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FUNCTIONALIZED NAPHTHALENES 
BY BENZOTRIAZOLE-MEDIATED ANNULATTON 

Alan R. Katritzky', Guifen Zhang and Linghong Xie 

Center for Heterocychc Compounds. Department of  Chemistry, 
University of Florida, Gainesville. FL 726 11-7200, USA 

ABSTRACT: The anions of 3-benzotriazolylplitli~lide (1) and of 2- 
(~nzotriazolylmetliyl)~nzonitrile (6) condense regioselcctively with il I-ange o f  
Michael acceptors to form 1,4-diliydroxynapIitlialenes 4h-f and I -arnino-2,3- 
di(methoxycarbony1)naplitlialene (9) in moderate to good yields. 

Functionalized naphthalenes are common features of numerous biologically 

significant natural products and pliarmaceuticals. ' ~n important route t o  

functionahzed naphthalene systems is lrom henzenes containing an elcctrophilic 

and a potentially nucleophLhc suhstituent in the or-rho orientation vru annulation 

with Michael acceptors.' Examples include (i) annulation of 3-cyano-,'".?"." 3- 

(p henylthio)-'" or 3-( sulfony1)- ph t halides;' h.'h (ii) a two step procedure virr the 

annulation of phthalides with Michael acceptors followed by acid-catalyzed 

dehydrdtion;2" and (iii) condensations of various ortho-substituted henzyl sullimes 

with Michael acceptors.2' 
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In the course of our investigation on the use of henzotriazole derivatives in 

organic synthesis? we found that the henzotriazolyl group is both il good anion- 

stabilizing group and a good leaving group. Recently, we have demonstrated that 

1-henzylbenzotriazoles can function as 1 ,Mipole  synthons in [ 3  + 31 annulations 

with a,p-unsaturated aldehydes and ketones t o  p i - ~ \ i d c  a wide I-angc 01 

polysuhstituted  naphthalene^.^ We now report that .?-(bcnr.otriazolyl)phthalide (1)  

and 2-(henzotriazolylmethyl)henzoniti.ilt: (6) can undergo [4 + 21 annuhtions. 

serving as 1,4-dipole synthons, with various Michael ;icceptors t o  furnish 

functionalized naphthalenes. 

Results and Discussion 

.?-(Benzolriazol- 1 -yl)phthalide (1) was prepared in 66%. yield by 

condensing o-formylbenzoic acid with benzotriazole in the presence (I!' a catalytic 

amount of p-toluenesulfonic acid in toluene (Scheme 1) and characterized by its 

NMR spectra and CHN analysis. Compound 1 was converted to  its anion using 

LDA in THF in the presence of HMPA at -78 "C, then allowed to react with a,P- 

unsaturated esters, ketones and aldehydes. The initially formed con.jugate addition 

products 2 underwent spontaneous intramolecular condensation to intermediates 3, 

from which the departure of the henzotriazolyl anion yielded 1,4- 

dihydroxynaphthalenes 4b-h. 1.4-Dihydroxynaphthalenes 4b-f were isolated in 36- 

88% yields and characterized by 'H and I3C NMR and CHN analyses. However, 

attempts to isolate naphthalenes 4g,h (derived from a,lj-unsaturated aldehydes and 

compound 1) failed although on the basis of the GCMS results and 'H NMR 



FUNCTIONALIZED NAPHTHALENES 3953 
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(Bt = benzotriazol- 1-yl) 

spectra of the crude mixtures 4g and 4h each appeared to have k e n  produced in 

cu. 50% yield. 

The 1.4-dihydroxynaphthalene products 4 readily underwent air oxidation 

to give naphthoquinones of type 5 during the purification process. In the case of 



3954 KATRITZKY, ZHANG, AND XIE 

4b, 1,4-dihydroxynapiitliaIeii~ 4b and the corresponding naphthoquuionc 5b were 

each isolated, in 68% and 16% yields, respectively. Interestingly. in the reaction of  

ethyl crotonate with the anion o f  3-(hcnzotriazolyl)phthalid~ (3). the expected 1,4- 

dihydroxynaphthalene product 4a was completely oxidizcd t o  napiitl~oqiiinonc 5a 

after the crude mixture was kept standing for  30 days helow separation hy column 

chromatography. Thus, 5a was isolated in 31% yield. The structures 0 1  

naphthoquinones 5a and 5b were confirmed by their 'H  and I3C NMR spectra and 

their CHN analyses. 

The Michael addition-intramolecular cyclization strategy can he extended 

to the synthesis of other functinnalized naphthalenes 2,s exemplified hy the 

synthesis of l-aminc~-2,3-~i(methoxycarhonyl)1iaplitlia~eii~ (9) (Scheme 2). 

Accordingly, 2-(~nzotr iazolylmethyl)~nzoni t r i le  (6) was prepared in 60% yield 

via the nucleophllic substitution of henzotrhzole with 2-(bromomethyl)- 

benzonitrile. Treatment of 6 with KOBu-r in THF at amhient temperature gave the 

corresponding anion, which reacted with dimethyl fiimarate to give intermediate 7. 

Intramolecular nucleophilic addition to the cyano group, followed by aromatization 

furnished I-amino-2,3-di(mcthoxycarhonyl)naphthal~ne (9) in 4 I '% yield. The 

structures of compounds 6 and 9 were conlirmed hy NMR spectra and elemental 

analyses. 

In summary, a novel henzntiiazole-mediated annulation route to hydroxy- 

and amino-naphthalenes has heen provided where the henzotriazolyl group serves 

two purposes: initially, it provides stahilization for the carhanion generated on the 

henzyl carbon, and later, it hecomes a leaving group allowing aromatizdtion of the 
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newly formed ring. Our route is thus conceptually similar to that mentioned above 

from 3-cyano-, 3-(pheny1thio)- or 3-(sulfonyl)-phthales but it avoids the 

manipulation of HCN and thiophcnols lor  the preparation o f  the starting materials. 

Experimental Section 

Melting points were determined with a hot-stage apparatus and are 

uncorrected. NMR spectra were taken in CDCI, with tetrarnethylsilane as the 

internal standard for 'H (3(M MHz) or solvent as the internal standard for I3C (75 

MHz). Tetrahydrolurw wah distilled under nitrogen l roni  ac)cliurn/hcn~c)plieti(~ne 

immediately prior to use. All reactions with air-scnsitivz compounds were carried 
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o u t  under an argon atmosphere. Column chromatography was conducted with 

sllica gel 230-400 mesh. 

Preparation of' M3cnzotriazo- I -yl)phthalide ( 1  ). 

A solut ion of henzotriazolc (8.6 g, 72 mmol), 2-lormylhenzoic acid (9.8 g. 

65 rnrnol) and p-toluenesulfonic acid (0.1 g) in toluene ( 150 mL) was retluxed for 

24 h with Dean-Stark apparatus to remove the resulting water. After being cooled 

to room temperature, the solution was washed with aqneons sodium carbonate 

(lO?h, 2 x 100 mL) and water ( I 0 0  mL). The toluene solution was dried (MgS04) 

and the solvent evaporated to give piire product (10.8 g, 66%); mp 150-160 "C; 

H NMR 6 8.16-8.08 (m,  2H), 8.04 (s, IH), 7.82-7.79 (in, 2H), 7.55-7.53 (m, 

lH), 7.41-7.30 (m, 2H), 6.68-6.65 (m, IH); "C NMR 6 167.3, 146.8, 142.4, 

135.3, 131.8, 131.4, 128.5, 126.6, 126.2, 124.8, 124.0, 120.6, 109.6. 85.4. Anal. 

Calcd for CJ4HeN3O2: C, 66.93; H, 3.61; N ,  16.72. Found: C, 66.96; H, 3.59; N ,  

16.71. 

General Procedure for the Preparation of 1.4-Dihvdroxvna~lithalenes 4b-f and I.4- 

Naphthoauinones 5a.b. 

1 

A solution of LDA-HMPA complex was prepared by adding HMPA (2.9 g, 

16 mmol) in THF (5 mL) to LDA (1 M in THF, 16 mmol, I 0  mL) at -78 "C under 

argon. After the solution had k e n  s t i red  at - 7 X  "C tor 30 mm, a solution ot' 1 (2.0 

g, 5 mmol) in T H F  ( 5 0  mL) was added t o  immediately afthrd a reddish-brown 

solution. After 1 h, a solution of an appropriate Michael acceptor ( 5  mmol) in THF 

(15 mL) was added. The mixture was stirred at -7X "C I'oi- an additional 2 ti, then 
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allowed to warm to rt ovei-night. Water (20 mL) was addcd. The solution was 

neutralized with aqueous acetic acid (20%) to pH = 4 and cxtracred with 

methylene chloride (3 x 60 mL). The organic layer was washed with hrine (50  

mL), dried over MgS04 and concentrated. The residue was purified hy column 

chromatography (hexanesxthyl acetate = S :  I ) ,  lollowed hy recrystallization from 

diethyl ether and hexane to give the piire product. 

2-Phenacyl-3-phenyl-1,4-dihydroxynaphthalene (4b)'" and 2- 

Phenacyl-3-phenyl-l,4-naphthoquinone (5b): Both 4b and 5b were ohtained 

from the reaction of 1 with chalcone. Compound 4b: ohtained as a colorless solid 

(0.80 g. 68%), mp 141-142 "C; 'H NMR 6 10.99 (s, IH), 8.44, (d, J = 8.3 Hz, 

LH), 8.27 (d, J = 8.3 Hz, IH), 7.70 (t, J = X.2 Hz, IH), 7.63 (t, J = 8.2 Hz, IH), 

7.28-7.25 (m, 2H), 7.20-7.10 (m, SH), 7.07-7.01 (m, 3H). 5.59 (s, IH); I3C NMR 

6 201.5,  153.5, 140.8. 140.3, 135.6. 131.3, 130.9. 129.3, 129.1, 128.7, 127.8, 

127.6, 127.5, 126.8, 125.3, 124.1, 122.6. 118.0, 115.8. Anal. Calcd for C ? I H ~ G O ~ :  

C, 81.16; H, 4.74. Found: C, 81.12; H, 4.61. Compound 5b: obtained as a 

colorless solid (0..27 g, 16%), mp 151-152 "C; 'H NMR 6 8.2.54.22 (m, lH), 

8.17-8.14 (m, lH),  7.85-7.82 (m, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.50 (t, J = 7.6 

Hz, IH), 7.36 (1, .J = 7.6 Hz, 2H), 7.27 (s, SH);  "C N M l i  6 192.9, IX4.2, 183.8, 

144.7, 143.9, 13S.9, 134.4, 134.3, 134.0, 131.9, 131.7, 131.0. 129.8, 129.6. 

129.0, 128.7, 128.0, 127.1, 126.4. Anal. Calcd for C23H1403: C,  81.64; H, 4.17. 

Found: C, 81.57; H. 4.24. 

2-Ethoxycarbonyl-3-phenyl-l,4-dihydroxynaphthal~n~ (4c): obtained 

from the reaction of 1 with ethyl cinnamate as a colorless solid (0.62 g. 40%). mp 
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157-158 "C; 'H NMR 6 12.14 (s, IH), 8.50 (d, J = 8.0 Hz, IH),  X.24 (d, J = 8.4 

Hz, IH),  7.70 (t. J = 8.2 Hz, IH), 7.63 (t. J = 8.2 Hz, IH), 7.55-7.46 (m, 3H), 

7.35 (d, J = 8.0 Hz, 2H). 5.10 (s, IH) ,  4.00 (q, J = 7. I Hz, 2H), 0.75 ( t ,  J = 7. I 

Hz, 3H); 13C NMR 6 171.5, 155.9, 141.1, 137.2, 130.0, 129.3. 129.0, 127.8, 

127.7, 126.5, 125.2, 123.9, 122.3, 118.1. 60.8, 12.9. Anal. Calcd for CI9H1JI4: C, 

74.01; H, 5.23. Found: C, 73.86; H, 5.17. 

2,3-Dimethoxycarbonyl-l,4-dihydroxynaphthalene (4d): ohtained from 

the reaction of 1 with dimethyl fumaratt: as a colorless solid (1.2 g, XX%), mp 1 15- 

116 "C; 'H NMR 6 10.30 ( s ,  2H), 8.22 (dd, ./ = 6.2 and 3.3 Hz, 2H), 7.58 (dd, J = 

6.2 and 3.3 Hz, 2H), 3.88 (s, 6H); I3C NMR 6 170.3, 151.9, 129.1. 127.4, 123.6. 

103.1, 52.2. Anal. Calcd for CI4Hl2O6: C, 60.87; H, 4.3X. Found: C. 61.24; H, 

4.50. 

2-Acetyl-3-phenyl-l,4-dihydroxynaphthalene (4e): obtained from the 

reaction of 1 with 4-phenyl-3-buten-2-one as a colorless solid (0.50 g, 36%), mp 

123-124 "C, ' t i  NMK 6 I3.Xh (5. IH). X.S1 (d, J = 8.1 Hl., IH),  X.19 (d, J = 8.1 

Hz, lH), 7.70 (t, J = 7.0 Hz, lH) ,  7.62-7.51 (rn, 4H), 7.43 (d, J = 6.6 Hz, 2H), 

5.18 (s, lH), 1.80 (s, 3H); I3C NMR 6 205.4, 157.2, 140.7, 136.6, 136.5, 130.8. 

130.0. 129.0, 128.1, 126.7, 125.X. 124.6, 122.4, 117.5, 114.1. 31.5. Anal. Cdcd 

for C I ~ H 1 4 0 q :  C, 77.68; H, 5.07. Found: C, 77.50; H, 5.OX. 

2-[(2-Phenyl)ethenylcarbonyl]-3-phenyl- 1,4-dihydroxynaphthalene 

(40: ohrained from the reaction of I with dihenzylideneacctonc as ;L colorless solid 

(0.62 g, 34571), mp 107-108 "C; 'H  NMR 6 13.96 (s, IH),  X.53 (d, J = X.1  Hz. 



FUNCTIONALIZED NAPHTHALENES 3959 

lH), 8.24 (d, J =  8.1 Hz. IH), 7.70 ( t ,  J = 6.8 Hz. IH). 7.63-7.49 (in, hH), 7.44 ( t ,  

J = 6.8 Hz, IH), 7.36-7.21 (in, 3H), 7.01 (d. J = 7.2 Hz, 2H). 6.38 (d, J = 15.5 

Hz, lH), 5.47 (s, IH); 13C NMR 6 194.6, 158.0, 143.3, 141.X. 140.6, 136.7, 

134.8, 130.9, 130.1, 130.0. 128.9, 128.8. 128.6, 128.3, 126.7, 126.5. 125.7, 

124.5, 122.5, 117.0, 114.5. Anal. Calcd for C25HlX03: C, 81.95; H, 4.95. Found: 

C, 81.68; H, 5.07. 

2-Ethoxycarbonyl-3-methyl-l,4-naphthoquinone (5a): obtained from 

the reaction of 1 with ethyl crotonate as a colorless solid (0.40 g, 41%) (the crude 

mixture was kcpt standing for 30 days hctorc column separation), m p  101-102 O C ;  

'€I NMR 6 8.12-8.07 (m, 2H), 7.78-7.75 (m, 2H), 4.46 (4, J = 7. I H L .  2H), 2.20 

(s, 3H), 1.42 (t, J = 7.1 Hz, 3H); I3C NMR 6 184.7, 181.5, 164.5, 143.7, 139.6, 

134.0, 131.7, 131.6, 131.4, 126.6, 126.4, 62.1, 14.2, 13.7. Anal. Calcd for 

CI4H12O4: C, 68.85; H, 4.95. Found: C, 68.81; H, 5.13. 

Prenaration of 2-(Benzotriazol- 1 -ylmethyl)knzonitrile (6).  

A solution of  knzotriazole (3.72 g, 31.2 mmol) and 2-(bromomethyl)- 

henzonitrile (5.1 g. 26 mmol) in toluene (75 mL) was rclluxed for 3 days. After 

k i n g  cooled to room temperaturc, the solution was washed with aqueoiis sodium 

carbonate (IO%, 2 x 70 mL) and water (70 mL). Thc organic layer was dricd 

(MgS04) and the srilvent evaporaled to give ~ h c  ci-~idz product, which wab puritizd 

by column chromatography (EtOAc/hexane = 1:3) to atl'ord the purc product (3.6 

g, 60%); mp 13s-116 O C ;  'H NMR 6 8.09 (d, J = 8.4 HZ, I H ) ,  7.74 (cl, J = 7.7 H ~ ,  

IH), 7.58-7.37 (m, 5H), 7.24 (d, J = 7.7 Hz, IH), 6.08 (s, 2H); "C NMR 6 146.0, 
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138.2, 133.5, 132.9, 132.7, 129.0, 128.8, 127.9, 124.2, 120.1, 117.0. 111.5, 109.3, 

49.4. Anal. Calcd for C I ~ H I O N ~ :  C. 7 1.78; H, 4.30; N, 23.92. Found: C, 7 1.55; H, 

4.36; N, 24.00. 

Preparation of l -Amino-2 .3- (d imethcx~c~rhon~l~na~ht l~a l~1ie  9. 

To a solution of 6 (0.94 g, 4 mmol) and dirnethyl fumarate (1.2 g, 8 mmol) 

in THF (70 mL) under argon was added r-BuOK (0.94 g. 8 mmol) in T H F  (40 

mL). The mixture was stirred for 2 days at rt. Water ( I 0  mL) was added and the 

mixture was acidified with HCI (1 N )  t o  pH = 6. The mixture was then extracted 

with methylene chloride (3 x 80 mL) and the comhined organic extracts were 

washed with brine (70 mL) and water (70 mL). After k i n g  dried over MgS04, the 

solvent was removed to give the crude product, which was purified hy column 

chromatography (EtOAdhexane = 1 5 )  to afford the pure product as a colorless 

solid (0.51 g, 49%); mp 75-76 "C (lit." hp I80 'C/O.OOI mm); ' H  NMK 6 7.X7- 

7.84 (d, J = 7.7 Hz. IH), 7.76 (d, J = 8.2 Hz, IH), 7.59-7.49 (m, 2H), 7.37 (s, 

IH), 6.37 (hr s, 2H), 3.90 (s,  3H), 3.86 (s. 3H); I3C NMR 6 169.9, 168.7, 147.3, 

134.2, 131.1, 129.3, 128.9, 127.0, 124.1. 121.5. 118.3, 103.5, 52.4. 52.0. Anal. 

Cakd for C14HIqNO4: C, 64.85; H, 5.05; N ,  5-40. F(>und: C,  65-10; H, 5.31; N. 

5.41. 
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