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Abstract  - An easy preparation of the  t i t le compounds 

involving a S R N  l ortho-arylation of phenolates by o -  

bromobenzonitrile followed by Si02-catalysed lactonisation is 

described. Activated o r  not activated phenols are efficient. 

Access to  benzonaphthopyranones is exemplified by the 

reactions with 2-naphtholate.  Reactions with chira l  p -  

hydroxyphenylamino acid derivatives are also reported. 

A large number of synthetic routes have been reported for the preparation o f  dibenzopyranone 

o r  bcnzonaphthopyranone skele ton. '  The research of new methodology, however, remains an 

active area;2-5 the biological activity of compounds such as the antibiotics of the gilvocarcin group 

which have promising ant i tumor activity6 or the derivatives of ellagic acid which show 

inhibition property of mutagenicity of aromatic hydrocarbons.7 has stimulated interest in this 

class of compounds. 
H2CH(NH&OIH 
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Ellagic acid Defucogilvocarcin V Altenuisol Tyrosine derivativeS 

Figure 1. Examples o f  natural compounds with arylbenzopyranone skeleton 
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In the course of our work on heterocyclic compounds synthesis. we had previously reported an 

efficient access to  isocoumarin type compounds by photostimulated S R N I  reactions of linear8 or 

cyclic9 ketone enolates with a-halobenzoic acid (Scheme 1). 

Aryloxides have been demonstrated to act as efficient C-nucleophiles in S R N ~   reaction^'^-'^ and we 

have reported straightforward synthesis of various substituted hydroxybiaryl de r iva t ives . l l  

However, our  attempts to  prepare dibenzopyranones by reacting o-halobenzoic  acid with 

phenolates were disappointing. For example, the photostimulated reaction of a-iodobenzoic acid 

with p-tert-butylphenolate in liquid ammonia or in DMSO (20°C) led in both cases to  only small 

amounts (5%) of  the  expected dibenzo[b,d]pyran-6-one. while the major reaction was the 

dehalogenation of the substrate (Scheme I ) .  
R' 
l 

Scheme 1 

We then turned our investigations to S R N  1 reactions of a-halobenzonitriles and formation of the 

lactonic ring by reaction between a cyano and a hydroxy group, as earlier described for o -  

hydroxybenzylidenearylacetonitriles13 or  for 2-(o-hydr0x~benz~l)benzonitriles,~ the latter of 

which were obtained via S R N I  arylation of phenols by cyanobenzyl azosulfides. 

We report herein a general and regiospecific preparation of the title compounds by reactions 

proceeding via the photostimulated S R N I  mechanism14 between o-bromobenzonitriles and various 

phenolates including tyrosine and hydroxyphenylglycine derivatives. 

Phenolates and naohtholate as nucleoohiles 

The photostimulated reaction of  2-bromobenzonitrile (1) with the phenolate of 2.4-ditert- 

butylphenol (2 )  (rerl-BuOK in N H 3 )  led in 1 h to the cyanobiaryl derivative (3). This compound 

was quantitatively converted into the dihenzopyranone (4)  through purification on silica gel o r  

alumina column as  well as on thin layer chromatography. 
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Scheme 2 

To  determine the scope and the limitations of this methodology, various p a r a - s u b s t i t u t e d  

phenolates were used. The results of the preparation of the corresponding d ibenzo[b ,d lpyran-6-  

ones are summarized in Table 1. Moderate to good yields (50 to 86%) were observed for phenols 

bearing either electron-donating (C(CH3)3, OCH3) or electron-withdrawing groups (OCF3, F. CN) on 

p a r a  posilion. 

Table 1 : Preparation of dibenzo[b.d]pyran-6-ones 

y i e l d  

4 78% 
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The only exception is  the  reaction with the  phenol ( 1 3 )  which carries a p-ni t ro  group : no 

coupling product was isolated after 7 h irradiation and both of the reactants were recovered 

quantitatively. One possible explanation is that, under the  above described conditions, p -  

nitrophenol acted as an electron sink rather than as a nucleophile. Aromatic nitro compounds are 

indeed known to be good electron acceptors and able to quench the electron transfer in S R N I  

reaction.14 

When the two o r r h o  positions of the phenolate are available, the yields of disubstitution remain 

low. The major side reaction which in some cases lowered the yields of coupling products is the 

reduction of the halobenzonitrile substrate.14 

As far as the regioselectivity was concerned, it is well established that i p s o  substitution occurs 

invariably in aromatic S R N I  reactions.14 With respect to  the aryloxide anion, while para versus 

o r r h o  substitution has been addressed, no report has appeared on the relative reactivity of the two 

ortho positions. We found that coupling occurred predominently at the less hindered o r r k o  

position when they were differentiated sterically: as can been seen from the Table 1, the reaction 

of  3.4-dimethoxyphenol (14)  with o-bromobenzonitrile afforded the 2.3-dimethoxydibenzopyran- 

6-one (15)  and the 1.2-dimethoxy derivative (16) in yields of 65% and 13% respectively. 

As a route to  benzonaphthopyranone, the  reaction of 1 with the  2-naphtholate ( 1 7 )  was 

investigated (Scheme 3). Under identical conditions to those previously used for  phenolates 

reactions, a mixture of two products (18)(76%) and (21)(5%) was obtained. The minor product was 

the benzonaphthopyranone resulting from the carbon-carbon coupling on  the less nucleophilic 

site C3 of the naphtholate. The major one is the I-(0-cyanopheny1)-2-hydroxynaphthalene which 

remains stable when treated with silica gel at room temperature and can be purified by 

chromatography. A similar observation was made in the  reaction of 3.4-dimethoxy-6- 

bromobenzonitrile ( 2 2 )  with 1 7  : 2 3  and 2 6  were isolated in yields of 84% and 5% respectively. 

Compounds (18) and ( 2 3 )  can only be lactonised by refluxing the CHC13 solution in presence of 

S i 0 2 .  Under this condition, the desired benzonaphthopyranones ( 1 9 )  and ( 2 4 )  were obtained 

quantitatively. It may be understood on steric grounds that the compounds ( 2 0 )  and (25) smoothly 

cyclized on Si02 chromatography while 18 and 2 3  required forcing conditions; 18 and 23 might 

need a heat activation in order to  adopt a correct conformation required for the intramolecular 

attack of the hydroxy group on the adjacent cyano group. 
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Scheme 3 

As a further extension, we then applied our  methodology to reactions involving phenolates 

derived from hydroxyphenyl amino acids, namely tyrosine and p - h y d r o x y p h e n y l g l y c i n e .  

The first question which needs to be addressed is the racemization problem of  amino acids. In a 

control experiment, we learned that (I)-tyrosine, protected as N.0-diacetyl methyl ester (27) ,  is 

racemization free under the standard S R N I  reaction conditions. In addition, we observed that, 

under the alkaline S R N I  conditions ( N H j ,  rerr-BuOK), the 0-acetyl group was readily removed. 

Thus, 27 can be used directly as a masked nucleophile. As a result, the reaction of 3.4-dimethoxy- 

6 -b romobenzon i t r i l e  with 2 7 ,  followed by usual work-up led to  the  optically active 

dibenzo[b,d]pyran-6-one (28) ( l a ] ~ = + 4 4 . 7 " )  in 52% yield. 

Racemization of phenylglycine derivatives is an usual problem and it was repnrted15 that, even 

in liquid ammonia. N-Boc-hydroxyiodophenylglycinc methyl ester is completely racemized 

within 1 h and expectedly, the N-acetyl methyl ester of (d)-hydroxyphenylglycine ( 2 9 )  ( [ a l ~ =  

-144") was observed to be racemized under the standard S R N I  conditions. Thus, the 

dibenzopyranones ( 3 0 )  and (31)  isolated in 65% and 79% yields respectively from reactions with 

the substrates (1) or (22)  were racemic compounds. 



2728 HETEROCYCLES, Vol. 36, No. 12,1993 

To overcome this racemization problem, the oxazolidine derivative of ( d l - p - h y d r o x y p h e n y l -  

glycine (32)  has been prepared. In a blank experiment under S R N I  conditions, this product 

remained chemically stable and its optical rotation value was unchanged. The S R N I  reaction with 

2-bromo-4.5-dimethoxybenzonitrile (22)  gave the substituted dibenzopyranone (33)  ( [ a l ~ = + 9 4 ~ )  

in 77% yield after purification. The amino acid function might he easily recovered after reaction 

by classical methods.' 6 
CH3 OOC VNHCOCH3 

CN 

1 n . n  
OCOCHj 

30 R ; H  
0 

22 R ; OCHJ 2 9 31 R ; OCH) 

+ 

R R 

OH 
22 R . ocn, 3 2 33 R = ocn3 

Scheme 4 

A variety of  dibenzo[b,dlpyran-6-ones. including chira l  amino acid der ivat ives ,  and 

benzonaphthopyranones are efficiently prepared by our  methodology. Advantages of this 

photostimulated S R N ~  arylat ion of phenols by o-halobenzonitriles include ease of operation, good 

chemical yields with conservation of chirality of amino acid derivatives and few restrictions 

concerning the choice of phenol. 
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EXPERIMENTAL 

Melting points were measured on a Reichert melting point apparatus and are uncorrected. Low resolution mass spccma (El) were 

obtained on a AEI MS 50 speclromcter. Infrared specva were recorded in CHC13 on a Nicole1 205 spectrophotometer. Optical 

rotltions were recorded at 2 0 T  with a Perkin Elmer 241 palarimeter. IH Nmr spectra (in CDCl3) were recorded on a Bruker W 200 

SY specmmcter. Chemical shifts from tctramethylsilane arc given in ppm. Purifications were achieved by preparative thin layer 

chromatography or by column chromalogmphy on Si02, 

In a 100 ml two-necked Pyrex flask containing freshly sublimcd rerl-BuOK (336 mg, 3 mmol), liquid ammonia (50 ml) was 

condensed thmugh a dry ice condenser cwlcd at -78-C. Under argon atmosphere, the phenolic compound (3 mmol) and the substrate 

(1) or (22) (1 mmol) were successively introduced. External irradiation of the ammonia solution (-33°C) was performed by a high 

pressure mercury lamp (Hanovia 400 W) and the course of lhc naction was monitored by analyzing aliquoa (tlc). After consumption 

of the subsmtc, the solvent was e\,aporated in a uaell ventilated hood. 0.1 N HCI ( 1 0  ml) was added and the aqueous phase wan 

emacted by ethyl acetate (2 x 50 ml). After evaporation, the residue was dissolved in CH2C12, I g of SiOz was added and stirring was 

kept up overnight at room temperature. Silica gel was removed by filmation. washed by acetone and the products were separated by 

(hi" layer chmmamgmphy. 

2.4-Di-lcn-but-bbd l o v m d - o n e  (4) : Yield 78%; mp 163°C ; ms m h  308 (M+). 293; ir 1730 c m - l ( ~ = ~ ) ;  IH nmr 6 1.40 (s, 

9H, 3 CHj), 1.50 (s, 9H, 3 CH3). 7.43 (m, ZH), 7.67 (1, J=8 Hz, IH), 7.87 (s, IH), 8.03 (d, J=8 Hz, lH), 8.40 (d, J=8 Hz, 1H). 

Anal. Calcd for C21H2402: C. 81.82: H, 7.79. Found: C,  81.84; H, 7.83. 

2-tert-Butvldibenrolb,dl~~mn-6-on~ (6) : Yield 80 %; mp 10h-107°C: ms mlz 252 (M+), 237: ir 1729 cm-I; IH nmr 6 1.45 (s, 9H, 

3CH3). 7.28 (d,l=8 Hz, IH), 7.54 (t,J=8 Hz, IH), 7.51 (d, J=8 Hz, IH), 7.80 (1, J=8 Hz, IH), 8.03 (s, IH), 8.14 (d, J=8 Hz.lH), 

8.36 (d,J=8 Hz 1H). Anal. Calcd for C17H1602: C, 80.93; H, 6.39. Found: C, 80.84, H, 6.38. 

2-~rifluornmethox~ibenzolb.dl~~ran-6-on&(8)~~ : Yield 86%; mp 145°C: ms m h  280 (M+), 252; ir 1757 c m - l ; l ~  nmr 6 7.30 (m, 

IH), 7.40 (s, IH), 7.65(t, J=8 Hz. IHJ. T90 (m, LHj, 8.10 (d, I=R Hz, IHj ,  8.40(d. 1=8 Hz IH). Anal. Calcd farCr4HfljFj: C, 

6O.W H, 2.50. Found C, 6O.24; H, 2.63. 
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. . (10): Yield 49% mp 150-153'C: ms m/z 214 (Mf), 186, ir 1744 cm-I; IH nmr S 7.17 (td. J=6 Hz. 

=2 Hz, IH), 7.30 (dd, 1=7 Hz, E 3 . 5  Hz, IH), 7.63 (m, ZH), 7.80 (t, J=6 Hz, IH), 7.97 (d, J= 6 Hz, IH), 8.37 (d, 1-5 Hz, IH). 

Anal. Calcd for C13H702F: C, 72.92; H, 3.27. Found: C, 72.59; H, 3.64. 

2-Cvanodibenzorb.dlDm-&ow (12) : Yield 51%. mp 240-242T ms m/z 221(M+). 193: ir 2226 cml(cPi), 1735 (COX IH nmr 6 

7.47 (d. l=8 Hz, IH), 7.69 (1,1=8 Hz, IH), 7.75 (d, J=8 Hz, IH). 7.91(1, J=8 Hz, IH), 8.10 (d. J=8 Hz. IH), 8.38 (s, IH), 8.42(d, J=8 

Hz. IH). Anal. Calcd forC14H7NOz: C, 76.03; H. 3.17; N. 6.33. Found: C, 75.79; H, 3.41; N. 6.33. 

2.3-DlmethoxvdibenzoIb.mnwan-6-one (15) : Yield 65 %, mp 176-178°C: ms m h  256 (M*). 241: ir 1722 cm-I; IH nmr 6 3.97 (s. 

3H, C€H3), 4.00 (s, 3H, OCH3). 6.83 (s, IH), 7.37 (s, IH), 7.50 (t, 1=8 Hz, IH), 7.80 (1,1=8 Hz, IH), 7.97 (d, J=8 Hz, LH), 8.37 

(d, J=8 Hz, 1H). Anal. Calcd far CI~H1204: C, 70.33: H, 4.68. Found C, 70.44; H, 4.73. 

L Z - D i m e 1 h o x v l d i b e n z o I b . d ~  (16) : Yield 13%. mp 105-108°C. ms m/z 256 (M+), 241; ir 1731cm-1 (C=O); IH nmr 6 

3.95 (s,3H, OCH3). 3.97 (s, 3H,OCH3), 7.07-7.17 (AB system, J=8 Hz, ZH), 7.60 (1, J=8 Hz, IH), 7.83 ( 1 . 1 4  Hz, IH), 8.47 (d, 

J=8 Hz, IH), 9.03 (d, J=8 Hz, 1H). Anal. Calcd for C15H1204: C, 70.33; H.4.68. Found: C, 70.03; H, 5.10. 

ohenvll-2-hvdmnvnaohthal~(l8) : Yield 76%; mp 205-207°C: rns m/z 245 (M+); ir 2240 (CN). 3606-3300 cm-I (OH); 

IH nmr 6 7.20 (m, ZH), 7.36 (m, 2H). 7.60 (m, 2H), 7.83 (m, 4H). 

Benzoidlna~hfiolblovran-8nne (19) : Quantitatively formed by refluxing 18 (122 mg, 0.5 mmol) in CHClj (20 ml) in presence of lg 

of SiO2 (1 g); mp 155'C; ms m/z 246 (M+); ir 1731 c ~ - ~ ( c = o ) ;  IH nmr 6 7.45-7.70 (m, 4H), 7.90 (m, 3H), 8.50 (d, J=8 Hz, IH), 

8.65 (d, J=8 Hz, IH), 8.75 (d. J=8 Hz, IH). Anal. Calcd for C17H1002 : C. 82.94; H, 4.06. Found : C, 82.77; H, 4.40. 

Benzoldln- (21) :Yield 5% mp 196-197°C, ms mh 246 (M+); ir 1 7 3 0 ~ m - ~ ( ~ = 0 ) ;  IH nmr 6 7.57 (m, 3H), 7.77 

(s, IH), 7.90 (m, 3H), 8.33 (d, J=8 Hz, IH), 8.43 (d, 1 4  Hz, IH), 8.56 (s, IH). Anal. Calcd for C17HI00z: C, 82.94. H, 4.06. 

Found: C. 82.66; H, 4.34. 

C v a n o 4 5 - d i m e ~ 1 ~ - 2 - h v d r o x v n a ~ h h a l e n e  (23) : Yield 84%; mp 1%-203°C; ms m/, 305 (M+); ir 2250 (CN), 3350- 

~ M X )  cm-I (OH); IH nmr 6 3.87 (s, 3H, C€H3), 3.93 (s, 3H, OCH3). 6.93 (s, IH), 7.16-7.40 (m 5H), 7.80 (m, 2H). 
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p ( 2 4 )  : Quantitatively formed by refluxing 23 (152 mg. 0.5 mmol) in CHC13 (20 ml) 

in presence of Si@ (1 g); mp 190°C: ms mlz 306 (M+); ir 1732 C ~ - ~ ( C = O ) :  IH nmr 6 4.03 (s. 3H, OCH3). 4.10 (s. 3H, OCH3). 

7.46 (d, J=8 Hz, IH), 7.56 (l ,J=8 Hz, IH), 7.67 (I, J=8 Hz, IH), 7.83 (s, IH), 7.85 (d, 1=8 Hz, IH), 7.94 (d, J=8 Hz, IH), 8.02 (s, 

IH), 8.71 (d, 1=8 Hz, 1H). Anal. Calcd for ClgH1404: C. 74.53: H, 4.57. Found : C, 74.43: H, 4.84. 

10.1 1-Dime- . . (26) : Yield 5 %; mp 290-292'C; ms mh 306 (MC): ir 1728 cm-I (C= 0): IH nmr 6 

4.03 (s, 3H, OCH3), 4.7.0 (s, 3H, OCH3). 7.53 (m, 2H). 7.63 (s, IH), 7.73 (s, IH), 7.80 (s, IH), 7.85 (d, J=8 Hz, IH), 7.95 (d, 1=8 

Hz, IH), 8.40 (s, IH). Anal. Calcd for ClgH1404: C, 74.53: H, 4.57. Found: C, 74.25: H, 4.63. 

m i  . . ~giomethanv-6oxo-dibenzo1b.dlovranvl)nronionic - i acid methvl -(28) : Yield 52%: mp 233-234°C. [ a ] ~  = 

+44.74" (c = 0.2, CHC13); ms m h  399(M*), 340: IH nmr 6 2.02 (s, 3H. NCOCH3). 3.25 (m, 2H. CHz), 3.73 (s, 3H, COZCH~), 

3.98 (s, 3H, OCH3) 4.08 (s, 3H, OCHj), 4.98 (m, IH, CH), 6.17 (d, J=7.5 Hz, IH, NH), 7.13 and 7.20 (AB system, J=8 Hz, 2H), 

7.37 (s, 1H). 7.67 (s. IH) 7.74 (s, IH). Anal. Calcd for C Z I H ~ I N O ~ :  C, 63.18; H, 5.30: N, 3.51. Found: C, 63.25: H, 5.61; N, 

3.61. 

. . . . p ( 3 0 )  : Yield 65 %: mp 209-210°C: ms m h  325 (M+) 294,282,266. 

ir 1750 cm-I (C=O): IH nmr 6 2.05 (s, 3H, NCOCHJ), 3.75 (s, 3H, COZCH~), 5.70 (d, 1=7.5 Hz, CH), 6.75 (d, 1=7.5 Hz, NH), 

7.34 (d, J=8 Hz, IH), 7.46 (d, 1=8 Hz, IH), 7.60 (1, J=8 Hz, IH), 7.83 (1,J=8 Hz, IH), 8.09 (s, 1H). 8.14 (d, J=8 Hz, IH), 8.36 (d, 

J=8 Hz, IH). Anal. Calcd forC18H15N05: C.66.46: H, 4.65. Found: C, 66.16; H, 4.98. 

~ ~ ~ o x ~ - 6 - o ~ o - d i ~ v r a n v l ~ - a c ~ t i c  acid methvl ester (31) : Yield 75%; mp 274-275'C: ms mlz 385: IH 

nmr 6 2.10 (s, 3H. NCOCHJ), 3.80 (s, 3H, C@CH3 ), 4.03 (s, 3H, OCH3). 4.13 (s, 3H, OCH3). 5.67 (d, J=8 Hz, CH), 6.67 (d, 

J=8 Hz, NH), 7.36 (s, 2H). 7.44 (s, IH), 7.74 (s, IH), 7.98 (s, IH). Anal. Calcd for CzoHlg07N: C, 62.36: H, 4.93. Found C, 

62.05: H. 4.75. 

N-terl-Bulpayrarbonvl-2.2'-~thvl-4-(4hvdroxv~henvll.3-nazolidine (32) : Prepared as described.16 Mp 185-186'C: 

[al~=-94.33- (c = 0.3, MeOH): ms m h  293 (MC), 193: ir 3MO (OH), 1694 cm-I (C=O); IH nmr 6 1.22 (s, 6H, 2CH3). 1.45 (s, 3H, 

CH3), 1.57 (s, 3H, CH3), 1.75 (s, 3H, CH3), 3.86 (m, IH, H-CH), 4.26 (m, IH, HC-H), 4.75 and 4.89 (bs + bs, IH, HC-N), 

6.81(d, J=8 Hz, 2H), 7.13 (d, 1=8 Hz, 2H). Anal. Calcd for C16Hz3N04: C, 65.50: H, 7.90. N, 4.77. Found: C, 65.87: H, 7.57: N, 

4.48. 
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8 . 9 - D i m e t h O x v - 2 - ( 2 . 2 ' ~ x ~ c a r b o  .. . nvloxazolidin-4-vl~dibenzolb,d~~~an-6-one (33) : Yield 77 46: mp 176-180°C. 

[alD = -33.50' (c = 0.2, CHC13); rns mIz455 (M+), 398: I H  nmr 6 1.23 (s, 6H, 2 CH3). 1.47 (s, 3H, CH3), 1.63 (8 ,  3H, CH3). 

1.83 (s, 3H, CH3), 3.97 (m, IH), 4.00 (s, 3H, OCHJ), 4.10 (s, 3H, OCH3). 4.33 (rn, IH),4.90 and 5.03 (brn + bm, 1H CH-N), 

7.36 (d, 1=8 Hz, 1H) 7.43 (rn, ZH), 7.77 (s, IH), 7.90 (s, IH) Anal. Calcd for C25H~gN07: C, 65.95; H, 6.37; N, 3.08. Found: C, 

65.54; H, 6.40; N, 3.22. 
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