Clommunications

Modified Benzoin Condensation of .
Terephthalaldehyde with Benzaldehyde

Summary: The preparation of 1,4-bis(phenylglyoxyloyl)-
benzene via oxidation of the bisbenzoin obtained from the
condensation of terephthalaldehyde bisbisulfite adduct and
benzaldehyde is described.

Sir: Bis « diketones of the general structure RC(O)C(O)R’-
C(O)C(O)R are one of two comonomers needed for the pro-
duction of polyphenylquinoxalines. These diketones have in
the past been accessible only via tedious and low yield routes
since their potentially very attractive precursors, the corre-
sponding bisbenzoins, have been unknown. We therefore wish
to report the first synthesis of a bishenzoin via a modified
benzoin condensation and the high yield oxidation of this
product to the corresponding bis « diketone.

Bis(phenylglyoxyloyl)benzene, p-CgH;C(0)C(O)CeH;-
C(O)C(0)CgHs, has been prepared to date from p-phen-
ylenediacetic acid! or interaction of terephthalonitrile with
benzylmagnesium chloride followed by oxidation of the re-
sulting 1,4-bis(phenylacetyl)benzene with either selenium
dioxide? or p-nitrosodiethylaniline.? The most direct route
to a diketones is the classical benzoin condensation followed
by oxidation. Although the benzoin condensation has been
used successfully to condense a number of dissimilar al-
dehydes,* no syntheses of bisbenzoins, RCH(OH)C(O)R'-
C(O)CH(OH)R, are discussed. Our attempts at condensation
of benzaldehyde with terephthalaldehyde in the presence of
potassium cyanide resulted in the isolation of what appeared
to be terephthalaldehyde derived benzoins, some benzoin,
CeHzCH(OH)C(0)CgHs, and other unidentified compounds.
This is in agreement with the findings of Oppenheimer® that
benzoin-type condensation of terephthalaldehyde involves
only one of the two aldehyde groups.

Thus we have concluded that it is necessary to modify the
aldehyde functions in terephthalaldehyde to promote con-
densation with benzaldehyde at both sites. The use of the
bisbisulfite adduct wherein hydroxyl moieties “replace” the
carbonyl groups seemed to offer a promising approach. The
bisbisulfite adduct, CeH4[CH(OH)S03Nals, was obtained in
quantitative yield by treatment of terephthalaldehyde with
aqueous sodium bisulfite. Reaction of this adduct in aqueous
solution with potassium cyanide at 0 °C produced readily the
biscyanohydrin, CgH4[CH(OH)CN]s.

When the cyanohydrin was isolated and subjected to re-
action with benzaldehyde in a purely organic medium (in the
absence of water and salts) no apparent reaction took place.
However, when the in situ generated terephthalaldehyde
biscyanohydrin was added to a ten- to threefold excess of
benzaldehyde at ~55-85 °C the desired reaction did occur as
evidenced by the isolation of 1,4-bis(phenylglyoxyloyl)ben-
zene in 35-73% yields after oxidation of the crude condensa-
tion product. The following procedure is representative.

Terephthalaldehyde biscyanohydrin was prepared from 10.0 g

(0.0292 mol) of the sodium bisulfite adduct and the stoichiometric
quantity of potassium cyanide. This aqueous solution (which con-
tained the inorganic reaction by-products) was then added to stirred
benzaldehyde (18.9 g, 0.178 mol) at 68 °C over a period of 10 min.
Subsequently the reaction mixture was stirred at 88-70 °C for 2 hr.
After cooling the semisolid mass was washed with water and the excess
benzaldehyde was removed at reduced pressure at 88-100 °C. The
residue (14.8 g) was dissolved in 80% acetic acid (140 ml) and heated
with stirring at 101-105 °C together with ammonium nitrate (20 g,
0.2498 mol) and cupric acetate (0.2 g). On cooling yellow crystals (6.39
g, 84% yield), mp 116-119 °C, appeared. Crystallization from ethanol
gave 5.74 g, 57% vield, mp 128.5-124.2 °C, of pure 1,4-bis(phenyl-
glyoxyloyl)benzene as shown by mixture melting point (122.5-123.5
°C) with an authentic sample and comparison of the infrared spectra.

The bisbenzoin, CsH;CH(OH)C(0)CH,C(O)CH(OH)CgHs, mp
230-233 °C (Anal. Caled for CoogH;504: C, 76.29; H, 5.24. Found: C,
75.98; H, 5.29.) was isolated in 46% yield by treatment of the semisolid
mass (prior to oxidation) with benzene followed by crystallization
from methanol.

The process in view of the presence of the preformed bis-
cyanohydrin is believed to give the bisbenzoin isomer wherein
the carbonyl groups are adjacent to the CgHy moiety. The
liberation of cyanide ion would be expected to promote self-
condensation of the excess benzaldehyde to form benzoin,
CeHsCH(OH)COCgHs; however, under the conditions em-
ployed this reaction occurred to only a very limited extent.
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We currently are investigating the usefulness of this mod-
ified benzoin condensation for the synthesis of the isomeric
bis(phenylglyoxyloyl)benzenes and of variously substituted
derivatives.

Acknowledgment. We gratefully acknowledge Naval Sea
Systems Command support under Contract No. N-00017-
73-C-4325. Thanks are due Dr. W. Barry and Mr. M. Kinna
for their interest in this work.

References and Notes

(1) W. Wrasidlo and J. M. Augl, J. Polym. Sci., Part A-1, 7, 3393 (1969).

(2) J. Schmitt, P. Comoy, J. Boitard, and M. Suguet, Bull. Soc. Chim. Fr., 636
(1958).

(8) M. A. Ogliaruso and E. |. Becker, J. Org. Chem., 30, 3354 (1965).

(4) W. S.Ilde and J. 8. Buck, Org. React., 4, 276 (1967).

(5) H. Oppenheimer, Ber., 119, 1814 (18886); also the work of Grimeaux dis-
cussed therein. :

(8) J. 8. Buck, J. Am. Chem. Soc., 55, 3388 (1933).

R. H. Kratzer,* K. L. Paciorek, D. W, Karle

Ultrasystems, Inc., 2400 Michelson Drive
Irvine, California 92664

Received February 9, 1976

2230



