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Abatrac-Mycophenolic acid (28) has been obtained by a convergent synthesis starting from methyl 
6bromo4methyIhex4enoate (13) and 5,7dihydroxy4methylphthalide (24). For the total synthesis 
of 5,7dihydroxy4methylphthalide, l-carbethoxy-2,3-dimethylcyclohexa+-dione (14) was aromatized 
and transformed into 4,6-dimelhoxy-2,3dimethylbenzamide. The photolysis of the corresponding N- 
chloroamide and subsequent hydrolysis gave 5,7-dimethoxy4methylphthalide which was hydrolysed to 
5,7-dihydroxy4methylphthalide (24). 

The bromoester (13) was obtained starting from geraniol. Condensation between 13 and 24 with silver 
oxide in dioxane afforded the methyl ester of nor-O-methyl mycophenolic acid. Selective methylation 
and hydrolysis furnished mycophenolic acid. 

THE antibiotic and anti-tumor properties of mycophenolic acid have stimulated 
efforts toward the synthesis of some analogues and derivatives.’ 

The use of mycophenolic acid itself as starting material for preparative purposes 
permits only a limited number of modifications and the total linear synthesis due to 
Birch,’ cannot be easily modified to yield analogues and isotopically labelled bio- 
synthetic intermediates. 

We report here a convergent synthesis which has been explored in two preliminary 
communications.’ It permits many significant structural modifications of its molecule. 
Starting materials for this scheme are an allylic bromide and a substituted phthalidic 
nucleus. 

Sytlthesis of the key intermediate (13) was accomplished by reaction of geranyl 
acetate (1) with N-bromosuccinimide in aqueous t-butano13 to yield the bromo- 
hydrin (2). Treatment of this with potassium carbonate in aqueous methanol afforded 
the epoxide (3). Acetylation of 3 followed by treatment with perchloric acid in diglyme 
furnished the diol (4) which was transformed, with sodium periodate in aqueous 
THF, into the oily aldehyde (5). Alternatively, 0-tritylgeraniol (6) was transformed 
into the epoxide (7) and subsequently into the corresponding trio1 monotrityl deriva- 
tive (8) and the trityl aldehyde (9). Compound 5 was also obtained by the direct 
treatment of geranyl acetate (1) with an equimolecular amount of periodic acid in 
aqueous t-butanol in the presence of a catalytic quantity of potassium permanganate. 
The mixture was purified by silica-gel chromatography, and the acetyl aldehyde 
thus obtained was hydrolysed with sodium methoxide in methanol and transformed 
into 9 with trityl chloride in pyridine. The selective ozonolysis of geranyl acetate4 
yielded on the contrary poor results. 
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OR 

l:R=Ac 
6: R = Ph,C 

Y-A--X 
5: X = OAc; Y=CHO 
9:X=OCPh,; Y=CHO 

10: X = OCPh,; Y = COIH 
ll:X=OH; Y = COIH 
12:X=OH; Y = CO&H, 
13: X = Br; Y = C02CH, 

OR 

3:R=H 
7:R=Ph,C 

*OR 
X 

2: R = AC; X = Br 
4:R=Ac; X=OH 
8:R=Ph,C; X=OH 

OR 

lS:R=R’=H; X=OEt; Y = Br 
16:R=R’=H; X = OEt; Y=H 
17: R = R’ = Me; X = OEt; Y=H 
18:R=R’=Me; X=OH; Y=H 
19:R=R’=Mc; X=Cl; Y=H 
#): R = R’ = Me; X = NH,; Y=H 
Zl:R=R’=Me; X=NHCl; Y=H 

0 

CO,Et 

Me 

Me 
14 

22: R = R’ = R” = Me 

23:R=H; R’=R”=Me 
24:R=R’=H; R”=Me 
z:R=R’=R”=H 

R” 

26: R = R’ = H; R” = Me; Y = H3C02C(CH2)2C(CH3) = CHCH2 
27: R = H; R’ = R” = Me; Y = H,CO,C(CH,),C(CH,) = CHCHl 
28: R = H; R’ = R” = Me; Y = HOIC(CHJlqCH3) = CHCH2 
29:R=R’=R”=H; Y = HO#JCH,)IC(CH,) = CHCH2 
30: 8 = R’ = H; R” = Me; Y = t,t-farnesyl 
31: R = R’ = R” = H; Y = t,t-famesyl 
32: R = R’ = H; R” = Me; Y = geranyl 
33:R=R’=R”=H. 
3&RtR’=Y=H;’ 

Y = geranyl 
R” = geranyl 
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Compound 9 was oxidised to the acid (10) by means of silver oxide in aqueous 
basic medium. Less satisfactory results were obtained by different oxidation pro- 
cedures’ either of aldehyde 5 or 9. Hydrolysis of 10 in aqueous 80% acetic acid led 
to the oily compound (11) which was methylated with diazomethane in ethyl ether 
to give 12. The bromide (13) was then obtained by allylic bromination with triphenyl 
phosphine and carbon tetrabromide in acetonitrile.‘j 

The reaction sequence above exposed was also used for the transformation of 
geraniol and trans,trans-famesol into the corresponding bromides. 

The second key intermediate, 5,7dihydroxy4methylphthalide (24) was obtained 
by the following route. Condensation between sodium diethyl malonate and 3- 
methylpent-3en-2-one in ethanol afforded 14, alternatively obtained from the 
reaction between sodium ethyl acetoacetate and ethyl tiglate. I-Carbethoxy-2,3- 
dimethylcyclohexa-4,6-dione (14) was aromatised to 16 either by conversion into the 
bromo derivatives (15) and subsequent hydrogenolysis on Pd-C or by direct treatment 
with ferric chloride in refluxing acetic acid. Compound 16 was transformed into 17 
by treatment with CH2N, in methanol or with Me1 and KzC03 in acetone; the 
hydrolysis of 17 furnished the acid (18) which yielded the amide (20) by reaction of 
its chloride (19) with ammonia. Treatment of 20 with t-butylhypochlorite in CH,Cl, 
gave the corresponding N-chloroamide (21) which was photolysed.’ The intermediate 

TABLE I 

Allylic bromide Phthalide Product Time Yield % 

H,CO,CC,H,C(CH,)=CHCHsBr 

H,C02CC2H&CH,)=CHCH2Br 

Famesyl bromide 

Farnesyl bromide 

Geranyl bromide 

Geranyl bromide 

(24) (26) 30’ 36 

(25) (29)’ 120’ 36 

(24) (30) 3Cr 28 

(25) (31) 120, 30 

(24) (32) 30’ 34 

(25) (33) 120’ 32 

l Characterized as acid. 

TABLE 2 

Physical data 

Compound m.p. vdcrn- r (CHCI,) Analytical data 

26. 107-110” 3440,2940,1735.1635 C, 62.76; H, 6OO(C, 62.74; H, 5.92) 

29t 193-194 1710.1670.1620$ C, 61.58; H, 56o(C, 6164; H, 452) 

30. 98-100 3440,2920,1735,1635 C, 74%; H, 8.41 (C. 7497 ; H, 8.39) 

31’ 101-103” 3390,2940,17341637 C, 7460; H, &26(C. 7456; H, 8.16) 
32* 98-100 3440,2930,1735,1635 C, 72.16; H. 7.75 (C, 72.12; H. 7.65) 

33’ 14&142” 3400,2930,1727,1640 C, 71.53; H. 7.38 (C. 71-50; H, 7.33) 

l Crystallized from MeOH-water. 
t Condensation performed with methyl eater. The reaction product was characterized 

as acid which was crystallized from heptane-EtOAc 

$ Registered in nujol. 
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iminolactone was immediately hydrolysed to 22.’ Treatment of the dimethoxy- 
phthalide (22) with hydriodic acid in acetic acid in the presence of red phosphorus 
or with BBr, in CH&l, yielded the corresponding dihydroxy derivative (24).9 The 
selective hydrolysis of 22 to the 5-methoxy-7-hydroxy4methylphthalide (23) was 
performed by treatment with BCl, in CH@,. 

The critical problem of the introduction of the side-chain on the aromatic nucleus 
of phthalides 24 and 25 demanded a complex investigation. 

Birch pointed out that attempts to introduce directly a geranyl side-chain on the 
compound 23 had failed.* 

In our hands, biosynthetic evidence indicated that in oioo” C-alkylation occurred 
preferentially in compounds having the m-dihydroxybenzene structure. However 
attempts to alkylate the aromatic nucleus of 24 and 25 at C-6 either with the hydroxy- 
ester (12) or with geraniol, or with trans,trans-famesol in methylene chloride in the 
presence of p-toluenesulphonic acid or in an aqueous solution of acetic acid, or 
using zinc chloride and boron trifloride etherate as catalyst, failed. Treatment of 25 
in dioxane solution with a strong excess of geraniol in the presence of p-toluene- 
sulphonic acid gave mainly C-4 alkylation. The same reaction with 24 failed. Alkyla- 
tion with prenyl bromides in benzene or dimethoxyethane in the presence of sodium 
hydride or in methanol containing sodium methoxide gave a mixture of 0-alkylated 
products and only traces of C-alkylated compounds. C-alkylation favouring solvents 
such as CF,CH20H could not be used for their poor solvent power toward the 
phthalides. 

Reaction of the allylic bromide (13) with the phthalide (24) in dioxane in the 
presence of silver oxide yielded a nearly equimolecular amount of the C-6 alkylated 
product and the 5-O-alkylated compound. On the contrary the condensation 
between 13 and 23 in these conditions yielded only an 0-alkylation product. 

For the synthesis of mycophenolic acid using condensation between 13 and 24 the 
dioxanejsilver oxide system yielded a mixture from which the 6-alkylation product 
(26) was separated by column chromatography. Selective methylation of the C-5 OH 
with diazomethane in benzene or with Mel and K2COJ in acetone gave mycophenolic 
acid methyl ester I1 (271 which was hydrolysed to the acid (28) with NaOH in 
methanol-water. 

With the same procedure the phthalides 24 and 25’* were alkylated with geranyl 
bromide and trans,truns-farnesyl bromide. Coupling experiments between 13 and 
25 showed an analogous course and indicated the possibility of introducing different 
groups at C-4 after the preparation of the whole skeleton. 

This possibility together with that deriving from the C-6 alkylation of various 
4-substituted phthalides, opens the way to the synthesis of unnatural C-4 substituted 
mycophenolic acids. 

EXPERIMENTAL 

Microanalyses were performed on a Perkin-Elmer 240 Elemental Analyser. IR spectra were measured 
with a Perkin-Elmer 257 spectrophotometer. NMR spectra were recorded with a Perk&Elmer RlO 
spectrometer with TMS as internal reference. Values are reported in d/ppm Mps wcn determined on a 
Btlchi apparatus and are uncorrected. Mass spectrometric investigations were conducted on a LKB 9000 
(70 eV) GLC-mass spectrometer system 
I-Acetoxy-6-bromo-7-hydroxy-3,7-dimethyloct-2-ene (2) 

A soln of 1 1035 g in 120 ml of t-BuOH and 20 ml water was added to 94 g of N-bromosuccinimide 
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with chloroform (100 ml portions). Evaporation to dryness under vacuum of the collected organic extracts 
yielded 7 g of 9, which, crystallized from hexaneethyl ether, had m.p. W-92”. v, (CHCls) 1720 cm-‘. 
(Found : C, 8436; H, 7.10. CssHssOs requires : C, 8429; H, 7.07 %) 

(h) A soln of4 (2 g) in 5 ml MeOH was added to 04 g NaOH in 5 ml water. After 12 hr reaction at room 
temp the resulting soln was diluted with 25 ml MeOH and treated with Amberlite IR 4B resin until neutral. 
Filtration and evaporation to dryness under vacuum yielded a residue which was dissolved in 13 ml THF, 
and 2.18 g sodium periodate in 8 ml water was added and IeA at room temp for 1 hr. Work-up as in (a) 
gave 1.04 g of the oily hydroxyaldehyde 5 (X = OH). Compound 5 (X = OH) dissolved in 10 ml pyridine, 
was added to 2.17 g trityl chloride and left overnight at room temp. Pouring the soln in 20 g ice, extraction 
with chloroform (3 x 20 ml), washing of the organic extracts with water until neutral and evaporation to 
dryness under vacuum yielded a residue which was chromatographed over silica-gel 005-02 mm Merck 
(R = 40) eluting with benzene. The fractions which were shown to contain pure compound 9 by TLC 
were evaporated to give 08 g of this product. 

6-Acetoxy4methylhex_QeMI(S) 
(a) A soln of 4 (800 mg) in 10 ml dioxane was added to 1.34 g sodium periodate in 15 ml water. After 1 

hr stirring at room temp in the dark the resulting suspension was filtered and the filtrate concentrated under 
vacuum to 5 ml. Dilution with 20 ml chloroform, washing with 10 ml water, drying over Na,SO, and 
evaporation to dryness under vacuum yielded 5,055 g b.p. 85” at 1 mm Hg; v, (CHCI,) 1725 cm-‘. 
(Found: C. 6340; H, 8.39. Cs,H,*Oa requires: C, 63.51; H, 8.29%). 

(b) A soln of l(5 g) in 40 ml t-BuOH was added to 01 g KMnO, in 10 ml’water and subsequently to 6 g 
periodic acid in 10 ml water. After 27 hr reaction at room temp, extraction with diethyl ether (5 x 100 ml), 
washing the organic extracts with water until neutral and evaporation to dryness under vacuum yielded 
a residue (3.34 g) which was chromatographed over silica-gel @OH2 mm Merck (150 g) eluting with benzene 
(50 ml fractions) Fractions 3-8 contained 1.4 g of 5. 

6-7Tityloxy4methylhex4enoic acid (10) 
A soln of 9 (OS g) in 10 ml of the mixture dioxane- water l/l was :rdded under stirring at room temp to 

046 g AgNOs in 2 ml water followed by 0.76 g KOH in 2 ml water. After 90 min reaction under the same 
conditions the resulting suspension was filtered over celite and this was washed with water and then with 
EtOAc. The filtrate and the washings were collected, acidified to pH 5 with N H2S04 and extracted with 
EtOAc (3 x M ml) Evaporation of the organic extracts to dryness under vacuum gave a residue which 
was chromatographed over silica-gel @OS*2 mm Merck eluting with the mixture CHCl,/EtOAc/AcOH 
55/45/l (2 ml fractions) Fractions 1-9 contained 200 mg of 5; fractions IO-24250 mg of 10 which, crystal- 
IizedfromMeOH-waterhadm.p. 135-136”;6(ppm)(CDCls)1~5(s,3H,CH,--C=~2~43(m,4H,-C,H,-), 
360 and 3.70 (4 ZH, J = 6, -CH,-CH=), 547 (5 lH, J = 6, =CH-) (Found: C, 8065; H, 664. 
C23H2603 requires: C, 8080; H, 678%) 

6-Hydroxy4methylhex4enoic acid (11) 
A soln of 10 (1.037 g) in 120 ml aqueous 80% AcOH was left overnight at room temp. Evaporation 

under vacuum gave a residue which was dissolved in 30 ml AcOH and 120 ml water and kept at room temp 
for further 30 min, then filtered from the precipitated triphenyl carbinol which was washed with 5 ml water. 
Evaporation under vacuum to dryness of the filtrate and the washing afforded 377 mg of 11, b.p. 8PW’ 
at01mm;v ,,.(CHCIs) 3330, 1710 cm-‘; 6 (ppm) l-7 (s, 3H. CHs-C), 2.4 (m, 4H, -C,H,-_X 42 (m, 
ZH, -CH,OH), 54 (m IH. CHsaCH-) (Found: C, 58.45; H, 8.26. C7H120s requires: C 58.31; 
H, 8.39 %). 

Methyl 6-hydroxy4methylhex4enoate (12) 
A soln of ll(233 mg) in 5 ml chloroform was added, at O”, to an excess of au ethereal soln of diazomethane 

Evaporation to dryness under vacuum and distillation under 01 mm Hg vacuum gave 12 b.p. 80-82”; 
v, (nujol) 3404 1725 cm-‘, d (ppm) (CDCI,) 1.7 (9 3Y CH,--DA 24 (m, 4H. -CxH,-), 47 (s 3H, 
-OCH,A 41 and 422 (4 2H I = 7, =CHC&--), 54 (t, IH, I = 7, =CJjCH,-) (Found: C, 6084; 
H, 8.97. CsH,IOs requires: C, 6074; H, 8.92). 
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Methyl 6-bromo4merhylhex4enoate (13) 
A soln of 12 (0245 g) in 4 ml acetonitrilc was added to 0565 g CBr, followed by 045 g triphenylphosphine. 

After 150 min under stirring at room tcmp in the dark the mixture was added to 50 ml hcxane. The hexane 
phase thus separated was evaporated to dryness under vacuum and the residue. dissolved in 5 ml hexane 
and filtered from some insoluble material, was chromatographed over silica-gel G Merck containing 15 % 
water eluting with heptancEtOAc 7/3 (20 ml fractions). Fractions 3-9 contained 029 g of 13, b.p !W-92” 
at 01 mm Hg; Y, (CHCl,) 1725 cm- * ; 6 (ppm) (CDCl,) 1.75 (s, 3H, CHs-C+), 2.41 (m, 4H, --&H,-), 
467 (s, 3H, -OCH,X 490 and 4-04 (d, 2H. J = 8.4, --CH,Br), 454 (t, lH, J = 8.4, =CHCH,Br) (Found : 
C 43.42; H. 598. CsH,,02Br requires: C, 4445; H. 592%). 

I-Carbethoxp2.3-dimethylcycloheMn4.6-dione (14) 
(a) A soln preparai by dissolving 0549 g Na in 8-l ml abs EtOH was added to 4125 g diethyl malonate 

and after 20 min, to 2.295 g 3-methylpent-32n-2-one during a period of 45 min. The resulting mixture was 
retluxed under stirring for 2 hr. then cooled with ice. acidified with dilute H$O, (indicator Congo red) 
and extracted with diethyl ether (3 x 30 ml). The collected organic extracts were washed with water until 
neutral, dried over Na2S04 and evaporated under vacuum to dryness to give a residue which was dissolved 
in I5 ml sat NaHCOp aq. The neutral products were extracted with diethyl ether (80 ml) and the aqueous 
phase, acidified with dil H,SOI and extracted with diethyl ether (3 x 30 ml) gave 14, 3-4 g, as a viscous 
yellow oil, which had v,, (CHCI,) 1735, 1720. 1650 and 1560 cm- ‘. 

(b) The reaction between diethyl malonate and ethyl tiglate was conducted with the same molar ratio 
and the same work-up procedure. The reaction time was 5 hr and 14 was obtained in 50% yield. 

Ethyl 5-bromo-4,6dihydroxy-L3_dimethylbentoate (16) 
A soln of Br, ($39 g) in AcOH (3 ml) was added under stirring at - 5” to 2 g of 14 in 5 ml AcOH. After 

further I2 hr at room temp, the ppt obtained was filtered and crystallized from AcOH-water. to yield 2.9 g 
of 15, mp. 67-69”. (Found: C, 4482; H, 458. C,,H,,O,Br requires: C, 4569; H. 453%). 

Ethyl 4&fihydroxy-2,3-dimethylbenzoate (16) 
(a) A soln of15 (2 g) in 9 ml 2 N NaOH was hydrogenated at ambient temp and pressure in the presence 

of 300 mg IO”< Pd -C. After 4 hr. the catalyst was tilterai oIT and the filtrate acidified to pH 4 with cone 
HCI. The resulting mixture was extracted with EtOAc (3 x 100 ml) and the collected organic extracts 
evaporated to dryness under vacuum to yield 16, 1.9 g which, crystallized from EtOH-water. had m.p. 
115-117”. (Found: C 62.79; H, 675. CIIHIIOd requires: C, 62.84; H, 671%). 

(b) A soln of 14 (27 g) in 270 ml aqueous 20% AcOH was added to 54 g sublimed FeCl,. After 120 min 
at reflux temp. the soln was cooled and added, at room temp. to u)o ml water. Extraction with diethyl 
ether (5 x 250 ml), washing with water of the collected organic extracts, drying over Na2SOd and evapora- 
tion under vacuum to dryness gave a residue which was crystallized from EtOH-water to yield 11 g of 16. 

Ethyl 4,6-dimelhoxy-2,3-dimelhylbenzoate (17) 
(a) A soln of 16 (4 g) in 80 ml anhyd acetone was added to 12 g K&O, and 8 ml Mel in 3 portions and 

refluxed under vigorous stirring for 18 hr. The resulting suspension was then cooled and filtered the ppt 
washed with 25 ml aetone and the collected filtrate and washing evaporated under vacuum to dryness. 
The residue was then dissolved in 50 ml water and extracted 3 times with diethyl ether (100 ml portions). 
The collected organic extracts were dried over Na,SO, evaporated to dryness and the residue crystallized 
from EtOH-water yielding 36 g of 17, m.p. 62-63”; v, (CHCl,) 1724 1595 cm-‘. (Found: C 6573; H, 
7.43. C,3H1s04 requires: C. 65.53; H, 7.61%). 

(b) A soln of 16 (4 g) in 100 ml MeOH was added at 0” to an excess of an ethereal soln of diazomethane, 
then left under the same conditions for 8 days. Evaporation to dryness under vacuum and crystallisation 
of the residue from &OH-water yielded 3.8 g of 17. 

4,6-Dimethoxy-2.3-dimeethylbenzoic acid (18) 
A soln of 17 (4 g) in 100 ml aqueous EtOH 75% was added to IO ml 10% NaOH aq and left under N2 

at room temp for I8 hr. The resulting soln was then acidified with cone HCI and the pp1 obtained (3-5 g) 
was filtered and washed with water until neutral. Crystallization fromEtOH-water gave 18, m.p. 208-210” ; 
v,(CHCl,) 3480.3140, 1725,1700,1595 cm-‘. (Found: C 6264; H, 687. CIIH,.O, requires: C, 62.84; 
H, 671%). 



A total synthesis of mycophenolic acid 4403 

A soln of 18 g (1 g) in 10 ml SGCI, was reBuxed for 3 Ju and then left at room temp for 12 hr. Evaporation 
of the solvent under vacuum gave an oily residue which was dissolved in 5 ml anhyd benxene and evaporated 
to dryness under vacuum. This operation was reputted until no trace of SOCI, remained At the end the 
residue constituted of 19 was dissolved in 30 ml anhyd benzene and poured into a soln of gaseous ammonia 
in 100 ml benzene. Gaseous ammonia was then bubbled into the soln for further 8 hr; the reaulting ppt was 
filtered. washed with 10 ml water and crystaJJixed from EtOH yielding 084 g of 20, m.p. 225-229”; v, 
(nujoi) 3405.3175, 1650, 1595 cm-‘; d @pm) (DMSO) 2.0 and 2.1 (s, 3H, CHsAr), 3.74 and 3.79 (s, 3H. 
CH,~~647(~lH,H-Ar),?-J6and~35(b.s,JH.-NH,~(Found:~6~~;~7~63;N,4?f.C,,H,sNO, 
requires: C, 63.14; H, 7.23; N, 669%) 

5,7-Dimeihoxy4methylphthaJide (22) 

A soln of ZO(J g) in 150 ml CHsCl, was added to 0503 g t-butyl hypochlorite and le$ for 20 min at room 
temp. Photolysis of the resulting soln in a quartz vessel with a Philips HPK 125 W high pressure mercury 
discharge tamp for 20 hr. and evaporation of the solvent under vacuum gave a residue which was dissolved 
in 160 ml EtOH-water l/J containing 1 g KOH. This soln was rclluxed on a water bath for 1 hr. then cooled, 
acidified with dil HCI. extracted with EtOAc (3 x JO0 ml) and the collected organic extracts evaporated 
to dryness under vacuum. The resulting residue was chromatographed over silica-gel 005-02 mm Merck 
(100 g) eluting with benxene-EtOAc 9/l. The fractions containing 22 were collected and crystallixed from 
heptanc_EtOAc yielding 034 g of the pure compound, m.p. 202-203”; v,, (CHCI,) 1735, 1610 cm-‘. 
(Found: C, 63.51; Ji, 561. C,,H,IO, requires: C 63.45; H, 480~1. 

?-Hydroxy-5-~thoxy4me~hylp~t~Jide (23) 

A soln of22 (I g) in 300 ml CHsCIx was cooled at -10” and added with stirring to 25 ml BCls precoofed 
at -60”. Tbe resulting mixture was left at room temp for 10 days Decomposition with water, separation 
of the organic layer, washing with water, drying over NasSO, and evaporation to dryness afforded a 
residue which was crystallized from MeOH to yield @8i g of 23, m.p. 216218”; v,, (CHCls) 3450, 1730, 
1635 cm-‘. (Found: C, 61-96; H, 420. C,,H,,O, requires: C, 61.90; H, $200/J 

S.7-Dihydroxy4~thylpht~~e (24) 

(a) A soln of 22 (1 g) in J 50 ml CH&J1 was cooled at - 10” and added with stirring to 6 ml BBr,. After 
8 days at room temp. work-up as for 23 yielded, aher crystallization fromMeOH-water. 061 g of 24, m.p, 
252-W”; v,,(CHCl,) 3420.3330,1725,1630 cm-’ ;a(ppm) 2.17 (s, 3H, CHsArf 5.17 (s, 3H, ArCHsO-), 
696 (s, f H, ArH). (Found: C 6015; H, 471. CgH,Oo requires: C, 6000; H, 448%) 

(b) A soln of22 (05 g) in 2.9 ml AcsO and 2.9 ml 57 % HJ was reguxed in presence of 1.2 g of red P at a 
bath temp of ISO” under stirring for 12 hr. The mixture was then coohxl and filtered, washing the ppt with 
5 ml 50% aqueous AcOH. The filtrate and washing were evaporated under vacuum to dryness to give a 
residue which was dissolved in 8 ml water and adjusted to pH 4 with 5 % aqueous ammonia The ppt thus 
obtained was filtered and the mother liquor extracted with EtOAc (3 x 25 ml)The solid and the extraction 
residue were then crystallized from MeOH-water to obtain 021 g of 24, ap. 242-254”. 

6-Prenylution of24 and 25 

A soln of J.3 mmoles aflylic bromide in 20 ml dioxane was added to 1 mmole phthalide and 1.5 mmoles 
Ag,O and allowed to react under stirring at room temp. Filtering off the solid and evaporation of the 
filtrate under vacuum yielded a residue which was chromatographed over silica-gel 00502 mm Merck 
(60 g) eluting with hexane-EtOAc 4/l. Fractions obtained (IS ml each) were investigated by TLC (eluent 
heptane-EtOAc7/3) and showed that C-alkylation products wem eluted as first Further fractions separated 
0-aJky1 derivatives and subsequently traces of starting material. In the Table J are reported time and yield 
of each reaction. In Tables 2 and 3 are quoted the physical and NMK data. 

Hydrolysis ofthe methyl ester (26) 

A soln of 1.2 mmoles of 26 in 20 ml EtOH-water 2/l was added to 2 ml J N NaOH and after 12 hr at 
room temp it was acidified with AcOH, evaporated to dryness under vacuum and extracted with EtOAc. 
Nor-O-methyl my~phenoJ~c acid thus obtained had m.p. J47-149°(h~tM~EtOAc). (Found: C 62-65; 
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H. 5.98. C,,H,,O, requires: C, 62.74; H 592 %). Compound 29 similarly prepared in 90% yield had m.p. 
193-194”. 

Mycophenolic acid methyl ester (27) 
(a) A soln of 26 (OS g) in 15 ml acetone was added to 2 ml Mel and 2 g anhyd K&O, and relluxed with 

stirring until TLC (CHCl,/AcOEt!AcOH 55/45,/l) showed that a significant amount of the desired product 
had been formed (24-36 hr). The mixture was filtered and the solid residue acidified with 2 N HCI and 
extracted 3 times with EtOAc. The washal (H,O) and dried (NasS03 EtOAc soln was evaporated to 
dryness under vacuum and the residual solid subjected to column chromatography on OS kg silica-gel 
005-02 mm Merck eluting with CHCI,/AcOEt/AcOH 55/4Sjl) 27 thus obtained (205 rngh crystallized 
from EtOH-water had m.p. 104-105”. (Found: C, 6480; H, 676. C,sH2s06 requires: C, U7; H, 66%). 

(b) Ethereal diazomethane (1 eq) was added to a soln of 26 in C,H, and the mixture was left at room 
temp (2 hr) until TLC showed that a significant amount of the desired product had been formed. After 
evaporation, the residue was worked-up as under (a). 27 was obtained in 25 % yield. 

&Geranyl- and Cgeranyl-5.7-dihydroxyphthalide (33) 
A soln of 25 (100 mg) in 2 ml dioxane was added to 100 mg p-toluenesulphonic acid and 2 ml geraniol 

and refluxed for 48 hr. Evaporation of the solvent under vacuum gave a residue which was dissolved in 
warm 2 N NaOH. After cooling the soln and extraction with diethyl ether, the resulting soln was acidified 
with dil H$O* and extracted with EtOAc. The crude product thus obtained (0215 mg) was dispersed in 
1.2 g silica-gel G Merck and added to the top of a column of 22.2 g silica-gel 005-02 mm Merck which was 
eluted with CHCl,-EtOAc (9/l ; 8/2; l/l) The first and the second solvent mixture gave 12 mg of 33. 
Subsequently, 37 mg of 34 was eluted with the second and the third elution system Amorphous compound 
34 had 6 in CDCI, at 1.6 (s, 3H, CHsC), 1.67 (s, 3H. CH,C), 1.74 (s, 3H, CH,C), 3.19 and 332 (d, 2H, J = 
7.8, =CHCH,Ar), 5.1-5.3 (m, 2H, =CH-_X 5.18 (s, 2H, ArCHsO--), 644 ($ lH, ArH) and in CsDsN 6 
1.56 ($3H. CHsC), 1.65 (s, 3H, CH,C). 1.81 (s, 3H, CH,C), 346 and 359 (d, 2H. J = 7.8. =CH-_I 41-5.4 
(m,2H, ==CH-), 5.25 (s, 2H. ArCHsO-), 682 (s, lH, ArH). 

Mycophenolic acid (Zs) 
Hydrolysis of 27 to mycophenolic acid was performed as described for 26 yielding ZB in 90 % yield. 
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