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Rate of addition of hydrogen bromide to meta- and para-substituted 3-phenyl-2-propenoic acids I 
was followed by polarography and UV spectroscopy. Rate of protonation either is the overall 
rate determining step or is at least comparable with the rate of the subsequent nucleophile attack, 

Addition reactions to unsaturated systems in which the carbon-carbon bond is con
jugated with a carbonyl or other unsaturated group (a,~-unsaturated acids or ketones) 
can in principle take place in the 1,2 or 1,4 positions1,2. For an addition ofa hydrogen 
halide to (E)-2-ethyl-2-butenoic acid a trans-addition mechanism is assumed J 

and the observed stereospecificity speaks for the 1,2-addition to the carbon-carbon 
double bond. Other authors4 assume a 1,4-addition of hydrogen halides to .a,~-un
saturated ketones on the basis of the non-stereospecific reaction course; however, 
they do not consider the possible isomerization of trans-products under the reaction 
conditions. Similarly, addition of hydrogen chloride to a,~-unsaturated cyclic carbo
xylic acids can give either cis- or trans-addition productsS - '1, depending on reaction 
conditions. From the kinetic studies and product analysis a multistep mechanism 
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Mechanism of Addition of Hydrogen Bromide 2953 

is assumed in which formation of the C- Br bond is the rate determining step. The 
bromide ion adds to the enol , formed by protonation of the acid (Scheme 1). 
Also the addition of hydrogen chloride to substituted acrylic acids has a nucleophilic 
characters. 

For mechanistic studies of hydrogen halide additions to substituted 3-phenyl
-2-propenoic acids hydrogen bromide solution in acetic acid seemed to be the reagent 
of choice. The unequivocal course of addition of hydrogen bromide to 3-phenyl
-2-propenoic acid, leading to 3-brolllo-3-phcnylpropanoic acid, has been verified 
for a number of solvent s9

. Experimentally, the reaction is easier and hydrogen bro
mide is more stable than hydrogen iodide; Oil the other hand, reactions with hydrogen 
chloride would be too slow. The reaction of hydrogen bromide with Cl ,p-unsaturated 
cyclic acids is first-order in the aeid? whereas for hydrogen bromide Vaughan and 
coworkers6 assume relationship of a higher erder becau se the addition rate is signifi
cantly influenced by the hydrogen bromide concentration. Reaction of hydrogen 
bromide with diethyl butinedioate is f1r~ t order both in the acid and hydrogen bro
mide 10. In benzene, for which mechanism involving a n-complex of hydrogen bro
mide with benzene nucleus is suggested , the reaction is of nucleophilic character. 
In acetic acid the nucleophilic mechanism is not very probable, although acetic acid 
and hydrogen bromide form an oxonium complex , increasing thus the nucleophilic 
character of the bromine atom in hydrogen bromide!!. Thc assumed electrophilic 
course of hydrogen bromide addition in acetic acid!O seems to be confirmed by the 
substantial drop of reaction rate after addition of acetic anhydride to the reaction 

mixture. 
For determination of the overall order of hydrogen bromide addition to the un

saturated system in 3-phenyl-2-propenoic acid we have chosen ethyl 3-phenyl-2-pro
penoate which had suitable reaction rate and solubility. In acetic acid, this reaction 
obeys the second order kinetics up to 40% conversion. ]n spite of some doubts 
about the role of acetic anhydride only as a mediuJll suppressing the electrophilic 
attack of hydrogen bromide 12

, we verified the effect of its addition on the reaction 
rate. Under otherwise identical conditions, in a 1 : 1 or ] : 2 mixture of acetic an
hydiide-acetic acid the addition of hydrogen bromide is at least 25 times slower 

than in acetic acid alone. 
The problem whether the rate determining step is a nucleophilic or electrophilic 

attack of the unsaturated system by hydrogen bromide could be solved by com
paring the reactivity of the used hydrogen bromide solution with styrene derivatives, 
substituted in the p-position with second class substituents. The reaction course 
was compared with the addition of molecular chlorine to the same compounds under 
conditions of electrophilic reaction (an addition of sodium acetate eliminates the 
electrophilic course) and nucleophilic reaction (upon addition of mineral acid the 
carbonyl oxygen is protonated)13.14. Rates of hydrogen bromide addition, together 

with the published rates of addition of chlorine, are summarized in Table I. 
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2954 Cervinka, Ki'iz : 

Mechanism of addition to the cx,~-unsaturated system of 3-phenyl-2-propenoic 
acid might be elucidated by a kinetic study of analogues, substituted in the aromatic 
nucleus14

-
18

. We prepared therefore a series of 3-phenyl-2-propenoic acids, substitut
ed in the para- and meta-positions with substituents of the 1. and II. class. Their 
reaction with hydrogen bromide was followed polarographically and also, directly 
in the reaction mixture, UV-spectrophotometrically (Scheme 2). 

XCrCH=CHCOOH + HUr 

SCHEME 2 

a, X = H 
b, X = p-Br 
c, X = m-Br 
d, X = p-F 
e, X = P-CH3 

II 

/, X = m-CH3 
g, X = p-CH 3 0 
It, X = p-COOH 
i , X = p-(CH3hN 

j, X = p-N02 
k, X = m-N02 

Since neither in acidic nor in alkaline medium 3-phenyl-2-propenoic acid and their 
ring-substituted derivatives afford well-developed polarographic waves19

,20 the 
method cannot be used in the presence of addition products in the reaction mixture. 
Therefore the unreacted 3-phenyl-2-propenoic acid was first isolated and then polaro
graphed in lithium hydroxide solution in the presence of calcium ions. However, 
several extractions of the acid from one phase to another decreased s~bsfantial1y 
the accuracy of the determination and the direct UV-measurement was taken as more 
reliable for the kinetic studies. The polarographic results rather confirmed that the 
decrease of the 1 Lb band of the acid I corresponded to the amount of the irreversibly 
reacted acid. 

TABLE I 

Relative rates of addition of hydrogen bromide and chlorine in acetic acid under conditions 
of AdE and AdN reactions. (Taken as second-order reactions) 

Unsaturated compound HBr C1 2 , AdE
a C1 2 , Ad N

b 

C6 Hs-CH=CH-COOC2 H s 10 0·013 
C6H s-CH=CH- CHO 45 1·8 27 
C6H s- CH= CH- N02 8700 0·020 
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Mechanism of Addit ion of Hydrogen Bromide 2955 

The hydrogen bromide addition was followed under condit.ions of reaction of the 
first order in 3-phenyl-2-propenoic acid (hydrogen bromide concentratjon being 
higher by six orders of magnitude). The rate constan.ts for the addition according 
to Scheme 2, followed UV-spectrophotometrically and polarographically, are 
summarized in Tables II and III. 

All the rate constants were calculated according to equation (1) from the linear 
region of the pseudomonomolecular reaction up to 30% conversion of 3-phenyl
-2-propenoic acid 

kt = In (a /x), (1) 

TABLE II 

Rate constants, k (s -1), for addition of hydrogen bromide to substi tuted 3-phenyl-2-propenoic 
acids I in acetic acid, fo ll owed by UV spectroscopy a t various tempera tures (4'26M-HBr, 
7.1O- 6M-I) 

Acid 3'8°e 

Ia 3'38.10 - 6 

3·46. 10 - 6 

Ib 2'48 . 10 - 6 

2' 19.10 - 6 

Ie 1' 7 . 10 - 6 

1· 82. 10 - 6 

Id 2' 45.10- 6 

Ie 7'5 . 10 - 5 

If 

Ig 

Ih 

Ii 

Ij 

Ik 

16'5°e 

1,14 . 10- 5 

1'25.10- 5 

6'34. 10- 6 

7·02 . 10- 6 

9' 5 . 10 - 6 

1,59.10- 4 

1-69. 10- 4 

18'2°e 

1·08 . 10- 5 

7·58 . 10- 6 

7-40 . 10- 6 

1·28. 10 - 5 

1·02 . 10- 5 

Collection Czechos lovak Chern. Cornrnun. [Vol. 481 [19831 

25°e 

2,78. 10 - 5 

2' 60 . 10 - 5 

2'64.10 - 5 

2'3.10- 5 

2'38.10 - 5 

2'26.10- 5 

1,78. 10 - 5 

1' 69. 10- 5 

2'76. 10 - 5 

2'74 . 10 - 5 

4·23 . 10- 4 

3· 89 . 10 -- 4 

3'82 . 10 - 5 

3'51.10- 5 

2 . 10 - 2 

2'69.10 - 5 

2'56.10- 5 

3'06.10- 5 

3'02.10- 5 

1'99 . 10- 5 

1'88. 10- 5 

2'01.10- 5 

1'94.10- 5 

33'4°e 

5'82.10 - 5 

3' 55.10 - 5 

2'86 .10- 5 

2·7 .10- 5 

35°e 

5·92 . 10- 5 

6'15.10- 5 

4,72 . 10- 3 

4'78. 10- 5 

6'06. 10- 5 

9·02 . 10- 4 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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where a is the initial concentration of the substituted acid I and x its concentration 

at the time t. 

From the plot of rate constant against liT for the acids J a -Je (Fig. 1, 2) the slope 
was determined graphically and the activation energy E was obtained using the equa
tion In k = In A - EI RT. Table IV shows the activation energies obtained from 
Fig. 1 and 2, together with the energy values obtained by the least squares method 
directly from the experimental da ta in Tables 1I and lIT. 

1/318 

1/ 298 

11273 

FIG. 1 

Plot of log k again st 1/ T fOf additi on 
of hydrogen bromide to substituted 3-phenyl
-2-propenoic acids (foll owed by U V spectro
scopy); • - -Br, @ p-Br. ('j " p-F, 0 I-I, 

~ P-CI-I3 

FIG. 2 

Plot oflog k again st 1/ Tfor addition of hydro
gen bromide to substituted 3-phenyl-2-pro
penoic acids (followed polarographically); 
@p-Br, 0 H, ~ P-CH3 
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Meehan ism of Addition of Hydrogen Bromide 2957 

The rate constants for the addition to substitutcd 3-phcnyl-2-propenoic acids 

or other compounds containing a double bond conjugatcd with phenyl have been 

correlated relatively successfully with the Hammett (j or Brown 0- + constants . Thus, 

e.g. for the electrophilic addition of chlorine to 3-phcnyl-2-propenoic acids 15 
(! = 

= - 3'9, for methoxymcrcuration of 3-phenyl-2-propcnoic acids21 (! = - 1'57, 
for reaction of 1,4-diphenyl-3-butcn-I-o ne with HCl (rcf. 14) g+ = - 3 to - 5 a nd for 

addition of bromine to l-phenylethylen e22 
(1 + = -4'2, the correlation with the (j 

constants being good. I n reactions of markedly nucleophilic character, such as 

addition of hydlazine to 3-phenyl-2-propenoa tes 17 or hydra ti on o fcx ,p-unsatura ted 

ketones 1S, the order of substituents is reversed than in clectrophilic substitution s : 

4-N02 < 3-N02 < 3-Br < 4-Br < H < 4-0CH J . As see n from the plot of log k 
against the (j or 0- + constants for the acids 1 (Fig. 3,4), it is very difficult to find 

a straight line which would at least symbo li ze a linear dependence. Since methyl 

and methoxy groups exhibit the greatest dilTerence in reaction rates rel a tive to other 

derivatives, it seems logical to include first of all thcse groups into the correlation 

straight line (line I in Fig. 3 and 4) . On the othcr ha nd, the ro ughly estimated reac

tion rate for the 4-methoxy derivative I g introduces a greatcrerror into the value g + . 

Nevertheless, it is worth notice that the thu s-obtained g+ = -4'7 corresponds 

TABLE ]1[ 

Rate constant s, k (s - J), for addition of hydrogen bromide to substituted 3-phenyl-2-propenoic 
acids lin acetic acid, followed polarographically at various temperatures (4'8M-HBr, 1 . 10 - 2 M-I) 

Acid 

1a 

Ib 

Ie 

1d 

Ie 

1/ 

Ij 

O°C 

1·28. 10 - 5 

J'OI . 10- 5 

6·85. 10 - 6 

7· 34. 10- 6 

3·95 . 10 - 6 

4'96. 10 - 6 

J·37. 10- 5 

J'22 . 10 - 5 

J·J6.1O- 4 

2·5 . 10 - 5 

4·95. 10- 6 

7'05. 10 - 6 

25°C 

7'58.10 - 5 

5.51. ]{)-5 

4·85.]{) - 5 

7' 75.10- 4 
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35°C 

J' 86. ]() -4 

J'5 1 . 10- 4 

2'0 . ]{)-3 

45 Q C 

3.60. ]{) - 4 

2·J4.1O - 3 

4.86. ]{)-4 

4'37. ]{)-4 
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approximately to the value for the electrophilic addition of halogen or hydrogen 
halide to the system III. 

~CH=CH-COY 
x~ 

11/ 

A very good correlation is obtained with halogen-substituted 3-phenyl-2-propenoic 
acids and 3-phenyl-2-propenoic acid (I a) itself using the Brown 0-+ constants (straight 
line 2 in Fig. 4, (} + = - 0'45); the position of the points corresponding to the halo
geno acids in the graph is close enough to enable their including into the linear 
correlation of the methyl and methoxy derivatives. In both cases the points, cor
responding to the nitro acids ij , k, and also partly the carboxy acid Ill, do not fit the 
correlation. If they are included into the correlation, we get for points with positive 0-

ar 0-+ constants the correlation straight line 3 with the slope (} = -0·21 or (}+ = 

= - 0'23. The unexpectedly faster addition to the nitro acids could be explained 

TABLE IV 

Activation energy of the reaction according to Scheme 2 for substituted acids I 

Number 
Acid Efromgraph E calculated of discarded Standard -Maximum 

values deviation deviation, % 

Determined UV spectroscopicallya 

Ia 16·23 15'89 2 0'03398 0·96 

Ib 16'68 16·52 0·05701 1-62 

Ie 17·13 16'61 0'07811 2·75 

Id 17-69 17'79 0'05649 1'08 

Ie 14'40 13-47 0'06193 2·71 

Determined polarographicalll 

Ia 13-60 13'23 0'05151 1'05 

Ib 14'03 14'53 0'04900 1-69 

Ie 12' 37 II·18 0'11916 3'12 

Q 4'26M-HBr, 7 . 1O-6M-I in acetic acid; b 4·8M-HBr, O'OIM-I in acetic acid. 
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Mechanism of Addition of Hydrogen Bromide 2959 

by a combination of the mesomeric and inductive effects, lowering the electron 
density at the ~-carbon atom. The initia l nucleophilic attack by the Br- ion 
can compete with the assumed protonation of the carboxyl oxygen. Since the same 
deviation was observed also with 3-(4-carboxyphenyl)-2-propenoic acid (Ill), it is 
worth consideration whether this is not a general property of second class substi
tuents. It is known 20

•
22 that polarographic half-wave potentials of ring-substituted 

3-phenyl-2-propenoic acids J depend linearly on the Hammett (J constants; it is 
interesting that the only studied second class substituent, the C = N group, does not 
fit this correlation. In the transfer of substituent effect across the furan ring, "inserted" 
between the aromatic nucleus and the C= C bond in the acids J , there is practicaIly 
no anomalous behaviour of the nitro group with respect to the linear dependence 
of v( CO) or polarographic half-wave potential on the 0 constants 23

. For comparison, 
Table V gives relative reaction rates of nucleophilic or electrophilic additions to the 
boble V unsaturated system 111. 

For the hydrogen halide addition to non-aromatic a,~-unsaturated carboxylic 
acids Vaughan7 assumes a very fast equilibrium leading to an oxygen-protonated 
form of the acid (Scheme 1). The addition itself is then controlled by a nucleophilic 
attack at the ~-carbon atom. In our case the invariably negative e value indicates 
that in the addition to the conjugated system of 3-phenyl-2-propenoic acids I the 

?P-CHP 
10-' \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

O\P-CH, 

\ 
\ 

10 .... \ 
\ 
O m-CH, 

----+ooe:w~: _ p-NO, 

\H P-co,~_Br ~C?N8;-
10-' 

-04 (J" 08 

FIG. 3 

Plot of log k against u constants for addition 
of hydrogen bromide to substituted 3-phenyl
-2-propenoic acids (followed by UV spectro
scopy at t = 25°C) 

~ p-Cl-1,o 

10-' \ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

\O P-CH, 
\ 
\ 

10-- \ 
\ 
\ 
\ C ,.1 ---8b.=v-'2oo'1£P- NHCCH,), 

p-F \H~;"-=O:'::::-o~-~:?'-
10-' m-Br - p-NO, 

-08 (1" 08 

FIG. 4 

Plot of log k against u+ constants for ad
dition of hydrogen bromide to substituted 
3-phenyl-2-propenoic acids (followed by UV 
spectroscopy at t = 25°C) 
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2960 Cervinka, KIit : 

protonation influences the overall reaction rate. If we consider the Vaughan 's me
chanism to be valid also for the studied addition (Scheme 3), it is necessary to as-

Xo-CH=CHCOOH + H'" 
_k,_ 
--;;-;- 0-,' '" OH 

f \ CH-CH= C/ 
x~ ' OH 

S CHEME 3 

sume that for the methyl- and methoxy-substituted acids the protonation rate is the 
slowest, and thus the overall rate-determining, step (kl < k 3' k4 ). For the other 
acids we assume that the protonated form is reactive ; however, also the constant k3 
of the subsequent nucleophilic attack contributes to the overall reaction rate. 

Table VI lists the rate constants for electrophilic addition of el 2 (ref.2 4
) which are 

compared with the rates of addition of hydrogen bromide to acids with substituents 
in the olefinic chain: 2-bromo-3-phenyl-2-propen oic and 3-bromo-3-phenyl-2-pro
penoic acids. The markedly slower reaction of hydrogen bromide than the electro
philic addition of chlorine indicates that the rate-determining attack very probably 
does not occur at the rJ.- or ~-carbon atom of the chain . In principle, this fact con
firms th&t the reaction scheme suggested by Vaughan 1 holds also for conjugated 
aromatic cx,~-unsaturated acids, save the above-mentioned exceptions: th6'protonation 
rate either determines the overall reaction rate or the rate of the subsequent nucleo
philic attack is at least comparable with the carboxyl protonation rate. 

TABLE V 

Relative rate constants for addition of hydrogen halides and halogens (Z) to the unsaturated 
system III 

Substituent y = OH, Z = Cl 2 
y = C6 H s ' y = C6 H s, 

y = OH,Z = HBr Z = HCI Z = Br2 
X AdE (ref. 16) AdE (ref.1 4) Ad N (ref. 1 4) 

P-CH3 14·5 21 13 
H 1 
p-Br 0·8 
p-CI 0'55 0 '38 
m-N02 0·62 0'0002 0·0008 1·15 
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Mechanism of Addition of Hydrogen Bromide 2961 

EXPERIMENT AL 

Hydrogen bromide was prepared by decomposition of phosphorus tribromide with azeotropic 
hydrobromic acid. On ly this procedure afforded colourless solutions in acetic acid even at COIl

centrations up to 6 moll - ~ which did not absorb at about 300 nm. 

Substituted 3-phenyl-2-propenoic acids I were syn thesized by heating the substituted benzal
dehyde with malonic acid in pyridine in the presence of a sma ll a mount of piperidine25

. The 
yields and melting points of the obtained acids arc summarized in Table VII. Substituted benzal
dehydes were prepared by oxidation of toluene derivatives with chromium trioxide in acetic 
anhydride and acetic acid 26.27 , m-tolualdehyde was obtained by Stephen reduction of III-tolu
nitrile28

. Substituted 3-phenylpropanoic acids were prepared by reduction of the corresponding 
3-phenyl-2-propenoic acids I with 2% sodium amalgam in 3% sodium hydroxide29 and purified 
by two crystallizations from water. 

3-Bromo-3-phenyl-2-propenoie Acid 30 

3-Phenylpropanoic acid (12 g; 0 ·08 mol) was di ssolved under shaking in nitromethanc (90 g) 
which had been saturated with hydrogen bromide under cooling. After standing overnight, 
the separated crystals were filtered (7'8 g), dissolved in aqueous ammonia and precipitated 
with barium chloride. After washing with water and ethanol, the acid was liberated and taken 
up in benzene. Crystallization from benzene yielded 4·1 g (22%) of the product, melting at 135°C 
(reported 30 m.p. 134- 135°C). 

2-Bromo-3-phenyl-2-propenoic Acid 

A solution of 3-phenylpropanoic acid (12 g; 0·08 mol) in benzene (70 ml) was sa turated at O°C 
with gaseous hydrogen bromide and set aside at room tem perature for 24 h. The crystals (9'2 g) 
were filtered, purified via the barium salt as described in the preceding experiment and crystallized 
twice from benzene, affording 2·6 g (14%) of the pure product, m.p. 131 - 132°C (reported31 

m.p. l31 °C). 

Kinetic Studies of the Reaction with Hydrogen Bromide U sing UV Spectroscopy 

A solution of 3-phenyl-2-propenoic acid (fa) in acetic acid (3'5 . 10- 5 mol 1- 1
, 2 ml) was made 

up to 10 ml with a solution of hydrogen bromide in acetic acid (5'2 mol 1- ) at the given tempe-

TABLE VI 
Relative rate constants for addition of chlorine and hydrogen bromide to unsaturated acids 

in acetic acid 

Acid 

3-Pheny I -2-propenoic 
2-Bromo-3-phenyl-2-propenoic 
3-Bromo-3-pheny I -2-propenoic 
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2962 Cervinka, Krlz : 

rature in a thermostated flask. The concentration of 3-phenyl-2-propenoic acid in the reaction 
mixture was followed in a thermostated cel l of an Optica Milano UV spectrometer and was 
ca lculated from the extinction of the aromatic band of la using a calibration graph. 

Analogously we followed the addition of hydrogen bromide to acids I, substituted in the aro
matic nucleus, and to 2-bromo- and 3-bromo-3-phenyl-2-propenoic acids, using the aromatic 
band at 270 - 305 nm. 

Polarographic Study of Reaction with Hydrogen Bromide 

The unreacted substituted acids I were determined with an LP 55 polarograph equipped with 
an EZ-2 recorder. A sol ution of 3-phenyl-2-propenoic acid in acetic acid (0·1 moll- J; 10 ml) 
was made up to 50 ml wi th a solution of hydrogen bromide in acetic acid (6 moll- J) in a closed 
thermostated flask. At appropriate time intervals exact ly 2 ml of the reaction mixture was with
drawn and the react ion was quenched by pouring into water (15 ml). The solution was ex tracted 
with ether (3 X 8 ml), the extracts were combined and the organic acids were taken up into 
0·2M-LiOH (2 X 10 ml). After standing for I h, the alkaline solution was washed with ether and 
a saturated solution of calcium chloride (0·2 ml) was added. The sample was made up to 25 ml 
with 0·2M-LiOH, placed into a polarographic cell, a strea m of nitrogen was introduced to remove 
oxygen and the sol ution was immediately polarographed. The substituted acids were treated 
analogously. The linear dependence of wave height on concentration of the acids was verified 
by calibration of their solutions in 0·2M-LiOH in the presence of calcium ions. 

TABLE VII 

Yields and melting points of substituted acids X- C6 H sCH= CH-COOH 

Acid X Yield, % M.p., DC M.p., DC (ref.) 

la H 136 136 (25) 

Ib p-Br 86 263 264- 265 (35) 

Ie m-Br 76 177 178 (25) 

Id p-F 83 208-209 208 (33) 

Ie P-CH3 85 199-200 198 (25) 

If m-CH3 72 112-II3 114- 115 (32) 

Ig p-CH 3O 77 175-175·5 172 (25) 

Iii p-COOH 89 3520 358a(36) 

Ii p-(CH 3)zN 52 219a 216a (25) 

Ij p-N02 88 2880 285a (25) 

Ik m-N02 86 196 196 (25) 

II p-Cl 80 245 245 (34) 

a Decomposition. 
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Mechanism of Addition of Hydrogen Bromide 2963 

Study of Reaction of Ethyl 3-Phcny l-2-propenoate with Hydrogen Uromide 

A mixture of the ester (15 g) and hydrogen bromide in acetic acid (6'005 moll - ); 50 ml) was kept 
in a thermosta ted vessel at 14·g0C. Samples (2 ml ) were wi thd rawn in the interval 10- 120 min. 
After pouring into a solution of pota ssium acetate in acetic acid (l moll - ); 10 ml), the unreacted 
hydrogen bromide was titrated with O'25M-H 2S04 in acetic acid to Methyl Violet. 

The addition of hydrogen bromide to 3-phcny l-2-propcnal and 2-phenyl-I-nitroethylenc was 
followed analogously. 
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