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Intramolecular Alkylation of Phenols. Part 5.’ A Regiospecific Anionic 
Ring Closure of Phenols via Quinone Methides * 
By Wi l l iam S. Murphy and Sompong Wattanasin, Department of Chemistry, University College, Cork, 

Ireland 

The bis-magnesium salts of the triols (6a) and (6h) cyclise when heated in benzene with high orfho-regiospecificity 
to the corresponding bis-phenols (7) and (8). The triols (6k) and (60) under the same conditions cyclise with 
high para-regiospecificity to the corresponding bis-phenols (7) and (8). Both (6a) and (6h) cyclise via o-quinone 
methides, and (6k) and (60) via p-quinone methides. Results from the use of, inter alia, 18-crown-6, indicate 
that the high ortho-regiospecificity of the cyclisation of (6a) and (6h) is due to intramolecular Mg(ll) bridging of 
the intermediate o-quinone methides. The high para-regiospecificity of cyclisation of (6k) and (60) is due to 
steric hindrance towards o-cyclisation of the intermediate p-quinone methides presented by the Mg(ii) cation. 
The unexpected facility with which (6a) and (6k) undergo ring closure is discussed. 

THE participation of an aromatic nucleus to form a fused 
ring system is an important tactic in organic synthesis. 
Many methods for cyclisation have been d e ~ e l o p e d . ~  
However, in most of these, cationic alkylation and acyl- 
ation is involved with the consequence that problems of 
regioselectivity are often en~ountered .~  The anionic 
counterpart, of interest to us, is limited for stereo- 
electronic reas0ns.l Thus the ring closure of the 
phenols (1)-(3) , for example, was not observed under 
basic conditions.l?3d 

Ph X 

We now report a. new anionic cyclisation of phenols 
with high regiospecjfic control. The reaction is an aryl- 
benzyl coupling and is based on the intramolecular 
interaction between the phenoxide and the 0- (and $-) 
quinone mcthide groups [reaction (l)]. 

Quinone methides were chosen as likely substances for 
our cyclisation study because (a )  the precursors are 
readily availableJ5 (b )  cyclisation could be expected , 
with aromatisation of the quinonoid ring coupled with 
high reactivity as driving force, (c) the cyclisation 
would involve a permissible l ~ 7  5 or 6-En.o-Trig mode, 
and (d )  the possibility that intramolecular chelation 
could lead to highly regiospecific cyclisations. 

Synthesis of Starting Materials.-A number of alcohols 
were prepared as models €or this study, as outlincd 
(Scheme 1) .  The alcohols (Ba--g, fik-n) were prepared 
from the corresponding chalcones (4) as follows (Scheme 
1) .  Hydrogenation of the chalcones over Adams 

catalyst in ethyl acetate gave the corresponding dihydro- 
chalcones in high yield. Reduction of the ketones with 
lithium aluminium hydride in ether at room or reflux 
temperature gave the alcohols (6a-g, k-n) in good 
yield. The synthesis of the alcohols (6i, j, p, and q) was 

R’ R’ 

0 
(4 1 

M 
a; 1 
b ;  1 
c ;  1 
d ; 1 
e ;  1 
f ;  1 
g ;  1 
h ;  2 
i ;  2 
j ;  2 
k; 1 
1; 1 
In; I 
n ;  1 
0 ;  2 
p ;  2 
q ;  2 

( 5 )  

SctimiE 1 Rrugpnts: i ,  H,-Pt; i i ,  LiAlFI,-Et,O; iii, Mg-I<t,O; 
iv, R2C,H,CHO; v, H,-Pd-C, NaOH 

accomplished by reaction of the Grignard reagent 
derived from (5)  with the corresponding benzaldehyde. 
Removal of the benzyl groups from the alcohols (6i and 
p) was effected by catalytic hydrogenation with Pd-C 
catalyst in the presence of sodium hydroxide, which 
inhibited oxygen hydrogenoly~is.~ The Corresponding 
compound (7) was also invariably f ~ r r n e d . ~  
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RESULTS AND DISCUSSION 

CycZisation via o-Quinone Methides.-The bisphenoxy- 
magnesium bromide of the alcohol (6a) was heated 
under reflux in benzene for 20 h. The cyclised product, 
the bisphenol (7a), and the alkene (9a) were isolated in 

effect cyclisation. I t  had been reported lo that replace- 
ment of the Mg(I1) cation with alkali nietals (Kt , Na+, 
Lit) prevented intermolecular reaction of phenols with 
ketals and aldehydes. The marked effect of Mg(xr) is 
probably due to the greater chelating ability and Lewis- 

Cyclisatioii and attempted cyclisation reactions 

Ent ry  
1 
2 

3 

4 
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6 

7 
8 
9 

10 
11 

12 
13 
14  

15 
16 
17 

18 
19 
20 

21 
22 
2 3  
24 

25 

26 
27 
28 
29 
30 
31 
32 

33 
34 

Starting 
material 

6a 
6a 

6a  

6a 
6a 
6a  

6a 
6b 
6b  
6b  
6b  

6c 
6c 
6c 

6d 
6e 
G f  

6g 
6h 
6h 

6j 
6k 
6k 
6k 

6k 

Gk 
6k 
61 
6m 
6n 
60 
60 

GCl 
9a 

Method 
2EtMgBr 
BEtMgBr, 

18-crown-6 
(Cat. amount) 

2 18-crown-6 
2EtMgBr, 

2NaH 
2Bu”Li 
2NaH 

SnC1, 
2EtMgBt 
5EtRlgBr 
2OEtMgBr 
2EtMgBr 

2EtMgBr 
5EtMgBr 
2EtMgBr 

2 E t M g  Br 

2 E t M g Rr , 

2 18-crown-6 

ethyl vinyl ether 

ethyl vinyl ether 

S1lClt 

ethyl vinvl ether 

Solvent 
P h H  
PhH 

l’hH 

P h H  
1% H 
Yh H 

CH,CI, 
PhH 
PhH 
P h H  
P h H  

P h H  
PhH 
P h H  

1% H 
CH,CI, 
P h  H 

3EtlLigBr - 
SEtMgBr 
2EtMgBr, 

SnC1, 
2EtNgBr 
SEtMgBr 
2EtMgBr 

2NaH, 

2.6NaH 
SNaOMe 
2EtMgRr 
2EtMgBr 
SnC1, 
2EtMgBr 
2 EtMgBr. 

SnCI, 
2 E t Mg Br 

2 18-crown-6 

2 18-crown-6 

2 18-crown-6 

2 18-crown-6 

1% H 
PhH 
P h H  

CH,CI, 
PhH 
PhH 
P h H  

PhH 

P h H  
PhH 
PhH 
Ph H 
CH,Cl, 
Ph H 
PhH 

CH,Cl, 
P h H  

Temperature 
(Ti  me / h) 

reflux (20) 
reflux (20) 

reflux (20) 

reflux (20) 
rcflux (20) 
reflux (20) 

ambient (1.5) 
reflux (20) 
reflux (20) 
reflux (20) 
reflux (20) 

reflux (20) 
reflux (20) 
reflux (20) 

reflux (20) 
ambient (1.5) 
rcflux (20) 

reflux (20) 
reflux (20) 
rcflux (20) 

a m bieiit ( 1.5) 
reflux (20) 
rcflux (20) 
reflux (20) 

reflux (20) 

reflux (20) 
reflux (20) 
reflux (20) 
reflux (20) 
ambient (1) 
reflux (20) 
rcflux (20) 

ambient (1.5) 
reflux (20) 

Ratio a 

ovtho para  
Product (yield, [yo]) (7) (8) 

7a (71),b 9a (11) 100 
7a (21),b 9a (12),b 19 + 20 (25) 100 

9a (66),b 19 + 20 (6) 

6a (75) 
6a (80) 
6a (82),b 9a ( < 5 )  

7a + 8a (72) 
6b (93) 
6b  (85)  
6b (85) 
6b (95) 

6c (94) 
6c (90) 
6c (73) 

6d (04) 
7b + 8b (76) 
18 (55) 

6g (96) 
‘ic -t 8c (YO) 
7c + 8c (90) b 

7d -1 8d (70) 
7e + 8e (43),b 9e ( 2 )  
7e + 8e (31) ,b 9e (12) * 
6k (25),b 9e (46) 

6k (17),& 9e (70) 

6k (31),d 9e (61) 
Gk (80 ) b  

Og (84) 
6m (02) d 
7f + 8f (71) 
7,s + 8g (90) 
‘ig + 8g (83) 

711 + 8h (71) 
9a (90) 

5 

10 

12 
38 

5 
10 
12 

95 

90 

88 
62 

95 
9 0 
88 

15 85 
7 !I3 

40 60 

I 0 90 

0 Deterniined by g 1.c. of the purilicti dimetliyl ethers using a 2 in column of 25% CEMS on Chroiriosorb C; 11m#?amnml at 
150-200 “C. b Isolated yield (preparative t.1.c.). Crude product yield. Determined from n.m.r. of the crude pruduct. 

71 and 11 yo yield respectively. The cyclised product 
was shown to be exclusively the odlzo-isomer (7a) by coin- 
parison (n.1n.r. and g.l.c.), after methylation to (7b), 
with an authentic sample preparcd by SnCl,-ca talysed 
cyclisation of the alcohol (6e) wliere a mixture of (7b) and 
(8b) was formed in the ratio 1 : 9. 

A mechanism involving attack of phenoxide on the 
o-quinone methide group (see Scheme 2) was supported 
by the following results. (a) No cyclisation occurred 
when either the alcohols (Gb, c, d ,  f ,  or g) or the alkene 
(9a) were treated under the same conditions as for (6a). 
Unchanged starting materials only were recovered in 
each case. (b)  Other bases, e.g. NaH or BuI’Li, did not 

acid character of iiiagnesium which permit the forinat ion 
of  the complex (10) and facilitate the reaction o f  it to 
the quinone methide complex (11) (Scheme 2). (c) 
Trapping experiments with ethyl vinyl ether l1 were 
effective. Attempts to trap an o-quinone mcthidc (16) 
analogous to (11 ; n = 1) generated from the alcohols 
(6b) or (6,) (see Scheme 3) by means of an excess of 
ethylmagnesium bromide or ethyl vinj.1 ether wcrc 
unsuccessful, mainly starting materials being recovered. 
In addition, the alcohol (Gb), as noted above in para- 
graph (a) (Entry 8, Table), was recovered when subjected 
to standard conditions. We reasoned that the alkoxy- 
groups (OMe) in (6b) and (OCH,Ph) in (6c) complexed 
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with magnesium to form a bridged intermediate (16, 
Scheme 3) analogous to (11; n = 1) and that this 
bridge sterically hindered cycloaddition to  ethyl vinyl 
ether. Consistent with this is the finding that when the 
alcohol (6f) was heated under the same conditions with 

1z R1 
a; 1 H 
b ;  1 Me 
c ;  2 H 
d ;  2 Ne 
e ;  1 H 
f ;  1 Me 
g ;  2 H 
h ;  2 Me 

RZ 
O-OH 
o-OMe 
0-OH 
o-OMe 

9-OMe 
p-OH 

p-OH 
P-OMe 

ethyl yinyl ether, the 2-ethoxychroman (18) was isolated 
(55%). No starting alcohol was detected (t.1.c.). The 
recovery of both (6b) and (6c) from a reaction performed 
under the same conditions as those in which (6f) forms a 
quinone methide, strongly indicates that the reaction 
(6) - (16) (Scheme 3) is reversible. I t  appears that  
M ~ ( I I )  bridging of the two aryl groups as in (11; n = 1) 
and (16) is a requirement for reversibility, since (61) (see 
below and Scheme 3) under standard conditions is not 
recovered. Instead the alkene (9g) is formed. (d) 
Crown ether affected the reaction. Although the regio- 
specificity of the cyclisation did not change when the 
alcohol (6a) was treated under standard conditions in the 
presence of a catalytic amount of 18-crown-6, the yield 
decreased. Thus (7a) was isolated (21 yo) along with the 
alkene (sa, 12 7 '0) and the dimers provisionally assigned 
the structures (19) and (20) (25%). 

The reaction of (6a) was then carried out in the 
presence of 2 mol of 18-crown-6 when the alkene (9a) was 
isolated (6604. No cyclisation products were formed. 
However, when the bis-sodium salt of (6a) was treated 

I t  

a, 1 
b; 1 
c ;  2 
d ;  2 
c ;  1 
f ;  1 
b'; 1 

dR2 I I  

R2 

0-OH 
o-OMe 
a-OH 
o-OMe 

P-OMe 
$-OH 

fi-OH 

under the same conditions, in the presence of 18-crown4 
arid in the absence of Mg(Ir), only trace quantities of 
(Oa) were formed and the alcohol (6a) was recovered in 
high yield. 

These results are consistent with the following scheme. 

Cyclisation of (6a) requires magnesium chelation of the 
intermediate o-quinone methide (11 ; n = 1) to increase 
both the nucleophilicity of the phenol and the electro- 
philicity of the o-quinone methide group. In  addition, 
formation of this complex favours the entropy of cyclis- 
ation. Cyclisation will be inhibited by the crown ether 
because although the complex (10; n = 1) (Scheme 2) 
must be of at least comparable stability to the 18-crown- 
6-Mg(11) complex,12 the reverse must be the case with the 
o-quinone methide complex (11; n = 1). This complex 
(11; n = 1) once formed dissociates to (12; n = 1) 
in the presence of the crown ether. Cyclisation of 

Br 
I 

11 

(13) ( 1 4 )  

I1 

SCHEME 2 

(12; n = 1) will now be retarded by the absence of 
Mg(I1) chelation. Instead the alkene (9a) is formed by 
intermolecular proton abstraction by the phenoxide 
group l3 of a second molecule, the reactivity of which is 
enhanced by the crown ether. 

Although magnesium bridging within the o-quinone 
methide complex (11 ; n = 1) should favour the entropy 
of cyclisation i t  is not a necessity. Thus the $-quinone 
methide (14; n = 1) cyclises (see below and Scheme 2) 
even though magnesium bridging is not possible. How- 
ever, i t  may be, although we have no evidence for i t  at 
present, that  the o-quinone methide complex (11 ; n = 1) 
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cyclises faster than the P-quinone methide complex sented by the chelated phenyl substituent ortlzo to the 
(14; n = 1). point of ring closure. This ratio also disproves an 

The homologue (6h) also cyclised under standard SN2-like (Ar2--5) mechanism for the cyclisation of (6a) 
conditions. and (6k) in which a concerted displacement by the 
88 : 12 was formed (90%). phenoxide of the benzylic hydroxy-group (21) could 
methide complex (11; n = 2), albeit less stable than occur without involvement of a quinone methide. 

A mixture of (7c) and (8c) in the ratio 
Formation of an o-quinone 

Br 
I 

Et 
I 

Et 
I 

(17) 
SCHEME 3 

(11; n = l ) ,  was again indicated by the product ratio. 
This cyclisation contrasts with the SnC1,-catalysed 
cyclisation of the alcohol (6j) where a mixture of (7d) 
and (8d) was formed (700/,) in the ratio 5 : 95 respect- 

(18) 

HO HO 

(19) (20 )  

ively. In the prcsence of 18-crown-6, (fjh) cyclised (9U(yo) 
to a mixture of (7c) and (8c) in the ratio 38 : 62 respect- 
ively. None of the alkene (9c) wits observed. These 
results arc consistent with (a )  the mechanism outlined 
in Scheme 2 and (b )  the greater ease of six-membered 
than five-membered ring f~rmation.~b 

Cyclisation via p-Quinone Methides.-The alcohol (6k) 
cyclised (43%) to give a mixture of (7e) and (8e) in the 
ratio 1 : 9 together with the alkene (9e) (2%). We 
consider that  this ratio is due to steric hindrance pre- 

Predominance of the ortho-cyclised product would be 
predicted. This is not however observed. In contrast, 
the SnC1,-catalysed cyclisation of (6h) gave (7f) and (8f) 
in the ratio 15 : 85. The mechanism for the cyclisation 
of (6k) is as shown in Scheme 2 wherein magnesium 
chelation between the phenolic and alcoholic oxygen 
atoms (13; n = 1) assists departure of the latter hydr- 
oxy-group, to generate the non-bridged 9-quinone 
niethide (14; n = 1) .  

In addition, the following observations were made. 
(a) In  the reaction of (Gk) the yields and ratio of (7e) 
and (8e) and the yield of alkene (9c) were sensitive to the 
reaction conditions (see Tablc). (b )  Trcatment of the 
alcohol (Cil), from which formation of the 9-quinone 
methide complex (17) (see Scheme 3) is possible, gave 
under standard conditions, the alkene (9g) (84%). No 
cyclised product was observed. (c) The alcohol (6m), 
which cannot form a quinone methide, was recovered 
unchanged when treated under standard conditions. (d) 

( 2 1 1  

When Na1-i xiid NaOMc were used in place of EtRtgBr,9 
no cyclisation occurred. (c) In the presence of 2 mol of 
18-crown-6, no cyclisatjon of (6k) occurred and the 
alkcnc (9e) was obtained (46 yo). This result disprovwl 
the intramolecular mechanism, involving (22), for thc 
formation of (Oa) from the alcohol (6a). 

Ring closure was also observed in the case of (So) 
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(Table). G.l.c., after methylation, showed that the 
cyclised product consisted of (7g) and (8g) in the ratio 
7 : 93. In contrast, SnC,l,-catalysed cyclisation of (6q) 
gave (711) and (811) in the ratio 1 : 9 (71%). 

The ratio of (7g) to (8g), just as in the case of (6k), 
seems to be another example of the effect of steric 
hindrance. Thus in the presence of 2 mol of 18-crown- 
6, the alcohol (60) cyclised to give (7g) and (84 (83%) in 
the ratio 2 : 3 respectively. 

Although cyclisation of the alcohols (6h) and (60) was 
expected, cyclisation of the lower homologues (6a) and 

(22) 

(6k) was not. Molecular models indicate that if in-line 
attack by the phenoxicie ring on the quinone methide 
group coupled with overlap by the phenoxide ring 3b914 

are requirements for reaction, then a highly strained 
transition state would be involved even though the 
cyclisations constitute the favoured 5-Exo-Trig ring 
closure. However, these stereoelectronic requirements 
may not be necessary, for two reasons. First, the 
inherent reactivity of quinone rnethides suggests 
instead the involvement of an early transition state. 
Secondly, a planar transition state is suggested on the 
following basis. It was notcd that neither (6a) nor 
(6k) cyclise unless the respective quinone methide is co- 
ordinated to Mg(1r). The effect of Mg(I1) could be to 
induce strong cationic character in the quinone methide, 
e.g. (23), leading effectively to an anionic-cationic ring 

(23) 

closure. Since tliere is evidence that mtioiiic aroinatic 
ring closures have, on o c ~ a s i o n , ~  planar transition states, 
c.g. thc acid-catalysed cyclisation of phenanthrene-4- 
carboxylic acid l5 which has no alternative, it is possible 
that a planar transition state may also prevail in the 
coiirse of cyclisation of (6a) and (Cili). In addition, this 
thcor57 offers an explanation for the reluctance of the 
phenol ( I  ) 3d to cyclise under basic conditions. 

I t  is evident that thc steric requirements for phenoxide 
cyclisations are still unclear. They have been discussed 
elscwliere.2 

EX PER I hI B N TA L 

h1.p.s were tlc+xniiiied on ;I 'Thoillas-Hoover nielting- 
point apparatus. T.1.c. was carried out on plates coated 
with silica gel HFZs4 (Merck) . Preparative layer chroniato- 
graphy on plates coated with Kiesel gel PF,,, (Merck) 
were employed. G.1.c. was performed on a Perkin-Elmer 

I? 11 chromatograph coupled to a Perkin-Elmer 159 
recorder. 1.r. spectra were determined as liquid films or 
KBr discs with a Perkin-Elmer 257 spectrometer. lH 
N.1n.r. spectra, unless otherwise stated, were determined for - 
solutions in deuteriochloroform with tetramethylsilane as 
internal standard on a Perkin-Elmer R20A spectrometer. 
Benzene was distilled from calcium hydride under nitrogen. 
Ether was distilled from lithium aluminium hydride. 
Methanol was dried by distillation from magnesium meth- 
oxide. Light petroleum refers to that fraction of boiling 
range 40-60 "C. 

(6a) .-To a solution of o-hydroxyacetophenone (3.78 g, 
0.03 mol) and m-hydroxybenzaldehyde (3.76 g, 0.03 mol) in 
ethanol (95y0, 40 ml) was added aqueous potassium hydr- 
oxide (3.8 g, 0.07mo1, in 201nlwater). Thereaction mixture 
was stirred for 12 h at room temperature. The cooled 
niixture was acidified with aqueous hydrochloric acid (10%). 
The resulting precipitate was recrystallised from aqueous 
ethanol to give a first crop of 2',3-dihydroxychalcone (4; 
R1 = OH, R2 = 2-OH) (4.4 g), n1.p. 150-153 "C (1it.,l6 
132 "C) (Found: C, 74.9; H, 5.4. Calc. for Cl,Hl2O,: C, 
75.0; H ,  5.0%); v,,,,. 3 390, 1 635, and 970 cm-l; 6[(CD3),- 
CO] 6.80-8.15 (m). 

To a solution of the clialcone (4; R1 = OH, R3 = 2-OH) 
(3.2 g) in ethyl acetate (75 ml) was added Adams catalyst 
(310 mg) and the reaction mixture was shaken under 
hydrogen (40 lbf in-2) for 5 min at room temperature. The 
mixture was filtered and the solid was washed with more 
ethyl acetate. Removal of the solvent in vucuo gave 2',3- 
dilaydroxy-ap-dil~ylyclrochaEcone (3  g, W%), 1ii.p. 106-108 "C 
(from ether-hexane) (Found: C, 74.3; H,  5.9. C15H14O3 
requires C, 74.4; H, 5.8%); v,,,,. 3 350 and 1 670 cn-l;  
8 2.80-3,51 (4 H, in, ArCH,CH,CO) and 6.65-7.80 (8 H, 
m, ArH). Use of longer reaction times produced many 
products. 

To a solution of the above dihydrochalcone (370 mg) in 
ether (20 ml) was added lithium aluminium hydride (400 mg) 
and the reaction mixture was heated at reflux 30 h under 
nitrogen. The cooled mixture was quenched by the slow 
addition of water, acidified with aqueous hydrochloric acid 
(loyo), and the ether layer was separated. The aqueous 
layer was extracted with ether, and the combined organic 
layers were washed with brine and dried (magnesium 
sulpliate). Removal of the solvent in vucuo gave a colour- 
less oil, Preparative t.1.c. (ether-light petroleum, 2 : 3) 
pave the alcol~ol (Ga) (347 mg, 980/,), m.p. 117-119 "C 
(Found: C, 73.7; H, 6.5. C,,H,,O, requires C, 73.8; H, 
6.6%); v,,,,,~, 3 300 and 1 590 cm-l; 8[(CD3),CO] 1.90-2.41 
( 2  H, 111, CH,), 2.70 (2 H, t, J 7 Hz, ArCH,), 4.55 (1 H, br s, 
aliphatic OH, exchanged with D,O), 4.00 (1 H, t, -1 7 Hz, 
CH),  6.65-7.40 (8 13, m, ArH), 7.70 (1 H,  br s ,  ArOH 
exchanged with L),O), and 8.68 (1 H, br s ,  ArOH, exchanged 
with D,O). 

(6b) .-To a solution of the clialcone (4; IC1 = OH ; li2 = 2- 
OH) (1 g ,  4.16 mmol) in acetone (20 ml) was added potassium 
carbonate (0.6 g ,  4.34 mmol) and methyl iodide (1 nil). 
The reaction mixture was heated a t  reflux for 5 h. The 
acetone was removed in uucuo and the residue was diIuted 
with water, acidified with aqueous hydrochloric acid ( l o % ) ,  
and extracted with dichloromethane. The extracts were 
washed with water and dried (sodium sulphate). Removal 
of the solvent in vucuo gave an oil which was purified by 
preparative t.1.c. (ether-light petroleum, 2 : 3) to give 2' 

1 - (S-Hydroxyphenyl)-3- (3-1zydroxypkenyl)propan- 1-ol 

1-( 2-Hydvoxyplienyl)-3-( 3-metJioxypl~eizyl)~,vopan- 1-ol 
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liydroxy-3-methoxychalcone (4;  R1 = OMe, R2 = 2-OH) 
(900 mg, 86%), m.p. 85-87 "C (lit.,17 94-95 "C) (Found: C, 
75.7; H, 5.6. Calc. for C,,H,,O,: C, 75.6; H ,  5 . 5 7 6 ) ;  w,,,,,. 
3 000 and 1640 cm-l; S[(CD,),CO] 3.85 (3 H, s, OMe) and 
6.81-7.90 (10 H, m). 

To a solution of the chalcone (4;  K1 = OMe, R2 =; 2-OH) 
(340 mg) in ethyl acetate (10 ml) was added Adams catalyst 
(30 mg) and the reaction mixture was shaken under hydro- 
gen (40 lbf in-,) for 5 min at room temperature. The 
mixture was filtered and the solid was washed with more 
ethyl acetate. Removal of the solvent in vacuo gave 2'- 
hydroxy-3-naethoxy-a~-dahydroclzalcone (330 nig , 960/) ; w,,,,,. 
3 000 and 1 640 cm-l; 6 3.20 (4  H ,  symmetrical m, ArCH,- 
CH,CO), 3.82 ( 3  H ,  s, OMe), and 6.70-7.91 (8 H ,  m, ArH). 

To a solution of the above dihydrochalcone (261 mg) in 
ether (15 ml) was added lithium aluminium hydride (300 
mg) and the reaction mixture was heated a t  reflux for 24 h 
under nitrogen. The cooled mixture was quenched by the 
slow addition of water, acidified with aqueous hydrochloric 
acid ( lo%),  and the ether layer separated. The aqueous 
layer was extracted with ether. The combined ether 
extracts were washed with brine and dried (magnesium 
sulphate). Removal of the solvent in vacuo gave a colour- 
less oil which was purified by preparative t.1.c. (ether-light 
petroleum, 2 :  3) t o  afford the alcohol (6b) (216 mg, 82%) 
(Found: C, 74.5; H ,  7.0.  C1,Hl,O, requires C, 74.4; 
H ,  7.0%); w,,,. 3 300 and 1 5 8 0  cm-l; 6 2.21 (2 H, m, 
CH,), 2.70 ( 2  H, t, J 6 Hz, ArCH,), 3.82 (3 H, s, OMe), 
4.71 ( 1  H, t, J 6 Hz, CH), and 6.60-7.51 (8 H, m, ArH). 

3-(3-Benzyloxyphenyl)- 1-(2-hydroxyphenyI)propan- 1-ol 
(6c).-To a solution of the chalcone (4;  R* = OH, Rz = 2- 
OH) (540 mg, 2.25 mmol) in ethanol (20 nil) was added 
potassium carbonate (320 mg, 2.32 mmol) and benzyl 
chloride (285 mg, 2.26 mmol). The reaction mixture was 
heated at reflux for 12 h. The alcohol was removed in  
vacuo and the residue was diluted with water and acidified 
with aqueous hydrochloric acid (10%). The aqiieous 
phase was extracted with dichloromethane and the combined 
organic layers were washed with water and dried (mag- 
nesium sulphate). Rctnoval of the solvent in vacuo gave 
an oil which was hydrogenated as above to give a colourless 
oil. Purification of the crude oil by preparative t.1.c. 
(ether-light petroleum, 2 : 3) gave 2'-hydroxy-3-benzylo,~y- 
ap-dzhydvochalcone (510 mg, 68%); vlnax. 3 000 and 1 640 
cm-1; 6 3.22 (4  H, symmetrical m, ArC,H,CH,CO), 5.11 
(2 H, s, I'hCH2), and 8.78-7.61 (13 H, m, ,4rH). 

Reduction of the above dihydrochalcone (420 mg) in 
ether (40 nil) with lithium aluminium hydride (500 mg) at 
reflux (25 h)  as above gave a colourless oil of the alcohol 
(6c) (420 mg, 99%) (Found: C, 79.1; H, 6.5. C,,H,,O, 
requires C, 79.0; H, 6.60/,); w,,~,,. 3 200 and 1 580 cni-l; 
6 3.21 (2  H, ni, CH,), 2.75 (2  H, m, ArCH,), 4.80 ( 1  H ,  m ,  
CH), 5.10 (2 H ,  s, I'hCH,), and 6.81-7.60 (13 H, m,  ArH). 

(6d) .-To a solution of o-methoxyacetophenone (4 .3  g ,  
0.03 mol) and m-hydroxybenzaldehyde (3.76 g, 0.03 mol) in 
ethanol (!%yo, 30 ml) was added aqueous potassium hydr- 
oxide [1.8 g, 0.032 niol, in water (10 nil)]. The mixture was 
heated a t  80 "C for h and allowed to stir a t  room temper- 
ature for 2 d. The cooled mixture was acidified with aque- 
ous hydrochloric acid (1076) and the yellow gummy oil 
(6  g) was separated. Catalytic hydrogenation of the crude 
oil ( 3  g) in ethyl acetate (10 ml) containing Adanis catalyst 
(250 mg) as above followed by preparative t.1.c. (ether-light 
petroleum, 2 : 3) gave 2'-methoxy-3-hydroxy-a~-dil~ydrochal- 

3-(3-~ lydron.yp~ie~l ) -  1 - (  2-vnethoxypheny1)pvopan- 1-01 

cowe (1.88 8 ) ;  wInax. 3 400 and 1 660 cm-1; 6 3.12 (4 H ,  
symmetrical m, ArCH,CH,CO), 3.77 (3 H, s, OCH,) and 
6.70-7.95 (8 H, m, ArH). 

Reduction of the above dihydrochalcone (700 mg) in 
ether (15 ml) with lithium aluminium hydride (500 mg) a t  
reflux (6 h) as above gave a colourless oil. Purification by 
preparative t.1.c. (ether-light petroleum, 2 : 3) afforded the 
alcohol (6d) (605 mg, 86%) (Found: C, 74.3; H, 7.0. 
C1,H,,O, requires C, 74.4; H, 7.0%); vmaX. 3 300 and 1 580 
ctn-1; 6 2.10 (2 H, m, CH,), 2.62 (2 €3, m, ArCH,), 3.80 
(3 H, s ,  OMe) and 6.60-7.50 (8 H, m, ArH). 

(6e).-To a solution of the chalcone (4; R1 = OH;  R2 = 2- 
OH) (500 mg, 2.08 mmol) in acetone (10 nil) was added 
potassium carbonate (600 mg, 4.34 mmol) and methyl 
iodide (2  ml). The reaction mixture was heated a t  reflux 
for 6 h. Work-up as above gave an oil which was purified 
by preparative t.1.c. (ether-light petroleum, 2 : 3) t o  give 
two bands. The band of higher RE' afforded the chalcone 
(4;  R1 = OMe; 12, = 2-OH) (121 mg, 23%), identical 
(i.r., n.m.r., and t.1.c.) with the previously prepared speci- 
men. The band of lower RF gave 2',3-dinzethoxycha2cone 
(4; R1 = @Me, R2 = 2-OMe) (361 mg, 65%) (Found: C, 
76.0; H, 5.9.  C17H1,03 requires C, 76.1; H ,  6.00/); 
v,,,,~. 1 640 cm-l; 6 3.82 (3 H ,  s, OMe), 3.90 (3 H, s, OMe), 
and 6.80-7.91 (10 H, m, CH=CH and ArH). Use of 
longer reaction time (20 h) gave only dimethylated product. 

Catalytic hydrogenation of the chalcone (4;  R1 = OMe, 
R2 = 2-OMe) (350 mg) in ethyl acetate (5 ml) containing 
Adams catalyst (30 mg) as above ( 5  m) gave a colourless oil 
by the usual work-up. Preparative t.1.c. (ether-light 
petroleum, 2 : 3) afforded 2', 3-dimethoxy-ap-dihydrochalcone 
(316 mg, 90%); vmax. 1 6 7 0  cm-l; 8 2.90-3.50 (4  H, m, 
ArCH,CH,CO), 3.82 (3 H, s, OMe), 3.91 (3 H, s, OMe), and 
6.71-7.90 (8 H, m, ArH). 

Reduction of the above dihydrochalcone (300 mg) in 
ether (15 ml) with lithium aluminium hydride (250 mg) at 
reflux (6 11) gave a colourless oil by usual work-up. Pre- 
parative t.1.c. (ether-light petroleum, 2 : 3) gave the alcohol 
(6e) (290 mg, 96%) (Found: C, 75.1; H, 7.3. C,,H,,O, 
requires C, 75.0; H, 7.4%); v,,,,. 3 320 and 1580 cm-l; 
6 1.90-2.31 (2 H ,  ni, CH,), 2.60 ( 1  H, br s, OH, exchanged 
with D,O), 2.65-3.01 (2 H, m, ArCH,), 3.76 (6 H, s, 2 x 
OMe), 4.95 ( 1  H, t, J 7 Hz, CH), and 6.60-7.51 (8 H, ni, 
ArH) . 

I - (  2-Hydroxyphenyl)-3-phenylpropan- l-ol (6f) .-Similar 
condensation of o-hydroxyacetophenone (3.78 g, 0.028 mol) 
and benzaldehyde (2.97 g, 0.028 mol) in ethanol (95%, 40 
nil) with aqueous potassium hydroxide [3.14 g, 0.056 niol, 
in water (20 nil)] a t  room temperature for 10 h gave a pale 
yellow solid by usual work-up. Recrystallisation from 
ethanol (95%) gave pale yellow crystals of 2'-hydroxy- 
clialcone (4; K1 = H ,  R2 = 2-OH) l8 (3 .6  g, 570/&), n1.p. 
86-87 "C (Found: C, 80.3; I-€, 5.3.  Calc. for C15H1202: 
C, 80.4; H, 5.40/,); v,,,~,~. 3 300 and 1 635 cn-'; 6 6.71-8.10 

Catalytic hydrogenation of the above chalcone (800 mg) 
in ethyl acetate (30 nil) containing Adanis catalyst (70 nig) 
;is above (10 min) gave a colourless oil of the corresponding 
tlihydrochalcone (only one spot as indicated by t.1.c.) 
(801 mg) by usual work-up. Reduction of the crude ketone 
(600 mg) in ether (40 ml) with lithium aluminium hydride 
(600 nig) a t  reflux for 17  h, followed by preparative t.1.c. 
(ether-light petroleum, 2 : 3) of the crude product gave a 
colourless oil of the akcoho2 (6f) (566 mg, 94%) (Found: C, 

1 - (  2-Methoxyphenyl)-3-( 3-methoxypheny1)propan- l-ol 

(m).  
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78.9; H, 7.0. C15H,,0, requires C, 79.0; H, 7.0%); 
vmax. 3 200 and 1 580 cni-l; 6 2.21 (2 H ,  m, CH,), 2.74 (2  H ,  
m, ArCH,), 4.79 ( 1 H, m, CH), and 6.80-7.59 (9 H, m, ArH). 

3-(3-Hydroxyphenyl)- I-phenylpropan- 1-ol(6g) .-To a solu - 
tion of acetophenone (3 g ,  0.027 mol) and m-hydroxy- 
benzaldehyde (3.3 g, 0.027 mol) in ethanol (9576, 20 ml) 
was added aqueous potassium hydroxide r(3.1 g, 0.055 
mol, in water ( 1 0  ml)] and the reaction mixture was stirred 
for 12 h a t  room temperature. Isolation as above gave a 
yellow solid which was recrystallised from ethanol (95%) 
to  give yellow crystals of 3-hydroxychalcone (4; R1 = OH, 
R2 = H) (3.9 g, B5%), n1.p. 156-158 "C (lit.,lV 161-163 "C) 
(Found: C, 80.3; H,  5.4. Calc. for CI5H,,O,: C, 80.4; H, 
5.4%); v , , , ~ ~ ~  3 350 and 1 660 crn-l; 6[(CI),),CO] 6.90-8.31 

Catalytic hydrogenation of the above chalcone (818 mg) 
in ethyl acetate (15 ml) containing Adains catalyst (80 nig) 
as above (15 min) gave a colourless oil of 3-hydroxy-ap- 
dzhydrochalcone (808 mg, 98%); v , ~ ~ .  3 300 and 1 680 
cni-l; 8 3.15 (4 H, symmetrical m, ArCH,CH,CO) and 
6.60-7.41 (9 H, ni, ArH). 

Reduction of the above dihydrochalcone (700 mg) in 
ether (20 nil) with lithium aluminium hydride (700 mg) a t  
reflus for 1.5 h gave a colourless oil by usual work-up. 
F'reparati\re t.1.c. (ether-light petroleum, 2 : 3) afforded a 
white solid of the alcohol (6g) (590 mg, 84y0), m.p. 81-82 "C 
(Found: C, 79.0; H, 7.2. Cl,Hl,O, requires C, 79.0; H, 
7 . 0 % ) ;  v,,,,,, 3 300 and 1 585 cm-l; S 2.10 (2 H, m, CH,), 
2.62 (2 H,  111, ArCH,), 4.70 (1 H, m, CH), and 6.60-7.41 
(9 H,  m,  ArH). 

The Bromides ( 5 ;  R = OCH,Ph, OH, and OMe).-To a 
suspension of lithium aluminium hydride (3 g, 0.075 mol) 
in ether (100 nil) was added a solution of ethyl 3'-(m- 
benzyloxypheny1)propionate 3d (15.6 g, 0.055 mol) in etlier 
(50 nil) dropwise (1.5 11) with stirring. After the addition 
was complete, the reaction mixture was heated a t  reflux for 
1 h and the cooled mixture was quenched by the slow 
addition of water. The ether layer was separated. The 
aqueous layer was acidified with aqueous hydrochloric acid 
(10%) and extracted with ether. The combined ether 
layers Lvere washed with water and brine and dried (mag- 
nesium sulphate). Removal of the solvent in vacuo gave a 
colourless oil of 3-(m-benzyloxyphenyl)propan-l-o1 (only 
one product was indicated by t.1.c.) (12 g, 90%) ; vlnaX. 3 320 
and 1 600 cm-1; 6 2.18 (2  H, rn, CH,), 2.69 (2  H,  2 x d,  
J t i  Hz, ArCH,), 3.61 (2 H, t, J 6 Hz, OCH,), 4.0 (1 H, br s, 
OH, exchanged with D,O), 5.01 (2 H, s ,  ArCH,O), and 6.59- 
7.30 (9  H, 112, ArH). 

To R solution of 3-(m-benzyloxyphenyl)propan-l-ol (7.5 g)  
i n  etlier (50 nil) was added phosphorus tribromide (4 ml) 
slowly and the reaction mixture was stirred a t  room teniper- 
ature for 21 h. The mixture was poured into cold saturated 
sodium li~tlrogencarbon3te solution ant1 the ether layer was 
separated, The aqueous layer was extracted with ether 
and the combined ether layers were washed twice with 
aqiieous sodium hydroxide ( 10(yo) and dried (magnesium 
sulphate). After removal of solvent, the residue was dis- 
tilled to give benzyl bromide (1.9 g), followed by benzyl 3-(3- 
hvo;~iopvop?Z)phcn?l ether (5; R = OCH,Ph) (4.6 g, 45%) 
(1;oiintl: C, 62 9 ;  13, 5.5; Br, 26.1. Cl,H,,BrO requires 
C, 63.0; 13, 5 . 6 ;  Br, 26.0%); v,,,,. 1 600 c1n-l; S 2.16 (2 H, 
ni, CH,), 2.75 ( 3  H, t, J 7 Hz, ArCH,), 3.37 (2 H,  t, J 6 Hz, 
CH2Br), 5.07 ( 2  H ,  s, ArCH,O), and 6.70-7.61 (9 H, in, 
ArH) . The sodium hydroxide layers were acidified with 
aqueous hydrochloric acid ( 1 0 ~ o )  and extracted with ether. 

(m). 

The ether extracts were washed with water and brine and 
dried (magnesium sulphate). Removal of the solvent in 
vacuo gave an oil of 3-(3-bromoprofiyZfihenol (5; R = OH) 
(2.6 g, 36%); vmax. 3 330 and 1600 cm-l; 6 2.15 (2 H, m, 
CH,), 2.73 (2 H,  t, J 7 Hz, ArCH,), 3.36 (2 H, t ,  J 6 Hz, 
CH,Br), and 6.60-7.41 (4 H, m, ArH). 

Methylation (potassium carbonate, excess of methy1 
iodide, acetone, reflux, 12 h) of the bromide (5; R = OH) 
(1.6 g, 7.44 mmol) followed by chromatography on silica 
gel (30 g) (ether-light petroleum, 2 : 3) gave a colourless oil 
of 3-( 3-bromopropy1)anisole (5 ; R = OMe) (1.5 g, 88%) 
(Found: C, 52.3; H, 5 .5 ;  Br, 34.6. Calc. for CloH13BrO: 
C, 52.4; H, 5.7; Br, 34.9%); vmx. 1600cm-l; 82.15 (2 H,  
CH,), 2.72 (2 H, t, J 7 Hz, ArCH,), 3.18 (2 H, t,  J 6 Hz, 
CH,Br), 3.80 (3 H, s ,  OMe), and 6.68-7.51 (4 H, m, ArH). 

1-( 2-Benzyloxyphenyl)-4-( 3-benzyloxyphenyl) butan-1-01 
(6i).-To a mixture of magnesium (161 mg, 0.006 7 mol) and 
a few crystals of iodine in ether (5 nil) was added ethyl 
bromide (3 drops) at room temperature. After the re- 
action had started and progressed for a few minutes, a 
solution of the bromide ( 5 ;  R = OCH,Ph) (2 g, 0.006 6 
mol) in ether (20 ml) was added dropwise. The addition 
was completed over a 30 min period and the mixture was 
allowed to stir for an additional 1 h a t  room temperature. 
To the stirring solution was added dropwise a solution of o- 
benzyloxybenzaldehyde (1.4 g, 0.006 6 mol) in ether (30 ml) 
at room temperature. After the addition was completed, 
the mixture was stirred for an additional 12 h and poured 
into saturated aqueous ammonium chloride. This mix- 
ture was thoroughly extracted with ether. The ether layers 
were dried (brine and magnesium sulphate) and evaporated 
to  give an oil. Preparative t.1.c. (ether-light petroleum, 
2 : 3) gave a colourless oil of the alcohol (6i) (860 mg, 30%) 
(Found: C, 82.0; H, 6.5. C3,$&003 requires C, 82.2; H, 
6.8%); vmx. 3 360 and 1 600 cm-l; 6 1.78 (4 H, m, 2 x CH,), 
2.40 ( 1  H, br s, OH, exchanged with D,O), 2.56 (2  H, m, 
ArCH,), 4.75 (1 H, m, CH), 5.01 (2 H,  s, OCH,Ph), 5.04 
(2 H, s, OCH,Ph), 6.60-7.3 (8 H, m, ArH), and 7.40 (10 H, 
s, PhH). 

(6h).--h solution of the alcohol (6i) (600 mg, 1.37 mmol) 
and aqueous sodium hydroxide [I64 mg, 4.11 mmol, in 
water (2 ml)] in methanol (20 ml) containing palladium- 
charcoal catalyst (5% ; 240 mg) was shaken under hydrogen 
(40 lbf in-,) a t  room temperature for 26 h. After filtration, 
the methanol was removed in vacuo, ether and water were 
added, and the mixture was neutralised with aqueous 
hydrochloric acid (574).  The ether layer was separated and 
the aqueous phase was extracted with ethyl acetate. The 
combined organic layers were dried (brine and magnesium 
sulphate) and the solvent was removed in vucuo to  give 
an oil. Preparative t.1.c. (ether-light petroleum, 1 : 1) 
afforded two bands. The band of higher RBl gave a mixture 
of (7c) and (8c) (159 nig, 480/,) which were identical (i.r., 
n.m.r., and t.1.c.) with known samples. The band of lower 
RF gave the alcohol (6 h) (144 nig, 41%) (Found: C, 74.2; 
H,  6.8. C1,H,,O, requires C, 74.4; H,  7.0%); vmax. 3 300 
and 1 5 9 0  cm-l; S[(CD,),COJ 1.72 (4 H ,  m, 2 x CH,), 
2.51 (2 H, In, ArCH,), 3.20 (1 H,  br s, OH, exchanged with 
D,O), 4.90 (1 H, ni, CH), 6.50-7.35 (8 H, m, ArH), and 
7.51 (2 H, br s, 2 x OH, exchanged with D,O). 

(6j).-The alcohol (6J) was prepared from the bromide (5; 
R = OMe) (1.4 g, 6.1 mmol) and o-methoxybenzaldehyde 
(830 mg, 6.1 mmol) in a manner similar to that described 

I-( 2-Hydroxy~Jzenyl)-4-( 3-hydroxyfihenyl) butan- I-ol 

1 -( 2-MethoxyphenyZ)-4-( 3-methoxyphenyl) bmtan- 1-02 
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for the synthesis of the alcohol (6i). The crude oil was 
purified by preparative t.1.c. (ether-light petroleum, 1 : 4) 
to  afford the alcohol (6j) (561 mg, 32%) (Found: C, 75.1; 
HI  7.4. Cl,H,,O3 requires C, 75.5; HI 7.7%); vmx. 1 600 
cm-l; 6 1.75 (4 H, m, 2 x CH,), 2.50 (1  H, br s, OH, 
exchanged with D,O), 2.61 (2 H, m, ArCH,), 3.78 (3 H, s, 
OMe), 3.83 (3 HI s,  OMe), 4.91 (1  H, m, CH), and 6.65- 
7.55 (8 H, m, ArH). 

(6k) .-To a solution of p-liydroxyacetophenone (2 g, 
0.014 7 mol) and $1.2-hydroxybenzaldehyde (1.8 g, 0.148 
mol) in ethanol (95%, 10 ml) was added aqueous sodium 
hydroxide [1.70 g, 0.044 mol, in water (10 ml)] and the 
reaction was heated at 80 "C for 2 h and allowed to stir at 
room temperature for 3 d. The cooled mixture was acidified 
with aqueous hydrochloric acid (10%). The resulting 
yellow precipitate was recrystallised from aqueous ethanol 
to give yellow needles of 3,4-dihydroxychalcone (4; R1 = 
OH, R2 = 4-OH) (2.9 g, 82%), m.p. 236-239 "C (1it.,lB 
237-239 "C) (Found: C, 74.6; H,  5.1. Calc. for C15H1,03: 
C, 75.0; H, 5.07;); vmsx. 3 350 and 1 630 cm-l; 6[(CD,),CO] 
6.71-8.41 (m). 

Catalytic hydrogenation of the chalcone (4; R1 = OH, 
R2 = 4-OH) (1.2 g) in ethyl acetate (20 ml) containing 
Adams catalyst (110 mg) under hydrogen (40 lbf in-,) for 
20 min at room temperature gave an oil by usual work-up. 
Preparative t.1.c. (ethyl acetate-light petroleum, 2 : 3) 
afforded 3,4'-diIzydro~y-a~-d~lz~~~rochuZcone (980 mg, 81 yo) 
(Found: C, 74.3; H,  5.9. C15H1403 requires C, 74.4; HI 
5 . 8 % ) ;  vIl,ax. 3 350 and 1 650 cm-l; 6[(CD3),CO] 3.10 (4 HI 
symmetrical m, ArCH,CH,CO), 6.65-8.20 (8 H, m, ArH), 
and 8.50 (2 H,  br s, OH, exchanged with D20). 

To a solution of 3,4'-dihydroxy-ap-dihydrochalcone (800 
mg) in ether (50 ml) was added lithium aluminium hydride 
(800 mg) slowly in small portions and the resulting mixture 
was allowed to stir a t  room temperature for 3 h. Work-up 
in the usual manner gave a pale yellow oil which was purified 
by preparative t.1.c. (ethyl acetate-light petroleum, 1 : 1) to 
give white crystals of the alcohol (6k) (460 mg, 57y0), 
m.p. 131-133 "C (Found: C, 74.1; H, 6.5. C15H1703 
requires C, 73.8; H,  6.6%); v,,,. 3 300 and 1600 cm-l; 
S[(CD,),CO] 2.0 (2 H, m, CH,), 2.70 (2 H, m, ArCH,), 4.71 
( 1  H, m, CH), 4.35 (1 HI br s, OH, exchanged with D,O), 
6.61-7.50 (8 HI m, ArH), and 8.35 (2 H,  br s, 2 x OH, 
exchanged with D,O). Use of higher temperature and a 
longer reaction time produced many products. 

(61) -Condensation of p-liydroxyacetophenone (3 g, 0.022 
mol) and -In-methoxybenzaldehyde (3 Q ,  0.022 rnol) in 
ethanol (95%; 10 ml) with aqueous sodium hydroxide 
(2.1 g, 0.053 mol, in water 10 nil) as described above for the 
chalcone (4; R1 = OH, R2 = 4-OH), followed by recrystal- 
lisation of the crude solid from aqueous ethanol gave yellow 
crystals of 3-methoxy-4'-hydroxychal~one (4 ; R1 = OMe, 
R2 = 4-OH) (3.8 g, 68%), 1n.p. 138--141 "C (Found: C ,  
75.6; H, 5.4. C1,Hl4O3 requires C, 75.6; H, 5.5%); 
vrnax. 3 300 and 1 630 cm-l; 6[(CD,),CO] 3.90 (3 H, s, OMe), 
7.10-8.32 (10 H, ni, CH=CH and ArH), and 9.40 (1 H, 
br s, OH, exchanged with D,O). 

Catalytic hydrogenation of the above chalcone ( I  g) in 
ethyl acetate (10 ml) containing Adams catalyst (100 mg) 
as above (10 min) gave an oil of 3-nzettioxy-4'-hydroxy-aP- 
dihydrochalcone (910 mg, 90%); vmx. 3 300 and 1 640 
cm-l; S[(CD,),CO] 3.20 (4 HI symmetrical m, ArCH,CH,- 
CO), 3.78 (3 H, s, OMe), and 6.60-8.11 (8 H, m, ArH). 

1 - (4-Hydroxyphenyl) - 3- (3-hydroxypheny1)propan- 1-01 

1- (4-Hydroxyphenyl) -3- (3-.~zethoxyphenyZ)#ropan- l-ol 

Reduction of the above dihydrochalcone (400 mg) in 
ether (15 ml) with lithium aluminium hydride (300 mg) a t  
room temperature for 3 h gave an oil by usual work-up. 
Preparative t.1.c. (ethyl acetate-light petroleum, 1 : 1) 
afforded an oil of the alcohol (61) (239 mg, 597') (Found: 
C, 74.3; H I  6.9. ClGHJ80B requires C, 74.4; H I  7.0%); 
vmx. 3 350 and 1 600 cm-l; 6[(CD,),CO] 2.11 (2 H, m, CH,), 
2.65 (2 H, m, ArCH,), 4.60 (1 H I  m, CH), 6.60-7.51 (8 H, 
m, ArH), 8.10 (1  H, br s, OH, exchanged with D,O). 

(6m) .-Condensation of p-methoxyacetophenone (2 g, 
0.013 mol) and m-hydroxybenzaldehyde (1.8 g, 0.015 niol) in 
ethanol (957/0; 10 ml) with aqueous sodium hydroxide 
[2 g, 0.050 moll in water (10 ml)] a t  80 "C for 2 h and room 
temperature for 3 d gave a yellow solid after usual work-up. 
Recrystallisation from aqueous ethanol gave yellow needles 
of 2-hydroxy-4'-methoxychalcone (4; RL = OH; R2 = 4- 
OMe) (2.9 86%), m.p. 150-153 "C (1it.,lB 162-164 "C) 
(Found: C, 75.1; H, 5.2. Calc. for Cl,Hl,03: C, 75.6; H, 
5 . 5 % ) ;  v,,,,, 3 300 and 1 640 cm-'; 6[(CD3),CO] 3.90 (3 H, s, 
OMe), 6.90-8.41 (10 H, m, CH=CH and ArH), and 9.30 (1 H, 
br s, OH, exchanged with D,O). 

Catalytic hydrogenation of the above chalcone (2 g) in 
ethyl acetate (12 ml) containing Adanis catalyst (200 nig) 
as above (3  min) gave an oil (2 g) after usual work-up. 
Purification of the crude oil (lg) by preparative t.1.c. (ether- 
light petroleum, 2 : 3) gave a colourless oil of 3-hydvoxy-4'- 
methoxy-a~-dihydrochaZcone (765 mg, 760/,) ; v",..,. 3 350 
and 1 650 cni-l; 6 3.15 (4 H, symmetrical In, ArCH,CH,- 
CO), 3.82 (3 H, s ,  OMe), and 6.70-8.21 (8 H, m, ArH). 

Reduction of the above dihydrochalcone (500 mg) in 
ether (10 ml) with lithium aluminium hydride (300 nig) at 
room temperature for 3 h followed by usual work-up gave 
an oil. preparative t.1.c. (ether-light petroleum, 2 : 3) 
afforded a white solid of the alcohol (6m) (400 mg, 700/), 
m.p. 108-110 "C (Found: C, 74.2; H, 7.0. C1,H1,O3 
requires C, 74.4; H, 7.00/,); vmu. 3 330 and 1 600 cn1-l; 
S[(CD,),CO] 2.08 (2 H,  m, CH,), 2.75 (2 H, ni, ArCH,), 
3.80 (3 H, s ,  OMe), 4.70 (1 H,  m, CH), 6.60-7.60 (8 14, ni, 
ArH), and 8.31 (1 H, br s, OH, exchanged with D,O). 

1- (4-MethoxyphenyZ)-3-( 3-vnethoxyphenyZ)propan- l-ol  
(6n) .-To a solution of the chalcone (4; R1 = OH; R2 = 4- 
OH) (380 nig, 1.58 mmol) in acetone (10 nil) was added 
potassium carbonate (436 mg, 3.16 mmol) and methyl 
iodide ( 1  ml) and the reaction mixture heated a t  reflux for 
9 h. Worli-up as usual gave a yellow oil of 3,4'-diinethosy- 
chalcone (4 ;  R1 = OMe; R2 = 4-OMe) 2o (390 mg, '32%); 
v,,,,,. 1 6 6 0  cm-l; 6 3.85 (6 H, s, 2 x OMe) and 6.95-8.20 
(10 H, In, CH=CH and ArH) . 

Catalytic hydrogenation of the chalcone (4; Iil == OMe; 
R2 = 4-OMe) (370 mg) in ethyl acetate (5 nil) containing 
Adams catalyst (39 mg) as above ( 5  min) gave an oil of 
3,4-dinzetho,~y-cc~-~iI~y~ro~i~~~cone (358 mg, 96%) ; vlndts, 1 670 
cn1-l; 6 3.10 (4 H, m, ArCH,CH,CO), 3.75 (3 H, s, OMe), 
3.78 (3 H, s ,  OMe), and 6.71-8.10 (8 H I  m, ArH). 

Reduction of the above dihydrochalcone (350 mg) in ether 
(5 ml) with lithium aluminium hydride (160 ing) a t  room 
temperature for 2 h (the reaction was shown to be complete 
by t.1.c.) afforded an oil by usual worlr-up. Preparative 
t.1.c. (cthcr-light petroleum, 2 : 3) gave a colourless oil of 
the n2colzol (611) (314 nig, 89%) (Found: C, 75.0; H, 7.2. 
Cl7H,,,O, requires C, 75.0; HI 7.4%) ; vrna,. 3 400 and 1 600 
cm-l; 6 2.15 (2 H, m, CH,), 2.65 (2  H, m, ArCH,), 3.80 
(6  H, s, 2 x OMe), 4.65 (1 H, nil CH), and 6.70-7.51 (8 H, 
m, ArH) . 

3-(3-Hydroxy~henyZ)-l-(4-methoxyphenyl)p~opan- l-oZ 
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1 - (4-Benzyloxyp henyl) -4- (3-benzyloxyphenyl) butan- 1 -ol 
(6p) .-The alcohol (6p) was prepared from the bromide 
(5; K = OCH,Ph) and p-benzyloxybenzaldehyde in a 
manner similar to that described for the alcohol (6i). 
Preparative t.1.c. (ether-light petroleum, 2 : 3) of the crude 
oil gave the alcohol (6p) (43%) (Found: C, 81.9; H, 6.4. 
C,,H,,O, requires C, 82.2; H, 6.8%); v,,, 3 360 and 
1 GOO cm-l; IS(CC1,) 1.59 (4 H, m, 2 x CH,), 2.18 ( 1  H, 
br s, OH, exchanged with D,O), 2.51 (2 H, m, ArCH,), 
4.45 ( 1  H, m, CH), 4.98 (4 H, s, 2 x OCH,Ph), 6.61-7.35 
(8 H, m, ArH), and 7.40 (10 H, s, ArH). 

(60) .-A solution of the alcohol (6p) (400 mg, 0.91 mmol) and 
aqueous sodium hydroxide [lo9 mg, 2.73 mmol, in water 
(2 ml)] in methanol (20 ml) was shaken under hydrogen a t  
room temperature for 24 h. Work-up as previously 
described for the alcohol (6h) and preparative t.1.c. (ether- 
light petroleum, 1 : 1) gave two bands. The band of 
higher RF gave a mixture of (7g) and (8g) (88 mg, 40%), 
identical (i.r., n.m.r., and t.1.c.) with known samples 
(described below). The band of lower R p  afforded the 
alcohol (60) (94 mg, 407;) (Found: C, 74.2; H, 7.1. C16- 
H180, requires C, 74.4; H, 7.0%); v,,, 3 300 and 1 600 
cm-l; S[(CD,),CO] 1.64 (4 H, m, 2 x CH,), 2.55 (2 H, m, 
ArCH,), 4.65 ( 1  H, m, CH), 6.60-7.51 (8 H, m, ArH), and 
8.21 (2 H, br s, 2 x OH, exchanged with D,O). 

(6q) .-The alcohol (6q) was prepared from the bromide 
(5; R = OMe) and p-methoxybenzaldehyde in a manner 
similar to that described for the synthesis of the alcohol 
(6i). Preparative t.1.c. (ether-light petroleum, 1 : 4) gave a 
colourless oil of the alcohol (6q) (39%) (Found: C, 75.2; 
H, 7.3. C18H2,0, requires C, 75.5; H, 7.7%); vmx. 3 400 
and 1 600 cm-l; 6(CC1,) 1.50 (4 H, m, 2 x CH,), 1.98 (1 H, 
br s, OH, exchanged with D,O), 2.41 (2 H, m, ArCH,), 
3.59 (6 H, s, 2 x OMe), 4.31 (1  H, br s, CH), and 6.41-7.25 
(8 H, m, ArH). 

(Sb).-A solution of the alcohol (6e) (100 mg) in dimethyl 
sulphoxide (0.8 ml) was heated at 180-190 "C for 0.5 h. 
Chloroform was added and the solution was washed several 
times with water and dricd (brine and sodium sulphate). 
Removal of the solvent in uacuo gave an oil (only one spot 
was indicated by t.1.c.). Preparative t.1.c. (ether-light 
petroleum, 2 : 3) gave the olefin (9b) (80 mg, 86%) (Found: 
C, 80.1; H, 7.0. C1,HlE02 requires C, 80.3; H, 7.1%); 
vrnax. 1620 and 970 cm-l; 6 3.60 (2 H, d, J 8 Hz, ArCH,), 
3.82(3H,s,OMe),3.87(3H,s,OMe),and6.41-7.71(10H, 
m, CH=CH and ArH). 

(9f) .-Similar dehydration of the alcohol (6n) by heating in 
dimethyl sulphoxide as above followed by preparative t.1.c. 
(ether-light petroleum, 2 : 3) gave the olefin (9f) (84%) 
(Found: C, 80.0; H, 6.9. Cl,HIEO, requires C, 80.3; H, 
7.1%); vmX. 1620 and 960 em-l; 6 3.51 (2 H, d, J 6 Hz, 
ArCH,), 3.80 (6 H, s, 2 x OMe), 6.40 (2 H, m, CH=CH), 
and 6.70-7.51 (8 H, m, ArH). 
Reactions of Ethylmagnesium Bromide with A ZcohoZs.- 

General method. To a solution of ethylmagnesium bromide 
(3.0 mmol) [from magnesium (3.0 mmol) and ethyl bromide 
(3.0 mmol) in ether (5 ml)] was added dropwise to  a solution 
of the alcohol (6) (14 mmol) in ether (5 ml) a t  room temper- 
ature. After the addition was complete, the mixture was 
allowed to stir for an additional 10 min and the ether was 
removed in vacuo under nitrogen. Benzene (25 ml) was 

1-(4-Hydroxyphenyl)-4-(3-hydvoxyphenyl)butan- 1-02 

I-(4-Methoxyphenyl)-4- (3-methoxyphenyZ)butan- 1-02 

1 - (2-MethoxyphenyZ) -3- (3-wzethoxyphenyl)prop- 1 -ene 

1- (4-Methoxyphenyl) -3-( 3-methoxyphenyl)prop- 1-ene 

added (when 18-crown-6 or ethyl vinyl ether was required; 
i t  was dissolved in benzene and added all at once during 
this period) and the reaction mixture was heated a t  reflux 
for 20 h. The cooled mixture was quenched by the addition 
of saturated aqueous ammonium chloride and extracted 
with ether. The organic layers were washed with water and 
brine and dried (magnesium sulphate). Removal of the 
solvent in uacuo gave an oil. 

The Grignard reagent (3.0 mmol) and 
the alcohol (6a) (342 mg, 1.4 mmol) in benzene (25 ml) gave, 
after work-up, a pale yellow oil. Preparative t.1.c. (ether- 
light petroleum, 1 : 1) afforded two main bands. The 
band of higher RF gave 3- (2-hydroxyphenyZ)indan-4-oZ (7a) 
(224 mg, 71y0), m.p. 131-133 "C (Found: C, 79.2; H, 5.9. 
C,,HI40, requires C, 79.6; H, 6.2%); vmxa 3 300 and 1 600 
cm-l; IS 2.10-2.91 (2 H, m, CH,), 3.25 (2 H, t, J 7 Hz, 
ArCH,), 4.81 (1 H, m, CH), and 6.60-7.51 (7 H, m, ArH), 
The band of lower RF gave the olefin (9a) (35 mg, 11%) ; 
v,,,. 3 300, 1 620, and 960 crn-l; IS 3.51 (2 H, d, J 8 Hz, 
ArCH,), 6.30-7.61 (10 H, m, CH=CH and ArH), and 5.70 
(2 H, br s, 2 x OH). 

Methylation of the cyclised product (7a) (2 mol equiv. 
potassium carbonate, excess of methyl iodide, acetone, 
reflux, 24 h) followed by preparative t.1.c. (ether-light 
petroleum, 1 : 4) gave 7-vnethoxy-l-(2-methoxyphenyZ)indan 
(7b) (92%) (Found: C, 80.1; H, 6.8. C17H1802 requires C, 
80.3; H, 7.1%); vmx. 1580 cm-l; 8 1.70-2.61 (2 H, ni, 
CH,), 2.91 (2 H, m, ArCH,), 3-68 (3 H, s, OMe), 4.88 (1 H, 
m, CH), and 6.51-7.50 (7 H, m, ArH). 

Methylation of the olefin (9a) as above followed by 
preparative t.1.c. (ether-light petroleum, 2 : 3) gave the 
olefin (9b) (90%) identical (i.r., n.m.r., and t.1.c.) with the 
previously prepared specimens. 

The alcohol (6h). Ethylmagnesium bromide (1.5 mmol) 
and the alcohol (6h) (180.6 mg, 0.70 mmol) in benzene 
(15 ml) gave, after work-up, an oil (only one product was 
indicated by t.1.c.) which on preparative t.1.c. (ether-light 
petroleum, 1 : 1) gave a mixture of the cyclised alcohols 
(7c) and (8c) (151 mg, 90%); urn,& 3 300 and 1600 cm-1; 
IS[(CD,),CO] 1.75 (4 H, m, 2 x CH,), 2.79 (2 H, m, ArCH,), 
4.69 (1 H, m, CH), and 6.50-7.51 (7 H, m, ArH). 

Methylation of the cyclised products (7c) and (8c) as 
above followed by preparative t.1.c. (ether-light petroleum, 
1 : 4) gave 6- and 8-methoxy-l-(2-methoxyfihenyl)-1,2,3,4- 
tetrahydronaphthalene (7d) and (8d) (91 yo) (Found : C, 
80.2; H, 7.3. C,,H,,O, requires C, 80.6; H, 7.5%); 
vmX. 1600 cm-l; 6 1.81 (4 H, m, 2 x CH,), 2.85 (2 H, t, 
J 6 Hz, ArCH,), 3.80 (3 H, s, OMe), 3.88 (3 H, s, OMe), 
4.68 (1 H, t, J 6 Hz, CH), and 6.61-7.48 (7 H, m, ArH). 

Ethylmagnesium bromide (2.1 mmol) 
and the alcohol (6k) (244 mg, 1.0 mmol) in benzene (20 ml) 
gave a yellow oil which was separated by preparative t.1.c. 
(ethyl acetate-light petroleum 1 : 1) into two components. 
That of higher RF comprised the cyclised alcohols (7e) and 
(8e) (97 mg, 43%) ; v,,,. 3 300 and 1 600 cm-l; 6 2.41 (2 H, 
m, CH,), 2.91 (2 H, t ,  J 7 Hz, ArCH,), 4.20 (1  H, t, J 7 Hz, 
CH), 6.60-7.41 (7 H, m, ArH), and 7.75 (2 H, br s, 2 x OH, 
exchanged with D,O) . The band of lower R p  afforded the 
olefin (9e) (4.6 mg, 2%); vmx 3 300, 1 620. and 960 cm-l; 
8[(CD3),C0] 3.45 (2 H, d, J 6 Hz, ArCH,), 6.41 (2 H, m, 
CH=CH), and 6.61-7.51 (8 H, m, ArH). 

Methylation of a mixture of (7e) and (8e) as previously 
described for the cyclised product (7a) followed by 
preparative t.1.c. (ether-light petroleum, 1 : 4) gave 5- and 
7-methoxy-1-(4-methoxyphenyl)indan (7f) and (8f) (90%) 

The alcohol (6a). 

The alcohol (6k). 
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(Found: C, 80.0; H, 6.9. C1,H1,02 requires C, 80.3; H, 
7.1%); vInax. 1600 cm-l; 6 2.11 (2 H,  m, CH,), 3.01 (2 H, 
m, ArCH,), 3.81 (6 €3, s, 2 x OCH,), 4.21 (1 H, m, CH), and 
6.70-7.41 (7  H, m, ArH). 

Similar methylation of the olefin (9e) gave the olefin (9f), 
identical (i.r., n.m.r., and t.1.c.) with the previously prepared 
sample. 

Ethylmagnesium bromide (1.92 nimol) 
and the alcohol (60) (232 mg, 0.90 mmol) in benzene (17 ml) 
gave, after work-up, an oil which was purified by preparative 
t.1.c. (ethyl acetate-light petroleum, 1 : 1) to give the 
cyclisecl products (7g) and (8g) (194 mg, goyo), methylation 
of which, as previously described for (7a), followed by 
preparative t.1.c. (ether-light petroleum, 1 : 4) gave 6- 
and 8-methoxy- 1-(4-unethoxyphenyl)-l,2,3,4-tetrahydvonaphth- 
alene (7h) and (8h) (90%) (Found: C, 80.9; H, 7.7. 
C,,H,,O, requires C, 80.6; H,  7.57('), v,,,,. 1600 cni-l; 
6 1.81 (4 H,  m, 2 x CH,), 2.80 (2 H, m, ArCH,), 3.72 (6 H, 
s ,  2 x OMe), 3.95 (1 H,  m, CH), and 5.58-7.21 (7 H, m, 
ArH) . 

A 
solution of the alcohol (6f) (180 mg, 0.79 mniol) in ether 
(5  ml) was treated with ethylmagnesium bromide solution 
[0.94 mmol, in ether ( 5  ml)] as described in the general 
method. The mixture was stirred for 10 niin and the ether 
was removed in vacuo under nitrogen. Benzene (15 ml) 
was added, followed by ethyl vinyl ether (100 mg, 1.39 
mmol) in benzene (2 ml) and the mixture was heated a t  
reflux for 20 h. T.1.c. 
indicated the absence of the starting alcohol. I'reparative 
t.1.c. (ether-light petroleum, 3 : 7) afforded 2-etlioxy-4- 
phenethylchroman (18) (123 mg, 55%) (Found: C, 80.8; 
H, 8.2. C,,H,,O, requires C, 80.8; H, 7.9%); v,,,,. 1 600 
cm-l; 6 1.31 (3  H, m, CO,CH,CH,), 2.20 (4 H,  m, 2 x CH,), 
2.91 (3 H,  m, ArCH, and ArCH), 3.90 (2 H, m, CO,CH,), 5.0 
(1 H,  m, OCH), 7.11 (4 HI  m, ArH), and 7.35 ( 5  H, s, PhH). 

Reactions of Sodium Hydride with Alcohols.-Geneval 
method. To a solution of the alcohol (1.0 mmol) in ether 
(6 ml) was added sodium hydride (80% dispersion in mineral 
oil; 2.2 mmol) under nitrogen. After the mixture had 
been stirred for 10 min a t  room temperature, the ether was 
removed in vacuo. Benzene (20 ml) was added and the 
solution was treated in a manner similar to that pre- 
viously described for the reaction of the alcohol with ethyl- 
magnesium bromide. 

A ttempted n-Butyl-lithium-catalysed Cyclisation of (6a) .- 
To a solution of the alcohol (6a) (244 mg, 1.0 mmol) in ether 
(6 ml) at 0 "C under nitrogen was added n-butyl-lithium 
( 1 . 7 ~  in hexane, 1.2 ml, 2.0 mmol). The reaction mixture 
was stirred for 10 min a t  room temperature and the ether 
was removed in vacuo. Benzene (20 ml) was added and the 
mixture was heated at reflux for 20 h. The cooled reaction 
mixture was quenched by the addition of aqueous ammo- 
nium chloride (20%). The solution was extracted with 
ether and the ethereal solution was dried (brine and mag- 
nesium sulphate). Removal of the solvent in vacuo gave a 
viscous oil. Preparative t.1.c. (ether-light petroleum, 1 : 1) 
gave a colourless oil (195 mg, 80%), identical (i.r., n.m.r., 
and t.1.c.) with the starting material. 

Attempted Sodium Methoxide-catalysed Cyclisation of 
(6k).-Sodium metal (46 mg, 2.0 mmol) was allowed to 
react with methanol (3 ml) and a solution of the alcohol 
(6k) (244 mg, 1.0 rnmol) in methanol (3  ml) was added a t  
room temperature. The mixture was stirred for 10 min 
and the solvent was removed in vacuo. Benzene (20 nil) 

The alcohol (60).  

Trapping of the o-quinone rnethide from the alcohol (6f). 

Work-up as above gave an oil. 

was added and the mixture was heated a t  reflux for 20 h. 
Work-up as above, followed by preparative t.1.c. (ether-light 
petroleum, 1 : 1) gave an oil (196 mg, 80%) which was shown 
to be identical with the starting material (i.r., n.m.r., and 

Stannic Chloride-catalysed Cyclasations of Alcohols .-The 
aZcoho2 (6a). To a solution of the alcohol (6a) (500 mg, 2.05 
nimol) in dichloromethane (50 ml) was added stannic 
chloride (5.3 g, 20.5 mmol). The mixture was stirred a t  
room temperature under nitrogen for 1.5 h and then poured 
onto ice-water and the organic phase separated. The 
aqueous layer was extracted with dichloromethane and the 
combined extracts were dried (brine, niagnesiuni sulphate) . 
Removal of the solvent in vacuo followed by preparative 
t.1.c. (ether-light petroleum, 1 : 1) afforded a mixture of 
5- and 7-hydvoxy- 1-( l-~zydroxyphenyZ)inda~z (7a) and (8a) 
(340 mg, 72%) (Found: C, 79.5; H, 6.1. C,,H,,O, 
requires C, 79.6; H ,  6.2./,); v,,,. 3 300 and 1600 cm-l; 
6 2.40 (2 H, m, CH,), 2.91 (2  H, t, J 7 Hz, ArCH,), 4.20 
(1 H, t, J 7 Hz, ArCH), 6.60-7.41 (7 H, ra, ArH), and 7 . 7 5  
(2 H,  s, OH, exchanged with D,O). 

Methylation (2 mol equiv. of potassium carbonate, excess 
of methyl iodide, acetone, reflux, 24 h) of the above cyclisecl 
products (7a + 7b) (140 mg) followed by preparative t.1.c. 
(ether-light petroleum, 1 : 4) afforded a mixture of the di- 
methyl ethers (7b) and (8b) (144 mg, 92(%) (Found: C, 80.5; 
H, 7.0. C,,H,,02 requires C, 80.3; H, 7.10,:); v , , , ~ ~ ,  1 G O 0  
cn1-l; 6 2.55 (2  H, in, CH,), 3.01 (2  H, t, J 8 Hz, ArCH,), 
3.81 (3  HI s, OMe), 3.87 ( 3  HI  s ,  OMe), 4.81 (1 H, t, J 8 Hz, 
ArCH), and 6.50-7.51 (7 H,  m, ArH). 

Similar cyclisation of the alcohol (Ge) 
(250 mg, 0.92 mmol) in dichloromethane (20 ml) with 
stannic chloride (2.4 g, 9.2 mmol) at room temperature for 
1.5 h followed by preparative t.1.c. (ether-light petroleum, 
1 : 4) of the crude product gave a mixture of (7b) and (8b) 
(177 nig, 76y0), identical (Lr., n.ni.r., t.l.c., and g.1.c.) 
with the above known sample. 

Similar treatment of the alcohol ( G j )  
(160 nig, 0.56 mmol) in dichloromethane (20 ml) with stannic 
chloride (1.46 g, 5.60 mmol) gave an oil by usual work-up. 
Preparative t.1.c. (ether-light petroleum, 1 : 4) afforded a 
colourless oil which solidified on standing to afford the 
desired products (7d) and (8d) (105 mg, 70%), m.p. 63- 
66 "C, identical (i.r., n.m.r., t.l.c., and g.1.c.) with the above 
known sample. 

Similar treatment of the alcohol (6n) 
(150 mg, 5.5 mmol) in dichloromethane (20 ml) with stannic 
chloride (1.43 g, 0.55 mmol) followed by preparative t.1.c.- 
(ether-light petroleum, 1 : 4) of the crude oil gave a mixture 
of (7f) and (8f) (100 mg, 71';d), identical (i.r., n.m.r., t.l.c., 
and g.1.c.) with the above sample. 

In a manner similar to that described 
for the reaction of the alcohol ( G j ) ,  the alcohol (6q) ( 1  60 mg, 
0.56 mmol) was cyclised to give a mixture of (7h) and (811) 
(106.5 mg, 71y0), identical (i.r., n.rn.r., t.l.c., and g.1.c.) with 
the above sample. 

t.1.c.). 

The alcohol (6e). 

The alcohol (6j). 

The alcohol (6n). 

The alcohol (6q). 
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