Quinoidal Tetrazines: Formation of a
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ABSTRACT

A series of different N-heterocyclic carbenes (NHCs) were reacted with 3,6-bis(3

' 5'-dimethylpyrazolyl)-tetrazine in the presence of an inorganic

carbonate to provide access to a hitherto unprecedented compound class. The formed tetrazine derivatives bearing the NHC in the 3-position
and an oxygen in the 6-position show a quinoidal-like structure, according to physical examinations and X-ray crystallography.

The importance of N-heterocyclic carbenes (NHCs) in

molecules bearing donor—acceptor substituents, whose in-

organic synthesis has become significant in recent years. tramolecular charge-transfer character has received signifi-

Besides their widespread use as ligands in transition-metal-

catalyzed processésthe nucleophilic character of stable

diaminocarbenes was also an exploited application in orga-

nocatalysis. Although NHCs have been used as nucleophiles
in multicomponent reactiofAsand in cycloaddition8,their

cant attention recentl.

Tetrazines, squeezing four nitrogen atoms into a six-
membered ring, are a prime representative of the possible
substrates. Heteroatom-based substituents are usually intro-
duced conveniently onto the tetrazine core by nucleophilic

potential as reagents in nucleophilic substitutions has beensubstitution? although the incorporation of carbon-based

only scarcely exploreéiBesides the mechanistic relevance,
nucleophilic reactions of NHCs with electron-deficient

substituents is less trividl. The present communication
reports the straightforward synthesis of an unconventional

heteroaromatic systems could provide easy access to twistedwisted sz-electron system by the reaction of nucleophilic
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structure of the products makes them interesting from the the C—O bond length is 1.255 AL The N—N bonds at 1.301

synthetic, theoretical, and physical viewpoints alike. Ad-
ditionally this compound class might also gain application
in materials science in the future.

The reaction of the nucleophilic carbene derived from 1,3-
dimesityl-imidazolium tetrafluoroborat@4) and dipyrazolyl-
tetrazine (1) gave a new compourh} in excellent yield
(Table 1). Spectroscopic investigation & revealed a so

Table 1. Influence of the Base and Solvent on the Reaction of
3,6-Bis(3',5'-dimethylpyrazolyl)-tetrazine (1) and
1,3-Bis(mesityl)-imidazolium Tetrafluoroborate (2a)

Pyr N, N~
)\ Mes™ Mes
R Ny e
+ NS “Mes
N\fN Mes ;F/ solvent E| E
4
Pyr 1 2a
T

Pyr: 3,5-dimethylpyrazol-1-yl, Mes: mesityl
entry base solvent yield

1 NaH MeCN or THF -

2 EDIPA or EtsN MeCN or THF traces

3 NaHCOj3 MeCN 40%*

4 K2COs DMA 80%"

5 K2COs PhMe 92%

6 K2COs3 THF 95%

7 K2COs3 MeCN 96% (83%°)

a 5 equiv of NaHCQ, 41 h heating? NaoCO; and CsCOs gave3ain
80% and 83% vyield, respectivel§ All reagents were mixed at the same
time.

and 1.314 A are also considerably shorter than the typical
data for tetrazines (e.g., 1.330 A for di(2-pyrimidyl)-
tetrazind?). These data point to a quinoidal-like structure,
although the C1—C11 bond, which was expected to have a
double bond character, is quite elongated at 1.46 A. This
might be attributed to the fact that the two heterocyclic rings
are tilted by ca. 43 which should result in a decreasedp
overlap. Such a distortion, although quite rare among organic
compounds, might still correspond to a singlet state of a
sterically crowded double boridTo rule out the mesomeric
zwitterionic form of3a, we compared the UV spectra3d,

1, and di(3-pyridyl)-tetrazine in solvents of different polar-
ity.* The obtainedAAmax values (12, 14, and 12 nm,
respectively) do not support the zwitterionic nature3af
This is ruled out both by the X-ray data and by UV
measurements.

The presence of a carbonate base was found to be crucial
for the formation of3a(Table 1, entries 13 vs 4-7). These
carbonates probably have a dual role in the process: besides
generating the carbene, the oxygen atom in the product also
originates from this species. The nature of the carbonate and
the solvent has only a limited influence on the process
because sodium, potassium, and cesium salts were equally
efficient (entry 4). The nucleophilicity of the carbonate ion
is important in the transformation because using an excess
of sodium hydrogencarbonate and prolonged heating (entry
3) we obtained3a in poor yield. Of the nonnucleophilic
solvents tested, acetonitrile and tetrahydrofurane were chosen
for further studies because they combined acceptable solubil-
ity and a facile workup. A priori carbene generation was
found beneficial (entry 7).

To establish the scope of this transformation, a series of
NHC precursors (2a—1§ were reacted witi (Table 2).

far unprecedented structure, which was confirmed by X-ray  the experimenté revealed that the nature of the carbene

crystallography (Figure 1). The-€0 bond in3ahas a strong

backbone has a substantial influence on the efficiency of the

double bond character (1.235 A) as compared to the process. Reactants based on the imidazole framework were

analogous 1,5-dimethyl-3-pyrazolyl)-6-oxotetrazane, where

A

Figure 1. ORTEP diagram of compounga (thermal ellipsoids
set at 50% probability) with partial numbering scheme. Selected
bond lengths (A): C1—N2 1.341(4), C1—N5 1.344(4), C3—C4
1.337(4), C14—011 1.235(4), CEMN13 1.384(5), C14N15
1.386(4), N12—N13 1.314(4), N15—N16 1.301(4), C11—N12
1.332(4), C1+N16 1.333(4), C+C11 1.464(4). Torsion angle
(deg): N2—C1—C11—N12 43.4.
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all very efficient, and the product3a—g were all isolated
in good yield (entries 1—7)N-Aryl*® (entries 1 and 2) and
N-alkyl (entries 3—7) derivatives worked equally well; the
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Table 2. Formation of Quinoidal Tetrazines from
3,6-Bis(3',5'-dimethylpyrazolyl)-tetrazine (1) and Different
Heterocyclic Carbene (NHC) Precursogaf-I)

Pyr ol i
S \__Y.- R,N N,,R,
i e T e I
N\f” RTINZ_ R MeCN or THF N7 N
fufittie
Pyr 1 AT oey NTN
Pyr: 3,5-dimethylpyrazol-1-yl o 3al
entry NHC precursor yield
7N osa
1 tea N Noptes BFY 2a 96%
m@ 0
/cl
2 Mes"N\?N‘Mes BF? 2b 95%
o !
e Me-N-N-Bu P 2o T
—\® o asa
4 su-NNgy B2  2d 97%
il I
o~ T1%°
5 Mes’N\?N"‘\' BF(_? 2e I
Ph
U ILATIEN Py
6 f”w“\( BEY o 90%"
Ph Ph
< Bt TN G
7 NN O 90%
a Ph i
Me
N @
8 @: S |e 2h traces™”
"
Me
Bn
9 N\>@ e : Bﬁ(((o'd
(e 2i 23%°
Bn
"y-Ph
N® o 5204
' : o
10 ©[N> Br 2 49040
_r«}‘Ph
IrESn
N @ e s
1 >  BF, 2k gicel
N traces
Bn
Ph 20%°
12 i = 48
ph-NosNepn B4

a Reaction was carried out in acetonitrifeReaction was carried out in
THF.

optical purity of chiral carbenes was not eroded (entrieg)5
and the partial saturation of the NHC core had no adverse
effect on the process (cf. entries 1 and 2, 6 and 7).

The efficiency of NHCs based on the benzimidazole

the nature of the N-substituents. Increasing the steric demand
of the substituent led to a marked improvement in the yield
(cf. entries 8-10), due probably to the increased stability of
the carbené? Partial saturation of the benzimidazole moiety
did also increase the yield (cf. entries 9 and 11), as expected
on the basis of increased carbene stability. Change of the
solvent led to a marked alteration of the yield, although its
direction was unpredictable (entries 9 and 11). The triazole-
based carbengl'¢c (entry 12) furnished the appropriate
tetrazine (3l) in moderate yield.

The reaction of NHCs and presumably starts by the
nucleophilic displacement of a pyrazole unitlineading to
a charged intermediatd), which we were able to detect in
the reaction mixture by ESI-MS. Subsequent displacement
of the other pyrazole moiety by a carbonate ion leads to the
formation of5, which on the elimination of carbon dioxide
gives the quinoidal tetrazin2 (Scheme 15°

Scheme 1. Proposed Mechanism for the Substitution
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It is interesting to note that Wanzlick carbenes were
reported to undergo [4 1] cycloaddition with tetrazine%,
a route we did not observe.

In summary, a variety of structurally unique tetrazine
derivatives, having a twisted structure, were prepared using
heterocyclic carbenes as nucleophiles. Most of the imidazole-
based NHCs gave good to excellent yields, and chirality in
the carbene was also transferred into the product. Introduction
of other carbene backbones was also possible, although yields
became more dependent on the nature of N-substituents.
Study of the scope and limitations of this fascinating reaction
as well as of the reactivity of the formed quinoidal-like
tetrazines is in progress in our laboratory.

Acknowledgment. Financial support through grants
OTKA F047125 and KMA-0358/2004 as well as the as-
sistance of Dr. Gitta Schlosser, Mr. Vilibald Kun, Dr. Antal
Rockenbauer, and Dr. Gabor VIad are gratefully acknowl-
edged.

Supporting Information Available: Experimental pro-
cedures and structural characterization for compo@ratsd
3 and crystallographic data 8&in CIF format. This material
is available free of charge via the Internet at http://pubs.acs.org.

OL701442H

(19) Bourissou, D.; Guerret, O.; Gabbai, F. P.; BertrandCem. Rew.
2000,100, 39.

(20) The reaction of and carbonates does not lead to the displacement
of the pyrazole unit, unlike in the case of hydroxides, which give the
appropriate substitution product. For details, see ref 8.

(21) Frenzen, G.; Kuemmell, A.; Meyer-Dulheuer, C.; SeitzGBem.

framework (entries 8—11) showed a marked dependence onBer. 1994,127, 1803.

Org. Lett, Vol. 9, No. 17, 2007

3439



