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Carbon-13 nuclear magnetic resonance data have been acquired on 22 azoloazines. Chemical shifts have
been correlated by a step-wise linear multiple regression with nitrogen substituents in both the 5- and 6-mem-
bered rings using pyrrolo[1,2-a]pyridine as the reference for chemical shift correlation. The data demonstrate
that a highly correlated set of chemical shift parameters exist. Nitrogen substitution in the five-membered
ring produces larger cross-ring effects than are oberved in the five-membered ring when substitution occurs
in the six-membered ring. Within the six-membered ring a constant para- substituent parameter is noted.
The meta- and pare- parameters are more complex and fall into two groups for each parameter. Within the
five-membered ring, a highly regular chemical shift pattern is observed which reflects an attenuated pertur-
bation from nitrogen substitution in the six-membered ring.
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Table 1
I. Introduction. Sy
Indolizine and its aza analogs represent 10 w-electron 80 |
systems, isoelectronic with the indenyl anion (see Table I). ;@z
In general, these systems are regarded as heteroaromatic, <43
mainly from proton nmr spectroscopy studies [1]. Initial Ol e N
studies on chemical reactivity also supports this view, al- Num}l))er - positifn
though some recent investigations on particular azaindoli-
zines revealed that their “‘aromatic stability’’ is not as 1 = Pyrrolofl,2-a]pyridine
high. Examples of ring opening, isomerization, boro- (Indolizine)
hydride reduction or epoxidation of double bonds and, re- 2 1 Imidazol,2-alpyridine
cently, the 1,3-dipolar cycloaddition of diazoalkanes to the 3 2 Imidazofl,5-a]pyridine
C(7)-C(8) double bond [2], based on knowledge collected 4 3 Pyrazolo[1,5-alpyridine
from our previous *C nmr studies in this area [3,4], have 5 12 1,2,4-Triazolo[4,3-alpyridine
been described and x-ray investigations on azolopyrid- 6 13 1,2,4-Triazolo[1,5-alpyridine
azines shhow c?r?siderable bond delocalization [5]. There- 7 15 Imidazo[1,2-blpyridazine
fore, azaindolizines are better described as bicyclic sys- i )
e . o . 8 1,7 Imidazo[1,2-a]pyrazine
tems consisting of a w-excessive and a w-deficient ring. ‘ o
This fits well with the observed chemical reactivity since, ? L8 R
in general, electrophilic substitutions occur in the five- = 23 1.2,3-Triazolo[1,5-alpyrmidine
membered part and the nucleophilic substitutions in the n 12,3 UL e )
six-membered ring of these bicyclic systems. Early studies 12 1,25 1,2,4-Triazolo[4,3-b]pyridazine
[6-10] on benzimidazole, purine, quinoline, isoquinoline, 13 1,2,6 1,2,4-Triazolo[4,3-clpyrimidine
and other related nitrogen heterocycles demonstrated the 14 1,27 1,2,4-Triazolo[4,3-a]pyrazine
presence of cross-ring polarization effects before it was ob- 15 128 1,2,4- Triazolo[4,3-alpyrimidine
served in indolizine and its aza analogs. Finally, it should
be emphasized, that the number and positions of extra ni- 16 1,35 1,24 Triazolo[1,5-blpyridazine
trogen atoms in indolizine greatly influence the reactivity. 17 13,6 1,24 Triazolo[1,5-clpyrimidine
Carbon-13 magnetic resonance studies have been used 18 ol 12,4 Triazolo[1,5-aJpyrazine
successfully in the azaindolizine series for investigating = G0 ARG Rl LS
the aromatic properties of pyrrolo[1,2-alpyridine and its 20 12,35 Tetrazolo[1,5-blpyridazine
1-,2-,3- and 8-aza analogs [11]. Furthermore, carbon-13 21 1,236 Tetrazolo[1,5-c]pyrimidine
nmr techniques have been used to study the site of proto- 22 1,2,3.8 Tetrazolo[1,5-a]pyrimidine
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nation or quaternization of several azaindolizines and
from the obtained data it could be concluded that the N-1
tautomer is the predominant species [3]. This technique
has proven to be very useful for structural assignment of
hydroxy-azaindolizines. The “‘hydroxy form’ has been
shown to be the predominant species in neutral solution
and, from the chemical shift data, information regarding
the conformation of some 8-hydroxy- and 8-methoxy ana-
logs have been obtained [4].

Although proton magnetic resonance has been used fre-
quently in connection with the structural assignments of
azaindolizines, small differences in chemical shifts often
do not allow unambiguous assignments. This is particular-
ly the case in the fused s-triazoloazines. The synthesis may
afford either the kinetically favoured systems of the type 5
and 12-15 (see Table 1) or the thermodynamically more
stable isomers of the type 6 and 16-19 [12-14]. Differences
in chemical shifts between H, and H, in these systems are
usually very small, i.e.,, on the order of about 0.5 ppm.
Therefore, for the synthetic compounds of the above men-
tioned types and when considering the posibility of iso-
merization as well as eventual non-availability of an
authentic specimen of the other possible isomer the struc-
ture assignments may not be straightforward. For exam-
ple, reaction between some amino or diazoheterocycles
and 1,3-dicarbonyl compounds with subsequent cycliza-
tion can yield two isomeric systems in addition to position-
al isomers [15-18]. That the rearrangement may occur
under very mild reaction conditions could be shown in the
case of attempted synthesis of s-triazolo[4,3-c]pyrimidine
13 when only the isomeric s-triazolo{l,5-c]pyrimidine 17
was isolated [19-20]. The above observations are of course
valid also for more complex tricyclic or polycyclic systems
as, for example, azolopyridopyrimidines [21-22]. There are
several other examples where proton nmr evidence may
not always be conclusive and carbon-13 magnetic reso-
nance is to be expected to give better results. Among oth-
ers, this technique could be useful to study (3 +2) photocy-
cloaddition to s-triazolopyridazines [23] or telesubstitution
reactions [24].

In view of the above mentioned results it appears appro-
priate to report on the carbon-13 chemical shifts of various
azaindolizines for purposes of identification. Moreover, a
study of the effects of number and position of ring nitro-
gens to the carbon-13 chemical shifts is made.

I1. Experimental Results.
A. Compound Preparation.

The investigated compounds were prepared according
to literature as quoted in Table 1.

B. Spectroscopic Techniques.

All compounds, as designated in Table I, were dissolved

in reagent grade DMSO or DMSO-d,. Dioxane was added
(approximately 5% volume/volume) as the internal stan-
dard. The '*C spectra were recorded on a Varian
XL-100-15 spectrometer. Peak assignments were made by
a combination of single frequency decoupling for most of
the protonated carbons based on known proton chemical
shifts and by means of correlation diagrams for the quater-
nary carbons and those methine resonances that could not
be clearly assigned be decoupling techniques. Large syste-
matic shifts in the *C nmr data were often clearly defini-
tive as described below. Proton spectra were obtained on a
Varian EM-390 and Jeol JNM 60-HL instruments.

The carbon-13 chemical shifis of all compounds studied
are given in Table II.

Table II
C-13 Chemical Shifts, 613 (ppm) [a]

Compound 1 2 3 5 6 7 8 8a

No.

1 99.44 114.07 113.01 125.61 110.44 117.16 119.56 133.35
2 — 1332 1129 1265 111.7 1241 1169 1450
3 1200 — 129.1 1238 1128 1198 1185 1308
4 97.4 1325 — 129.6 1127 1242 1189 1406
5 —  — 1365 1251 113.5 1280 1150 1486
6 — 1538 — 1291 1142 1301 1162 150.0
7 — 1335 1167 — 1438 117.3 1255 1384
8 — 1350 1145 1207 1287 — 1429 140.2
9 — 1351 1127 1360 1094 1509 — 1489
10 1267 —  — 1263 1165 1265 1188 1344
11 — —  — 1265 1174 1332 1153 1482
12 —  — 1390 — 1466 1212 1246 1433
13 —  — 1410 1418 — 1364 110.7 1482
14 — — 1370 1181 1292 — 1435 1444
15 —  — 1357 1339 1099 1554 — 1528
16 — 1525 —  — 1446 1230 1259 144
17 — 1556 — 1423 — 1444 111.7 1511
18 — 1545 — 1227 1317 — 1429 1456
19 — 1558 — 1373 1109 1555 — 1547
20 —  — — — 1484 1259 1256 1432
21 —  — — 1404 — 1460 1100 149.0
22 — — — 1351 1134 1589 — 1544

[a] Relative to TMS: in DMSO, except for 1 (in deuteriochloroform).

III. Chemical Shift Correlation.

The chemical shifts for the twenty two compounds stu-
died have been linearly correlated with the position of the
nitrogen atoms by means of a standard step-wise multiple
regression program. The linear regression parameters are
given in Table III. The constant terms for C,, C;, G, C,,
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Cz
F 859.0
Ratio
R 0.9997
Standard 0.6
Error of
Estimate

Substituent Shift Parameters

N, 194 + 0.8
N,

N, 199 + 0.4
N;s -0.5 = 0.6
N 2.1 + 08
N, 1.2 + 0.6
Ne 20 £ 0.6
Constant 114.1

7.2
O:> (2.6)

Correlation of Ring Nitrogen Substituents

Table III

Linear Regression parameter of Azoloazines

C, C, C,
1491.0 379.0 764.3
0.9998 0.9978 0.9987
0.4 0.6 0.9
03 + 0.1 0.3 + 0.4 11 06
229 + 0.3 —2.1 %03 23 + 04
22 + 03 2.7 + 04
3.1 + 04 317 + 06
03 + 05 135 + 0.5
11 + 04 64 + 04 165 % 0.7
05 + 0.4 9.0 + 0.4 33+ 06
113.0 126.4 110.6
124.1

C, Gy
356.0 976.8
0.9974 0.9991
1.2 55
6.9 + 0.9 -3.1
28 + 0.6 -0.7
5.6 +£ 0.6 -0.1
-68 + 09 9.6
9.7 + 1.1 —-4.7
27.1
26.3 = 0.9
117.7 119.3

N B9
\/

8.2)
6.9) (
(6 2)

N\/
(7.0) \ (5.9)

(67

242 |

N\N e N\
4 10

I3OIC'/

> (3.1)

N\

(6.7)

/
N

Figure 1. Example of use of the regression parameters in Table III to
predict chemical shifts at position C-7. Numbers in parenthesis are the
substituent effects between pairs. For the pair differing only in a N, the
substituent value of 5.9, 6.7, 6.9, 8.2 were found (four arrows with posi-
tive slopes). Those differing only in a N, give 2.3, 2.6, 3.1, 3.9 (four hori-
zontal connective arrows); and for N; the values are 5.2, 6.2, 6.7, and 7.0
(four arrows with negative slopes). These values indicate both the extent
of similarity and the scatter in data used to obtain regressional parame-

ters.

+ 0.4
+ 0.3
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C,, C; and Cs, are nearly identical to the individual chemi-
cal shift values for indolizine (see Table II) which was
taken as the base ring system to which all other nitrogen
analogs were compared. The F ratios and correlation coef-
ficients are indicative of the highly correlated nature of
the data with the largest error found at Cq,. Previous stu-
dies [6-10] have demonstrated that parameterization at
bridgehead positions are less highly correlated than other
ring carbons. This effect is apparently due to the compli-
cations associated with manifestation of electronic effects
in both rings as sensed by the bridghead carbon.

The data correlations in Table III are linear in a step
wise manner with each additional nitrogen that is added to
the indolizine ring. The addition of a nitrogen to either
the 5- or 6-membered ring (or both) produces relatively
weak electronic perturbations and, thus, additivity effects
are preserved.

An illustrative example of the use of the data in Table
IIT will be useful in understanding the chemical shifts in
the compounds studied. In Figure 1, we illustrate the use
of the regression parameters in predicting the chemical
shift of C-7 in compounds 1, 2, 3, 4, 5, 6, 10, and 11. The
maximum error in the seven compounds (with 1 used as
the basic ring system for comparison) is +1.3 ppm. Simi-
lar comparisons can be made for any of the other carbons.
In the stepwise regression analysis it is clear that the order
in which N-substitution occurs in the 5-membered ring
does not effect the shift at C-7. The minor discrepancies
that are noted arise from the inherent error in the determi-
nation of the coefficient. From these data, it appears that
C-7 is particularly sensitive to cross-ring substituent ef-
fects (6.9, 2.6, and 7.0 ppm, respectively for N,, N,, and N,
substitution), more so than C-5, C-6, or C-8.

Substitution in the six-membered ring, as expected, pro-
duces much larger effects at the ortho-position of nitrogen
substitution. These substitution effects are given in Table
IV. The ortho-shift effects appear to fall into three general
groups based on magnitued (26.3, 27.1, and 31.7; 9.7, 13.5,
and 16.5, and 4.7 ppm at C-8a). Nitrogen substitution at
C-6 produces the smaller ortho-substituent effects (9.7 and
13.5 ppm) than those at 5, 7, and 8 except for the anoma-
lous value at C-8a.

The meta-substituent effects are of comparable value
and are considerably smaller than the ortho-values and of
opposite sign. There are only three values for the para-
substituent effects and these are of positive sign. The
para-effect at C-8a (0.3 +2.0 ppm) appears to be anoma-
lous although the two examples of meta-parameters at
C-8a (—5.7 and —4.0 ppm) are not significantly different
from the other meta-shift effects. The unusually low values
of ortho- and para-effects at C-8a reflect the unusual elec-
tronic environment experience by C-8a as a bridgehead
carbon which serves as the probe for cross-ring effects.

Vol. 24
Table IV
Position Position
of Nitrogen of Carbon Substituent Effect
ortho
5 6 31.7 + 0.6
6 5 13.5 £ 0.5
6 7 9.7 + 1.1
7 6 165 + 0.7
7 8 27.1 + 04
8 7 26.3 + 0.9
8 8a 47 + 1.6
meta
5 7 -68 + 0.9
5 8a —-57 £ 1.6
6 8 —4.7 + 05
7 5 —-6.4 + 04
7 8a -40 + 18
8 6 -33 £ 06
para
5 8 9.6 = 0.4
8 5 9.0 + 0.4
8a 0.3 + 2.0

In the case of those compounds which have nitrogen
substituents in the six-membered ring, the linear regres-
sion parameters tend to be less than those cross-ring ef-
fects produced in the six-membered ring by substitution in
the five-membered ring. Three of the entries in Table V
are essentially zero, within experimental error. Of the 15
regression parameters associated with shift changes in the
six-membered ring produced by substitution in the five-
membered ring, twelve are outside the range of experi-
mental error.

Table V

Effects of Nitrogen Substitution in the
Six-Membered Ring on Carbon C-2 and C-3

Position of Nitrogen C-2 C-3
5 -0.5 + 0.6 3.1 + 04
6 21 + 08 03 + 05
7 1.2 £ 06 1.1 + 0.4
8 2.0 + 0.6 -0.5 + 0.4

The preceeding discussion demonstrates that the chem-
ical shifts at C-1, C-2, C-3, are dominated by the number
and location of the nitrogen substituents in the five-mem-
bered ring and, for convenience, we can group the com-
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pounds studied into four families as follows, where the po-
sition of the nitrogen in the six-membered ring is variable.

Scheme I

N
@
2,789 5,12,13,14,15

6,16,17, 18,19

N
\

\®/N\N/
i, 20,21,22

N

A previous report [4] has shown that hydroxyl and methox-
yl substituents in the six-membered ring of azoloazines
produce only minor perturbations of the chemical shift
values in the five-membered ring.

IV. Conclusions.

Nitrogen substitution patterns in azaindolizines have
been systematically studied and a highly correlated set of
data has been derived. These data demonstrate that nitro-
gen substitution in the five-membered ring produces
larger cross-ring effects than are observed in the five-mem-
bered ring when subsitution occurs in the six-membered
ring. Within the six-membered ring, the para-effect is con-
stant (~ + 1 ppm except for the anomaly at the bridge-
head carbon). The meta-effect appears to fall into two
groups of different but comparable magnitudes (5.7 to 6.8
ppm and 3.3 to 4.7 ppm). The ortho-substituent is more
complex and is expressed by a range of chemical shifts
that group by magnitudes into two ranges (26.3 to 31.7
and 9.7 to 16.5 ppm) if the anomalous effect at 8a (4.7
ppm) is not included. Within the five-membered ring, one
observes a highly regular chemical shift pattern which re-
flects an attenuated perturbation from nitrogen substitu-
tion in the six-membered ring.
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