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ABSTRACT: The superacid-promoted reactions of vinyl-
substitutedN-heterocycles have been studied. Diprotonated
pyrimidines, quinoxalines, and quinazolines exhibit an unu-
sual regioelectronic effect that controls the type of addition
reaction observed. Depending on the ring position of the
vinyl substituent, either conjugate addition or Markovnikov
addition occurs. The mode of addition has been shown to
correlate well to NBO calculated charges.

Among pharmaceutical substances, the N-heterocycles com-
prise an important class.1 A recent survey found that more

than 70% of the top-selling proprietary drugs contain N-hetero-
cycles in their structures.2 As such, there is significant value in
synthetic chemistry leading to functionalized N-heterocycles.
The conjugate or Michael additions involving vinyl-substituted
N-heterocycles have been useful reactions in the preparation of
substituted heterocycles, including several biologically active
products.3 These reactions generally involve the use of fairly
strong nucleophiles (thiols, amines, and enolate ions) with
substrates such as 2-vinylpyridine.4 While some of these
conjugate additions (CAs) occur through the prior formation
of the pyridinum-type ion, many are thought to involve
nucleophilic attack on the uncharged 2-vinylpyridine. The
CA reactions are known to be sensitive to regioelectronic
effects. For example, nucleophiles do not react as readily with
3-vinylpyridine,3c an observation most often explained using
resonance structures.5

Recently, the superacid-promoted addition of benzene to
vinylpyrazine was reported, with the addition product 1
formed in high yield (92%).6 This is contrasted with product
2 from 2-vinylpyridine under similar reaction conditions.7

These results suggest two types of addition mechanisms
operating: a conjugate addition in the case of vinylpyrazine
and a Markovnikov-type addition with 2-vinylpyridine
(involving dication 3). Several factors appear to be involved
in determining which reaction pathway is preferred, most
importantly electrophilicity of the vinyl group, nucleophile
strength, and acid strength. Thus, the stronger nucleophile
indole undergoes CA with 2-vinylpyridine in the weakly acidic
CH3CO2H, and compound 4 is produced.8 Prompted by
these earlier results, we have sought to further examine the
chemistry of the vinyl-substituted diazines and their ring-fused
derivatives. In this Communication, we describe the results of

these studies and a correlation between charge distributions
and the tendency for CA.

A series of vinyl-substituted heterocycles was prepared and reacted
with benzene and superacidic CF3SO3H (Table 1). The vinyl-
substituted derivativeswere prepared from the correspondinghetero-
cyclic chloride or bromide and tributylvinyltin, using tBu3P and
Pd2(dba)3 catalyst.

9 When the vinyl group is located at the 2- or
4-positions on the pyrimidine ring, the CA products are observed
(entries 1 and2). In the case of compound6, reactionwith benzene is
preferred over intramolecular reactions at the phenyl group.10

Interestingly, Markovnikov-type addition occurs when the vinyl
group is at the 5-position of the pyrimidine ring (entries 3 and 4).
Thequinoxaline derivatives also show thedivergent chemistry: a vinyl
group at the 2-position leads to CA (entry 5), while for a vinyl group
at the 6-position,Markovnikov addition (MA) is observed (entry 6).
Similar results are observed with the quinazoline derivatives (entries
7�9). The relatively low yield of product 22 is primarily due to
competing quinazoline-ring cleavage reactions in the superacid.

Besides vinyl groups, propenyl and styryl groups show similar
characteristics. Our previous study demonstrated that propenyl- and
styryl-substituted pyrazine tends to undergo CA with benzene in
superacid.6 In the quinoxaline series, substituents in the 2-position
also undergo CA (eq 1). Markovnikov addition is observed when
the propenyl- and styryl-groups are in the 5-position (eq 2). These
trends parallel the chemistry observed with the vinyl-substituted
quinoxalines (9 and 10): groups in the 2-position undergo CA, and
groups in the 5-position give MA products.
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Among the observations from the above studies, it is clear
that certain positions on the N-heterocycles tend to favor

conjugate-type over Markovnikov-type addition. It is also
obvious that this is a strong directing effect, as demonstrated
by the experiments with the styryl-substituted quinoxaline 25.
Despite the potential to form a benzylic carbocation center,
olefin protonation appears to be significantly disfavored. Thus,
intermediate 31 is formed, but 32 cannot be formed (which would
give the Markovnikov product). In order to test this hypothesis,
compounds 25 and 29 were dissolved in superacid and studied by
low-temperature NMR (Figure 1). When compound 25 is reacted
in FSO3H�SbF5 (4:1) in SO2ClF at �50 �C, only the diproto-
nated species 33 is observed (spectrum A). Analysis of the solution
by DEPT confirms the presence of the olefinic CH2 carbon. In
contrast, a solution of compound 29 in FSO3H�SbF5�SO2ClF
gives a spectrum consistent with the formation of trication 31
(spectrum B), including a carbocationic resonance (δ 223) and a
methyl group resonance (δ 31). Analysis by DEPT and APT
experiments also confirms the structural assignment of carbocation
31. The 13C NMR spectrum for 31 also shows a signal for each
carbon atom, indicating that rotation of the phenyl group is slow.
This is likely the result of extensive carbocation charge delocalization
into the phenyl ring. Although FSO3H�SbF5 (4:1) is considerably
more acidic than CF3SO3H, the NMR results are in accord with
the observed addition reactions. The styryl group in 33 is not
protonated in superacid, so the Markovnikov product cannot
form. When the olefin group can be protonated and the
carbocation is formed, then MA is observed.

To further understand this chemistry, theoretical calculations
were done on the diprotonated heterocycles (Figure 2).11 Cal-
culations were done at the 6-311G (d,p) level using MP2 and
B3LYP computational models. Natural bond order (NBO)
analysis was done to assign charges. We have found a very
good correlation between the relative charges at the ring carbon
atoms and the type of observed addition chemistry. For
example, the diprotonated pyrimidine ring 34 shows significant
positive charge values at the 2-, 4-, and 6-positions, while the
5-position shows a negative charge value. The positive NBO
charges correspond to highly electron-deficient sites on the
ring.12 Clearly, this should inhibit formation of an adjacent

Table 1. Products and Yields from the Reactions of
Vinyl-SubstitutedN-Heterocycles 5�13 with C6H6 in CF3SO3H

aReaction done at 25 �C. bReaction done at 80 �C.

Figure 1. Low-temperature 13C NMR spectrum of dication 33 (spectrm A) and trication 31 (spectrum B) in FSO3H�SbF5�SO2ClF solution
at �50 �C (acetone-d6 external standard indicated by *).
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carbocation (from protonation of the vinyl group), and it
should also increase the tendency for CA with the arene
nucleophile. Thus, CA is observed with 2- and 4-vinylpyrimidines
and benzene. A relatively high degree of electron density occurs at
the 5-position of the ring. This evidently facilitates protonation of
the vinyl group and formation of the carbocation intermediate.
This leads to the MA product. The calculations were also done
with the vinyl-substituted heterocycles 35 and 36, and these
structures exhibited similar charge distributions. Both the qui-
nazoline and quinoxaline systems 37 and 38 showed the same
trend as the pyrimidine series. These N-heterocyclic systems give
MAproducts at electron-rich positions andCAproducts at electron-
deficient positions.

These studies demonstrate the importance of charge distribu-
tions in controlling the chemistry of N-heterocycles. Diproto-
nated N-heterocycles (pyrazines, pyrimidines, quinoxalines, and
quinazolines) are shown to exert very powerful regioelectronic
effects at certain ring positions. NMR experiments have shown
that these effects drastically influence the basicity of substituent
styryl groups. The relatively high amount of positive charge leads
to CA with the weak nucleophile benzene, making this chemistry
analogous to that of the superelectrophiles described by Olah.13

Other ring positions are clearly not as electron deficient, and this
leads to a completely different reaction course. The olefinic
groups at these sites tend to undergo Friedel�Crafts-type chem-
istry via carbocationic intermediates. Functionalized N-hetero-
cycles are often prepared by synthetic reactions at side chains
or substituent groups. Our results have shown that such chemis-
try may be significantly impacted by localized charges within the
N-heterocycles.
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Figure 2. MP2 6-311G(d,p)-calculated NBO charges for carbon atoms
in diprotonated N-heterocycles 34�38 and the types of addition
chemistry observed (CA, conjugate addition; MA, Markovnikov addi-
tion; B3LYP 6-311G(d,p)-calculated NBO charges in parentheses).


