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A Novel Method for the Generation of o - Quinodimethane by
Selenium - Induced Fragmentation of o -Vinyl benzyltributylstannane

Soon Hyung Woo

Chemistry Group, Research Institute of Industrial Science and Technology
P.O. Box 135, Pohang 790-630, KOREA

Abstract : Treatment of o-vinyl benzyltributylstannane 1 with N-phenylselenophthalimide in the
presence of ZnBr, at (F can generate o-quinodimethane 3, which can then undergo Diels-Alder
reactions.

After the utility of o -quinodimethanes in organic synthesis based on Diels-Alder cycloaddition was
recognized, a variety of methods for the generation of these reactive intermediates have been developed.'
Included among them are the thermal ring opening of benzocyclobutenes?, cheletropic extrusion of sulfur
dioxide from a benzo[c]thiophene 2, 2-dioxide®, photoenolization of o - alkylphenyl ketone*, and various
1, 4-elimination of o -xylene derivatives.® In the latter approach, Sano and coworkers™ reported an efficient
generation of o -quinodimethanes by proton induced 1, 4-elimination of o - (1-hydroxyalkyl) benzyltributyl-
stannanes. This method represents the first example to utilize the potential of the carbon-tin ¢ bond as a
latent nucleophile in this area. In this report, we wish to introduce a novel and mild method for the
generation of ¢ -quinodimethane 3 from o-vinyl benzyltributylstannane 1° via eletrophile-mediated intenal
cleavage reaction of the carbon-tin ¢ bond, as illustrated below.
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In the event, the generation of o -quinodimethane 3 could be triggered by addition of N-phenylseleno-
phthalimide(NPSP) to o-vinyl benzyltributylstannane 1 in the presence of a stoichiometric amount of zinc
bromide. This reaction proceeds rapidly in methylene chloride at 0° C, presumably via the intermediacy of
the initially formed selenium species 2 which undergoes electrophilic cleavage reaction by internal stannane
leading to 3. The formation of o -quinodimethane 3 in the present reaction was manifested in the successful
intermolecular Diels-Alder trappings with typical dienophiles. The results are summarized in Table 1. As
evidenced in Table 1, this procedure allows convenient access to the synthesis of aryl tetralins containing the
synthetically useful phenylseleno group in good yields. Furthermore, the cycloaddition reactions of 3 with
certain dienophiles proceed with a high degree of stereoselectivity. For example, cyclic dienophiles such as
maleio anhydride, N-methylmaleimide, and naphthoquinone gave only 1, 2-cis adducts 5, 6, and 16 via endo
addition (Entries 1, 2, and 8). No other isomers were detected in 'H - and C - NMR of the crude reaction
mixture. The endo configuration of these adducts was deduced by measuring coupling constant (J y 5)
between the benzylic and ring junction protons.” The addition of 3 to methyl acrylate and acrylonitrile also
took place both stero- and regioselectively to yield predominantly 1, 2 - cis, endo adduct 11 (8.7:1) and 13
(9.2:1), respectively(Entries 5 and 6). In contrast, analoguous reaction with dimethyl fumarate and dimethyl
maleate proceeded with less pronounced endo vs exo selectivity (Entries 3 and 4). The reaction denoted in
Entry 7 is also noteworthy in that acetylenic dienophiles often afford olefinic isomerized adducts.’* In our
case, however, the reaction conditions are neutral and mild enough to yield exclusively 1, 4 - dihydro-
naphthalene 15.

In summary, the ease of preparation combined with the mild conditions required to effect both
generation of o -quinodimethane and the cycloaddition reactions makes this method the attractive and viable
alternative to the existing methods. Further extensions of the present strategy utilizing other eletrophiles as
initiators are currently in progress.

Typical Experimental Procedure : To a stimed solution of 1 (203 mg, 0.5 mmol) and N-methylmaleimide
(67 mg, 0.6 mmol) in dry methylene chloride(1ml) under argon at 0°C was added N-phenylselenophthalimide
(167 mg, 0.55 mmol) followed by zinc bromide (135mg, 0.6 mmol). After stiring at 0° C for 1.5h, the
resulting pale yellow mixture was diluted with ethyl ether (15 ml) and filtered. The filtrate was washed with
water, dried(MgSOQ,), and concentrated. The residue obtained was dissolved in acetonitrile(20 ml) and
washed with hexane(15 ml, x5) to remove organotin products. The acetonitrile layer was concentrated under
reduced pressure and the residue purified by flash chromatography on silica gel eluting with hexane / ethyl
acetate (4 /1) to give 5 (180 mg, 94%) as a white solid .
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Table 1. Cycloadditions of o -Quinodimethane 3 with

Dienophiles?

Entry Dienophile Product Ratio® Yield;
(Molar equiv) (%)
o PhSe_ HO
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@ “CO;Me “ CO,Me
7 8
PhSe. PhSey
cis CO,Me ~ACOMe
4 MeO,CCH =CHCO,Me + 25:1 42
3) COzMG COzMG
9 10
hs
PhSe P ™ com
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6 e @b’ - Q0 92:1 88
13 14
PhS
OzMG
7 MeO,CCH= CHCO.Me 15 52d
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Al reactions were carried out at 0°C in methylene chloride with NPSP(1.1 equiv) in the presence of
ZnBr, (1.2 equiv). b |someric ratios (endo vs exo ) were determined on the crude reaction mixture by

300MHz 'H- NMR and for HPLC. isolated yields are based on starting materiai 1. © Ref. 8.
¢ Contaminated with another regioadduct (<5%). ' Ref. 9. 9 Purified by recrystallization from

hexane/ethyl acetate. P Purified by recrystallization from toluene.
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6. The requisite precursor 1 for the present study was easily prepared in 71% overall yield from the
known stannane 17% by oxidation (NCS-Me,S/Et,N/toluene/ -30°C/3h) followed by Wittig reaction
(PPhSCH;Br'/n-BuLi/EtzO/O"C). 1: 'H-NMR (80MHz, CDCl,); 8 0.68 - 1.47 (m, 27H ), 2.36 (s, 2H),
5.15 -5.68(m, 2H), 6.91 -7.32 (m, 5H).

OH 1) oxidation
SnBug 2 PhgP=CH,
17

7. Adducts 5 and 6 exhibita J | , = 5.4 Hz and 5.3 Hz respectively in accord with data of Jefford and
Houk? who finds J , , =5 - 6 Hz for analoguous endo adducts and J | , = 2 - 3 Hz for the corresponding
exo isomers.

8. 5:mp; 106.6 -107.4°C. 'H-NMR( 300MHz, CDCL,) ; § 2.65(s, 3H), 2.80(dd, 1H, J =14.7Hz, J =
7.2Hz), 3.02 -3.10 (m. 1H), 3.19(dd, 1H, J=14.7Hz, J =2.3 Hz), 3.34(ddd, 1H, J = 9.0Hz, J=7.2Hz,
J=2.3 Hz), 3.73(dd, 1H, J=12.5Hz, J=6.2Hz), 3.79(dd, 1H, J=9.0Hz, J=5.3Hz), 3.83 (dd, 1H,J =
12.5Hz, J= 9.4 Hz), 7.17 -7.58(m, 9H). *C-NMR (75 MHz, CDCl,) ; 8 24.46, 27.17, 29.70, 39.22,
40.65, 42.69, 123.57, 124.35, 127.18, 127.35, 127.38, 127.97, 129.25, 132.79, 134.26, 137.11, 177 45,
179.07. 6 :mp; 121.7 -123° C. '"H-NMR( 300MHz, CDCl,) ; 8 2.81(dd, 1H,J = 15.0 Hz, J =7.1Hz),
2.90 -3.05 (m. 1H), 3.17(dd, 1H, J=15.0Hz, J =2.0 Hz), 3.59(ddd, 1H, J=10.1Hz, J=7.1Hz, J=2.0 Hz),
3.64 - 3.79 (m, 2H), 4.08 (dd, 1H, J = 10.1Hz, J= 5.4 Hz), 7.17 -7.58(m, 9H). '"C-NMR (75 MHz,
CDCl,) ; 826.47,29.72, 36.68, 41.31, 43.29, 124.46, 127.53, 127.98, 128.06, 128.23, 129.31, 129.40,
133.03, 133.97, 136.52, 171.10, 173.27. 15 : '"H-NMR(300MHz, CDCL,) ; 8 3.19(dd, 1H, J =12.3Hz, J=
6.6Hz), 3.40(dd, 1H, J =12.3Hz, J=4.5 Hz), 3.65(dd, 1H, J=21.3Hz, J=1.4 Hz), 3.76(s, 3H), 3.81(s, 3H),
3.86(dd, 1H, J = 21.3Hz, J=2.5 Hz), 4.20 -4.22(m, 1H), 7.15 -7.36(m, 9H). *C-NMR (75 MHz, CDCl,) ;
3 32.09, 35.45, 42.06, 52.28, 52.33, 126.65, 126.81, 127.63, 127.74, 128.12, 128.83, 130.33, 132.61,
132.68, 135.47, 135.88, 136.59, 167.31, 168.08.

9. To assign the relative stereochemistry, adduct 13 was converted to 18 in 84% yield by reductive
removal of the phenylseleno group as shown below. 1.2 - cis configuration of 18 was established by
decoupling technique which revealed a sharp doublet (J , , = 5.1Hz) at 8 3.17 ascribed to a benzylic

hydrogen.
CHjy

n-BuzSnH, cat. AIBN @;CN
toluene, 110°C 18
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