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The Friedel-Crafts reaction with bromomaleic anhydride gave largely cis+ and some trans-a-bromo-p-aroylacrylic acids, 
and imolved halogen displacement by aluminum chloride in one case. trans-Dehydrobrominations of the erythro and threo 
dibromides of the paroylacrylic acids and esters gave respectively the cis- and trans-,%bromo derivatives, presumably by a 
concerted mechanism. Absorption spectra show the cis-&bromo acid to be acyclic iD the solid state and partly cyclic in solu- 
tion. Acid and irradiation-catalyzed inversions indicate that the trans acids and esters are the labile higher-energy stereo- 
isomers. Effects of solvent, acid, and base on the ring-chain equilibrium were studied spectroscopically. The following cyclic 
derivatives were made. ester, acid chloride, acetate, and amide (7-hydroxylactam). The acyclic cis-ester relative to the 
cyclic cis ester is  the stable form, and is obtainable from the labile-cyclic ester under acid catalysis and from the cyclic acid 
chloride by 1,Cmethanolysis. The labile-cyclic cis ester was made by 1,2-methanolysis of the cyclic acid chloride in the 
presence of silver ion, presumably through an ionization mechanism. Differences in the effect of the p-bromine and of a B- 
methyl on the ring-chain tautomerism are explained in electronic terms. para-Halogens increase and para-methoxyl de- 
creases the degree of cyclization a t  eq iilibrium in solution. 

I n  continuation of studies on ring-chain tauto- 
merism of cis-@-aroylacrylic acids it was of interest 
to determine the effects of one or two halogen atoms 
substituted on the ethylene linkage for comparison 
with the previously investigated effects of one or two 
methyl g r o ~ p s , ~ - ~ ~  because the bromine atom is 
close to the methyl group in size but is electronically 
quite different. This paper deals mainly with the 
more accessable P-bromo  derivative^'^-^^ and their 
higher-melting p-bromo analogs 11-VII. 
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The P-benzoyl-a- and 0-bromoacrylic acids and 
their esters. The first bromo acid (cis-@-bromo, IIIa, 
m.p. 108') was made by Bogert and R i t t e 9  
by dehydrohalogenation of the dibromides of @- 
benzoylacrylic acid (Va, VIa), and later by Riceia 
via the Friedel-Crafts reaction on bromomaleic 
anhydride (I). The cis configuration was assigned'3 
correctly but on the inconclusive basis of diazo- 
methylation to the IIIa-ester obtainable also from 
the ester dibromides by dehydrobromination and 
sunlight stereoinversion of the resulting I V a  
ester.13 That this was the @-bromo acid, contrary to 
earlier formulation,12 was proved by the isolation 
from the Friedel-Crafts reaction mixture of a small 
amount of a second bromo acid (a-bromo, probably 
trans, IIa, m.p. 125') the structure of which was 
proved by o~onolys is .~~  A third bromo acid (trans, 
@-bromo, IVa, m.p. 105') corresponding to the 
IVa-ester,13 was later isolated14 in small amounts. 
The assigned configurations of IIIa and IVa are 
confirmed by the relationships described below. 

The Friedel-Crafts condensation of bromomaleic 
anhydride (I) with bromobenzene using aluminum 
chloride gave two compounds,K as it did with ben- 
zene. One was the expected cis-0-bromo acid 111 
(55%). The other (yellow, 20%) was the pre- 
sumably-trans-a-chloro analog of I1 resulting from 
displacement of the ethylenic bromine atom, which 
was subsequently made directly from chloromaleic 
anhydride. The use of aluminum bromide in the 
reaction with bromomaleic anhydride to preclude 
halogen exchange, gave a 46% yield of the cis-@- 
bromo acid I11 and 23% of the presumably-trans- 
a-bromo acid 11. 

(12) M. Bogert and J. Ritter, J .  Am. Chem. SOC., 4 7 ,  526 
(1925). 

(13) G. P. Rice, J .  Am. Chem. Soc., 52, 2094 (1930) and 
references cited therein. 

(14) R. E. Luts, J .  Am. Chem. Soc., 52,3423 (1930). The 
formation reported here of the trans 6-bromo acid has not 
been repeated in numerous attempts.*p6 
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In CsH4Br, Br is para. * The “a” compounds IIa-VIIa 
constitute the parent phenyl series, where phenyl replaces 
pbromophenyl. 

show the acyclic character of the acid and the lack 
The a-bromo structure of the acid I1 is certain 

by difference from the cis-trans P-bromo pair 
(established below). It did not undergo irradiation- 
inversion into the stereoisomer which remains 
unknown. It was converted into an acyclic ester 
by diazomethane, by methanolic hydrogen chlo- 
ride or hydrogen bromide, and by phosphorus 
pentachloride followed by methanolysis. No dis- 
placement of the a-bromine atom by chlorine oc- 
curred as happened in hydrogen chloride-catalyzed 
esterification of the parent acid IIa. l3 The ester was 
hydrolyzed by acetic-hydrobromic acid mixture. 
The acid both in the solid state and in chloroform 
solution showed two strong infrared absorption 
bands at  ca. 5.85 and 6.00 p and no lactone car- 
bonyl absorption at ca. 5.7 p ;  and i t  showed strong 
ultraviolet absorption maxima a t  275 and 270 mp 
in chloroform and in ethanol solutions, respectively, 
values which correspond to the maximum of 282 
mp for the ester in ethanol. These absorptivities 

of detectable equilibration with a cyclic or y- 
hydroxylactone form, which would very probably 
have been involved to  some small extent a t  least 
were the compound of cis configuration. These facts 
support but do not prove the trans configuration. 

The trans-a-chloro acid was oxidized by potas- 
sium permanganate to  p-bromobenzoic acid and 
was reduced to  6-(pbromobenzoy1)propionic acid. 
The location of the a-chlorine atom was presumed 
on the assumption that this product resulted from 
aluminum chloride-induced 1,4-addition-enoliza- 
tion of the reactive alp-unsaturated ketone system 
of the a-bromo acid by hydrogen chloride, and 
subsequent elimination of hydrogen bromide, an 
exchange which is like that presumed to occur 
during the hydrogen chloride-catalyzed esteri- 
fication of IIa.13 The occurrence of the halogen 
exchange in the Friedel-Crafts reaction with 
bromobenzene but not with benzene, may be 
attributed to a significant activation of the con- 
jugated system by the pbromine atom. 

Bromomaleic anhydride has reacted in two ways 
with bromobenzene and with benzene, correspond- 
ing to  the similar reactions of citraconic anhydride 
with bromoben~ene.~ The citraconic anhydride 
reaction with benzene, however, differed in that 
both the a and P-methyl products had the cis 
configuration of the starting material. A hydrogen 
alpha to the P-aroyl group seems to be necessary 
for cis- to-trans inversion during this type of re- 
action, but even then inversion does not always 
occur. 

Stereochemistry and mechanism of the dehydro- 
halogenation reactions. The erythro-dibromide V 
needed for these studies was made by addition of 
bromine in acetic acid to trans-P-(pbromobenzoy1)- 
acrylic acid(VI1). When the bromination was car- 
ried out in benzene, however, a mixture of di- 
bromides was produced from which the predominant 
threo-dibromide VI could readily be isolated. In 
the formation of the corresponding dibromides of 
the parent benzoylacrylic acid Va and VIa, there 
was a similar solvent effect, the polar acetic acid 
favoring formation of the erythro-dibromide Val 
and the less polar benzene leading to  a separable 
mixture of the diastereoisomers in which the threo 
isomer VIa predominated.cf. l4 Actually the threo 
isomers of both series (VI and VIaj were better 
obtained by the stereochemically unequivocal 
Friedel-Crafts synthesis from racemic-dibromo- 
succinic anhydride (VIII).cf. l2 - I4  

It has been reported that, sodium acetate in 
acetic acid converts both dibromides Va and VIa 
into the same cis unsaturated @-bromo acid,l2 
presumably uia the enolization mechanism (XIA), , 
whereas methanolic potassium acetate dehydro- 
bromination of the noncrystalline ester dibromide 
consisting largely of the threo isomer (VIa-ester) 
gives mainly the trans-@-bromo ester (of IVa),13 
presumably by concerted trans-elimination (IX), 
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The czs-0-bromo unsaturated acid 111, first ob- 
tained6 from I by the Friedel-Crafts reaction de- 
scribed above, may be prepared in better yield 
(78’%) by trans-dehydrobromination of the erythro- 
dibromide V16 using the heterogeneous combination, 
sodium acetate, sodium carbonate, and acetone 
containing 2 4 %  of water.’* The trans acid IV was 
obtained by similar trans-dehydrobromination of 
the threo-dibromide VI. The esters of the erythro 
and threo dibromides prepared by diazomethylation 
of the acids V and VI, also underwent trans- 
dehydrobrominations under these conditions to  
the esters of I I IA and IV, respectively. And com- 
parable trans-dehydrobrominations of the parent 
benzoylacrylie acid dibromides Va and VIa gave 
the unsaturated acids I I Ia  and IVa, respectively. 
It may be concluded from the consistently trans 
character of these reactions that under these partic- 
ular conditions they all proceed by a concerted 
mechanism and through the conformation for- 
mulated in IX. 
basK -- H COOH(or COOCHs) 

\ !-H 

Br 

, c-c 
BrC6H,CCH=CCOOH 

0- HO 
X 

/I I ArCO*’/ 

IX 

In  acid-catalyzed dehydrobrominationslZb 
brought about, by refluxing concentrated acetic- 
hydrochloric acid mixture, the threo-dibromide VI 
reacted readily, albeit with considerable loss of 
material and partly to give the enol X. The main 
product was impure cis unsaturated acid I11 from 
which were isolated a pure sample of I11 and a trace 
of the trans acid IV. The erythro-dibromide V under 
the same conditions reacted only partly but also 
gave a mixture of the @-bromo acids consisting 
largely of the cis isomer 111. Both the cis- and the 
trans-/3-bromo acids 111 and IV in separate experi- 
ments under these same conditions were converted 
into similar equilibrium mixtures in which the cis 
acid was shown by infrared analysis to predominate 
in a ratio of 5-1 over the trans acid, and from which 
also pure samples of the cis acid were isolated. 
It was thus shown under these conditions that 
cis-trans equilibration is induced under these 
strongly acidic conditions, and that the ratio of 
stereoisomers formed in the dehydrobromina- 
tions is essentially and necessarily independent of 
the mechanism of dehydrobromination. It may 
reasonably be presumed that the acid-catalyzed 
(15) It should be noted that in the preliminary experi- 

ments in this field the preparations of the p-bromo acids by 
dehydrohalogenation of the dibromides were confused by 
mistaken identities and similar melting points of the di- 
bromides and by the variant effect of conditions on the 
stereochemistry of the dehydrohroininations. When the 
identity and correct structures of materials were finally es- 
tablivhed it became apparent that the special conditions 
described produced consistent trans-dehydrobromination aa 
now formlilated (cf. refs. 2a, 5 ) .  

dehydrohalogenations proceed through enolization 
to XIa and that the cis-trans interconversions go 
by 1,4-addition-enolization through XIb. 

111 ( trans)  e BrC6HI 
\ /PH 

VI (threo) - ,q 
d 

111 (m) 
V (erythro) - C 

equilibration in Br CH-COOH 
refluxing 

HCl-CH,COOH-HZO 
XI 

A = a, Br; b, C1, OH, or OCOCH, 

These reactions may be compared with the 
dehydrohalogenations of the dibromosuccinic acids 
where concerted trans reactions occur,16 the chal- 
cone dibromides where concerted and enolization 
mechanisms evidently compete,17 and the 1,2- 
dibenzoylethylene dihalides where the enolization 
mechanism seem important.l8 

cis-trans and Ring-chain relationships in  the 8- 
(p-bromobenzoyE)-P-bromoarrylic series. The inter- 
conversions of the cis- and trans-/3-bromo acids, 
and of the acyclic&, the cyclic-cis and the trans 
methyl esters, are shown in XII-XIV. The con- 
figuration of the cis acid 111, and by difference the 
configuration of the trans isomer IV, were estab- 
lished by ring-chain relationships. 

The cis acid in  the solid state was shown to be 
acyclic (IIIA) by its infrared absorption bands a t  
5.85 and 5.95 p representing carboxyl and bromo- 
benzoyl groups respectively, by the absence of 
y-lactone carbonyl absorptivity a t  ca. 5.7 p, and 
by the close correspondence of these absorptivities 
with those of the trans acid whose bands fall a t  
5.84 and 6.00 p. It is unlike the @-methyl analog 
which is cyclic in the solid statelD and it is like the 
a-methyl analog which is acyclic in this &&teaer 

In  solution the &@-bromo acid is in mobile 
ring-chain equilibrium ( I I I A F ~ I I B ) .  At 10% 
concentrations in chloroform and in ethanol it 
showed three strong infrared absorption bands at 
5.7, 5.9, and 6.0 p ;  and it was roughly estimated 
from relative absorption intensities that the acyclic- 
to-cyclic ratios were on the order of 7 to 3 and 6 to 
4, respectively. At extremely high dilution, 5 X 
10-6Ml in chloroform and in ethanol, the ultra- 
violet absorptivities a t  273 and 268 mp were s 
12,800 and 12,100, respectively, showing a marked 
equilibrium shift toward predominence of the 
acyclic form; this effect is explainable in terms of 
increased ionization to the highly absorbing acyclic 
anion and concomitant decrease in the concentra- 

(16) W. G. Young, D. Pressman, and C. Coryell, J. Am. 
Chem. SOC., 61,1640(1939). 
(17) R. E. Luta, D. F. Hinkley, and R. H. Jordan, J. 

Am. Chem. Soc., 73 ,  4647 (1951). 
(18)(a) R. E. Luta and M. G. Reese, J. Am. Chem. Soc., 

81, 127 (1959); cf. also (b) J. B. Conant and R. E. Luta, 
.I. Am. Chem. SOC., 47,886 (1925); (c) R. E. Lutz and W. R. 
Smithey, Jr., J. Org. Chem., 16,51 (1951). 
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tion of the cyclic form. Addition of a small amount 
of hydrochloric acid to the 5 X 10-6M ethanol 
solution diminished the ultraviolet absorptivity 
at the maximum only slightly; but at this same 
concentration in glacial acetic acid to which was 
then added 10% by volume of concentrated hydro- 
chloric acid, the drop in absorptivity was greater, 
indicating 10-2070 decrease in concentration of the 
still-predominent acyclic form. These equilibrium 
shifts were in the direction and magnitude pre- 
dicted of repression of ionization of the more acidic 
acyclic form and increased protonation of the prob- 
ably more basic cyclic form. Addition of an excess 
of sodium hydroxide to the 5 X 10-6M ethanol solu- 
tion on the other hand, increased E to 14,500,6 
showing appr(oach to complete conversion to the 
acyclic anion. 

The structure of the acyclic cis methyl ester XI1 
obtained by esterifications of 111, and that of the 
cyclic ester XIV obtained under speical conditions 
of methanolysis of the acid chloride XIII, were 
proved by the relation of their absorption spectra 
to  that of the trans ester, a necessarily acyclic 
reference compound. The acyclic-cis ester and the 
trans ester had similar ultraviolet and infrared 
absorptions which were characteristic of the un- 
saturated 1,4-keto-ester system, namely : maxima 
of 270 and 275 mp, B 12,000 and 13,000 (in eth- 
anol); prominent pairs of bands at  5.84, 6.00 p 

a . A g  salt CHJl 
h HCI-CHIOH: C. CHiN, 

d .  PCI,. then 
/rcora acid l i o n s  

IV 7 IV-ester 

benzene-light 
( w i t h  or 

without lz! 

methanol-light 
(with or 

without 12) 

Br-C Br- C-L-OCHJ 

I! >o 
H-C'C=O H-C- C=O 

1 I XI11 XIV 

Br- C - 6 -OCOCHJ 

[ I-- ( - c= 0 

\ HCI-CHaOH 

and 5.85, 6.00 p respectively, corresponding in 
each pair to  carbomethoxy and bromobenzoyl 
groups respectively; and absence of y-lactone type 
carbonyl absorptivity a t  ca. 5.7 p .  The cyclic-cis 
ester XIV showed sharply decreasing absorptivity 
over the range 225 to 285 mp, lack of absorption 
maximiim or shoulder a t  cu. 270 mp, y-lactone- 
type carbonyl absorption a t  5.65 p,  and the absence 
of acyclic-type carbonyl absorption a t  ca. 5.85 
and 6.0 p .  

Acid catalysts as used in the methanolic hydro- 
gen chloride esterifications of the cis and trans 
acids I11 and IV, did not cause configurational in- 
version, but did bring about cyclic-acyclic cis- 
ester equilibration (XIIeXIV) favoring the acyclic 
form which thereby was shown to be the more 
stable of these two forms. This ring-chain relation- 
ship is in some degree of correspondence with that 
between the cyclic and acyclic cis acids where the 
acyclic is the dominant form and the cyclic the 
minor form; but it is contrary to  the relationships 
in the analogous 8-methyl series where both cyclic 
acid and cyclic ester are the more stable  form^.^^^ 

The refluxing acetic-hydrochloric acid combi- 
nation hydrolyzed both the trans and the acyclic- 
cis esters to cis-trans equilibrium mixtures con- 
sisting chiefly of the cis acid. 

Both the cis and the trans acids in benzene, 
chloroform, or methanol solution were converted 
by sunlight irradiation into cis-trans photoequi- 
librium mixtures in which the cis isomer predomi- 
nated. The ratios of cis to trans, approached from 
either direction, were approximately 9 to 1 and 
2.5 to  1, respectively, in benzene and in chloroform. 
The trans ester in methanol was converted by sun- 
light irradiation into a similar mixture consisting 
largely of the acyclic cis isomer. The presence of 
iodine during irradiations did not appear signifi- 
cantly ,to alter the course of these isomerizations 
or the photoequilibrium positions, either for the 
acids or for the esters. These relationships are in 
contrast to those in the &methyl series where in- 
terconversions of stable-trans and labile-cis esters 
were brought about, trans-to-cis by sunlight irradia- 
tion in the absence of iodine, and cis-to-trans by 
irradiation with iodine present. 

Acid catalysis in refluxing concentrated acetic- 
hydrochloric acid mixture converted both cis- 
and trans-/3-bromo acids to  the same thermody- 
namic equilibrium mixture of the stereoisomers of 
approximately 5 to  1 cis-trans ratio. Although the 
strong acid present had been shown to shift the 
acyclic-cyclic-cis equilibrium (IIIA*IIIB) ap- 
preciably toward the cyclic form, the acyclic form 
IIIA was still predominent and the effect was clearly 
insufficient to account for predominance of t t e  
cis form in the cis-trans equilibrium. It is therefore 
concluded that the acyclic-cis configuration is the 
lower in energy and the trans higher, and that the 
photoequilibria are not far from true thermody- 
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namic equilibria. These relationships are in con- 
trast to  those of the @-methyl analogs where the 
labile cis isomer is also produced from the trans 
isomer under the above equilibrating conditions,Zb 
but where it is chiefly in the cyclic form under the 
strongly acid conditions and where the energy of 
cyclization must be d e c i s i ~ e . ~ ~ - ~ ~  

The cyclic acid chloride XI11 was obtained from 
the acid by the action of phosphorus pentachloride, 
and it was slowly hydrolyzed by water back to  the 
acid. I ts  cyclic character was shown both in the 
solid state and in solution by ultraviolet and in- 
frared absorptions. In  iso-octane it showed no aroyl 
ultraviolet absorption maximum; rather, the ab- 
sorptivity diminished continuously over the range 
230-290 mp. In  the solid state its one infrared 
carbonyl absorption band was in the y-lactone 
carbonyl range a t  5.70 p,  whereas the acyclic 
form would have shown two distinctly different 
bands, a t  6.0 p for the aroyl group and 5.6 p for 
the chlorocarbonyl. 

This cyclic acid chloride reacted relatively 
slowly with methanol to give directly the stable- 
acyclic ester XI1 under build-up of a small hydro- 
gen chloride concentration which in separate ex- 
periment was shown to be insufficient to  cause 
cyclic-to-acyclic ester rearrangement. The labile- 
cyclic cis ester XIV was obtained only by the ac- 
tion of methanolic silver nitrate on the cyclic acid 
chloride. Two methanolysis mechanisms therefore 
must be involved,cf. 21 solvent attack a t  the lactone 
carbonyl in a concerted 1,4-reaction with the con- 
jugated system numbered in XIII, and 3,4-re- 
action by initial silver ion attack at the 7-chloride 
and through the resonance-stabilized cation XVII. 

C6H4Br CCH,Br 
I I 

XVII XVIII 

A striking phenomenom is revealed in the 
contrast between the above-described. 1,4meth- 

(19) The complicated stereochemical stability relation- 
ships which hold in the 8-bromo- and 8-methylaroylacrylic 
acid series seem to be transposed in the 1,Sdibenzoylmethyl 
and bromoethylenes where the trans methyl and the cis 
bromo derivatives appear to be the labile higher-energy 
forms. In the aroylacrylic series the effective steric bulk of 
the 8-bromine atom is not much less than that of a &methyl 
group. Plane scalar models based on Pauling bond length&. 
show similar total group overlaps in both cis and trans forms 
but show in the cis form a significantly greater localization 
of overlaps of the important aroyl group in its sandwiched 
position between the ,%bromine (or methyl) and the car- 
boxyl or carbomethoxyl group. 

(20)(a) L. Kuhn, R. E. Lutz, and C. R. Bauer, J .  Am. 
Chem. SOC., 7 2 ,  5058 (1950). (b) R. E. Luta and C.-K. Dien, 
J .  Or$ Chem., 23,1861 (1958). 

(21)(n) N. 0. V. Sonntag, Chem. Revs., 5 2 ,  237 (1953); 
(b) G. E. K. Branch and A. C. Nixon, J .  Am. Chem. SOC., 
70,3135 (1948). 

anolysis of the cyclic acid chloride XI11 and the 
3,4methanolysis under comparable conditions (in 
the absence of silver nitrate) of the analogous 
@-methyl cyclic acid chloride XVIII directly to  the 
cyclic ester (which in that series is thermodynami- 
cally the more stable of the acyclic-cyclic pair). 
These different reactions of the two cyclic acid 
chlorides XI11 and XVIII, involving different 
effects of the P-bromine atom and the @-methyl 
group which must operate in the initial reaction 
step, may be explained in terms of the strong elec- 
tron-attracting vs. electron-repelling effects (XVII 
and XVIII) which would respectively increase and 
lessen the activity of the lactone carbonyl groups, 
and respectively lessen and increase the ionizability 
of the y-chloride. While kinetics contl;ol the courses 
of these two types of reactions of the acid chlorides, 
the results fortuitously are the same as they are 
under acid-catalyzed equilibration of the acyclic 
and cyclic cis ester. 

It would seem that the electronic differences 
between the p-biomine atom and the @-methyl 
group are of primary importance in affecting the 
ring-chain equilibrium position in the two series, 
but it should be noted that nevertheless the steric 
effects probably are more important in an over-all 
sense in permitting the necessary ring-chain equi- 
libria in which the electronic effects can operate 
effectively and distinctively. This steric situation 
does not exist in the parent P-aroylacrylic series 
without ethylenic substituents where no cycli- 
zation whatever has been observed, and where the 
@-hydrogen atom in its electronic behavior lies 
between the bromine atom and the methyl group 
of the two P-derivatives. 

The cyclic acetate XV was made not only by the 
action of silver acetate on the cyclic acid chloride 
XI11 but also by acid catalyzed acylation of the 
acid. The latter reaction showed the product to 
be more stable than the unknown acyclic acetate 
which would have the high activity of a mixed 
anhydride. Acid-catalyzed alcoholysis through 
equilibrium control converts the cyclic acetate XV 
into the acyclic enter, XII, which is the more stable 
of the two ester forms. 

The action of concentrated ammonium hydroxide 
in dioxane on the cis-cyclic acid chloride XTII 
caused slow ammonolysis to the y-hydroxylactam 
XVI the nature of which was shown by the absence 
of an ultraviolet absorptivity maximum or shoulder 
at ca. 270 mp. The single infrared absorption peak 
at  5.95 p distinguishes it from the alternative cy- 
clization product, the y-aminolactone, which would 
have its carbonyl band at  a much shorter wave 
length.". 9 Ammonolysis of the cyclic-cis ester took 
place slowly and gave the same y-hydroxylactam 
XVI. Mechanistically it seems likely that concerted 
(1,4-) reaction has occurred by attack of ammonia 
a t  the lactone carbonylcarbon of XIII, and that the 
acyclic-cis ester has undergone primary attack 
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by  ammonia at the carbonyl of the carbomethoxyl 
group; in both cases these attacks would lead first 
t o  the hypothetical acyclic-cis amide XIX which 
would promptly cyclize. 

Br-C-COC6H4Br 
I’ XIX H-LCONH~ 

Efects of psubstitutions on the ring-chain equi- 
librium position of cis-p-benzoyl-p-bromoacrylic acid 
were studied in extension of carlier work on the 
cis-a-methy15 and ~-phenylz2-~-benzoylacrylic acids 
and on the ~~-hydroxyethylaminodesoxybenzoins~~ 
where para substitutions of chlorine and meth- 
oxy1 in the benzoyl group markedly affect the equi- 
librium position, seemingly under the over-all 
requirement of existence of ring-chain equilibrium. 
Two additional cis-(3-aroyl-/3-bromoacrylic acids 
were therefore made, the p-chloro and p-methoxy 
derivatives XXa and XXd, where the two sub- 
stituents relative to  hydrogen of the unsubstituted 
molecule XXc involve opposite electronic effects, 
attractive and donative respectively. 

CeKR 
I Cs&R (para) 

I 
Br-C-C-OH Br -C- C=O 

I/ b 
H-C-C=O 

II )P 
H-C- C-OH 

A xx B 
a. R = C1; b. R = Br; c. R = H; d. R = OCHa. Approxi- 

mate relative % of cyclic form in 10% chloroform solution: 
a. 50; b. 30-40; c. 30; d. zero. 

The p-methoxy-p-bromo cis acid XXd was made 
from the known trans-p-methoxybenzoylacrylic 
acid by bromination in acetic acid to the presum- 
ably-erythro dibromide, followed by trans-dehydro- 
bromination which required significantly more 
drastic conditions than used for Va and V (doubt- 
less because of lessening of the activity of the CY- 

hydrogen by the p-methoxyl group). The p- 
location of the bromine atom is certain from the 
mode of reaction. The cis configuration was proved 
by the formation of two esters, the acyclic by diazo- 
methylation and the cyclic by methanolysis of the 
cyclic acid chloride in the presence of silver nitrate, 
which were characterized by ultraviolet and in- 
frared absorptions. 

The p-chloro cis acid XXa was similarly made, 
and its configuration was proved by characterizing 
ultraviolet and infrared absorptions which showed 
a well balanced ring-chain equilibrium in solution. 

All four of the acids XXa-d are acyclic in the 
solid state as shown by their pairs of infrared ab- 
sorption bands a t  the wave lengths corresponding 
to aroyl carbonyl and carboxyl groups and by 

(22)(a) C. L. Browne, Ph.D. Dissertation, University of 
Virginia, 1953.cf.23 (b) C. L. Browne and R. E. Lutz, J .  
Org. Chent., 18, 1638 (1953). 

(23)(a) C. E. Griffin and It. E. Lutz, J .  Org. Chem., 21, 
1131 (1956); (b) R. E. Lutz and C. E. Griffin, J .  Org. Chem., 
25,928 (1960). 

their lack of 7-lactone absorptiou. It is interesting 
to note that the sizable wave length difference 
between the ketone-carbonyl infrared absorptions 
of the p-chloro and pmethoxy compounds, the 
former a t  5.95 p and the latter a t  6.02 p,  reflects 
the opposite electronic effects of these two substit- 
uents. 

In  solution in chloroform or in ethanol thc p- 
methoxy acid XXd is largely acyclic as shown by 
the infrared absorption spectra which contain no 
5.7 7-lactone bands. The other three acids, XXa-c, 
all show well balanced ring-chain equilibria. 

Although it is not possible in the absence of pure 
acyclic form precisely t L  measure tht. ring-chain 
ratios, we have made estimates from the per cent 
transmittancies of the compounds at  the three bands 
characteristic of the y-lactone, carboxyl, and keto 
groups at ca. 5.70, 5.85, and 6.00 p respectively, 
on the assumption that the relative absorbancies 
of these groups are similar and not seriously affected 
by the para substituent, an assumption which 
seems reasonable from the several measurements 
of absorptivities made on the acyclic and cyclic 
derivatives under these conditions. The estimates 
given under XX show that electronically-opposite 
para substituents actually have a significant effect 
on the degree of cyclization in 10% solution in 
chloroform. The strongly electron-attracting p- 
chlorine atom which must activate the ketone 
carbonyl group, significantly increases cyclization, 
whereas p-methoxyl as a powerful electron-donat- 
ing group which must deactivate the keto carbonyl, 
practically eliminates cyclization. These effects 
are comparable with those obtained in the CY- 

methyl-p-aroylacrylic acid5 and the cr-hydroxy- 
ethylaminodesoxybenzoin series,23s where p-chlo- 
rine in the benzoyl group increases cyclization some- 
what and p-methoxyl suppresses it. 

EXPERIMENTALz4 

erythro( “normal”)-p-Benzoylacrylic acid dibromide (Va)“ 
was best prepared by slow addition of 0.4 mole of bromine 
to 0.4 mole of VTIa in 200 ml. of concd. acetic acid a t  room 
temperature with stirring and gentle warming a t  the end. 
Pouring into water and crystallization of the resulting pre- 
cipitate from benzene (or toluene) gave 122.5 g. of a mix- 
ture of isomers, m.p. 120-128”. Two further crystallizations 
gave 55 g. (40%) of pure eryfhro Va of melting point 147- 
148’. A mixture of Va and VIa melted at 101-130”. 

threo( “iso”)-fl-Benzoylacrylic acid dibromide VIa14 was 
made in one operation from 49 g. (0.5 mole) of molten 

(24) Melting points are “correctred.)’ Ultraviolet absorp- 
tion spectra were determined using (a) a Beckman DU 
Quartz spectrophotometer, or (b) a Perkin-Elmer Spectro- 
cord 4000A. Infrared absorptions were determined using 
Perkin-Elmer (c) model 21 or (d) an “Infracord,” and those 
by J. W. Rinker (ref. 5) were on a Baird double beam instru- 
ment. (e) The % refers to transmittancies when solvent 
transmittancics for both chloroform and ethanol were ?O%. 
( f )  The infrared absorptions in ethanol were made using a 
silver chloride cell. (9 )  The infrared determinations were 
by J. P. Feifer. (h) Microanalyses were by Mrs. Thomas 
Jensen and Mrs. James Logan. 
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nialcic anhytlridc by slow addition of 80 g. (0.5 mole) of 
bromine, gcritle hcating for 1.5 hr., cooling to room tempera- 
ture, dissolviiig in 200 ml. of pure benzene, adding 134 g. 
(1 mole) of anhydrous aluminum chloride portionwise under 
stirring, and allowing the mixture to stand overnight. 
Hydrolysis in dilute hydrochloric acid (ice) and recrystalliza- 
tion of the dried product from benzene gave 128 g. (76%) 
of VIn, m.p. 147-149'. 

While bromination of VIIn in chloroform gave a mix- 
ture of isomeric dibromid~s,~' bromination in carbon tetra- 
chloride ( Ricela) gave predominently the threo isomer VIa. 
In  a typical experiment 0.04 mole of VIIS in 35 ml. of hot 
carbon tctrachloride was treatcd with 0.04 mole of bromine. 
Cooling gave %yo of nearly pure threo dibromide VIa, m.p. 

lrans-p-Renzoyl-~-bromoacrylac acid (I Va)lSJ4 by trans 
dehydrohalogenalion. After many unsuccessful attemptss*l4 
the following dircctionv wcre developed. 

A mixture of 31 g. (0.09 mole) of rhreo-dibromidc VIS, 15 g. 
(0.18 mol.) of sodium acetate, 6 g. of sodium carbonate, 
200 ml. of pure acetonc and 4 ml. of water, was shakcn for 
2 hr., dissolvcd in 1 1. of water, and acidified with 50 ml. of 
50% hydrochloric acid. The prccipitated oil crystsllizcd on 
standing. Three crystallizations from 1 : 1 benzene-petroleum 
ether (b.p. 30-60') gave 7 g. (36%) of pure trans acid IVa, 
m.p. 105'; identified by mixture melting point and infrared 
absorption.14 This acid like the trans p-bromo analog IV 
formed a cottoney mass of needlelike crystals in contrast 
to the cis analogs 111 and IIIa  which gave granular crystals 
under these conditions (and formed large octahedra on slow 
crystallizationscf. 1)). 

Absorption maxima: in chloroform, 2fi3 mp, c 12,400; p, 
5.88s, 6.00s; in potassium bromide pellet, p 5.82~3, 6.00s. 

n's-~-Benzoyl-p-lromoaerylic acid (111s) la by trans de- 
hydrohalogenation. In repeating the earlier prepsrationl' re- 
sults depended on composition of the dibromidemixturc. Pure 
threo dibromide Va gave only non-crystalline product and 
in no casc was the "third isomerJJ14 (IVa) obtained. The 
following proccdure was successful. 

A mixturc of 11 g. of erythro-dibromidc Va, 15 g. of so- 
dium acetatc, 3.5 g. of sodium carbonatc, 75 ml. of acetonc, 
and 5 ml. of methanol was refluxed for 4 hr. After filtering, 
the solid w:is suspended in water; acidification gave an oil 
which slowly crystallized upon standing in a vacuum 
dessicator; yield 5.1 g. (61%) m.p. 100-107'; recrystallized, 
it melted at 109'. 

In another experiment under shaking a t  room tempera- 
ture (14 g. of Va, 11 g. of sodium acetate, 4 g. of sodium 
carbonate, 150 ml. of acctone, and 3 ml. of water) the yield 
was 60%. 

Absorption maxima: mN, in chloroform, 257, E 9,000; in 
9570 ethanol, 255, c 10,600; in basic ethanol, 244, E 12,200; 
in acidified ethanol; 255, e 10,400; p in chloroform 5.70 
(60%),*(~ 5.90 (25%), 6.00 (27%); in 95% cthanol, 5.70 
(38%), 5.90 (28%), 5.98 (22%);  in potassium bromide pellet, 
5.956, 6.00s. 

trans-tens Rcarrangeinenta (IVa to  IIIa) were effected 
by 5-day sunlight irradiation of a benzene solution of 1 g. 
of IVa, and of a similar solution of 0.15 g. containing enough 
iodine to impart persistent color throughout the experi- 
ment. The product in each case was Crystallized from ben- 
zene-petroleum ether (b.p. 30-60') mixture (m.p. 106- 
108") and identified by mixture melting point. The yield of 
pure IIIa in the first casc was 50%, but it was small in the 
second whcre however no IVa was actually recovered. 

Cyclic-cis-p-benzoyl-p-bromoacrylic m ' d  chloride (8-bromo- 
-y-chloro-7-phenylcrotolactonc). A mixture of 21 g. of 111s 
and 21 g. of phosphorus pcntachloride was stirred until 
rraction was complete and then filtered from excrss rca- 
gent. Tho phosphorus oxychloride was evaporated in vacuo. 
Recrystsllization from iso-octanc gave 13.5 g. (@I%), m.p. 
68'. 

Anal. Calcd. for C,o€I&rClO~: C, 43.01; H, 2.21. Found: 
C, 43.75; H, 2.58. Absorption maxima: none in chloroform, 

141-145'. 

e decreasing through 7,OOO at 250 mp and 800 at 285 mp to 
zcro at 305 mp. In potassium bromide pellet, 5.68.51 p. 

Acyclic-cis-8-benzoyl-8-brmoacrylic methyl esfer (IIIAn- 
estcr)l3 was obtained by methanolysis of the crude cyclic 
acid chloride under warming, then chilling to crystallize. 
After recrystallizations from methanol it melted a t  85- 

Absorption maxima: in absolute ethanol, 255 mp, e 11,800; 
in potassium bromide pellet, p, 5.85s, 6.00s. 

Cyclic-cis-8-benzoyl-~bromoacrylic methyl ester (p-bromo- 
7-methoxy-7-phenylcrotolactone) (IIIBa-methyl ether). A 
solution of 2 g. of the cyclic acid chloride and 1.3 g. of silver 
nitrate in 200 ml. of methanol gave an immediate precipitate 
of silver chloride. After warming, filtering, concentrating, 
and adding water, 1.8 g. was obtained. Vacuum sublimation 
gave 1.5 g. (50%), m.p. 63-64'. 

Anal. Calcd. for C1lH~BrOa: C, 49.09; H, 3.37. Found: C, 
48.87; H, 3.32. Absorption maxima: mp, none in 95% 
ethanol, decreasing through 10,800 at 225 ma and 2,200 
a t  255 mp to zero at 305 mp; p, KBr pellet, 5.70s. 

Poorer yields were obtained using freshly preripitoted 
silver oxide in methanol. 

Conversion of cyclic io acyclic methyl ester (IIIBa-ether to 
IIIAa-ester) occurred in 70% yield in saturated methanolic 
hydrogen chloride (refluxing 4 hr.). 

trans( ?)-8-Bazoyl-a-br0moaylic a&d (IIa).I4 Absorp- 
tion maxima: mp, in 95% ethanol, 255, 10,400; in basic 
ethanol 255, e 10,400; in acidified ethanol, 260, 11,400; 
N, in chloroform, 5.88s, 6.00s; p in 95% ethanol, 5.909; 
6.00s; p in potassium bromide pellet, 5.88s, 6.00s. 

erythro-&(pBrombenzoyl)acrylic acid dibraide (V). A 
300-ml. concd. acetic acid solution of 52 g. of VI126 was 
treated under stirring with 11 g. of bromine (0.5 hr.). Pour- 
ing into ice gave a yellow oil which slowly solidified; 64 g. 
(n1.p. 140-155'). Repeated recrystallizations from benzene 
and from 1 : 1 benzene-petroleum ether (b.p. 3Cr-SO') mix- 
turc gave 19 g. (23%), m.p. 170-171' (25O-mixture melting 
point depression with threo isomer VI). 

Anal. Calcd. for CI0H7Br3O3: C, 28.94; H, 1.71. Found: C, 
28.82; H, 1.67. 

threo-p-(pBrmobenzoyl)acrylic acid dibromide (VI)6J6 
was prepared like V but using benzene 88 reaction solvent. 
Conrentrating and cooling gave 76% melting at 165-168" : 

8 6 O . c ' .  IS 

recrystallizedfrom benzeie,-it melted at 171%. 

C, 28.99; H. 1.79. 
Anal.6 Cnlcd. for CloHTBrdh: C, 28.94; H, 1.71. Found: 

'In a n  alternative synthesis 98 g. (1 mole) of stirred 
molten maleic anhydride was treated with 160 g. (1 mole) 
of bromine, added slowly, with heating a t  80-90' until 
disappearance of bromine color. Ethylene dichloride (250 
ml.) and 330 g. (2.5 moles) of anhydrous aluminum chloride 
were added, and after standing overnight tbc solution was 
decanted from eycess aluminum chloride and treated d r o p  
wise under stirring with 157 g. of bromobenzene. After 
evolution of hydrogen chloride ceased, hydrolysis, evapora- 
tion of solvent, and recrystallintion from benzene gave 
303 g. of crude VI, m.p. 155-160" (71%), identified by 
recrystallization and mixture melting point with the sample 
made from VI1 (above). 

Using carbon disulfide aa the reection solvent (above) 
gave poorer yields. 

cis+( p-Bromobenzoyl)-p-bromoacrylic acid (111). A mix- 
ture of 10 g. of erylhro-dibromide V, 5 g. of sodium acetate, 
2 g. of sodium carbonate, 50 ml. of pure acctone, and 2 ml. 
of water was shaken for 1 hr.; the sodium salt of 111 sepa- 
rated. Solution in water and acidification gave an oil from 
which a solid slowly crystallized. Recrystallization from 1 : 1 
benzenepetroleum ether (b.p. 30-60') mixture gave 6 g. 
(78%), m.p. 144-145'. 

Ana1.6 Calcd. for C16H6Br203: c, 35.95; H, 1.81. Found: 
C, 35.98; €I, 1.88. Absorption maxima: mp in chloroform,*4b 

(25) D. Papa, E. Schwenk, F. Vellani, and E. Klingsberg, 
J. Am. Chem. Soc., 70, 3356 (1948). 
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272 c 12,340; in 95% ethan01,9~* 267', c 14,500; in concd. 
acetic acid,**b 26%270, t 10,970; in 4: 10 by volume concd. 
hydrochloricacetic acid r n i x t u r ~ , ~ ' ~  273, c 8,670; p140 in 
chloroform, 5.70 (33%), 5.W (12%), 6.00 (11%); in 95% 
ethanol, 5.70 (48%), 5.88 (45%) (shoulder), 5.97 (36%); 
in potassium bromide pellet, 5.856, 5.95s. 

A mixture of 19.1 g. of VI, 10 g. of sodium acetate, 4 g. of 
sodium carbonate, 100 ml. of pure acetone, and  2 ml. of 
water, after shaking for 1 hr., deposited sodium salt of IV 
which upon filtering and acidifying gave 14 g. (92%) of 
IV, melting a t  143-148'. Upon recrystallizations from 2: 1 
benzene-petroleum ether (b.p. 30-60') mixture it melted 
at 153- 154'. 

Anal.' Calcd. for CloHsBrrOa: C, 39.95; H, 1.81. Found: 
C, 35.98; H, 1.86. Absorption maxima: mp, in chloroform, 
275, e 16,000; in 95% ethanol', 270, t 15,050; in basic 
ethanol6 269, t 17,800. p, in potassium bromide pellet, 5.84s, 
6.00s. 

Ozonolysis attempts on both I11 and IV under different 
conditions including those used on maleic acidze gave only 
pbromobenzoic acid and none of the expected glyoxylic 
acid. 

trans-&( pBromobenzoyl)-fl-bromoacrylic acid methyl ester 
( IV-ester) (five preparations). (a) tram-Acid IV, treated 
in the usual way with ethereal diazomethane, gave a 96% 
yield. (b) The silver salt of IV waa precipitated from a solu- 
tion of 4.5 g. of IV in 100 ml. of water and 1.5 g. of sodium 
hydroxide by addition of a solution of 25 g. of silver nitrate 
in 50 ml. of water; it  was filtered and suspended in methanol- 
methyl iodide mixture with shaking for 20 hr.; yield 67%. 
(c) IV was treated for 5 hr. with refluxing satprated metha- 
nolic hydrogen chloride; yield 58%. (d) The acid chloride 
XIXI waa freshly prepared by the action of phosphorus 
pentachloride on IV, transferred to iso-octane, treated with 
Darco and cooled to -20' (light yellow platelets); it was 
then treated at room temperature with methanol from 
which the IV-ester crystallized on cooling. Recrystallization 
gave 43%. (e) VI-ester waa dehydrohalogenated as de- 
scribed below. 

The IV-ester, purified by recrystallizations from metha- 
nol, melted at 83-84'. 

Anal. Calcd. for CJ&BrpOs: C, 37.96; H, 2.32. Found: 
C, 37.80; H, 2.38. Absorption maxima: mp in %yo ethanol, 
275, e 15,400; p, 5.788, 6.02s. 

Hydrolysis (of IV ester) by alkali gave intractable prod- 
ucts. 

trans-&( pBromobenzoy1)acrylic acid (VII) methyl e s ~ e r . ~ 7 * ~ 8  
&mixture of 7 g. of the trans acid, 3.5 ml. of methanol, 8 ml. 
of ethylene dichloride, and 1 ml. of concd. sulfuric acid, was 
refluxed for 3 hr., and waa then waahed with dilute sodium 
carbonate and with water." Evaporation and two crystalliza- 
tions from methanol gave 3.5 g. (47%), m.p. 77-78". 

The threo-dibromide of VI11 esier (used in non-crystalline 
form), was obtained (a) by addition of bromine to VII-ester 
in carbon tetrachloride and evaporation, and (h) by the 
action of ethereal diazomethane on the threo-dibromide 
VI and evaporation of the solvent. 

Dehydrobrominatim of threo-VI-esb. (a) A solution of 
2.5 g. of VII-ester [(a) above] in methanol containing 2 g. 
of potassium acetate, was refluxed for 5 min. Work-up and 
crystallization from methanol gave 2 g. (62%) of pure 
IV-ester. (b) A mixture of 10 g. of VI [(b) above], 5 g. of 
sodium acetate, 2 g. of sodium carbonate, 50 ml. of acetone, 
and 1 ml. of water, after shaking for 1 hr. and standing 
overnight, was filtered from 2.6 g. of roduct; an additional 
3.7 g. was obtained upon diluting t f e  filtrate with water 

trans+( pBromobenzoyl)-8-bromoactylie acid (IV) 

(26) R. M. Dorland and H. Hibbert. Can. J. Research. 
18B, 30(1940). 

(1948). 
(27) R. E. Lutz and G. W. Scott, J. Org. Chem., 13, 284 

' (28) R. 0. Clinton and S. C. Laskowski, J. Am. Chem. 
SOC., 70,3135 (1948). 

and chilling; the combined and nearly pure IV-ester (78%) 
waa identified by mixture melting point. 

Acycliocis-&(pbromobenz~jl~-~-bromoacrylic acid methyl 
esler (XII) was prepared in five ways: (a) By acid-catalyzed 
methanolysis of the acid I11 (as for IV-ester above); yield 
90%. (b) By the action of methyl iodide on the silver salt 
of the cis acid 111 (as with the trans acid IV above); yield 
35%. (c) By the action of ethereal diazomethane on the 
acid I11 (as with IV) ; yield 92%. (d) By dehydrobromination 
of 5 g. of erythro-V-ester (described below) by a mixture of 
5 g. of sodium acetate, 1 g. of sodium carbonate, 25 ml. of 
acetone, and 1 ml. of methanol (refluxing for 0.5 hr.), dilue 
ing with water, and inducing crystallization; yield 50%. 
(e) By methanolysis of the cyclic cis acid chloride XIII, 
described below. Thc various samples were shown to be 
identical by mixture melting points. 

The ester was recrystallized from methanol, m.p. 119- 
120'. 

Anal. Calcd. for CIIH&*O~: C, 37.96; H, 2.32. Found: 
C, 37.90; H, 2.38. Absorption maxima: mp in 95% ethanol, 
270, e 13,odo. p in potassium bromide pellet, 5.85s, 6.00s. 

erythro-8-(pBrom.obenzoyl)acrylic acid methyl esler dibro- 
mi& (V-ester) was obtained in new-quantitative yield by 
ethereal-diazomethylation of the acid, V; it was recrystallized 
from methanol, m.p. 90-90.5". 

Anal. Calcd. for C11HoBraOa: C, 30.79; H, 2.11. Found: 
C, 30.91; H, 2.26. 

Hydrolysis of XI1 by refluxing a 4: 10 (by volume) concd. 
hydrochloric-acetic acid mixture gave a mixture consisting 
predominently of the cis acid and some tram acid, from 
which 28% of purified cis acid 111 was isolated and identi- 
fied. 

Acid-catalyzed dehydrobrominatim of threo and erythro 
dibromides VI and V were accomplished by refluxing for 1 
hr. solutions of 1-g. samples in mixtures of 4 ml. of concd. 
hydrochloric and 10,ml. of concd. acetic acids, followed by 
pouring into ice water and allowing the resulting emulsions 
to stand overnight. In each of two experiments olt the threo 
acid VZ the total of products was extracted by ether. In 
one case the partially crystalline material was fractionally 
crystallized from dilute ethanol and gave as the first crop 
7% of an enol which gave a positive ferric chloride color 
test, m.p. 158-163'; this was identified as X by ultraviolet 
absorption spectrum and mixture melting point with an au- 
thentic sample; the next crop (29%) was a cis-trans acid 
mixture (largely III), m.p. 130-142', which on crystalliza- 
tion from benzene melted at 142-146' and was identified 
by mixture melting point as nearly pure 111. The other run, 
from which no enol X was isolated, gave a mixture of I11 
and IV (56%) from which 17% of pure I11 and a trace of 
pure, IV were obtained upon fractional crystallization from 
benzene-petroleum ether (b.p. 30-60') mixture; these 
were identified by mixture melting points. 

In an experiment on the erythro-dibromide V, upon cooling 
the solution, pouring into ice w&er and allowing to stand 
overnight, filtration gave 35% of unchanged V which was 
identified. Ether extraction of the filtrate, evaporation, and 
one crystallization from benzene-petroleum ether (b.p. 
3040') mixture, gave 0.26 g. of colorless solid mixture of 
111 and IV, m.p. 125-128', (34%) which infrared spectro- 
analysis showed to conRist of approximately 5:  1 amounts 
of the cis and trans acids I11 and IV. 

Sunlight inadiatia-equilibrations of the cis and trans 6- 
bromo acids (111 and IV) and their methyl e8ters. (a) trans-to- 
cis Inversions (TV to 111) were accomplished by 5-day 
sunlight irradiations of solutions of 1 g. of IV in benzene 
with and without iodine present. The yields of pure I11 
(isolated) were 70 and 50% respectively with no actual 
recovery of IV in either case (though IV evidently was 
present in the residues). (b) Another Sday  sunlight irradi- 
tion of a 35-ml. purified benzene solution of 1.22 g. of pure 
cis acid 111, and evaporation of the solvent, gave 1.19 g. 
(98%) of colorless solid residue of melting point 135-141'. 
The infrared absorption spectrum of pure cia acid in po- 
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tassium bromide pellets shows peaks a t  9.7 and 10.5 p which 
are not present in the spectrum of the trans isomer, and the 
spectrum of the pure trans isomer has a band at 11.8 p 
which is not present in the spectrum of the cis isomer. 
From the infrared absorption spectrum of the mixture ob- 
tained by irradiation it was show-n by quantitati , v e  com- 
parison of absorptivities at these distinctive wave lengths 
that the ratio of as form to the trans was approximately 
8-10 to 1. (e) Attempts a t  cis-to-trans inversion (I11 to IV) 
by 5-day sunlight irradiations of benzene-iodine solutions 
of I11 led to recovery only of 111; IV, although not actually 
isolated, was evidently present in equilibrium amount. (d) 
In two experiments 5 X 10-6M chloroform solutions of 
the cis and trans acids I11 and IV, which showed absorp- 
tion maxima of e 12,290 and 15,160, respectively, a t  273 mw, 
gave practically identical absorption spectra after 4 hr. of 
sunlight irradiation, with e 13,110 a t  273 mp. By proportions 
the equilibrium was dhown to involve 71.5y0 cis and 28.5% 
trans isomers. (e) After sunlight irradiation for 3 days of a 
methanol solution of cis acid 111, only I11 was recovered. ( f )  
Isomerization of trans IV-ester by 5-day irradiation of a meth- 
anol solution gave I1 as the only pure product isolated. (9) 
After similar 3-day irradiation of the cis ester XII, with 
iodine present throughout the reaction, cooling gave 50% 
of pure unchanged XI1 and a second crop of crystals which 
was shown by infrared spectroanalysis to be a mixture of 
SI1 and the trans IV-ester. 

Acid-catalyzed cis-trans equilibra fions of the @-bromo w'ak 
I11 and IV were carried out on 1-g. samples by the 1-hr. 
action of refluxing 4: 10 (by volume) concd. hydrochloric- 
acetic acid mixture. The resulting solutions were poured 
into ice water and allowed to crystallize overnight. Usually 
first crops of pure cis acid I11 were obtainable. The total of 
products in each case (isolation often completed by ether 
extraction of the aqueous mixture) was intimately mixed 
and showed a melting range in the region 130-145', 85- 
88%. Infrared spectroanalysis in potassium bromide pellet 
of products from either cis or trans acids 111 or IV gave the 
same equilibrium ratios of 5-ck to 1-trans. 

Cyclic-cis-@-( p-brmobazoy1)-@-brmoacrylic acid chloride 
[@-bromo-7-chloro-7-(pbromophenyl)crotolactone] (XIII). 
A mixture of 5 g. of phosphorus pentachloride and 5 g. of 
cis acid I11 was stirred until completion of reaction, filtered 
from excess reagent, and evaporated under reduced pres- 
sure. The residue was recrystallized from isooctane; 4 g. 
(76%) m.p. 91-92'. The use of thionyl chloride, with one 
Darco treatment, gave 50%. 

Anal. Calcd. for CloH&3rpC10~: C, 34.07; H, 1.43. Found: 
C, 34.23; H, 1.58. Absorption maxima: in isooctane, e de- 
creasing from 12,200 a t  235 mp through 6,400 a t  255 mp, 
5,600 a t  260 mp, to 500 a t  280 mp. 

Hydrolysis of XI11 with water, under shaking for 2 days, 
was incomplete. In fractional crystallization of the products 
from isooctane half of the starting material was recovered; 
the next fractions on recrystallization from benzene gave 
2.5 g. of pure cis acid I11 which was identified by mixture 
melting point. Methanolysis required prolonged refluxing 
of a methan91 solution (3  hr.), whereupon cooling gave 
70% of pure acyclic cis ester XI1 (identified by mixture 
melting point.) 

Cyclic acetate of cis-@-(pbromobazoy1)-@-homoacrylic m'd 
[ 7-acetoxy-@-bromo- 7-(p-bromophenyl)crotolactone] (XV)., 
(a) A solution of 5 g. of I11 in 150 ml. of concd. acetic acid 
and 1 ml. of concd. sulfuric acid was maintained at 10" for 
0.5 hr. and hydrolyzed in ice water. Recrystallizations of the 
precipitate from ethanol gave 1.45 g. (26%), melting a t  
121". 

Anal. Calcd. for C12HaBr20d: C, 38.33; H, 2.14. Found: 
C, 38.39; H, 2.08. Absorption': in 95% ethanolz& t decreas- 
ing from 230 mp to close to zero a t  280 mp. In chloroform, 
p, 5.58-5.67s (bifurcation). (b) A suspension of freshly pre- 
cipitated silver acetate from 1 g. of silver nitrate in concd. 
acetic acid, was treated with an acetic acid solution of 1 g. 
of the cyclic acid chloride XI11 (shaking for 18 hr.). After 

filtering and adding water, crystallization of the mul t ing  
precipitate from methanol gave 1 g. (91yo) of XV r=lting 
a t  118'. 

Methanolysis catalyzed by hydrogen chloride (refluxingfor 
5 hr.) gave acyclic-cis ester XIV in 69% yield (identihi! 
by mixture melting point). 

Cyclic-cis-p-( pbroniobenzoy1)-@-bromoacrylic methyl ester 
[a - bromo - y - ( p  - bromophenyl) - y - methoxycrotolactone] 
(XIV). Warming a methanol solution of 2 g. of th? cis (cyclic) 
acid chloride XI11 and 1 g. of silver nitrate, filtering, and 
concentrating the solution, gave 1.5 g. (75y0) of pure 
cyclic-cis ester XIV, m.p. 87-88". 

Anal. Calcd. for CllH8Br2O3: C, 37.96; H, 2.32. Found: 
C, 37.68; HI 2.62. Absorption maxima: in 95% ethanol, de- 
creasing e from 15,300 at  225 mp through 900 a t  275 mp to 
zero a t  285 mp. p, in potassium bromide pellet, 5.65s. 

The metastability (persistence) of the labile cyclic-& 
ester XIV in the presence of the small amount of acid 
generated during methanolysis of the cyclic acid chloride 
XI11 is evident from the very fact that this ester was iso- 
lated in the above experiment. It was demonstrated in a 
separate experiment. After 10 min., refluxing of a methanol 
solution of XIV containing an added equivalent amount 
of nitric acid, XIV was recovered unchanged. 

Intramolecular transmethylation of 0.5 g. of cyclic-cis 
ester XIV by methanolic hydrogen chloride under refluxing, 
for 3 hr., and cooling the solution, gave 0.3 g. (60yo) d 
nearly pure acyclic-cis ester XII. 

Cyclic-amide of @-( p-bromobenzoy1)-p-bromoacrylic acid 
[p-bromo-y-(pbromopheny1)-7-hydroxycrotolactam] (XVI), 
(a) from the cyclic-cis acid chloride XIII. A solution of 3 g. 
of XI11 in 25 ml. of purified dioxane was treated with 10 ml. 
of 16N ammonium hydroxide (3  hr. a t  room temperature 
and refluxing for 1 hr.) and was evaporated. Crystallization 
of the residue gave 3 g. (94%) of XVI (b) From the cyclic- 
cis ester XIV, suspended in 16N ammonium hydroxide (2 
days), the yield was 21%. It was recrystallized from ben- 
zene or chloroform, m.p. 165' dec. 

Anal. Calcd. for C10H,Br2NOZ: C, 36.06; HI 2.12; N, 
4.20. Found: C 36.30; H, 2.21; N, 4.21. Absorption: in 
95% ethanol, no maximum, B dropping through 7,800 at 
225 mp and 2,400 at 240 mp to zero a t  300 mp. 

Attempls to prepare 8-(p-bromobazoyl) propiolic acid by  
dehydrohalogenations of the cis and trans acids I11 and IV 
using triethylamine, quinoline, or sodium acetate were 
unsuccessful. 

Bromomaleic anhydride (I)= was prepared from m s o -  
dibromosuccinic acid; b.p. 117'/25 mm.; 95'/8.5 mm.; 
71°/1 mm. Purity was shown by Anal. (calcd. for CdHBrOs; 
C, 27.15; E, 0.57. Found: C, 26.92; HI 0.52). The Friedel- 
Crafts reaction with bromobenzene and aluminum chloride 
in carbon disulfide (3 hr,), hydrolysis, evaporation of the 
solvent, and filtering, gave crystals and a yellow oil. Recrys- 
tallization of the former from benzene gave 55% of III,, 
m.p. 145-148', (identified by mixture melting point with 
sample above). From the yellow oil, bright yellow crystals 
formed on standing. Repeated crystallizations from ben- 
zene and from 95% acetic acid gave 24% of the a-chloro 
analog of I1 (see below), m.p. 165-166" (analysis was 1.2 
to 2.5% low in carbon) and showed no mixture melting 
point depression with trans-a-chloro compound (see below) 

trans(?)-8-(pBromobazoy1)-a-bromoacrylic acid (11). In a 
second experiment on 41 g. of I, using 130 g. of aluminum 
bromide and 200 ml. of carbon disulfide (5 hr.), after hy- 
drolysis and evaporation of the solvent, 36 g. (47%) of 
crystals was obtained which after purification melted at  
142-145" and was identified by mixture melting point as 
111. The residual oil crystallized (18 g., 23%) and upon 
recrvstallizations from 2: 1 bv volume water-acetic acid 
mixture melted at 154.5-155'. 

Anal. Calcd. for CloHeBrOl: C, 35.95; H, 1.81. Found: 
C, 35.58; H, 1.68. Absorption: maximum, in chloroform, 
275 mp, t 16,600; in 98% ethanol, 270 mp, e 17,000. 
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Reduction of I1 by zinc and acetic acid (below 40") gave 
&( pbromobenzoy1)propionic acidc', n (identified by mix- 
ture melting point). Attempts to isomerize I1 by &day sun- 
light irradiation of a benzene solution, and by a refluxing 
4: 10 (by volume) concd. hydrochloric-acetic acid mixture 
(1 hr.), gave unchanged material as the only crystalline 
product. 

trans( ?)+( pBromobenzoyl)-a-bromoacrylic an'd nzeihyl 
ester (11-ester) was made from 1-g. samples of the acid I1 
by: (a) ethereal diazomethane (58% Yield) ; (b) treatment 
with phosphorus pentachloride, filtering, take-up in iso- 
octane, addition of methanol, and warming (yield 49%); 
(c) passing hydrogen bromide through a refluxing methanol 
solution of I1 (yield 38%, and 13% of unchanged 11); and 
(d) similarly using hydrogen chloride (yield 29%). Recrys- 
tallizations were from methanol, melting point 81-82'. 

Anal.  Calcd. for Cl1HeBr9Oa: C, 37.96; H, 2.32. Found: 
C, 37.84; H, 2.70. Absorption maxima: in 95% ethanol, 
282 mp, e 16,000; in potassium bromide pellet, p, 5.78s, 
6.04s. 

Hydrolysis of 11-ester by 4:lO (by vol.) concd. hydro- 
bromic-acetic acid mixture (refluxing for 1 hr.) gave 35% 
of 11; it was recrystallized from benzenepetroleum ether 
(b.p. 30-60') mixture and identified by melting point 155" 
and mixture melting point. After irradiation of a methanol 
solution for 5 days, 66% of 11-ester was recovered and identi- 
fied, and no other crystalline producted was isolated. 

trans( ?)+-( pBromobenzoyl)-a-chloroacrylic acid (analog 
of 11). The sample closest to analytical purity was obtained 
in 15% yield from chloromaleic anhydride by the Friedel- 
Crafts reaction as described above but using ethylene di- 
chloride as the solvent. 

After repeated crystallizations from benzene, acetic acid , 
and petroleum ether (b.p. 3CrSO') it  melted at 164-165' 
and gave no mixture melting point depression with the 
sample isolated above. Analyses for carbon were consistently 
high by 0.86497%. It showed strong absorptivity at 275 mp. 

Ozidation by aqueous alkaline permanganate gave p 
bromobenzoic acid (identified). Reduction by zinc and acetic 
acid (below 40') gave B-(pbromobenzoy1)propionic acid 
68% (identified by mixture melting point2'). 

trans( ?)-~-(p-Bromobenzoyl)-or-chl~oacrylic acid methyl 
ester. Both of the above samples of the acid, asterified by 
ethereal diazomethane, gave this same ester; it was recrys- 
tallized from methanol and vacuum-sublimed, m.p. 91-92' 
(no mixture melting point depression). 

Anal.  Calcd. for CllHsBrCIOs: C, 43.52; H, 2.66. Found: 
C, 43.55; H, 2.67. 

cis-8-(pChlorobenzoyl)-8-bromoacrylic acidlCf, XXa. 
erythro-p-(pChlorobenzoy1)acrylic acid dibromidea6 was 
obtained in 26% yield, m.p. 14&150', from the first crys- 
talline fraction obtained after bromination of the trans-& 
(pchlorobenzoy1)acrylic acid in acetic acid (for analogies 
see V and VII). Conversion by sodium acetate in 2% (by 

volume) acetone-water mixture in the usual way gave the 
cis-&bromo acid in 56% yield (pure); it  was crystallized 
from benzene-petroleum ether (b.p. 30-60'), m.p. 147- 
148'. 

Anal. Calcd. for CloHeBrClOa: C, 41.48; H, 2.08. Found: 
C, 41.40; H, 2.41. Absorption maxima: p, in chloroform, 
5.65s, 5.90s; 5.95s; in potassium bromide pellet, 5.84~~ 
5.95s. 

erythro-j3-(p-Methoxybenzoyl)acrylic acid dibromide, made 
like V by bromination of trans+-( pmethoxybenzoy1)acrylic 
acid26 in concd. acetic acid, was crystallized from 1 : 1 (by 
volume) benzene-petroleum ether (b.p. 30-60') mixture: . -  

m.p. 147.5-148". 

C, 36.31 : H, 2.89. 
Anal. Calcd. for CllHloBrzOd: C, 36.09; H, 2.75. Found:' 

In.s-8-(pMethoxybenzoyl)-&bromobenzoylacrylic acid (XXd) . 
Dehydrobromination of 3.95 g. of the erythro dibromide 
(above) by 2.5 g. of sodium acetate, 0.8 g. of sodium car- 
bonate, 25 ml. of acetone, and 0.5 ml. of water, was achieved 
by warming the mixture on a water bath for 3 hr., dilution 
with water, and acidification. The ether extract of the re- 
sulting oil upon drying over calcium chloride and evaporab 
ing gave 1.5 g. (77%) melting a t  139-141'. After recrystal- 
lizations from 1 : 1 benzenepetroleum ether (b.p. 30-60') 
mixture it melted at 144-145'. 

Anal. Calcd. for C11HOBr04: C, 46.34; H, 3.18. Found: 
C, 46.28; H, 3.21. Absorption maxima: in 95% ethanol, 
295 mp, e 13,800; in basic ethanol, 290 mp, c 13,800; in acidi- 
fied ethanol, 295 mp, e 13,800. p, in chloroform, 5.90~~ 6.00s; 
in potassium bromide pellet, 5.82s, 6.02s. 

Acycl ic -e i s -~- (pmethoxybenzoyl ) -~-bromo~yl ic  methyl 
ester was obtained in 40yo yield by the action of ethereal 
diazomethane on the cis acid XXd. It waa purified by 
vacuum sublimation, m.p. 85-86'. 

Anal. Calcd. for ClzHllBrOl: C, 48.18; H, 3.70. Found: 
C, 48.18; H, 3.41. 

Cyclic~'s-8-(pmethoxybazoyl)-&~.omoacrylic methyl ester 
(8-bromo-ymethoxy-y(pmethoxypheny1)crotolactonel was 
obtained in 1Oyo yield by the action of phosphorus penta- 
chloride on the acid XXd followed by treatment with a 
suspension of silver oxide in methanol. After vacuum subli- 
mation it melted a t  116-117'. 

Anal. Calcd. for C12H11Br04: C, 48.19; H, 3.68. Found: 
C, 48.07; H, 3.93. Absorption maximum: in potassium 
bromide pellet, 5.70s p. 
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