In presenting the dissertation as a partial fulfiilment of
the reguirenents for an advanced degree from the Georgia Institute of
Technology, I agree that the Librervy of the Institution shzll atke it
available for inspection and cireunlstion in aceordance aith its re-u-
lations poverning materials of this type. I agres that persission
to copy from, or te pubnlish from, this cissertst on may e granted by
the professor under vhosge directlon it was wriltten or, in nis absence,
by the Uean of the CGraduate Division »nen such copying or publiestion
is solely for scholarly paronses and does nof. involve poatential fi-
nancizl gain., It is uwnderstood that any copying from, or Jublilc=tion
ofy thisz dissertstion which involves potentizl rain will not be allowed
withoutb wmritten permission.



THE PREPARATTITN O cis=Clin4lIC ACIL
DIBA0LILL AL I8 Ol vailbhlll

TO beta~-BROMOSTYREL

A ThasTs

Precsented to

the Faculty of the Craduste Division

b

o

AN

-

Spyros PV Theonhilou

In Partial Fuliillment
of the Reouirements for the Degree

Master of Science in Chemistry

Georeia Institute of Technology

June, 19%h



THE PrarAR TIS OF cis-CINGAIC ACTD

IR0 AT ITS COWVERS O

Approved:

' A
v v
Fa' - 77 .
Vi
v T

Date Approved by Chairmant ng ?, / ?fﬁl‘
v ” o



ii

The author wishes to express his appreciztion to his brother
Constantine znd sister knily for thelr financizl aid during the course
of this investlgation. IHe also wishes tn thanlc 1. Lrling CGrovensiein,
Jr., who suggested this problem and assiduously guided it to completion,

for many stimulating cdiscussions and uniouneing encourageient.



TABLE OF COUTELTS

LIST ohi TAELBS R R R N T N I N I R R R R R R R I R R I I I I iv
LIS O TLLUSTRATICHS evevroseccarnsorasanssrsorsssossrsssonasanssres v
S LATlY tiueermrseneresrarssosrasresassssasrrssrssanssensensssnsssnns vi

CAAPT IR
I. DISCIssItn
Presaration of cis-Cimmanic AcId teeicevvssessecasessassses

Preparstion of cis-Cinnanic Acid Dibromide seeeeveereronas 5

Conversion of cis=-Cinasmic Lcid Dibromide to
beta-BrOmOStyrene R R R R R N I I I A A A R R R R RS ?

I7.

Furification of S0lvents tveeeeecrceroresnestsenssacassnses 13
Preparation of cis-Cinnamic Acld svveeenevoerosscnvsasesnes 19

Infrared Analysis of cis- and frans-Cinnamnic Acids s.ieueas el

Preparstion of cis-Cinmanic Acic Dinromide ceeeevscsoseass 30

Conversion of cis-Cinnamic Acid Dibromide to
Dela-BronostyiSNe seeeseasessscsssrscessossasssssasssassnns 39

Infrared Analysis for cis-trans Isamers of beta-
BronosbyTEae seeeseeeersccssoscssancosscensnesscsoannanans 13

BIBLIOGRAPTY sueeneesnnucnarsnsessensssstnsstosussuncasasssssoosatonns 51

LI}SR&fEIG%L SKETC? T R R R R R T T T I T T 53



LISr G- TABLES

Table Pase

1. Qlefins from the Alkali metal 3zlts of cis-Cinnamic
Acid LAbromicde ssieeecesasses sssnsasetsasssssassssasssnanana 9

2. Qlefins fran the Sadiun Salt of trans-Cinnaaic Acid
DAbromide wemvseeescossrorsosssessassssssssssanssantonssssnss 15

3. FEadiztion Jata and Craracteristics of Lamp Tyve LL ..aaas. 17

L, Infrared Data of cis- =and trans-Cinnamic Acic Solutions
Lfor Various Concentration: at tie Four selected wza.ima ... 28

C. Pzr Cent Yield ot cis— and trans-Cinnamic fcids Tbhialued

from Irrazciaztion Sxperiments ceecesesescesrasssssscescsnsan 2

©. Lelting Yoints of ¢is~ brans-Ciznzmic Acic Dibrnaide
Lixbures in Variodls Proportions eeeesescesesstosesssasannas 37

7. Opticzl Densities for Various Coapositions of cis— and

trans-bsta-Sromostyrenss at Uwr  ave Lengtls wvecesesnsess 48

8. Optical Densities fa tie rfrepared beta-Bromostyrenes
b Four ave Lenmb s seieeieisereneetsaccactansasssacasannes I

9. Fer Cent of cis-beta-Brom styreas ia e betr=Sromostyvrenes

from the Sociuwn or robassium Dalts of cis- and trans-—

Cinnamic Acld Uibromides sesesssssoistocesossasssoseasssssss 50




Figure

l.

LIsYy & TLLUSTRATI

Conversion of trans-Cimnnamic Acld to ¢is-Cinnamic
Acid upon Irradiabion seesesvessasesasesnrosannessannnns

Tre oterecspecific ftrans dJecarboxylative Zliminsiionsz
o cis— and trens-Cinnanic Acld Libromices to beba-

BI‘OEH")Stjj'I‘E‘HGS eta e rte e nnreriertas st r AL R e

Schemacic Diagraa off «uartz Cell with sercury Lamy ..

- - . . e . . - .
Infrared spectra of cis- and trans-Cinnamic Acids in
Carpon Uisuliide sieseseesseseancssarsannssrarssssnsses

Inirared opecira of cls- and trans-Cinnsmic Acic
pibromicde i: Carbon Jisuliide seseesnssarnsnssarsannss

Hixeo uieltling Frint Curve upon oynbhetic .iixtures of
cigs— an. trans-Cinaanic Acid Pioromides veveeecssanes

Apparatus used for Hecrystallirstion ol Setn-
BI’OmOSJG:;’I‘ez'lEES O R R N I R I R R R R R R A N I N I R I I

Impirical Calibration Curves for Inrfrared Anzlysis
of Syntietic aditures of cls—- ane Lrans-beta-

Drornos-tz;rl’aer\-es L LR A L L R I B A B IR B B BN B LR A A I B A B B B B A B B B BB

12

lo

W7



vi

SULZARY

The purpose of this investigation was to ilmprove the msthod of
vreparation of cis-cianamic scic dibromide and Lo study the siersocnen-—

istry ol tne cmversion of this compound to beta-bromostyrens, in the

solvents absclute ethanol, dry scetone, anc water.

The initial step of this work vwas tne irrsdiation of trans-cinnaaic
acid in a sszturated methnanclic solution with light from 2 cuartz mercuary
lamp. The resulting mixture ol cils- and trans—cinnaiic scids was analyrzed
by an infrared techaigque. The coaversion to cls-is-mer was found to be
51 2 2 per cent in = 10 hour period of irradiatlon.

The sevaration of tne two isciers was effected by fracti-mnzl ex-
traction sna crystellization from n-hexane. The crude cis-cinnanic acid
was furtner puriified through its aniliine salt.

An improved methou of preparation of ¢is-cimnamic acid dibromide
was devised. This consisted of additioa of bromine ©vo cis-cinnanlc scid

in glacial acetic which was about -ne mnlar in yor»gen branide. ihe
separation of cis—-cinnamic acia dibroride frod its higher melting dlaster-
ecolsomer was effected by extraciion vith carbon disulfide fellowed by re-

crystaliization from n-hexane. The yield of cis-clhnmamic acilsd divromide

was 50 por cent of praduct o m.o. 88.0-92,.5° which frem a aived selting

I+

noint curve was calculated Lo ce 95,5 1.0 par cent cis-cinnzmic acid
dibronide.

Alkali metal salts of cis-~cinnanic acid dibranide were converted

to heta-bronostyrens by heating in acpropriate solvents.
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M2 results are shovm in the table bhelow,

Jlefins from the Alkali letal Salts of

cis=Cimmanic Acid Ddbr-mide

Solvert Composition of YielZ of bets- Compozsition of
cinnamic acid bromastyrena beta-bremostyrene
dibromide ° cis brars

io cis=dlbromide 3 v

’ + R
Acetone L5 = 1.0 85.0 L7 95.3
. + . o - ,
Abs. ethanol 95,5 = 1,0 ol 7 2.6 G742
- + - - =y
vater 91.0 - 1.0 Glre L.3 95.2

Calculstions show that all - the cis-belba-bromostyrene formed in
the runs in dary acetone 2ad z-.solute etqanol can be attributad to the
trans—-cinnamic zacid dibreomide present in the starting materizl. for the

run in weter the product contoined about 3 per cent ol cis-betaz-bronos-

tyrene wrich 1s calculatsd to arise from tihe cis-ciansmic acid dibromide

itself. The gre-ter Teucency of cis~ over trans-cinnszmic acid dibromide

Lo undergo decarboxvlative elimination by a stereospeciiic c-necerted

trang-mec anisr is aviribated to less steriec aindrance in the corres-—

ponding transition state for cis-cinnemic acid dibronids

U e



DISCUTS310M

Preparation of cis-Cinnamic Acid. «- cis-~Cinnamic zcld was prepared 1a

the present wor< by irradiation I sizthanolic solutions of trans-cinnamic
acid vitrn uwlirsviclet light fro: a cuartz mercury arc lamp. Lhis synthe-

v '

. A . . . - o . 1 . o
sis of cis-cinnanic acid wos first eifected by Stoermer™ who irradiated

a beazene solution of trans-cinnamic acld for oiynt days ultraviolet
lisht to give a 25-30 per cent pield sf cis-cinnamic acid {m.p. 5875,
Later, Guyz, working on infrared avsorption anc laman sgectra oif cis-
and trans-cinnamnic acids, repeated Stoarier!s method ol preparation of
cis=cinnamic acid. Favinga and Jivards ivradiated a dilute solution of

trans--cinnamic acid in benzene i'nor six days wiith a aercury lanp, but

gave no statemant of ylelo.

Taaasescuh, working on photnchenical behavior of o-nitrocinnanic
acid, states that a solution of o=aitrocinnauic acid (in etiyl aleohsl,
acetone, oyridine, etner, ete.) exdosced Lo sun licht is rapidly colored
red, vut althougn insolation was combioned for several weeks ifhere vwas
no furt er cnange in the sslailon.  an exclonatlion of T:ese resulis is

«iven by toe author,

{1) k. Stoermer, Eer., 42, LE75-71 (192v).

(2) V. Jd. Guy, =ull. Joc. Codm. {(iracce}, 731-=-L2 (19.9).

r .

{3) E. Ravinga anc H. J. ¥, Jdivard, kec. Yrav. Coia., o7, cho-Sh

(13h2).

—

1} J. Tanasescu, Buil. Soc. Chima, L1, 1074 (1927).
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Vaidyas has studied in detail the lsomerization of trans- to
cis-cinnamic zcid using a quartz mercury vapor lamp ecuipped with
suitable filters suchk that light of only 313 mp. was employed. le
found that for a 0.003 1M agueous solution the conversion procesded to
72 per cent ¢is acid at photochemical esuilibrium. The isomerization
at the start of the reaction was zero order in trans-cinnamic acid and
proceeded with a guantum efficiency of O.0l. From isolation of the
product from five dsys' irradiation of a methanolic solution of trans-
cinnamic acid, Vaidya obtained 25-30 per cent yielc of cis-cinnanic acid.

In the present work with a non-filtered'quartz mercury arc lamp,
a somewhat different state of photochemical esuilibrium was attained.

A plot of the percentage conversion to ¢cis- acid against tue time of
exposure is given in Ficure 1, p. L. It will be seen that the rate of
change 1s directly proportional to the time of exposure for the first

6 hours, aiter which it gradually falls off until the eguilibrium value
is reached. The equilibrium point after 10 hours exposure corresponds
to 56 per cent cis- and Lh per cent trans-cinnamic acidj hovever, these
acids constituted only about 91 per cent of the total starting acid,
sweet smelling oily by-products being fcrmed., This formation of by-
products reduces the effective conversion to 5132 per cent in 10 hours
exXposure,

Longer perilcds of exposure increase the extent of ky-product
formation (13 per cent in 20 hours). uioreover the color of the product

deepens with exposure time from colorless to yellow (6 hours) to light

(5) B. K. Vaidya, Proc. Roy. Soc.,(4) 129, 299 (1930).




brown (20 hours). The nature of the by-products was not determined;
the sweet odor suczests that in part they consist of esters, Irradiation
of crystalline trans-cinnamic acid is known to give cinnamic acid dimers®

(alpha-Truxillic acid and less beta-Truxillic acid).

A partial separation of cis and trans acids from the mixture of

products fram © hours irradiation was effected by fractional extraction
and crystallization from n-hexane. The crude product wss isolated in a
yileld of 5ot2 per cent which according to infrared analysis was 70.5

per cent cis- and 20.9 per cent trans-cinnamic acid. Purification through
the aniline salt gave 28%2 per cent of 99 per cent pure cls— cliuramic

acid (the yield being based on the amocunt of trans- cinnamic used). An
alternative procedure in which carbon tetrachloride was used for the
extractions of the c¢cis from the crude cis- trans mixture in place of
n-hexane gave similar resullts but permitted a more ready extraction

of the cis~ from the trans—-cinnamic acid.

(6} H. Stobbet and F. K. 3teinberger, Ber., 55, 2228 (1922),
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The Preparation of cis=Cinnamic Acid Dibromide.-- Liebermann’ first

reported the preparation of cic-cinmnzmic acid dibromide (m.p. 91-93°)
in yield of about 30 per cent by bromination of gii—cinnamic acid in
carbon disulfide in absence of light; the remainder of the product w=s
trans—cinnamic acld dibromide. In the present work under similar con-
ditions, the yield of trans—cinnamic acid dibromide was about 53 per
cent; however, at best, only ilmpure cig=-cinnamic acid dibromide was
obtained in a yield not e<ceeding 25 per cent of a product of m.p.
55-80°.

The kinetics of the addition of bromine to trans-cinnamic acid in
acetic acid as solvent have been reported by Williams8. Jlore recently
Jobertson and co-workers’ have studied this reaction for both cis and
trans-cinnamic acids. Hydrogen bromide catalyzed the additicn of bro-
mwine to trans-cinnamic acid but not for the cis acid. OSince the rate of
additicn of bromine to trans-cinnamic acid in presence of hydrogen bro-
nide approached the faster rate of acaition to cis—cinnamic acid, the
authors interpreted thelr results as indicating that hydrogen bromide
isomerized trans-cinnamic acic to the cis iscmer. Hone o' the workers,
however, has reported any isclation of product from brominations in

acetic acid.

(7) C. Liebermann, Ber., 27, 2039 (1394).
(8) D. . Villiams, J. Chem. Soc., $79 (1932).

(9) P. ¥, Hobertson, . T. Clare, X. J. lclaught, and G. ', Faul,
J. Crem. Soc., 335 (1937).



In preliminary experiments in the present work, addition of bro-
mine to cis-cinnemic acid in acetic acid gave by isolation 17 per cent
yield of trans-cinnemic acid dibr-mide and 2% per cent yield of crude
cis-cinnamic acid dibr-mide {m.p. 8&—930). In a sinilar experiment but
in acetic acid which wrs one molar in hydregen bromide, 12 ner cent
vield of trans-cirnamic acid dibromide and 43 per cent yield of crude
cis-cinnamic acid dibramide (m.p. 85-93.5°) were isolated. Accordingly,
the latter procedure was adopted for the large scale preparstions of
cis—cimnnamic acid dibramidej in six such runs the yielc of trans-cinnamic
acid dibromide averaged about 20 per cent, while that of crude cis-
cinnanic acid dibromide was ©0 per cent of product of m.p. 75-9.5°
or 50 per cent yield of product of m.p. 87-94.5°. In these experiments
the remainder of the oroduct was a dark colored oil which coula not be
cbtained in a crystalline state under any of the conditions tried.
Williamsa in his work upon trans-cinnemic acid reported that the most
probable side reaction is substitution either in the aromatic nucleus of
cinnzmic acid or, perhaps, in the solvent under the influence of the
cinnamic acid.

The purity of cis-cinnamic acid dibromide could not be well
ascertained by infrared analysis b=cause this compound has an infrared
spectrum (in 082) which is closely similar to thst of trans-cinnamic
acid dibromide, Consequently a thermal method of analysis by use of a
melting point curve was devised and probably was able to give compositions
within about one per cent accuracy in the vicinity of the eutectic com-
position. By this method the 50 per cent yield of product of m.p. 87-94.5°
(virich upeon mixing together gave m.p. 88.0-92.59) is estimated to contain

95.5 1.0 per cent of cis-cinnamic acid dibromide.



Conversion of c¢cis-Cinnamic Acid Cibromide to beta-Bromostyrens. — Recent

workers have reported the stereochemistry of the conversion of salts of
trans-cinnamic acid dibrraide, (m.p. 200° dec.) to bets-bromostyrene

0,11

1
11, gbsolute etnyl alcohol; and dry :cetonela.

in the solvents water
It seemed of interest, therefore, to ascertain the sterecchemistry of
the conversion of the diastereoisomeric cis-clansmic acid dibronide
(me0e 93.5-95.0") to hata-bromostyrene under comparable conditions. In

addition it was deemed desirable to check the composition of the beta-

bromostyrene from the decomposition of tre sodimm salt of trans-cinnanic
acid dibromide in zcet ne by infrared analysis since Cristcl and ilorris9
analyzed their product by a melting point methoa. These vorkers reported
that this reaction gave an 8L per cent yield of beta-bromostyrene of
Tmep. =11 to -8° and upon distillation gave &l per cent yield of product
of me p. =8 to -7°, which value is in good azreenent with the recorded
meliing pointl2 of -7° for cis- beta-bromostyrene. 1In the present work
there was obtained a 93.5 per cent yield of distilled bota-bronastyrene
which by infrared analysis cintained 99.5 X0.5 per cent of cis- beta-
bromostyrene.

The resultz of the opresent investigstion uvon the eonversion of
alkall metal salts of c¢is-cinnamic acid dibromide to beta-bromostyrene

are cliven in Table 1. ©Since it was not practicable according to present

(10) 8. J. COristol and 1. £, korris, J. Am. Chewx. Scc., 75, 26l5

(1953).

{11) E. Grovenstein, Jr. and U. Lee, Jd. fne Chem. 3oc., 75, 2039

(1953).

(12) C. Dufraise, Ann. Chinm. (Paris), () 17, 159 (1922).




technigues to prepare large amounts of the necessary dibromide entirely
free of its diastereonisomer, the resulis nust be ianterpreted in light of
the known amount of this isomer present. This is possible since the
behavior of trans-cinnamic acid dibromide is known under the present
reaction conditions; the available data are shown in Table 2. 1In the

fourth colunmn of Tzble 1, the amount of cis- beta-bromostyrene in tne

product due to the trans-cinnamic acid dibroaide oresent is calcul=ated on
the assumption that the two diastereoisomsric cinnasic acid dibromides

are cenverted to beta-brosmostyrene in thne sazne yield and that the pro-

portion of isomers of beta-bromostyrene from trans-cinnamic acla aibramide
is as shown in Table 2, If the maximum yield of bsta-bromostyrene in
each solvent a3s shownm in Table 1 is used in the previous calculatica
along with the yields of beta-bromostyrene shown in Table 2 (these
are maximuan vields), re-estimated values do nnot differ by more than
0.5 per cent from those recorded in the rourti columm of Table 1.

The difference between the amount of cis- beta-bromostyreae
found and that calculated to come fram trans—cinnamic acild dibromide is
shown in the sixth column of Table L. This colunn, therefore, represents
the cis~ beta~bromosiyrene which cuecs s lely from the cis-cinnamic
acid dibromide under the reactlon conditions. In the solvents acetone
and absolute ethyl alecohol cis-cinnamic acid dibromide gives beta-bro-
mostyrene whiicin is within the experimental error of being entircly trans—

beta-bromostyrene; that is, the decarboxylative elininstion is nere
5 3 3 X 3

quite sterochemically specific botl: in dry acetone and in absclute

ethanol.



Table 1, Olefins from the Alkali ietal &Salts of EEEfCinnanic Acid Zdbromide

Fun Solvent Yield eof beta- Composition of Calculoted amount of Composition of beta-
bromostyrene  cinnamic acld dibromids cis-beta-bromcstyrene bronostyrene
& % cis=dibromide due to trans-dibranide found caleulnted due to
T Z % cis cis dibromide
b oels
T  Acetone 85.0 95,5 = 1.0 b5 1.0 L7 o
II Acetone 72.5 95.5 2 1.0 L.5 % 1,0 L.7 0
I Abs. ethanol 6.7 95.5 1 1.0 3.9 % 0.9 2.8 0
11 A.bs- eti!anﬂl 5)—]»05 95-5 t l-o 3-5" i Oo\) 307 0
I vater (da0 )} 35.0 $5.5 1 1,0 0.99% 0.2 0.1 0
11 water (wall) 3.5 95.5 % 1.0 Ue59= 0.2 0.05 0
ITT %water (NaHCUB) 8l.0 G0y I1.0 2.00i 0.2 L9 2.9




Table 2, Qlefins from the Sediuvm 5a3lt of trans-~Cinnanic

10

Acid Dibromide

Jolvent  yield of bsta- Composition of ref.
bromostyrene beta-bremostyrene
cis Trans
Abs. ethanol 86.5 13.5 11
Yater 22 78 11
Acstone 99.5 0.5 Present
T ork

& Trom the data of Cristol and :orris (Kef. 10) for use of sodium ace-

tote as baose.
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Run I and IT in weter gave only trans-bela-bromostyrene fron
cis—cinnamic acid dibronide; howvever, in these runs a lzrge excess of
sodium hydroxide was employed =and this alkali night be expected to destroy

preferentially any cis-beta-bromnostyrene farmed. Griatoll3 has reported

that tre cis- isomer undergocs eliminstion of FHBr with sodium hydroxide
in isopropyl alcohnl Z.SKlOS times faster than the btrans~ isomer.
Accordingly fun II1 was made using sodium bicarbonzte 25 base, Irom
this run about 3 per cent of gigfggzgfbromostyrene‘resulted from the
salt of c¢is-cinnamic acid dibromide in water.

Comparison of the precent vork upou cis-cinnamic acid dibromide
with previous work upon trans-cinnaaic acid dibromide (see Table 2)
shows that while both diasterecisomers undergo decarboxylative elimination
in a stereospecific trans manner in dry acetone, the cis dibroaide rezcts
more sterecspecifically in absclute ethansl and in water than the trans
dibromide. The aoparent explanation is that for the concerted stereo-

specifice trans mechanism of elimination,lo’ll

¢is-cinnanic =2cid dibromide
has a2 more favorable transition state for elimination than its diastereo-
isomer because of less steric hindrance in its transition state (the aloha-
bromine and beta-phenyl groups are further apart}. See Figure 2 in

which one enantiomorph only is shown for each diastereoisomer. The
prediction could be made that cis-cinnamic acid dibromide undergoes

decarboxylative elimination in acetone, ethanol, and probably water

faster than does 1ts diastereoisomer.

(13) 8. J. Cristol, lecturs at the I'ourth Conferance on Heaction
lieehanisms, Bryn wawr College, Sept. 10, 1952,
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TXPERINENTAL DRTAILS?
ilaterigls Used and ilethods of furification

Benzene: Commnercial grade was washed three times with concentrated
HZSOB and three times with water and distilled, b.p. 79.5~

30.5° (atm.oress).

trans—-Cinnamic acid: Eastman Kodak Co., was recrystallirzed from ben-

zene to give white crystals of m.p. 132.5-13L.0°, A
crystallization from CClh gave similar results.

n-Hexane: Commercial grade, frow :iatheson Co., Inc.

Cyclohexanet: Commercial grade, from latheson Co., Inc.

n-rentane: FPure grade, 99 mol. per cent minimum, from Phillips
Petroleum Co.

n—-Pentane: Commercial grade, from Fhillips Petroleum Co. Tre term
n-pentane in this thesis refers to this comnercisl grade

uriless the designation "pure" n-pentane is given.

Aniline: EReagent grade, :crek Co., Inc., was distilled from zine dust,

b.o. 181.5-182.5° (atm.press.).

Bromine: Baker's "Analyzed Reagent", J. T. Baker Chemical Co.

Acetic Acid: (Clacial commercial grade was refluxed over and distilled

from chromium tri-oxide, b.p. 117-118° (atm. press.).

2 A1l melting points are uncorrected and were deternined upon
samples in capillary tubes with a 360° melting point thermometer in a
stirred silicone oil bath.
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Uietiyl Btrer: Commercial anhydrous dlethyl etier w-s washed with
acidic (HESGh) solution of ferrous sulfate, dried over an-
hydrous magnesium sulfate, then distilled, b.p. 34° (atm.
press.).

Yydrogen Bromide: Anhydrous grade from ifatheson Co., Inc.

Carbon Disulfide: Commercial grade. FPor infrared analysis the carbon
disulfide was distilled, b.p. Lo (atm. press.).

Absolute Ethancl: Commercial absolute etrancl was purified by the method
described by Fiesertl and stored in a brown screw-cap bottle
whose cap was lined with tinioil.

Acetone: Commercial grade wos dried over anhydrous JgSOh.

trans-Cinnanic Acid Dibromide: Half of the smount used came froa b,

Z. Lee'st! preparation and the rest fron the bromination of cis-
cimmamic acid. It was recrystallized from chloroform to give
white crystals of m.p. 196-197° (dec.).

Sodium Bicarbonate: Arm and Hammer, Church & Co.

Potassium Acetate: EReagent grade, wnerck and Co., Inc. was dried for one
hour in vacuum oven at 709,

Sodium Hydroxide: Commercial grade was dissolved 1n small amount of water,
filtered to remove scdium carbonate, and then diluted witr dis-
tilled water.

Isogctane: Practical grade, 99.5* per cent pure, from Zastman Kodak Co.,
was wastied two times with concentrated HQSUM and three times

with Water, distillea b-P- 96-0-98-50 (atm. press.) and stored

over sodium wire.

(1k) L. ¥. Fieser, "Experiments in Organic Chemistry!, 2nd. ed.,
D. C. Heath and Co., Inc., ifew York, 194l. p. 359.
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Hethanol: Commercial grade from #erck Co., Inc.

Apparztus for Irradiations

The apparatus used for the irradiations was made by the Hanovia
Chenical and .fg. Co., of Wewark, . J. It consisted of a high pres-
sure guartz mercury arc lamp (type LL} which nad an zre length of
30 cm. and a diameter of 2 cm. The lawp opsrated on about 1C00 watts
and was run at such a temperature that the current was between 3.0 to
L.2 anperes. FProper coocling was demanded to keep ithe current ia ithe
desired range. Tnis was accomplished in part by having the lamp in an
air-conditioned room {for summer operation) with z stream of air blowing
over the guartz arc. Adgitional cooling and protection of the sample
being irradicted was effected by running vater through the inner cell
compartment. A drawing of the quartz cell 1s shown in Figure 3. The
solution of sample was placed in the outer cell compartment which held
325 ml. of solution. The charactzaristies of the mercury arc and ire
1ight obtained therefrom are given in Table 3, the d=ta being supplied

by the manufacturer.
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Table 3. Radiation Jata and Characteristics of Lamp Type LL.

Characteristics:

Eurner tube H range 900-1200 watts
itadiation data appliss to 1050 watts
Temperature: guartz tube 380%C

Total radi-tion (all wave lengths) 790 watts

Spectral energy distributicn

Values given on a per cent
basis with total radiation
equal tc 100 per cent. To
find ensrgy at any wave
length, take per cent of
total radiation above.

Infrared (bands and continuun) 53,9
Visible red - 6234 A 0.
vellow - 5700 A 0.7
green - 5L60 A LB
blue - Lh%60 2 11358 A A
Total visible 1.3
Ultravielst  LOLE & 3905 A 3.68
3In60 A 7.80
33h1 A 0.82
3130 A 5.38
3025 A 2.92
2907 A 1.16
2905, 2893 & 2803 A 1.10
2752 & 2700 A .65
2659 A 1.85
2571 & .65
2537 A 1.080
2162, 2400, 2360, 2300 A 1.75
1942, 1849 A .18
Total ultraviolet 29.00

A 3 ~ + +
Accuracy of datz: Infrared - 1 per cent; v181Ele - 5 per cent;

ultrav}olet: strong bands - § per cent; weak

bands - 15 per cent. Data was evened t3 tobzal

to 100 per cent.

* The data were supplied by the Research Laboratory of Hanovia Chemical
and ifg. Co. of dewark, w. dJ.
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Purification o trans-Cinnamic Acid

Eastman Kodak wh:ite-~label grave trans-ciauamic acld LoU g.
(2.7 moles) was refluxed for one hour with foor liters of oure dry
benzene and then wes conled in an ice—vwater bath ror two hours. 4
vield of 32 gz. (2.45 moles or $0.5 per cent yield) of well-formed vhite
crystals mep. 132.5-13L.0° were recovered after filtration.
Preliminary Irradistion rxporiments

lxperiment 1., -- Purified trans-cinnamic acid, 50 g. (0.330 mole), m.D.

132,5-134.09, in 300 ml. of etianol was irradiated Zor 10 hours. bvapo-
ration of the sclvent was carried out in an evasor=ting dish on a waber
bath with the aid of an inverted funnel, connected to 2 water-aspirstor,
over the dish. This experiment was repeated for 5l.5 g. (0.368 mole) of
cinnamic acic in 325 ml. ethanol for 20 hours. See Fipure 1 for the
product analysis.

bxporiment 2. —~ Irradiation of nurified traans-cinnamic -~cid, 72.5 =. {U.LBO

mole), m.pe 134.5<134.09, in 325 ml. methansl was cenducted for 20 hours.
Similar experiments were repeated for lu-hour, O-noup and 3-hour periods
of irradiation. Zvaporation oi mathanol vras peri rmed as mentlioned be-
fore. frroa the infrared aralysis of the resulting crude producis, the
per cent or the cis-isomer in tae irr=cdiated mivture was plotted against
the irrzdistion time (see rigure 1, pe 4).

An drradiation period of six hours, yielded a L9 psr cent trans-

formation while an irradi-tion poriod of ten nmurs yielded a transformation



of 51.5 per cent and that for 20 hours 51.7 per ceut (these yields being
based upon the amount of starting acid). As a result of these data and
in order to economize on timg an irradiation perioz of six hours in sol-

vent metianol vas chosen {or preparatlve purposes.

Preparation of cis-Cinnamic Acid.
cis=Cinnanic acid was made by irrac¢iation of a methan-lic solution

of trans-cinnamic acid with ultraviolet light., From the irracisted mix-~
ture of cis- ond irans-cinnanic acids, the separatior of cis-Isomer yins
eflected by several extractions oi tre mixture with n-hexzane (or cyclohexare)
and then preparation -f° tih2 aniline salt of the crude cis-cinmnaamic acid,
Elimination of the ¢is- 2cid [rom 30s aniline salt was broucht about by
extraction «f tne etiereal solution of tie salt with hydrochloric acia

solution. The detzailed procecure is given below,.

General frocedure for Prepsration of cis=-Cinnamic Acid

1, Irredistion

Recrystallized trans—-cinnaanic acid wwas completely dissclved in
350 ml. of methansl and 5 ml. of this solution titrated with 13.9 wl., -f
O.h92 A sodium hydroxide to a phenolphthalein endpoint. A 325 ml. por-
tion {calculated fram the titration to contain 6o g, trans-cinnamic acid)
was irradisted for six hours in the above described ultraviolet ligrt
apparatus. Tren tne methanol was evaporated from 2 dish on a water bath
with an inverted funnel connected ton a water-aspirator over the evaporating
dish.
2. Isolstion

The isolation of cis~cinnanic acid fron the irradiated wixtures
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was effscted by selective extraction of the cis-isomer with n-hexane
and by fractional crysvellization of the resulting hexane solution.
Procedure: After evaporation of methanol from the lrradiated mizuwure
of acids, a L85 g. (3,28 moles) portion was extracted with threce one-
liter portions of n-hexane {at roam temperaturej. The solvent was
recovered by distillavion and the last 100 wl. of it was evaporsted
over a waber bathj L8 . (0.32l mole) of yellow colored crystals with
a melting point of 53=05° was cobtained.

The unextracted crystals were refluwied for tvo hours with 1.5
liters of n-hexane and the oorticn of the crystals (22L g. of m.p. 75-120°)
vhich remained undissolved was senarated by decantztion. The solution

upon cooling to room temperature deposited 110 g. of crystals of m.p.

C-.

£-95°, TFrom complete evaporation of the mother liqueors, 100 z. of yellow
crystols of mep. hB—SSO were obtalned.

The 22I g. of crystals vwhich remalned unextracted in the previous
procedure was again refluxed vwith n-hexane {1 liter) far two hours. There
viere obtained 145 g. of crystals (m.p. 110-130°) which were undissolved
in the hot hexane, L3 g. of crystals (m.p. 8C-105%) which crystallized
at roon tespersture from the hexane, and 29 g. {m.p. L48-50°) which were
recovered by sevaporatlon of the solvent.

Tre crystals which swere obtained by crystallization of the above
two hot n-nexane exiracts at room taangersture were combined to give 153 gz,
{110+ L3 z.) of crystals of m.p. 65-1C5°. These crystzls vere refluxed
for one hour with one liter of n-hexane Lo rsive 9 g., m.p. 11.0-1259, of
undissolved crystals, 91 g. of crystals of m. p. 78-110° obtained from

cooling the hexane soluticn to r om tewperature, and L3 g. of crystals
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of m.p. LG-50° recovered by evasoration of the solvent. The 91 z. batch

of crystdls so obtoined vas ertracted with 800 ml. of boiling n-hexane

to give 2L g. of undissolved crystals of m.p. 110-120°, L6.5 ¢. of crystals
of mep. G2-110° obtained by cooling the solvent to room temperature, and
18 g. of crystals, m.2. 50-60°, fram evavorztion of the solvent,

The Lt.T g, batech of crystals so obtained was finally extracted
with 500 ml. of boiling n-hexane to give 7 g. of undissclved crystals of
mep. 115-125%, 28 g. of crystals (m.p. 90-120°) deposited upon cooling
to room temperczture, and 11.5 g. of crystals {m.p. 50-65°) from evaporation
of the solvent. Tre 20 g. portion of crystals was combired with crude
crystals fran another irr=diation.

As final results from the L85 g. of starting material there were
collected tne Jollowing products which are showm together with their
infrared analyses where determined:

(1}  2L9.5 g. of m.p. UB- 68°, (76.% nur cent cis- and
(20.9 per cent trans-cimiamic zscid

{e) 28.0 g. of m.p. 90-120°

(3) 185.0 g. of m.p. 110-130°, (1L.7 por cent cis- and
(85.2 per cent trans-cimmamic acid.

The infrared znalysis of a baten of crystals of m.pn. 70-900 gave
55.1 per cent cis- and Ll per cent trans-cinnamic acid.
3. Purificatign

The purification of isolated cis-cinnamic acid waz successfully

. e . o 7 s £,1¢ .
accomplished by the formation of its aniline saltt”?1€ rollowed by

(15) The formation of the aniline salt of trans-cinnamnic a2cid
fails undsr the sane conditions.
C. Liebermann, Ber., 23, 2515 (1890).

(lo) F. Eisenlohr and 1. Hass, Z. Prysik Chem., {A) 173, 252 (1935}).
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decomposition of the salt with hydrochloric acid.

Procedure: In a L-liter round-bottom flask a portion of 125 g. {0.8L5
mole) from the above 2L9.5 g. of crude cis-cinnamic acid (m.p. 118-68°)
was dissolved in 60u ml. pure benzene and 100 g. (1.075 mslesj, of
freshly d¢istilled aniline was auvded. The flask was shaken for a period
of 10 minutes; a yellow-colored cotton-like salt wazs formed, After £il-
trztion, the salt was wasned with one liter oi n-pentane; 82 g. of white
salt was obtained with a melting point of 82.5-8L.0°., The w ite aniline
salt was dissolved in 500 ml. etker, L0 ml. of ccacentrated Lycrochloric
'acid with 120 ml. water was added, and the mixture was shaken in g l=arge
separatory funnel. The ether laysr was sensrated and washed wiith two
100 ml. portions of 5 per cent hydrochloric acid and two times with

100 ml. portions of water. 're combined agueous layers were washed
with 100 ml. of ether; the ether layesr was combined with the first ether
extract. The ether solution was dried over anhydrous MgSOh overnirht.
After filtration, the ether solution was evapurnted on a wateir bath to
cive ©l . (0.412 mole; of crystals of m.p. 60-64°. Tre same oroce-
dure applied to a second batch of 130 g. (0.8d mole) of crude cis-
cinnamic acid (m.p. L6-080) gave 75 g. of crystals oi m.p. 50-02°.
Inirared analysis of a mixture of tiese crystals (m.p. S58=-cL®) gave

99 per cent cis- and 1 per cent trans-cinnamic acid.

Purificstion of Samples oif cis- znd trans-Cinnamic Acics

for Infrared Analysis
A portion (18 g.) of cis-cinnanic acid erystals (m.p. 60-6L°)
purified by the above aniline salt procedure was dissclved in 150 ml.

diethyl ether in a 500 ml. separatory funnel. Tre etier s-lution was
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washed with three 60 ml. portions of 3 N HCl solution and then with
two 50 ml. portions of water. CaSOh was used to dry the ether layer.
After filtration, the etrer was evaporated on a mater bath at 507.
Pale brasm—cnlored crystals were obtained.

These crystals were dissolved in 50 ml. boiling n-hexane, an
0il remaining undissolved in the solvent; therefore, 1CC ml. more of
boiling n-hexane were added, but the oil did not dissolve. This solu-
tion was then refluxed far half an hour with cne teaspoonful of char-
coal, filtered hot through a heated sintered-glass funnel, and the
charcoal washed with 30 ml. of hot n-hexane. The combined hexane
solutions were transferred to an Srlenmmeyer flask and cooled in an
icebox for & minutes, Light yellow crystals were formed and were
collected by filtration.

In 2 further attempt at purification these crystals were dis-
solved in 1O ml. of ethan-1l and 55 ml. of distilled water and reflaed
vrith one spoonful of charecnal. Filtration snd washing of the charcoal
vias carried nut in » heated sintered-glass funnel., After the solution
was cooled in the ice-box, it was filtered to recover crystals. These
crystals were covered with a yellow oil whien p=assed Throigh the funnel
upon pressing the crystals with a spatulaz. These ¢rystzils were recry-
stalized once more from 150 ml, boiline n-hexane to yield 5.5 r. very
vhite crystals of cis-cinnamic acid (m.n. 67-089}.

Once recrystallized trans—cinnamic acid (10 p. of m.p. 132.5-
134.0°) was recrystallized two more timss froa 100 ml, of bHyiling pure
benvene. . [Five grams of very white crystals of trans-cinnamic acid,

Meps 132-133°, were recovered.
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Infrared Analysis of cis- and trans-Cinnamic Acids

The infrared spectrophotometer used in the present work wvas the
Perkin-Flmer, Licdel 21, Recording Inirarea Spectrophotometer, a double
bean instrument with rock salt prisms. The cells used were 3 mm. cells
with HaCl windows. Tor qualitative and quantitative anslysis the machine
was zeroed and set at 100 per cent transmission with both cells filled

witr solvent.

Spectrum in Carbon Disulfide.-- The recrystallized and dried (in vacuun

oven 2t 50° for one hour) trans-cinnamic acid {1.389L g. m.o. 132-133°)
was dissolved in 100 ml,., of distilled c-rbon disulfide in a 100 ml. vol-
uzebric flask; likewise 0.6947 . of purified and dried (in vacuum oven
at 35° for an hour) cis—cinnamic acid {(m.p. 67-0G°) was dissolved in
S0 ml. of distilled carbon disulfide in a 50 ml. volumetric flask. The
concentration of both soluticns was accordingly the same.

Since tie scolutions proved toc concentrated for tre 3 mm. cell,

8 ml. of each solution was diluted to 100 ml. with carbon disuliide.

The corresponding spectra are given in Figure l.

wuantitative Analysis.—- On the basis of the above spectra of cis- and

trans—cinnanic acid, carbon disulfide was selected as solvent and tie

absorption maxima at 10,129 and 1L.125 microns were selected for the
trans isomer and the maxima at 12.000 and 1L.435 microns far the cis
isomer. The opbical densities of solutions of gis- and trans-cinnamic
acid 2t various known concentrations were determined at the above vave
lengtis, the optical densitises belng read directly irom the recording

paper.
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From the data of optical densities, U, the apparent extinction

coefficient, I, was calculated according tc the eguation:
E = D/C
vhere C = concentration of solutions in g./1.

The data for the extinction coefficients and opticsl densities
are given in Table L. From this table, it is seen that the extinction
coeflicients are satisfactorily constzat over the range of concentrations
studied. Average values of E were used in tne analysis of the unknown
sanol es.

If U is the tobtzl optical density and it Et and EC represent the
extinction coefficients of trans- and cis-cinmenic acids respectivzly,

.
then ot wave lengths )\and.}\the Iollzwing relaticnships hola:

™

D =(Cy) (B,) + (C) (B,) at mavelength N
r

oz eg) (Bryy * () (E' )  at wavelength PN

Franr these tw> eguavions the unknowvn concentrations €, and

t

C. may be calculated as follows:

C, = (B',) (D)-(E,) (D) (a)
Ee) (Brg-(,) (By)
and
CC = (ht) (D')"(E‘t) (D) (b)

E Ev )=(B& 1
(Fp) (B )-(5,) (5,)
4
The wave lengths.)\and.:\rmlst be thnse at wrich the c¢is and
trans isomers hove different extinction coefficients (2t least at one
of the wave lengths); accordingly they ‘rere chosen at a maximum for the
cis acid and 2t a maximum for tihe trans acid. Two pairs »f wave lesngtns

were used in the present work, namely, 10.129 aad 1¢, 380 microns f-r one
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pair and 14.125 and 14.435 microns for the other pair. Lata cslculated
with these pairs are given in Table G5,

Kknovm synthetic mixtures were somewhaot more ~ccurately analyrzed
at the two lower wave lengtiis and accoraingly, tris pair of wave lengths
only we2s used for other analyses revorted in this theslis. The infrared
techidique used here for anslysis probably was accurate within three or

four per cent.
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Table )i, Infrared Data of cig= znd trans-Cinnamic Acla Solutions for

Various Cencentrations at the Four belected waxima, in 3 mm.

Cell.
save Lengths Concentration cis- Isomer trans— lsomer
(in microns) in g./1. R T o i3
£.5300 0.196 0,03583
2.60L2 0.09% 0.0357
10,129 1.,6008 0.059 0.035% 0.572 0,34k
1.1072 0,380 0.203
C.06053 0.202 0.3306
5.5360 0.185 0,033
2,6012 0.574 0.2157 0.090 0.0338
12.080 1.6608 0.34L7 0.2089 0.055 0.0331
1,1072 0.236 0.,2131
0.6653 0,132 (0.198)
£.5360 0.237 (0.0L38)
2.60l% 0.104L 0.0391 0.361 0.323
1,.125 1.6008 0.0eh 0,0385 0.530 0.219
1.1672 0.0L0 0.0361 0.350 0.316
0.6053 0.025 0.0375 0.19%L (0.292)
5.5360 0.790 0.143
2.6612 0.864 0.325 0.38L 0.14h
1i.k35 1.0008 0.552 0.332 0.23L O.Lh1
1.1072 0.30L 0,307 0.163 0.147
0.6053 0.713 0.320 0.085 (0.124)
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Taple 5. Per Cent Yield of cis~ aad trans-Cinnamilce Acias dbtsined
frow Irradiation Zxperiments in wthanol and iethanol for

Various Tines ol L«pnsure.

Time Solvent Per Cent?
(in hours) cis trans avarage
cis
3 detizanol 270 0Ty
33.0 bU.e 30.3
(o] i 145- d -

10 B 51.1 LO. 9

5e.0 39.3 51.5
10 t 52.0 39.9

L5.2 Lho.6 Le.o
20 u 50.2 1.2

53.1 35.2 51.7
10 Ethan~l HES L2200

58,90 Li.o 53.4
10 1" D T

50.7 Ll 50.1
20 " )47.0 38.8

56.7 37.2 53

20 n LA 37.8
Sl.a

=
.
-
*J
<

A for each time shoum tuo sets of anzlyses zre given, tue ilirct refers
to analysis at 10.12% =na 12,000 microns, and tre secnd to analysis

at i.125 and 1h.L35 microns.



3¢

Preparstion of ¢is-Cinnamic Acic Jibr-mide
Freliminary Brominstion Loperiments.

— . - - . . [ e 7 - P
Sxperiment 1. Sromination in Carbon Lisulfide ag solvent! —— rurified

. . . c L a0 . .
cis—cinnzaic acid, 8 . (0.054 moles), m.p. 0=l , was dissclved in
(51.2 ml.} of freshly cistiile¢ carbon disulride. Fure bromine,
23.5 . {0.147 moles), vias diss-lv & in 50 g. (L0 ml.) of carbon disul-

-

fide. The solution of cis—cinnanic scid in carvon disuliide weis =ddaed

s The breoaine solution aropid.se through a dropping funnel into 2 three-
neck flask. 1re second neck of the thrss-neck flask v-g cennectad to a
CODJV_SR£ and tire third to a mechanicsl stirrer. The rezction was carried
out in the dark for zn hour and 45 mirutss. The mixture waz transferred
to a thick-walled bottle. Crystals had formed. The bottle, wrapped in
a towel, wis staken on s gnaking machine For three hours then was left
over ni:ht. 1% was ajain shaken for one hour the next aoraing. Lt order
Lo remove the carovon disulride aad tihe braonine vaporsl7 nitrosen g2s vas
bubbled fzr four hours tihroagh tne botile whicn was connected with an
aspirator. The resicdue was extracted with 150 wl. of carbon disuliice
and filtcred; 10 g. (0.0325 mwoles) of crystals m.p. 195° (dec.;, was col-

lected. A reddisr oil was obtained fran tie filtrate. It +ras dissolved

n 50 ml. of benzene anc 300 ml. of n-nexane was added. 4 pouder, 2

U
.

(00008 moles), of mep. 120-125° was collected after t e riltration. ‘n
evaporation of the n-hexsne 2.5 g. (0.0091 moles) of oovder, m.p. 02-059,

was collected.

{17} J. .islicenus, Ann., 272, 17 (1092).




Trese crysvals upon fusion vibtn gndium gave & positive test for bromine . v

A secand identical run gave aucut the same maount of trans-cinnomic
acid dibromice, 11 g. or ot per cent vield of product (am.p. 185-191°),
and Ly 2. or 2L per cenl o1 product, m.p. 55-80°,

rxperdment 2. Bromination in Glecial lcebic Acid. ~- cis-CUinn=mic acid,

16 g. (9.0075 moleg), m.p. oo=0b?, was dissolved in 30 ml. acetic acid

and a solution of Lranine (15 g.,0.0%4 mole.) in 30 ml. of acetic acid
wos preparec, The bromine solution wes zdoed in taree portlons to the

first soluticn within a fifteen minute periocs. The tempersture during

o

n

the awvdition of brorine rose spontzneousiy to 3 maxiawn of 51%. Tre

reaction was stirred for 30 mimutes and was thon left over night. Tnis
reaction was carried out ia tne dark. Acetic acid and bromine vapors
were evsporeted srlitlh the help of sn asgpirator connected G5 s Diltration
{lasic heated by a wat=r bath. The reraining brown »il was exvtracted with
50 ml. carbon disulfide; 2 g. {0.00E5 moles) of a product with a m.p.

of 142-155° (dee.) remained undissolved in carvon cisuliide. iie cvap-
cration of ine carbon disulfide w-s carried out in the sgme man-er as the
evaporacion of the acetic acic. The residue remaining aiter tLhes evasora-
tion of the carbon disulfide was extracted again with LO ml. more of

g. of material m.p. 190-195° (dec.), remained undis-—

[aw]

carbon diculfide; 1
solved. After evaporation of solwvent and a toird extraction with carben
disuliide, 0.5 g. m.p. 190-195° remained undissolved. After cmplete
evaporstion of carbon disulfide, an oll remained which was e.tracted

with 50 ml. of hot n-hexane. Some undiszclved oil was isolated by

(13} ». L. Shriner and &. C. inson, "The Systematic Identifics-
tion o Organic Compoundcs, "J. wiley and Sons Inc., Wew York, (19L{1)
3rd ed., p. 52.
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mecranical separation from the solvent. This nil was re-extracted with
50 a1l. hot E—hexane and t-e sclvent was a ain separated from the undis-
solved oil., ‘'Ihe two 5U ml. portions oi n-hexane ere carbined and cuoled
in zn ice bath. Jpon rubiin: the walls of the vessel with 2 glass roo,
white pumny mzss preocipitated. An attenpt was made to ¢ollect this mass
by suction filtration. In the filtration flesk 1 g., m.0. 9C.0=92.57, of
vinlte crystels were furmed. The gumny mass had a strong acetic acic like
odor and was left over nirnt in the desk in an evapor=zting dis!: for
complete evaporation of acetic acid. Whe next morning it was dry, and
wes extracted with L0 wl. a-hexane. Tre silution was cooled sloly;
L g. of crystzls, m.p. 6L=-87°, was collected. After comolete evaporation
of ihe n-hexane, O. 2., of crysiels, m.p. 70-0lL, was obiained. Iron
the re-extraction ol the U z., m.p. 04-379, with 30 wl. of hot n-hexane,
3.2 7. of Wite crystals, m.p. 88-93°, wns icol-ted.
Hesults from tids experinent:

3.5 go (172), meps 190-5° dec.

1 g , Mlepe 90,5-42,50

3.2 g A 255 0, mep. BL-900

1 g s iMeP. 91930

plus an oil.

Lxperiment 3. Brominztion in Glacial Lcetic Acia in ithe Presence of Hor. -—-

cis-Cinnamic acid, 10 g. {(0.0075 moles), m.p. 0b-65°, vas diss lved in 25
ml. of acetic acid. In another 2% ml. portion of n~cetic acid, L g. (2.0L9E
moles) of HEr gas was bubbled through and 18 g. (0,112 moles) of bromine
was added. The same procedure was frllovwed ~s in fxperiment 2 in acetic

acid.
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Results of Experiment 3:
2.5 . (12%), m.p. 191-39 (dec,)
5.5 g. (27%), mep. §1.0-93,5°
3.5 g. (Tei), mep. 85-50°,
General iethod of Brominstion of eig-Cinnamic Acicd.

Procedure, -- cis~Cinnamic zcid, 100 z. (0.675 moles), m.p. 66=0682, was

dissclved in 250 ml. o purified acetic acid. In another 300 =ml. portion
of acetic acid 36 g. (0.L45 moles) of Mir and 190 g. (1.19 moles) of
bronine were dissclved. The second solution wng added in three portions
to the first solation iti in a psriod of 10 mimates. The maximum tempera-
ture of the reacting mixture was found to be 75% The reaction was con-
tinued for 8 hours in a red-colored flask made or lov-actinic glassware.
After this B hour seriod the contenlts of the flask were added to a S-liter
separatory funael centaining 3 liters of ice w2ter with an escess of ice.
It was extracted with three L0U ml. portions o diethyl etrer. The ether
layer vias then wasiad with 600 ml, of a solution of HahSQ3a in order to
destr 5y the excess bromine. The etl er layer was next wasbed two times
with water and then stored ovornigiit over snhydrous magnesium sulfete,

The et er layer., after filtration, w s evapor-ted and tire remainine

residue w25 exitracted three times vith carbon digulfide. The cn

oot

b on

A]

disulfide was rancved by evaporatlon and bie residue was exbracted wwith

n-nexane,

(a) Anhydrous 42550 (B0 z.) was dissolved i 600 nml. vetor. o
55.5 ml, (1 mole) of 36 & H«SUu were slowly added. A strong odor

ttis,
Js developed.

of

S
o
]
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The crystallizmation of the crude dibrouide obteoined froo the evap-
oration ~T carbon disulfide wres effected by 3 selective extraction of the
cis ismer from tre oily by-product with bollinz n-hexane. The residue
of Lne evaporation of carbon disulfide w=s extractzd witn tvo portilons
of" 00U ml. bolling n-liexane., An 0il remained unciss:lved in Lthe solvent
which was separated by decantaticon. The seluticn upon cooling in an
icebox depnsited white crystals. It was later found thav sloiw evenora=-
tion of the seolvent at r-an temperature wns a bhettoer pracess for crystal-
liraticn. ¥iltratica »f the i .rmed crysizls and cenceatration of the
solvent, foll-red by coollng in an icebox, gave ..re crysials.

The results ol this emoeriment are =zs follovs:

Ul =. (0.133 mole), 19.7 %, 5.5, 193-145°
3L g. (0.11 mole), 1G.35%, men. 93.5-94.5°
3 . (0.00975 mole), 1.43¢%, m.n. $0-940

66 g. (0.21L mole}, 31.7 &, m.n. 87-93°

20 g. (0.065 nmole), $.02., a.

SR

i
&

Total 123 g. 59.3 s, of crystals of m.p. 75.0-9).5%
Completeness of bromlnztion at the end of 0 hurs., -- The theoretical

xcess of bronine in the above reaction vies 32 o, Tie volume of the sol-

ontassium icdabte, L.L3 7., (three times

ution was 050 ml. Crysizcls of ¢
the theoretical amount) were dissolved in 30 ml. of distilled water.

Two milliliters of colution was removed from the bronminatisn reaction

with a pipette and was added to the potassium indate solutisn. dihe
resulting solution was titrated with 29.o ml. of 0,11% F sodium thiosulfate
in presence of starch as indicztor. This titration shws tn=t the reaction

€L

was 9L per cent complete at the end of 0.0 hours.



From the intergrated form of the second order reaction law:

ko=2,303 2 (b=x)
(o-a)t % b (a~x)

tie percent of bromination 2t the end of 8 hours was calculzted to he
7.2 per cent.

the per cent o trans—cinnsnic acid aibromide recovered in five
similar runs was 20-1 per cent and that o1 the crude cis-cinnamic acid

. s + .
dibronlde was o0=2 per cent.

Analysis of cis-Cinnsmic Acid Dibromide

Infrared Spectra. -~ Selected whiter and higher melting crystals of tue

cis-cinnanic acld dibromice saaple was dissolved in carbon disulfide
and recrystalized by slow evaporation of carbon disulfide. Very pure
hexagonal crystsls, mepe. 93.5-94.59, were obtained. Tre trans-cinnamic
acid dibromide sauiple wes recrystallized from boiling chileroform. The
crystals, m.p. 198.5-200.00 (dec.), were ¥Wnite in color. The infrared
spectra of the above samples in very dilute solutions of carbon disul-
fide were detemined (Figure 5). The tvo spectra were very similar;
therefore it was decided to analyze t.e samples in anothsr way.

Mixed ¥elting Poiat Curve. —-- Severai mixtures (ea. 0.15 grams) of pure

cis~ and trans-cinnamic acld dibronlae were vieighed in small bottles and
were then melted for 10 miautes in the oven -t 150°. They were allowed
to recrystzllize at rcoom temperature. Lelting points for differeat mix-
tures are shown in Table &. Tron these data, meltiag points were plotted
against the per cenl of cis-cinnamic acid dibremide (Figure 6). The two
dibromides form a eutzctic of m.n. near 90° contzining sbout 92 ver cent

cis—cinnanic acld dibromides.
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Figure 5. Infrared spectra: c¢is-cinnamic acid dibromide =—m—cee—u=

and trans=—cinnamic and dibromide o enmcentration of 1.562
9./1. in carbon disulfide with 3 mu. rwn 8alt cell.




Table 6. Lielting Points® of cis~ trans-Cinnasic Acid Uibromide :ixtures

in Varions Proportions

Per cent cis-Isomer lieltine Points
Tnitial - Final

100.00 93.5=95.00
98,60 91.5-911.59
97.50 91.0~94.0°
95.56 §9.0-92.50
9L, 10 89.0-92.5°
93.35 88.0-91.5°
91.68 | 83.0-92.0°
87.50 99.0-108.0°
75.00 89.0-102.09
50.00 9045-176.0°

0.00 196,0-198,0°

The melting points are uncorrected and were determined with a
3600 immersion theraocmeter wihich read 0.5° lower than a Bureav of Stan-
dards thermometer at 20°C. The melting points were run in capillary tubes
in a stirred silicone oil bath at a r-te of 1 to 2°/min. for saiples which
melted =t 108° or lower and at hicher rates of hesting (uo to 59/min. for
pure trans-cinnamic acil dibromide) for the hizher melting samples since
these melted +ith decunposition,
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Purity of cis-Cinnanic Acid Zibromide Used for the lransformstions to

beta~Brozostyrene. —— The GLO g. of cis-cinnamic acid dibromice, from

individual batches of m.p. 07.0-94.59, was completely graaulated to form
a homoczeneous mixture. This sample was dried in a vacuum oven {or one
and mne~half hours at z tenper=ture of 559, The melting point of this
mixture was checked as mentioned before at 88.0-92.5%, This melting
point coald represent either 95.5 per cent of cii-cinnamic acid dibromide
or 91.7 per cent cis-isamer. In order to ascert: n which side of the
eutectic the unknovm sample lies a mixture of 1.U sart of pure cis =nd
10.0 parts of the unknown sample wzs smade and the ielting point with the
same procedure was found to be $8-93°.

In 1 g. of prepared (1 to 10 parts) mixture:

the cis isomer is 0.955 % 0,1 = 1.055 g.
t’.e trans isomsr is = 0.0UL35 g,
Total 1.1 g,

and the cis isomer in tne mizture is 1.068
1.1

% 100 = 96,

From the plotted curve the wmeltins point of 90 per cent cis-is mer
is 92.8° for complete melting. 5y similar calculations a sample prepared
from 10 parts of 91.7 por cent cis wit~ 1 part of pure cils would contain

$2.3 per cent cis-isouer weuld be the entectic point (90.5%), and so the

. . R . . + .
prepnred cis-cinnamic dibroside scems to be 95.5 - 1 per cent pure cis.

Conversion of cls-Cinnamic Acid Dibromide o beta-Bromostyrene

beta-ioronostyrene frai cis-Cinnamic Acld Uibromide in Acetone. -~ In a

g 1liter, 3 necked flask eguipped with a stirrer, a dropping funnel, and

a reflux condenser was placed YU g. (0.297 mole) of cis-cinnamic acid



LO

dibromide (mep. 90.0-92.5° and ramelted save 83.0-52.59) 60 2. (0.955
mole) of sadium bicarbonate, and 1000 ml. of acetone (dried over ankydrous
magnesiug sulf=te). The mixture was stirred and reated at reflw; for 3
hours. The acetone 1as then remnved under reduced pressure using a water
punp. The residue ¢ otzicing about 30 al,. of acetone was acded to a

large segaratory fumnel containiag 2.5 liters of water., Ung resulting

oll was extracted writh thres 20u-al. portions or '"pure' n-pentane. Lhe
pentane exbrocts were wasied t.ree times witn 200-ml. portisng of G.5 i

sodlum thlosulfate, and rinally with one S0u-nl. portion of w

o)

ter. e
pentzne layer after dryving overnivrt over 2n ydirous calcium cinloride was
distilled Phrough an eilght inch column pocked wit slass helices. Tinally
the remaining ~il was distillecd in vacuo thragh a Claisen {leogk —ith an

indented side ar. Care w2s taken not Lo lest ire flask above 80° vhile

the befr-bromestyrene reaziaed wedistilled. Theoe was obteined L5.5 =.
(G5.0 por cent) pale yellow bet:=branostyrene, beo. 54=550 (1.3 mm.)

nbgb 1.0070. 1In a second run under the sae conaitions the yield of bsta-

L
bropnsiyrease was T2.0 per cent, ﬂDZ- 1.6070.

During all steps of tie razction tine solution containine beta-
bromnstyrene was kept in darkness.

beta-sromostyrene from cis~Cinnwiic Aclo vibromide in dthanol. -- In

1000 ml. of absalute etoansl, Y0 & (L2592 mole) of cis-ciniamic 2cid

dibromide (mepe 90.0=92.59 and rapelted oave maue 0G.U=52.59 were dis-

snolvedy 140 . (142 moles) of dry uotassium acetate (dried in vacuwn
i

overn for cne hear at a te-perature of 729) vas added. The mixture vas

stirred and rofluzed for 3 hours. Thne ethnennl was 1lstilled at atm:

soneric



pressure; oho tlme regulrel Jor the distill-tion vz ~nz and -ne-half
bours.  The 1zt LD ml. ol ethsnol and the pale yellow oil vers Transierred
to a large separabory Tumeel cwbriadog S.5 Liters of wator. Tre roesulting
o1l was extrected with three Z0u-ml. portions 20 “pure” a-senbsne. The
pentane extracts were wosred tvo tines with o=nle portdons ol 0.5
sodiun thiosulite, =nt [ivally with Lar=e Lo0-ml, portions of vater,

Tlie pentene aiter drying over nizhv over annydrwus colclum chiloride wag

distilled tiroucsh tane short, helices-packed coluwin., Finslly The re =iniln

0il was =iztilled in vacuo tnrousl: a Clalsen rlask ~itr dlndoessed slug-arer.

Cara vias taken nob o heat toe flask above 809 wiile t @ beta-brwmostyrene
remained undistiliec, ‘there wnc oblb-ined 3h.od g. (6L.72 pzr cent) of

~r
buita=bromnostyrens bao. n:é) l.0Jto. 1In 2 sacond run

under Lie s2me conditions the yield of bsto-bromostyrens was SL.5 oer
Z5 .
cent, n.“” 1.8057.
L4

oetn_brom'—“tyr"M fron cis-Cinnenice Acic Zibr mide in ~- Cclg-

Cinnanic szcid dibronide, 90 oo (0.29% mole), w.o. §0.0-92.59 and raselted
3 = 3 L

C. 235 descrihed =apove except trat ~mitoer ond

{4}

ZEVE eps GO.0=9Z,5Y, was tre2i
sodium hycroilde were used ia place of oteansl and votacsii reetntzn., In

all 1Cus ml. (1.233 moles; of 1.233 1 sadium hydrowide were used. The

acdivion of sowium hycrorice vwas uade slolly

neating or tre
solutlon, one znu one-hall nours were recuired to bring t:e solution us
to 78 - 29 z2ad tue solubticn was maintoiced at this tenpe. sture for 3o
nimates. Upon conliag, the solufion was extracted directly with '"pure!
n-pentane and worked up ~o proviously desceribed Jor the reactions in

etuansl and acetone. After tlie vacun distillscion tlhierse vas nbualned

1,03 ~. {35.c ser cenl) of bet -brmostyrens, D.o. 13-50 (0.3 . )
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Ty 25 l.od7l. In the second run under Lhe sapz srocedure tiae yizslad of

-

’ s ,
heta-brovostyrene vias 3.5 vor cent, 2,7 oot

From the debermin-tinn ol one redrsctive insices o~ dnltrarec

spectrum of tre preducts from ¥ e resction in wbor 1t was ung thab

tire beta-orossstyrene we Surs trons-iconer.

1s orobaply to pe adbiributed o amciiion ~F evcens z2laorli. Lods acoitimn
of Tne excess alkali was done asg f311lovst At tre start of tre rooction
LOO ml. of & 2 above sodivm nyoroslce solution was acded. e craracter-
istic pink color oi wre phen~lonthaleln Llanedi-~tely sisapocared. Lhe
adgition of alkali wess cratimued until LU0C wl. 1u all hac been zdusd;
the s~lution was still colorless at this time. Upen he-bing tie solution
) + f(') . - . .- . .

at 7o - 2% for 30 minutes the pirk color returaed. rhennlpgntinalein seens
to be an unralizble indic-tor under tie reaction condlivions.

For a third run in weisr 99 #. (0.300 mole) of ciz-cinneaic acid

T . P . SEOVE L N Y A s S T

dibrauide (1m.p. 06=-96°)% was suspended in LOU ml. <istilled inter.
Scdiwn bicarbonzte, 6L ze (1.0 mola), mas dissolved in 600 ml. cistilled
viater and acded in ¢ perilos o thirty mimutes to tre silo.ly herted apd

. - . P Faasy Lo . i - . — + .
stirrea SUSs0ens100 of dibrrmice. Lhe I'SActlon Vs aennec Lo (5 - 29 in

. —

1.15 hours and kept 2t this taruer ture or 20 minutes. Tne extraction
vith pure n-pentane snd toe vacuo distillotica (.o, L6.5-57.5 at ©,3-

0.8 mi.) were perforaed as described on pase Ll. A yisld of 8 ooer ceat

8 I''ig cinnanic acld dibromide is of different purity fr i that
usen in tre otner runs. 4 sanple oF 0.L2 oo o7 this dibroamice of .
Bo-vu® upon fusion vith 0.0L0 ¢. ol pure cls-cinon
z melting point oy $0.0-93.5°. Accnrdinr—ES tne mixed-mel tin.: point
curve of Yisure €, page 30, ths lmpure C]b clorolice choulc copnialn $3.¢
per cent cis-clanamic acld cibr alde and Lpon oilubtion with the oure eis
dibromide choild contain S1l.7 per cend cis and be completely molien =t

Jf:

9z.57,

o

siic ~ela dlbroaide TFave
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(Loo5 =.) of beta-bromostsrease v 5 ovtzined. The refractive indes of

tuls product vias n. ™7 l.clo7.

. . . s 1 o e .. - . 5 .
beba'—Dl"OﬂOSt}'refle iran LIeins ;—(lTT"“ aic Acid Lipr-iice in .'iCS—Dl'JIlE‘]c" —_ T

tvio liters ol Jry acetone {dried over anly rousz ma nesium sulfate) was

added iU {Le325 mole) of traus-cinnamic acid cdibrwmide m.p. 1%0°

e
(cec.; and 90 r. (1.07 moles) of s-diun bicarbonate. Tre mixbure was
stirred and refluzed for & hours. The acetone was distilled under re-
duced pressure. Ue remziaing oll comkaining aveut 50 ml. of zcetons
was added to 35,0 ml. of vwoter., e solution was ertracted it three
guu=ml. portions of "pure" n-pertzne. The pentane extracts wers wasred
dth two 250-ml. portions of U.% & sodium thissulfate, and finally with
ong 50G-ml. sortion of waver. The pentane layer, aiter drying overnisht
with anhydrous calcium cnleride, was distilled thirzugh the short, helices-
pecked column. From the vacuum distillati-n 95.cl p. (93.5 ver ceat)

of beta-brosostyrene, b.p. 53-56° (1.5 am.j, nﬁ25 1.5900-1,5932, was cnl-
lectea. rsuring all steps of the reaction tie solation containin~ cis-

be ta—bromothWLub wis Kept 1n darkness.

Infrared Analysis ¥or cis-trans-Isoners ol beta-Brouwstyrene

Pure trans-beta-bromostyrene was grep red by crystallirotion of

a saunle of bete-bromostyrene prepared fran cls-cirpnanic Cilbromice

in acetone. The cryvstallirzation wva: wode in the sapparatus shvwn in
lpure 7. witrogen gzs wes supplicd 2t such oressure as to orevent the

passare of toe solution thirouegh the fritted zlass while crystallization

o

was taking place. Connection to a water asplrator by turnine ©.e trree-

wey stopecoclk permivted filtration to pe efi'ected.



In this avparstus 8 wl., of trans-bsta-bromoscyrene weg disgolved

. N — - - . 1 b - i + o~
in 25 ml. pure msthanol. For 10 mimutes trhe tube was cooled at =-30° = 29

vihereupon a whit

4]

povder formed. The solvent was raioved by apnliicaiion
cf tha vacuum oi a water aspir-tor and the oovger w78 recrysiallired
from 15 ml. of metrancl. The crystallization was repe-ted for an-ther

0 mlse of trans-betr-bronostyrene. The two recrystsllized sawoles were

cambined %o zive 1U-1¢ ml. of procuct. Using the vacuun of an oil oumn,

the trans-beta-bromncstyrens weu dried for 3 hours 2t 0° to give a oreduct

25

of n;"” 1.007L.

The same general procedure frar the crystallization of trans-beta-
broasustyrene wes applied to trne cilg=beta-prmostyrens prepared fraw Lrans-—
cinnanic acld dibromide in acet ne. The crystallization was initlated
at 70° and continued at -LE5° for 30 min. using for snlvent "pure® n-pentane.
Une recrystallizstion mnly was moce, The crystals were dried a2t 0° with

EE T . 25 zon
an oll pump lor 3 hours np~ l.5902.
The results of the refractive ingsices for the cis- and trans-isorers

- . T3, 1 . .I
seem to be hierer than those, 1.5500 =2nd 1.6071 respectivaly, reaorted’l

in the litersture. Tror this reason +hs refrzetive 1ndex of redistilled

- " G . . ; G
water was checked. Yre result vos nbh 1.330% but tne rez-ried valuel’

LO

is I, 1.3306. If this conaection of -0,0003 is spplied Lo our v-lued
for tie veta-brmostyrenss, the resulting indicses are in acreesnent with

the reported values.

(19 &, .

. Ins-rnetionzl Critical Tables, .eliy-w-iill Co.,
Tnc., sew York (1

L VIT. 5. 52,
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The infrared specira were d=termined wit- the same spectrophotometer
described in the cis—trens-cinnamic acid analysis znd with O.l-mm. rock
salt cells and solutions whick contained 0.LOC g. of bets-bromostyrene

~ . 11 ‘ . .- . .
per 2.00 ml. of pure isooctane. These spectra agreed —ith thsse woich

are reported.lo For quantitative analysis 0.L00 g. samples of beta-

bromostyrene were dissolved in ©.00 ml. of pure isodbctane., Erpirical
calibration curves were prepared (Figure 7) based upon synthetic mixtures
(T=ble 7) of the above pure cis- ana trans-beta-bromostyrene. Flots o
optical density vesrsus percentagze coaposition were almont line-r for the
two cis- bands and were linear up to an optical density of 0.6 for the
two trans bands. The abscrption mexima at 10.0i8 and 13.082 microns for
trans-beta-bromostyrene, aw! at 12,068 and 13.01¢ mierory for the cis-
isomer were vsed in the analysis. 1'e optical densities st these wove
lengins for 21l of the samoles of beta-bromostyrenzs preoared by the
decarboxylative elinination reactions in the different solvents are re-
ported in Table 8. and the correspo.dinz per cent compositions in Table 9,
The average deviation of the individuzl valuves from tre aversge value of
the four values was 0.0 per cent or less, the maxinwi deviation of any of

the indivicual values was 1.5 per cent.
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Figure 7. Apparatus used for Recrystallization

of beta-Bromostyrenes.
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Table 7. Optical Densities for Various Compositions of c¢is- and trans-

beta-Bromostyrenes at Four save Lengths (0Ll g. Samples/b.OO

ml. of Isodctane) in 0.1 mn. Cells

Per cent of ‘ave lengths in mlcrons
cis-Isomer 10.0L3 12.068 13.01%2 13.688
100,00 0.003 0.208 0.50L3 0028
Th.90 0.201 0.151 0.8 0.227
50.L0 0.375 0.11L5 0.290 0.0115
25.32 0.554 0.0t 0.105 0.540
17.25 0.2 0.050 0.123 0.052
7.80 0,601 Ueu30 0.070 0.705%

0.00 Q.7re2 0.01e 0.02% 0.7L0




Teble 8. Optiecsl Densities for the Prepared beta-Bromostyrenes at iroar

tave Lengtls

Jun  Seclvent Used for cave lenzt. in microns

o, Prepsration 1G.00L8 12,068 13.012 13.683
T Acetone 0.677 0.025 0.GES 0.720
iI fcepone 0.676 0.02h 0.,05] 0.730C
1 Absolute Ethsnol 0.0 2 0.021 0.,0LL 0.730
11 Absolute Tthancl 0.679 0.022 0.0Lo 0.735
I Tater 0.7Ce2 0.017 (.030 U.752
1T ater 0.703 0,017 2.032 0.753
11T vater® 0.678 .02l .08 0.722

Acetone™ 0.1y 0.207 Q.31 0.027

A . . .. .
“* From trans-—cinnamic acia dibromide.

E

Third run vith sodium bile=rbenate.
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Table 9. Per Cent of cils-beta-Bromestyrene in the baia-gramostyrenes from

the Sodlum or Potassium Salts of cis— z2:.d trans-Cimmzmic Acid

Libromnides

Hun Solvent Used for weve lengibns in microns
L. Preparation 10.048 12,068 13,0172 13.a08  Average
I Abs, Ithaanol 2.5 2.7 2.7 3.0 2.75
1T Abs. bthanol lLe5 3.5 3.2 3.5 3.70
T hcetone 5ol .5 h.5 .8 .70
II hoetone 5.0 5.0 L.5 b.2 L.70
I Yater 0.0 0.15 0.0 0.25 0.19
IT hater 0.0 0.0 0.0 U.20 0.05
111 Viater C.5 S0 3.3 5.5 Li.83

Acetonel 99.0 100.0 59.0 100.0 99.50

A Trom the trans-cinnamic acid dibranide re=ction.
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