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The synthesis of the 3-substituted tetrahydropyrazolopyridin-
4-ylalkyl iodides 7a, 7b, 8a and 8b as well as their behavior
towards anionic cyclization conditions have been investi-
gated. An (enol endo)-exo-tet-type ring closure only proceeds
when a seven-membered ring is annulated (9b, 10b). Other-
wise, treatment of the p-keto ester 7a with NaH results in O-
alkylation to yield the stereoelectronically favored (Z)-

enol ether 13a, which can be isomerized to the thermodynam-
ically more stable (E) isomer 13b. Various attemps to achieve
ring closure of the methyl ketone 8a failed; instead, $-elimi-
nation is observed. Annulation of a six-membered carbocycle
is acchieved when the triester 17 is treated by a Dieckmann
condensation to give the tricyclic products 18 and 19.

Ergoline derivatives (1) as well as their ABC tricyclic and
BC bicyclic analogs are widely studied substrates with re-
markable pharmacological properties”. The main charac-
teristic of that group of compounds is their activity towards
different receptors, namely the dopamine, serotonin, and ad-
renergic binding sites. In search of more selective dopamine
agonists and antagonists which might also differentiate be-
tween dopamine receptor subtypes, we are investigating bi-
and tricyclic analogs which are devoid of an aromatic NH
moiety. Thus, we elaborated an EPC synthesis of the highly
CNS active aminoindolizidines 2a and 2b?. We also pre-
pared the pyrazolochinolinecarboxylate derivatives 3a and
3b?, which can be converted into the pharmacologically
relevant amines 3¢ and 3d in a Curtius rearrangement®,

Scheme 1
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As a continuation of this project we report in this pa-
per on the first syntheses of cycloheptane-, oxepine-, and py-
ran-fused 4,5,6,7-tetrahydropyrazolo[1,5-a]pyridines®. Our
recent approach® to the pyrazolo[2,3,4-ji]quinoline ring
system started with the ethyl 4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyridinecarboxylate 49 and involved regioselective
reaction of B-keto ester 5 at C-4 after conversion into its
dianion, when benzyloxymethyl chioride (BOM-Cl) was
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used as a 1,1-dielectrophilic equivalent. Subsequent depro-
tection, reduction of the ketone function, and activation
gave the iodide 6 which could be cyclized with the help of
LDA to afford the separable diastereomers 3a and 3bin a
1:1 ratio. This 6-(enol exo)-exo-tet process was predicted to
be favored according to the Baldwin rules”.

It was now examined whether the cyclohexanone deriv-
atives 9a and 10a, which could be further functionalized at
their C=0 group, can be approached by ring closure re-
action of the appropriate precursors 7a and 8a, respectively.
This would be a 6-(enol endo)-exo-tet case which is also
predicted to be favored. For further SAR studies using ge-
ometrically varied substrates we also envisaged to synthesize
the pyrazolopyridine-fused cycloheptanone derivatives 9b
and 10b by 7-(enol endo)-exo-tet cyclization of 7b and 8b,
respectively.

Scheme 3

O 7a:X=|
11a: X = OBzl
b: X=0H
c: X = OMes

13b
CO,CHg
O 7p:x=1
12a: X = OBzl
S —> b: X = OH
c: X = OMes
CO,CH3
ab

P. Gmeiner, J. Sommer

For annulation of a six-membered ring the mesylate 11¢
and the iodide 7a were prepared as cyclization precursors.
11¢ was obtained in 91% yield by treatment of alcohol 11b”
with methanesulfonyl chloride/triethylamine. 11b was syn-
thesized from 5 via 11a according to a previously reported
protocol®. Subsequently, 11¢ was refluxed with Nal in ac-
etone to yield 7a.

In fact, deprotonation of 7a with NaH in THF followed
by stirring at 60°C resulted in ring closure. However, instead
of the B-keto ester 9a the enol ether 13a was obtained in
diastereomerically pure form. Analogously to the observa-
tions made by Baldwin® for isolated five-membered ring
systems, we reason that the formation of our peri-fused ring
system requires geometric restraints when the electrophile
must approach perpendicularly to the plane of the enolate,
as depicted in Scheme 4. On the other hand, the oxygen lone
pair of the ambident nucleophile can be approached in the
plane of the enolate requiring a less restrained transition
state.

Scheme 4. Conformational representations of the Na enolate of 7a

Stereospecific formation of the (Z)-enol ether geometry
can be explained by chelation of the p-keto ester sodium
salt during the reaction. Various efforts to direct the cycli-
zation towards C-alkylation failed. Thus, transmetallation
with cyclopentadienylthallium® afforded also 13a whereas
treatment of 7a with tetrabutylammonium fluoride'® or by
triethylamine resulted in B-elimination to give 14. Com-
pound 13a was also obtained by treatment of mesylate 11¢
with NaH in THF. 13a could be isomerized in refluxing
xylene to yield the (E)-enol ether 13b along with 13a in a
3:1 diastereomeric mixture. Both isomers were easily sepa-
rable by flash chromatography. Elucidation of the double
bond geometry was carried out by proton NMR spectros-
copy, indicating a strong NOE between the olefinic and the
aromatic proton of 13a.

Annulation of a seven-membered ring was also achieved
by starting from B-keto ester 5, requiring a two-carbon bis-
electrophile. Since we anticipated that compounds of type
X—CH,—CH,—X (X = leaving group) tend to eliminate
HX under the basic reaction conditions, the bis-electrophile
should be used in protected form. By analogy with the con-
venient BOM —Cl we now applied 2-(benzyloxy)ethyl io-
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dide, which is easily available from glycol'". In fact, depro-
tonation of 5 with 2 equivalents of LDA followed by addi-
tion of 2-(benzyloxy)ethyl iodide gave the benzyl ether 12a
in 74% yield. Hydrogenation of 12a with Pd/C in acetic
acid yielded the primary alcohol 12b, which was converted
into the mesylate 12¢. Cyclization precursor 7b was ob-
tained by refluxing 12¢ with Nal in acetone. Upon treatment
of 7b with NaH/THF at 0—60°C, a 1:1 mixture of the
tricyclic cycloheptanone 9b and the oxepine derivative 15
was formed. Both products were easily separable by flash
chromatography. This result is in accordance with obser-
vations at molecular models, which demonstrate that per-
pendicular approach to the enolate m system is facilitated
by the extrabond length. The B-keto ester 9b exists as a 1:1
diastereomeric equilibrium, which can be shown by the 'H-
NMR spectra. In accordance to the enol ether 13a com-
pound 15 is (Z)-configurated. The stereochemistry was again
established by NMR spectroscopy, indicating a significant
NOE between the enol ether proton and the aromatic 2-H
position.

In an attempt to circumvent O-alkylation we approached
the methyl ketones 8a and 8b as potential cyclization pre-
cursors. Thus, 11a and 12a were saponified to furnish the
B-keto acids 11d and 12d which underwent decarboxylation
to the methyl ketones 11e and 12e, respectively. Subsequent
deprotection gave the primary alcohols 11f and 12f which
were transformed into the iodides 8a and 8b via the me-
sylates 11g and 12g in 41 and 31% yields from 11a and
12a, respectively. In fact, selective C-alkylation could be
achieved when iodide 8b was treated with NaH in THF.

Scheme 5
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The tricyclic cycloheptanone 10b was prepared in 51%
yield. On the other hand, several attempts to cyclize 8a
failed, although a range of reaction conditions were inves-
tigated (NaH/THF or DMSO, KHMDS/THF, KH/THF,
LDA (+ Cul)/THF. In any case, the B-elimination product
16 was isolated as the single reaction product. Treatment of
mesylate 11g with NaH, NaOMe, or KHMDS in different
solvents afforded also 16.

Finally, it could be shown that annulation of a six-mem-
bered carbocycle is possible by 6-(enol endo)-exo-trig ring
closure. Thus, deprotonation of 5 by 2 equivalents of LDA,
followed by quenching with methyl chloroformate gave ac-
cess to the triester 17. Treatment of 17 with NaOMe/MeOH
resulted in the formation of the Dieckmann product 18
along with the dihydroxybenzoate 19 as a side product.

Scheme 6

CO,CH3
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Experimental

Tetrahydrofuran was distilled from LiAlH, immediately before
use. Dichloromethane, acetone, diisopropylamine, and triethyla-
mine were distilled from CaH,. Allliquid reagents were also purified
by distillation. Unless otherwise noted reactions were conducted
under dry nitrogen. Evaporation of final product solutions was
performed under vacuo with a rotatory evaporator. — Flash chro-
matography: 230—400 mesh silica gel. — Melting points: Biichi
melting point apparatus, uncorrected. — IR: Perkin-Elmer 881
spectrometer. — MS: Varian CH7. — NMR: Jeol 400 INM-GX,
400 MHz, tetramethylsilane as internal standard. — Elemental
analyses: Heraeus CHN Rapid instrument.

Methyl (+ )-3-Oxo0-3-[4.5,6,7-tetrahydro-4-(iodomethyl ) pyrazo-
lof 1,5-a]pyridin-3-yl]propionate (7a): A mixture of 30 mg (0.09
mmol) of 11¢ and 180 mg (1.2 mmol) of Nal was stirred in 2 ml of
boiling acetone for 7 h. After cooling to room temp. the solvent
was removed and the residue extracted with ether. The extract was
evaporated and the residue purified by flash chromatography (pe-
troleum ether/ethyl acetate, 1:1) to give 22 mg (67%) of 7a as a
colorless oil. — IR (NaCl): ¥ = 2950 cm~!, 2850, 1740, 1660. —
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"H NMR(CDCl3): § = 1.96—2.11 (m, 3H, 5-H,,, 6-H,), 2.20—2.26
(m, 1H, 5-H,), 3.35 (t, J = 9.5 Hz, 1 H, CH,I), 3.62—3.66 (m, 1H,
4-H), 3.68 (dd, J = 9.5/2.9 Hz, 1H, CH,I), 3.75 (s, 3H, OCH,), 3.81
(d,J = 1.5 Hz, 2H, CH,CO,), 4.01 —4.08 (m, 1H, 7-H,,), 4.18 —4.24
(m, 1H, 7-H,,), 7.86 (s, 1H, 2-H).
C,HisIN;O;5 (362.2) Caled. C 39.80 H 4.17 N 7.74
Found C 39.76 H 4.30 N 7.65
Mol. mass 362 (MS)

Methyl (+ )-3-Oxo0-3-{4,5,6,7-tetrahydro-4-(2-iodomethyl) pyra-
zolo[ 1,5-a]pyridin-3-yl Jpropionate (7b): A mixture of 830 mg (2.41
mmol) of 12¢ and 4.00 g (26.7 mmol) of Nal in 50 ml of acetone
was refluxed for 4 h and worked up as described for 7a to give 745
mg (82%) of 7b as a colorless oil. — IR (NaCl): ¥ = 2950 cm~!,
2850, 1740, 1665. — 'H NMR (CDClLy): § = 1.77—2.17 (m, 5H, 5-
H,, 6-H,, CH,CH,l), 2.35—2.44 (m, 1H, CH,CH,I), 3.23—3.36 (m,
2H, CH,l), 3.47—3.52 (m, 1H, 4-H), 3.76 (s, 3H, CO,CHs), 3.79 (d,
J = 3 Hz, 2H, CH,CO,), 4.02 (ddd, J = 13.2/11/5.1 Hz, 1H, 7-
H.,), 427 (ddd, J = 13.2/5.2/2.5 Hz, 1H, 7-H.,,), 7.85 (s, 1 H, 2-H).

CisHjjIN,O5 (376.2)  Caled. C 41.51 H 4.56 N 7.45
Found C 41.49 H 4.55 N 7.61
Mol. mass 376 (MS)

(£ )-3-Acetyl-4,5,6,7-tetrahydro-4-(iodomethyl) pyrazolof 1,5-a -
pyridine (8a): A solution of 450 mg (1.65 mmol) of 11g and 4.00 g
(26.7 mmol) of Nal in 70 ml of acetone was refluxed for 12 h and
worked up as described for 7a to give 410 mg (82%) of 8a as a
colorless solid, m.p. 96°C. — IR (KBr): ¥ = 2960 cm ™', 2950, 2870,
1660. — 'H NMR (CDCly): § = 1.91—2.25 (m, 4H, 5-H,, 6-H,),
245 (s, 3H, COCH,), 3.37 (dd, J = 94/94 Hz, 1H, CH,l),
3.62-382 (m, 1H, 4-H), 3.71 (dd, J = 9.4/2.1 Hz, 1H, CH.I),
4.01—4.08 (m, 1H, 7-H,,), 417—4.23 (m, 1H, 7-H,), 7.86 (s, 1H,

2-

2-H). CioHi3IN,O5 (304.1)  Caled. C 39.49 H 4.31 N 9.21
Found C 39.49 H 4.31 N 9.21
Mol. mass 304 (MS)

(+ )-3-Acetyl-4,5,6,7-tetrahydro-4-( 2-iodoethyl )pyrazolo[ 1,5-a -
pyridine (8b): A solution of 250 mg (0.87 mmol) of 12g and 1.5 g
(10 mmol) of Nal in 10 ml of acetone was refluxed for 4 h and
worked up as described for 7a to give 170 mg (61%) of 8b as a
colorless solid, m.p. 83°C. — IR (KBr): ¥ = 2950 cm~', 2850,
1655. — 'H NMR (CDCly): § = 1.81—2.17 (m, 5H, 5-H,, 6-H,,
CH,CH,l), 2.35-2.41 (m, 1H, CH,CH,l), 243 (s, 3H, COCHa),
3.22—-3.37 (m, 2H, CH,I), 3.51—3.53 (m, 1H, 4-H), 3.99—-4.06 (m,
1H, 7-H,,), 425—4.31 (m, 1H, 7-H,), 7.86 (s, 1 H, 2-H).

CiHsIN,O (318.2) Caled. C 41.53 H 4.75 N 8.80
Found C 41.64 H 4.74 N 8.66
Mol. mass 318 (MS)

Methyl (+)-34,5,5a,6,78,9-Octahydro-9-ox0-2,2a-diazabenzo-
[cd jazulene-8-carboxylate (9b): A solution of 376 mg (1 mmol) of
7b in 15 ml of THF was added to 24 mg (1 mmol) of NaH. The
suspension was stirred at room temp. for 30 min, then a satd. aque-
ous NaHCO; solution and ether were added. The organic layer was
dried (MgSO,), evaporated, and the residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 4:6) to afford 95
mg (38%) of 9b as a 1:1 mixture of diastereomers followed by 88
mg (35%) of 15 both as colorless solids, m.p. 150°C for 9b; m.p.
162°C for 15. 9b: — IR (KBr): ¥ = 295071, 2860, 1735, 1660. —
'H NMR (CDCly): § = 1.46—1.56 (m, 1H, 5-H,,), 1.63—1.78 (m,
1H, 6-Hy,), 1.99-2.38 (m, 6 H, 7-H,, 6-H,, 5-H,,, 4-H,), 2.90—-2.98
(m, 1H, Sa-H), 3.64—3.74 (m, 1H, 8-H), 3.75 (s. 0.5 x 3H, OCH,),
3.76 (s,0.5 x 3H, OCH,), 3.97—4.06 (m, 1H, 3-H,,), 428 —4.34 (m,
1H, 3-H,), 793 (s, 0.5 x 1H, {-H), 795 (s, 0.5 x 1H, 1-H). — "*C
NMR (CDCl,): 6 = 22.4, 22.6 (C-4), 24.9, 26.1 (C-7), 27.8, 28.0 (C-
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5), 30.3, 32.4 (C-6), 35.5, 37.6 (C-5a), 47.7, 47.8 (C-3), 52.2, 52.3
(OCHj), 56.6, 59.7 (C-8), 120.1, 120.3 (C-2b), 140.5, 141.4 (C-1), 145,
146.1 (C-9a), 170.9, 171.4 (CO,R), 190.5, 191.1 (CO).

Ci3H6N,O; (248.3) Caled. C 62.89 H 6.50 N 11.28
Found C 62.76 H 6.35 N 11.20
Mol. mass 248 (MS)

(+)-3.4,5,5a,6,7,8,9-Octahydro-9-0xo-2,2a-diazabenzof cd Jazu-
lene (10b): A solution of 50 mg (0.16 mmol) of 8b in 5 ml of THF
was added to 4.8 mg (0.2 mmol) of NaH. The suspension was stirred
at room temp. for 3 h, then heated to 50°C for 4 h. After addition
of further 3 mg of NaH, the mixture was stirred at 50°C for one
more hour, then quenched with 5 ml of satd. aqueous NaHCO,
solution and extracted with ether. The organic layer was dried
(MgSO,) and evaporated. The residue was purified by flash chro-
matography (CH,Cl,/CH;0H, 97:3) to give 15 mg (51%) of 10b as
a colorless solid, m.p. 98°C. — IR (KBr): ¥ =2930 cm ™', 2860,
1640. — 'H NMR (CDCly): 8 = 1.53 (dddd, J = 12.8/12.8/11.5/
2.8 Hz, 1H, 5-H,,), 1.62—1.70 (m, 1H, 6-H,,), 1.90—2.20 (m, 6H,
7-H,, 6-H,g, 5-H,q, 4-H), 2.62 (ddd, J = 16.0/10.2/3.5 Hz, 1H, 8-
H.,), 2.73 (ddd, J = 16.0/7.3/3.5 Hz, 1H, 8-H,), 2.90—2.96 (m, 1H,
5a-H), 4.01 (ddd, / = 12.8/12.0/5.0 Hz, 1H, 3-H,,), 4.30 (dd, J =
12.8/4.9 Hz, 1H, 3-H,), 7.93 (s, 1H, 1-H).

CiiHiuN,O (190.3) Caled. C 69.45 H 7.42 N 14.73
Found C 69.44 H 7.49 N 14.79
Mol. mass 190 (MS)

Methyl (+)-3-Oxo0-3-[4,5,6,7-tetrahydro-4-(mesyloxymethyl )-
pyrazolof 1,5a]pyridin-3-ylJpropionate (11¢): To a solution of 600
mg (2.34 mmol) of 11b* in 20 ml of THF were added 0.38 ml (2.73
mmol) of triethylamine and 0.212 ml (2.73 mmol) of methanesul-
fonyl! chloride. After stirring at room temp. for 1 h the mixture was
evaporated and the residue purified by flash chromatography
(CH,C1,/CH;0H, 97:3) to afford 710 mg (91%) of 11¢ as a colorless
solid, m.p. 102°C. — IR (KBr): ¥ = 2980 cm ', 1740, 1650, 1370,
1170. — 'H NMR (CDCly): & = 1.88—1.96 (m, 1H, 6-H,),
2.03—2.26 (m, 3H, 6-H,, 7-H,), 3.06 (s, 3H, CH;S0,), 3.75 (s, 3H,
OCH3), 3.78—3.85 (m, 1H, 4-H), 3.81 (s, 2H, CH,CO,), 4.03—4.10
(m, 1H, 8-H,,), 4.30 (ddd, J = 13.2/4.4/3.7 Hz, 1H, 8-H,,), 4.35 (dd,
J = 95/88 Hz, 1H, CH,080,), 451 (dd, J = 9.5/3 Hz, 1H,
CH,080,), 7.90 (s, 1H, 2-H).

Ci3HigN,O6S (330.4)  Caled. C 47.26 H 549 N 8.48
Found C 47.49 H 5.59 N 8.30
Mol. mass 330 (MS)

(& )-3-Acetyl-4-[(benzyloxy)methyl]-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyridine (11e): A solution of 1.5 g (4.39 mmol) of 11a in 40
ml of dioxane and 40 ml of 1 N NaOH was stirred at room temp.
for 3 h. Then the solution was extracted with ether. The aqueous
layer was acidified to pH = 2 with concd. HCI and subsequently
extracted with ether. Finally, the organic layer (a solution of 11d)
was stirred at room temp. for 40 h to give 1.09 g (88 %) of 11e as
a colorless oil after drying (MgSO,), evaporation, and flash chro-
matography (petroleum ether/ethyl acetate, 1:1). — IR (NaCl): ¥ =
3070 cm ™', 3030, 2950, 2870, 1720, 1660. — 'H NMR (CDCly): § =
1.73—1.82 (m, 1H, 5-H,; or 6-H,), 1.90—1.96 (m, 1H, 5-H,, or
6-H,p), 2.15—2.29 (m, 2H, 5-H,, or 6-H, ), 2.41 (s, 3H, COCH,),
3.59 (dd, J = 10.5/9.6 Hz, 1H, CH,0Bzl), 3.79—3.82 (m, 2H, 4-H,
CH,OBzl), 393—4.03 (m, 1H, 7-H,,), 423—4.28 (m, 1H, 7-H,,),
447 (d, J = 12.0 Hz, 1H, CH,Ph), 465 (d, / = 120 Hz, 1H
CH,Ph), 7.24—7.34 (m, 5H, Ph), 7.84 (s. 1H, 2-H).

Ci7HxN,O, (284.4) Caled. C 71.81 H 7.09 N 9.85

Found C 71.78 H 7.12 N 9.85
Mol. mass 284 (MS)

>
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( + )-3-Acetyl-4,5,6,7-tetrahydro-4- (hydroxymethyl) pyrazolof 1,5-a -
pyridine (11f): A mixture of 1.0 g (3.5 mmol) of 11e and 3.5 g of
Pd/C (10%) in 100 ml of acetic acid was stirred at room temp. for
3 h under a balloon of H,. Then it was filtered (Celite® AFA), and
the filtrate was evaporated. The residue was purified by flash chro-
matography (CH,Cl,/CH;0H, 97:3) to give 510 mg (75%) of 11f
as a colorless oil. — IR (NaCl): ¥ = 3380 cm™!, 2950, 2860,
1660. — *H NMR (CDCly): § = 1.72—1.80 (m, 1H, 5-H,, or
6-H, ), 1.93—1.98 (m, 1H, 5-H,; or 6-H,;), 2.08 —2.23 (m, 2H, 5-
H,» or 6-H, ), 2.40 (s, 3H, COCH3), 3.57 —3.60 (m, 1H, 4-H), 3.66
(dd, 7 = 10.2/7.7 Hz, 1H, CH,OH), 3.85 (dd, J = 10.2/5.6 Hz, 1H,
CH,0H), 3.94—-4.00 (m, 1H, 7-H,,), 421 —-4.27 (m, 1H, 7-H,,), 7.85
(s, 1H, 2-H).

CioHisN,O, (194.2) Caled. C 61.84 H 7.26 N 14.42
Found C 61.52 H 7.34 N 14.66
Mol. mass 194 (MS)

(+)-3-Acetyl-4,5,6,7-tetrahydro-4-{(mesyloxy)methyl ) pyrazolo-
[1,5-a]pyridine (11g): To a solution of 450 mg (2.32 mmol) of 11f
in 25 ml of THF were added 0.50 m! (3.61 mmol) of triethylamine
and 0.268 ml (3.44 mmol) of methanesulfonyl chioride. After stirring
at room temp. for 1 h the mixture was evaporated, and the residue
was purified by flash chromatography (petroleum ether/ethyl ace-
tate, 1:1) to give 530 mg (84%) of 11g as a colorless solid, m.p.
92°C. — IR (KBr): ¥ = 3010 cm ™!, 2960, 2875, 1660, 1350, 1175. —
'H NMR (CDCly): & = 1.81—1.90 (m, 1H, 5-H,, or 6-H,}),
1.98—2.24 (m, 3H, 5-H,, or 6-H,3), 2.40 (s, 3H, COCH,), 3.05 (s,
3H, CH,S0s), 3.72—-3.78 (m, 1H, 4-H), 3.97—4.05 (m, 1H, 7-H,,),
4.23—4.29 (m, 1H, 7-H,), 425 (t, J = 9.4 Hz, 1H, CH,080,), 4.52
(dd, J = 9.4/3.4 Hz, 1H, CH,080,), 7.85 (s, 1H, 2-H).

Ci;H6N,O,S (272.3) Caled. C 48.52 H 592 N 10.29
Found C 48.62 H 591 N 10.19
Mol. mass 272 (MS)

Methyl (+)-3-{4-[2-( Benzyloxy)ethyl]-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyridin-3-yl }-3-0xopropionate (12a): To a solution of 355 mg
(1.6 mmol) of 5 in 30 ml of THF was added dropwise 10 ml of
freshly prepared LDA (0.32 M in THF) at —78°C. The reaction
mixture was warmed up to —20°C and then stirred at this temp.
for 10 min, during which time the color turned to dark red. Then
a solution of 452 mg (1.72 mmol) of 2-(benzyloxy)ethyl iodide in 5
ml THF was added dropwise. After 10 min, 20 ml of a satd. aqueous
solution of NaHCO; was added, and the mixture was extracted
with ether. The organic layer was dried (MgSO,), evaporated, and
the residue purified by flash chromatography (petroleum ether/ethyl
acetate, 1:1) to give 418 mg (74%) of 12a as a colorless oil. — IR
(NaCl): ¥ = 3030 cm™', 2955, 2865, 1740, 1665. — 'H NMR
(CDCl;): 8 = 1.69—1.82 (m, 1H, 5-H, or 6-H,3), 1.93—2.01 (m,
1H, 5-H, or 6-H, ), 2.03—2.17 (m, 4H, Bz2IOCH,CH,, 5-H, ), or
6-H, ), 3.52—3.56 (m, 1H, 4-H), 3.68 (dd, J = 11/6.6 Hz, 2H,
BzIOCHy,), 3.74 (s, 3H, OCHy,), 3.79 (d, J/ = 4.4 Hz, 2H, CH,CO,),
3.96—4.06 (m, 1H, 7-H,,), 422—4.28 (m, 1H, 7-H,y), 4,50 (d, J =
11.7 Hz, 1H, PhCH,), 4.58 (d, J = 11.7 Hz, 1H, PhCH,), 7.26 — 7.30
(m, 1H, Ph), 7.34 (d, / = 4.4 Hz, 4H, Ph), 7.84 (s, 1 H, 2-H).

CyHuN,0, (356.4) Caled. C 67.40 H 6.79 N 7.86
Found C 67.04 H 7.13 N 7.56
Mol. mass 356 (MS)

Methyl ( + )-3-Ox0-3-[4,5,6,7-tetrahydro-4-( 2-hydroxyethyl) pyr-
azolof1,5-a]pyridin-3-yl]propionate (12b): A mixture of 420 mg
(1.17 mmol) of 12a and 1 g of Pd/C (10%) in 20 ml of acetic acid
was allowed to react for 1 h and worked up as described for 11f
to give 225 mg (73%) of 12b as a colorless solid, m.p. 93°C. — IR
(KBr): ¥ = 3345 cm™!, 2950, 2885, 1735, 1670. — 'H NMR
(CDCly): & = 1.71—-2.16 (m, 6H, 5-H,, 6-H,, CH,CH,OH), 2.95
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(s, 1H, OH), 3.72 (m, 3H, 4-H, CH,OH), 3.74 (s, 3H, OCH,), 3.81
(s, 2H, CH,CO,), 3.99—4.06 (m, 1H, 7-H,,), 4.27—4.32 (m, 1H, 7-
H.,), 7.88 (s, 1 H, 2-H).
C3HsN,O, (266.3) Caled. C 58.63 H 6.81 N 10.52
Found C 58.48 H 691 N 10.25

Mol. mass 266 (MS)

Methyl  (+)-3-Oxo-3-{4,56,7-tetrahydro-4-[2-(mesyloxy)ethyl]-
pyrazolo[ 1,5-a]pyridin-3-yl Jpropionate (12¢): To a solution of 225
mg (0.84 mmol) of 12b in 10 ml of THF were added 121 mg (1.2
mmol) of triethylamine and 114 mg (1 mmol) of methanesulfonyl
chloride. After stirring at room temp. for 2 h, the mixture was eva-
porated and the residue purified by flash chromatography (CH,Cly/
CH;0H, 95:5) to give 275 mg (95%) of 12¢ as a colorless oil. —
IR (NaCl): ¥ = 2950 cm ™!, 2860, 1740, 1660, 1350, 1170. — 'H
NMR (CDCly): § = 1.73—2.27 (m, 6H, 5-H,, 6-H,, CH,CH,0),
3.06 (s, 3H, CH,S80;), 3.54—3.58 (m, 1H, 4-H), 3.74 (s, 3H,
CO,CH3), 3.79 (s, 2H, CH,CO,), 4.00—4.09 (m, 1H, 7-H,),
426—433 (m, 1H, 7-H,y), 437—4.46 (m, 2H, OCH,), 7.86 (s, 1 H,

2-H) CisH»N,O4S (344.4) Caled. C 48.83 H 5.85 N 8.13
Found C 48.39 H 571 N 8.13
Mol. mass 344 (MS)

(+)-3-Acetyl-4-[2-(benzyloxy)ethyl]-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyridine (12¢): A solution of 800 mg (2.25 mmol) of 12a in
15 ml of dioxane and 15 ml of 1 N NaOH was stirred at room temp.
for 3 h. Then the solution was extracted with ether. The aqueous
layer was acidified to pH = 2 with concd. HCI and subsequently
extracted with ether. Finally, the organic layer (a solution of 12d)
was stirred at room temp. for 24 h to give 580 mg (86%) of 12e as
a colorless oil after drying (MgSQ,), evaporation, and flash chro-
matography (petroleum ether/ethyl acetate, 1:1). — IR (NaCl: v =
3030 cm !, 2950, 2865, 1660. — '"H NMR (CDCl;): § = 1.69—1.81
and 1.90—2.18 (2 m, 6H, CH,CH,OBzl, 5-H, and 6-H,), 2.42 (s,
3H, COCH;), 3.55-3.56 (m, 1H, 4-H), 3.63—3.72 (m, 2H,
CH,OBzl), 397—-4.04 (m, 1H, 7-H,,), 425—-4.28 (m, 1H, 7-H,,),
451 (d, J = 11.7 Hz, 1H, CH,Ph), 4.59 (d, J = 11.7 Hz, 1H,
CH,Ph), 7.27—7.43 (m, SH, Ph), 7.86 (s, 1H, 2-H).

CisH,N,0, (2984) Caled. C 7246 H 743 N 9.39
Found C 7242 H 743 N 9.37
Mol. mass 298 (MS)

(+)-3-Acetyl-4,5,6,7-tetrahydro-4-( 2-hydroxyethyl) pyrazolo-
[1.5-a]pyridine (12f): A mixture of 470 mg (1.58 mmol) of 12e and
100 mg of Pd/C (10%) in 20 ml of acetic acid was stirred at room
temp. for 2 h under a balloon of H,. Then it was filtered (Celite®
AFA), and the filtrate was evaporated. The residue was purified by
flash chromatography (petroleum ether/ethyl acetate, 2:8) to afford
290 mg (88%) of 12f as a colorless solid, m.p. 72°C. — IR (KBr):
¥ = 3390 ecm~?, 2950, 2870, 1655. — 'H NMR (CDCl,): § =
1.73-2.20 (m, 6H, 5-H,, 6-H, and CH,CH,OH), 245 (s, 3H,
COCHjy), 3.38 (dd, J = 6.1/5.8 Hz, 1H, OCH,), 3.66—3.73 (m, 2H,
4-H OCH,), 401 (ddd, J =13.2/11.8/5.9 Hz, 1H, 7-H,,), 4.31 (ddd,
J = 13.2/5.8, 1.5 Hz, 1H, 7-H.), 7.88 (s, 1H, 2-H).

Ci1Hi6N;O, (208.3) Caled. C 6344 H 7.74 N 13.45
Found C 6345 H 7.94 N 1340
Mol. mass 208 (MS)

(& )-3-Acetyl-4,5,6,7-tetrahydro-4-{ 2-(mesyloxy )ethyl Jpyrazolo-
[1,5-a]pyridine (12g): To a solution of 190 mg (0.91 mmol) of 12f
in 20 ml of THF were added 0.153 ml (1.1 mmol) of triethylamine
and 0.086 ml (1.1 mmol) of methanesulfonyl chloride. After stirring
at room temp. for 1 h, the mixture was evaporated. The residue
was purified by flash chromatography (CH,Cl,/CH,;O0H, 95:5) to
give 230 mg (88%) of 12g as a colorless oil. — IR (NaCl): ¥ =
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3010 cm™*, 2940, 2860, 1655, 1350, 1170. — 'H NMR (CDCly): 8 =
1.86—2.17 (m, 5H, 5-H,, 6-H,, CH,CH,0), 2.22-2.29 (m, 1H,
CH,CH,0), 2.43 (s, 3H, COCHj;), 3.08 (s, 3H, CH;S05), 3.55—3.59
(m, 1H, 4-H), 4.03 (ddd, J = 13.2/11/5.1 Hz, 1H, 7-H,,), 4.29 (ddd,
J = 13.2/51/2.5 Hz, 1H, 7-H,), 4.38—4.49 (m, 2H, CH,0), 7.86
(s, 1H, 2-H).
CipHisN,OS (286.4) Caled. C 50.33 H 6.34 N 9.78
Found C 50.28 H 6.29 N 9.79
Mol. mass 286 (MS)

Methyl (Z)-(+)-(5a,6,78-Tetrahydro-3H,5H-4-0xa-1,8a-diaza-
acenaphthylen-3-ylidene Jacetate (13a): A solution of 45 mg (0.12
mmol) of 7a in 10 m! of THF was added to 5 mg (0.21 mmol) of
NaH. The suspension was stirred at room temp. for 1 h and worked
up as described for 10b to give 21 mg (72%) of 13a as a colorless
solid, m.p. 187°C, — IR (KBr): ¥ = 3080 cm ', 2940, 2870, 1695,
1625. — 'H NMR (CDCLy): § = 1.23 (dddd, J = 13.2/12.3/12/3
Hz, 1H, 6-H,,), 2.04—2.22 (m, 2H, 7-H,), 2.29—2.34 (m, 1H, 6-H,,),
3.18—-3.26 (m, 1H, 5a-H), 3.66 (dd, J = 11.7/11 Hz, 1 H, 5-H,,),
3.70 (s, 3H, OCH,), 3.94 (ddd, J = 13/12.5/5 Hz, 1H, 8-H,), 4.34
(dd, J = 12.5/58 Hz, tH, 8-H,y), 4.61 (dd, J = 11/55 Hz, 1H,
5-H.g), 5.25 (s, 1H, CHCO,), 7.64 (s, 1H, 2-H).

CpHi4N,O;5 (234.3) Caled. C 61.53 H 6.02 N 11.96
Found C 61.87 H 5.90 N 11.74
Mol. mass 234 (MS)

Methyl (E)-(+ )-(5a,6,7,8-Tetrahydro-3H,5H-4-0xa-1,8a-diaza-
acenaphthylen-3-ylidene Jacetate (13b): A solution of 20 mg of 13a
in 2 ml of xylene was stirred at 120°C for 3 h. The solvent was
evaporated and the residue separated by flash chromatography (pe-
troleum ether/ethyl acetate, 3:7) to give 14 mg (74%) of 13b as a
colorless solid (m.p. 124°C) followed by 5 mg (26%) of 13a. — IR
(KBr): ¥ = 2940 cm~!, 2860, 1695, 1615. — 'H NMR (CDCly):
& = 1.25(dddd, J = 13.2/12.3/12/3Hz, 1H, 6-H,,), 2.05—2.21 (m,
2H, 7-H,), 2.28 —2.32 (m, 1 H, 6-H,), 3.15—3.23 (m, 1 H, 5a-H), 3.53
(dd, J = 12.5/10.2 Hz, 1H, 5-H,,), 3.72 (s, 3H, OCH;), 3.94 (ddd,
J = 12.5/12.5/5.1 Hz, 1 H, 8-H,,), 433 —4.38 (m, 2H, 5-H., 8-H.,),
5.37 (s, 1H, CHCO,), 8.64 (s, 1H, 2-H).

C,HiyN,O; (234.3) Caled. C 61.53 H 6.02 N 11.96
Found C 61.32 H 6.01 N 12.01
Mol. mass 234 (MS)

Methyl 3-Oxo-3-(4,5,6,7-tetrahydro-4-methylenepyrazolof 1,5-a -
pyridin-3-yl ) propionate (14): A solution of 20 mg (0.06 mmol) of 7a
and 0.2 ml (1.4 mmol) of triethylamine in 5 ml of THF was stirred
at room temp. for 18 h. After addition of 3 ml of satd. aqueous
NaHCO:; solution and ether the organic layer was dried (MgSOy),
evaporated and the residue purified by flash chromatography (pe-
troleum ether/ethyl acetate, 1:1) to give 10 mg (77%) of 14 as a
colorless oil. — IR (NaCl): ¥ = 3120 cm™', 2950, 2840, 1735,
1670. -~ 'H NMR (CDCly): & = 2.08—2.14 (m, 2H, 6-H)),
2.60—2.63 (m, 2H, 5-H,), 3.75 (s, 3H, OCH3), 3.87 (s, 2H, CH,CO,),
426(t,J = 6.2Hz,2H, 7-H,), 5.50(d, J = 1.2 Hz, 1H, CH, olefinic),
6.93 (d, / = 0.9 Hz, 1H, CH, olefinic), 7.92 (s, 1H, 2-H).

C;pHisN,O; (234.3) Caled. C 61.53 H 6.02 N 11.96
Found C 6149 H 6.27 N 11.85
Mol. mass 234 (MS)

Methyl ( + )-(4,5,5a,6,7,9-Hexahydro-3H-8-0xa-2,2a-diazabenzo-
[cd Jazulene-9-ylidene jacetate (15): For preparation see 9b. — IR
(KBr): v = 3120 cm~', 2950, 2860, 1700, 1595. — 'H NMR
(CDCL): 8 = 1.55 (br. q, J = 10.5 Hz, 1H, 5-H,), 1.72 (dddd,
J =14.7/8.8/3.7/2.9 Hz, 1H, 6-H,), 1.94—2.03 (m, 1H, 4-H,),
210—2.19 (m, 2H, 5-H, 4-H,), 2.53—2.62 (m, tH, 6-H.),
3.13-3.21 (m, 1 H, 5a-H), 3.69 (s, 3H, OCH,), 4.05 (ddd, J = 12.5/
11/4.4 Hz, 1 H, 3-H,,), 4.21—4.35 (m, 3H, 7-H,, 3-H,), 5.30 (s, 1 H,
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CHCO,), 7.64 (s, 1H, 1-H). — 3C NMR (CDCLy): § = 22.5 (C-4),
28.0 (C-5), 31.9 (C-5a), 34.8 (C-3), 47.8 (C-9), 50.7 (CH3), 69.4 (C-7),
93.3 (CHCO,), 113.0 (C-9a), 137.9 (C-1), 1410 (C-2b),163.0 (C-9),
166.0 (CO,).

Ci:HygN,O; (248.3)  Caled. C 62.89 H 6.50 N 11.28
Found C 62.82 H 6.58 N 11.02

Mol. mass 248 (MS)

3-Acetyl-4,5,6,7-tetrahydro-4-methylenepyrazolof 1,5-a]pyridine
(16): To a solution of 30 mg (0.1 mmol) of 8a in 5 m! of THF was
added dropwise 0.3 ml of freshly prepared LDA (0.32 m in THF)
at —78°C. The reaction mixture was warmed up to —20°C and
then stirred at this temp. for 10 min. Then 20 ml of a satd. aqueous
solution of NaHCO; was added, and the mixture was extracted
with ether. The organic layer was dried (MgSO,), evaporated, and
the residue was purified by flash chromatography (petroleum ether/
ethyl acetate, 1:1) to give 9 mg (51%) of 16 as a colorless solid,
m.p. 62°C. — IR (KBr): ¥ = 3100 cm !, 2955, 1660. — 'H NMR
(CDCly): & = 207—2.13 (m, 2H, 6-H,), 2.51 (s, 3H, COCH,),
2.59—-2.62 (m, 2H, 5-H,), 426 (t, J/ = 6.2 Hz, 2H, 7-H,), 5.46 (dd,
J = 2.8/1.3 Hz, 1H, CH, olefinic), 6.93 (d, / = 1.3 Hz, 1H, CH,
olefinic), 7.93 (s, 1H, 2-H).
CioHN,O (176.2)  Caled. C 68.16 H 6.86 N 15.90
Found C 68.38 H 6.83 N 1599
Mol. mass 176 (MS)

Dimethyl  4,56,7-Tetrahydro-3-[(methoxycarbonyl)acetyl[pyraz-
olo[1,5-a]pyridine-4 4-dicarboxylate (17): To a solution of 2.4 mi
(17.1 mmol) of diisopropylamine in 40 ml of THF was added 9.4
ml (15 mmol) of nBuLi (1.6 M in hexane) at —78°C. The mixture
was allowed to warm up to 0°C. After 30 min, it was added to a
solution of 1110 mg (5 mmol) of 5 in 70 ml of THF at —78°C.
After 0.5 h, the temp. was raised to —20°C, and stirring was con-
tinued for further 45 min. Subsequently, 0.847 ml (12.5 mmol) of
methyl chloroformate was added dropwise. Finally, stirring for 10
min, addition of 20 mi of satd. aqueous NaHCOj solution, extrac-
tion with ether, drying (MgSQy,), evaporation, and purification by
flash chromatography (petroleum ether/ethyl acetate, 65:35) gave
830 mg (49%) of 17 as a colorless solid (m.p. 115°C) besides 300
mg of recovered 5. — IR (KBr): v = 2950 cm~', 1735, 1675. — 'H
NMR (CDCly): 8 = 2.04—2.10 (m, 2H, 6-H,), 2.49—2.52 (m, 2H,
5-H,), 3.72 (s, 3H, CO,CHy), 3.74 (s, 6 H, 2 x CO,CH3), 3.77 (s, 2H,
CH,CO,),4.24 (t, J = 5.8 Hz, 2H, 7-H,), 7.94 (s, 1H, 2-H).

C;sHisN,O, (338.3) Caled. C 53.25 H 536 N 8.28
Found C 53.37 H 5.39 N 8.30
Mol. mass 338 (MS)

Dimethyl (+)-(4,5.5a.6,7,8-Hexahydro-3,5-dioxo-3H-pyrazo-
lof4,5,1-ij Jquinoline-4,5a-dicarboxylate (18) and Methyl 78-Dihy-
dro-3,5-dihydroxy-6 H-pyrazolo[4,5,1-ij [quinoline-4-carboxylate
(19): To a solution of 147 mg (0.44 mmol) of 17 in 10 ml of methanol
was added 0.88 ml (0.44 mmol) of sodium methoxide (0.5 M solution
in methanol). The reaction mixture was stirred at room temp. for
18 h. After addition of 5 ml of satd. aqueous NaHCO; solution the
solution was extracted with ether, the organic layer dried (MgSO,)
and evaporated. Purification of the residue by flash chromatogra-
phy gave 26 mg (24%) of 19 as a colorless solid (m.p. 119°C) fol-
lowed by 37 mg (28%) of 18.

18: IR (NaCl): v = 2950 cm ™', 2860, 1740, 1735, 1715, 1695. —
'"H NMR (CDCly): § = 2.01—2.25(m, 4H, 6-H,, 7-H,), 3.74 (s, 3H,
OCH,), 3.78 (s, 3H, OCH;), 4.07—4.14 (m, 1H, 8-H,,), 426—4.31
(m, 1H, 8-H,,), 4.27 (s, 1H, 4-H), 7.90 (s. 1 H, 2-H).

CH4sN,Op (306.3) Caled. C 5490 H 4.61 N 9.15
Found C 5506 H 459 N 9.17
Mol. mass 306 (MS)
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peri-Fused Tetrahydropyrazolo[1,5-a]pyridines

19: IR (KBr): ¥ = 3390 cm~', 2950, 2850, 1650. — 'H NMR
(CDCly): § = 2.23 (quint, J = 6 Hz, 2H, 7-H,), 2.83 (t, J = 6 Hz,
2H, 6-H,), 4.09 (s, 3H, CO,CHy), 4.27 (t, J = 5.6 Hz, 2H, 8-Hy,),
7.98 (s, 1H, 2-H).

CixHaN,O, (248.2) Caled. C 58.06 H 4.87 N 11.28

Found C 57.93 H 4.85 N 11.14
Mol. mass 248 (MS)

CAS Registry Numbers

5: 132255-60-8 / 7a: 134706-47-1 / 7h: 134706-48-2 / 8a: 134706-
49-3 / 8b: 134706-50-6 / cis-9b: 134706-51-7 / trans-9b: 134706-
528 / 10b: 134706-53-9'/ 11a: 132255-62-0 / 11b: 132255-63-1 /
11 134706-54-0 / 11d: 134706-55-1 / 11e: 134706-56-2 / 11f:
134706-57-3 / 11g: 134706-58-4 / 12a: 134706-59-5 / 12b: 134706-
60-8 / 12¢: 134706-61-9 / 12d: 134706-62-0 / 12¢: 134706-63-1 / 12f:
134706-64-2 / 12g: 134706-65-3 / 13a: 134706-66-4 / 13b: 134706-
67-5 / 14: 134706-68-6 / 15: 134706-69-7 / 16: 134706-70-0 / 17:
134706-71-1 / 18: 134706-72-2 / 19: 134706-73-3
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