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structure towards complete stereospecificity. 
Further studies on these lines are under active investiga

tion.12 
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An Examination of the Heteronins by 13C Nuclear 
Magnetic Resonance 

Sir-
Careful analysis of a wide variety of physicochemical data 

recently secured in these laboratories has led to the classifi
cation of certain hetero[9]annulenes (heteronins)1 as polyenic 
(1) and others as "aromatic" (2), while a third subgroup, 
namely the /V-alkylheteronins, e.g., 3, emerged as nondescript 
under the same criteria. In an attempt to more accurately probe 
the stereoelectronic changes attending the development of 
"aromaticity" in this family of Tr-excessive heterocycles, we 
have examined certain representative members by 13C NMR 
and are now in position to offer description and interpretation 
of this information. 

Table I." 13C NMR Constants of the Olefinic Centers of Select 
Heteronins and cw4-Cyclononatetraene 

a 
a; X = C H 2 

b; X = O 
c; X= NCOOEt 

a; 
b; 

X = N H 
X = N - K 

The 13C NMR data (collected in Table I) were utilized to 
compare the various chosen members in terms of (i) chemical 
shift (a reliable measure of electron density) and (ii) 13C-H 
coupling constant (a well-documented probe of hybridization). 
For obvious reasons, attention along these lines of comparison 
was focused primarily on the y and 5 carbons of each molecule, 

Compound 

la 

lb 

Ic 

2a 

2b 

3 

Temp* 
(0C) 

-37 .0 

-34 .0 

-34 .5 

-34 .5 

+ 30 

+ 30 

-34.5 

Solvent 

Acetone-

d6 

Acetone-

d6 

Acetone-

d6 

Acetone-

db 

Me2SCW6 

Me2SCW6 

Acetone-

d6 

Chemical 
shiftc 

(ppm) 

131.04 
128.70 
128.56 
128.36 
141.33 
129.78 
124.26 
110.93 
130.13'') 
127.92 ) 
125.87 
125.68 
125.28 
122.54'') 
110.39 1 
119.46 
117.76 
117.47 
100.48 
118.06 
116.86 
116.54 
99.56 

124.09 
114.88 
112.68 
112.33 
129.68 
122.31 
121.18 
101.22 

Coupling 
constant'' 

(Hz) 

158 
~157 
~157 
~157 

193 
156 
159 
156 
157 
157 

156 
154 
172 
152 
153 
155 
172 
152 

~152 
155 
154 
138 
142 
143 
172 
153 
153 
156 

Assignment 

a 

— 
— 
— 
a 

y or <5 
7 or 5 

0 
y or <5 

— 

0 

a 
y or <5 
7 or 5 

/3 
a 

7 or 5 
7 or 5 

0 
CY 

7 or 6 
7 or 5 

0 
a 

7 or 5 
7 or 5 

/3 

" Spectra were uniformly recorded at 20 MHz on a Varian CFT-20 
spectrometer equipped with a 5-mm probe. AU determinations were 
made in vacuum-sealed NMR tubes; tetramethylsilane was employed 
as internal standard throughout. * Measured by thermocouple.c The 
term here denotes downfield shift from Me4Si. d The values given refer 
to one-bond 13C-H coupling. e The observed splitting is due to sub-
stituent-induced molecular asymmetry. 

i.e., the two centers least likely to be influenced by direct in
teraction with the heteroatomic unit. The choice of models 
among available nine-membered rings proved to be straight
forward with the heavily localized 1,3,5,7-cyclononatetraene 
(la) elected as the "polyenic" reference and its well-delocalized 
anion 42 chosen as the "aromatic" counterpart. 

Since 13C NMR chemical shift is primarily a function of 
electron density one may, in a molecule such as 1 (2,3), directly 
correlate properly chosen chemical shift differences with lone 
pair derealization and hence the ability of a given member to 
realize its aromatic potential. In fact, bearing in mind that 
model la (53(7,<5) 128.54 ppm) has no available lone pair, while 
4 (5 109.5 ppm)2 has a fully delocalized one4 and assuming the 
relationship between 13C chemical shift and electron density 
at carbon to be roughly linear, one may, for comparison pur
poses, readily translate chemical shift differences, A8(y,5), 
between a given member of the family and la or 4 into percent 
lone pair derealization. Direct use of the chemical shift data 
collected in Table I thus yields A5(y,8) terms which readily 
translate to ~8% lone pair derealization in lb and Ic, ~35% 
in 3, ~58% in 2a, and ~77% in 2b.4 Significantly, the observed 
increase of lone pair participation into the IT system, on passing 
from lb or Ic to 3 to 2a and finally to 2b, closely parallels the 
development of diatropic character previously deduced from 
1H NMR data.1 In other words, when taken in conjunction 
with earlier 1H NMR data the present 13C NMR information 
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offers previously unavailable explicit demonstration that the 
development of diatropism, and hence aromaticity, in the 
heteronins bears direct relation to lone pair derealization. 

Variations in ' 3C-H coupling constants are chiefly reflective 
of hybridization differences at the carbon end of the bond 
which are themselves indicative Of changes in bond angle and 
thus molecular shape. In the present instance, one finds the 
models to possess significantly different 13C-H coupling 
constants, a drop of ca. 20 Hz being observed on passing from 
puckered-localized la (J = 157 Hz) to planar-delocalized 4 
(7=137 Hz).2 This rather dramatic reduction in the magni
tude of J is best and perhaps uniquely reasoned in terms of the 
enhancement in the "p" character of the C-H carbon hybrid 
which the nine-membered frame must experience to accom
modate the widening of the C-C-C angle (120° — 140°) at
tending the change from heavily buckled (la) to Z>9/,-flat (4).5 

Upon applying this line of reasoning to the heteronins one is 
gratified to witness a similar downward trend of J7^(13C-H)6 

on going from the "polyenic" to the "aromatic" members of 
the family. Specifically, one finds this constant to change from 
157.5 Hz in lb to 157 Hz7 in Ic to 153 Hz in 3 to 152.5 Hz in 
4a to 140 Hz in 2b, the first and last of these values being so 
significantly similar to those of la and 4, respectively, as to 
unequivocally point to a heavily puckered oxonin and a virtu
ally flat azoninyl anion. 

Briefly summarizing the most significant aspects of the 
findings described in this report, we stress that what has been 
explicitly established with the use of 13C NMR is that lone pair 
participation exerts controlling influence on the molecular 
shape of a heteronin, an increase in overall ir density sharply 
enhancing the molecule's ability to flatten and thus benefit 
from "aromatic" derealization. 
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An Examination of the 9-Heterobicyclo[4.2.1]nona-
2,4,7-trienes by 13C Nuclear Magnetic Resonance 

Sir: 

The pronounced skeletal rigidity of the title frame (1), 
coupled with the presence of a heteroatomic bridge in tandem 

Table I." 13C NMR Constants of the "Olefinic" and 
"Bridgehead" Centers of Select 9-Heterobicyclo[4.2.1]nona-
2,4,7-trienes 

Chemical shift Coupling constant 
Compound 

la 

lb 

Ic 

Id 

2a 

2b 

2c 

2d 

3a 

3b 

3c 

3d 

4a 
4b 
4c 
4d 

(ppm)* 

141.10 
124.01 
119.28 
61.42 

138.59 
125.13 
120.59 
49.79 

134.17 
125.92 
117.86 
64.59 

137.09 
125.03 
119.06 
80.97 

142.91 
123.62 
57.75 

139.64 
124.41 
48.38 

135.73 
125.34 
62.01 

139.10 
124.60 
78.07 

134.17 
62.98 

134.46 
51.31 

130.27 
67.11 

131.14 
83.05 
57.56 
48.53 
60.74 
77.52 

(Hz)' 

156 
155 
169 
149 
158 
156 
168 
i46 

~171 
163 
175 
151 
157 
158 
172 
153 
155 
156 
141 
157 
155 
142 
159 
158 
148 
155 
156 
148 
164 
140 
164 
143 
170 
149 
167 
152 
138 

~140 
145 

~148 

Assignment 

Butadiene 
Butadiene 
Ethylene 
C(I) 
Butadiene 
Butadiene 
Ethylene 
C(I) 
Butadiene 
Butadiene 
Ethylene 
C(I) 
Butadiene 
Butadiene 
Ethylene 
C(I) 
Butadiene 
Butadiene 
C(I) 
Butadiene 
Butadiene 
C(I) 
Butadiene 
Butadiene 
C(I) 
Butadiene 
Butadiene 
C(I) 
Ethylene 
C(I) 
Ethylene 
(C(I) 
Ethylene 
C(I) 
Ethylene 
C(I) 
C(I) 
C(I) 
C(I) 
C(I) 

0 Spectra were uniformly recorded at 20 MHz on a Varian CFT-20 
spectrometer equipped with a 5-mm probe. All determinations were 
made in deaerated (N2) benzene-*^ at ca. 30°, employing Me4Si as 
internal standard throughout. * The term here denotes downfield shift 
from Me4Si. c The values given refer to one-bond 13C-H coupling. 

with two formally isolated ir ribbons, clearly renders this sys
tem suitable as a model for the study of the possible influence 
that a IT excessive heteroatomic unit might have on the devel
opment of nonbonded interaction. We have recently addressed 
ourselves to this question with the aid of photoelectron spec
troscopy (PES)1'23 and are now offering further insight into 
the matter with a description and analysis of pertinent 13C 
NMR data. 

Examination of the 13C NMR information collected in 
Table I reveals a number of interesting features. One notes, 
for example, that of the various carbon centers it is those as
sociated with the molecule's ethylene function which experi
ence the most pronounced chemical shift differential on passing 
from model 3 to the triene counterpart 1. Specifically, this 
structural change is seen to generate upfield shifts of 12.08 ppm 
for X = O, 12.41 ppm for X = NCN, 13.87 ppm for X = S, 
and 14.89 ppm for X = NH. Direct comparison with hydro
carbon models, 5 (8 (ethylene) ~123.6 ppm)4 and 6 (8 (eth
ylene) = 133.8 ppm)4 in terms of this 13C NMR differential 
allows one to estimate residual upfield shifts (AA<5) of 4.7 ppm 
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