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ARSTRACT:Reaction of 6-tert-butyl-l-bromomethyl-2-(2-tetrahydropyranyloxy)- 
naphthalene 2c with tcchlorocatechol (TCC) in acetone in presence of 
K CO3 gave diastereomers 6c and 7c. 
l&&idinduced cleavage 

A mechanism (Scheme-11 invoking the 
of the pyranyl ether 2 to 1,2-naphthoq-inone-l- 

8 as the first step has been postulated. The cleavage of the 
pyranyl ether linkage in 2 to give dimers 4 and 5 of 1,2-naphthoquinone-l- 
methide has been demonstrated with different bases. 
methide 8, thus generated, 

1,2-Naphthoquinone-l- 

elimination 
undergoes Michael addition with TCC followed by 

of chloride ions to give a diketone, which further 
aldolisation with acetone to give diastereomers 6 and 7. 

undergoes 
Michael reaction 

of 8, generated in situ from pyranyl ethers 2a-c, 
simXEFFeaction 

with tetrabromocatechol 
(TBC) under conditions gave the expected monobromo 
compounds 6h, 61,6k,7m, 7n and 7q. The last step in the proposed mechanism, 
VlZ., aldolisation has also 
sdlvents. 

been demonstrated using different ketonic 
Thus, reaction of 2a-c with TCC- in diethyl ketone/methyl 

ethyl ketone under similar reaction conditions gave the expected compounds 
6 and 7. 

We have recently reported la the formation of polycyclic oxygen 

aromatics 6a and 7a in the reaction of 1-bromomethyl-2-(2-tetrahydro- 

pyranyloxylnaphthalene 2a with tetrachlorocatechol (TCC) in presence of 

K2CC3 
and acetone. Structures of these types of compounds (6b and 7b) have 

12:R=H 

11 : R =Br 

12 : R &Bu 

2,1 : R = H 
2J : R=Br 

2,c : R ctBu 
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been confirmed by X-ray crystal structure analyses. 
la,lb 

The sets of 

diastereomeric compounds could easily be differentiated la by their charac- 

teristic 1H and l3 C NMR signals (OH, ArCH2 and -CH2-C=O). When the reaction 

of 6-tert-butyl-l-bromomethyl-2-(2-tetrahydropyranyloxy~naphthalene 2c2 

with TCC in acetone in presence of anhydrous 'K2C03 was carried out,two 

diastereomers having spectral characteristics similar to those of 6a and 7a 

(Table - I) were obtained and these were assigned structures 6c and 7c. 

Similar diastereomeric products are also formed in the reaction of 2- 

bromomethyl-l-(2-tetrahydropyranyloxy)benzene with TCC in K2C03 and acetone: 

3_a:R=H 4A:Rzt.i A 
3-b: R=Br 
32: 8 ztBu 

4b. R=Br 

4J8ztBu 

SJ:R=H 

5-b: R=Br 
z: R='Bu 

A probable mechanism of formation of the diastereomers 6 and 7 has 

been postulated (Scheme-I). Perhaps, two molecules of 1,2-naphthoquinone-l- 

methide 8, initially generated, undergo Michael addition with TCC followed 

Rl 
H od,,R~ 

Rl 
H&~,R --v 1 

O jtlR’ 

CH29j 

- 

@ 

/\' 
- 

R 2 

R2-CH2-6+R3 

Base 

-h > 

Scheme- I 
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by stepwise removal of chloride ions to give the diketone 11. Aldol 

condensation of the diketone with acetone gives the isomeric products. 

Isolation of spironaphthalenones I and 5,dimers of 1,2-naphthoquinone- 

l-methide (81, is a key evidence for the postulation of the cleavage of 

tetrahydropyranyl ether linkage in the bromide 2 under reaction conditions. 

As pyranyl ethers are sensitive to acids. 
5 TCC present in the reaction 

mixture, was thought to be responsible for the cleavage to give l-bromo- 

methyl-2-naphthol which under thermal or base catalysed conditions could 

give 8 (Scheme-II). Thermolysis of l-methoxymethyl-2-naphthol,6 l-hydroxy- 

methyl-2-naphthol,' and l-dimethylaminomethyl-2-naphtho18 to quinone 

methide 8 are reported. However, refluxing bromide 2a with TCC did not give 

4a and 5b. but gave the known' pyranopyran 3a. Thermal cleavage of pyranyl 

ether was ruled out on the basis of isolation of compound 3a when bromide 

42 a 5-a 3,a Scheme-11 

2a was refluxed in acetone. However, refluxing bromide 2a in acetone in 

presence of K2C03 yielded la and 5a. These studies revealed that the 

cleavage of tetrahydropyranyl ether linkage in the bromide 2a to form 

quinone methide 8 is base induced. Isolation of compounds la and 5a in the 

reaction of 2a with K2C03-CH3CN, Na2C03-CH3CN, NaOCH3-CH3CN and Et3N-CH3CN 

further supported this postulation. Formation of quinone methide could be 

the driving force for the unusual cleavage of pyranyl ether in 2a1’ under 

basic conditions. 

Addition of phenols to quinone methide is well established.1' Michael 

addition of tetrachlorocatechol [C-3]12 to quinone methide 8 in presence of 

base could lead to 9 (Scheme-I). Cyclisation of the anion 9 by elimination 

of the chloride ion leads to 10. l4 Further Michael addition of 10 to one 

more molecule of quinone methide 8 followed by expulsion of chloride ions 

leads to the diketone 11. Aluminium oxide catalysed addition of acetone to 

o- and E- quinones to give acetonyl benzoquinols is known. 16 In the case of - 
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substituted quinones, addition of acetone occurs.preferentially at the more 

positive of the two carbonyls giving rise to only one of the two regio 

isomers. Accordingly, it can be presumed that the addition of acetone to 

diketone 11 takes place selectively on the unconjugated carbonyl carbon 

resulting in diastereomers 6 and 7. 

According to the proposed mechanism (Scheme-I), the reaction with 

tetrabromocatechol (TBC) instead of TCC should lead to the formation of 

isomeric compounds containing one bromine atom. In order to verify this, 

reaction of 2a was repeated with TBC when spironaphthalenones 4a and 5a 

R 

6a : R=H,R 
1 

= Cl, R2 = R) = H. 

6b : R = Br, Rl = Cl, R2 = R3 = H. 

6c : R = tBu, R1 = Cl, R2 = R3 = Ii. 

6d : R = H, R1 = Cl, R2 = d-CH3, Rx = CH3 

6e : R = H, Rl = Cl, R2 = Ii, Rg = CH3. 

6f : R = Br, R1 = Cl, R 2 = H, R3 = CH3 

6g : R = %", R1 = Cl, R2 = H, R3 = CH3 

6h : R=H.R 
1 

= Br. R2 = R3 = H. 

6i : R = R1 = Br, R2 = Rj = H. 

6j : R = R1 = Br, R2 = H, Rj = CH3. 

6k : R = tB~, R1 = Br, R2 = R3 = H. 

7a : R=H,R 

i'b : 
R = Br ; = Cl, R2 = R3 = H. 

'1 
= Cl, R2 = p- CH3, Rj = CH3 

7c : R = tB~, R1 = Cl, R2 = R3 = H. 

7d : R = H, RI = Cl, R2 = &-CH3, RI = CH3. 

7e : R=H.R 
1 

= Cl, R2 = ~-CH3, Rg = CH3. 

7f : R = H, R1 = Cl, R2 = #&-Cl+ R3 = n. 

7g : R=H,R = Cl, R2 = H, Rj = 'X3. 

7h : R = Br, R 

7i : R = B,-, 

73 : R = Br, 

1; : ,“;; ;: ;$;;;: f:,: H’ 

R 
1 

= Cl, R2 3, R3 = H. 

7k : R = tB~, R1 = Cl, R2 =p -CH3, R3 = H 

71 : R = tB~, R 
1 

5 Cl, R2 = H, R3 = 'X3. 

7m : R = H, RI = Br, R2 = R3 = Ii. 

7n : 
70 : 
7p : 
7g : 
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along with diastereomers 6h and 7m with spectral characteristics (Table-I) 

similar to those of 6a and 7a were obtained. As expected, 17 the signal due 

to carbon atom attached to bromine in 
13 

C NMR is shifted upfield by 9.56 

and 10.27 ppm in 6h and 7m relative to those in the corresponding chloro 

compounds. la When this reaction was repeated with 2b and 2c, the 

diastereomers 6i & 7n, and 6k & 7q were respectively formed, as apparent 

from their spectral (Table-l) characteristics. 

As mentioned earlier, the last step in the postulated mechanism is the 

aldol condensation of acetone with diketone 11 generated in the reaction. 

Change of ketonic solvent in the reaction medium should result in the 

formation of corresponding aldol products. Accordingly, reaction of bromide 

2a with TCC in the presence of K2C03 in diethyl ketone gave three someric 

compounds 18a which analysed for C33 H 25 Cl03 and exhibited IR absorptions 

corrsponding to a hydroxy and two carbonyl groups. On the basis of the 

characteristic 'Ii and l3 C NMR signals la (Table-I), these compounds were 

tentatively assigned the structures 66, 7d and 7e. 

Use of an unsymmetrical ketone as solvent in the above reaction 

should lead to the formation of products 18b resulting by aldol condensation 

in two different ways. With this in view, reaction of bromide 2a was 

carried out with TCC in methyl ethyl ketone in presence of K2C03. The three 

isomeric compounds [MS: m/e 522 (M+,35Cl)] isolated were assigned the 

structures 6e, 7f and 7g based on a detailed study of 'ii and 13C spectral 

data (Table-I) and in analogy with those compounds isolated in acetone and 

diethyl ketone reactions. Similar reaction with bromides 2b and 2c resulted 

in the formation of isomeric compounds 6f, 7h, 7i, 7j, and 6g, 7k, 71 

respectively. When reaction of bromide 2b was carried out with THC in 

methyl ethyl ketone in presence of K2C03, three isomeric monobromo compounds 

to which structures 6j , 70, and 7p could be assigned were obtained. 

It may be mentioned here that the postulated diketone intermediate 

11 could not be isolated in any of the foregoing reactions. It was 

presumed that use of a non-ketonic solvent might stop the reaction at the 

diketone stage. However, when reaction of 2a with TCC in acetonitrile 

containing 
K2C03 

was carried out, the only isolable products were the 

pyranopyran 3a and dimers 4a & 5a 

The generality as well as the probable mechanism of the base 

induced cleavage reaction of pyranyl ethers of 1-bromomethyl-2-naphthols 2 

to give novel polycyclic oxygen aromatics has thus been demonstrated. 

Utility of this interesting one pot reaction in the synthesis of 

quinoline/isoquinoline analogues of these compounds is being further 

explored. 
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EXPERIMENTAL SECTION 

All melting points are uncorrected. UV(nm) and IR (cm-') spectra were 
recorded on HITACHI Model 557 Double wave length/Double beam and Perkin- 
Elmer Model 781 spectrometers respectively. 
Varian T-60 (60 MHz) or a Jeol FX-9OQ, 

NMR sppStra were recorded on a 
22.49 MHz ( C) or a Bruker NH-270, 

67.87 MHz ('"C) spectrometers with Me Si as internal standard (6 =0 ppm). 
MS (70 ev) were recorded on an Atlas CA-4 or a Jeol MS-DX 303 snectrometer 
fitted with a built-in direct inlet system. 
were carried out using silica gel. 

Analytical and preparative TLC 

using neutral/basic alumina. 
Column chromatography was carried out 

All Organic extracts were dried over anhydrous 
Na2S04. Compounds (6c-k and 7c-q) reported herein are racemic mixtures. 

6-s-Bytyl-2-hydroxy-1-naphthaldehyde : To a mixture of 6-s-butyl-2- 
naphthol (10 gm# 8.05 mole) in ethanol (20 ml) and aq.NaOH (14.4 gm in 
30 ml Ii 0), 
the tern 8. at 

CHCl b6.1 ml) was added dropwise during 30 minutes maintaining 
70-30 C with constant stirring. Stirring was continued for one 

more hr by which time the sodium salt of phenolic aldehyde separated 
completely. Excess CHCl and EtOH were distilled off. The solid was 
dissolved in water, the salution acidified with conc.HCl acid and extracted 
with ether (100 ml). The ether layer was washed with 10% aq.NaHCO (2 x 
30 ml), water (2 x 30 ml) and dried. Solvent was removed and purif ed 1 by 
column chromatography (silica gel, hexane-benzene, 461) to give C-s- 
butyl-2-hydroxy-1-naphthaldehyfe (5.24 gm,46%): m.p. 94 C (benzene-hexane); 
IR (nujol) 3098, 1668, 1620; H NMR (60 MHz, CDCl 
(m, 5H), 10.76 (s, lH), 

) 1.4 (s, 9Ii), 7.00-8+02 
12.99 (8, lH, D 0-exchang able); MS; m/e 228 (M ); 2 

Anal. calcd. for C15H1602: C, 78.94; H, 3.01. Found: C, 78.99; H. 7.11%. 

6-tert-Butyl-1-methyl-2-naphthol : A mixture of amalgamated zinc, 
from -zinc (9.4 gm), 

prepared 
and 6-tert-butyl-2-hydroxy-1-naphthaldehyde 

in ethanol (15.2 mnontaining water (6 ml) and conc.HCl 
(5 gm, 

0.05 mole) acid 
(13.6 ml) was refluxed for 10 hrs and cooled. The solid residue was 
filtered and the filtrate was extracted with ether (2 x 50 ml). The ether 
extract was washed with 10% aq.NaHCO (2 x 30 ml), water (2 x 30 ml) and 
dried. After removal of solvent, th2 residue was chromatographed (silica 
gel, benzene) to give 6- -butyl-1-methyl-2-naphthyl 
90°C (benzene-hexane); IR (nujol): 

(3.2 gm, 68%): m-p. 
3410, 1620, 1600; H NMR (60 MHz, CDCl ) 

1.30 (8, 9H), 2.43+(s, 3H), 4.72 (8, lH, D 0 exchangeable), 
B 

6.81-7.81 (4, 
5H); MS: m/e 214 (M ); Anal. calcd. for Cl5 180: C, 84.11; H, 8.41. Found: 
C, 83.75; H, 8.49%. 

6-tert-Butyl-laethyl-2-(2-tetrahydro~ranylo~))naphthalene (1~) : A 
of 6-tert-butyl-1-methyl-2-naphthol (5 gm) and dihydropyran 

(3.2 ml) in dry-Cl (80 ml) containing pyridinium-p-toluene sulfonate 
(584 mg) was stirred2f08 4 hrs at room temperature. The solution was washed 
with brine to remove catalyst, followed by ice-cold 10% aq.NaOH (2 x 
40 ml), water (2 x 40 ml) and dried. The crude reaction mixture, after the 
removal of solvent and excess dihydropyran, was purified by column 
chromatography over basic alumina. Elution with hexane-benzene (1:l) gave 
the pyfanyl ether lc (6.2 gm, 88.5%): m-p. 81°C (hexane); IR (nujol) 1620, 
1600; H NMR (60 MHz, 
3.40-4.02 (m, 2H), 

CDCl ) 1.40 (6, 9H), 1.52-2.04 (m, 6H), 2.52 (s, 38), 
5.36 ?br.t, lH), 6.96-7.92 (m, SH); MS: m/e 298 (M ); 

Anal. calcd. for C20H2602: C, 80.53; H, 8.72. Found: C, 80.17; H, 9.00%. 

6-tert-Butyl-1-bronoae tbyl-2-(2-tetrahydropyranyloxy)naphthalene (2~) : A 
mixture of pyranyl ether lc (3.2 gm;0.0107 mole), N-bromo succinimide (MBB) 
(2.1 gm; 0.0118 mole) and dibenzoyl peroxide (29 mg; 0.0001 mole) was 
refluxed in CC1 (40 ml) in dark till the NBB reacted completely (3 hrs). 
It was cooled, c he separated succinimide was filtered off and the filtrate 
washed with ice-cold 10% aq.NaOH (2 x 30 ml), water (2 x 30 ml) and dried. 
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The Ccl solution, concentrated to 1/4th of its original Volume [IR(CCl ) 
1620, $600; H NWR (60 MHz, CC14), 1.36 (s, 9A), 1.50-2.15 (m, 6H), 3.a- 
4.15 (m, ZH), 4.98 (a, 21i), 5.48 (br.t, lH), 7.00-8.04 (m, 5H)l and 
protected from light, was used in subsequent reaction, as attempts to 
purify resulted in decomposition. 

Reaction of bromide 2a 

T;la 
With TCC in acetone : A solution of 2a, prepared from pyranyl ether 
(0.61 gm; 0.0025 mole) was refluxed with TCC (0.62 gm, 0.0025 mole) 

in acetone (50 ml) for 24 hrs. The solvent was removed, residue dissolved 
in ether (50 ml), washed successively with 10% aq.NaOH (2 x 30 ml), water 
(2 x 30 ml) and dried. The solvent was removed and the resulting material 
was chromatographed. Elution 
(115 gm; 19%): m.p. 77Oc (lit. 

pith hexgne-benzene (1:l) gave pyranopyran 3a 
m.p.78 C). 

The same compound 3a was obtained in the above experiment in the 
absence of TCC. 

b. With different bases 

(i) The product obtained by refluxing Za, prepared from la_ (0.61 gm, 
0.0025 mole), with anhydrous K CO 
(50 ml) for 24 hrs was chrom~to&a~~;~? ~;,~~r~~'~~~~~~)~~~~~~~~~~~ 
spironaphthalenone 4a (80 mg; 20%): m.p. 142 C (lit. . . . 
Further elugion wit8 CHCl 
m.p.239-241 (lit. m-p.142 C). 

gave hydroxy spironaphthalenone 5a (65 mg; 16%): 

(ii) Reaction of 2a, prepared from la (0.61 gm) in CH CN (50 ml) containing 
K CO (0.52 gm) gave 4a and 5a in 32% and 24% yield r spectively. 
t8e 3same reaction in presence of Na CO 

tJ However, 

(13% and 8%) of la and 5a respective2y.3 
-CH3CN yielded much smaller yields 

(iii) Reaction of Za,prepared from la (0.61 gm) in CH CN (50 ml) containing 
NaOMe (0.16 gm) gave 4a and 5a in 38% and 25% yield r&pectively. 

(IV) Reaction of 2a, prepared from la (0.61 g) in CH3CN (50 ml) containing 
Et3N (0.35 ml) gave la and 5a in 32% and 21% yield respectively. 

With TCC in CH CN in presence of anhydrous K CO 
Eiepared from la (1.2? gm; 

: Reaction of Za, 
0.005 mole), 

K CO (0.95 gm; 
p&i$ication, 

0.007 mole) in 
with TCC (4.211 gm, O.OO~,;;~;) and 

CH CN (75 ml), 
$40 mg,3.4%), 

after usual and 
gave pyranopyran 3a spironaphthalenones 4a 

(170 gm; 21.5%) and 5a (150 mg; 19%). 

Reaction of bromide 2 with TCC/THC in Ketonic solvents in presence of K2C03 

General Procedure: A solution of bromide 2 in Ccl4 (25 ml), prepared from 
pyranyl ether 1 after dilution with ketonic solvent (25 ml), was added to a 
vigorously stirred refluxing solution of TCC or THC in Ketonic solvent 
(150 ml) containing anhydrous K CO 

z 3 
over a period of 4 hrs in dark. The 

reaction mixture was further re luxed for 24 hrs, cooled, 
off and washed with ether. After the removal of solvent, th~2~~~i~~~te:~~ 
taken in ether (150 ml) and washed successively with water (4 x 50 ml), 10% 
aq.NaOH (4 x 50 ml), water (4 x 50 ml) and dried. Ether was removed and the 
residue chromatographed. 

a. Reaction of bromide 2c in acetone : The product obtained by reaction 
of 2c, prepared from lc (3.2 gm, 0.0107 mole), with TCC (2.66 gm, 0.0107 
mole) and K2C03 (2.22 gm; 0.016 mole) in acetone (150 ml) was chromato- 
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graphed. spironaphthalenone 4c (270 mg; 11.2%): 
m.p. 

Elutio?lwith beneene gave 
217OC (lit. 

911, 
m.p.218 C) and e-3-m-butyl-7a,lO,ll,lla-tetrahydro- 

12H-naphtho[Z,l-b]pyrano[3,2-e]pyran 3~ (30 mg; 0.9%): m.p. 132OC 
(benzene-hexane); IR (nujol) 1620, 1600. Ii NMK (90 MHz, 
9H), 1.60-l-79 (m, 4H), 2.20-2.42 (m, lH), 

CDC13) 1.40 (s, 
2.90 (dd, J = 16.9, 4.2 Hz, lH), 

3.21 (dd, J = 17.1, 6.2 Hz, lH), 3.64-3.88 (m, lH), 3,92-4.20 (m, lH), 5.39 
(d, J = 2T6 Hz, lH), 7.08 (d, J = 8.8 Hz, lH), 7.50-7.79 (m, 4H); MS: m/e 
296 (g); Anal. calcd. for C20H2402; C, 81.08; H, 8.10. Found: C, 80.89; H, 
8.07%. 

The material obtained by further elution with CHC13 - EtOAc (19:l) was 
separated into three compounds by repeated PTLC (CHCl ). The less polar 
compound was shown to be cis-3.7'-di-tert-butyl-8-chlo~o-lO-hydroxy-l0-(2- 
0xopropyl)spiro [lla-be~[a]xanthe~,Z'(l'H)-naphtho[Z,l-b] 
9(10H)Ione 6c (135 mg; 4.1%): 
620 -(-M ); 

m.p. 138-140°C (a) 
furan]- 

(CHCl -hexane); MS: m/e 
Anal. calcd. 75.48; 4, 5.96. Found: C, 

75.31; H, 6.07%. 
for C3gH37C105; C, 

The medium polar compound was identified as trans-3,7'-di-tert-butyl- 
8-chloro-l0-hydroxy-l0-(2-oxopropyl)spiro[ll~-benzo[~]xanthen-ll~l~H)- 
naphtho[Z,l-b]-furan]-9(10H)-ope 7c (210 mg; 6.3%): m.p. 162-164OC- (d) 
(CHCl -hexane); 
5.96.3Found: 

MS: m/e 620(M ); Anal. calcd. for C3gH37C105; C, 75.48; H, 
C, 75.17; H, 6.10%. 

Th% 
most 2r)olar compound was characterised as 

m.p.160 C (lit. , m.p.160-162°C). 
5c (225 mg; 7.8%): 

b. Reaction of bromide 2a inlgiethyl ketone : The product obtained by 
reaction of Za, prepared from la (3.2 gm; 0.013 mole), with TCC (3.22 gm; 
0.013 mole) and K2~'.Xat~~,69 gm; 0.019 mole) in diethyl ketone (150 ml) was 
chromatographed. with benzene afforded 3a (30 mg, 1.0%) and 4a 
(250 mg; 12.3%). Further elution with CHCl 

a 
-EtOAc (19:l) gave a mixture of 

compounds, which was separated into two fr ctions by PTLC (CHCl - hexane, 
9:l). Fraction (i) was identified as cis-8-chloro-lO-hydrox$-lO- (ICC- 
methyl-2-oxobutyl)spiro[ll~-benzo[~]xanthe~l,2'(1'H)-naphtho[2,1-~]- 
furani-9(10H)-one 6d (85 mg; 2.4%); m.p.158-160*C(d) 
536(M ); Anal. calcd. for C33H25C105: 

(CHC13); MS:m/e 
C, 73.81; H, 4.69. Found : C, 73.61; 

H, 4.79%. 
Fraction (ii) was further separated (PTLC) into two compounds. One of 

them was identified as trans-8-chl~ro-l0-hydroxy-l0(l~-methyl-2-oxobutyl)- 
spiro[ll~-benzo[a]xanthen-ll,2~(l'~)-naphtho[2,l-~]furan]-9(lO~)-~ne 7d 
(95 mg; 2.7%): m.p. 
calcd. 

178-180 C (CHC13-hexane); MS : m/e 536(M ); Anal. 
73.81; H, 4.69. Found: 

co~~~u~a3~a5':~~dti~~ed as 
C, 73.55; H, 4.72%. The 

other trans-8-chloro-lO-hydroxy-lO-(l~-methyl- 
2-oxobutyl)spiro[llH-benzo[a]xanthenoll,)- 
one 7e (110 mg; 
Anal. 

3.25%); m.p.188-190 C(d) (CHC13-hexane); MS : m/e 536(M ); 
calcd. for C33H25C105; C, 73.81; H, 4.69. Found : C, 74.01; H, 4.65%. 

C. Reaction of bromide 2a in methyl ethyl ketone : The product obtained 
by reaction of Za, prepared from la (3.2 gm,0.013 mole), with TCC (3.22 gm, 
0.013 mole) and K,CO, (2.69 gm, 0.019 mole) in methyl ethyl ketone was 
chromatographed. Efution with benzene afforded 3a (45 mg; 1.4%) and 4a 
(250 mq; 12.3%). Further elution with CHCl, - EtOAc (19:l) crave a mixture 
of compounds, which was separated into thi?ee fractions by Repeated PTLC 
(CHCl ). Fraction (1) was identified cis-8-chloro-lO-hydroxy-lO-(Z- 
oxobu?yl)spiro [llH-benzo[a]xanthen-ll,Z'~~~H)-naphtho[)- 
one 6e (145 mg; 4,3%)s 
Anal. calcd. for C 

mTp.278-279°C(d) (CEC13-hexane): MS: m/e 522 (M ); 
: c, 73.49; H, 4.43. Found : C, 73.29; H,4.26%. 

Fraction (ii) 
32H23C10 
was s parated 2 into two compounds (PTLC). The first 

compound was identified as trans-8-chloro-lo-hydroxy-lo-(l/?-methyl-Z- 
oxopropyl)spiro[ll~-benzo[~]xanthen-ll~2'(l'~)-naphtho[2,l-~]furan~-9(lO~)- 
one 7f (80 mg; 2.45%); m.p. 268-270 C(d) (CHCl ); MS: m/e 522(M ); Anal. 
calcd. for C32H23C105 : C, 73.49, H, 4.43. Foun a: c, 73.75; H, 4.61%. The 
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compound was the trans-8-c loro-lo-hydroxy-lo-(2-oxobutyl)spiroIllH- 
~~!~~[a]xanthgn-l1,2'(l"~htho 2,1-blf ? uran]-9(10H)-one 7g (140 mg;4.1%7; 
m.p. T58-160 C (CHCl );- MS : m/e 522TM ); Anal. calcd. for C32H23C105: C, 
73.49; H, 4.43. Found? C 73.18; H, 4.75%. 

Fraction (iii) was identified as 5a (90 mg; 4.4%). 

d. The product obtained 
by 

Reaction of bromide 2b in methyl f$hyl ketone : 
reaction of Zb, prepared from lb (3.2 gm; 0.01 mole), with TCC 

(2.48 gm, 0.01 mole) and K CO3 (2.07 gm; 0.015 mole) in methyl ethyl ketone 
(150 ml& was 
I#;5 c 

chrfgatographid. 
(lit. 

Elution with benzene gave 3b (40 89; 
115-116 C) and 4b (275 gm, 11.7%): 

1.3%& 
m.p.176 C (lit. 

. Further elution with CHCl - EtOAc (19:l) gave a 
compounds which was separated into th$ee fractions by PTLC 

mixture of 
(CHCl 

4:l). Fraction (i) was identified as cis-3,7'-dibromo-8-chloro- ?OIh;:f::;' 
l0-(2-oxobutyl)spiro[ll~-benzo[a]xant~~ll,2'(l'~)naphtho[2,l-~lfuranl-+ 
9(10H)-one 6f (145 mg;6.6%): 
Anal. calcd. 

m.p.249 C (CHC13-hexane); MS : m/e 678(M 1; 
56.45; H, 3.11. Found: C, 56.64; H, 

2.97%. 
for C32H21C1Br205: C, 

Fraction (ii) 
- hexane, 4:l). 

was further separated into two compounds by PTLC (CHC13 
One of them was identified as trans-3,J'-dibromo-8-chloro- 

lo-hydroxy-lo-(18 -methyl-2-oxopropyl)spiro[llH_benzo[a]xanthe~-ll,2'(l'~)- 
naphtho[2,1-b]furan]-9(lOJ#)-one 7h (75 mg; 3.4%): m.p. 243-245 C(d) (CHCl - 
hexane); MS : m/e 678(M ); 
3.11. Found: C, 56.62; H, 3";;;: ~"h~c",;hf~rw~~2raa~~~~~~~ : 'I 56.45; " as trans-3,J'- 
dibromo-8-chloro-l0-hydroxy-l0-(2-oxobutyl)spiro[ll~-benzo[a]xant~en-ll,2'- 
(l';)naphtho[2,1-b]furan)-9(10H)-one 7i (100 mg; 4.5%): m.p. 198 C (CHCl - 
hexane); MS: m/e 678(M ); Anal. Calcd. 
3.11. Found : C, 56.23; H, 3.15%. 

for C32H21C1Br205; C, 56.45; 2, 

Fraction (iii) was identified as trans-3,7'-dibromo-8-chloro-lo- 
hydroxy-l0-(l~-methyl-2-oxopropyl)spiro[ll~-benzo[~Jxanthen-ll,2~(l'~)- 
naphtho[2,1-b]furan]-9(10g)-one 7j (20 mg; 1%); m.p.194-196 C (CHCl - 
hexane); MS : m/e 678tM.); Anal. calcd. for C32H21C1Br205: C, 56.45; & 
3.11. Found : C, 56.12, H, 2.98%. 

e. Reaction of bromide 2c in methyl ethyl ketone : The product obtained 
by reaction of 2c, prepared from lc (3.2 gm; 0.0107 mole), with TCC 
(2.66 gm, 0.0107 mole) in methyl ethyl ketone (150 ml) containing 
(2.22 gm; 0.016 mole), was chromatographed. 

EZCC$ 
Elution with benzene gave 3 

(35 mg; 0.9%) and 4c (280 mg; 13.1%). The fraction obtained by further 
elution with CHCl -EtOAc (19:l) was separated into three fractions by 
repeated PTLC (CHC;I 

a 
- hexane, 4:l). Fraction (i) was characterised as 

cis-3,7'-di-tert-but l-8-chloro-l0-hydroxy-l0-(2-oxobutyl)spiro[ll~-benzo- 
[alxant$en-11,2' (1'2) naphtho[2,1-b]furan]j9(1011)-one 6g (130 mg; 3.8%): 
;.p.;;6J;(d) (CHCl -hexane); MS : m/e 634(M ); Anal.calcd. for C40H3gC105 : 

I . H 6.35. Found: C, 
Fraciion'(ii) 

75.26; H, 6.14%. 
was further separated into two compounds by PTLC (CHC13 

-hexane, 9:l). One of them was identified as trans-3,7'-di-tert-butyl-8- 
chloro-10-hydroxy-10-(1~-methyl-2-oxopropyl)spi~~-benzo[~~then- 
11,2'(1'H)naphtho[2,l-b]furan]~9(lO~)one 7k (85 mg; 2.5%): m.p.l76OC(d) 
(CHC13-hexane): MS : m7e 634(M ); Anal. calcd. for C H 
6.15. Found: C, 75.42; H, 6.30%. The other was identi 1 4P*$i 

C105: C, 75.70; H, 
as trans-3,J'-di- 

tert-butyl-8-chloro-lO-hydroxy-lO-(2-oxobutyl)spiro[ll~-benzo[~]xanthe~- 
11,2'(1'2)-naphtho[2,1-b]furani-9(10 H)-one 71 (190 mg; 5.6%); m.p.164 C(d) 
(CHC13-hexane); MS : m/e 634(M ); Anal. calcd. for C40H3gC105: C, 75.70; H, 
6.15. Found: C, 75.63; H, 6.37%. 

Fraction (iii) was characterised as 5c (170 mg; 7.5%). 

f. Reaction of bromide 2a in acetone : The product obtained by reaction 
of 2a, prepared from la (3.2 gm; 0.013 mole), with TBC (5.50 gm; 
0.013 mole) and 

K2C03 
(2.69 gm; 0.019 mole) in acetone (150 ml) was 
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;ir;tTtographed. Elution wjth benzene gave 3a !30 mg, 1.0%) and la (300 m 
. . The material obtained by further &!l,ution with CHC13 - EtOAc (19: Pi ) 

was separated into three compounds by repeated PTLC (CHCl ). The less polar 
compound was characterised as cis-8-bromo-lO-hydroxy-lO-(~-oxopropyl)spiro- 
[11~-benzo[~]x~nthen-11,2'~1'~~~htho[2,1-~]furan]-9(10H)-one 6h (305 mg; 
8.5%); m-p.205 C(d) (CHC13); MS : m/e 552(M ); Anal.calca. for C31H21Br05 : 
c, 67.28; H, 3.82. Found : C, 66.90; H, 4.00%. 

The medium polar compound was identified a8 trans-8-bromo-lo-hydroxy- 
l0-(2-oxopropyl)spiro[lllI_benzo[a]xanthen-ll,2'(l'~~htho[2,l-b]furan]- 
9(10% -one 71s (345 rag; 10.1%). m.p 198-200°C(d)-(CHCl -hexaner: MS : m/e 
552(M ); Anal. calcd. for C31H21Br05: C, 67.28; Ii, 3.82: Found : C, 67.10; 
H, 3.80%. 

The most polar compound was the spironaphthalenone 5a (200 mg, 9.9%). 

9. Reaction of bromide 2b in acetone : 
of 2b, 

The product obtained by reaction 
prepared from lb (3.2 gm; 0.01 mole), with TBC (4.22 gm; 0.01 mole) 

0.015 mole) in acetone (150 ml) was chromatographed. 
12%). The 

material 
benzene gave 3b (40 mg; 1.3%) and 4b (280 mg; 

obtained by further elution with CHC13 - EtOAc (19:1), separated 
into three components by PTLC (CHCl ). The least polar compound was 
characterised aa cis-3.7',8-tribromo-1 -hydroxy-lo-(2-oxopropyl)spiro[lli- a 

xanthen-11,2'(1'H)naphtho[2,l-b]fufan]-9(lOfi)-one 6i (280 mg;7.9%). 

c, 
C (CIiC13-hexane); MS 

52.54; H, 2.68. Found 
: m/e 710 (M ); Anal. calcd.for C31H1gBr305 : 

: C, 52.44; H, 2.70%. 
The medium polar compound was identified as trans-3.7',8-tribromo-lo- 

hydroxy-l0-(2-oxopropyl)spiro[llH-benzo[a]xanljhen-rr;ZT(l'H)naphtho[2,l-b]- 
-one 7n (365 mg; 10.3%); m.p.228 C(d) (CHCl -hexane); MS : m/e 

Calcd for C31H1gBr305 : C, 52.54; H, 2.63. Found: C, 52.09; 

The most polar compound was the 5b (240 mg; 
273OC). 

10.3%) m.p.272OC (lit.22 

h. Reaction of bromide 2b in methyl ethyl ketone : 
by reaction of 2b, 

The product obtained 
prepared from lb (3.2 gm; 0.01 mole), with TBC (4.22; 

0.01 mole) and K CO3 
lX 

(2.07 gm; 0.015 mole) in methyl ethyl ketone (150 ml) 
was chromatograp ed. 
(260 mg; 11.1%). 

Elution with benzene afforded 3b (30 mg; 0.9%) and 4b 
Further elution with CHC13 - EtOAc (19:l) gave a mixture 

of compounds, 
(CHCl 

which was separated into three fractions by 
- hexane 4:l). Fraction (i) 

repeated PTLC 
was identified as cis-3,7',8-tribromo- 

10-hy~roxy-10-~2-oxobutyl)spiro[llH-benzo[a]xanthen-~l,~l~H)naphtho[2,l- 
b]furpn]-9(10fi)-one 6j (145 mg; -4.0%): m.p.150°C(d) (CHEl ); MS: m/e 
724(M ); Anal. calcd. for C32H21Br305; C, 53.18; H, 2.90. Foudd: C, 53.34; 
H, 3.10%. 

Fraction (ii) was separated into two compounds by PTLC (CHCl -hexane, 
9:l). One of them was identified as trans-3,7', 8-tribromo-lO-hy&oxy-lO- 
~l~-methyl-2-oxopropyl)spiro[llH-benzo~~nthen-ll,2~(1'H)naphtho[2,1-b]- 
furanj-9(lOf)one 70 (80 mg; 2.2T): m.p.165°C(d) (CHCl -hzxane); MS: 
724(M ); Anal.calcd. for C H Br 0 
H. 2.94%. The other 

coJ~o~itd Ja5 ;hE;n5;01;; H, 2.9a. Found : C, 52-A: 
travs-!,7',8-tribromo-lo- 

hydroxy-l0-(2-oxobutyl)spiro[ll~-~~~zo[a]xanth~n-l1,2 (1 H)naphtho[2,1-l?)- 
furan]-9(10H)-one 7p (195 mg; . : m-p.190 C (CHCl ): MS : m/e 724(M ); 
Anal. F~~~~~,nf~fiE~2~~~B~~~5~i~~r5~~l~~6~,m~~9~:l~~~nd~ C, 53.02; H, 2.93%. 

1. Reaction of bromide 2c in acetone 
of 2c, prepared from lc (3.2 gm; 
0.0107 mole) and K2C03 (2.21 gm;0.016 mo 
Elution with benzene afforded 3c (30 mg; 
material obtained by further elution 
separated into three components by PTLC 

: The product obtained by reaction 
0.0107 mole), with TBC (4.52 g; 

le) in acetone was chromatographed. 
0.9%) and 4c (250 mg, 11.2%). The 
with CHCl - EtOAc (19:l) was 

(CHC13 - hex&e, 9:l). The least 
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polar compound was shown to be cis-3,7'-di-tett-butyl-&bromo-lO-hydroxy- 
lO-(2-oxopropyl)spiro[ll~-benzo[~~nthen-l~,~'H)naphtho[2,l-~]furanl- 
9(109-one 6k (250 mg; 7.0%): m.p. 
666(M ); Anal. calcd. 

186 C(d) TCHC13-hexane); MS : m/e 
for C3gH37Br05: C, 70.48; H, 5.57. Found : C, 

70.08; H, 5.55%. 
The medium polar compound,was identified as trans-3,7'-di-e;butyl- 

8-bromo-lO-hydroxy-l0-(2-oxopropyl)spiro[ll~-~~~[al xantaen-11,2 (l'H)- 
naphtho[2,1-b]furan]-9(10$)-one 7q (335 mg; . : m.p.181 C (d) 
hexane); MS : m/e 666(M ); Anal. C, 70.48; H:":f:s: 
Found : C, 70.05; H, 5.70%. 

calcd for C3gH37Br05; 

The most polar compound was the dimer SC (220 mg, 9.3%). 
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