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The Chemistry of Fungi. Part 76.' The Synthesis and Transformations of 
Three Stereoisomeric 2- (2,6- D imet hoxybenzoyl ) -3- met hoxycarbonyl-7- 
oxabicyclo[2,2,1 Iheptanes 

By Alan D. Borthwick, David J. Curry, Alan Poynton, W. Basil Whalley," and (in part) John W. Hooper, 
The School of Pharmacy, The University, 29/39 Brunswick Square, London WCl N ?AX 

Condensation of 1 -lithio-2,6-dimethoxybenzene with the anhydride (1 0) of 7-oxabicyclo[2.2.1] heptane-2@,3P- 
dicarboxylic acid and subsequent esterification of the product gave 2p- (2,6-dimethoxybenzoyI) -3P-methoxy- 
carbonyl-7-oxabicyclo[2.2.l]heptane (8 ; R = H, R 2  = Me). The isomeric 2rx- (2,6-dim3thoxybenzoyl)-3cr- 
methoxycarbonyl-7-oxabicyclo[2.2.l]heptane (1 1 ; R = Me) was prepared similarly using the anhydride (9) from 
7-oxabicyclo[2.2.l]heptane-2cr,3cr-dicarboxylic acid. Epimerisation of (11 ; R = Me) or of (8; R 1  = H, R Z  = 
Me) gave 2a- (2,6-dimethoxybenzoyI) -3~-methoxycarbonyl-7-oxabicyclo L2.2.11 heptane (1 2). 

Treatment with boron trichloride of (1 1 ; R = Me) gave 1 rx-chloro-4(j-hydroxy-2a-(2-hydroxy-6-methoxy- 
benzoyl)-3a-methoxycarbonylcyclohexane (1 3 ; R = H) and 1,7rx-dihydroxy-8~-m~thoxycarbonyl-53cr,5,6,7,8,- 
8aa-hexahydroxanthone (23; R = H); similarly ( 8 ;  R '  = H, R2 = Me) gavc: 4(j-hydroxy-2P-(2-hydroxy-6- 
methoxybenzoy1)cyclohexane-1 P,3P-carbotactone (24 ; R = H) and 1,7cr-dihydroxy-8a-methoxycarbonyl- 
53a,5,6,7,8,8aa-hexahydroxanthone (25 ; R = H). The third isomer (1 2) formed 4a-chloro-1 P-hydroxy-2~-(2- 
hydroxy-6-methoxybenzoyl)-3~-methoxycarbonylcyclohexane (31 ; R = H) together with 1,7u-dihydroxy-8a- 
methoxycarbonyl-5aa,5,6,7,8,8aa-hexahydroxanthone (32 ; R = H). 

Hydrogenolysis of (1 ; R 1  = R 2  = Me) or treatment of (11 ; R = Me) with acid yielded 2-(2,6-dimethoxyben- 
zoyl)-4~-hydroxy-3~-methoxycarbonylcyclohexene (1 5 ;  R = H) : the corresponding acetate (1 5; R = Ac) was 
hydroxylated to form 4P-acetoxy-2a- (2,6-dim3thoxybenzoyI) -1 ~,2~-dihydroxy-3a-methoxycarbonylcyclohexane 
(1 8) as the major product. The stereoisomsric cyclohexene (34 ; R = H) was similarly obtained. 

Bromination of the ketone (1 1 ; R = Me) gave the a-bromDketone (33) : similarly the a-bromoketone (8; 
R 1  = Br, R2 = Me) was obtained from (8; R 1  = H, R 2  = Me) and (12). Dehydrobromination of each of these 
bromoketones formed 2- (2,6-dimethoxybenzoyI) -3-methoxycarbonyl-7-oxabicyclo[2.2.1] hept-2-ene (1 ; 

e) R 1  = R2 = M 
Various further transformations of these products are described. 

IN  an investigation concerning the synthesis of the fungal 
metabolite, ergoflavin and its congeners, we have shown 
that base-catalysed cyclisation of the ketone (1 ; K1 = H, 
R2 = Me) gaves the spiran (2) rather than the hexa- 
hydroxanthone, type (3). However, since the inter- 
conversion of ergochrysin (4) and isoergochrysin (5) 
most probably proceeds through an intermediate of type 
(6), we have investigated the possibility of obtaining such 
an intermediate from stereoisomers of the system (7) .  

OR' 

CO, Me 

( 1  I*  ( 2 )  
Although our initial objective has not yet been achieved, 
the investigation has provided routes to  a variety of 
related hexahydroxanthones, some of which are similar 
in structure to other natural products. Hence our in- 
vestigations in this area are now reported. 

Thus treatment of exo-7-oxabicyclo[2.2.l]heptane 
anhydride (10) with 2,6-dimethoxyphenyl-lithium gave 
the keto-acid (8; R1 = R2 = H). In the n.1n.r. 
spectrum of the methyl ester (8; R1 = H, R2 = Me) 
signals a t  T 5.19 (m, 1 H) and 4.90 (ni, 1 H) are attributed 
to the C-4 and C-1 bridgehead methine protons. 

In the preparation of ketones from organo-lithium 
reagents and alicyclic carboxylic acids the absence of 

* All the structures imply ($)-compounds. 

epimerisation at  the a-carbon atom has been rigorously 
demon~trated.~ Thus the exo-anhydride (10) would be 
expected to give the exo-ketone (8; R1 = R2 = 
This expectation is confirnied by the coupling constant 

HI. 

C02Me 

( 3  1 

C02 Me 

0 0  

(6) 

CO, Me 
I OH {aMe OH 

0 0  

HO 

(5) 

( J  9 Hz) of the C-3 methine proton which indicates 
the C-2/C-3 dihedral angle between the C-2 and 
protons is -O0. 

Condensation of 2,6-dimethoxyphenyl-lithium wit1 

hat 
c-3 

the 
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endo-7-oxabicyclo[2.2.1] heptane anhydride (9) similarly 
furnished the endo-ketone (11 ;  R = H), the methyl 
ester (11 ;  R = Me) of which was identical with the 

R' 

( 7 )  

The protons a to the ester residue in (8; R1 = H, R2 = 
Me), (11 ; R = Me), (12) and (28) resonate about T 

7.2-6.8; hence the signals a t  T 6.81 and 5.83 in the 
n.m.r. spectrum of the tram-ketone (12) may be assigned 
to the C-3 and C-2 protons, respectively. The C-3 
proton is adjacent to the C-2 and C-4 protons, but 
furnishes only a doublet signal with J 5 Hz. Models 
show that this is possible only if the C-3 proton is on the 
a-face of the oxabicyclo[2.2.l]heptane system, where the 
dihedral angle between the C-3 and C-4 protons is =goo, 

C0,Me 

hydrogenation product of the ketone (1; R1 = R2 = 
Me). 

The cis-ketone (8; R1 = H, R2 = Me) was converted 
quantitatively and rapidly in refluxing acetic acid- 
sodium acetate into the trans-ketone (12). Under 
similar conditions the cis-ketone (11 ; R = Me) epimer- 

ArCO 

MeOzC 
H-H 

MeO,C' k% 
OR 

"d)b OMe 

Me02C- H 

( 1 2 )  

Ill 

with a coupling constant of -0 Hz. Hence the split- 
ting of the C-3 proton signal ( J  5 Hz) is to be ascribed to 

0 axial-equatorial coupling to the C-2 proton. As the C-2 
proton signal is a triplet, this proton must be coupled to 
both the C-3 and C-1 protons and is therefore on the same 
side of the ring as the oxygen bridge. It thus follows 
that the trans-isomer can be depicted as (12). 

With these three diastereoisomeric 2-(2,6-dimethoxy- 
benzoyl)-3-methoxycarbonyl-7-oxabicyclo[2.2.1] - 
heptanes available, their possible transformation into a 
synthon, suitable for our purpose was investigated. 

Thus, treatment of the ertdo-ketone (1 1) with boron 
trichloride, gave two phenolic products, the major of 
which is formulated as the chloro-alcohol (13; R = H), 
genesis of which is by way of attack2 of the chloride 

COAr nucleophile on the oxido-bridge from the a-face. The 
n.m.r. spectrum included signals a t  T 7.20br (s, OH,  H, 
exchangeable with D20), 6.64 (s, OCOCH,, 3 H), 6.16 
(s, OCH,, 3 H), and -2.28 (s, OH,  1 H, exchangeable with 
D,O). The mass spectrum showed m/e 334 and 332 in an 

o h  "d"p OMe; 
..: H 

do2 R 

( 1 1 )  

O H  

(10) 

111 

- -  

CO,Me 

H 
- -  - -  

a6undance ratio of 1 : 3 in agreement with the presence of 
one chlorine atom in the molecule. The di-0-acetate 
showed n.m.r. signals inter alia at  T 8.01 (s, CH*OOCH,, 
3 H), 7.72 (s, ArOCOCH,, 3 H), and 4.80 (m, C-4 methine 
proton, 1 H), in accord with structure (13; R = Ac) where 

H chlorine is axial. In accord with this conformation (13; 
R = Ac) readily eliminated hydrogen chloride with warm 
pyridine to give the a@-unsaturated ketone (14). The i.r. 
spectrum showed vmax. 1768 (acetoxy carbonyl), 1738 
(ester carbonyl), and 1663 cm-l (aryl carbonyl). The 

- -  MeO, C 
- -  

COAr 
the saturated ring has a chair conformation, in which the 

(13 1 

ised only very slowly, if a t  all, but with toluene-$- 
sulphonic acid gradually gave a mixture of the parent 
ketone (11 ; R = Me) and the trans-isomer (12). 
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decrease in wavenumber of the aryl carbonyl peak in the 
i.r. spectrum of (14) by 27 cm-l [from 1 690 cm-l in (13; 
R = Ac)] together with the similar values (1 742 and 
1 738 cm-l) for the methoxyester carbonyl frequencies in 
(13; R = Ac) and (14), respectively, confirm tliat the 

the accompaniment of the normal trans-opening of this 
bridge. The stereochemistry of the xanthone derivative 
then follows arid is confirmed by the spectral data. In  
accord with this formulation, (23; R = €I) gives an 
intense green ferric reaction. The di-0-acetate (23; 

0 0  CO, Me 

H 4 
OA c 

0 Me H02C-@) Me M e O 2 C 0  H Me0,CQ H 

d I 

= =  
Me02 C 

- -  - -  
H 5  

C l  
o Me Me H 

Br 

(26) ( 2 7 )  ( 2 8 )  129) 

(30) C02Me 

halogen in (13; R = Ac) is (3 to the aryl ketonic car- 
bonyl. In the n.m.r. spectrum of (14) the Wh value (15 
Hz) for the C-4 proton signal indicates tliat this proton is 
probably axial with the ester group equatorial in a half- 
chair conformation ; the epimerisation of C-3 during this 
dehydrochlorination cannot be excluded. 

The minor product from the cleavage of (11; R = 
Me) with boron trichloride is formulated as 1,7a-di- 
h ydrox y-8 (3-met hoxycarbon yl-5aa ,5,6,7,8, Saa-hexa- 
hydroxanthone (23; R = H), the genesis of which is 
presumably by way of the intramolecular attack of a 
phenolic nucleophilc upon the oxido-bridge as in ref. 2 to 

R = Ac) showed signals in the n.m.r. spectrum at ~ 5 . 7 8  (m, 
C-5a proton, H, W: - 15 Hz), and 4.99 (m, C-7 proton, 
H, W B  - 16 Hz). The W ;  of these signals indicate 
clearly that the C-7 acetoxy-residue and the C-5a aryl 
ester group must be equatorial and hence trans; this is 
in accord with the established trans-opening of the 1,4- 
oxido-bridge. The relative stereochemistry of C-8 and 
C-8a remain as in (11; R = Me); hence the total re- 
lative stereochemistry may be defined as (23; R = H). 

One hydrogenation of the keto-ester ( 2 ;  R1 = R2 = 
Me), to form (11 ; R = Me), produced additionally the 
olefinic alcohol (15; R = H). The formation of this 
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unsaturated product was traced to the presence of acetic 
acid in the solvent (ethyl acetate). Quantitative con- 
version of ( I ;  R1 = R2 = Ale) into (15; R = H) was 
achieved by conducting the hyclrogenation in  acetone 
containing perchloric acid. This reaction is equixdent to 
an allylic rearrangement, arid probably occurs by an 
S,& mechanism where hydrogen acts as a nucleopfiile. 
The S ~ 2 l  mechanism is stereospecifically a cis-process 
as in (16) - (15; K = H), a n d  hence tlie ester and 
hydroxy residues probably have a tvnizs-orientation : 
this conclusion is confirnied later. 

The acetate (15; R = Ac) shows iutcv alia in the n.m.r. 
spectrum that the C-4 proton signal has Wh > 15 Hz, in 
agreement with the equatorial disposition of the acetoxy- 
residue in a half-chair conformation (15; R = Ac). 
Hydrogenation of (15; R = Ac) gave 2a-(2,6-dimethoxy- 
bcnzoyl) -3a-me thoxycarbonyl-4~-acet oxycyclohexane 
(17) showing no vinylic proton signals in the n.ni.r. 
spectrum. 

Hydroxylation of (15; R = Ac) with osmium tetra- 
oxide-pyridine gave (almost quantitatively), a mixture of 
the two cis-diols (18) and (19) in a ratio of 7 : 1, res- 
pectively. The major product was formulated as (18), 
in accord with its formation by approach of the reagent 
from the less-hindered face of the cyclohexene ring. 
This diol most probably has the chair Conformation in 
which the methoxycarbonyl and acetate residues are 
equatorial. In  the n.m.r. spectrum the C-3 and C-4 
protons are trans-diaxial, in accord with the J values of 
10.5 Hz; and the W ,  value (12 Hz) for the C-4 methine 
proton signal indicates the trans di-equatorial arrange- 
ment of the C-3 methoxycarbonyl and the C-4 acetoxy- 
residues. It follows that the C-1 hydroxy-group must be 
equatorial. 

The minor diol must therefore have structure (19). 
The n.m.r. spectrum includes signals at T 6.66 (d, J 1 1 Hz, 
C-3 methine proton, H),  6.35-5.85 (m, C-1 methine 
proton, 1 H, WJ > 13 Hz), and4.66 (m, C-4 methine pro- 
ton, 1 H, w& > 15 Hz). This diol thus has the cyclo- 
hexane ring in a chair conformation (19) where the C-3 
and C-4 functions are in a trans di-equatorial conform- 
ation, and the C-4 acetoxy- and the C-l hydroxy-groups 
are both equatorial in agreement with these n.m.r. data. 

Oxidation of the diol (18) with freshly prepared Jones’ 
reagent gave the ketol (20), but attempts to dehydrate 
this with various reagents, to yield (21), furnished only 
the benzophenone (22). 

Treatment of the exo-7-oxabicyclo[2.2.l]lieptane (8 ; 
R1 = H, R2 = Me) with boron trichloride gave two 
phenolic products (24; R = H) and (25; R = H). Thus 
tlie i.r. spectrum of the minor product (24; R = H) 
showed v, , ,~~ .  3 440 (OH), 1 753 (y-lactone), 1 615 (hydro- 
gen bonded aryl ketone), and 1 590 cn1-l (aromatic 
double bonds), whilst the n.m.r. spectrum [in (CD,),CO] 
included signals a t  T 8.4-7.6 (m, C-5 and C-6 methylene 
protons, 4 M), 7.0 (s, O H ,  1 H; exchangeable with D,O), 
and 6.31 (s, OCH,, 3 H).  The mass spectrum of (24; 
R = Ac) exhibited a base peak a t  m/e 151, corresponding 
to the fragment (30). The stereochemistry of the cyclo- 

hexane ring was further defined by the 1i.m.r. spectrum 
of the di-0-acetate (24; Ii = Ac), which had z 7.90 (s, 
alkyl-OCOCII, 3 H), 7.79 (s, ArOCOCN,, 3 H), 6.84 (m, 
C-3 proton, 1 H, ?4’$ - 15 Hz), 6.66 (s, C-2 proton, 1 H), 
6.10 (s, OCH,, 3 H), fi.l,r>--4.75 (m, C-4 proton, H, W’+ - 
I5 Hz) and 5.02 (m, r-1 proton, 1 H ;  14’4 - 6 Hz). The 
LV4 values of the signals for the C-1 and C-3 protons in- 
dicate that these protons arc both equatorial: this is in 
agreement with conclusions from a model of (24; R = 
Ac) which clearly shows that for the presence of the y- 
lactone bridge the functional groups at C-1 and C-3 must 
be cis and axial. The model also indicates that the 
dihedral angle between the C-2 and C-3 protons is 
-goo, and equal to the dihedral angle between the C-2 
and C-1 protons. Hence there should be no coupling 
between the C-2 proton and the C-1 and C-3 protons. 
This is confirmed by the C-2 proton signal being a sharp 
singlet. Additionally the W’; value for the C-4 methine 
proton indicates that  the C-4 acetoxy-group is equatorial. 
These conclusions are in accord with a cis-opening of the 
oxido-bridge. 

Collateral evidence for the structure of the y-lactone 
(24; R = H) is provided by the similar conversion of 
cantharidin (26) into the y-lactone (27) and by our 
observation that the 7-oxabicyclo[2.2.l]heptane (28) 
reacts with boron trichloride to yield the analogous y- 
lactone (29). 

The major product from exo-[2.2.l]heptane (8; R1 = 
H, R2 = Me) was assigned structure (25; R = H). The 
mass spectrum was similar to that of the hexahydro- 
xanthone (23; R = H), and was devoid of a peak at  nz/e 
198, corresponding to fragment ion (30) : the i.r. spectrum 
had vmilx. 3 515 (OH), 1 700 (ester carbonyl), 1 638 
(hydrogen-bonded aryl carbonyl), and 1 613 cm-1 
(aromatic double bond:;) : the n.m.r. spectrum included 
signals a t  T 7.24 (q, J 4.5, 8 Hz, C-8 proton, 1 H), 6.4-5.8 
(m, C-7, C-8a protons, 2 H; W ,  > 15 Hz), and 5.4-4.7 
(m, C-5a proton, L H ;  Wh > 15 Hz). The Wi values for 
the C-5a, C-8a, and C-7 methine protons indicate that 
the functional groups attached to these carbon atoms are 
equatorial. The known relative stereochemistry of C-8 
and C-8a and of the oxido-bridge opening combine to 
define the relative stereochemistry of this hexahydro- 
xantlione as (25; R = H), with ring c in a chair conform- 
ation. The n.1n.r. spectrum of the di-0-acetate (25; 
K = Ac) confirmed these assignments, with T 5.00 (rn, 
C-7, and C-5a protons, 2 H). The shift for the signal 
of the C-7 proton from 7 6.20 in (25; R = H) to 5.00 in 
(25; R = Ac) further substantiates this, whilst the W4 of 
-16 Hz for this signal establishes the equatorial position 
of the acetoxy-substituent as in (25; R = Ac). This 
hexahydroxanthone is similar to the naturally occurring 
pigment, cochlioquinone A.’ 

Treatment of the trans-7-oxabicyclo[2.2. llheptane (12) 
with boron trichloride again gave a mixture of a major 
product (31; R = H), and a minor product (32; R = 

H).  The structure of (31 ; R = H) is based on the usual 
criteria. The di-0-acetate (31; R = Ac) showed n.m.r. 
signals at 7 5.82 (m, C-4 proton, 1 H;  Wh 12 Hz) and 
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5.03 (m, C-1 proton, 1 H; Wt > 12 Hz). The W4 values 
indicate that the functional substituents of these carbons 
are equatorial. From the known relative stereochemis- 
try of the C-2 and C-3 atoms, and the stereospecific 
opening of the 1,4-oxido-bridge in (12), the relative 
stereochemistry a t  C-1, C-2, C-3, and C-4 may be assigned 
as in (31; R = H). The a-oriented chlorine atom is 

H 

( 3 3 )  

OAc 

(36 1 

C02 Me a 
O M  

0 

( 4 1 )  

The minor product from (12) has been formulated as 
the hexahydroxanthone (32; R = H). Thus, inter alia, 
the mass spectrum and general properties are very 
similar to those of (23; R = H) and ( 2 5 ;  R = H), 
whilst the 1i.m.r. spectrum included signals a t  T 5.75 (m, 
C-7 proton, 1 H; Wj > 5 Hz) and 5.37 (m, C-Sa proton, 
1 H, Wg > 5 Hz) .  These Pi'& values indicate that the 
functional groups at  these two positions are axial: thus 
(32; R = H) may be formulated in the chair conform- 
ation, in agreement with mechanistic arguments pre- 
viously advanced. 

by solubility problems. 
circumvented this difficulty. 

The direct synthesis 2of (1 ; R1 = R2 = Rile) isimpeded 
An alternative approach has 

Thus bromination oi 2a- 
(32) 

(2,G-dimet hoxybenzoyl)-3a-met lioxycarbonyl-7-oxa- 
bicyclo[2.2.l]heptane (11 ; R = Me) wit11 bromine in 
acetic acid gave the 2cc-bromo-derivative (33) , in which 
the presence of one atom of bromine was confirmed by 
elementary analysis and by thc mass spectrum which, 
inter alia exhibited signals of a 1 : 1 intensity a t  m/e 400 
and 398 ( M i ) ,  369 and 367 [ M i  - 31(OCH,)], and 341 

The n.m.r. spectrum ex- 
liibited signals at T 6.29 and 6.18 which are assigned to 
the methoxy and metlioxycarbonyl protons : since the 
integral is ten protons the hidden proton is assigned to the 
C-3p proton : if substitution were a t  C-3 the C-4 proton GAc 

\% \% would been observed a t  ca. 'c 5.2 .  The ease of dehydro- 
bromination of (33 ; R = Br) with warm pyridine to yield 
(1 ; R1 = R2 = Me) confirms the trans-diaxial arrange- 

C02Me Me02C OAc ment of the leaving atoms, and hence the structure (33). 
Bromination of the more easily preparable methyl 2p- OAc 

( 3 7  1 ( 3 8 )  (2,g-dimet hoxybenzoyl) -7-oxabicyclo[2.2.1] hept ane-3p- 
carboxylate (8; R1 = H, R2 = Me) or of the trans- 
isomer (12) gave the same methyl 2a-bromo-2p-(2,6- 
dimethoxybenzoyl)-7-oxabicyclo[2.2.1] heptane-3p-carb- 
oxylate (8; R1 = Br, R2 = Me). The mass spectrum 
showed twin peaks at  m / e  400 and 398, 369 and 367, and 
341 and 339 (of equal intensity) similar to those shown by 
the isomer (33). In  agreement with the stereochemical 

,wR CO, Me 

( 3 4  1 

3 4 5  ' OMe 

OH C02Me and 339 [ M i  - 59(CO*CH,)]. 
(35) 

X 
0 0 0  0 

co2Me OAc 
c'w 

(40 1 

FH,OH 

OH 

(42) 

placed a t  C-4 rather than C-1 since (31; R = H) does 
not eliminate hydrogen chloride readily with warm 
pyridine (C-3 proton and C-4 chlorine, cis). If the a- 
orientated chlorine were a t  C-1 then the relationship to 
the @-proton would be trans and axial and dehydro- 
halogenation would occur readily [cf. the case of con- 
version of (13; R = Ac) into (15; R = Ac)]. The 
structures of (13; R = H) and (31; R =H) are also 
compatible with their derivation by attack of the chloride 
nucleophile upon the boron trifluoride complex of the 
parent oxido-derivative, a t  the less-hindered terminus of 
the oxido-bridge. 

assignments a t  C-2 and C-3, dehydrobromination of (8; 
R1 = Br, R2 = Me) to yield (1; R1 = R2 = Me) occurred 
only under vigorous conditions (lithium carbonate- 
dimethylformamide). These results are compatible with 
the brominations proceeding through the enol of the 
ketone and with the stereochemistry of the resultant 
bromoketone being determined by steric approach con- 
trol. Thus the enols of (8; R1 = H, R2 = Me) and of 
(12) will be essentially equivalent with approach of 
bromonium ion proceeding from the less-hindered endo- 
face of the molecule to yield the same product (8; R1 = 
Br, R2 = Me) in each case. With ketone (1 1 ; R = Me) 
however, the bulky endo-met hoxycarbonyl group will 
hinder endo-approach of the halogen which will thus be 
introduced on the exo-face of the enol to yield (33). 
Bromination of (11; R = Me) proceeded more readily 
than bromination of the isomer, (8; R1 = H, R2 = Me). 

Bromination of methyl 2p - (2,6-dimet hoxybenzoyl)-7- 
oxabicyclol2.2.l]heptane-3p-carboxylate (8; R1 = H, 
R2 = Me) using copper(1r) bromide in ethyl acetate 
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resulted in a complex mixture; the major component is 
formulated as (34; R r= Rr) on t h c  basis of the usual 
criteria. 

Consequent upon our proposed medianism for thc 
production of (15; R = Me) from (1 ; R1 = It2 = Me) by 
hydrogenolysis (4.u.) a solution of the 7-oxabicyclo- 
r2.2.llheptane (11; R = Me) in methanol was refluxed 
for 1 h with toluene-fi-sulphonic acid to yiel(1 the same 
ester (15; R = Me). A longer reaction period gave the 
C-3 epimer (34; R = H), which was obtained directly 
from (21; R = Rile) by treatment with tolucric~-~-sul- 
phonic acid during 1 h. This rearrangement apptm-s to 
be critically dependent upon the solvcnt : thus wliil.st 
rearrangement occurs in methanol i t  fails in ct liyl 
acetate; in benzene or acetic acid only eyimerisation to 
(12) occurs (see above). 

Bromination of the acetate (35; K == H) gave a mono- 
bronio-derivative, which on the basis of spectral evitlcnce, 
and by analogy with the formation of (8; R1 = Br, K2 = 
Me) from (8; R1 = H, R2 = Me) is forrnulatetl as (35; 
R = Br). Attempts to clchydrobrominate (35; K = 
Br) failed. 

Treatment of the orp-unsaturated ketone (34; R = H) 
with osmium tetraoxide gave a cis-1,2-diol which is 
formulated as (36; R = H) on the basis that  oxidation 
would occur on the or-face, i.6. opposite to tlie metlioxy- 
carbonyl and acetoxy-residues. The coupling constant 
(9 Hz) of the doublet due to the C-3 proton indicates that 
the angle between the C-3 and C-4 C-H bonds is small, 
whilst the W+ value (> 14 Hz) for the C-4 proton signal 
indicates the axial orientation of this bond. In accord 
with these conclusions, the acetate (36; R = Ac) could 
not be dehydrated to (37) with tliionyl chloride-pyridine 
or phosphorus pentaoxide-benzene. Numerous attempts 
to convert the diol (36; R = H) into the corresponding 
ketol, with a wide variety of oxidising agents, failed, in 
contrast to the behaviour of the stereoisomer (18). 
Oxidation of the acetonide (38) using trityl tetrafluoro- 
borate regenerated the parent diol (36; I< = H). 

In  additional attempts to functionalise the double 
bond in (34; R = H), this aP-unsaturated ketone was 
converted into the epoxide (39). Oxidation of the 
acetate of (34; R = H) with chromyl chloride lo did not 
furnish the a-chloroketone, but the chlorophenol (40). 

Epoxidation of (1 ; R1 = R2 = Me) gave the derivative 
(41; R1 = R2 = Me). This epoxide system was very 
inert; thus the action of boron trichloride gave (41; 
R1 = H, R2 = Me), whilst reduction with lithium 
aluminium hydride formed the trio1 (42) which was 
cleaved with periodic acid to yield 2,6-dimethoxybenz- 
aldehyde. 

EXPERIMENTAL 

N.m.r. spectra were determined a t  60 MHz in deuterio- 
chloroform (unless otherwise indicated) ; i.r. spectra were 
obtained in a Nujol mull. Mass spectra were observed using 
an A.E.I. 902 mass spectrometer a t  70 E.V. 

cyclo[2.2.l]hefitane (8; R1 = H, K2 = Me).--A solution of 
2p- (2,6-Dinzethox~ybenzoyl) -3~-unethoxycnrbonyl- 7-oxahi- 

7-oxabicyclo[2.2.l]heptane-2~,3~-dicarboxylic anhydride l1 

(2.1 g) in tetrahydrofuran (50 ml) and ether (200 ml) a t  
0 "C was treated dropwise with a solution of l-lithio-2,6- 
rlimetho.;yhenzene (13 g) in tetrahydrofuran (20 nil) and 
ether (100 1111) under nitrogen. After $ h (stir) a t  0 "C the 
reaction mixtnre was added to an excess of saturated ammon- 
ium c.hloride solution, containing 0.1 yo hydrochloric acid. 
'IXe organic phase was separated, washed with 2~-sodium 
11ytlro~c.ncarbonate and tlie wasliings acidified, and ex- 
tr-x tetl wi t l i  ethyl acetate to yield 2P-(2,8-dimethoxy- 
benxyl) -7-osnbicyclo[2.2. Il/~e~2aize-~P-carboxylic acid (1.8 g) 
as needles, m.p. 184--285 'X, from ether-chloroform (Founcl : 
C, W . 6 ;  H, 5.9. C,,;H,,O, requires C, 62.7; H,  5.9%). 

I.)stcrilic;ttion of this acid with diazomethane gave 
(qmn t i tat  ivel y) 2p- (2, Ci-dinzetko,zyb~!lzzayl) -3P-methoxycav- 
I~o~zyZ-7-o,~.ahicycloC2.2. llhptane (1.2 g) as needles, m.p. 
174 "C f rom ether; v,, , :~~. 1 738 (ester G O ) ,  1 698 cn1-l ( h r  
C=O) (1;ountl: C, 63.7; H, 6 .2%;  M' 382. C,,H2,0, re- 
quires C, 63.7; H, 6.30/,; M 320). The 1i.tn.r. spectrum 
exhibited signals a t  T 8.8-7.9 (m, 5-/6-H 4 H),  7.10 (d, J 
9 H x ,  3-H, 1 H), 6.32 ( s ,  OCOCH,, 3 H), 6.4-6.1 (d, 2-H, H) ,  
6.18 (s, 2 x OCN,, G H), 3.41 (d, J 8 Hz, 3'-/5'-ArH, 2 H), and 
2.6!J (t, J 8 Hz,  4'-H, 1 H). 

2a-(2,6-I~i~~zetho.~~~benzoyl)-3a-nzetho~z(ycarbonyl-7-oxabi- 
cycZo[2.2. 1lJeplane ( 11 ; I< = Me) .-(a) Hydrogenation a t  
normal temperature and pressure of a solution of 2-(2,& 
diuiethox ybenzoyl) -3-nietlioxycarbonyl- 7-oxabicyclo- 
[2.2.l]hept-2-ene (0.6 g) in acetone (25 nil) with 5%)  
palladium-charcoal occurred during $ h, to yield 2or-(2,6- 
tlinzetho,z(ybe.lzzoyZ) - 3cc-nzethoxycnrbonyl- 7-oxabicyclo [ 2.2.11 - 
Izeptane (0.6 g) which fornied prisms, 1n.p. 115-116 "C from 
light petroleum (b.p. 40-60 "C); vmax, 1 735 (ester G O ) ,  
1 G88 c111-l (Ar-GO).  The n.m.r. spectrum of (1 1 ; R =Me) 
included signals a t  T 8.6-7.7 (ni, 5-/6-H, 4 H), 6.92 (q, J 5Hz, 
J 11 Hz, 3-niethine H, 1 H),  6.39 (OCOCH,, 3 H), 6.20 ( s ,  
2 x OCH,, 6 H),  5.86 (q, J 11 Hz, J 5 Hz, 2-methine H, 1 €I) ,  
5.27 (1-11, 4- and l-bridgehead H, 2 H), 3.45 (d, ArH, J 8 Hz, 
2 H) ,  and 2.71 (t, J 8 Hz, 4'-H, 1 H) (Found: C, 63.9; €1, 
6.2%; Mf 320. Cl7H2,O, requires C, 63.7; H,  6.3%; 11f 
320). 

(b) Prepared as for the p-isomer from excess of l-lithio-2,6- 
dimethoxybenzene and 7-oxabicyclo[2.2.1] heptane-2a,3a- 
clicarboxylic anhydride l2 (2.2 g), 2or-(2,6-dinzetlzoxybenzoyZ)- 
7-o.zabicyclo[2.2.l]l~e~tane-3or-carboxylic acid ( 1.6 g) formed 
plates, n1.p. 187 "C, from light petroleum (b.p. 40-60 "C) 
(Found: C, 62.6; H, 5.9. Cl6Hl8O6 requires C, 62.7; H, 

The methyl ester (prepared with diazomethane) was 
identical (i.r., n.m.r., map.  and mixed n1.p.) with that pre- 
pared by method (a). 

2a- (2,6-Dil.nethoxybenzoyZ) -3P-methoxycarbonyZ- 7-oxabi- 
cycEo[2.2. llkeptane (12) .-(a) A solution of ZP-(2,6-dimethoxy- 
benzoyl)-3~-methoxycarbonyl-7-oxabicyclo[2.2. llheptane (1 
g)  and sodiuin acetate (10 g) in acetic acid (50 ml) was re- 
fluxed for 6 h. Purification of the product from benzene- 
light petroleum (b.p. 60-80 "C) gave 2a-(2,6-dinzathoxy- 
benzoyZ)-3P-nzethoxycarbonyZ-7-oxabicycZo[2.2. llheptane (0.96 
g) as prisms, m.p. 63 "C, v,,,,,. 1 735 (ester G O )  and 1 685 
c n P  (ArC=O) (Found: C, 63.9; H, 6.3. C1,H2,0, requires 
C, 63.7; H, 6.3%). 

(b) A solution of 2a-(2,6-diniethoxybenzoyl)-3or-methoxy- 
carbonyl-7-oxabicyclo[2.2. llheptane (1 g) in benzene (50 ml) 
containing toluene-p-sulphonic acid (0.3 g) was refluxed 
during 72 11. Purification of the product by chromato- 
graphy on Florisil from benzene-ethyl acetate (49 : 1) gave 

5.973. 
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(i) the parent conipound (0.43 g) (identical by i,r. ,  ii.m.r., 
m.p. and mixed ti1.p.) and (ii) 2a-(2,6-diinethosybenzoyl)-~P- 
inethoxycarbonyl-7-oxabicyclo[2.2. Ilheptane (0.2 g), iden- 
tical, i.r., n.ni.r., mass spectrum, t.l.c., m.p. and mixed 1ii.p. 

ti2 OC, with the product from method ( f a ) .  The n.1n.r. 
spectrum had signals at z 8.6-7.8 ( i n ,  5-/6-13, 4 H), 6.84 ((1, 
J 5 Hz, 3-metliine H ,  1 H),  6.30 (s, OCOCH,, 3 l i ) ,  6.22 (s, 
2 x OCH,, 6 H), 5.83 (t, J 5 Hz, 2-methine H, 1 H),  5.40- 
5.00 (m, 4- and I-bridgehead H,  3 €I) ,  3.43 (d, J 8 I i z ,  ArH, 

?'he Cleauage of 2~-(2,f i-~i~~itethoxyhenzoyl)-3cr-~~zetlco,e~~- 
cnrbony~-7-oxabicyc~o[2.2. l lh~ptane (1 1 ; Ti = Me) with Hovoii 
Trichloride.-(a) A solution of this hicycloheptme (0.35 g) in 
clichloroniethane (30 nil) was treated with a solutioii of 
boron trichloride (1 g) in clichlorometlrane ( 5  1111) a t  0 "C 
during 18 11. After the addition of an excess of 1 0 % )  sodium 
acetate solution and extraction with chloroforiii the yro- 
duct was purified from dichloromethnne to yield 1,7a- 
tli Iiydroxy - 8P-metIi oxycurbonyl-5aa, 5,6,7,8,8aa- hexaliyrlvo- 
xnnthone (23; I< = H) (0.15 g) which fornietl stout prisms, 
m.p. 217 "C; the i.r. spectrum showctl bands a t  v,,,~,\, 3 530 
(OH), 1 7 13 (ester carbonyl), 1 658 (hytli-ogeii-boiicictl aryl 
carbonyl) and I 625 cm-l (aryl double bun&). The 1i.iii.r. 
spectrum included signals at T 8.5--7.7 (ni, 5- and 6-CH,, 
4 H),  7.71 (s, O H ,  1 H, exchangeable with I),()), 7.44 (in, 
8-H, 1 H),  6.71 (in, 8a-H, 1 H), 6.14 (s, COC)CII,, 3 l l ) ,  0.:3-- 
5.8 ( m ,  5a- ancl 7-H, 2 H),  and - 1.27  (s, li!rdro~"n-boiidect 
phenolic proton, 1 H) (Found: C, 61.3; €1, 5.50/,; MI 2!+2. 
C1,H,,O, requires C, 61.6;  H, 5 . 5 % ) ;  111 202). 1,7a- 
I ~ i a c e t o x J ? - 8 ~ - 1 n e t / ~ o x y c a r b o n y ~ - 5 ~ ~  .5,6,7,8,8aa-/texah ydro- 
santhone formed cubes, 11i.p. 153 "C from ctlier (Found : C, 
60.9; H, 5.4. C,,H,,O, requires C, 60.1; H, 5.4[y0); v , , , , ~ ~ .  
1 755 (acetate), 1 738 (ester), and 1 690 cn - l  (wyl C=O). 

The di-O-acetate (23; 13 = Ac) showed signals i i i  the 
n.ni.r. spectrum a t  T 7.95 (s, OCOCH,, 3 H),  7.78 (s, ilr- 

8 Hz, 8a-H, 1 H), and 6.27 (s, COOCH,, 3 H).  
I'urification by p.t.1.c. of the residue from the inother- 

liquors gave l a - c h l o r o - 4 ~ - h y d ~ o n . ~ ~ - 2 u - ( ~ - ? ~ ~ ~ d ~ o x y - 6 - ~ ~ ~ ~ t / 1 ~ ~ ~ ~ -  
be~izoyl)-3cA-ilzethoxycarbony~G~~c~~)~Lex~~~ze ( 13 ; R = H) (0 .2  8 )  
as pale yellow needles, m.p. 137-138 "C from henzenc- 
ether; vlllrlX. 3 520 (OH), 1 742 (ester G O ) ,  and 1 028 c n - l  
(aryl C=O) (1;ound: C, 57.1; H, 5.7%; Aft 342.08(i 7 .  
C16H1,C106 requires C, 56.1 ; H, 5.6.4) ; fi! 342.087 0) .  l'lie 
2a,4P-di-O-acetute (13 ; R == Ac), fornietl quantitatively, 
separated from ethyl acetate-ether as prisms, in p. 135 "C, 
v,,,,. 1 i70 (acetate C=O), 1 740 (ester G O ) ,  and 1 ( ; ! I 0  ciii 1 
(aryl C=O) (Found: C, 56.3; H, 5.4;  A/l+ 426. C2,,H2,C10~ 
requires C, 66.3; H ,  5.4%; A l  426). 

A solution of this di-O-acetate (40 nig) in pyiicline ( 1  nil) 
heated a t  100 "C during 30 niin, gave 4p-aceton.y-2-( 2-rrcetoxy- 
ti-inet/~o,ryhenzoyl)-3-1.nethoxycavbonylcy~~o/~e,~ene (14) (35 nig) 
\vhicli formed plates, 1ii.p. 118-120 "C froin etliei- (1;ouncl: 
C, 61.6;  H, 5.80/,; A f t  390. C,,H,,O, requires C, 61 5 ;  13, 
5.7%; PI 390). 'Jhe n.ni.r. spectrum of (14) has signais a t  
T 7.85 (s, CH*OCOCH,, 3 H), 7.78 (s, Ar-OCOCN,, 3 € I ) ,  6.26 
( s ,  OCOCH,, 3 H) ,  6.22 (s, OCH,, 3 H), and 4.64 (111, W ;  'V 

(b) Treatment of the title compound (0.23 g) in clicliloro- 
methane with boron trichloricle as in (a) during 1 0  niin at 
-70 "C gave 2a-(2-hydroxy-6-~c t /~oxybenzo~l ) -3~-~~1et / io~y-  
carbony~-7-on-abicyc~0[2.2.l]heptane (0.17 g) as yellow plateh, 
n1.p. 104 "C from acetone (Found: C, 62.8; H, 5.7o/b; M i  
306. C,,H,,O, requires C, 62.7; H, 5.976; A1 306). 

2- (2,6-Dimethoxybenzoyl) -4P-lzydroxy-3a-methoxycarbonyl- 

2 H) ,  and 2.72 (t, J 8 Hz, 4'-ArH, 1 H). 

C)COCH,, 3 H), 7.34  (t, J 10.5 Hz, 8-H, H), 6.72 (q, J 1.5 l i ~ ,  

15 Hz, 4-H, 1 H). 

cydohexene (15; I? = H).-A solution of 2-(2,6-dimetiiosy- 
benzoyl)-3-inetl1oxycarbonyl-7-oxabicyclo[2.2.1] hept-2-ene 
(1 .(i g) in acetone (100 ml) containing 60% perchloric acid 
(0.5 ml) and 50/, palladium-charcoal (0.15 g) was hydro- 
genolysed during 12 min: uptake of hydrogen was 113 nil. 
Purified from ether-methanol 2-(2, 6-dimetIzoxybenzoyZ)-4~- 
hydrox~~-3a-niethoxyGnrbony~cyclo?~exene (1.6 g) formed 
prisms, 1ii.p. 120 "C; vI,lax. 3 420 (OH), 1 728 (ester G O ) ,  and 
1 655 cni ( G O ) .  The n.m.r. spectrum of (15; R = H) has 
signals a t  T 6.38 (m, 3-H, 1 H), 6.25 (s, COCW,, 2 x OCH,, 
9 H), 5.76 (in, 4-H, 1 H), 3.44 (d, J 8 Hz, 3'- and 5'- aryl H ,  
2 H),  3.30 (m,  I-H, 1 H), and 2.70 (t, 8 Hz, 4'-aryl H, 1 H) 
(l~ouiitl: C, 63.5; H, 6.27:; &It 320. C,,H,,O, requires C, 
63.7; 13, 6.3./,; A2 320). 

The dp-O-acetate formed (quantitatively) prisms, 1ii.p. 
!I7 "(: froin ether-cycloliexane (1;ound: C, 62.8; H, 6.2.  
C,&l& requires C, 63.0; H, 6.1 T)) .  

The acetate (15; R = Ac) shows signals inter aliu in the 
11.111.1-. spcctr~rii  a t  T 7 . ! ) 5  ( s ,  OCOClI,, 3 H ) ,  6.24 (s, 2 x 
OCII, ,  6 11)' 6.28 (s, COOCH,, 3 H), 4.60 (9, J 5 132, 4-H, 1 
I I ) ,  arid 3.27 (ni, l-H, 1 H).  Hydrogenation (15 inin) of this 
acetate (0 .3  g) dissolved in acetone (25 nil) with 5% pal- 
l acliu m-cliart oal (0.03 g )  gave 4P-acetoxy-2P- (2,6-dimethoxy- 
bcnzyl) -3u-?.net/ioxycarbo~~~y~c~clo/iexane (1 7 ; I< = Ac) , which 
formed cubes, m.p. 125 "C fronietlier; v,,,~,~. 1 740 (ester C=O), 
1735 (acetate C-zO), ancl 1 700 ciii-l (C=O) (Found: C, 62.4;  
13, 6 . 3 %  ; i'lf 364. C,,H,,O, requires C, 62.6; H, 6.6(yu ; 
il/l 304). 'l'lie n.1n.r. spectrum showed signals at T 7.95 ( 5 ,  

OCOCiI , ,  3 H), 7.02  (q, J 6.5 Hz, 3-H), 6.46 (111, 2-H, 1 H),  
6.33 (s, C O 0 C H 3 ,  2 x OCli,, 9 H), and 4.54 ( i n ,  4-M, 1 H, 

Hydvoxylation ($ 4P-A cetoxy-2-(2,6-dinretIioxybenzoyZ)-3a- 
1iict/~oxycav~~on~~1cyclo~~exene.-A solution of 3- (2,fi-diniethoxy- 
benzoyl) -3a-ii ietl iosycarbo1iyl-4~-~~cetosycycl~he~~ne ( 1 .4 
g)  in pyi-idine (50 nil) \?-as treated with osmium tetraoside (1 
g)  ant1 the mixture stirred for 24 h. After addition of a 
solution of sodium Ii~drogensulpliite ( 1  .8  g) in water (30 nil) 
and pyridine (20 nil) stirring was continued for a further 15 
min. The product was extracted with cliloroform. l'urific- 
ation from dicliloroniethane-ether gave (a) 4P-ncetoxy-ZE- 
( 2 ,  fi-tZimct/~oxyhenzo3,1) - 1 p, 2~-d~/iydvoxy-3a-net /~uxycavbo nyl- 
cju-lohexme (18) (1.2 g) as prisms, m.p. 180-182 "C; villi,\. 
3 575 (OH), 1 753 (ester G O ) ,  1 723 (acetate G O ) ,  and 1 698 
cn-l  ( G O ) .  Tlle n.1n.r. spectrum showed signals at T 7.!)7 
( 5 ,  C>CO('/I:,, 3 H), 7 . 1 2  (b, 1- or 2-OH, 1 H, exchangeable 
with D,O), 6.!)0 ((1, J 10.5 Hz, 3-H, 1 H), 6.27 ( s ,  CC)OCH,, 
3 f l ) ,  (5 23 (s, 2 x OCFT,, f i  €I),  5.97 (m, 1-OH, I H, TV$ -: 10 
Hz) ,  4.65 (s, 1- or %OH, 1 H, exchangeable with 1120), and 

6.4%; M '  396. Cl,H,,O, requires C, 57.6; H, G.Ic){,; n/Z 
3!f(i) a n t 1  (h) 4p-acetoxy- la,2a-~ihydrox,v-2P-(2,6-di?rief/ro,r~v- 
be?zzoy~)-~cc-??zef?io~y~arbony~cyc~oltexane (1 9) (0.18 g) as stout 
prisms, 11i.p. 157 " C ;  v,,,,,~, 3 510 (OH), 3 480 (OH), 1 7.50 
(ester CyO) ,  1 738 (acetate C=O), and 1 700 cin-l (aryl G O )  
( I~ound:  C, 57.4; H, 0.2%; Alt 396). The n.m.r. spec- 
trum includes signals a t  7 8.0  ( s ,  OCOCH,, 3 H) ,  6.68 (d, J 
6 Hz, 1-OH, 1 H, exchangeable with D20),  8.32 ( s ,  OCOCH,, 

excliangcable with D,O), and 4.66 (m, 4-OH, 1 H, FY > 15 

A solution of the 1F,2P-diol (0 .2  g)  in acetone ( 7 0  11 1) was 
treated during 5 iniri dropwise a t  0 "C (stir) with freshly 
prepared Jones' reagent (0.5 ml) : after a further 25 min, the 
excess of reagent was discharged by the addition of metha- 
nol, and the product extracted with chloroform. Purific- 

TV; > 12 Hz). 

4.4-4.0 (111, 4-OH, 1 H, M.'J > 12 Hz) (l'outid: C, 57.5; H, 

3 H), 6.17 (s, 2 x OCH,, 6 H), 5.52 (d, J 1.3 Hz: 1-OH, 113, 

Hz). 
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ation by chromatography on silica from chlorofortn-ethyl 
acetate (1 7 : 3) gave 4P-acetoxy-2a- (2,6-dimetl~oxybenzo,yl) - 
2~-/~y~~o~y-3ct-unet l io~yca~bonylcyclu~iexnnone (20) (0.07 g) as 
prisms, m.p. 17 1-1 73 "C from etlier-dichloromethane ; 
vlllaX, 3 455 (OH), 1 743 (ester G O ) ,  1 735 (acetate G O ) ,  
1 730 (cyclohexanone C=O), and 1 719 ciii-l (aryl G O )  
(Found: C ,  57.8; H ,  6.0%; M t  394. C1,H2,0, requires C, 
57.9; H, 5.6%); M 394), T 7.98 (s, OCOCH,, 3 H), 7.13 (d, J 

3 H),  5.19  ( s ,  2-013, 1 H, exchangeable with D,O), and 3.69 
(m, 4-CH, 1 11, Wg > 13 Hz). 

Treatment of ;t solution of this cyclohexanone (55 mg) in 
pyridine ( 2  nil) a t  - 5  "C witli tliionyl chloride (1 nil) diiring 
f i  11, gave wzefliyl 2- (2, G-itinietlio~ybenzoyl) -3-l~ydvoxyhenzoate 
(22) (25  mg) as plates, 1ii.p. 1%-127 "C from tlicliloro- 
methane (Fouiitl : M S  31 6. Cl,HI,O, requires A l ,  3 It;), v,,~~,. 
1 788 (ester G O )  and 1 630 cni-l (aryl C=O); T 6.76 (s, 
COOCH,, 3 H), 6.28 (s, 2 x OCH,, 6 H), aiid 5.5-2.4 (111, 

aryl-H, 6 H). 
The Cleavage o/ 2P-( 2 ,  B-L)imethoxybenzoy1)-3P-~netlLo~~l- 

cuvbonyl-7-on.abicyclo[2.2. llheptane (8;  ltl = H, 1X2 = Me) 
with Boron Trich1oride.-(a) A solution of this bicyclo[2.2.1]- 
heptane (1  g) in dichloroniethane (25 1111) was treated with a 
solution of boron trichloride (3.4 g) in  dichlornmethane (17 
nil) a t  - 70 "C. 'I'lie temperature was allowed to rise to 0 "C 
during 3 11,  when an excess o f  i0(;6 sodium acetate solution 
was added. l'urification of the evtract (chloroform) froin 
nc~tone-ether g;ive 4 ~ - / / 3 ? d r o , ~ y - 2 P - ( 2 - / z y d ~ ~ x y - 6 - ~ ~ e t l z ~ ) ~ ~ ~ -  
hrtz.:oyl)cycZolzexnne-l~~,3~-carbulactoize (24; 1< = €3) (0 .3  g) 
its stout prisms, 11i.p. 225 "C; v , , , ~ ~ ~ .  2 440 (OH), 1 753 ( y -  
lactone), ancl 1 615 c11i-l (aryl G O )  (Found: C ,  61.8; H, 
5.ci()& ; MI 2U2. C15Hl,0,  requires C, 61.6; H, 5.520/, ; iZ1 

Purification by p.t.1.c. of the residues from the mother 
liquors gave 1 ,  7a-dilzydroxy-8a-nzetli~~,~ycnvbonyl-5~~a,~, 6,7,8,- 
HnP-l/exnlzydroxanthone (25; K = H )  (0 .6  g) as needles, n1.p. 
168--269 "C from acetone-ether (Found: C, 61.9; H, 5.574,; 
ATf 292. C,,H,,,O, requires C, 61.6; H, 5 . 5 % ;  M 292). 
This xa~itlione exhibits an intense green colour with ferric 
chloricle in alcoliol. The n.m .r. spectrum exhibited signals 
a t  z 7.30 (s, OH, 1 FI, exchangeable with D,O), 6.25 ( s ,  
COOCH,, 3 H), 6.4-5.8 ( i n ,  7-, 8a-H, 2 H;  W'5 > 15 Hz), 
and - 1.47 (s, liyclrogen-bon~led phenolic H,  1 H). 

The di-O-acetate fornied prisms, 11i.y. 161 "C from ether; 
v~,,:~,, 1 758 (acetate G O ) ,  1 740 (acetate G O ) ,  1 720 (ester 
G O ) ,  and 1 690 cni-l (aryl G O )  (Found: C, 60.4; H, 6.4. 
Cl,H,,O, requires C, 60.6; H ,  5.4%).  

(b) Treatment of the title bicycloheytane (0.25 g) a t  
- 70 "C with boron tricliloride in clicliloroniethane during 20 
min, gave 21j-(2-lrydroxy-6-nzetl~oxybenzoyl)-3P-nzethoxycav- 
bonyZ-7-oxnbicycZo[2.2. lllzeptane ( 0 . 2  g )  as yellow prisms, 
11i.p. 144 "C from acetone (Found: C, ti2.8; H, 5.8%; Mi 
306. C1,H,,06 requires C, 62.7; H, 5.9%; hf 300). 

Cleavage of UinzetJLyl 7-0xahicyclo[2.2.1]lzeptnne-~~~,3~- 
dicarboxylate (28) with Bovon ?'richloride.-A solution of 
boron trichloride (1.6 g)  in dic1ilorometh;ine (8  nil) was added 
slowly to a solutivn of the title ester (1 g) in dichloromethane 
(50 i d )  a t  -70 "C. After 48 h, the product was isolated: 
4a-cliloro- 2P-mct~~ox~carbon~lcyclol~exane- 1 P,3P-carbolactone 
(29) (0 .8  g )  formcd prisms, m.p. 69 "C from ether (Found: C, 
49.0; H, 4.!)(;4); &It 218. C,H,,ClO, requires C, 4!).5; 13, 
5.0(;/, ; A!! 21 I)) : v , , , ~ ~ .  1 788 (y-lactone) and 1 738 cm-l (ester 
G O ) ,  z 8.2--7.fi (m, 4-/5-H, 4 H), 6.71 (d, J 4.5 Hz, l-H, 1 
H),  6.47 (s, 2-H, 1 H) ,  6.22 ( s ,  COOCH,, 3 H), 5.38 (m, 6-H, 
1 H, W ,  - 11 Hz), ancl 4.88 (in, 3-H, 1 H,  W+ ca. 6 Hz). 

11 Hz, 3-CH, 1 H), 6.30 ( s ,  2 x OCII,, 6 H ) ,  6.25 ( s ,  COOCH,, 

'292). 

?'lie Cleavage of 2a-(2,6-Diwzethoxybenzoyl)-3P-metlzoxy- 
carbonyl-7-oxabicyclo[2.2. llheptane (12) with Boron Tri- 
cldoride.-A solution of this bicyclo[2.2. llheptane (0.75 g) in 
dichlorometliane (25 ml) was treated with boron trichloride 
as for the previous bicycloheptanes. Purification of the 
product from acetone-ether gave 4a-chlOVO- 1 P-hydroxy-2a- 
( 2-hydroxy-6-methoxybenzoyl) -3~-methoxycarbonylcyclohexane 
(31; K = H) as prisms (0.4 a), m.p. 161 "C; v,,,,. 1 730 (ester 
G O )  and 1 630 cm-I (aryl G O )  (Found: C, 56.2; H ,  5.6%; 
M +  342. C,,H1,CIO, requires C, 56.1; H, 5.674; A4 342). 
The n.m.r. spectrum which showed signals at T 7.8br (s, 
OH, 1 H, exchangeable with D20),  7.2-6.8 (m, 3-H, 1 H ,  
W J  > 16 Hz), 6.60 ( s ,  OCH,, 3 H) ,  6.0-5.7 (in, 1-, 2-, and 
4-H, 3 H), and -2.22br ( s ,  Ar-OH, 1 H). 

The di-O-acetate formed plates, m.p. 153 "C from ether; 
v ~ , ~ , ~ .  1 770 (acetate G O ) ,  1 740 (ester G O ) ,  and 1 692 cm-1 
(aryl G O )  (Found: C, 56.2; H, 5.3. C2,H,,C10, requires 
C, 56.3; H, 5.4%). The di-O-acetate (31; 13 = Ac) showed 
n.ni.r. signals a t  T 8.25 (s, alkyl OCOCH,, 3 H ) ,  7.81 (s, 
Ar-OCOCI-I,, 3 H), 7.05-6.30 (two superimposed multiplets, 
2- and 3-H, 2 H), 6.38 ( s ,  COOCH,, 3 H) ,  and 6.13 ( s ,  OCH,, 
3 H). 

l'urification by p.t.1.c. of the mother-liquors remaining 
after the separation of (31; R = H) gave stout prisms, 1ii.p. 
1 19 "C, o f  1,7a-dil~ydroxy-8a-methoxyca~bonyl-5au,5,6,7,8, - 
8aa-/~exaIiydi~oxant/zone (32; I< = H) (0.25 g); vmax. 3 530 
(OH), 1 723 (ester C=O), and 1 640 cm-' (aryl C=O) (Found : 
C, 61.8; H, .5.6'x,; MI 392. C,5Hl,0, requires C, 61.6; 

2a-Brorno-2P- (2,6-dimethoxybenzoyl) -3u-tnethoxycarbonyl- 
7-oxnbicycZo[2.2. llheptnne (33) .-A solution of bromine 
( 0 . 2 ~ ~  5 ml) in acetic acid was added slowly (4 h) (stir) to a 
solution of 2ct- (2,6-dinietlioxybenzoyl) -3a-niethoxycarbonyl- 
7-oxabicyclo[2.2.l]heptaiie (0.32 g) in acetic acid (25 ml). 
After 15 tnin an excess of chloroform was added and the 
solution washed with sodium hydrogensulphite ; an excess 
of solid sodium hydrogencarbonate was then added. The 
neutral solution gave 2cr-brorno-ZP-( 2,6-dimethoxybenzoyl)- 
3~-methoxycavbonyl-7-oxabicyclo[2.2.l]heptnne (33) as prisms 
(0.3 g) ,  n1.y. 180 "C from methanol (Found: C, 51.3; H ,  
4.7%; M k  400. C,,H,,BrO, requires C, 51.2; H, 4.8%; 
M 400). 

Dehydrobromination of this ester was carried out as 
iollows: (i) a solution of the bromo-ester (0.2 g) in pyridine 
(2 .5  nil) was kept a t  100 "C during h, to yield 2-(2,6-di- 
nietliox ybenzoyl) -3-inethoxycarbonyl- 7-oxabicyclo[2.2.1] - 
hept-2-ene (0.15 g = gay,), identical with an authentic 
specimen. I'urification from acetone-ether gave pale 
yellow rhonibs, n1.p. 93-94 "C; when a solution in inethanol 
was seeded with a sample of 11i.p 114 "C the product of the 
liiglier m.p. was obtained aiid conversely: (ii) a solution of 
the broino-ester (2  g) in ditiiethylformamide (20 ml) con- 
taining lithium carbonate (2 a) was refluxed in a stream of 
nitrogeii for 3 h, to give the hept-3-ene (1.2 g = 75%). 

2a-Bvomo-2P- (2,6-diniet~ion.ybenzt?yl) -3P-inethoxycarbonyl- 
7-oxabicycZot2.2.l]hepfane ( 8 ;  lti  = Br, R2 = Me).- (a) A 
solutio~i of bromine (5  ml, 0 . 2 ~ )  in acetic acid was added, 
during 30 niin, to a. stirred solution of 2u-(2, R-dimethoxy- 
benzoyl) -3/3-niethoxycarbonyl-7-oxabicyclo[2.2.1] heptane 
(0 .32 g) in acetic acid (25 nil). After isolation in the normal 
iiianiier 2a-bronzo-2P- (2,6-diunethoxybenzoyl) -3P-methoxycar- 
Fonyl-7-oxabicyclo[2.2. llhcptane (0.3 g = 7006) fornied 
prisms, 1ii.p. 208-210 "C from inethanol (Found: C, 51.3; 
H, 4.8% ; M +  400. C,,Hl,13r0, requires C, 51.2; H, 4.8% ; 
M 400). The i.r. spectrum showed signals at  vnlax. 1 740 

11, 5.50/; nf 292).  



(ester) and 1 708 cm-l (aryl CEO) ; the n.m.r. spectrum con- 
tained signals at T 6.19 (s, 2 x OCH,, 6 H), 6.27 (s, COOCH,, 
3 II), 3.46 (d, J 9 Hz,  aryl-H, 2 H), 2.71 (b, J 9 Hz, aryl-H, 
H),  and 6.08 (s, 2-H, 1 H). 

(b) Phenyltrimethylanimonium perbromide (3.76 g)  was 
added gradually to a suspension of 2p-( 2,6-diniethoxy- 
benzoyl)-3~-methoxycarbonyl-7-oxabicyclo[2. 2. llheptane 
(3 .2  g)  in tetrahydrofuran (250 in]) a t  - 5  "C. After 4 h 
the solid was collected and washed with tetrahydrofuran. 
The filtrate and washings were evaporated in aacuo to 50 nil 
and then added to an excess of saturated sodium hydrogen- 
carbonate and sodium dithionite solutions. The mixture 
was extracted \I-ith chloroform to yield the 2a-bromo- 
derivative (3  g = 750;,), identical with that prepared in (a). 

:~iethoxvcarbonylc3,clohex- I-ene (34 ;  lt = Br) .-A solution 
of 2p- (2,  G-diiiictliosybenzoyl) -3p-iiietlioxycarboiiyl-7-osab~- 
cyclo[2.2. llheptaiie (3 .2  g) in hot chloroform (75 ml) W;LS 

.itlded t o  a suspension of copper(I1) hroniicle (4.5 g )  in Iiot 
etliyl acetate ( 7 5  1111). The mixture was tlien refluxed until 
the green cvlour had been discliarged (ca. 3 11). After 
c ooling, the mixture was clarified, and the filtrate evaporated 
in i'acuo. I'urification of the residue from benzene gave 6E,- 
h vo in0 - 2 - ( 2,6-dim e th oxy benzoy 1) -4p-hyd~oxy-  3 p- w1 et h oxycar- 
honzllcyclo/?ex-l-e.Me (2 .3  g) as prisms, 111.13. 156 "C (Found: 
C, 51.4; H, 4.8%,; M t  400. C,,H,,BrO, requires c', 51.2; 
H, 4 8% ; A 1  4001. The i.r. spectrum sliowecl vlllCly. 3 330br 
(OH), 1 725 (ester C W ) ,  1 670 (aryl G O ) ,  and 1 600 cni 1 

(Ar double bonds) ; the 1i.iii.r. spectrum exhibited signals a t  
T 2 .70 and 3.45 (A,B system, J 7 Hz, Ar-H, 3 H), 3.3!) (d, J 
f j  Hz, l - H ,  1 H) ,  5.00 (in, 6-H, J H), 5.7-5.3 (111, 4-H,  1 H)- 
tliis signal IS coupled (double-1-esoiiaiicc dctcrmiiiation) to 
the signal a t  5.90 (d, J 6 Hz,  8-H, 1 H), 6.23 (s, 2 x OC'H, 
;tnd C-OOCH,,, '3 H),  7.4-7.7 (m, 5-CH2, 2 Ii), antl 6.!)--- 
6.3br (s, OH, 1 H, escliangeable with D20) .  

2- (2,  Ci-l~itnet/zo.~~~benzoyl) -4(3-hydvoxy-3a-nzethoxyc~zvbunyl- 
cj~c2ohe.u- 1 -ene (1 5 ; Ii = H) .-When a solution o f  2a-3,U- 
( lime thox ybenzoyl) - 3a-17ietliosycarboiiyl- 7-oxabicyclo- 

2' 2.1 ]heptanc (2 g)  in methanol (25 nil) containing toluene- 
p-sulphonic acid (0.1 g) was reflused during I 11; 2-(2,6- 
tfiinetliox y benzo yl) -3a-1iietlioxycarbonyl-4~-1i~~lrox yc yclo- 
Iie\-l-ene (15; K = H )  (1.7 g), identical (i.r., n.iii.r., 111.1;. 

ant1 niixecl n1.p.) with the previously obtainetl specimen 
\va5 obtained. 

2 - ( .2,6 - I )  i I izet 11 oa y benzoy l )  - 4 p- h y  dvoxy - 3 13 - wz P t /i oxy cav bo n y 1 - 
cyclohex-I-e?te (34; it =-L H).-A solution of 2P-(2,Ci-di- 
m e t h o x y l ~ e n z o y i ) - 3 ~ ~ - 1 ~ i e t l i o s ~ ~ c a r b ~ ~ n ~ l - 7 - ~ ~ x ~ ~ b i c y ~ l o ~ 2 .  2.1 J - 
heytarie (4 g) in inethanol (150 nil) containing toluene-$- 
\ulplionic acid (0.4 8) was refluxed during 24 11, to yield 
2- (2,6-di irzef hoxybr nzoy 1) - 4p-/iydvoxy- 3 P-wzeth oxyctr vhonyl- 
ryclohex- I-eve ( 3  g )  as needles, 1n.p. 164 "C frtmi niethanol 
(Found: C, 63.9;  ti, 6.5%; A f t  320. C,,H,,C), reqnires 
C, 63.7;  H ,  6.30,:,; 320). 

Tlie 4-0-acetate formed needles, 1ii.p. 136 "C from ether- 
liexane (Found:  C, 63.0;  H, 6.3);; M '  36.2. C,,H,,O, 
requires C,  63.0; H ,  6.17;; fif 3G2). 

ftfb(2-A cefox.y-6-metho~ybelzzoyl) -2a-bvoMzo-3P-i?zetJi~~xy- 
cnrbo~ayl-7-oxabic~~clo[2.2.l]hepta~ae ( 3 5  ; R = H) .-The 2-0 -  
ncetate of 2~-(2-hydroxy-li-methoxybenzoyl)-3~-niethoxy- 
csrboiiyl-i-ox: bicyclo[2.2. llheptane formed needles, in p. 
115---15i "C from methanol (Found: C, 62.1; H, 5.6.  
C,,H,,O, requires C, 62.1;  H, 5.80,6). 

Broniination of this acetate (0.33 g) dissolved in tetra- 
hydrofuran (50 ml) by the addition of phenyltrimethyl- 
animoniuni perbromide (0.36 g) a t  0 "C during 18 h, gave 2p- 

G~-Bvotizo-2- (2, Ci-dimethoxyhenzc~yl)-4P-/z~l~voxy-3P- 

(2-aceto~y-6-rnetli0,ybenzoyl) - 2 a - b v o t ~ ~ o - 3 ~ - m e t ~ 1 o ~ y c a v b ~ ~ ~ ~ ~ l -  
7-oxubicycZo;2.2. llheptane (0.3 g) as needles, 1n.p. 164 "Cfroni 
benzene-light petroleuni (b.p. 60-80 "C) (Found: C, 50.8; 
€I, 4 .5%;  AT+ 428. C18H19Br0, requires C ,  50.G; H, 4.5[% ; 
M 428).  

4p-A cetoxy- 1 a,  Za-dilzydroxy-ZP- (2,6-cliiiiet/Loxybenzuyl) - :I[% 
methoxycarbonylcyclohexane (36 ;  R = H).- A inixture of 
osmium tetraoxide ( 1  g), pyridine (15 nil), and 4P-acctoxy-2- 
(2,6-dimethoxybenzoyl) -3/3-methoxycarbonylcyclolies- 1 -ene 
(1.4 g) was stirred for 24 h, a t  rooni temperature, and then 
for a further hour after addition of pyridine (20 nil), water 
(30 ml), and sodium hydrogensulphite (1.8 g). Extraction 
with chloroform gave 4/3-acetoxy- l a ,  2a-dihydroxy-2p-( 2,6- 
rli1nethoxybenzoyl)-3~-methoxycarbonyZ~ycZohexane (1.25 g )  as 
needles, m.p. 194 "C froin acetone (Found: C, 57.6; H, 
6.2(;{); Mt 396. C19H24Og requires C ,  57.6; H, 6 . l c % ;  M 
396). The i.r. spectrum has v,,,,. 3 505 (OH), 1 738 (ester) 
and 1 700 cni-l (ketone) ; the n.ni,r. had signals a t  T 7.01 ( s ,  
OCOC'W,, 3 I d ) ,  6.37 (s, CC)OCH,, 3 H), 6.20 (s, 2 :< OC'H,, 
6 €I), 5.35--5.00 (m, 1-H, 1 H), 4.90-4.50 (ni, 4-H,  1 H), 
3.70-3.44 (AB system, J 9 Hz, Ar-H, 3 H). 

The la-acetate (36; li = Ac) forrried needles, m.p. 152 "C 
from methanol (Found: C, 57.6; H, 5.8. C21H,,010 re- 
quires C, 57.5; H ,  6.0%). 

Prepared from the Ia,2a-diol (0.3 g) ,  tolueiie-p-sulyhonic 
acid (0.03 g)  and 2,2-tlirnethoxypropane (15 nil) in refluxing 
benzene (100 ml) with continuous removal of water during 
4 11, 4P-ncetoxy-2~-(2,6-~~1~zethoxybenz~yl)- l a ,  2a-O-isopropyl- 
idene-~3p-mef~Loxycarbonylcyclo/~exane (38) (0.3 g)  formed 
prisms, m.p. 134 "C from benzene-light petroleum (b.1). 
60--80 T) (Found: C, 60.3; H,  6 . 5 0 / ;  Mk 436. C22H,,0g 
requires C, 60.5; H, ti.570; M 4:36), v,,~~,. (devoid of OH 
absorption), 1 740 (ester), 1 705 cm-l (ketone) ; T 9.17 and 
8.54 (s, 6 H) ,  7.95 (s, OCOCH,, 3 H), 6.88 (d, J 5 Hz,  3-H, 
1 H), 6.34 (s, COOCH,, 3 H),  6.19 (s, 2 x OC'H,, 6 H), 5.61 
(m, l-H, 1 €I) ,  4.63--4.26 (111, 4-€5, 1 H ) ,  3.42 (d, J 7 Hz, 
Ar-13, 2 H), and 2.46 (t, J 7 Hz, Ar-H, 1 H). 

2(3- (2,6-L)ii~zetl~oxybenzo_l) - l a ,  2a-efoxy-4p-hydroxy-3p- 
1Met~~oxycarboiaylcyGloJiexrGnc (39)  .-A solution of 2-(2,6- 
diinethox ybeiizoyl) -4~-liytlroxy-3~-ni~~tlioxycarbonylcyclo- 
hex-l-etie (0.5 a) in acetone ( 2 5  nil) and water ( 5  ml) con- 
taining potassium carbonate (0 .4  g) was cooled to 0 "C atid 
30% hydrogen peroxide (5  nil) added. Next clay the pro- 
duct was isolatctl with ethyl acetate and purified from 
inetl-ianol t o  yield 2-( 2,6-dimethoxybenzoyl)-la,~a-epon.y-4~- 
h~~dmxy-3~-metlzo;e~vbonylc~~clo~zexane (0.5 g) as prisms, 
m.p. 145 "C (Found: C, 60.8; H, 6.Oy4; M' 336. C,,H2,0, 
requires c', 60.7; H, 6.0%; ill 336), vmAX, 3 520 (OH), 1 725 
(ester), antl 1 T O 3  cm-l ( G O ) ;  T 7.05-6.70 (in, OH, 1 H, 
exchangeable with I),O), 6.71 (m, 3-H, 1 H ) ,  6.24 ( s ,  COOCH,, 
3 EI),  6.20 (s, 2 x OCH,, 6 H),  6.10 (m, l-H, 1 H), 6.0 
(in, 4-1-1, I 13, signal sharpens $D,O), 3.45 and 2.69 (A$ 
system, J 8 HZ, Ar-H, 3 H ) .  

Prepared in the normal manner, the 4P-acetate fornied 
prisms, m.p. 128 "C from methanol (Found: C, 60.4; H, 
6.00/,; M f  378. ClgH220, requires C, 60.3; €3, 5.9%; M 
378) : vnlax. 1740 (acetate), 1 725 (ester) and 1 705 cni-l ( G O ) .  

4P-A cetoxy-2-( 3-cbdo~o-2,6-dirnetJaoxybenzoyl) -3P-methoxy- 
carbomyltyclol?ex- l-ene (40)  .-To a solution of 4P-acetoxy- 
3(1-methoxycarbonyl-2- (2,6-diniethosybenzoyl)cyclohex- 1 - 
erie ( 1  g) in acetone (15 nil) cooled to -70 "C (in nitrogen) 
was added (stir) chromyl chloride (1.5 1711). Tlie mixture 
was stirred a t  -70 "C for 1 h, and then a t  0 "C for 1 h. 
Extraction with ethyl acetate gave 4P-acetoxy-2-(3-chloro- 
2,6-dimetlzoxybenzoyl) - 3~-rnethoxycarbonylcycZohex- 1 -ene 
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(0.75 g) as yellow prisms, 11i.p. 166 "C from nietlianol (Found : 
C, 5 7 . 3 ;  H, 5 .3%;  M +  398. C,,H,,C10, rcquires C, 5 7 . 5 ;  
H, 5.3%; M 398): T 8.25-7.3 (m, 5-H, 4 H), 7.91 (s, 
OCOCH,, 3 H), 6.32 (s, 2 x OCH,, COOCH,, !I H),  5.84 (m, 
H), 4.80 (m, H), 3.33 (d, J 9 Hz,  H),  3.30 (m, H),  2.60 (d, J 
9 Hz, H). 

26- (2,6-DimethoxybenzoyZ) - 2 [ ,  3[-epoxy-3<-metJioxycav- 
bonyl-7-oxabicyclo[2.2. llheptane (41 ; R1 = R2 = Me).-2- 
(2,6-Dimethoxybenzoyl) -3-metlioxycarbonyl-7-oxabicyclo- 
[2.2.l]hept-2-ene (2.1 g) dissolved in acetone (100 nil) and 
water ( 5  ml) containing potassium carbonate (0 .4  g) was 
stirred a t  0 "C during the slow addition of 30% hydrogen 
peroxide (10 nil). Next day, the solution was diluted with 
water (50 Inl) and the crystalline precipitate collected. 
Purification from methanol gave 25-( 2 , 6 - d i i ~ z e t l ~ o ~ y b e ~ z ~ ~ Z ) -  
2<,3~-epoxy-3[-~netJ~oxyearbonyl-7-oxnbicyclo [ 2.2.11 li eptane 
( 2  g)  as needles, 1n.p. 141-142 "C (Found: C, 61.1; H, 
5.4%; M t  334. C1,H180, requires C, 61.1; H, 45.4% ; M 

Reduction of a solution of this e p x i d e  (0.25 8 )  in ether 
(30 ml) with lithium aluminium liydride (0.6 g) a t  room 
temperature during 5 11, gave 2~-(2,6-dinzethoxyfihenyZ- 
hydvoxymethyl) -2t-hydroxy- 3~-hydroxynzethyl-7-oxabicyclo- 
[2.2.l]heptane ( 4 2 )  (0.4 g) as rhoiiibs, 171.1). 139-140 "C from 
aqueous methanol (Found: C, G I . ! ) ;  H, 7.2. C16H2206 
requires C, 61.9; II, 7.2%). 

Cleavage of this trio1 (50 nig) in nietl~tnol (1.5 nil) with 
periodic acid (40 nil )  in water (0 .3  ml) gave 2,6-dimethoxy- 
benzaldehyde, identified by its RE' value on t.1.c. with an  
authentic specimen. 

Hydrolysis of the epoxy-ester (41 ; R1 = R2 = Me) (0.25 
g) in boiling IN-potassium hydroxide (1.5 nil) during 10 niin 
(in nitrogen) gave 2 ~ - ( 2 , ( i - d i i . 1 ? e t ~ z o x y ~ ~ e n ~ u y ~ ~ - ~ ~ , ~ ~ - e ~ o ~ y - 7 -  
oxabicyclo[2.2.l]l~eptane-3-cnvboxylic acid (41 ; It1 = Mc, 
1X2 = H) (0.2 g) as needles, 1ii.p. 208 *C from methanol 
(Found: C, 60.1; H, 5.2%; M k  3%0. C1,Hl,O, requircs 
C, 60.0; H, 5.0%; M 320). 

cnrbo.tlyl-7-oxabicycZo [2. 2.11 lzeptane .-A solution of the 
epoxide (41 ; 1<1 = R2 = Me) ( 1 . 8  g) in dichloronietliaiie (30 
ml) was treated at -70 "C with a solution of boron tri- 

334). 

2t,3t-El!wxy-2k- (2-hydroxy-G-met/io~ybenzc,yl) -3[-rnethoxy- 

chloride ( 1  g) in dichloromethane (5 ml). After 1 0  min, the 
reaction was quenched by the addition of 10% aqueous 
sodium acetate (20 ml) (0 "C). Purified from ether, 2E,3t- 
epoxy-26- (2-hydroxy- 6-methoxybenzoyl) -3~-1.nethoxycarbonyl- 
7-oxabicyclo[2.2.l]he~tune (41; R1 = H, R2 = Me) ( 1 . 3  g) 
formed yellow prisms, m.p. 121 "C (Found: C ,  59.9; H, 5.1. 
C,,H1,O, requires C, 60.0; H, 5.0%). 

Prepared by the pyridine-acetic anhydride method the 
2-O-acetate formed prisms, m.p. 124 "C from light petroleum 
(b.p. 40-60 "C) (Found: C, 59.4;  H, 4 . 8 % ;  M +  362. 
C,,H,,O, requires C, 59.7; H, 5.0%; 111 3 6 2 ) .  
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