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THE SYNTHESIS OF SPIROCYCLIC [1,2,4]TRIAZOLO[4,3-a8]QUINOLINES
AS POTENTIAL LIGANDS FOR THE BENZODIAZEPINE RECEPTOR

Lawrence A, Reiter* and Gary E. Berg
Central Research Division, Plizer Inc, Groton, CT 06340, U. S. A,

Abstract —Two spirocyclic {1,2,4]triazolo[4,3-3]quinolines {1a and b) have been
prepared as potential ligands for the benzodiazepine receptor, Both compounds were
prepared using the strategy of doubly deprotonating an acetanilide derivative followed by
reaction with a-tetralone. The resulting alcohols were converted to the comesponding
spirocyclic 3,4-dihydroquinolin-2-one or -2-thione by treatment with neal HF. Triazole
formation was effected by standard procedures. An alternate strategy starting with an
intact triazole was unsuccessful but this route ied 10 the first example of a lateral
metallation of a 4-substituted 1,2,4-triazole.

During the course of studies on rigid ligands for various CNS receptors we became interested in preparing chiral,
configurationally stable ligands for the benzodiazepine receptor. The study of such compounds, when enantiomerically
pure, would provide further structural insight into the benzodiazepine receptor! and could also yield information regarding
the multiplicity of this receptor.2 To this end, we chose to synthesize the spirocyclic triazoles (1a} and (b} (eq. 1). The
observation that various 4-alkoxy-{1,2,4]iriazolo[4,3-a]quinoxalines have micromolar binding affinities for the benzo-
diazepine receptor3 and the potent receptor binding displayed by structurally related triazolobenzodiazepines such as
alprazolam? suggested that the target spirocyclic triazoles would have the potency required to allow the relevant biological
studies to be conducted. The chioro derivative (1b) was sought in addition to 1a since subsfitution with an electron
withdrawing group at the corresponding position in benzodiazepines significantly increases biological activity.5
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The planned synthetic route to the target spirocycles involved first forming the dianion of either acetanilide or
thioacetanilide or the monocanion of 3,5-dimethyl-4-phenyl-1,2,4-triazole {or the corresponding 4-chloro derivatives),
followed by reaction with a-tetralone {Scheme 1). The generation of the dianion of secondary amides by treatment with n-
butyliithium and reaction of such a dianion with electrophiles has been described® as has the generation of the dianion of a
thioamide.” The lateral metallation of a 3- or 5-methyl-4-substituted 1,2,4-triazole has not been described; however, the
lateral metallation of 5-methyl-1-phenyl-1,2,4-riazole® and of various 2-methylimidazoles® suggested that the proposed
triazole chemistry was feasible.
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The second step of the planned sequence involved spirocyclization by treating the intermediate alcohol with an
appropriate acid catalyst. This would lead to a tertiary, benzylic carbonium ion which could react with the adjacent phenyl
group. The formation of 4,4-disubstituted 3,4-dihydroquinclin-2-ones using such carbonium lon chemistry, beginning
with an alcohol63.10 or an olefin, ! respectively, (eq. ) provided precedent for this step. If spirocyclization was induced in
a 4-phenyliriazole derivative then the reaction sequence would be complete. If spirocyclization was induced at either the
amide or thiopamide stage, then the final steps of the reaction sequence would be formation of the triazole ring by standard
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We began our study by examining the chemistry of 4 (which was prepared by reacting 3a with acetic hydrazide)12
{Scheme 2). As expected, treatment of 4 with 1 equivalent of p-butyllithium gave the monoanion which reacted with
mathy! iodide and acetone (eq. 3), as well as with o-tetralone (Scheme 2). The product of the lafter reaction, 5, is
potentially a direct pracursor to 1a; however, attempts to convert this alcohol into the desired spirocycle were fniitless.
Treatment with most acid catalysts (neat TFA, AlCk in chloroform, formic acid, p-toluenesulfonic acid in toluene) led to
dehydration and a mixture of the two expected olefins. Concentrated sulfuric acid at 70°C led to decomposilion, while
PPA at 120°C and neat HF both led to dehydration and disproportionation (i.e. the letrahydronaphthyl and naphthyl
compounds were obtainad). Clearly the desired cation was forming under many of these reaction conditions but it failed to
capture the adjaceént phenyl ring. We presumed that protonation of, or coordination to the basic triazole ring by the ackd
catalyst decreased the nucleophilicity of the pendent phenyt group to such an extent that reaction with the nearby
carbonium ion did not occur. This situation would not arise with the corresponding amide or thicamide.
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The dianion of thioamide (3a) (formed with 2 equivalents of n-bulyliithium) reacted with a-tetralone to give the desired
product {6a). This compound dehydrated upon treatment with most acid catalysts (neat TFA, conc. H2504 in TFA, conc.
HoS04 or PPA). Neat HF, however, induced the desired spirocyclization giving the 3,4-dihydroquinoline-2-thiong {7a) in
51% yield. That spirocyclization had occurred was particularly evident in the 13C-nmr spectrum of (78) in which the loss of
symmetry in the anilide phenyl ring leads to two additional resonances as compared to 6a. Treatment of the thiolactam
(7a) with acetic hydrazide in refluxing n-butanol gave 1a.

We anticipated that the chioro derivative (1b) could be prepared by a parallel sequence of reactions starling with 4-
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chlorothicacetanilide (3b). Deprotonation of 3b with 2 equivalents of p-butyllithium and reaction with a-tetralone gave the
expected alcohol (6b). Reaction of this with neat HF, however, failed to give any of the desired spirocycle. After 40 hin
neat HF, 6b dehydrated to the endocyclic olefin (10) and, as was observed in the treatment of 5 with neat HF,
disproportionation of the initially formed olefin occurred yielding the naphthyl and tetrahydronaphthyl derivatives (11 and
12) (eq. 4). Apparently, the small reduction in the nucleophilicity of the anilide phenyl ring of 6& induced by the chloro
substituent is sufficient to completely suppfess

reaction with the nearby carbocation. This 0 Ph o Ph

. . . . HNJ\FPh C. HZSO‘ HN
contrasts with literature results in which a 4- HOAc Ph
chloroanilide was shown to be sufficiently a ‘ - (5)
nucleaphilic 1o undergo reaction with an adjacent - (Ref. 13)
carbonium ion leading to formation of a 3,3- Cl Cl

diphenyloxindole {eq. 5).13

The failure of 6b to cyclize led us to conclude that the chloro substituent would have to be introduced after
spirocyclization (and before the introduction of the thioamide - owing to the likely incompatibility of the thioamide to
chiorination conditions}. Thus, in the same manner as we had synthesized the tetralone adducts (6a and b) from the
corresponding thioacetanilides, acetanilide (2a) was deprotonated with 2 equivalents ot p-butyliithium and reacted with -
tetralone. The resulting alcohol (B) was treated with neat HF as before 10 give the spirocyclic 3,4-dihydroquinolin-2-one
(9a) In 36% yield. Chlorination of 9a with sulfuryl chloride’4 produced exclusively the para chloro derivative {9b). This
lactam was subsequently converted fo the thiofactam (7b) with Lawesson’s reagent’® and 7b converted to the triazole
{1b) with acetic hydrazide in refluxing g-butanol.}2

Biological evaluation of 1a and 1b ravealed that both spirocyclic triazoloquinclines were only weak ligands for the
benzodiazepine receptor (ICs0's 3.8 pM and 27 pM, respectively, as compared to 8.1 nM for alprazolam),’® and that
neither compound possessed in ¥ivo activity (pentylenetetrazole challenge in mice).17 Due to this weak jn vitro activity
and the lack of in ¥ivp activity, we concluded that resolution of these spirocycles into their pure enantiomers was hot
warranted.

While these novel spirocyclic triazokquinclines did not serve the purpose for which they were prepared, their synthesis
led to the demonstration that 3- or 5-methyi-4-substituted 1,2,4-triazoles can be laterally metaflated and that the metallated
derivatives react efliciontly with electrophiles. In addition, the sequence of reactions: dimetaliation of an acetanilide
derivative, followed by reaction with an aldehyde or ketone and Friedel-Crafts cyclization, which constitutes a general
stralegy towards the synthesis of 4-substituted 3,4-dihydroquinolin-2-ones, has been additionally exemplified through
the preparation of the chiral spirocycles (7a) and (9a). The range of substituents that may be presem on the acetanilide
unit in order for this synthetic strategy to be successtul has been further defined by the successful cyclization of 6a and 8
and by the failure of &b to cyclize.
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EXPERIMENTAL

General Procedures: Nmr spectra were obtained on a Bruker AM-300 spectrometer. Low resolution mass spectra
were obtained on a Finnigan EI-C| mass spectrometer and exact masses were determined on a A.E.Il. MS30 spectrometer.
Melting points are uncorrected and were determined in open capillaries. Elemental analyses were performed by the
Analytical Department in the Central Research Division of Pfizer Inc. Solvents and reagents were used as obtained from
commercial sources unless ctherwise noted.

3,5-Dimethyl-4-phenyl-1,2,4-trlazole {4): Thicacetanilide (3a) (15.12 g, 0.10 mol) and acetic hydrazide (14.82 g,
0.20 mol) were refluxed together in p-butanol (100 ml} for 16 h. The cooled mixture was concentrated jn vacuo and the
residual solid recrystallized from ethyl acetate (300 mi) to give 9.80 g (57%) of tine colorless needles. A second crop was
obtained by concentrating the filtrate, dissolving the residue in water and extracting with chioroform (3X). The combined
chioroform extracts were washed with water and saturated sodium chloride seolution, dried over MgSQ4, filtered and
concentrated to a white solid. Recrystallization of this from ethyl acetate gave 1.99 g (11%) of fine colorless needies: mp:
236-238°C (lit.,18 237°CY YH-nmr (CDCl3) & 2.30 (s, 6H}, 7.2-7.4 (m, 2H), 7.5-7.6 (m, 3H); 13C-nmr (CDCla) &: 11.2, 126.8,
129.7, 130.1, 134.3, 151.4; mass spectrum mz (relative intensity): M* 173 (100}, 132 (56), 131 (72), 118 (60), 105 (33),
91 (87}, 77 (75). Anal. Caled for C1gHq1Na: C, 69.34; H, 6.40; N, 24.26. Found: C, 69.27; H, 6.38; N, 24.28.

(R,S5)-3-({1-Hydroxy-1,2,3,4-tetrahydro-1-naphthylmethyl)-5-methyl-4-phenyl-1,2,4-trlazole (5):
Triazole (4) (866 mg, 5.00 mmol) in dry THF (50 mi) at 5°C was treated with p-butyllithium (2.6 ml, 2.3 M in hexane, 6.0
mmol) keeping the temperature <10°G. The orange slurry was stired at 5°C for 20 min. a-Tetralone (745 mg, 5.1 mmol) in
THF (10 mil) was then added dropwise keeping the temperature <10°C. After 20 min the orange solution was quenched
with saturated NH4Cl solution, EYQAc was added and the organic layer was Separated. After drying over MgSQy, filtration
and concentration of the organic layer an oil was oblained that was flash chromatographed (5:95 - MeOH:EtQAc).
Fraclions containing the product were concentrated and the residual solid was crystallized from hexane/EtOAG to give 822
mg (51%) of off-white crystals: mp 122-124°C; TH-nmr {CDCl3) & 1.35-1.5 (m, 1H), 1.75-1.9 (m, 1H}, 1.9-2.0 {m, 2H), 2.25
(s, 3H}, 2.55-2.65 (m, 1H), 2.7-2.8 (m, 1H), 2.87 (d, J=15.4 Hz, 1H}, 3.04 (d, J=15.4 Hz, 1H), 5.10 (s, 1H), 6.8-6.95 (m,
2H), 6.95-7.05 (m, 1H), 7.1-7.15 (m, 2H), 7.35-7.4 (m, 1H), 7.4-7.5 (m, 3H); 13C-nmr (CDCI3) & 11.1, 20.1, 29.1, 36.0,
371, 71.9, 126.1, 126.3, 127.0, 127.1, 1285, 129.8, 129.9, 133.4, 136.3, 141.1, 151.1, 152.5; mass spectrum m/z
(refative intensity): M+ + 1 320 (4), M* 319 (3), 276 (21), 173 (100). Anal. Caled for CzoHp1N3O: €, 75.20; H, 6.63; N,
13.16. Found: C, 74.81; H, 6.56; N, 13.08.

3-Ethyl-5-methyl-4-phenyl-1,2,4-trlazole: By the same procedure used to prepare 5, triazole (4) (173 mg, 1.0
mmol), fi-butyllithium (0.52 ml, 2.3 M in hexane, 1.2 mmol), and Mel (284 mg, 2.0 mmel) yielded after recrystallization from
EtOAc/hexane 62 myg (33%) of white crystals: mp 145-147°C; 1H-nmr (CDCl3) & 1.23 (1, J=7.7 Hz, 3H), 2.28 (5, 3H), 2.60
(q, J=7.7 Hz, 2H), 7.1-7.4 (m, 2H), 7.4-7.7 (m, 3H); mass spectrum mvz (relative intensity): 188 (35), M+ 187 (69), 186
(100), 131 (51), 118 (47), 110 (56), 91 (63), 77 {57). Anal. Calcd for C11HyaNa: C, 70.56; H, 7.00; N, 22.44. Found: C,
70.50; H, 7.04; N, 22.27.
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3-(2-Hydroxy-2-methyl-1-propyl)-5-methyl-4-phenyl-1,2,4-trlazola: By the same procedure used to prepare
§, triazole (4} (173 mg, 1.0 mmol}, p-butyllithium (0.52 mi, 2.3 M in hexane 1.2 mmol) and acetone {116 mg, 2.0 mmol)
yielded after recrystallization from hexane/ EtOAc 60 mg (26%) of thick colorless needles: mp 125-126°C; TH-nmr {CDCl3)
8: 1.27 (s, 6H), 2.28 (s, 3H), 2.67 (s, 2H), 7.05-7.3 {(m, 2H), 7.4-7.7 {m, 3H); mass spectrum m/z (relative intensity}: M+ +1
232 (1), 216 (13}, 173 {93), 172 (100}, 77 (44). Anal Cald for Ci3Hy7N30: C, 67.50; H, 7.41; N, 18.17. Found: C,
67.29; H, 7.22; N, 18.05.

(R,S,)-2-(1-Hydroxy-1,2,3,4-tetrahydro-1-naphthyl)-N-phenylthloacetamide (6a): Thicacetanilide (3a)
{7.56 g, 50.0 mmol) in dry THF (200 ml) at -40°C was treated with p-butyllithium (47.8 ml, 2.3 M in hexane, 110 mmol)
keeping the temperature around -40°C. After complete addition the mixture was allowed to stir at 0°C for 1 h. The mixture
was recooled to -40°C and a -tetralone (7.31 g, 50.0 mmol} added keeping the temperature around -40°C. The reaction
mixture was stirred at 0°C for 2 h and was then poured into saturated NH4C| solution and diluted with Etz0. The organic
layer was separated, washed with saturated NH4Cl| solution and dried over MgSOy4. Filtration and concentration gave a
brown oil which was taken up in a hot mixture of hexane (100 mi) and EtOAG (30 ml). The crystals that formed upon cooling
were collected and air-dried yiekling 8.76 g (59%) of fine yellow needles: mp 126-128°C; TH-nmr (CDClIg) &: 1.85-2.1 (m,
3H), 2.3-2.4 {m, 1H), 2.8-2.9 {m, 3H), 3.31 (d, J=14.9 Hz, 1H), 3.42 (d, J=14.9 Hz, 1H), 7.1;7.15 (m, 1H), 7.2-7.3 (m, 3H),
7.35-7.45 (m, 2H), 7.55-7.6 {m, 1H), 7.75-7.8 (m, 2H), 10.28 (br s, 1H); 13C-nmr (CDCl3) &: 20.3, 29.3, 35.4, 59.2, 73.8,
1233, 125.9, 126.58, 126.60, 127.9, 128.9, 129.2, 136.4, 139.0, 141.4, 200.0; mass spectrum mvz (relative intensity):
M+ 297 (20), 279 (36), 264 (31), 246 (16), 151 (98), 150 (93), 147 (85), 146 (95}, 118 (100}, 110 (77), 93 (86), 91 (95), 30
(74), 77 (81). Anal. Calcd for C1gH1gNOS: C, 72.69; H, 6.44; N, 4.71. Found: C, 73.09; H, 6.44; N, 4.78.

{R,S,)-3,4-Dihydrospiro[naphthalene-1{2H),4'(1'H)-quinoline]-2'(3'H)-thlone (7a): Thicamide {6a) (2.97
g, 10.0 mmol) in a vented polyethylene bottle was treated with neat HF (25 ml) and allowed to stand ovemnight at room
temperature. The remaining HF was removed with a stream of N3, the residue dissolved in EtOAc and washed with HpO
{2X) and saturated NaHCOg solution. The organic layer was dried over MgSQy, filtered and concentrated to give a yellow
solid. This was taken up in hot hexane (100 ml) and E¥QOA¢ was added 1o effect solution. Cooling yieldad 995 mg (36%;) of
product as yelldw crystals. The filirate from the recrystallization contained predominantly olefin. Concentration of the
filtrate gave a yellow solid which was treated with neat HF for 48 h. After workup as above 411 mg (15%) of product as light
yellow crystals was obtained: mp 225-226°C; TH-nmr (CDCly) & 1.6-2.05 (m, 4H), 2.85 {brt, J=6.0 Hz, 2H), 3.35 (d, J=16.7
Hz, 1H}, 3.39 (d, J=16.7 Hz, 1H), 6.66 (d, J=7.7 Hz, 1H), 6.87 (dd, J=1.1, 7.7 Hz, 1H), 6.97 {dt, J=1.1, 7.7 Hz, 1H), 7.05-
7.25 (m, 5H), 9.63 (br s, 1H); 13C-nmr (Me250-dg) 5: 18.0, 29.6, 34.3, 40.7, 53.1, 116.3, 123.8, 126.0, 126.3, 127.2,
127.8, 128.2, 129.0, 134.1, 135.9, 137.9, 138.9, 197.2; mass spectrum m/z (relative intensity): M* 279 {100}, 250 (27),
246 (55), 236 (21), 218 (25), 217 (23), 91 (23). Anal. Caled for C1gH17NS: C, 77.37; H, 6.13; N, 5.01. Found: C, 76.71;
H, 6.17; N, 4.96. Exact mass calcd.: 279.1081. Found: 279.1036.

(R,$,)-3,4-Dihydro-1'-methylspiro[naphthalene-1{2H),5'(4'H)-[1,2,4]triazolo[4,3-a]quinoline] (1a):
Thioamide (7a) (330 mg, 1.18 mmol) and acethydrazide (175 mg, 2.36 mmol) were refluxed together in p-butanol (20 mi)
for 4 days. The cooled mixture was concentrated and the residue was taken up in EtOAc. This solution was washed with
Hz0 (3X) and saturated NaCl solution and dried over MgSQ4. Filtration and concentration gave a gummy yellow solid
which was recrystallized from EtOAc/hexane to give 185 mg (52%) of yellow prisms: mp 165-166°C; TH-nmr ({CDCl3) 5: 1.5-
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1.8 {m, 4H), 2.81 (s, 3H}, 2.86 {1, J=6.1 Hz, 2H), 3.41 (d, J=15.7 Hz, 1H), 3.43 (d, J=15.7 Hz, 1H), 6.75 (dd, J=1.5, 7.8 Hz,
1H), 7.1-7.3 (m, 5H), 7.34 (dt, J=1.5, 8.0 Hz, 1H), 7.51 (dd, J=1.0, 8.0 Hz, 1H); 13C-nmr (CDCly) & 14.2, 18.7, 30.3, 35.1,
35.7, 43.4, 117.3, 126.4, 126.5, 127.0, 127.6, 128.7, 129.6, 130.5, 132.6, 138.4, 138.7, 139.3, 148.1, 150.8; mass
spectrum mvz {relative intensity): M+ 301 (57), 300 (100). Anal. Caled for CapHqgNa: C, 79.70; H, 6.35; N, 13.94. Found:
C,78.22; H, 6.49; N, 13.68. Exact mass calcd.: 301.1579. Found: 301.1515.

(R,S,)-N-{4-Chlorophenyl}-2-(1-hydroxy-1,2,3,4-tetrahydro-1-naphthyl)thloacetamide (6b): By the
same procedure used to prepara 6a, 3b19 (10.0 g, 0.054 mol}, n-butyllithium (81 mi, 1.6 M in hexane, 0.13 mol), and a-
tetralone (7.9 g, 0.054 mol) yielded 11.8 g (86%) of 6b as a light brown solid: mp 143-145°C; H-nmr (CDCl3) 8: 1.85-21
(m, 3H), 2.3-2.4 {m, 1H), 2.69 (br s, 1H), 2.8-2.9 (m, 2H), 3.32 (d, J=14.9 Hz, 1H), 3.41 (d, J=14.9 Hz, 1H), 7.1-7.5 {m, 1H),
7.2-7.3(m, 3H), 7.36 (d, J=8.8 Hz, 2H), 7.5-7.6 (m, 1H), 7.72 (d, J=8.8 Hz, 2H), 10.35 (br s, 1H); 13C-nmr (CDCl3) &: 20.3,
29.2, 35.4, 59.2, 73.9, 124.4, 125.8, 126.6, 128.0, 128.9, 129.3, 131.5, 136.4, 137.5, 141.2, 200.2; mass spectrum
nv/z (relative intensity): M+ 331/333 (9/3), 313/315 (17/7), 298/300 {12/4), 280/282 (8/3), 185/187 (65/26), 146 (100),
118 (71). Anal. Caled for C1gH1gNOCIS: C, 65.14; H, 5.46; N, 4.22; Cl, 10.68. Found: C, 65.18; H, 5.50; N, 4.16; C|,
10.66.

Attempted spirocyclization of 6b by treatment with neat HF: The thioamide (6b) (1.5 g, 4.5 mmol) was treated
with neat HF {50 ml) in the same manner as in the conversion of 8 to 9a with the excaption that the reaction mixture was
allowed to stand at room temperature for 40 h before being worked up. The mixture of products obtained upon workup
was separated by flash chromatography (1:1-cyclohexane: CHCla) giving 700 mg (50%) of a 1:2 mixture (by 1H-nmr) of N
{4-chlorophenyl}-2-(3,4-dihydro- 1-naphthyl)thicacetamide {10} (MW 313.84) and N-(4-chlorophenyl)-2-{1-
naphthyljthioacetamide {11) (MW 311.82); TH-nmr (CDCl3) 5: 2.4-2.5 (m, 2H, 10), 2.85 (1, J=8.1 Hz, 2H, 10), 4.08 (s, 2H,
10), 471 (s, 2H, 11), 6.18 {t, J=4.5 Hz, 1H, 10), 7.15-7.35, 7.45-7.65, 7.85-7.95 (3m, 8H, 10, 10H, 11), 8.05 (m, 1H,
11),8.29 (brs, 1H, 11); 8.87 (br s, 1H, 10); mass spectrum m/z (relative intensity): 315 (6), 314 (7), 313 (26), 312 (14),
311 (32); and 300 mg (21%) of N-{4-chlorophenyl)-2-(1,2,3,4-tetrahydro-1-naphthyl)thioacetamide {12) (MW 315.85): mp
126-128°C (ether-hexane); H-nme (CDClg) &: 1.75-1.9 {m, 3H), 1.9-2.1 {m, 1H), 2.79 (t, J=6.1 Hz, 2H), 3.02 (dd, J=7.6,
13.2 Hz, 1H) 3.15 (dd, J=6.4, 13.2 Hz, 1H) 3.55-3.7 (m, 1H), 7.05-7.2 (m, 3H), 7.2-7.3 (m, 1H), 7.33 (d, J=8.8 Hz, 2H),
7.49 (d, J=8.8 Hz, 2H), 8.34 (br s, 1H); 13C-nmr (CDCla} &: 19.7, 27.9, 29.5, 36.3, 56.4, 125.0, 1259, 126.5, 128.6,
129.0, 129.6, 132.1, 136.9, 137.3, 138.6, 203.7; mass spectrum m/z (relative intensity): M+ 315/317 (14/5), 282/284
(100/42), 185/187 (75/31).

{R,S,)-2-(1-Hydroxy-1,2,3,4-tetrahydro-1-naphthyl)-N-phenylacetamide (8): By the same procedure used
1o prepare 6a, acetanilide (2a) {7.3 g, 0.054 mol), p-butyliithium (81 ml, 1.6 M in hexane, 0.13 mol) and a-tetralone (7.9 g,
0.054 mol} yielded 9.8 g (65%) of a white ¢rystalline solid; mp 101-103°C; TH-nmr (CDClg) & 1.8-2.05 (m, 3H), 2,15-2.25
{m, 1H), 2.65 {d, J=14.8 Hz, 1H), 2.80 (m, 2H), 3.00 (d, J=14.8 Hz, 1H), 3.48 (5, 1H), 7.1-7.15 (m, 2H), 7.15-7.35 {m, 2H},
7.35-7.4 {m, 2H), 7.5-7.55 [m, 2H), 7.55-7.6 (m, 1H), 8.17 (s, 1H); 13C-nmr (CDCl3) &: 20.2, 29.4, 36.3, 49.4, 72.1, 120.0,
124.4, 126.1, 126.6, 127.7, 129.0, 129.1, 136.4, 137.9, 141.2, 169.5; mass spectrum m/z: M* 281 (34), 263 (85), 147
(80}, 144 (96), 135 (99), 129 (71}, 93 (100). Ana). Calcd for CgHygNO2: C, 76.83; H, 6.80; N, 4.97. Found: C, 76.86; H,
6.85; N, 4.97.
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(R,S,)-3,4-Dihydrospiro[naphthalene-1(2H),4'(1'H)quinoline]-2*'(3'H)-one (9a). Amide (8) (1.5 g, 5.3
mmol} in a verited polyethylene bottle was treated with neat HF (50 ml) and allowed to stand at room temperature for 18 h.
The remaining HF was removed in a stream of N2, the residue was dissolved in ether and carefully washed with saturated
NaHCOq solution. The separated ether layer was dried over MgSQy, fittered and concentrated to a white solid. This was
slurried in ethanol and the solid collected and dried yielding 500 mg (36%) of product: mp 239-241°C; TH-nmr {CDClz) &:
1.65-1.85 (m, 2H), 1.9-2.0 {m, 2H), 2.76 (d, J=16.1, 1H), 2.88 (t, J=6.3 Hz, 2H), 3.16 (d, J=16.1 Hz, 1H), 6.59 (br d, J=7.7
Hz, 1H), 6.8-6.95 (m, 2H), 7.1-7.35 (m, 5H), 8.61 (br s, 1H); 13G-nmr (CDCl3) & 18.6, 30.3, 35.2, 42.4, 45.2, 115.6, 123.1,
126.3, 126.7, 127.5, 128.7, 128.9, 129.4, 133.1, 138.0, 138.5, 139.6, 170.2; mass spactrum m/z (relative intensity): M+
263 (64), 234 (100), 220 (31). Anal Calcd for C1gH17NO: C, 82.09; H, 6.50; N, 5.31. Found: C, 82.03; H, 6.51; N, 5.37.

(R,§,)-6'-Chloro-3,4-dihydrospiro[naphthalene-1(2H},4'(1'H)-quinoline]-2*'(3'H)-ong (9b): The
spirocyclic amide (9a) (2.9 g, 11 mmol), and sulfuryl chioride (892 mg, 6.6 mmol) were stirred together in CHaCla (75 mi) at
room temperature for 16 h. Additional sulfuryl chloride (250 mg, 1.8 mmol) was added and stirring continued for 24 h. The
precipitated product was collected, washed and dried giving 2.7 g (82%) of white solid: mp 244-248°C; 1H-nmr (CDClg) &
1.65-1.85 (m, 2H), 1.9-2.0 (m, 2H), 2.75 (d, J=16.2 Hz, 1H), 2.87 (brt, J=5.5 Hz, 2H), 3.13 (d, J=16.2 Hz, 1H}, 6.57 (d,
J=2.3 Hz, 1H), 6.81 (d, J=8.4 Hz, 1H), 7.1-7.25 (m, 5H), 9.07 (br s, 1H); 13C-nmr (CDCls) &: 18.6, 30.1, 35.1, 42.5, 44.9,
116.9, 126.6, 127.0, 127.6, 128.3, 128.5, 128.6, 129.6, 134.8, 135.0, 138.4, 138.7, 170.2; mass spectrum nvz (relative
intensity): M+ 297/299 (100/33), 262 {37), 254 (31), 233 (77). Apal. Calcd for Ci1gH1gNQCH: C, 72.60; H, 5.41; N, 4.70.
Found: C, 72.32; H, 5.47; N, 4.75,

(R,S,)-6"-Chioro-3,4-dihydrospiro[naphthalene-1(2H),4'(1'H)-quinollne)-2'(3'H)-thlone (7b): Using
Lawesson's procedure with toluene as the solvent,20 the amide (9b) (2.7 g, 9.1 mmol) was converted to 2.9 g (77%) of
the thioamide: mp 241-243°C; 1H-nmr (CDQCig) 6: 1.65-1.75 (m, 1H), 1.75-1.9 {m, 2H), 1.9-2.05 (m, 1H), 2.86 (br t, J=5.4
Hz, 2H), 3.30 (d, J=16.8 Hz, 1H), 3.39 (d, J=16.8 Hz, 1H), 6.64 (¢, J=2.3 Hz, 1H), 6.88 (d, J=8.4 Hz, 1H), 7.04 (dd, J=1.6,
8.0 Hz, 1H), 7.1-7.25 (m, 4H), 10.14 (br s, 1H); 13C-nmr (CDCla) §: 18.3, 30.0, 34.6, 41.7, 525, 1169, 126.6, 127.1,
127.7, 128.4, 128.8, 129.7, 130.1, 134.0, 136.7, 138.1, 138.6, 198.5; mass spectrum m/z (relative intensity): M+
3137315 (100/37}, 2807282 (53/16). Anal Calced for C1gH1gNCIS: C, 68.89; H, 5.14; N, 4.46. Found: C, 68.78; H, 5.37;
N, 4.61.

(R.\S,)-7'-Chloro-3,4-dlhydro-10'-methylspiro[naphthalene-1{2H),5(4'H)-[1,2,4)trlazolo[4,3-alquino-
line] (1b): By the same procedure used to prepare 1a, 7b {(1.95 g, 6.23 mmol) and acethydrazide (9.22 g, 125 mmol) in
nrbutanol (50 mi} yielded after recrystallization from ethanolDMF 950 mg (45%) of pale yellow crystals: mp 287-269°C; TH-
nmr (CDCl3) &: 1.5-1.65 (m, 2H), 1.65-1.8 (m, 2H), 2.79 (s, 3H), 2.86 {(br 1, J=5.8 Hz, 2H), 3.40 (s, 2H), 6.73 (d, J=2.4 Hz,
1H), 7.0 (dd, J=1.6, 8.0 Hz, 1H), 7.15-7.25 (m, 3H), 7.32 {dd, J=2.4, 8.6 Hz, 1H), 7.45 (d, J=8.6 Hz, 1H); 13C-npr (CDClg)
5: 14.2, 18.6, 30.2, 35.0, 355, 43.7, 118.5, 126.7, 127.3, 127.8, 128.6, 129.8, 130.4, 131.1, 132.2, 138.4, 138.6,
140.5, 148.0, 150.5; mass spectrum mvz {relative intensity): M+ 335/337 (56/19}, 334/336 (100/51). Anal. Caicd for
CogH1gN3Cl: €, 71.53; H, 5.40; N, 12.51. Found: C, 71.32; H, 5.25: N, 12.49.
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