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'H AND BC NMR SPECTRA OF BISHOMOBENZ O BARRELENES!
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In the course of our 'H INMR studies of the shielding effects exerted by a cyclopropane ring,? we syn-
thesized two 1someric bishomobenzobarrelenes, exo,endo- and endo, endo-benzotetracyclo(3 3 2.0%4068) -
decenes (2 and 3, respectively), and related compounds 4, 5, 7, and 8 to test the applicability of the
known rule for cyclopropane amisotropy 2T Some anomalies in 'H and ¥C chemical shifts were found 1n
the spectra of 3, although the spectra of the other compounds generally showed features expected as a
whole

Structural assignments of the compounds were based on their 100-MHz '"H NMR spectra Detailed
examinations of the spectra by double and triple resonance techniques gave the signal assignments  The
TABLE hists the SH data obtained together with the signal shift (ASH) values due to introduction of a cyclo-
propane ring

Comparisons of the SH values between 7, 8, and 2“ revealed that the ethano-bridge protons, Hb(exo)

and Hb( , in 7 are more shielded by the cyclopropane-ring anisotropy,2s3 and that the cyclopropane

endo)

geminal protons, Hg(exo) and Hg(endo)l tn 8 are much shielded by the ring-current effect of the benzene

T Simmons-Smith reachion® of benzobarrelene (J_)"’a/b led to a mixture of 2 and 3 together with two
1someric homobenzobarrelenes (4 and 5) which were separated by TLC to give pure colorless prisms, 2 in
4 9% yield, m p 92-93° [y (Nujol) 3005, 3050, and 1025 em™, 3 In4.8% yield, m p 131-132°
[ vinax (Nujol) 3045, 3010, 1023, and 703 em™'], 4 1n 23 2% yield, m p 47-48 5° [vy,, (Nujol) 3070,
3020, 1015, and 695 em-!], and 5 n trace, m p 43° Exo- and endo-benzotricyclo[3.2 2 ?+4] nonenes
(7 and 8, respectively) were prepared from benzobicyclo[ 2 2 2] octadiene (é)‘bic by the same reaction 7
in 0.1% yreld, m p 62-63° [vy,, (Nujol) 3005, 3080, and 1026 cm™'] and § in 40 5% yield, m p.
76-77° | vpax (Nujol) 3071, 3010, 1032, and %98 cm™'] . Hydrogenation of 4 and § on Pd-C afforded 7

and 8, respectively See the Scheme
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ring 4 Similarly, the cyclopropane-ring amisotropy shields the ethylenic protons H_ in 4 and deshields
those n 5 as compared with those in & 4 These observations assessed the structures of 7 and 8 as well as
those of 4 and 5 as shown i the Scheme The structures of 2 and 3 were easily assigned, the spectrum of
the latter shows the degenerate 'H signals due to the two cyclopropane rings, one of which also appeared

at a considerably higher field (8 -0 77), clearly showing that 3 15 endo, endo-bishomobenzobarrelene
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As can be seen from the TABLE, the Hg(exo) @79 Hg(endo) signals were shifted downfield by +0 22 and
+0 19 ppm, respectively, on going from 8 to 3, contrary to the expectation that they would be shifted up~

field by the anisotropy of the cyclopropane introduced, whereas the signal shifts from 7 to 2 and 8 to 2 showed

values expected with the anisotropy
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TABLE 'H (EH) and BC (BC) Chemical Shift Data”

Compound Position
a b b' c d ebic e g g'
94 5y 293 1 74(exo)® - - 7 02 -
1 40(endo)
7 & 305 1680ew)t 107 - - 7 02 0 74(exo}
1 07{endo) 1 09(endo)
7-9 A (ppm) 012 -0 14(exo) - - 0 00 -
-0 33({endo)
8 Sy 318 175(exa)® 105 - - 691 708 -0 11(exa)
1 35{endo) ~0 96(endo)
8-2 Abylppm) 025 0 Ol{exo) - - -0 oo -
-0 05(endo)
2 8y 331 08 0 98 - - 693 700 -018(exo) 0 70{exoc}
-1 05(endo) 1 74(endo)
2-7  ABylppm) 026 -0 7d(exo) -0 09 - - 009 -002 -0 O4(exo)
0 45(endo)
2-8 ASylppm) 013 -0 37(endo} -019 - - 002 -003 -0 07(exo0)
-0 0%9(endo)
3 5y 342 128 - - 482 707 0 1(exo)
-0 77(endo}
3-8 ABylppm) 024 -0 47(ex0) 023 - - 0 0% 004 0 22(exc)
0 19(endo)
X By 384 1 4%exo)® 640 - 700 694 -
1 44{endo)
4 » 38 116 604 - 702 688 0 76(exc)
0 546(endo)
4-6 ABylppm) 0 02 -0 28(endo) 03 - 002 -006 -
5 By 392 1233 667 - 6 94 0 34(exo)
-0 3%9{endo)
5-6 Abylppm) 008 -0 lé6(exc) 027 - 006 000
94 B 341 263 - 441 1235 1256 -
7 §c 346 240 205 - 470 1238 1256 13 4
7-9 Asclppm) 05 23 - 29 03 00 -
8 be M9 258 12 - 402 1240 1264 27
T 8-9 Afcippm) 08 05 - -39 05 08 -
2 S§c 346 79 190 - 1429 1229 1257 22 12 8
2-7 Abclppm) 00 -161 -15 - 41 -09 01 - -0 6
3-8 asglpm) 03 -33 -6 8 - 27 <11 07 -05
3 s 1 14 8 - 1361 1243 1260 75
3-8 sbglppm) 12 -110 36 - -4 1 03 04 438
8! 8c 402 258 1349 1441 1225 1249 -
4 sc 412 167 1309 1474 1229 1245 137
4-¢ BBc(ppm) 10 <9 -4 0 33 04 -04 -
d
5

2 14 NMR spectra were taken with a Varian HA-100 spectromete- at 100 MHz 1n CCl, {about 5 w/v %),

accuracy of the chemical shift, SH 15 =0 01 13C NMR spectra were recorded on a Varian NV-14 FT NMR spectro~
meter at 15 087 MHz in CDCl; containing TMS as an internal reférence in 8-mm sample tubes, the accuracy of BC s
about +0 1

b The accuracy 1s about =0 02 for & because these values are based on the first-order analyses

€ ne signals were assigned accoraing to G Jikeli, W Herrig and H Gunther, J Amer Chem Soc 96, 323

(1974)

d Not detemmined
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Recently,” we reported that strong steric y-effects® (upfield shift) were observed with 3C NMR signals
due to the bridge-methylene carbon and the ethylenic carbons in exo- and endo-tricyclo[3 2 1 0?4 -
octenes, respectively, as compared with those in norbornene  Similar effects, though to lesser extents,
were observed i1n the spectra of exo- and endo-2, 5~dicyanotricyclo[4 2 1 0?+5] non-7-enes ¢ Thus, 1n
order to examing the effect of a cyclopropane ring upon BC chemical shifts in a bieyclo[2 2 2] octene ring,
the natural-abundance *C FT NMR spectra, both 'H notse-decoupled and single-frequency off-resonance
decoupled, ¥ of the compounds described here were determined, the results are also shown in the TABLE

As a result, the objective y-effect was found to be weak (about -2~ -4 ppm) as expected from the
longer distances between the cyclopropane proton and the bridge and the ring-juncture carbons which inter-
act An unexpected finding was that intraduction of an endo-cyclopropane ring to skeleton 8 (from 8 to 3)
causes a considerable downfield shift of cyclopropane-carbon g (+4 8 ppm), on the other hand, introduction
of an exo-cyclopropane ring (from 8 to 2) has no significant effect upon carbon g (-0.5 ppm)

Research on similar phenomena 15 1n progress
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