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Reduction of 3,6-dimethoxy-4-methylphthalic anhydride gave a mixture of 3,6-dirnethoxy-LS-methyl- (1 ; R1 = H, 
R2 = Me) and 3,6-dimethoxy-5-methyl- (1 ; R 1  = Me, R2 = H) phthalide. 

The condensation of 2,6-dimathoxylithiobenzene with phthalides gives the corresponding 2'- hydroxymethyl- 
2,6-dimethoxybenzophenones. Treatmmt of 6-acetoxymethyl-2,5-dibenryloxy-2',6'-dimethoxy-4-methyl- 
benzophenone (1 1 ; R = H) with boron trichloride gives 1 - (2-hydroxy-6-methoxyphenyl)-5-methyl-4,7-dioxo- 
4,7-dihydroisobenzofuran (13; R = H), the structure of which was defined by X-ray analysis. The crystals are 
monoclinic, space group P2, with two molecules in a unit cell of dimensions a = 10.818(1), b = 7.752(1), c = 
7.808(3)& and = 90.28(1)". The structure was solved by the direct method using 1 257 reflections and refined 
by full-matrix least-squares calculations to R = 0.053. 

DURING earlier investigations 1,2 directed towards tlie 
synthesis of the fungal pigments, type (2) from ergot, we 
condensed 2,Ci-dimethoxylit hiobenzene witli an1 i ytlrides 
to yield 2'-carboxybenzophenones of type (5 ; K == C0,- 
H) . Cyclisation of the corresponding ap-unsaturated 
acid (or ester) [type (S)] gave a spiran (7) rather than 
tlie requisite liexahydroxantlione [type (S)]. To cir- 
cumvent this prvblem we planned to replace tlie carb- 
oxy-group in (6) with a functionalised alkyl residue, as 

co-o- 

OMe OMe 

( 3 )  ( 4 )  

in (5; K = CH,OH), since benzoylieiioncs of type (9; 
R = Me) cyclise to a tricyclic structure of type (10; 
R = Me). To this end we have developed a route to  a 
potential synthon, 2,5-dibenzyloxy-6-hydroxymetliyl- 
2',6'-dimethoxy-4-rnethylbenzoplienone (1 1 ; R = H), 
for ring c of these metabolites. 

We now report the preparation of this synthon to- 
gether with its unexpected conversion into thc iso- 
benzofuran (13). 

Reduction of 3,6-dimethoxy-4-rnetllylphtlialic an- 
hydride,* by conventional processes formed a mixture of 
the readily separable phthalides ( I ;  RI = Me, R2 = H) 
m.p. 113 "C and (1; R1 = EI, R2 = Me), m.p. 168 "C 

Attenipts to differeiitiate unequivocally between tlicbse 
isomers by ctieniical arid spcctroscopic iiieans were un- 
successful ; Irowever, this was achieved indirectly in the 
scqucl. 

Dernetliylrttion of ( 1  ; IC1 = Ale, R2 = H) using either 
boron trihromicie or hydrobromic acid gave 3 , h l i -  
liydroxy-5-niethylplitlialide wliicli was readily con- 
verted into the 3,G-dibenzyl ether. A minor product 
from the hydrolysis of 3,6-dimetlioxyph thaloni t rile ( 3 )  
was 2-formyl-3,6-di1nethoxy-4-inetliylbenzoic acid (4). 

Initial experiments showed that 2,6-dimethoxylitliio- 
benzene condensed readily, in high yield with phtlialide 
and 3,6-dimethoxyphtlialide to yield the 6-hydroxy- 
methylbenzophenones (12; K = H) and (12; I< = OMe) 
respectively. Finally, 3,6-dibenzyloxy-5-inethyl- 
phthalide gave the syntlion (11; K = H) from which it 
was planned to obtain (9; R = CH20H) by standard 
methods. However, catalytic removal of the benzyl 

R 
I 

C02H a \ 

0 
OMe 

( 7 1  ( 8 )  

residues from (11 ; K = H) did not yidd (9; R = CH,- 
OH) but 2-(2,6-dimethoxyphenyl)-5-metliyl-4,7-diox~~- 
4,7-diliydroisobenzofuraii (13 ; R = Me). Because the 
availability of (13; R = Me) was limited and the spec- 
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tral data were iiot reatlily iiitcq)rt:tt:tl in t tmis of a 
unique structure, tliis novel isolmizofurari was defined 
by X-ray cry5tallography o f  the denietliyl dcrivative 
(13; I< = H), which was obtained by treatiiieiit of the 

TABLE 1 
1;r;ictional co-ordiiiates ( x 1 O * )  wit1 L 

estiiiiated standard deviations in pmmtlieses 
X Y 

11 922(4) -2  55!) t 
11 649(4) -4 257(9) 
10 539(4) -4 590(8) 

- 3 326( 8) 9 516(4) 
9 720(3) - 1 6131(8) 

10 811(4) 288( 9) 
10 894(4) -1 318(8) 

!) 664(3) 953(7) 

7 714(4) BlO(8) 

6 263(4) 2 2!)1(9) 

8 986(3) - 271(8) 

7 475(4) 1 XO9(9) 

5 315(4) 1168(10) 
5 515(4) -438(10) 
6 718(4) - 892(8) 

12 931(3) --2 226(8) 
12 679(4) -5 570(9) 
8 574(3) - 3  679(7) 
8 449(3) 2 845(8) 
7 009(3) - 2 393(7) 
6 040(5) - 3  611(10) 

10  393 -5 863 
11 545 946 
6 081 3 527 
4 384 1 535 
4 752 - 1 301 

13  478 -5 053 
1 2  380 -6 735 
12 918 --5 859 
8 070 3 923 
6 399 - 4  737 
5 329 --3 026 
5 653 -3 984 

t Fixed co-ordinate. 

7 

1 729(6) 
2 512(6) 

3 366(6) 
2 482(6) 
1 736(6) 
1 066(7) 

2 237(5) 
2 666(6) 
3 419(6) 
3 83 l(7) 

3 238(fi) 

1359(4) 

:3 4X8(8) 
2 721(7) 

3 542(8) 

3 77R(S) 
1495(4) 
1212(10) 

2 297(6) 
1122(5) 

4 170(5) 

3 760 
398 

4 416 
3 825 
2 465 
1 8 9 5  
1905  
3 856 
4 278 

571 
429 

2 430 
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O-acetate (11; R = Ac) with boron trichloride at  

Atomic co-ordinates and their standard deviations are 
given in Table 1 and interatomic distances and angles 
in Table 2. view of the molecule and of 
the unit-cell packing are shown in Figures 1 and 2 res- 
pectively. The results of the analysis (Figure 1) to- 
gether with the bond length data, clearly establish the 
quinonoid structure (13; R = H), from which the 

-70 "C. 

An ORTEP 

TABLE 2 
Interatomic distances (A) and angles (") with estimated 

standard deviations in parentheses 
(a) Bond lengths 
C(l)-C(2) 1.481(7) 
C(l)-C(6) 1.470(6) 
C(l)-O(16) 1.220(5) 
C(2)-C(3) 1.355(6) 
C( 2)-C( 1 7) 1.509( 7) 
C (3)-C(4) 1.482 (6) 
C(4)-C(5) 1.460(6) 
C( 4)-O( 18) 1.230 (5) 
C(5)-C(6) 1.429(6) 
C(5)-C(9) 1.371(6) 
C(6)-C(7) 1.353(7) 
C( 7)-O( 8) 1.364(6) 

C)( t()-C( 9) 
c (9)-C( 10) 
c (1 0) -C( 11) 
C( 1 0)-C( 15) 
C( 1 1)-C(12) 
C(ll)-0(19) 
C(12)-C( 13) 
C( 13)-C( 14) 
C( 14)-C( 15) 
C( 15)-O( 20) 
0(20)-C(21) 

1.3 84(5) 
1.465(6) 
1.396 7) 
1.404 6) 
1.403 1 7) 
1.351 (ti) 
1.370(8) 
1.400(9) 
1.390(6) 
1.359(6) 
1.428( 6) 

(6) Bond angles in degrees (e.s.d.) involving non-hydrogen 
atoms 

Atoni 

C(2)-C(1)-0(16) 
C(6)-C( 1)-O( 16) 

C(2)-C( l)-C(ti) 

C( 1 )-c (2)-c (3) 
C( l)-C(2)-C( 17) 
C(3)-C(2)-C(17) 
C(2)-C (3)-C( 4) 
c (3)-C (4)-C(5) 
C(3)-C( 4)-O(18) 
C(5)-C (4)-0 (1 8) 
C( 4)-C (5)-C (6) 

C (  6)-C(S)-C(9) 
C( l)-C(6)-C(5) 
C( l)-C(6)-C(7) 
C(5)-C(6)-C(7) 
C( 6)-C( 7)-O( 8) 

C( 4)-c (5)-C(9) 

Angle 
115.4(4) 
1 2  1.9(4) 
122.8( 5) 
1 2 1 . 3  (4) 
1 17.2(4) 
121.4(5) 
124.5( 4) 
1 1 5.3 (4) 
120.5(4) 
124.2(4) 
120.3( 4) 
132.3 (4) 
107.3 (4) 
1 23.8 (4) 

106.6( 4) 
110.0(4) 

1 3o.q 5) 

Atom 
C( 7)-0 (8)-C( 9) 
C( 5)-C( 9)-0( 8) 
C(S)-C(9)-C( 10) 
O( 8)-C( 9)-C( 10) 
c(9)-c(lo)-c(ll) 
C(9)-C( 1 0)-C( 15) 
C(ll)-C(10)-C(l5) 
C(l0)-C( 11)-C( 12) 
C(10)-C( 11)-O(19) 

C(ll)-C(12)-C(l3) 
C(12)-C(l3)-C(14) 
C(13)-C(14)-C(15) 
C( 1 0)-C( 1 5)-C( 1 4) 

C( 15)-0(20)-C(21) 

C(12)-C(11)-0(19) 

C(I0)-C( 15)-O(20) 
C(14)-C( l5)-O(20) 

Angle 
1 08.4 (4) 
108.1(3) 
135.8(4) 
1 16.1 (4) 
119.9(4) 
121.2(4) 
11 8.9( 4) 
130.5(4) 
1 1 7.8 (4) 
121.6(5) 
1 19.1 (5) 
122.1(4) 
118.3(5) 
12 1.1 (4) 
1 15.8(4) 
123.1 (4) 
1 17.7 (4) 

(c )  Non-bonded distances <3.4 i'i 

C(2) * * * (l(8I) 3.337 O(8) * * O(19) 3.730 
C(2) * O(19*') 3.829 C(14) O(16Iv) 3.355 
C(3) * * * O(19111) 3.043 O(18) . * * 0(191*1) 2.717 
C(3)  * * * O(1911) 3.191 O(18) * H(191II) 1.939 
C(4) * . O(191'1) 3.202 O(18) * * * O(20) 2.861 

Thc Roman numerdls refer to the following equivalent 
C(4) * * . o( l9r I )  3.258 

positions : 
I 2 - x x , - ~ + y , - z  111 x ,  -1 f y, 3 

IV -- 1 4- x ,  y ,  2 11 '2 - x ,  - 4  + y,  1 - z 

orientatioii of the parent phthalide follows. Thus bonds 
C(2)-C(3), C(5)-C(9) and C(5)-C(7) are double bonds 
lrriean length 1.360(6) A] ; bonds C(l)-C(2), C(l)-C(6), 
C(3)-C(4), and C(4)-C(li) are C ( S ~ ~ ) - C ( S @ ~ )  single bonds 
/niean length 1.473(6) A]. Bond C(5)-C(6) [1.429(6) A] 
is shorter than the other C(sfiz)-C(sp2) single bonds and 
this may result from some slight conjugation effects. 

The aromatic ring C(lO)-C(lS) is rotated48.2" about the 
C(9)-C(lO) bond out of the plane of the phthalide system 
C( l)-C(7), C(8), C(9) to relieve intramolecular over- 
crowding which would arise between O(18) and 0(20), 



and O(8) and O(19). This rotation gives rise to 0 0 
separations of 2.73 [O(S) 0(19)] and 2.86 A [0(18) 
O(2O)j. Other indications of steric strain are the large 
difference in bond angles at C(9), e.g. C(S)-C(9)-C(lO) 
116.1 (4)" and C(S)-C(9)-C( 10) 135.8(4)". Interestingly, 

I + i t i t i ~ b  1 0H'l'k:l' view of (9; i< 11) 

the liydroxy-group of O( 19)H hydrogen-bonds inter- 
molecularlj. to carhonyl oxygen O( 18) of a neighhouring 
molecule related by a b-axis translation to produce a chain 
of moleculcs in the crystal structure with 0-11 - 0 
2.72 A (Figure 2). Presumably no suitable orientation of 

FIGURE 2 Stereo-pair sliowing thc crystal structure and the 
hydrogen bonding of (9 ;  R = H) 

the aromatic ring and its liydroxy-group could give rise 
to intraniolecular hydrogen bonding. 

The genesis of these isobenzofurans is prt'suniably by 
way of the hemiacetal (14), followed by elimination of the 
elements of water as shown, with the quinone type (9) 
being a more likely precursor than the corresponding 
quinol. 

EXPERIMENTAL 

N.1ii.r. spectra were determined in solution in CUCl,, a t  
60 MHz. 

3,6-niulzethoxy-5-1~et/iyl- and 3,(i-Ui1~ethoxy-4-1~~etl~yl- 
phlhalide .-(a) A solution of 3,6-dinietlioxy-4-methyl- 
phthalic anhydride ( 1  g) in acetic acid (50  ml) was main- 
tained a t  100 "C whilst zinc dust was slowly added (stir) 
until the solution was colourless and the initial purple 
fluorescence had disappeared. The hot mixture was fil- 
tered, diluted with water, and extracted with ethyl acetate. 

Crystallisation of the product froni ethyl acetate gave a 
mixture of the two isomeric phthalides which were separated 
by chromatography from benzene-ethyl acetate (50 : 1) on 
silica to give (i) 3,6-dimethoxy-4-methyZphthalide (0.14 g) as 

plates, 11i.p. 188 "C, from acetone-ether; v,,,,,,. 1 760 ciii 

(plithalitle >C=O); T 7.7 (s, ArCH,, 3 H),  6.15 (s, OC'H,, 
3 11), 6.05 (s, OCtl:5,  3 H), 4.9 (s, AI-C/~,--O,  2 H), and 3.1 
(s, ArH, H) (Found: C, 63.7; H, 5 . 6 % ;  M '  208. C,,H,,- 
0, requires C, 6 3 . 5 ;  €1, 5.8(;(,; iZ.1 208), and (ii) 3,6-dZ- 
nzetlion.y-5-met~~.yl~/~t/ia~~de (0.52 g)  as cubes from ethyl 
acetate, n1.p. 113 "C; v , , , ~ ~ ~ .  I 745 cni (plitlialitle >C=C)); 
T 7.65 ( s ,  ArCH,, 3 H),  6.20 (s, OCH,, 3 H). 6 10 (s, O C H ,  
3 H), 4.75 (s, ArCN,-0, 2 H), and 3 .3  ( s ,  Arti ,  1 H) (I~ountl 

( b )  Reduction of a suspension of 3, ti-di1iietlio?iy-4-tiietl~yl- 
phthalic anhydride (1 g) in alcohol (100 ml) with an escess o f  
sodium borohydride a t  reflux temperature until the re- 
sultant solution was colourless gave 3,6-diniethosy-4- 
niethylphthalide (0.16 g) and 3,6-dimethoxy-5-methyl- 
phthalide (0.55 g), identical with the products prepared by 
route (a) .  

3,6-Dilzydvoxy-5-1nethyZfil~thalide.-(n) A solution of 3,6- 
climethoxy-5-niethylphthalide (0.4 g) in benzene (20 ml) 
was stirred during addition of a loo//, solution of boron 
tribromide (2 nil) in benzene: 1 h later, after addition of 
water, the solid product was collected. Trituration with 
ether gave 3,6-dihydroxy-5-nzethyZ~hthaZide as a semicrystal- 
line light-brown solid (0.05 g), n1.p. 168-169 "C, exhibiting 
an intense dark brown ferric chloride test: vmas. 3 600- 
3 300 (OH), 1730 c1n-l (phthalide >C=O); T [(Cn,),CO] 
7.75 (s, ArCH,, 3 H), 4.8 (s, O H ,  2 H replaceable with L),O), 
4.75 (s, ArCH,O, 2 H),  3.3 (s, ArH, 1 H) (Found : C, 59.9; H, 
4.6?(,; M f  180. C,H,O, requires C, 60.0; H, 4.60/:,; M 180). 

Extraction with ethyl acetate of the aqueous liquid re- 
maining after separation of the solid gave 6-hydroxy-3- 
methoxy-5-u~etliyll~t/aalide (0.3 g )  as needles, n1.p. 254 "C 
from ethyl acetate having a negative ferric reaction in 
alcohol; v,~,,,. 3 530-3 100 (OH), 1 745 c ~ i i - ~  (phthalide 
>C=O); T [(CD,),CO] 7.65 (s, ArCN,, 3 H), 7.05 (s, O N ,  1 H, 
replaceable with D,O), 6.15 (s, OCH,, 3 H), and 4.28 (s, 
ArCH,O, 2 H) (Found: C, 01.4; H, 5.3%; M f  194. Clo- 
H,,04 requires C, 61.8;  H, 5.2%; A4 194). 

(b )  A solution of 3,6-dimethoxy-5-niethplphthalide (0.35 g) 
in acetic acid (5  ml) containing 48% hydrobromic acid (8 
Inl) was refluxecl (nitrogen) for 3 h. The dark solution was 
diluted with water (250 ~ n l ) ,  neutralised by the addition of 
excess of sodium hydrogencarbonate, a n d  extracted with 
ether to yield 3,6-diliydroxy-5-methylphtl?slide (0.15 g) 
identical with that prepared by method (n ) .  

A solution of 3,6-dihydroxp-5-metliylphthalide (0.1 5 g) in 
acetone (15 nil) containing benzyl bromide (2 nil) and 
anhydrous potassium carbonate (2 g) was refluxed for 4 h .  
The resultant 3,6-dibenz~~Zoxy-5-nzet/zyl~~tlzal~~~e was purified 
by p.t.1.c. on silica using benzene-ethyl acetate (19 : 1) as 
eluant, then from benzene-light petroleum (b.p. 40-60 "C) 
as plates (0.12 g), m.p. 106 "C; v , , , ~ ~ .  1 766 cni-l (phthalide 
>C=O); T [(CD,),CO] 7.7 ( s ,  ArCH,, 3 H), 5.0 (s, ArCH,, 2 
H), 3 0 (s, ArH, 1 H), and 2.6 (ni, ArH, 10 H) (Found: C, 
76.6; H, 5 . 8 % ;  M t  360. C,,H,o04 requires C, 76.7; T-I, 
5.6% ; 360). 

Reduction of a solution of 3,6-di1nethoxy-5-1nethyl- 
phthalide (0.25 g) in boiling ether (I00 nil) containing 
lithium aluminium hydride (1 g) during 2 h, gave 3,6- 
di1uzet lzoxy-4-~net~yl~~~tl iu~yl  alcohol ( 0 . 2  g) which formed 
cubes, imp. 87 OC, from acetone; v , , , ~ ~ .  3 640-3 080 ern-' 
(OH) ; T 7.7 ( s ,  ArCH,, 3H) ,  7.0 ( s ,  ,4rOH, 2 H replaceable by 
D,O), 6.25 (s, ArCH,O 2 H), 6.0 (s, ArCH,, 2 H), and 3.3 
(s ,  ArH, 1 H) (Found: C, 62.1; H, 7.7%; A f t  212. C,,H,,04 
requires C, 62.3; H, 7.6%; M 212). 

C, 63.5; H, 5.1%; Ad' 208). 
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2-I;ormyl-3,6-dimethoxy-4-meth~~lbenzoic Acid (4) .--The 

mother-liquors ' from the hydrolysis of 3,6-dimethosy-4- 
methylphthalonitrile ( 10 g )  were extracted with ethyl 
acetate : this extract was washed with 2~-sodium hydrogen- 
carbonate solution. Acidification of the resultant alkaline 
solution gave 2-formyl-3,6-dinzethoxy-4-nzethylhenzoi~ acid 
(0.6 g) which formed cubes, m.p. 194 "C from ethyl acetate: 
vmax. 1 730 (carboxylic G O ) ,  1 600 cm-l (formyl C=O) 
(Found: C, 58.6; H ,  5.5%; M k  224. C11H12O5 requires C, 
68.9; H, 5.4%; M ,  224). 

2-Hydroxymethyl-2',6'-di.~zet~ioxybenzo~~ienone.-~scess of 
a solution of 2,6-diniethoxyphenyl-lithium in ether was 
added dropwise during 5 min, to a solution of phthalide 
(3 g) in ether (300 ml) with stirring in an atmosphere of 
nitrogen. After 4 11, the mixture was acidified with 2 ~ -  
sulphuric acid, diluted with water (200 ml), and the ethereal 
layer separated, washed, dried, and evaporated. Purific- 
ation from ether gave 2-hydrox~~~zet/iyl-2',6'-diiizetlzoxy- 
benzophenone (4 g) as needles, n1.p. 107 "C; v ~ , , : ~ ~ ,  3 650- 
3 100 (OH) and 1665 cn1-l ( G O ) ;  7 [(CD,),CO] 7.1 (s, 
OH, H, replaceable +D,O), 6.3 (s, 2 x OCH,, 6 H) ,  5.0 
(s ,  CH,OH, 2 H) ,  3.3-3.15 (ArH, 2 H) ,  2.8-2.1 (ArH, 4 H), 
and 2.7-2.45 (ArH, 1 H) (Found: C, 70.8; H ,  6.l"h; M'  
272. C1,Hl,O4 requires C, 70.6; H, 5.9%; M 272). 

Oxidation of a solution of this alcohol ( 1  g) in acetone (30 
i d )  with an excess of Jones' reagent gave 2- (2', 6'-dirnethoxy- 
benzoy1)benzoic acid (0.6 g) ,  m.p. and mixed ni.p. with an 
authentic specimen 202 "C (Found: C, 67.1; H, 4.9. 
Calc. for CltiH1405: C, 67.1; H, 4.972). 

3,6-Dimetlzoxypht/~alide.-Zinc dust was added (stir) to a 
solution of 3,6-diinethoxyphthalic anhydricle ( 1 g) in acetic 
acid (50 ml) at 100 "C until the initially purple, fluorescent 
solution became colourless. The hot reaction mixture was 
filtered and the filtrate diluted with water (250 nil) and ex- 
tracted with ethyl acetate to yield 3,6-dimcthoxyplitlaalide 
(0.8 g)  as light yellow rhombs, 1ii.p. 171 "C from ethyl 
acetate; v,,,,,.l 700 cm-l (phthalide G O )  (Found: C, 61.7; 
H, 5.5. C,,Hl,O requires C, 61.9; H, 5.27;). 

flhenone.--Prepared from the addition of an excess of a 
solution in ether of 2,6-dimethoxylithium to a solution of 
3,6-dirnethoxy-5-niethylphthalide (0.9 g) in ether (200 nil), 
6-hydroxy~nethyl-2,2',5,6'-tetmnzetl~oxy-4-Ynethylbe~z~~~lie~one 
formed prisms (0.6 g), m.p. 132--134 "C, from acetone; 
vmax. 3 560-3 420 (OH), 1 655 cn-l  (C=O) ; T [(CIl,),CO] 
7.7 (s, ArCH,, 3 H), 7.25 (s, O H ,  1 H, replaceable +D,O), 
6.55 (s, OCH,, 3 H), 6.35 (s, 2 x OCH,, 6 H), 6.2 (s, OCH,, 
3 H), 5.4 (s, CH,OH, 2 H),  3.4-2.25 (ArH, 2 H), 3.15 (ArH, 
1 H), and 2.8-2.5 (ArH, 1 H) (Found: C, 65.4; H,  S . 5 y 0 ;  
M +  346. CISH,,Oti requires C, 65.8; H, 6.40/,; M 346). 

Prepared similarly in 55 yo yield, from 3,6-dimethoxy-4- 
methylphthalide, 6-tzydi~oxynzet~~yl-2,2', 5,6'-tetra19zethoxy- 3- 
ruzet~iylbeiz-ophenone formed cubes, n1.p. 134-1 36 "C, from 
ether: v,,,. 3 510 (OH) and 1 655 cm-l ( > G O ) :  [(CD,),- 
CO] 7.8 (s, ArCH,, 3 H), 7.05 (s, ON, 1 H, replaceable 
+D,O), 6.7 ( s ,  OCH, 3 H), 6.3 (s, 2 x OCH,, 6 H), 6.15 ( s ,  
OCH,, 3 H), 5.45 (s, CH,OH, 2 H), 3.35-3.20 (ArH, 2 H) ,  
3.0 (ArH, 1 H), and 2.75-2.45 (ArH, 1 H) (Found: C, 66.1; 
H, 6.4% ; M+ 346). 

2,5-Dibenzyloxy- 6-hydroxywzethyl-2', 6'-dimethoxy-4-wethyl- 
bemophenone.-Prepared from an excess of 2,6-dimethoxy- 
phenyl-li thium and 3,6-dibenzyloxy-5-methylphthalide (2  
g ) ,  the title benzophenone (1 g) formed prisms, m.p. 155- 
157 "C from ether, or cubes, m.p. 118 "C from ethyl acetate- 
light petroleum (b.p. 60-80 "C); vnmX 3 510 (OH) and 

6- Hydroxynzethyl-2,2', 5,6'-tetmv~ethoxy-4-nzethylbenzo- 

1656 cni-1 ( G O ) ;  T[(CU,),CO] 7.7  (s, ArClI,, 3 H), 7 . 1  (s, 
OH,  1 H, replaceable + D,O), 6.5 ( s ,  2 x OCH,, 6 H),  5.4 
(s, CII,OH, 2 H), 5.15 (s ,  ArCH,, 2 H), 5.0 (s, ArCH,, 2 H) ,  
3.5-3.35 (m, ArH, 2 H),  3.05 (s ,  ArH, 1 H),  3.1-2.35 (m, 
ArH, 11 H) (Found: C, 74.7; H, 6.2%; Mf 498. C,IH,,O, 
requires C, 74.7; H ,  6.10/,; M 498). 

Prepared quantitatively by the pyridine-acetic anhydride 
method, the 0-acetate formed rhombs, m.p. 163 "C from 
acetone; v,,,,. 1730 (acetate G O )  and 1675 cm-l ( G O )  
(Found: C, 73.6; H, 5.9%; M+ 540. C,,H&7 requires C, 
73.3; H, 6.0; M 540). The corresponding 0-benzoate 
formed prisms, n1.p. 116 "C from ethyl acetate-light 
petroleurii (b.p. 60-80 "C) (Found: C, 75.2; H, 5.6.  
C,,H,407 requires C, 75.7; H, 5.7%). 

5-Benzyloxy-6-hydroxy~nethyl-2,2', 6'-tr~methoxy-P-methyl- 
benzophenone.-Benzylation of 6-hydrosy-3-methoxy-5- 
inethylphthalide by the acetone-potassium carbonate- 
benzyl brornicle method gave 6-benzyloxy-3-methoxy-5- 
methylplLthalide as rhombs, 1n.p. 86 "C from ethyl acetate 
(Found: C, 71.8; €1, 5.7. C17HiGO4 requires C, 71.8; H,  

Prepared from this phthalide (1 g) and 2,6-ditnetlmxy- 
1'1 ien yl-lithium, 5-benz~~Eoxy-6-l~ydro,xy~etlz3~Z-~, 2', 6'-tri- 
metlzoxy-4-utzetl~yl~enzophenone (0 .6  g) formed needles, m,p. 
140 "C from ethyl acetate; vmax. 3 510 (OH) and 1 645 CIII-~ 

( G O )  (Found: C, 70.6; H, 6.2%; Mf 422. C,,H,,O, 
requires C, 71.1; H, 6.2%; M 422). 

This benzophenone (0.3 g) dissolved in dichlorornetha.ne (30 
nil) was stirred a t  70 "C whilst a solution of boron tribromide 
(0.5 g)  in the same solvent was added. After 1 h, the mix- 
ture ivas allowed to attain room temperature. Next day 
the product was isolated and purified by t.1.c. on silica using 
benzene-ethyl acetate (95 : 5)  to yield (i) 6-fovmyZ-5,6'- 
diJiydvoxy-2,2'-dimetl~oxy-4-met/aylbenzophenone (0.06 g) as 
yellow needles, m.p. 163 "C from ether, and having an in- 
tense green ferric reaction in alcohol; vnYax. 3 650-3 250 
(OH), 1655 (HC=O), and 1610 cm-l (chelated G O ) ;  T 
[(Cn,),CO] 7.65 (s, ArCH,, 3 H) ,  7.25 (OH,  2 H ,  replaceable 

(m, ArH, 2 H),  3.30 (s, ArH, 1 H), 2.75--2.45 (m, ArH, 1 H) ,  
and 0.05 (s, CMO, 1 H) (Found: C, 64.5; H, 5.0%; M f  316. 
C17Hl,j0, requires C, 64.6; H, 5.1%; M 316), and (ii) 6- 
fovvlzyl-5-hydroxy-2,2', (i-'trii.nethon.y-5-hydroxybenzophenone 
(0.03 g) as yellow needles, n1.p. 136 "C from ether, having a 
negative ferric reaction in alcohol; 7 [(CD,),CO] 7.70 ( s ,  
ArCH3, 3 I€), 7.15 (OH, 1 II, replaceable with D20), 6.50 (s, 
OCH,, 3 H) ,  6.2 (s, 2 x OCN,, 6 H), 3.3-3.10 (m, ArN,  
3 H), and 2.75-2.45 5.004; Mt 330. C1,H1,O, requires C, 
65.5; H ,  5.574 ; M 330). 

1 -(2,6-I~imetl~oxy~?tenyZ)-5-~ethyl-4,7-dioxo-4, "i-dihydro- 
isobenzofuran.-A solution of 2,5-dibenzylosy-6-hyclroxy- 
n1ethyl-2',6'-dimetlioriy-4-nietliylbenzoplienone (0.5 g)  in 
acetone (150 nil) containing 10% palladium-charcoal (0.1 g)  
was shaken in an atmosphere of hydrogen, until the absorp- 
tion of two equivalents was complete and the solution had 
become yellow. Isolated in the normal manner the 
dioxoisobenzofz~ran (0.3 g) formed yellow needles, m.p. 183- 
184 "C from ether; T 7.85 (s ,  CH,, 3 H), 6.2 ( s ,  2 x OCH,, 
6 €I), 3.4--3.25 (m, ArH, 3 H), 2.7-2.4 (t, CH=CMe, 1 H) ,  
and 1.8 (s, OCH=, 1 H) (Found: C, 68.7; H, 4.604 ; M +  298. 
C1,H1405 requires C, 68.5; H, 4.70/,; M 298). 

1-( 2-Hydroxy-6-nzethoxyplzenyl) -5-zrzethyl-4,7-dioxo-4,7- 
dihydvoisobenzofuran .-A4 solution of 6-acetoxymethyl- 2,5- 
dibenzyloxy-2', 6'-diinethoxy-4-methylbenzophenone ( 1 g) 
in dichloroinethane (150 ml) was treated a t  -70 "C with 

5.70/,). 

+D,O), 6.50 (s, 0CH3, 3 H), 6.30 (s, OCH, 3 H), 3.55-3.4 



10% boron trichloride-clichloroniethane (100 nil). After 1 
h, the solution was allowed to attain room temperature and 
12 h later the product was isolated to yield the title dioxo- 
isobenzufwan (0.2 g) [after chroinatograpliy on silica from 
ethyl acetate-light petroleum (b.p. 60-80 "C)] as yellow 
prisms, 1ri.p. 175-176 "C (Found: C, 67.4; H, 4.3%); Mf 
284. Cl,H120, requires C, 67.6; H, 4.3%; M 284). 

X - R a y  A na1ysis.-Crystals of (9; IGH) crystallisecl frotn 
ether as pale yellow plates with well defined faces. Pre- 
liminary cell and space-group data were obtained from 
Weissenberg and precession photographs, and accurate unit- 
cell dimensions were obtained by  least-squares refinement of 
the setting angles of twelve reflections measured on an auto- 
m a t  i c diffract ometer . 

Monoclinic, a = 
10.818(1), b = 7.752(1), G = 7.808(3) A, = !30.28(1)", U = 
654.8 A3, Z = 2, D, = 1.44, F(000)  = 296. Space group 
P2, (Cz, No. 4) or P2,frn (CEn, No. 11)  from systematic 
absences Oh0 for k odd. P2, chosen, and confirmed by the 
analysis. Mo-radiation, h =1 0.710 69 A, p(Mo-K,) = 0.66 
cm-l. 

Three-dimensional intensity data were collected on n 
Hilger and Watts four-circle diffractoineter controlled by a 
PI)€)-8 computer, in our usual way., A total of 2 03!) 
unique reflections was measured in the range 1 < 0 < 30" 
of which 1 257 with I > 3 4 1 )  were used in the refinement of 
the structure. The data were corrected for Lorentz a r i d  
polarisation effects but not for absorption which is in- 
significant. 

Structure A naZysis.-The structure was solved by direct 
methods using MULTAN 78.7 The first E-may calculated 
using the phases with the highest combined figure-of-merit 
gave a chemically recognisable (but unexpected) 1 G-atom 
fragment. A subsequent F,  Fourier synthesis phased with 
contribution from these atoms revealed the remaining non- 
hydrogen atoms of the molecule. Full-matrix least- 
squares refinement with weights derived from counting 
statistics ancl anisotropic thermal paranieters, loweretl R = 
CI\F,I - ]F,IZIF,l to 0.102. The scattering factors of ref. 

Crystal Data.-C,,H,,O,, M = 284.3. 

8 were used for hydrogen, and from ref. 9 for carbon and 
oxygen. 

A difference syiithesis revealed peaks of height 0.25-0.51 
e r$3 in positions consistent with the hydrogen atoms. These 
were allowed for in chemically expected positions with C-H 
1.08 and Uis0 0.063 A2 in the final least-squares calcul- 
ations. liefinement converged a t  R = 0.053 and R' = 
[Cwll;, - Fc121Cw]F,1z]3 = 0.059. A final difference syn- 
thesis was fe;Ltureless. 

A list of observed and calculated structure factors, 
thermal parameters, and mean plane data has been deposited 
as Supplementary Publication No. SUP 22850 ( 1  1 pp.) .* 
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