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Various 2-(acrylmethylthio)-, 2-(benzylthio)-, and 2-(propargylthio)pyrazelo[ 1,5-a]pyridine derivatives (4a—n’ and
7a—n’) were prepared in moderate to good yields by the reactions of potassium pyrazolo{1,5-a]pyridine-2-thiolates (2
and 6), readily available by the treatment of 2-[(2-ethoxycarbonylethyl)thio]- and 2-[(2-cyanoethyl)thio]pyrazolo[1,5-
a]pyridines (1a—h and 5a—h) with potassium tert-butoxide in V,/V-dimethylformamide (DMF), with alkylating agents
such as chloroacetone (3a), phenacyl bromides (3b—d), ethyl bromoacetate (3e), benzyl bromides (3f—Xk), and propargyl
bromide (31). Of these S-functionalized pyrazolo[1,5-a]pyridines only 2-(acetonylthio)- and 2-(phenacylthio)pyr-
azolo[ 1,5-a]pyridine-3-carbonitriles (4a—t) were converted to new heterocycles, thieno[2’,3:3,4]pyrazolo[1,5-
a]pyridines (8a—t) by heating them with 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU); the other compounds did not
provide any tricyclic heterocycles under various alkaline conditions. The structures of thieno[2’,3’ : 3,4]pyrazolo[1,5-
a]pyridines (8a—t) were determined mainly by elemental analyses and spectral inspections, and the structural assignment

was confirmed by the X-ray analysis of compound 8d.
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Although many pyrazolof1,5-a]pyridine derivatives
having various substituents have been synthesized by several
methods,? only a few bearing both an active methylene
group and an electron-withdrawing group on the 5-
membered ring have been reported.® A principal reason
for the inaccessibility of these polyfunctionalized pyr-
azolo[1,5-a]pyridines may be the extremely high reactivity
of the active methylene group toward electron-withdrawing
groups which are present in the reaction system. In order
to avoid such undesirable reactions and to obtain authentic
compounds, development of some other reaction route
including the use of the protecting groups may be neces-
sary. In our preceding paper!’ we described the first prep-
arations of pyrazolo[1,5-a]pyridine-2-thiol derivatives by
the treatment of 2-[(2-ethoxycarbonylethyl)thio]- and 2-
[(cyanoethyl)thioJpyrazolo[1,5-a]pyridines with potassium
tert-butoxide in N,N-dimethylformamide (DMF). The
smooth accessibility of pyrazolo[1,5-a]pyridine-2-thiol
derivatives and our previous results on 2-indolizinethiols®
prompted us to investigate a possible preparative route to
polyfunctionalized pyrazolo[1,5-a]pyridines via S-alk-
ylation. In this paper we wish to report the S-alkylations
of pyrazolo[1,5-alpyridine-2-thiols and the transformations
of some of the products into new heterocyclic compounds,
thieno[2,3": 3,4]pyrazolo[ 1,5-a]pyridines.

Results and Discussion

S-Alkylations of Pyrazolo[1,5-a]pyridine-2-thiols
cording to the procedure described previously by us,
2-[(2-ethoxycarbonylethyl)thio]pyrazolo[1,5-a]-pyridine-
3-carbonitriles (la—e) were treated with potassium
tert-butoxide in DMF at room temperature and the resulting
potassium pyrazolof 1,5-a]pyridine-2-thiolates (2) were then
allowed to react with chloroacetone (3a) to afford the
expected 2-(acetonylthio)pyrazolo[1,5-a]pyridine-3-carbo-
nitriles (4a—e) in 61—87% yields. The same compounds
(4a—c) were also obtained in 73, 85, and 79% yields by
the reactions of 2-[(2-cyanoethyl)thio]pyrazolo[1,5-a]pyr-
idines (1f—h) with potassium tert-butoxide and 3a,

Ac-

4)

respectively. Similarly, the reactions of potassium pyr-
azolo[ 1,5-a]pyridine-2-thiolates (2) with phenacyl bromides
(3b—d), ethyl bromoacetate (3e), benzyl bromides (3f—k),
and propargyl bromide (31) afforded the corresponding
S-alkylated pyrazolo[1,5-a]pyridines 4f—n' in moderate to
good yields (Chart 1). Similar reactions of ethyl 2-[(2-
substituted ethyl)thio]pyrazolo[1,5-a}pyridine-3-carbox-
ylates (Sa—h) with potassium tert-butoxide and alkylating
agents (3a—I1) provided the corresponding compounds
7a—n' in 52—98% yields (Chart 2).

The structures of these products 4a—n’ and 7a—n’ could
be determined with ease by means of spectroscopic
inspections: the appearance of the proton signals of the
2-substituents derived from the alkylating agents in their
proton nuclear magnetic resonance (‘H-NMR) spectra
(Table I) and the change in the absorption bands
attributable to the 2-substituents in their infrared (IR)
spectra were observed. In particular, the presence of a
methylene singlet (4a—m’ and 7a—m’) or a methylene
doublet (4n’ and 7n’) appearing at & 3.89—4.76 in their
'"H-NMR spectra strongly supported the S-alkylation at the
2-thiol function. In their IR spectra, the ester carbonyl
(1718—1733cm ™ ') or the cyano absorption bands (2238—
2247cm™') due to the 2-substituents in the starting
compounds 1a—h and 5a—h" had completely disappeared,
and distinct absorption bands corresponding to the newly
introduced 2-substituents were observed at 1701—1720
(4a—e and T7a—e, acetonyl carbonyl), 1672—1690 (4f—¢
and 7f—¢, aroyl carbonyl), 1721—1738 (4u—y and Tu—y,
ester carbonyl), 1500—1521 and 1332—1366 (4z—i’ and
7z—i’, nitro), and 3225 and 2115 or 2120cm ™! (4n” and T,
terminal acetylene).

Ethyl 2-(ethoxycarbonylmethylthio)pyrazolo[1,5-a]pyr-
idine-3-carboxylates (7u—w) were identical with authentic
samples.

Reactions of S-Functionalized Pyrazolo[1,5-a]pyridines
(4a—n’ and 7a—n’) in the Presence of Base Since pyr-
azolo[1,5-a]pyridine derivatives having an active meth-
ylene group at the 2-position could be synthesized with
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4 4 1) XCH,R 4
3 R CN rert “BAOK /DM 3 RTCN 3,_? 3 RO CN .
:mSCHZCHzR at r.t. ;:2\/¢<>‘SK 2)aq, HC1 m 2
R R rR!
1a-h 2 4a-n’
1 | R' R RS R* R 4| rR"RZRIRYR 4 | R'RERPRYR
a|H H H H COOEt a|H H H Ac ul|H H H H COOEt
b| MeH H H COOEt b| MeH H H Ac v | MeH H H COOEt
c| H H MeH COOEt c|H H MeH Ac w | H H Me H COOEt
d| H H EtH COOEt d| H H EtH Ac x | H H Et H COOEt
e H Me H Me COOEt e H Me H Me Ac y H Me H Me COOEt
£l H H H H CN £l H H HH Bz z|H H H H pNOPh
g | MeH H H CN g| M H H H Bz a'| Me H H PNOPh
h|H H MeH CN h|{H H MeH Bz b’ H Me H p-NOPh
i|H H EtH Bz c'| H H Et H p-NOPh
3| R X J|H MeH Me Bz d'| H Me H Me p~NOPh
a| Ac o k| H H H pClBz e'|H H H H o-NOPh
b | Bz Br 1 | MeH H H pCiBz £'|MeH H H o-NO,Ph
c | p-C1Bz Br m|H H MeH pCiBz g'|H H Me H oNO,Ph
d | p-BrBz Br n|H H EtH pCiBz h"| H H EtH oNOPh
e | COOEt Br o Me H Me p-CiBz "] H Me H Me o-NO,Ph
£ | pNOPh Br p H H H p-BrBz j'l'H H H H Ph
g o—NOZPh Br g MeH H H p-BrBz k’'|H H H H p-MePh
h | Ph Br r|H H MeH pBrBz 1"l H H H H pCIPh
1 | p~MePh Br s|H H EtH pBrBz m|H H H H pBrPh
il pciPh Br t|H MeH Me pBrBz n’|H H H H CmCH
k | p=BrPh Br Bz:benzoyl
1| CmCH  Br
Chart 1

ease, the interactions between the substituents at the 2- and
3-positions were examined. When the 2-(acetonylthio)pyr-
azolo[ 1,5-a]pyridine-3-carbonitriles (4a—e) in ethanolic
solution were heated under reflux in the presence of DBU,
the corresponding 2-acetyl-3-aminothieno[2,3': 3,4]pyr-
azolo[1,5-a]pyridine derivatives (8a—e), new thiophene-
fused heterocycles, were formed in 41—83% yields,
respectively. Similar treatment of 2-(phenacylthio)pyr-
azolo[1,5-a]pyridine-3-carbonitriles (4f—i, k—m, p—s)
provided the corresponding 3-aminothieno[2',3': 3,4]pyr-
azolo[1,5-a]pyridines (8f—i, k—m, p—s). However, the
reactions of 4,6-dimethyl-2-(phenacylthio)pyrazolo[1,5-a]-
pyridines (4j, o, t) with DBU in ethanol gave complex
mixtures of 8, o, t and unidentified products, and separation
was unsuccessful because of their low solubility. Heating
of compounds 4j, o, t with DBU in tert-butanol followed
by filtration of the hot reaction solutions afforded the
expected heterocycles 8, o, t in a pure state, respectively,
but the yields were very low (Chart 3). On the other hand,
the similar treatment of 2-(ethoxycarbonylmethylthio)-
(4u—y), 2-[(4-nitrobenzyl)thio]-(4z—d’), and 2-[(2-nitro-
benzyl)thio]pyrazolo[ 1,5-a]pyridine-3-carbonitriles (4¢'—
i) did not give any significant products at all. Furthermore,
all our attempts to obtain the intramolecular cycload-

duct 9 from ethyl pyrazolo[1,5-a]pyridine-3-carboxylates
(7a—i’) under various alkaline conditions (DBU/ethanol,
potassium terz-butoxide/DMF, and so on) were unsuc-
cessful. In the cases of ethyl 2-(ethoxycarbonylmethyl-
thio)pyrazolo[1,5-a]pyridine-3-carboxylates (7u—y), the
reactions with potassium fert-butoxide in DMF at 80—
90°C gave only the monohydrolyzed products, ethyl 2-
(carboxymethylthio)pyrazolo[1,5-a]pyridine-3-carbox-
ylates (10a—e), in 44—64% yields, respectively (Chart 4).

The tendency of these pyrazolo[1,5-a]pyridines (du—i’
and 7a—i’) not to cyclize is in marked contrast to the case
of the polyfunctionalized indolizine derivatives which were
recently reported by us.*>

The structural assignments of these thieno[2',3": 3,4]pyr-
azolo[ 1,5-a]pyridines (8a—t) were accomplished mainly on
the basis of spectral data: the absence of the cyano and the
presence of the primary amino group absorption bands
(3150—3480cm 1) in their IR spectra, and the desappear-
ance of the methylene signal and the appearance of the
broad amino signal (66.91—38.2) in the 'H-NMR spectra
of 8a—j (Table II). Furthermore, the X-ray analysis of
compound 8d strongly supported our proposed structures
for 8a—t (see below). On the other hand, compounds 10a—e
were concluded to be ethyl 2-(carboxymethylthio)pyr-
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5 R* CooEt 5 R% COOEt | TIXCHR R* cooet
tert ~BUOK /DMF 3a-1
R2 SCHZCHZR' —a-;—r—.-:—-’- SK m o SCHZR
R R’
5a-h 7a-n’
5 | R" RZ RZ R R 7 | R'" RPRPR* R 7 | R" R® R3IR* R
a H H H H COOEt a H H H H Ac u H H H H COOEt
b Me H H H COOEt b Me H H H Ac v Me H H H COOEt
c H H Me H COOEt c H Me H Ac W H H Me H COOEt
d H H Et H COOEt d H Et H Ac x H H Et H COOEt
e H Me H Me COOEt e Me H Me Ac Yy Me H Me COOEt
£ H H H H CN f H H H H Bz z H H H p—NOZPh
g| MeH H H CN g| MeH H H Bz a’| Me H  p~NO,Ph
h H H Me H CN h H H Me H Bz b’ Me H p'*NOZPh
i H Et H Bz c¢'"{H H EtH p—-NOZPh
J Me H Me Bz d’ Me H Me pr*NOZPh
k H p~CiBz e'"| H H H 0'-N02Ph
1 Me H p~-C1Bz f'| Me H o—NOZF’h
m | H Me H p-CiBz g'| H Me o~N02Ph
n H Et H p-CiBz h'| H Et &-NOZPh
o Me H Me p—-Cl1Bz i’ H Me H Me o—-NOZF’h
p H H pBrBz j'|H H H H Ph
q Me H H p-BrBz k'[H H H H p-MePh
r H Me H p-BrBz 1"l H H H H pClPh
s H Et H p-BrBz m'|H H H H p-BrPh
t | H MeH Me pBrBz n*| H H H H C=CH
Chart 2
5 R on
R DBU/EtOH or tert—BuOH R
SCH_R —
R® 2 at 80-90 *C RZ
R‘l
4a-t
8 | R' RZ R® R4 R R R R3 R4 R
a H H H H Ac k H H H H pCiBz
b Me H H H Ac 1 Me H H H p-CiBz
c H Me H Ac m H H Me H pCiBz
d H Et H Ac n H Et H p-CiBz
e Me Me Ac o Me H Me p-C1Bz
f H H H Bz p| H H H H p-BrBz
g Me H H Bz q| Me H H H p-BrBz
h H Me H Bz r H Me H p-BrBz
i H Et H Bz s H Et H p-BrBz
J H Me H Me Bz t Me H Me p—-BrBz
Chart 3

azolo[1,5-a]pyridine-3-carboxylates on the basis of the
absence of ethoxy proton signals (5 1.24—1.32 (t) and
4.16—4.28 (q)) at higher magnetic field in the 'H-NMR

spectra of the starting compounds 7u—y, and the presence
of a broad carboxy proton signal at 48.63-—9.80 in the
'H-NMR spectra of 10a—e.
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TasLe 1. 'H-NMR Spectral Data for 2-(Substituted Methylthio)pyr- TABLE I. (continued)
azolo[ 1,5-alpyridines E—

§ (CDCl,)®
Compd 5 (CDCL,)” Othere Compd. 4 .5 C-6 C-7 SCH, Others
©C-4 C-5 C-6 C-7 SCH, § _—
- 40 b) 132 276 6.80 835 476 7.2—82
4 7278 693 849 402 230 t q dd d s m
m dt brd s S 4 2.59 6.97 233 8.12 475 7.3-8.1
4b 7.1—7.8 6.84 270 4.02 2.38 s brs S brs S m
m brd s s s 4§’ by b 693 854 442 7.1-—-79
4c  7.30 2.42 6.72 8.28 4.01 2.33 dt brd S m
brs s dd d s S 4k’ b b 692 850 439 7.0—-79 227
44 7.38 1.27 2.72 6.78 8.40 3.98 2.33 dt brd S m s
brs t q dd d s s 41 by b) 6.97 8.62 441 7.1-79
4e  2.58 7.02 226 8.14 396 2.31 dt brd S m
s brs s brs s s 4m’ b) b) 694 847 439 7.1—-78
4f b) b 692 842 476 7283 dt brd S m
dt  brd s m 4n’  7.71 7.45 697 8.53 3.97 2.25
4g b b 673 248 4.69 7.1—-83 brd brt dt  brd d t
brd s s m 7a  8.06 7.39 6.86 8.40 393 1.38 4.31 2.32
4h 721 238 6.63 8.15 4.66 7.1—8.3 brd brt dt  brd s t q s
brs s dd d S m 7b  7.95 7.26 6.67 2.64 391 141 4.31 2.34
4i 7.30 1.28 2.73 6.68 831 472 7.1—83 brd q brd S S t q S
brs t q dd d s m 7¢  7.80 2.38 6.66 8.25 3.92 1.40 4.32 2.32
4 258 6.99 226 b)) 468 7282 brs s dd d s t q s
s brs s S m 7d  7.84 1.27 2.73 6.71 829 395 142 4.34 2.38
4k b) b) 694 842 468 7.3—82 brs t q dd d s t q s
dt brd s m Te 2.66 6.94 224 8.06 3.89 1.39 432233
41 b) b) 6.76 253 463 7.2—83 s brs s brs s t q s
brd S s m 7 by b) 6.80 8.35 470 1.38 435 7.1—8.3
4m 7.38 2.43 6.74 828 467 7.2—83 dt brd s t q m
brs s dd d s m Tg 787 7.17 6.50 232 4.56 1.40 428 7.3—8.3
4n 734 132 275 6.78 830 4.56 7.3—8.2 brd q brd S S t q m
brs t q dd d s m 7h  7.86 2.38 6.66 b)) 468 1.39 434 7.3—84
do 2.58 6.99 226 8.05 463 7282 brs s dd s t gq m
s brs s brs S m 71 785128 270 665 b) 466 143 435 73—84
4p by b) 693 842 468 7.3-38.1 brs t q dd S t q m
dt  brd s m 75 2.65 691 221 794 463 139 433 7.2—84
4q by b) 6.75 2.56 4.67 7.2—8.2 s brs s brs s t q m
brd s s m 7k b) b 6.80 833 4.62 141 435 7.2—8.2
4r 7.37 2.38 6.75 829 464 7.5-8.1 dt  brd s t g m
brs s dd d s m n 7951727 6.64 235 4.54 140 433 73—8.2
4 7.39 1.27 2.70 6.77 831 4.67 7.5—8.1 brd q brd s s t q m
brs t q dd d s m Tm 7.82 2.36 6.67 8.19 458 1.39 431 7.3—8.3
4t 2.60 6.99 226 8.05 463 7.2—82 brs s dd d s t q m
s brs S brs s m n 785128 274 6.69 8.21 4.66 1.43 440 7.3—8.2
4u 7.4—7.8 6.93 8.51 399 1.29 4.19 brs t q dd d s t q m
m dt brd s t q 70 2.63 6.90 2.19 794 454 1.38 431 7.3—8.3
4v 7.1—-17.7 6.80 2.66 397 1.254.18 s brs s brs S t q m
m brd s s t q Tp b) 731 682 828 4.60 1.39 434 7582
4w 7.40 2.43 6.76 833 395 1.224.17 brt dt  brd s t q m
brs s dd d s t q 7q b) 729 6.65 241 4.58 140 437 7.5—8.2
4x 739 1.30 276 6.81 833 399 132421 q brd s s t q m
brs t q dd d s t q Tr  7.81 2.35 6.63 8.17 4.56 1.38 431 74—8.3
4y 2.56 7.00 228 8.13 393 1.254.18 brs s dd d s t q m
s brs s brs s t q Ts  7.83 1.26 2.69 6.68 8.19 4.60 1.39 435 7.4—8.1
4z b) b) 697 856 446 7.3—8.5 brs t q dd d s t q m
dt brd s m 7t 2.62 691 2.17 b) 4.54 1.39 429 74—8.2
42 b) b) 6.83 274 448 7.2—85 s brs s s t q m
brd s s m Tu 8.13 7.42 691 8.46 4.05 1.30 4.28 1.44 4.43
4b"  7.40 2.42 6.78 8.38 443 7485 brd brt dt brd s t q t q
brs s dd d S m v 7.98 7.32 6.75 272 4.03 1.29 426 1.43 4.41
4¢ 739 1.31 2.76 6.83 8.36 448 7.3—84 brd gq brd S s t q t q
brs t q dd d S m Tw  7.80 2.43 6.68 8.25 399 1.28 4.23 1.42 4.38
4d’°  2.64 7.02 2.32 b) 447 7.4-8.4 brs s dd d s t q t q
s brs s s m Tx  7.84 1.32 275 672 830 4.00 132 4.24 1.46 4.39
4¢’ by b) 695 851 475 7282 brs t q dd d S t q 1 q
dt brd s m 7y  2.64 691 221 8.06 3.89 1.24 4.16 1.38 4.29
4f b) b) 6.81 2.69 476 7.2—8.2 s brs s brs s t q t q
brd s s m 7z b) 71.37 6.88 8.42 444 137 432 7583
4g b) 2.39 6.75 835 470 7.2—8.2 brt dt brd s t q m
s dd d s m 7a’ b) 7.33 6.70 2.68 4.48 1.39 434 74—84

q brd s s t g m
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TABLE 1. (continued)
6 (CDCly)»
Compd. - 4 s C6 C-7 SCH, Others
b’ 7.48 2.41 6.70 835 4.44 140 4.33 7.5—8.5
brs s dd d s t q m
7¢ 794 1.34 281 6.85 847 458 146 445 7.4—8.4
brs t q dd d s t q m
7 2.66 6.99 225 b)) 446 140 435 74—84
s brs s s t q m
7¢  b) b) 6.83 839 470 1.37 430 7.1—8.2
dt  brd s t q m
" by 7.30 6.72 2.67 480 1.37 434 7282
q brd J s t q m
7g b)) 236 6.64 833 471 1.354.30 7.1—8.1
s dd d s t q m
70 b) 130 273 671 832 473 143 435 7.0—8.3
t q dd d s t q m
T 2.68 6.93 231 810 4.69 1.42 432 72-8.1
s brs s brs s t q m
77 8.16 b) 6.88 8.56 4.49 1.38 438 7.2—7.8
brd dt  brd s t q m
7k 8.12 b) 6.85 851 443 1.37 435 7.0—7.7 2.30
brd dt  brd s t q m s
7’ 8.08 b 6.86 8.46 442 1.354.35 7.1—7.6
brd dt  brd s t q m
Tm' 8.07 b) 6.86 844 441 142 438 7.1—7.6
brd dt  brd s t q m
' 8.09 7.40 6.89 8.50 4.00 1.47 4.40 2.23
brd brt dt  brd d t q t
10a  8.08 7.42 6.91 842 4.01 1.44 440 8.63
brd brt dt  brd s t q br
10b  8.10 7.45 6.84 272 4.04 1.45 447 9.08
brd g brd s s t q br
10c 782 244 6.73 829 399 1.42 440 9.42
brs s dd d s t q br
10d  7.83 132 275 678 829 398 1.44 4.40 9.67
brs t q dd d s t q br
10e  2.67 6.97 226 8.03 390 1.39 4.34 9.80
s brs s brs s t q br

a) The coupling constants are as follows: Ja,5=9.0, J5 6=J6 ;=17.0, J, ¢=2.0,
Je =70, and J, e =3.0Hz. b) Overlapped with the phenyl proton signals.

Fig. 1. ORTEP Drawing of 8d

2671

X-Ray Crystallography of 2-Acetyl-3-amino-5-ethylthieno-
[2,3' : 3,4]pyrazolo[1,5-a]pyridine (8d) The X-ray analy-
sis of thieno[2',3':3,4]pyrazolo[1,5-a]pyridine (8d) was
carried out on a single crystal grown from ethanol solution.
The X-ray diffraction data were collected with a Rigaku
AFC-5 four-circle diffractometer with graphite-mono-
chromated MoK, radiation (4=0.71073). The structural
analysis was performed with the TEXSAN (Molecular
Structure Corporation) system. The space group is R3,
a=27.118 (6), ¢=9.557 (5) A for hexagonal axes, V'=6086

TaBLe II. 'H-NMR Spectral Data for 3-Aminothieno[2',3":3,4]pyr-
azolo[ 1,5-a]pyridines

Compd. 6 (CDCl)»®
8 C-4 C-5 C-6 C-7 NH, RS
a 7.88 7.48 7.03 8.43 7.01 2.37
brd brt dt brd brs s
b 7.77 7.40 6.92 2.85 6.97 2.36
brs q brd s brs s
[ 7.53 248 6.85 8.58 6.91 2.34
brs s dd d brs s
d 7.55 1.34 2.79 6.88 8.63 6.96 2.36
brs t q dd d brs s
e 2.81 7.01 2.36 8.35 7.24 2.36
s brs s brs brs s
f 8.26 c) 6.99 8.63 c) 7.0—8.0
brd dt brd m
g ) ) 6.89 2.83 c) 7.1—8.1
brd s m
h ) 2.51 6.76 8.59 ) 7.0—8.1
s dd d m
i ) 1.26 2.71 6.88 8.52 ) 7.1-8.2
t q dd d m
j 2.81 6.96 2.32 8.25 ¢) 7.8—8.0
S brs s brs — m

a) The coupling constants are as follows: Ja,5=9.0, Js 6=J6 ,=1.0, J, ¢=2.0,
and Jp=7.0Hz. b) The 'H-NMR spectra of other compounds could not be
measured because of their low solubility. ¢) Overlapped with the phenyl proton
signals.

C13
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4 4
3 R™ COOEt 1) tert -BuQK/DMF 3 R™ COOEt
" SCH_R at 80790 °C " SCH._,COOH
R2 , 2" 2)aq.HCI R% 1 2
R 7u-y (R=COOEt) R
7a-n’ 10a-e
1 52 53 L4
several alkaline 10 R-RR"R
conditions a H H H H

b Me H H H

c H H MeH

d H H EtH

e H Me H Me

Chart 4
TabLE III. Intramolecular Bond Distances (A) and Angles (°) of 8d
Atom Atom Distance® Atom Atom Atom Angle Atom Atom Atom Angle

S1 Cl 1.785 (6) Cl S1 C9 89.2 (2) C7 C6 C10 120.5 (5)
S1 C9 1.721 (5) C9 N1 N2 102.0 (4) C6 (oy) C8 122.3 (5)
01 C12 1.253 (7) C4 N2 C8 122.0 (5) C7 C8 N2 118.4 (5)
N1 C9 1.331 (6) C4 N2 N1 1142 (4) C3 Cc9 N1 114.8 (5)
N1 N2 1.384 (6) C8 N2 NI 123.8 (5) N1 Cc9 S1 131.6 (4)
N2 C4 1.382 (6) C2 Ct Cl12 1242 (5) C3 C9 S1 113.6 (4)
N2 C8 1.370 (7) C2 Cl S1 113.5 (4) C6 C10 Cl11 113.8 (6)
N3 C2 1.321 (6) Ci2 Cl S1 122.2 (5) Cl Cl12 0Ol 121.6 (6)
Cl C2 1.406 (7) N3 . C2 Cl 124.0 (5) Cl13 Cl12 01 119.2 (6)
C1 Cl12 1.410 (7) N3 C2 C3 126.0 (5) Cl Cl2 Cl13 119.3 (6)
C2 C3 1.420 (7) Cl C2 C3 110.0 (5)
C3 C4 1.413 (7) C4 C3 C9 104.5 (4)
C3 C9 1.407 (7) C2 C3 C4 142.0 (5)
C4 Cs5 1.408 (7) C2 C3 C9 113.5(5)
C5 c6 1.366 (7) N2 c4 c3 104.5 (4)
c6 c7 1.399 (8) N2 c4 Cs 118.3 (5)
Cé Cl10 1.498 (8) C3 C4 C5 137.2 (5)
7 C8 1.362 (8) c4 cs c6 120.6 (5)
C10 cll 146 (1) cs c6 c7 118.4 (5)
C12 Cl13 1.516 (9) C5 C6 C10 121.6 (6)

a) See Fig. 1 for the numberings in this molecule (8d).

(3) A3, Z=18. The structure was solved by the direct method
MITHRIL, and refined by the full-matrix least squares
method. The final R-factor was 0.064 for the 1573 observed
reflections. The ORTEP drawing is shown in Fig. 1. The
molecule is almost planar, except for the terminal carbon
atom of the 5-ethyl group, which undergoes large thermal
vibration. The intramolecular bond lengths and bond angles
are summarized in Table III. There are no marked
differences between double and single bond lengths within
the ring carbons, which indicates the involvement of
aromatic resonance structure.

In conclusion, the utility of 2-[(2-cyanoethyl)thio}-
and 2-[(2-ethoxycarbonylethyl)thio]pyrazolo[ 1,5-a]pyridine
derivatives (1a—h and 5a—h) as key intermediates for
synthesizing polyfunctionalized and thiophene-fused pyr-
azolo[ 1,5-a]pyridines, which are not easily obtainable by
other methods, has been proved.

Experimental
Melting points were measured with a Yanagimoto micromelting point

apparatus and are uncorrected. The microanalyses were carried out on a
Perkin-Elmer 240 elemental analyzer. The 'H-NMR spectra were
determined with a Varian EM360A spectrometer in deuteriochloroform
with tetramethylsilane as an internal standard and the chemical shifts are
expressed in J values. The IR spectra were taken with a Hitachi 260-10
infrared spectrophotometer.

Preparations of Polyfunctionalized Pyrazolo[1,5-a]pyridines (4a—n’
and 7Ta—n’) General Method: A solution of a 2-[(2-ethoxycarbonyl-
ethyl)thio]- or 2-[(2-cyanoethyl)thio]pyrazolo[1,5-a]pyridine (1 or 5,
I mmol) in 2 ml of DMF was treated with potassium fers-butoxide (0.168 g,
1.5mmol) at room temperature with occasional stirring for 2h. An
alkylating agent (3, 1.2 mmol) was added to the mixture and the resulting
solution was kept standing with occasional stirring for an additional 4h.
Diluted hydrochloric acid and water (30ml) were added, and the
precipitates separated were collected by flltration. The precipitates were
dissolved in chloroform (30 ml) and the solution was freed from water by
filtration through a phase-separating filter paper. The filtrate was
concentrated under reduced pressure and the residue was separated by
column chromatography on activated alumina using chloroform as an
eluent. Evaporation of the solvent and recrystallization of the crude product
from ethanol gave the corresponding S-alkylated pyrazolo[1,5-a]pyridine
derivative (4a—n’ or 7a—n’).

These results and some spectral data are summarized in TablesTand IV.

Preparations of Thieno[2',3’ : 3,4]pyrazolo[1,5-a]pyridines (8a—t) Gen-
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TaBLE IV. Some Data for 2-(Substituted Methylthio)pyrazolo[ 1,5-a]pyridines

Analysis (%)

@ Yield m.p. Caled Found
Compd. React. %) ) v (KBr) Formula
C H N C H N
4a la 3a 80 137—139 2200 1705 C,;HgN;08 57.13 3.92 18.17 56.99 3.70 18.53
1f 3a 73
4b 1b 3a 87 138—140 2200 1701 C,,H,;N;08 58.76  4.52 17.13 58.68  4.49 16.96
1g 3a 85
4c Ic 3a 90 162—164 2200 1715 C,,H,,N,0S 5876 452 17.13 59.00 467 16.84
1h 3a 79
4d 1d 3a 72 99—100 2208 1710 Cy3H,3N;0S8 60.21 505 16.20 60.26 519 16.24
4e 1e 3a 61 125—126 2201 1720 Cy3H3N;08 60.21 5.05 16.20 60.08 5.10 16.09
af la 3b 77 129—131 2207 1673 C,6H,,N;08 6551 378 1432 65.52 380 14.27
4g 1b 3b 98 157—159 2201 1690 C,,H;N,08 66.43  4.26 13.67 66.39 435 13.62
1g 3b 90
4h 1c 3b 96 138—139 2207 1674 Cy,H,3N;08 6643 426 13.67 66.71 415 13.50
4i 1d 3b 75 125—127 2202 1679 C,sH,sN;0S 6727 470  13.07 6726 471 13.07
4j le 3b 60 167—168 2206 1672 C,sH,sN;0S8 6727 470 13.07 67.08 473 1291
4k la 3¢ 57 150—151 2210 1675 C,6H,,CIN,0S 58.63 3.08 12.82 58.57 3.11 12.85
4 1b 3c 60 166—168 2217 1681 C,;H,CIN;OS  59.74 354 1229 59.56  3.65 12.56
1g 3c 60
4m 1c 3c 63 130—131 2202 1680 b) 59.26  4.14 11.52 59.15 4.13 11.63
4n id 3c 76 151—153 2215 1675 CsH,,CIN;OS  60.76 397 11.81 60.67 395 11.92
4o le 3c 66 193—194 2208 1674 C,sH,CIN;OS  60.76 397 11.81 6098 398 11.58
4p 1la 3d 54 149—150 2208 1673 Ci6HoBrN;OS  51.63 271 11.29 5156 275 11.38
4q 1b 3d 80 166—168 2220 1685 C,;H,BrN;0S 5286 3.13 10.88 53.00 297 10.90
4r 1c 3d 56 167—168 2202 1678 ¢) 5282 3.69 10.27 52.64 369 1042
4s 1d 3d 90 147—150 2211 1674 C,sH,,BrN;0S 54.01 3.53 10.50 54.07 3.49 10.48
4t Te 3d 56 196—197 2209 1674 C,sH 4 BrN,0OS 5401 353  10.50 5418 361 1025
4u la 3e 76 107—108 2220 1738 C,H;;N;0,S8 55.16 4.24 16.08 5515 4.39 15.97
4v 1b 3e 91 107—108 2208 1727 C;3H3N;0,8 56.71 4.76 15.26 56.46  4.58 15.18
1g 3e 69
4w 1c 3e 86 122—124 2218 1732 C;3H3N;0,8 56.71 4.76 15.26 56.65 4.72 15.25
4x 1d 3e 80 93—95 2210 1721 C4H,5N;0,8 58.11 5.23 14.52 58.16 522 14.28
4y le 3e 80 137—138 2210 1722 C,.H,sN,0,S 5811 523  14.52 58.13  5.09 14.37
4z 1a 3f 91 179—180 2217 1512 1345  C,4H,,N,0,S 5806 325 1805 5803 334  18.05
49’ 1b 3f 91 197—199 2218 1512 1343 C,.H,,N,0,S 59.25 373 17.27 59.11 381 17.33
4b’ 1c 3f 91 192—193 2213 1511 1345 C;6H;,N,0,S 59.25 3.73 17.27 59.20 3.68 17.21
4c’ 1d 3f 92 105—106 2206 1504 1330  C,,H,,N,O,S 60.34  4.17 16.56 6041 426 16.52
4’ le 3f 69 236—237 2202 1507 1349 C;,H{4,N,O,S 6034  4.17 16.56 60.35 421 16.53
4e 1a 3g 74 153—155 2212 1507 1352 C;sH,(N,O,S 58.06 325 18.05 58.15 339  18.08
af 1b 3g 65 166—167 2210 1516 1334  C,(H,N,0,S 5925 373 17.27 59.58 373 16.99
4g’ Ie 3g 83 160—161 2208 1510 1332 C,¢H,,N,0,8 5925 373 17.27 59.19 380 17.12
4 1d 3g 87 122—123 2203 1509 1342  C,;H;,N,O,S 60.34 417 16.56 60.57 425 16.25
4i le 3g 85 175—177 2210 1510 1366 C;-H{4N,O,S 60.34  4.17 16.56 60.61 4.10 16.36
4j la 3h 78 98—100 2208 C,sH{;N,S 67.90 4.18 15.84 68.16 421 15.55
4k’ la 3i 74 126—128 2202 C,6H;3N;S 68.79  4.69 15.04 68.97 470 14.85
ar 1a 3 79 110—112 2208 C,sH,,CIN,S 60.10 336  14.02 60.24 352 13.72
4m’ 1a 3k 67 118—119 2210 C,sH,,BrN,S 5234 293 1221 5239 321 1217
4o’ la 3t 74 136—137 3225 2202 2115 C,H;N,S 61.95 3.31 19.70 62.11 3.34 19.51
Ta Sa 3a 76 143—146 1705 1676 C;3H4N,0,8 56.10  5.07 10.07 56.39 5.27 9.78
5f 3a 81
7b 5b 3a 79 138—139 1718 1681 C4H, 4N,0,S 57.52 552 9.58 57.61 557 9.44
Te S5c 3a 56 116—118 1716 1688 C,4H,(N,05S 57.52 552 9.58 5752 6.63 9.67
5h 3a 98
7d 5d 3a 86 102—104 1716 1681 CysH sN,0,8 5880 592 9.14 5850 5.88 9.12
Te Se 3a 60 98—99 1717 1690 C,sH,5N,0,S 58.80  5.92 9.14 5885 583 9.08
7 5a 3b 59 114—116 1690 1675 CsH ¢N,0,S 6351 474 823 63.26 475  8.04
Tg 5b 3b 73 167—169 1676 C,oH5N,0,8 64.39 5.12 7.90 6438 492 7.96
5g 3b 84
7h 5¢ 3b 80 146—147 1680 C,gH,3N,0,S8 6439 512 7.90 64.29  5.09 8.02
7i 5d 3b 93 136—138 1689 1677 C,oH,,N,0,S 65.20 5.47 7.60 65.25 5.63 7.64
7i Se 3b 73 129—130 1687 Cy0H20N,0,S 6520 547  7.60 6533 559 735
Tk Sa 3c 54 144—147 1688 1680 C,sH,sCIN,0,S 57.68 4.03 7.47 57.59 4.08 7.51
71 5b 3c 54 168—169 1687 1680 C,oH,;,CIN,0,S 58.68 4.4l 7.20 58.41 4.22 7.25
7m Sc 3c 62 138—140 1685 1675 C,;gH,,CIN,0,S 58.68 4.4l 7.20 58.54 4.48 7.16
5h 3c 62
n 5d 3c 59 146—148 1685 1680 C,oH,,CIN,0,S  59.62 475 6.95 59.41 4.66 6.84
To Se 3c 59 147—148 1688 1671 C,0H,;,CIN,0,S 59.62 4.75 6.95 59.61 4.75 6.91
Tp Sa 3d 1 135—137 1686 1675 C,sH{sBrN,0,S 51.56 3.61 6.68 5146  3.70 6.41

NII-Electronic Library Service



2674 Vol. 38, No. 10

TaBLE IV. (continued)

Analysis (%)

Compd.” React \(('izl)d ?:g) v (KBr) Formula - Caled Found
C H N C H N

7q 5h 3d 69 161163 1687 CioH,,BIN,0,8 5266 395 646 5273 382 652
Tr 5h 3d 91 144145 1685 C,oH,,BIN,0,S  52.66 395  6.46 5243 424 619
Ts 5d 3d 54 140—141 1680 1671 C,oH oBrN,05;S  53.70 428 6.26 53.48 4.14 6.03
7t Se 3d 59 129130 1686 1669 CypoH ,BIN,0.S 5370 428  6.26 5386 434 623
Tu S5a 3e 98 90—91 Known compound?

Tv 5b 3e 85 125—126 Known compound?

Tw 5¢ 3e 98 110—111 Known compound?

7x 5d 3e 72 102103 1731 1670 C,H,0N,0,8 5713 599 833 57.11 593 8.14
Ty 5e 3e 73 88—90 1736 1694 CieHpoN,0,8  57.13 599 833 5721 598 830
72 5a 3 73 148—150 1676 1509 1341  C,,H,N,0,S  57.13 423 1176 5720 433 11.58
7a’ 5h 3f 50 122123 1687 1507 1337 C,sH,,N;0,S 5821 461 1131 5798 451 1115
b 5c 3f 57 130—131 1689 1500 1344  C,,H,;N;0,S 5821 461 1131 5825 459 1129
¢ 5d 3f 64 110—I112 1680 1507 1341 C,oH,,N;0,S 59.21 4.97 10.90 59.45 4.87 10.92
7d’ Se 3f 70 139—140 1681 1500 1345 C,oH,yN;0,S 59.21 4.97 10.90 59.06 4.94 10.66
7e 5a 3g 81 118—120 1674 1510 1365  C,,H,;N,0,S  57.13 423 1176 57.14 414 1156
" 5b 3g 58 127—128 1684 1510 1337 C,sH,;N;0,S 58.21 4.61 11.31 58.44 4.6l 11.08
7g’ Sc 3g 52 119—120 1675 1515 1352 C,sH,,N;0,S 58.21 4.61 11.31 58.09 4.67 11.21
Th 5d 3g 53 115—118 1680 1510 1354 C,oH,;,N;0,S 59.21 4.97 10.90 59.28 4.98 10.63
T Se 3g 63 108—109 1666 1521 1358 C,oH4N;0,S 59.21 4.97 10.90 59.46 496 10.66
7 5a 3h 71 103-104 1681 C,,HN;0,8 5336 516 897 5365 518 8.68
7K’ Sa 3i 67 124—125 1674 C,sH,sN,0,S 66.23 5.56 8.58 66.22 5.52 8.45
v Sa 3j 84 121—122 1688 C,,H,sCIN,0,S 5887 436 8.08 58.73 4.30 7.84
Tm' 5a 3k 52 127129 1684 C,-H,.BrN,0,S 5218 386 716 5201 383 7.00
' Sa 31 70 119—120 3225 2120 1680 C,;H,,N,0,8 59.98 4.65 10.76 59.81 4.53

10.48

a) Compounds 4a, b, d&—j, I—p, s—y, d'—¢’, i—n' and Ta—c¢, e—h, j—n' were obtained as colorless needles, 4¢ and 7d, i as colorless prisms, and 4k, q, r, z—¢', h' as
pale yellow needles. b) C,,H,,CIN,;OS+1/2EtOH. ¢) C,,H,,BrN,;OS+ 1/2EtOH. d) See ref. 3.

TABLE V. Some Data for 3-Aminothieno[2',3":3,4]pyrazolo[1,5-a]pyridines

Analysis (%)

mpd. React. Yield m 1
Cosa)pd c4 o) (Og) v (KBr) Formula Calcd Found
C H N C H N

a a 61 255—257 3367 3257 1590  C,;HgN,0S 57.13 3.92 18.17 57.12 4.15 17.95
b b 41 263—264 3400 3280 1558  C,,H,;;N;0S 58.76 4.52 17.13 58.74 4.53 16.89
c [ 85 267—270 3340 3260 1576  C,,H;;N;0S 58.76 4.52 17.13 58.60 4.69 17.02
d d 76 249250 3320 3150 1570 C,;H;;N;08 60.21 5.05 16.20 60.23 5.29 1593
e e 33 273—275 3400 3250 1595  C;3H;3;N;0S 60.21 5.05 16.20 60.02 5.23 16.17
f f 68 209—212 3320 3230 1581 C,¢H;N;08 65.51 3.78 14.32 65.37 3.69 14.41
g g 88 217--220 3340 3250 1540 C,;H,;;N;08 66.43 4.26 13.67 66.19 4.56 13.47
h h 80 256—258 3360 3250 1587 C,,H,;;N;08 66.43 4.26 13.64 66.48 4.36 13.52
i i 63 213215 3300 3150 1545  C,gH{sN;0S 67.27 4.70 13.07 67.01 4.59 12.96
j i 13 238—241 3440 3280 1580 C,gH,sN;0S 67.27 4.70 13.07 67.00 473 13.31
k k 89 293—296 3360 3232 1577 C,¢H{,CIN;OS 58.63 3.08 12.82 58.52 3.12 12.90
1 1 58 186—187 3380 3270 1541 b) 56.74 3.92 11.68 56.81 3.89 11.54
m m 65 297—298 3480 3230 1579 C,;H,,CIN;OS 59.74 3.54 12.29 59.62 3.64 12.30
n n 65 268—270 3320 3220 1576 C,gH,,CIN,OS 60.76 3.98 11.81 60.67 4.07 11.82
0 [ 20 252—254 3460 3250 1573  C,gH,,CIN;0S  60.76 3.98 11.81 60.82 4.12 11.60
p p 74 292—295 3370 3240 1578 C,¢H,(BrN;OS  51.63 2.71 11.29 51.59 2.69 11.35
q q 31 154—155 3390 3260 1543 C,,H,,BrN;0S 52.86 3.13 10.88 52.81 3.42 10.69
r r 73 296—298 3350 3220 1577 C,,H;,BrN;0S 52.86 3.13 10.88 52.88 312 10.87
s s 86 275—277 3320 3220 1573  C,gH,,BrN;OS 54.01 3.53 10.50 53.90 3.47 10.67
t t 18 262—264 3460 3250 1567 C,gH,BrN;0S 54.01 3.53 10.50 53.96 3.78

10.20

a) Compounds 8a—f, i-—t were obtained as yellow needles, 8g as yellow prisms, and 8h as yellow flakes. b) C,,H,,CIN;0S +H,0.

eral Method A:  An ethanolic solution (40 ml) of pyrazolo[1,5-a]pyridine-
3-carbonitrile (4, 0.200g) and DBU (0.30g, 2 mmol) was heated under
reflux until the starting pyrazolo[1,5-a]pyridine (4) was no longer
detectable by thin layer chromatographic monitoring (6h—3d). The
reaction solution was cooled to room temperature and kept standing
overnight. The precipitates were collected by filtration and the crude
product was purified by recrystallization from ethanol or chloroform.
By this method, the thieno[2',3':3,4]pyrazolo[1,5-a]pyridines 8a—i,
k—n, p—s were prepared, but its application to 4j, o, t gave complex

mixtures including 8j, 0, t and unidentified products, which could not be
separated owing to their low solubilities in organic solvents.

Method B: In this method, tert-butanol (40 ml) instead of ethanol was
used as the solvent, and the reaction was carried out at 80—90 °C. In order
to obtain only the corresponding thieno[2',3": 3,4]pyrazolof 1,5-a]pyridine
8, the hot reaction solution was filtered. The product thus collected was
purified by recrystallization from chloroform. By this method, compounds
8j, o, t were obtained.

These results and some data are listed in Tables II and V.

NII-Electronic Library Service



October 1990

Preparations of Ethyl 2-(Carboxymethyithio)pyrazolo[ 1,5-a]-pyridine-3-
carboxylates (10a—e) General Method: A solution of a pyrazolopyridine
(7Tu—y, 1 mmol) and potassium tert-butoxide (0.244 g, 2mmol) in DMF
(2ml) was heated at 80—90°C in a water bath for 5h. Similar work-up
afforded the corresponding carboxylic acids (10a—e)® from the resulting
mixture.

The 'H-NMR data for 10a—e are included in Table I, and the other
data are as follows, 10a, 47% from 7u, colorless prisms, mp 150—152°C.
IR (KBr): 1679cm ™! (CO). Anal. Caled for C,,H,,N,0,S: C, 51.42; H,
4.32; N, 9.99. Found: C, 51.47; H, 4.29; N, 9.96. 10b, 44% from 7v,
colorless prisms, mp 167—169°C. IR (KBr): 1678 and 1709 cm ™! (CO).
Anal. Caled for C;3H,,N,0,S: C, 53.05; H, 4.79; N, 9.52. Found: C,
53.28; H, 4.85; N, 9.28. 10c, 64% from 7w, colorless prisms, mp
179—180°C. IR (KBr); 1722 and 1655cm™! (CO). Anal. Caled for
C,3H4,N,0,S: C, 53.05; H, 4.79; N, 9.52. Found: C, 52.94; H, 4.87; N,
9.55. 10d, 47% from 7x, colorless prisms, mp 139—141°C. IR (KBr):
1691 cm ™! (CO). Anal. Caled for C,,H,(N,0,S: C, 54.53; H, 5.23; N,
9.08. Found: C, 54.56; H, 5.42; N, 8.86. 10e, 58% from 7y, colorless prisms,
mp 146—148°C. IR (KBr): 1660 and 1709cm ™! (CO). Anal. Caled for

2675
C,4H (,N,0,S:C, 54.53; H, 5.23; N, 9.08. Found: C, 54.71; H, 5.16; N, 8.97.
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