Daehan Hwahak Hwoejee
Volume 9, Number 1, 1965
Printed in Republic of Korea.

Reaction of Organic Halogen Compounds with Metals (Part II)

A Formation of Organic Chlorine Zinc Complex in Various Solvents.
by
You Sun Kim

Chemistry Division, Atomic Energy Research [nstitute, Seoul

(Received April 17, 1964)

Bz Layst £Be KE (E28)
HRER F2AFTA2 E5 W 48 FEDR

FFHBERN (LBARE
& w =

(1964, 4, 17 TH)

= #

E2A, duREgoloole, HuREESAlel 2, sEadlolmafed, otAEVelEdY 2 %4 & iFE
HEETIAN eS8 286 BHs REAA £ &5, BI9RE Y Wl

RERES] REE BES &t 3 Bkl ol Bmstdch & BRRE FHNY dIEZZI2HER
* REAA 2 S8, BE9REs Jebdiont B #5588 2 271 ax E5tdd,

i, oz, Wy R Rdit4HA2gdst s 3 4-s| ey REA JaMe LEsel=e] HRe
o)A & Reformatsky REEXHS Ao, 48 Zele o REE: A3t

REERH] KEL REFMAEA w2t Skl dot, REKES Kol H# sl =254 8 (38.5%), 0.8¢9]
salt(ol4] Erjol E g o), oll=Ele] BB E ™A vee| £.(19.3%), F8 (21.6%)0] 9+t

73 bE%Y BB A RERES <2 AP REES] #Wiko} P

WERLEES B E BMHAA mEstdes, HENEA Wt ks

Abstract

Reaction of monochloroacetic acid with zinc in presence of toluene, dimethylformamide, dimethyl sulfoxide,
tetrahydrofuran, acetonitrile, and dioxane solvents showed the solvent effect in order of dimethylformamide,

dioxane, dimethyl sulfoxide, toluene, acetonitrile, and tetrahydrofuran. The increasing reactivity of the reagents

was observed in otder of the polarity and hydrophilicity of the solvent.
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The same reaction of ethyl monochloroacetate in the same series of solvents showed also the solvent effect,

but the difference was not large as compared to that of the acid. The reaction of the acid, ester, zinc, and

carbonyl precurssors such as benzaldehyde and 4-heptanone gave the Reformatsky reaction product in the case

of the aldehyde, but the reactivity with 4~heptanone was slight.

The yield of the product was varied by the

method of addition of reagents. The best yield observed in case of the acid reaction was 38.5% of the hydroxy

acid and 0.8g of the salt in presence of acetonitrile and in case of the ester reaction 19.3% of ethy} cinnamate

and 21.69% of polymer. The variation of the reactivity of reagents due to the reaction temperature was observed

in case of carbonyl reaction. The result was discussed in terms of the solvent effect and the procedures were

described.

Introduction

In continuation of the previous series of this resea-
rch? the variation of the reactivity of organic halogen
compounds with zine in presence of various polar
solvents with hydrophilic property was investigated.

For the salvent acetonitrile®, tetrahydrofuran?,
dimethy] sulfoxide® , and dioxane? , which were known
to be a polar solvent with relative hydrophille prop-
erty, were chosen. In each reaction the inert solvent
toluene, was used as the reaction standard.

The reaction of chloro acid and ester with carbonyl
compounds such as benzaldehyde and 4-heptanone in
presence of the zinc under various solvents was also
studied in order to effect a modification of the Refor-
matsky procedure for the chlorine compounds.

The solvent effect for the formation of organozine
complex and the mode of the reactivity of the com-

plex with carbonyl compounds under the solvent system

were reported.
Experimental

Starting materials. —The materials used in this
investigation were obtained from commercial sources.
Acetonitrile, dioxane, tetrahydrofuran, and monochl
oroacetic acid (Fisher certified}, dimethylformamide,
dimethyl sulfoxide, and zinc powder (Wako Chemicals),
and toluene(U.S.P.) were obtained from the comme-
rcial source as indicated. The materials were used
withaut further purification. Ethyl monochloroacetate
was prepared by Fisher esterification of the acid.

Identification of products. —The reaction produ-
cts obtained from the present investigation were all
konown compounds. Therefore, the identification was

made by physical and qualitative examination and

spectrophotochemical examination, wherever necessary.

Reaction of monochloroacetic acid with zinc
wnder various solvents. —Into a 100 ml., round bot-
tomed, three necked flask equipped with a stirrer,
condenser, and thermometer were placed 0.13 male
of metallic zinc powder, and %0~100cc. of the solv-
ent and the mixture was refluxed under vigorous
stirring. Through an addition funnel 0.1 mole of
the halogen compounds was added in a several por-
tions to the boiling mixture, The reaction wmixture
was then refluxed under vigorous stirring during the
course of 4 hours. The reaction mixture was fltered
and the unreacted zinc was treated by washing it
The zine

recovered was dried and weighed. The fltrate from

with a large quantity of boiling water.

the filtration of the reaction mixture was distilled,
and the residue from the distillations was distil]ec{
under reduced pressure in gase of liquid products
after acidification and extraction with ether, or was
crystallized in case of solid product. The products
obtained was a trace quantity of the acetic acid, and
decomposition product. No appreciable quantity of
the dimerized product was obtained. The results
which were primarily concerned to the determination
of the reactivity of the compounds with metals in the
solvents are summarized in the Table 1 and 3.
Standard procedures of the reaction of organic
fluoroacid with zine in various solvents. —The
same procedures described in the previous experi-
ment{see above reaction) were adopted. The reac-
tion mixture was filtered and the inorganic mass
filtered was triturated with water, dried, and weig-
hed. The filtrate contained the equivalent quantity
of the salt. The results were summarized in Table 2.
Reaction of monochloroacetic acid, benzaldehyde,
and zinc in various solvents.—The apparatus and

procedure for the previous reaction described ahove
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Table 1 Relative reactivity of the reaction of monochloroacetic acid with excess zinc in various

solvents. ***

Solvent

Amount Temp. Time Unreacted zine” Equivalent reaclivity*.“ " Remark
of zinc

ce °C hrs g %
Dioxane 50 105 4 3.3 97.0
Dimethy] sulfoxide 30 150 4 3.4 93.-4
Tetrahydrofuran 30 64~6 4 6.3 50.8
Acetonitrile 70 82 4 5.7 58.4
N, N.dimethylformamide 70 150 4 3.0 101. 0****
Toluene ) 80 110 4 4.3 18.2

T

* The unreacted zinc obtained from the reaction was sometimes contaminated with zinc chloride and oxide. [t was
therefore washed many times with a large quantity of the distilled water, dried, and weighed.
** The equivalent reactivity of the zinc was calculated on basis of the acid used.
*** 0.1 mole of the acid and 0. 15 mole of zinc were reacted.
**** The yield indicated that the acid reacted with excess zinc,

Table 2 The reactivity of heptafluoro-butyric acid with zinc in various solvents. *

Reagents Amount Metal Amount Solvent Amownt Temp. Time Unreacted zinc Eqnivalefnt _reuclivity.
of zinc
o g cc - °C hrs ¢ 2
C3F:COOH 10.7 Zn 4.8 Taluene 50 110 4 4.4 9.09
” 10.7 Zn 4.8 Dioxane 50 105 4 4.6 9.04
P 10. 7 Zn 4.8 Acetonitrile 30 82 4 4.4 9.08

* (.05 mole of the acid and 0,075 mole of the zinc were reacted. It was aimed to reproduce the reaction conditions
of the Table I.

Table 3 Relative reactivity of the reaction of ethyl monochloroacetate with zinc in various solvents. **

Reagent Amount Metal Amount Solvent Amount Temp. Time Unreacted zine  Equivalent® reactivity

of zinc
: °C hrs 9,
CHCIC00- 8 g € g %
CaHs 5.1 Zn 2.7 Toluene 30 110 4 2.5 6.0
” 6.1 Zn 3.3 Aceto 30 82 4 3.0 10.0
nitrile
” 6.1 Zn 3.3 Dioxane 50 105 4 3.0 10.0

* The zinc obtained from the reaction was covered with a white solid, zinc oxide, and hydroxide, which was
dificult to remove without decomposing the zinc. Therefore the unreacted zinc was treated with hot acetonitrile,
dried, and weighed.

“* A 0.1 mole scale reaction run.

were adopted in this reaction except few modifica-
tions.- Into the flask were placed 9.5¢g. (0.15 mole)
of zinc in 30cc. of various solvents. The reaction
mixture was stirred vigorously under reflux. Through
the addition funnel 9.5g. (0.1 mole) of the acid
dissolved in the solvent were added in one portion
to the boiling mixture. After vigorous reaction was
ceased (15 minutes) 11.0g. (0.1 mole) of benzalde-
hyde was added to the reaction mixture during the
course of 10 minutes and the reaction mixture was
refluxed for 4 hours, The reaction mixture was co-

oled and the inorganic solid mass was filtered, and

the filtrate was distilled under reduced pressure to
give a brownish syruppy residue. The residue was
acidified with 209 solution of sulfuric acid and the
aqueous solution was extracted twice with ether. The
ether solution was dried over anhydrous calcium
chloride and distilled. From the ether distillation a
brownish viscous tar was obtained, The tarry material
was difficult to be distilled because of decomposition,
It was therefore washed with 5% sodiumn hydroxide
solution and the insoluble residue was triturated with
alcohol to give the hydroxy acid, which was not

crystallized (a racemic mixture). From the alkaline
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washing the acid salt was obtained. (L. R. for the acid,
characteristic frequency 3490, 1690, 1280. 1240, 700
cm™1), The results were summarized in the Table 4.
Reaction of monochloroacetic acid, 4~-heptanone,
and zine in various solvents. —The same procedure
for the reaction of benzaldehyde was adopted in this
9.5¢. (0.1 mole) of the acid, 10.0g.
and 11.4g. (0.1 mole) of 4-

heptanone were reacted. From the separation procedure

reaction run.

of zine (0. 15 mole),

described zhove no appreciable quantity of the prod-
uct was obtained except the acetic acid and recovered
heptanone. The results were summarized in Table 4.
Reaction of ethyl monechloroacetate and zine
in various solvents. —The same procedures for the
aldehyde reaction run of the acid was adopted in this
reaction run, 12.0g (0.1 mole} of the ester, 6.5g.
(0.1 mole) of zinc in 50~100cc. of the solvent were
reacted as previously. From the reaction mixture
unreacted zinc was recovered, which was purified by

dried,

There were no other products except

washing it with a large quantity of water,
and weighed.
the recovery of the unreacted ester. Because of the
separation scheme adopted the amount of the recovery
of the ester was not measured. The results were
summarized in Table 3.

Reaction of ethyl monochloroacetate, benzald-
ehyde, and zirc in various solvents. —The proce-
dures and separating scheme for the reuction of aldeh-
vde and acid were adopted for the present reaction run,
12.5 2.

zing, and 11.0g.

of the ester {0.1 weole), 6.5g. (0.1 male) of
(0.1 mole) of benzaldehyde were
reacted in 100 cc. of the solvent as previously. From
the reaction the crude zinc was recovered, which was
washed with boiling water, dried, and weighed.

By triturating the filerate of the reaction mixture,
benzaldehyde, ethyl cinnamate boiling 148~52°C/12mm.
(. R, 3050, 1740, 1630, 1320, 1206, 990, 870, 760,
70 em™1), and a polymerized tar, which was composed
of ethyl cinnamate unit identified by infrared spectro-
photometry, were obtained. The results were summa-
rized in Table 3.

Reaction of ethyl monochloroacetate, zinc, and
4-heptonone in the various solvents.—The same
ptocedures and separation scheme as that of the
benzaldehyde reaction were adopted. From the rea-

ction mixture the crude zinc was recovered, which
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was purified by washing it with a large quantity of
water, dried, and weighed. There were no other
significant quaatity of the products except the recov-
ered ester and 4~heptanone. The results were summa-~
rized in Table 5.

Reversed addition procedure. —The reactions of
the acid, Dbenzaldehyde, and zinc and of the ester,
benzaldehyd,

the addition method of reagents. The zine,

and zinc were repeated by reversing
aldeh-
yde. and the solvent were mixed in the reaction
flask and the mixture was refluxed under vigorous:
stirring. From an addition funnel the acid or ester
dissolved in the solvent was added dvopwise and the
reaction mixture was refluxed for 4 hours under
stirring, The same method of separation was condu-
cted as described in the usual reaction. The results
were summarized in the Table 4 and 3.

Slow addition procedure. —The reactions of the
acid. or ester, benzaldehyde, and zinc were repeated
by modifying the method of addition of the reagents.
To the boiling mixture of the zinc, acid or ester, and
solvent the benzaldehyde was added dropwise during
The

temperature, and product separation were the same

the course of 10~235 minutes. reaction time,
as that of the usuval reaction run. The results were

summarized in the Table 4 and 5.
Results and Discussion,

The reactions of monochloroacetic acid with zinc
under various solvent systems showed an enhanced rea-
ctivity of the 2inc in a polar and hydrophilic solvent
in the order of dimethyl formamide, dioxan, dimethyl
sulfoxide, toluene. acetonitrile, and tetrahydrofuran,
regardless the difference in the reaction temperature as
summarized in the Table 1.

The solvents adopted in the present investigation,
which was a continuation of the previous series of the-
research?, were of a polar character with hydrophilic
property. These solvents are known to have a dissolu-
tion and solvating effect for the reaction intermediate
in the reaction of lithium aluminwn hydride reduction?,.
chlorination¥, organo metallics reaction®®, Grignard
reactions, and various nucleophilic displacement reac-
Therefore the

observed enhancement of the reactivity was considered

tion at a saturated carbon compounds

as the dissolution effect of the organo zinc chloro:

complex( ) formed during the reaction.
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Table 4 A modified Reformatsky reaction of monochloroacetic acid in presence of benzaldehyde and
4-heptanone under various solvents. **
Solvent Temp. Time Unreacted Eqguivalent reactivity - Product Remark
zinc of zinc
“C hrs & % %
Benzaldehyde Toluene 110 4 Paste (‘acid 3.3 )
with zin¢ salt 0.18g
Acetonitrile 82 4 3.8 £9.2 tm‘id 30.0 )
: salt 1.03g
Dioxane 105 4 2.0 117.7* {ac]id 153.7 )
salt 0.83g
Teftrahydro- 64~6 4 3.7 58. 4 (ar:.icl trncel
uran salt Lrace!
Acetonitrile 22 4 4.5 78.4 (aclid 38.5 ) revelélssd
salt 0.85¢ addition
Acetonitrile &2 4 3.6 92.3 (acid 25.9 ) slow
salt 0.92g addition
4-Heptanone  Acetonitrile 82 4 5.7 58 4 none
4-heptanone recovered
Dioxane 105 4 3.2 97.0 ” ”
Tetrahydro-
furan 64~6 4 3.51 63.1 ” #

* The value indicated that the acid reacted with excess zinc.
** 0.1 mole of the acid, 0.15 mole of zinc, and 0.1 mole of the carbonyl compounds were used.

Table 5 A modified Reformatsky reaction of ethyl monochloroacetate in presence of benzaldehyde and

4-heptanone under various solvents. *

Solvent Temp. Time Unreacted Equivalent reactivity Product Remark
zinc” of zinc
*C hrs g % % - —
Benzaldehyde Toluene 110 4 2.4 62.6 ester 3.8)
\polymer 13.9
Acetonitrile 82 4 2.2 63.5 ester 19, 3)
(pol_vmer 21.6
Dioxane 105 4 2.5 61.1 (ester 1 6)
polymer 9.3
Acetonitrile 82 4 3.7 43.1 (ester 10. 5)
polymer 21.87 reversed addition
Acetonitrile 82 4 4.1 37.0 ester 6.2 slow
\polymer 12,3 addition
4-Heptanone  Toluene 110 4 6.3 3.1 trace
Acetonitrile 82 4 5.8 10.7 o
Dioxane 103 4 5.0 23.0 P

* 0.1 mole of the ester, (» 1 mele of zinc, and 0

.1 mole of carbonyl compounds were used.

However, there were a discrepency in the enhance-

ment of the reactivity in the case of acetonitrile and

i
ZnCl—CHy—C
N

/
ZInCl—CHp— %
0O

tetrahydrofuran. As compared to the toluene solvent
system the acetonitrile and tetrahydrofuran eystem are
more polar character and hence the increasing of the
reactivity will duly be expected, if the dissolution
effect by the solvent is a major driving force of the
reaction. The reaction temperature was the refluxing

temperature of the solvent and therefore the difference

. in reaction temperature was 28°C for acetonitrile and

46°C for tetrahydrofuran as compared to that of toluene

(110°C). These marked differences in reaction temper-
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ature, the low reaction temperature, might be effected
in the formation of the complex: (1), regardless
the increased polarity and hydrophilicity of the solvent
itself. These facts were further verified by observing
the reaction of heptafluoro-butyric acid, whick is a
stronger acid than the monochloroacetic acid, with the
zine in the same solvent systems, As summarized in
Table 2, the extent of the formation of the zinc salt
of the acid in the solvents was not much differed each
other, even though the hydrophilic solvent is able to
increase the solubility of the acid salt. The formation
of the salt depends mainly on the reaction temperature
regardless the character of the solvent adopted.

The reaction of ethyl monochloroacetate with zinc
under various solvent systems showed an enhanced for-
mation of the zinc complex(I) even for the low
boiling acetonitrile as compared to the toluene system,
even though the difference was not large. (Table 3)

When the reaction was completed, there observed an
insoluble complex formation on the surface of zinc in
case of toluene whereas clear solution was ohtained
in case of the acetonitrile and dioxane system. Since
the complex{¥) does not involve the carboxylic acid

ZnCICHCOOCHgevr-ee- RONTRIONINTS D)

function, the difference of the solvent effect by aceto-
nitrile in the formation of complex(]) and (I) might
be due to the presence of the acid function in the
complex( 1), which is mainly temperatuce dependent.
For the formation of complex{ [ ), acetonitrile, which
has a low refluxing temperature, showed a solvent
effect although the effect was not targe.

In the reactions described in Tuble 1,2 and 3 the
product separation was attempted in every cases, but
there observed no significant formation of dimerized
product except the acid salt and acetic acid or ethyl
acetate, which corresponds to the decompositinn product
of the complex during the acidification of the reaction
mixture,

Even though a formation of dimerized product was
ohserved in case of ethyl bromoacetate®, the present
system was not reactive enough to form the dimer
because of the less reactivity of chlorine complex(])
and (D).

The study on the solvent effect oliserved in the for-
mation of {I) and (I} described hereto was further
extended to the study on the modification of the Re-

%
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formatsky procedures. As described previously?® Refor-
masky reaction of chloro ester and acid was not exte-
nsively studied, because of the inertness of the chloro
ester. In addition to this, the reaction procedure in a in-
ert solvent suffers from an induction period, side product
formation, and solubility of the solvent®. As described
in the previous series of this research an adoption of
a polar and hydrophilic solvent, such as dimethyl
formamide, enhanced the reactivity of the chioro ester
and acid, which did not require an induction period
and shorten the reaction time. It was also possible to
effect a simultaneous addition of zinc and reagent
without preforming the organo zine complex solution.
In the present solvent system the formation of chlorine
complex (I) and (E) was not efficient as compared to
the dimethyl formamide system as described in Tuble
1 and 3. Therefore it was not possible to prepare a
high concentration of a solution of complex (1) and
(). The reactivity of the chlora ester was only 6.0
2% in toluene and 10% in acetonitrile and dioxane, In
case of the acid a syruppy paste of complex salt was
observed for the toluene system, which c¢overed the
This is due

to the less reactivity of chloro compounds, However,

surface of the zinc during the reaction.

when the chloro acid or ester and zinc were reacted in
one portion at the refluxing temperature of the solvent,
and the carbony] compounds were added immediately to
the boiling mixture, a vigorous reaction was introduced
and the consumption of zinc was increased remarkably
as compared 1o that of the reaction of chiore acid or
ester and zinc alone, which was an indication of
proceeding the Reformatsky reaction in the reaction sys-
tem. As described in the Table 4 and 5, 4-heptanone
was not able to be reacted with chloro acid or ester.
The amount of consumption of zinc during the reaction
was not changed as compared to that of the reaction
4-heptanone. (Table 1,3) There

were ne significant amount of the Reformatsky reaction

conducted  without

product in this case, Benzaldehyde was reacted rema-
rkably under this condition to form the Reformatsky
reaction product. (Table 4, 3)

The reactivity of the benzaldehyde reactions was in
order of the solvent effect as observed in Table 1 and
3, but there were little discrepency in the case of
toluene and acetonitrile. In case of toluene the amount

of consumption of zinc after the reaction of chloro ester
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was corresponded to that of the acetonitrile and dioxa-
ne, which is an indication of the equivalent reactiv.ity
of benzaldeMvde in all solvents, but the amount of
product was less than that of acetonitrile and dioxane.
This is probably due to the reaction temperature of chl-
oro ester and benzaldehyde®. The high refluxing tem-
perature for the toluene system (110°C)$ was able to
promote the reaction regardless of the solvent effect,
but the formed intermediate of the type(H) could not
be further dissolved in the solvent system and hence
resulted a decomposition which cut down the amount
of the product. In case of the reaction of the chloro
acid the reaction run conducted in the toluene gystem
vielded a syruppy paste during the reaction, which
was a decomposiiion mass.

OZnCl
CGH5—(|3—CHZCQDCZIP{5 ................ (I
H
0ZnCl
(CsHs—(:J—CHz-—COO)Zan.- veveene ()
H

The amount of products was also small as compared
to that of the acetonitrile and dioxane system.

These observations lead the author ta a conception
of a solvent effect for the intermediate (E) and (N).
The better solvating solvent, a polar and hydrophilic
solvent, could enhance the simultaneous addition reac-
tion to form a considerable quantity of the reaction
product, because of a rapid formation of the complex
in the solution and dissolution of the intermediate
(M) and () in the solvent.

The total yield of the reaction product of the chloro
ester and acid was, however, relatively small with a
considerable formation of the side product, polymer,
because of a rapid addition and vigorous reaction path,

I{owever, this procedure may still De useful for the

FRE2ALEDS 2] KECE 28R 7

special reaction of the aldehyvde, where the correspon-
ding bromo acid or ester is not available or difficule
to be obtained eventhough the yield of the product is
relatively small.

In conclusion the observed solvent effect of the
present system was apparent for the case of the forma-
tion of organo zinc complex (1)}, (I), (K), and
(). Even in the case of the reaction, where the
reaction path is governed by the reaction temperature,
the solvent effect is sometimes more important factor
than the temperature itself. The existing conception of
the polar and hydrophilic character of the solvent
described hereto may not he sufficient enough to acc-
ount the solvent effect observed in the formation of
organo zinc c¢hloro complex. Therefore a further inve-
stigation along this line is anticipated in the future
by means of more elaborate reaction technique.
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