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Abstract The synthesis of the 3-unsubstltuted phthalldes (5) and their 
conversion Into 1-hydroxy-1-arylphthalans (8). very useful precursors of 
lsobenzofurans (10) and subsequent cycloaddltlon of them to dlmethyl 
acetylenedlcarboxylate as a way of reglospeclflc transformation of benzolc 
acids into dlmethyl 4-hydroxy-l-~Z-methoxyphenyl~naphthalene-2,3-dlcarboxylates 
(12) (blaryls highly substituted around the axis), Is described 

In the past few years we have witnessed a tremendous activity directed towards the 

synthesis of the naturally occurring blaryls The blaryl axis Is the central building 

block In a very large number of natural products of different structure, biological 

activity, and biosynthetic origin Including, for example, polyketldes, terpenes, lignans, 

coumarlns, flavonolds, tanlns, peptldes and alkaloids2 In particular, our attention have 

been focussed on the having synthetic methodology for the preparation of blaryls (Al, 

which are used to be readily prepared via Dlels-Alder reaction of dlenophlles with l- 

aryl-lsobenzofurans (B)3'4*5'6'7 This has promoted us to Investigate the reglospeclfic 

synthesis of the l-hydroxy-l-arylphthalans +=? ortho-hydroxymethylbenzophenones (ring - 
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chain tautomers of the keto - lactol type), that are, by far, the most popular and useful 

precursors for the generation of the laobenzofurans (IBF14'5'6'7 
We now describe herein an efficient synthetic sequence, as a general strategy, for 

the transformation of benzoic acids into 4-hydroxy-l-arylnaphthalenes (Al (biaryls highly 

substituted around the axis) via Diels-Alder addition of dimethyl acetylenedlcarboxylate 

[DMAD) to the corresponding IBFs (B) 

HPh 

a, 12 3 R=R=R=-H 

b, Rip 2 3 -OMe, R=R=-H 

c. R - -OS?. RI= R3= -Ii 2 

d. R3= -OMe, R1= R2= -H 

et R1= -OMe, R3= -Me, R2= -H 

f, R1= -Cl, R2= R3= -H 

i, nBuLi in THF, -78'C (0 5 h) + O°C (0 1 hl, 1 i , Me2N-CHO, -78'C (1 hl + 20°C (1 hl, 

iii, hydrolytic workup, iv, KBH4 in MeOR, 20°C, v, 2x1 - LlOH, vi, 18% HCl, 20°C, vii. Re 
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Basing on the reports 4,5,6.7 that the phthalides as an ortho substituted benzenoid 

starting materials, which are conceptually and operationally simple, extremely versatile 

compounds for the preparation of the 1-hydroxyphthalens. at first, efficient route for 

the synthesis of the 3-unsubstituted phthalides, appeared to be needful 

Since the classical work by Wisllcenus* and 9 Gabriel , several methods for the 

synthesis of phthalides have been reported These include preparation of phthalldes by 

the oxidation of o-methylbenzoic acids 10 , the oxidation of polymethylbenzonltriles wlth 

nitric acidl’, by appropriate transformatlons of suitable ortho-lithiated benzylalcohols. 

N, N-dialkyl-benzylamlnes or benzamides12. 13,14,16,16,17.1* the reduction of 

phthaldehydlc acids prepared from 19 ’ o-bromobenzaldehydes , and recently via a 

regioselective single or double p-scission of the alkoxy radicals generated by the 

photolysis of the hypoiodides of 1-ethylbenzocyclo-buten-1-01s 20 

In this paper we give a full account of a new, versatile and inexpensive (readily 

available starting materials) route to the 3-unsubstituted phthalides The method 

involves the regioselective lithiation (n9uLi) - electrophilic substitution (Me2N-CHO) 

sequence of the benzanilides leading to the 3-hydroxy-isoindolln-l-ones, and their 

subsequent reductive transformation into the phthalldes 

The anilides (1) reacted in THF with 2 1 mole equivalents of -1 

(amlde/-78°C/nE3uLi/ 0 5 h + 0°C/2 h) were efficiently converted into the bis-(N- and 

C-orthojlithiated-anilides (2) The treatment of the solutions of the lithiated species 

with dimethylformamlde (DMFI afforded the corresponding formylated derivatives (31, which 

upon hydrolytic workup spontaneously cycllzed into the 3-hydroxy-isolndolin-l-ones (4) 

Our first approach to the preparatlon of the 3-unsubstituted phthalides was based on 

the reduction of the isoindollnones (4) with KBH4 in MeOH and subsequently the acidic - 

driven cyclization of the formed hydroxymethyl-anilides (6) into the phthalides (6) It 

was found that the isoindolinones (4a), (4b), (4~) and (U) on the treatment with K6H4 in 

MeOH gave with a good yield the hydroxymethyl-anilides (6a), (6b), (6~) and (6f) The 

isoindollnones (4d) and (4e) appeared to be inert towards this reaction The 

hydroxymethyl-anilides (6a), (6b), (6~) and (61) on acid - driven cyclization (1% - 

hydrochloric acid at room temperature) yielded the corresponding phthalides (Sal, (Sb), 

(SC) and (Sf) In the case of the conversion of (6b) into (5b) the process gave a rather 

low yield 

The encountered difficulties in the conversion of the isoindolinones (4dl and (&I 

into the phthalides (Sd) and (Se), and the low yield in the case of (4b) into (!%I, 

provoked wide - spread interest in searching for a suitable procedure for this 

transformation It was presumed that Cs04 - activated Zn in the basic medium would be 

effective in this process 

With this strategy in mind, CuS04 - activated 2n in LIOH for the reductive cleavage 

of the isoindolinones (4) was attempted, and indeed the phthalldes (5) via acids (71, 
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were obtained in good yields In each case, with one exception this process gave a single 

product In the case of the lsoindolinone (4oc) the formed phthalide Eel was accompanied 

by the acid (7~1 Thereby, in order to improve the phthalide (SC) preparation, acidic 

cyclization W2s04 in boiling benzene) of the acid (7~1, was requisited additionally The 

reductive cleavage (Cu - 2n/LiOHI of the isoindolinone (4fI produced the phthalide (Sfl 

with some amount of (Sal This indicated that the process was accompanied by the 

dechlorination reaction 

R3 OH 

R3 

12 

i, o-Methoxyphenyllithium in THF, -78’C, ii, CF2COOH (cat ) in CH2C12. 20°C, 

iii, MeOOC-CmC-COOMe in CH2C12, 2O’C. iv. Tos-OH (cat ) in boiling benzene 
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The phthalides (5) reacted In THF with 1 1 mole equivalents of o-methoxy- 

phenyl1IthIum (prepared via reaction of o-bromoanizole with nBuLI 
21 

1 were converted Into 

the corresponding phthalans (8) # o-hydroxymethylbenzophenones (91 tautoaeric mixture 

While these compounds readily dehydrated, they were Isolated by using mild non 

acidic conditions Attempts to isolate the products derived from the reaction of the 

phthalides (5) with o-methoxyphenyllithium as the solid samples appeared to be successful 

only In the cese of (8al and (Ed) The Infrared spectra of solid samples Indicated that 

the (Sal gave o-hydroxymethylbenzophenone (Sal (the C=O stretch at 1650 cm -ll, on the 

other hand, (Sal was converted Into phthalane (Ed) (no band In the C=O stretching region) 

In contrast, the Infrared spectra of chloroform solution of the formed compounds derived 

from (Sal and (Sal showed In the C=O stretching region the corresponding bar& at 

1650 cm-’ and 1655 cm -1 , respectively Clearly, In solution, the equilibria (8al # (8al 

and (Ed1 # (Sd) existed The position of these equilibria was evaluated quantitatively 

by analysis of the ‘ll - NMR spectra of deuterochloroform solutions of the compounds and 

It appeared to be 10 SO and 60 40, respectively (see Experimental for the specific 

analysis of each compound) 

The tautomeric mixtures (8) # (9) without purification (In the typical procedure) 

on exposition to the acidic catalysis (CF3COOlUCR2C12) generated IBFs (101, which 

subsequently were trapped with DMAD to give the adducts (111 The adducts (111 upon 

heating In benzene, In the presence of Tos-OH, gave the desired 4-hydroxy-l- 

arylnaphthalenes (121 In an overall good yield 

The described methodology relating to the Introduction of the formyl group at the 

ortho position to the anillde function of the benzoic acids, and then reductive cleavage 

of the formed 3-hydroxy-2-phenylisoindolin-3-ones shows considerable versatility for the 

regiospecific synthesis of the 3-unsubstituted phthalides This, coupled with the 

effective conversion of the phthalides Into the corresponding Isobenzofurans, which on 

cycloeddi t Ion process should allow the access to a wide variety of l-eryl-4- 

hydroxynaphthalenes (biaryls highly substituted around the axis) 

Experimental 

Melting points were determined using a Boetius hot-stage apparatus and 

are uncorrected IR spectra were recorded on a Zeiss-Jena Specord 71-IR Ill-NMR 

spectra were determined on a Tesla B5-467 (60 MHz) or a Varian-Gemini-200 (200 MHz1 

using TM5 as an Internal standard n-Butyllithium (n-Buli) (Aldrich) was used without 

further purlficatlon Tetrahydrofuran (TRFl was dried over calcium hydride and used 

directly after distillation from sodium 
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Benzenilides (1) 

Benzanllides (la). (lb),(lc),(ld) and (if) were prepared by the standard methods 

2-lfencthoxy-5-methylbcnzurflide (lo) 

To the stirred TIiF (100 ml) 6olution of P-Bromo-1-methoxy-4-methylbenzene 

(prepared by bromine&ion of 4-methylanisole22) (20 1 g 0 1 mole) n-BuLi (0 1 mole) 

at -78'C was added. The solution was kept at -78'C for 0 5 h, then allowed to rise to 

O°C The whole lot was cooled to -78'C and phenyl isocyanate (11 8 g, 0 1 mole) 

was added. The reaction after lh at -78'C was allowed to reach an ambient temperature, 

and kept for 1 h,and then water (20 ml) was added The organic layer was separated and 

the water layer was extracted with CHC13 The combined organic solutions were 

dried with magnesium sulfate end evaporated to give the crude product 

Racrystallization from hexane3 ethyl acetate 2 mixture gave O-methoxy- 

5wrthyibenzanflfde (lo) (m p 91-94OC, 14,9 g, yield 62%) (Found C. 74 66, H. 6 28, 

N, 5 77 Calc for Ci6Hi6N02 : C, 74 66, H, 6 27, N. 5 81X). IR (KBr) 3350 cm -’ (NH), 

1860 cm-l (PO). 1H NMR (CDC13. 60 MHz) 9 8 (lH, s, NH-H), 8 2-6 5 (EH, m, Ar-H), 

3.8 (3H, 8, O&S-H), 2 2 (3H, s, Me-H) 

Preparation of 3-hydroxy-2-phenyl-2,3-dihydro-lH-isoindol-l-ones (41 

To the anilide (0 02 mole) stirred in THF (90 ml) at -78'C n-6uli (0 042 mole) was 

added The solution was held at -78'C for 0 5 h. then allowed to rise to O°C and kept at 

O°C for 0 1 h The whole lot was cooled to -78'C and DMF (0 04 mole) was added The 

reaction after 1 h at -78'C was warmed up to room temperature, and kept for 1 h, and 

then water (25 ml) was added The mixture was adjusted to pH s 2 with hydrochloric 

acid and the organic layer was separated The water layer wes extracted with mixture 

CHC13 1 THF 1. The combined organic solutions were dried with magnesium sulfate and 

evaporated to give the crude products The products were purified by crystallization 

3-Rydroxy-2-phenyl-2,3-d~hydro-lH-,lsoindol-l-one (4me), 

(82x1 m p 168-170°C (methanol), (lit 23, m p 167-168'C) 

3-Hydroxy-7-methoxy-2-phenyl-2,3-dihydro-IH-lsoindol-I-one (Ib), 

(70%) m p 148-150°C (methanol), ( lit 23, m p 147-148 Co) 

3-Hydroxy-5-nethoxy-2-phenyl-2,3-dihydro-lH-isoindol-l-one (4~). 

(75x) m p 194-196'C (benzene), (Found C, 70 84, H, 5 07, N, 5 50 Calc for 

C15H13N03 C, 70 58; H, 5 13, N, 5 49x1, IR (K6r) 3500-3300 cm-' (OH), 1675 cm-l (C=O), 

lH NMR (D&Wd6, 60 MHz) 8 O-7 1 (EH, m, Ar-HI, 6 9 (lH, s, OH-H), 6.3 (lH, s. CH-HI, 

3.8 (3H, s, OMe-HI 

3-Hydroxy-~loethoxy-2-phenyl-2,3-dihydro-lH-fsoindol-l-o~ (4dd). 

(75%) m p. 167-169OC (methanol), (Found C, 70 61, H, 5 13. N. 5 45 Calc for 

%H13N03 C, 70 58, H, 5 13, N, 5 49X), IR (KBr) 3600-3000 cm-' (OH), 1680 cm -I (COO), 

'H NMR (DIGO-d6, 60 MHz) 7 9-7 8 (EH, m, Ar-HI, 6 7-6 1 (2H. m. OH-H and CH-H), 

3 7 (3H, s, OMe-H) 
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3-Hydroxy-7-oethoxy-emethyl-2-phenyJ-2.3-dihydro-ltl-isoindol-l-one (Q), 

(30%) m p 202-206OC (ethanol), (Found C, 71 19. II, 6 67, N, 6 21 Calc. for 

C16H15N03 C, 71 36. II, 5 62, N. 5.20X). IR (K9rI 3600-3250 cm -' (OH). 1690 cm-' (0); 

1H NMR (DISO-d6. 60 MHZ) 7 9-6 9 (7H, m, AI--HI, 6 6 (1H. s, OH-H), 6 4 (1H. 8, CH-HI. 

3 8 (3H. s, OMe-HI, 2 4 (3H, s. Me-HI 
4-Chlor-3-hydroxy-2-pheny1-2.3-dihydro-IH-isoindol-I-one (4f), 

(82%) m p W~0-154~C (benzene), (lit 18, m p 154-166°C) 

Preparation of Hydroxymethyl-benzanilides (6a. 6b. 6c and 6f) and Their Subssqusnt 

Cyclization into Phthalides (Sa, Sb, 6c and 6f) 

a) Reduction of isoindolinones (la, 4b. 4c and 4f) 

To the compound (4aa). (Ib), (4~) or (4f) (0 03 mole) in methanol (25 ml), potassium 

borohydrlde (0 07 mole) was added and the whole lot was stirred overnight at room 

temperature Methanol was evaporated, and to the residue water (70 ml) was added 
The insoluble crude products were separated and purified by crystallization 

2-ffydroxymethylbenzanillde (6a), 

(67%) m p 140-143°C (ethanol), (Found C, 74 26, H, 5.90, N, 6.18 Calc. for C14H13ND2. 

C, 73,99, H, 5 77, N, 6 16%), IR (K9rI 3450-3140 cm-l (NH and OH). 1640 cm-l (00); . 
'H NMR (DIGO-d6, 60 MHz) 10 4 (lH, s, NH-HI, 7 9-6 6 (9H, m, At--HI. 5 3 (1H. br 8. OH-HI, 

4 7 (2H, s, CH2-H) 

2-Hydroxymethyl-6-mathoxybenzanilide (6b), 

(75%) m p 187-189OC (ethanol). (Found C, 70 22, H, 5 90, N 5 35 CaIc for C15H15N03 

C, 70 02, H, 5 88, N, 5 44%), IR (K9rI 3400-3100 cm-l (NH and OH),1650 cm-1 (C=O), . 
'H NMR (DtGO-d6, 60 MHz) 10 2 (lH, br s, NH-H), 7 9-6 6 (8H, m, AI--HI, 5 1 (lH, br s, 

OH-HI, 4 4 (2H, s, CH2-H), 3 7 (3H, s, OMe-HI 

2-Hydroxymethyl-4-methoxybenzanilide (6~1, 

(75%) m p 175-178'C (ethanol), (Found. C. 70 12. H. 5 87, N, 5 46 Calc for C15H15N03 

C, 70 02, H, 5 88, N, 5 44X), IR (KEIr) 3500-3150 cm-' (NH and OH). 1650 cm-l (C==O), 
'H NMR (DMSO-$, 60 MHz) 10 2 (lH, s, NH-HI, 7 9-6 6 (8H, m, AI--H), 5 3 (1H, t J 6H2, 

OH-HI, 4 6 (2H, d J 6H2, Cl-$-HI, 3 7 (3H, s, OMe-HI 

6-Chlor-2-hydroxymethylbenzanflide (6fI, 

(66%) m p 142-145'C (benzene), (Found C, 64 35. H, 4 71. N, 5 28, Cl, 13 69 Calc for 

C, 64 24, H. 4 62, N, 5 35, Cl, 13 56X1, IR (Kl3rI 3500-3160 cm-l C14H12C1N02 _1 (NH and 

OH), 1650 cm (C=OI, 'H NMR (DISO-d6, 200 MHZ) 10 40 (1H. s. NH-HI, 8 00-700 

(8H, m, Ar-H). 5 20 (lH, t J 5 2H2, OH-H) 4 64 (2H, d J 5 2H2, CH2-HI 

b) Cyclization 

To hydrochloric acid (15X, 20 ml) the compound (Sal, (6b). (6~) or (6f'I CO.006 mole) 

was added and the whole lot uas kept at room temperature for 3 days Then the mixture was 

heated under reflux for 2 minutes, and cooled 

In the cese of the phthalides (6aP) or (6b) the obtained solution was continuously 

extracted with CHC13 and the extract xas dried wlth ma6nesium sulfate The solvent was 

evaporated and the residue was purified by crystalization In the case of (6~) or (6fI 
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the insoluble product was separated end purified by crystallzatlon 

Phthalide (6a1, (61%) m p 70-73’C (water), (lit 24, m p 72-73OCI 

7-Pfethoxyphthalide (Sb), (36%) m p 107-109°C (ethyl acetate 1 hexane 11, 

(lit 25, m p 108OC) 

MYethoxyphthalfde (6~1, (75%) m p 117-318°C (ethanol), (lit 26, m p 119OC) 

7-Chlorphthalide (6fl, (68%) m p 140-144’C (ethanol), (lit l*, m p 142-144°C) 

Reductive Cleavage of Ieoindolinonee (IS, Ib, 4c. 4d and 4e) with Zinc - Lithium 

Hydroxide System into Fhthalidee (5a. Sb. SC. 5d and 5e) 

The suspension of freshly prepared 2n - Cu couple [prepared from commercial Zn dust 

(3 g) and CuS04 (0 1 g) in water (10 ml)], L10H~H20 (4 2 g. 0 1 mole) and the lsolndoll- 

nones (4). in the case of (4al, (Ib), (4cc) and (4dI in water (30 ml), while, in the case 

of (4eI in the mixture of I-propanol - water (1 1, 30 ml), were heated till boiling for 

1 h 150 h in the case of (41~11 The formed aniline was remowed by steam distillation and 

water (50 ml) was added, and then the excess of zinc was filtered off In the cese of 

lsolndollnone (4e) before addition of water, aniline end I-propanol were removed in va- 

cuum The filtrates were adjusted to pH a 1 with hydrochloric acid, and the precipitated 

phthalldes (5) were flltered. and purified by crystallization In the case of the con- 

version of (4eI into (Se), the formed phthallde was accompanied by the acid (7eI as the 

material insoluble in CHC13 The acid (7aI heated till boiling in benzene with a drop of 

II.,SO, for 0 5 h under Dean - Stark trap, gave the phthallde BeI in quantitative yield 

Pkcllde @a), (83%) m p 70-72’C (water), (lit 24,m p 72-73’C) 

7-Methoxyphthalide (Sb), (60%) m p 107-109°c (ethyl acetate 1 

(lit 25.m p 108°cI 

S-Methoxyphthallde (SC), (75%) m p 117-118°C (ethanol), (lit 26, m p 119OC) 

4-Hethoxyphthalfde (Sd), (75%) m p 126-128’C (ethanol), (llt.27, m p 127’C 1 
7-Pfethoxy-4-methylphthalfde (Se), (68%) m p 140-142’C (sublimation), (Found 

hexane 11, 

C, 67 61, 

H, 5 56 Calc for ClOH1003 C, 67 40, H, 5 66%), III (K&-I 1750 cm-I (C=O), ‘H NM9 

KDC13, 200 MHz) 7 38 (IH, d J 8 2Hz, 5-H), 6 85 (lH, d J 8 2Hz, 6-H), 5 15 (2H, s, 3-H), 

3 96 (3H, s, OMe-HI, 2 24 (3H, s, Me-H) 

Dimathyl 4-hydroxy-l-(2-methosyphenyl)naphthalene-2,3-dlcerboxylatee (12) 

a) Addition of 2-methoxyphenyllithirrm to phthalides (5a, 5h, SC. 5d and 5f) 

To the stirred THF (70 ml) solution of phthalldes (Se-d and 5f) (0 01 mole) 

2-methoxyphenylllthlum (0 01 mole) ( 2-methoxyphenylllthlum was obtained according to a 

known procedure 21 , dissolved in THF and titrated before use) at -78OC was added The 

solution was held at -78’C for 0 5 h, then allowed to rise to 20°C and kept at 20°C for 

0 5 h The solvents were evaporated in vacuum, water (30 ml) was added and the whole lot 

was extracted with CHC13 The organic solution was dried with magnesium sulfate and 

evaporated to give the crude products, which were used without further purification for 

generation of lsobenzofuranes In the case of the products formed from the phthalldes 

(5a) and (6dkl) solid semples were isolated For consistency with ring - chain tautomerlsm, 

the structures of isolated compounds were assigned following conclusions from the 
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infrared spectra in nujol 

I-Hydroxymethyl-2’-methoxybenzophenone (98J, (88%) m p 80-82°C (benzene). (Found 

C. 74 42, If. 5 88 Calc for C15H1403 C. 74 36, H, 5 38%). IR (nujol) 3520 cm-' (OH), 

1650 cm -1 (C=O), The IR data suggested that in solid state this compound existed in the 

form (9a) but in solution mixture of two isomers (Sal and 

(8a) [1,3-dihydro-l-(2-rwthoxyphenyl)-l-fsobenzofuranol~ was observed 'H NMR (CDC13, 

60 MHz, 20°C) 7 8-6 6 (8H, m. Ar-H 9a and 8a), 5 9 (0 lH, s, OH-H 8a), 53and50 

(0 2H, two d J 12H2, CH2-H 8a), 47 (18H, dJ8Hz, CH2-H9a), 4 0 (0 9H, t J 8H2, 

OH-H 9a), 3 8 (0 3H, s, OMe-H 8a). 3 5 (2 7H, s, OMe-H 9a) 

1,3-Dihydro-4-methoxy-l-~2-methoxyphenyl~-l-fsobe~ofura~l (8d), (45%) m p 9%98'C 

(benzene 1 hexane 1), (Found c, 70 43, H, 5 72 Calc for C16H1604 c, 70 54. 

H, 5 92X), IR (nujol) 3350 cm -' (OH), (no carbonyl absorption bond), The IR data 

suggested that in solid state this compound existed in the isobenzofuranol form (8dl but 

in solution mixture of two isomers (8d) and (9d) [2-Hydroxymethyl- 

3.2’ -dimethoxybenzophenonel was observed, 'H NMR (CDC13, 6OMHz) 7 6-6 6 
(7H, m, AI--H 8d and 9d), 58 (06H, s,OH-H8d), 53 and 50 (1 2H, two d J 12H2, 

CH2-H 8d), 4 7 (0 8H, d J 8H2, CH2-H 9d), 4 o-3 3 (6 4H. four s, OMe-H 8d. 9d 

and OH-H 9d) 

b) Diels - Alder Reaction 

To the crude tautomeric mixture derived from the addition of 2-methoxyphenyllithium 

to the phthalides and dimethyl acetylenedicarboxylate (0 04 mole), a catalytic emount of 

trifluoroacetic acid was added The mixtures were keptat room temperature overnight The 

solvent was evaporated and the excess of dimethyl acetylenedicarboxylate was separated by 

column chromatography (silica gel, benzene and next chloroform) and the products were 

aromatizated by reflex (4h) with catalytic amount of p-toluenesulfonic acid in dry 

benzene To the whole lot water (5 ml) was added The organic layer was separated and 

evaporated to give the crude product which was purified by crystalization The product in 

the case of phthalide (SC) was separated by column chromatography (silica gel, CHC13) and 

(12a). (45X), 165 

'21H18'6 C, 68 84, 

(CDC13, 60 MHz) 
3 8 (3H, s. OMe-H), 

purified by crystalization 

Dimethyl 4-hydroxy-l-(2-methoxyphenyl)naphthalene-2,3-d~carboxylate 

167’C (benzene 1 hexane 4). (Found C, 68 80, H, 4 91 Calc for 

H, 4 95%), IR (Kerr) -1 1740 cm and 1670 cm -1 (C=O), 'H NMR 

12 4 (lH, s, OH-H), 8 5-8 3 (lH, m, 5-H), 7 8-6 7 (7H, m, AI--H), 

3 6 (3H, s, ORe-H), 3 4 (3H, s, OMe-H) 

Dimethyl 4-hydroxy-8-oethoxy-I-(2_oethoxyphenyl)naphthalene-2,3-dicarboxylate (12b), 
(33X), 183-185'C (benzene 1 hexane 11, (Found C, 66 63, H, 5 08 Calc for C22H2007 

c, 66 66, H, 5 09X), IR (K9r) 1750 cm -1 end 1650 cm -1 (C=O), 'H NMR (CDC13 60 MHz) 
12 4 (lH, s, OH-H), 8 1 (lH, dd J 8 and lHz, 5-H), 7 7-6 6 (6H, m, AI--H), 3 8 (3H, s, 
OMe-H), 3 6 (3H, s, OMe-H), 3 4-3 3 (6H. two s, OMe-H) 
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Dimethyl 4-hydroxy-6-olethoxy-l-(2-nethoxyphenyl)naphthalene-2,3-dicarboxylate (12c), 

(45Y.1, 202-205'C (benzene), (Found C, 65 93, H, 5 02 Calc for C22H2007 C, 66.66, 

?I, 5 09x1, IR(KBr1 1730 cm-l and 1670 cm -1 (C=OI, 'H NMR (CDC13, 200 MIizI 

12 33 (lH, s, OH-HI, 7 76 (lH, d J 2 2H2, 5-H), 7 40-6 90 (6H, m, AI--HI, 3 97 (3H, s, 

O&?-HI, 3 93 (3H. s, OF&HI, 3 68 (3H. s, OMe-HI, 3 61 (3H, s, OMe-HI 

Dimethyl ~hydroxy-5-methoxy-l-(Z-methoxyphenyl)naphthalene-2,3-dicarboxylate (12dI, 
(48%). 150-153°C (benzene 1 hexane 1). (Found C, 66 82, H, 5 31 Calc for C22H2007 

c, 66 66, H, 5 09x1, IR (KBrI 1730 cm-l and 1660 cm -1 (C=OI, 'H NMR (CDC13, 60 MHz) 

11 6 (lH, s, OH-HI, 7.2-6 5 (7H, m, Ar-H), 4 0 (3H, s, OMe-H), 3 8 (3H, s, O&Z-HI, 

3 6 (3H. s, OMe-H). 3 4 (3H, s, OMe-H) 

Dimethyl 8-chlor-4-hydroxy-l-(2-methoxyphenyl)naphthalene-2,3-dfcarboxylate (12f), (61Y.1, 

m p 151-153OC (benzene 1 hexene 11, (Found C, 62 92. H, 4 28, Cl, 8 69 Calc for 

C21H17C106 C, 62 93, H,4 27, Cl, 8 85X), IR (KBr) 

(CDCL3, 60 MHz) 12 5 (lH, s, OH-HI, 8 5 (lH, dd J 8 
3 8 (3H. s, OMe-HI, 3 6 (3H, OMe-HI, 3 3 (3H, s, s, 
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