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A~-Inco~ration of acetate-[2-Y, 2-‘H] into my~p~noIic acid has been shown by degradative experi- 
ments to be consistent with a starter effect indicative of a tetraketide precursor. 

Biosynthetic studies on mycophenolic acid, 1, date from 
the early incorporations of acetate-(“C]’ to recent work 
involving aromatic intermediates including 2 and 32” and 
it now appears that the later stages can proceed via 
several different pathways.’ A number of pentaketide 
phenolics co-occur with 1: a new addition being the 
dihydroxyphthalide 4: and an alternative pathway to 3 
from a pentaketide could not be excluded.’ However we 
now describe evidence from inco~oration of sodium 
acetate-[2-‘4C, 2PH] that both H-atoms of the phthalide 
methylene group in 1 are part of the starter acetate unit 
of a tetraketide derived moiety. 

*New address: Department of Chemistry, University of Edin- 
burgh, West Mains Road, ~inb~ EH9 3JJ, Scotland. 

$Tbe three lactone 7~ (a plausible inte~ed~~) was obtained 
from this oxidation under milder conditions and was clearly 
distinct from the erythn, isomer 7b obtained via the epoxide of 8. 

1: R,=CO,H.&=H 
5: I?, = COIH. R2 = Me 

8; R, = CO,Me, R, = Me 
19; R, = CH,OH, R2 = Me 
20: A, = CH~OCOIEt. R2 = H 
21: R, = CHIOH, RI = H 
22: RI = CO$O?Et, R, = H 
24: R, = CONHCeH,Me-p. R, = H 

25: R, = CONHC,H,Me-p, Rz = Me 

In order to be able to determine the tritium content in 
the phthalide methylene group, a derivative of 1 was 
sought in which these protons had been specifically 
removed. Apart from the chosen sequence described 
below, two other methods were found by which this 
could be achieved although in less satisfactory overall 
yields (Scheme 1). One involved oxidation of O-methyl 
mycophenolic acid (5) to give the three anhydride 6.$ in 
the other, acid catalysed cyclization of 1 to mycoch- 
romanic acid 9, followed by LAH reduction to the trio1 
11 and oxidation with active MnO* afforded a separable 
mixture of the isomeric lactones 13 and 14. These 
afforded after oxidation and esterification, methyl 
mycochromanate 15 and the 7-methylphthalan-l-one 16 
respectively. In similar fashion, MtQ oxidation of the 
trio1 17 gave an inseparable 2: 1 mixture of the Iactones 
1% and 19. (A reference sample of the latter was prepared 
via the carbonate 20 which was obtained, rather than 21, 

3: R, = Me. R, = H 

4: R, = H. RI = CHOHMe 
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6: R, = OH, R, = H. R3 = Me, X = 0 
70: R,=OH.R~=H.Rg=Me.X=H, 

7b: R,=H,R,=OH.R,=Me.X=Hz 
10: R, r I$ = RJ = H. X = HI 
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9: R=H 
15: Ft=Me 

CJi,OR 

CH2CX? 

11: R=H 
12: R = AC 

14 16 

Scheme I. 

by borohydride reduction of the mixed anhydride 22). 
The desired regioselectivity in the oxidation was 
achieved by using less active MnOz under controlled 
conditions giving the cyclic hemiacetal 23 as the major 
product (82%) from which the ?-methyiphthalan-l-one 1% 
was ob~ined in high yield by further oxidation. The 
NMR signal for the aromatic Me group in all the above 
I-methylphthalan-l-one derivatives was shifted downfield 
by ca. 0.4 ppm from that for the Me group in the 
isomeric 4-methylphthalan-l-ones owing to deshielding 
by the o&o carbonyl function. 

Doubly labelled I was readily ob~ined from 4-day old 
shake flask cultures of I? stolonifencm which had been 
fed on the second day after inoculation with sodium 

CONHAr 
I 

26 27 

24 - 1 

R 

acetate-fZ’%, 2-3H] and this was degraded as indicated 
in Scheme 2. In order to assess the level of incorporation 
into the terpenoid side chain, I was converted into 2 and 
ozonized. Borohydride reduction of the product 
afforded the alcohols 26 and 27 which contained 60% and 
39.7% respectively of the total “C inco~orat~. Since 
each of the three labelled carbon atoms in 26 presumably 
carries cu. 13% of the “C radioactivity, the hydroxy- 
methyl group of 27 must be similarly labelled. In 
agreement with this removal of the 3H in the hydroxy- 
methyl group of 27 by oxidation gave 28 with loss of 
~tium co~e~pondin~ to 12% of the total in 1. The 
remaining 48% of “C activity is presumably distributed 
over the four appropriate C atoms of the polyketide 

16: R = CH,OH 
29: A = CO?H 

23 

Scheme 2. 
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derived phthalide nucleus, i.e. this would have been 12% 
per C atom if the distribution had been uniform.’ 
However the high levet of tritium (34%) retained in the 
acid 2% indicates that the methylene group must carry a 
higher proportion of this than the three ring carbons. An 
independent measurement of the t~tium content in the 
p~thalide group was obtained by conversion of 1 via 8 
into the trio1 17 and thence as described above and in 
Scheme 2 into the lactone IS. For convenience this was 
further oxidised with Cr& to the ~rystailine lactone acid 
29 and the transformation l-+29 was accompanied by a 
loss of 28.5% of the tritium content, apin showing the 
high level of tritium activity located in the phthalide 
methylene group. 

The retative levels of radioactivity at the eight centres 
can be assigned as indicated in Fig. I and 3H :C ratios 
and percentages radioactivity calculated from this pro- 
vide a reasonable fit for those observed (Table 1). Both 
the hydrogen atoms in the phthalide CH2 group are 
derived from acetate [eliminating the C-Me analogue of 
4 (i.e. R’ = Me) as a possible intermediate] and the starter 
effect observed is in accord with the precursor for the 
phthalide nucleus normally being a tetraketide. 

EXWTAL 

M.ps are uncorrected. R,s refer to rlc on silica HFw using the 
solvents indicated. 

Fig. I. Relative distribution of “C OH) in 1. 

Tire anhydtide 6. To a soln of sd (70 mg) in 2N KOH (2 ml), an 
excess of KMnO, in 0.45 N KOH was added at LOW’. After 
heating for a further 2hr, the soln was filtered, acidified with 
6 N H&l and continuously extracted with ether to give the anhy- 
dride 6. (IOmg, l3%), m.p. 149-151” from CHClrpet. ether ilit’ 
m.p. 153’). Rf 0.55 (CHCl,); IR (KBr) 3560, 3460, 1840, 
1770 cm-‘; NMR (CDC13f 1.48 (3 H, s, Nef, 2.0-2.5 (2H, m), 2.55 
(3H, s, ArMe), 2.6-3.2 (SH, m, 1H exchangeable with 40, 
2 x CH:! and OH). 3.65 (IH, m, CHOH), 4.17 and 3.84 (ea 3H, s. 
OMe); MS m/e 364 (6%, MI), Jw (5), 266 (99, M-98), 99 (100, 
lactone ring, CsH702). (Found: C, 59.4; H, 5.5. Calc. for 
CteHwOs: C, 59.3; H, 5.5%). 

The threo fuctone 7~. When the 2 hr heating was omitted in 
the above procedure, prep. tic of the crude product gave the 
three hydrowylacrone 7a (14% yield), m.p. 150-151” from CHClr 
pet. ether, RI 0.56 (CHCI,): IR (KBr) 3480, 1755, 1604, 1203, 
1130, 1075, 943, 870. 789 cm-‘; UV (EtOH) AmX 226 nm (6 
2O,OOO), 251 ((. 99301, 2% (1~ 3180); NMR (CDCI,) l.SIS (3H, s, 
Me), 2.20 (3H, s, AtMe), 2.0-2.4 (2H, m), 2.85 (lH, exchangeable 
with 40, OH), 2.5-3.1 (4H, m), 3.64 (IH, m, CHOW), 3,84 and 
4.08 (ea 3H. s, Ohfe), 5.15 (2H, s, ArCH,O-); ES-m/e 351 (l3%, 
M”), 251 (100, M-99), 221 (68), 99 j?O, lactone ring C$HY02). 
(Found: C, 61.6; H, 6.3. C,sHnO, requires C, 61.7; H, 6.3%). 

The erythro lacfone 7b. Compound 8 (100 mg) was allowed to 
stand with ~~hloro~r~n~ic acid (lOOmg) in CHCI, (15ml) 
overnight at room temp. Prep. tic of the neutral fraction of the 
product gave the corresponding epoxide (75 mg, 80%), R! 0.72 
(CHCI,); IR (CCLJ 1768, 1741, 1124cm-I; NMR (CDCIJ 1.41 S 
(3H, s, Me), 1.7-2.1 (2H, m), 2.19 (3H, s, ArMef, 2.2-2.6 (2H, m), 
2.94 (3H, br, 2xCH2), 3.62 (3H. s, Me&C-b 3.81 and 4.10 (ea 
3H, s, OMe), 5.14 (2H, s, ArCH+); MS m/e 364 (8%, M’), 333 
(25, M-MeO‘), 235 (IO@, 22l7@, M-Me02CCHrCHLC\Me-j3H’)1 
143 (23), I IS (28), 99 (28). 0 

A soln of the epoxide (45 mg) in CF&OtH (5 ml) was allowed 
to stand at room temp for 2 hr. Evaporation gave the erythro 
lactone 7b which crystallized from CHClrpet. ether as colour- 
less needles, m.p. 158-W?“, R, 0.53 (CHCI,); IR (CHC13) 3500, 
1764, 1604cm-‘; IR (KBr) 3450br, 1760, 1597, 1300, 1201, 
I124 cm-‘: NMR (CDCI,) 1.46 S (3H, s, Me), 2.16 (3H, s, ArMe), 
I&2.9 (6H, m), 2.8 (IH, s. exchangeable with D20, OH), 3.8TfR, 
m, -CHOH), 3.78 and 4.02 (ea 3H, s, OMe), 5.05 (2H, s, 
ArC@S-). (Found: C, 61.7; H, 6.0. C1$Ht2CJ requires: C, 61.7; 
H,a%). 

Mycochrvmunic acid (9) and mycophenolic acid luctone (IO}. 
A soln of I (430 mg) in 3% cone H2SOI in HOAc was refluxed for 

Table I. 

Compound 31i :‘4c 

Atcmic 

ratio* 
3H :14c 

3 Radioactivity 

relative to J_* 
3H 14C 

NaOAc 

ffedi ST : 7C 

1 69.5 1.25 55.6 8,522 : 9.08C 100 100 
(8.6T : 9.08C) (1001 1100) 

II 68.2 1.24 55.0 8*42T : 9.08C 
(8.W : 9.08C) 

9lS.l 
(1001 

99.2 

ltool 

29 57.0 1.25 60.8 6.25T : 9.08C) 73.4 100 
(6.OT : 9.08Cf (70) (ToOk 

27 32.1 0.75 42.6 3.70T : - S.tfC 46.2 60.0 
(3.6T : 5.15C) (41.9) (56.7) 

28 23.7 0.765 31.0 2.69T : 5.1X - 36.‘1 61.2 
(2.W I 5.tUlj (30.3) (56.7) 

26 35.6 0.496 71.7 4.752: : 3.93C 51.2 39.7 
(5T : 3.93C) (58.1) (43.31 

t Values in parenthesis ace calculated on the basio 

distribution fndicated in fig 1. 

of the relative 
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525 (2H, s, ArCCO-), 5.32 (lH, 1, J = 7.5 Hz, olefinic H),?.78(IH, 
s, exchangeable with D?O, ArOO; MS m/e 306 (27%, I@), 288 (20, 
M-H@), 247 (87, M-H~H*~H~CH~), 229 (28), 207 (100, M- 
HOCH2CH2CH=CMeCH;), I59 (45), 85 (100) with m* correspond- 
ing to 306+ 288,288 + 270,207 + 159. (Found; C, 66.5; H. 7.2. Calc. 
for Ci7H&: C, 66.7; H, 7.2%). 

The ~~~~~~f 19. The above 21 ~~rng} in MeOH (comb) was 
treated with an excess of ethereal CHzNl for 18 hr. giving the 
dimerhoxy alcohol 19, a colourless oil (62 mg), b.p. 
165”/O.a)5mm, RI 0.4 (MeOH-CHCI,, 1:49); IR (KBr) 3400, 
1760, 1600, 1316, 1128, 1033, 994, 966, 914cm-‘; NMR (CD&) 
1.80 fi (3H. s. Me). 1.5-2.2 i5H. m, IH exchangeabIe with I&O. 
2 x CH2 and -OH), 2.19 (3H, s, ArMe). 3.38 (ZH, s, J = 8 Hz, 
ArCH,CH=), 3.59 (2H, t, J = 6.5 Hz, -ZH,OH), 3.79 and 4.04 (ea 
3aOMe), 5. I I (2H, s, ArCHtO-), SX(lH, I, J = 8 Hz, olefinic 
H); MS mie 320 (58%, M+n61 (40, M-HOCH*CH~CH~), 221 
(73, ;M-HOCH$H+ZH=CMeCH;), 207 (60)~ 85 (100). (Found: C, 
67.3; H, 7.5. CIRH2,05 requires: C, 67.5; H, 7.6%). 

The ?-melhylphrhalan-1-offer I8 and 28. The MnOz used in 
the following reaction was prepared as beforei but had been 
stored for 12 months at room temp and humidity. A soln of if 
(97mg) in dry CHCI, was stirred at room temp under Nz with 
MnOz (1 g) until 17 could not be detected by tic (cu. 5 hr). Prep 
tic gave the 7-mefhylphrhufun-I-0I 23 as an unstable colourless 
oil (70mg, 82%), Rf 0.5 ~MeOH~HCl~, I : 19); IR (CHCI,) 
35D0br, 1655. 16OOcm ‘; NMR (CDCl~) 1.78 6 (3H, br s. Me), 
1.6-2.4 (6H, m, 2H exchangeable with DZO, 2 x CH2 and 2 x OH). 
2.28 (3H, s, ArMe), 3.35 (2H, d, J = 7.5 Hz, ArCH,CH=), 3.55 - 
(2H, t, J = 6.5 Hz, -CtZrOH), 3.72 and 3.76 fea 3fi, OMe), 5.2 
(2H, br s, in at 6.4 S-+s, ArCH#-), 5.25 (IH, m, olefinic H), 6.4 
[ lH, br s, irr !.2 6 *s, ArCmH)-O-1. 

Compound 23 (70 mg) mry CHCIJ (I5 ml) was stirred with 
active hinO, (700 mgt under N1 for I2 hr. Filtration and evapora- 
tion gave the 7-mefhytphfha(un-l-one 18 as an oil (65 mg, 95%); 
IR (CHCII) 3500 br, 1760, 1600cm-*; NMR (CDC&) I .80 S (3H, 
br s, Me), l&2.3 (SH, m, IH exchangeable with D,O), 2.53 (3H, 
s. ArMe), 3.42 (2H, d, J = 6.5 Hz, ArCH$H=), 3.59 (2H, t, 
J = ct.mz., -CH20H), 3.75 and 3.86 (ea 3H. s, OMe). 5.19 flH, m, 
olefinic H), m (2H, s, ArCHzO-1. - 

The above 18 (65 mg) m acetone (2 ml) was treated at 0” with 
Jones reagent (0.2 ml) for 15 min. Crystallization of the acidic 
fraction of the product from CHCl,-pet. ether gave the 7- 
rne~~y~p~~~~~~~-l-~#e 29 as colourless needles (55 mg, 83%), 
m.p. 107-l IO”, R, 0.4 (MeOH-CHCI,, 1: 19); IR (CHCI,) 3520 br, 
1760, 1711. 1595cm-‘: IR tKBr) 32&2850, 1754, 1695, 1595, 
1295, I1 16, 1032cm-‘; UV (EtOH) A,,, 210 nm (c 16,000), 250 (E 
10.900), 295 (c 5500); NMR (CDClj) 1.80 6 (3H, s, Me), 2.36 (4H, 
br s, 2XCH,), 2.56 (3H, s. Arhie). 3.42 (2H, d, J=?Hz. 
ArCH,CH=), 3.72 and 3.85 (ea 3H,aMe), 5.12 (lH, m. olefinic 
HIT04 I2H, s, ArCH+), 9.5 (IH, br, exchangeable with DzO, 
-C02H). (Found: a.4; H, 6.8. C,8HZt06 requires: C, 64.7; H, 
6.6%). 

The p-talrcidide 24. The acid I (520 mg), suspended in dry 
benzene (50 ml) was stirred with oxalyl chloride (I ml) for 2 hr at 
room temp. After cva~ration. the residue, in benzene {5Oml), 
was rcffuxed with p-toluidinc (230 mg) for 2 hr. After washing 
successively with water, dil HClaq and sat NaHCO,aq, 
evaporation gave the phencllic p-loluidide 24 which crystallized 
from EtOH as colourless prisms (590 mg, 90%), m.p. 103-11)4”, R, 
0.45 KHCI,); IR ~Nujol 3450. 33&l. 1752, 16&l. 1618, 1600, 
1535 cm ‘: UV (EtOH) A,,, 217 nm (e 33.000). 250 (e 17,400), 306 
(f 4500); NMR (CDQ) 1.82 fi (3H, s, Me), 2.05 (3H, s. 
-C,H,Mel. 2.28 (3H, s, ArMe). 2.40 (4H, s, 2 x CH&. 3.39 12H, d. - 
J = 7E, ArCHXH=), 3.18 (3H. $. OMe). 5.11 (2H. s, ArCH&), 
5.30 IIH. t;.-j-T 7 Hz, olefinic H), 7.14 (4H. AA’BB’ system, 
J = cu. 3 Hz, -C&I.&‘H-), 7.40 (IH, s, exchangeable with D@- 
ChCO#, NH). 7.50 (IH. br. cxchangeablc with DzO, -OH). 
(Found: C, 70.2; H. 6.6; N, 3.5. CI~H?INO~ requires C, 70.4; H, 
6.7; K. 3.4%). 

The p-tmluidide 25. The above I6 (180 mg) in toluene (tOmI) 
was treated with an excess of ethereal CHzN? and allowed to 
stand 18 hr at room temp. Filtration and evaporationgave25asan 
oil. RI 0.5 @ZHCl& IR ~liqu~d film) 3390, 1750, 1659, 1600. 1635. 
1315. Il32,770cm~‘; NMR (CDCl~) 1.83 S (3H. s, Me), 2.11 (3H. 

s, -CnH&ie), 2.28 (3H. s, ArMe), 2.40 (4H, s, 2 X CH:), 3.39 (ZH, 
d, J = 7 HxArCH2CH=), 3.74xd 4.05 (ea 3H, s, OMef, 505 (2H, 
s, ArCH&1, 5.22 (IH, t, J = 7 Hz, ofefinic H), 7.i2 (4H, AA’BB’ - 
system, J = CQ 3 Hz, -&I&NH-). 7.37 (IH, br. exchangeable 
with D~OXRCOZD, NH). 

Ozonolyis of Ihe p-foluididp 25. Compound 25 (180 mg) was 
ozonized in EtOAc at - 80* for 30 min and the ozonide reduced 
by stirring with NaBHl (50 mg) in aqueous MeOH (I : I) at room 
temp for 2 hr. Extraction with EtOAc and prep tic gave. firstly. 
26 (25 mg, 30%) as colourless prisms, m.p. I14- 115’ from CHCII- 
pet. ether, RI 0.4 {MeOH~HCl~, I : 19); JR {CHCI?) 3435, 1623, 
1598, 15lOcm-‘; IR (KBr) 3330. 3250, 3180, 3110. 1670. 1608, 
lS50, 1511, 1310. 1128, 816cm ‘; NMR (CDCI~) ? 70 (3H. d. . . . 
J = 6.5 Hz. CHXHOH-), 1.6-2.0 (2H, m. CH& 3.30 f!H. s. 
-&HdMe), 2.43 (2H, 1, J=&SHz, -CHXO-1. 3.21 (IH, hr. 
exchangeable with D?O, -OH), 3.85 (IH, m, -CHOH-), 7.20 (4H. 
AA’BB’ system, J = cu. 3Hz, -C&NH-r 8.10 (IH, br, 
exchangeable with D&CF-tC&D. NH). (Fourrd: C, 69.4: H. X.0: 
N. 6.9. C,~HI~NOZ requires: C. 69.5; H, X.3; N, 6.8%). 

The second product was the afco~o~ 27 (30 mg, 3@%) as colour- 
less needtes. m.p. 38-100” from CHClr-pet. ether. Rf 0.65 
(MeOH-CHCII, 1: 19); IR (CHCI?) 1754, 1597cm“: IR (KBr) 
3240, 1761, 1738. 1590, 1301, 1124. 1100, 954cm’ ‘; UV (EtOH) 
A max 217nm, 249(~ SSOO), 295 (E 15001; NMR (CDCll) ?.OOfi (IH, 
br, exchangeable with D20, -OH), 2.19 f3H, s, ArMe). 2.99 (?H. t. 
J = 6.5 Hz, ArCHXHr). 3.75 (2H. m. -CH$)Hn.XO and 4.08 
(ea 3H. s. OMe),S.l I (2H, s, ArCHlO-); MS m/e 252 (60%. M-). 
234 (26, M-H10). 221 (100. M-mHi). 220 (57). 191 (X0). I63 
f59), 161 (57). 133 (74). 91 (511, 77 (44) with m* corresponding to 
252-+?34, 2524 221, ?2l+ 191. I91 + 163, I91 + I61 and 161 -t 
133. (Found: C, 62.0: H. 6.4. CUHMO~ rcquircs: C. 61.9: H. 
6.4%). 

The acid 28. The alcohol 27 (17 mg) in acetone (I ml) was 
treated at 5” with Jones reagent (0.05 ml} for IOmin. Crystal- 
lization of the acidic fraction of the product from CH&-pet. 
ether gave 28 as colourless prisms (12 mg, 7U%), m.p. 148-150 
(lit“ m.p. 150-151”), Rf 0.15 (MeOH-CHCI,. I: 19). IR (CHQ) 
1759, 1710, 1601 cm-‘; IR (KBrf 3ooO br, 294& 1752, 1699, 1599, 
1297, 1228, 1200, 1129, 1100, 1070, 1035, 989, %5cm-‘; UV 
@tOHI A,, 217 nm (E 26,OOO), 250 (6 WO), 295 (c 1500); NMR 
(CD&) 2.18 S (3H, s, Me), 3.76 (2H, s, ArCH,&), 3.79 and 4.09 
(ea 3H, s, OMe), 5.14 (2H, s, ArCH20-1, ?~~lH, br, exchange- 
able with 40); MS m/e 266 (9X, M’), 248 (77, M-H20). 221 
(63, M-HOzC’). 207 (IOO), 163 (59), 161 (57). 133 (?4), 91 (51). 77 
(44) with m* corresponding to 266+248, 221+191, 1914163, 
191+161 and I61 + 133. (Found: C, 58.3: H, 5.2. Calc. for 
CIsH,eOB: C, 58.6; H, 5.3%). 
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