3'-Amino-spiro-[4-azafluorene-9,1'-indane] (IX). A solution of 0.18 g (0.6 mmole)
oxime VIII and 1 ml hydrazine hydrate in 10 ml ethanol was stirred for 72 h in the pres-
ence of a catalytic gquantity of Raney nickel. After the catalyst was removed 20 ml water
was added to the solution and the precipitate was removed by filtration. Yield 0.12 g
(70.6%) of amine IX, mp 202-204°C (from heptane). IR spectrum: 3365 cm™! (NH,). Found,
%Z: N 9.6, Mt 284. C,,H;(N,. Calculated, %Z: N 9.9, M 284.

3'-Acetylamino-spiro-[4-azafluorene-9,1'-indane] (X). A mixture of 0.05 g (0.18 mmole)
amine IX and 5 ml acetic anhydride was heated for 20 min at 60°C. The reaction mixture
was poured into water (20 ml) and neutralized with sodium bicarbonate. the precipitate
was filtered and washed with 30 ml water and 5 ml ether and then dried over phosphorus pen-
toxide. Yield 0.025 g (44%), mp 277-279°C. IR spectrum: 3210, 3110 (NH), 1685 ecm™! (CO).
Found, %: N 8.8, MY 326. C,,H,eN.0. Calculated, %Z: N 8.6, M 326.
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13¢-13C SPIN-SPIN COUPLING CONSTANTS IN SIX-MEMBERED
RING AZAAROMATIC COMPOUNDS

A. Yu. Denisov, V. I. Mamatyuk, UDC 543.422.25:547.853.4'823'821.411
and 0. P. Shkurko

The 13C-{'H} NMR spectra of monomethyl substituted diazines, protonated at
the picoline and 2-methylopyrimidine nitrogen atoms,have been analyzed,

along with that of pyridine N-oxide and its 2-methyl derivatives protonated

at the oxygen atom. Direct and vicinal !3C-!3C spin-spin coupling constants
(SSCC) have been measured. It was found that the !3C-23C SSCC in diazines
follow additivity rules which are based on consideration of the number and
mutual orientation or distribution of nitrogen atoms in the ring. It has also
been demonstrated that increased direct 'Jpc values involving methyl group
carbon atoms in a-positions to nitrogen atoms in the aromatic ring are due

to effects associated with unshared electron pairs.

The recent development of pulse NMR techniques has made the measurement of 13C-13C
SSCC values practical and convenient; these SSCC values, in turn, can provide valuable in-
formation concerning the structure, both three-dimensional and electronic, of organic com-
pounds [1-4]. We have previously analyzed [5] the 13C-?3C SSCC in monosubstituted pyri-
dines and have established linear correlations between the corresponding direct and vicinal
constants in monosubstituted pyridines and benzenes (changes in these parameters are deter-
mined primarily by the electronegativities of substituents). These results, together with
data concerning additivity effects of substituents on both direct and vicinal coupling con-
stant values in benzenes [6], can be used to predict the 13C-13C SSCC values in six-membered
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ring azaaromatic compounds. The present paper details a systematic investigation of !3C-
13¢ SSCC values in aromatic heterocycles.

It was of interest to us to examine the relationship between the additivity charac-
teristics of '3C-13C SSCC values in azines and the number and mutual orientation of nitro-
gen atoms in the heterocycle, in analogy with a previously reported study of 13C-H and
1H-1H SSCC [7]. Since it is difficult in the case of unsubstituted azines to determine
many 13C-13C SSCC values, due to the absence of splitting in !3C-{!H} NMR spectra for mag-
netically equivalent !3C nuclei, we examined their monomethyl-substituted derivatives in
order to analyze the additivity characteristics of their SSCC. In the case of unsubstituted
azines, 1J3,, (in pyridazine) and 'J,,s (in pyrimidine) are known [1]. In the present paper
we have determined the values of both direct and vicinal !'3C-13C SSCC in methyldiazines
(see Tablel): 3- and 4-methylpyridazines (I and II), 2- and 4-methylpyrimidines (III and
IV), and have also used for comparison the data reported in-[8] for 2-methylpyrazine (V).

We have also reported in Table 1, in addition to the experimentally determined SSCC values,
the calculated values of these parameters obtained from the following linear additivity
equation:

n az =7 bz n Pyr ) bz
A0 =700 + 3 [ (0 =770, 1)

where NJaZ, PYT, DZ zre the corresponding coupling constant values for monosubstituted
azine, pyridine, and benzene, respectively (in our case X = Me); the summation is carried
out relative to the number and positions of nitrogen atoms in the azine ring. The ob-
served direct and vicinal 13C-13C SSCC values are regarded as positive, in agreement with
the data in {1].

The values of experimentally determined and calculated, based on the additivity Eq.
(1), direct and vicinal '3C-13C SSCC in pyrimidides and pyrazine overlap one another, within
0.6 Hz limits (with the exception of JeaCne  in compound III, which will be discussed
further). This leads us to conclude that additivity calculations based on Eq. (1) are valid
and useful for predicting !3C-13C SSCC in azines. Somewhat larger deviations (1.1-2.1 Hz)
were detected in the case of coupling constant values involving the ring *3C nuclei in pyrid-
azines, in which the values of 1J3,k and le,s were less than the additivity values, and
lJ“,5 and 3J; , were greater than the calculated values. The data indicate the existence
of stronger nonlinear effects in pyridazines compared to pyrimidines and pyrazine. Based
on the theory [10] of spin-spin interaction of '3C nuclei for directly bonded atoms, cou-
plingis transmitted primarily via the o-bond electrons; the observed deviation, therefore,
can be attributed to changes in the o-bond system of the pyridazine molecule, which are
themselves due to interaction of two neighboring nitrogen atoms. This has previously been
noted as well in studies of ionization potentials, basicity constants, and rates of N-
methylation and other reactions of these compounds [11]. We cannot exclude the possi-
bility, however that the observed deviations from additivity are associated with changes
in the m-electron contribution to Jgg [12, 13], since the state of the pyridazine mole-
cule reflects a large contribution of resonance structure A, and only a negligible contri-
bution of B [14], in contrast to pyridine, pyrimidine, and pyrazine.

~ X
Q— O
\N, . N’/N
. A B
Similar explanations, based on comparison of 'Jgc values and C-C w-bond orders, have
previously been applied in analyses of these parameters for monosubstituted anilines [6],
heteroaromatic cations [15], and benzoyl and carboxonium cations [16]; however, it has been
accurately stated [13] that the results cannot be regarded as an unequivocal indication
of changes in the m-electron contribution toward the values of direct 'Jgg constants in
these compounds. A rigorous interpretation of the nature of these nonlinear deviations
in pyridazines requires elucidation by accurate quantum mechanical calculations of 3C-13C
SSCC; this is, of course, difficult to achieve at the present time.

Analysis of the data in Table 1 concerning the values of direct 'gg, coupling con-
stants involving methyl group carbon atoms reveals that there is a large increase in these
parameters for methyl groups located in positions o to aromatic ring nitregen atoms. An
analogous observation has been made previously [5] for picolines. This increase in !cg,,
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TABLE 1. Direct and Vicinal 13C-13C SSCC Values in Methyl-
Substituted Diazines I-V*

h'(e Me
A Me b2 b 4 N
57 5 3 s TN b2 57 N3
N g N” “Me N N7 TMe
1 i m v v
Com- " Joo. H2
pound ;
Y2a Y3 is I s | Yo 3.6 Te,cy,
[ — 52,2 —k 50,7 — 18,5 51,5
(54,3) (52,5) (52,1) o ~(16.9) (51,3)
I — 51,0 539 50,2 — 17,8 43,3
(53.1) (52.8) (52,7) (16,2) (42.8)
[11 — — 53,1 53,1 17,3 — 59,8
(52,6) (52,6) (16,8) (58,5)
v —_ — 54,3 53,7 16,4 — 49,7
(53,9) (53,4) (16,8) (50,0)
V*+l 546 — — 53,6 17.3 16,4 51,2
(54,6) (563,0) (16,9) (16,0) (51,3)

*The experimental (#0.1 Hz) and calculated (based on the
additivity equation (1) (in parentheses)) SSCC values are
given; the calculations also used values for picolines [5]
and toluene [9]. ‘

**Example of a strongly coupled AB spin system.
#*%*Experimental values from [8].

can be attributed not only to the electronegativity of the heteroatom, but also to the ef-
fect of the unshared electron pair on the ring nitrogen atom on the adjacent C~C bond.
Similar effects due to the influence of unshared electron pairs on nitrogen and oxygen atoms
has been noted earlier in studies of lJgc and 'Jcg values in oximes, imines, aziridines,
vinyl ethers, and other heterocatomic compounds [17-19]. We have also found that upon pro-
tonation of the nitrogen atoms in 2-picoline and 2-methylpyrimidine the values of *Jg¢.),-
C(Me) decrease, just as would be expected due to the disappearance of unshared electron

pair effects (for the preliminary communication, see Ref. [20]; analogous results were re-
ported for acetone oxime in [21}). According to NMR theory [10, 12], the values of such
1Jcc constants are determined by a Fermi contact term, which to a first approximation is
proportional to the squared matrix elements for the stC’ZSC bond orders (i.e., the s-

bond order of the C—C bond). The changes observed in the 1JC’cMe direct coupling constant

values in neutral and nitrogen-protonated picolines and 2-methylpyrimidine, relative to

the values of this constant in toluene, are qualitatively consistent with changes in the
s-bond orders of the respective C—Cpyp bonds, as calculated using the INDO molecular orbital
method.

In the case of 4-picoline and its protonated form VI a small decrease is observed for
lJC(u)’CMe’ apparently due to the appearance of positive charge on the C(,) atom (cf. data

in [22] for IJC,C(ME) in the tert-butyl cation). In addition, the value of lJC(z)’C(Me) in

the methylpyrimidinium dication (IX) is close to its additive (calculated) value (46.9 Hz),
estimated from Eq. (1), and also to the values of lJC’C(Me) for the 2-picolinium cation

(VIII) in toluene solution. Apparently, therefore, the nonlinear deviation of this
coupling constant value in compound III, which was noted earlier in this discussion, can
be attributed to nonadditivity effects due to the two unshared pairs of electrons on the
ring nitrogen atoms. '

According to the data presented above, the increased values of the direct IJC’C(Me)

coupling constants for methyl group carbon atoms located in positions a to aromatic ring

nitrogen atoms are determined primarily by the effects of unshared electron pairs on the

nitrogen atoms; one of these effects is the influence (of unshared electron pairs) on the
C—CMe s-bond orders. Based on calculations of s-bond orders for C-H bonds [20], the ob-

served influence of unshared electron pairs on direct 'Jgg coupling constants for the
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Fig. 1. Linear relationship between
the values of the vicinal constants
3 3 ; -
JC(Z)DC(S) and JC(Z)’H(G) in hetero
atomic compounds (pyridine, pyridini-
um and pyrylium cations, pyridine N-
oxide [15,-26]) and in monosubstituted -
benzenes [9, 27].
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a-positions in pyridines is a weaker (or comparable) effect than that associated with the
effective electronegativity of the heteroatom. Comparison of the experimental 'Joy data in
this case is difficult, since these parameters, in addition to the s-bond orders, depend
to a significant degree on the charges on the hydrogen atoms [23, 24]. The observed
IJC,C(Me) data are of practical interest from the point of view of structural studies and

reactivity of azaaromatic compounds (reactivity with respect to protonation,.alkylation,
prototropic tautomerism, and other reactions involving the heterocyclic nitrogen atoms).
This method might be especially suitable for studies of polysubstituted azaaromatic com-
pounds, where it is not possible to utilize 'H-NMR spectral data and 13C-'H SSCC values.
It should also be noted that the presence of unshared electron pairs on nitrogen atoms in-
fluences not only 1JCC values involving carbon atoms in a substituent, but also affects
the values of these parameters for 23C nuclei in the rings themselves, such as in the case
of condensed aromatic compounds. For example, the value of the direct IJB,9 coupling
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constant in quinoline is equal to 64.4 Hz [8], while the analogous lJgc constant in naph-
thalene is equal to 55.87 Hz [25].

The values of !Jgg involving ring carbon nuclei in the picolinium cations (VI-VIII)
are in agreement with the data reported in [15], based on a study of these coupling con-
stants in the pyridinium cation (upon protonation the values of 'J, 3 and J; , in pico-
lines increase by 4-5 Hz, while the values of 'J; , and 'J, 5 decrease by 2 Hz; the cou-
pling constant values for compounds VI-VIII are summarized in Table 2). The observed de-
crease in 'Jgg values, based on the results of theoretical calculations [13], can be ex-
plained in terms of a change in the atomic charges [to a first approximation the positive
charge on C(g)], which is analogous with the data obtained for carbocations [22]; the change
in atomic charge apparently affects the atom-atom polarizability of the s-orbitals Tasc,2sC

(the Fermi contact contribution term to !Jgc is proportional to Tasg 2sc [1io1).
3

It was therefore important to compare the 13C-!3C SSCC values in the pyridinium cation
and in pyridine N-oxide (X); interesting results had been reported earlier by comparison
of the !3C-!H coupling constant values in these two compounds [24, 26]. In the present
paper we have measured the direct and vicinal '3C-!3C SSCC values in compound X, and in
light of the effects discussed above have also examined the effect of quaternization of
the nitrogen atom on the C—Cye bond, using Z-methylpyridine N-oxide (XI) and its protonated

form (XII) as examples.
X
(L
X

P

L
& +2)2
N

B or “"St—/>

Yo ) Me
- 08 gp,-
x
e ' =51.1 Hz Y ~490 Hz
'.{:i=§2240 H:: 7 a0 =2 Ceay Cte

3/2_5"—-‘6,22 Hz;

The values of the direct coupling constant 1J2’3 are similar in compound X and in the
pyridinium cation (59.1 Hz [15]), while the value of 1J3’“ is 2.3 Hz higher for compound
X than for the corresponding coupling constant (in the pyridinium cation); based on the
data in {13] this may be due to compensation of the positive charge on C(y4) in pyridine
N-oxide compared to in the pyridinium cation. Analysis of the direct lJC(2 »C(Me) SOM"

stants in compounds XI and XII reveals that these parameters exceed the value of the anal-
ogous constant in 2-picoline. We cannot exclude the possibility that in this case the
unshared electron pairs on the oxygen atoms exert a supplementary effect on 1JC’CMe [18].

These results illustrate that extreme .care must be taken when analyzing the structures of
methyl-substituted derivatives of azaaromatic N-oxides and their protonated forms based
on studies of 1JC’C(Me)’ or in other studies as well.

The value of the vicinal constant *J, s in pyridine N-oxide (X) is substantially
greater than the values of the vicinal constants 3JCC in pyridine itself (13.95 Hz [5]) or
in the pyridinium cation (9.1 Hz [15]); the changes in these parameters correlate very well
with changes in the vicinal coupling constants SJC(z),H(S) (for interaction via the hetero-

atom) (Fig. 1). A relationship was demonstrated between SJC(2),C(5) and 3JC(2),C(5) in
monosubstituted benzenes; these were found to decrease linearly as the electronegativity
of the first atom in the substituent increased [9, 27]:

b b
Yooy, =0.959 U m, +2.82 2)

{2)"7(5) {6)

(r=0,989, s=0,19 Hz, n=13).

The coupling constant data for aromatic heterocycles follow practically the same lin-
ear relationships as observed for these parameters in monosubstituted benzenes. This result
suggests that the changes in 3J2’s in pyridine, the pyridinium cation, and in pyridine N-
oxide relative to the value in benzene are determined primarily by changes in the system
of o-bonds in these compounds. This is also indicated by the changes in 3Jcc for nonaromat-
ic molecular fragments reported in [28] (C—C—C—C 4-5, C—C=C—C 4=5, C~C=N—C 8, C-N=N-C 14—
15 and C-N=N—-C 3—4 Hz), which are comparable with the corresponding changes in vicinal
3Jcc coupling constants in azaaromatic compounds. The m-electron contribution to ¥Jgc in
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the compounds studied herein and in benzene is apparently practically constant and relative-
ly small, in contrast to the results of quantum mechanical calculations [12]. Our data
further indicate that the previously observed correlation between ®J;c and m-bond orders

in aromatic compounds [25] cannot be considered as due to changes in the m-electron contri-
bution alone (analogous predictions have been reported elsewhere [2, 151). The increase

in geminal constants 2J,,, (interaction via the heteroatom) in the transition from benzene
(=2.46 Hz [9]) to pyridine (~—6.,5Hz [5]) can also be explained in terms of changes in the
o-bond system. The signs of 2Jgc were chosen to be consistent with the conclusion reached
in [2] for this constant in benzene and also by comparison with the nature of the changes
in these constants in monosubstituted pyridines and benzenes [5, 9].

The increased o-contributions to the *Jgc¢ vicinal constants in pyridines compared to
benzenes is reflected in the increased sensitivity of these parameters to substituent ef-
fects, as.was found for %J,;,, in 2-substituted pyridines [5]. - The previously discussed
deviations from additivity noted for 3J,,, values in pyridazines I and II can also be
rationalized in an analogous manner, if one regards the influence of the second nitrogen
atom in the ring as simply the effect of an equivalent substituent. Comparison of these
3Jcc values with those shown for nonaromatic fragments [28] provides additional evidence
in favor of increased transmission of spin-spin coupling of interaction via the o-bond sys-
tem. The deviations from additivity for 3J;,; in ortho-substituted anilines [6] can also
be interpreted similarly if one assumes that the amino group, along with the decreased o-
contribution to 3J3,5, lessens the sensitivity of these parameters to substituent electro-
negativity effects, compared to monosubstituted benzenes.

EXPERIMENTAL

13¢-'H NMR spectra were recorded on a Bruker WP-200SY (50.32 MHz) spectrometer in a
pulse mode for samples containing natural abundance !3C isotope. The signals were stabi-
lized relative to deuterium solvent NMR signals; the temperature was 25-30°C. Solutions
of compunds I-IV, X, and XI {in acetone-Dy) having concentrations of 50-807 were used; the
concentrations of solutions of VI-VIII and XII (in acetonitrile-D;) were 40-707. TMS was
added to these solutions as internal standard. Compound IX was prepared by dissolving at
low temperature 2-methylpyrimidine in fluorosulfonic acid HSO,F at a ratio of 1:6, fol-
lowed by the addition of methylene chloride-D, to the solution. The indicated compounds
were prepared according to [14]; salts (tetrafluoroborates) VI-VIII and XII were obtained
in an analogous manner to [26].

The 13C-{'H} NMR spectral acquisition conditions and subsequent analysis to determine
13¢-13C 8SCC values were analogous to those reported in [5] (Table 2). The accuracy of
the '3C-13C SSCC measurements was 0.1 Hz, $0.05 Hz for compound X. 3C isotopic shifts,
due to exchange interaction of a second !2C nucleus on !3C, were on the order of —0.040 to
—0,010 ppm for directly bonded atoms and —0.004 to 0.008 ppm for atoms bound across three
chemical bonds (positive downfield shift). In the case of compounds VI-XII, as was noted
in earlier works [24, 26], signal broadening was observed for the carbon atoms directly
bonded to !“N atoms in the rings, on the order of 1-6 Hz.

Quantum mechanical calculations of s-bond orders using the INDO approximation were
carried out on a BESM-6 computer using the VIKING program [29]. The calculations were
based on accurate geometric information for pyridine and pyrimidine molecules [14]; in the
case of cations, the geometries of neutral molecules were used (N'—H# bond length of 1.03

£ [24]).

The authors acknowledge the helpfulness of L. B. Krivdin (A. A. Zhdanov Irkutsk State
University) for complete discussions of the effects of unshared electron pairs on 13C-13C
SSCC values; we also thank ourcoworker Sh. M. Nagi at this Institute for help in theprep-
aration of the methylpyrimidine dication in super acid.
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