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Abstract

The carbon-13 NMR chemical shifts for thirteen 2-substituted fluorenes have been measured in chlo-
roform-d at 100 MHz. The substituent induced chemical shifts{(SCS) for C,;' showed an inversed trend
where as SCS for C, exhibited normal trend in the sense of the substituent electronic effect. These
phenomena are as good as those observed for the SCS of the corresponding carbons of the 4-substitut-
ed biphenyls. The =z electrons of the remote benzene ring were polarized by the charge of the sub-

stituted phenyl moiety.

It is well known that the substituent-induced
chemical shifts of the ring carbons of m- and p
-substituted benzenes are predicted by the sub-
stituent electronic effect and related to the
Hammett substituent constants and to the car-
bon electron-densities. The direction of the '*C
chemical shifts of side-chain bearing the z-elec-
trons, however, exhibits a different trend. SCS
for Ca of p-substituted styrenes, p-substituted
and p-substituted
phenylacetonitriles**® shows an inverse trend(i.

phenylethynes,?

e. electron-attracting groups such as NO, lead
a high field shift), while SCS(C ;) shows a nor-
mal trend. The most important interaction caus-
ing such SCS trends is a partial z—polarization
of the multiple bond.®” The direct resonance
perturbation through p-phenylene is small
because of the unstable cumulate character of
the polarized canonical form. E. M. Schulman
and co-workers determined *C chemical shifts
of 4-substituted biphenyls and found that SCS
(C,) showed an inverse trend , due to the =
polarization of the remote benzene ring to the
substituent.® In this paper, we report the "*C
-SCS of the 2-substituted fluorenes(1) which
have a coplanar structure.

The obtained *C-SCS of 1 are summarized
in Table 1. An inspection of the Table 1

reveals that the SCS for the carbons of the XPh
group is similar to the substituted benzenes. It
is interesting that the C,;'-SCS exhibits an
inverse trend for the electron-attracting groups
with resonance. This trend is not expected by
the ionic canonical form II. C; showed a nor-
mal trend for both the electron-attracting
groups and the electron-donating groups. These
results are as good as the SCS of the corre-
sponding position of the 4-substituted biphenyls
which is an twisting molecule in solution. It is
evident that the z-electron framework of the
remote ring from the substituent suffers the
polarization induced by the charge in the XPh
moiety in the 2-substituted fluorenes as shown
by the scheme IV where as the two benzene
rings take a coplanar structure as mentioned
above and accept more easily the contribution
of the resonance effect than the twisted 2-sub-
stituted biphenyls do. The electron-donating
groups by resonance such as the methoxyl group
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Table 1. The carbon—13 substituent induced chemical shcfts of 2-substituted fluorenes measured in chloroform-d .*

Subst. C, C, Cy C, Cs Cs Cy Cg Gy Cio Cip Cy Cir
H 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12498°  126.67° 12667° 119.84° 119.84° 12667 12667° 12498° 36.89° 143.18° 14318" 141.68° 141.68°
NH, -1323 1904 -1275 074 -132 008  -165 029  -0.13 192 -109 -85 053
OH -1278 2826 -1261 083  -083 005 -103 014  -004 217 -058  -673  —0.15
CH;0 -1440 3259 -1373 067  -079 005 -1.10  -0.15 0.12 188  -05t  -692  -001
NHCOCH, -798 1138  -795  -039 0.16 004  -040  -006 0.06 106 -006 -498  -045
Br 322 -6.24 3.17 122 0.06 0.24 0.42 003  -0.18 198 157 -103  -102
COOH 276 8.92 1.34 102 -021 -143 038  -005  -0.03 1.32 0.10 474 -122
CHO 0.77 8.35 298 120 020 0.43 167 026  -0.13 144 044 614  -148
CH,CO -0.16 885 096 093  -03t 0.31 1.26 017 -0.12 124 0.02 462  -130
COOCH, 1.34 210 200 100 -023 0.42 1.30 0.31 0.00 124 -003 466  -1.00
CO,C,H; 119 2.21 197 090  -035 0.31 117 022  -008 115 -0.16 447  -104
CN 356 -17.08 443 1.06 045 057 1.85 026  -020 0.65 0.38 446 186
NO, -463 2002 360 139 -0.10 0.67 2.1 034 003 1.55 0.65 628 232

a: Positive values represent downfield shifts.
b: The values are chemical shifts from TMS.

S

bS]
()
(]

do not afford a remarkable influence to the C,y’
-SCS but to the C,-SCS. Thus, the electron
-donating groups do not cause the polarization
for the z-framework of the second ring. It
appears that the resonance effect contributes to
the C,-SCS as shown in II and III.

It is well established that the contribution of
the polar effect of the X to *C-SCS is strictly

analyzed by the application of the linear sub-
stituent free energy (LSFE) equation presented
by Yukawa and Tsuno.®

SCS=p;0;tpx 0% Tpz oz
Here, o¢; is the inductive substituent constant .
6% and oz are substituent constants which mea-
sure the capability of substituents to either
donate or withdraw electrons by resonance
effect, respectively. The results of an LSFE
analysis carried out for the C,,'-SCS and C,
-SCS are as follows. The bromo-substituent
was excluded since the SCS for halogen sub-
stituents were larger than those expected from
the usually observed electronic effect.

SCS(C,y') =-3.36,74.0367, r=0.991,'®

0.087'Y (Subst : CHO, CH,CO, CO,CH;,
CO.C,H;,CN, and NQO,)
An excellent correlation(r=0.991) was obtained
for this carbon. The p; and pz- values are neg-
ative and the absolute values are larger than
those observed for the Ca-SCS of p-substituted
styrenes(2.22 and 1.81 respectively).'® Thus,
six 7 electrons of the second ring of the 2-sub-
stituted fluorenes are strongly polarized rela-
tive to the double bonding of the p-substituted
styrenes.

SCS (C,)=1.77¢;+4.246% +3.7407-0.03, r=
0.998, s=0.117(subst : H, OH, CH,;, NH,,
CHO, CH,CO, CO,CH,, CO,C;H;, CN, and
NO,).
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The r values of 0.998 and the positive values of
pi» p% > and pz for this carbon revealed that
the correlation was an excellent one and the
resonance effect contributed to the SCS for the
most remote site as shown in scheme II and
IIL.

The SCS for the C;, Cs, and Cy are small
and a remarkable trend from the substituent
was not found.

2-substituted fluorenes were obtained com-
mercially except for the ethoxycarbonyl deriva-
tive(mp 77°C) which was prepared by the eth-
anolysis of the corresponding chloride, itself
obtained by the chlorination of the fluorene
-2-carboxylic acid using thionyl chloride. The
carbon-13 nuclear magnetic resonance spectra
were recorded on a JEOL Lambda 400
spectrometer at 100 MHz in chloroform-d at
27°C . The identifications of the spectra were
made by the *H-*C two dimensional spectra.
The typical *C NMR measurement was carried
out under following conditions . concentration of
the sample, 10% (W/V) ; tube bore, 5 mm :
pulse length, 6.00 us; pulse delay, 1.79 us.
number of data points, 32768 ; spectral width,
27100 . digital resolution, 0.83 Hz . number of
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scans, 2000.
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