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THE SERENDIPITOUS SYNTHESIS OF AN OXABICYCLO[3.2.0]HEPTADIENE+
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Department of Chemistry, Cornell University, Ithaca, NY 14853, USA
R.T. Taylor
Department of Chemistry, Miami University, Oxford, OH 45056, USA

Abstrnact: 5,6-Dihalobicyclo[2.1.llhexanes resist simple nucleophilic displacement 1n several
ways. Least expected of these 1s the 2+l rearrangement

The energy needed to assemble 2-oxabicyclo[3.2.0]lheptadienes 1s ncrmally supplied by pho-
tons.1 An alternative source, the strain energy of a precursor, was once used to prepare the
hexamethyl derivative, but only inefficiently (16%) and at a high temperature (190°) 2 We now
report a novel rearrangement that enables precursor strain to provide the 3-cyano derivative (1)3

at ambient temperature and .n 65% yield
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Evidence for the structural hypothesis (1) begins with the characteristic cyanovinyl ether

infrared bands4 at 2250(w), 1610(m), and 990(s) cm_l. Bicyclic connectivity then follows from

the two highest field 'H and 13C

NMR signals (4§, g, Table I). The further [3.2.0] partition 1is
suggested by the cyclobutenoid IJCH of @ and bs and by the absence of any JHH >3.5 Hz. The
sole remaining alternative, a 4-cyano derivative, would have required Sc(d) > dc(c) and

SH(d) >6.5 ppm.4b'6c Proton assignments (Figure 1) are in accord with those of the parent

heterocycle and 1ts l,3-d1methyl1a and 2,3~dihydro derlvatlves.7

Table I 13C and lH NMR Spectra of 1 (1M, CD3CN)

C CH H H lH NMR Appearancec Notes
a 149.47 178 6 65 101 ddd, J = 2.8, 2.8, 0 2 %22.49 MHz.
b 136.94 176 6.01 1.01 ad, J =27, 2.6 b
c 131 82 ___ _ . 80.00 MHz.
d 122.66 165 6.18 1.02 4, J=2.9 Capparent coupling con-
e 113.25 _ — —_— -_ stants 1in Hz.
I 84.19 167 5.32 1.00 dd, J =3.5, 29 dg
g 53.03 157 3 85 0 96 o H areas normalized to

5.
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Fegure 1. lH NMR chemical shift and apparent coupling constant assignments of 2-oxabicyclo-

[3.2.0]heptad1ene1d and 1. All protons were sequentially decoupled.

The corresponding mechanistic hypothesis (Scheme I) 1s less certain. As nucleophile to the
carbonyl function of 2, cyanide permits a stereoelectronically attractive heterolysis to exchange
the angle strain of a cyclobutene for that of a bicyclo[2.l.1lhexane. As base, cyanide then
allows the resulting enolate anion to execute a suprafacial SNZ' dlsplacement.8 However plau-~
sible the hypothesis, 1t i1gnores such potential intermediates as 3-6. Scheme I thus serves to

define a mechanistic problem, rather than to resclve 1it.
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Our 1nitial goal was neither structural nor mechanistic, but rather preparative: a

2-functionalized 5,6-dicyanobicyclo[2.1.1lhexane, €.9., 7 or 8 (Scheme II). Benzvalene dibromide

(9)9a'b provaded 7,10 but only as byproduct of ‘°9b,c and never in more than 6% yield. The
cationic instability of 99a,c limited these efforts and suggested the dibromoketal (Il.11 84%

via 212) as a potentially more robust cyanide substrate. In practice, 11 was recovered
unchanged by cyanide under various conditions, and so 1t was transformed to the diiodo diethyl
ketal ('|3,13 64% via 1214). This reacted efficiently, but only by a reductive dehalogenatlon15
that regenerated 1ts precursor (12). We thus turned back to the dibromoketone (2), and thereby
discovered the remarkably facile rearrangement that provides 3-cyanooxabicyclo[3.2.0]lheptadiene

m.
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Br NC N 6.1
o, % 15\\ _OEt o \__OEt
b N NE OEt 5 14 % OEt
9 7 8 13
b,
°) N\ o?

r. 6
_ _OEt e éb/ost
H
¢ 36!—:: 57e 3
Br Hg Br Hg

10 2 i 12

Br e B
0 4,
5

CN CN

Reagents: a. Et NCN/MeCN, b. BH, - THF, c. N32Cr207/HZSO 2

4 d. HC(OEt),, e. A-Bura, f 1
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7: mp 64° (hexane-ether); SH (C3D60) 7.08 (2.03H, t, J = 2.1 Hz), 4.29 (1.05H, t, J =
2.4 Hz), 3.47(s) and 3.35(m) (2.93H), GC (CDCl3) 140.28 (d, J = 185 Hz), 118.06(s),

117 32(s), 61.25 (d, J = 146 Hz), 58.96 {(d, J = 162 Hz), 49.60 (d, J = 167 Hz) . 1°

11. mp 44° (MeOAc), 6§, (CDCl;) 5.10 (0.92H, q, J = 2.6 Hz, H5), 4.30 (0.95H, s, H6),
3.52 (3.91H, m, OCH,), 3 06 (0.99H, dd, J =7.8, 2.4 Hz, H1), 2.78 (0.97H, dm, J = 7.2 Hz,
H4), 2.33 (1.02H, 4d, J = 11 4, 1.5 Hz, H3_), 1.96 (1.034, ddd, J =11.6, 1.8, 1.8 Hz,
H3a), 1.10 (6 21H, m, CH3).16

2. mp 66° (1sooctane), IR (KBr) 1755 cm—l, 6H (CDC13) 5.33 (0.93H, q, J = 3.0 Hz, HS5),
4.30 (0.99H, s, H6), 3.35 (ddt, J = 7.0, 3.0, 1.5 Hz, H4) and 3.25 (1.974, 4d, J = 7 0O,

3 0 Hz, H1), 2.90 (1.01H, 44, J = 17.0, 1.5 Hz, HBS), 2 40 (1.094, dad, J = 17.0, 3.0,
1.5 Hz, H3a). Calcd. (and obsd ) C 28.38 (28.43), H 2.38 (2.46), Br 62.94 (62.82).16

13 mp 86° (MeOH), GH (CDC13) 4.10 (1.9H, m, H5,6), 3.55 (3.8H, m, OCH2), 3.17 (1.2H,
dt, J = 7.1, 2.4 Hz, H1), 2.74 (1.2H, m, H4), 2 20 (2.0H, m, H3), 1.26 (6.8H, t, J = 7.5
Hz, ca3), dc (CDCl3) 104.85(s), 56.75 (t, J = 142 Hz), 55.78 (4, J = 162 Hz), 50.61 (d,
J = 149 Hz), 36.75 (t, J = 139 Hz), 14 67 (q, J = 124 Hz), 11.46 (d, J = 165 Hz).16

12 GH (CDC13) 3.23 (3 93H, mn, OCHZ), 2 01 (dt, J = 5.1, 1.8 Hz, H1) and 1 90 (3.03H, m,
H5,6), 1.73 (0.95H, m, H4), 1.23 (2.13H, q, J = 0.9 Hz, H3), O 90 (5.96H, t, CH3); 6C
(CDC13) 113 15(s), 57.14 (t, J = 141 Hz), 38.25 (4, J = 170 Hz), 37.63 (t, J = 132 Hz),
30.78 (4, J = 167 Hz), 14.89 (q, J = 126 Hz), 5.05 (d, J = 215 Hz). Calcd. (and obsd.)

C 71.39 (71 37), H 9 59 (9.68).%°
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The reported yield is that of a product purified to these specifications
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