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REGIOSELECl'IVE ORTHO-LITHIATION OF HALOPYRIDINES. SYNTHESES OF 

ORTHO-DISUJBSTITWED PYRIDINES AND A CONVENIENT GENERATION OF 

~,~-PYRIDYNE~ 

Gordon W. Gribble* and Mark G. Saulnier 

Abstract-me regioselective onho-lithiation of 3-chlm (4), 3-fluoro- (7). 3-hmo-  (lo), 2- 

chloro (22). and 4-chlmpyridine (25) with lithium diisopropylamide affords, after quench- 

ing with various electrophiles, the corresponding onho-disubstih~ted pyridines in yields from 

16-9696. Halogen-metal exchange between 4-i&3-chlmpyridine (6a) and ten-butyllithium 

or n-butyllithium provides a wnvenient generation of 3.4-pyridyne (1). which is trapped in a 

Diels-Alder reaction with furan and 2.5-dimethylfuran to give 31 and 32 (2438%). 

Heteroatom-facilitated metalation reactions have had a major impact on the design and execution of organic synthe- 

sis over the past decade, particularly those reactions involving aromatic and heternaromatic subsh'ates.'.' In 

co~ection with a synthetic approach to the ellipticine (6H-pyrido[4,3-b]carbmle) family of antitumor alkaloids, 

we desired to generate and uap 3,4-pyridyne (1) in a Diels-Alder reaction.3 At that time, the only two techniques 

for generating and efficiently trapping 1 with dienes (e.g., fwan) involved tedious, multi-step syntheses of 33- 

pyridyne precursorsf 5 Following the completion of the present research, there have appeared in the literature 

several other good methods for the generation of 3,dpyridyne (1)6 

t~his  papx is dedicated lo Professor Ted Taylor in celebration of his 70th birthday, with affection and admimion from a fellow 

Vermonter. 
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Other methods for the generation of 1, involving the fnannent of 3- and 4-halopyridines with d d e  and dialkyl- 

m i &  bases, give very poor yields of Diels-Alder adducts; instead, the major products arise. from nucleophilic 

addition to 1.73 We felt that this problem wuld be cimunvented by g m h g  an onho-metalated halopyridine 

(2) or (3) in the absence of nucleophiles, i.e.. by halogen-metal exchange of an appropriate 3Pdihalopyridine. 

Elimination of LiX from 2 or 3 would generate 3.4-pyridyne (1). This protocol is excellent for the formation and 

trapping of benzyne and other arynes.9 

The relative kinetic acidity of pyridine (C4 > C-3 > C-2 : 12,9.3,1.0)10 combined with the greatly increased 

kinetic acidity of the onho hydrogens in haloben~nes'].'~ suggested that it would be feasible to metdate regio- 

selectively the C413 position of the readily available 3-halopyridims as a mute m 3,4dihalopyridines. Although 

the regioselective C-4 lithiation of 3-chlmpyridine with n-butyuithium was reported in 1972.M the yields of 3.4- 

disubstituted pyridines were lowered by formation of C-2 product and by addition of the alkyuithium to the pyri- 

dine ring. Therefore, we chose to explore lithium diisopmpylamide W A )  as the base in this reaction.14 

Following the completion of the present work, Queguiner and co-workers have reported extensive studies on the 

metalation chendshy of halopyridines.15 

RESULTS AND DISCUSSION 

Regioselective Lithiation of Halopyridines. Tmment  of 3-chloropyridine (4) with LDA (THF, -78 'C) 

resub in the regioselective lithiation of the C 4  position to give 3-chloro-4-lithiopyridine (5). Quenching this 

solution with a variety of electrophiles, at low temperatmes to forestall premarure 3.4-pyridyne formation, gives 

the 3.4-disubstituted pyridines (6) in 16-9640 yields. Our results are tabulated in the Table. The structures of 6a- 

h were established by spectral and analytical data, including 13C nmr. In some cases, direct comparison with 

literature data was possible. 

68 E = I  
CI 6b E=TMS 

6c E =  PhS 
6d E = PhCHOH 

-78°C 6e E = Ph2COH 
4 6f E = Me2COH 

60 E=Br 
6h E=S02Ph 

Similarly, both 3-fluom (7) and 3-bromopyridine (10) are metalated at C-4 with LDA to give the respective 

anions (8) and (11). respectively. Quenching these species at low temperatures affords the corresponding 3.4- 
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Table. Reactions of 2-Halo-3-lithio, 3-Halo4lithio. and 3-Lithio4halopyridines with Elecmphiles 

Pyridine 
Anion Eleamphile Product 90 Yielda 

I2 

MqSiCl 

PhSSPh 

P h M O  

Phzco 

Mezm 

Br2 

PhSOzCl 

I2 

Me3SiCl 

PhSSPh 

MeCHO 

PhCOMe 

15 

17 

MqSiCl 

2 2  MqSiCl 3-Trimethylsilyl-4-chlompyridine (27) 92 

aYields refer to isolated (distilled, recrystallized, chmatogmphed, or sublimed) product 

bn, predominant pathway appears to be enolate formation, resulting in recovered 3-chlmpyridine (4). 

CAn extremely exothermic reaction accounts for the low yield due to decomposition of 5. 

dCrude yield only, but tlc indicated a pure material and 'H nmr was consistent with the assigned shncture. 

Attempted purification by distillation, crystallization or column chromatography repeatedly resulted in total 

decomposition for reasons which remain puzzling. 

eUnformnately, no analytical data were obtained for this compound; Specha support the assigned structure. 
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disubstituted pyridines (9) and (U), respectively, in good yields (Table). In coneast, the attempted metalation of 

3-iodopyridine (13) with LDA at -95 'C failed to give the 3,bdisubstituted pyridine after quenching with electm 

philes. Instead, a dark polymer material formed immediately at -95 'C after the addition of LDA, suggesting the 

rapid decomposition of the presumed 3-iodo4lithiopyridine (14) to 34-pyridyne (1). 

OF DI 
THF 

-78 "C 
7 8 98 E = l  

9b E = TMS 

b'r b 
-78 OC 

10 11 12a E=SPh 
12b E = MeCHOH 
12c E = PhCMeOH 

0' " ' 0 
THF 

13 
-95 OC 

14 1 

The reactions of 3-bmmo4lithiopyridine (11) with 1-phenylsulfonylindole-2-carboxaldehyde (15) and 1- 

phenylsulfonyl-2-indolyl methyl ketone (17) afford the expected 16 and 18 in 81% and 57% yields, respectively. 

The only other materials isolated from the latter reaction are ketone (17) (38%) and 3-bromopyridine (10). 

apparently resulting from enolate formation, as is observed in the reaction between 11 and acetophenone. 
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The stability of these 3-halo4lithiopyridines appears to be in the predictable ordec9.16 8 >> 5 > 11 >> 14, as 

judged by visual decomposition of each reaction mixture. The 3-fluoro4lithiopyridine (8) is.exceptionally stable 

and only succumbed to being quenched with iodine at about -30 'C. The lithiochloropyridme (5) is stable for at 

least one hour at -78 'C, but rapidly decomposes at higher temperatures. The homo species (11) is stable for 10  

15 min at -78 'C, and, in fact, must be cooled to -100 'C prior to quenching. As already noted, the iodo species 

(14) is apparently only fleetingly stable at -95 'C. As Queguiner has shown, at higher temperature these lithie 

halopyridines r e m g e  or suffer ring opening.15 

To establish the precise regkchemistry of this lithiation reaction, we carefully examined the composition of the 

reaction mixture obtained by quenching 3-chloro-4-lithiopyridine (5) with iodine. This crude pmduct was sub 

jected to medium pressure preparative liquid chromatographyl' to yield 3shloro-4-iodopyridine (6a) (93%). 3- 

chloro4.5-diiodopyridine (19) (3%), and an inseparable mixture of 2-iodo-3-chlompyridine (20) (2%) and 3- 

chloro-5-iodopyridine (21) (2%). These compounds were readily identified by their 1H ntm and mass spectra. 

Assuming that the diiodide (19) is formed by a hydrogen-metal exchange reaction between 3-chlorc-4-lithio- 

pyridine (5) and 3chlom4-iodopyridine (6a). then the true regiolithiation of 3shlompyridine (4) is 96% at H-4 

and 2% each at H-2 and H-5. Tlis his in qualitative agreement with the kinetic acidity data13 

Regioselective ortho-lithiation of Z-chlom- (22) and 4shloropyridine (25) can also be effected with LDA (TtIF, 

-78 'C) to generate 23 and 26, respectively. Quenching at -78 'C with chlomtrimethylsilane gives the corres- 

ponding 24 and 27 in good to excellent yields. There is a high degree of regioselectivity observed in these two 

metalation reactions, but the precise regiolithiation of 22 and 25 remains to be established. 
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CI CI CI 

- - 
THF 92% 

-78 'C 
25 26 n 

Reaction of 3-cbloro-ll-lithiopyridine (5) with n-butyl iodide is complicated by depromnation of the initial product 

and a subsequent second alkylation. Ihus, the products obtained in this reaction are 3chloro-4-n-butylpyridine 

(28) and 3chloro-4-(4-n-octyl)pyridine (29). 

Interestingly, 3chloro-4-trimethylsilylpyridine (6b) and its N-oxide (30). prepared by m-chloroperbenwic acid 

(m-CPBA) oxidation of 6b, do not undergo aromatic electmphilic ipsodesilylation, even under forcing condi- 

tions. Thus, treatment of 6b with iodine monochloride in refluxing CQ for 28 h or with near benzaldehyde (130 

'C, 5 h) resulted in no reaction. Moreover, N-oxide (30) was inen m ICI ( C a ,  reflux, 22 days), and 3-flu- 

4-aimethylsilylpyridine (9b) was impervious to the action of MeLi. 

Attempts to lithiite pydine itself using the standard conditions imparted a bright canary yellow color to the a- 

tion mixture, but no substituted pyridines could be isolated after the addition of various electrophiles. Meth-Conn 

had earlier isolated 2.2-bipyridine from the reaction of pyridine with LDA 0320, various tempemtures).l* 

Generation of 3,4-Pyridyne and Diels-Alder Trapping. 

Treatment of 3chlor&iodopyridine (6a) with 1 equiv. of n-butyllithium (THF, -78 'C) generates 3-chlno-4- 

lithiopyridine (5). Furan was added m the reaction mixture at -78 'C and it was allowed to warm slowly m m m  

temperature. Workup gave the d e s i i  Diels-Alder adduct (31) in 38% yield, along with 3-chloro-4-n-butylpyri- 

dine (28) in 45% yield which is presumably formed by the alkylation of 5 by in situ generated n-butyl iodide. In 
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addition, a considerable amount of dark polymer was present, probably initiated by the reaction of 3.4-pyridyne 

(1). which is highly susceptible to nuclwphilic addition, with its precwsor lithiwhlompyridine (5). 

The alkylation problem (ct 28) was circumvented by employing tert-butyllithium (2 equiv..lg -95 'C!) for the 

halogen-metal exchange reaction. Under these conditions, cycloadduct (31) was isolated in 33% purified yield 

and no alkylated products were found. Unfortunately, the dark polymer was again present. We designed and had 

constructed a low-tempahue-controlled, inverse-addition apparatusm that would allow for the instantanwus 

generation of 3.4-pyridyne (1) in a medium relatively free of its nuclwphilic precursor (5). but rich in diene uap. 

Thus, ueabnent of 6a with rerr-BuLi (2 equiv., -100 '0 in the upper reaction vessel generated 5, which is stable 

for at least 2 h at -100 'C. This solution was then added slowly over 1 h to a solution of excess furan in dry THF 

at various temperatures (20 to -30 'C) above that required for the elimination of LiCl from 5. Under these 

conditions, none of the usual dark polymer formed, but the yield of cycloadduct (31) was about the same as in 

earlier experiments. A similar reaction with 2.5-dimethylfuran as uap gave 32 in 24% purified yield. 

Although the generation and trapping of 3.4-pyridyne from 3-chlo1~4lithiopyridine by a halogenmetal exchange 

protocol fmm 3-chloro-4-iodopyridine remains to be optimized, it is gratifying that the basic purpose for the use 

of this apparatusm was successful in obsmcting the formation of the otherwise ubiquitous 3.4-pyridyne polymer. 

Funhennore, the yields of furan Diels-Alder cycloadducts (31) and (32), combined with the ease of preparation 

of precursor (6a). makes this method of 3.4-pyridyne generation compare favorably with other, newer 

procedures.6 
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EXPERIMENTAL 

General. Melting points were determined in open capillaries with a Mel-Temp Laboratory D & i s  appaTaNS 

and are. uncorrected. Elemental analyses were performed by Atlantic Mimlabs, Atlanfa, GA. Infmed (ir) specUa 

were morded on a Perldn-Elmer 599 insmunent. 1H Nmr specm were mutinely obtained at 60 MHz with a 

Hitachi Perkin-Elmer R-24 spectrometer and, in cenain cases, with a JEOL-FX60Q Fourier Uansform NMR 

specnumeter. Chemical s h i i  are. reported in parts per million downfield fmm te~methylsilane as the internal 

reference. 13C Nmr spectra were measured on a JEOLFX60Q Fourier &orm NMR spectrometer operating at 

15 MHz. High resolution lH nmr (360 MHz) and 13C nmr (90 MHz) spectra wexe genmusly supplied by the 

Regional NMR Center. Colorado State University, Fcnt Collins, CO. High resolution mass spectra were obtained 

at the NIH Regional Facility at the Massachusetts Inst i~te  of Technology by Dr. Catherine E. Costello. Low 

resolution mass spectra were determined on a Finnigan EI-CI gas chromatograph-mass spectrometer. Medium 

pressure liquid chromatography was performed on an apparatus modeled after that originally designed by 

Meyers." Thin layer chromatography (tlc) was performed on precoated (0.2 mm) silica gel 60 F m  plastic sheets 

(E. Merck). Spots were visualized under 254 nm ultraviolet light and/or by spraying with a solution of 3% 

aqueous ceric ammonium sulfate in 10% sulfuric acid followed by brief heating. The alkyllithium reagents were 

plnrhased £mn Aldrich and standardized by tiPation against 2,5-dimethoxybenzyl alcohol.21 Terrahydrofuran 

was distilled h m  sodium/benzophenone and diisopmpylamine and 2,2,6,&tetramethylpiperidine were distilled 

over sodium hydride. The halopyridine compounds were observed by tlc using 955  ethyl acetate (Et0Ac)- 

triethylamine (Et3N) to develop the plates. For many of the lithiation procedures, a 3-neck round-bottomed flask 

fitted with an internal thermometer, magnetic stining bar, argon inlet adapter, and rubber serum cap was found to 

be most convenient. All reactions were performed in oven-dried (130 'C) glassware under prepwikd argon or 

nitrogen. 

3-Chloro-4-lithiopyridine (5). To a magnetically stirred solution of dry diisopmpylamine (3.70 ml, 26.4 

mmol) in dry THF (20 ml) under N2 at -78 'C was added via syringe n-BuLi (1.60 M in hexane; 16.5 ml, 26.4 

mmol). This solution of LDA was stirred at -78 'C for 20 min and then treated dropwise over 10-15 min (keep 

ing the internal temperannr below -70 'C) with a solution of 3-chlompyridine (3.00 g, 2.51 ml, 26.4 mmol) in 

dry THF (5 ml). The resulting lithiopyridine (5) partially precipitated as a colorless solid in a light yellow-orange 

solution. The mixture was stirred for 20-30 min at -78 'C and then quenched in sinr with the eleztrophiles listed 

in the Table and as described below. 
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3-Chloro-4-iodopyridine (6a). A magnetically stirred solution of 5 (prepared from 4, 3.00 g, 26.4 mmol) 

was treated over 10 min under N2 with a solution of iodine (6.70 g, 26.4 mmol) in dry THF (15 ml) keeping the 

internal temperature below -65 'C. The reaction mixture was allowed to warm to 5 'Cover 4-5 h, poured into 8% 

aqueous sodium bisulfite (100 ml), and extracted with EtzO (3 x 150 ml). The combined organic extlacts were 

washed with 8% aqueous sodium bisulfite (50 ml), 5% aqueous NaHC03 (50 ml). Hz0 (75 ml), and brine (2 x 

125 ml), dried (KzC03). and concentrated in vacuo to give 7.50 g of nude 6a as a brown solid. Sublimation at 

50-60 'W Tom gave 4.08 g (65%) of 6a as colorless needles, mp 100-102 'C. A portion of this material (1.50 

g) was dissolved in CHzClz (5 ml) and s u b j d  to medium pressure l i d  chromatography over silica gel with 

CH2CI2 elution to give the following ratios of separated products: 3-chlom4-iodopy~idine (6a) (93%. mp 105.5- 

106 'C (lit.72 mp 105-106 'C)); 3-chloro-4,5diiodopyridine (19) (3%; mp 150-151 'C); and an inseparable 

mixture of 2-iodo-3-chloropyridine (20) and 3-chlom-Siodopyridine (21) (4%, ca. 55:45 by their cleanly 

separated 1H nmr signals). For 6a: ir (KBr) 1545, 1445, 1385, 1270, 1130,835,748,720 cm-1; IH nmr 

(CDC13) 6 8.57 (1 H, s), 8.06 (1 H, d, J = 5 Hz), 7.75 (1 H, d, J = 5 Hz); 13C nmr (CDC13) 6 148.3, 147.1, 

137.0, 134.6, 108.9; ms mlz 239 (M+, 44%), 204, 127, 112 (83%). 85.76 (31%). 50 (100%); uv WeOH) hax 

241,272 nm. For 19: 'H nmr (CDClj) S 7.84 @mad s); ms mlz 365 (M+, 22%). 238, 127, 111,85,76 

(100%). For 20 and 21: IH nmr (CDC13) S 8.33 (1 H, d of d, J = 5 and 2 Hz), 7.70 (1 H, d of d, I = 7 and 2 

Hz), 7.25 (1 H, d of d, J = 5 and 7 Hz); 8.76 (1 H, d, J = 2 Hz), 8.58 (1 H, d, J = 2 Hz), 8.07 (1 H, d of d, J = 

2 and 2 Hz). The mass specbum of the mixture of20 and 21 showed mh 239 @I+, 55%). 204, 127,112 

(loo%), 85, 76, 50. 

3-Chloro-4-trimethylsilylpyridine (6b). A magnetically stirred solution of 5 (prepared from 4, 3.00 g, 

26.4 mmol) was treated over 5-10 min under N2 with a solution of freshly distilled chlmrrimethylsilane (3.60 

ml, 28.4 mmol) in dry THF (15 ml) maintaining the internal temperature below 4 5  'C. The reaction mixture was 

allowed to warm to room temperature overnight, partially concentrated in vacuo, poured into 5% aqueous 

NaHCe (100 ml), and extracted with Etz0 (3 x 100 ml). The combined organic extmcts were washed wirh Hz0 

(1 x 75 ml), and brine (2 x 75 ml), dried (KzC03), and concentrated in vacuo to afford 5.37 g of a light pinkoil. 

Distillation gave 4.72 g (96%) of 6b as a colorless liquid: bp 75-77 'U1 Ton: ir (neat film) 3075,2970,2915, 

1579,1470, 1395, 1255,1183, 1127, 1085, 1030,840,725,622,565 cm-I; 1H nmr (CDC13) 6 8.55 (1 H, s), 

8.50 (1 H, d, J = 5 Hz), 7.32 (1 H, d, J = 5 Hz), 0.40 (9 H, s); '3C omr (CDCl3) S 148.5, 147.9, 146.5, 138.3, 
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129.2, 1.54; uv (95% EtOH) X, 272 nm. Anal. Calcd for Ca12NClSi: C, 51.73; H, 6.51; N, 7.54, CI, 

19.09. Found: C, 51.67; H, 6.60; N, 7.51; Cl, 19.05. 

3-Chloro-44hiophenylpyridine (6c). A magnetically stirred solution of 5 (prepared from 4.3.00 g, 26.4 

mmol) was m t e d  over 10 min under N2 with a solution of diphenyl disulfidc (5.77 g, 26.4 mmol) in dry THF 

(25 ml) maintaining the internal tempera- below 4 5  'C. The reaction mixture was allowed to warm m room 

temperature overnight, poured into 6% aqueous sodium bisulfite (100 ml), and extracted with Et20 (4 x 100 ml). 

The combined extracts were washed with cold 2 N aqueous NaOH (3 x 75 ml), Hz0 (2 x 50 ml), and brine (2 x 

75 ml), dried (K2C03). and concentrated in vacw to give 6.10 g of a viscous orange-brown oil which crystallized 

when triturated with 2: 1 heme-Et20 (15 ml). AAa standing in the cold for 7 days, 5.65 g of tan crystals were 

collected and then recrystallized (3x) from 5: 1 hexane-EtzO (with activated chamal decolorization the initial time). 

A final recrystallization from hexane gave 4.38 g (75%) of analytically pure 6c as colorless crystals in two mps: 

mp 52.5-53.0 'C; ir (KBr) 3045,1560,1450, 1400,1275,1130,1080,1025,820,750,685,595,490 cm-1; 1H 

nmr (CDCl3) 6 8.45 (1 H, s), 8.18 (1 H, d, J = 5 Hz), 7.58 (5 H, s), 6.55 (1 H, d, J = 5 Hz); 13C nmr (CDC13) 

S 149.3, 148.8, 146.9, 135.6, 129.9, (2 C's), 127.9, 127.7, 120.0; uv (95% EtOH) Amax 218, 262 nm. Anal. 

Calcd for C11HgNClS: C, 59.59; H, 3.64 N, 6.32; C1, 15.99; S, 14.46. Found: C, 59.59; H, 3.65; N, 6.32; 

CI, 15.99; S, 14.42. 

I-Phenyl-1-(3-chloro-4-pyridy1)methanol (6d). A magnetically stirred solution of 5 (prepared from 4, 

3.00 g, 26.4 mmol) was mated over 10 min under N2 with a solution of freshly distilled benzaldehyde (2.94 g, 

27.7 mmol) in dry THF (20 ml) keeping the internal temperature below -70 'C. The reaction mixme was 

warmed to 40 'C over 45 min and quenched with an aqueous solution of NH4Cl(1.41 g) in Hz0 (20 ml). The 

mix- was allowed to warm to room temperature, poured into Hz0 (100 ml), and e x m e d  with Et20 (3 x 100 

ml). The combined extracts were washed with Hz0 (1 x 25 ml), and brine (2 x 100 ml), dried (K2C03). and 

concentrated in vacuo to afford 7.20 g of an amber oil which crystallized when triturated with h e m e  (25 ml). 

After standing in the cold for 24 h, the product was collected by filtration, washed with heme,  and dried to 

provide 3.27 g (57%) of analytically pure 6d as fluffy white crystals: mp 140-140.5 'C; ir (CHC13) 3605,2990, 

1585,1450,1397, 1160,1017,694,651,598 cm-I; IH nmr (DMSO-d6) S 8.64 (1 H, d, J = 5.5 Hz), 8.60 (1 H, 

s), 7.87 (1 H, d, J = 5.5 Hz), 7.38 (5 H, s), 6.43 (1 H, d, J = 4 Hz), 6.09 (1 H, d, J = 4 Hz); 13C nmr (CDCl3) 

6 149.9, 148.9, 147.6, 140.7, 129.9, 128.5, 128.2, 127.0, 121.9, 71.8. Anal. Calcd for C12HIf10CI: C, 

65.61; H, 4.59; N, 6.38; CI, 16.14. Found: C, 65.69; H, 4.61, N, 6.39; C1, 16.08. 
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1,l-Diphenyl-1-(3-chloro-4-pyridyl)methao (6e). A magnetically stirred solution of 5 (prepared from 

4.3.00 g, 26.4 mmol) was treated with a solution of benwphenone (5.05 g, 27.7 mmol) in dry THF (20 ml) 

according to the procedure used for 6d. After the mixture was warmed to m m  temperature and poured into Hz0 

(50 ml), much precipitate had appeared which did not dissolve when a 2 1  mixture of EtzO-CHzQz (150 ml) was 

added The precipitate was collected by filtration, washed sequentially several times with Hz0 and EtzO, and 

thoroughly dried to afford 4.52 g (58%) of analytically pure 6e as a white powder, mp 210-21 1 'C. An 

additional 0.56 g (7%) of 6e was obtained from the organic extracts according to the procedure used for 6d, mp 

203-207 'C. The wmbiied yield of 6e was 5.08 g, 65%; ir (KBr) 3160,1574, 1396,1280,1185,1025.830, 

733,690, 634, 574 cm-1; 1H nmr (DMSO-dg) 6 8.61 (1 H, s), 8.56 (1 H, d, J = 5 Hz), 7.34 (10 H, s), 7.25 (1 

H, d, J = 5 Hz), 6.80 (1 H, br s). Anal. Calcd for C18H14NOCl: C, 73.09, H, 4.77; N, 4.73; C1, 11.98. 

Found: C, 72.91; H, 4.83; N, 4.67; Cl, 11.84. 

2-(3-Chloro-4-pyridyI)-2-propanol (60. A magnetically stirred solution of 5 (prepared from 4, 3.00 g, 

26.4 mmol) was treated over 10 min under Nz with a solution of freshly distilled (from merite) acetone (1.61 g, 

27.7 mmol) in dry THF (10 ml) keeping the internal temperature below -75 'C. The reaction mixture was 

w a r n  to -20 'C w m  3 h and quenched with an aqueous solution of NH4C1(1.41 g) in Hz0 (20 ml). The 

mixture was allowed to warm to room temperatwe, poured into Hz0 (100 ml), and, after saturating the aqueous 

phase with NaCl. exttacted with Etz0 (4 x 75 ml) and then CHCl3 (2 x 50 ml). The combined extracts were 

washed with brine (1 x 75 ml), dried (Kz-), and concentrated in vacuo to afforded 4.33 g of a light amber oil. 

The 'H nmr s-m of this crude material indicated 3-chloropyridine (4) and 6f in an integrated ratio of 63:37, 

respectively. After moving most of the 3-chloropyridine at 25 'C10.35 Tom, the viscous residue (2.36 g) was 

triturated with 9:l hexaneBt20 (10 ml) to afford 1.25 g (28%) of 6f as colorless crystals, mp 66-68 'C. 

Recrystallization from hexane gave the analytical sample: mp 77-78 'C; ir (CHCl3) 3605,3295,2985,1595, 

1468,1408,1374, 1336, 1225,1166,1041,962,851 cm-I; 'H nmr @MSO-d6) G 8.55 (1 H, s. 8.54 (1 H, d, J 

= 5.5 Hz), 7.83 (1 H, d, J = 5.5 Hz), 5.55 (1 H, s), 1.63 (s, 6 H); I3C nmr (CDCIj) S 153.6, 150.7, 148.1, 

128.8, 121.2.72.4. 28.6. Anal. Calcd for C~H~ONOCI: C, 55.99; H, 5.87; N, 8.16; Cl, 20.66. Found: C, 

55.82; H, 5.87; N, 8.14; C1, 20.61. 

3-Chloro-4-bromopyridine (6g). A magnetically stirred solution of 5 (prepared from 4, 3.00 g, 26.4 

mmol) was treated over 5-10 min under N;? with a cold solution of bromine (4.22 g, 26.4 mmol) in dry THF (15 

ml) resulting in an extremely exothamic reaction. The mixture was allowed to warm to room temperature and 
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worked up as for 6a. Sublimation of the crude product at 60-80 'W Tom gave 0.80 g (16%) of 6g as colorless 

crystals: mp 69-70 'C (lit.,22 mp 71-72 'C); ir (CHClj) 1550,1460,1390,1260, 1025,825 cm-1; 1H nmr 

(CDC13) 6 8.56(1 H, s), 8.24 (1 H, d, J = 5 Hz), 7.54 (1 H, d, J = 5 Hz); uv (MeOH) A,, 228, 269 nm. 

3-Chloro-4-phenylsulfonylpyridine (6h). A magnetically stirred solution of 5 @repared from 4, 3.00 g, 

26.4 mmol) was treated over 1-2 min under N2 with a -78 'C solution of freshly distilled PhSaCI (3.60 tnl. 

27.7 mmol) in dry THF (20 ml) from a jacketed constant-addition funnel while maintaining the internal 

temperature below -60 'C. The reaction mixture was warmed to m m  remperatllre overnight, poured into 5% 

aqueous NaHC@ (75 ml) and extracted with Et20 (4 x 80 ml). The combined extracts were washed with H20 (1 

x 50 ml). and brine (2 x 75 ml), dried (K2C03). and concentrated in vacuo to afford 5.38 g (80%) of a light 

reddish oil which crystallid on standing ovemight under Nz. The 'H nmr s p m m  indicated a very clean 

product consistent with 6h. However, the material could not be further purified due to its instability: 'H Nmr 

(CDC13) 6 8.61 (1 H, s), 8.50 (1 H, d, J = 5 Hz), 8.47 (2 H, d, J = 9 Hz), 8.09 (1 H, m), 7.85-7.52 (2 H, m), 

7.38 (1 H. d. J = 5 Hz). 

3-Fluom-4-lithiopyridine (8). To a magnetically stirred solution of dry diisopropylamine (1.85 ml, 13.2 

mmol) in dry THF (10 ml) under N2 at -78 'C was added via syringe n-BuLi (1.60 M in hexane; 8.25 ml, 13.2 

mmol). This solution of LDA was stirred at -78 'C for 20 min and then mated dropwise over 5 min with a solu- 

tion of 3-fluoropyridine (7) (1.28 g, 13.2 mmol) in dry THF (3 ml). The resulting 8 partially precipitated as a 

colorless solid in a bright yellow solution. The mixture was stirred for 30 min at -78'C and then quenched in sinr 

with the elecnuphiles listed in the Table and as described below. 

3-Fluoro-4-iodopyridine (9a). A magnetically stirred solution of 8 (prepared from 7, 1.28 g, 13.2 mmol) 

was mated over 5 min under N2 with a solution of iodine (3.35 g, 13.2 mmol) in dry THF (10 ml). The reaction 

mixture was allowed to warm to room temperature overnight, poured into 3% aqueous sodium thiosulfate (100 

ml), and extracted with Et2O (3 x 100 ml). The combined organic extracts were washed with H20 (1 x 50 ml), 

and brine (2 x 50 ml), dried (K2CO3). and concentrated in vacuo to afford 2.94 g of crude 9a as a dark oily solid. 

Sublimation at 20-25 'CnO Tom gave 1.47 g (50%) of pure 9a as colorless needles: mp 8081 'C (lit.,n mp 87 

'C); ir (CHCl3) 3000, 1570, 1478, 1415, 1280, 825, 648, 615, 585, 560 an-'; lH nmr (CDC13) 6 8.30 (1 H, s), 

8.05 (1 H, m), 7.79-7.58 (1 H, m). 

3-Fluoro-4-trimethylsilylpyridine (9b). A magnetically stirred solution of 8 (prepared from 7, 1.28 g, 

13.2 mmol) was mated over 5 min underN2 with a solution of freshly distilled TMSCI (1.80 ml, 14.2 mmol) in 
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dry THF (7 ml) keeping the intemal temperature below 60 'C. The reaction mixture was allowed to warm to 

mom temperature overnight, poured into 5% aquwus N a H m  (100 ml), and extracted with EtzO (3 x 100 ml). 

The c o m b i i  exhacu were washed with Hz0 (1 x 50 ml), and brine (2 x 33 ml), dried (K2CO.J). and 

conccntlated in v m o  to toord 2.99 g of a pale yellow oil. Distillation gave 1.93 g (87%) of 9b as a colorless 

liquid: bp 40-42 'Cl0.5 TOT ir (neat) 3070,2980,2920, 1538, 1485, 1412, 1270, 1235, 1205, 1100, 1060, 

850,765,728, 625 cm-I; 'H nmr (CDCl3) 6 8.5-8.3 (2 H, m), 7.30 (1 H, m), 0.35 (s, 9 H); 13C nmr (CDCl3) 6 

172.0, 155.3, 144.9, 144.6, 137.9, 136.0, 128.9, 128.4, 1.65. Anal. Calcd for CfllzNFSi: C, 56.76; H, 

7.15; N, 8.27. Found: C, 56.66, H, 7.19; N, 8.27. 

3-Bromo-4-lithiopyridine (11). To a magnetically stirred solution of dry diisopropylamine (3.70 ml, 26.4 

mmol) in dry THF (25 ml) under argon at -78 'C was added via syringe n-BuLi (1.60 M in hexane; 16.5 ml, 26.4 

mmol). This solution of LDA was stirred at -78 'C for 20 min and then treated over 5 min neat via syringe with 

3-bmmopy~idine (4.17 g, 2.54 ml, 26.4 mmol) keeping the internal temperature below -75 'C. The resulting 

lithiopyridine (11) appeared as a cloudy light orange suspension. The mixture was immediately cooled to -90 'C, 

maintained at -80 to -90 'C for 20 min, and then quenched in sinr with the elecuophiles listed in the Table and as 

described below. 

3-Bromo-44hiophenylpyridine (12a). A magnetically stirred solution of 11 (prepared from 10.4.17 g, 

26.4 mmol) was treated over 3-5 min under argon with a solution of diphenyl disulfide (5.77 g, 26.4 mmol) in 

~IY THF (25 ml) maintaining the internal temperature below -65 'C (very exothermic reaction). The reaction 

mixture was allowed to warm to room temperature overnight, poured into 6% aqueous sodium bisulfite (100 ml), 

and extracted with EtzO (3 x 125 ml). The combined extracts wen washed with 6% aqueous sodium bisulfite (1 

x 100 ml), 2 N aqueous NaOH (3 x 50 ml), H20 (2 x 75 ml), and brine (2 x 75 ml), dried (QCOj), and 

concentrated in vacuo to afford 8.24 g of a bmwn viscous oil. The lH nmr spechum of this material indicated 

12a and a considerable amount of dipheuyl disulfide. This crude product was then dissolved in EtzO (150 ml) 

and e x m e d  with cold 3 N aquwus HCI (3 x 75 ml). The combined acidic panions were b a s i f i  with solid 

KOH to pH 8-9 and extracted with Etz0 (3 x 125 ml). The combined EtzO extracu were washed with Hz0 (2 x 

75 ml), and brine (2 x 75 ml), dried ( K z m ) ,  and concentrated in vacuo to give 4.93 g of a red brown oil. 

Column chromatography over silica gel with 2:l hexane-Etz0 provided 4.29 g (61%) of 12a as an amber oil 

which slowly crystallized under N2 in the cold mp 48.5-49.5 'C. Recrystallization from hexane gave the analyti- 

cal sample as colorlessprisms: mp 53.5-54 'C; ir W r )  3045, 1560, 1445, 1400, 1275, 1080, 1020,825 cm-1; 



164 HETEROCYCLES, Vol. 35, No. 1,1003 

1Hm(CDU3)68.52(1H,s),8.18(1H,d,J=5Hz),7.53(5H,s),6.50(1H,d,J=5Hz);13Cm 

(CDC13)6 151.5, 150.7, 147.4, 135.7, 130.1 (2 Cs), 128.5, 120.4, 118.1; uv (95% EtOH) A,,,, 220, 260 nm. 

Anal. Calcd for CllHgNBrS: C, 49.64, H, 3.03: N, 5.26; Br, 30.02: S, 12.05. Found: C, 49.60, H, 3.07; N, 

5.26; Br, 30.00; S, 12.04. 

1-(3-Brorno-4-pyridyl)ethanol (12b). A magnetically stirred solution of 11 (prepared from 10.4.17 g, 

26.4 m l )  was treated under argon at -90 'C neat via syringe wer 5 min with freshly distilled acetaldehyde 

(1.90 ml, 34.0 mmol) maintaining the internal temperature below -75 'C The mixture was allowed to stir at -90 

'C for 1 h, w m e d  to -20 'Cover 30 mi& and then poured into an aqueous solution of NH4Cl(1.60 g) in Hz0 

(100 ml). The aqueous phase was saturated with NaU and exmted with CH2U2 (4 x 100 ml). ?he combined 

organic e x m t s  were washed with brine (2 x 50 ml), dried (KzC03). and concentrated in vacuo to afford 6.66 g 

of a dark orange oil. Column chromatography over florid with 1:l hexane-benzene gave initially, m e  amounts 

of 3-bromopyridine (10) and other nonpolar oils. Elution with EtOAc then afforded 4.23 g (79%) of 12b as a 

light amber viscous oil which crystallized under Nz in the cold: mp 74-75 'C: ir (CHU3) 3610,3260,2985, 

1588,1450, 1400,1370, 1250, 1163,1015,902,842,611,572 cm-I; IH nmr (CDCl3) b 8.43 (1 H, s), 8.32 (1 

H, d, J = 5.5 Hz), 7.52 (1 H, d, J = 5.5 Hz), 5.56 (1 H, br s), 5.06 (1 H, q, J = 6Hz), 1.42 (3 H, d, J = 6Hz); 

msmlz 203, 201 W+), 188, 186, 160, 158, 122, 106,78 (100%). 51. An elemental analysis was not obtained 

for this compound. 

1-(3-Bromo-4-pyridyll-1-phenylethanol (12c). A magnetically stirred solution of 11 (prepared from 10. 

4.17 g, 26.4 mmol) was m t e d  under argon at -100 'C neat via syringe over 2 min with acetophenone (3.33 g, 

27.7 mmol) keeping the internal temperature below -85 'C. The mixture was stirred at -90 'C for 2 h, w m e d  to 

-20 'C wer 1 h, and then worked up according to the procedure used for 1Zb to afford 9.69 g of an amber oil. 

The 'H MU spectrum of this material showed 12c, in addition to a considerable amount of 3-bromopyridine and 

acetophenone. After removing most of the latter two components at 30 'CJl.2 Torr, the residue was triturated 

with 2 1  hexane-EtzO (30 ml) and allowed to stand in the cold for 2 h. The product was collected by filtration, 

washed with Etz0, and dried (70 'CAM Tm) to give 2.65 g (36%) of analytically pure 1% as a colorless 

powder: mp 146-148 'C: ir(CHC13) 3605,3560,3240,2990,1581,1448,1400, 1372,1328,1158, 1017, 

908, 835 cml; 'H nmr (CDCl3) 6 8.50 (1 H, s), 8.45 (1 H, d, J = 5 Hz), 7.93 (1 H, d, J = 5 Hz), 7.32 (5 H, s), 

4.14 (1 H, s), 2.00 (3 H, s); 13C nmr (wC13) 6 154.4, 153.2, 148.2, 144.8, 128.2, 127.5, 125.9, 122.6, 

120.0.76.3.27.6; ms d z  279,277 W+), 264 (100%). 262, 198,186,184, 159,157, 129, 121, 105. Anal. 
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Calcd for C13Hl2NOBr: C, 56.14: H, 4.35; N, 5.04, Br, 28.73. Found: C, 56.20; H, 4.38; N, 5.M; Br, 

28.70. 

l-[l-Phenylsulfonylindol-2-yl]-l-(3-brnmn-4-pyridyl)methanol (16). A magnetically stirred 

solution of 3-Ixomo-Uithiopyridine (11) (prepared fmm 10.0.864 g, 5.47 mmol) in dry THF (20 ml) was 

treated under Ar at -100 'C with a solution of I-phenylsulfonylidole-2-carboxaldehyde (15)20 (1.30 g, 4.56 

mmol) in dry THF (10 ml) over 5 min maintaining the intemal temperature below -78 'C. The reaction mixtun 

was allowed to stir at -90 'C for 1.5 h, warmed to -75 'C, and quenched with a solution of NH4Cl(0.29 g) in 

H20 (20 ml). The mixture was allowed to warm to mom temperature, poured into Hz0 (1% ml), and extracted 

with CHzCl2 (3 x 100 ml). The organic extracts were washed with brine (2 x 100 ml), dried (NazSO4). and 

concentrated in vacw to &ad 2.98 g of a dark orange oil. Chromatography over florid (Et2O; 21 Et2G 

acetone) gave 1.64 g (81%) of 16 as a foamy white solid (Rf, 0.33,95:5 EtOAc-Et3N). Crystallization from 

1:l:l Etp3CHClyacetone gave the analytical sample: mp 153-154 "2; u (CHCl3) 3580,2990, 1585,1448, 

1365,1295, 1166, 1144, 1085, 1020,915,816 cm-l; 'H nmr (CDClj) G 8.65 (1 H, s), 8.62 (1 H, d, J = 5 Hz), 

8.3-7.1 (10 H, m), 6.47 (1 H, d, J = 4 Hz), 5.91 (1 H, s), 4.51 (1 H, d, J = 4 Hz); 1 3 ~  nmr (CDCl3) 6 151.4, 

148.7, 148.6, 140.3, 138.5, 137.3, 134.0, 129.3, 128.4, 126.6, 125.5, 123.9, 123.3, 121.4, 120.7, 114.4, 

11 1.6.67.3; uv (95% EtOH) hax 218,253 nm. Anal. Calcd for CM15N203BrS: C, 54.19; H, 3.41; N, 6.32; 

Br, 18.02; S, 7.23. Found: C, 54.11; H, 3.41; N, 6.30; Br, 18.00, S, 7.22. 

l-[l-Phenylsulfonylindol-2-yll-l-(3-bromo-4-pyridyl)ethanol (18). A magnetically stirred solution 

of 3-bromo4lithiopyridine (11) (prepared from 10.3.32 g, 21.05 mmol) in d q  THF (60 ml) was treated under 

Ar at -100 'C with a solution of 1-phenylsulfonyl-2-indolyl methyl ketone (17)24 (5.25 g. 17.5 mmol) in dry 

THF (35 ml) over 5 min maintaining the internal temperature below -90 'C. The reaction mixture was kept below 

-80 'C for 1.5 h, warmed to 10 'C over 3.5 h, and quenched with 5% aqueous NH&l(lM ml). The mix- 

was diluted with brine (100 ml) and extracted with CHzClz (4 x 125 ml). The organic extracts were washed with 

brine (1 x 200 ml), dried (K2C03). and concentrated in vacuo to afford 10.18 g of a dark orange oil which was 

further dried at 60 'CD.2 Tom for 2 h to remove 3-bromopyridine (10). The resulting light tan solid (7.15 g) was 

flash chromatographed over silica gel. Initial elution with CH2C12 pmnded 1.98 g (38%) of recovered ketone 

(17) and subsequent elution with 1:l CHzCl2-EtOAc gave 4.56 g (57%. 91% based on recovered 17) of 18 as an 

off-white solid, mp 175-178 'C. Recrystalliition from MC13 gave the analytical sample as colorless crystals: 

mp 184-185 'C; ir (KBr) 3160, 1594, 1451, 1377, 1294,1176,1129,1074,1024,933,835,760cm-1; 'H nmr 
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(CDC13)68.48(1 H , d  J=5Hz),8.3-7.9(2H,m),7.9-7.1 (9H,m),7.02 (1 H,s), 5.21 (1 H,brs),2.00(3 

H, s); 13C nmr (CDC13) S 153.23, 153.18, 147.9, 143.1, 138.3, 138.0, 133.4, 128.8, 128.2, 125.5, 125.3, 

123.9, 122.8, 121.4, 118.6, 114.9, 114.5, 73.0, 29.3; msmlz 458, 456 (M+), 443, 441, 377, 317, 315, 300, 

219,186,184,144.89.77 (100%); uv @[OH) 223,255,292 (sh) nm. Anal. Calcd for C21H17N203BrS: 

C, 55.15: H, 3.75: N, 6.13; Br, 17.47; S, 7.01. Found: C, 55.07; H, 3.76; N, 6.13; Br, 17.45: S, 7.00. 

2-Chloro-3-trimethylsilylpyridine (24). A magnetically stirred solution of LDA (26.4 mmol) in dry THE 

(20 ml) was prepared as described for 5 and then m t e d  at -78 'C under N2 with a solution of 2-chlompyridine 

(22) (3.00 g, 2.51 ml, 26.4 mmol) in dry THE (6 ml). The resulting 23 precipitated as a wlorless solid in a light 

yellow solution. The mixture was stirred for 1 h at -78 'C and then quenched over 2-3 min with a solution of 

TMSCl(3.60 ml. 28.4 mmol) in dry THF (10 ml) maintaining the internal temperature below -78 'C. The 

reaction mixture was allowed to warm to room temperature overnight and then worked up according to the 

procedure used for 6b to afford 6.14 g of a light ambe~ oil. Distillation gave 3.62 g (74%) of 24 as a colorless 

liquid, bp 54-62 'CYO.4 Tm. Redistillation gave the analytical sample: bp 56-60 "3.3 Ton; ir (neat) 3045. 

2960,2905,1560,1418, 1367,1250,1201,1120,1058,1039,845,766,650 cm-1; 1H nmr (CDCl3) S 8.31 (1 

H,dofd,J=5and2.5Hz) ,7 .78 (1 H,dofd,J=7and2.5Hz) ,7 .14(1 H,dofd,J=7and5Hz),0.37(9 

H, s); 13C nmr (CDC13) S 156.7, 149.8, 144.6, 134.9, 121.7, 1.5. Anal. Calcd for C8H12NClSi: C, 51.73; H, 

6.51; N, 7.54; CI, 19.09. Found: C, 51.86; H, 6.52; N, 7.53; Cl, 19.02. 

3-Trimethylsilyl-4-chloropyridine (27). A magnetically stimd solution of LDA (26.4 mmol) in dry THE 

(20 ml) was prepared as described for 5 and then treated at -78 'C under Nz with a solution of 4-chlompyridine 

(25) (3.00 g, 26.4 mmol) in dry THE (5 ml). The resulting lithiopyridine (26) precipitated as a colorless solid in 

a light yellow-orange solution. The mixture was stirred for 45 min at -78 'C and then quenched over 5-10 min 

with a solution of TMSCI (3.60 ml, 28.4 mmol) in dry THE (10 ml) maintaining the internal temperature below 

-65 'C. The reaction mixhue was allowed to warm to mom temperahue ovemight and then worked up according 

to the procedure used for 6b to afford 6.18 g of a light amber oil. Distillation gave 4.50 g (92%) of 27 as a color- 

less liquid. Redistillation gave the analytical sample: bp 52 'CB.65 Torr, u (neat) 3050,2970,2910, 1555, 

1470, 1450,1390, 1260,1208,1179, 1123, 1074, 1050,1030, 845,765,737,692,624,565 cm-1; 1H nmr 

(CDC13) 6 8.55 (1 H, s), 8.43 (1 H, d, J = 5.5 Hz), 7.21 (1 H, d, J = 5.5 Hz), 0.40 (9 H, s); 13C nmr (CDQj) 6 

155.2, 151.0, 150.6, 133.5, 124.3, 1.2. Anal. Calcd for CgHlzNQSi: C, 51.73; H, 6.51; N, 7.54; CI, 19.09. 

Found: C, 51.91; H, 6.54; N, 7.51; CI, 18.99. 
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53-Epoxy-5,8-dihydroisoquinoline (31). To a magnetically stirred solution of 3-chloro-4-iodopyridine 

(6a) (1.30 g, 5.42 mmol) in dry THF (25 ml) under N2 at -95 'C was added ten-BuLi (2.00 M in pentane; 5.50 

ml, 11.0 mmol). There immediately resulted a bright red color and, after 20 min at -95 'C, furan (4.0 ml, 55 

mmol) was added via syinge. The reaction mixture was allowed to warm to -25 'Cover 2 h, maintained at this 

temperature for 1 h, and then allowed to warm to room temperature overnight. The dark polymeric material was 

filtered and washed well with Et20. The organic portions (300 ml) were washed with saturated aqueous N a H W  

(1 x 100 ml) and the aqueous phase was extracted funher with CH2Cl2 (1 x 75 ml). The combined organic 

portions were then washed with brine (2 x 100 ml), dried (K2C03). and concentrated in vacuo to afford 0.58 g of 

a dark oil. Distillation gave 0.26 g (33%) of 31 as a light amber liquid (Rf, 0.30.955 E1OAc-Et3N): bp 92-100 

'Cl0.25 Torr (lit.,'C bp 100 '(74 Torr); ir (CHC13) 3100, 1620, 1410, 1280,995,965, 830, 805,790 cm-1; IH 

nmr (CDCl3) 6 8.35 (1 H, s), 8.20 (1 H, d, J = 5 Hz), 7.20 (1 H, d, J = 5 Hz), 6.95 (2 H, s), 5.75 (I  H, s), 

5.65 (I H, s); uv (MeOH) h,, 239,267 nm. 

5,s-Epoxy-5,s-dimethyl-5,8-dihydroisoquinoine (32). To a solution of 3-chloro-4-iodopyridine (6a) 

(1.659 g, 6.923 mmol) in dry THF (65 ml) under argon at -100 'C and mechanically stirred in the upper reaction 

vesselm was added ten-BuLi (2.10 M in pentane; 6.59 ml, 13.8 mmol) via syringe over 2 rnin keeping the 

internal temperature below -80 'C. The bright red solution which resulted was sdrred at -95 'C for 5 min and 

then slowly dripped into a -2 'C solution of freshly distilled 2,S-dimethylfuran (7.50 ml, 70.5 mmol) in dry THF 

(10 ml) over 25 min. The rate of addition was controlled such that the internal temperature of the bottom reaction 

vessel was ca. -2 'C throughout the addition. The reaction mixture was stored at 0 'C for 20 min and then 

allowed to warm to room temperature overnight After 5% aqueous NaHCO) (150 ml) was added, the mixture 

was extracted with Et20 (3 x 125 ml) and then CH2C12 (1 x 100 ml). The combined extracts were washed with 

H20 (1 x 75 ml), and brine (2 x 150 ml), dried (KzCOj), and concentrated in vacuo to afford 1.26 g of a dark oil. 

Chromatography over activity III basic A1203 with 9:l CHzC12-hexane provided 0.278 g (24%) of 32 as a 

colorless solid: (Rf, 0.38.95:s EtOAc-EtjN) mp 80-81 'C (lit.,7c mp 92 'C); u (KBr) 3065, 2975, 2935, 1603, 

1444,1422,1390,1319,1162, 1147, 865,842,725,661,629,587 cm-1; 1~ nmr (CDC13) 6 8.33 (1 H, s), 

8.29 (I H, d, J = 5 Hz), 7.08 (1 H, d, J = 5 Hz), 6.75 (2 H, s), 1.90 (3 H, s), 1.85 (3 H, s); '3C nmr (CDCI,) 8 

162.3, 147.4, 147.3, 147.0. 145.6, 138.0, 113.9, 88.2, 87.9, 15.0, 14.7. 
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