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Novel 1, ipolar Cycloaddition Reaction of
#

Carbou_,! Ylide with 0-Quinones

Vijay Nair,** K. C. Sheela,” K. V. Radhakrishnan,* Nigam P. Rath®

Abstract: 1,3-Dipolar cycloaddition reaction of carbony! ylide with o-quinones afforded novel
highly oxygenated spirocyclic compounds. © 1998 Elsevier Science Ltd. All rights reserved.

During the course of our work on the Diels-Alder reactions of o-quinones,'* we became aware that the

available in this area is derived from the reaction of diazomethane with 3,6-di-fert-butyl-1,2-benzoquinone*
and the reaction of certain mesoionic compounds with o-chloranil.>® Very recently we have observed that aryl
nitrile-N-oxides undergo facile cycloaddition to the carbonyl group of o-benzoquinones, resulting in 1,3,5-
spirodioxazolines.”

As a part of our continuing interest in probing the dipolarophilic profile of o-quinones, we have
undertaken some work on their reaction with carbonyl ylide dipole and our preliminary results displaying a
novel cycloaddition are presented here.It is noteworthy that although Padwa has studied ® the reactions of
carbony! ylides with benzaldehyde
carbonyi yiides to quinones has been reported by anyone. Our studies were initiated with Rh(il) catalyzed
cycloaddition of 1-diazo-5-phenyl-2,5-pentanedione 1 to 3,5-di-tert-butyl-1,2-benzoquinone 3. This reaction

proceeded smoothly to afford the product 4 [Scheme 1].”
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* Dedicated with warm personal regards to Professor Paul Wender
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The product was purified using Chromatotron (silica gel, Merck, TLC grade 7749) and characterized
by spectral analysis.'’ The IR spectrum of 4 showed two carbonyl absorptions at 1708 and 1735 cm™. In 'H

n 13 anaetiim of d the abioaatacioel o o1 £ g1
4.58. In “C NMR spectrum of 4, the characteristic signal for the

spiro carbon was observed at & 110.51. Final proof for the structure 4 was derived by single crystal X-ray
= 11
analysis.
The experiment was repeated with various o-quinones and in all cases the reaction proceeds smoothly
to afford the product. The results are summarized in Table 1.
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Table 1. Cycloaddition of carbonyl ylide with 0-Quinones.

Entry | Quinone Substituents Product | Yield (%)* MP
1 3a R=R;=R4; =H, R3=-CMe; 4a 42% 44-46 °C
2 3b R;=R3=-CMes3, R;=H, Ry=-OMe 4b 61 169-170 °C
3 3c Ri=R;=H, R;=-CMe;, R; =-OMe 4¢ 48 164-166 °C
4 3d R, =R3=CHPhy, R; =H, R4=-OMe 4d 41* 181-183 °C
5 3e R;=R;=Benzo, R; =R, = Benzo de 37 158—}60 °C

? Isolated yield; *15 % of a product tentatively identified as a 2:1 adduct of 2 and 3 was also isolated.

. . . . 1
The structures of 4a-4e were assigned on the basis of spectral data, especially by comparing 'H NMR
data with that of 4. For instance Cg-H in 4a resonates at 8 5.92 and the C4-H at § 7.09. These chemical shifts

compare favourably with those of the corresponding protons in 4, Ce-H resonates at 8 5.85 and C4-H at 6

8 o

6.76. Furthermore in the alternative structure (4a-e) resulting from the addition of the ylide to the other
h
U
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higher fields. Similar analysis of the 'H NMR data leads to the reasonable conclusion that the assigned
structures are correct. Interestingly in ail the cases the ylide preferentiaily adds to the more electron deficient
of the two carbonyls of each quinone. Such preference is precedented in the reactivity of dicarbonyl
compounds towards dipolar species.’

ip
o-quinones, thus offering an efficient method for the synthesis of novel highly oxygenated heterocyciic
compounds. It is anticipated that the products of the cycloaddition themselves will be potentially amenable to a

number of interesting and possibly useful transformations. Further work is in progress.

X-ray Structure of 4
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Typical experimental procedure: 3,5-Di-zert-butyl-1,2-benzoquinone 3 (0.220 g,1 mmol) was added to
(.

a solution of 1-diazo-5-phenyl-2,5-pentanedione 1 (0.243 g, 1.2 mmol) and Rh(II)acetate (catalytic

reaction was complete (as indicated by TLC, 35 min.), the solvent was evaporated in vacuo. The

residue obtained was purified using a chromatotron (silica gel, Merck, TLC grade, 7749). Elution with

1074, 1040, 960, 946, 885, 778, 703 cm™. "H NMR (300 MHz, CDCl3)& 7.72-7.42 (5H, Ar), 6.76 (d, J
5.84 ( 2.1 Hz, 1H), 4.58 (s, 1H), 2.64-2.62 (m, 4H), 1.18 (s, 9H), 1.11 (s, 9H). °C

14475‘ 138, '7‘) 133.69 7ﬂ 12820 12529

N VL7 12 102,V 7 n ALV LT, Al LT

122.54, 110.51, 87.90, 82.08, 35.67, 34.56, 33.26, 29.25, 28.38. CHN analysis: Found: C-75.61%, H-
7.95%. (Calculated: C-76.11%, H-7.66%).

Crystal data for 4: CysHzgO4 F.W: 394.49; 0.38x0.30x0.22mm, Triclinic, Space group PI" Unit cell
dimensions a =59075(DA, a = 97315(1)°; b = 9.7892(A, B= 97.692(1)° c
=19.2052 (2) A ;y =91.79°, R indices (all data) RI = 0.0860, wR2 = 0.1427. Volume, Z = 1090.36
(2) A%, 2, D calc. = 1.202 Mg/m®. F (000) = 424. Absorption coefficient = 0.080 mm™'; Reflections
collected = 20474 (Sheldrick, G. M.. Siemens, Analytical X-ray Division, Madison, W1, 1995).



