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Abshret-Polyporenic acid A has been shown lo occur in sporophores of Pipfoporur bettdinus mainly in 
the form of conjugates in which the 3-a-hydroxyl group is esterit%. the acids involved being acetic. 
caproic, malonic and bhydroxy-~methylglutaric acids. The dibasic acid conjugates occur no1 only as 
the free acids but also partly as monomethyl esters. 

IN SOME studies of naturally occurring triterpenes, doubt remains as to the natural 
form of these compounds owing to the once prevalent practice of saponifying the 
extracted material. The fungus Pipfopoms behdinus, well known as a source of poly- 
porenic acids A and C,2 has, in the present work, been reexamined under conditions 
favourable to the isolation of triterpene conjugates. 

Initially, investigations were carried out on the mixture obtained by extraction of 
tbc sporophores with cold methanol, followed by esterification with ethereal diazo- 
methane, the components then being separated by a combination of gradient elution 
chromatography on silicic acid and preparative TLC. Following this procedure, 
appreciable amounts of methyl polyporenate A (I) were obtained, together with methyl 
polyporenate C (II),’ and three new compounds. 

The least polar product, CS4Hs20s, m.p. 130-1323 showed IR bands corresponding 
to the presence of one OH group (3631 cm- ‘), two ester groups (1739 cm- *, E 845) 
and an exocyclic methylene group (3084 1640, and 890 cm-‘). It was readily recog- 
nized as a 3-a-ester of methyl polyporenate A from close similarities to methyl 
polyporenate A in IR and NMR spectra, and the mass spectra were almost entirely 
the same below 449 mass units. 

The presence of a singlet at 7% 7 (CHJCOO-) and of a diffuse triplet at 5.35 7 

(H at C,) suggested comparison with a sample of the acetate III mp. 136-137”, 
which was duly found to have virtually identical IR and NMR spectra The discrepancy 
in m-p., which persisted throughout repeated efforts to further purifjf the isolated 
material, was traced to the prc3enoz of a small proportion of a n&ted ester of the 
same polarity. Evidence that this was the corresponding caproate IV was providal 
firstly by the presence in the mass spectrum of a parent ion at m/e 598 (abundance 

’ Part of this work was presented at the I.U.P.A.C. Fourth International Symposium on the Chemistry 
of Natural Products, Stockholm. July 1966. 

’ R. G. Curtis, 1. Heilbron, E. R. H. Jones, G. F. Woods, J. Chem Sot. 457 (1953); T. G. Halaall, R. Hodges, 
E. R. H. Jones, Ibid. 3019 (1953). 

’ We are grateful to Dr. T. G. Halsall for authentic samplea of methyl polyporenate A and methyl poly- 
porenate C. 
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one eighth, relative to the parent molecular ion of the acetate, m/e 542) together with 
derived ions at m/e 583,580, and 585 and secondly, by transesterification with sodium 
methoxide to give methyl acetate and methyl ncaproate, the latter being identified 
by GLC, together with methyl isopolyporenate A (V).2 The shift of the I3ydouble 
bond at C24 into conjugation with the ester group was reflected by the replacement 

RO 

I. R=H 
III. R = Ac- 
IV. R = Me(CH,),CO-- 
VI. R = MeOICCH,CO- 
IX. R = Me02CCH,CMc(OH~CH,*CO- 

HO +( 

ci-” 
kO,Mc 

\ 

HO 

V 

RO “>rd 

VII. R = MeO,CCH,C(r 
VIII. R = H 
X. R = MeO,CCH,-CMe(OH)-CHICO-- 

of the doublet- quartet system (J = 7.2 c/s) at 8.76 T and 6.90 r due to the Me and 
hydrogm at CzS in the acyloxy methyl polyporeuates A by a 6H singlet at 8.20 T in 
the product, corresponding to two vinylic Me groups. 

The other two compounds isolated also showed tIbz spectral properties of a 3acster 
of I. In the mass specuum of the less polar of these, CJ6HS60, (VI), elimination of the 
acyl grouping was associatedwithlossesof118massunitsfromtheparentand(M - 
33) ions (cf. Table 1) and was identified as a carbometboxyacetyl grouping by the 
presence in the NMR of singlets at 6.36 7 and 676 7 due to MeO- and CH2(CXPO-)2 
respectively and by the twin absorption bands at 1756 and 1736 cm-‘. These values 
were shown to be typical of malonates by comparison with those shown by dialkyl 
malonates and by the 3@carbomethoxyacetyl derivative of cholesterol (cf. Exptri- 
mental). The complexity of the Co absorption of malonates has been ascribed4 to a 
combination of vibrational coupling and rotational isomerism. 

l R. A. Abramovitch. Can&. 1. Ckm 37, I146 (1959). 
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Final structure proofwas provided by transesterification to methyl isopolyporenate 
A (V) and dimethyl malonate, the latter being identified by GLC. The dihydro deriva- 
tive VII, obtained by catalytic reduction, showed a very similar cracking pattern 
(cf. Table 1) but lacked terminal methylene peaks in the NMR and IR. Transesterilica- 
tion in this case gave methyl 24(28)-dihydropolyporenate A (VIII). 

In an analogous manner, the most polar ester C3J-I62O8 was shown to be the 
ycarbomethoxy-&hydroxy-Pmethylbutyrate IX. The acyl grouping in this case 
gave rise in the NMR to three singlets at 6.34 T. 740 T and 8.70 7 due respectively to the 
Me0 group, two methylene groups adjacent to carboxylate functions and to a Me 
group geminal to a OH group. In carbon tetrachloride solution, the ester CO groups 
absorb at 1742 and 1715 cm-‘, one apparently being intramolecularly hydrogen 
bonded to the OH group which appears at 3528 cm- ‘, the intensity relative to the 
12-OH band (k 3638 cm - ’ ) being unchanged by dilution. Methanolysis of the 
dihydro derivative X gave VIII together with dimethyl IS-hydroxy-~methylglutarate 
which was identified by GLC. 

The mass spectrum of the relatively nonvolatile IS-hydroxy-~methylglutte 
conjugate X differed from that of any of the other conjugates (cf. Table 1). in that the 
parent ion could not be detected, the ion of highest mass occurring at m/e 640 cor- 
responding to the loss of H,O from the parent ion. Apparently this loss does not 
involve the tertiary OH group of the glutarate system since abundant ions appear, 
corresponding to losses of 74,116 and 176 mass units respectively from the (M - 33) 
ion, i.e. m/e 625, &se evidently resulting from McLafferty rearrangements5 involving 
the carbomethoxy-f%hydroxy+-methylbutyrate system.6 The presence of a meta- 
stable ion corresponding to the transition 625+ + 449+ is particularly significant 
since it suggests the elimination of the whole hydroxymethylglutarate moeity as a unit. 

The natural form of the conjugates was later found by examination of a methanolic 
extract of the original mixture of acids. Fig 1 shows the result of a special two 
dimensional thin layer chromatogram. After elution in the x direction, using benzene+ 
dioxan-acetic acid (“B.D.A.“) (35 : 5 : l), the acids were esterified in situ with ethereal 
diazomethane and then eluted as Me esters in the y direction with 1% methanol in 
chloroform using samples of the Me esters previously isolated as standards. This 
located polyporenic acid A and 3-acetylpolyporenic acid A as the acids of R, @D.A.) 
028 and 029 respectively. It also revealed that the hydroxymethylglutarate IX and 
the malonate VI were each formed by methylation of two distinct acidic compounds. 
These were isolated after chromatography on silicic acid. The two more polar com- 
pounds (R, in B.D.A. 016 and 0.24) were obtained as crystalline solids which were 
shown to be XI and XII, the dicarboxylic acids corresponding to IX and VI, since they 
lacked Me0 resonances in the NMR but afforded the known dimethyl esters on 
treatment with diazomethane. 

The acid of R, 040 which was obtained only as a gum, also alforded the hydroxy- 
methylglutarate IX on treatment with diazomethane. From its NMR spectrum, 
which was very similar to that of the dicarboxylic acid XI except for the presence of a 
3H singlet at 6.30 t, it was evident that this compound was a monomethyl ester of XI. 
Its mass spectrum (cf. Table 1) shows two series of ions differing by 14 and (14 + 44) 

’ Cf. F. W. McLaKerty, Detenninalion of Organic Smctures by Physical Methods Vo; 2. Academic Press. 
N.Y. (1962). 

6 The composition of these ions were confirmed by mass &aaurcmeaw. 
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mass units respectively from the corresponding ions in the spectrum of the hydroxy- 
methylglutarate IX. The ion of highest mass again corresponds to (M - 18). The 
spectrum also indicates that the Me0 group is located in the conjugating acid moiety 
since several abundant ions are present whose formation involves the elimination 
of y-carbomethoxy-l3-hydroxy-P_methylbutyric acid (mol wt 176) or of neutral 

R,: 0.16 0.24 \\ 0.40 \ 

RF 
______ P ---o-72 

.-?+__@36 

’ ! ’ I 

A 0 CD __ 
0.26 029 Ok 

A. Methyl polyporenate A (1) 
B. Methyl 3_(4-carbomethoxy-3-hydroxy-3-methylbutyryl)-polyporcnate A (IX) 
C. Methyl 3-carbomethoxyacetylpolyporenate A (VI). 
D. Methyl 3-aatylpolyporenatc A (III). 

FIG. 1 Two dimensional TLC of the acids from P. brtulinus. 

fragments presumed to be parts thereof, namely MeOC(OH)=CH2 (mass 74) and 
MeO@CH,COMe (mass 116). Moreover, metastable ions are present confirming 
the occunence of transitions corresponding to the loss of 176 mass units from the 
M-33andM-(33+44)ions. 

This monomethyl ester (i.e. XIII) and X1 occurred in approximately equal amounts 
whereas the malonate conjugate appeared to occur mainly as the free dicarboxylic 
acid XII. The trace component of R, 0.43, although not characterized, afforded VI on 
methylation with diazomethani and had the R, to be expected for a monomethyl 
ester of VI. In order to eliminate the possibility that the monomethyl esters were 
artefacts arising from the use of methanol during work up procedure, the isolation 
of XIII from a sporophore was repeated using ethanol, the unchanged nature of the 
alkoxyl group being confiied by NMR. 

‘Ihe fact that the major triterpene acid of Piptoporus 6ehdinus is alant entirely 
conjugated with such biologically important molecules as malonic and phydroxy- 
~methylglutaric acids strongly suggests that the conjugates may fulfd some significant 
function in the sporophorc. Som studies relevant to this aspect are in progmss. 
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RO 

Xl. R = HO,CCH,CMc(OH)CH,CO- 
XII. R = HO,CCH,*CO- 
XIII. R = McO,CCH,CMe(OH)CH,C& 
XIV. R = MeO,CCH,C(r 

EXPERIMENTAL 

Fractionation of the trtierpene acidsfrom sporophores of P. bctulious as their methyl esters. Fresh sporo- 
phorea of P. betulinus (1 Kg) were blended with cold McOH and the filtered extract evaporated. The 
residue, after defatting with boiliog light petroleum (b.p. 4(Mo”) was cstcrilkd at 0” with an cxass ofethereal 
diaxomethaoc. The ether soluble fraction of the product (755 g) was adsorbed on silica and elutcd with light 
petroleum (2 I.) to which AcOEt acetate (2 I.) was being continuously added. This divided the less polar 
esters, R, 0750.62 and 051 from the more polar esters R, 036 and 015.’ 

Isolation ofmethyl polyporenare C (I). A parr (8.3 g) of the mixture of leas polar esters obtained as above 
was adsorbed oo to silicic acid (480 g) and clutal with light petroleum (15 I) to which was coot~uously 
added 50% AcGEt-light petroleum (1.5 I.) Early fractions gave a mixture of the esters R, 072 and 062 
from which the latter, methyl polyporcnatc C,’ was obtained by crystallization from light pe.trole~AcOEt 
as occdlcs (099 g), mp 193-194”. p&3086, 3030, 1734, 1711. l642_ 8% cm-‘. vz 3623 (~77, Av,16). 
1736 (~580. Av,18), 1713 cm-’ (e569, Av+14). 1 “2” 237 mp (e13,5OB), 243 mu (t15,300), 251 mu (~10,600). 

NMR (Ccl,): 4.55 r (olefinic H at C, and C, ,. 2H. t. J = 5.6 c/s). 5.25 r (CH,=C(. d. J = 3 c/s 590 r (H 

tuna to OH at C,,, mb 6.28 r (McG-, 3H, s). RD. (MeOH, c = 0556) I&, + 15,400, &oO + 198. (Found: 
C, 77.2; H, 9.8; OMc, 6.6; M+ 4%. Calc. for C,,H,,O,: C, 77.4; H, 9.7; OMc, 6.3%; M.W. 4%). 

Isolation of methyl polyporenate A 3-acetateJ3-a-caproate mixture. Tk mother liquors from tbt crystal- 
liutioo of methyl polypomnate C contained ca. 50% of a mixture of two esters with R, 072. Preparative 
TLC of the mixture on silica using fourfold elutioo with 50% bcnxcoc in chloroform, followed by successive 
crystallixations from tight petroleum and aqueous McOH gave the mixture of esters (59 mg), mp. 130-132”. 
pd 3629,3080,1738,1640,1249.890 cm-‘. v”; 3631 (e55, Av,16), 1739 (e845, Av+23), 3090, 1645 cm-*. 

UV: DO absorption above 220 mu. NMR (Ccl,): 5.lb T (CH,==C<, 2H, m), 5.35 r (H at C,. IH. m), 6a 

T (H gem to OH at C,s, 1H. d, J = 7.2 c/s). 6.33 T (Me@--, 3H, s), 8.72 T (Me at C,,, 3H, d, J = 7.2 c/s). 
The above mp. was unchanged after further crystallizttions from aqueous MeGH or repeated TLC on 

silica. The mixture was identical in R, and almost identical in IR and NMR with a sample of methyl 
3-acatylpolyporcnate A, mp. 136137”. prepared by acetylatioo of methyl polypomnatc A. Comparison of 
tbc mass rpectrum of the pure acctatc with that of the isolated sample showed extra peaks in the latter at 
m/e 598 (abuodana ca. 10% of the parent ion of 111 at m/e 542). 585,580,565. 

The isolated mixture (181 mg) was reflyxal with 0043 M methanolic McONa (10 ml) for 13 hr and then 
poured in 6N HCl(l0 ml). The product, obtaioai by ether extraction, was examined by GLC oo a 10% 
P.EG.A. column using a Perkio-Elmer Fl 1 chromatograph, at a flow rate of 32 ml/mio Ns and with the 

UV and IR spectra were determined on Unicam SP MO and SP 100 spcctrophotometcn mively, NMR 
spectra on a Perkin-Elmer 60 mc instrument and mass spectra on an A.EI. MS9 doubk focusing spcctro- 
meter. 
’ pAminoaxobenxene, R, 067 and phydroxywbcnxeoc, R, @35 were used as internal standards, 

with 1 ‘A MeGH in CHCl, as elucnt. 
s Identity with an autbcntic sample of mctbyl polyporcnatc C kindly provided by Dr. T. G. Halsall was 

utablishad by m.p.. mixed mp., TLC and mass spectra 





3434 T. A. BRYCE. I. M. CAMPBELL and N. 3. MCCORKINDALE 

obtain& pmviously. Abe product was also examined by GLC on a fpur foot column with 2 y0 Vtrsamide 
900 as stationary phase, using a Perkin-Elmer Fl 1 chromatograpb, at a flow rate of nitrogen of 38 ml@in~ 
and with tbe temp increasing after 5 min at 80” by Y/mm to 200”. Samples af the product and of dimctbyl 
3-bydroxy-3-methylglutarate, either separately or together, gave a single well dellned peak (retention time 
16.3 f O-3 rain). 

Compound L R, @15, isolated as described above, after treatment with charcoal, crystallized from 
aqueous MtOH as neadlcs (720 mg), m.p. 148-149” (lit. m.p. 148+-1495”). ~2: 3090, t742, 1727, 1648, 
9OOcm-‘. vz 3639 (t 93, Av, 1811744 (E 510, Av, 23), 3090.1648 cm-‘. ,iE”: No absorption above 220 

mp. NMR (Ccl,): 5.10 r (CH,==C<. 2H, m). 604 r (H gem to OH at C,x, LX, br. d. J = 7.2 c/s), 635 t 

(McO-, 3H, s), 6.63 r (H ate,, 1 H, m), 690 T (H at Cxs, 1 H, q, J = 7 c/s). 8.75 T (Me at C,,. 3H, d, J = 7 c/s). 
(Found: C, 765; H, 10.4; M’ at m/e 500. C&c. for C3zH,104: C, 7675; H, 105%; M.W. 5QO). Identity 
with an authentic sample of methyl polyporenate A kindly supplied by Dr. T. G. Hatsall was established 
by IR, NMR TLC and mixed m.p. 

Methyl 3-(4-corbomethoxy-3-hydroxy-3-~thylbutyry~-24,28-dihydropoly~re~te A (X). Compound IX 
(834 mg) in EtOH (25 ml) was hydrogenated using PtO, (157 mg) as catalyst. The dihydro derioluioe X 
crystallized from light petroleum as prisms (810 mg), m.p. 91-93”. y’,*, 1734, 1700 sh. M l at m/e 660 un- 
detected, lint ion in mass spectrum at m/e 642 (M - 18). (Found: C, 71.2; H, 9.7. C,,H,,Os requires: 
C, 709 ; H, 9.7 %). 

Methanolysis of this dibydro compound (280 mg) using the previously described procedure, afforded, 
after purification of the product, VIII, (60 mg), m.p. 139-141”. ldenfity with an authentic sampIt was 
confirmed by mixed m.p., IR, NMR. and TLC. 

Frucrionurion oftlrefiee rrirerpenoid oci&$om sporophores ofP. bet t&us. A portion (2-6 g) of the material 
extracted with McOH from a finely divided sporophorc of P. beruii~~ was adsorbed on a column ofsilicic 
acid (300 g), and eluted first with Cbf and then with 1% McGH in Chf. TLC on silica using bcnxenc- 
dioxan-A&H (35:5: 1) as clucnt was used to allow grouping of the column fractions. 

lso&ation o~3+-corboxy-3-hydroxy-3-methylbutyryl)po acid A (Xl). Tbc later fractions from the 
above column afforded XI, the most polar product. R, @16, which crystallixcd from ligbt pctroleum- 
AcGEt as needles (120 mg), m.p. 165-166”. v’& 3620, 3518, 1742, 1710 cm-‘. (Found: C, 7@2; H. 9.5. 
C1&*OI requires: C, 70.4; H, 9.3%). Tbe product obtained by metbylation of XI bad R, identical to 
the ester IX. 

A compound R, 0.32, which was also elutul from the above column with Cbf, was obtained as a colour- 
leps gum v”, 1736.1710 cm- ‘. NMR (CDCI,); almost identical to that of the above diacid XI but showing 
M additional singlet (3H) at 630 ‘1. M + at m/e 644 undetected, first ion in maPS spectrum at m/e 626. Again 
the product obtained by metbylation was indjsfingujs~ble from the ester IX on thin layers. 

f&~&n o~~~&x~eryf~fy~~enjc acid A (XII). Elution of the above column with 1% MeOH in 
chlgavi? the acid nmfoaare XII, R, Q24, which crystallixcd in noedIts (200 mg), m.p. 184-185”. vz 3614 
(a 49, Av, 30), 3505 (c 59, Av, 54), 1763 (E 262), 1734 (c 565), 1710 cm-‘ (6 785. Av, 28). (Found: C, 71.3; 
H, 955. CxdHsaO, requires: C, 71.3: H, 9*15x). The product obtained by methylation with ethereal 
diaxometbane had R, identical with that of the malonate VI. 
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