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of the chiral catalyst with otherwise achiral dimethylsulfon-
ium methylide. The ylide attack thus occurs preferentially 
on one of the enantiotopic faces of benzaldehyde.11-13 

tiomeric excess. In this case the chiral dipole V supposedly interacted 
with the chiral ylide disfavorably. 

H Me 

H„ ,N + . 

Ph^po-''' 
Me 
V 

Ph 
VI 

In order to confirm this proposal the solvent effect has 
been investigated. In a water-miscible solvent such as te-
trahydrofuran or acetonitrile, the oxirane formation in the 
presence of Ia proceeded in 66 or 48% chemical yield with 
negligible asymmetric induction (9.1 or 0% enantiomeric 
excess, respectively). This is understood in terms that these 
solvents favor the protonation of dipole V converting it to an 
ammonium hydroxide of no enantioselectivity similarly as 
III and IV. In benzene, therefore, the catalysis did proceed 
with a high degree of induction (65% chemical yield, [a]24D 
+4.60 (c 8.92), 58% enantiomeric excess).14 

Finally the change of the molar ratio of the catalyst to 
benzaldehyde gave remarkable response in the induction in 
the benzaldehyde-Ib reaction system (mole ratio, chemical 
yield (%), [a]31D (c), enantiomeric excess (%)): Vioo» 61, 
+2.32° (2.16), 35;6b V5, 45, +6.43° (1.64), 97.6b This find­
ing shows that nearly complete asymmetric induction can 
be attained in the presence of as much as 0.2 equiv of the 
catalyst used. In the duplicated experiment 89% enantio­
meric excess6b (51% chemical yield) was obtained. 
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Electron Spin Resonance Spectra and Structures of 9-
Benzonorbornenyl and 9-Benzonorbornadienyl Radicals 

Sir: 

The radicals in the title and related compounds are of in­
terest with respect to their structure,' ,2 stereoselectivity in 
radical-transfer reactions, lb '3 and possible bishomoallylic 
and bishomobenzylic interactions. Recently Underwood 
and Friedman4 reported the structure of 9-azabenzonorbor-
nene and 9-azabenzonorbornadiene complexed to nickel 
acetylacetonate with the conclusion that the NH bond lies 
anti to the aromatic ring in both the substrates.5 In the 
present investigation, interestingly the ESR data showed 
that the C9-H9 bond lies syn to the aromatic ring in 9-ben-
zonorbornenyl (I) and 9-benzonorbornadienyl (II) radicals, 
which prompted us to make a preliminary report on these 
radicals. 

The ESR spectrum of Figure 1 was observed during pho­
tolysis6 of a cyclopropane solution of a mixture of 9-anti-
bromobenzonorbornadiene,7 triethylsilane, and di-terr-
butyl peroxide8 at —116°. The spectrum was analyzed as a 
doublet of 8.27 G split into two sets of 1:2:1 triplets of 1.68 
and 0.28 G, respectively, split further into 1:4:6:4:1 quintets 
of 0.14 G.9 Cristol and Noreen3a reported that the reduc­
tion of 9-#/«/-bromobenzonorbornadiene with tri-«-butyltin 
deuteride at 60° (azobisisobutyronitrile initiation) resulted 
in syn- and tf«f;'-9-deuteriobenzonorbornadiene without 
rearrangement of the skeleton. Thus the spectrum in Figure 
1 was assigned to II. Figure 2 shows the ESR spectrum of I 
at —120° generated similarly from 9-a/m-bromobenzonor-
bornene.7 This spectrum consists of a doublet (12.7s G) of 
three sets of 1:2:1 triplets (1.93, 1.33, and 0.29 G).9 

The largest doublets of I (12.78 G) and II (8.27 G) are 
due to a-protons (H9). These radicals (I and II) together 
with the radicals III and IV are listed below in decreasing 
order of their a-proton hyperfine splitting constants (hfsc). 
Dobbs, Gilbert, and Norman10 found a monotonic relation­
ship between J( 1 3CH) of R 2 CH 2 and a(Ha) of R2CH. 
Values of J ( 1 3 CH) between C7 and H7 of norbornane and 
norbornene and those between C9 and H9 of benzonorbor-
nene and benzonorbornadiene were observed to be 132, 133, 
133, and 135 Hz, respectively. These values, together with 
the J ( 1 3 CH)-a (H a ) relationship, predict that the a-proton 
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Figure 1. (B) Spectrum of the 9-benzonorbornadienyl radical in cyclo­
propane solution at -116°; (A) the underlined part (a) of B observed 
with higher resolution, higher gain, and longer response time setting. 

Figure 2. Spectrum of 9-benzonorbornenyl radical in cyclopropane so­
lution at -120° 

hfsc's of I-IV are negative.11 With this sign assignment, a 
radical with a smaller (absolute) value of a(Ha) is expected 
to have a more pyramidal carbon atom at the radical center. 
It should be pointed out that this ordering follows the de­
crease of the QCnC-3, (C1C1C* of III and IV and CiC9C4 
of I and II) bond-angle.12 

*"*-2 endo 

III,a(H7) = 16.78G 

H2 H1 

IV,a(H7) = 10.87G 
ILa(H9) = 8.27 G 

Increasing the pyramidality of the trivalent carbon atom 
of any one of the four radicals will result in a decrease of 
the dihedral angle between the odd electron orbital axis on 
C„ and the Ci-Hi (and Q-H4) bond. Thus a negative 
monotonic relationship is expected between a(Ha) and 
a(Hi). Figure 3 shows the plots of a(Ha) and hfsc's which 
may be assigned to the bridgehead protons. On the basis of 
the above discussion and the plots in Figure 3, the triplets of 
1.68, 1.54, and 1.33 G are assigned to the bridgehead pro­
ton of II, IV,13 and I, respectively. 

The smallest two hfsc's for II (0.28 G two protons, 0.14 
G four protons) presumably belong to two pairs of phenyl-
ene and a pair of vinylene protons, although the assign­
ments are not clear for the moment. In any case, the viny­
lene proton hfsc of II (0.14 or 0.28 G) is far smaller than 
that of IV (1.20 G), the C7-H7 bond of which lies syn to the 
vinylene group at its most stable configuration."5 Thus the 
C9-H9 bond of II is concluded to tilt in anti direction to the 
vinylene group. 

The largest triplet of I (1.93 G) is assigned to H2endo and 
H3endo- This value is quite similar to Hsendo hfsc of IV (2.06 
G). lb Thus, it is concluded that the C9-H9 bond in I prefers 
to lie anti to the saturated bridging group (i.e. syn to the 
phenylene group) as in the case of IV.lb On the other hand, 
we may expect fl(H2endo) of I to be 3-8 G, on the basis of a 

12 
a(H«) G 

Figure 3. Relationship between a-proton hfsc's (a(H0)) for I, II, III, 
and IV and observed hfsc's which may be assigned to bridgehead pro­
tons (Hi). 

comparison between the observed values of a(H5end0) of III 
(3.53 G) l b and IV (2.06 G), , b when the C9-H9 bond of I 
prefers to lie anti to the phenylene ring. We prefer the as­
signment of the smallest triplet of 0.29 G of I to a pair of 
phenylene protons, because of the consistency with hfsc's of 
I, II, and IV. 

These results for radicals I, II, and IV imply that the 
bishomobenzylic interaction in II is larger than the bisho-
moallylic interaction. The assignments of the hfsc's for I 
and II are summarized below. 

H 1.68 

H 

0.14 or 0.28 
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Bridged [18]Annulenes. Dependency of the Ring Current 
Contribution to Chemical Shift on the Contour of the 
Annulene Perimeter1 

Sir: 

The discovery that 4n + 2 annulenes are diatropic, 
whereas An annulenes are paratropic has had a profound 
impact on the assessment of aromatic character.2 Common­
ly, qualitative conclusions about the aromaticity of a newly 
synthesized molecule are made simply on the basis of the 
observed proton chemical shifts. In a significant develop­
ment in this regard, Haddon has proposed that analyses of 
ring current contributions to proton chemical shifts can pro­
vide a quantitative measure of aromaticity.3 In the use of 
proton chemical shift data, it is important, therefore, to un­
derstand as well as possible all of the factors affecting ring 
current contributions to proton chemical shifts. In this com­
munication we provide experimental evidence that, aside 
from planarity, the contour of the loop of the annulene pe­
rimeter plays an important role in determining the magni­
tude of the ring current contribution. 

Recently, we reported a photochemical procedure for 
preparing bridged [18]annulenes.4 This method has proved 
to be general and has provided a number of new bridged 
[18]annulenes, of which the properties of three—5, 6, and 
7—are important to the present discussion. The stilbene de­
rivatives necessary for the photochemical preparations of 5, 
6, and 7 were synthesized as follows. The coupling of 3,3'-
bis(bromomethyl)biphenyl (la)5 with l,4-bis(mercaptom-
ethyl)benzene proceeded in 52% yield to give the dithiacy-
clophane 2a, mp 215-216°.6 Subjection of 2a to a Stevens 
rearrangement followed by a Hofmann elimination readily 
gave 3a: 1H NMR (CDCl3), a multiplet at r 2.6-3.0 (6 H, 
Ar//), a singlet at 2.72 (4 H, Hf), doublets at 2.90 and 3.37 
(4 H, Hd and He, Jde = 12 Hz), and a singlet at 3.26 (2 H, 
Hc).

7 

For the synthesis of lb, treatment of 5,5'-bis(carbome-
thoxy)-2,2'-dimethylbiphenyl8 with N-bromosuccinimide in 
boiling carbon tetrachloride for 5 hr gave 5,5'-bis(carbome-
thoxy)-2,2'-bis(bromomethyl)biphenyl, mp 131-133°, in 
30% yield. The reduction of this diester with diisobutylalu-
minum hydride in benzene followed directly by addition of 
phenyliithium to the reduction mixture gave 3,6-bis(hy-
droxymethyl)-9,10-dihydrophenanthrene, mp 95-97°, in 
65% yield. Reaction of 3,6-bis(hydroxymethyl)-9,10-dihy-
drophenanthrene with phosphorus tribromide in ether then 
led to lb, mp 224-226°, in 97% yield. Coupling of lb with 
l,4-bis(mercaptomethyl)benzene gave 2b in 86% yield.6 

Again, subjection of 2b to a Stevens rearrangement fol­

lowed by a Hofmann elimination led to 3b: 1H NMR 
(CDCl3), multiplet at r 3.11 (4 H, Ha b), singlet at 3.21 
(2H, Hc), doublet at 3.03 (2H, Hd, Ji e = 11.5 Hz), doublet 
at 3.47 (2 H, He, /d,e =11.5 Hz), singlet at 2.81 (4 H, Hf), 
and a singlet at 7.20 (4 H, ArCZZ2-).

7 

3 
a, X = -H, -H 
b, X = -CH2CH,-

The synthesis of 4 (1H NMR (CDCl3), a singlet at T 3.14 
(6 H, -CH=CH-) and a singlet at 3.26 (12 H, ArZZ)) was 
carried out as described by Cram and Dewhirst,9 who also 
irradiated 4 in 1959 in an attempt to make 7. 

The irradiations of 3a, 3b, and 4 were conducted in each 
case in carefully degassed perdeuteriotetrahydrofuran solu­
tions held at —80° using a low pressure mercury lamp 
(2537 A). After a short period of irradiation, the solutions 
became colored (orange to red) and new signals appeared in 
their 1H NMR spectrums, which grew in intensity on pro­
longed irradiation. In the case of 3a, the new 1H NMR sig­
nals are in accord with the formation of the tetrahydroben-
zo[g,/u']perylene derivative 5. The assignment of the sig­
nals for the individual protons are as follows: a doublet at r 
0.90 (2 H, H3, /a,b = 9 Hz), a doublet of doublets at 2.53 (2 
H, Hb, /a,b = 9 Hz; Jb,c = 7 Hz), a doublet at 2.14 (2 H, 
Hc, /b,c = 7 Hz), a multiplet at 2.06 (4 H, Hd and H6), a 
singlet at 2.32 (2 H, Hf), a multiplet at 12.58 (2 H, H8), 
and a multiplet at 12.86 (2 H, Hh). In the case of the irra­
diation of 3b, the photoproduct has the analogous structure 
6 with the proton chemical shift assignments being a dou­
blet at T 2.79 (2 H, Hb, /b,c = 7 Hz), a doublet at 2.25 (2 
H, Hc, 7b,c = 7 Hz), a broad singlet at 2.14 (4 H, Hd and 
He), a singlet at 2.42 (2 H, Hf), a multiplet at 7.26 (4 H, 
Ha), a multiplet at 12.53 (2 H, Hg), and a multiplet at 
12.88 (2 H, Hh). Thus 5 and 6 have very similar 1H NMR 
spectra. Since both conjugated systems have the same ben-
zo[g,/u']perylene-shaped perimeter, this is as expected. As 
compared to their precursor dienes (3a and 3b), both 5 and 
6 show a shift of the signals for the external protons to 
lower field and a sharp shift of the signals for the internal 
protons to high field. This is in accord with the formation of 
the An + 2 bridged [18]annulenes.'° 

In the case of the irradiation of 4, examination of molec­
ular models suggests that the photoproduct should have the 
stereochemistry (C2 symmetry) shown by 7. The 1H NMR 
spectrum of 7 is in accord with this with the assignments 
being made as follows: the external protons provide an AB 
quartet at r 0.60 (4 H, 7a,b = 8 Hz) and a singlet at 0.52 (8 
H), whereas the internal protons exhibit an AA'BB'CC 
multiplet centered at T 16.44 (2 H), a doublet of doublets at 
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