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INTRODUCTICN

Several years ago the National Institutes of
iiealth initiated a gigantic program to find anticar-
cinoma agents. Thneir method of attacking the problem
was to collect and test all known chemical compounds
from any and every source, industrial or academic.

It was through this routine screening process that
methylene dibenzoate was obtained from the University
of Illinois. The testing revealed that methylene
dibenzoate nas an innibitory effect upon the growth
of certain types of cancerous tissue, even though

its structure is not relatea to otner known anticar-
cinoma agents. It was thougnt tnat some nitrogen
and halogen derivatives of metinylene dibenzoate might
be even more efficacious in the treatment of cancer,
and tiie purpose of this research was to synthesize
derivatives of methylene dibenzoate.

o search of the literature from 1900 to the
present revealed only two references to methylene
dibenzoate, and in one of these references (1) it was
noted that metnylene dibenzoate was obtained as a by-
product in the preparation of cunloromethylbenzoate.
The chloromethyl ester and methylene dibenzoate (by-
product) was prepared by refluxing benzoyl chloride
with paraformaldenyde in the presence of anhydrous
zinc chloride. The metihod of preparation recorded in

the othner reference (3) differed from the above method



i,

2
only in that benzoic anhydride was used as the start-
ing material instead of benzoyl chloride. So, the
first objective of this research was to find the op-
timum conditions necessary for preparing methylene
dibenzoate itself and then the second objective was
to prepare various substituted derivatives under these

conditions or with modifications if necessary.



AISTORICAL

Methylene dibenzoate was first synthesized by
Descudé {6) in 1902 by reactin. benzoic anhydride
with paraformcldenyde. It is a solid meltinz at 99°C
and boiling at 225°C with decomposition. Dry ammonia
reacts with the molten ester to give methylene bisben-
zamide (3). Ulich and adams (1) obtained methylene
dibenzoate as a by-product in the preparation of chlo-
rome thyl benzoate and bromomethyl benzoate. They re-
fluxed equal moles of the respective aromatic acid
halides ana paraformaldeﬂyde in the presence of a
small amount of anhydrous zinc chloride until the
paraformaldehyde had disappeared.

It is possible that the following sequence of
reactions occur in the presence of a little anhydrous
zinc chloride. These are analogous to those proposed
by Descude (3) for acetyl chloride.
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Vollweiler and adams (2) found that the product

resulting from the reaction of arometic acid halides
and aromatic aldehydes will decompose into the alde-
nhyde, organic acid and halogen acid in the presence
of water.

RCHXOCOR™ § H,0 ———> RCHO % HX # RTCOOK
"The difference in rate of decomposition, however, is
?ery marked. Some of the compounds, such as those
formed from oxalyl bromide and furfural or benzoyl
bromide and anisaldehyde decompose in air within a few
seconds, OUn the other hand, tne nitro-substituted
benzoyl chlorides form addition products which are
stable for a long time in cold water or even in dilute
sodium carbonate solution. In general, tne indications
are that those substances which form with difficulty

are more stable towards moisture or water."



EXPERIMENTAL PROCEDURE

Methylene dibenzoate -- One purpose of this

research was to determine the optimum conditions for
preparing methylene dibenzoate from benzoyl chloride
and paraformaldehyde. A total of thirty-three runs
were made (Table I) in which the catalyst, concentra-
tion of catalyst, and time of reflux were varied. All
of the reactions were carried out in a 250 ml round-
bottom flask fitted with a reflux condenser with heat
supplied by a heating mantle. After refluxing, the
solutions were allowed to stand at room temperature

in a closed container for two weeks, because it was
found from preliminary experiments that if tne solution
was vacuum distilled after refluxing the yield was
reduced. At the end of the two-week period, the
resulting crystals were separated by vacuum filtration
and weighed.

It is known that the formation of esters
witnout the aid of a catalyst is very slow even at
elevated temperatures. The caztalysts generally used
for esterification of an organic acid with an alcohol
are the strong mineral acids, hydrochloric and sul-
phuric, and some salts such as zinc chloride and
aluminum cnloride which are acids in the ﬁLewis"
terminology. Four catalysts (annydrous zinc chloride,
anhydrous aluminum chloride, sulfuric acid and

phosphorous oxychloride) were selected and used in
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concentrations of 0.00033 to 0.0102 moles per mole of
reactants.

It was found that if the refluxing time was
increased to more than three nours (1) tne yield of
metihylene dibengzoate was improved. Tnerefore, reflux
periods of three, six, twelve ana eigateen aours were
conducted to determine the optimum conditions for the
preparation of methiylene dibenzoate. There were only
three experiments that did not give the expected in-
crease in yield, and these were obtained Qhen sulfuric
acid was used as the catalyst. There seemed to be a
sreater tendency toward decomposition in the presence
of sulfuric acid than in the presence of the other

catalysts.



BXPERIMENTAL DATA

metuylene dibenzoate:

1 mole benzoyl chloride
1 mole paraforialdehyde
0.0004 moles anhydrous zinc chloride

Refluxed for 6 hours.

Crude yield = 60% on tne basis of Cols00L

Crude yield = 89% on tne basis of (CHZO)n
Recrystallized 6 times from ethyl alcohol.

1.P. 98-99°¢C

70.30 b = L4.72
L.82 (NIH)

Theory (Cpstyz0,) %C
Found 7%C = 70.22 v

Infrared spectrum of tihis compound shows it to be

an ester (Figure 1). -

iiethylene ester of m-nitrobenzoic acid:

1 mole m-nitrobenzoyl chloride
1 mole paraformaldehyde
0.0004 moles anhydrous zinc chloride

Refluxed for 6 nours.

Crude yield = 66% on the basis of Crn NO5C1

Crude yield = 96% on the basis of (CHy0),
Recrystallized 6 times from ethyl alcohol and
twice from benzene.
FoFe 39.5-40.5°C
Theory (Cl5H1008N2) WC = 52,03 %H = 2.91
%N = 8.09



Found %G = 54.64 GH = 4.50 wh = 6.71
The infrared spectrus shows this compound to be

an ester (Fizure 2).

Metnylene ester of 3,5-dinitrobenzoic acid:

0.217 moles 3,5-dinitrobenzoyl chloride

0.217 moles paraformaldehyde

0.0000734 moles anhydrous zinc chloride

Refluxed for 6 hours.

Sclution completely solidified on cooling.

Reqryst&llized twice from ethyl alconol and four
times from benzene.

Yield after final recrystallization was 33% on
tne basis of C7H3N205Cl.

Yiela after final recrystallization was 50% on
tine basis of (CHZO)n'

P, 89-90°C

Theory (ClSHSOlZNA) % = L1.30 JH = 1.85
wN = 12.84

Found %C = 44.21 %H = 3.07 %N = 11.56 (NIH)

Infrared spectrum of this compound shows it to be

an ester (Figure 3).



Methylene ester of p-nitrobenzoic acid:

0.501 moles p=-nitrobenzoyl chloride

0.501 moles paraformaldehyde

0.00022 moles anhydrous zinc chloriae

Refluxed for 6 hours.

The material solidifiea completely on cooling.

Recrystallized three times from ethyl alcohol and
twice from benzene.

Yield after the final recrystallization was 31% on
the basis of C7H4NO3Cl.

Yield after the final recrystallization was 46% on
the basis of (CH,O0),.

H.P. 239-40°C

Theory (Cl5H1008N2) %G = 52,03 %H = 2.91
% = 8.09

Found %G = 56.07 %H = 4,37 %N = 6.5

The infrered spectrum of this compound proved it

to be an ester (Figure 4).

Product from o-chlorobenzoyl chloride:

0.571 moles o-chlorobenzoyl chiloride
0.571 moles paraformaldehyde
0.00022 moles anhydrous zirc chloride

Refluxed for 6 nhours.

Crude yield = 32% on the basis of C7h,0C1,

Crude yield = L47% on the basis of (CHy0),
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fecrystallized from petroleum ethier four times.
M.P. 141-2°C
Theory for methylene ester (ClSHlOOhCl

% = 55.41 %H = 3.10 %C1l = 21.81
Theory for acid (C7H50201) %C = 53.69 4%H = 3.22
%CL = 22.65

5)

Found %C = 53.58 %H = 3.54 %Cl = 22.47
Neutralization equivalent = 155

Negative hydroxamic acid test for ester linkage.

Product of p-chlorobenzoyl chloride:

1.143 moles p=-chlorobenzoyl chloriae
1.143 moles paraformaldehyde
0.00044 moles annydrous zinc ciloride

Refluxed for 6 hours.

Crude yield = 55% on the basis of CrE,0Cl,

Crude yield = 82% on the basis of (CHZO)n
m.P. decomposition started at approximately 19500.
Theory for methylene ester (ClSHlOOACl7)
%C = 55.41 %H = 3.10 %Cl = 21.81
Theory for acid (C7H50201) %C = 53.69 %H = 3.22
%L = 22.65
Found %C = 54.06 %H = 3.64 %CLl = 22,57
Neutralization equivalent = 155
Negative hydroxamic acid test for ester linkage.

The infrared spectrum of this compound proved it

to be the acid (Figure 1).
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Product of 3,4-dichlorobenzoyl chloride:

0.477 moles 3,4-dichlorobenzoyl chloride
0.477 moles pargformaldehyde
00,0002 moles anhydrous zinc chloride

Refluxed for 6 hours.

65% on the basis of C7HBOCl3

97% on the basis of (CHZO)n

Crude yield

Crude yield
Recrystallized five times from benzene.
¥.P. decomposition at 185°C
Theory for methylene ester (ClSHSOAClh)
%C = L5.72 %H = 2.05 %Cl = 35.99
Theory for acid (075402012) %C = L4.01 %H = 2.11
%C1l = 37.12
Found %C = L4 .32 %H = 2.08 4%Cl = 38.54
Neutralization equivalent = 190.5
Nééative hydroxamic acid test for ester linkage.

Infrared spectrum of this compound proved it to

be the acid (Figure 5).

Product of m-browmobenzoyl chloriae:

0.456 moles m-bromobenzoyl ciloride

0.456 moles paraformzldehyde

0.000169 moles anhydrous zinc cnloride
Refluxed for 6 hours.

Crude yield = 66% on the basis of Cod) OBrCl
Crude yield = 99% on the basis of (Chry0),

Recrystallized eight times from ethyl alcohol.



12
l.P. 157-8°C
Theory for methylene ester (Ll5 10048r )
%C = i3.51 %H = 2.#3 »Br = 38.60
Theory for acid (C 7n502Br) w0 = 41.82 %H = 2,51
#Br = 39.75
Found %C = 41.45 %H = 2.61 =wBr = 38.88
Neutralization egquivalent = 198.8
Negative hyuroxsmic acid test.
Infrared spectrum of this compound proved it to

be an acid.

Product of l-naphthoyl chloride:

0.525 moles l-naphthoyl chloride
0.525 moles paraformaldenyde
0.000183 moles anhydrous zinc chloride

Hefluxed for 3% hours (started to decoumpose).

Crude yield = 37/ on the busis of Cj3i70C1

Crude yield = 55% on tue basis of (Cuy0)
Recrystallized once in glacial acetic acid and
four times in benzene.

li.P. 163-4°C

23H160h)

Theory for methylene ester (C
= 77.51 jH = 4.53
Theory for acid (Cllisz) GC = 76.73 %H = 4.68

found %C = 76.99 %H = L.36
Heutralization equivzlent = 171.1

llegative hnydroxamic acid test
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Infrared spectrum of this compound proved it to

be tue acid (Figure 5).

Product of p=-anisoyl caloride:

1.172 moles p-anisoyl chloride

1.172 moles paraformaldehyde

0.000426 moles annydrous zinc caloride

itefluxed for 6 hours.

Recrystallized three times from ethyl alconol and
three times from benzene.

Yield after recrystallization was 24/ on the basis
of C8h70201.

Yield after recrystzllization was 36% on the basis
of (CHZO)n'

i.P. 183-4°C

Theory for methylene ester (Cl7ﬁl606)
WG = 6L.55 %H = 5.10

Theory for acid (08H803) % = 63.15 %H = 5.30

Found %C = 62.99 %n = 5.41

Neutralization egquivalent = 155

Negative hydroxawic acia test for ester linkage.

Infrared spectrum of tnis compound proved it to

be the acid (Figure 6).



DISCUSSION OF RESULTS

It was found that anhydrous zinc chloride in a
concentration of 0.0004 moles per mole of reactants
and a reflux time of six hours gave toe hékimum yield
of methylene dibenzoate (Table I}). If the reflux
time was extended beyond six hours or if tne concen-
tration of the catalyst was increased, decomposition
occurred. The same procedure was selected for
preparing the substituted aerivatives of methylene
dibenzoate; altnough, tiney are not necessarily the
optimum conditions for preparing these compounds.

A series of reactions has been suggested for
benzoyl chloride and paraformaldehyde analogous to
those proposed by Descudé (3) for acetyl chloride.
"According to Descudé, chloromethyl acetate is the
principal product formed by the exothermic reaction
wnich takes place when a mixture of acetyl culoride
and paraformaldenyde is treated witih a little
anhydrous zinc ciiloride. Small quantities of di-
chloroimethyl etiier and methylene diacetate are formed
as by-products.' Descude does not suggest & mecha-
nism for thiese reactions, but one mechanism that will
explain the formation of the intermediate products is

as follows:
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The above is similar to a Gattermann reaction because
of the formation of crloromethyl alcohol from para-
formaldehyde and nyarociiloric acid. In this reaction
it i1s only necessary >r a small amount of hydrocihloric
acid to be present in order to start the reaction. |
This small amount way be obtained from tne hydrolysis
of benzoyl chloride with a small amount of water,
which would undoubtedly be present either in the
paraformaldehyde or the anhydrous zinc chloride (which
picks up water very readily from the atmosphere).
The resulting chloromethyl alcohiol can then condense
with the benzoyl chloride to form chloromethyl benzoate
(1) and hydrochloric acid which is liberated, making
it available to react with more paraformaldehyde to
form more chloromethyl alcohol. The formation of the
diciiloromethyl ether may be explained by the condensa-
tion of two molecules of chiloromethyl alcohol to zive
tne ether and water. The water thus obtained could be
used to hydrolyze more benzoyl cinloride to benzoic
acid, liberating hydrochloric acid. Two molecules of
benzoic acid thus obtained could be dehydrated to give
water and benzoic annydride; althougn, it is doubtful
that this occurs to any great extent if at all. If it
is assumed that the benzoic annydride is not formed,
the benzoic acid is free to react witin tne anhydrous

zinc chloride as follows (7):
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This will condense with the previously formed chloro-
methyl benzoate to give methylene dibenzoate and hy-
drochloric acid, and at the same time release the
zinc chloride for reuse.

In order to explain the high yields, if cal-
culated on the basis of paraformaldehyde, it is
necessary for the dichloromethyl ether formed in a
previous reaction to be cleaved with zinc chloride
and benzoyl chloride to form more chloromethyl benzoate
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The reaction is induced by the electrophilic nature of
the zinc chloride. The zinc chiloride shares an
electron pair belonging to the carbonyl oxygen atom.
The resulting carbonium ion then attaches itself to
an electron pair on tune etner oxygen atom. This
addition creates the electron displacements which
result in the cleavage of the oxygen-carbon bond.

All of the derivatives of methylene diven-
zoate except the nitro substituted compounds decom-
pcsed, on attempted purification by crystallization,
to their respective acids. French and Adams (4)
found that some of the esters formed by condensing an
aromatic acia halide with an aromatic aldehyde decom-
posed very readily, depending on the substituents on
the ring. French and Adams concluded that the more
difficult the esters were to form, and the slower the
reaction; the more stable they were once formed.
Infrared spectra, elemental analyses, neutralization
equivalents, and tine hydroxamic acid test for esters
were employed in the identification of the compounds.

The infrared spectra obtained on the crude
products of anisoyl ciiloride, o-chlorobenzoyl cnloride
and m-bromobenzoyl cnloride indicated tnat esters were
wpresent. After taking tne crude products up in ethyl
ether and shaking with sodium bicarbonate solution the

ester band was still present but not us prominent as
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in the crude product. On furtner purification the
ester band at 1710-1735 cm'1 disappears completely
and an acid band at 1670-1685 cm~l (5) appears. (See
curves in Figures 1,5,6). In every case the carbon,
hydrogen and halogen analyses agree within acceptable
limits to thet calculcatea from theory for tae free
acid derived from the corresponding acic cnloride.
The anzlytical data for the nitro substituted com-
pounds do not azgree withmthe theoretical values for
either the acid, the chloromethyl ester or the
methylene ester. Therefore, it is assumed that the
product is a mixture of the chloromethyl ester and
the methylene ester of the respective compounds.

The infrared spectra of the nitro compounds shows
that they are esters, but the number of ester groups
could not be determined. Thus, c¢ne only conclusion
drawn is that the nitro substituted compounds contain
an ester group, but the actual structure is not

proposed.
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1.
2.
3.

SUMMARY

annydrous zinc c¢nloride is the preferred catalyst
for forming the methylene esters of benzoic acid.
A catalyst concentration of 0.0004 moles per mole
of reactants, and a reflux time of six hours is
optimum.

methylene esters formed from some substituted

benzoyl chlorides are unstable.
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