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was sublimed to give 1.44 g (719, yield) of 14. The ether-soluble
and alkali-insoluble fraction gave 0.23 g of solid 1,2-dihydro-1-
phenanthrol (16): mp 115-116.5°, mass spectrum (70 eV) m/e
196 (M).

Anal. Caled for CiH0: C, 85.71; H, 6.12. Found: C,

85.52; H, 6.06.
. Pd/C Dehydrogenation of 1,2,3,4-Tetrahydro-2,5,8-trimethyl-
1-naphthol (17) and 1,2,3,4-Tetrahydro-3,5,8-trimethyl-1-naph-
thol (19) to 1,4,6-Trimethylnaphthalene (18).—The tetrahydro-
naphthols 17, bp 95° (0.4 mm), mp 79-81°, and 19, mp 76-77°,
were prepared by LiAlH, reduction of 8 and 9.8 Dehydrogenation
of 17 and 19 with Pd/C at 270° was followed with gle studies and
shown to be complete in about 8 hr. There was no evidence of
naphthol formation. Both alcohols gave about 989, yield of
18,59 bp 91° (0.9 mm).

The orange picrate of 18, mp 134-135° [lit.? 133°],
pared.

Pd/C Dehydrogenation of 1,2,3,4-Tetrahydro-4,5,8-trimethyl-
1-naphthol (20) to 1,4,5-Trimethylnaphthalene (21).—The tetra-
hydronaphthol 20, bp 110° (0.5 mm) [lit.? bp 106-107° (0.1
mm)], obtained by LiAlH, reduction of 10 was treated with Pd/C

was pre-

(9) L. Ruzicka and L. Ehman, Helv, Chim. Acta, 15, 140 (1932).

J. Org. Chem., Vol. 36, No. 5, 1971 689

in the same procedure as was used for 17 and 19. At the end of 8
hr, the gle analysis showed the presence of four peaks. The
largest was due to unreacted 20 and the second major peak repre-
sented 21. This peak increased with time and was approximately
359, of the total peak area at the end of 8 hr.

Registry No.—1, 529-34-0; 2, 1590-08-5; 3, 14944-
93-1; 4, 10832-98-5; 5, 19550-57-3; 6, 13621-25-5;
7, 5037-63-8; 8, 10468-59-4; 9, 10468-60-7; 10, 10468-
61-8; 11, 27410-97-5; 12, 27310-98-6; 16, 27410-99-7.
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+ The reaction of formaldehyde with benzoic acids bearing electron~-withdrawing groups has been shown to pro-

vide phthalide derivatives.

The reaction media must contain sulfur trioxide.
that an intermediate is formed prior to the electrophilic attack which involves the carboxyl group.

Evidence is presented to show
It is suggested

that this intermediate is a methylene ester, stabilized by sulfur trioxide.

Terephthalic acid in strong acid media undergoes sev-
eral electrophilic substitution reactions, such as nitra-
tion,? halogenation,® and mercuration. The reaction
of terephthalic acid and formaldehyde in sulfur trioxide-
containing media to give 5-carboxyphthalide (1) has re-

COH On—o
QO] + o — &
COZH CO. 2I—I

1
0] 0, 0
| 4+ CHO — §
CO.H 0,
2

cently been reported.® 5-Carboxyphthalide can be ni-
trated and halogenated to yield 6-nitro- or 6-halo-5-
carboxyphthalide. The —-CH,O- substituent of 5-car-
boxyphthalide should activate the material toward elec-

(1) Presented, in part, before the Division of Petroleum Chemistry,
American Chemical Society, Houston Meeting, Feb 22~27, 1970.

(2) (a) G. A, Burkhardt, Ber., 10, 144 (1877); (b) R. Wegscheider,
Monatsh. Chem., 21, 621 (1900),

(3) 8. Akiyosi, M, Okamura, and 8. Hashimoto, J. Chem. Soc. Jap.,
Ind, Chem. Sect., 8T, 214 (1954); Chem, Abstr., 49, 2774a (1955).

) F, C, Whitmore and L. L, Isenhour, J. Amer, Chem. Soc., 81, 2785
(1929).

(5) L. 8. Forney, J. Org, Chem., 88, 1695 (1970).

trophilic attack, relative to terephthalic acid.® But
while terephthalic acid reacts easily with formaldehyde,®
5-carboxyphthalide does not, and only small amounts of
the diadduct, 2, can be detected from treatment of 5-
carboxyphthalide with formaldehyde, even under fore-
ing conditions.

These observations suggested that the reaction of
terephthalic acid and formaldehyde may involve more
than direct electrophilie substitution by a protonated or
sulfated formaldehyde species and prompted our further
investigation of the system. We have since studied the
scope of the reaction and extended it to other deacti-
vated aromatic substrates. In this paper we propose
that the terephthalic acid reaction represents one ex-
ample of a class of electrophilic aromatic substitutions
involving deactivated benzoic acids. These reactions
are characterized by an ortho-directing effect which
results from an esterification occurring prior to ring
attack.

Results

Electrophilic substitution reactions are generally sen-
sitive to changes in acid strength. Therefore, a number
of known Lewis acids were added to the formaldehyde—

(6) The effect of a ~CH;0-X group on the activation of aromatic systems
toward electrophilic attack has not been reported. However, the op* for
phenylacetic acid toward nitration is —0,164 which means the —-CH:COH
group is activating relative to H.” In contrast, the CHsO-CHy~ group has
been found to have a positive o* (0.64) relative to H (0.49).8 Generally,
it is thought that o* represents ground-state effects, and as a result the
~CH;0-X iz & moderate activator toward electrophilic aromatic substitution.

(7) H. C. Brown and Y. Okamoto, J. Amer. Chem. Soc., 80, 4979 (1958).

(8) P. Ballinger and F. A, Long, bid., 82, 795 (1960).
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Figure 1.—Yield of 5-carboxyphthalide in sulfuric acid (black
dots) and methyl sulfate (open circles) solutions containing vary-
ing amounts of 8O;. Conditions were: 1 M terephthalic acid
and 1 M formaldehyde, reacted in sealed glass tubes for 1 hr at
150 = 0.2°,

terephthalic acid reaction. The results are shown in

Table I. Without added metal salts, a 619 conversion
TasLE I
ErrEcT OF ADDED SALTS ON THE REACTION
oF ForMaLDEHYDE AND TPA

Salt % TPA % 56-CP
None 39 61
ZnBr; 19 55¢
FeCls 47 53
AlCL 46 54
TiCly 64 36
SbF; 75 25
NaCl 42 58
LiF 40 60

¢ The products included 269, of a mixture of brominated
carboxyphthalides, which was not characterized. ?The AICl;
was not completely soluble at the concentration used (0.5 g/5 ml
of mixture).

to 5-carboxyphthalide was achieved in 2 hr. Addition of
Lewis acids gave lower conversions. The results with
added Lewis acids are not in accord with a direct electro-
philic substitution mechanism, i.e., dependent upon the
acid strength of the medium. Were such a system oper-
ative, the highest conversion would have been observed
with SbF;, contrary to the observed effect.

Addition of the neutral salts, NaCl and LiF, did not
affect the conversion. Since the highly ionic nature of
the oleum medium would be only slightly changed by ad-
ditional neutral ionic species, no great effect on conver-
sion was expected or observed.

The conversion was quite sensitive to the nature of
the solvent used for the reaction. As shown by Table
I1, the conversions in 309, SO;~H,S0; and 309, SO;~di-
methyl sulfate were nearly equivalent and much greater
than those observed in other media. A moderate con-
version was found in 309, SO,~HSO;F. On the other
hand, 1009, HSO;F, 989, H,S0, (aqueous), HSO,F-
SbF; (the so-called “Magic Acid”?), and methanesul-
fonic acid gave uniformly poor results. If the conden-
sation was facilitated by high acid strength, then the
fastest rate, and presumably the greatest conversion in
2 hr, would have been observed in HSO;F-SbF;.

The unifying features of the solvents listed in Table
II seemed to be that relatively high conversions were
observed in solvents characterized by their free SO; con-
tent, with the single exception of methanesulfonic acid.

9) G. A. Olah and R. H. Schlosberg, J. Amer. Chem. Soc.., 90, 2726
(1968),
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TasLe I1

SoLvENT EFFECT ON THE REACTION OF
ForMALDEHYDE AND TPA AT 150° For 2 Hr

% n
conversion
Run Solvent to 5-CP
1 30% 80;-H,S0, 95
2 309, SOs~dimethyl sulfate 92
3 309% S0s-HSO;F 20
4 HSO;F 3
5 989, H.S0« aqueous 1e
6 309, 8Os;-methanesulfonic acid 0
7 SbF-HSO:F (1:1) 0
8 1009, SO, 945

¢ Product work-up indicated 129, terephthaloyloxyacetic acid
(isolated as the dimethyl ester). ®The reaction solution was
more concentrated than in the other cases (about 6 M in TPA
and formaldehyde). As a result, this run cannot be directly
compared for conversion data.

This implies that 8Os is a critical factor for the conden-
sation. This was confirmed by a reaction in 1009, SOs.
The reactant concentration was not comparable with
runs 1-7, since the use of 1009, 8Os required a more con-
centrated reaction medium to prevent a phase separa~
tion. However, these conditions provided an excellent
conversion (>909%) to 5-carboxyphthalide.

A comparison of the formaldehyde-terephthalic acid
condensation in sulfurie acid and dimethyl sulfate media
with varying amounts of 80; is presented in Figure 1.
Two features of the graph are apparent: in both
media, equivalent conversions are found at any given
S0; concentration, despite the great contrast in the na-
ture of these media; the conversion in both solvents
reaches a maximum at 60 mol 9 SO; content.

The dependence of the conversion on the 8O; content
of the media strongly suggests that the same mechanism
is operative in both sulfuric acid and dimethyl sulfate.
In view of the differences in the highly protic (sulfurie
acid) and aprotic (dimethyl sulfate) media, this sup-
ports the assertion that the condensation is not a direct
electrophilic substitution process by a protonated or
sulfated formaldehyde species. It must be noted, how-
ever, that proton catalysis of the reaction cannot be ex-
cluded on the basis of these data, since even in the di-
methyl sulfate media some protons were introduced by
the dissociation of terephthalic acid in solution.

The formaldehyde condensation was extended to m~
and p-nitrobenzoic acids. The m-nitrobenzoic acid is
the more reactive to direet electrophilic attack, since its
5 position is not as deactivated as reactive sites in p-ni-
trobenzoice acid,’® However, no reaction occurred, and
m-nitrobenzoic acid was recovered unchanged. For-
maldehyde condensation with p-nitrobenzoic acid under
analogous conditions gave a 479, yield of 5-nitrophtha-
lide. This initially was unexpected, since all ring posi-
tions of p-nitrobenzoic acid are deactivated, as each po-
sition is either ortho to a carboxy or nitro group. Thus,
the condensation with nitrobenzoic acids does not oceur
via a direct electrophilic attack.

Discussion

From the foregoing results, a mechanistic interpreta-~
tion of the condensation of formaldehyde with highly

(10) E. 8. Gould, “Mechanism and Structure in Organic Chemistry,”
Henry Holt and Co., New York, N.Y., 1959, p 428.
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deactivated aromatic substrates, such as terephthalic
acid, must include the following features: (a) the same
mechanism is operative in both oleum and dimethyl sul-
fate—SO; media; (b) the reaction of nitrobenzoic acids
does not oceur through attack by some free electrophilic
formaldehyde species; (¢) SO; must be intimately in-
volved in the condensation in a role which cannot be
played by other Lewis acids such as SbF; or AlCl;, ete;
and (d) reaction is retarded in fluorosulfonic acid and
methanesulfonic acid.

These criteria can be satisfied by formation of an in-
termediate complex involving the carboxyl function
prior to attack on the aromatic nucleus. A hydroxy-
methyl ester is proposed, formed via reaction of formal-
dehyde with a TPA species as shown in eq 1. Formal-
dehyde has been suggested to form hydroxymethyl es-
ters with carboxylic acids. Although such produets
have not been isolated, their postulation aids in under-
standing the chemistry of formaldehyde in solution.
It is worth noting that the electrophilic metalations of
benzoic acid and derivatives have been found to ocecur
subsequent to interaction with the carboxyl group.
Thus, the thallation of benzoic acid and its esters was
recently suggested to occur by initial formation of a
thallium—carbonyl complex, followed by intramolecular
substitution of thallium into the ortho position of the
acid.1? Similarly, mercuration of terephthalic acid pro-
duces the mercurophthalide.*

The nature of the aromatic acid, formaldehyde, and
proposed formaldehyde ester intermediate cannot be
conclusively specified under our reaction conditions.
However, acids and esters would certainly be rapidly
sulfated in SO; media.'® Indeed, since formaldehyde
itself forms a stable complex with 8Os, it is probable
that the esterification is a result of a reaction between a
formaldehyde—sulfur trioxide complex and the aromatic
acid, present as the sulfate or correspondmg acylium
ion. The acid sulfate of acetic acid in sulfuric acid-SO;
is converted to the acylium ion at 13-17% SO; content
at 35°.1% TUnder still more acidic conditions, such as
SbF;~HSO:F mixtures, the diacylium ion of terephthalic
acid can be prepared.’® If the monoacylium ion of ter-
ephthalic acid is the reactive species for the esterifica-
tion, then the rate increase up to 60 mol %, 8Os in either
sulfuric acid or dimethyl sulfate may correspond to
increasing acylium ion concentrations at higher SO;
levels. As a consequence of eq 1, this would increase
the eoncentration of the hydroxymethyl ester in solu-
tion, and the reaction rate would be enhanced, as shown
in Figure 1.

Once formed, the formaldehyde-ester may undergo
protonation and loss of water to provide a primary car-
bonium ion stabilized by association with SO, as shown
in eq 2 and 3.

Primary carbonium ions are extremely reactive.
Therefore, reversal of the stabilized ester species formed
in eq 3 to re-form an acylium ion and formaldehyde must

(11) J. F. Walker, “Formaldehyde,” ACS Monograph Series, No. 159,
American Chemical Bociety, Washington, D. C., 1964,

(12) E. C. Taylor, F. Kiezle, R. L. Robey, and A. McKillop, J. Amer.
Chem. Soc., 92, 2175 (1970).

(18) E. E. Gilbert, Chem. Eev., 62, 575 (1962).

(14) E. E. Gilbert, “‘Sulfonation and Related Reactions,”” Interscience,
New York, N. Y., 1965, p 370,

(18) N. C. Deno, C. U. Pittman, Jr., and M. J, Wisotsky, J. Amer. Chem.
Soc., 86, 4370 (1964),

(18) G. A, Olah and M. B, Comisarow, ibid., 88, 3313 (1966).

J. Org. Chem., Vol. 36, No. 6, 1971 691

I
*C  SoH" CO,CH,080,0H
+ CHO = @ @
C0,80,0H C0,80,0H
+
CO,CH,080,0H C0,CH,080,0H,
+ H' = (2)
CO,S0,0H CO,80,0H
+
C0,CH,080,0H, CO,CH,080,
= HO + =
C0,80,0H C0,S0,0H
COQCHQ “““ OSOQ
(3)
C0,80,0H
0 O\cm
bso, ., 0 cHY
C0,80,0H C0O,S0,0H
Ov—o
(4
C0,80,0H

be a major reaction pathway. However, proximity to
the nucleophilic oxygen of SO; should stabilize this pri-
mary oxycarbonium ion: Lewis acids lacking nucleo-
philic oxygens would not be expected to facilitate the

~ reaction because they cannot stabilize this positively

charged ester. This is in aecord with our results of
Table II. Indeed, primary oxyearbonium ions have
been found to possess greatly enchanced stabilities, rela-
tive to primary carbonium ions in the hydrocarbon
series.”

Alternative explanations!® for the lack of catalytic
effect from added Lewis acids cannot be ruled out from
the experimental data. Thus, the added acid may pref-
erentially form a complex with formaldehyde, decreas-
ing its availability. Or, the Lewis acid may complex
with the carboxyl group para to the site of formaldehyde
esterification, deactivating the aromatic nucleus toward
electrophilic attack. However, we prefer the argument
based on the absence of oxygen in the Lewis acids, as
noted above. This reasoning is in accord with the de-
creased reactivity in fluorosulfonic acid and methanesul-
fonic acid media.

The 80; stabilization of the primary oxyearbonium
ion allows it to participate in a second reaction pathway,

(17) B, G. Ramsey and R. W, Taft, ibid., 88, 3058 (1966).
(18) Private communication with Min-Hon Rei,
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in addition to reversion to reactants. This pathway in-
volves attack on the aromatic ring and leads to phtha-
lide formation (eq 4) by electrophilic attack of the sta-
bilized oxycarbonium ion.

The mechanism described above will reconcile the
solvent effects noted in Table I. Formation of the SO;-
stabilized primary carbonium ion (eq 2 and 3) can be
generalized to include other solvents as shown below
(Scheme I). When X = CH or OCHj, protonation of

Scaeme I
Ar—CO0,CH,080,X

(a) protonahon and loss of (b) protonation and loss of
C O zX (c eavage of \ (cleavage of 5—X)
—0O bond

Ar—CO,CH, + Ar—CO,CH,*. - - . 080,
i
Ar—C+* 4+ CH,0 phthalide + H* + 804
(reactants)
X = OH in 80s; H»304 media
X = OCH; in (CH;0):80,
X = F in HSO;F
X = CH; in HS0.CH;

these groups followed by their loss as neutral species
competes favorably with protonation and loss of
HOBS0,X (regeneration of starting materials). Since
protonation of F with loss of HF is relatively less likely,
the rate of phthalide formation would be expected to de-
crease in fluorosulfonic acid. Cleavage of the SX bond
seems quite unlikely when X = methyl, and as a conse-
quence, little if any phthalide formation is anticipated
in methanesulfonic acid.

The nitrobenzoic acid condensations can also be un-
derstood in terms of a mechanism in which an electro-
philic attack on the aromatie ring is preceded by esteri-
fication. The carboxyl group must now control the
course of the reaction, so that attack occurs only at the
2 and 6 positions. Since a m~-NO, substituent strongly
deactivates both these positions, electrophilic attack
from an intermediate ester or carboxyl complex should
be decreased or prevented in the case of m-nitrobenzoic
acid. On the other hand, the 2 and 6 positions of p-ni-
trobenzoic acid are less deactivated by the nitro group,
relative to the meta isomer. Hence, electrophilic at-
tack on p-nitrobenzoic acid by a complex of formalde-
hyde and a carboxyl group is more likely to oceur than
attack by the equivalent complex formed from m-nitro-
benzoic acid. Had the reaction of nitrobenzoic acids
not proceeded through a preliminary esterification, the
meta isomer should have been the more reactive. Fur-
thermore, the expected product would have been 3,3'-
diearboxy-5,5'-dinitrodiphenylmethane, by analogy of
the formaldehyde condensations with benzoic acid to
provide 3,3’-diearboxydiphenylmethane, and with iso-
phthalic aeid to provide 3,3',5,5’-tetracarboxydiphenyl-
methane.®

The decreased conversion at SO; levels greater than
60 mol 9, as shown in Figure 1, can be explained by the
formation of an acylium ion of the formaldehyde-ester.

(19) R. W, Beattie and R. H, Manske, Can. J. Chem., 42, 223 (1964).
(20) J. R. LeBlane, D. B. Sharp, and J, G. Murray, J. Org. Chem,, 26,
4731 (1961).

FornBY AND JUREWICZ

Such a reaction will powerfully deactivate the aro-
matic nucleus toward an electrophilic attack ac-
cording to eq 4, since this would require an intermediate
aromatic dicarbonium ion. Thus the conversion de-
creases at SO; concentrations above 60 mol 9.

C0,CH,080,0H CO,CH,080,0H

C0,080,0H . ﬁ 0SO,0H™

The mechanistic pathway presented in the foregoing
section accounts for the experimental observations on
the condensation of formaldehyde with highly deacti-
vated substrates. However, a direct electrophilic sub-
stitution reaction of formaldehyde is sufficient to explain
diarylmethane formation from benzoic or isophthalic
acids, or phthalide formation from activated benzoic
acids.?! Given that a choice of reaction pathways
exists for reaction of formaldehyde with more or less de-
activated benzoic acids, it should be possible to find in-
termediate cases where a competition between these re-
action pathways can be observed. In this event, some
diarylmethane derivatives should be formed by attack
of a free electrophilic formaldehyde species, along with

‘some phthalide derivatives derived from a formalde-

hyde-ester species. Therefore, we reinvestigated the
reaction of phthalic and isophthalic acids with formalde-
hyde.

The reaction of isophthalic acid and formaldehyde
was reported to yield only tetracarboxydiphenylmeth-
ane.? However, we found that with suitable control
of conditions, 6-carboxyphthalide was also formed in
vields up to 409,. We believe that this substrate rep-
resents an intermediate case which can form products
by either a ‘““direct” electrophilic substitution reaction
(leading to a diarylmethane) or by a substitution reac-
tion involving carboxyl participation (leading to phtha-
lide). Aswould be expected in such intermediate cases,
the partitioning of material between the two reaction
pathways is sensitive to experimental conditions. The
formaldehyde condensation with phthalic anhydride
may represent yet another such intermediate case, as a

COH
9 @\ + CHO —
COH
COH  COH COH
+
HO,C COH 0
100-60% 0
0-40%
0
COH
0 + CHO —
0
0 0
15%

(21) E. H. Charlesworth, R. P, Rennie, J. E. 8inder, and M. M. Yan,
Can. J. Res., 28B, 17 (1945).
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159, yield of 7-carboxyphthalide results from this reac-
tion.

When the 5-carboxyphthalide synthesis is run with a
large excess of formaldehyde, or in dilute oleum mix-
tures, terephthaloyloxyacetic acid (3) appears as a prod-
uct of the reaction. The isolation of terephthaloyloxy-
acetic acid under conditions similar to those which pro-
vide 5-carboxyphthalide strongly suggest that tereph-
thalic acid is undergoing esterification during the reac-
tion. The formation of 3 indicates that some of the
formaldehyde was oxidized to carbon monoxide under

COZH excess CH.O
/©/ + CHO or dilute
HOgC oleum
0
0
/©/COZCH2002H
+
HO,C
3
COH

the reaction conditions. Two reaction pathways in-
volving CO can be envisaged which would lead to ter-
ephthaloyloxyacetic acid, as shown below.

H+
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furic acid to give a small yield of 5-carboxyphthalide.
Since this reaction could only oceur with decarbonyla-
tion, it indicates that the carbonylation of the tereph-
thalic acid—formaldehyde ester is reversible, as indi-
cated.

Experimental Section

Materials.—Aromatic substrates, formaldehyde (trioxane),
cosolvents, and sulfur trioxide (Sulfan-B) were commercial prod-
ucts of the highest purity attainable.

The sulfur trioxide was stored in a vessel jacketed in boiling
pentane (36°) to prevent crystallization catalyzed by traces of
water.

Methods.—The preparation of phthalides from phthalic acids
and nitrobenzoic acids was carried out according to the method
described for the reaction with terephthalic acid.b

The effect of added salts on the 5-carboxyphthalide synthesis
(Table I) was obtained from reactions conducted in sealed glass
tubes. Solutions (5ml)of 30% oleum, containing 1 M terephthalic
acid and 1 M formaldehyde, and 0.5 g of salts were placed in a
bath at 150 == 0.2° for 2 hr. The products were converted to
methyl esters and analyzed by gas chromatography. Material
balances based on aromatics were all above 769, and in most
cases, 86-949%,.

The experiments in various solvents (Table II) also were
conducted for 2 hr at 150 == 0.2°, in sealed glass tubes. KExcept
as noted, the solutions were 1 M in terephthalic acid and

ArCO,CH,CO.H

THzO

ArCO.H
80

3
CH,0 4+ 00 == HOCH:;COOH T——> ArC0;CH;C0:80,0H

~ArCO:H
~80s —cocho

ArCO.H + CH,0 + 80s === ArCO.CH,080,0H

No distinetion can be made at this time between a re-
action involving CO attack on the hydroxymethyl ester
and a reaction involving esterification with hydroxy-
acetic acid formed previously by attack of CO and
CH,0 under the reaction conditions. The latter pro-
cess is similar to the synthesis of hydroxyacetic acid by
the acid-catalyzed carbonylation of formaldehyde.??
Although much higher temperatures and CO pressures
are required in that process than we observe during 5-
carboxyphthalide synthesis, the yields of terephthaloyl-
oxyacetic acid are improved by reaction under CO pres-
sure.

Recently, cyclohexanecarboxylic acid was shown to
undergo decarbonylation in fuming sulfuric acid at
25°.2%  This agrees with our observation that hydroxy-
acetic acid reacts with terephthalic acid in fuming sul-

(22) D. J. Loder, U. §. Patent 2,152,852 (1939).

(23) M. I. Vinnik, R, 8. Ryabova, and V. I, Ganina, Zh, Fiz, Khim., 42,
2916 (1068); Chem. Abstr., 70, 46570 (1969),

lSOa
phthalide

3 M in formaldehyde and were worked up as described above.
Material balances, based on aromatics, were 79-909.

Effect of CO on Preparation of Terephthaloyloxyacetic Acid (3).
—Terephthalic acid (8.3 g, 0.05 mol) and formaldehyde (4.5 g,
0.30 mol of Trioxane) in 50 ml of 989, sulfuric acid were placed
under 1000 psi of CO in a glass-lined pressure vessel.

After heating to 150° for 2 hr the contents of the vessel were
poured into ice water, converted to methyl esters (MeOH-BF;),
and analyzed by gas chromatography. The product mixture
contained 949, dimethyl terephthalate and 59, dimethyl ter-
ephthaloyloxyacetic acid. When this procedure was carried out
in the absence of CO, only dimethyl terephthalate could be
isolated.

Registry No.—Formaldehyde, 50-00-0; terephthalic
acid, 100-21-0; 1,4792-29-4; 2, 16776-76-4.
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