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ABSTRACT - The preparauons of I-azatupycene (1) and tts Pchloro, 9-deutero, and 
1-oxrde denvauves are reported The bastctty of 1 is compared to model compounds 

INTRODUCI’ION 

As a contmuatron of our studres of stramed heterocyltc systems, we report here the syntheses of the I- 

azamptycene (1) system.3 Fusion of a strained rmg adJacent to the nitrogen atom of an azaarene IS known to 

decrease its basrcity,4 and it should be posstble to mtroduce variable amounts of rmg stram vra selected hcychc 

moieties. Choice of the mptycene (2) f&rework was based on the range of studies assessing stmm effects m 2 

kinettc acidmes, 56 electrophrlrc substrtuaons. 537 NMR couplmg constants,8 and molecular geometnes 8 The 

strain energy of 2 has been estimated to be 26 6 kcaIfmole.lO 

1 4 6 

Four ~~p~cene systems have been reported, but each contams a feature whmh would complicate basrcrty 

mterpretatrons. The srmplest analog IS 2-azamptycene (3),11 but fusion of the stramed rmg m any positron other 

than &Jacent to the hetero atom is vrrtually wrthout effect, 12 The benxo denvative (4)x3 IS smtable, except for the 

base-strengthemng effect of the methyl subsmuent at C( 12). Although 2-phenyl-l- axatnptycene (S)*4 could be 

considered a surrogate for 1, a 2-phenyl substituent decreases the bastcny of pyndine and qumohne,4hplfi thereby 

maslang the anttctpated effect of rmg stram m the present case FmaUy, two de-nvatives of l.&&azamptycene 6 

(R = t-Bu; R = Ph) have been reported,14 but these subsutuents would also comphcate any mterpretatton of relauve 

basrcmes. Attempts to prepare 6 (RR=@ were unsuccessfnl.14 
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The banclty of 1, therefore, remamed of mterest and two general routes were avadable for Its construcaon 

One, utlhzed m the preparation of 3-5, mvolved mltial formation of the 9.1~&hydro-9,10-ethanoanthracene 

framework, followed by construcuon of the heterocychc nng The other, patterned after the route to 6, mvolved 

cycloaddmon of benzyne to benzo[glqumolme (7) The latter sequence, despite recogmzed dBiculues 111 the 

preparaaon of 7,16 was snnpler and therefore was chosen 

NH, 
cl Cl 

11 

RESULTS AND DISCUSSION 

The most dxect route to 7 1s the Skraup cychzanon of 2-naphthylarmne bearmg a substltuent at C-l which can 

subsequently be removed17 Accordmgly, 2-naphthylanune was converted to l-&lor@2-naphthylamme (8) 

by N-chlorosuccmmnde (NCS) I8 Condensation of 8 wth glycerol by the standard processl6c.l7c gave 

benzov]qumolme (9) as the maJor product, an outcome occaslonally reported for this reachon 17bB19 The 

Utermohlen modlficatlon,20 however, cmxunvented tis d&iculty aud afforded the desmxl lo-chlorobenzo- 

[gglqumolme (10). The low yield reported for the converslon of 10 to 7 under smngent con&aonslk led us to 

postpone the hydrodechlonnatlon untd the final step 

Cycloaddmon of benzyne to 10 generated g-chloro-1-azamptycene (11) Although a variety of methods has 

been used for the reductive dehalogenatlon of bridgehead hahdes, the analogous conversion of 11 to 1 was not 

reatiy accomphshed Thus, neither magnesmm21 nor chermcally acnvated magnesmm,22 followed by hydrolysis, 

was effective Cathodx reducfion was also unsuccessful 23 The preparanon of 1 was accomphshed, however, 

with mbutyltm hydride.== Analogous reduction of 10 with tributyltm deutende produced l-9&, the NMR 

spectrum of whxh penmtted assignment of the bridgehead protons m 1 

The baslclty of 1 was determmed ammemcally and spectrophotomemcally and was compared to the pI& 

values reported for 2-@henylmethyl)-pyndme (12) and 2-(&phenylmethyl)-ppdme (l3).= The latter compound 

serves as the best model for the mduchve effects, but not the stram effects, present m 1 The half-neutrabzanon 

potenaals (HNP) were detenmned by potennomemc tih-anons m acehc anh~dnde,~l usmg qumolme denvahves of 

known basnxty The spectrophotomemc measurements were conducted 111 aqueous soluhon. using buffers of 

known pH 22 The results (Table), reflectmg the stram-mduced decrease m basuxty of 1, were mterpreted m our 

earlier report. lb 
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TABLE. BASICITIBS 

Compomd p~a25’ Ref. 

12 5.13 f .Ol 25a 
5.13 f .02 25b 

13 uv 4.51 f .03 2Sb 

1 HNP 3.66 f .lO c 
uv 3.66 f .12 C 

50 tentiometric titration. b Spectraphotometric detemnnatiun. “Present work. 

The preparation of 1 permitted conversion to the corresponding N-oxide (14). Our interest in this derivative 

stemmed from earlier work on tbe rearrangement of aromatic N-oxides in acetic anhydride. In particular, our 

studies on the N-oxide of 13 prompted similar mechanistic considerations for 14. That investigation will be 

reported separately, but the present work describes the preparation and characterization of 14. 

EXPERIMENTAL 

Melting points were determined on a modified Hershberg apparatus with matched Anschlitz thermometers. 

Liquid chromatography was on neutral alumina (Super 1 activity) with CHC13 as eluant. Thin layer 

chromatography was performed on sheets of silica gel (without fluorescent indicator). Gas liquid chromatography 

was performed on an Aerograph-202-l-B instrument with a 6-ft x l/8-inch S.S. column packed with 10% DC-710 

on 100/120 Chromosorb WI-IP (column A) and a 5-ft x l/4-inch S.S. column packed with 20% SE-20 on 60/80 

Chromosorb W (column B); helium flow rate was 30 rnl/min. Infrared spectra were obtained on a Perkin-Elmer 

283B spectrometer. Proton NMR spectra were obtained in CDC13 on an lBM/Bruker WP-200 SY spectrometer. 

Mass spectra were determined by Dr. John Occolowitz (Eli Lilly and Co., Indianapolis, Indiana) with a VG ZAB- 

2SE spectrometer, using a direct probe, ion source temperature of 250 ‘C, ionizing voltage of 70 eV, and a scanning 

speed of lOs/decade for regular spectra. High resolution mass spectra were calibrated with perfluoxokerosine at a 

resolution of 25,0C0. Microanalyses were performed by Galbraith Laboratories, Inc., Knoxville, Tennessee. 

I-Chloro-2-nauhthvlamine (8) 

CAUTION: The toxicity of 2-mphthylamine requires this substance to be handled with extreme care. To a 

stirred solution of 2-naphthylamine (0.71 g, 5.0 mmol) in CC14 (45 ml) at 45-50 ‘C was added N- 

chlorosuccinimide (0.68 g, 5.1 mmol) in small portions over 5 min. The solution was stirred an additional 20 min 

at 50 ‘C, cooled, and suction filtered. The filtrate was washed with water (2 x 20 ml), dried (Na2S04) and 

evaporated to dryness at reduced pressure to give crude 8 (0.90 g, 100%): mp 55-58 ‘C. The product was 

recrystallized from ligroine (bp 60-80 ‘C) to give 8 (0.82 g): mp 59-60 ‘C (lit.30 mp 59-60 “C); GLC (column A, 

230 “C): retention time 13.3 min. 

IO-Chlorobenzolelauinoline (10) 

To chilled sulfo-mix (18 g, 88 mmol) were slowly added glycerol (3.7 g, 40 mmol) and then water (6 ml). To 

the stirred solution at 130 “C 8 (2.1 g, 12 mmol) was added in small portions. After 7 h at 130 ‘C, the mixture was 

cooled, basified with 25% NaOH solution (ice bath), diluted with water, and extracted with CHCl3 (5 x 25 ml), 
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The extracts were washed with bnne and extracted with 2N HCl(4 x 25 ml) The ac&c extracts were basrfied and 

extracted with CHC13 (4 x 25 ml) The extracts were washed with water, dned (NazS04), and evaporated to 

dryness at reduced pressure to @ve crude 10 (0 62 g, 24%) The product was chromatographed to give yellow 

crystals of 10 (0 53 g) mp 140 5-142 0 ‘C (ht l6~ mp 141 ‘C), GLC (column A, 230 “C) retention ame 16 5 

mm, authenhc benzov]qumohne 6 3 mm, TLC (benzene-ethyl acetate 4 1) Rf 0 72, NMR 6 7 43 (lH, dd, J2,3 = 

3 9 Hz, J3,4 = 8.6 Hz, H-3), 7 56 (lH, m, H-7), 7.66 (lH, m, H-8), 8 02 (lH, dd, J6.7 = 8 6 Hz, JQ = 0 9 Hz, 

H-6), 8 33 (lH, dd, J3,4 = 8 6 Hz, J2,4 = 1 6 Hz, H-4), 8 35 (lH, s, H-5), 8 60 (lH, dd, Jg,9 = 8 8 Hz, J7,9 = 

0 8 Hz, H-9), 9 12 (IH, dd, J2,3 = 3 9 Hz, J2,4 = 1 6 Hz, H-2), MS (m/z) 213 (M+) 

9-Chloro-1-azatnptycene (11) 

To a stmed, refluxmg solution of 10 (7 0 g, 33 mmol) m 1,2-dlmethoxymethane (350 ml, DME) under a N2 

atmosphere were added a potion (10 ml) of a cold solution (A) of ~soamyl mmte (19 1 g, 163 mmol) m DME (26 

ml) and then a portton (25 ml over 25 mm) of a solution (B) of anthramhc acid (22 4 g, 163 mmol) m DME (125 

ml), the reacnon soluuon was refluxed 20 mm The cycle of soluuon A (4 ml), solution B (25 ml) and reflux (20 

mm) was repeated four hmes, followed by a final reflux of 90 mm The cooled solution was added to 80% aq 

EtOH (330 ml), basified with 1N NaOH solunon (435 ml), lluted with water (400 ml), and extracted with CHzC12 

(5 x 250 ml) The extracts were washed ~th water, dned (NazSOd), and evaporated to dryness at reduced pressure 

to @ve a yellow-brown solid The crude product was chromatographed twice to give 11 (5 0 g, 53%) mp 259- 

261 “C, GLC (column A, 245 “C) retention time 18 5 mmutes, NMR 6 5 41 (lH, s, H-lo), 6 99 (lH, dd, J2,3 = 

5 1 Hz, J3,4 = 7 4 Hz, H-3), 7 08-7 13 (4H, m, H-6, 7, 12, 13), 7 38-7 42 (2H, m, H-5, ll), 7 62 (lH, dd, J3,4 

= 7 4 Hz, J2,4 = 1 5 Hz, H-4), 7 79-7 83 (2H, m, H-8, 14), 8 23 (lH, dd, J2,3 = 5 1 Hz, 32.4 = 1 5 Hz, H-2), 

HRMS (m/z) calcd for C19H12ClN 289 0658, found 289 0666 Anal calcd C 78 76, H 4 17, N 4 83, Cl 

12 23, found C 78 88, H 4 36, N 4 77, Cl 12 06 

1-Azatnptvcene (1) 

A solution of 11 (60 mg, 0 21 mmol), mbutyltm hydnde (0 16 g, 0 55 mmol), and azo-hs-lsobutyrommle (6 

mg, AIBN) in benzene (6 ml) was refluxed 4 5 h A solution of mbutyltin hydnde (83 mg, 0 29 mmol) and AIBN 

(4 mg) in benzene (2 ml) was then added dropwise The reacnon solution was refluxed an addmona 4 5 h, cooled, 

and evaporated to dryness at reduced pressure to give a pale yellow solid The crude product was Qssolved m 

acetommle (5 ml), washed with hexane (4 x 5 ml), and evaporated to dryness at reduced pressure to give 1(28 mg, 

47%) GLC (column A, 245 “C) retention nme 7 7 mm, no peak at 18 5 mm, TLC (CHCls-DME 1 1) Rf 0 52 

The analytical sample was recrystalhzed from aq EtOH to give 1 mp 268-270 ‘C, NMR 6 5 39 (lH, s, H-lo), 

5 55 (lH, s, H-9), 6 99 (lH, dd, 32.3 = 5 2 Hz, J3,4 = 7 4 Hz, H-3), 7 01 (4H, dd, 55.6 = 5 3 Hz, Jg,8 = 3 2 Hz, 

H-6,7, 12, 13), 7 38 (2H, dd, J5,fj = 5 3 Hz, J5,7 = 3 3 Hz, H-5, ll), 7 45 (2H, dd, J7,8 = 5 3 Hz, J6,8 = 3 2 Hz, 

H-8, 14), 7 56 (lH, dd, J3,4 = 7 4 Hz, J2,4 = 1 4 Hz, H-4), 8 08 (lH, dd, J2 3 = 5 2 Hz, J2,4 = 1 4 Hz, H-2), MS 

(m/z) 255 (71 M+), 254 (loo), 127 (34) Anal calcd for C19H13N C 89 38, H 5 13, N 5 49, found C 89 54, 

H 5 31, N 5 40 

Reduction of 11 (1 0 mmol) with mbutyltm deutende by the same procedure gave l-9& (0 77 g, 30%) 

ldentlcal to 1 by GLC and TLC analysis The analytical sample was by preparative GLC (column B, 245 “C) to 

give l-9dl mp 269-270 ‘C, IR (KBr) 2220 cm- 1, NMR identical to 1 but no peak at 6 5 55, MS (m/z) 256 (74 

M+), 255 (lOO), 254 (46), 253 (ll), HRMS (m/z) calcd for C19H12DN 256 111076, found 256 109860 
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1-Azatnptycene N-C&& (14) 

To a cold solution of 1 (25.5 mg, 0 10 mmol) m CHC13 (0 25 ml) was added a cold solutron of m- 

chloroperbenzorc acid (23 7 mg, 80% assay, 0.11 mmol) m CHC13 (0 7 ml) The reactton solution was refrigerated 

2 days, drluted with CHC13 (7 ml), washed wnh 1N NaOH solution (2 x 5 ml), and water (2 x 5 ml), drred 

NazSO4) and evaporated to dryness at reduced pressure to gtve 14 as a white sohd (217 mg, 80%) TLC (CHCl3- 

DME 1:l): Rf 0 17. The analyucal sample was c~mato~ph~ and vacuum subhmed (200 ‘C, 0 2 Tort) to give 

14 mp 300-301 “C dec.; IR (KBr) 1255 cm -1, MS (m/z) 271 (41 M+), 255 (30), 254 (100) Anal calcd for 

Ct9Ht3NO C 84 11, H 4 83, N 5 16, found C 83 69, H 4 85, N 5 00 

Basrcnv Measure- 

The procedure for potentlomemc tnrattons has been described 26 The reference compounds were 12,s I3,z 

and 2-phenylqumoltne.31 The spectrophotometnc method has been descr&@ measurements were made at 300 

nm 
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