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THE SYNTHESIS OF SPlROCVCLlC [1.2.4]TRlAZOLO[4,3-a1QUlNOLlNES 
AS POTENTIAL LIGANDS FOR THE BENZODIAZEPINE RECEPTOR 

Lawrence A. ReileP and Gap E. Berg 

Centrai Research Division, Wuer Inc, Groton, CT 06340, U. S. A. 

Abstract -Two spirocyclic (1,2,4]triazol0[4,3-alquinolines ( l a  and b) have been 

prepared as potential ligands for the benzodiazepine receptor. Both compounds were 

prepared using the strategy of doubly depmtonating an acetaniliie derivative followed by 

reaction wlh a-tetralone. The resulting alcohols were converted to the corresponding 

spirocyclk 3,4dihydmquinolin-2-one or 2-thione by treatment with neat HF. Triazole 

formation was eflected by standard procedures. An anemate strategy starting with an 

intact triazole was unsuccessful but this mute led to the lirst example of a lateral 

metallation of a 4-substluted 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 pmvae further structural insight into the benzodiazepine receptor1 and could also yield information regarding 

the muniplicity of this receptor.2 TO this end, we chose to synthesize the spirocyclic triazoles (Is) and (b) (eq. I). The 

ObSe~ation that various 4-alkoxy-[1,2.4~riazolo[4,3-a]quimxalines have micromolar binding affinities for the benzo- 

diazepine recapto? and the potent receptor binding displayed by structurally related triazolobenzodiazepines such as 

alprazolam4 suggested that the target spimcyclic triazoles would have the potency required to allow the relevant biological 

studies to be conducted. The chbm derivative (Ib) was sought in addition to l a  since subtinution with an electron 

withdrawing group at the corresponding position in benzodiazepines signlicanlly increases biological activity.5 

N-N N-N N 
F;k 

'" 
X C1 

la: X = H 4-alkoxy-[1,2,4ltriazolo- a l p r a z o l a m  
lb: X = CI [4 ,3 -a lqu inoxa l ine  
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The planned synthetic route to the target spirocycles involved first forming the dianion of eilher acetanilide or 

thioacetanilide or the monoanion of 3.5dimethyl4-phenyl-1.2,4-tn'arole (or the corresponding 4-chloro derivatives), 

followed by reaction with a-tetralone (Sdleme 1). The generation of the dianion of secondary amides by treatment with n- 
butyllithium and reaction of such a dianion with eleclrophiles has been describe4 as has the generation of the diinion of a 

thioam~de.~ The lated metallation of a + or 5methyl4subsMuted I ~~- t r iazo le  has not been described: however, the 

lateral metallation of 5-methyl-1-phenyl-l,2,4-triazole8 and of various 2-methylimidarolesg suggested that the proposed 

triazole chemistry was feasible. 

Scheme 1 

The sewn d step 

X = H or CI 

of the planned sequence involved spirocyclization by treating the intermediate alcohol with an 

appropriate acid catalyst. This would lead to a tefliary, benzylic carbonium ion which could react wilh the adjacent phenyl 

group. The formation of 4.4disubstituted 3.4dihydmquinolin-2-ones using such carbonium ion chemistry, beginning 

with an alcohola.10 or an olefin," respectively, (eq. 2) provided precedent for this step. M spimcydizalbn was induced in 

a 4-phenyllriazole derivative then the reaction sequence would be complete. If spirocyclization was induced at either the 

amae or thbamide stage, then the final steps of the reaction sequence would be formation of the triazole ring by standard 

methods. 

0 

AICI3 

(Ref. 6a. 10) (Ref. 11) 
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We began our study by examining the chemistry of 4 (which was prepared by reacting 3a with acetic hydrazide)l2 

(Scheme 2). As expected, treatment of 4 with 1 equivalent of n-tutyllithium gave the monoanion which reacted with 

methyl iodide and acetone (eq. 3), as well as with a-tetralone (Scheme 2). The product of the latter reaction. 5, is 

potentially a direct precursor to la; however, attempls to convert this alcohol into the desired spirocycle were fruitless. 

Treatment with most acid catalysts (neat TFA. AIC13 in chbmform, formic acid, p-toluenesulfonic acid in toluene) led to 

dehydration and a mixture of the two expected oletins. Concentrated sulfuric acid at 70% led to decomposition, while 

PPA at 120% and neat HF both led to dehydration and dispmportionation (i.e. the tetrahydmnaphthyl and napMhyl 

compounds were obtained). Clearly the desired cation was forming under many of these reaction wndii0nS but it failed to 

capture the adjacent phenyl ring. We presumed that pmtonatiin of, or coordination to the basic triazole ring by the acid 

catalyst decreased the nucieophilicity of the pendent phenyl gmup to such an extent that reaction with the nearby 

carbonium ion did not occur. This siluatbn would rmf arise with the corresponding amide or thiiamide. 

N-N 1) 11-C4H9Li N-N 1) n-C4H9Li 
2) CA31 2) acetone 

33% 26% 
( 3 )  CH,CH, - CH3 - 

The dianion of thioamide (3a) (formed with 2 equivalents of n-butyllithium) reacted with a-tetralone to give the desired 

pmduct (6a). This compound dehydrated upon treatment with most acid catalysts (neat TFA, conc. H2SO4 in TFA, conc. 

H2S04 or PPA). Neat HF, however, induced the desired spimcycluation giving the 3,4dihydroquinoline-2-thione (74  in 

51% yield. That spirocycliiation had ormrred was particularly evident in the 13C-nmr spectrum of (78) in which the loss of 

symmetry in the anilide phenyl ring leads to two add'fiional resonances as compared to 6a. Treatment d the thiolauam 

(7a) with acetic hydrazide in refluxing n-butanol gave la. 

We anticipated that the chlom derivative (1 b) could be prepared by a parallel sequence of reactions starting with 4- 

neat H F  
40 h 
P 
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chlorothioacetanilide (3b). Depmtonation of 3b with 2 equivalents of pbulyllilhium and reaction w lh  a-tetrabne gave the 

expected alcohol (6b). Reaction of this wlh neat HF, however, failed to give any of the desired spimcycle. Afler 40 h in 

neat HF, 6b dehydrated to the endocyclic oletin (10) and, as was observed in the treatment ot 5 with neat HF, 

dispmporiionation of the inlially formed olefin occurred yielding the naphthyl and tetrahydmnaphlhyl derivatives (11 ard 

12) (eq. 4). Apparently, the small reduction in the nucleophilicly of the anilide phenyl ring of 6b induced by the chlom 

substituent is sufficient to completely suppress 

reaction with the nearby carbocation. This 

contrasts with literature resuns in which a 4- 
c. H z S 0 4  

HOAc 
chloroanilide was shown to be sufficiently 

nucleophilic to undergo reaction with an adjacent (Ref. 13) 

carbonium ion leading to formation of a 3,3- CI CI 

diphenyloxindole (eq. 5).13 

The failure of 6b to cyclize led us to conclude that the chloro substituent would have to be introduced after 

spimcycliuation (and before the introduction of the thioamide - owing to the likely incompatibility of the thioamide to 

chlorination wnditlmns). Thus, in the same manner as we had synthesized the tetralone adducts (6a and b) tmm the 

corresponding thioacetanilides, acetaniliie (2a) was depmtonated wlh 2 equivalents of n-butylliihium and reacted with a- 

tetralone. The resuiling alcohol (8) was treated with neat HF as before to give the spimcyclic 3,4dihydroquinolin-2-one 

(98) in 36% yield. Chlorination of 9a with suiiuryl chloride14 produced exclusively the para chlom derivative (9b). This 

lactam was subsequently converied to the thiolactam (7b) wilh Lawessonss reagent's and 7b converted to the triazole 

(Ib) with acetic hydrazide in refluxing n-butarm~.'~ 

Biological evaluation of l a  and l b  revealed that both spirocyclic triazoloquinolines were only weak ligands for the 

benzodiazepine receptor (ICso's 3.8 BM and 27 pM, respectively, as compared to 8.1 nM for alprazolam),l6 and that 

neither compound possessed in& activily (pentylenetetrazole challenge in mice).17 Due to this weak j n m  activity 

and the lack of h& activity, we concluded that resolution of these spirocycles into their pure enantiomen was not 

warranted. 

While these novel spirocyclic triazoloquinolines did not serve the purpose for which they were prepared, their synthesis 

led to the demonstration that 3- or 5-methyl-4-subsliiuted 1,2,4-triazoles can be laterally metallated and that the metallated 

derivatives react efficiently with electmphiles. In addition, the sequence of reactions: dimetallation of an acetanilide 

derivative, followed by reaction with an aldehyde or ketone and Friedel-Cralls cyclizatiin, which constitutes a general 

Strategy towards the symhesis of 4-substituted 3,4-dihydroquinolin-20nes, has been additionally exemplified through 

the preparation of the chiral spirocycles (7a) and pa). The range of subslituents that may be present on the acetaniliie 

unit in order for this synthetic strategy to be successful has been furlher defined by the successful cycliuation of 6a and 8 

and by the failure of 6b to cycliie. 
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a c e t i c  t 

- 
X  = CI 

9a: (36%) 70: (51%) X la: (52%) 
b: (77%)  b: (45%) 

9b: (82%) 
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EXPERIMENTAL 

General PmCedUleS: Nmr spectra were obtained on a Bruker AM-300 spectrometer. Low resolution mass spectra 

were obtained on a Finnigan El-CI mass wdmmeter and exact masses were determined on a A.E.I. MS30 spectrometer. 

Melting points are uncorrected and were determined in open capillaries. Elemental analyses were pelformed by the 

Analytical Depaltment In the Central Research Division of Pfizer Inc. Solvents and reagents were used as obtained from 

commercial sources unless otherwise noted. 

3,5DlmelhyC4-phenyl-1,2.4-lrlarole (4): Thloacetanilide (38) (15.12 g. 0.10 mot) and acetic hydrazlde (14.82 g, 

0.20 mol) were refluxed together in n-htanol (1 W ml) for 16 h. The cooled mixture was concentrated h m  and the 

residual solid rectystalliied from ethyl acetate (300 ml) to give 9.90 g (5%) of fine colorless needles. A second crop was 

obtained by concentrating the filtrate, dissolving the residue in water and extracting with chloroform (3X). The combined 

Chloroform extracts were washed with water and saturated sodium chloride solution, dried over MgS04, filtered and 

concentrated to a white solid. Recrystallization of this from ethyl acetate gave 1.99 g (1 1%) of fine colorless needles: mp: 

235238% 237%); l~-nmr (CDC13) 6: 2.30 (s, 6H), 7.2-7.4 (m, 2H), 7.5-7.6 (m, 3H): I ~ ~ - n m r  (CDCb) 6: 11.2, 128.8, 

129.7, 130.1, 134.3, 151.4; mass spectrum mlz (relative intenslly): M+ 173 (loo), 132 (56), 131 (72). 118 (60), 105 (33), 

91 (87), 77 (75). U. Calcd for CloHl lN~:  C, 69.34: H, 6.40; N, 24.26. Found: C, 69.27: H, 6.38. N, 24.28. 

(R,S)-3-((l-Hydroxy-l,2,3,4-telrahydro-1-naphthyl)methyl)-5-methyl-4-phenyl-l,2,4-trlazole (5): 

Triazole (4) (666 mg, 5.00 mmol) in dry THF (50 ml) at 5% was treated with Dbutyllithium (2.8 ml. 2.3 M in hexane, 6.0 

mmol) keeping the temperature <lO°C. The orange slurry was stirred at 5% for 20 min. a-Tetralone (745 mg. 5.1 mmol) in 

THF (10 ml) was then added dropwise keeping the temperature ~10°C. After 20 min the orange solution was quenched 

with Saturated NH4CI solution, EtOAc was added and the organic layer was separated. After drying over MgS04, filtration 

and concentration of the organic layer an oil was obtained that was flash chromatographed (5:95 - Me0H:EtOAc). 

Fractions containing the pmduct were concentrated and the residual solid was crystallized from hexaneIEtOAc to give 822 

mg (51%) of on-white crystals: mp 122-124%: lH-nmr (CDC13) 6: 1.35-1.5 (m, lH), 1.75-1.9 (m, IH), 1.9-2.0 (m, 2H), 2.25 

(8, 3H), 2.55-2.65 (rn, lH), 2.7-2.8 (m, lH), 2.87 (d, J-15.4 Hz, lH), 3.04 (d, J.15.4 Hz, lH), 5.10 (6, lH), 6.8-6.95 (m, 

2H), 6.95-7.05 (m, lH), 7.1-7.15 (m, 2H), 7.35-7.4 (m, IH), 7.4-7.5 (m, 3H); 13c-nmr (CDCI~) 6: 11.1, 20.1, 29.1, 38.0, 

37.1, 71.9, 126.1, 128.3, 127.0, 127.1, 128.5, 129.8, 129.9, 133.4, 138.3, 141.1, 151.1, 152.5; mass spectrum mlz 

(relative intensity): M+ + 1 320 (4), M+ 319 (3), 276 (21), 173 (100). U. Calcd for C20H21N30: C, 75.20; H, 8.63; N, 

13.16. Found: C, 74.81; H, 6.56; N, 13.08. 

3-Elhyl-5-melhyl-4-phenyl-l.2,4-trlazole: By the same procedure used to prepare 5, triazole (4) (173 mg, 1.0 

mWl), n-butyllihium (0.52 ml, 2.3 M in hexane, 1.2 mrml), and Me1 (284 mg, 2.0 mmol) yielded aner recrystallization from 

EtOAdhexane 62 mg (33%) of white crystals: mp 145147%; I ~ - n m r  (CDCI3) 6: 1.23 (1, J=7.7 Hz, 3H), 2.28 (s, 3H), 2.60 

(q, J=7.7 Hz, 2H), 7.1-7.4 (m, 2H), 7.4-7.7 (m, 3H); mass spectrum m/z (relative intensity): 188 (35), M+ 187 (69), 186 

(100). 131 (5l), I18 (47), 110 (56), 91 (a), 77 (57). Anal. Calcd for C I I H ~ ~ N ~ :  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-methyI-l-propyl)-5-methyl-4-phenyl-l,2,4-trlazole: By the same procedure used to prepare 
5, triaZ0le (4) (173 rng, 1.0 mmol), n-bulyllithium (0.52 ml. 2.3 M in hexane 1.2 mmol) and acetone (I16 mg, 2.0 mmol) 

yielded after recrystallization from hexanel EtOAc 60 mg (26%) of thick colorless needles: mp 125-126°C: I~-nrnr  (CDC13) 

6: 1.27 (8,6H), 2.28 (s, 3H), 2.67 (8, 2H), 7.05-7.3 (m, 2H), 7.4-7.7 (m, 3H); mass spe*Nm Wz (relative intensity): M+ +I 

232 (I), 216 (13). 173 (931, 172 (loo), 77 (44). AML C a w  for C13H17N30: C, 67.50; H, 7.41; N, 18.17. Found: C, 

(R,S,)-2-(1-Hydroxy-l,2,3,4-1e1rahydr0-1-naphthyl)-N-phenylthloacetamlda (69): Thioacetanilide (3a) 

(7.56 g, 50.0 mmol) in dry THF (200 ml) at -40% was treated with pbutyllithium (47.6 ml, 2.3 M in hexane, 110 mmol) 

keeping the temperature around 40°C. Affer complete addlion the mixture was allowed to stir at 0% for 1 h. The m M r e  

was recooled to -40'C and a -tetralone (7.31 g, 50.0 mmol) added keeping the temperalure amund -40% The reaction 

mixture was stirred at 0% for 2 h and was then poured into saturated NH4CI solution and diluted with Etfl. The organic 

layer was separated, washed with saturated NH4CI solution and dried over MgS04. Filtration and concentration gave a 

brown oil which was taken up in a hot mixture of hexane (100 ml) and EtOAc (30 ml). The crystals that formed upon cooling 

were collected and airdried yielding 8.76 g (59%) of fine yellow needles: mp 126.128"~; I ~ - n m r  (CDC13) 6: 1.85-2.1 (m, 

3H), 2.3-2.4 (m, IH), 2.6-2.9 (m, 3H), 3.31 (d, Jd4.9 HZ, IH), 3.42 (d, J=14.9 Hz, IH), 7.1-7.15 (m, IH), 7.2-7.3 (m,3H), 

7.35-7.45 (m, 2H), 7.55-7.6 (m, lH), 7.75-7.6 (m, 2H), 10.28 (br s, IH); I3C-nmr (CDC13) 8: 20.3, 29.3, 35.4, 59.2, 73.8, 

123.3, 125.9, 126.58, 126.60, 127.9, 128.9, 129.2, 136.4, 139.0, 141.4, 200.0; mass spectrum nVz (relative intensity): 

M* 297 (20). 279 (36). 264 (31), 246 (1% 151 (9% 150 (93), 147 (8% 146 (93, 118 (loo), 110 (TI), 93 (86). 91 (95), 90 

(74), 77 (81). A d .  C a w  for CleHlgNOS: C, 72.69; H, 6.44: N, 4.71. Found: C, 73.09; H, 6.44: N, 4.76. 

(R,S,)-3,4-DihydrospIro[naphthalene-1(2H)4(1'H)-qulnollne]-2'(3'H)-thlone (7a): Thioamide (68) (2.97 

g. 10.0 mmol) in a vented polyethylene bonle was treated with neat HF (25 ml) and allowed to stand overnight at room 

temperature. The remaining HF was removed with a stream of N2, the residue dissolved in EtOAc and washed with Hz0 

(2X) and saturated NaHC03 solution. The organic layer was dried over MgS04, filtered and concentrated to give a yellow 

solid. This was taken up in hot hexane (100 ml) and EtOAc was added to effect solution. Cooling yielded 995 mg (36%) of 

product as crystals. The filrate from the recrystallization contained predominantly olefin. Concentiation of the 

filtrate gave a yellow solid which was treated with neat HF for 48 h. After workup as above 41 1 rng (15%) of pmduct as light 

yellow crystals was obtained: mp 225.226%; I ~ - n m r  (CDCl3) 6: 1.6-2.05 (m, 4H), 2.85 (brt, J=6.0 Hz, 2H), 3.35 (d, J46.7 

Hz, IH),3.39(d, J=16.7Hz. 1H).6.66(d, J-7.7Hz, IH).6.67(dd, J-l.l,7.7Hz, lH),6.97(dl, J-l.l.7.7Hz. IH),7.05- 

7.25 (m, SH), 9.63 (br s, IH); 13~-nmr (MezSO-ds) 6: 16.0, 29.6, 34.3, 40.7, 53.1, 116.3, 123.8, 126.0, 126.3, 127.2, 

127.6, 128.2, 129.0, 134.1, 135.9, 137.9, 136.9, 197.2; mass spectrum rrm (relative intensity): M+ 279 (loo), 250 (27). 

246 (554, 236 (21), 218 (25). 217 (23), 91 (23). W. Calcd for CI~HI~NS: 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,S,)-3,4-Dlhydro-l'-melhylsplro[naphthalene-l(2H),5'(4'H)-[l,2,4]trlazolo[4,3-e]qulnoline] ( la):  

Thiiamkle (7a) (330 mg. 1 .I6 mmol) and acethydrazide (175 mg. 2.36 mmol) were refluxed together in n-butanol(20 ml) 

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 MgS04. Filtration and wncentration gave a gummy yellow solid 

which was recrystallized fmm EtOAc/hexane to give 165 mg (52%) of yellow prisms: mp 165-166PC: I ~ - n m r  (CDC13) & 1.5- 
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1.6 (m,4H), 2.61 (s, 3H), 2.66 (1, J=6.1 Hz, 2H), 3.41 Jd, J=15.7 Hz, 1H),3.43 (d, J.15.7 Hz, lH), 6.75 ( a ,  J=1.5, 7.6 Hz, 

lH), 7.1-7.3 (m, 5H). 7.34(dt, J=1.5,8.0 Hz, IH), 7.51 ( a ,  J=1.0,6.0 Hz, IH); 13c-nmr (CDCb) 6: 14.2, 16.7.30.3.35.1, 

35.7, 43.4, 117.3, 126.4, 126.5, 127.0, 127.6, 126.7, 129.6, 130.5, 132.6, 138.4, 136.7, 139.3, 148.1, 150.8; mass 

spectrum Wz (relative imensly): M+ 301 (57). 300 (100). W. Calcd for C20HlgN3: C, 79.70; H, 6.35; N, 13.94. Found: 

C, 78.22; H. 6.49; N. 13.68. Exact mass cakd.: 301.1579. Found: 301.1515. 

(R,S,)-N-(4-Chlorophenyl)-2-(l-hydroxy-l,2,3.4-tetrahydro-1-naphthyl)thloacetamlde (6b): By the 

same procedure used to prepare 6a. 3b19 (10.0 g, 0.054 ml) ,  n-butylliihium (81 ml, 1.6 M in hexane, 0.13 ml),  and a- 

tetralone (7.9 g. 0.054 m l )  yielded 11.6 g (66%) of 6b as a light brown solid: mp 143.145%; l ~ - n m r  (CDC13) S: 1.85 - 2.1 

(m,3H),2.3-2.4(m, lH),2.69(brs, lH),2.6-2.9(m,2H),3.32(d, J=14.9Hz, 1HL3.41 (d, J-14.9Hz. lH),7.1-7.5(m, lH), 

7.2-7.3 (m, 3H). 7.36(d, J-8.8 Hz, 2H), 7.5-7.6 (m, lH), 7.72 (d, J=8.6 Hz, 2H), 10.35 (br s, 1H); l3c-nmr (CDC13) S: 20.3, 

29.2, 35.4, 59.2, 73.9, 124.4, 125.6, 126.6, 126.,0, 128.9, 129.3, 131.5, 136.4, 137.5, 141.2, 200.2; mass SpeCiNm 

m/z (relative intensity): M+ 3 1 / 3 3  (9M). 3131315 (17/7), 2981300 (1214). 2801282 (613). 1851187 (65/26), 146 (100). 

116 (71). W. Calcd for Ci8HieNOCIS: C, 65.14; H, 5.46; N, 4.22; CI, 10.68. Found: C, 65.18; H, 5.50; N, 4.16; CI, 

10.66. 

Anempled Spl~OCyCll~tlOn of 6b by tleatment wlth 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 exception that the reaction mixture was 

allowed to stand at room temperature for 40 h before being worhed up. The mixture of products oMained upon worhup 

was separated by flash chromatography (1 :lqdohexane: CHC13) giving 700 mg (50%) of a 1 :2 mixture (by I~ -nmr )  of N 

(4-chlorophenyl)-2-(3,4-dihydro-l-naphthyl)thioacetamide (10) (MW 313.64) and N-(4-chloropheny1)-2-(1- 

naphthyl)lhoacetamide (11) (MW 311.82); l ~ - n m r  (CDCI~) S: 2.4-2.5 (m. 2H. 10). 2.85 (1. J=B.I HZ, 2H, lo), 4.06 (s, 2H, 

101, 4.71 (s, 2H. l l ) ,  6.18 (1, J=4.5 Hz, IH, lo), 7.15-7.35, 7.45-7.65, 7.65-7.95 (3m, 8H, 10, IOH, I l ) ,  6.05 (m, lH, 

II), 6.29 (br s, IH, 11); 6.87 (br s, IH, 10); mass spectrum m/z (relative intensity): 315 (6). 314 (7). 313 (26), 312 (14). 

31 1 (32); and 300 mg (21%) of N-(4chlomphenyl)-2-(1.2.3,4-tetrahydro-1-napMhyl)thioacetamide (12) (MW 315.65): mp 
126128% (ether-hexane); I ~ - n m r  (CDCl3) 6: 1.75-1.9 (m, 3H), 1.9-2.1 (m, IH), 2.79 (1, J4.1 Hz, 2H), 3.02 ( a ,  5-7.6, 

13.2 HZ, 1H) 3.15 (dd, J=6.4, 13.2 HZ, 1H) 3.55-3.7 (m, lH), 7.05-7.2 (m, 3H), 7.2-7.3 (m, lH), 7.33 (d, J-8.6 Hz, 2H), 

7.49 (d, J=6.6 Hz, 2H), 6.34 (br S, IH); I3c-nmr (CDC13) S: 19.7, 27.9, 29.5, 36.3, 56.4, 125.0, 125.9, 126.5, 126.6, 

129.0, 129.6, 132.1, 136.9, 137.3, 136.6, 203.7; mass spectrum m/z (relative intensity): M+ 3151317 (1415), 2621284 

(100142). 1651167 (75131). 

(R,S,)-2-(1-Hydroxy-1,2,3,4-letrahydro-l-naphthyl)-N-phenylacetamlde (8): By the same procedure used 

to prepare 6a, acetanilie (2a) (7.3 g, 0.054 ml ) ,  n-butylliihium (61 ml, 1.6 M in hexane, 0.13 m l )  and a-tetralone (7.9 g, 

0.054 m ~ )  yielded 9.8 g (65%) of a whle crystalline sold: n y ~  101-103°C; l ~ - n m r  (CDC13) 6: 1.8-2.05 (m, 3H). 2.15-2.25 

(m, IH), 2.65 (d, J=14.6 Hz, IH), 2.80 (m, 2H), 3.00 (d, J=14.6 Hz, lH), 3.46 (s, 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, IH), 6.17 (s, IH); 1%-nmr (CDCl3)S: 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 SpeCiNm Wz: M* 261 (34), 263 (65), 147 

(60). 144 (96). 135 (9% 129 (71), 93 (100). AMI. Cakd for CjeHigNO2: C, 76.63: H, 6.60; N, 4.97. Found: C, 76.66: H, 

6.85; N. 4.97. 
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(R,S.)-3.4-DlhydrospIro[naphthalene-l(2H),4'(1'H)qulnollne]-2'(3'H)-one pa): Amide (8) (1.5 g, 5.3 

mml) in a vented polyethylene bottle was treated with neat HF (50 ml) and allowed to stand at room temperature for 18 h. 

The remaining HF was rmaVed in a stream of N2, the residue was dissolved in ether and carefully washed whh saturated 

NaHCO3 solution. The separated ether layer was dried over MgSO4, filtered and concentrated to a white sola. This was 

Slurried in ethanol and the solid collected and dried yielding 500 mg (3%) of pmduct: mp 239-24I0C; I ~ - n m r  (CDC$) S: 

1.65-1.85 (m, 2H), 1.9-2.0 (m, 2H), 2.76 (d, J-16.1, lH), 2.86 (1, J-6.3 Hz, 2H), 3.16(d, J-16.1 Hz, IH), 6.59 (brd, J-7.7 

HZ, IH), 6.8-6.95 (m, 2H), 7.1-7.35 (m,5H), 8.61 (brs, IH); I3c-nmr (CDCb) 6: 18.6,30.3,35.2,42.4,45.2, 115.6, 123.1, 

126.3, 126.7, 127.5, 128.7, 126.9, 129.4, 133.1, 138.0, 138.5, 139.6, 170.2; mass spectrum Wz (relative intensity): M+ 

263 (64). 234 (loo), 220 (31). Anal. Cakd tor ClaHl7NO: C, 82.09; H, 6.50; N, 5.31. Found: C, 82.03; H, 6.51; N, 5.37. 

(R,S,)-6'-Chloro-3,4-dlhydrosplro[naphthalene-l(2H),4'(1'H)-qulnollne]-2'(3'H)-one (9b): The 

spirocyclii a M e  (9a) (2.9 g. 11 mnwl). and sunuryl chloride (892 mg. 6.6 InIml) were stirred together in CH2C12 (75 ml) at 

room temperature for 16 h. Additional sulluryl chloride (250 mg, 1.8 mnwl) was added and stirring continued for 24 h. The 

precipitated pmduct was collected, washed and dried giving 2.7 g (82%) of white solid: mp 244.246%; I ~ - n m r  (CDC13) 6: 

1.65-1.85 (m, 2H), 1.9-2.0 (m, 2H), 2.75 (d, J=16.2 HZ, IH), 2.87 (br I, J-5.5 HZ, 2H), 3.13 (d, J.16.2 Hz, IH), 6.57 (d, 

J-2.3 Hz, IH), 6.81 (d, J4 .4  Hz, IH), 7.1-7.25 (m, 5H), 9.07 (br s, 1H); 13c-nmr (CDCb) S: 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 Wz (relative 

inlensity): M+ 2971299 (100133), 262 (37), 254 (31). 233 (77). a. C a w  tor CleHlgNOCI: C, 72.60; H, 5.41; N, 4.70. 

Found: C. 72.32; H, 5.47; N. 4.75. 

~R,S,)-6'-Chloro-3,4-dihydrosplro[naphthalene-l(2H),4'(1'H)-qulnollne]-2'(3'H)-thlone (7b): Using 

Lawesson's procedure with toluene as the so1vent.20 the amide pb)  (2.7 g, 9.1 mml) was convened to 2.9 g (77%) of 

the thioamide: mp 241-243%: I~ -n rn r  (CDCl3) 6: 1.65-1.75 (m, IH), 1.75-1.9 (m, 2H), 1.9-2.05 (m, IH), 2.86 (br 1, J=5.4 

Hz, 2H), 3.30 (d, J=16.8 HZ, IH), 3.39 (d, J-16.8 HZ, IH), 6.64 (d. J=2.3 Hz, IH), 6.88 (d, J=8.4 Hz, IH), 7.04 (dd, J=1.6, 

8.0 HZ, IH), 7.1-7.25 (m, 4H), 10.14 (br 6, 1H); 13C-nmr (CDCi3) 6: 18.3, 30.0, 34.6, 41.7, 52.5, 116.9, 126.6, 127.1, 

127.7, 128.4, 128.6, 129.7, 130.1, 134.0, 136.7, 138.1, 138.6, 198.5; mass spectrum m/z (relative intensity): M+ 

313l315 (lOO/37), 2801282 (53116). &Id. Calcd fOrC18H16NCIS: C, 68.89; H, 5.14; N, 4.46. Found: C, 68.78: H, 5.37; 

N. 4.61. 

(R,S,)-7'-Chlor0-3,4-dlhydr0-lO'-melhylsplr0[naphthalene-l(2H),5'(4'H)-[1,2,4]lrlaz01o[4.3-a]qulno- 

line] (lb): By the same procedure used to prepare la, 7b (1.95 g, 6.23 mmol) and acethydrazide (9.22 g, 125 mmd) in 

n-butanol(50 ml) yielded after recrystalkation fmm ethanoVDMF950 mg (45%) of pale yellow crystals: mp 287.a9'C; IH- 

nmr (CDCb) 6: 1.5-1.65 (m, 2H), 1.65-1.8 (m, 2H), 2.79 (S,3H), 2.86 (br 1, JS.6 Hz, 2H), 3.40 (s, 2H), 6.73 (d, J=2.4 Hz, 

IH), 7.09 (dd, J=1.6,8.0 Hz, IH), 7.15-7.25 (m, 3H), 7.32 (dd, J-2.4.8.6 Hz, IH), 7.45 (d, JS.6 Hz, IH); t3C-nmr (CDC13) 

6: 14.2, 18.6, 30.2, 35.0, 35.5, 43.7, 118.5, 126.7, 127.3, 127.8, 126.6, 129.8, 130.4, 131.1, 132.2, 138.4, 138.6, 

140.5, 148.0, 150.5; mass spectrum Wz (relative intensity): M+ 3351337 (58/19), 3341336 (100151). Baal Calcd for 

CzoH18N3CI: C, 71.53; H, 5.40; N, 12.51. Found: C, 71.32; H, 5.25; N, 12.49. 
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