b-01 3162 12,88 1195 16,5 15.5
2601 63.102  17.h2 1674 23,5 26,5

J_Pmcnt of total sold contomt,
Baged on ropults obtained with two-componoent
columa (28 end 2y 52 end 3b),

Stendand Valuos for the Rifiucnt Zoaks and iffective
Under the conditions uweed for acpmration of.

2~chloro- ond 3~chloroncids (U0 fe. coluwm), 0,0606

8, 0f cyclohutanocardorylic and (soparately) 0,0638

g. of l-cllorocyclobutancensrborylic acid wero chroze.
tosraphod, The ef{luont velues observed’ for theme

colums, o3 woll es thoso whioh wore roeud from firure

9, hove deon rocorded in table VII, %he vilues of

tho effective Rf gilven in toble VII were dorived |
as pretially showm in table IX (p. 62), !

+The effluent valuco wero observed {rom five
pimiler coluwms and the gverace omor was oeclqulsatod
0 be '!_ 30 7-11.
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TAELE IX,
Ohserved Rf va.lues}’ for the Severel Cyclobutone Aclds,

- -

LS Totel 1dlldters of Efflucnt
100 125 175 225 275 300 350 A% fw‘ﬂr‘aﬁtot

o Cl - 195 ,19 ,165 .158 57 - - 0.184
1-C1  ,140 138 139 137 232 .130 106 - 0‘134
26-C1l L0860 01 L0577 057 053 .052 .01 O%L 0.053
D.C) -  L110 .110 ,110¢ ,105 ,103 ,103 101 0.105
3861 - L1060 .150 ,1%0 140 140 - - 0.l
30-01 ,095 ,082 083 (080 076 077 076 .075 0.074

*me R, (rate of flow) vrluo is rmupericelly ousd
to the Alastince traveled (in on, ) by o particuler dand
in o pAven time divided by the voluwm (in nl,) of
offluent collecoted during this Horiod,

3

The averages roesentod in this tedble exre tic
result of mumerous colums 2zt do not noceaedyy
romrencnt the svorece of the fisjwres glven, Conorally,
in oxdex to compere columa, o cuentily (constaut for
that colwrm) wan added to all velues obtednod, Before
this correction, the eversge orror in tho velues was
calouleted to be + 0,007,

Freo Redical Chlorination of Cyclebutenocsrboxyldc Acld
Cyslobutanccerboxylic aeid (20 g, = 0.2 nole)
el 0.5 . of benmoyl pororide waro plagsod in & 1060-
ml., 3-pecked round-botiomed {loslk oculpred with o
aroppirg funnel, thormoneteor (bulb in iiguid), end
o reflux condonser (topped with e celeiun chlorido
tube)., Sulfuryl chloridde ()¢ mi, = 28,4 5, = 0,210
pole = 5 7 oxgess) was odded slowly dwring 15 ninutes.
T™ho oolution ves broucht o reflux in 15 ninutes
and refluxed for 45 minutes, At the end of this
periocd trc solution woas nale ycllow, the tanporaturc
wen 115° end 1ittle or no evolution of fumes wes
obearved, The crude nixdure (25,2 2.) wes fractionotod
by meons of an eloctydiceally heated 15 ¢, colimn

T |

packed with D mm. glass hollceos. The ifraction 5olling
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at 58.106°/ 14 rm. (4,04 go); nf® = 14450, accounted
for 20 ) of theo starting noteriol {(unrcocted ¢yclo-
butenceardorylic ocid)., Tho fractions bolling nt
110-124%/ 14 ma. and 117-130°/ 9 mn, were combined
(13,36 Co» n® = 1.4721) and vepresent e 50 7 yield
of momochlorocerclobutanccorbo:ylic acids,

The experiuant wvas roneatod with 13 p. of
wchlorinnted acid cocording to tho dircetions
Clven above and, of the crude ehlorination nl:xture, o
sammie (1 f.) wvoas roteinced for subsocuomt clonatocrorh.-
1o emnlysis, To insurc complote soneraotion of the
crilorinated end wnchlorinated acida, a 14:1 roeflux-
toko-0fT ratlio was uvsed in the fractionaticn,
Unoiderinsted cold (29 &) was rocoverod boiling at
N.5.200°/ 11 mn,, n5° = 1,8438, At 100¢/ 11 mm,
there was a fudden rise to 114° and tho Draction
boiling at 114-130°%/ 11 mm. wes colloctod, This
fraction, nS“ = 1.4727, wolphod B.18 . (49.5
yicld, after corrociing for cauple rerovold )

Apalysis ol the olioprinstod mjntapoes: In the
usunl namer, C,2085 p. of the naterial bolling at
114-2730°/ 11 e (Bee prrngraph chove) and 0.1986 re
of tho cryic mixtwre fron which it was derlved weore
sopravtely chronotorrepiod on 6O-g. columns, titroting
10 1, Oxoctlone with 0,0197 ¥ sodiua yderoeuide, The
titrotion cwwe for each 14 shown in ficure 8. 4 bad
moving as 2o-chloroncid could rot Lo titrated., Datas
obtalnad fron theos colwmes have been suEmerised in
teble X (page 64),

certein rapoots of table i need Nurthor comnoent.
glow moving meid inmeities trovoloed dovm half tho
length of theo colimm vhen Lhe omude nixturs woas
enalyzod (1/5 the way devm is normal ). It ie pocoible
thet interforance was responsible for tho nard
doviation of tho n‘. vaiucs, ITho fow-li: pookr of the
erude nixture’s titration cwrve wos vory filst nalzing

Y10
R

Pegs%

el n AR




“ne

64
pook determination uereliecblo, Tho efloctive Re
velues end effluent peak velues for the compononis
of thic fractionetod rrture ere within aporineontel
erroy (of, tadble VII, oxsept the offluent nonlr of
Jb-chiorocyclobutonocarbo:ylic ooid, lovwover, the
rote of movenont of this bend, 1is yosition on the
colum, ord the isolation (s8¢0 bolow) of & low
ralting polid fron the band sorve to identily thle
cubstance, Thoe acld immeity was oxtruded end oxd
iron the colirmn, Thic sapnle vwes welphed end
tltrated 1n the usual wonner with J.0197 I scdiwm
hydros=ide, using an oouel weirht of properly eperod
oolum motarlel as o hlonlk,

TABLE X
Anslysic of tho Orude ord Fractionated Chlorination
WWrtures
Effeo- rac- Effiu- !, of Corr, 4
hcild tive fHilon ent 0,097 11, of total
Re' o, DPeck I HaOH acid
(nY.) content,
NI
ns 01 0,17 1-10 320 16,78 22,24 25
Po-02 011 36 W0 8.38 8.38 045
3-C1 0,08 52.72 830(?) 3.69 3,69 4,2

e

N

FRAQTROA L Dt
3001 0.14, 2026 410 27,13 06,53 34
w0 0.10, 747 550 28,73 29,13 38
SoeCl 0.07g 48-64 TX0 7.66 7.8 10

Acid fnparity: 5.0C - G5
88,5
*a poeitive corvrection of 0,01 wiitl was iod

%0 tha oboerved Rf velues of the Nractionanted Ure,

e
“%
A




65
A 0.7 g, sample of the natorlale ng® = L4724,

obtoined 4in the inmltiel clllorinntion exzerinent (of,

De 6G3) was clmwonmiatocrarhed anx® analyzed in tho usual
namer, Althouch tho titration curve showold sisns

of ipprurity, the rocilts were in ronerel. ogrecnont
with thope obtained for the lator orperiliont, “he
vaiues found trere: Jo-chiorozold = 41 §y ond Zb-chloro.-

acld = 22 9, The develomient of the colurm voe
Aiocontinmicd hefore the last two boxic oould be
anelyzed,

feolotdon of column commononts:t T sopmration
sovmn in ficero 8 woa ropoetod with 0,058 g, of
the froctionated nictures ond tho components of ocoach
mjor bend vns Laoolated as on noge 59 {wxcernt that,
the dbands were cluted rather then cut f=on the celum),
The lower bandd yiclded a polld, m.Pe H<1-51,8°,
showing no lowverins of noaliing point with aithenice
Jo.chloroacid, The svood band ylelded an ©Ad,
n8® = 1,4728, (for -chlorcacid thls wnstant is
1.45732) A low nolting solid was 1soleted fresn the
Wird bandy howvever, due to the snell @mount,
regystelllization was ot foeeldle., It wos impossible
t© icolate either a solid or on ¢l frm the faint
bend moving as 2e-cilorocyclobutanocwrhorylie soid,
liowever, it was possible to isolate in wor yleld,
by recrystalllizetlon et 0° from vetroleim ether, this
ocid (Ba-clioro) fron & synthetic nixtore of ehlovs.
aclds (2, 38, 3b) ad unchlorinatod ac id in which
At wes pwosont to the ootent of B 7,
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