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ABSTRACT 

XJJJO haloson&tsd cyclobixtimocarboacrlic acids 
aro of lmportimoo in connection irilth projected 
ayntheaas of ttoeerotloelly Important ayclotnitone 
daclv&ilYes, 

SO facilitate the direct synthesis of such 
compo'tsidB, tho froc radical oiaorinatlon of two 
•iR^rle *30dol8* <syel«bttfc«rt9coartK>^ylic acid and 
l#X»cyclolrutaaedlcc«,»bo^yllc aoidt luxe been in- 
vaatlgatad, 

necessary to this study tf*» the synthesis, 
by Koctns InULotctlTe of structure, of 5 isoaeric 
sx»w>ohloa^oo7clobTit£^ocdrbo:^llo acids,    A ohronato- 
^•aphlc aetbod has boon developed capable of 
effecting th* separation of thes© ieoncrs from 
& sxlxtur©* 

!2h© results ©btainad in this work ere 
consistent with modern interpretations of orgenio 
ohsraietary theory and extend the scope of its 
application in tho field of free radical ohlorina* 
tlon to cerboaqrjUsttostltuted earbooyclla systems. 
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'ftwre haa boen oonsidarafele inrtccoet in this 
laboratory in the- ohaatrtxy of the qy<ao*nrtm» 
rAng^ perttowlwtfy oonownlns possible route* to 
l*3.^jyclo"btite&i«te cttft it» derivative©.    C«r**ain 
holoeooated cyoiolnrte&e^tvrtw^ric soida «&sfri 
prove tuooful lie starting points in s-ueh qyntheigo*. 

Fter lt»t«Bo«# one can wriU single step 
Clfrtnfttlon reactions yielding tbo oyelobutodlone 
ring starting froo soar one of the 4 (&iarej$ard£ns 
irtwrooiaooore) a/aaotrlcal dihelo<tfClotmt«»edi*wwU>x- 
rlis aol/lfl ftbbtm belowi 

.COtB   x 

CO.H x-i r00^ x-l— 

|C0«B 
B0.0 

X   E0»« 

x-i TO0,H 

cJ « 

x. XX. XXX, XV. 
tt*==r-stie*13jr seen typo mm give & qjrclotnsfcodiene-* 
<!Ie«rtxEsylio acid usoa loss of 8 RX| however* tgrp** 
XX add XT sttjr «^«o peealbly aadersp » deesrfcoasf&rttve 

dioxide QCtt/itloBJ 

i\__£jL 

5T-^® 

losing   6 hfllido «m a rarton 

ft-^S 

..^Jii 

VgV ^Iw* 

23A, 
tbii spstlnl errengsaent of the <yo|/fbufc«*>$ 

sifeetituents atagr bo ojf ©w*fc Inptartcnoo in the 
actual sueoesa of tain reaction (ef« rof. (1) <wd (2)5* 

* 
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Pcrfcin, Jr* (3) itrr^tifated the only Isnewn 
representative of tgp;v« *  (X » ar* eonftetfi^tion 
utsteXKm) «u& round that upon alkali treatnsttt the 
2-4sp©rao«l~<^clobittonocer^ acid was fomed 
Instead of the expected lf3-oycXobtFtadlQno-X#4- 
^icsrborjylic acid: 

CO.H 

^^ 
^00 ,H 

Br 

Br 

CO*H 

£0»K 

•Br 

.CO aH 

Oils seem to Indicate that the dt>oartoo:<3rlatl?e 
elimination proceeds more easily  ufc.an regular el 
in this series*    Donnln and Yatoov^ev (4) have 
ahotm tfcat> in the easo wh*are theee is no 2-halo 
Groups elimination does readily tntoe placet 

.imliiatlon 

Br 
00 *H 00 aH 

I 

r 

It 

Only a single ocuapound is loxran of typo XX• 
3#^01chloro-eia~lt2~eycloDiij^ acid 
was obtained by Cop© rod Burs (5) from the 
oxidation of a diohlorln&ted cyolocctratetrasne, 
Xhls method* is laborious for preperlne the 
material In quantity end the starting ra&tcrl&l 
Is not readily svalloLlo. 

*2he worfc was repeated In this laborntory 
by iiadoff (6) | poor yields were obtained following the 
oxidation procedure Givon by the above authors (5)* I 

. i 
. •> 
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Sxms&oe of type® XIX end IV are unknown, 

X& foot» the parent l,3*-cs7olobutwiodlcarlx):^rllo 
aoldo only recently bocane available throuch 
worts eerried out In tie laboratory 17). 

Ferkin prepared hie typo I ecid by a Hell- 
Volhard-soline^y brondLnatlcm of the corresponding; 
diaoid end presunably typo HI could bo obtained 
in a similar manner,    TIio approach of Cope- rrsd 
Bare ** *8T?° XX suffero froa tho dleodvrnt«\ceD pre- 
viously otctod and Its Generality boo not been 
Investigated*    iSothode leadinc to the preparation 
of eojopounde of typo XV nave not previously boon 
studied* 

The general purpose of the rro£5ea.it irvostlotion 
la to advene© our JaiowlodGe of preparative notljole 
leading to the haloconated cyelobutciiooarborg'lio 
acids,    apecifioallyj, Pert I of these 3tudloo dcrls 
vtth the synthesis* by netiodn indicative of 
structure, of 5 loonerlc r»noeriorocyclob\itGn©ceat>c:^'llo 
solas*    Pert II ie a study of the free radical 
chlorlnation of eyelobntcurjecarbo^lic acid* 

Xt le felt that theee atudloo, which 
nooeBeerily ware carried out on the Gixaplor rjodois, 
will aid future invest! Gators in the preparation 
of raor© oeaplea haloconated cyclolxxtanec&rbo^lio 
aoida* 

* 

<   *r     .     . \f••••. *W   •     '    ~   •    •» • 
•      , , ••••*• . •• - . 
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PART I*  SXHTHSSIS OF SHE IJOIWCRLOROCTirCLOBOTANE* 
CARBOmiC ACXDS 

In the introduction It waa pointed out that 
only tw &$hi&o£<m&tG& 07-3lobut«snodlordrboxy3.i8 
adds are known, tJio l^-4ilatjaocirclobutaci0«.ltS- 
dlcarboj^ lie acid through the effort© of Perkin, 
Js». (3) end the 3.4^chlorooyolobutane-lJ>2-. 
dioarboxylio aold through, the linreotleations 
Of Oops end Burg (5)*    Certai** e^fcer halogenated 
oyeloiratencttarbozylio acids are known, all 
derivatives of oyt^butanaaonooarboxylio aeid. 

S#S^#3»7otrofluo3?ooxolobutoneec«4>osyllo 
acid has been prepared recently by Ooffiaaam, 
Berric&t cr?asaer and Reason (8) by allowine tetra-. 
fltaoreethene to osndaneo with vinyl cyanide and 
subeequant bydrolyeid of the product*   A trlhele~ 
aold VM obtained by Porfcin* Jr.  (3) tihe& bromine 
va* addad to ^brono^~oyolobuteneesrbo3qrli0.acid. 
Doswin and Xatorlev (4) reported a l,2^1br3»o_ 
cyolobut*nooarborjOXo acid reaultlng from the 
troatnanfe of i~oy*&obutetteoarboxylio aold Kith 
broadae. 

two single aonohaloecida «r* k&jim«   Hall-* 
felhard-&ellna^r brossinetion of cyolobutane* 
oaxfepqrlto acid by Perfcxn, Jr« and Sinclair (9) 
lad to the formation of l-broao^olobrrtaneoarboxylio 
acid.   Jones (10)f in recent unpublished work* 
has prepared one 3~ohlorooyalobutanec«rtx>3^1ic 

s acid leoasr by a several step procedure* 
She last too iwreatlsatlona «*>. pertinent 

to the present one and they are dloo^aaed at 
length later*   Xhe following dlsot*sion has 
bean divided into three sections,    section A deals 

M I  • 
I _       _ _   , ... 
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5 
vfith tho preparation of l-chlorocyolobutcnec«s«rtx>sylio 
acid*    Sootion B <3onc«a?ne tho 2-chldroccKlG while 
Section C x peirtfl the etufly of the freo radio©! 
ehlorinotlon of 1,,1-^rclobtitenodloartjcsylic acid 
eaad tho 'jtropero.tian of the 3-chlorooyalobutarww 
oarbcc^ilo acide. 

i 

.: 

e 
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A*    Preparation of 1- Ciaoro^clobutonvcarbosyllc Asid, 

The l^ehlorooyolobutanecarbosgrllc acid xaay beat 
b« xrepsred trea the corresponding raonooarboayllc 
acid Uacougfr ehlerination of the acid ohlortdo, 
conversion to the H©t?jyl ©star and hydrolysis, as 
shown in figure It 

.00 aH C001 

OH.O: »H^ 

01 
-C0,CH8 

5* 
01 
-OOQH 

•cool 

She sohene for the xreparaiion of the 1-ohloroacld* 
Figure 1« 

; 

I 

tt    »     KU*W      it   •».. 

Direst eonversion ef the acid to the l~chloro~ 
acid chloride by the Hell»VblhRrd~z©linafay method 
was not satisfactory*    Under conditions similar 
to those *apOLoyed by Perfcin* Jr. end Sinclair (9) 
to obtain the i»brozauecidf % rapid esotfaevGiie 
reaction took paeoe resulting in a complex chlorinated 
salxtur-»*   A •soother reaction was achieved by 
ahlcrinatinG the acid chloride directly •    TO cms id 
an assess of chlorine* ohlorinatione were ccrried 
out ifith tfeft equivalent anount of sulfuryl chloride 
using iodine as a catalyst and in the absence of 
llfht.    Only unchXorinated acid chloride was 
recovered from these experiments.    The starting 
oaterlal was also recovered unchanged after treatment i 

. 
' t yf..-crsm\ • z. u.' 
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of th© acid ehlorido with th© thooroH'Osl «aouwt 
of dAaoolwod ©hlorino in onrbon totrachlorlde 

f- 
solutlon and with rod plx>ephoruG as th© catalyst* 

Ik»w©vor» toy r©£Ulatlne tho flow of chlorine 
(3D f> ©Keeoe)    throne?* the aold chloride in tho 
proBonc© of lodin© at 10C% chlerlnatlon proceeded 
to d*e a 15,    # yield of th© chloroaeld ehlorido, 
Thio motftod (11)    probably depend© upon XC1 a© th© 
active chlorinating &c©nt (12) 9    Unsuccessful 
attcwpto wear© mad© to improve th© yield by addlnc 
lercor emouote of chlorine-*    Chlorine in esccoe of 
1AO Jf of th© theory gave an aold chloride mixture, 
from which , on treatment with voter t a solid was 
obtained.    Xhie colldt cup. 104.3-105.2° c&vo 
analytical results in agreement vith a dlchloro- 
cyclob^itcnooes'feo^.lc acid.    Little, if eny» material 
mm collected in tho boillne rcsaso of the i~chioro- 

$ Mid. 
1fc© l-ohlcro<^olobutGnecarbo^ylic acid was 

sot ©btslned In pur© forra by treating th© correspond* 
inc acid chlor>d© vith water,    Fractlonation end 
chromatocTaphgr, employed olthor ceparatoly or 
e©na©eutiv©ly» resulted in a product avwraelnc 
1.3 % hi^h in carbon*•   However, when tho orud© 
l«u^orooycloby!titt»earbosylio acid ehloride vas 
treated with absolute methaaol, pur© methyl «©tor 
was obtained (15 % yield from cyelobutmccorbosylle 

H'lt to possible that small amounts of anhydrides 
swy b© responsible for then© hich. values.    After 
treatment of th© csrudo acid chloride with water there 

L may b© present cyclobutaaeessrbozyllc a©id and 1-chloro- 
t    » eyol©butr»ecErt©«yllo acid ao well as th© oorr«opondins 

unreactod acid chlorides*    interaction of those specie* 
I? would be expected to yield the t&SPee possible enhydridess 
• one or nor© of which could codlstlll irith tho desired 
m l^ehloroocld.    2h© arcup.©nt further eupswse© that th© 

anhydride contaminant be neither removed nor altered • 
•^ under the chromatoeraphio conditiona employed* I 

i 

,'fc 
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&old ol&ori&e).    Thle oettyl eoter wo© oaoiiy oarrsror-tod 
into the desired X-ohloroeyclobute^eeiwto^llo etcld 
Tagr en eoid Siyurolyole, yielding 42 ;' of aold, b.p# 

111-112*/ 12 im.    Tho overall yield l*«a oyclobutane-. 
oarboxyllc aold is ca* 5 #•    This acid *ras character- 
lsed by Its aaido sal lnfrsrod abeorptlon*    The 
Infrared data hewo been collected In toblee V end VI 
<p* 4?) and In figure 7# pas© *&• 

*: 

.- — 
•    . - 

-- 
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A 12-11 tor, 3~ncufcod» round-bottonod flask* 
lioetod by cieaxio of a <21as~ool rasntlo, wed ceulpped 
with a 3-lltor oepar&iory funnel calibrated in 300* 
ml. divisions, a notor-flriven half-raoon otlrror, a 
SOCWal. seporatory runnel calibrated In 12&-ja0.» 
divisionst c tafce-off total-roflu* eocenes? protected 
fron the air by a calcium chloride drying tube, and en 
entrance for applying «*i** proeeuio.    Attached to the 
larger funaal at the bottom was a y wi tub* -which 
reached into tho flao& ctad did not interfere with the 
operation of the stlrrer.    Into the reaction flask 
was placed 5 liters of absolute ethenol owl, with 
moderate stirring avep a period of two hours, 
235 G. (10, 2 ii. atone) of sodium metal vaa slowly 
added*    Toward tho and of the addition* the rate van 
controlled by the rate of reflux of the ethaaol* 
After the solution cooled to rood toopcrature^ air 
pressure van used to force 2 liters of the so&iua 
ethylate solution Into the jWLiter funnel*    She air 
pressure was then released and 962 &• (6*0 ooloe) 
of diethyl aalonato (sa.1 Lilly grade) was added. 
The solution was brought to reflux and 1012 g* 
(5 nolea) of trlstethylene bromide was added from 
the yCO-ssl. eoparaiery funnel In en interval of on 
hour*   At the BQBTO tine, in a Is S ratio (by voluraef 

dibrojaidej ethyl at s solution), the sodium ethyl ate 
contained la the larger funnel woe added*   After the 
addition, the refltudag was continued for 1-3/2 hours, 
und then the alcohol vaa distilled off by noon* of the 
take~eff condenser until ths temperature reached 

fc    • *MJcronnalysos by A. Klah, Los Angeles* 
neltlng paints are unoorreeted. 

All 

•; 

. 
ui 
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80°    (ft© mcaaurod by e. thornonotor euspondod in the 
oondeneor).    On© liter of traitor and 500 ml, of bensene 
war* added and the atirrinc woo continued for 10 
minutes.    Tho clour, two~pIinao nlxturo was separated 
and tho water ley or was diluted with 500 nl, of water 
and 500 ol« of bonacne*    The resulting water leyer 
was extracted twice aora with 125 m, portlono of 
bensone.    Hie bemsono waohinGC wore ©ddod to tho 
original hencone extract and tho solvent was otrlpped 
off at reduced prasoure.   Tho hl$ier boilinc rod- 
brown residua was flaah diatillod fron a 2-llter 
GXaioen flanh^ oolleotln& the fraction boilinc; at 
100-125*/ 15 »BW    Bile material was treated in tho 
dart: with bromine until en added 1 t&« of bronina 
ws* no longer lcBaodictoly daeolorlsooU   An asrorago 
of about 30 s£L« waa roouirod In this stop*    The 
«a(bor liquid was fractionated by nocne of an 
electrically heated 15 ea.  ooluran packed with 2 saa, 
Glaeo helloes*    The doeirod eater waa collected over 
a 5 degre© ranee (tho major portion of the eater 
had b.p. 110-112*/ 15 aa.i ngtt = 1*4343)| the over- 
all yield after refraotionatian of noichborlns outo 
woe 55»5 % (555 £•)•    The reported values ore! 
b.p. 91-96°/ 4 m., ng« a 1,4332-1.4334 (13) and 
b.p. 105-112°/ 15 m. (14). 

Tho above method la essentially that of Cocon 
and Allen (14) aa modified by Lenalro (15)» who 
introduced the broninctlon otep to reraove any allyl 
oalo.-do estor (b*p* 93°/ 6 ^o*) preoent. 

a 

Petaeaittra hydroxide (225 G. = 4 raoloa) wot 
iic^i..^ in 1 liter of absolute ethanol contained 
la a 2-liter beefcer.    The bea&er woo then cooled 
in an loo bath and 200 g,  (1 aole) of dlethyl 

V: 

,. .   ~   r   «•--•—-•   .-. 

4^ 5% 
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lfl«M3(fcloT^tflnodic«rtx>j^lc.to m\a alovly added* 
After the reaction apporarod conploto, tho nirture 
ve* placed on a atoan bath for 1-V2 hours «nd 
oceassionaily stirred*    The white, pasty product we* 
filtered throuch a coarse sintered GIODS i'unnel* 
She solid was washed in a beafcor Tilth 5CO si* of 
absolute eihenol and. filtered off as above.    The 
vjashine process was repeated, u&inc 1300 el* of 
absolute ether and the crude poteaalisn salt was 
dried to constant treiGht to rroo froa traces of 
alcohol*    The dry calt was tafton up la the ninlrcun 
aaount of water end 300 n0.» of concentrated hydro* 
alilorlc acid was added*    The resulting prcoipituto 
was filtered off and the filtrate was evaporated 
Reorl.7 to drynese at 44*50* (water bath)   imder on 
aspirator vacuum*    The nrush was shaken thorouejhly 
with 500 aa« Of ether and the aisture iras filtered* 
the ethereal filtrate was evaporated (water bath end 
aspirator as before) until n!b;inc lines in the 
distillate indicated a second substance diotillinc;* 
•Ens residua was crystallised fron 300 tal* of 
cthyleno dlct&orido end the «elid acid %toa separated 
by filtration fros the tws-riiase aether liquor at 
about 0A»    The regaining traces of solvent vcro 
rewovod with a vaouusi pwap*    She yellowish product 
eaellod of hydrochloric acid and was spread out in 

* thin lay*** lh a hood ovoroieht*    floe restating 
White powder wished 102*8 s* (71,3 $) and aelted 
at 154-5* (doo.). riSic deooBposltion point nay b« 
raised to 157-153*5* hy reajg^ataajJLstttfcnift the 

S reported (16) neltinc point is 136-158** 

#! 

C 

1.9- O^liibu^sixocittt^^ic Acid 
tj cyeAobutane-lil-dicarbo^llc aicd (14*4 c# c 

• 0.1 r»lo) was placed la a 25 al. ro«nd-bottoaed 
£ flaslc end heated at 180* for 20 ninutco at the end 

. 
•• '/*• 
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ef vhioh Haul no further ©volution of carbon dioadd© 
vaa ebcerTed (liberated saaea verc bubbled throt&\ 
a saturated berimi hydroxide solution)*    Sh© crude oil 
vaa distilled at 10 an, collecting the fraction 
boiling at 96-$** -    da yield was 8,49 e* (33 %)* 
nj* « 1*4412,    Eh© reported constants (trot    b.p* 
96*/ 15 a»» (175# 104*106*/ 21 nsu (13) and ng* » 
1,4436 <W* 

Oyclabutanaofafeoxylle acid vac ol&o obtained 
as daaoribed by Fischer (19)*    She acidified 
solution following eaponlflcation of the diethyl 
ItX-oyolobtftanacsrboayla&s was subjected to 24 hour 
oomuwruB ether extraction and than the ether extract 
vaa evaporated*    The resultine mush vaa deoerboxyiated 
a* described above resulting in an average yield of 
5&*l % of neterlal. b*p. 98.101°/ 15 an*, nj* s 
X.M15. 

•'Bjr' 

;|b 

t 

. 
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$&&8jatim&U&B8Qte aawat flMsftfc 
A 100 ol*» 3-n©cked# rotajd-bottaeod flask was 

equipped with a droppinG funnelt a thaanaaiaotor whose 
bulb reached noes* to the bottom of the flaak* end 
a reflux oondenser protected fro© zasiatt*re by a 
ealelun oblorid© ttfce.    Cyclobutaneoarbozyll© acid 
(33*4 s. * 0*394 nole) was added and 30.5 e. (0*222 
B»1* » 19,4 aft* a 100 % eKeasa) of phosphorus tri- 
chloride vaa dropped in over a 20 minute interval* 
*h© tenporatur© vaa raised (ail bath) to 105 ± 5* 
for an hour*    She light feUov liquid waa decanted 
from the viscous yellew-orance residue and the latter 
vaa rinsed vith a few al» of pbaepharua trichloride. 
She washing vaa added to the decanted liquid end the 
solution vaa distilled fron a CdaiseA floait vhoae 
neck belov the side ana vaa filled vith 1-1/2 an* of 
i> x 6 en* r&aea rings (bottoa layer) and 3-1/2 on* of 

•     i •. • 

•c* • 

ii 
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3 MS, gSLasa helices (top layer)*    39b* fraction bolllnc 
at 65^9*/ 60 ssa* wee collector end wcishod 50.2 5. 
(77«5 #)•    &» reported value <19) is 65V 6c oo« 

i 

Li.' 

#»~ 

A bafctoler filled with chlorlno~aaturatod certxm 
totrachlorido woo calibrated ("by counting the nuribor 
of bubblea corrocpon&lnc to a fcnown weight of chlorine) 
and attached through a 5-^rcy Joint to a supply 0? 
toy air and dry chlorine*   A loo-nl,» round-bottomed 
fleafe, carrying «n inlet ttfbe attached to Ita bottom 
and plumed by a eintored slcec dloo at the point of 
attachment, wen equipped with a reflux condenser 
protected by a calcium ehlori&e dryinc tube.    Ih© 
inlot tab© was attached to the tnftbler and a an.aU 
positive preeeiape of air wao applied,    Xodlno (0»0D B*) 
and SO G#  (0,168 xaole) of oyclObirtaaocarlx>r-yllo acid 
chloride wore added to the flaefe,    With the aid of 
an oil bath, th© flask was heated to about 1Q5* 
and the air pressure wee replaced by a flow of 
chlorine (rate 1*6 c/hour).    After an equivalent 
amount of chlorine was added, the reaction mixture 
was flash distilled, and then finally fractionated 
at 60 an* ttvowgn an electrically Ideated 1!3 cm. x 
15 sou colttaa packed with 3 t«u c&asa helices, 
A oe^or portion of the 'acid chloride woo recovered 
imahancod together with 13 # (4,1 g.) of material 
boULinc at 74~?8°/ 60 on*    &sie material sreetraably 
oontataed small eccunts of the unehloriaated acid 
chloride, for Its amide, which originally melted at 
114-116*5*, tzpon roex^stellisatluoi from petroleum 
ether, yielded fractions tftlofc approach the 155-136,5° 
nailing paint of cyclobiitaneecrboxyllc aoid snide. 

An attempt was node to increase the yield by 
adding an esceose of chlorine,    when a 135 % ©2x000 of 
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14 
chlorine vac ueed»thc mixture hydrelyaod with water* 
oaa toe product die til led, ft compound boilinc «t 
130-13*°/ 9nB* WW obtained in 33 £ yield (o&loulated 
as dlchlorocyolobutcttecarboaylio aoid)*    This compound, 
which spontaneously ojpystalliaed. Belted at 1Q4*2« 
X05*2*  (from petroleua ether)* 

Anal, Oalod* for 0«H«0«Clfti    o, 35.53* H* 3.50 
Poundi C* 35*58$ H, 3.4?. 
Ihe sane eoapound wac recovered in 48 % yield when 
41 j£ esses* of chlorine van allowed to react* 

A 20 f> eeceeoa of ohlorine g«ro Khat may be the 
opUmm anount of mnoehlorlnation*   When 25 C* (0,21 
mole) of cyolobtrta«cK:arbo;:yiic aoid chloride warn 
treated with 30 $> excess of ohlorine as described above* \ 
the crude yield weighed 30.5 g* indicating that oa* 
95 £ of the thooretionl anount of ehlorlno had been 
abasrbed by the reacting liquid.    However* when 
thin crude mixture waa converted to the eorreependins 
eater* aa described below, only a 15 f> yield of 
eiter waa obtained* 

IttMHSl ^^ejo^elob^^eiifeoejt^Tylate 
She crude mixture (30*5 G«) of aeid chlorides* 

obtained by the nethod outlined above, waa added 
alowly to 20 ml,  (0,5 raolo) Of ice-cold absolute 
nothanol*    She aolutlon waa allowed to reach room 
temperature and then it waa reflujeed for an hour-* 
the reaction mixture was waahed with a saturated 
sodium bicarbonate solution* a sodium thioaulpbate j| 
solution* and finally with water,    She ereanio layer & 
was taken up in ether* dried with aagnesiuA *>&ri*ftte, 
and flash distilled* collecting the jfrasttoa telling 
at 00*110°/ 100 tan*    Practionation through an 

|$ electrioolly heated 15 em* r % on* VigreuK eolune 
yielded 4,72 s*  (15 %% based on eyclobutanecarbo^jrlio 
aoid chloride) of material bollinc sainly at 100- 
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102°/ 100 sou* »§* » 1.4479.    This oonpcmnd gave 
analytical fl^uree for aothyl l-el&Grooyolobutias©- 
eerbesylatet 

Anal* Coled* for C^HyO^cXi 0, 43.42* H, 6«10| 
01, 26,5*.    Founds  G, 48.491 II, 6.17% 01* 26.44, 

ftajtfhtel    A 0.1 s* eanplo of the above ootcr »s* ,_ 
fcofcen tip In 8 c&, of OOttBOgtrated eanonltsa hydro:dbde 
aal the olxtur© va* boiled until boaoGoneouo. 
The reaction product woe extracted Kith other, th© 
extracts were evaporated ma the roeldae irac 

' reerystallloed fron pctrelean ether* a. p. 114*115°• 
Anel. aaiod. for G«R*0H8lt C, 44„94f H, 6.04* 

Found* C, 44*96$ H, 6.09. 

Methyl 1-ehlaroc^ololmtaai^KrtxK^late (4.6 e* 
s 0*051 ode) was placed la a 100-ufl., t rou»l~bottoro*d 
flock with 25 na* of distill oerbltol end 22.5 nd. of 
18 8 hydrochloric Gold {0*2 sole) nod the aistft?* *as 
hooted eft 98-105° for 16 hours*   After oooline* the two- . 
phase reaction product wa* extracted with a total of 

f 190 ml. of ethar In throe   pertloaa.    five ether 
eortreoto were eoafctsod end ©attracted throe tiaee with 
a total of 30 xal* of 5 £ sedlua hy&roj&do (ea, 0.004 

I nole).    foe allcallne solution vaa neutralised end 
brought to a pA of 2-3 aod ecrtracted with a tote! of 
50 ad.* cf ether*    The other extracts were eonbined and 
dried vith ma&oesim eulfate and evaporated.    Th© yellow | 
oil rcnainlnG we distilled frea a 5-c0.«  ciataen flask. 
3ne oajer fraction* b.p» 111-112°/ 12 m,, *ao obt<*ined 

I in 42 % yield (1.76 g.).    She refractive Index tms i 
nf* e 1.4545*    2ho overall yield from oyoXoeutaneosr- 

| boaylle acid Is ca. 3 %. 
Anol* oalod, for c»iv©eOlJ    0, 44*64* rt* 3.24. 

Founds    c» 44.58| R9 3.23. 
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<0«X 6*) obtained above vem placed In ft 15 »1# 
eesstrir«Bo ttfce and voa treated with 0*3. g* of ©old 
thior^l chloride in the preeene* of ft drop of dry 
jjrridiae.    She aolntlon.wjKi heated on » ateen bath 
for obottt 10 a&nutee and then cooled to aboufc 0*. 
She erode aeid chloride «,» then dropped eleair into 
ioe-cold ooaseaterated anaoxdun hydroxide,   She 
precipitate *e* «art*o©ted *tth ft total of 15 nl# of 
ehlorotont in two porUcoft and thee* extract* nor® 
evaporated to dryneaa*   Boaryatelllaa&ion of the 
residue froa petrolem other yielded * solid* a«P« 
11>U4%   *ne nixed nelting point proved that this 
•Ride *•* identical with the one obtained toy 
oasxmla treatnent of the ootreepotidfng aet*Vl «**«*»• 

Ebe epeetraa vaa talcec in carbon tetraehlorid* 
solution (0*050 s«/ al.} ualae 0#05 an. sodlisft 
chloride ee&e with ft gorfctn-gbaor Model 21* Serial 
12a, dotfcle boon cpeetrepheteneter*    9M aeid 
eemple woe that for efciefa the aderoenaayela wae 
slrsa above*    Infrared data coaeernlns thia aai& 
have bean oesOeetad in table* V ant W (p* #r) awl 
in figure 7* pas* 49* 

• a 
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B,    Iropsratlon of tii* 2»-c3ilorocyolobutRReccinx>^yllc 
Adda. 
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If 
If 

stertinc f*&a l-bromeyclebwten©«*rbo»ylic 
acid (9)» aomin end Xafcovlov (4) prepared l~cyclo- 
but^mocnrbosylio acid by troatlne; a dry toluene solution 
of the for&ter acid with aliioli,    Ae ehoun in figure 2, 
the addition of crihy&rous hydroeen chloride to the 
oyclobutsno sold could lead to a sdacture of 2-chloro~ 
cyclobufceneocttoesylie aclda.    The stereoohenistry of 
bf&*o£an holido addition to cerbon^ciatfxm double bonds 
Is somewhat uncertain t'20}| however* It Is reasonable 
to assume that eteroespoolfie addition say proceed in 
the trans eonao (21).    Grovenotcln and Loo (1) as veil 
as crlotol and Harris (2) have presented evidence thct 
with acrylic sold derivatives hydroccn hsllde added 
Is^edoGOnsntSy in a trees fashion to the double bond* 
One al£ht expect that l-<^clob\iten©c«r*bQ*jrlia acid 
would yield els~2^chlero^clobxttaneearbo»ylie acid 
(by trans-addition) with lesser raieunta of the trans- 
ohloroecid.    However* the actual Gaounte of oaoh isoncr 
formed could depend upon experiaentel conditions. 

•H 

BSf «? UJL 

2a- and 2b- 
chlorocyclo- 

N  butanecerboacyiie 
f     alcda 

GOsH 

COaH 

She eshome for the preparation of the 2-chloroacids. 
51f;,ure 2, - _» 

• • • 
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Actually* tfhes a*s*<rdrcua ttfteocm chloride »as 

added to tho l-<nyeiobtft«u»o«rt»3rTli« odd In toluene 
solution at 0°, the art lltlon pave a 60 # yield of 
a material with a boil»ia£ renrce of 5 de@r*eeo which. 
oolidlflod at room terar«ret,ure*    13)10 materiel» when 
reosystalllaed froa petroleum ether, yioldod & aelld* 
a.P« 57-99* s and nay bo toraod tho 5fcv*chlorocyelo«» 
fevjtoocsrbojgrllc acid, 

SO mar© completely inveot&^ate tho crude product 
ire© hydrogen chloride addition* ch%x»atocraphle 
•operation of tho poaeiblo adds present was 
considered*    Loetar aolth (28) first applied the 
Billolc ftoia aoltaaa developed by Jtortin exA cyne© 
(23) to lover fatty acid**    various Indicator*, 
including methyl arenee (23)* «*thocFsstJLas (24)5 
and on aso dyo (25), hare since been eaployed to 
enable these colorless adds to bo soon en tho 
eolaa*   Bam>vt*i bronoorosol green (pK * 4*66) 
•eons superior both from tho standpoint of 
sensitivity and leaehlns properties (36).    She 
Bathed was extended to include tho saturated 
etralght chain fatty aside througi Q%*   by Raooay 
and Patterson <27>*   Harvel and Rand* (2fi) sx&eequentajr 
developed a &****& qualitative and seol~<^antlia&l-re 
technique for tho detoralnatlott Of awry water aolufclLe 
•olds*   13^0 nethod of Renaey and Patterson sosned 
preferable in too present study to that of Marvel 
and ancdB duo to tho alight water solubility of the 
uhleroeyolobutsne adds*,    She forsar authors also 
ware able te.obtals a hie* degree of selectivity* 
tteing 2#nt4-trii3»ihylpe«tone as the nobile solvent, 
o Brtnlana of 10 % of lsobutyrlo sold was dotootod la 
setspies of butyric add, elthougi In a ain<&e pass 
through the eoXuan the separation was not complete (27o). 

In practice, It w» found that an Isoaarie ehloro- i 
oyolobutaneeerbexylia acid isixture vas not separated 

• -w 
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19 
by the Reaaey end Pattoraon oolizau    floorer, a 
twdtflc&tlon of their coltaan was developed that 
easily separated too mixture obtained freai the 
hy&recon chloride addition to oyclob\rtonooarbosyltc 
acid late two acid fractions.    Ails ool«a&t ufclofc 
vo8 operated at otaoBphcrio prosavre, employed 17 # 
aqueouB aetoanol an the non-aobile solvent, zwhoectmo 
&c the aobilo solvent and oolite 545 as a fXav~rate 
accelerator*    nitration according to the method of 
Sorrel and Rand* (23) shotted the aa~chlarooyolefeufeane~ 
oorbosyllo acid to be present to the detent of 55 f> 
of the total aoid oontutxi of the arudo product. 
Another oonponent, -which ciey be tensed the 3»-chlorc~ 
oyclobutraiGoerbo^ylic acid, tme ohown to be present 
to the extent of 30 J?» 

Eheee acids were characterized by their Infra- 
rod absorptions end p-brcnophenaeyl ©eterc.    the 
2cuehlorGao 4,i    ~*   *n 80° in the preeenoc of concentra- 
ted hydrochloric aoid was converted within 30 ninutee 
to a ulictift-e Of ifhlch 80 jS of the aoid titrated was 
a compound that noved on too coluon in a manner 
slailar to toe Sb-chloroacid.    Ho aa-ohloroacid tree 
forded whan 2b-cKLoroacid was likewise tt^ated* 

- 
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As described ty P«rt&n find Sinclair (9)< 90 c 
(O.90 nele) of c^clobut®»o«apbo^yllc acid t/ce 
treated with 5*3 c, of red pfccapho-rus and 190 c* 
(0.9* oole) of phoepborue pect&osdde-drlQd brcrainc 
She isolated product* a.p* 43»45% wolfed 4c s# (45 f», 
Berfein and Sinclair report n*p» 48^soc). 

Dry potaesiuft hydroxide (59 G. ~ 0*9*5 ade) end 
25 afiU of <S? toluene wore added to a 200-cft•, jj-noekod, 
round-bottoaod flcak equipped with a reflux condcnaopf 

3r©Ppi»G funnel and aotor-drlven Hoec*6hboa%g stirr«r» 
She reaction nixture woe placed on a boiline water bath 
end| with vicnreuo oilrrtnG, 4o G« (O»023 raole) of 
l~broaeaei&, dlseolred in Ac sa. of dry toluene* woo 
alowly dropped in over a period of 30 minute*.    Ptarlns 
the addition the sdacture turned tan and beowae quite 
pacty while the toluene wao aeen to periodically reflux* 
$he alsrtesr© wo* heated en additional 30 aiaatee daring 
which tiae tba toluene ao laager reflused*   She contents 
wsro allowed to coed, and water tmo added until the pre*. 
cipit*t# dimeei.'ved (ee* SO© r&# )   She watcas»tolues*tj 
a&rturo wee acidified with suifurlo acid until the 
resulting preoipitate dissolved (pH » ecu !)•    She layers 
wore separated and the toluene lsyer waa washed with 
about 90 sa« of water* separated* placed in a auction 
*iae& equipped with a capillary sir lock end then evepor* 
ated at 90" find 45 m+   After a solid had separated* the 
root of the solvent wee recxresd at roon temperature end 
IS £s«9    Sie yield of rod-brcnm solid wee 9*6 JJ. (44 %)m 

necryetalllsation of a staple of the crude product fron 



SQL 
bcnwumo oew» awhit© solid partly neltiag «t 65*73° 
but tun&DG* at this ierapor&turc* to & deer GURU *» 
* waiting b3ocfc srsfcoafcod to 7S0 a ooRpie aelt«d 
oeiajaetely ***t qulsKly solidified to e nill^ t«Ute gaeu 
(Paonln nd XofeoTlev report o a. p. o* 73* •)   Ho attempt 
woe sale to puri*^ too crude srodu&t (too next section)* 

« 

£roeedaw» At   Utoo ©rude wsaturatad sold (8.3 e« 
» 0,065 sole) prepared above vita placed in & loo~aa.» 
tmw3U.bott»BOd fleols# cooled to 0° end tiam the flask 
woo placed in o ba&er of loo end water \M.efc wee rest* 
leg upon a bolonoe*   my teluone (50 »&•) wA 0,1 g« of 
l^ydftKludaotte (to roterd polyracrieetloji) we© added*   i& 
Inlet tube tilth « porens glass hood wo* connected to 0 
source of catodroug k&teQ&m chloride end suspended 
Into the liquid.   After %2 g, (0.008 aeie) of fcy<lr&to<tt 

-' ohlorido was peesed Into too solution* the reaction 
flook woo stoppered and stored at roon twaporftture fw 
39 imre«   An additional 3*2 &• (totali o,£76 acle) of 
hydrogen chloride woo added ot 0* ooft this otxtaro woo 
allowed to roact for on additional aD hours at *i*Bi 
temperature,   She osfoor liquid woo filtered **©c froa 
o sliest esaouot of onorpbooo preoipiteto, the telusso 
woo stripped off# end the product woo distilled oft 
6 aau * ooHootlag tho fraction bolliae at 113~3£0«, 
She wfeite solid trtsich spontaneously crystallised In 
the receiver weighed 6,8 &*{$&?* yield) end, after 

- rooxyetcailaotlon £raa petvcteuB ether* molted ot 97- 
S»9%   Sbo yield firea l^roaooeld woo ^,6 & 

M «pooodoro Dj    lb© sold soy aore oowriwitly bo ebta* 
od directly without isolation of the uneatvrnted sold 

I end without 10*0 In overall yield*   totooolua !srdrex*ao 
I (106 6*t4«99 sole) end 00 @, (0.446 solo) Of X~b*eaeeeld 
•L wore allowed to react 00 sl*en above,   Ebe cool reaction 

1   i 
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aJbstare wa» tr«Bto& wita 400 sol* of vatar ssd eopsraisd* 
tli* aouoox* jfcaao WM washoA twice vlSh toluene aa4 
tha ooctotmjA telnen* fiOlrrtiOna tf*re dried *,?ita magnesium 
oulfaio for 90 oiauteoc   After eepara&ion f*o» tfei 
daying agent* tb* 4e3.ttU.oei «s» ascled too9.    la the 
narcncr danorJJsed ebove, 0*5 6* «* *ipd*oqB&t»n« ssi 
12.3 e* (0*338 a»l«) of antopdrona i$rfl*©G«* chXerld* 
wo added.   After 15 bemrs at room *«ap«are*urot the 
solntlOA wae aaSwrafcod twice sor« at 34 hour interred* 
vitn 8*0 e, and 7*0 e* roapeoilveay of hyitrocen 
e&teiflu***    *S*& tsfcal tloo of reaction ires 62 haiaYB and. 
•to© total transit of iqrt&oami chloride added we* 27*3 6* 
(0.745 aal«).    tt» product ve* Isolated cooordlas to 
the direction** sirea in Srocodare A*   A ylala of 15*8 6* 
(&*4 $0 of -eollA n*p* 9$*8*98*a» vae obtained* 

ThTjpnariitOTWgia, ^Vvi   acins 0*1 e* of u» 
att^chlantooidft tho procecta*© recoracodad fcgr Storm** 
and Foson (29) yielded oxy»tole frota va&Gr-ciheaol* 
««p* ee-eo.5% 

Anal* oalod* for Ct»H*«o#arCli    0V *T*03| S, 3*$S* 
fcwndt    0* 46**ft R* 3*0*» 

A&NAGL 

HtfH&MtaMdt ailiole 
seiA (IT 6* !* epestsoiy yropared for ohromatog^asjnic 
anclyeis tar t&o method Of Rasse? $«& PEtte***?"- M| 
3 S# of cellt* 545 vcro shaded isa a nertar and 
th0rot*$&y mixed,   A eolation of ©*»etly 1*7 «U (t e*3§ 
•flU) of voter* $ «a« of sboa&vfco mtibmeSLi %U% dm* 
Of freetdy Stfejperad 1 8 (+ Q»2 8) caaenttsEi hydroxide 
and 1 i&* of tapawwreeel a*?©** indicator (0.900 ©»/ 
aS sSU aetfcanal) eolutlon va* added and the pacts 
was aDced until a fine t&mo-gpeen powder vae Obtained 
in the ebrtar*   ftttttefr aclretttK^rado n-hecsans waa 
added 00 the* tho cor ^lnad foluoo of the adooHHaxt 
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and the hoaowi© herald •net fill ft UC * 32 as, gLoss 
tetoe wbleh hid ft otopeoek (2 ssu boro) eeal<9d onto One 
«n9U   A oae31 aottan plt^s wee pl«u><*l In tho botton of 
tho tw« s jd« with tho stopooefe opaai the zsixtta«e was 
ed&*& Ixs one bofcoh virile tfce filuswy v&o etlwed r£e»*w 
onaly*   3h» ooltfsa MM topped gsntX/ tmiil tho lwrtl 
of tho eilicio said afaewod no settling <m*r a period 
of 15 ndnntao* 

Xt haft T*M«* found theft with tho original Rmaeoy 
Ond ^BbtCBPCOB OOlU2C   (««mtCSinl«e SO 0Ollt6}|  the n&* 

/ of S0»50 «aa# of olr pr«esnre»' as roooomOiiftod by theee 
authore* restated in conoidordbls AargrixsG out of the 
l*n*ar end of the eelum noil thus nl&Uir, of Uu» insaSt* 
C«se of vaausBa hod trio slate offset*)   At lower 
pgoooaroo tho rofce of flow of eiuate' was oKtresssly 
slaw*    Shle rate difficulty woo eoiaowfcat sverooao *jy 
the uao of 15 ^ oolite*    Eton with oolite* newOTort 

beet separation waft aoMevsd at octapopheric rreaeore* 
See© of sexeretdon woo also t<m& to be dlrootly 
dependant upas ttse oonoontration of water mA of 
ogawmftw on the ooluan*   Xf oooh vro» not rreoent in 
tho anounta epeelfiad above* little or no eeperatleti 
took t&aeo* 

tta\ ttmKnt&SB*   * w*097$ a* eaoEdo of tho 
erode JMjhlero^oid slrfeare obtained »r Br^t^s^ 3 
store (of* u» 21) woo taJjon op in 5 al* of n^hoxano 
and tho eoltAloa^ X&ttt o oaoil enount of the 2e*» 
Ofclotfoaold whiefc woo rot onAissol7oa# was added slowly 
alone *&* 9)400 Of the ***** shoot 1-2 ecu  above 
tho eurf&a© of tho silicdo sold*   After this notarial 
woo 0doefftw4 onto the eolaan* the sides of tft& tsfee 
wars washed with 1 tfu of n*he«ans«   After tho 
ssoplo woo oons&eteljr adsorbed, further ts&pine of 

| tho oolwan was otoiAed*   a^SaKana was addOd to tho 
* s^epored ooltsn slowly GO that tho sorfmoo of tho 
£ siliolo sold was not disturbed,   *&o eolasn was 

dowolopadi tho loral of tho soloont being »«4nUinoft 

;> 
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tsy «uspendljt3 Wti? the oolAm a stoppoi*ed* htt*aae- 
filled* i-liter ooparo*o*y faroel with its ctdpcooit 
open and *ml#& ita <w&t tip slidstiy be&Otf this 
lewol*    Bbo development waft continued ttStil the 
effluent contained only traoos of sold (9 d«r*)* 
After eev<s»ai day a, cratrappod air \rt.thln the ooluaa 
collected Into in&toles which wsre treed by topping. 
Shia allowed a acre rapid affluent flow* 

Slgwre 3 la a plot of the tltrotien yaJHwia of 
eeeh 10 H&» fraction foXlowias the first dp JfiU 
through the eoltaaw    2he tltretloa aethod «M that 
of Marvel and Rand* (28) uains Q*02S 8 soditta 
hydroxide, phenol red ao an Indicator and two drop* 
of X % E*oft solution.   Frootioaa 16-41 required 
15*56 «!*§ eorreepcndlng to 35 # of tho "total aeld 
content of the erode latxturef this materiel was 
Identified as 2a»ehloi«o^olobi(taaooa«%o9qrllo acid as 
outlined la tho mart eeotiea.    fractions 1-15 required 
8.62 al,, representing 29.5 % of the add content) 
this noa the flfchntftflLotftMH olotaQtaneeartecasfl la acid* 
fbxm, tho 2~chloreacidB ©©counted for 84,5 # of tho 
aeld content of tho crude atature. 

TMft^JlWftMFl ftf Hat JMttto   A 5.8 x @6 on. 
eeltsn was paO*ad In the aanaer described on pago 
22 with 1*6.6 c of silicic acid, 33,4 g» of oolite, 
10 al» Of Indicator* XT sa. Of 3*es*t 80 ol. Of 
absolute aothfieoXt anfl 15 dropo of 1 H ttsaofiiujta 
hydroxide.   A crude nixiure of 2-cnleroacld8 (1,9015 G* ) 
la 100 ad. of hsxaae solution wee introduced onto tho 
oolmn as described above and tho oolysm developed with 
hOKSne.   fea> bands dearly aoparatad and aftar 1100 all. 
of ei-uate   had passed through tho ooltam, 100 til. 
fractions were collected (during 6 days). 

Evaporation of tho solvent from saddle fractions 
of tho aooond hand yielded a solid which aftar 
reorystal liaatlon from petroleum ether aaatad at 

'£ 
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Chromatographic Separation of a Mixture of 
2-Chlorocyclobutanecarboxylic Acids 

ML. of 0.025 
K NaOH 

1.5    - 

1.0     . 

0.5 

Fraction No. 10 20 30 40 
Effluent (ml) 180 280 

Figure 3. 
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S7.0-.96.5** the a»-^hlorcK^clobtJtan©caa1>o;^iie acid. 

Anal. Oelod. for C»%0«01s    c, 44.65* n, r>.25- 
Jbuod*    C, 44.47* 21* 5.16 

the eeid owapoacKt of the first band by evaporation of 
the  eluate   yielded a yallov oil*    Thai this yellow 
color van act leeched laro8»CK*eool {jpecn woo shewn by 
briacinc & portion to pS 15 with sasonlua hy<3roxtde 
and noting no color change.   ReehronstoGre^phing the 
oil cm a 1.8 x 20 ocu colas* peeked with 4.2 G* of 
nlliolc ecid» 0*8 g« ef oelltd« 2*8 a&. of absolute 
B&tharol* s»l 0.5 nil* ef water* restated In a negonta 
bead which rcoained at the top of the eoluen but the 
liquid obtained upon evaporation of toe haraine still 
wee a pole yallew.   A petroleuo ether solution ef the 
yellow ail when oooled to ee* ~60* breams Tory vlseoue 
but no crystal* separated*    If* instead of reelwensa0« 
graphing* the original yellow oil wee distilled fro* 
a 5 ad, Glaisen flask* a fr&etion wan obtained boiling 
at 127~130*/ 15 an. end oonslatlng of a pale yellow 
oil, ag» » 1*41773* 

Anal* Calod. for C&fOnaii    c, 44*65* ft* 5.25. 
Jnundj    C, 45.4ft a* 5.35, 

Par refraotionation of the above distillate, the 
senioicro distilling apparatus of Gould* Hslasan &ss& 
Hlononn (30) was amOoyod using four 6 x 60 m. tubes 
as recovers*    Sraetione wave obtained as follows! 
130, "b*p»/ Oft. weight (g.) «8* 
u 9&-1&*/ 14 0.1184 1.4566 
2. iao*iaa*5V x4 0.4780 1*4732 
3* 122«5*425V 14 0.2330 1.4768 
4. above 125*/ 14 0.0223 — •*• 

All the above fractions were eolerleaa*   On the basis 
of the ituLcwja&slyeis gives* below. Fraction 2 ooaslsted 
ef £»>-chlordoyclebuteieoo(rt»i5rlie aeid with en unknown 
oentsninant.   Erection 3 we* analysed and g» re a 
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carbon value 3 ^ low, 
Anal.  Calcd.  for GejIVC'9Cl»   C, 44.65* H,  5.21?. 

i^uad (Fraction 2h  C, 42.35> Bt 5.30e 

2H^^^^m,cs^,, ,qjg.tar;   ticinc 0,1 c. <>** the 
2b-chloroa0id# the proced*jre r©eo:nftett£©d by «hrinor §• 

§and Fucan (29) ylfcl&od oryotela Sroa wator-cthanol, 
».!>• 73*6-7^1°. 

Anal, Galcd.  for CialUBOoIirCl*    C, 4?.08| H, 3.65. % 
Tovea&t    G, 47#13| II, 3,75* 

2 V 

-*» 
The apoctra *rcre taken In ecrbon tetrochloride 

solution (0*050 c./ral* for the 2b~acid and a 
eatisr&tod solution for the 2a~aeld) ualnc 0,05 a&» 
sodluQ chloride colic '.rith a Perhln-iasor l-lodcl 21, 
SerlcS. 122* doable boaia epoetro£&totorioter«    The acid 

" aaraplec wore thoao for ishich the microanslyaee wore 
c given abov©»    Infrared data concerning thee© colds 

h&v© been collected In teblog v. end VI.  (p, #T) and 
in fieuro f* p«co 48, ?• 

Sa&UL&fi&aae ^etUraUpn*   aaapio© of o.i *.,. 
each of the 2-chioroaozdo uearc Boalod in aeprrato 
6 x 100 jsa&» tiubes containing 0.5 ol. of eorbceiTfvratod 

ii: hydrochloric acid and placed in csn oil bath.    03w> 
j|. temperature vaa brought to 14o* over a period of em 

bour fcnd helA at 140-155° for 30 mlnuton.    The drrk 
red-broim solutions ware esctroctod tilth ether m& the 
ether evaporated,    Tho residue were boiled with 
bensen© to renove water end the benr.ene roaidncc vrore 
chrooatOfTapiiod on 20 G.   (ailloic acid * oolite) ooluran 
l^repcrod ao noted on pac« 22.    Besides tho usual non- 
novinc. material at tho top of the column, each oolutm 
had only one raeving bevnd,    The effluent peak of the 

* 
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band fron the 2a~chl<*reaeid you Qo si, ubilo that fxxsa 
tho 3b-ohlaroficld woo 100 oil.    Ficisre 3 shows that the 
effluent poeSs of the 2a-ohloix>GOid on a 30 G« OOIUHR 
woo 270 al« while thet Of the 3>»ohloi<e«eid tma 120 til* 
In ©DOJI ofie© on3y 23*24 £ of the total theoretical 
aeid oontent ox* tho oolyrai woe titrated, ©^e^esting 
that column hold-up and dooaiposlUon aeoswted for 
the rcaalnlng 73 &    Xt was noted that apparently MINI 
Bjctartefll remained at the top than used for tills top 
bend (tsoually the top 3/5 ©* the eoliaao) extendsd 
about half way down ©ash ehmaatogsw shot* the 
titt-atione were oonpleted*    Ir t*oti©ttatiea was ooKilaood 
until 400 nl. of the  eiuate hod bean collected* 

QnontfrtftttlYff IHMiteftfelfltK    One tenth-Gran samples 
Of 2e^ohlo¥o<^ololnstaaeoaart>02qrll0 ©old ware o«filo& in 
four 6 s loo m, tribes* eash with 0,5 nl« of concentrated 
hgr&rochlorlo sold, and placed in u prcfcea&ed oil both 
at 180*.   A tt&>© was rocaoved at the and of 1* 5# 15* 
end 30 aittites*    The oontents of the takes varied in 
appearance fraa the l-rcinute ttfbc tola* apparently was 
unreaotea through the 5- and 15«alntrte tsbes which 
wore rro<:re*j8lveiy denser to the 30-ninu*e tube which 
woe very well blackened,    fh© method of isolation and 
analysis Has that described in the tibow© peragrajto* 
If the peafc obtained by the 1-aimst© twbe*e content* 
is token oc that of the 2&-chloroocidt then the first 
posit to be titrated occupied a position corresponding 
to the au.ohleit>aold <!*©» ISO al, previou*f as in 
figure »«    Xcblo x wmim the resiilts obtained* 

I 
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Tioe Titmtion valuoo 
(0*0183 » Haoi!) 

1st*          ana** 

Poroont of 
total 

lot            2nd 

Percent 
uocorory 

of 
Aold* 

« 

peak peak poaii poafc 

30 
15 

5 
1 

13.46 
12*86 

7«54 
mrnm 

3.34 
3«4£ 
6*72 

17.51 

da 
mm • • 

46 
0 

20 
30 
94 

100 

43U4 
45 
40 * 

Ttom thoorotie&l recovery was 4c.6 al#    YW> other 
ilfiio period* were also iznrest&gatod, 10 end 60 olnutce. 
However, rooorory In these two case* was 10-20 £ 
hlGh«r than in too e*eee noted, thua racadLng their 
Inclusion hero questionable* 

<&a position of this bond oorrespon&s to tho 
<t»«ohloroacid# 

**a*o poDition of this bawd oorreeportd* to tho 
2ft»chloroeaid (ooo p» 28)* 
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C*    Preparation of tho ^^a.oi\3oyclotratcnecorbo^lle 
AcIds. 

Srevloufc. to thie investigation,!!, c« Jones 
(10) had prepared one loonier of the 3-ohlorocyol©- 
butonoetirboxylio acid by the ooppor catalysed doooiap- 
ocition of the eorreopondinc 3-ohlore-if3.-.diaetd, 
The letter roouLted from the action of thionyl chloride 
on the 3^droxy-l#l~dlacid in the prooenee of 
pyridjn© (fig* 4),   Upon rotating thio work, starting 
with hydToayacid prepjgeod previously in thic laboratory 
(21)- an oil %rea obtained frota tfhloh a solid sold 
apparently Identical with the Jcnee acid woe Isolated* 
This sold* n.p, 51-52.2** may be tamed the 3a-chloro- 
oyolebutanoearbo^llc a -»A As ens w& dee from 
figure 4, the Jonoo preparation would be expected to 
lead to * "ixtaipe of thr t*o forms* the 3A and the 
3b* 
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The 3a and 3b acids 

00»H 

The eoheoe for the preparation of the 3-chloroacide, 
Figure 4. 
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Tha relative inaccessibility of the hydrosQr&cld as 
veil £3 the fact that C£3pG£?cttfcly only on© Issuer wu. 
obtained by the JOnos oethod 0*^.0 It desirable to 
find another ptvthw^ to the 3~ohloro^wids. 

Ash and Brown (32) found that certain directive 
of foot* wore observed in aliphatic chlartnaii<m» 
Ao o tcarainal directing group (-0OGH, -CCCX, ete#) 
Is raa&o core cloctrorhillc, free radical ohlorl ntvtlon 
tc&es plnoo loss readily In tho alpha position*    Thus, 
vitfc n-bxityrio sold they found 45 % oaoh of the beta- 
and canma-halot onatod products and 10 £ of the alpha. 
haloaoid.    Tho corresponding sold chloride (genre 46 % 
GO&iEHwhsloaoldt 49 % bete^haloaold and only 3 # of the 
alpha-hsloooid. 

One would sxpeet* that a free radlool ohlorina- 
tion of cyelob\iteRo.l»l-.dloiart>o3Cfllfi sold or of its 
equivalent would lead to 0 mixture of 2-chlorodloold 
and 3~ahlorodiaci&.    These acids could then bo 
separated by orthodox methods,    Zt woo fouad* using 
the c^rcloT--utsno-.l,l-diooid# that sulfuryl chloride 
with benzoyl peroxide foiled to ehlorlnat* tho rise 
either ot 77° for 46 hours in carbon totroohXorido 
solution or at 100° for 6 hours In synwtetrachloro* 
ethane.    If, hflUforoTy the diacld dlohlortde was first 
prepared end iool&ted, ehlorinatlon proceedsd wlthsmi 
added «olvc?\tf the temperature rising as the aulfuryl 
chloride reacted.    The ohlorlztated nateriwi consisted 
ainost entirely of the 5-ohlaredl&aid» m utmm, by 
comjierioon of the daoorboasylatlon produot* with 
authentic oatcrisXs*    Thi» would soott to islleate sn 
enhanced elcotrophllle character of a l*X»diacid 

^Before the experiment» Professor H, 0, Brown 
predicted, in a private ootaaxmicatlon» that the 
3-chlorodlacid and only negligible ooouats of a-chle^o* 
diacid would result fron the ohlorination of oycOo* 
butano-lfl-dicsarbosyllo sold* 

k -   * 
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dlohlorlde earoupinc. above that attributed to tho 
single OOCX cro^P*    A**- and Brcnm hove sho*.m a 
siollar onhaneonent In tho aeries:  -.CllgCl  <  -OHC10 

<  -C01tt. 
jMthouch a pair of isonoro nicht be expected 

in the decomposition of tlic 1,1-diacid, it would 
not aeon impossible, GO the Jones vrovY. and our ovm 
repetition aeonod to indiooto, that the docorbo^7lation 
procoflo nipht favor ono iooner practically to tho 
cscolueion of the other.    In an atteapt to olreunvont 
this possibility rand to prepare froa tho 3-ehlorodlaoid 
or ito equivalent the isoraer which apparently hod not 
been obtained by direct dec erbo::y lotion, tho echeno 
shewn in ficur© 5 was devlced.    Separation of the 
desired Isoner woo to be offectod either at the 
last atop (as indicated in the figure) or at sone 
intermediate atop en route* 

Staudlncor and Ott (33) were auooeeaful in 
converting diethylnalonic acid into tho half ocic* 
chloride. ThlB latter naterlcl weo found in thio 
Gtu&y to react with nothanol to c%vo the halfaoid 
ester, EWP* 15*166 5*. described toy Duuoonil (34). 
Upon deoarbo^latlc-iii 63 $ of tho expected diethyl- 

I aoetio ©old* nil* « *#%350> vaa isolated,    itowevor, 
f. when the method was implied to 3-chlorocyclobutane~ 

Ifri-dlacid only diacld dlolilorid© and unroaoted diaoid 
could bo recovered* 

i. •' A study of tho treatment of the diacld diohloride 
with one equivalent of nethanol resulted in yields 
of unreaotod nateritOL and, to a ninor extent, higher 
boiling fractions fron tfhich, after treatment with 
water, only diacld vac isolated. 

At thio point it was decided to study nore 
critically, by clTronatocraplilo nothods, tho crude 
distillate fron tho deconposltion of tho 3~chloro- 
cyclobutanc~lfl-dlacid and a technique was dcvcloxxxl 
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Proposed Syntheses of a Mixture of 3-Chlorocyclobutane 

Acid 

CH«OH / 

./S. 

H«0 X 

1 

COgCH,   XX C0C1 

C001 

+ O Cl\/ 008CH» 

./V— 
"I 

'. AT* G001 

CO,H      Cl \/   COC1 

/ CHaOH 

CO.CF, 

+ 4 

CO,!! 

* 

r 
• 

*> 
4*     » 

i 

I- GO, 

008CH8 

Figure 5." 
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CO^CH* Gl\/ CO»H 
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34 
for this putrpoea <aa© paces 18, 22).    Application 
of thla method led to the separation of the doenrbo^l- 
ation nirtare Into tt/o fractions which together accounted 
for 60 % of tli© total acid content of the crude oil. 
one fraction (51 £) consisted of tho sane acid Isolated 
previously by following the Jones prooodnr© (&a shown 
by talxed mcltSne polnta of the edicts and of the 
P*broat>2phenncyl esters), while th© ether (30 %) was 
a now loonier, nwp, 43#8-45»5% which mesy be termed the 
3b-otolorocyclobut«t ;o( ^rbo;yllc acid. 

Hi© two aolds h-.v   boon daer&cterlssed by their 
Infrared absorptions and p^broaophonexjyl caters. 
Tho aaldoa prepared frora each acid appear to b© 
Identical.    A prolinlnery inconclusive attempt was 
maSm to ioociorlse one 3~chloroacid Into tho other. 
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A rouwiUbottonied, I500-El«,t 3-necfcod flask ra 
fitted with a reflus <x>ndeneor, a dropping funnel 
r.nd a tfoemmHBtegp whoso bulb Lxjcaliod nearly to tho 
botton of the flaol:.    A calcium chloride dryinc, tub© 
en tl¥J condsncci- protected the ay steel frOsa moisture. 
cyclobut?mo-l,l-dioaflrtx>:^rllo acid (10A G* « 0*723 
nolo) was placed In tho flaolc and ;542 C*  (215 rtL» • 
2.392 nolo a 100 f e::oosn> of thionyl chloride trea 
added durlnr 20 nlnutos.    Tho teraporature wao raised 
by noons of a (.llas-col heatlnc nrcitle until reflurcinG 
started (10 rainutos).    Refl urine wee continued for 
3 hours, the temperature risine froa 45° to 90° p with 
little or no acid furaos evolved in the loot hour. 
She yellow solution xma then fractionated through on 
electrically hosted 15 caa. coluam pao&ed with 3 oca. 
clRco helloes.    £h© yield wa© loo £. (Tif £ of theory) 
of material boiling &t 108UH00/ 60 m# 

So avoid tlio isolation of tho ft»eo cyclobutano- 
lfl~<Ucarbo::ylic acid^ can atteeipt was suad© to convert 
the dlpotaosiusi celt obtained froti the aaponlfloatlon 
of the corrospondinc ester directly into the ltl* 
diacld diohlorldo by use of thios^l chloride or 
rflic&phorufl trlcliloride.    ^hen a bonsone slurry of 
tho salt was treated witih, plioopborus trichloride 
a vigorous eaaothernlo ro&otiea took place,    After 
row?©! of tho bonaeno^ attempt* to distill tho 
renninlnr material resulted in oonaidersble cnarrlne; 
and only 10 $ of tho doelrod product.    U©o ©X thlorgrl 
chloride without additional solvent Ixiprovoo the yield 
to about 25 /'.    Isolation of tho free 1,1-disoid Ist 

therefore, roconniondod. 

t * wm*y#?*rrA* *.»!«• *"-! 
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ajaaldoi    The aixjvo tv^degroo-renco naterial 

(0,2 G» ) w&s addod sio-wiy to 1 al» of lee-oold 
concentrated annonlissi hydrroddOt    ?hc ros\&tlnc5 solid 
was washed three tiiaee with 1 E£U of lee^valMr and 
recryntalli&ed   frcra hot water gMJig well defined 
jrisnn, m.p. 270-278.5° (doa.). 

Anal.  Calcd.  for C<sHioaBlT„t    0, 50*7O| ftf 7*04, 
Found:    C, 50.65* nf 7.06» 

n 

I 

I 

A 200 nl« * 3-ncokod, rwjnd-bot tamed flack was 
equipped with ft reflux aorxlenscr. drying tube* theroo- 
nctor end dropping funnel as described above for the 
oyelobutane-l,l-dincld dichloride.    Into this flask 
were placed 100.7 &.  (0.556 nolt>) of the l,l-41acld 
dichloride and 2.33 s* of bonaoyl peroslde and then 
47*2 ml. (7^.0 C. =0.564 nole = 5 f* e::oesa) of 
ot&furyl chloride was slowly added as the solution 
was broucht to roflu^LriG tmporature with the aid of 
a Glno-ol mantle.    Rcflusine was oontinued until the 
temperature rone to 110° and few fitaec war© observed* 
(Shis required frora l~l/2 to 2 hours,)    flhc yellow or 
rod-orence solution ^as fractionated as above with a 
4:1 reflux-ratio yioldinc 62,8 c*  (52 $) of b.p. 96- 
98°/ 14 nau    The yield was raised to 60 £ by 
refractionating neighboring frost ions.    The starting 
Bstcrl&i was recovorod in 25 £ yield froa lower 
boilinc fractions. 

And,  Oslo, for G6J[c0aClat    0, 33.41* H, 2,32. 
Founds    C, 33.26* II, 2.39, 

PlcgrJLiflLe>    The 3-ehlorodiacld dichloride (0.2 6.) 
was converted to th© diaralde as outlined for the 
unchlorinatod material above,    Recrystallisatlon 
froii Lot water cave crystala, a, p. 212.5-213»6* 

! 
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3-eblaro-l,l-diecid dlohloride (1,07 s. " 0.005 nolo) 
was placet! in a 15 nl.  centrifuco tub© sand 1 nl. of 
water was e&dod.    ./ith x-lcprouo stirrinc. tho nirrtviro 
was heated on a ctesr. bath.    After a brlof induction 
period the reaction proceeded without oxtcroal 
heatlnc-    Ether extraction of the one phase aqueous 
solution and roaultent evaporation yielded 0.09 g. 
(100 %) of 21,p. 135**1^20 (doc. )• 3y repeated 
roeryotalllzatlon from ethylene diolilorido the 
dcooapositlon point rwiy be raleed to 15&»159«5°« 
Incomplete nioltinr. oo.currod concurrently with 
decomposition within this ranee. 

Method).:    A 500 ral., 3-nocl:oa, round-bottoncd flask 
was equipped filth a ref3.it; pcrtial-take-off condenser 

* pnd ft djropplnc funnel.    5to a nirrbure of 29,6 c.   (0.372 
nole) of dry pcrrldlne and 100 nl» of absolute ether 
contained In the flask was eddad 20 g.  (0.124 oole) 
of 3^yd:ronycjclobutnne~l,l-diccrbOK^llc acid (31). 
The solution trao brought to refltsc and 03 c.  (55 nl. 
B Q.740 aolo a 100 % c-::coas) of thlonyl chloride was 

••• 

4, 
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In his actual procedure, Jones treated the 
reaction product \ri.th a ::ii::ture of ice, water, and 
ether and qulclrly detracted three tines with other. 
The ethereal ooltttlon was ohekon with saturated sodlisa 
chloride solution, filtered through oodim oulfat© 
end allowed to evaporate at rooa temperature.    After 
the bulk of the cthor hod evaporated, 50 ol, of water 
was added and allowed to react at rooa temperature for 
24 htnaro.    Ifte alsrture was then warned on a stem bath 
and the solution woe decanted fron the oil, treated 
with Iforit, filtered, and allowed to concentrate at 
rooQ temperature.    Thio latter stop, in this laboratory» 
required elcht do^s, a;id the yield of the acid was 
Improved 1$ f, to give the 56 % reported by Jones.    Prom 
tho standpoint of ooso of operation and tlae oonatsErptloa, 
tli© procedure fiven in tho terct above is probably 
desirable* u 
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38 
droppod In ovor a throe hour period.    During the 
first liour the solution wa# under total reflus: and 
50 % of the thionyl chloride was Added.    The ether 
msc talren off in the second hour end the solution was 
ecr-ln under total refine during the third hpur at 
%'hloh tltae the addition of thionyl chloride vaa 
completed.    The cooled aolutlon tms clowly ponred 
onto 50 c* of ice end then the mixture wcus heated 
on a steam bath fbr an tour with oooaslonal stirring. 
The orleinal dark oil reacted to give an Opaque 
solution which, after cooling wee extracted with 
10-locf rai« portions of other.    The other was stripped 
off until the volume was about 100 ml. at which tine 
100 m. of otbylone diohlorldo was added and the 
solution distilled until tho veluste vaa about 4© sl» 
Upon coollnG 3»9 £..  (40.5 % of the theory) of solid* 
M.P. 140° (dec), was obtained*    (Jones reporta m.p* 
150-160° dec.) 

Pocarboxyiation ^.i    The ^chlorec^clobu^ane- 
1,1-diccsrbocsylic acid (3.S4 C = 0.0132 nole), 
obt&inod froo the corresponding diocid diehloride 
by hydrolysis (of. p. 37>» was placed in a 10 al. 
Clelacn flask BXA heated at IS©0 fvz* 80 aiautoe 
at the end of which time no further evolution of 
carbon dioxide was observed (tho liberated gases were 
bubbled throurh a saturated barim hydroxide solution), 
The crude oil was distilled at 4 acu. collecting the 
portion boiling at 3U07-115*.    After repeated reorys- 
taliismtlon fron petroleum ether at dry lco-acotone 
bath tcnj>oratur©, a solid vies isolated, m.p. 49* 
51.8°    (Jones report® nup» 42.5-45«5*) 

Peaarbo^rlatiofi Bi    This ©T,periaiant differs flre» 
the one above only in that the 3~chlarooyclobutsne» 
1,1-diccrbo^lic acid uood was obtained by the 

• *.      ...   /r*r» 
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nodifled Jonoe precoduro (of. p. 57) and in that 
copper powder (0.1 s.) wee a/Odea as a catalyst* 
The product, which xtaa collected over the bcllirig 
ranee 110-115°/ 4 nm.f weighed 2»8a e»  (75 #)« The 
colid, after oicht rccrystailisations at ca* •60* 
frost pctroloua ether* had a nelting point Of 5o#5- 
52.5*.    It showed no mcltinc point depression when 
mixed with the above 3a~ehloroacld (deoarboiRylation A.) 

Amide:    Procod'sro It    The 3Jv-ehloroaoid (0.26 ®. }, 
obtained by decarbosylr.tlon A above, was placed in 
a 15 ad* centrifuge tube and treated with 0*21 c» of 
cold thionyl chloride in the presence of a drop of 
dry pyridine and the solution was allowed to warn to 
roon temperature.    After 1/2 hour it we* refluxcd for 
10 oinutee and distilled.    The crude acid chloride 
;rse then dropped slowly into ice-cold concentrated 
cnaonium hydrortide.    The precipitate wee extracted 
with a total of 15 ad* of ohloroferia in three portions 
&kl the chloroforta solution was evaporated on a stem 
bath to dryneoe.    She reoldue was crystallised from 
dry berisene civinc a ra.p. 162,8~164B,  (Jones reports 
166.8-167.4*.) 

The Ja-chloroccid obtained by dec arbo:*y lotion B 
above was also converted to its aoide by the above 
procedure yielding crystalst »»P« 169.2-170** this 
a. p. was not depreesed when the amide was sdxod with 
tho nai&o of the above paragraph. 

Procedure XIi    The amide of deoerboayla- 
tion A 3a-chloroocid was alco obtained by refluxing 
0.03 8» of phosphorus trichloride with 0.1 g. of the 
acid for one hour and addlnc the reaction product slowly 
to 2 al. of ice-cold QEBaonlun hydiosdde.    The resulting 

» mixture woe extracted with chlorofora, the extracts 
I were evaporated a "id the residue was rscryatalli&ed from 

bensene yicldinc crystals, m.p, 170-17l»8*. 
• 
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Proccdure ZIIi    A third synthesis of 

tho aside wo© effected via th© nethyl Qatar,    3a-Chloro~ 
acid (0,5 C»)  (deoarbocsrlation A) was diceolced in 10 
ml. of absolute raethnnol and 2 drops of eoncentratea 
sulfwio acid wer© added) tho aisstiSfO was Fwflusod 
for 5-1/2 hours and the nothsnol wee svaporatod, 
2h© residue was token up la ether and the solution was 
washed with codluia bicarbonate solution* dried with 
aacneaiun sulfat© cad distilled*    02he distillate 
was treated with 2 ml. of concentrated enraonltsa 
hydroxide end the mixture wao boiled to 6iv© a homo- 
soneous solution*    the reaction product was extracted 
with ether • tho extracts were evaporated and the 
residue was crystallised from benaenst a*p„ 166-174*. 

p»3rox3oph©naoyl estert    uaine 0.1 s» of the 
3a~chlorc&cid fron decerbo:tylation A, tho procedure 
roeocaaended by Shrinor and Fuson (29) yielded fine 
needles from i/atcr-ethanol* cup. 110*111,2**    Die 
mixed del tins point \fith pure p-.broraopl>enacyl 
bromide (cup, 109*8-110.5°) was 86-9*** 

Anal, Calod.  for C L9lltifii3rCl:    Q9 *f*06t H, 3,65. 
Founai    C. 46,lu* S# 3.54, 

Usirc o.l g. of tli© 3s~chloroacid from . 
dooerbo^ylatlon B, tho above procedure was repeated 
yielding needles» a.p, 111-1X2°* which showed no 
depression with the above estor from the 3a~chioro- 
acid of doocrboaylotion A* 

i* 

r. 

¥ 
to- 
ur • 

r 

G&mB3osm&A& afflaacaUaa at age, ana aadaaaafce 

2fe-jg&. 3fe*,fiMLwgflpifi aia&c&t   ®» 3-chioro- 
cydobutan©~l#l-dlcoxtooxylie acid dichlorlde was 
conresrtod to the dlaold as noted above.    However, 
the diacid vras not Isolated jut the crude raush 
fron th© other ovaporatlon was directly heated to 
l8o° for 20 minutes end the product was distilled 

^: 
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at reduced pressure*    the yields averaged 66*2 J& 
of 5-4° boJklln^-FinGO notarial. 

EropfarfttAon ot *hs column    A 1*8 x 52 osu 
oolunn was prepared from 17 s* of Billclo eoidt 

3 c. of eeXlt©* X ol* of broaocresoX gr«cn solution* 
1*7 Hi, of water, 8 ml* of abeoXut© raethenol and 
1.5 drops of 1 U acaaoniun hydroxide according to 
the scheme as outlined under separation of the 2a» 
end 3>-cliloroaoii3s# 

3te WmS&ASW    A 0.1025 g. eiaple (0,00076 
- QOlo) of the mixture was taken up In 2 »1- Of 

n-hexeno and the solution was added slowly alone 
the sides of the tub© about 1-2 am* above the 
silicic acid.    After it was adsorbed onto the silicic 
acid, the sides were washed with an additional 1 al, 
of n-hexnae*    She washinc was adsorbed onto the 
silicic aold and the tube was carefully filled with 
n-hexan© so that the surface of the silicic acid 
was not disturbed*    The ecliaan was then developed 
as described for the separation of the 2a- and the 
2b~chloroaoidsa    Figure 6 is a plot of the tltration 

I values of the first 40 fractions taken after 90 ad* 
of n-hexanc had passed through the ooluoR*    the 
procedure for tltration was that of Marvel and Hands 
(26) using 0.0197 H sodium hydroxide, 

A 0*10f53 G« sample (0*00078 Hole) of a alxture 
derived from a different sample of 3-chlorocyclo~ 
butan£ulyl«dioarbo:^rlic acid dichloride was separated 
under the saiae conditions and the results of both 
experlrxsvts are sunxoarisied in table XX* 

coluon was packed In the usual manner with 166*6 &• 
of silicic acid. 33*4 g. of oolite* 1© OX* of 

i indicator, 17 nl, of water, 80 oft, of absolute 
xaetlianol* and 15 drops of 1 II acaaoniua hydroxide* 
She 3-chloroacid laixture (0*9917 G*) dissolved in 
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Chromatcsrapliic Separation of a Mixture of 3-Chloro- 
oyclobutanecarboxylic Aolde 

$ 

r 

*•••- 

Ml of 
0.0197 
U.   NaOH 

2.5    Y 

2.0    h 

1.5   V 

1.0 

0.5 h 

Fraction No. 10 
Effluent  (ml.)      190 

*• 

* 

• 

&•' 

Figure 6. 
•••• 
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TABLE IX. 

3c»ple      Erootiona     HI, of     Percent of     au&BtcraMi 
0*0197 total 
K NaCII acid 

0,1025 0-15 19*72 55 3a~eKM»* 
16-36 10*61 30 3b-ehlor© 

0.1053 0-25 14, *C 47 3a~obloro 
35*49 9*56 31 3b~cfcloro 

Avopaget 51 3«uctoloap© 
Total ©old oontent of gg. 3tvohlot*» 
otsctttpc; aecoxmted fori 01 # 

30 2&, of n-h&xane vaa added sad washed onto tho 
coition, in tiio usual raoixncar*    Devolopuiait of the 
eoluon with n-heocone 3537© two well defined bands*. 
After 1250 afl.» Of   elue.te  had peaoed ttoOttgh the 
colifflso, 50 na, fraction* were? aclloctdA,    J^ssttsss 
8 and 11 fron the firet bend were eonbtnoa, token 
up in petrolouca ether sod reovsretellisod «t ae, 
-60* yloldlne a oolid, sup# 52.~53*2* the 3e~cfclere- 
AOld, 

Anal. caiod, for QoK-o-flif c. &4,65| Bff 3,2&. 
FOtaodt    0» 44,<S9| B* 5#32« 

38 and 39 fran the aeeonfi band of the above colwaa 
wero fllnilnrZy purlfled et -60^ from pet**&ean 
etfeer yielding & aolid, a,p. 43.8-45,5*» the ;$>- 
ohlorooyclobutenooeatoesylio ooid,    A portion of 

*Xn one ospordoont & tMrd band aepar&tcd froa 
a. cortuln docorboxylAtloxi jaixtisro,    the aeld 
oospenent of thla ©end wee IdLtastlfled as the 2&^chloro- 
ei^olobutoneoorbo^flio aeld lap Its nixed welting point 
witto authentic oatorlol.    However, eisilor eepawstiofis 
did not oonirirxa Its $roaenc=? In the sane deosrfbos^rle- 
tion Edjcttjre, 
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tliis acid when nixed vith a scEiplo oi the 3s~ehlcro-» 
acid resulted In icEaedlat© neltinfc at rooa tempera- 
ture* 

And. 0-vaod.  far C8IV>»<&*    Ci 44*65* H, 5.25« 
Pound: c, 44.41* K, 5.57. 

Ajftflftt    2hlo derivative tfao propcred by the 
throo viroced.trou (of. p, 39) as outlined under the 
3&»chloroaoid«    Table 1X1 truonsrlsos tho data concern- 
lac tho soldo of the 3-chloroaoi<to,    It would appear 
that only one anlde woo fcsmed and that on© leaner 
was possibly converted into tho other by an operation 
In eech of the three raethode* 

SABLE III, 

Acid: 1,   0001. 
Hothodi 

2U «su X.  GH-Oiu it* 
2. aotjon 2. BB4PH 2. mn«pH 

Zta~chlorot 
3b*ohloro3 

ft) 162*3-164 
dj 168.5-469,5 

b) 170-171.6     0) 166*174 
0) 171.5-172*8 *) 173-174 

ttl::od a#p# •o» V4 * 168»9- •16v»5*   b/G a 169-171* 

r 
* 

1 *  » 

a^mmaMaaflCtlja^flCt    «&U derivative, prepared 
in the usual manner (29) and recrystalll&od iron 
vatcp-ethaaol* cave * solid, m*p» 63*5-64.0° 

Ami, Oaled. for Ci»HaaO»BrCC»    C, 47,08| H, 3.65* 
Found*C,46.65* H, JUjBSU 

She spectra were tahen In corbon totrachlorlde 
solution (0,05© G«/sl« ) uolnc 0.05 m, sodium 
chloride cells vith tho Porkin-KUaer double boon 
spoctrophotorseter,    The acid oaiapiee used i/ere 
ttoso for which, the nicroansiyoio have boon sported 
above*    Infrared data conownlnc these aolds h&ro 
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been Ovllsctsd in ic&los v. «n& VI. (p, Iff) «??d 

In flew© 7» pec© ^8. 

- 
w 

3crapleB of 0,1 r> each of the puro jj-ohloroexiids 
war© seeled In oepctrate 6 sc 100 tan. tuboe oontalnlns 
0,5 OQU of concentrated hydroehlorlo acid snd hoetsd 
at 120-130° for 45 minutes.    2ho blaclzoned oaatenta 
of the tubec vrore extracted with ether, tho ether 
ooluttonfi evaporated, end the reslduee were boiled 
with benson© to renovo water.    Tlio benaen© solutions 
were evaporated and th<3 rosidrice tefcon UP In hexan© 
and chromatocraphod on 20 e, colunna && described 
In the slnilar eKperliaent with the 2-ohlttroaclda. 
Pur© oaniplt?f» of the 3-chloroaclds were also 
chroaatocraphed oa controls,    3© evidence wan obtained 
to indicate that appreciable leoncrlaatlon had taken 
place. 

• 
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r SUHUAEOT TO PART I. 

It has bean tho purpose of the present part 
of tho study    to prepare 5 loonerlc nonocliloro- 
cyclobutcnccorbo:yllc acids.    Five acids have boon 
properod and ©. atrsoary of certain data concerning 
those oonpoundo io Given below in table IV. 

-1 - 

; 

SASLE IV. 
The Itonoohlorocyclobutan«OQrbo:xylio Aaids 

M*p. 1 or 21. p. of tho 
Acid b,p,/naa. p-broaophen- 

acyl ©ster 
ng« 

x~ta 111-112°/ 12 114-115* 1.4545 
2»-Cl 97-98.5° 88-09.5° - 

2b~Cl 120-122.5V 14 73.6-74,1° 1.4732 
5o~Cl 51-52.2° 110-111.2 Mr 

3b-Cl 43.8-45.5° 63.5-64° - 

Acid Mloroanalyaoa Teatst 
Corbon   Itydro- Boil-          2 fs 3x»» in 

Gca atoln     KltnO* CC14 

1-G1      44,50 3.23 <+> <-) \ "* 4 

2a-Cl    44.47. 
I 

2b~Cl    43.35 
5.16 <+) (-) (-) 

5.30 (•) <-) \ "* / 

3o-Cl   44.69 5.32 (+) (-) (-) 

3b-Cl    44.41 5.57 (•) (-) (-) 

Expoot:44,64 5.24 (+) (-5 (-5 

•• 

^Holtinc point of ouldoj no p-bro£iop£:onscyl ester 
uos obtained using tho standard ro'oced'ure (29). 

± 
For a discussion of this value see pago 26. 

i • 
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j:riritin$ulshinc Rcolon (7,7-8.4 nlcrons) in the 
Infrared iipcctra of the (#clobutcnoc£irbo::ylic Acids, 

no Cl 7.71        - 7.SL        8.12        8.32 
1-C1 7.71 - 7.90 8.23 

I    . 2a-Cl 7.73 7.85 8.02 8,15 
2b-Cl - 7c82 7.93 8.18       8.39 
3a-Cl - 7.80 8.00 8.12 
3b~Cl - 7*77       7.96       8.1 o 

TABLE VI. 
2-lajor Bcnde in Common in the Infrsred Spectra of 

the Ilalcscida 
find that of Oyclobutanecarboxylic Acid (in nlcrons). 

r !% 

I 

din table ohov;c that tho prepared materiels euro 
laonorc, aro not imnr-tixretod, end sro each different 
chonio&l individuals•    Examination of the 7.7-8.A 
nicron region of the. Infrared spectra *,rlll attest 
fmrthcr to the latter conclusion (of.  flcur© 7 and \ , 
tobl© V.).    tfhlle presence of the cyclobutan© 
rinc was not definitely proved, Its presence is i 
implied from the foot that tlio infrared absorptions 
of those laomcro end that of tho known eyclobutane- 
oia*bo;!yllc acid contain four major bends in ooraaon 
(cf.  fipuro 7 and trfcle VI.). 

no Cl 1-Cl 2a~Cl 2b-Cl 3a- Cl 3b- Cl 

2.38 3.41 3.40 3.39 3.4c 3.38 
5.34 3.85 5.81 5.84 5.83 5.83 jj 

7.00 7.04 6.92 7.00 7.00 6.98 
10.62 10.813 10.80 10.6^ 10.65 10.65 

As the result 0 f these data it ne$r bo concluded that the 
1 

•k 

1 

five desired loonors have been prepared and character- 
ised. 
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PARS XX*    inVSSTXGATXOK OP 2fiS mSK RADICAL C'lLOR- 

IHATXOK OF CYCIXmUTAIKCrgPJXJX^LIC ACJ.D 

Pert X hew dealt with the Indirect preparation 
of 5 isoaeric aeao^Aoro^clobTAiaiooarbo^r/llc aclde 
by methods Indicative of structure, 2h© advraitsges 
of & direct notbod. i*e* cblorlnatlon, are obvloue. 
Xt le the purpose of this port to investigate the 
possibilities of this 1 at tea? method. 

Ash end Brmm (X) ho.tr© studied cOlrfcatio 
ohlorlnatlon la some detail In the otralekt chain 
series*   In llo;uid-jfiase free radical cMorlnctione 
two factors are inpertanit the Inductive effect of 
a at&stltuent end the stability' of the orcenic free 
radical Intermediate* 

She eerboEyl group as a substituent has a -X 
effect*    ?hls electron attracting croup will hinder 
the reooval of a vicinal hydrogen atom, since such 
a reaovel necessarily Involves the idee of on electron* 
Moreover* this hindrance wold tend to be Greatest In 
the looedlate vicinity of the group*   one w«0.d then 
predict that free radical ohlorlnatlon* t&leh la 
thowGht to proceed by the Initial withdrawal of a 
hydrocm stoss (2)* wmld take place ooat readily in 
^sltlone farthest removed front the carbosyl group 
or lie derivative**   fbat this is the ease* ma 
shewn by th* above author* (of. p. 31)«   In the free 
radical chlorlnation of l#l«ovolobutenedio£Vbo>qrlic 
odd dl chloride, the details of which trare discussed 
is Pert I|  wuwaur theovy wee uphold  (for the lirae 
tine In a cyclic eye too) in that chlorlnation 
proeeeded almost entirely in the ^position*    She 
results Obtained in Part X also can be interpreted 
as a confirmation of the Ash-nrown observation that 
the offeot of identical subetltuewta la additive* 

*> 
* 
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crconlc free radicals eeon to react In the 

order princry   >   secondary   >   tertiary (1).    It 
also has boon cdvencod that uhcro two or aoro 
products nay bo possible* the one obtained io tho 
one derived from the nest stable froc radical 
intermediate  (3).    trith l,l-cyclobutanodic«^bo:;ylio 
acid oil the possible internediateo ore secondary 
radicals and, therefore, ono uould expect the 
inductive effect to control tho reaction product * 
uhich acme to be the cnoe.    However, in the case of 
cyclobirtoaecarbojyiic acid, in addition to G possible 
secondary radicals, there I a a possible end presunably 
nore stoblo tertiary intomodiatc involvlnc the 
l-pocition*    The result© predicted by consideration 
of the inductive effect rre hero in opposition to 
tl*>so prcelctod on the asaunption tliat the noct 
stable free radical Interned! ate determines tlio 
-product.    An experimental study io thus noceGOory to 
detcn.iine which effect la nore inportant in the free 
radical ehlorlnation of this compound. 

1?o investiG^to the froc radical ciilorlnatlon of 
cyclobutcnecerborcylio. acid, one needs a aethod 
for tho analysis of the chlorinated nl::ture that 
would theoretically result*    If conditions cen be 
controlled so that only laonoclilorlnctcd products 
care obtained, the analytical noticed need apply 
only tc the separation and identification of the 
5 poBoible position loenera of raonoclslorocyclobutano- 
carborylic acid,    HSbto toohniqueo described in Port 2 
should be pertinent to this problem. 

Accordingly, the chronatocrephic noticed 
previously developed was studied further as en 
snalytloal tool in the loonor separation.    A 60 £• 
(silicic acid + cellfce) aolunn proved the oost 
oonviont fron the standpoint of occuracv asxBL tlae 
consumption.    A airrture of Co-, 2b-, 5a- and 3b- 

t 
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> 
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53 
olilorocsyclobutGncccx^bo^lic acids '.ma eruelly separat- 
ed (co,  75 % recovery)    by such a coluan«    I}y 
lsolatinc the bands, tho sequence of effluent 
oatertalR ^ae ahown to bo 3o-chloro~, 2b-chlero-, 
3b*-ehloro- and 2a-ohIoroacid.    Tho of fluent poake 
were also noted.    She 1-chloroacld end unchlorlnatod 
acid vrero separately run and their peeka observed. 
A value* which may be called tho effective R^t waa 
obtained by averaglnc K-. values, obtained In the 
uoual n3arsnor'*,

t in the 100-<S00 ml.  effluent rang®. 
this approximation was neoossary because tlie silicic 
aoid was packed rather loosely and tended to settle 
in the 2-1/2 wooto necessary to develop the coluran. 
Ti^ator pockinG resulted in nore constant Rf values 
but necessitate*. lon£or periods of developoent. 
The effective R- values for n clvon band on 
oolujans apparently operating under the sane conditions 
were not always identical.    However, on tho aa&e 
oolucmf a ahift (fro© an arbitrary standard) in the 
lU value for cny band waa aoconpanicd by a correspond- 
ing shift for tho other bands.    Consequently, it was 
possible by applying an appropriate correction to 
maSco all ooliuanc comparatoro.    tThe total effluent 
sequence end colicm constants for those acids are 
sitracusriaed in table VII. 5  * 

TABLE VII. 
standard Values for tho Effluent Peaks end Effective 
R^*B for the cyclobutanocwrbos^llc Acids (6*C g, coluan), 

(Average errors*  peaku a ± 30 sal.| IU a £ 0*0C?) 

Sequence:        m Cl   3«~C1    1-01     2b-Cl    3b-Cl   2a-d 

Peaks (al.)a    320       3>80       420       540       733     1060 

%   \$jjfc]   1 o.i88   o.i48   o.i34   O.lo5   o.076   0.05- 

*Rf ic a measure of the rote of How (ef. p.62 }. 
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It will bo noted that the range for the l»chloro- 
PvCifl (390-450 no.*) and that for the 2a~chloroacld 
(350-410 ml. 5 overlap and trouble in separation on a 
60 c> eoluran night be anticipated,    It was fomid that, 
when two bende were present together, a titratlon 
eurvo resulted not unlike that or the first band 
of figure 3.    A sosiiquantitativc approximation of 
the amounts of the two acids was nade In sttch cases 
by extending the downward slope of the poak and in 
ouch a manner reoolvinc the curve into two poeho. 
The value of this method* ©a applied to figure 9, 
v;ill be discussed later (of. p.  61),    When an 
atte&pt was nade to separate a mixture of 1-chloro-, 
2-chloro-.,  and 3-ehloxxjcyclobuteaocerbo;:ylic acids, 
it war. found that complete 0operation was effected 
only by uclnc a 120 c* column.    Such r. colunn 
reculrod over a nonth to develop*    Ihcreforo* two 
60 Cm coluEms wore placed ono above the other end# 

after the first two bands (3a-chloroacld and l-chloro- 
aeld) had taraoasffetrraa themselves onto the second column* 
earth column was separately developed.    Values 
obtained by this method tfore 5-10 $ low and., as 
a practical analytical tool, it was abandoned, 

The actual ©hlortn&tlon of cyclobxxtonooarboKylic 
acid was carried out without a solvent and with a 
5 fi excess of oulfuryl chloride In th© presence of 
bensoyl peroxide, the temperature rising to 115° in 
a 45«ralnute reaction Interval.    Pr&ctlonatlcn of th© 
reaction nirturo indicated that 4S f> of the product 
was aonocblorlnated material and that 29 f, of the 
cyclobtitanecarbo:^rlio acid was ijnroactod,    Sample© 
of the crude reaction mixture and of th© fractionated 
aonoolilorlnatod a&terial were chronato^aphod on 
60 £» colurcna.    Under these conditions equal ajaounts 
of the 3a~eIiloroacld and of the uncIxLorlrjatod acid 
nay bo coperated.    However, the relatively larce 
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acaounts of the unohZorlnoted acid proucnt In the crude 
reaction nisfcure led to the situation eiiown in figure 
8j    the curve of the unohlorinatod acid overlapping the 
next (3a»chloroacid) band.    Observation of thie chrona- 
to^ron of tho crude mixture Indicated 3 bonds, whose 
positions up the colurm agreed with unolilorinfttodj 
3o-chloro«., 3b-chloro-, 3b-chloro- and 2o~chlaro- 
acids, respectively.    The analysis of the fractionated 
aonochlcrlnotion product indicated that, within 
onporloontBl error (ea* £ 5 $)$ 38 % of the total acid 
content vac 2b-ohloroacid, 34 # woo 3a~cliloroacldf 

10 $ vac 3h-chloroacJd end l~chloroaoid and 2e~chloro.- 
acid vore absent,    Tho throe soldo present in najor 
oaounte wore isolated and identified*    Althougn a 
band (xorreepondinc to the 2a-chloroaoid woo soon an 
the colutm, thie acid could he neither isolated nor 
titrated and, therefore, oust bo present in loss 
than ca. 5 %•    Eh© 1-ahloroaoid could also ho 
present to the none extent end not cause a clefleotion 
in the ti trot ion curvs observed for this fractionated 
cixture (fie* 8)»    Titration of the acid components 
of the nlrture which do not nove down the coluran 
indicated they composed 6.5 % of the total acid 
content of the fractionated nlxture.    Thus, 88,5 $ 
of the soldo present in the oonochlorltiated fraction 
were accounted for. 

The question nsy arise as to whom*** tho analysed 
fractionation mixture woo reproBontotlve of the oricinal 
crude mixture.    Tho relative caounts of the chlorinated 
isomere remains constant if no loonerlnation, decorapo- 
eitlon, or other loss of the acids has taken place 
durine tho distillation.    Direct evidence on the extent 
of chance during distillation is l&c&lnc* but it is 
believed not to be a source of error Greater than that 
inherent In the analytical method.    3$MB failure to 
obaerve the 1-chloroacld in the f* octionatod material 

I 
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ie net due to a loon during distillation, oinco it woe 
flhowsi (In connection with attenptc to prepare tiio 

1-ehloroacid from Its .old chloride) thet nlsturco of 

th© unchlorinatod and 1-chloroaeids could effectively 

b© a operated by fractlonatloxu A looo of tkc other 
acids lo ©xcluded Bine© these boil in a still higher 

rone® than th© 1-chlcro iaoner. 
In view of th© ratio of ohlcrination in th© l-> 

2-t and 3-pooItiono of Os38j#t, tho chlorination of 

cyclobtitanocarbosylio acid ney bo aoid to follow too 
pattern set in tho straight chain series. She results 

obtained indicate that it ia tho inductive effect of 

th© oarbosqrl ^oup which determines th© pfoducta of 
the reaction* 
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EXPERT IEHTAL 

line chrcmatocraphic tribe woa constructed by 
aceaiBG e standard tapered 45 sn./SO-aa* outai&e 
Joint to the upper ond of a 50 x l«8-csu glass tub© 
in ouch a manner that a reservoir of oa. 70 ml. 
(8 s 3*5 oau) was   loft above the narrower tube and 
below the ground glass portion of the Joint.   At the 
lover cod of the tube was coaled a stopcock (4 m, 
bore) with a l?-ea. blunt-ended take-off atom . 
Below the ctopooofc (2 an*) was sealed a standard 
tapered 45 ssu/ 50-nn. inside Joint,    such construction 
allowed tubes to be used individually or in series 
(ef. p* 55). 

Usinc the above tube, a 60-G. colursn was 
prepared in the usual manner (of. P. 22) employing 
51 &• of silicic acid, 9 g, of oolite 545, 24 al, 
of absolute isethanol, 3 al. of broraocresol croon 
solution, 5*1 Bl« of water and 4.5 drops of fresh 
1 n aCTjoniuaa hydroxide.    After the column hod settled, 
0*0036 e* 9t crude 2-chlarooeld mixture (of, p» 21, 
prooedure B) and 0.0872 s. of crude 3-chloroacld 
mixture (of* P* 40), suspended in 2 ml, of ruhoxane, 
were added*    She column was developed in the usual 
manner until 350 ml, of n-hexane had boon collected. 

*The aten was so designed as to enable convenient 
stoppering in periods between aotual operation of the 
column.    Continuous collect ion of a complete chronatc- 
gran required 6 days.    Zn order to collect lo ml. 
fractions for subsequent tltration, 2<*l/2 weeks wore 
required because the column was operated intermittent- 
ly (stoppered ovomlGht). 
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Fractions (10 ral.) were then collected sxA titrated 
with 0,017 S sodium hydroxide by the Bdthod of Harvol 
and Rands (4) until 1300 ol« of th© effluent hod 
boon analysed,    !She titrwtion curve lo shown In 
f lgtsro 9* 

nent was repeated using & 4o-g« column cad 0.0261 £• 
of 2-ohloroaclds and 0,0306 g* of 3~chloro«ci&s,    When 
the lover bond had reached 19 era* below tho aurface ef 
the alliole sold* elutlng was stopped,    32M colucm 
was ertruded end the bands out free*    Each section wee 
treated with other, the ethorcal solutions were 
evaporated » tv*e residues wet's boiled to drynoas with 
bensene and solids obtained were recrystallised froa 
petrol©un ether at -60%    the results are euomarised 
bolowj 

Bcbtos bcn&t m«p« 46-50° yellow solid 
2nd, bands - - yellow oil 
3rd, bandi m,p, 37-3&° yellow solid 
top bandi sup* 92-95v yellow solid 

•Jho second and tap bonds correspend to the 2-ehloroecids 
(2b- llQuidi 2a- ra,P* 97-98*5°) the chronatocraphlc 
separation of which haa prerlov«ly beon investigated 
(page 24$ the ab-chloro&ctd precedes the 2a- isoner), 
She bottom «*d third banda nust then correspond to 
the 3-cbloroacido (3a- B*.P?  50.-52* 2° I 3b- r&,p. 43.8- 
45*3*) f the relative poaltiona of which are toown on 
a oolusn (pace 41$ the 3a-chloroacld band lies below 
that for the ^braeld),    The above bands aro thus 
identified and tl*o order la shown to bet 3a~# 2b-t ; 
3b-» and 2a~ohloroaold, 

order of the bands hovlnc been established, it was 
possible to oheok the aocuraey of the analysis using 
the data on which flcuro 0 la based end ooooperlne the 
results against those obtained (paces 22ff, and 4off.) \ 
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with sijaplcr columns,    'She findings* sunosrlaed In 
table VXII* Indicate that this oolv?m oan fimctlon 
effectively as on analytical tool when applied to 
the fo*avcoaponont system. 

TJSLE VZII* 
Stttsaary of Analytical Zteta 

Acid Fractions ia. of Gorr, Calcd,"* 
Collected 0,017 H 

HaOH 
ml. «•*• J* 

5a. Cl 0-i4 18.05 10.66 25.5 26 
2b~d 15-30 9.36 9.90 13.5 14.5 
3b-Cl 31-62 12.88 11.95 16.5 15.5 
2a-01 63-102 17.42 16,74 23.5 26.5 

/TPorcent of total aoid content. 
Baaed on results obtained with two-coaponent 

eoluana (2a end 2b| 3a and 3b)« 

S^!A fat t&c oy,Btoi^cffOfiflrfbo^aJLa Aatea 
Ifl&aer the conditions used for separation of 

2~chloro- and 3-ohloroscids to© $• oolursn)* 0.0606 
g, of cyclobutanoearbosrylio and (separately) O.O638 
G, of l~clilort>cyclobutaneoorhosylio acid vow &d?om&» 
toeraphod.    The effluent values observed* for these 
columns, as well as thooo which were road fro© figure 
0$ have boon recorded in table VII,    The values o* 
the effective R^ Given 3.n table VII were derived 
aa partially oliotst In table IX (p, 62), 

•She effluent values were observed froza flye 
similar colusno and the averace error was ocloulatod 
to b© + 30 rnl. 
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E/iHLS IX. 

Observed Rf valuea* for the Sever el Cyclobutone Aoldn. 

Acid Total I&llltera of Effluent . 
IOC   125   175   225    275   300    350    4-50   AVcroco^ 

no Cl -      .155 .190 .165 .158 .157   -       - O.I84 
1-C1 ,140 .138 .139 .1357 .132 .130 .126    - 0.134 

2«uci .060 .051 .057 .057 .053 .052 .051 .051 o.or>3 

2b-Cl -      .110 .110 .110 .105 .103 .103 .101 0.10,- 
3a~Cl .160 .150 .150 .140 .140   - 0.14, 8 
Jo-Cl    .095 .032 .083 tO80 .076 .077 .076 .075   0.076 

Eia R* (rato of flew) vrvLuo la numerically e?uol 
to the diatftnee traveled (In cm.) by a particular bond 
In a given time divided, by the volum (In ml.} of 
of fluent collected during thie ported. 

t The overacoo represented In thio table cr© til© 
result of numerous columns end do not noccaeary 
ropreoont the cvorcce of the ficuros civon.    tfcnorally, 
In order to compare coltanna, a quantity (constant for 
that column) wao odd.od to all value© obtained.    Before 
thlo correction* the averr^o error in the vrlnca v:as 
calculated to be + 0.007. 

> - 

seas. EeSAsal. SMteEteifetoa a£ Qu&tito£&m&3m&l& MM 
C^rclobutonecarboaylic acid (20 e. " 0.2 mole) 

€sA 0.5 g» of bensoyl pororide wore placed in a 100- 
nl.» 3-neclcod round~bot*b*8d floak equipped with a 
droppine funnel, thermometer (bulb in liquid), and 
a reflusc condenser (topped with a calcium chloride 
tube),    iiulfuryl chloride <ly nl. s 28.4 £. =0.210 
mole » 5 # oxceae) was added slowly during: 15 minutes. 
T!*o oolutlon woa brought to reflux in li3 minutes 
nnd reflux ed for 45 minutes.    At the end of this 
period tl£ oolutlon woo pale yellow, the temperature 
wao 115° and little or no evolution of funta woo 
observed.    The crude mixture (25.2 £•} was fractionated 
by noons of an electrically heated 15 en, column 
pacJtied with 3 msi. £lasu holiqea.    Ihe fraction boiling 
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at 98-106°/ 14 am.   (4.04 c. )* ng6 » l.W50$ accounted 
for 20 f> of tho stortlnG DiD-tcrial (unrcactod cyclo- 
buteneoarbo^'lie acid),    Tho frnotione bollinc p-t 
110-124*/ 14 im, arid 117-130°/ 9 csa.  tfero codbinol 
(13»36 c.» nj8 « 1.^721) owl represent a 50 $ yield 
of uor»clikloroc7clobut€uaoccribo:^ltc acido. 

I'ho experiaont \?no ropoatad t-rith 13 G» of 
unchlorinnted acid accordine to tho direction© 
Given above and, of the crude ehlorinatlon ni;tturef a 
©anpi© (1 G» ) ^ae retained for auboocmemt chronatocraph*. 
io anelysla.    To insure conplote separation of tho 
chlorinated end unchlorinnted acidn, a 14si rcflu^- 
tako-off ratio was vood in the fractlonaticn. 
UneiOorinated cold {20 £) was recovered boilinG at 
531*5-100°/ 11 am,, ng° =» 1*4430*    At 100*/ 11 sss. 
there was a eudden rioo to 114° and tho fraction 
boilinG at 114-130*/ 11 ma. wae collected.    This 
fraction, ng« a 1.4727, weighed 8.18 r,.  (49.5 .*' 
yield, after oorroctinG £°r couple reoovod). 

Analysis of the dflorftaatod i-ilr.turggs    In the 
usual manner, 0.2083 G« of the material boilinG at 
114-130°/ 11 r*a»  (see poroGraph above) and 0.1906 £• 
of tho crude mixture fron which it was derived were 
separately chromtocrapJied on 60-c. ooltaans, titratins 
10 d. frnotionE with 0,0197 K oodiusa hydroxido* The 
titratlon etirve for each la ohown in figure 8.    A band 
noving ao 2a-.chloroo>cid ooul& not be titrated.    Data 
obtained fron theoa coliasane have been cteaniarinod in 
table X (pose 64). 

Certain aspects of table X need further couunent. 
Slow moving acid impurities traveled down half tho 
length of tho coltsnn *£mx the crude nlxturo vras 
analysed (1/5 tho way dorm ia normal).    It io possible 
that Interference was responsible for the marked 
deviation of the R* values.    Tho fourth peak of the 
crude mixture's titration curve was vory flat laahinG 

i? 
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unrolleblo. Xho ©f*oot?,ve IL 
valuoa end effluent poafc veluca for the conponanto 
of the fractionated r/.r&ur© tare within ec-pcricentel 
error (of, tnblc VII) eocccpt the of fluent r>eok of 
3b~chloroeyclobt*tr^occ,rbo::yllc acid,    Itowover, tho 
rate of novonont of tills bend, lt« pooItIon on tho 
coltsan, end the ioolation (BOO bolov) of a low 
raeltln£ oolld froia the bond eervo to Identify tMB 
cubeUoico.    Tho acid lopurlty mi o::truded and c xt 
front tho oolusan*    Sic sample vras welched end 
titrated In tho usual oamier with 0.0197 S oodiuza 
hydronldo, uolnc an equal weight of properly vr*ep«ro«d 
oolTJcm a&torlal em a blank. 

!... 

SABLE X* 
AnaOy&lo of tho Orudo end Fractionated Chlorlnatlon 

*"lr.tur©» 

Acid 
Effco- nwve- 
tive  tlon 

n, Ho. 

Efflu- 
ent 
Pock 
Col.) 

!&• of 
0.0197 
1! UaOH 

no 01 
3&-01 
2b~01 
3b~Cl 

0.17 
0.13 
0.11 
0.00 

1-3.0 
U-23 
24-36 
52-72 

320 16.7* 
420 13.43 
5to 8,33 
8Q0(?)    3.69 

ia&aaaojife£faa» 
3a-Cl    0.14^   10-26 410 27.13 
2b~0I   0.102   27-47 550 28.73 
3b^2L   O.CTg   40-64 790 7.66 
/.eld inpurlty: 5»0C 

22.24 
7#93 
8.38 
'5.69 

26.53 
29.13 
7.06 

25 
9 
9.5 
4.2 

34 
38 
10 

6*5 
88.5 

*A positive correction of 0.01 unit woe unriLlod 
to tho ©boerved nf values of the froctlonnted aixturo, 

*1 
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A 0.2191 f> snapl© of the natorial* nga • i«4?21, 

obtained In the initial chlorination eapcrinent  (cf, 
p. 63) was chromtocraphed and analysed  In tho usual 
nannor#    AlthouGh the titration curve thowod signs 
of impurity* tho results were in rjc&earfi. ogreecient 
with those obtained for tho later4 orpesfcnonfc.    S!h© 
values found weres 3a-chloroaoid ~ 4& J* taxi 3b-chloro- 
acid = Z2 f>*    She dcvolojuont of the coii-nm was 
discontinued beforo the last two bswds cioiild bo 
analysed. 

JMWftftUfltl 0>, QPfoTO .aaswntft.t    ^o separation 
svho\m In figta?© 8 was repeated with 0.2O54 g# of 
th© fractionated ni::tur© end tho cQiaponeiito of oach 
major beand was iaolatod oa on pace 59 (except that 
tho bands wore olutod rather then cut facon the celusin). 
Tho lower band yielded a solid, a. p. 5£^1-!>1.90, 
showing no lowerinc of laoltlnc point wi-tfc suthenic 
3a-chloro*cid#    The eeoond bond yielded  an oil, 
ng* t» 1*4728»  (for 2b*chloroaold this constant is 
1.4732).   A low noltlnc solid woe Isolated froa the 
t2ilrd bandt hm«nror# duo to tho email Mnount, 
rooyot&l 1 lsatiaa was not feasible.    It was impossible 
to isolate either a solid or an oil fron the faint 
band Bovine as Sa^chlorocyclobtttcaiocitt'bo.^Lio acid.. 
However, It was possible to Isolate In jxjor yield, 
by rocrystalliBation at 0* frora petrolc-ni.i ether, this 
acid (2a»c!iloro) from a synthetic nixttEro of clilcro- 
acids (2a, 3% 3b) and unchlorinatod acid in which 
it was xreaont to tho or.tent of 8 jCi 
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