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The chemistry of diazafulvenium methides generated by the thermal extrusion of sulfur dioxide from
2,2-dioxo-H,3H-pyrazolo[1,5€] [1,3]thiazoles is described. The diazafulvenium methides unsubstituted
at C-7 participate in [8 + 2] cycloadditions giving pyrazolo-annulated heterocycles resulting from the
addition across the 1,7-position. 1-Methyl-diazafulvenium methides and 7,7-dimethyl-diazafulvenium
methides undergo intramolecular sigmatropic [1,8]H shifts giving virkylglyrazoles.

Introduction

The study of pericyclic reactions of extended dipoles (with
more than 4 electrons) is one of our current research
interests.—* Storr and co-workers have shown that 2,2-dioxo-
1H,3H-pyrrolo[1,2<¢][1,3]thiazoles and 2,2-dioxoH,3H-pyra-
zolo[1,5<¢][1,3]thiazoles are masked aza- and diazafulvenium
methides { and 2). These & 1,7-dipoles can be considered
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“higher-order” azomethine ylides and azomethine imines,
respectively. In fact, the authors described the thermal extrusion
of sulfur dioxide from 2,2-dioxo-#i,3H-pyrrolo[1,2<¢][1,3]-
thiazoles under flash vacuum pyrolysis (FVP) to give transient
1l-azafulvenium methide system$) (that can be trapped in
pericyclic reactions. The dipolar systenis—1c undergo
sigmatropic [1,8]H shifts giving vinylpyrroles, and the acyl
derivativesld electrocyclize to give pyrrolo[1,2}{1,3]oxazines

On the other hand, the S@xtrusion of the studied 2,2-dioxo-
1H,3H-pyrazolo[1,5€][1,3]thiazole led to 1,2-diazafulvenium
methide2, which could be intercepted in 8+ 27] cycload-
dition with silylated acetylenes giving adducts resulting from
the addition across the 1,7-position (Schemé 1).

(5) (a) Sutcliffe, O. B.; Storr, R. C.; Gilchrist, T. L.; Rafferty, P.; Crew,
A. P. A. Chem. Commur200Q 675-676. (b) Sutcliffe, O. B.; Storr, R.
C.; Gilchrist, T. L.; Rafferty, PJ. Chem. Soc., Perkin Trans2001, 1795~
1806.
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Our own contribution allowed for the definition of a reactivity ~Results and Discussion
pattern of azafulvenium methides (Schemé2Yhe intramo- ) )
lecular trapping of the transientz81,7-dipoles derived from 5\6Ne prepared the 2,2-dioxd-13H-pyrazolo[1,5e][1,3]thiazole
1-unsubstitued-2,2-dioxorL,3H-pyrrolo[1,2-c][L,3]thiazoles in 3> and observed that it undergoes S&xtrusion in refluxing

pericyclic reactions, namely, sigmatropic [1,8]H shifts and 1,7- 1,2,4-trichlorobenzene fo give 1,2-diazafulvenium methide

o . . which could be trapped by reacting with bis(trimethylsilyl)-
electrocyclization, affordbl-vinylpyrroles andC-vinylpyrroles, acetylene, confirming the result reported by Storr étlal.our

Wh'Ch under flash vacuum pyrolysis con_d|t|ons are converted hands, the dimethyl 5,6-bis(trimethylsilyl)-4,7-dihydropyrazolo-
into 5-0x0-§1-pyrrolizines or 4-oxo-1,4-dihydro-1-aza-benzo- |1 5 g)pyridine-2,3-dicarboxylat® was obtained in 54% yield
[flazulenes. 7-Methyl- and 7,7-dimethyl-azafulvenium methides together with the formation of the aromatized derivatb/an
undergo sigmatropic [1,8]H shifts to gi@vinylpyrroles even 794 yield (Table 1). However, the dipolar syste#n also

in cases where an alternative pericyclic reaction could in participates in the cycloaddition with electron-deficient dipo-
principle occur. Azafulvenium methides generated from C-3 larophiles. Diazafulvenium methidereacts with DMAD to give
unsubstituted 1-methyl-2,2-dioxd-13H-pyrrolo[1,2c][1,3]- a mixture of dihydropyrazolo[1,58}pyridines @ and9) in 45%
thiazole can only undergo the same type of [1,8]H shift to the yield and pyrazolo[1,%]pyridine 7 in 10% yield. The mixture
correspondingC-vinylpyrrole. However, from the reaction of ~ of 8 and9 can be converted int@ in 44% yield by treatment
the 1,3-dimethyl-2,2-dioxoH,3H-pyrrolo[1,2<][1,3]thiazole ~ With DDQ. The [87 + 27] cycloaddition of diazafulvenium
derivative the corresponding azafulvenium methide undergoesmethide4 with methyl propiolate affords regioisomet8 (28%)
the two possible sigmatropic [1,8]H shifts. Rearrangements of @1d11 (33%). The thermolysis of 2,2-dioxa-13H-pyrazolo-

theseC-vinylpyrroles afford 5-oxo-Bi-pyrrolizines or function- [1,5c][1,3]thiazole3 in refluxing 1,2,4-trichlorobenzene for 7
alized C-allyl-1H-pyrroles h in the presence dfl-phenylmaleimide gave hexahydrétb

) ) ) ) pyrrolo[3,4':5,6]pyrazolo[1,5a]pyridine 12in 87% yield. This
The chemistry of 1,2-diazafulvenium methides has also cycloadduct could be obtained in 98% yield by increasing the

attracted our attention, and our preliminary results have beenreaction time to 11 h. The dipolé can also be trapped by

described. In this paper, we describe full details of an extensive

study on the generation and reactivity of 1,2-diazafulvenium (6) Sutcliffe, O. B.; Storr, R. C.; Gilchrist, T. L.; Rafferty, Petrahedron

methides. 200Q 56, 10011-10021.
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TABLE 1. Solution Pyrolysis of 2,2-Dioxo-H,3H-pyrazolo[1,5][1,3]thiazole 3 in the Presence of Dipolarophiles

MeO,C_  CO;Me MeO,C_  COMe
I\ A B N . Products
N° " 1.24-trichlorobenzene N Dipolarophile
0,5—/ - CH,
3 4
Reaction time Dipolarophile Products

MeO,C CO,Me

X
6h MesSi—==—SiMe N
MesSiv N
Me3Si 5 54% MeSSi 6 7%
MeO,C_. COMe MeO,C.  CO,Me MeO,C.  CO,Me
J
7h MeO,C—==—CO,Me N + N N
MeO,C MeO,C™ MeO,C
MeO,C MeO,C MeO,C
710% 8 45%(2872) 9
MeO,C.  CO,Me MeO,C.  CO,Me
/N /N
7h =—CO,Me N'N + N'N
N MeO,C™ X
MeO,C 10 28% 11 33%

MeO.C, CO,Me

11h 0 / N,‘N
| NPh 0
PhN
(6]

12 98%

MeO.C CO,Me

N
7h PhO,SN=CHPh N
Ph NJ

PhOS 13 45%

MeO,C.  CO,Me

N
7h EtO,CN=NCO,Et NN

E10,c- Ny
7/
EtO,C 14 65%

[87 + 27] cycloaddition with heterodipolarophiles. In fact, the described, characterized by the participation in the reaction with
reaction with N-benzylidenebenzenesulfonamidgives the both electron-rich and electron-deficient dipolarophiles, is in
corresponding cycloadduct3 in 45% vyield as the only agreement with the reported MO calculatiéns.

regioisomer. On the other hand, pyrazolo[#ig,2,4]triazine The work was extended to diazafulvenium methide systems
14 co_uld be ob'galned in _65% yleld_from the cycloaddlt_|on of generated from 3-methyl-, 1,1-dimethyl-, and 1,1,3-trimethyl-
1,2-diazafulvenium methidé with diethyl diazene-1,2-dicar- 2,2-dioxo-H,3H-pyrazolo[1,5¢][1,3]thiazoles 19. The 3-

dostribed experimental bservation where cyeloadcion of 1.5. MEYI-2:2-ioxo- i 3r-pyrazolof Sl Sliazole182 was
P Y ™ prepared from thiazolidiné5a as outlined in Scheme 3. The

diazafulvenium methidd could only be observed with silylated sydnonel7ais a stable mesoionic species, which can be isolated
acetylenes and attempts to carry out the reaction with electron- y . pecies, wt .
and undergoes 1,3-dipolar cycloaddition with DMAD to give

deficient dipolarophiles were not successfulowever, the hvl | hiazol . % vield
reactivity of 1,7-dipolet toward [8t + 2] cycloaddition hereby 3-methyl-H,3H-pyrazo o[l,Se][l,3]t lazole18ain 60% yield.
1H,3H-Pyrazolo[1,5€][1,3]thiazoles18b and18cwere obtained
(7) Vishwakarma, L. C.; Stringer, O. D.; Davis, F. @rganic Syntheses using a similar synthetic strategy. _Th'aZOI'd_'nEESb gnd 150
Wiley: New York, 1993; Collect. Vol. VIII, pp 546 550. were prepared from the condensatiorpofpenicillamine with

4408 J. Org. Chem.Vol. 72, No. 12, 2007
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SCHEME 3 mixture of (R4R), (254R), (2549, and (R,4S) stereoisomers.
- - re O However, gfter 'the nitrosation reaqticbhnitrosothiazolidine- '
me O A2 HCOQH - M 4-_carboxyl|c acid16¢ can _be thalned as an enantiomeric
d W d d N=n mixture. Therefore, again in this case two rotamers w_ould be
Y NaNO, Y NO - TRAA Y observed in théH NMR spectrum ofl6c Evidence of restricted
R HCl R B0 R! rotation of N-nitroso compounds is well documented, and
15a R'=Me; R2=H 16a 58% 17a 43% equilibrium between rotational isomers at room temperature has
::: S;;gé EZJeMe ]gg ggjﬁ };‘g gg% been encountered for seveiddnitrosoamines, including five-

membered cyclic derivatives such as pyrrolidine, thiazolidine,

R (OMe pe  §OMe and oxazoliné?
omap RO oM e R C0Me The 3-methyl-2,2-dioxo-H,3H-pyrazolo[1,5€][1,3]thiazole
—_— SYN_N ylene OQSYN_N 19aalso undergoes S@xtrusion in solution to give0, which
R reflux R can be intercepted in {8+ 27] cycloadditions with electron-
188 60% 198 7% _deficient dipolarophiles giving the correspo_n_ding gddL_Jcts rgsult-
18b 80% 19b 79% ing from the addition across the 1,7-positions in high yields
18c 20% 19¢ 62% (Table 2). The reaction with DMAD gives a mixture of dihydro-

. _ pyrazolo[1,5a]pyridines @1 and22) in 85% yield. This mixture
formaldehyde and acetaldehyde, respectively, and converted into.34 pe oxidized with DDQ to give tetramethyl 7-methylpyra-

th.e corresponding sydnone via nitrosation followed by treatment zolo[1,5a]pyridine-2,3,5,6-tetracarboxylat@3) in 40% yield.
with TFAA. Sydnonesl7b and17care also stable and could e thermolysis ofl9a in the presence of methyl propiolate
be isolated and fully characterized. The reactlorim[_) with afforded a mixture of regioisomers 4, 7-dihydropyrazolo[a]5-
DMAD gave the expectedH,3H-pyrazolo[1,5¢][1,3]thiazole ~  ,igine.2 3 6-tricarboxylatg4 (30%) and 4, 7-dihydropyrazolo-
in 80% yield. However, carrying out the 1,3-dipolar cycload- [1,5-alpyridine-2,3,5-tricarboxylat@5 (38%).

dition of 17cunder the same reaction conditions afforés3H- . L . . .
) i . . The 1,7-dipolar cycloaddition of 1,2-diazafulvenium methide
pyrazolo[1,5¢][1,3]thiazole 18cin only 10% yield. The yield 20with N-phgnylma)lleimide gave two racemic diastereoisomeric
: 0 ; . i

gohuld llji'r_:_]ﬁ roveg ttc? 20 ?Hb%q_educm? tqureicgct’E. t|m(|a from products, pycloadduc% (81%) and27.(13%). The structure
18 (')th MCPEZXI ﬁ%'(éng ,Ifo 2);[32.2 O[()(;de]['élci] 1azoles of the major productZ6) was determined by X-ray crystal-

TV;']' 14 NMR a ; N ﬂs\lu 'tn thl' 9 lidi y! 4 : boxvii lography (see Supporting Information). The crystal structure

id e16 16 Sﬁe\fvr‘z clw-m rotso f'azioll ||ne-in-0(|:iar ti?lxy It% showed that the unit cell contains four molecules that are two
aci f a- f ¢ showe Thi 0 SI%'?ﬂag si9 Sts' dcfa g the pairs of enantiomers. The stereochemistry of the enantiomers
existence ot ISOomers. lazolidin=sa IS obtained fromL- was established as beeing $&S8S) and (4&,7aR,8R). The

cysteine as a QAR) an_d (RAR) _dlasteremsomenc mlx_ture, formation of cycloadduct26 and27 can be explained consider-
but the correspondiny-nitroso derivative 163 can be obtained ing a cycloaddition witrendoselectivity but with the involve-

as a single stereoisomer. In fact, it is known that the acylation ment of the two possible configurations of diazafulvenium

I('):;I'a méllxturetz) of (ﬁ‘lR)' andl(2_\:34?)'%?%53“”?(1'1’3'tma2(.)' ¢ methide20 (see Scheme 7). The lower stability of the config-
ll\l-me-l-z-(-:arbot)i(ty? 3.81 %i?“ ialidir? _4? s;g e;: :Vf syn ef"s to_uration having the inward methyl group explains the formation
acyl-z-substituted-_, azoldine-2-carboxylates as pure ste- ¢ heterocycle27 in a lower yield.

reoisomers with (R,4R) or (254R) stereochemistry depending An efficient cycloaddition was observed when sulf

on the reaction conditions. 2-Substituted-1,3-thiazolidine-4- was heated in the presenceNsbenzylidenebenzenesulfonamide
carboxylates can undergo selective inversion at C-2 through a(TabIe 2). A single cycloaddu@s was obtained in 81% yield.

mechanism involving th ning of the rin he pr ion . .
echanis olving the opening of the ring, but the protectio The structure of compoun2B was unambiguously established

with the acyl group prevents this epimerization and allows the - .
isolation of pure diastereoisoméra. similar chemical behavior ggr';zg s)c?nscli?ncg);f LfmﬁMaisﬁfgr:&clih;rmS:g S\aBrifa tsgsstseigr;nne d
was observed in the one-pot synthesis of the chiral hexahydro-to proton H-7. The cycloaddition of 1,2-diazafulvenium methide

rrolo[1',2',5':3,4,5]thiazolo[3,4c]oxazol-1-one ring system S . .
Eri;m a-[amino aCidS]l(-CySteir[]e aLdJ-peniciIIamine)g Tglere- 20 with diethyl diazene-1,2-dicarboxylate gave 7-methiyll-ZH-
pyrazolo[1,5€][1,2,4]triazine-2,3,5,6-tetracarboxyl828 in 79%

fore, the 'TH NMR spectrum of 16a could be explained : 1
considering the existence of two rotamers. This interpretation yield. In the H.NMR spectrum of29 thg presence of two .
conformational isomers could be clearly identified, whereas in

is reinforced by the fact thad-nitrosothiazolidine-4-carboxylic L ) :
acid16b, which has only one chiral center, also shows two sets the case of derivative4, unsubstituted at C-7, the six-membered
ring protons are observed as broad signals.

of signals corresponding to two rotamers. Thiazolididewas | . i
prepared frompL-penicillamine. Thus15cwas obtained as a It is noteworthy that the thermolysis of 3-methyl-2,2-dioxo-
1H,3H-pyrazolo[1,5€][1,3]thiazole 19a in the presence of

(8) (a) Szifayyi, L.; Gyorgyde, Z. J. Am. Chem. S0a979 101, 427— electron-deficient d.ipolarophilles requires shorter reaction time
432. (b) Gyagyde, Z.; Kajta-Peredy, M.; Kajta, J.; Kajta, M. Liebigs than the thermolysis of 2,2-dioxd-l13H-pyrazolo[1,5€][1,3]-
Ann. Chem1987 927-934. (c) Benedini, F.; Ferrario, F.; Sala, A.; Sala,  thjazole3 (Tables 1 and 2). However, an attempt to rek@a
L.; Soresinetti, P. AJ. Heterocycl. Cheml994 31, 1343-1347. (d) Flop,
F.; Mattinen, J.; Pihlaja, KTetrahedron199Q 46, 6545-6552. (e) Laa,
L.; Fulép, F.Eur. J. Org. Chem2003 3025-3042. (f) Pinho e Melo, T. (10) (a) Anet, F. A. L.; Muchowski, J. MChem. Ind1963 81—-82. (b)
M. V. D. 1,3-Thiazolidine-4-carboxylic Acids as Building Blocks in Organic ~ Jeyaraman, R.; Senthilkumar, U. R.Org. Chem1995 60, 7461-7470.
Synthesis. InTargets in Heterocyclic System€&hemistry and Properties (c) Polonski, T.; Milewska, M. J.; Katrusiak, A. Am. ChemSoc.1993
Attanasi, O. A., Spinelli, D., Eds.; Italian Society of Chemistry: Rome, 115 11410-11417. (d) Roohi, H.; Deyhimi, F.; Ebrahimi, 8. Mol. Struct.
2004; Vol. 8, pp 288 329. (Theochem®001, 543 299-308. (e) Wu, H.; Loeppky, N.; Glaser, R.

(9) Pinho e Melo, T. M. V. D,; Lopes, S. M. M,; Rocha, Gonsalves, A. Org. Chem?2005 70, 6790-6801. (f) Haky, J. E.; Saavedra, J. E.; Hilton,
M. d’A.; Kaczor, A. Fausto, R.; Paixa J. A.; Matos Beja, A.; Ramos Silva, B. D. Org. Magn. Reson1983 21, 79—82. (g) Luinsky, W.; Keefer, L.;
M. Lett. Org. Chem2006 3, 820-826. Loo, J.Tetrahedron197Q 26, 51375153.
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TABLE 2. Solution Pyrolysis of 3-Methyl-2,2-dioxo-H,3H-pyrazolo[1,5<][1,3]thiazole 19a in the Presence of Dipolarophiles

MeO,C, CO,Me CO,Me
7 § N, -CO:Me _
N’ : N=N Dipolaropile Products
_( 1,2,4-trichlorobenzene -r +
055 reflux
Me Me
19a 20
Reaction time  Dipolarophile Products
MeO,C, CO.Me MeO.C, CO,Me
N
3h MeO,C—==—CO,Me N . N
N
MeO,C Me MeO,C Me
MeO,C MeO,C
21:22 85% (40:60)
MeO,C, CO,Me MeO,C, CO,Me
/N )\
4h ==—CO,Me N’N + N’N
N N
Me MeO,C Me
MeO,C 24 30% 25 38%
0 MeO,C, CO,Me

3h QNPh

o}

3h PhO,SN=CHPh N

4h EtO,CN=NCO,Et

\
I\
N +
O O
0 Me
PhN Pl

26 81%

28 81%

COQMe

29 79%

with bis(trimethylsilyl)acetylene led only to the synthesis of the
corresponding 1-vinylHi-pyrazole30in 16% yield (see Scheme
4).

As previously mentioned the experimentally observed reactiv-
ity of 1,7-dipole4 toward [87 + 27] cycloaddition is character-
ized by the participation in the reaction with both electron-rich
and electron-deficient dipolarophiles. This is in agreement with
the reported semiempirical molecular orbital calculativfige
HOMO and LUMO energies were calculated for 1,2-diazaful-
venium methide4 (HO = —8.5 eV and LU= —1.9 eV),
allowing prediction that the addition to electron-deficient
dipolarophiles should be dipole-HOMO controlled while the
addition to electron-rich dipolarophiles should be dipole-LUMO
controlled. The 1,2-diazafulvenium methi@® has an extra
methyl group at C-1 leading to an increase of the HOMO and
LUMO energies. Therefore, cycloaddition 29 with electron-
deficient dipolarophiles should be easier than with dipgbieit

the process should be less favorable with electron-rich dipo-

4410 J. Org. Chem.Vol. 72, No. 12, 2007

larophiles. This was confirmed experimentally, and in fact dipole
20 does not even react with electron-rich dipolarophiles.
Calculations predict a larger atomic orbital coefficient on C-1
than on C-7 in the HOMO of 1,2-diazafulvenium methidle
On the other hand, MNDO and CNDO/2 calculations show a
larger atomic orbital coefficient on C-3 than on C-2 in the
LUMO of methyl propiolate:! One would therefore expect the
selective synthesis of trimethyl 4,7-dihydropyrazolo[&]5-
pyridine-2,3,5-tricarboxylatd 1 from the reaction of dipole
with methyl propiolate (Table 1). The experimental result
confirmed that regioisomelrl is the major product, although it
is obtained with low selectivity. The same regioselectivity was
observed in the reaction of diazafulvenium methewith
methyl propiolate (Table 2). In contrast with this result, only
one regioisomer was obtained from ther [ 2] cycloaddition
of dipoles4 and 20 with N-benzylidenebenzenesulfonamide

(11) Dieter, R. K.; Balke, W. H.; Fishpaugh, J. Retrahedron1988
44, 1915-1924.
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SCHEME 4
MeO.C, COgMe COgMe
MeO,C, CO,Me
/N}N H WCO?ME’ Sigmatropic [1,8]H m
FVP N=N 500 °C Me N
05— H%\—/ + 2x102 mbar N
Me H I\
19a 20
30 51%
700 °C
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/ \N _N
Me™ >\ T Me TN \\\
N
30 59% 31 4%
SCHEME 5
M
Me CO,Me Me CO:Me
Me. | _~_CO.Me (/*/‘Qeycoz""e MeO,C CO,Me
0,5 _N-N -S0, H N=kN me A \
o 7Y N
19b 32 Me
33
FVP
600 °C, 2.0x102 mbar 90%
650 °C, 4.0x102 mbar 64%
750 °C, 4.0x102 mbar 75 %
Solution Pyrolysis (1,2,4-trichlorobenzene, reflux, 13 h) 65%
SCHEME 6
Ve, Me ¢O.Me s Me C02Mceo " MeO,C_  CO,Me
A\, -COMe SOz SN - JX
! _ Me N
OZSYN—N H (N—N N
e \
Me Me Et
19¢c 34 35

FVP (650 °C, 2.0x10"2 mbar)
Solution Pyrolysis (1,2,4-trichlorobenzene, reflux, 14 h)

92%
86%

(Tables 1 and 2). A similar regioselectivity pattern is observed
in the 1,3-dipolar cycloaddition of mesoionN-methyl-1,3-
oxazolium-5-olates, dipoles that give only one regioisomer from
the reaction withN-benzylidenebenzenesulfonamide but lead
to a ca 1:1 mixture of regioisomers on reacting with ethyl
propiolate!?

The generation and reactivity of diazafulvenium methide
systems in the absence of dipolarophiles were studied. By
carrying out flash vacuum pyrolysis (FVP) of sulfod®a at
500 °C, 1-vinyl-1H-pyrazole30 was obtained selectively via
the diazafulvenium methid0, which was trapped in an
intramolecular sigmatropic [1,8]H shift. When the FVP was
carried out at 700C, the same 1-vinylHi-pyrazole30 was
obtained, together with 2-vinyl¥2-pyrazole31. Pyrazole31lis
formed by thermal rearrangement of 1-vinpyrazole30
since the FVP of this compound leads to a mixture8ofand
31 (Scheme 4).

The thermolysis of pyrazol&9b bearing two methyl groups
at C-1 was also studied. Under FVP reaction conditions
compound 19b affords C-vinylpyrazole 33. The optimized
conditions (600°C, 2.0 x 102 mbar) allowed the synthesis of

(12) Bonati, L.; Ferraccioli, R.; Moro, Gl. Phys. Org. Chenl995 8,
452-462.

heterocycle33in 90% yield (Scheme 5). Attempts to promote
a rearrangement @33 under FVP led only to sublimation of
the pyrazole. On the other hand, the solution pyrolysis of sulfone
19b in the presence of electron-deficient dipolarophilds (
phenylmaleimide or DMAD) or bis(trimethylsilyl)acetylene also
gaveC-vinylpyrazole33in yields ranging from 40% to 50%,
and no [8r + 27] cycloadducts were detected. This result can
be explained considering the ease with which diazafulvenium
methide32 undergoes sigmatropic [1,8]H shift, although steric
effects can also play an important role making the cycloaddition
less favorable. In the absence of dipolorophiles, the optimized
solution pyrolysis of sulfon&9b (reflux in 1,2,4-trichloroben-
zene for 13 h) gav€-vinylpyrazole33in 65% vyield.

Flash vacuum pyrolysis 1,1,3-trimethyl-2,2-dioxbkBH-
pyrazolo[1,5€][1,3]thiazole19calso leads to the corresponding
C-vinylpyrazole35in high yield (Scheme 6). In this particular
case, the SPextrusion leads to diazafulvenium methi@é
where two potential [1,8]H sigmatropic shifts could in principle
occur. However, the FVP df9cdid not affordN-vinylpyrazole,
giving insteadC-vinylpyrazole35 exclusively. The same type
of selectivity was previously observed for sigmatropic [1,8]H
shifts of azafulvenium methides generated from 1,1,3-trimethyl-
2,2-dioxo-H,3H-pyrrolo[1,2¢][1,3]thiazoles? The solution py-
rolysis of 19c in the presence oN-phenylmaleimide gave
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SCHEME 7

CO,Me CO,Me MeO,C.  CO,Me
N, - COaMe H WCO?MG Sigmatropic [1,8]H " 1N
= - — e N’
—N=N NN g
A
Me
20 30
Ve CO:Me MeO,C.  CO,Me
COMe  sigmatropic [1,8]H \
//‘W Stgmatope L8R e A N
" L
R R
32 R=H 33 R=H
34 R=Me 35 R=Me
SCHEME 8
MeO,C, CO,Me R'=R2=H
/ \ R3 =Me
Me N
N
K R COMe MeO,C CO,Me
AN
; N CO,Me - . H / \N
Sigmatropic [1,8]H Shift R® \=n  _Dipolarophie _ H N’
-+ [8n+2] Cycloaddition
MeO,C_  CO,Me R3 R3
N\ R'=R2=H
Me N'N R —R2- Me R3=H or Me
L R® =H or Me

R3

C-vinylpyrazole35 as the only product. By heating at reflux a  [1,5]pyrimidines, and tetrahydropyrazolo[1¢§{1,2,4]triazines,
solution of sulfonel9c¢ in 1,2 4-trichlorobenzene for 14 h, some of which have potential biological activity.
C-vinylpyrazole 35 could be obtained in high yield (86%). In the absence of dipolarophiles, 1-methyl-diazafulvenium

The difference in reactivity observed between diazafulvenium Methide and 7,7-dimethyl-diazafulvenium methides undergo
methide20 and diazafulvenium methid&2 and34 may reflect intramolecular sigmatropic [1,8]H shifts giviny-vinyl-1H-
the different ease with which the dipoles can attain the py_rratl]zolefs andi-\ﬂnyl-iH-pyrjlzoles,tre?pgc;ur:/ etlyc'j. fulven:
configuration required for the sigmatropic shift. In fact, the 7,7- eretore, It has been demonstrate at diazaiuivenium
dimethvl-diazafulvenium methide$? and 34) alwavs have a methides are valuable intermediates for the synthesis of func-
' yr-diazatulveniu idesZ ) always hav tionalized pyrazoles.
methyl group in the correct position, whereas in the case of
diazafulvenium methid@0 only the configuration having the
inward methyl group undergoes the pericyclic reaction (Scheme
7). General Procedure for [8+ 2] Cycloadditions. A suspension

The reactivity pattern of the studied diazafulvenium methides ©f_the appropriate 2,2-dioxokl,3H-pyrazolo[1,5€][1,3]thiazole-

. . . . . 6,7-dicarboxylate (0.87 mmol) and dipolarophile (1.74 mmol) in
is shown in Scheme 8. Thus, diazafulvenium methides unSUb'1,2,4-trich|0robenzene (2.5 mL) was heated at reflux under dry

stituted at C-7 generated from the solution pyrolysis of 2,2- pitrogen (for 6-7 h, starting fromB; for 3—4 h starting froml9a)
dioxo-1H,3H-pyrazolo[1,5¢][1,3]thiazoles participate in [8+ for 6—11 h. After cooling to room temperature, the mixture was
2] cycloadditions, giving pyrazolo[1,8}pyridine derivatives. purified by flash chromatography [hexane] to remove 1,2,4-
The diazafulvenium methide derivatives bearing methyl groups trichlorobenzene followed by elution with ethyl acetateexane.
at C-1 or C-7 undergo intramolecular sigmatropic [1,8]H shifts, ~ Dimethyl 5,6-Bis(trimethylsilyl)-4,7-dihydro-pyrazolo[1,5-a]-
giving vinyl-1H-pyrazoles. pyr_ldlne-2,3-d|carboxylat¢_e3~_5 5 and Dimethyl 5,6-Bis(trimeth-
ylsilyl)-pyrazolo[1,5-a]pyridine-2,3-dicarboxylate3® 6. The re-
action of3 with bis(trimethylsilyl)acetylene gave a mixture, which
was purified by flash chromatography [hexane, ethyl acetate
hexane (1:4), then ethyl acetateexane (1:2)] to givé as a solid
. . . . . (54%) and6 as an oil (7%)Data for 5: mp 86.1-87.9°C (from
We described new chemistry of diazafulvenium methides, gy ether-hexane) (compound previously described as a yellowish
generated by the thermal extrusion of sulfur dioxide from 2,2- gj|5h). 14 NMR 0.28 (9H, s), 0.30 (9H, ), 3.78 (2H, approximately
dioxo-1H,3H-pyrazolo[1,5€][1,3]thiazoles.

The diazafulvenium methides unsubstituted at C-7 can be (13)(a) Allen, S. H.; Johns, B. A.; Gudmundsson, K. S.; Freeman, G.

. . . L _ A.; Boyd, F. L., Jr.; Sexton, C. J.; Selleseth, D. W.; Creech, K. L.; Moniri,
intercepted in [& + 27] cycloadditions giving pyrazolo[1,5 K.'R. Biorg. Med. Chem2006 14, 944-954. (b) Elgemeie, G. H.; Zaghary,

a]pyridine derivatives resulting from the addition across the 1,7- w. A.; Amin, K. M.: Nasr, T. M.Nucleosodes, Nucleotides, Nucleic Acids

position. A range of pyrazolo-annulated heterocycles was %Oogh% é227—’\1/|2457 : (8} CJoneSv FS? Aéact Js RM? BLaL;)rB 'V'-SPé C’?Ato, B.
. T i ampers, O, onnor, D.; COOK. S. ., A0DDsS, o. C.7 Maxey,
obtained, namely, pyrazolo[1&pyridines, hexahydro43- R.; Szekeres, H. J.; Szeto, N.; Wafford, K. A.; MacLeod, A. Bloorg.

pyrrolo[3,4':5,6]pyrazolo[1,5a]pyridines, tetrahydropyrazolo- ~ Med. Chem. Lett2006 16, 872-875.

Experimental Section

Conclusions
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t,J=4.7 Hz), 3.86 (3H, s), 3.95 (3H, s), 4.76 (2H, approximately
t, J = 4.7 Hz); MS (El)m/z 380 (M*, 11%), 365 (30), 348 (48),
275 (100), 73 (36)Data for 6: *H NMR 0.42 (9H, s), 0.44 (9H,
s), 3.94 (3H, s), 4.03 (3H, s), 8.45 (1H, 3= 0.8 Hz), 8.58 (1H,
d, J= 0.8 Hz); MS (El)m/z 378 (M*, 100%), 363 (18), 347 (43),
331 (75), 259 (34), 73 (24).

Tetramethyl Pyrazolo[1,5-a]pyridine-2,3,5,6-tetracarboxylate
7, Tetramethyl 4,7-Dihydro-pyrazolo[1,5a]pyridine-2,3,5,6-tet-
racarboxylate 8, and Tetramethyl 6,7-Dihydro-pyrazolo[1,5a]-
pyridine-2,3,5,6-tetracarboxylate 9.The reaction 08 with DMAD
gave a mixture, which was purified by flash chromatography
[hexane, ethyl acetatéhexane (1:2), then ethyl acetatieexane (1:
1)] to give in order of elution7 as a yellow solid (10%) and a
mixture of 8 and9 as a white solid (ratio 28:72) (45%dpata for
7: mp 94.7-96.8°C (from diethyl ether-hexane). IR (KBr) 1730,
1578, 1428, 1328, 1245 crj 'H NMR 3.96 (3H, s), 3.97 (3H, s),
3.98 (3H, s), 4.05 (3H, s), 8.40 (1H, s), 9.01 (1H, ¢ NMR

JOC Article

(1:4), then ethyl acetatehexane (1:2)] to givd3 as a solid (45%).
mp 165-170°C (from diethyl ether)’H NMR 3.02 (1H, ddJ =
7.3 and 18.6 Hz), 3.6 (1H, d,= 18.6 Hz), 3.81 (3H, s), 3.95 (3H,
s), 4.74 (1H, dJ = 14.3 Hz) 5.54 (1H, dJ = 7.3 Hz), 5.96 (1H,
d,J=14.3 Hz), 7.16-7.96 (10H, m); MS (E)Wz 455 (M*, 8%),
424 (13), 286 (100), 253 (30), 223 (15), 210 (94), 151 (90), 77
(17). HRMS (El)mVz 445.1159 (GH2:1N306S [M*], 445.1151).
5,6-Diethyl 2,3-Dimethyl 4,5,6,7-Tetrahydropyrazolo[1,5d]-
[1,2,4]triazine-2,3,5,6-tetracarboxylate 14The reaction o8 with
diethyl diazene-1,2-dicarboxylate gave a product, which was
purified by flash chromatography [hexane, ethyl acethiexane
(1:4), then ethyl acetatehexane (1:2)] to give a colorless oil
(65%): IR (KBr) 1733, 1402, 1211, 10984 NMR 1.30-1.34 (6H,
m), 3.87 (3H, s), 3.97 (3H, s) 4.274.29 (4H, m), 4.7 (1H, bs),
5.40 (2H, bs), 6.2 (1H, bs}3C NMR 14.3, 14.5, 42.5 (bs), 52.0,
52.7, 61.4 (bs), 63.4, 64.2, 110.8, 139.3, 143.9, 154.0, 161.8; MS
(El) m'z 384 (M*, 11%), 352 (83), 284 (45), 235 (46), 207 (83),

52.1, 53.2, 53.3, 105.4, 118.5, 120.2, 131.7, 132.0, 140.7, 149.6,179 (100), 151 (44). HRMS (EiVz384.1274 (GsH20N4Og [M 1],

161.6, 162.3, 163.9, 166.1; MS (Etyz 350 (M", 63%), 319 (100),
229 (7), 201 (7); HRMS (Elym/z 350.0757 (GsH1aN20g [M ],
350.0750).Data for 8 and & mp 71.9-73.3 °C (from diethyl
ether). IR (KBr) 1738, 1721, 1486, 1433, 1256, 1215 gmH
NMR (minor isomer8) 3.88 (3H, s), 3.90 (3H, s), 3.91 (3H, 9),
3.99 (3H, s), 4.71 (2H, s), 5.26 (2H, s); (major isor@eB.69 (3H,
s), 3.90 (3H, s), 3.91 (3H, s), 3.96 (3H, s), 4.19 (1H, & 1.3
and 6.7 Hz), 4.30 (1H, dd] = 6.7 and 13.8 Hz), 5.04 (1H, dd,
J= 1.3 and 13.8 Hz), 7.93 (1H, s); MS (Ei¥z 352 (M", 11%),
321 (15), 307 (12), 293 (30), 261 (100), 203 (8). Anal. Calcd for
CisH1eN20s: C, 51.14; H, 4.58; N, 7.95. Found: C, 51.12; H, 4.99;
N, 7.63.

Trimethyl 4,7-Dihydropyrazolo[1,5-a]pyridine-2,3,6-tricar-
boxylate 10 and Trimethyl 4,7-Dihydropyrazolo[1,5a]pyridine-
2,3,5-tricarboxylate 11.The reaction of3 with methyl propiolate
gave a mixture, which was purified by flash chromatography
[hexane, then ethyl acetatbexane (1:2)] to givelO (28%) and
11 (33%) as white solidata for10: mp 119.5-121.0°C (from
ethyl acetate-hexane). IR (KBr) 1744, 1697, 1431, 1293, 1251,
1220, 1087 cmt; IH NMR 3.86 (3H, s), 3.86 (3H, s), 3.90 (1H,
dd,J = 5.5 and 3.9 Hz), 3.92 (1H, dd,= 5.5 and 3.8 Hz), 3.97
(3H, s), 4.95 (1H, ddJ = 5.6 and 2.1 Hz), 4.97 (1H, dd,= 5.6
and 2.0 Hz), 7.227.24 (1H, m);*3C NMR 25.6, 46.8, 51.7, 52.4,

384.1281).

Tetramethyl 7-Methyl-4,7-dihydro-pyrazolo[1,5-a]pyridine-
2,3,5,6-tetracarboxylate 21 and Tetramethyl 7-Methyl-6,7-
dihydro-pyrazolo[1,5-a]pyridine-2,3,5,6-tetracarboxylate 22.The
reaction of19a with DMAD (reaction time 3 h) gave a mixture,
which was purified by flash chromatography [hexane, ethyl
acetate-hexane (1:2), then ethyl acetateexane (1:1)] to give a
mixture of 21 and 22 (ratio 40:60) as a yellowish oil (85%). IR
(KBr) 1730, 1433, 1217, 1090 criy *H NMR (minor isomer21)
1.40 (3H, d,J = 6.9 Hz), 3.68 (3H, s), 3.86 (3H, s), 3.90 (3H, s),
3.96 (3H, s), 4.054.07 (1H, m), 4.524.56 (1H, m), 5.225.32
(1H, m); (major isomeR?2) 1.78 (3H, d,J = 6.8 Hz), 3.66 (3H, s),
3.86-3.98 (2H, m), 3.88 (3H, s), 3.91 (3H, s), 3.96 (3H, s), 7.96
(1H, s); MS (El)m/z 366 (M", 9%), 335 (14), 307 (48), 275 (100),
261 (19), 59 (9). HRMS (Elymz 366.1062 (GsH1sN20g [M ],
366.1064).

Trimethyl 7-Methyl-4,7-dihydropyrazolo[1,5- a]pyridine-2,3,6-
tricarboxylate 24 and Trimethyl 7-Methyl-4,7-dihydropyrazolo-
[1,5-a]pyridine-2,3,5-tricarboxylate 25. The reaction ofl9awith
methyl propiolate gave a mixture, which was purified by flash
chromatography [hexane, then ethyl acetdtexane (1:2)] to give
24 (30%) and25 (38%). Data for 24: obtained as a colorless ail;
H NMR 1.63 (3H, d,J = 6.5 Hz), 3.78-4.04 (2H, m), 3.86 (3H,

52.6,110.1,124.5,132.5, 140.2, 144.2, 162.3, 162.5, 164.3. HRMSs), 3.87 (3H, s), 3.97 (3H, s), 5.35.38 (1H, m), 7.18-7.21 (1H,

(CIl) m'z 295.0930 (GsH1sN206 [M — H*], 295.0930).Data for
11: mp 141.3-142.5°C (from ethyl acetatehexane)lH NMR
3.86 (3H, s), 3.88 (3H, s), 3.94 (1H, d#i= 5.6 and 1.8 Hz), 3.96
(1H, m), 3.96 (3H, s), 4.95 (1H, dd, = 5.6 and 3.4 Hz), 4.97
(1H, dd,J = 5.6 and 3.4 Hz), 7.137.16 (1H, m);*3C NMR 24.5,

m); 13C NMR 22.7, 25.2,51.7, 52.3, 52.6, 53.6, 109.9, 130.6, 132.4,
139.8, 144.1, 162.6, 162.7, 164.4; MS (Ei)z 308 (M*, 2%), 277
(14), 261 (100), 217 (11). HRMS (&) m/z309.1087 (GH16N204
[MH™], 309.1087).Data for 25: obtained as a white solid; mp
99—-100 °C (from ethyl acetatehexane). IR (KBr) 1745, 1721,

47.8, 51.8, 52.4, 52.6, 110.6, 125.5, 129.9, 141.3, 144.3, 162.3,1710, 1313, 1270, 1091, 1064 ctn'H NMR 1.69 (3H, d,J =

162.5, 165.2. HRMS (Cljr/z 295.0929 (GsH1sN,06 [M — H*],
295.0930).

Dimethyl 6-Phenyl-5,7-dioxo-4a,5,6,7,7a,8-hexahydrd-bpyr-
rolo[3',4':5,6]pyrazolo[1,5-a]pyridine-2,3-dicarboxylate 12. The
reaction of3 with N-phenylmaleimide required longer reaction time
(11 h), giving a product that was purified by flash chromatography
[hexane, ethyl acetatéhexane (2:1), then ethyl acetatieexane (4:
1)] to give 12 as a white solid (98%): mp 144-846.7°C (from
diethyl ether). IR (KBr) 1715, 1497, 1385, 1221, 1150¢ntH
NMR 3.20 (1H, dd,J = 7.2 and 16.4 Hz), 3.583.70 (2H, m),
3.85 (3H, s), 3.93 (3H, s), 3.931.00 (1H, m), 4.31 (1H, dd] =
5.7 and 13.9 Hz), 4.90 (1H, dd,= 2.5 and 13.9 Hz), 7.077.10
(2H, m), 7.37%7.44 (3H, m);3*C NMR 22.5, 37.1, 40.4, 46.1, 51.9,

6.9 Hz), 3.84 (3H, s), 3.87 (3H, s), 3.91 (1H, dd== 5.0 and 2.1
Hz), 3.94 (1H, ddJ = 5.0 and 1.6 Hz), 3.97 (3H, s), 5.65.08
(1H, m), 7.05 (1H, approximately di,~ 2.1, 1.6 and 3.6 Hz):3C
NMR 21.6, 24.4,51.7,52.4, 52.6, 53.8, 110.2, 124.3, 135.6, 140.8,
144.3, 162.6, 162.7, 165.4; MS (Etyz 308 (M*, 4%),277 (20),
261 (100), 217 (15). HRMS (Gf) m/z 309.1083 (GH16N204
[MH ], 309.1087).

(4aS,7aS,8S)-Dimethyl 8-Methyl-5,7-dioxo-6-phenyl-4a,5,6,7,-
7a,8-hexahydro-H,3H-pyrazolo[1,5-a]pyrrolo[3,4- d]pyridine-
2,3-dicarboxylate 26 and (4&,7aS,8R)-8-Methyl-5,7-dioxo-6-
phenyl-4a,5,6,7,7a,8-hexahydrot,3H-pyrazolo[1,5-a]pyrrolo[3,4-
d]pyridine-2,3-dicarboxylate 27. The reaction of19a with
N-phenylmaleimide (reaction time 3 h) gave a mixture, which was

52.6,112.0,126.1, 129.0, 129.2, 131.0, 141.5, 143.3, 162.0, 174.9 purified by flash chromatography [hexane, ethyl acethiexane

176.0; MS (El)mVz 383 (M*, 28%), 351 (100), 204 (61), 176 (12),
147 (7), 119 (8), 77 (7). Anal. Calcd fori8H,7/N3Og: C, 59.53;
H, 4.47; N, 10.96. Found: C, 59.49; H, 4.64; N, 10.84.
Dimethyl 5-Phenyl-6-(phenylsulfonyl)-4,5,6,7-tetrahydropy-
razolo[1,5c]pyrimidine-2,3-dicarboxylate 13. The reaction of3
with N-benzylidenebenzenesulfonamidgve a product, which was
purified by flash chromatography [hexane, ethyl acethiexane

(2:1), then ethyl acetate] to give in order of eluti@i as an oil
(13%) and26 as a white solid (81%)Data for 26: mp 155.6-
157.7°C (from ethyl acetatehexane); IR (KBr) 1735, 1716, 1562,
1473, 1447, 1383, 1222 crhy *H NMR 1.69 (3H, d,J = 7.0 Hz),
3.53-3.72 (4H, m), 3.87 (3H, s), 3.95 (3H, s), 4:88.94 (1H,

m), 7.15-7.18 (2H, m), 7.4%+7.47 (3H, m);*3C NMR 15.4, 21.2,
37.3,44.7,51.9,52.7,53.3, 111.9, 126.2, 129.1, 129.3, 131.0, 141.0,
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143.4, 162.3, 162.4, 173.3, 176.2; MS (BhWz 397 (M", 15%),
365 (100), 218 (13), 203 (54), 77 (8). Anal. Calcd for
C20H19N305: C, 60.45; H, 4.82; N, 10.57. Found: C, 60.63; H,
4.99; N, 10.43Data for 27: IR (KBr) 1740, 1715, 1670, 1541,
1491, 1393, 1229 cnt; 'H NMR 1.69 (3H, d,J = 7.0 Hz), 3.37
(1H, dd,J = 8.2 and 16.8 Hz), 3.42 (1H, dd,= 2.9 and 9.6 Hz),
3.61 (1H, dddJ = 3.1, 8.2 and 9.6 Hz), 3.86 (3H, s), 3.92 (1H,
dd,J = 3.1 and 16.8 Hz), 3.94 (3H, s), 5.12 (1H, dg= 2.9 and
7.0 Hz), 7.12-7.27 (2H, m), 7.387.46 (3H, m)::3C NMR 20.5,

Pinho e Melo et al.

(3H, s), 3.96 (3H, s), 5.03 (1H, dd,= 0.7 and 8.8 Hz), 5.87 (1H,
dd,J = 0.7 and 15.2 Hz), 7.19 (1H, dd,= 8.8 and 15.2 Hz)}3C
NMR 13.4, 51.8, 53.2, 105.0, 114.1, 129.7, 145.0, 151.0, 160.7,
163.1; MS (El)m/z 224 (M, 40%), 192 (100), 167 (7), 135 (11),
79 (6).

Dimethyl 5-Methyl-1-vinyl-1H-pyrazole-3,4-dicarboxylate 30.
Pyrolysis of19aat 500°C/2 x 1072 mbar gave a product, which
was purified by flash chromatography [ethyl acetatexane (1:

2), then ethyl acetatehexane (1:1)] to give30 as a white solid

22.0, 36.4, 46.2, 52.0, 52.6, 53.9, 112.2, 126.1, 129.0, 129.2, 131.0,(51%). Compound30 was identified by comparison with the

140.2, 143.4, 162.1, 162.2, 174.8, 176.2; MS (&lx 397 (M,
24%), 365 (100), 217 (10), 203 (59), 183 (8). HRMS (Htljz
397.1279 (GoH19N3Og [M 1], 397.1274).

Dimethyl 7-Methyl-5-phenyl-6-(phenylsulfonyl)-4,5,6,7-tet-
rahydropyrazolo[1,5-c]pyrimidine-2,3-dicarboxylate 28. The
reaction of19awith N-benzylidenebenzenesulfonamidesaction
time 3 h) gave a product, which was purified by flash chromatog-
raphy [hexane, then ethyl acetateexane (2:1)] to give28 as a
white foam (81%): IR (KBr) 1745, 1736, 1336, 1216, 1173, 1082
cm % 'H NMR 1.18 (3H, d,J = 6.6 Hz), 2.91 (1H, ddJ =
17.8 andJ = 7.4 Hz), 3.75 (1H, ddJ = 17.8 andJ = 2.4 Hz),
3.86 (3H, s), 3.94 (3H, s) 5.57 (1H, dd= 7.4 andJ = 2.4 Hz),
6.31 (1H, g0 = 6.6 Hz), 7.277.33 (4H, m), 7.49-7.52 (4H, m),
7.80-7.83 (2H, m);13C NMR 23.1, 24.1, 51.2, 51.8, 52.7, 68.1,

specimen previously prepared (see above).

Dimethyl 1-Methyl-5-(prop-1-en-2-yl)-1H-pyrazole-3,4-dicar-
boxylate 33.Pyrolysis of19b at 600°C/2 x 102 gave a product,
which was purified by flash chromatography [ethyl acetdtexane
(1:1)] to give 33 as a white foam (90%): IR (KBr) 1745, 1736,
1475, 1317, 1221, 1074 crhy 'H NMR 2.07 (3H, bs), 3.83 (3H,
s), 3.85 (3H, s), 3.91 (3H, s), 5.13 (1H, bs), 5.54 (1H, Mg
NMR 22.6, 37.3, 51.9, 52.5, 112.8, 121.2, 133.6, 142.1, 147.4,
162.2, 163.0; MS (Elywz 238 (M*, 17%), 206 (100), 195 (25),
248 (24), 120 (12). HRMS (Eljvz 238.0963 (GiH14N204 [M 1],
238.0954).

Dimethyl 1-Ethyl-5-(prop-1-en-2-yl)-1H-pyrazole-3,4-dicar-
boxylate 35.Pyrolysis of19cat 650°C/2 x 102 gave a product,
which was purified by flash chromatography [ethyl acetdtexane
(1:1)] to give as a colorless oil (92%): IR (film) 1746, 1730, 1480,

110.2,126.8, 127.4,128.4,128.9, 129.7, 133.6, 138.3, 139.0, 140.4,1320, 1216, 1083 cri; *H NMR 1.44 (3H, t,J = 7.2 Hz), 2.08

143.8, 162.5. HRMS (El)Wz 469.1297 (GaH2N:06S [M*],
469.1308).

5,6-Diethyl 2,3-Dimethyl 7-methyl-4,5,6,7-tetrahydropyra-
zolo[1,5d][1,2,4]triazine-2,3,5,6-tetracarboxylate 29The reaction
of 19awith diethyl diazene-1,2-dicarboxylate ga26 as a white
solid (79%): mp 119119.5°C (from diethyl ether); IR (KBr)
1753, 1741, 1721 1376, 1338, 1314, 1289, 12HNMR (DMSO-
ds) (the™H NMR spectrum showed the existence of two rotamers)
(major rotamer) 1.161.21 (6H, m), 1.60 (3H, d] = 6.4 Hz), 3.77
(3H, s), 3.84 (3H, s), 4.104.21 (4H, m), 4.58 (1H, dJ =
17.2 Hz), 5.27 (1H, d) = 17.2 Hz), 6.39 (1H, gq) = 6.4 Hz);1C
NMR (DMSO-dg) 14.1, 14.3, 19.6, 41.8, 51.8, 52.5, 60.6, 62.7,
63.5, 108.8, 138.6, 143.6, 154.3, 161.3, 162.3; MS (&Y 398
(M*, 4%), 367 (16), 284 (100), 253 (19), 221 (19), 193 (50), 180
(144), 116 (42). HRMS (El)Wz 398.1426 (GeH22N4Og [M 1],
398.1438).

General Procedure for Flash Vacuum PyrolysisPyrolysis of
the appropriate 2,2-dioxoH,3H-pyrazolo[1,5€][1,3]thiazole-6,7-
dicarboxylate (1.0 mmol) at 566800 °C and 2x 1072 to 4 x
10-2 mbar onto a surface cooled-afl96°C over a period of 1.5
2 h gave a colorless pyrolysate. [The rate of volatilization of the
starting material was controlled by the use of a Kugelrohr oven,
which heated the sample at -8@80 °C]. After cooling to room
temperature the pyrolysate was removed from the cold finger with
dichloromethane, and the solvent was removed in vacuo.

Dimethyl 5-Methyl-1-vinyl-1 H-pyrazole-3,4-dicarboxylate 30
and Dimethyl 5-Methyl-2-vinyl-2H-pyrazole-3,4-dicarboxylate
31. Pyrolysis of 19a at 700°C/4 x 1072 mbar gave a mixture,
which was purified by flash chromatography [ethyl acetdtexane
(1:2), then ethyl acetatehexane (1:1)] to give in order of elution
31as a colorless oil (4%) angD as a white solid (59%)Data for
30: mp 46.3-48.0°C (from diethyl ether-hexane); IR (KBr) 1740,
1719, 1648, 1320, 1269, 1088 cinH NMR 2.56 (3H, s), 3.85
(3H, s), 3.95 (3H, s), 5.14 (1H, dd,= 0.9 and 8.8 Hz), 5.95 (1H,
dd,J= 0.9 and 15.2 Hz), 6.99 (1H, dd,= 8.8 and 15.2 Hz)}3C
NMR 10.3, 51.7, 52.5, 106.4, 112.6, 128.2, 142.9, 144.4, 162.8,
163.0; MS (El)m/z 224 (M, 28%), 193 (100), 163 (27), 133 (12),
68 (9). Anal. Calcd for GH1:N,O4: C, 53.57; H, 5.39; N, 12.49.
Found: C, 53.75; H, 5.28; N, 12.3Bata for 31: IR (KBr) 1719,
1646, 1545, 1442, 1260, 1109 ctH NMR 2.46 (3H, s), 3.84
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(3H, m), 3.83 (3H, s), 3.94 (3H, s), 4.16 (2H,I)= 7.2 Hz), 5.13
(1H, m), 5.53 (1H, m)}3C NMR 15.8, 23.0, 45.1, 51.8, 52.4, 112.5,
120.9, 133.7, 142.4, 146.9, 162.5, 163.0; MS (&l 252 (M*,
21%), 220 (100), 205 (73), 193 (12), 161 (12). HRMSHfim/z
252.1111 (GH16N204 [M 1], 252.1110).

General Procedure for Solution Thermolysis.A solution of
the appropriate 1,1-dimethyl-2,2-dioxét,BH-pyrazolo[1,5€][1,3]-
thiazole-6,7-dicarboxylate (0.30 mmol) in 1,2,4-trichlorobenzene
(1.8 mL) was heated at reflux under dry nitrogen for-13 h.
After cooling to room temperature, the mixture was purified by
flash chromatography [hexane] to remove 1,2,4-trichlorobenzene
followed by elution with ethyl acetatehexane to give the products.

Dimethyl 1-Methyl-5-(prop-1-en-2-yl)-1H-pyrazole-3,4-dicar-
boxylate 33.Compound33 was obtained fromi9bin 65% yield.
Pyrazole33 was purified by flash chromatography [hexane, then
ethyl acetate-hexane (1:1)] and was identified by comparison with
the specimen previously prepared (see above).

Dimethyl 1-Ethyl-5-(prop-1-en-2-yl)-1H-pyrazole-3,4-dicar-
boxylate 35.Compound35 was obtained froni9cin 86% yield.
Pyrazole35 was purified by flash chromatography [hexane, then
ethyl acetate-hexane (1:3)] and was identified by comparison with
the specimen previously prepared (see above).

Tetramethyl Pyrazolo[1,5-a]pyridine-2,3,5,6-tetracarboxylate
7 from 8 and 9. A suspension of the mixture of 4,7-dihydro-
pyrazolo[1,5a]pyridine-2,3,5,6-tetracarboxylagand 6,7-dihydro-
pyrazolo[1,5a]pyridine-2,3,5,6-tetracarboxylate9 (0.09 g,
0.26 mmol) and DDQ (0.07 g, 1.2 equiv, 0.31 mmol) in 1,2,4-
trichlorobenzene (5.0 mL) was heated in sealed tube at°260
for 3 h. After cooling to room temperature, the tube was opened,
and the mixture filtered through celite. The crude product was
purified by flash chromatography [hexane] to remove 1,2,4-
trichlorobenzene followed by elution with ethyl acetateexane
(1:1), then ethyl acetatehexane (2:1) to giv& as a yellow solid
(44%). Compound? was identified by comparison with the
specimen previously prepared.

Tetramethyl 7-Methylpyrazolo[1,5-a]pyridine-2,3,5,6-tetra-
carboxylate 23.A suspension of the mixture 7-methyl-4,7-dihydro-
pyrazolo[1,5a]pyridine-2,3,5,6-tetracarboxylal and 7-methyl-
6,7-dihydro-pyrazolo[1,%pyridine-2,3,5,6-tetracarboxylate22
(0.04 g, 0.12 mmol) and DDQ (0.03 g, 1.2 equiv., 0.14 mmol) in
1,2,4-trichlorobenzene (2.0 mL) was heated in sealed tube at
260 °C for 3 h. After cooling to room temperature, the tube was
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