ORGANIC
LETTERS

Pyridine-Catalyzed Addition of ol 0e
Diaryl-1,2-diones to Dimethyl 1189-1191
Butynedioate Leading to the Formation
of 1,2-Diaroyl Dimethyl Maleates via an

Unprecedented Rearrangement T

Vijay Nair,* * Abhilash N. Pillai, * Rajeev S. Menon, ¥ and Eringathodi Suresh $
Organic Chemistry Division, Regional Research Laboratory (CSIR),

Trivandrum 695019, India, and Analytical Science Discipline,
Central Salt and Marine Chemicals Research Institute, Bhavnagar 364002, India

vijaynair_2001@yahoo.com

Received February 2, 2005

ABSTRACT

o CO,Me 0 O
Ph Pyridine(20 mol%)  Ph Ph
Ph + ’ | DME,-10°C -RT —
0 MeO,C CO,Me

CO,Me
82%

Pyridine catalyzes the reaction of 1,2-diaryl diones with dimethyl butynedioate to afford diaroyl maleates. This unprecedented rearrangement
involves a unique benzoyl migration and proceeds with complete stereoselectivity.

In the course of our recent explorations of the reactivity of  We speculated that the zwitterion was likely to add to 1,2-
zwitterions derived from nucleophilic species and activated dicarbonyl compounds such as benzil, and that the tetrahedral
acetylened,we happened upon a fascinating reaction that is intermediate stood a good chance to undergo cleavage of
tantamount to the trans addition of aldehydes to the triple the relatively weak 1,2 €C bond (BE~ 70 kcal) and
bond of dimethyl butynedioate leading to 1-aroyl fumarates concomitant acyl migration to produce a new zwitterion,
(Scheme 1%. which would stabilize (neutralize) itself by the ejection of
Mechanistically, the reaction was viewed as occurring by pyridine. The results of our work validating the concept
the addition of the zwitterion derived from pyridine and outlined above are presented here.
dimethyl butynedioafeto the aldehyde to form a tetrahedral Our studies were initiated by the addition of a catalytic
intermediate that undergoes a [113shift, o-bond rotation, amount of pyridine (20 mol %) to a solution of benzil and
and eventual ejection of pyridine to deliver the product.

Irreversibility of the key steps in the sequence provides the_

driving force for the reaction (Scheme 2).
9 ( ) Scheme 1. Pyridine-Catalyzed Addition of Aldehydes to
Dimethyl Butynedioate

T This paper is dedicated to Professor Gilbert Stork, in honor of his

phenomenal contributions to organic synthesis. CO;Me o COM
* Regional Research Laboratory (CSIR). 2Vie
§ Central Salt and Marine Chemicals Research Institute. Ar-CHO + ’ ‘ Pyr. (Cat.)
(1) (a) Nair, V.; Rajesh, C.; Vinod, A. U.; Bindu, S.; Sreekanth, A. R.; DME,-10 °C-rt Ar = H
Mathen, J. S.; Balagopal, [Acc. Chem. Re2003,36, 899. (b) Nair, V.; ’
Remadevi, B.; Vidya, N.; Menon, R. S.; Abhilash, N.; Rath, N. P.; CO,Me CO,Me
Tetrahedron Lett2004,45, 3203. 1 2
(2) Nair, V.; Sreekanth, A. R.; Abhilash, N.; Biju, A. T.; Remadevi, B.; 3

Menon, R. S.; Rath, N. P.; Srinivas, Rynthesi®003, 1895.

10.1021/0l050225k CCC: $30.25  © 2005 American Chemical Society
Published on Web 02/12/2005



Scheme 2. Proposed Mechanism for Reaction in Scheme 1
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Figure 1. X-ray crystal structure oba.

dimethyl butynedioate in anhydrous dimethoxy ethane
(DME) at —10 °C. initially formed pyridine-butynedioate zwitterion adds to
The mixture was allowed to warm to rt (2%C) and benzil, furnishing the alkoxide intermediat® (refer to
allowed to stir for 8 h. The usual processing of the reaction Scheme 2). In path 1, a 1,2-migration of the benzoyl group
mixture followed by column chromatography afforded with its pair of electrons to afford the pyridinium ylid@
dibenzoyl maleatésa in 62% vyield along with unreacted  and subsequent generation of a cyclopropane intermediate
benzil (33%) as shown in Scheme 3. C is conceived. Elimination of pyridine fror® furnishes
the product. Alternatively, as shown in path 2, alkoxile
_ can transform to an epoxy derivatiize which then collapses
Scheme . Pyane Caen Reaton o anctana[010° PYISTITIE: Aniamoteerbervo vt
Dimethyl Butynedioate . g . . o
via F. Involvement of epoxy intermediates in the nucleophilic

o] COMe vs Ph ° ] Ph addition to 1,2-diones is precedented in the work of Scho-
Ph)J\H/Ph +l PDyl\;:;"fé%gT;'T/") — wen® Though less likely, an alternate mechanism involving
5 ’ MeO,C  CO,Me a 1,3-benzoyl migrationg-bond rotation, and ejection of
COMe 5a pyridine may also be invoked.

4a 2 The possibility of generation of a pyridinium ylide by the

addition of pyridine to benzil and subsequent rearrangement

was discounted on the basis of blank experiments carried
Productsawas characterized on the basis of spectroscopic out in the absence of butynedioate.

data. The IR spectrum showed characteristic absorptions at Although superficially this reaction is reminiscent of the

1754 cn?, indicating the presence of ester carbonyl, and at Liebig benzilic acid rearrangemefi, it is important to

1666 cnt?, which corresponds to the benzoyl group. In the recognize that mechanistically it is quite distinct from the

IH NMR, the carbomethoxy groups gave a singlat 8t81.

The'3C resonance signals for the two carbomethoxy groups_

were seen ab 163.7 and those of the benzoyl carbonyl . _ . .

groups at 189.9. Unambiguous evidence for the structure Table 1. Reaction with Various 1,2-Diones

and stereochemistry dda was obtained by single-crystal o} COMe o Q
X A . Pyridine (20 mol%.)  Ar Ar
-ray analysis (Figure 1) The reaction appears to be general Ar, Il —
. . Ar DME,-10°C-RT
with the analogues of benzil, and the results are presented o MeO,C  CO,Me
in Table 1. CO,Me
. Two probablg mechanlstlg pathways for'the formal inser- entry Ar time (h) _ yield (%)
tion of butynedioate to benzil are depicted in Scheme 4. The
1 4-trifluoromethylphenyl  5b 7 64 (91)®
a b
(3) (a) Diels, O.; Alder, K.Liebigs Ann. Chem1932, 16, 498. (b) 2 4-methylphenyl Sc 10 53¢ (69)
Acheson, R. M.; Taylor, G. AProc. Chem. Sacl959, 186. (c) Acheson, 3 4-chlorophenyl 5d 8 587 (74)
R. M.; Taylor, G. A.J. Chem. Socl96Q 1691. (d) Acheson, R. M.; Gagan, 4 3-chlorophenyl 5e 8 60 (80)®
J. M. F,; Taylor, G. AJ. Chem. Socl963, 1903. (e) Acheson, R. Mdu. 5 4-bromophenyl 5f 8 59¢ (76)
Heterocycl. Chem1963,1, 125. (f) Winterfeldt, E.; Naumann, AChem. 6 4-meth henvl 5 10 51 (64)°
Ber. 1965,98, 3537. (g) Huisgen, R.; Morikawa, M.; Herbig, K.; Brunn, -methoxypheny g \
E. Chem. Ber.1967,100, 1094. (h) Acheson, R. M.; Plunkett, A. Q. 7 3,4-dichlorophenyl 5h 8 617 (84)
Chem. Soc., Perkin Trans.1975, 438. 8 2-thienyl 5i 8 52¢ (88)b

(4) Yield based on recovered benzil is 92%. ) ) . )
(5) CCDC file no. 250731 contains the supplementary crystallographic 2 Isolated yield" Yield based on recovered starting material.
data for this paper. See Supporting Information for details.
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Scheme 4. Proposed Mechanistic Pathways for the Reaction
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that are endowed with a broad range of pharmacological
activities!%'1 The trans isomer obg, viz., dimethyl 1,2-(4-
methoxybenzoyl)fumarate, was synthesized very recently by
the electrolytic oxidative dimerization of methyl 3-(4-
methoxyphenyl)propynoate in a gFOOH-CH,Cl,—PbQ,
systemt?

In a preliminary screening of catalysts, we have found that
the reaction works well with 4-dimethylamino pyridine

N (DMAP) but less efficiently with triphenylphosphine and not
| E Ph Ph 4 e ; )
_ . 39 - — at all with N-methyl imidazole and triethylamine.
- Ph B MeO,C  COMe In conclusion, we have uncovered a novel reaction of the
COPh

5a

zwitterion derived from pyridine and dimethyl butynedioate

N Ph . with acyclic 1,2-diones. In addition to the mechanistic
/ _K @@Ph S_Ph @9%/\ © importance, this reaction offers an easy route for the synthesis
g /NV%O ~Fathz - AN PR of 1,2-diaroyl maleates that may function as useful dieno-
Ehk:,(@ Mo e oM Meoe 2V philes in Diels-Alder cycloadditions. Further investigations
e © b A aimed at defining the scope and limitations of the reaction

are in progress.
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