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SYNTHESIS OF 1,2-DISUBSTITUTED BENZENES AND BIPHENYLS

FROM PHTHALIC ACIDS THROUGH ELECTROREDUCTION
FOLLOWED BY ELECTROCYCLIC REACTION WITH ALKYNES
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and[kuzolehlguchx

Osaka Municipal Technical Research Institu;c,
1-6-50, Morinomiya, Joto~ku, Osaka 536, Japan

Abstract: Various substituted 1,2-dihydrophthalic acids were synthesized by electroreduction of phthalic acids
in excellent yields. The electrocycbc reaction of 1,2-dihydrophthalic acids or the methyl ester with alkynes
gave 1,2~disubstituted benzenes and biphenyls in good yields together with fumaric acid or methyl fumarate.

Much interest has been focused on the application of 1,2-dihydrophthalic acids as chemical intermedi-
ates possessing both dienes and dibasic acid moieties in a same molecule. For example, the reactions with
maleic acid lead to the production of cyclic pdlycarboxylic aclds which are useful as plasticizers, reforming
materials, and raw materials for polyimides.! In this work, we wish to report novel electroreductive synthesis of
various substituted 1 2—d1hydrophthahc acids and their transformatnon to 1,2—disubstituted benzenes and biphe-
nyls by their electtocycllc reaction with alkynes.

It is known that 1,2-dihydrophthalic acid can be prepared by reduction of phthalic acid with
sodium/amalgam? and electrochemical hydrogenation of o—phthalic acid with dilute sulfuric acid as catholyte
‘above 70°C.}? The former method causes serious problem of envxronmental pollution and the yield of the
pmduct is not so high even for the reduction of phthalic acid. The latter method resulted in formation of a com—
plex mixture of many products in the electroreduction of various substituted o—-phthalic acids under the similar
conditions to those for the non-substituted one. Therefore, we attempted significant modification of the latter
method for electroreduction of various substituted phthalic acids (catholyte: 1,4-dioxane/5%H;S0,=1/1, reac-
tion temp.: 30°C) so that the corresponding 1,2-dihydrophthalic acids could be sclectively obtained.* The
yields and conditions of the present clectroreduction of various substituted phthalic acids arc tabulated in Table
1. Regardless of the character of the substituents on the phenyl ring of phthalic acids, the corresponding 1,2~
dihydrophthalic acids 2a-2g were selectively formed in good yields.

1,2-Dihydrophthalic acids 2 and esters 3 have diene systems which may be suitable for Diels—Alder
reaction. In fact, the methyl esters 3 reacted with dienophiles like maleic anhydride, dimethyl maleate or,
methyl acrylate, to yield bicyclo[2,2,2]octene systems (scheme 1, €q.1) in moderate to good yields as
reported.” However, in the case of acctylenic dienophile, for example, dimethyl 1,2-dihydrophthalate 3a
underwent Diels—Alder reaction with them to afford substituted benzene derivatives § together with dimethyl
fumarate 9 without isolation of a Diels—Alder adduct 4 (scheme 1, eq.2).

’Iypwal procedure is described below. Dimethy! 1,2-dihydrophthalate 3a (1 g, 5.1 mmol), alkynes (5.1
mmol) were heated together at 190-220°C under nitrogen for 2-8 h until the disappearance of 3a was con—
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Table 1. Electroreduction of Phthalic acids 1 to 1,2-Dihydrophtalic acids 2

{ — 5 a) Isolat;gLYield '
a Ry=Rp=Rg=R,=H 86
b Ry=Rg=R,=H, R,=CH, 89
Ry=Rs=R=H, R,=tert-Bu 88
d Ry=Ry4=H, Rp=R3=CHj 90
e Ry=Rp=Ry=R,=F 83
f Ry=Rp=R3=R,=Cl 86

g Ry=Ry=RH, R=CF,"
a) Ref. 4. b) 1g was presented by Nihon Nohyaku Co., Ltd.

firmed by G.L.C., when the crystal of dimethyl fumarate sublimed at the upper part of a flask. The reaction
mixture was cooled, dissolved in acctone, and chromatographed over silica gel. ‘Elution with hexane/ethyl
acetate (90/10) gave the corresponding 1,2-disubstituted benzenes. The results of reactions of 3a with a variety
of alkynes as a dienophile arc exemplified in Table 2 (entry, 1-7). It is considered that Dicls-Alder adducts
were formed at the first step of reaction between 3a and alkynes, and then it underwent retro Diels—Alder reac-
tion to give 1,2-disubstituted benzenes § and dimethyl fumarate because of labile aromatization. In a similar
way, electrocyclic reactions of other 1,2-dihydrophthalic acids 2 were also investigated. Some of 2 and diethyl
acetylenedicarboxylate were refluxed in decalin under nitrogen for 3 -6 h. After washing with NaHCO, aq. to
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remove fumaric acid followed by column chromatography, diethyl phthalates can be obtained in moderate to
good yield (Table 2, entry 8-12). 3,6-Diphenyldihydrophthalic acid™? could not be converted to the corre—
sponding benzene derivatives even at 250°C for 50 h in a scaled tube (Table 2, entry 12), because it would be
difficult to form the Diels—Alder adduct 4 owing to the steric factor of the two phenyl groups.

Table 2. Transformation of Dihydmphﬂiaicacidséatdmrss to 1,2-Disubstituted benzenes 5

Temp (C) Time(h) Yield (%)

Dinydrophthalic acids  Asynes Product
Entry 2 and esters 3 . 5
COMe 8)
1 3a MeO.C- & -COMe ©: COgMe
coet ¥
2 3a E10,C- % -COEt (:( ,
cost
3 - 3a H-®-COH @—cozﬂ
o COzEt b)
s w Qmos
" COEt ©)
5 3a 02N~ -CO,E! NOz
9 FsC. d)
7 3a 20-@- =CF, o
° Co et D
8 2a E1O,C-2 -COzEt @
COEt
9 2b E10,C- 8 -COZEt @“25‘ b
COEt
tert-Bu CoEt B
10 2¢ E10,C- 2 -COEt ‘@ o
COEt
: C »
11 2d E10,C- 88 -COE ):j( 0aEt
COEt
k) .
E10C- 88 -COZEt —

190

190

190

190

190

190

190

h)

h

h)

h)

45

42

87

87

a) Ref. 7a. b) Ref. 7b. ¢) Ret.

. 7c. d) Ref. 7d. ) Ret. 7e. ) Rel. 8. g) Ret. 11. h)daeﬁuulux ) 250, Ina
identified by comparison with authentic samples. k) Ref. 12.
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In summary, various 1,2-dihydrophthalic acids 2 were newly synthesized by elctroreduction of easily

available phthalic acids in excellent yiclds and their reaction with alkynes realized the efficient synthetic route
to 1,2—disubstituted benzenes and biphenyls. The present reaction may be cited as ariother example of succes—
sive electrocyclic addition and cleavage of inner-ring dienes besides the reactions of limited activated cyclo-
hexadienes® and 2-pyrones with alkynes.* Further investigation of chemical behaviors and applications of
1,2-dihydrophthalic acids 2 are now in progress. :
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This acetylene was synthesized by esterification of 4-nitrophenylpropiolic acid, which was given by

electrooxidation of 4-—nitrophenylprop;cr§yl alcohol in 15% H,SO, aq.° 4-Nitrophenylp: alcohol

;lvas sylnlt(l’Jcsized by palladium~—catalyzed cross—coupling of —nifrobenzene with commerci propargyl
cohol. :
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