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In this study, fifteen P, p -diarylhydracrylj-c
aclds Ìrere synthesized from the condensation of a series of
monosubstituted benzophenones with ethyl bromoacetate, Nine

of these hydroxyaci-ds are ne\^/ comporrnds, viz.,

ß -(Z-aninophenyl )- , ß - (4-anrnophenyl )- ,

ß -(z-nydrox¡,phenyl)-, ß-(4-rryoroxyphenyl)- I

ß -(Z-A"omophenyl)- , ß -(4-¡romophenyl)- ,

ß-(Z-cmorophenyl)- , ß-(4-ftuorophenyl)- , and

ß - (4-nitrophenyl )- p -phenylhydracrylic acids,
The reaction of 2-chlorobenzophenone in benzene-

toluene afforded a new rursaturated acid , ß-(z-cLtrorophenyl)-
B -phenylacrylic acid.

The failure of 2-nitrobenzophenone to react, wâs

attributed to a steric effect.
rt was demonstrated that the use of a r-ow boiring, polar

reaction solvent, improved the yields and purity of hydroxy-

acids over those from higher boiling, non-polar solvents.
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TNTRODUCTION

fn 1958, Klemm and Bower (eg
has been very littl_e investigation of
reaction employing diaryl ketones'r.

fnspired by this remark, the present
undertaken. This entail-ed the condensation
of monosubstituted benzophenones with ethyl
in the presence of metal_l-ic zinc:

q
c

ó

comms¡f,6¿ that f'there

the Reformatsky

research was

of a series

bromoacetate,

X XI
0-c-c

ö

_ô fllå1. B¡cH¡co¿c¿Hs
n H"COzCeHs

The three najor objecti-ves of this investigation have
been:

l) A study of the influences of substituents (attached
to the z- and 4* positions of the benzophe'one nucreus) on
the yields of products.

z) The comparison of the rer-ati-ve effectiveness of
two dissimirar reaction sol-vents , viz., diethyl ether and
benzene-t ofuene .

3) The isor-ation and charact erization of the p , p -
diarylhydracrylic acids produced in this series of reactions.



Three minor objecti-ves, arising out of problens
encor.mtered during the course of this research, \^/ere:

1) The attempt to react nitrobenzophenones in a
two-stage Reformatsky reactj-on.

z) The attempt to enploy anisole as a reaction
solvent through the use of a reduced pressure technique.

Ð A study of two zj-.nc comprexes in an endeavor
to l-earn something of their solubilities i_n benzene and
benzene-t oluene .

From the beginning of this century, particurarry
within the l-ast fifteen years, there have been new methods
developed for the preparation of B-hydroxyesters. Two of
these methods are novr serÍousIy charrenging the Reformatsky
reaction in this fierd. of s¡mthesis. They are analogous to
the latter method in that they both invor_ve the condensation
of ester and carbonyl moieties in the presence of orsano_
metallic i_ntermediates :

1) condensation in the presence of Grignard reagents,
(6, 54, 94, 9Ð¿

cH¡co zc+Hg #Fru+ fcur=cozc4Hr] "rncr 
@

t-buty1 acetate

R
(t) ). =o i

I

HO -C-C H"COzCol-f ,t-
R

R

-MeCt(oH)



2) Condensation by means of lÍthiun amide (36, 48):

c H3co zczïs
LINH¿

lN NHa(t) ' L,@ [cHr= co"czHul '

HO-C-CH'CO'C'Hs + LrCl + NHs(u)

R

rncl-uded in this thesis is information pertaining
not only to the above Reformatsky analogs: but also to many
earlier references that were not included in shrinerrs
review (89). The latter's compilation is almost twenty_flve
years old, and it is anticipated that the supplementary
material in this thesis witr become part of, or at reas'
demonstrate the need for a neì/tr review.

R
I

C=O
R
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ITTERATURE SUR\TEY

TI]E REFOF}ÏATSKY REACT]ON

]-. HTSTORY

The introduction of organozinc compounds antedated
that of the Reformatsky reagents by some thirty-six years.
A brief chronolog¡4 giving the historical_ development of the
Reformatsky reaction and its relation to the Grignard reaction,
is given in the appendix (pu.g" s 9j 9U) .

l{ith the advent of the Grignard reaction in the early
1!00ts, all the other s¡mtheses involving the use of the
troubl-esome zinc dialkyls lost their importance. However:

the Reformatsky reaction retained j-ts significance because it
was lcnown that the use of hafoester in the Grignard reaction
did not lead to the formation of a B-hydroxyester (108).

At present, the onry comprehensive review of the
Reformatsky reaction is that by R.l. Shriner (gg) which gives
a fair coverage of the literature up to L942. This revÍew
contains tables of resul-ts from some L5T condensations
involving carbonyl comporrnds and haloesters. rn the foll_ow_
ing survey, onry those parts of the above review that are
relevant to the present study are considered in any detail.



2. MECHANIS}{

The Reformatsky reaction is an organometallic modi_
ficatlon of the ar-dol condensation. The or-dest and most
commonry accepted ¡rechanism proposed (T, Bo) for thls
reactlon is as foll-ows:

t) An a -hal0ester reacts with zinc to produce a
lna]-ozínc ester (Refornatsky reagent) :

x-rco2c2H5

This }raLozj-nc ester (I) subseo,uently reacts with
compound to form a Ltalozine enol_ate (zinc conplex)
be readily hydrolyzed to the B_hydroxyesïer:

-+

R
I

XZn-ç-CO2CzH¡
I,R (r)

R
I

Zn

n\/1

ng rhnnrrl

which can

T,

R

)c=o
R"'

t,
RR
ll

XZnO -Ç - Ç -C O2C2H5
lø ll
R R \rr)

R

-å 
xzn-é-aorcrHu

ltR (r)

t,
R
I

HO-C -

+

+

+H¿o \___l

-znx(oH) '
R
I

c- c o2c2H5

R (rrr)

Evidence for the existence of the zinc complex (ff¡



has been provided by Dain (zs) and by Dippy and. parkins (sl).
lhese investigators isolated and analyzed zj:nc çomplexes

from Reformatskr¡ r.,osa-l-inn. involving a variety of carbonyt
coapor.inds.

However, more recent studi_es (TO, IOi, lO9) on the
nature of the Reformatsky reagent strongly suggest that this
reagent is in the form of an isomeric ]ha]-ozinc enol ( rv)
rather than that of the classical hal- ozinc ester (r).

/*
-/

//

\

R oZnX
ìc=c1 (rv)

R' 'oc.Hu

Using a similar enol formulation,
OO) have proposed a cycÌic mechanism to
orientation in the Reformatsky reaction:

Znffi

o
t;1.......

â'"ni' H'

,'q'{czHs

bc.Hu

l[ousseron et al.
explain steric

B"
I

S-Zn"'O: ;l1..,(-
. ,/-f,-tr.H 'R OczHs

KETO N E

S

Bt
!

.Zn. 'o
:l
c

,rí -ocrH,
R

B.
I

Zn"O: :l
?!^I ,.,1-8"

ROH
o',l"

R-ö 
.

a
R'

H

cozc2H5
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3. SrpE REACTTOXTS

There are a nr.imber of side reactions
Reformatsky reaction which lower the yield.
destroying the Reformatsky reagent (ZZ, 89,

three of these side reactions are important

attendant to the

of product by

103). Only

enough to merit
comment in this survey:

1) Dimerizaiion of Refornatsky reagent (see pages lB-1!).
2) Enolization of a earhonrrr .nmpound with an acidic

hydrogen:

H,r
tl /YR-C-c- 

-
r \ 

-

R oc2H5

ROH
ìc= c'

R' to 
crHu

i
ìc=c'

í\

0ZnX

oc¿H€

n:l-c'o+
I

H
j) Proton transfer

ing a functional group with

oz
ll | ^

R-C -C - YeH o
I

Z

R .OZn X\n-n/
,u-u rR 'ûCzHs

.,yrzr,,x(oH)

from a carbonyl compound contain_
an acidic hydrogen:

oc2H5

R' oz¡xl=c' O Z
_ H' 'oc.H, , R_¿_¿_yeznxe

I

2_ zhx(oH) 
/ +

R -cHzCO2C2H5



BEAGENTS

a) Activated Zinc

Many forms of metar-r-ic zinc have been used in the
Reformatsky reaction. The literature abou'ds with an even
greater nr.mber of procedures for creanì-ng the zinc prior
to its addition to a reaction mixture, and for activating
it i-n situ prior to initiation of the reacti_on proper. The

foll-owing references are recommended for specific examples
on this topic: (77, 89, lol).
.\
b ) Ha-Loester

;'inationofShri-ner'sreview(B9)revea1edthat
the most cornme¡ly used haloester was ethyl bro¡aoacetate. rt
has been demonstrated to be more reactive than the corre_
sponding chloroester (62) and more stabte and accessible
than ethyl iodoacetate (fø),
c ) Carbonyl Compound

The reactivity of carbonyl compounds in the Reformatskv
reaction is of the order:

RcO2c2H5

As stated in the introduction, there have been nany
reports of Reformatsky reactions involving aldehydes, cyclic
ketones, dlalkyr ketones and arkyr aryl ketones, but very
littl-e work invol-ving diaryl ketones has been reported (ór;.
A chronology on the use of benzophenones in the Refor¡latskv
reaction is to be found on pages 28 3I.



The effect of substituents attached to the carbonyl
substrate on the reactivity of the latter in the Reformatsky
reaction, is yet another area of study which has received little
attenti-on. rn l)Jl , Bohrmann (Lz) carried out Reformatsky
syntheses with methyl 7 -bromocrotonate and a series of
substituted benzar-dehydes. He concluded that inductive
and mesomeric effects appeared to be without great influence,
and that the unreactivity of J-ni tror¡enzaldehyde was due to
steric hindrance by the nitro group. A year later, vinograd and
vul-tfson (ro4) 

""ported that z-, 3-_, and 4-nitrobenzardehydes
reacted with ethyr bromoacetate and ,r^-" to give yierds of
4r.9, 48.9 and 50.i% respectivery, of the expected hydroxyesters.

Kl-emm and Bower (ør¡ have carried out Reformatsky
reactions with methoxy-substituted benzophenones. They
accounted for the superior yields from benzophenone and

J-methoxybenzophenone in terms of electronic effects
(see page 11).

SOLVENT AND TUUPERATURN EFFECTS.

fBBT

The first Reformatsky reaction (prge 95) was performed
by heating the reactants in the absence of an inert solvent.
later workers used inert sorvents such as benzene or benzene_
toluene as an aid to regurating the temperatllre of the
reacti_on mixture and to facilitate stirring,
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193r

ldi-euwland and Daly (74) carrj_ed out reactions between
a-chloroesters and aldehydes, estersrand ketones in the
presence of zinc and copper powder. They employed three
different sol-vent conditions, viz.,benzene, xylene and no

sorvent. some of their resu-r-ts are as folr-ows:

C¿.RBONTL

COMPOUNÐ
PRODUCT ISOI.A.TED YTET.N IN

Benzaldehyde

Acetophenone

p-Ivfethyl-
acetophenone

Cinnamic acid

Ethyl B -nethyl-
cinnamate

Ethyl B -(p-tolyt)-
B -nethylacrylate

¿¿

0

35

40

r2LJ

ì^

They effected a

one to eight hours) and

carrying out reactions

acetate rmder different

study of reaction times

solvent and temperature

between acetophenone and

sol-vent conditions:

ôv

(trqn-rinn fnnm!! vu

effects by

ethyl chloro-

u
\J

1

hours 38 10"5

They observed that in xylene, the reacti_on product vras

insoluble and coated the zinc in the botton of the flask.
0n the other hand, the reaction products were conpletely
soluble in benzene.
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A reaction invorving 4-methoxyacetophenone with ethyl
phenylchl-oroacetate in benzene failed to yield any hydroxy_
ester. However, when sufficient benzene was added to
regulate the temperature at 9B-to0oc, s¡mthesis was effected.

I Q?q-/ )/

Natelson and Gottfried (7,-), after examining the
literature, concluded that the best yields v¡ere obtained
when the concentration of the reactants in the Reformatsky
reaction was such as to give a reaction temperature in the
range 95-rO5'c. They suggested that the use of benzene-
toluene (ca. l-:1) as a sorvent was a convenient way of
achieving and maintaining the refl'x temperature of the
reaction mixture within this optimr.im ranse.

195r

Miller and Nord (62) observed that their Reformatsky
reactions had to be ca*ied out at the refr-ux tenperature
of the sol_vent to insure adequate reaction.

!-./ -) )

Dreiding and Pratt (SS) obtained moderate yields from
7-bromocrotonic esters in the Reformatsky reaction. However

they observed that when the reaction sor-vent was changed from
benzene or 1, 2-dimethoxyethane to diethyi_ ether, they
obtained different products :



O-o
DIETHYL

EÏH ER

cHcozH

CH=CH,
-,t was not determined whether the cha:rge in product

structure was due to the temperature differentiar at which
the reaction occurred r or whether other properties of the
solvents were responsibre. The fact that f, 2-dimethoxy_
ethane and benzene gave the same product, implíed that the
former possibility appeared to be favored.

19 57

cason and Fessenden (zz¡ found that with stericarly
hindered ketones, Reformatsky reactions in benzene-ether
solvent gave better yields than the conventionar- benzene or
benzene-toluene solvents. The for-lowing results supported
their observation:

CARBONYI COIPOUND AlrERAGir YtEtDS

cry-rcHÐ5-cHo

CHq-C-CÆr arllvLJ

a3H7-c-%H7

N BENZENE OR

t,2 DTMETHOX Y-
ETHANE

t2

+ B' C HrC H= C HCOaC H3

IN

OH

C HaC H=C HCO2C Hõ

,74

lo

80

79

66

cH3 -ll -cH z-fi-cn r_çH 
_cH3

cH3 0 cH3
25 68
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-_ Jacques and weidmann (5u) offered an explanation
to accor.urt for the above results of cason and Fessenden.
They pointed out that organometarlic compor.mds, such as
Reformatsky reagents or Grignard reagents , are definitely
known to be sor-vated by ether and that this sorvation
decreases the reactivity of the organometar_lic reagents.
Thus' a non-po]ar sorvent such as benzene wourd exert rittre
or no indirect steric effect on the Reformatsky reagent.
They suggested that ether wourd have a reratively greater
influence on any side reaction invor-ving the carbonyl group
of the haloester than on the normal reaction involving the
carbonyl group of the carbonyl compound (ketone or ar_dehyde).
As a result there would be less side reaction(s) rn benzene_
ether solvent as compared to benzene arone. Thls solvent
effect would thus accor.r't for the greater yields of normal
products in the former solvent.

19 58

Evans, (39) carried out a reaction between ethyl
a-bromopropionate and 5, B-dinethyl-1-tetrar_one in benzene_
ether and obtained a yield of 73%. ,A,' identical reaction
carried out in benzene by Hussey and Newman (fi), ten years
earlier, gave only a llil" yield.
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Palmer and Reid (?Z) carried out the s¡mtheses of
diastereoisomeri" (-)-nenthyr B -hydroxy- B -phenylbutyrates
from (-)-menthyl bromoacetate and acetophenone. They noted
that the degree of asyruretric synthesis in different solvents
increased in the order: tol-uene < benzene < benzene_ether < ether.
Atfomntcr fn ^Ãuuv*vup uv uarr/ ou.t reactions in benzene or in tol_uene

below their boiling points were unsuccessful, and as a resur_t
it was not possible to show whether the degree of as¡nnmetric
synthesis depended solely on the temperature or also on the
solvent. The reaction of acetophenone and (-)-menthyt
bromoacetate in different solvents and for rr¡r rrir,o roaction
times, gave the following results:

SOLVFNT REACTTON T]]M
(¡rours) /á Tlnr¡ gp

HTDROffi ACID

L>o,)

l4ous s eron

indispensible in
fn discussing one

Benzene

Benzene-ether

Toluene

Benzene

Benzene

Benzene

4

4

1

10

4V

et al. (ZO¡ stated

the preparation of
of their reaction

6l+

6l+

ÃÊ

6l+

60

that a basic so]vent was

the Refornatsky reagent.

mechanisms, involving a



1/

cyclic inter¡aediate (pu.gu 6) , they emphasized the importance
of the carbonyl groups of the bromoester and of the carbonyl
compor.urd (ketone or aldehyde) as well as the presence of a

nucleophil-ic centre in the sorvent, all of which would aid
the zínc i-n participating efficientry in the enoli-zation
process with concurrent formation of a cycli-c complex:

B
I

z

)

ñIî,u' Zn,

fr=c{ ---++--

-o
I

Zn@ B"o

CtHu

H.r^ 
-^,9 

Zn Br

H"-\-bc.HuI

H

B.
I

Rn

,c =o
R

o'â-o
R'-¿

d).
H

I

.t
R OZ.B"
'c'

Ro 'c H, co"cz+s

oÅ 3-

í 
- -oc.Hu

H HH

R
I

HO -ç-CHzC O2c2H5t-
R

oc2H5

o
R'-ð

I
R ?c\oczH5

HaO \

-



I6

EXPER]}1E}ruAI PROCEDURE Ë

a)

shrinerfs review (89) is one of a very few references
which deals with the topic of sefecting experì_mentar pro-
cedures, and is the only source to date which deals with this
topic in a comprehensive manner.

The foll-owing ís an i_temized summary of factors which
have had some bearing on the choice of procedures as reported
in the literature, and a direct or indirect influence on the
yields of products from the lì.eformatsky reaction:

1) An induction period often precedes the reaction.
This is attributed to traces of water in the reactants or the
sorvent: âs well as to impurities on the surface of the zirnc.
shortening or elimination of this induction period has been

effected by the use of anhydrous reagents and a preliminary
cleaning and activation of the zi-.nc.

2) The initial reaction can be markedl v o:rorþsrmic

and may be moderated by:

i ) external cooling of the reaction vessel,
ii) use of a solvent,

iii) addition of the zi-nc in small portions,
iv) addition of the haloester to the other reactants

at such a rate as to rnaintain an even refl-ux action.
3) To effect condensation, the reacti-on has always

been carried out at reftux tenperature. This temperature can

6,
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be varied by the choice of sorvent and the concentration of
reactants therein. There have been no reports to date on
the use of reduced pressure in the Reformatsky reactÍon.

4) As the reaction procedes, the zinc compÌex (rr¡
which forms, nâY precipitate (often as an oil-) and hinder
the reaction by coating the r.mreacte d, zirnc (45) . In some

cases this can be prevented or afleviated by:
i) choosing a sorvent in which the complex is soluble,

or from which the complex is precipitated in a crystalline
form which can be easily shaken from the surface of the zinc.

ii) stiming the reaction mixture.
iii) addition of excess z'nc in smalr portions over

the course of the reaction (4).

5) To ir-rustrate the choice of reacrant proportions
for the Reformatsky reaction, six references vrere consulted:
(t7, 22, 33, 6r, 62, TT). From these was carcurated the
average ratio of g'n.-atoms of z:--nc : moles of hal0ester ; mofes
of carbonyl compou'd : mls. of solvent. This was foi.md to be
1.8 z I.4 : 1.0 : ]OOO

Thus the carbonyr compou'd is generally made to be the
limiting factor with the zi'nc and hafoester in slight excess.
There are of course many exceptions to this pattern to be
found in the literature. one of the most common modifica*
tions is the use of a large excess of zinc and haloester,
recommended for carbonyl compounds available only in smarr_
amounts (29, Z6) .
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6) The use of catalysts in the Refor¡qatsk-y reaction
has been investigated to some extent (67, 77, Bg) but wilf
not be discussed in this survey (see Recommendations for
Future lfork, page ll3).

7) The manner in which the reaction
lyzed at the end of the reaction and worked
product, is another topic which wil-l not be

this survey.

mixture is hydro-

up to the final
deal-t with in

b)

0n cfoser examination of the chart on page 93, it will
be noted that the reaction of sieger and Keckeis (modified
Reformatsky reaction) and the Grignard reaction (modified
Barbier reaction) are anarogous i-n that they both involve a
two step or two-stage procedure. vaughan et al. (ro3) have
offered an explanation to accormt for the considerabr_e delay
in the deveropment of the former reaction. They suggested
that the reluctance to use the Grignard-like procedure stems
fron early reports (89, lo8) on the formation of B_ketoester
and reduced ester from the reaction of zinc or magnesium with
hal-oester in the absence of carbonyl compould. Dimer izatron
of the Reformatsky reagent appeared to be the most likery
explanation for the formation of p _ketoester (V) . Using
a cyli-c intermediate similar to that used on page 6, the
fol-lowing dimeri zation mechanism is possible :



lq

2
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,.,).=cl

OZnX

o c2H5

p<'-oc,Hu
R

+2 HzO
C¿H' OH

z" x (og)

o
ll

R-CHz-C-CH-COzC.Hu

R (v)

At the present time there are only five reports on the
use of the two-stage Reformatsky reaction in the litera-uure:

I g <?1/¿4

Seigel and Keckei s (gZ) were the first to develop the
two-stage procedure. They observed that the reaction of
benzoqulnone with a previously prepared Reformatsky reagent
(fron ethyl bromoacetate and zinc in ether) gave a 26/" yield

X
I
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of expected hydroxyester:

Br C HrC O2C2H5
(t) z" ,

t..-. PznB'
Hr" 'bcrHu

A
Q) o=\J)-o

æ o=g:l,.ozczH5

A normar- one-stage reaction with the qulnor-acetate
fail-ed to yield any hydroxyesrer.

19 58

vÍnograd and vul'fson (104) obtained yield"s of 4L.9,
48.g and 50.3%, respectively, when they used Z_, 3_, and
4-nitrobenzardehydes in the two-stage reaction with ethyl
bromoacetate. A crassi-cal one-stage reaction performed
by Bohlnaann (LT) between 2-nitrobenzaldehyde and nethyl
7-bromocrotonate gave .no reaction.

lq<B=/ /"

Grob and Brennei_sen

two-stage reaction:

c.Hu-cHr-o-o

(42) carried out the following
H OZnBr(t) þ=cí
H OC,H.

(z) u"o
t,

c6H5-cHr-NflroHtr,-^cHzco 
zcr+,

I *h enzyl- 4-p ip e ri d one

B3%
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A conventi onar one-stage reaction, with a simirar
ketone , r-benzoyl-4-piperidone, gave a 4z% ¡rield of expected
htrdr-n¡¿'rroq*orvr!¿'l v

rg60

Palmer and Reid (zz), whire ca*ying out partial
as¡nnrnetric s¡rntheses of B-hydroxyacids, enployed the two_

stage technique with zinc, (-)-menthyÌ bromoacetate and

acetophenone in ether, and obtained a Jl/" yierd of expected
hydroxyester. A one-stage reaction with the same reagents
(in oirrerent proportions) in benzene gave a 64/" yÍeld.

1 AÁ1
:--/v)

vaughan et ar. (roi) used the two-stage Reformatsky
reaction to s¡mthesize ethyl " -(9_nydroxy_!_fluorenyl)
isobutyrate in 93.4/" yierd from ethyl a -bromoisobutyrate
and fluorene. They observed that the reaction of the
Refor¡aatslry reagent with ketone was virtual-ly instantaneous
but that all attempts at hydrolJrsis of the resultant hydroxy_
ester led to recovery of 9-fluorenone s

HO (cHu)rc ozczïs
lHu

Br- 
ç 

-C O2C2H5
(¡) zn _
(e)ruo REN oNÉ(s) H¿o

cH.
l"+ H-C-COzH + CzH5OH
I

CHu

oH- >

CHu
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there are indications that conventional (one-stage)

Reformatsky reactions invorvÍng fluorenone and the ethyl
a-oromoesters comesponding to the fotlowing acids: acetic.
propionic, valeris, and isovaleric, give l_ittl_e or no
r.oentinv-r f <<l\)J,/ .

SUBST ITUTED BE}TZ OPHENONES

1. STRUCTURE

The el-ectric dipole moment measurements reported
by Bergmann et al. (g) indicated that the angle between

the l,4-axes of the phenyl groups in benzophenone is lJOo.
coates and sutton (24) using this interaxial angle and other
data for atomic dimensions, calculated that the minimum angle
between the planes of the phenyl groups is approximately 3oo.

A spectral study by Jone= (56) indicated that the 3oo

rotation of one of the phenyl groups out of the plane of the
benzoyl group definitely reduced resonance across the rins
systems.

1'he following diagran of a Fisher-Hirschfelder model
of a benzophenone molecule, drawn in the plane of the pager

wil-l give soae idea of how interference between the z- and

2r-hydrogen atoms prevent both the phenyl rings from being
si-multaneously coplanar with the carborrrrf group in an actual
three-dimensional model_ :





2+

Thus, canonical structures such as vrr and rx, belo-ç,

are possible but resonance invorving cross-conjugation is
not favored since both phenyl groups cannot be copl-anar at
the sarne time.

This conformation Ís

between the carbonyl

the two aryl- groups.
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Sinilar spectral studies with monosubstituted 'aeïLzo-

phenones such as 2-nitrobenzophenone (69, 99) have provided

evidence for the following conformation:

o
ll
C
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rn the case of 4-methoxybenzophenone, the two aryl
rings are befieved to occupy planes which are at a

simil-ar angle to the plane of the carbonyl group (68):

o
il
C

c H30

The spectrum of 2-hydroxybenzophenone indicated that
it has a single non-planar conformation with the hydroxy
group, linked by means of an j-ntramolecul-ar hydrogen bond

to the carbonyl- group (68):

2. BJACT]VITY

spectral-r þolarographic, ánd kinetic studies (3l-,44, 57)
involving carbonyl band frequency shifts, oxidation-reduction
potentials and rate constants, respectively: âssociated

with meta and para substituted benzophenones, have indicated
that these parameters are all affected by the same factors
that control- chemical reactivity, insofar as these are
identified with Hanmett sigma constants.
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rn a kinetic study on the formation of benzophenone

oximes, performed by Dickinson and Eaborn (lr), it was noted

that for reactions involving addition to carbonyl groups in
aryl carbonyl compounds, the graph of log (k"/k) versus a
generally appears curved as shown:

o.o

rog (k./k) o.z

o,4

a

They attributed this to the fact that ordinary o, constants
do not indicate the effect of substituents on canonical_

structures (xr¡ and (xff) below:

ée
/- oeo( Lc,L.a'\

oe

XI XIT

steric interactions between reacting carbonyl groups

and ortho substituents ín benzophenones are responsibl_e for
the fail-ure of the Hammett equation to correlate the react_
ivities of these ketones.

1¡
^

-- 
o 4-NO¿

¡l o/

Yates and scott (ro6) noted that in addition to steric
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effects, other factors to be considered were steric inhibition
of solvation, the er-ectronic effect of substituents, and
possibre specific interactions such as hydrogen bonding.

,ne of the ketones these workers chose to study was
2-methylbenzophenone because the interactions of the methyl
group approximated c10se1y to bulk steric effects, the specifi_c
interactions being smar-ro and the er_ectronic effects determin_
able from the effects of the methyr substituent in 4_methyr_
benzophenone. rt was found that 2-nethyrbenzophenone was a
weaker base than benzophenone. They reasoned that a methyl
group (normar-ly having a base-strengthening erectronic effect)
in the z-position of benzophenone, caused steric inhibition
of coplanarity between the carbonyr group and the phenyr rj_ng
bearing the methyl group. The resul-ting loss in resonance
stabilization energyr wâs more serious in the conjugate acid
than in the free base.

o-ô
ll

o
I

C ,C\
e

ì,^\/ dÈr
free base

éç|Èr

r F' oH ,Þ*tru oH I

lHo
{/
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3. SUBST]TUTED BENZOP}m}TO}ì].ES IN TIIE REFOF}TATSKY REACTIOII

L907

Rupe and Busol-t (BZ) were the first to carry our a

Reformatsky reaction with a diarylketone. They produced

ethyl P, ß -diphenylhydracrylate in 9J/" yi.eLd by condensing

benzophenone with ethyl bromoacetate in the presence of zinc:

q
c

ó

The ester was saponified to the corresponding acid
tn 70% yield (after recrystallization).

t_g0B

stoermer and Friderici (gg) reported that they had

prepared ethyl ß -(Z-nethoxyphenyl)- p -phenylhydracrylate
in 60 70/" yield in a similar nroeerrrrre using 2-nethoxy-
honznnlrôn^n^ This ester was converted into the corresnondi nrr' ¿r1¿p vp us! WaÈ (jvr-LV UI trUU -LIl tJU trIle LTUII'üÈ¡lvrrL¿-!.rlð

hydroxyacid (yield and analysis of this acid were not given).

1 Q29

von Braun et al. (18) reported Reformatsky s¡mtheses of
three isomeric ethyl B-(methylphenyl)- p -phenylhydracrylates

tol
:=ñ (l) z^ f B¡cHzcoaczH5 Y=u Ho-c-c

a]
H2CO2CzHs



from the 2-, 3-, and 4-methylbenzophenones. rn the reaction
between 2-methylbenzophenone and ethyl bromoacetate they
recovered up to 35% of the unreacted ketone. 4_Methylbenzo_
phenone appeared to react to a greater extent than either
2- or l-methylbenzophenones.

L9zz

Bergmann et al. (10) carried out reactions between ethyl
bromoacetate and the fol-lowing monosubstituted benzopheno¡.es :

4-F, 4-cr, 4-Br, and 4-r and obtained 4B%, 6z%, 4z/", and 56%

yields of hydroxyesters, respectively (after recrystallization) .

They al-so carried out reactions with four disubstituted
benzophenones, viz., 4,4-Oittuoro_ , 4r4r_dichloro_, 4r4, _di_

bromo-, and 4r4r-dimethylbenzophenones. The isolation of the
resu-ltant esters fron the latter two ketones v¡as difficult,
and that from the difluoro comporind, impossible due to a

disproportionation reaction :

HzCOzczHs cHsc o2c2H5

F

(( , )
Y-/

-> 
C=O +

-1.(9
F

F

Q
HO-C-C

ö
F
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*/ J)

Ar-exander et ar. (z) reacted 4-chl0robenzophenone with
ethyl bromoacetate in benzene and obtained a 7g% yield of
hydroxyester (after recrystal_l_ization). Subsequent saponifi_
catlon and dehydration yier-ded the unsaturated aci_d which
Bergmann et af . (B) later showed to have the fol_l_owing trans
configuration:

cf

ad
H

--cí
cooH

I Q<l=/ )-

Dippy and parkins (ss) carried out the synthesis of
ethyl B, ß -diphenylhydracryÌate (gz% yield) from benzo-
phenone and ethyl bromoacetate in benzene_tol_uene (40:35 v/v) .

-/ 
/J

Heir-mann and Gr-enat (st) repeated the above reaction
with benzene as sor-vent, and a mrs. of sorvent : moles of
benzophenone ratio only I/6 that employed by Dippy and
Parkins. The yield of hydroxyester was only 5T%.

I O<,q

Klemm and Bower (6r¡ reported the Reformatsky reactions



of J- and 4-methoxybenzophenones with ethyl bromoacetate in
benzene. The yields of hydroxyesters were 95.-LOO% (esti¡r-
ated) and 78%, respectively. These j-nvestigators noted the

high yields from benzophenone and J-methoxybenzophenone

relative to those of the other benzophenones in their work.

They stated that these results agreed with, rlthe point of view

that the Reformatsky reaction, like the addition of a Grignard

reagent to a carbon-oxygen double bond, occurs via nucl-eophilic
attack of the halogen-bearing carbon on to the carbonyl

carbonrr. Thus a 2- or 4-methoxy groi;.p hinders this nucleophilic
attack whereas the addition is possibly aided by the electron-
withdrawing methoxy group in the J-position.

ß, p -DIARYTHYDRACRYTIC ACIDS

rn r)01, Rupe and Busort (Bz) employed a Reformatsky

procedure to s¡mthesize the first, and parent acid of this
kind, viz., P , B -diphenylhydracrylic acid (pug" ZB) . tater
additions to this series of compounds have been prepared not
only by Reformatsky reactions, but also by other methods

which have continually challenged the former reaction in this
area of synthesis. A chronol-ogÍcal list of these alternate
methods is given in the Appendix (pages 99 105).

rt is important to note that the Refornatsky reaction
has been used primarily to prepare hydroxyesters, unsaturated

esters and acids, and the corresponding satr.rrated compounds,

according to the general scheme shown on the next page.
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lhe wrsaturated and saturated acids are not usually
prepared via the B -hydroxyacids. Decomposition and cleavage
of p -hydroxyesters during saponification, or of B -hydroxy_
a.eids dlrrinc' dohr¡dz,qti nn ñqv¿up uurr.rtó L_-_d jan OCCUI:

i

H0-

flt

RR
tl
c-c-c
tl
RH

|'- 
o-tío

OrH 
^JltIRL+ Hro + )c

+ R-cHzcozH

COt

tf

R
-r/ |-tl T

HR

Thus, it has generalry been considered essenti_ar- to
dehydrate the B-hydroxyester first, and then to saponifyoas
indicated Ín the reacti-on scheme on the previous page.

As a result, there are relati_vely few þ, ß_diaryl_
hydracrylic acids and erreri. fewer of their derivates reported
in the literature.
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PREPARATION OF MONOSUBSTTTUTED BENZOPI{ENONES

The sixteen benzophenones employed in
all- known compounds. However, the syntheses
merit some comment.

this study were

of four of these

2-Hl¡droxybenzophenone (page 6l ) .
There have been no reports to date on Friedef_Crafts

s¡mtheses involvíng Z_LtyrCroxyben zoyl chl_oride . [he reaction
of this acid ch]oride with benzene was successfurly ca*ied
out in this investigation. rn the past , 2-ltydroxybenzophenone
was usuaÌly prepared from the reaction of 2_methoxybenzoy]_
chl-oride and benzene; èxcess arumini.im chr-oride being used to
ensure aroylation as well as denethylation (ì-S).

2-Áminobenzophenone (pages 64 _65).

The modified procedure employed in the ratter part of
the present synthesis v¡as dever-oped as a result of a chance
observation. The intermediate, z-toluenesolfonyramid obenzo_
phenone was found to be readily hydroryzed to the parent amlne
by hot r0/" hyarochroric acid. This was surprising, since
the hydrolysis of a sur-fonamide of a primary amine normally
requires 24 to 36 hours refluxi_ng with 25% hyarochl0ric acid
(lo¡' fn the present s¡mthesis, hot concentrated sul-furic
acid served to hydrolyze and remove traces of the amine from
the sulfone by-product.



4-Nit{obenzo'phenone (pages 6S 66) .

this s¡mthesis v¡as carried out as an experiment to
deternine the effect of reaction tenperature on the yield
of product. The yield (gs%) and purity of the product from
the reaction carried out entirely at room temperature, were
notably better than those from a reactior.r- performed at 5oo
(6L% yield).

The high yields in the preparation of this ketone, and
its conversion into the corresponding amino compound (aer¡¡ ,

woul-d make 4-nitrobenzophenone a va]uable precursor in the
synthesis of a nrmber of para substituted benzophenones.

z-mi3fp_þrrz_gphqgo{r9 (pagus 68 and TO _21).

0f all the ketones in this i-nvestigation, this proved
to be the nost troubl-esome to prepare. The attempt to effect
its synthesis via the organocadmiim method was inspired by
casonts (zl-¡ observation that, lrÎhere seems to be no report
^alYì^ôF¡iræ 

tl,'uurruur.rrr_rr8 rJrle reactivity of cadmir.im reagents toward the
aromatic nitro grouping'r, and a later comment by shirrey (BB),

"The organocadmium compounds do not react with the nitrogroup
in an aromatíc nueleus. Advantage does not seem to have been
taken of this in the synthesis of ketones from acid chlorides".
rn additi-on to the method used in this investiga,uion, there
have been a nr.r¡aber of different s¡mtheses reported but none of
these presented a sinple method giving a good yield of 2_nitro_

phenone.
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REFORiqATSKY REACT IONS

One of the primary objectives of this study has been
to demonstrate that the modification of certain traditionarly
accepted Reformatsky reaction conditi_ons, would result in
improved yields of products. *

The forrowing modifications were attempted in this
investigation:

1) the use of ether, in contrast to benzene-toluene,
as a reaction solvent,

z) the use of a nover rrreduced-pressuref, technique, and

3) the use of the recently deveroped two-stage
procedure.

The new techniques, mentioned in 2) and 3), are both
modifications of the cr-assicar- Reformatsky reaction (one-stase
procedure at atmospheric pressure).

1. SOLVENT AND THIPERATURE EFFECTS

a) VarigÞ_ion of Solvents

Graphs 1 and 2 below, [-lrustrate the resu]ts from the
prelininary experiments w1trt 2- and 4-methylbenzophenones,
respectively (see Table Z, page ZB). Each graph displays a
plot of yield (%) of irnpure product versus the reflux temper_
atures, co*esponding to the four reaction solvents emproyed,
yiz., ether (3To), benzene_ether (54"¡, benzene (B1o¡, and
benzene-toluene (glt ) .

' Afl reacti.ons Ín th.is investigation were refr.rxed. for two
hours beyond initiatíon ( see page ?s) 

"
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GRAFI{ 1

Refornatsþ Reactions with 2-Methylbenzophenone in Different sofvents
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Reformatsþ Reactions r¡rith {-l"Iethylbenzophenone in Different Solvents
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The data on these graphs revear-ed that yield tended to
be approximately inversely proportional to reaction tenperature.

rn concrusion, these preliminary experiments indicated
that ether was superlor to the higher boiling solventsu in
regards to the yield and purity of products.

At this point, it was fert that the study of a larger
series of monosubstituted benzophenones, in ether and in
benzene-toluene, would demonstrate, beyond question, the ad-
vantages offered by the forner solvent. The data from this
extended study, involving sixteen ortho and para substituted
benzophenones (see Tabre 3, page Bo) i-s recorded on Graph 3,
on the fol-lowing page.

This data shows at a glance that ether was, with few
exceptions, superior to benzene-toluene as a reaction sol_vent.

b) Varía.ti o¡ of Amhi or+ Ð-v sr -:11::L y¿r v +__:l5r_yJ_y t9__f ¿þ¡s,s UIe

lewis and r.rrright (64) in their report on solvent
effects in the Grignard reactionr reported that anisole was
superior to ether in the reaction of ethylnagnesium bromide
with benzophenone. They assr.med that the better yields and
purer products resulted from faster and hence more compl-ete
reactions in the f ormer sol_vent.

rn the present study a Reformatsky reactlon was attempted
with ethyl bromoacetate and benzophenone in ani_sole at atmos_
pheric pressure. llowever, due to the relatively high reflux
temperature (ca. LTOo ) considerabre decomposition occured
and no attempt was made to work up the reaction mixture.
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GRAPH 3

Yi-elds of Hydrorryacids from Reactions of lvfonosubstituled

Benzophenones in Diethyr Ether and in Benzene-Toruene
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Patmer and Reid (77)

reactions must be performed

sol-vent in order to ensure

4I

have reported that Reformatsky

at the reflr.rx temperature of the

adequate cond_ensation.

It was this observation that inspired the use of a

reduced pressure procedure in the present study. This tech_
nique was anticipated to prevent the decomposition that had

occurred in the ani-sol-e reaction at atmospheric pressure. The

data from the reactions wi-th 2- and 4*methylbenzophenones in
anisol-e under reduced pressure (reactions #32 and #38) and

in ether at atmospheric pressure (reactions #B and #4) is
given below (from Table 4, page 8,4):

These results indicate that anisore may be equivalent
to ether as a sorvent in the Reformatsky reaction. However,
no l-ucid compari-son can be drawn until_ further studies are
carried out with a wider variety of carbonyl compounds.

After the initiaf success of this nover techni_que, a

second seri-es of experiments was urdertaken. fts aim was to
determine how a change in reaction temperature, and a change
in reaction solvent, wouÌd affect the yields of products in
Ref ormatsky reactions with z-methyr-, z-meth"oxy-, and z_hromo_

52

8476

vrETn lol\ tttLLDLU \/o/ II!
SUBSTITUTED

BENZOPHENONE ANISoLE (63 / Z6nn") ETHER (38 /aLn")



42

benzophenones. The results from this study are as fol_l_ows:

YrErÐ (%) tN
SUBST]TUTED

BENZOPHEI{ONE

z-CH3

2-0cH3

2-Br

rt is apparent from these resurts that a drop of 54.
1n reaction temperature for the reactions in benzene-toluene,
caused decreases in yields ranging from B to 16/". Simil arly,
changing the reaction solvent fro:n benzene-toluene to ether
(at 38" ) caused yields to increas e by 20 to 36%.

2. THE TWO_STAGE REFORMATSKY REACTION

a) Preliminary Experiments

the z- and 4-nitrobenzophenones fair_ed to react in
the classical Reformatsky reaction (see Table 3, page Bo).
A cursory examination of the unreacted zinc from the 4_nitro_
benzophenone experiments revealed that the netallic granules
possessed a greenish tint. Apparently the zinc had. been

rendered passive by some marrner of reaction with the ketone.
'lhis difficulty was by-passed by the use of a two-stage
reaction procedure which involved the addition of the ketone
in benzene-toluene solution, to the previously prepared

2¿

7z

OU

t6

52

21+

3z

6h

JZ

(91-93o /atn.)
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Reformatsky reagent in ether (see Experimental_r pâge ZÐ.
Hauser and Puterbaugh (49) stated, r'Since the z..nc_

halo intermediate (Reformatsky reagent)x in the Reformatsky
reaction has been prepared in the presence of the ketone, the
inverse addition procedure which appears to be required with
nitro ketones has not been f easible. ,, These workers r¡¡ere the
first to express the need for a two_stage method (,,inverse
addition procedure"). Their phrase, f'has not been feasible'
al-ludes to the absence of any references to nitro carbonyl
compounds in Shriner?s revier,,¿ (89) and to a rrniversal reluc_
tance to develop a tvro-stage lrocedure for the Refornatsky
reaction (see literature Survey, pâge lB).

îhe application of the two-stage tech'ique to 4_nitro_
benzophenone (reactio.' #42, Þage Bil marks the first time a
nitro ketone has successfully undergone a Refornatsky reaction.
2*Nitrobenzophenone faired to react rmder i-denticar conditions
(reacti on il46) . The dissi-milar reactivities of these ïwo
nitro ketones aTe discussed further on in this section (see
page 52).

These prerininary experiments substantiated what other
workers have discovered, vjz., that the preparation of the
Reformatsky reagent is best affected in ether, oT a solvent
contai-ning ether (u.g., benzene-ether). rt seems that a r_ow

boiling, polar solvent helps to minimi-ze those side reactions
which the Reformatsky reagent is capabre of rmdergoing prior
to its reaction with the carbonyl compormd.

Authorrs insertion
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b)

Followi-ng the successfur application of the two-stage
technique to 4-nitrobenzophenone, this method was emproyed
with four other ketones, viz., z-ami-no-r 4-amino-, 4-nethoxx-,
and 2-methylbenzophenones. The objective of this series of
experiments was to effect a comparison between the two_stage,
and one-stage reactions. The results from these reactions
(reactions #42 to #45 i-ncr-usive) are recorded below, along
with those from the corresponding one-stage reactlons in
ether and in benzene-toluene:

vr¡r^D (ø)
SUBSTITUTED

BENZOPHENONE

2-Mz

4-Me

4-ocH,

24H3

L6

3t

ó¿

56

20

6

84

52

4

23

68

3z

The two-stage procedure, as used in this study, was
anticipated to have three factors in its favor:

r-) The yield of Reformatsky reagent shour-d be improved
by the use of ether in the first stage of the procedure (see
preceding page ) .

2) The sorubility of the ketone shourd be increased
by the use of benzene-toruene in the second stage. rt was
feared that certain benzophenones, having somewhat limited
solubilities in ether ar-one, wourd coat the zi.nc and thereby
hinder the reactions,
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3) rn the first stage, the reacting zinc could not
possibly be contaminated by the ketone or any insorubre z..nc
complex.

The fol-lowing deductions have been drawn from the
experi-mental resul-ts tisted on the previous page, with respect
to these three factors:

t) The first factor appears to be the most influ-
ential. The yields from the reactions enproying ether \^/ere,
al-most without exception, superior to those from the classical
reactions in benzene-toluene, on the average, the two_stage
reactions did not appear to possess any definite advanraEe
over the classical_ reactions i_n ether.

2) The slight insofubirity of 4-aminobenzophenone in
ether, might accolurt for the low yield from the one-stase
reaction employing that solvent.

3) 0n the other hand, the difference in yields from
4-aminobenzophenone in the two-stage reacti-on and the ctr¿ss-
ical reaction enploying benzene-toruene, might have somethinE
to do with the third factor.

To better demonstrate the advantage(s) to be gained
from the use of the two-stage technique, a more extensive
study encompassi-ng a wider variety of sofvents and carbonyl
compourrds is needed.
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TIIE CIASSICAI REFORMATSKY REACTION

the sequence of substi-tuents in Table J and Graph j
is in the order of increasing Hammett sigma constants for
para substituents. This aryangement demonstrated that the
yields of hydroxyacids from the para substituted benzophenones

were, in general, affected by the sarne factors that control
chemical- reactivity, insofar as these are identified with
Hammstr¡ up constants. such a retationship can be called upon

to account for the i-ncrease in yields observed in passing
from amino to nitro substi-tuents. Taking one exampls: the low
yierds from the amino- and hydroxybenzophenones can be ex-
plained in terms of electonic effects. The two mechanisms

proposed for the Reformatsky reaction (see Mechanism, pages

5 6) both involve a nucreophilic attack of the Reformatsky
reagent on the carbonyl carbon of the ketone:

Br

.Zn.Q" -'o
i!
rl

[";.'lt -oc,Hu
/\

facilitated

is hindered

e1 ectron-withdrawing

el ectron-d onating

HH

Such an attack is
ortho or para groups but

by

by
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groups such as amino or hydroxy (see llterature .SlLrvey,
page 3r) .

Due to the fact that both the hydroxybenzophenones were
aromatic phenols possessing acidic character, the separation
of the final saponification mixtures into ketonic and acidic
fractions was difficult to perform. Consequently, the results
from reactions ffr3 to #16 inclusive, are sonewhat inaccurate
insofar as they express the extent to which these reactions
occurred.

The ortho substituted benzophenones exhibit steric
effects not present in the correspondi_ng para isomers. rt
i-s for this reason that Hammett sigma constants cannot be
used to co*erate the reactivities of these hindered
benzophenones.

Graphs 4 and J below, contrast the yields of hydroxy-
acids from the ortho substituted ketones (points joined by
solid lines) with those from the para j_somers (circl_es joined
by dotted lines) under identical- solvent conditio.ns. rncluded
with this data are the results from the two-stage reactions
with the nitrobenzophenones.

As anticipated, the r-owest yierds were those from the
ortho substi_tuted ketones. However, two exceptions to this

--

ruie are to be seen on Graph 4 (ie., the reactions of z-amj_no_
and 2-hydroxybenzophenones in ether) " Three possible expfan_
ations to account for these deviations are as forrows:
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GRAPH 4

Yields of Hydro4¡acids from Reactions of Ortho and

Para Substituted Benzophenones in Diethyl Ether
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GRAPH 5

Yields of Hydro:qracid.s from Reactions of Ortho and

Para Substituted Benzophenones in Benzene-Tol_uene
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1) steric inhibition of coplanarity in the ortho
substituted benzophenones, which decreases resonance stabil-
ization of the carbonyl group by an electron-donati_ng 2-amino-
phenyl or 2-hydroxyphenyl group, night be greater in ether
than in benzene-toluene. Thus, Ín the former solvent. the

reactivities of these two ketones woul_d be slightly greater
than the correspondÍng para isomers.

2) rntramolecular hydrogen bonding such as that which
is lcnown to occur in 2-hydroxybenzophenone (see page zil,
would tend to destabilize the carbonyl group (as shown),

thus making it more susceptible to nucreophilic attack.

+ô
-ô _H.

H N,'

'C+ô

Such a partially ionic structure would be

¡\3) Experimental errorr whÍle the

nation for these deviations, is also the

define. It woufd be easier to deal witLi

wider context, by very briefty discussing
precision of the data i_n lable 3.

stabilized by ether.

most likely expla-

most difficult to

this subject in a

the a,er'1:r-nî.\r and
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Calculation of possj-bl-e experimentaf
l-owest, median, and highest yields in thls
f ol-lowj-ng values:

ê7ìâôFa f nr +lurf ê

tahl o c"2rrê fln^
Òe Y v v¡re

REACTTON # % Y,TET,D Ø ¡nnon

As expected, the lower yields were subject to the
largest experimental errors.

The close correspondence between the /" y, el,d, and the
% reaction with respect to recovered ketone, demonstrated
that the method employed for separatlng the saponification
mlxtures into ketonic and acidic fractions, was both accu_

rate and precise. The anomalous resurts from the hydroxy-
benzophenone reactions are due to difficul-ties encountered in
this separation procedure.

Deviation fron r00/" in the column headed % n¡acnrom
with respect to recovered zittc, simply served to indicate
incomplete reaction (see page t.7).

The close agreement of the resur-ts from the present
research with those reported in the literature ( see Table l,
page 56) indicated that the Reformatsky reaction per se: is
capable of a certai-n degree of precision notwithstandins the
heterogeneous reaction conditions employed.

0f all the pairs of positional isomers on Graphs 4

and 5, none give a more striking contrast in yields than the

()

ð

6

4

52

9l+

10

23



nitrobenzophenones. The conformation of the z-nitro ketone
mol-ecule shown on page 24, must succeed completely in pre_
venting the electron-withdrawing nitro group from destabil_
j-zi-ng the carbonyl group. conversely, 4-nitrobenzophenone

must possess a conformation in which the p-nitrophenyl group
is coplanar with the carbonyl group, thus permitting resonance
destabilization of the latter group by the former.

rn comparing results from different substituents in
the same solvent: or from a single substituent Ín different
solvents, one must consider the possibility that solvent_
substi-tuent interaction, and steric inhibition of solvation,
may work for or against the bulk steric and electronic effects
mentioned above. rn the preliminary trials with the
mothr¡'l Ìranonnl-4u uarJ !uv,rzuyrÌel]on-es e such solvent effects might account
for the deviations observed on Graphs 1 and z. However,

nntil further evidence is forthcoming, such solvent effects
must remain as merely interesting topics for speculation
(see Reconuaendations for Future Workr page 113).

b) Zinc Com'pleðes

Dippy and Parkins (i:), in their study on ,the sorid
deposits which separate in Reformatsky reactionsr, made the
following statement: "it is true that some of these complexes
have been isolated by precipitation from apparent solution in
benzene, but it is thought that these are very fine suspen_

sions rather than true solutions'r.
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-Lt was thís comment which inspired the experiments
reported in the Supplementary llotes to Table 2, page 29.
The present study has demonstrated that a]though a few of the
reactions did not produce visibl-e solids, their translucent
appearances indicated that they did contain coll0idar solids.
llowever, the formation of distinctry crystar_line sor-ids
from these reaction mixtures on cooling, suggests that these
complexes may indeed be soluble. unfortunatelyr ïro further
sol-ubility tests were attenpted with these sol-ids. l,jeverthe-
less a somewhat similar check was effected wlth the insol_uble
comp]-ç¡ from a reaction of 4-chlorobenzophenone in ether
(similar to reaction #ZZ). A portÍon of the white complex,
isol-ated by suction filtration, was found to be afmost com-
pletely solubl-e in benzene-toruene. A residuar- suspension
of what may have been zi:nc hydroxide was all- that remaj_ned

undissolved.

Dippy and parkins (sÐ synthesized a number of zinc
somplexes which ga-¡e anomarous analyses. They attributed
this to contamination by B -ketonic ester comprexes formed
in side reactions (see page 6). rt was perhaps these, and
other high mol-ecul-ar weight by-products, as werr as smar_l

a¡aounts of zinc hydroxide (formed from the hydrolyses of the
Re f orm q tqlrrr -,¿Lv!vruquprlJ reagents and the zinc complexes by traces of
moisture) ttiat were responsible for the appearance of the
coll-oidal material_ mentioned åbove;,

These same workers reacted benzophenone with ethyl
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bromoacetate in benzene-tol-uene and obtained an insoluble,
pal-e yel1ow comprex. rn the present investigation, a similar
reaction under almost identical- conditions confirmed this
observation. However, the corresponding reaction in ether
gave the same coraplex as a pure white solid. A nr.mber of
trials invorving ether r¡ersus benzene-toluene in thÍs study,
gar¡e complexes (and/or reaction mixtures) which displayed
the saJne contrast in colors. This observation is in keeping

with the conclusion, previously reached, viz., that the use

of a low boiling, polar solvent, such as ether, minimizes

the formation of by-products in the Reformatsky reaction.
The following is a summary of zinc complex solubirity

data, compiÌed from Table 3,

0f the fourteen ketones that reacted under crassical
Rcform¡ts'lrr¡ ôrl¡'li J-i n¡-.{Lv!v!us uurlJ UvItLl 1U¿vf,tÞ .

10 gave somplexes insoluble oJ:ho¡

benzene-toluene ,

oth or- nn-l r¡

6' Ir tt

in
lt

[il1r

Oflrl

6 nii rl

4rr

fl

rr benzene-toluene only,
rr both ether and benzene-toluene 

o

soluble fr rr ll lt fi il

The higher sol-ubilities in benzene-toruene can mosr

easily be explained by the principle of rl-ike dissolves l_iker

since the zinc complexes do possess some aromatic character.
Also, ether would tend to promote and stabilize complexes in
partially ionic or híghry polar configurations of l-í¡rited
solubility"



rn three of the six reactions in which the complexes

v¡ere insol-uble in both solvents, those in benzene-toluene
(reactions #rz, ffr| and #]6) gave the highest yields. How-

ever, in the corresponding reactions in ether (reactions #rL,
#4 and #r5) there were some indications that the zinc
complexes coated the zinc and hindered the reaction. This
was substantiated by the recovery of relatively large amounts
of nnreacted zinc from these three reactions.

4. TT{E PREPARAT]ON AND CHARACTERTZATION OF

P, B _DIARYII{YDRACRYLIC AC]DS

a) É. ß -Diarylhydracrylic Acids

The hydroxyacids referred to in this section are al_l

derivatives of þrp -diphenylhydracrylic acid, and wirr be

designated by the name of the substituent, preceded by the
position on the parent nucleus to which it is attached. This
designation is the same as that emproyed in a1l- other tables
and graphs in this thesis.

six of the fifteen acids synthesized in this study
have prevíously been reported in the titerature (see pages

28 3l and 99 105). Table 1 berow, compares the dara
obtained on these six hydroxyacids i_n this study with that
reported in the literature.

concerning the ni-ne acids which were s¡mthesized for
the first time in this study, onry two of these require comment:
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TABIE 1

ß, ß -Diarylhydracrylic Acids.
A comparison of riterature and Experimental Resur_ts
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4-Hvdrorrl¡ ani fl

As reported on pages Bl_ 82, this acid
by an appreciabl_e amount of un_reacted ketone.
point of view of synthesis, this acidr âs wel_l
acid, might be more economicatly prepared from

was accompanied

From the

as the 4-amino

the corres-
ponding 4-nitro compound.

2-Chforo acid

\,fhenever 2-chrorobenzophenone was reacted i_n benzene_
tol-uene (reacti on #26) , the end product was always the unsat-
urated acid, þ -(2-chlorophenyl)-Ê -pr,"nyJ-acryric acid. rt
was not determi-ned at what stage r or for what reason, the
rìohr¡Är.sfi n¡ |¡ccurred.

It{atzurevich (65) obtained B -methyr-ß -(4-methytphenyr)-
acryli-c acid from the saponificati_on of the corresponding
ethyl hydroxyester. CIr the other hand, Bricke and cox (14)
found that ß , ß -diphenythydracrJrlic acid was stable in re_
fh.rxing al-kal_i solution (t6 irours) and coul_d be recovered in
essentially quantitative yield.

b) p-Nitrobenzyl Esters

The choi-ce of this particular type of derivative was
prompted, in part, by the work of Holmberg (SZ). This author
reported that the p-nitrobenzyl esters of ß, ß-diarylpropi-
onic acids could be readily synthesized, and their melting
points were sufficiently different for ldentification purposes.



The present research has shown that the differences
in melting points for severar- of the p-nitrobenzyr esters,
are not sufficientry rarge to warrant the use of this type of
derivative for the identificati_on of F, Æ _diarylhydracrylic
ani Àq
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EXPER]}TENTAI

PREPARAT]ON OF MONOSUBSTTTUTED BENZOPHENONES

1. FRIEDEI-cFAFTS s-rl\ÌriìTÌtrsïrs

a ) 2-I{ETI]YIBENZOPI|EIVONE

2-I[ethylbenzoyr chroride. A mixture of o-toruic acid
(tz4 gm' ' o'gL mor-e) was refluxed with thionyJ- chl0ride
(L29 gm. ' 1.oB mor-e) until the evor-ution of hydrogen chr_oride
and sulfur dioxide ceased. The excess thionyl chloride was
distill-ed off at atmospheric pressure by heating to rJOo.
vacur.m distirlation of the residue at 52.5 56"/ I mm.

yielded IL2.B grn. (e07"¡ of 2_nethylbenzoyt chloride.
Norri-s and young (Z S) reported a boil_ing point of

nl -o ¡() (t.t / '¿ mm.

2-lt{ethylbenzophenone. This ketone was prepared by the
condensation of 2-methylbenzoyl chroride (62 gm., o.40 mole)
with benzene in the presence of aruminum chrorì-de, according
to Reddel-ients method (zg) . The yierd of Z-methyrbenzo.phenone
was 94.6 ep. (74%) which boil-ed at LLZ _ ]116"7 l_ 

^^.Easthan et al. (lZ) reported a boil_ing point of LZL.5
Lzz 

" 5"/ L.25 mm"
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b) 4_METHYIBENZOPHENON,r-E

This compound was sy.rthesized by a Frieder-crafts
reaction betv¡een benzoyl chloride (roo gm. , o .7L ¡rol_e ) and
toluene, âccording to a method reported by shirrey (Bz).

The present s¡mthesis differed frou the latter in that
the crude product was subjected to two successive vacurïn
distillations (42 - L370/ r mm. and L25 L3o'/ I mn.) prior
to recrystalrization from petrolerm ether. The yield of
4-methylbenzophenone was 3?.t g'n. (zz% with respect to benzoyl
chloride) which melted at 56 5To.

Shirì-ey (BZ) reported a nelting point of 56o.

c ) 4_METHOXYBENzOP]]ENONE

This ketone was prepared by the generar method of
Dorofeenko, Dulenko and Dulenko (S+).

A mixture ot 60/" perchl_oric acid (S.t+ gm. r O .OZ mole ) ,
anisol-e (45 .Z gm. , O .40 mole ) an¿ benzoy1 chloride ( 84.4 gm. ,

0'60 mole) *a" refluxed for three hours. The reaction mixture
v¡as poured onto a mixture of ice and dilute sulfuric acid.
The aqueous mixture was extracted with ether, and the combined
ethereal- extracts were washed with water and 5/" sodirm
carbonate solution, and dried over magnesir.un sur_fate. pemoval

of the ether by distilration yierded the ketone and a large
amount of tar. rt was onry with great difficulty that the
lretone was isolated by repeated extractions v¡ith petroleum
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ether (in which the tar was only slightly solubl_e) followed
by recrystallization from petroleum ether-diethyl ether (r:r).
The ketone melted at 6O 62o .

Dorfeenko et al-. (34) reported a melting point of 6o 6r"

d) 2_HYDROXYBENZOPHENONE

2-Hydroxybenzoyl- chloride. This acid chlori-de was prepared
by Kirpal-'s ¡rethod (60¡ using sar-icyric acid (¡o gm., 0.36
mole). The reaction mixture was not worked uÞr but instead
was diluted with benzene (eOO m].) and used imms¿1rtre1y in
the preparation of the hydroxy ketone.

2-Hydroxybenzophenone. ¿. suspension of anhydrous afuminum
chloride (7T gm., O.58 mof e) in benzene (450 mf . ) was heated
in a one liter three-necked ftask equipped with a reflux con_

denser, stirrer and dropping funner. The previ-ously prepared
benzene solution of 2-hydroxybenzoyr chloride was added slowly
with stirri-ng to the refluxing suspension. After the addition
was completed, reffuxing and stirring v¿ere continued u'til the
evolution of hydrogen chloride ceased. on cooling, the
reaction mÍxture was observed to separate into two immiscible
layers" HydroJ-ysis of the reactlon mixture was carried out
by pouring it cautiously onto a mixture of ice and dÍlute acid.
The aqueous layer was separated and extracted once with benzene.
The combined organic layers were washed successlvelv with
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dÍlute hydrochl-ori-c acid, water, 5% sodium carbonate sol_ution
and water. ,A.fter drying over magnesium sul_fate and removing

the benzene by distil-lation, the residue was subjected to
vacuum distil-lation. 46.5 æ. of the crude product was

coll-ected at rL9 r3B"/ I mm. as a yellow oil. Recrystal-
lization from aqueous-acetone yielded 3T "Z gm. (SZ/,) which
mel-ted at 39 41o .

DeTar (¡o) reported a metting point of 38.5 39.0o.

o) 2- CT{I ORO BENZ OPTIEÌ{OTüE

2-chlorobenzoyl chloride. For-rowing the same general
procedure as that employed in the preparation of 2-methyl_
benzoyr chlori-de, a mixture of 2-chl-orobenzoj c acid (s6 gm.,

0-23 mole) and thionyt chloride (80 sm.r 0.67 mole) yietded

33.8 e:n. (ZZ%) of Z-chtlorobenzoyl chloride, coltected at
nl nzo / -() (o / r mm.

Thompson and Norris (l-oz) reported a boiling point of
78.9 ?9 .2" / 2 mm.

2-Chlorobenzophepone. This ketone was

the sare procedure as that reported by

the s¡mthesis of 2-methylbenzophenone.

2-Chlorobenzoyl chloride (fi.2 gm.: O.ll mole) was

reacted with benzene in the presence of ah.minum chloride
to yield 4L.5 gm. of 2-chrorobenzophenone which boiled at
176 LBz'/ 9.5 mm. and metted at 4z 4Bo. Recrystall-ization

prepared foll_owing
/-^ \Heddelaen ('iU) for
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of this impure product gave 34.5 gn. (SZ/") with a nelting
nninJ- nf )t.lt. < lt/ rolur.rr rJ ur_ ++ . ) +o . )

von Auwers et al. (¡) reported a boiling point of
-lQ( rQQo / t.> -- . l\T^-,+^"^ ^'^r r1--^---,'-^^ /ry¡\-Lw) lwu / -l mm. ; Newton and Groggins \73) reported a

- ^-l +i ni ¡'{- ' o
uçr uf,.¡ró yvrrrr of 45.5 - 46

f) 2-BROMOBEI{ZOPIjENONE

2-Bromobenzoic Acid. This acid was prepared by repeating
Bigelow's method (12) . 2-Bromotoluene (So gm., o.29 more) was

oxidized by potassÍum permanganate (102 gm. ) in a solution
of sodium hydroxide (B gm.) in water (IOOO ml. ). The vield
of 2-bromobgnzoj.c acid was 29.5 gm. (SO/") .

2-Bromobenzoyl chloride. This acid chloride vüas prepared

from thionyl chloride and 2-bromobenzoic acid fol-lowj-ng the

same procedure as that described by Shirley (B¡) for the

preparation of 4-bromobenzo¡rl chloride.

Z-Bromob enzoic acid (Zg . S gm. , O .1+T mole ) yielded
^ô l, / ^^^y'2ð.4 gn. \887") of 2-bromobenzoyl chlorj_de collected at
-r 

^Õ 
¡ nl,o / ntv¿ - r_u+ / J mrn.

Norris and Young (ZS) reported a boiling poínt of
-l.\^ aarao./ -tIUU _ I-UI / I frITT..

2-Bropobenzophenone. This compound was prepared by Shírl_eyts

nethod (86) for the synthesis of Z-cltlorobenzophenone.
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The Friedel-crafts reaction between benzene and

2-bromobenzoyL chl-orid e (28.4 gr., O.llO mole) yielded

28-6 . (at+7"¡ which melted at 39 42.5". Two successive

vacuum distil-lations v/ere required to purify the product.

The first distil-lation gar¡e 30,2 $a. at t4o L6o"/ I mn.,

and the second yielded 28.6 gm. at L39 LU4'/ I mn.

I'feldol-a and Hollery Ge¡ reported a melting point of 42".

g) z-ÁMTNoBENzoPlrgNONE

NH,

Ocãon

q
c

ó

NHTs

=Q

!llI'9, >(2) PCts

Heo >

NHTs

O.ocr

Q*"
C=O

ó

This ketone was prepared by the method of scheifele
and DeÎar (Bl), with the foll_owing modification:

The Friedel-Crafts reaction mlxture v¡as cooled to room

temperature and poured onto a mixture of ice and concentrated
hydrochloric acid. This hydroryzed mixture was filtered free
of a consj-derable quantity of light olive-green solid. This

substance, which was apparently impure 2-toluenesulfonvlamido-

c.Þ



o)

þenzoprrenone, was readily hydrolyzed hy rort hydrochl0ric acid
to 2-aminobenzophenone. The benzene layer fron the fil-trate
was separated from the aqueous phase, washed with water and

dried ' Removal of the benzene by distill-ation imder reduced
pressure afforded 1,20 g.. of a brown solid. This su-os-uance

was heated with concentrated surfuric acid (zoo mr. ) on a

steam bath for J-J minutes. The resultant solution was coolsfl,
poured into water (5oo ml.) and filtered free of a solid
(which was apparentry phenyr-p-toryr surfone) and the firtrate
was neutralized with 6ld sodir.m hydroxide solution. The

precipitate of impure z-aminobenzophenone was collected by
suction filtration, combined with the main portion of ketone
and recrystallized from aqueous-ethanol_. The yield of
2-aminobenzophenone v¡as 40.B gm. (+t6 based on p_toluene_
sulfonylanthranilic acid used) which ¡relted at LO5 LOZ".

scheifete and DeTar (B¡) reported a yierd of 54% and
n mal -l-ir- ^^i-s !¡çru¿r!õ y.-rtt of lOJ - 106o.

h) 4_NITROBENZOPIüNONE

4-Nitrobenzoyl- chlorid e (66.8 gm., 0.36 more) was

dissolved in anhydrous benzene (250 nl.) and the solution
was fil-tered (6.8 gm. of insoluble materj_al was recovered.,
thus leaving 60.0 gm.: o.3z mole of acid chroride in the
fil-trate). This benzene sorution r,vas added dropwise (over
a period of two hours) to a well-stirred suspension of anhy_
drous aluminum chr-orid e (96 s., 0.zz mor-e) in benzene
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(ZOO ml.) at room temperature. Three hours after the addition
was conpleted, a solid complç¡ v¿¿s observed to have settled
out. The reaction mixture was allowed to stand overnieht at
room temperature and then hydrolyzed with i_ce and dirute
hydrochloríc acid. The resultant two phase system (additional_

benzene nay be required to dissolve any solid preserrt) was

separated and the organic layer was washed and dried in ttre

usual marlner. Removal- of the benzene by vacur-un distill_atj_on
yielded 70 gm. (gS%) of almost pure ketone which netted
^! 1^/ r anoaú L)) L) (

Schroeter (B/+) has reported a meltj-ng point of 1l8o.

OXIDATION OF SUBSTITUTED BENZHYDROIS

a) 2-METHOXYBEITZOPHENONE

2.

H -C-OH

C=O

q*qocHg

ó
2 -l\T o f h n¡¿ r¡Jr o r¡ ryh vÃ n n1vf¡vr¡.-y vvtL4L!-y This intermediate was prepared according
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to the method of Kohl-er and Patch (62) but using quantities
of reagents equivalent to those descri-bed by stoermer and

/ ^^ \
-u'rr_derr_ca IyöJ.

A sol-utj-on of 2-nethoxybenzaldehyde (55.5 gm. r O.26

mofe) in an eo,uar vol-ume of anhydrous ether was added dropwise

with stirrirs to an ice-cold solution of nhenvlmasnesir.mI/ rrv¡rJ 44uõ.rru L

bromide prepared in the usual manner from magnesium (6.5 gm.:

0.27 mole), bromobenzerLe (4f .+ gm.: O.Z7 mole) and absolute

ether (120 ml.) . the reaction mixture was stored in an air-
+-. -t^+ fì -^l-u-Lð.Liu rr¿.sn arld left overnight in a refrigerator (0") for
approxinately 24 hours prior to hydrolysis with cold dilute
su-lfuric acid. the organic layer was separated and washed

successively with dilute acid, water , 5% sodii.m carbonate

sol-ution, and water. After drying over magnesirm sulfate,
the ether was removed b)r vacuum distill-ation.

[he yield of crude alcohol was approximately JZ grn.

f ¡^.¿/ \ -\937"), and was pure enough for use in the next step.

2-l'fethoxybenzophenone. This compound v¡as prepared by the

oxidation of the above benzhydrol (0

the method of Stoermer and FriderÍci
The product collected at V4

25 gt " Ut9%) and melted at 35 3Zo

Stoermer and Friderici (gg)

^ ^^ovr )./

.24 mol-e) according to
(ss).
-' 'o r -L++ / -L nm. weighed

r.onnr-to¿l q mo-lfinr nni¡l-! vyvr uvu q !¡g¿ urrr6 yvr.r_[ u
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b) 2 _ }T I TROBE\T Z OPHÐ}TONE

2-Nitrobenzhydrol. This alcohol was prepared by a Grignard

syr.thesis involving phenylnagnesir.rn bromide and 2-nitrob eyLz-

aldehyde as reported by IIey and Mulley (¡O).

The yield of Z-nitrobenzhydrol from 2-nitrobenzalde-
f ^/hyde 136 gn. e 0.24 nole) was 30.9 gm. (SZi'") collecteo ar

a D^ - nno / 
"L(¿ L(> / r lllr0.

2-Nj-trobenzo'phenone. This ketone was synthesized by a method

similar to that described by stoermer and Frederici (pg) for
the oxidation of 2-methoxybenzhydrol to 2-methoxybenzophenone.

A solution of potassium dichromate (55.6 gm., O.Z9

moÌe), concentrated sulfuric acid (46 ml. ) and water (zSe ml. )

was added j-n one portion, with stirring, to 2-nitrobenzhydrol
/ ^¡\30.9 gm., 0.11 mol_e) in a J00 mI. fl_ask. The tempera-rure

of the mixture was observed to rise quickly to 45o , and then

slowly drop back to room temperature. The dark corored liquid
was poured into water (500 rirl.) and the crude product was

isolated by filtration, washed with water, and air-driec. The

yield of crude ketone was l0.B gn. (too/"), Recrysta]j-j-zatj-on
ofrom methanol afforded a product which melted at L03.5 106-.

Hay and Mulley (50) reported a ¡relti-ng point of
'l 

^- 
r nr,Orv ) -L uÂf
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SYI\ITHESES WTTH D]PHENYICADMIUU

4_Tit¡ ÎUYT BEN Z OPTIEN ONE

t*'OcooH zOrgB"

J.r.,.
jro.,.

cH.Ococr C¿

o
tl

cH,qt@
4-Methylbenzoyl chlorlde. This compou_nd was synthesized by
exactly the same method as that for 2_methylbenzoyl chloride
(pagu Sg) " p . Toluic aôid (tZ4 gm. , O .9L mol-e ) yielded
tt6"Z gm. (eSÐ of acid chtoride boiting at 67 69"/ l_ mm.

l\Torris and young (z Ð reported the boiling point as
go go.5o/ 3 ^*.

4-Methyl-benzophenone. This ketone was prepared by essentialr_y
the saae method as that described by cason and prout (zl)
for the s¡mthesis of methyl 4-keto-J-nethyl0ctanoate.
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In this instance, 4-methylbenzoyl chloride (50 gm., 0.323

mol-e) was the liniting factor. The present method involved a

slight modification in regards to the isolation of the final-
product: the henzene was not removed in a flash evaporator;

instead, the organic layer was sinply vacuum distil-led. The

yield of 4-methylbenzophenone, boiling at IZ7 I3O'/ 1 mm.,

^/ 
a / ¿n¡/\was 36.2 gm" \577"). Recrystallízation from alcohol afforded

a product which melted at 55 59.5".
Muraoka et al'. (7Oa) reported a boiling point of l 53

- -.o t -f55- / 5 mm. Bl-akey and Scarborough (13) have reported a

mal *ino nnirJ- nf <Aouçr uf rró }/vr.rtu vI )w

o) ATTH{PTED PREPARATTON OF 2-N]TROBENZOPIflNONE

NO,

Ococr

2-Nltrobenzoic acid. This acid \^/as obtained tn 68/" yield
?'r' -l-'L^ ¡-."i Ä--l-.¡.rJ u-Liu \JrLrua. uion of o-nitrotoluene (50 gm. , 0 .3T mol_e ) with
potassium permanganate (128 gm. ) in dilute basic sol-ution
(64 en" sodir.m hydroxide and llJO ml. water) a"cording to
the nethod of Bigelow (11),

q
Co

ö

+
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2-Nitrobenzoyl- chl-oride. A mixture of Z-nitrobenzoic acid
(zo Bn. , o.rz mole) , thionyl chr-orid 

" 
(]_5.7 gm., 0.f o mole)

and benzene (¡: mr.) was refh.¡.xed for a few minutes untir_
the initial evolution of sulfur dioxide and hydrogen chloride
began to subside. Then a stream of dry natural- gas was

bubbled through the refl'xing sorution untir the presence of
the two acidic gases could no longer be deteeted in the elutant.
The reaction mixture was cool-ed and stored in a stoppered fl-ask.

2--Nitqobenzop4enpne. Thls synthesis was attempted by following
the same Brocedure as that for the preparation of 4-methyl-
benzophenone (page 69) . The ì-íniting factor was Z-nitrohenzoy:
chlori-de (see above) and atl other reagents were scaled to
bromobenzeyLe (2a.5 gm. , 0. J mole ) .

0n working up the reaction mixture t àrL impure brown
solid was obtained. Subl-imation of a portion of this material
yielded a crystalline sol-íd, whi-ch was found to be biphenyl
(¡y a mixed melting point with a known sanple).

+. PRESARATIQN OF 4_AMINOBENZOPIIENONE

This ketone was prepared by the reduction of 4-nitro_
benzophenone (effected with iron and acetic acid) according
to the procedure of simpson et al. (gs) for the reduction of
2-nitrobenz ophenone .

The yield of crude product was 23 gm. GSV") which
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nerted at 113 ll8o. Repeated recrystatlizations from
ether eventually gave a product nel-ting at rzz rzuo .

Theilacker and von Br-umercrom (rol) reported a

melting point of I24" .

REFORMATSKY REACTTONS

].. CRYIIC AC]DS

GEIVERAI PROCEDURES

a) ctASSrCAt (Ow¡_st¿.cp) REACTTON

Preparation of Activated Zinc. The zinc used in this
investigation was in the form of 20 mesh granules (Fisher
scientific corporation) activated by the procedure of pal_mer

and Reid (77).

A quantity of zinc was given a brief preliminary
cleaning by washing it with a smalr portion of dirute hydro_
chlori-c acid, followed by rirising with water and acetone, and

then dried in air. The metal granules were heated i_n a test
tube with a sj_de arm, under vacuum (".. l mm.) with a few
crystals of iodi-ne. Heating was discontinued when the zinc
began to sublime (as evidenced by the appearance of a meta,lric
mirror on the sides of the containing vessel_) ano before the
zinc granuì_es coul_d melt and fuse together,
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ivated zinc granules (:.8 gm., O.O5B gram atom) were added to
a solution of diaryketone (o.o5s mole) and eth¡rr bromoacetate
(4.5 g&., O.OZ7 mole) in an anhydrous solvent (jO mf . ). The
reaction mixture was contained within a tOO ¡ol_. three_necked
fl-ask equipped with a magnetic stirrer, erectric heating
mantle, thermometer, and an efficient refl-ux condenser
protected by a calcium chloride tube.

The mixture ì^/as sti*ed and cautiously heated to the
refh.ix temperature. rf , after several minutes of refl'xing,
the reaction showed no si-gns of having initiated (viz., a
distinct change in clarity and/or coror of the solution),
one or two smarl crystars of Íodine and./or mercuric chloride
were added to reactivate the zj-nc in situ. rn the event
that the initiar exothermic reacti_on threatened to ,froth
over", the heating mantle was removed and the flask was cool_ed
as long as it was necessary to keep the reaction'nder control,
but not enough to stop the reaction. once under contror-, the
reaction was reflr.rxed and stirred for an additionar_ two hours.

At tLe end of this period the reaction mixture was
decanted from the unreacted zinc, and both the zine and the
fl-ask v¡ere rinsed with additionar sorvent. The zinc was dried
and Íts weight recorded. îhe decanted mixt,re was combined
with the solvent and hydrolyzed with ro/" suLfuric acid (zo mr. ).

$¡mthesis of -Diarylhydracrylic Acid. Act_
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The resultant two phase system vras separated; the aqueous

layer vras extracted with ether (z x 25 mI. ) and then discard-
ed. The combined organic layers were evaporated under reduced
pressure. The residue was saponified according to the method

of Palmer and Reid (ZZ) by refluxing it with a z.Jlt solution
of potassi-um hydroxide (11 ml. ) in ethyl alcohol (25 o.t.)
for 4 hours. The saponification mixture was diluted with
water (25 rr.l-.) and most'of the alcohol was removed at 60o

under reduced pressu-re.

The residue was extracted with ether (Z x ZJ mL.,

2 x L0 n]. ) and the combined ethereal extracts were washed

w:-th Jdl sodium carbonate solution (ttrese washings were

combined with the main aqueous layer). Then the ether layer
was dried over magrresium sulfate and carefully filtered
i-nto a tared distillation fl-ask. Removal of the ether under

reduced pressure left a neutral residue (nainly unreacted

ketone) whose weight was recorded. The combined aqueou.s layers
(above), containing the potassium sart of the hydroxy acid
and excess base were heated on a steam bath to dri_ve off
traces of ether, cooled, and acidified with dilute hydroehl-oric
acid. rn most instances, the precipitated acid was isolated
by suction filtration, washed, and dried. rn a few cases it
was necessary to extract the acid with ether, with subsequent

washing, drying, and removal of ether. The weis"ht ¡nd melting
point of the impure acid 'r^rere recorded.
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b) REACTTON UNDER FEDUCED PRESSURE

This procedure was exactty the same as the above

except that the apparatus was connected (via the top of the
condenser) to a vacuum punnp, manometer and bleeder valve (for
ad justing and maintaining a constant 1ow pressrire). This
set-up pernitted the reaction mixture to be refluxed ar a

temperature considerably rower than that at atmospheric
pressure. The 10w pressure was maintained throughout the
initiation, and the two hour reflux period.

c) TWO-STAGE REACTION

As the name implies, this reacti_on was carried out in
two steps:

First; a reacti-on of activated zinc granures (¡.8 gm.,

0.058 more) with ethyl bromoacetate (u.s gm., o.o2z mote) in
anhydrous ether (30 mf .) was initiated as in the one_s-uage

procedure (ptg" 7Ð, and reflr-rxed one hour beyond initiation.
At the end of this period the ethereal sol_ution ï¡as cooled
and quickly decanted into another dry reaction flask.

second; a soluti-on of the diarylketone (o.oo6J mole)
in l0 ml. of benzene-toluene (40235 v/v) v¡as added in one

portion to the above ether solution. The total reaction
mixture was refluxed for two hours, and worked up as in the
one-stage procedure.
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2, ICEY TO TTIE TABIES OF EXPER]ME}TTAL RESUTTS

Data obtained from the reactions of monosubstituted
benzophenon-es in the classical (one-stage) procedure is
colfected together in Tables 2 and 3 (pages TB and Bo ) .

Tabte 4 (page 84) gi-ves data on reactions utilizing
the reduced pressure technique (pag" ?5). This table also
includes, for the sake of comparison, the results from
certain reactions carried out at atmospheric pressure
(repeated from table 3).

Tabfe 5 (page 85) l_ists the resul_ts from the
two-stage reactions carried out according to the general
procedure on page 7 5.

All the tabl-es employ essentialry the sarne forma-u

with the followJ_ng coh.mn headinss:

RE¡.crrON # : each experiment in this investigation has

been given a nrmber for reference purposes.

"oto
: general formula for a monsubstituted

benzophenone with a substituent x in either the z- or
4- position of the aromatic nucleus.

sOlvENT : note the forlowing abbreviations: Etro for
diethyl ether and B-T for benzene_toluene (40 235 v/v) .

Table 4, in addition to the solvent, lists the
boiring point and pressllre of the reaction mlxture.
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Table J ornits this sol-vent heading altogether, si_nce

each reactlon emplo¡rs¿ the sarne sol-vent system (see general
procedure, page T 5) .

6/^ ÞTr'A^mTrìnr/v L|Jõv f,Iva\

-

: (with respect to recovered starti r\s m2tor-,i o'1.g )

% ytnL'n ¡ (or % reaction with respect to the isolated product,
i. e. , the i-mpure hydroxyacid ) .

thus /" reaction on the

/1 - weight of recovered ketorl" \*
\w

and /" reaction on the basis of

Atl of these calculations were based

as the limitins factor.
on the ketone

basis of recovered ketone =

100

r.i:rreacted ziÍtc =

weigþt of original zinc wei t of recovered V.1 fi r¡ x 100
5.4 x moles of Ô7r-l rt etone

Simi I qr.l rr

¡/I-RT,TIT'l\TA ÐATìTM+f!v I var!I

nni ¡-1. eT^ *l¡ n,
".,_ s e

Dññ.l-r.Ãino l-n l-'h^qvvvru¿¿rõ Uv tJf,jç

/" yiel_d of acid _4c1es of acid x 1OO
-*'-Ò

both the yield (above), and the melting
of the impure acid which was isolated
directions in the general procedure(pag" T4)

Þ Tnr^ ^ ^rrir 
rr,

-Z-LI\O OUIV]PIEX : Table

ItaLoz:-nc complex as it
3 gives a brief description of the

appeared in situ, prior to hydrolysis.

suppJ-ementary notes are to be found on the pages

imms¿ir¡ely following Tables ? and 3.
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TABLE 2

Prefiminary Reactions with 2- and 4-tUettiythertzophenones
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SIIPPIE}{ENTARY NOTES TO TABIE 2

Reaction #1 (2-methylbenzopherÌone i-n benzene-toluene)

The decanted reaction mixture, on cooling overnight
in a glass-stoppered flask, prior to hydrolysis, separated

into three apparent phases, viz., top: crear brown solution;
middle: translucent suspension; bottom: dark brown viscous oil,

Reaetion #2 (2-nethylbenzophenone in benzene)

Prior to hydrolysis, the filtered reaction mixture
was stored at oo in an air tight flask for a few hours and

then allowed to stand at room tenperature for two days. The

mixture, at the end of that time, consisted of a cl-ear -uan

colored sol-ution over a finely divided yel1ow sofid (with
t ti-?ãÒ11 nnlnroÄ imnrrr"í *¡rì+¡!_¡/u!LUJ /.

Reaction #5_ (4-methylbenzophenori.e i-n benzene_tofuene )

cooling the mixture overnight at oo (rn a glass-sïop-
h^%^À pl 

--l-\pereo r-LasK/ caused it to separate into two layers; viz., top:
a clear yellow solution, and bottom: an opaque suspension.

Reaction #6 (4-methylbenzophenoïr.e in benzene)

cooling at oo for a few hours caused the filtered
reaction mixture to separate into a clear yellow solution
and a greenÍsh-white solid.



BO

TABTE 3

Reactions of Monosubstituted Benzophenones

in Diethyl Ether and Benzene-loluene
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SUPPIEI\TENTARY }IOTES TO TABIE 3

Reaction #9 (Z-aminobenzophenone in ether)
The ketone was not completely sol-ubl-e in the reflux-

ing reactlon mi-xture prior to initiation. The dark red z..nc
complex, which formed shortly after initiation, coated the
zinc granules and hindered the stirring action somewhat.

Reaction #11 (4_aminobenzophenone in ether)
0n1y 0-0rz more ketone was used in this reactlon with

all other quantities of reagents identical to those in the
general þrocedure (prg" 73) " This ketone was only partially
solubre in the refr-i.rxing solvent, and as a resurt, it was
difficul-t to terr whether or not an insolubre zrnc complex
formed during the course of the reaction.

React.-on #rz (4-aminobenzophenone in benzene_toluene)
0n1y 0.0r7 mole of ketone r^/as used in this experiment

with all other quantities of reagents identical to those in
general procedure (a) (page 73). This ketone was completely
solubl_e in the refl_uxj-ng reaction mixture.

Reactions #14 and #16
(z- and 4-hydroxybenzopher-ones in henzene-toruene)

These reactions cour-d not be conpletely separated into
ketonic and acidlc fractions after the saponification step,
due to the acidi-c natures of the pheno.ic ketones. Therefore,
the resul-ts from these experiments v,,ere considered to be
only approximate.
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Reactions #13 anO #15

(Z- and 4-hydroxybenzophenones in ether)
rn an attempt to obtain a better separatlon of

ketonic and acidic fractions from the saponification mix_

tures, the fol-loruing modification to the generaÌ Frocedure
was employed for these two reactions: the acid (containing
ketone impurity) fron the general procedure, \¡ras dissolved
in a small amount of r-of sodirm bicarbonate sol-ution. This
solution was worked up: in the same way as the saponifica-
tion mixture in the general procedure, giving weakly acidic
(ketone) and acid fractioïrs. The ketone fractions from the
general procedure and the above modification were combined
and /" reaction and /" yt eLd were calcufated in the usual
manner. As in reactions ffl_4 and #16, these results are
considered to be in error

rt shoul-d be noted that the saponlfication mixtures
for reactions #L5 and #16 (4-tryoroxybenzophenone reactlons)
yielded smal1 quantltles of the potassir¡n sal_t of 4-hydroxy_
benzophenone. This material was taken into accormt in the
calculations of /" reaction (with respect to recovered ketone)

Reactions #2j and #24

( 4- rtuorob enz ophenone

All quantitj_es

factor of 7/8.

rn ether and in benzene_toluene)

of reagents were scaled down by a
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Reaction #26 (z-cLtrorobenzophenone in benzene-toluene)

The final product was isolated as the 
'nsaturatedacid' /3 -(z-cnrorophenyr)-F -phenylacrylic acid (see

Discussion of Experimental Resul-tsr pag€ 5Z).
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TABIE 4

Reactions Ijnder Various Pressures
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TABIE 5

Two*Stage Reactions
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B6

PURIFTCATION AND CHARACTERIZATION OF TTM

p, ß -DTaRYIHYDRACRYITC acrDs

The mel-ting points and analyses for the purified
B -hydroxyacids and the corresponding p-nitrob enzyr esters
are given in tabl-es 6 and 7, respectively. Additi-onal-
irfnr.mo*ì nn norfqi¡inm -l-n-Lur-ur'luau-LUn p--,*-,,,,16 uv the acids is to be fould in the

supplementary notes i-mmediatol r¡ fol I n-^.ing tabl e 6.

1 . TIIE ß, ß -D]ARYIHYDRACRYITC ACIDS

Analyses were not carried out on those compor:nds

whose exi-stence has been reported in the l-iterature. However,

the literature mel-ting points for these acids are compared

with those from the present study in table 1, page 56.
All of the hydroxyacids, with the exception of the

2-amino, 2-hydroxy, and 4-nitro compoundsr were recrystar-
l-ized from aqueous-af cohol (ethanol_ or methanor) as white,
crystalline sol-id s .
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TABIE 6

p, p -Diarylhydracrylic Acids
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SUPPIEMENTARY IVOTES TO TABIE 6

z-NHz; Recrystar-lized from aqueous-methanor as bright
ye11ov\¡ needles.

Neutralizat'ion equivarent, car-culated: 252 ,3; For.urd z 258 ! 3.
4-NH2; After attempting several recrystal_lizations from a

variety of solvents, this acíd was i-sorated, stil1 impure,
and in too smalr- a quantity for further purification.
z-oH : Recrystalrized, from benzene as a white crystalrine
powder. A second anarysis for this acid gave the forlowing
results:

Calculated f or C.'5H.-.'O' " C, 69 .B; U, 5 "u
Found " C, /o.B; H, 4.2

4-0H : The crude acid was contaminated by a considerabre
quantity of the ketone, 4-hydroxybenzophenone, and what
appeared to be the potassium sal_t of the latter (which mel_ted

at 3L7 322" dec. )

[-cur: The melting point of the sifver sart of this acid
was 233 234" dec. (with frothing).
H: The zirtc complex, prÍor to hydrolysis and saponification
to the acid, was found to decompose (with apparent formation
of zínc hydroxide) at ca. l-l8 J ZOo .

+-¡' :

ivlt"rri zatton equivarent, car-curated: 260.3; For.ind : z6z L 3.
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?,-cr : The unsaturated acid, formed in reaction #26, melted
at 140

Calcul-ated for Cf 5Hff CIOri Ct ZO.O i H, b.Z5 ; Cl , r3.Z
Found . C, 69 .T i H, 4.ZB i CI, I3.9

Neutrali zation equivalent, caf culated : z5B .5 ; For.i'd : 260 I j.
4:C_l : The zínc complex, prior to hydrolysis and sapon_
ification to the acid, melted at ca. zB B3odec. (with
frothing) and then decomposed further at ca. IZ3o (with
apparent formation of zínc hydroxide.
2-Br :

Neutralizat,'on equivarent, car-curated: 3zr,z ; Found z J2r t 3.
II-Hþa

Neutralizatíon equivalent, caf cul-ated: 32L,2 ; tround z J2o L 3.
q--Nqz: Recrystal,l.,zed from benzene as small transparent
crystals having a stight tan coror. After several days in
a vacuum desiccator, these crystals decomposed into a white
powder (which mefted at r4z Lq3o ) aue -ro apparent loss of
benzene of crystallì zati-on.
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2. TI{E p-NIT.ROBENZYI ßr_L:pJLRytHyDRACRytÄTES

These esters were prepared by a method simifar to
that recommended b)¡ Shrinerr Fuson, and Curtin (91).

The acj-d (1.0 gm. ) was mixed with a smal] quantity
of water (5 ml.) and neutralized with a dilute solution of
sodium hydroxide. A drop of very dilute hydrochloric acid
was added to make the sofution just acid to litmus. p_l(itro_
benzyl bromide (1.0 gm.) and alcohol- (fO mf .) were added and

the reaction mixture h/as refluxed for one hour. Additional
al-cohol was added from ti-me to time as was necessary to keep

the mixture clear. The solution was coored and extracted
with ether (r x jo m1.) The organic phase was washed

successively with 5% sodium bicarbonate solution (z * 5 mr. )

and water (z x 10 m].) After drying and evaporating off the
ether, the resultant ester was recrystaflized from aqueous-

alcohol (methanol or ethanol).

Äcids bearing the folfowing substituents were not
prepared: 2-NH2, 4-mHa, 4-cHao, and H (unsubstituted).
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TABLE 7

p-Nitrobenzyl. B, P -Diarylhydracrylates
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APPENDIX A

TI]STORY OF THE REFORIVJATSI{Y REACÎION

The introduction
that of the }ìeformatsky

some thirty-six years.

accoapanying chronology,

the Reformatskv re¡nti on

reacti on.

of organazinc compounds antedated

reagents (halozinc enolates) by

The chart on the next page and the
give the historical development of
and its relation to the Grignard

TB49

E. Frankland discovered

first organometal_Iic compounds)

the heating of an alkyl iodide
atmosphere:

2Rl

urle u_Ld,_Lnyrz_Lnc

îll¡a crm'l-l¡^^-i ^. ruu ÞJ1l"Uf.LcjÈj¿:i

with zinc metal

compounds (ttre

invol-ved

in an inert

2 Zn

2 RZnl

Dlsllr- | uNDER
I

| -zãtz
V

C0e

R2Zn
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CIÌART

Ilistorical- Devel-opment of the Reformatsky Reaction.
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1 RA"

A. I'{. Butlerov (ZO¡

reacting di¡rethyl zinc with

of the resultant complex:

prepared trimethyl
acetone folfowed by

n qr.l¡i ¡ nl hrrvJ

hydrolysis

(c Hu)rc=o (cn,),2", (c Hu). c - o zncHu

HtO \

--

(cuu)u c-oH + ZnO + C H4l

IB7 5

Saytzeff (a forner student of Butlerov) and Wagner (ro¡)
avoided the use of the spontaneously fl_ammable dialkyrzinc
reagent by generating the alkyrzinc iodide in the presence

of the carbonyl compor-md. Hycirolysis of the resultant halo_
zinc enol-ate gave the expected tertiary alcohot:

+

7n

+

R-C -OZnl
+H¿O \
-a;joHT

R
,l

R-C-OH
t,,
R

R
,l

t,,
R

R
I

C=O
t,,
R



95

1BB7

sergei tlikolayevich Refornatsky (zg), a former student
of saytzeff, extended the wagner-saytzeff reaction by re-
placing the atkyl iodides with a -har-ogen esters:

CHs'c=o +

CHu

+

R

)c=o
R

í
(l) É'-t + t"tg ,, I

e) H.o à R-C-OH
I

R

Mgl(oH)

clcHrcozczHs

j.,

1B9g

P. Barbier (S) attempted to improve the Wagner _

saytzeff reaction by substituting magnesium for zincz

ÇHt CH¡
I

Ho -!-cHzco2czH5 *+#m ctzno-c -cHzcozczHs
CHu CHu
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1900

victor Grignard (45), one of Barbier,s students, dis-
covered that the intermediate Rllsx could be generated in
Ài oÈlnr¡l a*Ìrot prior to reaction with tlte nnrlronr¡l ^ôm-
urÇ uuJr u urrur -pr'-LUI tJu Ieactrlon \,ül-rrÌ -ülLe e--pound.

Thus the Grignard reaction was essentiarly a two-stage
Barbier reaction:

ft

R-l (l) l¡g .
IN ETHER ' R-Ms I

R-Mg I

R
,JI

R-C-OH
I

R
rg02

Zelinsky and

in the Reformatsky

the condensation of

acetate :

Gutt (fOZ) replaced zi..nc with magnesi.um

reaction. One of their reactions i_nvolved

l-methylcyclohexanone with ethyl bromo-

BrC HrC OzCzHs

CHs

O=o

(2) 'c =o
R

Hz0

(z a/")
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lgoB

zeltner (l0B), under the guidance of Reformatsky,
reacted magnesium i-n an ethereal sol-ution of a tertiary
bronoester and then introduced benzaldehyde into the
reaction mixture obtai-ned , zertner did not obtain the
expected hydroxyester due to serf condensation of the
Grignard reagent:

CH.
I

B.-C-COrC,H^
l-r

CHu
(t) z (r) r"t

ÇHs
(â s,.-é-corc.H,

¡

CHg

BrMe-C-
9H'

B"Ms -ç-C02C2H5
I

CHu

C,H^
ÇHu 9- - CHu!tt
ç-c-c-cozcrHutt¡
cHu p. cHu

MqB.98.

{s)@c,, lr|-i,,î.,,5,, {z)@c,. 1*,[ï:
J 

(- Mse..(oH) : 
I 

{- u, s,(oH)

I c,Hu 3 c,Hu

Ho-Î-1-c-g-co,c,Hu
H CHs CHu

q c,Hu

HO-C-C-COzCrHu
ll
H CHs
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rg 5"

Siegel and Keckei s (gZ) demonstrated that the Reformatsky

reaction could be carried out in a two-stage procedure similar
to the Grignard reactíon, i. e. , the hal-oester v¿as brought into
reaction wíth zinc in an inert solvent and the resulting sol-
ution of the organozinc compound (Reformatsky reagent), then

tfeated With ? ñ-^r hnnrrì ^n.1pOUnd;

t) B" C HrC OzCzHs
Zn\

-

B rZh- CHzC OzCzHs

2)
R

)c=o
R

c
I

HO-C-CH2CO2C2H5

R

R
I./ HzO

-- BrZnO-C - CH2COzCaHs
I

R
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APPE}ID]X B

SYÌüTITESES 0F B -HYDROXY ESTERS

THAIü TIIE REFOR}ï¿.TSKY REACTION

1902

Zelinsky and Gutt (107)

q
c

ó

AND ACTDS BY METHODS OTTMR

=Q

These workers claimed that
from this reaction \^/as purer, and

from the Reformatsky reaction.

HO-C-CHzCOzCzïs

the hydroxyester obtained

in higher yield th.an that

C.Hr C.H.
/-f,
O=o O:1,.02c2H5

1908

Ferrario and Vinay (42)

(l) Mg + B'CH¿CO¿CzHg -
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Iolal

/^/\DATZ?TTS \ ¿O )

o
fl

cH=- cvl

CH.

HO- C- CH2COzH < iol

Cs Hu

cl
I

ct-Ç-corcrHs
t-

H

oH cltl
cHu-ç-c-co2cz1srl

CHu H e6%)

Approximately a quarter of a century later, Darzens

repeated this procedure with acetophenone (ZZ) and cyclo-
hexanone (Za¡ and obtained the expected B -hydroxy- û -chloro-
esters in yields of 90y', and )f/" respectively.

1910

Tarassov (100)

c.H5-c-c.Hu

Î'Hu

o
¡f

ç.Hu
HO-C-CH2CH=CH,

I

C.Hu

(t) t'texnt (2) nro

- CHaCH = CH¿

This reaction was r-on a¡ f oÄ hrr lflrarasch and Wei:lhouse (Sg)
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in 1934, and by Favorskaya and Fridman (lg) in 1948,

1910

Kusjimin (65) repeated the above procedure with
4-methylbenzophenone and obtained ß-(4-nethylphenyl)-
p -phenylhydracrylic acid,

lgl 6

- Berberianu (z) carried out condensations between

benzophenone and a nu¡rber of bromoesters in the presence

of magnesium in benzene. a reaction between 4-methoxy-
benzophenone and nethyl q -bromopropionate was also reported

t9 5r

Hauser and Puterbaugh (49)

cHõcorcoH, # clzn*faHe=co2c4Hr]'
t-buty1 acetate

OH
I

C -CHzCOzC+Hg + ZnClz + NHs(u)

CH.

The entire reaction was performed in liquid ammonia.
rt was found that the use of lithium amide in place of sodilm



I02

amide, without zinc chlorideu and with ether as a solvent,
save higher vields.Ô-'"...t)''".¿

Two years later, they extended this organolithlun
procedure to the preparation of t-butyl p -hydroxyesters
fro¡r 4-chloro and 4-nitroacetophenor.es (49). The yields from
this method were either comparabre with t or significantly
better than, those from the analogous Reformatsky reactions.

I Q("
:^/ )L

Sisido et aI. (gS)

c Hsco zcqïg
t-butyl acetate

BrMg t[aHz=C 
orCoHJ "

Ç'Hu
HO-1-CHtCOzC+Hg

C.Hu eM)

Several years later, Sisido et aI. (g+) used this
nethod to condense (-)-nenthyl and (-)-bornyl acetates wÍth
several substituted benzophenones, including 4-methoxy- r

2-methyl-, 4-methyl-, and 4-chlorobenzophenones. The ylelds
of diastereoisomeric hydroxyesters from these ketones were

72, 73' 70 and 74/"' respectively. The lack of self-condensation
of the esters was attributed to the bulkiness of the menthyl
and bornyl groups.

+ (c.Hr).N



Ce Hs

HO-C-CH2COzC+Hg
I

19 55

c HscorcoH,

t-butyl acetate

KETONE

2-0ctanone

2-0ctanone

Diisobutyl
ketone

Barnaud and Dubois (6)
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C -BROITTOESTER

c-bromoptsopionate

a-bromoisobutyrate

a-bromopropi-onate

Ethy1

Ethyl

EthyI

79

78

ó8

ctMg tla H"--cazc4Hr]"

di-n-propyl

between

AV!]RAGE rIELDS

75

a?

ld4I

C.Hu Qo%)

They claimed that other ketones gave yields that
\^/ere greater than, or at least conparable to, those from

the Reformatsky reaction.

Cason and Fessenden (ZZ) studied the use of
cadmír-m and zinc as condensing agents in reactions
the following ketones and bromoesters:



r a<Ê
+/ tv

Jacques and l{eidmann

tertiary c -bromoesters were

advantageous to replace zinc
reaction.

104

(S+) demonstrated that when

condensed with ketones, it was

with magnesium in the Reformatsky

For example,

0
tl

CzHs- C +
I

ÇH'
Br-C-COzCzHs

CH.

lvl

M

: Z'ít , 55% yieJ_d

: Mg ¡ 9I/, yieJ-:d,

196o

Pafmer and ReÍd (ZZ) carried out
(-)-menthyl bromoacetate + acetophenone

B -hydroxy- p -phenyl-butyric acid,
and obtained the fol_lowing results,

the reaction:
(r) coruorNSING AGENT

CH.

oH CH.
ll

crHr-ç-Ç-COrCrHu
ll

cHu cHu

They attributed the success of this type of reaction
to the relativery rarge steric effect in the terti_ary bromo_
ester which diminished the attack of the Gri_gnard reagenï or.
tho açrhn¡r¡-ìuuç ud"rrruriJ¿ group of the bromoester, relative to the attack
on the carbonyl group of the ketone,



CONDÐISING AGENT
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PROCEDUNE ú' l¡¡n¡/o J.LxrLtU U.t¡ AUI-U

zi.JLc

zinc

di-n-propyÌ zinc

di-n-pz.opyl cadmium

classical Beforrnatsþ

two-stage Reforrnatsþ

Grignard

Grignard

6h

37

66

o)

L96o

Achmatowicz

C.Hu

and leplawy (1)

,cN+ o=c 
truC,H;C= 

CH,

Ç'Hu
HO- C -CHzCOzH

C.Hu

+ffi t'*uìa-cHz-c'cN

c,H{ Lo_Jt¡l
rg60

Dunnavant and Hauser (s6) synthesized B -hydroxyesters
from ethyl acetate and carbonyl compounds, using lithiu¡r a.mide

as a condensing agent. They considered their procedure to be

more convenient than the Reformatsky reaction. Benzophenone

and 4-methylbenzophenone gave yields of 84 and BB/" respectively,
of the expected hydroxyesters in this organol-ithirm reaction.
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^ 
ÐÐErl\Tl-\T\¡ ^4¿ I ItJ\ l_,/ f, l\_ L/

PREPARED FROM ß, ß -DIARytityDRACRytIc ACIDS

and Busolt (82)

DERIVATIVES

Lg07

Rupe

HTCOTH

. /r ^\
d e t'azr ( t+U 

,¡

HzC02H

, ,,1r9 >KHS0+
Â

H

c= cí
cooH

BrB-diphenylacrytic acid.

HOzC.C H2CO2H

Q
o

I
Hr-C- O

ö

Q
HO-C-C

ö
tqt<

2 HO-C-C

ö

Q
- c-c

ö
dibenzhydrylether - u, u.t- diacetic acid
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Stoermer and tr'oerster (97 )

tqlg

I q <0:L.-¿:

2
1'Hu

HO-C-CH2COzH

C.Hu

-4 H¿O \W

Feeman and Amstutz (4f¡

REFLUXING
CTHsOH

HO-C-C HzC02H

a -diphenyl-trr¡xone

Q^ n,
,r----rrc = C.,

op)

H

cooH

CI

ö
cl

tl

o
ó-chloro-3- (4*chlorophenyl) -l-i¡rd enone

I
I

j-:
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1 0A^!./vv

Sisido et al. (94)

I <?ol

CH= OH
,,=l\ 

v t*

\zl¡-c-cHzcozH
CaHU (racenate, Mp" L52.5 -

I

| * ,*r.'r,
I

,t

CH'. OH
Ã\ |

An f 
. .t.core[ BRU.,NE., ] 

o

Ca HU diastereoisomeric salt,s

(l) snpnnAnoN
OF SALTS

....H

CH.

HCI ; REMOVAL OF
BRUC¡NE. HCI

HO C.Hu

lf" ""H

CH.

(z) +

H

H

-o
Ço,

a

Co Hs

H.,

d- and 1- acids

Mp" Îs 7.5t+ - L5ty"5oand 153"5 - !5+o o respectively

(absolute configurations unlcrovn: )
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SUqMARY

l-. a study has been made on the preparation of IJ , IJ -diaryl-
hydracrylic acids from the condensation of a series of
monosubstituted benzophenones with ethvl bromoaaetate

in the Reformatsky reaction,
Resonance a¡rd steric effects, âssociated with the substi-
tuent groups attached to the benzophenone nucleus, h/ere

found to have predictable influences on the yiel_ds of
hydroxyacids.

Nine of the fifteen acids srmthesìzefl in this study .were

ne\^/ compOirnds, viz.,

F -(2-aninophenyl)- , F -(4-aminophenyl)- ,

p -(2-hydroxyphenyt)- , Æ -(4-nyOroxyphenyl)- ,

Ê - ( 2-bromophenyt )- , lJ -( 4-bronophenyl ) - ,

F - ( 2-chlorophenyl )- , lJ -( 4-ttuorophenyl )- , and

F - ( 4-nitrophenyl )- lS -pt "nylhydracrylíc acid s .

Twelve of the fifteen acids were successfully converted
into the corresponding p-nitrobenzyL esters bearing the

following substituent groups : Z-amino, 2-hydroxy,

4-hydroxy, 2-methoxy, 2-methyl, 4-methyl, 4-fluoro,
Z-chloro, 4-chloro, 2-bromo, 4-bromo, and 4_nitro.

2. The reaction of 2-chl-orobenzophenone in benzene-toluene

resulted in the formation of a n-ew unsaturated acid.
p -(z-cltlorophenyl )- p -phenylacrylic acid ,
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3. The reaction of 4-nitrobenzophenone, which would no-r
occur under classical reaction conditions, was effected
by means of a two-stage procedure similar to that devel_
oped by seiger and Keckei-s. This is the first time that
a nitro ketone has undergone a Reformatsky reaction.

+.

Ã

The reaction of 2-nitrobenzophenone

about under any circr.imstances. This
uted to a steri_c effect.

coufd not be brought

result was attrib-

A ]Jy means of a reduced pressure technique, anisole was
successfully empl0yed as a reaction sorvent. This marks
the first time that such a procedure has been appried ro
the Reformatsky reaction.

Diethyl ether proved

benzene-tol_uene as a

Evidence was forrnd to

complexes are solubl-e

to be, on the average, superior to
reaction sofven-u.

support the view that certain zinc
in benzene.

7.
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RECO}MENDAT]ONS FOR EUTURE WORK

Considerable difficulty was encou¡rtered in
tíon of 2-nitrobenzophenone in this work.

might be more readily prepared accordine to
scheme:

the prepara-

This ketone

the folfowing

o
II

o1o
jr'rencunAroN

(46)

o

o,ö
I rr¡\ O¡ NOr ¡T NOO'@#O'ö

A study of the fol_lowing ketones in
reaction would be of interest:
a) meta-substituted benzophenones,

b) substituted 9-fluorenoïr.es,

c) substituted thiobenzophenones.

2. the Reformatsky

NOCr
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fn reference to the reaction
benzophenones in the present

tive to employ the fol_lowinp"

-I, -c00R, -OONH. , _c rH _Lo)

of ortho and para substituted
study, it might be instruc_
substituent groups: Z-T,

and -)C,H - .ot
4' Vaughan et al. (ro3) have recently developed a titrimetric

¡lethod for determining the concentration of active
Reformatsky reagent in the two-stage reaction. The use
of such a technique, in conjunction with the homogeneous

conditions offered by the two-stage reaction, wourd per_
nit one to conduct a series of investigations with a wide
range of carbonyl compor_inds, haloesters, and solvents.
Tn regards to the use of this procedure i_n the present
investigation, it wour-d have been advisabr_e to have em_

ployed the following modification: the initial_ reaction
(tirst stage) is carried out on a large scafe, and the
actlve reagent concentration carefur-ry measured ( see
above) at the end of the reacti-on. Ariquots of this
sol-ution are then reacted with the carbonyl compounds
(second stage ) .

vaughan et al-. (op. cit.) reported that the amount of active
Refornatsky reagent in the initial reaction was lowered
appreciably by a dimerization reaction. fn a two_stage
reaction where the ¡nolar ratio of ketone : haloester is
1 : 1, the above titrimetric method would offer a conven_
i-ent and precise way of estabrishing the liniting factor
(moles of active Refornatsky reagent).
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5. Employing the two-stage reaction, it wour-d be informative
to perform a kinetic study of the Reformatsky reaction
with emphasis on one or more of the following para.rneters:

a) solvent basicity,
b) reaction tenperature and anbient pressure.

c) sol-vent-substituent intera.etion- and steric inhibition
of solvation.

d) side reactions.

e ) catalysts.
Such a study could also take Ínto accor-i:rt other reaction
condj-tions (see literature Survey, pages 16 1B).

6. Renaud (er¡ has successfully used urtrasonic waves to
facifitate the preparation of Grignard reagents. This

technique even permitted these reactions to proceed in
the presence of oily complexes and traces of water.
such a cleansing agent could serve a similar rol_e in the

Reformatskv reenti o¡ -

7. Further studi-es ought to be carried out on the zinc com-

plexes. The following problems might be considered:
a) the elucidation of structures by spectroscopic methods

b) the determination of solubirities, and the detection
of solvent-conplex interaction with a variety of sofvents
c) the preparation of derivatives from zinc complexes,

for example:



i)

'l -1 /¡

c Hscocl B"Zn-O -R

cHscozR

\L)

(cHu)rsoo + zB"zn-o-R 
-> 

zcHu-o-R

*Z¡SO+ *7¡Brz

B. The present study has indicated that p-nitrob enzyr esters
are not the nost suitable derivatives for the identifi-
cati-on of P, P -diarylhydracrylic acids. one or more of
the fol-lowing derivatives mi-ght better serve this purpose:

a) B -hydroxyacid hydrazldes (f9 ) ,

b) ethyl esters (from unsaponified Reformatsky reaction
mixtures ) ,

c) unsaturated acids (see pages jt 33 and l- 06 LOT),

d) unsaturated esters (41).

PYRI DI N E -l/z(pT alD tN E . zz,BrcI)
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ADDENDI]}{

fage ö7

É * ( þ-rqethoxyphenyl )- ß -phenylhydracrylic Acid

When a hot alkaline solution of this acid was acidified

with dilute hydrochloric acid, the following decomposition

reaction occurred:

HO-C-CHzCO,O KO A +HO \
-H.-O-ry

cH.oa
,-=-/C=CHz

a)
The cu -(4-methoxyphenyl)- ou -phenylethylene isolated

from this reaction, melted at 74 - 76" (u.q. alcohol) and gave

the following analYsis:

Calculated for: Cf 5Hf ,+O I C, 85'7 i H, 6'7

Found, : C, 85.5 ; H, 6.5

Hurd and Webb-x- have reported a melting point of 75o

for this compolmd.

* Hurd, C. D. and Webb, C" N., J. Am. Chem. Soc. W-, 549 GgzZ)'




