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ABSTRACT: Reaction of I-bromomethyl-2-(2-tetrahydropyranyloxyl naphtha!cne (Sal 
with tetrachlorocatechol in acetone in presence cf anhydrous ootassium carbonate 
resulted in the formation of compcunds 7a, 8a and 9a, along with diasterecmer II: 
products to which (-1 cis- and trans-8-chloro-lo-hydroxy-lo-(2-oxopropyl) Spiro 
[llR-benzo[a]xanthen-11,2’0 naphtho [2,1-b] furanl-9 (lOIj)-one (13a and 
14al structures were assiqned based on spectral data. Similar reaction of the 
corresponding bromo compound (5bl using acetone or diethyl ketone as solvent 
gave the corresponding diastereomeric pair of comoounds (13 and 14). X-ray 
crystal structure analysis of one of the trano compounds, 14c, furttler confirmed 
the assigned structure. 

Oxidation2 of 2-naphthol with o-chloranil results in the format ion of 

isomeric spironaphthalenones 1 and 2 through an oxidative rearrangement of the 

oxydiphenol 3a. In connection with mechanistic studies on the unusual oxidative 

rearranqement of substituted 2-naphthols and oxydiptlenols3, it was en,iisaged to 

1s of study the behaviour of 3b towards o-ch - 
3b was undertaken and the interesting 

loranil. With this in view, synthes 

results obtained are discussed in this 

paper. 
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The proJected synthesis of 3b, depicted in scheme I, involves N-bromo- 

succinimide (NBS) bromination of the pyranyl ether 4a foIlowed by condensation 

of the resulting bromo compound 5a with tetrachlorocatechol in presence of base. 

It is essential to protect the hydroxyl of 1-methyl-2-naphthol in order to 

brominate the al lyl ic methy 1 group4. The obvious choice was the pyranyl- 

4 

a: R=H 

b: R = Br 

3 
a: R = H 

b: R = Br 

Scheme - I 

ether which is stable to basic reaction conditions and could be cleaved under 

mild acidic conditions5. 

Tetrahydropyranyl ether 4a was prepared by the reaction of I-methyl-2- 

naphthol with dihydropyran in dry methylene chloride in presence of catalytic 

amounts of pyridinium p-toluenesulfonate (PPTS). The presence of a broad - 
triplet at 6 5.33 characteristic of the methine proton in ltl NMR spectrum of 4a 

confirmed its formation. Bromide Sa, prepared by NBS bromination6 (3 hrs) could 

not be isolated in pure form as it underwent rapid decomposition. However, lH 

NMR spectrum of a concentrated solution showed the presence of a singlet at 

65.0 corresponding to benzylic methylene protons. Subsequent reactions of 5a 

were carried out with the solution. 

Condensation of 5a with tetrachlorocatechol was carried out in acetone in 

presence of anhydrous potassium carbonate under refluxinq conditions for 24 hcs. 

The products obtained, after work up, were separated into alkali soluble and 

neutral fractions. The alkali extract, after neutral isat ion, gave mainly tetra- 

chlorocatechol and no trace of the required pyranyl ether 6. l’he neutral 

f tact ion, on column chromatography followed by prcparat ivc TLC, led to five 

distinct compounds, of which the two least polar compounds and the most polar 

compound were charactetised as the known pyranopyran 7a7, the 1,2-naphthoquinone- 

I-methide dimer SaS and the hydroxyspironaphthalenone 9ag respectively from 

spectral data and by comparison with authentic samples. 
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a: R= ti a: R=H a: R=H 

b: R= Br b: R = Br b: R:Br 

The formation of 9a by dlmerization of 1,2-nsphthoqulnone-l-methlde, 

could be visualised as in scheme II. 

0 

Scheme - 11 

The f ~rst nledium polar compoulld, designated as A a11d which analysed for 

C3lll21C105 (IlRM.5, m/e calcd for C3lll2lClO5 508.107741. found 500.107448), 

exhibited IR absorptions at 3350, 1715 and lG57 cm-‘, lndlcat I:I~ ttle presence of 

a hydroxy and two carbonyl groups, one of wlllch was conjuqatcd. ‘The ct!aract.er i - 

stic features in ItI NKR (270 Mllz) spectrum are: a U20 exchangeable broad 

singlet at 6 6.7, two AB quartets centred at 3.65 (A’Y,,B = 91.8 Hz, J-An T 

16.OHz) and 2.79 (AvAB = 124.2 Hz, JAB = 16.OHz) corresponding to two 

methylene groups with non-eqcivalent hydrogens and a three proton slnqlet at 

2.32 (COCH3). The mass spectrum exhibited a prominent peak at m/e 450 (M’-58) 

corresponding to an elemental ccmposltion of C2fjll15ClO4 rcr,ultlng from loss of 

one molecule of acetone by McLaffcrty rearranqemcnt from Lhc molecular Ion, thus 

confirming the presence of an acctonyl side chain. The IR spectrlrm of the other 

mediua polar compound II [analysed for C3lll2lClO5: m/c 508 (MI 35C1)] shows 

absorpt ions at 3400, 1710 and 1670 cm -1, indlcat Ive of a hydroxy and t_.Ao 

carbony 1 funct ions. The sal ient features in its ItI N~1I1 (270MHz) spectrum 

are: a three proton singlet at 6 2.20 (COCHj), two AB qll;lrtets cen,red at 3.00 

tAY*~ = 145.8 llz, .JJe = 16.0112) and 3.72 cAVnu = 20?.‘1 llz, Jno = 16.Ollz): 

and a sharp II20 exchanqeable sirlglet at 4.80 (011). 

On tile basis of spectral ddta, three alternate st ructurcs 10, 11 and 12 

cocld be considered for these compounds. It was arltlcipatecl Lll.~t tile difference 

in con]uqatlon In structures IO, 11 and 12 would be reflected in UV absorption 
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maxima. However, compounds A [X pax (C) (CHCl3) 425(17,150)] and 

B [Anlax (6) (CHC13) 427 (16,600)] showed very similar long-wavelength absor- 

ptions. Hence, it is likely that they are diastereomers of a particular struct- 

ure rather than being represented by two different structures (10, 11 or 12). 

Both the compounds A h B showed similar 13C chemical shifts (Table-I) except for 

the CH2Ar, CH2COCH3 and side chain carbonyl signals. Trichloro acetyl isocyanate 

(TAI), a useful in situ derivatising reagent for the 13C NMR studies of -- 

alcohols, phenols and aminesl0, immediately forms an urethane with alcohols and 

a study of the 13C NMR of this gives information about the carbons in the 

vicinity of the hydroxy group. The 13C NMR resonances in compounds A and B on 

TAI derivatisation are also listed in Table-I. In both the compounds A and B, 

the carbinol carbon signals at b 82.98 and 80.19 are shifted downfield by 8.64 

and 11.83 ppm respectively characteristic of saturated non-conjugated tertiary 

alcohols. This fact clearly ruled out the allylic alcohol structure 11. The side 

chain carbonyl signals at 6 212.29 and 206.47 in compounds A and B have moved 

upfield by 8.1 and 4.69 ppm respectively, suggesting the presence of a 

stronger intramolecular hydrogen bonding in compound A relative to compound B. 

Similarity of UV, lH NMR and 13C NMR (before and after TAI derivatisation) in 

these two compounds, further substantiates the conlecture that they could be 

diastereomers. Hence, both the compounds could be represented by a single 

structure (10 or 12). None of these compounds gave good crystals suitable for X- 

ray analysis. 

The react ion of the bromide Sb,prepared from 6-bromo-I-methyl-2-naphthol 

by a procedure similar to that of 5a, with tetrachlorocatechol in acetone in 

the presence of potassium carbonate gave, along with the compounds 7b, 8b11 and 

9b12, the isomeric products C [MS m/e 664 CM+, 35C1, 7gBr): IR vmax 3440, 1715, 

1670 cm-l: lH NMR (270 ~~~162.33 (s,3H), 2.73 (ABq,4vAB = 129.6 HZ, JAB = 16.2 

HZ, 2H), 3.60 (ABq, "VAB = 81.0 HZ, JAB = 16.2 HZ, 2H), 6.75 (s,lH,OH)] and D 

[MS m/e 664 iM+ 35Cl, 7gBr): IRYmax 3460, 1715, 1670 cm-l, IH NMR (270 MHz) 

62*24(~,3H), 3.09 (ABq, ArAB = 143.1 HZ, JAB = 16.2 HZ, 2111, 3.71 (ABq, dy AB 

= 191.7 Hz, JAB = 16.2 HZ, 2H), 4.79 (s,lfI,Ofl)]. X-ray crystal structure 
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Table I 13C NMR" of compounds A and B 

________-___-___-____-____-________-____----_--___-____--__-_____~~__-~~~_ 

Comp A 
TAI t;rpative 

As?:QZTent Comp B 
TAI deorfiagvtive AsTiq;Tent 

__--__-_-______-____-~___-~~__~-___-____~____~-___-____~---_-~~-_~~~-_~~-~ 

29.35(t) 29.66 

32.22(q) 32.37 

38.07(t) 36.79 

82.98(s) 91.62 

90.59(s) 86.90 

103.76(s) 103.91 

111.77(d) 111.62 

114.33(s) 114.15 

116.10(d) 115.86 

116.25(s) 116.34 

121.65(d) 121.71 

122.47(d) 122.59 

122.66(s) 124.27 

123.93(d) 126.34 

126.16(d) 127.74 

127.47(d) 128.26 

128.08(d) 128.66 

128.60(d) 128.96 

128.87(d) 129.97 

128.87(d) 130.09 

129.76(s) 130.21 

130.34(s) 130.27 

130.52(s) 130.46 

130.67(s) 130.76 

130.67(d) 130.91 

132.59(d) 132.93 

150.76(s) 150.85 

156.12(s) 157.49 

159.99(s) 158.69 

188.58(s) 182.97 

212.29(s) 204.19 

ccl’) 

C(15) 

C(13) 

C( 10) 

C(11) 

C(8) 

C(4’ 1 
C(12a) 

C(6) 

C(9’b) 

C(3) 

C(7’) 

C(lla) 

C(9’ 1 

C(1) 

C(2) 

C(8’ 1 

C(5’) 

C(6’ 1 

C(5) 

C(9’a) 

C(5'a) 

C(4a) 

C( 12b) 

C(4) 

C( 12) 

C(6a) 

C(3’a) 

C(7a) 

C(9) 

C(14) 

31.94(q) 30.82 

37.19(t) 37.49 

47.40(t) 44.71 

80.19(s) 92.02 

91.77(s) 89.03 

103.27(s) 104.82 

111.35(d) 111.32 

114.30(s) 113.91 

116.16(d) 116.28 

117.20(s) 117.56 

121.62(d) 121.52 

122.59(s) 122.86 

123.35(d) 123.14 

123.60(d) 123.90 

126.37(d) 126.31 

127.10(d) 127.29 

128.29(d) 128.32 

128.51(d) 128.63 

128.69(d) 128.75 

128.90(d) 129.02 

129.69(s) 129.18 

129.81(s) 129.85 

130.40(s) 130.15 

130.40(d) 130.70 

130.70(s) 130.70 

133.08(d) 133.17 

150.85(s) 150.97 

155.88(s) 157.00 

159.53(s) 158.68 

189.50(s) 103.68 

206.47(s) 201.78 

C(15) 

C(1’) 

C(l3) 

c( 10) 

C(11) 

C(8) 

C(4’ I 

C(12a) 

C(6) 

C(9’b) 

C(3) 

C(lla) 

C(7’ ) 

C(9’ ) 

C( 1) 

C(2) 

C(8’ 1 

C(5’) 

C(6’) 

C(5) 

C(9’a) 

C(5’a) 

C(4a) 

C(4) 

C( 12b) 

C( 12) 

C(Ga) 

C(3’a) 

C(7a) 

C(9) 

C( 14) 

______-____--___-___~--------~~----~-~~~_~~~~_~______-____________________ 

aAl 1 spectra were measured in CDC13 (TMS as internal standard) at 35.03 MHz: 

s, sinqlet: d. doublet’ t, triplet; q, quartet (in off-resonarlce decoupled 

spect t-a). Closely lylnq values at-e interchanqeable. 
____________________--______~~____-~_______________--_--_-_-___-_____--__-______ 

analysis of compound C revealedla the structure to be 13b in which the two 

oxygens on adlacent carbons C(10) and C(11) are in cls-confiquration. The 
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crysta 1 s of isomer ic compound D were not suitable for crystal structure 

analysis. Hence, compound D was, tentatively assiqnedla the trans-structure 14b. 

Accordingly, the desbromo compounds A and B whose spectral properties are 

similar to those of compounds C and D, were tentatively assigned the structures 

13a and 14a respectively. A simi lar reaction of the bromide 5b in diethyl 

ketone qave, in addition to 7b and 8b, three isomeric products, designated as E, 

F and G. A comparison of the important lH NMR signals of these compounds with 

those of compounds A, B, C and D, (Table II) revealed that compound E belongs to 

the cis series 13, - while compounds F and G belong to the trans series 14. With a 

view to confirming the structure assigned to compounds of the type 14 unequi- 

vocally and also to assign stereochemistry of the C(131 methyl group, X-ray 

analysis of the hiqhly crystal 1 ine compound F (14~1 was undertaken. 

Table-II. Charscteristlc ‘II NMR (270 t4Hz) data 
_...------_______.---_____------.--------.-_--_------____-------________~.-_______----_______-. 

Proton I3.J 13b 13c 14a 14b I4C 14d 
1Wltlpl LClty (A) CC) IE) (8) (0) IF1 (Cl 

----------_______...______~~----_~--------~_~~~~~-~--~_____~______________________~___________ 
ArCH2’ ’ ABC) 3.65 3.60 3.62 3.72 

C’-\VAS. II2 1 (91.8) IO1 .O) (106.3) OOJ.5) 

OH s 6.70 6.7c. 6.56 4.80 

CH2COCH) AW 2.79 2.73 --- 3.08 

IAv,,. HII 1114.2) (129.61 --- (145.8) 

_...-.-_-__________--__________-__________________________ 

3.71 3.71 3.72 

(191.71 1201.7) (229.4) 

4.79 4.93 4.46 

3.09 --_ --_ 

(143.1) 

_________________________________ 

The perspective view of the molecule is shown in the Fig.]. The oxygen 

atoms O(191 and O(3’) deviate significantly from the plane formed by C(9), CflOl 

and C(11) atoms by 1.174(6) and -0.060(61 A” respectively. The subst ituent 

oxyqen atoms [0(19) and 0(3’)] at C(10) and C(11) respectively are thus in 

trans-orientation. This is unlike in the compound 13bla where O(19) and O(3’1 

being in cis conf iquratlon, make displacements of -1.1354 and -0.093 i res- - 

pectively from the plane formed by C(9), C(10) and C(11). The X-ray crystal lo- 

graphic study, thus, unambiguously confirmed the trans structure 14c for 

compound F. 

From the torsional angle C(17)-C(131-C(lO)-O(19) = 55.3(901, it is evident 

that C(17) is cis to O(19) oxygen. That is, the C(131 methyl group in 14~ is in 

korientat ion. Compound G, havinq trans stereochemistry at C(10) and C(111 and 

isomeric with 14~ was assigned the cpimeric C(131 d-methyl structure 14d. 

The diastereomeric nature of the set of compounds obtained in the above 

ment ioned react ions, has thus been unequivocally demonstrated by X-ray crystal 

structure analysis. 

Isolation of aimers 8 and 9 in this reaction is indicative of the 

fcrmat ion of 1.2.naphthajuinonc-1-methidc by cleavaqc of the pyranyl ether 
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RQc&~l$&R, R$$ipR, - - /\ / ;\ / - - 
Rl I 

13 E - 

a: RI-H, a2=Rj=H 
a: RI-H, R2=R3=H 

b: R,=Br, R2= R3= H 
b: RI =Br, Rz=R3=H 

c: RI = Br , RZ= d-t&, R3=Me 
c: R,=Br, R2= p- Me, R3 = Me 

d: R, = Br , Rt=d-Me , R3=Me 

under basic reaction conditions. Perhaps, addit ion of tetrachlorocatechol to 

quinonemethide, followed by step wise cyclisation and elimination of chloride 

ions and finally, aldolisation is expected to give the diastereomeric products. 

A detailed investigation of the mechanism of this reaction is in progress. 

Fig. 1. Pcrspectlve view of ccmpound 14c 
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EXPERIMENTAL SECTION 

All melting points and boiling point ace uncorrected. UV (nm)and IR (cm') 
spectra were recorded on HITACHI Model 557 Double wavelength/Double beam and 
Perkin-Elmer Model 781 spectrometers respectively. NMR spectra were recorded on 
a Varian T-60 (60MHz) or a Bruker WH-270, 67.87 MHz (13C) or a Jeol PS/PFT-100, 
25.03 MHz (13~) spectrometers with Me4Si as internal standard ( 6 = 0 ppm). MS 
(7OeV) were recorded on an Atlas CH-4 or a Jeol MS-DX 303 spectrometers. 
Analytical and preparative TLC were carried out using silica gel. Column chro- 
matography was carried out using neutral/basic alumina. 

1-Methyl-Z-(2-tetrahydropyranyloxy) naphthalene (4a) 

,A solution of 1-methyl-2-naphthol 15 (5 gm) and dihydropyran (4.32 ml) in 
dry methylene chloride (80 ml) containing PPTS (795 mg) was stirred for 4 hrs at 
room temperature16. The solution was washed with saturated brine to remove 
the catalyst, followed by ice-cooled 10% aq. NaOH (50mlx4), water (50mlx4) and 
dried. The crude reaction mixture, after the removal of solvent and excess 
dihydropyran, was purified by column chromatography over basic alumina. Elution 
with benzene:hexane (1:l) gave the 140- 
142’C/Zmm: P 

yranyl ether 4a (6.0 gm; 84%), b.p. 
IR (neat) 1620, 1600: H NMR (60 MHz, cc14) 1.30-2.00 (m, 6H), 2.53 

(s, 3H), 3.20-4.10 (m, 2H), 5.33 (br t, lH), 7.10-7.90 (m, 6H), Anal. calcd. for 
Cl6H1802: C, 79.31: H, 7.71. Found: C, 79.44: H, 7.71. 

6-Bromo-l-methyl-2-(2-tetrahydropyranyloxy) naphthalene (4b) 

A similar reaction of 6-bromo-1-methyl-2-naphthol17 (5 gm) with dihydro- 
pyran (2.89 ml) in dry methylene chloride (80 ml) containing PPTS (532 mg) 
yielded the pyranyl e;LeiM;b (5.5 gm; 810). 8O'C (benzene-hexane); 
IR(nujo1) 1620, 1600: (60 MHz, CC14) l.30mIz:13 (m,6H) 2.50 

Anal. 
(s, 3H), 

3.27-4.10 (m, 2H), 5.37 (br t, lH), 7.17-7.87 (m, 5H). calcd. for 
C16H1702 Bc: C, 59.83: H, 5.33. Found: C, 59.65: H, 5.30. 

1-Bromomethyl-2-(2-tetrahydropyranyloxy) naphthalene (5~) 

A mixture of pyranyl ether 4s (3.2 gm; 0.0132 mole), NBS (2.57 gm; 
0.0145 mole) and dibenzoyl peroxide (32mg; 0.00145 mole) was refluxed in cc14 
(40 ml) in dark till the NBS reacted completely (3 hrs). It was cooled, the 
separated succinimide was filtered off and the filtrate washed with ice-cold 10% 
aq,Jeous NaOH (4x30ml) and water (4x30ml) and dried. The CC14 solution, con- 
centrated to 1/4th of its original volume [IR 1620, 1600: lH NMR (60MHz) 1.40- 
2.30 (m, 6~)~ 3.30-4.00 (m,ZH), 5.00 (5, 2H), 5.50 (br t, lH), 7.10-8.00 (m, 
6H)] and protected from light, was used in subsequent reactions. 

6-l3romo-l-bromomethyl-2-(2-tetrahydropyranyloxy) naphthalene (5b) 

The above reaction was repeated with the pycanyl ether 4b for 3 hrs to 
give the bromide 5b: IR (CC14) 1620, 1600: lH NMR (60MHz, CCl4) 1.32-2.18 (m, 
6~1, 3.20-4.18 (m, 2H), 4.85 (s, 2H), 5.45 (br t, 1111, 7.00-7.85 (m, 5H). 

React ion of bromide 5 with tetrachlorocatechol in Ketonic solvents in pre- 
sence of K2CO3 

a) Reaction of 5.3 in acetone 

A solution of bromide 55 in CC14 (25 ml), prepared from the pyranyl ether 
4a (3.2 gm: 0.0132 mole) after dilution with acetone (25 ml), was added to a 
vigorously stirred refluxing solution of tetrachlorocatechol (3.27 gm: 0.0132 
mole) in acetone (150 ml) containing anhydrous K2CO3 (2.73 qm: 0.0198 mole) over 
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a period of 4 hrs In dark. The reaction mixture was further ref Itlxecj for /4 

hrs, cooled, K2C03 f lltet-ed off and washed with little acetone. After the 

ceroval of acetone, the residue was taken in ether (150 ml) and washed successl- 

vely with water (4x50 ml), 100 aqueous NaOH (4x50 ml), water (4x50 ml 1 and 

dried. Ether was removed and the residue chromatoqraphed. 

Elution with hexane-benzene (1:l) gave the pyranopyran 7a (45 mg: 1.481, 

m.p. 17°C (benzene-hexane) (lit7, m.p. 78OC). Further elution with benzene qave 
the spironaphthalenone 8a (370 mq: 18.0Slt m-p. 142OC (benzene-hexane) ( 1 it8, 
m.p. 141-142’C). The material obtained by further elution with chloroform and 
chloroform:ethyl acetate (19:l) was separated into three compounds by prepar- 
atlve TLC (chloroform:ethyl acetate 19:l). The less polar compound was shown to 
be (~1 cis-8-chloro-lo-hydroxy-lo-(2-oxopropyl)spiro Ill!-benzo ]a_] xanthen- 
11,2’(1’fj)-naphtho [2,1-b] furan]- (lOH)-one 13a (135 mq: 4.0%), m.p. 241°C 
(benzene-hexane): UV (CHCl3), 425(17,150), 405(17,900), 355(9,700), 338(10,900), 
325(8,9001, 278 (12,500), 262(16,500), 257(20,000), 242(39,400): MS m/e (rel- 
ative intensity) 510, 508 (h+, 20,561, 473(17), 451(37), 450(42), 433( 381, 
423( 1001, 405(28), 387(46), 352(27), 296(54), 295(42), 294(74), 268(57). Anal. 
calcd. for C3lH2lClO5: C, 73.15: Hr 4.16. Found: C, 73.40: 11, 4.50. The medium 
polar compound was identified as (5) trann- 8-chloro- lo-hydroxy-lo-(2-oxopropyl) 
Spiro [lllj-benzo [a] xanthen-11,2’ (l’Y)-naphtho [2,1-b_] furanl-9 (lOlj)-one 14a 
(215 mq: 6.401, m.p. 238-23q”C (acetone): UV (CHC13) 427(16,600), 410(1’1,3001, 

356(8,AOO), 338( lO,SOO), 325(8,800), 278(12,150), 262 (lr,,OOO), 256( 18.100) 3 
242(36,400): MS m/e (relative intensity) 510, 508 (M’, 11, 34), 473( 19), 

451(2’S), 450(32), 433 (24), 423( 1001, 405(22), 387(36), 352(45), 296(45), 

295(41), 294(86), 268(34). Anal. calcd.for C31H21ClO5: C,73.15: tl, 4.16. FourId: 
C, 73.40, H,4.20 and the most polar compound was characterised as 2’,3’-Dihydro- 
4’-hydreoxyspiro(naphthalene-1(2fi),l’(lH phenalenl-2-one 9a 

-B 
( 205mq : 9.9X), m.p. 

239-241C (acetone-petroleum ether) (lit , 242OC). 

b) Reaction of bromide 5b in acetone 

The product obtained by reaction of bromide 5b, prepared from 4b (3.2 
qm: 0.01 mole), with tetrachlorocatechol (2.40 qm: 0.01 mole) in acetone (150 
ml 1 containing anhydrous K2CO3 (2.07 qm: 0.015 mole), was chromatoqraphed. 
Elution with hexane-benzene (1:l) and benzene afforded cis-3-bromo-7a, 10, 11, 
1 la-tet rahydrf-9tj, 12H-naphtho [2,1-b_] pyrano [3,2-e_] Fan 75 (50 mq: 3.1$): 
m.p. 115-116 C (benzene-hexane); IR (nulol) 1620, 1600: lH KMR (270 Mllz, CDC13) 
1.63-1.82 (m,4H), 2.26-2.40 (m, lH), 2.93 (dd, J = 17.0, 4.3 llz, ill), 3.16 (dd, 
J = 17.0, 6.6 Hz, lH), 3.74-3.81 (m, lH), 4.05-4,12 (m, lH), 5.~10 (d, ~1 ?.5Ilz, 
it)), 7.13 (d, J = B.9tlz, lH), 7.51-7.56 (m, ZH), 7.b4(d, J = 8.91lz, IHT 7.90 (d. 
J = 1.9Hz, ItIT. Anal. 
fi.4.63. 

calcd.for Cl6Hl532Ur: C, 60.18: H,-4.74, Found: C. 60.27: 
and spironaphthalenone 8b (390 mq: lG.GB) m-p. 17h°C (beneznc-hexane) 

(I~tll, 177O Cl. Further ylution vlth chloroform and chloroform:ethyl acetate 
(19:l) qave (i)cls - 3,7 -dibrorro-B-chloro-IO-hydroxy-19-(3-oxoprcpyl) 
[ 1 lH-bqenf;) [s] xanthen-J 1,2’ 

splro 
(1’ HI-naphtho [2,1-h_] furan!-9( lOc)-one 13h (140 

mq : 
(13,700;, ’ - 

278 C 
35BT9:ooo) 

(benzene-hexane): UV (CIIC13) 421 (12,000), 406 
340(9,750), 326(6,500), 

256(23.200), 244(43,75;?: 13C NYR (Table-III): 
290(@,100)< ?70(10,400), 

MS m/e (rclatlve Intensity) 670, 
668, 666, 664, (M+ 6. 18,25,123, 609(13), 600(74), 581(71), 374(100), 348(36). 
Anal. calcd.Cor C3lHl9ClBr205: C, 55.85, H, 2.85. Found: C, 55.95: tl: 2.t?7 and 
(T) trans-3,7’,- dlhromo-P-chlcro-IO-hydroxy-lo-(?-oxopropyl) spl co [ 1 lkj-bcnzo 
[a_] xanthen-11,2’(1’ H)-naphtha [ 7, l-k] Ccr*lrl]-Q> (lOtj)-one 141? (?10 mq: c, . 3’) ) 
m.p 262’C (benzene-hexane): uv (C[lClj) 435( 17,4’JC), 41U(IC,~400), 360(11,900), 
344(13,8001, 328(10,000). 293(11,700), 2C4(13,COO) 256(32,000), 247(4o,900): 13C 
Nt+R (Table- 111); MS m/e (relative intensity) 670, 650, 6G6, 664 (M+ 
5,16,26,12), 609( lo), 608(27), 501(60), 374( 100) 1 348(41). Ana 1 calcd. for 
C3lHlgClBr205, C, 55.85; H,2.85 Found: C, 55.47: H, 3.12 and 6,8’-Uibromo- 
2’,3’-dihydro-4’-hydroxyspiro[naphthalene-1 (2B),l’(ltj)@ienalen]-2-one 9b 
(ZZOmq, 9.401, m.p. 272’C (EtoAehexane) (lit12, 273OC). 
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c) Reaction of bromide 5b in diethyl ketone 

The product obtained by the reaction of bromide 5b prepared from PYra- 
nyl ether 4b (3.2 qm: 0.01 mole), with tetrachlorocatechol (2.48 qm : O.Olmole), 
in diethyl ketone (150 ml) containing anhydrous K2CO3 (2.07 gm,0.015 mole), was 
chromotographed. Elution with hexane:benzene (1:l) and benzene afforded pyra- 
nopyran 7b (40 mg: 1.30) and spironaphthalenone 8b (220 mg: 9.40). The fraction 
obtained by further elution with chloroform was separated into two fractions by 
repeated preparative TLC (benzene). 

Fraction (i) was identified as (k) cis-3,7’-dibromo-B-chloro-lO-hydroxy-lO-~l~- 
methyl-2-oxobutyl) Spiro [llH-benzo[cznthen-11,2’ (1’8) naphtho [2,1-b] fura+ 
9(lDH)-one 13~ (80 mq: 2.3%), 
426(19,400), 406(20,150), 358(13%&, 

204-205OC (benzene-hexane); UV (CHC13) 
341(14,000), 

280(15,350), 246(52,400): IR (nujol) 3330, 1700, 
328(10,:;0). 290(11,800) 
1660: NMR (27OMH2, 

CDC13j1.14 (t, J = 7.2Hz,3H), 1.21 (dr J =7.1 Hz, 3H), 2.57-2.68 (pair of 
quartets, lH), 2.98-3.10 (pair of quartets; 1H) ( both together forming an ABq, 
JAB = 18.7 HZ, ZH), 3.17(q, J = 7.1Hz, lH), 3.62 (ABq, ApAB = 106_3Hz, JAB = 
16. SHZ, 2H) , 6.56 (s, lH, D20_exchangeable), 7.37 (d, J c 8.8 tlz, lH), 7.48 (d, 
J = 9.OHz, lH), 7.55 (d, J = g.OHz,lH)r 7.56 (dd, J = 8,8, 2.OH2, lH), 7.63 (dd, 
zi = 9.1, 1.8Hz, lH), 7,78-7.90 (m, 4H), 8.00 (d, J = 1.8H~,lH), 8.03 (d, 3 q 

i.7Hz,lH): 13C NXR (Table-III): Anal. calcd. for -C33H23ClBr205: C, 57.04: 
H,3.34. Found C, 57.44: H,3.36. 

Table-III. 13C NMR DATA (67.89 MHz, CDC13) 
_____________________________------______---_______-_________----~~~~~---------- 

Compound 
13b 13c 14b 14c 14d 

~~__________________-----_____----_____________-----_--__----_________________~~ 

29.73(t) 
32.15(q) 
38.11(t) 
82.80(s) 
91.06(s) 

104.59(s) 
112.97(d) 
114.65(s) 
116.65(s) 
117.68(d) 
120.37(s) 
121.93(d) 
123.52(d) 
124.25(d) 
127.42(s) 
128.93(s) 
129.03(d) 
129.86(d) 
130.52(s) 
131.04(d) 
131.54(d) 
132.04(s) 
151.00(s) 
156.66(s) 
159.63(s) 
18R_G?(s) 
221.89(s) 

-__ 

7.56(a) 
12.95(q) 
35.22(t) 
38.20(t) 
43.07(d) 
84.S6(s) 
92.01(s) 

104.51(s) 
113.07(d) 
114.79(s) 
117.11(s) 
117.63(d) 
120.33(s) 
121.88(d) 
123.48(d) 
124.26(d) 
127.45(s) 
129.24(s) 
130.06(d) 
131.04(s) 
131.51(d) 
132.04(d) 
132.63(s) 
150.92(s) 
15G.?O(s) 
1511.92 ( s) 
190.17(s) 
217.84(s) 

--- 

___ 

31.85(a) 
37.32(t) 
47.55(t) 
80.39(s) 
92.11(s) 

104.24(s) 
112.53(d) 
114.69(s) 
115.32(s) 
117.47(s) 
117.61(d) 
117.80(s) 
120.62(s) 
122.62(d) 
123.53(d) 
124.44(d) 
127.36(s) 
129.17(s) 
129.17(d) 
130.6?(d) 
130.8G(d) 
131.13(d) 
131.21(s) 
131.72(d) 
132.01(d) 
132.08(s) 
151.08(s) 
156.45(s) 
159.2?(s) 
lB9.61(S) 
206.17(s) 

7.96(q) 
13.36(q) 
34.16(t) 
38.74(t) 
49.60(d) 
83.52(s) 
92.66(s) 

104.37(s) 
112.26(d) 
114.97(s) 
115.33(s) 
117.56(d) 
118.07(s) 
120.68(s) 
122.52(d) 
123.78(d) 
124.50(d) 
127.45(s) 
129.15(s) 
129.15(d) 
130.63(d) 
130.06(d) 
131.10(d) 
131.77(d) 
131.93(d) 
132.1’J(L;) 
151.0(,(r) 
156.20(s) 
153.55(s) 
188.67(s) 
213.28(s) 

7.52(q) 
13.60(q) 
36.16(t) 
39.10(t) 
51.43(d) 
81.94(s) 
92.82(s) 

105.39(s) 
112.45(d) 
114.67(s) 
117.43(s) 
117.77(d) 
120.59(s) 
122.02(d) 
123.42(d) 
124.49(d) 
127.32(s) 
129.11(s) 
129.11(d) 
130.58(d) 
130.83(d) 
131.16(s) 
131.16(d) 
131.72(d) 
131.90(d) 
lJJ.IU(s) 
151.01(s) 
156.55(s) 
159.75(s) 
190.14(s) 
212.04(s) 
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Fraction (ii) was separated into two compounds by repeated preparative 
TLC (methylene chloride) and identified as (2) trans-3,7'-dibromo-8-chloro-lo- 
hydroxy-lo-(lp-methyl-2-oxobutyl) spiro[llH-benzo(a] xanthen-11, 2' (l'H)- 
naphtho [2,1-b]furari)- 9(10!)-one 14c (200 mg; 6.0%): m-p. 240-242.C (chloroform 
hex.ane): UV (CHC13) 428(22,300), 410(23.000), 358(13,400), 340(15,600), 
327(11,200), 290(14,300), 281(17,000), 256(40,8OO)r 247(57,9OO)r IR(nujo1) 3410, 
1700, 1655, lH NMR (270 MHz, CDC13) 1.04 (d, J = 7.2Hzr 3H)r 1.20 (t, J = !.lHz, 
3H), 2.58-2.88 (two pairs of quartets forming an ABql JAB = 18.9 Hs,-2H)r 3.07 
(q, J = 7.1 Hz, 1H)r 3.71 (ABqr PvAB = 203.7 Hz, JAB = 15.6Hzr 2H) 4.93(sr 1H, 
D20 exchangeable), 7.26(d, J = 8.9Hz, lH), 7.32 (dr J = 8.8H2, 1H)r 7.49(dd, J = 
8.8, 1.9Hz, 1H)r 7.57(d, J =9.1Hz, 1H)r 7.67(dd, J-= 8.9, 1.8H2, lH), 7.70(dr 
J = 9.1Hz, lH), 7.87(s, TH), 7.88(d, J = 8.8Hzr TH 

13l 
7.971(d, J = 8.9Hzr 1H)r 

f_972(d, J = 1.9Hz, 1H)r 8.02 (d, J = i.8Hz, 1H): C NMR (Tabye-III): Anal. 
calcd. f&r C33H23ClBr205: C, 57.01, H 3.34: Found: C, 56.82: HI 3.24. and (+) 
trans- 3,7~-dibromo-8-chloro-lO-hydroxy-lO-(loC-methyl-2-oxobutyl)spiro clly- 
benzo[&] xanthen-11,2' (I'!)-naphtho [2,1-b]furan~9(lOH_)-one 14d (80mg; 2.3%)r 
m.p. 263-265'C (chloroform-hexane): UV (CHC13) 428(20,750), 410(21,250), 
359(13,250), 340(15,000), 327(10,450), 290(13,350), 282(15/900), 256(33r600), 
245(62,200): IR(nujo1) 3450, 1705,1655; lH NMR (270 MHz, CDC13) 0.85 (t, J = 
7.1Hzr 3H), 1.37 (d, J = 6.9Htr 3H), 2.36-2.51 (pair of quartets, lH)r 2.52- 
2.66(pair of quartets: 1H) (both together forming an (ABq, JAB = 18.6Hzr 2H)r 
3.39(qr J = 6.9Hz, 1H)r 3.72 (ABq, a"AB = 229.4 Hz, JAB = 15.7H2, 2H) 4.46 (9, 
iH, D20%xchangeable), 7.33(d, J = 8.8Hz, lH), 7.42(d, J = 8.8H2, lH), 7.50(dd, 
J = 8.8, 1.7 Hz, lH), 7.58(d, r = 9.1Hz, lH), 7.68(ddT J = 9.1, 1.9Htr 1H)r 
7.73(dr J = 8.8H2, lH), 7.84(s,-lH), 7.88(d, J = 9.1Hzr IH 
1H)r 7.9%(d, J = 1.7H2, 1H)r 8.04(d, J = l.gHz, 1H); 13; ;:R'(;';a&=e-';:HI;I 

Anal. calcd.for C33H23ClBr205: C, 57.04: H.3.34. Found C, 56.97: HI 3.25. 

X-ray analysis of compound 14C 

C33H23C01Br205' Mr = 694.8, Triclinic, P i, a = 8.142(3), b = 11.797 (31, 
c = 16.481(41 A, V = 1555.95 A3 ,* = 97.x9(2), p = 95.66(2), 3 = 93.60(31 , ‘2 = 
2, D, = 1.491 Mgms3, x (CuKnCl = 1.5418 A, p = 36.8 mm-l, F(OOO1 = 696, T = 293 
K. Final R = 0.086 for 3462 unique reflections with I>, 3Cr(I). 

The crystals suitable for X-ray diffraction were grown from chloroform 
and methanol solution by slow evaporation. Intensity data were collected on a 
CAD-4 diffractometer with Ni-filtered CuKoC radiation.using a crystal of dimen- 
sions 0.22 X 0.27 X 0.33 mm up to sing/A = 0.562 ~-1 using W -28 scan. 
Lorentz and polarisation corrections were applied. A total of 3673 reflections 
were measured for 0s h< 8, -13s k 6 13, -18s 16 18 of which 3462 reflec- 
tions have I>/ 30-(I). 

Th_e statistics for the normalised structure factors favours the space 
group P 1. The positions of bromine and chlorine atoms were located using 
direct methods (MULTAN 11/82 181 and Patterson svntheaes. Successive weiahted 
and difference Fourier synthesis revealed the positions of the rest of the non-H 
atoms. The hydrogen atoms were fixed from geometric considerations. The struc- 
ture was refined using anisotropic temperature factors for non-H atoms and fixed 
isotropic temperature factors for hydrogen atoms. The final R = 0.086 and wR = 
0.097. The residual electron density in the final difference Fourier was in 
between +1.24 and -1.38 e/A3. 
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