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ABSTRACT

The halogenated cyclobutanecarboxylic acids
are of lmportance in connection with projected
syntheses of theoretically limporteant cyclobutane
derivatives, ' | .

To facilitate the direct synthesis of such
compounds, the free radical chlorination of two
simple models, cyclobutanecarboxyllc acid and
1,1l-cyclobutanedicarboxylic acid, has been in-
vestigated.

Necessary to this study was the sgynthesils,
by meens indicative of structure, of 5 lsomeric
noncochlorocyclobutanecarvboxylic acids., A chromato-
graphic method has been developed capable of
effecting the separation of these isomers from
& mixture., -

The results obtained in this work are
consistent with modern interpretations of organic
chemistry theory and extend the scope of 1ts
applicetion in the field of free radical chlorina-
tion to carboxyl-substituted carboeyclic systems.
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LIITRODUCTION"

There has been considerable interest in this
1éboratory in the chemistry of the cyclobutane
- ring, perticularly concerning possible routes tdj
l,3-cyclobutadiene and its derivstives, Certaln
halogenated cyclobutanecerboxylic acids might
prove useful as starting poilnts in such syntheses,

For instance, one can write single step
elinination reactions yielding the cyeclobutadiene
ring starting from any one of the 4 (disregarding
stereolsomers) symmetrical éihalocyclobutanedicarbox-
ylie acids shown below:

X COgH
C0gH X C0gH X X 00 gH
00H X - 00 H ' X HOSG X
I II. 111, IV,

Theoretically each type can glve a cyclobutadiene-
dicarboxylic acld upon loss of 2 HX; however, types
IT and IV mey also possibly undergo a decarboxylétive
~elininatlon reaction’ losing 2 halide and 2 carbon
~dioxide entlties-

Q43
5 WA, A
—
X 7—j0=0
A/ 553
II. Iv.

ﬁhe spatlal arrangement of the cyclobutane
gubstlituents may be of great importance in the
actual success of this reaction (cf. ref. (1) and (2)3
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Perliin, Jr. (3) investigated the only known
representative of type I (X = Br, configurstion
unknoim) and found that upon alkali treatment the
2-bromo-l-cyclobutenecarborylic acld was formed
instead of the expected 1,3-cyclobutadiene-1,4-
dicerboxylic acid:

Br
COH COgH By
—_—
COgH COgH ' COgH
Ep

This seems to indicate that the decarboxylative _
elimination proceeds more easgily then regular elimination
- in this series. Domnin and Yakoviev (4) have

shown that, 1n the case where there 1s no 2-halo

group, elimination does readily take place:

Br

COgH COgH

i

Only a single compound is known of type II.
3,4-Dichloro-cis-1,2-cyclobutanedicarboxylic acid
was obteined by Cope and Burg (5) from the
oxldatlon of e dicllorinated cyclooctretetraene,
This method” 1is laborious for prepariﬁg the
material in quantity and the sterting naterlel
is not readlly avallable.

*The work was repeated in thls leboratory
by Hadoff (6); poor yields were obtailned Ffollowing the
oxidatlon procedure glven by the adove authors (5%.
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Exenples of types III and IV are unknown.

In Tect, the parent 1,3-cyclobutansdicarborylic
acids only recently becaue svallsble tizrouzh
work carried out in this laboratory (7).

Perkin prepnared his type 1 acid by a Hell-
Volhard-Zelinsky bromination of the corresponding
diacid and presumebly type III could be obtalned
in a simller mexmer., The approzch of Cosne and
Burg to type II suffers from the dlsedvanteres
mreviously statad and its genersality has not been
investigated., Illesthods leading to the preparation
of compounds of type IV have not previously
been studled,

The general nurnose of this thesis is to
advence our knovledse of prenaratlive methods
leading to halogensted cyclobutanecarboxylic
acids, BSpecificelly, Pert I of these studies
deels with the synthesis, by methods indicatilve
of structiure, of 5 lsomeric monochlorocyclo-
butenecerboxylic acids, Pert II is = study of
the free radical chlorination of cyclobutane-
cerbo:ylic acid,

it is felt thet these studies, which
necessarlily wvere carried out on the simpler models,
will aid future lavestigetors in the prepafation
of more couplex halorenated cyclobutenecarboxylle
eclds.
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PART I. SYNTHESIS OF TIE HONOCHLOROCYCLOBUTANE-
CARBCXYILIC ACIDS

In the introduction it was pointed out that
only two dihalogenated cyclobutanedicerboxylic
aclds are known, the 1l,2-dlbromocyclobutane-l,2-
dicarboxylic acid through the efforts of Perkin,
Jr. (3) and the 3,4-dichlorocyclobutane-1,2-
dicarboxylic acld through the investigations
of Cope and Burg (5). Certain other halogenated
cyclobutanecarbo:ylic acids are knowm, all
derivatives of cyclobutanesmonocarboxylic acid,

2,2,3,B-Tetrafluorocyclobutanecarboxyiic
acld has been prepared recently by Cofimann,

. Barrick, Cremmer end Raasch (8) by alloving tetra-
fluoroethene to condense with vinyl cyanide and
subsequent hydrolysis of the product. A trihalo-

acid was obtained by Perkin, Jr. (3) when bromine
wes added to 2-bremo-l-cyclobutenecarboirylic acld,
Domnin and Yakovlev (4) reported a 1,2-dibromo-
cyclobutenecarboxylic acid resulting from the
treatment of l-cyclobutenecarboxylic acid with
bromine,

Two simple monohaloaclids are known. Hell-
Volhard-Zellnsky bromination of cyclobutane-
carboxylic acid by Perkin, Jr. and Sinclair (9)
led to the formatlon of l-bromocyclobutanecarboxylic
acld., Jones (10), in recent unpublished work,
has prepared one 3-chlorocyclobutanecarboxylic
acld lsomer by a several étep procedure,

The last two investigatlons are pertinent
to the present one and they are discussed at
length later., The following dilscussion has
been divided into three sections. Sectlon A deals
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uith the preparatlon of l-chlorocyclobutanecarboxylle
acid, Sectlon B concerans the 2-clhilorcacids while
Section C reports the study of the free radicel
chlorinstion of l,l-cyclobutanedicarborylic acid
and the preparation of the 3-chilorocyclobutane-
cerbo:yllc aclds,



A, Preparation of l-Chlorocyclobutanecerboxylic Acid,

The l-chlorocyclobutenecarborylic ecld mey bhest
be prepared from the correspoanding monocarboxylic
acid through chlorination of the acld chloride,
conversion to the methyl ester and hydrolysls, as
showm in figure 1:

il
COgH cocl coc1
PCL Gl
—ily -Eﬂ:b

ol c1
G0 5CHs I cogH

Hg0

H

The scheme for the preparation of the l-chiloroacid.
Figure 1.

Direct conversion of the acid to the l-chloro-
acid chloride by the Hell-Volhard-Zelinsiy method
vas not satisfactory. Under conditlons similar
to those employed by Perkin, Jr. and Sinclair (9)
to obtein the l-bromoeacld, a rapld exothermic
reaction took place resulting in a complex chlorinated
mixture, A smoother reaction was achieved by
chlorinating the aclid chloride directly, To avold
an excess of chlorine, chrlorinatlons were carried
out with the equivelent amount of sulfuryl chloride
uslng lodine as a catalyst and 1n the absence of
light. Only unchlorinated acld chlorlde was
recovered from these experiments. The starting
materlal was also rescovered unchanged after treatment



7
of the acid chloride with the theoreticzl smount
of dissolved chlorine in carbon tetraciloride
solution and with red phospliorus as the catelyst,
However, by regulating the Llow ol chlorine
(20 % excess) through the acid chloride in the
presence of lodine at 100°, chlorination proceeded
to glve a 15.4 ¥ yield of the chloroescid chloride,
This method (11) probably depends uron ICl as the
active chlorinating agent (12), Unsuccessful
attempts were made to improve the yield by adding
larger amounts of chlorine, Chlorine in excess of
140 % of the theory gave an acid chloride mixture,
from whlch, on treatment with water, a solld was
obtalned, This solid, m.p. 104.,2-105.2° gave
analytical results in agreement with a dichloro-
cyclobutanecarboxylic acld, Little, if any, maierial
was collected 1n the bolling range of the l-chloro-
acid.
The l-chlorocyclobutanecerboxylic acld was
not obtalned in pure form by treating the correspond-
ing acld chloride with water. Fractlonation and
chroustorraphy, enployed elther separately or
consecutlvely, resulted in a product averagling
1.3 % high in carbon+. However, when the crude
l-chlorocyclobutanecarboxylic acid chloride was
treated with absolute methanol, pure methyl ester
was obtalned (15 ¢ yleld from cyclobutasnecerbo:xylic

+It is possible that small anounts of anhydrides

may be responslble for these high values. After
reatment of the crude acid chloride with water there
ney be present cyclobutanecerbo:xylic acid and l-chloro-
cyclobutanecarvoxyllc acid as well as the corresponding
wwreacted acid chlorides. Interactlon of tlhiese specles
would be expected to yield the theee wossible anhydrides,
one or nore of which could codistill with the desired
l-chloroacid, The arguunent further supnoces that the
enhydride contzalnent be nelther renoved nor altered
under the clwromctograsiiic conditlons employed,
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acld chlorlde). Thls uethyl ester was easily converted
lnto the desired l-chlorocyclobutanecarbo:ylle acld
by an acid nydrolysls, yielding 42 % of acid, b.p.
111-112°/ 12 mm, The overall yleld from cyclobutane-
carboxylic acid is ca. 5 %. This acld was character-
ized by its amlde and infrared absorption., The
infrared data have been collected in tables V and VI
(p. 47) and in figure 7, page 48,



o ey e e o e
EXPERIICTAL

Diethyl Cyvelobutane-1,l-dlczrboxylate

A 12-liter, S-ncchked, round-bottomed flask,
heated by neans of a Glas-col amantle, was eaulpped
with a 3-1iter separatory fumnel callbrated 1n ECO-
ml. dilvlsions, & motor-drlven half.mcoon stlrrer, a
FCO-ml. sepearatory funnsel calilbrated in 125-ml.
divislons, & talie-off total-reflux condenser protected
froi the air by & calclun chloride drying tube, and an
entrence for applying elr oressure, Attached to the
larger funnel at the bottom was & typon tube which
reached into the flaslk and did not interfersuwlth the
operation of the stirrer. Into the reazctlion flask
was placed 5 litsrs of absolute ethanol and, with
modereate stirring over a perlod of tuo hours,
255 5. (L0, 2 g, atous) of sodium metal wes slowly
added. Toward the end of tie addltion, the rate was
controlled by the rate of reflux of the ethanol,
After the solution cooled to room temperature, air
pregssure was used o force 2 liters of the sodium
ethylate solution into the 3-liter funnel. The alr
pressure wasg then released and 962 g. (6.0 moles)
of dlethyl malonate (E11 Lilly grade) was added,
The golution was broucht to reflux and 1012 g.
(5 moles) of trimethylene bromide was added from
the 500-ml. separatory funnel In an interval of an
hour. At the same time, in a 1:2 ratio (by volume;
dibromide:ethylate solutlon), the sodium ethylate
contained iIn the larger funnel was added. After the
addltion, the refluxing was continued for 1-1/2 hours,
and then the alcohol was distilled off by means of the
take-off condenser until the temperature reached

*Microanalyses by A. Elek, Los Angeles, &1l
melting points are uncorrected,
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80° (as measured by a thermometer suspended in the
condenser), One liter of water and 500 ml. of benzene
were added and the stirring was continued for 10
minutes, The clear, tvo-phase nmixture was separated
and the water layer was diluted with 500 ml. of water
and 500 ml. of benzene, The resulting water layer
was extracted twice more with 125 ml, portions of
benzene, The benzene washings were added to the
original benzene extract and the solvent was stripped
off at reduced pressure, The higher bolling red-
brown residue was flash distilled from a 2.liter
Clalsen flask, collecting the fraction boiling at
100-125°/ 15 mm. This material was treated in the
dark with bromine until an added 1 ml., of bromine
was no longer lmmediately decolorized. An average
of ebout 30 ul. was required in this step. The ‘
amber liquld was fractlionated by means of an
electrically heated 15 cn. column packed with 3 mm.
glass hellces. The degired ester was collected over
‘a 5 degree renge (the major portion of the ester
had ©.2. 110-112°/ 15 mm., ng® = 1.4343); the over-
all yleld after refractionation of nelghboring cuts
was 55.5 % (555 g£.). The reported values are:
b.p. 91-96°/ 4 wum,, nﬁs = 1,4332-1.4334 (13) and
b.p. 105-112°/ 15 mm, (14). o

The ebove nmethod 1s essentially that of Cason
end Allen (14) as modified by Lemaire (15), who
introduced the bronination step to remove any allyl
malonlc ester (b.p. 93°/ € um.) present.

Cyclobutane~l,l~dicarboxylic Acid

Potassium hydroxide (225 g, = 4 moles) was
dissolved in 1 liter of absolute ethanol contained
in a 2-liter beaker. The beaker was then cooled
in an ice bath and 200 g, (1 mole) of diethyl
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1,l-cyclobutanedicarboxylate was slowly added.
After the reactlon anpezred conplete, the mizture
weg pleced on & steam bath for 1-1/2 hours end
occassionally stirred, The white, nasty product was
Tiltered through a coarse sintered glass Iunnel,
The sgolld was washed in a beaker with 500 1, of
absolute ethanol and filitered off as above, The
ﬁashing process was repeated, using 500 ml, of
absolute ether and the crude potassium salt was
dried to constaont weight to free from traces of
alcohol., The dry salt was teken up in the aininum
anmount of water and 300 ml, of concentrated hydro-
ciiloric acid was added, The resulting precilpltate
was flltered off and the flltrate was evaporated
nearly to dryness at 44-50° (water bath) wunder an
asplrator vacuws., The nush was shaken thoroushly
vith 500 nl, of ether =and the alxture was filtered,
The etherezl filtrate was evaporated (woter bath and
agplrator as before)] until nixling lines in the
distillate indicated a second substance distllling.
The resldue was crystallized from 200 ml, of
ethiylene dichlorlde and the solid acld was sepsrated
by filtreation from the two-phase nmother liquor at
about 0°, The remalnling traces of solvent were
removed with & vacuun punp. The yellowish product
gsmelled of hydrochloric acid and was spread out in
thin layers in a hood overnlght. The resulting
white powder welghed 102.8 g. (71.3 $) and melied
at 154-5° (dec.). The decomposition poilnt may be
reised to 157-158.5° by reerystallization; the
reported (16) nelting noint 1s 156-158°.

Cyclobutanecarboigylic Acid
Cyclobutane-1,1l-dicarboxylic acil (14,4 g. =

0.1 mole) was placed in a 25 ml. rouad-bottoned

flask and hezted at 180° for 20 minutes, at the end
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of which time no further evolutlon of carbon dloxide
was observed (liberated gases were bubbled throusgh
a satuwrated barium hydroxide solution). The crude oil
was distilled at 15 mm. collecting the fraction
bolling at 96-98°. The yield was 8.49 g. (85 %),
ng® = 1.4411, The reported constants are: b.p.
96°/ 15 mm. (17), 104-106°/ 21 mm. (13) and nf°® =
1.4436 (18).

Cyclobutanecarboxylic acld was also obtalned
as described by Fischer (19). The acidified
golution following saponiflcation of the dlethyl
1,l-cyclobutenecarboxylate was subjected to 24 hour
continous ether extraction and then the ether extract
wes evaporated, The resulting mush was decarboxylated
as described above resulting in an average yleld of
58.1 % of material, b.p. 98-101°/ 15 um., nf® =
1.4415,

Cyclobutanecerboxylic Acid Chloride |
| A 100-ml., 3-necked, round-bottomed flask was
equipped with a dropping funnel, o thermometer whose
bulb reesched nesr Lo the bottom of the flask, and
a reflux condenser protected from molsture by a
calcium chlorlde tube, Cyclobutanecarboxyllc acid
 (33.4 g. = 0.334 mole) was added end 30.5 g. (0.222
~mole = 19.4 ml, = 100 ¥ excess) of phosphorus tri-
chloride was dropped in over a 20 ainute intervel,
The temperature wes ralsed (eoil bath) to 105 x 5°
for an hour. The light yellow liquld was decanted
from the viscous yellow-orange residue and the latter
was rinsed with & few ml, of phosphorus trichloride,
The washing was added to the decanted liquld and the
solutlion wag distilled from a Clalsen flask whose
neck below the side arm was filled with 1-1/2 cm. of
6 x 6 mm. glass rings (bottom layer) and 3-1/2 cm, of
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% mm., glass hellces (top layer). The fraction bolling
at 65-69°/ 60 mm, was collected and weighed 30.2 g.
(77.5 #). The reported velue (19) is 65°/ 60 mu,

1-Chlorocyclobutanecarboxylic Acid Chloride

A bubbler filled with chlorine-saturated carbon
tetrachloride was calibrated (by counting the number
of bubbles corresponding to a known weight of'chlorine)
and attached through a 3-way joint to a supply of
dry alr and dry chlorine, A 100-nl., round-bottomed
flask, cerrying an inlet tube attached to 1ts bottom
end plugged by a sintered glass disc at the polint of
attmchm@nt, was equipped with a reflux condenser
rrotected by a calecium chloride drying tube, The
inlet tube was attached to the bubbler and & small
.positive pressure of alr was applied. Iodine (C.05 g.)
and 20 g. (0.168 mole) of cyclobutanecarboxylic acld
chloride'were added to the flask., With the aid of
‘an 01l bath, the Tlask was heated to about 105°
and the alr pressure was replaced by a {low of
" chlorine (rate 1.6 g./hour). After an equivélent.'
amount df chlorine was added, the reaction mixture
was flash distilled, and then Tinally fractlonated
at 60 mm, through an electrically heated 15 cm. x
15 mm, colwan packed with 5 mm, glass hellces,
A major portion of the acld chloride was recovered
unchanged together with 15 % (4.1 g.) of materlal
boiling at T4-78°/ 60 mm, This materisl presumably
contalned small amounts of the unchlorinated acild
chloride, for 1ts amlde, which orlginally melted at
114-116.5°, upon recrystallization from petroleun
ether, ylelded freactlions which approach the 155-156.5°
melting point of cyclobutanecarboxylic acid amide,

An attenpt was made to increase the yield Dby
adding an excess of chlorine. Vhen a 125 4 excess of
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chlorine was used,the mixture hydrolysed wilth water,
and the product distilled, & compound bolllng at
130-134°/ 9 mm, was obtained in 33 % yield (calculated
as dichlorocyclobutanecerboxylic acid)., This compound,
which spontaneously crystallized, melted at 104.2-
105.2° (from petroleum ether).

Anal, Caled, for C Hs0gClg: G, 35.53; H, 3.58
Found: G, 35.58; H, 3,47,

The same compound was recovered in 48 9% Jield when
41 9 excess of chlorine was allowed to react.

A 20 % excess of chlorine gave what may be the
optimum zmount of monochlorination. When 25 g. (0.21
mole) of cyclobutanecarboxylic acld chloride was
treated with 20 7 excess of chlorine as described above,
the crude yield weighed 30.5 g, indicating that ca.
05 % of the theoretical amount of chlorine had been
absorbed by the reacting liquid, However, when '
this crude nmlxture was converted to the corresponding
ester, as described below, only a 15 % yield of
ester was obtelined.

Hethyl 1-Chlorocyclebutanecarboxylate , _
The crude mixture (30.5 g.) of acid chlorides,
obtained by the method outlined ebove, was added
slowly to 20 ml. (0.5 mole) of ice-cold absolute
- methanol, The solutlon was allowed to reach room
tenperature and then it was refluxed for an hour.
The reaction alxture was washed with a saturated
sodium bicarbonate solution, a sodiun thicsulfate
solutlon, and finally with weter, The organic layer
was taken up in ether, dried with magneslun sulfate, .
and flaesh distilled, collecting the fraction bolling
et 80-110°/ 100 mm. Fractionation through an
electrically heated 15 cm, X 1 cm. Vigreuxz colunn
ylelded 4.72 g. (15 %, besed on cyclobutanecarboxylic
gcid chloride) of material bolling mainly at 100-
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102°/ 100 mm., n§5 = 1,4478, This compound gave
analytical filgures Tor methyl l-chlorocyclobutane-
carboxylate:

Anal, Celcd. for C HsCaCl: €, 48,493 H, 6.10;
Cl, 26.54, TFound: G, 48,49; H, €.17; €1, 26.44,

Amide: A 0.1 g. sanple of the above ester was
taken up in 2 ml. of concentrated ammonium hydroxide
and the mixture was bolled until homogeneous.,
The reactlon product was extracted with ether, the
extracts were evaporated and the residue wvas
recrystallized from petroleum ether, m,n . 114-115°,

Anel. Calcd. for CzHgOICL: G, 44.94; H, 6.04,
Found: ¢, 44,963 H, 6.09.

1-Chlorocyclobutanecarboryllic Acld
| lethyl l-chlorecyclobutanecarboxylate (4.6 g,
= 0,031 mole) was Jlaced in a 100-ml., round-bottomed
flask with 25 ml. of diethyl carbltol and 22.5 ml, of
12 N hydrochloric acid (0.2 meole) and the mixture was
‘heated at 98-105° for 16 hours., After ccoling, the two-
Phase veaction product weas extreaected wlih a total of
100 ml. of ether in three portions. The ether
extrects were coumbined and extracted three times with
a total of 30 ml. of 5 % sodium hydroxzide (ca., 0.064
mole). The alkeline solution was neutralized and
brought to a pH of 2-3 and extracted with a totel of
50 ml., of ether., The ether extracts were combined and
dried with wmasnesium sulfate and eveporated. The yellow
0ll remaining weaes dlstilled from a B-nml, Claisen flask,
The major fractiom, b.p. 111-112°/ 12 mm,, was obtained
in 42 % yield (1.76 g.). The refractive lndex was :
nge = 1.4545, The overall yield from cyclobutanecar-
boxylic acid is ca, 5 %.

Anzl, Calcd, for CgH,05C1l: C, 44,64, H, 5,24,
Found: €, 44,58; H, 5,23.
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Amide: The l-chlorocyclobutanecerboxylic acid
(C.1 g.) obtained above was placed in a 15 ml.
centrifuge tube and weg treated with C.1 g. of cold
thionyl chloride in the presence of a drop of dry
pyridine., The solutlion was heated on a steam bath
for ebout 10 minutes and then cooled to about 0°,
The crude acid chloride was then dropped slowly into
ice-cold concentrated ammonium hydrozide. The
precipitate was extroacted with a total of 15 ml, of
chloroform in two portions end these sxtracts were
evanorated to dryness, Recrystallization of the
residue from petroleum ether ylelded a solid, m.p.
113-114°, The mixed melting polnt proved thet this
amlde was ildenticel with the one obtained by
ammonla treatment of the corresgponding methyl ester,

Infrered Absorpntion of the l-Chlorcacid

The spéctrum was taken in carbon tetrachloride
solution (0.050 g./ ml.) using 0.05 mm, sodium
chloride cells with a Perkin-Elmer llodel 21, Serilal
122, double bheean sphectrophotoneter., The acid
seaple vas that for which the microanalysls wes
given above, Infrared data concerning tals acid

héve Leen collected in tables V and VI (p. 47) and

in figure 7, pege 48, ' '
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B. reparation of the 2-Chlorocyclobutanecarboxylic
Acids.

Starting from l-bromocyclobutenecsrboxylic

acid (9), Domin and Yakovlev (4) svrepared l-cyclo-
butenecarboxylic acld by trezating e dry toluene solution
of the former acid with alkall. As shown in Tlguwre 2,
the addition of anhydrous hydrogen chlorilde to the
cyclobutene acld could lead to a mixtwre of 2-chloro-
cyclobutanecarboxylic acids, The stereochsnistry of
hydrogen halide addition to carbon-carbon double bonds
1s somevhat uncertain (20); however, it is reasonable
to assume that stereospecific additlion may vroceed in
the trans sense (21)., Grovenstein and Lee (1) as well
a8 Cristol and Norris (2) have presented evidence that
with acrylic zcid derivetives hydrogen halide added
predominantly in a trans fashion to the double bhond,

One mlght expect that l-cyclobutenecarboxylic acid
| would yleld ecis-2-chlorocyclobutanecarboxylic acid
(by trens-addition) with lesser emownts of ithe trans-
chloroacid, However, the azctual amounts of each lsomer
formed could depend upon experimental condltions.

COH
2a- and 2h-
o chlorocyclo~
=H > butenecsrboxylic
Brzm&{ o1 ©1 acids
o1
GO H
Cl

The scheme for the preparction of the 2-chlorcacids.
Figure 2,
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Actually, when anhydrous hydrogen chloride was
added to the l-cyeclodutenecarboylic acid in toluene
golution at 0°, the additlon gave a 60 % vield of
a materlal with a boiling raenge of 5 degrees which
solidified at room tenperature, This materiszl, vhen.
recrystallized from petroleum ether, yielded a solid,
m.p. 97-99°, and may be termed the 2a-chlorocyclo-
butanecarboxylic acid.

To more completely lnveatigate the crude product
from hydrogen chloride addltion, chronatogravhic
separation of the posslble aclds present was
consldered, Lester S8mith (22) first applied the
8ilicic acid column developed by lMertin and Synge
(23) to lower fatty acids. Various indicators,
including methyl orange (23), anthocyanins (24),
end an azo dye (25), have since been employed to
enable these colorless acids to be seen on the
column. Hovever, bromocresol green (pEK = 4.66)

seems superlor both from the standpoint of
| gensitivity and leaching propertlies (26), The
method was extended to 1aclude the satursted
stralght chaln fatty scilds through C4o by Ramsey
and Patterson (27). Harvel and Rands (28) subsequently
developed a general quallitative and seml-quantitative
technique for the determination of many vater soluble
- aclds. The method of Ramsey and Patterson seemed
preferable in tihe pregent study to that of Harvel
and Rands due to the slight water solubllity of the.
chlorocyclobutene acids, The former authors also
were able to obtain a high degree of selectivity,
Using 2,2,4-trimethylpentane as the moblle solvent,
a minimum of 10 & of iscbutyric acid was detected in
samples of butyric acld, althiough in a single pass
through the column the separation was not conzlete (27c).

In prectlce, it wes found that an isomerile chloro-’
cyclobutaneczrboxyllc acld mixture was not separated
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by the Ramsey and Patterson column. However, a
modification of their column was developed that
easlily separated the aixture obtained from the
hydrogen chloride addition to cyclobutenecerboxylic
acld into two acid fractions. This column, which
was operated at atmospheric pressure, employed 17 %
aqueous methanol as the non-mobile solvent, n-hexane
as the mobile solvent and celite 545 as a flow-rate
accelerator. Titration according to the method of
Marvel and Rands (28) showed the 2a-chlorocyclobutane-
carboxylic acld to bé present to the extent of 55 %
of the totsl aeid content of the crude product,
Another component, which may be termed the Sb-chloro-
cyclooutanecwrbofylic ecid, was shown to be present
to the extent of 30 Z. \
These aclds were characterized by thelr infra-

red ebsorptions and p-bromophenscyl esters. The '
2a-chloroacid at 180° in the presence of concentra-

ted hydrochloric acid was converted within 30 minutes
" to a mixture of which 80 % % of the acld titrated was
a compound that moved on the column in & manner
simllar to the 2b-chloroacid, No 2a-chloroacld was
formed when 2b-chlorocacid was likewise treated.



E{PERIIENTAL

1-Bromocyclobutanecerbonyllic Acid
As described by Perkin and Sinclailr (9), B0 s.
- (0.50 mole) of cyclobutanecarboxylic aclid vas
treated with 5.3 g. of red phosphorus and 150 g.
(0.94 mole) of phosphorus pentaczide-dried bromine,
The isolated product, m.p. 42-45°, weighed 40 g. (45 9%,
Perlkin and Sinclair report m.n, 48-50°).

1-Cvclobutenecarbeiylic Acld

Dry potaessiua hydroxide (53 g. = 0,945 wele) and
25 ml. of dry toluene vere added to a 200-nl., 3-necked,
round-bottoned flaslk equlpped with a reflux condenser,
dropoing funnel and notor-driven Hershberg stirrer.
The reactlon nixture was placed on a bolling water beth
and, with vigorous stirring, 40 g. (0.223% mole) of
1l-bromoacid, dissolved in 40 nl, of dry toluene, was
slovly dropped in over a period of 30 miautes. During
the addition the alxture turned tan and becanme quite
pasty while the toluene was seen to perliodically reflux,
The nl:ture was heated an additlonal 30 ninutes during
which time tne toluene no longer refluxed, The contents
were allowed to cool and water wes added until the pre-
cipitete dlssolved {(ca, 200 ml,) The water-toluene
mixture was acidified with sulfurlec acid until the
resulting mrecilnlitate dissolved (pH = ca. 1). The layers
were separated and the toluene layer was washed with
about 50 nl. of weater, separated, placed in a suctlon
flaslk ejulpped with a cepilleary alr leal and then evalor-
ated at 50° and 45 qm, After a so0lid hed sepersted, the
rest of the solvent wes resoved at room tenperature and
12 mm, The yileld of red-brown solid was 9.6 g. (44 %),
Recrystelllzation of & sannle of the crude prodact from
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benzene gave a white solid partly melting at 65-72°
but turning, at this tempersture, to a clear gum., In
& melting block preheated to 78° a sample melted
completely but quickly solidified to a nilky white zum,
(Domnin and Yakovlev report = m,pn., of 72°.,) No attempt’
-was nmade to purify the crude product (see next sscotion).

Qé-Chloroave;obutanecaﬁbcxvlie Acld

Procedure A: The crude unsaturated acid (8.3 2.
= 0.085 nole) prepered shove was placed in a 100-ml,
round-bottomed flask, cooled to 0° and then the flask
was placed In a beaker of ice and water which was rest-
ing upon a balance, Dry toluene (B0 ml,) and 0.1 g, of
hydroqulnone (to reterd polymerization) was added, An
inlet tube with a porous glass head was connected tova
“source of anhydrous hydrogen chloride and suspended
into the liquid, After 3.2 g. (0.088 mole) of hydrogen
chloride was passed into the solution, the reaction
Tlask was stoppered and stored at room temperature for
20 hours, An additional 3.2 g. {(total: 0.176 mole) of
hydrogen chloride wag added at 0° and this nixture was
ellowed to react for an additional 20 hours at roon
temperature, The aiber liquild weas filtered free from
a slightqamonnt of amorphous preclplitate, the toluene
was striprzed off, and the product was distilled at
6 mm., collecting the fraction bolling at 115-120°.

The white solid which spontaneously crystallized in
the recelver welghed 6.8 g. (59 % yield) and, after
recrystalllzation from petroleum ether, melted at 97
99°. The yleld from l-bromoscid was 25.6 %,

Frocedure B: The acld may nore conviently be obtain-
ed directly without isolation of the unsaturated acid
and wilthout loss 1n overall yield. Potasslum hydroxide
(106 2.=1.89 nmole) and 80 g, (0.446 mole) of l-bromoacid
were allowed to react ag glven above, The cool reactlon
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mlxzture was treated with 400 ml, of water end seperated.
The aqueous phige was weashed twice with toluene and
the combined toluene solutlons dried with nmagnesiunm
sulfate for 30 minutes, &4ftsr seperation from the
drying egent, the solution was cooled to 0°, Ia the
manner described agbove, 0.5 g. of hydroquinone and
12.3 g, (0.338 mole) of anhydrous hydrogen chloride
vere added, After 15 hours at room temperature, the
solution vas saturated tulce more at 24 hour intervals
with 8,0 g. and 7.0 g. respectively of hydrogen
chloride., The total time of reaction was 62 hours and
the total amount of hydrogen chloride added was 27.3 g,
(0.745 nole). The product was isolated according to
the directions given in Frocedure A, A yleld of 15.8 g.
(25.4 %) of so0lid m.p. 96,8-98,2° was obtained, |
P=Bromophenacyl ester: Using 0.1 g. of the“

2a-chloroacid, the procedure recommended by Shriner
and Puson (29) yielded crystals fron water-ethanol,
n.n, 88-89,5°,
' Anal, Calcd. for Ci13lig0sBrCl: €, 47.08; H, 3,65,
Found: €, 46.57; H, 3.66,

Chrometographle Benaration of 2a- and Zb-Ciiloro-
cyclobutanecarboxyllic Aclds _
Prevaration of the column: MNallinckrodt silicic
acid (17 &.), speclally prepared Tor chromatographic
anelysls by the method of Ransey and Petterson, and
3 g, of cellte 545 vere pleced in a mortar and
thoroughly mixzed, A solution of exactly 1.7 =ml. (+ 0,05
ml,) of water, 8 ml., of absolute methanol, 1.5 drops
of freshly prepared 1 N (+ 0,2 N) ammonium hydroxzide
and 1 ml. of bromocresol green indicator (0.200 g./
25 ml, methanol) sclution was added and the paste
was nlxed until a fine blue-green powder vas obtained
in the mortar., Enough solvent-grade n-heiane was
added so that the comblned woliune of the adsorbent
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and the hexane would just fill a 1.8 x 52 ecm. glass
tube which had a stopcock (2 mm. bore) sealed onto one
end, A small cotton plug was placed 1n the bottom of
the tube and, with the stopcock open, the mixture was
added in one batch while the slurry was stirred vigor-
ously. The column wes tapped gently until the level
of the slllcic acid showed no settling over a pe?iod
of 15 minutes.,

It had been found that with the original Remsey
and Patterson column (containing no celite), the use
of 20-50 cm, of alr pressure, as recommended by these
authors, resulted in considerable drying out of the
lower end of the column and thus mixing of the bands.
(Use of vacuum had the same effect.) At lower
Pressures the rate of flow of eluate wes extremely"
- slow, This rate difficulty was somevhat overcomé by
the use of 15 ¥ celite. Even with cslite, however,
best gseparation was achleved at almospheric wnressure.
Zase of separation was also found to be directly
‘dependent upon the concentration of water and of
ammonlia on the column, If each was not present in
the amounts speclfled above, little or no geperation
took place,

The separation: A 0.0979 g. semple of the
crude z-chloroacid mixture obteined by Procedure B
gbove (cf. p. 21) was taken up in 5 ml. of n-hexane
‘and the solution, plus & small smount of the 2a-
chloroacid which was yet undissolved, was added slowly
along the sides of the tube about 1-2 mm, above
the surface of the siliclic acid., After this material
was adsorbed onto the column, the sldes of the tube
were washed with 1 nl, of n-hexane. After the
semple was completely adsorbed, further tapping of
the column was avoided, n-Hexane was added to the
prepered column slowly so that the surface of the

gllliclec acid was not disturbed, The column was
developed, the level of the solvent being melntained
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by suspending over'the columm a stonpered, hexane-
filled, 1l-liter separatory fumnel with 1ts stopcock
open and hwving 1ts exit tip slightly below this
level. The development was continued until the .
effluent contalned only traces of ecld (8 days).
After geveral days, entrapped air within the column
collected into bubbles which were freed by tapping,
This allowed a more rapid effluent flow.,

Figure 3 is e plot of the titration values of
each 10 ml, fraction following the first 80 ml.
through the column, The titration method was that
of Hervel and Rands (28) using 0.025 W sodium
hydro ide, vhenol red as an indicator and two dﬂops
of 1 % Dreft solution., Fractions 16-41 required
15.58 ml., corresponding to 55 # of the total acid
content of the crude mixture; thls material was
ldentified as 2a-chlorocyclobutanecarboxylic &01d as
outlined In the next section. Fractions 1-15 required
8,22 ml.,, representing 29.5 % of the acld content;
this was the Zh-chlorocyclobutenecarboxylic acid.
Thus, the 2-chlorosacids sccounted for 84, 57 p of the
a01d content of the crude nixture, ’

Identification of the bandg: A 5.8 x 56'cm.
coluin was nacked In the manner described on page
22 with 166.6 g. of siliclc acid, 33.4 g. of celite,
10 ml, of indicator, 17 ml. of water, 80 ml., of
~ ebsolute methanol, and 15 drops of 1 N asmmonium
hydroxide. A crude mixture of 2-chloroacids (1.9815 g.)
in 100 ml, of hexane solution was introduced onto the
column as described above 'and the eolumn,developed with
hexene, Two bands clearlj seperated and after 1100 ml,
of eluate had passed through the column, 100 ml,
fractions were collected (during 6 days).

Hvaporation of the solvent fron middle fractlons
of the second bend ylelded & solid which after
recrystalllzation from petroleunm ether melted at




Chronctogreyhic Separation of a idxture of
2-Cnlorocyclobutenecerborylic Aclds

ML, of 0.025
11 TeOH

Practlion io. 10 20 50
Effluent (ml.) 180 280 380 480
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97.0-98,5°, the 2a-chlorocyclobutanecerboxylic acid,
Anel. Caled. for CzH,05Cl: C, 44,653 H, 5,25,
Found: G, 44,47, H, 5,16
2b-Chlorocyclobutanecarbozxyllic scid: Isolation of
the acld component of the first band by sevaporeation of
the eluste Jlelded a yellow oil, Theat this yellow
color wves not leached bromocresol green was shown by

bringing a portion to pH 10 wilth ammonium hydroxide
and noting no color chenze, Rechronatographing the
0oll on a 1,8 x 20 em. column pecked with 4.2 g, of
sillicic acid, 0.8 g. of celite, 2.2 ml, of absolute
methanol, and 0.5 ml. of weter, resulted in a magenta
bend which remained at the top of the column but the
liquid obtained upon evanoration of the hexane still
was a pale yellow, A petroleum ether solution of the
vyellow oll when cooled to ca., -60° became very viscous
but no crystals separated., If, Instead of rechromato-
groohling, the originel yellow oll was dlstilled from
& b ml, Clalsen flask, a fraction was obtained bolllng
et 127-130°/ 15 mn. end consisting of & pale yellow
oll, nf® = 1.4773. |

Anal, Celed, for CgH,05C1l: C, 44,653 H, 5.25,
Found: C, 43.47; H, 5.35.

For refractionatlon of the sbove distillate, the
senimicro dlstliiling anparatus of Gould, Holzman and
IMMemann (30) was employed using four 6 x 60 mm, tubes
as recelvers, Frectlons were obtainsd as follows:

No. b.p./ ma. welght (g.) ngs.
1. 96-120°/ 14 0.1184  1.4566
2, 120-122,5°/ 14 0.4780 1.4732
S 122,5-125°/ 14 0.2320 1.4768
4, above 125°/ 14 0.0223 - -

All the gbove fractions vere coloriess. On the basis
of the nicroanalysls glven below, Freactlion 2 consisted
of 2b-chlorocyclobutanecarboiylic acld with an uninown
contaminant, Fraction 3 was analysed and gave g
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carbon value 3 % low,

Anel. Caled, Tor CgHn,0gCLl: C, 44.65; H, 5,25,
Found (Fraction 2): €, 43.35; H, 5.30.

R-Bromophenacyl ester: Using 0.1 g. of the
Zb-chloroacid, the procedure recommended by Shriner -
and Fuson (29) yielded crystals from water-ethanol,
m,p. 73.6-74.1°,

' Anel, Celcd. for Ci3H10sBrCl: ©€, 47.08; H, 3.65.
Found: €, 47.15; H, 3,76, | ,

Infrared Absorptlon of ihe 2-Chloroscids

The spectra were taken in carbon tetrachloride
solutlon (C.050 g./ml. for the 2b-acld and a
saturated solution for the 2a-acid) using 0.05 mm,
sodium chloride cells with e Perkin-Elmer Hodel 21,
Seriesl 122, double bean spectrophotometer. The acid
semples were those for which the mlecroanslyses were
given a’bovea Infrered data concerning these aclds
have been collected in tebles V. and VI. (p. 47) and
in Tigure T, page 48. '

Isomerization Studieg with the EaChlorocvdlobgtane—
carboxylic Aclds

Qualitative investigation: Samples of 0.1 g;
each of the 2-c¢hloroseelds were sealed inYSeparate
-6 x 100 mm, tubes contalning C.5 ml, of concentrated
hydrochloric acid and placed in an oil bath. The
temperature was brought to 140° over = period of an-
hour and held at 140-155° for 30 minutes., The dark
red-brovn solutions were extracted with ether and the
ether evaporated, The reéidues were boiled with
benzene to remove water and the benzene residues were
chromatographed on 20 g. (siliclc acid + celite) columns
prepared as noted on page 22, Besldes the usual non-
moving materiel at the top of the coluwmm, each coliumn
had only one moving band, The effluent peak of the
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band from the 2a-chloroacid was 80 ml, while that from
the 2b-chloroacid was 100 ml, Figure 3 shows that the
effluent peak of the 2a-chloroacid on a 20 g. coluun
was 270 ml, while that of the 2b-chloroacid was 120 ml.
In each case only 23-24 % of the total theoretical
acld content of the column was titrated, suggesting
thet column hold-up and decomvosition accounted for
the remalning 75 %. It was noted that apparently more
material remalned at the top than usual, for this top
band (usuelly the top 1/5 of the column) extended
about half wey down each chromatogram when the |
tltrations were completed. Fractlonation was continued
until 400 ml. of the eluate had been collected,

Quantltetive invesiigation: One tenth-gram samples
of 2a-chlorocyclobutanecarboxylic acid were sealed in
- Tour 6 x 100 mn, tubes, each with 0.5 ml, of concentrated
hydrochloric acld, and placed in a preheated oill bath
at 180°, A tube was removed at the end of 1, 5, 15,
~and 30 minutes. The contents of the tubes varied in
appearence from the l-minute tube which apperently was
unreacted through the 5- and 15-minute tubes which
vere progressively derker to the BOnminuté?tube which
wag very well blackened, The method of isolation and
analyesls was that described in the above‘p&ragraph.
If the peak obtalned by the l-minute tube's contents
- ls teken as that of the 2a-chlorcacid, then the first
peek to be tltrated occupied a poslition corresponding
to the 2b-chloroacld (i.e. 150 ml. previous, as in
figure 3), Table I summarises the results obteined:
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TaBLz I,

Time Titration values Percent of Percent
(min.) (0.0183 N NaCH) total Recovery
' (ml.) of
15t enatt 1st ond Acidt
pesk peak peak peak
30 13,46 3.34 80 20 4.4
15 2,86 5,42 70 30 45
5 T+ 54 8.72 46 54 40
1 - 17.51 QO 100 47

Frhe theoretical recovery was 40.6 ml, Two other
time perlods were also investligated, 10 and &0 mlnutes.
However, recovery in these ftwo cases was 10-20 ¢ '

- higher than in the cases noted, thus mahing the;r
1n01m%icn here questionsgble,

The position of this band corresponds to the
2b- thOTOdﬁld

: The position of this band corresponds t0. the
2a-chloroacid (see 1. 28)
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C. Preparation of the 3-Chlorocyclobutanscarboxylic
Acids.

Previous to thls investigation,R. §. Jones
(10) had prepered one isomer of the 3-chlorocyclo-
butenecarboxylic acid by the copper catalyzed &ecomp-
osition of the correspondiﬁg S5-ciloro-1,l-diacid,
The latter resulted from the action of thionyl chloride
on the 3-hydroxy-l,l-diacid in the presence of
pyridine (fig., 4). Upon repeating this work, starting
" with hydroxyecid prepared previously in this lszboratory
(1), an 01l was obtalned from which a solid acid
apparently identical with the Jones acid was isolated,
This acld, m.p. B1-52.2%, may be termed the Fa-chloro-
cyclobutanecarboxylic acld, As one may see fronm _
figure 4, the Jones preparation would be expected to
lead to a mixture of the two forms, the 3a and the
3bs

COgH coo1 |

C0sH /coal

CH ﬁifﬂ c1
il

00N
GO H ~C0g BL
180° < The 3a and 3b aclds

a1 COgH

The scheme for the preparation of the 3-chloroacids.
Figure 4,




31

The relative inaccessibility of the hydroxyacld as
well ag the faet that apparently only one lsomer was
obtained by the Jones method made 1t desireble to
find enother pathway to the 3-chlorcacids,

Ash and Browa (32) found that certain directive
effects were observed in eliphatic chlorination.-
As a terminal directing group (-COOH, -COCl, ete.)
is made nore electrophilic, free radical chlorination
takes place less readily in the alpha position. Thus,
with n-butyriec acid they found 45 % each of the beta-
and gamma-halogenated products and 10 % of the alphe-
haloacid, The corresponding acid chloride gave 48 %
gamme-haloacid, 49 % beta-haloacid and only 3 % of the
alpha-haloacid. _ |

Cne would expect+ that a free radlcel chlorina-
tlon of cyelobutane-l,l-dicearboxylic acid or of its
equivalent would lead to a mixture of 2-chlorodiacid
and 3-chlorodiacid. These aclds could then be
separated by orthodox methods. It was found, usging
the cyclobutane-1,1-diecid, that sulfuryl chloride
wlth benzoyl peroxide felled to chlorinate the ring
either at 77° for 48 hours in carbon tetrachloride
golution or at 100° for & hours in syun-tetrachloro-
ethene, I, however, the dlacid dichloride was Tirst
prepered and isolated, chlorination-prodeeded without -
added solvent, the temperature rising as the sulfuryl
chloride reacted, The chlorinated naterlal consisted
almogt entirely of the S—Chlorodiacid, as shown by
comparison of the decarboxylation products with
authentic meterials., This would seem to indicate an
enhanced electrophillc character of a 1l,l-dlacid

*Before the experiment, Professor H, C, Brown
rredicted, in & private communicatlion, that the
j3-chlorodlacid and only negliglble smounts of Z-chloro-
diacid would result from the chlorinetion of cyclo-
butane-1l,l-dicarboxylic acid. '
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dichloride grouping sbove that attributed to the
single COCL group. Ash and Brown have sghovn a
similar enhancement in the series: -CHgC1 < -CHClg
< -¢als. v

Although a palr of isomers night be expected
in the decomposition of the 1,l-dlacld, it would
not seem impossible, as the Jones work and our own
repetition seemed to indiceate, that the decarboxylation
process mlght favor one lsgomer practically to the
excluslon of the other. In an attempt to clrcumvent
this possibility and to prepare from the 3-chlorodisacid
or lts equivalent the isomer which apparently had not
been obtained by direct decarboxylation, the scheme
shown in figure 5 was devised., Beparation of the
desired isomer was to be effected either at the
- last step (as indicated in the figure) or at sone
intermediate step en route,

Staudinger and 0tt (33) were successful in
converting diethylmalonlc acld into the half acid
chloride, This latter material was found in this
study to react with methanocl to glve the halfacid
ester, m.p. 15-16.5°, described by Dumesnil (34),

Upon decarboxylation, 63 % of the expected diethyl-~
ecetic acid, m§5 = 1,4030, was isolated. :However;
. when the method wes applied to 3-chlorocyclobutane-

- 1l,1-dilacid only dlacid dichlorlde and unreacted dlecld
could be recovered,

A study of the treatment of the dilacid dichloride
with one equlvalent of methanol resulted in yields
of unrecacted material and, to a minor extent, higher
boiling Tractlons from which, after treatment with
water, only diacid was isolated,

At this poilnt 1t was declded to study more
critically, by chromatographic methods, the crude
distillate from the decomposition of the 3-chloro-
cyclobutane-1,l-dlacid and a technlque was developed



23

Proposed Syntheses of a Mixture of 3-Chlorocyclobutane

Acld

cocl COgH
Hg0
—=3

1N\ cocl ¢l COgH

CHgOH <« \\ S001s
7\ /\
! | [ l

Ccl
G0 40Hg COH - o
+
Cl GOgH Ccl GO gCHy
l;coz
- + —
Ccl ¢l ; cl COgCHy C1 C0gH

Figure B,
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for this purnose (see pages 18, 22), Application
of this method led to the separastion of the decarboxyl-
atlon mixzture into two freciions which tcgether accounted
for 80 % of the total acid coantent of the crude oil.
One fraction (51 %) consisted of the same acid isolated
previously by following the Jones procedure (as shown
by mixed melting points of the acids and of the
pwbromophenacyl esters), while the other (30 %) was
& new lsomer, m.pP. 43.8-45.5°, which may be terned the
Zb~-chlorocyclobutanecarboxylic acid.

The two aclds have been characterized by their
infrered absorptions and p-bromophenacyl esters.,
The amides prepered from each acld appear to be
identical, & preliminary lnconclusive atteupt was
made to lsomerize one 3-chlorocacid into the other.
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LAXPERTIENTAL

Cyclobutane-1,1-Glcerboxyliic Acid ﬁichlcride

A round~bottom@d, 500-ml,, 3-necked flask was
fitted with e reflux condenser, a dropping Tunnel
and a thermometer whose bulb reached nearly to the
bottom of the flask. A calelum chloride drying tube
on the condenser protected the system from moisture,
Cyclobutane-l,l-dicarboxylic acid (104 g. = 0.723
mole) was Dlaced in the flask and 342 g. (215 ml, =
2.892 mole = 100 % excess) of thionyl chloride was
added during 20 minutes. The temperature was raised
by means of a (las-col heating mantle until refluxing
sterted (10 minutes)., Refluxing wes continued Tor
.3 hoursg, the temperatwre rising from 45° to 90°, with
little or no acid Tumes evolved in the last hour,

The yellow solutlon was then fractionated through an
electrically heated 15 cm. column packed with 3 mm,
glass helices. The yleld was 100 g. (77 % of theo:ey)
of material boiling at 108-110°/ 60 mm,

To avold the isolstion of the free cyclobutane-
1,1-dicarboxyllic acid, an attempt was made to convert
the dipotassiun salt obtalned from the seponiflcation
of the corresponding ester directly into the 1,1-
diacid dichloride by use of thlonyl chloride or
phosphorus trichloride. When a benzene slurry of
the salt was treated with phosphorus trichloride
a vigorous exmothernic reaction toock place., After
removal of the benzene, attenpts to distill the
renalning matarial resulted in considerable charring
end only 10 % of the desired nroduct, Use of thionyl
chloride without additional solvent improves the yileld
to about 25 %. Isolation of the free 1,l-discld 1s,
therefore, recommended,
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Dismide: The above two-degreec-range material
(C.2 g.) was added slowly to 1 ml, of ice-cold
concentrated auuoniua hydroxide. The resulting solid
was washed three times with 1 ml, of lce-water and
recrystallized from hot weater glving well delined
prisms, m.p. 278-278.5° (dec. ).

Anal. Cealed., for CgH.,05lg: €, 50.70;3 H, 7.C4,
FPound: C, 50.65; H, 7.C6.

S-Chlorocyeclobutane~1,l-dicarboxylic Acid Dichloride

A 200enl,, 3-necked, round-bottomed flesl vas
equinped with & reflux condenser, drying tube, thermo-
meter and dropplng funnel as described above for the
cyclobutane-1,1-dlacid dichloride, Into this flask
were placed 10C0.7 g. (0.556 mole) of the 1,l-diacid
dichloride and 2.33 g. of benzoyl peroxide and then
Lr,2ml, (78.8 g. = 0.584 nmole = 5 % excess) of
sulfuryl clilorlde was slowly added asg the solution
vas brouzht to relluxing temperature with the aid of
a Glas-col mentle, Reflwiing was continued until the
temperature rose to 110° and few fumes were observed,
(This required from 1-1/2 to 2 hours.) The yellow or
red-orange solution was fractlonated as above with a
4:1 reflui-ratio ylelding 62.8 g. (52 %) of b.p. 96-
98°/ 14 mm, The yield was raised to 60 % by
refractionating nelghboring fractlons. The sterting
meteriel was recovered in 25 ¥ yleld from lower
boiling fractions,

Anal., Calc. for CgHgz0,01lsz: C, 33.41y H, 2.32.
Found: (, 53.263 H, 2.39,

Dizalde: The 3-chlorodiscid dichloride (0.2 z.)
was converted to the dlamide ag outlined for the ’
uncaiilorinated material above., Recrystallizatlon
frou not water geve crystals, m.p, 212.5-213.8°
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5-Chlorocyclobutene-1,l-dicarboxylic Acid

From the 3-chloro-l1,l-dliacid dichloride: The
3-chloro-l,l-diacid dichloride (1.07 g. = 0,005 mole)
was placed in a 15-ml, centrifuge tube and 1 nl., of
weter was added, With vigorous stirring the mixture
-wes heated on a steam bath., After a brief induction
period the reactlon proceeded without external o
heating, Ether extraction of the one phase aqueous
solution and resultant evaporation ylelded 0.89 g.
(100 %) of m.p. 135-142° (dec,). By reneated
recrystellization from ethylene dichloride the
deconposition polnt may be ralsed to 158-159,5°,
Incomplete melting occurred concurrently with
deconnosition within this range. ‘

From the 3-hydroxy-1,1-diacld (Modified’ Jones
‘Hethod}: A 300-ml., 3-necked, round-bottomed flask
was equlpped with a reflux partisl-take-off eon&enser
and a dropping funnel. To a mixzture of 29.6 g. (0.372
mole) of dry pyridine and 100 ml. of absolute ether
contalned in the flask was added 20 g. (0.124 nole)
of 3-hydroxzycyclobutane-l,l-dlcerboxylic acid (31).
The solution was brought to reflux and 88 g. (55 ml.
= 0.740 mole = 100 % excess) of thionyl chloride was

*In hils actual procedure, Jones treated the

- reactlon product with a mixture of lce, water, and
ether and qulckly extracted three times with ether,

The ethereal solution was sheken with saturated sodium
chloride solution, filtered through sodium sulfeate

and allowed 1o eveporate at room temperature, After
tlie bulk of the ether had evaporated, 50 ml. of water
was added and allowed to react at room temperature for
24 hours, The mixture was then wearmed on a steam bath
and the solutlon was decanted from the oll, treated
with Heorit, Tiltered, and allowed to concentrate at
room temperature, Thls latter step, in this leboratory,
requlred elght deys, and the yield of the acid was
inproved 16 % to glve the 56 % reported by Jones., Frou
the standpoint of ease of operation and time consumption,
the procedure given in the text above 1s probably
desirable, '
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dropped in over a three hour peried. During the
first hour the solution was under total reflux and
BO % of the thionyl chloride was added, The ether
was teken off in the second hour and the solutlon was
agein under total reflux during the third hour at
which time the addition of thionyl chloride was
completed. The cooled solution was slowly poured
onto 50 g. of ice and then the mixture was heated
on a steam bath for an hour with occasional stirring.
The original dark oil reacted to gilve an opeque
solution which, alter cooling, was extrzcted with
10-100 ml, portions of ether. The ether was stripped
off until the volume was gbout 100 ml., at which time
100 ml. of ethylene dichloride was added and the
solution distilled until the volume was zbout 40 ml.
- Upon cooling 8.9 g, (40.5 % of the theory) of solid,
m.p. 140° (dec.), was obtained, (Jones reports m.Dp.
130-160° dec. )

Ja~Chlorocyeclobutanecarboxylic Acid
Decarboxylation A: The 3~chlorocyclobutene-
1,l-dicarboxylic acid (3,24 g, = 0,0182 nole),
obtalned from the corresponding diacid dichloride
by hydrolysis (ef. p. 37), was placed in & 10 ml,
Claisen flask and heated at 180° for 20 minutes -
~at the end of vhich time no further evolution of
carbhon diloxide was observed (the liberated fgases were
bubbled throuch a saturated barium hydroxide solution).
The crude oll was distilled at 4 mm., collecting the
portion boillng at 107-115°, After repeated recrys-
tellization from petroleum ether at dry lce-acetone
bath temperature, a selid was lsolated, m.p. 49-
51.8° (Jones reports m.p., 42,5-45,5°)
Decarboxylation B: This exneriment differs fron
the one above only in that the 3-chlorocyclobutane-
1,1-dicarboxylic acid used was obtalned by the
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nodified Jones procedure (cf. p. 37) and in that
copper powder (0.1 g.) wes added as & catalyst.
- The product, which was collected over the boiling
range 110-115°/ 4 mm,, weighed 2,82 g. (75 %). The
s0lid, after eight recrystallizations et ca. -60°
from petroleum ether, hed a melting point of 5@.54;
F2.,5°, It showed no melting point depression when
mixed with the zbove 3a-chloroacid (decarboxylation A, )

Amide: Procedure I: The Ja-chlorocacid (0.28 g.),
obtalned by decarboxylation A above, was rlaced in
a 15-ml, centrifuge tube and treated with 0.31 g. of
cold thionyl chloride in the presence of a drop of
dry pyridine and the solution was allowed to warm to
room temperature, After 1/2 hour it was refluxed for
10 minutes and distilled., Tae crude acld chloride
was then dropped slowly into ice-cold concentrated
anmonium hydroxide., The precinpitate wags extracted
with a total of 15 ml, of chloroform in three portions
and the chlloroform solution was evaporated on a steam
bath to dryness. The residue was crystallized from
dry benzene giving a m.p, 162,8-164°, (Jones reports
166.2-167.4°.) ﬁ

The 3a-chloroacld obtained by decarboxylation B
eghove was also converted to its amide by the above
_procedure yielding crystals, m.p. 169.2-170°; this

M.P. Was not depressed when the amlde was mixed wlth

. the amide of the above paragraph,

Frocedure II: The anide of decarboxyla-
tion A 3a-chloroscid was also obtained by refluxing
0.0% g. of phosphorus trichloride with 0.1 g. of the
acid for one hour end adding the reasction product slowly
to 2 ml, of lce-cold ammonium hydroxide. The resulting
mixture was extracted with chloroform, the extracts
were evaporated, and the residue was recrystalllized from
benzene ylelding crystals, m.D. 170-171+8%. |
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Procedure III: A third synthesis of

the amlde was effected via the methyl sster. 3a-Chloro-
ecid (0.5 g.) (decarboxylation A) was dissolved in 10
ml, of absolute methanol and 2 drops of concentrated
sulfuric acid were added; the nixture was reflused
Tfor 5-1/2 hours and the methanol was evaporated. -
The residue was taken up in ether and the solutlon was
washed with sodium bicarbonate solution, dried with
megnesium sulfate and distilled. The distillate.
was treated wilith 2 ml., of concentrated ammonium
hydroxide and the mixture was bolled to give a homo-
geneous solutlon., The reactlon product was extracted
with ether, the extrects were evaporated and the
resldue was crystallized from benzene; m.p. 166-174°,

p-Bromophenacyl ester: Using 0.1 g. of the
Sa~chloroacld from decarboxylation A, the procedure
recomnended by Shriner and Fuson (29) vielded fine
needles from water-ethanol, m.p. 110-111.2°, The
mixed melting »noint with puré p-bromophenacyl
bromide (m,p. 109.8-110.5°) was 86-94°,

Anal, Calcd, for CigHig0sBr0l: G, 47.08; H, 3.65.
FPound: €, 46.16; H, 3.84, j

Uging 0.1 g. of the 3a-chloroacid from
decarboxylation B, the above procedure vwes repeated
- yielding needles, m.p. 111-112°, vhlch showed no
depression with the above ester from the 3a-chloro-
acld of decarboxylation A,

 Chromatogrephlc Separation of Ja- and 3b-Chloro-
cyclobutanecarboxylic fcids
28- end 3b-Chloroacid mixture: The 3J-chloro-
cyclobutane-1,l-dlcerboxylic acid dichloride was
converted to the dlacid as noted above, However,
the diacid was not isolated but the crude mush
from the ether evaporation was dirsectly heated to

180° for 20 minutes and the product was distilled
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at reduced pressure, The ylelds aversged 66.2 %
of 5-6° boiling-range nateriel,

Freparetion of the column: A 1.8 x 52 cu.
column vas prepared Trom 17 g. of silicic ecid,

3 w. of celite, 1 ml. of bromocresocl green solution,
1.7 @l. of water, 8 ml., of absolute methanol and
1.5 dropns of 1 N ammonium hydroxide according to
the scheme as outlined under separation of the 2&-
and 2b-chloroceaclids,

The separsatlon: A 0.1025 g, samale (0.00076
nole) of the mixture was token up in 2 ml. of
n-hezane and the solutlon was added slowly aloag
the sides of the tube about 1-2 mm. above the
gilicle acld. AZlter it weas adsorbed onto the silicic
acld, the sides were waghed with an additlonal 1 nml.
of n-hexrane, The washlng was adsorbed onto the
51licic acid and the tube was carefuwlly fllled with
n-nexane so that the surface of the silicic acid
vas not disturhed., The column vas then developed
as described for the separation of the 2a- and the
2b-chloroacids, Figure 6 is a vlot of the titraitlon
values of the Tlrst 40 fractions taken after 90 ml.
of n-hexans had passed through tiie colwan. The
procedure for titration wes that of Mervel and Rands
(28) using 0.0197 N sodium hydroxide,

A 0,1053 g. sanple (0.00078 mole) of a mlxture
derived from & different senple of 3-chlorocyclo-
butane-l,l-dlcarboxylic acid dichloride was separated
undeyr the same conditlons and the results of both
experliuents are summarized in table II.

Identification of the bands: A 5.8 x 506 cm,.
column was peclred in the usual manner wlth 1366.6 g.

-

of silicic acld, 33.4 g. of celite, 10 nl., of
indicator, 17 ml., of water, 80 ml., of absolute
methenol, and 15 drops of 1 N ammonlunm hydro:xide,
The 3-chloroacid mixture (0.9917 g.) dissolved in
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-2

Chronstorrashic Seperction of e MHixture of 3-Chloro-
cyclobutanecarboxyllc Aclds

M of "
0.0197
. HeQH

2.5

2'0 "'

1.5 ¢

1.0 F

0.5 F

i ¢ N

Fraction No. 10 20 30 40
Effiuent (ml.) 190 200 390 400

Flgure 6.
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TABLE II.
Saaple Fractions ML, of Percenl of Substance
0.0197 total
I NaCH aclid
0.1025 0-15 19.72 55 Sa~-chloroe
16-36 10.61 30 Sb-chloro
0.1053 0-25 14,40 47 3a-chlore
26-49 9.56 31 3b-chloro
Average: 51 3a-chiloro
Total acld content of 50 _ Sb-chloro
nixture accounted for: 81 %

30 ml. of n-hexene was added and washed onto the
column in the usuel nanner, Developnent of the
column with n-he:;ane gave two well defined bands+.
After 1250 ml, of cluate aad passed through the
colum, 50 ml, Tractions vere collected, Fractions
8 and 11 from the first band were combined, taken
up in petroleum ether and recrystallized at ca,
-60° yielding a solid, m.n. 51-52.2, the 3a-chloro-
acld.

Anel, CGaled, for CgH,04C1l: O, 44,0653 H, 5,25,
Found: C, 44.69; H, 5.32,

Sb-Chlorocyclobutanecarboxxylic acld: Fractlons
38 and 39 from the second bsnd of the z@bove colun
were sinllarly purified at -60° from petroleum
ether yielding a solid, m.7, 43,8-45.5°, the 3b-
chlorocyclobutanecarvoxyllc acid, A portion of

+In one experiment a third band separated fron
a certain decarboxylation nintuwre., The acid
conponent of this band was identifled as the 2a-chiloro-
cyclobutanecarboxylic acld by its mixed melting point
wlth authentic material. However, sinilar seperations
did not confirm its oresence in the same decarboryla-
tlon alxture,
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this acld when mixed with a sample of the 3a-chloro-
acid resulted in lmmediate melting at room tempera-
ture. : v

Anal, Caled., for 0sH,05C1: C, 44,653 H, 5.25.
Found: C, 44,413 H, 5.57.

Anide: This derivative was prepared by the
three procedures (cf. ». 39) as outlined under the
3a-chloroacid, Table III summarizes the date concern-
ing the amide of the 3-chloroscids., It would appesr
that only one amide was Tormed and that one lsgomer
was posslibly converted inteo the other by an opsration
in each of the three methods,

TABLE IIT.
HMethod:
Acid: 1. 50C1s 1. POlg 1. CH40H, H®
2. m{{&GH 2: NH40H 20 IIHAQOH

3a-chloro: &) 162.8-164 b) 170-171.8 c¢) 166-174
3b-chloro: d) 168,5-169.5 e) 171.5-172.8 T) 173-174

Mixed m.p.'s: a/d = 168.0-169.5° b/e = 169-1T1°

p-Bromophenacyl ester: This derivative, yﬁepared
in the usual manner (29) and recrystellized fron
water-ethenol, geve a s0lid, m.p. 63.5-64,0°

Anal, Caled., for C,gH;20sBrCl: €, 47.08; H, 3.65.
Found:C,46.65; H, 3.82,

Infrered Absorption of the 3-Chlorocacids

The spectra were taken in cerbon tetrachloride
gsolution (0.050 g./ml.) using 0.05 mm, sodium
chloride cells with the Perkin-Elmer double beanm
spectrophotometer. The acid samples used were
those Tor which the mleroanalysis heve been reported
above., Infrared date concernlng these acids have
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been collected in tables V. and VI. (p. &7) and
in figure T, page 48,

Attemoted Iscmerizatlon of the 3-Chloroacids
Samples of 0.1 g. each of the pure F-chloroacids

were sealed in separate & x 100 mm. tubes containing
0.5 ml. of concentrated hydrochloric acld and heated
at 120-130° for 45 mimutes. The blacliened contents
of tie tubes were extrected with ether, the ether
golutions evajnorated, and the resldues were bolled
with benzene to reumove water, The benzene solutlons
were evaporeted and the resldues taken up in heiane
and chronatorraphed on 20 g, coluwang as described

in the sinilar experliment with the 2-chloroacids,
Pure samnles of the 3-chloroaclds were also
chronetopraphed as controls, No evidence was obtained
to indicate that appreciable isomerizatlon had taken
place.,
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SUMIARY TO PART I.

It has been the purpose of the present part
of the thesis to prepare 5 lsomeric monochloro-
- cyclobutanecarboxylic acids. Five acids have been
prepared and a sumnary of certaln data concerning
these compounds is given below in table 1V,

TABLE IV,
The Menochlorocyclobutanecarboxylic Acids

M.p.y or H.p. of the -
Acid  Db,p./mm, p-bromophen- - nfe
acyl ester
1.01  111-112°/ 12 114-1157 1.4545
28-C1  97-98,5° 88.89,5° -
2b-C1 120-122.5°/ 14 T3.6-T4.1° 1.4732
- 3a-Cl  5l-52.2° 110-111.2 -
3b-Cl  43.8-45,5° 63.5-64° ——
Acid Microanalyses Tests: |
Carbon Hydro- Beil- 2%  Brgin
gen stein KinQ, CCl,
1-C1 4458 5,23 (+) ) (=)
2e-~Cl 44;471 5.16 (+) (-) (-)
ob-C1  43.35° 5,30 (+) (-) (-)
32-01 44,69 5,32 (+) (-) (-)
3p-01 44.41  5.57 o () (-) (-)
Expect: 44,64 5,24 (+) . (-) (-)

+%elting point of amide; ﬁo p—bromophénacyl egter
wag obtalned using the standard procedure (29),

%

For a discussion of this value see page 26,
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This teble shous that the prepared materlals are
isomers, are not unsaturated, and are each different
chenlcal individuals. Examination of the 7.7-8.4
nicron region of the infrared spectra will attest
further to the latter conclusion (cf. fimure 7 end
table V.)., While presence of the cyclobutane
ring was not definitely proved, its presence 1s
imnlied from the fact theat the infrared absorptions
of these lsonmers and thet of the knowmn cyclobutane-
carbo:ylice acld contain four major bands in conmmon
(ef. Tigure 7 and teble VI.).

TABLE V, . .
Distingulshing Reglon (7.7-8.4 microns) in the
Infrared Spectra ol the Cyclobutanecarboxylic Acids.

no ¢l 7.7 - 7.91 8.12 8.32

1-CL T.71 - 7.98 8.25 -

2a-Cl T.T3 7.85 8.02 8.15 -

2b-C1 - 7.82 T.93 8.18 8.39

3a~-Cl - 7.80 8.00 8.12 -

3b-C1 - T-TT 7.96 8.12 -
TABLYE VI,

l{ajor Bends in Common in the Infrared Bpectira of
the Haloacids o
end that of Cyclobutanecarboxylic Acid (in microns).

no Cl 1-C1 2a-C1 2h-C1 3a.-Cl 3b-C1
3,38 3,41 3. 40 3.39 3.40 3.38
5,84 5.83 5,81 5,84 5,83 5.83

7.00 7.04 6.92 7.00 7.00 6.98
1C.62 10.85 10.80 10.65 10.65 10.65

As the result of tliese data it may be concluded that the
flve desired lsomers have been prepered and character-
ized,
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PART II., INVESTIGATICH OF THE FREE RADICAL CHLOR-
INATION OF CYCLOBUTANEZCARBOIYLIC ACID

Part I has dealt with the indirect prepearation
- of 5 isomeric monochlorocyclobutanecarboxylic acids
by methods indicative of structure., The advantages
of a direct method, i.e. chlorination, are obvious,
It ig the purpose of this pert to investlgate the
wossibllities of thig letter method,

Ash and Brown (1) have studied aliphatic
chlorination 1n some detall in the straight chain
series, In liquld-phase free radical chlorinatians .
two factors are lmportant: the inductive effect of
a substituent and the stabllity of the organic free
‘radicel intermediate, ' '

The carboxyl group as a substituent has a -I
effect. Thig electron atitracting group will hinder
the removal of e vielnal hydrogen atom, since such
a removal necessarily involves the loss of an glectron.
Moregver, this hindrance would tend to be greatest in
the lmmediate vlelnity of the group. One would then
predict that free radical chlorination, which 1s
thought to proceed by the initial withdrawsl of a
hydrogen atom (2), would teke place most readily in
positions furthest removed Ifrom the carboxyl groﬁp
or its derivatives. That this is the case, was
shown by the above authors (cf. p. 31). In the free
radical chlorination of 1,l-cyclobutanedicerboxylic
acld dichloride, the detalls of which were dilscussed
in Part I, thelr theory wes upheld (for the first
tine in a cycllc system) 1n that chlorination
proceeded zlmost entirely 1n the 3-position. The
results obteined in Part I also can be interovreled
as a couflrmation of the Ash-Brown observation that
the effect of ildentlcal substituents 1ls additive,
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Organic free radicals seem to react in the
order primery » secondary ) tertiary (1). It
also has been advanced that where two or more
products may be possible, the one obtained 1s the
one derived from the most stable free radical v
intermediate (3). With 1,l-cyclobutanedicarboxylic
acid all the possible intermediates are secaﬁdary
radlcals and, therefore, one would expect the
inductive effect to contrel the reactlon product,
which seens to be the case, However, in the case of
cyclobutenecarboxylic acid, in addition to 6 possible
secondary radicals, there is & possible and presumably
nore stable tertlary intermediste involving the
l-position. The results predicted by consideration
of the inductive eoffect are here in opposition to
those predicted on the assumptlon that the most
stable free redical intermediste determines the
product. An experimental study 1s thus necessary to
determine which effect is more Important in the free
radicel chlorination of this compound.,

To investlgate the free radlcal chlorinetion of
cyclobutanecarboxylic acid, one needs a method
for the analysis of the chlorinated mixiture that
would theoretically result. If conditlons can be
controlled so that only monochlorinated products
are obtained, the analytical method need apply
only to the separation and identification of the
5 possible position isomers of monochlorocyclobutane-
carboxylic aclid. The techniques described in Part I
should be pertinent to this problem.

Accordingly, the chromatographic method
rreviously developed was studied further as an
analyticel tool in the isomer separation, A 60-g,
(silicic acid + celite) column proved the most
convient from the stendpoint of accuracy and tine
consumption, A nixture of 2a-, 2b-, 3a- and 3b-
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chlorocyclobutanecarborxyllc acids was easlly separat-
ed (ca, 75 § recovery) by such a column., By
isolating the bands, the sequence of effluent
meterials was shown to be 3a-chloro-, 2b-chloro-,
3b-chloro- and 2a-chlorocacid., The effluent peaks
were also noted, The l-chloroacld end unchlorinsated
acld were separately run end theilr peacks observed,
A value, which nay be called the effective Rf, wag
obtained by averaging Rf values, obteined in the
usuel manner ', in the 100-600 ml. effluent range.
This approximation weas necessary because the sllicilce
acld was packed rather loosely and tended to settle
in the 2-1/2 weeks necessary to develop the columm,
Tlghter packing resulted in more constant Rf.values
but necessltated longer perlods of development,
The effective Rn values for & glven band on
colwins apparently operating under the sanme Lonaitiona
were not always identical. However, on the same
column, a shift (from an arbitrary standerd) in the
Rf value for any band was accompanled by a correspond-
ing shift for the other bands., Consequently, 1t was
- posslible by applying an appropriate correction to
make all columne compareble, The total effluent
sequence and column constants for these acids are
sunmarized in teble VII. B

TABLE VII.
Btandard Values for the Effluent Peaks and Effective
Qf‘s for the Cyclobutenecarboxylic Acids (60-g., columa),
(Average errors: peaks = * 30 ml.; Ry = & 0.007)

Sequence:  no €1 3a-C1 1-C1 2b-Cl 3b-C1 2a-Cl
Peaks (ml.): 320 380 420 540 720 1060
Rf g%% | : 00188 0@148 Oo154 0.105 0»076 01053

fﬁf 1s a measure of the rate of Tlow (cf., p.62 ).
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It will be noted that the range for the l-.chloro-
acid (390-450 ml,) end that for the 3a-chloroacid
(350-410 ml.) overlep and trouble in separation on a
60 . column mlght be anticipated, It was found that,
when two bands were present together, a titration
curve resulted not unlike that of the first band
of figure 8, A semlguantitative approximation of
the smounts of the two aclds was made in such ceses
by extending the downward slope of the peak and in
gsuch a menner resolving the curve into two peaksa
The value of this method, as applied to figure 9,
will be discussed later (cf, p,61 ), When an
attenpt wes made to separate a mixture of l-chloro-,
2-~chloro-, and 3-chlorocyclobutanecarbavylic'acids,
it was found that complete separation was effected
only by using a 120-g. column. Such a column
required over a month to develop. Therefore, two
6G-ga columns were placed one egbove the other and,
after the Tirst two bands (3a-chloroacid and l-chloro-
acid) had tramsferred themselves onto the second column,
each column was separately developed, Values
obtained by this method were 5-1C % low and, as
a practical anelytical tool, it was abanddmed;

The actual chlorination of cyclobutanecarboxzylic
acld was carried out without a solvent and with a
5 % excess of sulfuryl chloride in the presence of
benzoyl peroxlide, the temperature rilsing to 115° in
a 45-minute reaction interval. Fractionation of the
reaction mixture indicated that 49 % of the product
was monochlorinated material and that 20 % of the
cyclobutanecarboxylic acid was unrescted. Semples
of the crude reaction mixture and of the fractionated
monochlorinated material were chromatograrhed on
60-g, columns., Under these conditions squal emounts
of the Ja-chloroacid and of the unchlorinated acid
mey be seperated, Howsver, the relatively large
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amounts of the unchlorinsted acid present in the crude
reaction nlxture led to the situation shown in figure
8: the curve of the unchlorinated acid overlapping the
next (3a-chloroacid) band, Observatlon of this chroma-
togram of the crude mixture lndicated 5 bands, whose
posltlons up the column agreed with unchlorinated,
3a-chloro-, 2b-chloro-, 3b-chloro- and 2a-chloro-
aclds, respectively. The analysis of the fractionated
monochlorination product indicated that, within
experimental error (ca. + 5 %), 38 % of the total acid
content was 2b-chloroacid, 34 % was 3a-chloroacid,
10 % was 3b-chloroacid and l-chloroacid and 2e-chloro-
acld were absent. The three acids present in najor
emounts were lsolated and identified., Although a
band corresponding to the 2a-chloroacid was seern on
the column, this acid could be neither isolated nor
titrated and, therefore, must be present in legs
than ca, 5 4. The l-chloroacid could also be
" present to the same extent and not cause a deflection
in the titratlon curve observed for this fractionated
mixture (fig. 8). Titration of the acid components
~of the mixture which do not move down the column
indicated they composed 6.5 % of the total acid
content of the fractionated mixture, Thus, 88.5 %
of the acids present in the monochlorinated fraction
were accounted for, ,

The questlion may arise as to whether the analyzed
fractionation mixture was representative of the original
crude nixture., The relative amounts of the chlorinated
lgomers remalne comstant if no isomerization, decompo-
gition, or other loss of the aclds has taken place
during the distillation, Direct evidence on the extent
of change during distillation is lacking, but 1t 1is
belleved not to be a source of error greater than that
inherent in the anslyticel method, The Ffellure to
obgerve the l-chloroacld in the fractlonated material
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is not due to a lesg during distillation, since it was
shown (in connection with attemnts to prepare the
l-chlorcecld from 1ts acid chloride) that mixtures of
the unclhilorlnated and l-chloroacids could efiectively
be separated by fractionation. A loss of the other
acids ls excluded slnce these boll in a still higher
range than the l-chloro isomer.

In view of the ratlo of chlorination in the 1-,
2., and 3-positions of 0:38:4%, the chlorination of
cyclobutanecarboiylic acld may he said to follow the
pattern set in the stralght chain series. The results
obtalned indiceste that 1t is the inductive effect of
the carboxyl group which deternines the products of
the reactlon,
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EXFERIIENTAL

Separation of a Syathetic Mizture of 2-Chloro- and
3-Chlorocyeclobutanecarboxylic Aclds

The chronatographlc tube was constructed by
sealing a standard tapered 45 mm,/50-mm. outside
joint to the upper end of a 50 x 1.8-cm, glass tube
- in such a manner that a reservoir of ca. 70 nl.
(8 x 2.5 em. ) was left above the narrower tube and
below the ground gless portion of the joint., At the
lower end of the tube was sealed & stopcock (4 mm,
bore) with a 12-cm. blunt-ended take-off stem .
Belov the stopcock (2 cnm.,) was sealed a standerd
tepered 45 mm,/ 50-umm. inside joint. Such construction
allowed tubes to be used individuelly or in series
(ef. ». EB),

Using the above tube, a 60-g, column was
prepered in the usual manner (¢f. p. 22) ernploying
51 g. of siliciec acid, 9 5. of celite 545, 24 unl,
of absolute methancl, 3 ml. of bromocresol green
solution, 5.1 nl. of water and 4,5 drops of fresh
1 I emmonium hydroxide., After the column had settled,
0.0836 g, of crude 2-chloroacid mixture {(cf., p. 21,
procedure B) and 0.0872 g. of crude 3-chloroacid
nizture (ef, p, 40), suspended in 2 ml, of n-hexane,
were added, The column was developed in the ususl
manner untll 350 nml, of n-hexane had bheen collected.

*The stem was so desligned as to enable convenilent
gtoppering in nerlods between actual operation or the
coluwan, Continuous collection of a couplete chromato-
gram required 6 days., In order to collect 10 ml.
fractlons for subsequent titration, 2-1/2 weeks were
reqguired beceuse the column was operated internittent-
1y (stoppered overnight).
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Fractions (10 ml.) were then collected and titrated
with 0,017 N sodium hydroxide by the method of Harvel
end Rands (4) until 1300 ml, of the effluent had
been analyzed. The titration curve 1s shown in
Tigure 9, -

Identification of the bands: The above experi-
ment was repested using & 40-g. column and 0.0361 g.
of 2-chloroacids and 0.0306 g, of 3-chloroacids, VWhen
the lower band had reached 19 cm. below the surface of
the siliclc acld, elutlng was stopped, The column
was extruded and the bands cut free, Each section was
treated with ether, the ethereal solutlons wesre
eveporated, the residues were bolled to dryness with
bengene and solids obtained were recrystallized from
petroleum ether at -60°. The results are summearlzed
below: '

Bottom bands m.,p, 46-50° . yellow solid
2nd, beand: - - yellow oil

rd., band: m,p. 37-52° yellow solid
top band: m.p. 92-95° yellow solid

The second and top bands correspond to the 2-chlorcacids
(2b- liquid; 2a- m.p. 97-98.5°) the chrometogranhic
separation of which has previously been ihvestigated
" (page 24; the 2b-chlorocacld precedes the 2a- isomer).
The bottom and third bands must then correspond to
the 3-chloroacids (3a- m.p. 51-52,2°; 3b- m.p. 43.8-
45.5°), the relative positions of which are known on
a column (page 41; the 3a-chlorocacld band lles below
that for the 3b-acid). The above bands are thus
identified and the order is shown to be: 3a-, 2b-,
3b-, and 2e-~chloroacid,

The separation method as an analytical tooi: The
order of the bands having been established, it was
pogslible to check the accuracy of the analysis using
the data on which figure 9 1s based and comparing the
results against those obtained (pages 22ff. and 40fT.)
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with simpler columns, The findings, summarized in
teble VIII, indicate that thils column can funetion
effectively as an enalytical tool when applied to
the four-component system,

TABLE VIII.
Bummary of Analytical Data
Acld Fractlons ¥Ml., of Corr, Calcd,++
Collected 0.017 N nl, AN

NaOH |
Fa-0l 0-14 18.06 18.66 25.5 26
2o-01 15-30 9.36 9,90 13.5 14,5
Zh-01 31-.62 12,88 11.95 16.5 15.5
28-C1 63-102 17.42 16,74 23,5 = 26.5

++Perceﬁt of total acld content.
Based on results obtalned with two-component
columns (22 and 2b; 3a and Bb)

Standerd Values for the Effluent Pesks and Effective
Bfié for the Cyclobutanescarboxylic Aclds

Under the conditions used for separetion of
2-chloro- and 3-chlorosacids (60 g, column), 0.0606
g. of cyclobutanecarboxylic and (separately) 0.0638
g, of l-chlorocyclobutanecarboxylic acld were chroma-
tographed, The effluent valuss observed+ for these
columns, as well as those which were read from figure
9, have been recorded in table VII, The valueg of
the effective Rf given in table VII were derived
a8 partielly shown in table IX (p. 62)

+The effluent values were observed from five
simllar columns and the average error was calculated
to be + 30 ml,
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TABLE IX.
Observed Rf values® for the Several Cyclobutane Aclds.

Acid Totel illiters of Ef{luent

100 125 175 225 275 300 350 450 Averagei
no ¢l - .195 .190 .165 .158 157 - - ,0.184
1-C1 L140 .138 ,139 .137 .132 .130 .126 - 0.134
2e-C1 ,060 ,051 .057 .057 .053 .052 .051 .051 0.055
2b-C1l - .110 .110 ,110 .105 .103 .1C3 .101 0.105
Sa-01 - .160 ,150 .150 .140 .140 - - 0.148

3b-C1 .095 ,082 ,083% ,080 .076 .077 .076 .075 0.07;

*The R, (rate of flow) value is numerically squel
to the disthnce traveled (in cm,) by a particular band
in a glven time divided by the volumn (in nl.) of
effluent collected during thls period,

iThe averages represented in this table are the
resuit of numerous columns and do not nsces arJ
represent the average of the figures glven., Genereally,
in order to courare coluwins, a qucqtibj (constant for
that column) was added to all wvalues obtalned. Before
this correction, the average error in the values was
celculated to be + 0,007,

-Free Radical Chlorinatlion of Cyclobutanecarbo:ylic Acld
Cyclobutanecarboxylic acld (20 g. = 0.2 mole)

end 0.5 g. of benzoyl peroxide were placed in a 100-

ml,, J-necked round-bottomed flask equlpped with a

dropoing funnel, thermometer (bulb in ligquid), and

a reflux condenser (topped with a calciun chloride

tube)., BSulfuryl chloride {17 mi. = 28,4 g, = 0.210

nele = 5 % excess) was added slowly during 15 minutes,

The sclution was brought to reflux in 15 minutes

and refluxed for 45 minutes., At the end of thils

period the solutlon wes pale yellow, the temperature

was 115° and 1ittle or no evolution of fumes was

observed., The crude aixture (25.2 z.) was fractionated

by neans of an electrically heated 15 cm. coluun

packed with 3 mn, gless hellces, The fraction boiling
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at 98-106°/ 14 mm. (4.04 g.), ng® = 1.4450, accounted
for 20 % of the startingz materiel (unreacted cyclo-
butenecarboxylic acld). The fractlons bolllng at
110-124°/ 14 mm, and 117-130°/ 9 mm, were comblned
(13.36 2., n§5 = 1.,4721) and represent a 50 % yileld.
of monochlorocyclobutanecarboxylic aclds. »
, The experiment was repeated with 13 g. of
wnchlorinated acld according to the directions
given above and, of the crude chlorination mixture, a
gample (1 g.,) was retained for subsequent chromatograph-
le analysis., To insure complete separation of the
chlorinated and unchlorinated acids, a 14:1 reflux-
take-off ratio was used in the fractionation.
Unchlorinated acid (29 %) was recovered boiling at
91.5-100°/ 11 mm,, nf® = 1,4438, At 100°/ 11 ma.,
there was a2 sudden rise to 114° and the fraction
boiling at 114-130°/ 11 mm. was collected., This
fraction, nss = 1,4727, weighed 8.18 g. (49,5 %
yield, after correcting for sample removed),

Analysis of the chlorinsated mixtures: In the
‘usuel narmer, 0.2085 g, of the materlial boiling at
114-130°/ 11 m, (see paragraph above) end 0.1986 g.
of the crude mlxture from which 1t was derived were
separaﬁely chromatograpaed on 60-g;,columns, titrating
10 ml., fractions with 0.0197 N sodium hydroxide, The
titration curve for each 1s shown in figure 8, A band
moving as 2a-chloroacid could not be titrated, Data
obtained from these columns have been sunmarized in
teble X (page 64).

Certain aspects of table X need further comment.
S8low moving acid impurities traveled down hall the
length of the column when the crude mizture was
analyzed (1/5 the wey down is normal), It 1s possible
that lnterference was responsible for the nmarked
deviation of the R, velues. The fourth peak of the
crude mixture's titretion curve was very flat amaking
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pealz determination unreliable, The effective Rf
values and effluent peak values for the conponents
of the fractlonated mixture are within erperimental
error (cf., table VII) excep: the effluent peak of
Ob-chlorocyclobutenecarboxylic zcid., However, the -
rete of movenent of this bend, 1ts positlion on the
column, znd the lsolation (see below) of & low
melting solid from the band serve to identify this
substance. The acld impurity was extruded and cut
from the column, The semple was welghed and
titrated 1n the usuel manner with 0.0197 N sodiuam
hydroxzide, using an equel welght of properly nprepared
colunmn meterlial as a blank.

TABLE X. i
Analysis of the Crude and Fractionated Chlorination

Hiztures
Effec- Frac- Efflu- M. of Corr, %
Acid tive tion ent 0.0197 m., of totel
R,”  No. ©Peak  If NaOH acid
(m1.) . content.
CRUDE:
no ¢1 0,17 1-10 320 16.74 22,24 25
3a-C1 ©.13 11-23 420  13.43  7.93 9
2b-Cl 0.11 24-36 54O 8.38 8,38 9.5
3b-C1 0.08 52.72 880(%) 3.69 3.69 4,2
FRAGTIONATED:
38-C1 0.14, 10-26 410 27.13 26,53 B
2b-C1 0,10, 27-47 550 28.73 29.13 38
3b-01 0.07g 48-64 790 7.66  7.86 10
Acid impurity: 5.00 - 5.5
88.5

*a pogitlve correction of 0,01 unit was applied
to the observed Rf values of the fracticnated mixture.



65

A 00,2191 g. sample of the materlal, ngs = 1l.4721,
obtzined in the initial chlorination exveriment (cf,
n, 63) was chromatographed and anslyzed in the usuel
manner, Altnough the titration curve showed slgns
of impurlty, the results vere in genersl agreenent
with those obtained for the later experiment, The
values Found were: 3a-chloroacid = 41 %, and 2b-chloro-
acid = 32 %. The development of the column vas
discontinued bhefore the last two bands could be
analyzed.

Isolation of column components: The separation
shown in fipure 8 was repeated with 0.2054 g. of
the fractlonated mixture and the conponents of each
najor band was ilsolated as on page 59 (except that
the bands were eluted rather than cut from the columnj.
The lovwer band ylelded & solid, m.p. 50.1-51,9°,
showing no lowering of melting point with authenic
3a-chloroacld. The second band yielded an oil,
ngs = 1,4728, (for 2b-chloroacid this constant is
1.4732). A low nelting solid was isolated from the
" third band; however, due to the small emount,
- recrystallizestion wes not feasible, It was luposslble
to isolate elther a so0lid or an oll from tne faint
bhand moving as 2a-chlorocyclobutanecarboxylic acild,
However, 1t was posslible to isolate in poor yleld,
by recrystallization at 0° from petroleum ether, this
acid (Ra-chloro) from a synthetic mixture of cliloro-
acids (2a, 3a, 3b) end unchlorineated ecid in which
it wes present to the extent of 8 %,
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PART III. FROFOSITIONS

1. The substance described by Dizit (1) as

' 2.acetoxy-3-(p-acetoxy )phenylcyclobutadienoic
acid may actually be ABR-(3,5-dlacetoxyindene)-
acetic acid, The work of Grundmenn and Litten (2)
concerning Ruhemenn end Merrimen's (3) earlier
studles tends to support the above suggestion.

2. Alphe-truxillic acld may be obtalned in falr
yields (4,5). Treatment of this compound with
a chlorinating agent under free radical conditlons
and subsequent actlon of alkalil may lead to 2,4-di-
phenyl-1l,3-cyclobutadiene-1l,3-dicarboxylic acid.
3. Gordon, Knight and Cram (6) have recently
closed & five membered ring by the acyloin
synthesis, as have Sheehan, et., al. (T) somevhat
earlier under milder conditions. Under proper
experimental conditlons, it may be possible to
prepere cyclobutane derivatives from dlethyl
succineate by thls method,.

4. The constituent of 'camphenilene' giving rise

to & keto-aldehyde upon ozonolysis (8) may be
explained without reference to a molecule in confllct
with Bredt's rule (9). Thls constltuent may be
postulated as 2,2-dimethylblcyclo(3,1,1)heptens-3.

5. When S-hydroxynortricyclene (1), exo-dehydro-
norborneol (II) and endo-dehydronorbornecl (III)
sre treated with 30 ¥ sulfurle acid, the sane glycol
is obtained (10). This glycol may be dl-2-endo-5-exo-
dihydroxybicyclo(2,2,1)heptene (IV).
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6, One may determine the configuration of the
2-chlorocyclobutanecarboxylic aclds by the study
of:
2.) rates of elimination of carbon dloxide and

" halide lon (11),
b, ) rates of formation of the lactone via tae

- sllver salt of the acid (12),
c. ) the acid dissociation constants (13)._ 
The trans-2-clhilorocyclobutanecarboxylic acid is
xpectsd Lo eliminate more readily, to form a lactone
and to be the weaker acid,

7. The work of Heath (14) has indlceted that €O,
concentratlion in the stomeatical cavity is
responsible for wlent stomata opening, while
nocturnal opening has been attributed by Scarth (15)
to Og concentration. It is smrobeble that there 1s a
stomatlcal mechanism sensitive to small chanpges 1n
the pGOa/ poa retio within the cevity.

8. The probable lmmediate nrecursor of ethylene iﬁ
ripening firult is ethanol (16), however, methanol
1s aleo & zood source of ethylene, It is postulsted
that methanol is changed to zlycollc aldehyde which

upon reduction and dehydratlon glves etunylene,

g, Due to restricted rotetlion ebout the pivol bond,
enantlomorpns should exist of l-cyclopentyl-Z,2-
5,5-tetrabromnocyclonentane-l-carboxylic acld at roonm
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temperature (17).

10, . One mey predict, by consideratlon of the possible

staggered configuratlons, the extent of the
decarboxylative eliminatlon reactlon with beta-
haloacids (18, 11).
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