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Abstract-The structures were established of six pulvinone derivatives, together with 3-(p-hydroxyphenyl)-4-hyd- 
roxy-5-(p-hydroxybenzylidene)-2(5H)-furanone (dihydroxy pulvinone), which were all isolated from a culture of 
Asperyillus terreus. Dihydroxy pulvinone is the fundamental structure for the six new compounds, which have 
one more hydroxyl group and/or two 3,3_dimethylallyl or related groups substituted on the aryl nuclei. 

INTRODUCTION 

Previously, we reported [l] the isolation from 
Aspergilllns terreus of seven new butenolides. The 
simplest, compound E (5) is a dihydroxy derivative 
of 3-phenyl-4-hydroxy-5-benzylidene-2(5H)-furone 
called “pulvinone” by Claisen [2]. Among the 
other six compounds, one is a trihydroxy pul- 
vinone and the other five have aryl nuclei substi- 
tuted with two 3,3-dimethylallyl or related groups. 
Edwards et al. have also studied pulvinone and 
related compounds, including a trihydroxy pul- 
vinone, isolated from higher fungi [35], but their 
compounds have no C5 unit side chain and the tri- 
hydroxy derivative differs from ours. We now 
report the structural elucidation of our com- 
pounds. 

RESULTS 

The isolation and notation of the metabolites 
has been given in a previous paper [l]. The NMR 
spectrum of compound A (Table 1) showed a singlet 
at 1.3 l(12H) and two triplets at 1.80 (4H) and 2.80 
(4H) respectively indicating that two C5 units form 
cyclic ethers on the aryl ring as shown in structure 
(1). The signals for the aryl ring protons were also 
consistent with this structure. The NMR spectrum 
of compound B showed that one side chain forms 
a cyclic ether, and that the other is in the 3,3- 
dimethylallyl form. Although it was not certain 

* Present address: Department of Applied Chemistry, 
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which of the two aryl rings carries the dimethylal- 
lyl substituent, structure (2) was tentatively given 
to this compound, by analogy to compound D 
whose structure was firmly established as de- 
scribed below. On heating in acid, compound B 
was converted to compound A. The NMR spec- 
trum of compound C showed that both side chains 
were in the cyclic ether form. The dimethyl deriva- 
tive (8) obtained by methylation with CH,N2 gave 
a keto-acid (9) on mild treatment with alkali. In the 
NMR spectrum of (9), a new singlet due to CH, 
appeared at 3.22 ppm and irradiation at this region 
caused an increase in peak height of one singlet 
(1 H) at 7.14 ppm due to an aromatic proton. This 
fact indicated that the CH2 formed by the fission 
of the lactone ring must be attached to the aryl 
rir>g carrying the extra hydroxyl group, as shown 
in structure (9). The existence of a m-dihydroxy- 
phc:nyl group in naturally occurring aromatic 
conlpounds is rare except in the case of substances 
derived biogenetically from polyketide. For the 
further elucidation of the structure of compound 
C, its alkaline degradation was carried out, and the 
bem:oic acid (lo), phenylacetic acid (111, and its 
lactclne (12) derivatives were obtained. Therefore, 
compound C has the structure (3). 

The NMR spectrum of compound D showed 
clearly that the side chains were the same as those 
of coinpound B. On heating in acid, this was con- 
verted to compound C, and methylation with 
CH,h’, gave a trimethyl derivative. The fact that 
the methoxybenzoic acid derivative (13) was 
obtaim:d as one of the degradation products of this 
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(1) X = H; Y = OH (2) x =H (ti) X=H; Y=H 

(3) X =OH; Y=OH (4) X =OH (‘7) X =OH;Y =H 
(81 X =OMe; Y=OMe (16) X =H; Y =OH 

Table I, NMR data of pulvinone derivatives 
- 

OH 

(6) 

Compound 

A. Dlcyclic isomer of bis- 
(dimethylallyl) derivative 
of dihydroxypluvinonc 
B. Monocyclic isomer of bis- 
(dimethylallyl) derivative 
of dihydroxypluvinone 
C. Dicyclic isomer of bis- 
(dimethylallql) derivative 
of trlh~droxqpluvlnone 
D. Monocyclic isomer of bis- 
(dimethylallyl) derivative 
of trihydronypluvinone 
E. DihvdroxqI?luvinone 

F. Epoxidc of D 

G. Trihydrouypluvinone 

Proton chemical shifts (in ppm from TMS !n DMSO) 
___--- -~ 

7.75 7.45 (,,I. 4H). 6.80 (d, I H). 2.X0 (t. 4H). I.80 (r. 3H) 
67% (d, I H). 660 (s, I H). I.31 15. 12H) 

7.65-7.40 (tn. 4H), 67X (d. 1 H). 5.34 (t. I H), 3.32 (d. 1 H). 3.80 (t. ?HJ. I.80 (t. 2H) 
6.71 (pi. IH). 63S(s. IH). I.75 (5. bH,. i.:O (s. hH) 

7.55-7.40 (m, 2H), 7.16 (s, I H). “.71 (r. 4H ). 1-7s (1. 1H) 
6.76 (d. I H), 62X (s. 7H). T.29 (s. hH ). I .‘7 (,Y. 6H i 

7.60-7.40 (m, 2H), 7.16 (5. 1H). 5.30 (1. 1 H). 3.30 (<i. 2H). ?.70 (1. 2H). 1.X0 (r. 21-l) 
6.86 (ri. I H). 6.28 (s, ZH). ;,73 (\. hH). I 7X (,L 6H) 

7.92 (d. 2H), 7-72 (rl. 2H). 
6.95 ((1, 2H). 6.92 (h 2HJ, 6.6X (s, I H), 
7.62 (n. IH), 7.48 (dd. IH). 7.15 (s. IH). 4,5X (t. IH). ‘.70 (r. 2H). I.75 (i. 2H1 
6.79 (d. IH), 630 (5. lH:, 6.24 (.i. I H), 3.20 (~1. ?H). y.2: (.\. 6H). 1.16 (.L 6H) 
7.66 (d. 2H). 7.26 (ii. I H). 6.88 (d. 2H), 
6.42 (s, IH). 6.35 (&l. IH), 6.34 ((i. I H), 

___- 

Figures in parentheses show the number of proton. Abbreviations: s--singlet; d -doublet: rlrl double douhlet: I triplet: 
IFI -multiplet 

trimethyl derivative supported (4) as the structtlre 
of compound D. 

Compound F contained one more oxygen atom 
than compound D and the NMR spectrum indi- 
cated that it may form an epoxide ring. Acid trlsat- 
ment of compound F gave compound (14) which 
had a benzofuran moiety. The alkaline degradation 
of (14) gave 5-carboxymethyl-2-iso-propyl benzo- 
furan (15) indicating that compound F has strut,- 
ture (6). The analytical and NMR data and the 
methylation with CH,N2 indicated that com- 

pound G was a trihydroxy pulvinone derivati:/e. By 
analogy to compounds C, D and F and conlpari- 
son of its properties with those of the trihJ(droxy 
pulvinone (16) in the literature [SJ, it is con&ded 
that compound G has structure (7). 

Aflthemetaboliteswercisolatedfrom thecultureof +lspt~rgi//~,.s 
terrru.s IAM 2054 according to the procedure described before 

[Il. 
C’o~,~pou,~d 11 (I). M.p. 243~ 245 (Found: C. 73.51 : H. 6.64. 

C,,Hz80, requires: C. 74.98: H. 6.53”,,): MS: 4.32 (M _ ): irk’: 
j1”5”f’ 243 and 371 nm (log t J.34 and 1.49): IR: I,;!:: IhW 160X. in,ix 
1497cm~‘. 

Methylation of compound ,A Compound A (70 mg) uas 
treated with CH,N, in Et;0 to give the monometh)l derivative 
of A which was recr)stalh7ed from McOH (60 mg). M.p. 15-l 
1.57.. (Found: c’, 75~3: H. 7.01. C,,H,,,O, requil-es: C‘. 75.31; 
H, 6.77’:,,); UV: ; _,,, -l\ “‘o” 237 and 363 nm (log t 4.3 I and J.54): IR : 
rKW’ 1750, 1600. lJ9Ocm I; NMR (CDC‘I,): 6 7+-I ((I. IH). 7.55 n,4\ 
(rid. IH). 7.3 (t/ii. IH). 6X6 (d, IH) 6x3 iri. I H). h,7’ (5. 111). 3% 
(s. 3H. C&O-), 2.X2 (t, 4H). 1.X’ (I. 3H). I.34 I\‘. 12H). 

Co/npountl B (2). M.p. 187 IX9 iFound: ‘7. 72.52: H. h40. 
CZ,HLXOF. HI0 requires: C. 71.9s; H. h.71”,): MS: lil (Me): 
UV: /“UcOH 243 and 374 nm (log E -1.33 and 4.31)); IR : t,k’:: 173X. ,,,J\ 
1601, ISOOcm~ 
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kO,H 

(13) 

p HO? 

2 
I 2 

8 

0 

(10) ( 11) 
C02H 

(12) 

Methylation ofcompound B. The dimethyl derivative of com- 
pound B was prepared as described above. M.p. 11&112”. 
(Found: C, 75.63; H. 7.04. C29H320fi requires: C, 75.63; H, 
7.00%); uv: AM,:; 240 and 360 nm (log E 4.37 and 4.60); IR: 
\lKBr 1759, 1601, 1495 cm- I; NMR (CDCI,): 6 7.70 (dd. lH), 7.47 rndX 
(d, IH), 7.27 (d, 1H). 7.22 (dd, lH), 6.82 (d, lH), 6.78 (d, IH), 6.20 
(s. lH), 5.30 (t, IH), 3.85 (s, 6H, CII,O-), 3.32 (d, 2H). 2.80 (t, 
2H), 1.80 (t, 2H), 1.75 (s, 6H), 1~34 (s, 6H). 

Compound C (3). M.p. 257-259’. (Found: C, 72.24; H, 6.23. 
C,,HZ,O, requires: C. 72.30; H, 6.29%); MS: 448(M+); UV: 
Ly:t)” 244 and 375 nm (log E 4.23 and 4.50); IR: vi!: 1710. 1603, 
1496 cm- ‘. 

Mrtkylation of’ compound C. The dimethyl derivative (8) of 
compound C was prepared as described above. M.p. 157-162”. 
(Found: C, 72.79; H, 6.80. C,,H,,O, requires: C, 73.09; H, 
6.77%); UV: j.$p” 238 and 356 nm (log 6 4.38 and 4.74); IR: 
$,y: 1760, 1610, 1492cm-‘, NMR (CDCI,): 6 7.55 (d. IH), 7.47 
(dd, lH), 6.99 (s, lH), 6.77 (d, lH), 6.37 (s, IH), 6.16 (s, lH), 3.77 
(s. 6H. C&O-), 2.74 (t. 4H), 1.78 (t, 4H), 1.34 (s, 12H). 

Compound D (4). M.p. 257-258”. (Found: C, 70.33; H, 6.65. 
C,,H,,O,.H,O requires: C, 69.51; H, 6.48%); MS: 
448(M+); UV: ;.~:~” 245 and 377 nm (log E 4.28 and 4.47); IR: 
YE; 1720, 1600cm-‘. 

Trirneth~l dericutioe ofcompound D. M.p. 88-90”. (Found: C, 
73.18; H, 6.92. C H 0 requires: C, 73.45; H. 6.99%); UV: 30 34 h 
I~;~” 238 and 351 nm (log E 4.28 and 4.52); IR: vt:; 1756, 1607. 
1497 cm-‘; NMR (CDCI,): 6 7.83 (dd, lH), 7.57 (d, lH), 7.07 
(s, lH), 6.92 (d, lH), 6.44 (s, IH), 6.25 (s, lH), 5.35 (t, lH), 3.91 
(s, 3H) and 3.82 (s, 6H, C&O-), 3.36 (d, 2H). 2.78 (t. 2H), 1.80 
(r, 2H), I.76 (s. 6H), 1.35 (s, 6H). 

Compound E. (5). M.p. 282-284’. (Found: C, 68.98; H, 4.04. 
C,,HLzO, requires: C, 68.91; H, 4.08%); MS: 296(M+); UV: 
i.::,“” 238 and 369 nm (log c 4.32 and 4.46); IR: vzy: 1691, 1600, 
1510cm-‘. 

Trimuthyl deriuatiaeofcompound E. M.p. 137-139’. (Found: C, 
71.23; H. 5.03. CZ,H,,O, requires: C. 70.99; H, 5.36%); UV: 
LMcoH 237 and 353 nm (log t 4.26 and 4.52); IR: vzt; 1756. 1598, “lllX 
1508 cm- 1 ; NMR (CDCI,): 6 7.87 (d. 2H), 7.60 (d, 2H), 7.05 (d, 
2H), 7.02 (d, 2H), 6.33 (s. IH), 3.90 (s, 9H, C&O-). 

Compound F. (6). M.p. 234235‘. (Found: C, 70.07; H, 6.14. 
C2,HZ807 requires: C, 69.81; H, 608%); MS: 464(M+); UV: 

I 
COpH 

(14) (15) 

>.~~~” 242 and 375 nm (log E 4.3 1 and 4.49); IR : v:y: 1720. 1605, 
1490cm-‘. 

Dimethyl deriuutior qf compound F. M.p. 118-125’. (Found: 
C, 70.45; H, 7.05. CZ9HJZ07 requires: C, 70.71 ; H, 6.557:); UV: 
if::” 238 and 357 nm (log E 4.26 and 4.51); IR: $~: 1760, 1610, 
1491 cm-‘; NMR (CDCI,): 6 7.72 (d. lH), 7.41 (dd, lH), 6.97 
(s, IH), 6.73 (dd, IH), 6.35 (s, lH), 6.16 (s, lH), 4.60 (t, 1 H), 3.75 
(s, 6H, C&O-), 3.15 (d, 2H), 2.70 (t, 2H), 1.75 (t, 2H), 1.34 (s, 
9H), 1.22 (s, 3H). 

Compound G. (7). M.p. 263-265“. (Found: C, 64.76; H, 3.85. 
C,,H,zO, requires: C, 65.38; H, 3.8706) MS: 312(M+); UV: 
i.zrl;‘” 237 and 369 nm (log E 4.22 and 4.38); IR: v”,:: 1737, 1608, 
1513cm-‘. 

Tetramethyl derivative of compound G. M.p. 150-156’. 
(Found: C. 68.73; H, 5.46. C,,HloO, requires: C. 68.47; H, 
5.47%); uv : ;.;;y 233 and 347 nm (log E 4.3 1 and 4.54). IR : I~~~; 
1760, 1600, 1512cm-‘; NMR (CDCI,): 6 7.77 (d. 2H), 7.24 (d, 
1H). 6.92 (d. 2H), 6.57 (dd, lH), 6.50 (d, lH), 6.24 (s, lH), 3.85- 
3.80 (m. 12H. C&O-). 

Conwrsion qf compound B to compowzd A. Compound B 
(10 mg) in MeOH (1 ml) and 6 N HCl(1 drop) was heated (70’) 
for 15 min. After evaporation of MeOH, the mixture was ex- 
tracted with Et20 to give a compound A in a quantitative yield. 

Cleavage c$ the lactonr ring of (8). To a solution of the 
dimethvl derivative of C (800 mg) in a mixture of Et70 (40 ml) 
and MeOH (160 ml) werk addend lOv<::, NaOH (8 ml)and H,O 
(60 ml). The mixture was warmed at 45’ for 72 hr. Evaporation 
of the organic solvents from the mixture under a reduced pres- 
sure followed by acidification with HOAc gave a white residue, 
which was recrvstallized from MeOH. (9) (570 mg), m.p. 194- 
196’. (Found: 6, 7@17; H, 7.09. C,,H,,O, requires: CT 70.42; 
H, 6.937;); UV: ,%$y 288 nm (log E 3.82); IR: v”,z{ 1738, 
1659 cm- ‘; NMR (CDCI,): 6 7.14 (s, lH), 7.08 (dd, 1H). 6.80 (d, 
lH), 6.56 (d, lH), 636 (s, lH), 3.72 (s, 3H), 3.68 (s, 3H), 3.22 (d, 
2H), 2.71 (tn. 4H), 1.76 (m, 4H), 1.32 (s, 12H). 

Treatment ofcompound C with NaOH. Compound C (200 mg) 
with 6 N NaOH (15 ml) and EtOH 1,5 ml) was warmed at 80” 
for 40 hr under N,. After cooling. the mixture was acidified with 
cone HCI and extracted with Et10 to afford a colorless oil. This 
was chromatographed on a column of silica gel with ,I-hexane- 
Et,0 (7 :3) to give three acidic materials (IO), (11) and (12). 
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(10) (10 mg), m.p. 173--l 75 (Found: C, 70()5; H. 7.04. 
C,IH,,O, requires: C. 69X8; H, 6%40,); MS: 206 (M -); UV: 
iLiL”” 26Onm (log E 4.22): IR: \,,“,y: 1675. 1608cn~‘. NMR /11.,x 
(CDCIJ): d IO.6 (h, IH). 7.87 (d. IH). 7.85 (dd. IH). 6.80 (tl. lH), 
2.83 (r. ‘H). I.83 (t. 2H). I.35 (,F. 6H). 

(II) (31 mg), m.p. Ill 113 (Found: C, 6627; H. 6.Y3. 
C,,H,,,04 requires: C, 66.08: H. 6~X3~;,); MS: 236(M ’ ): UV: 
j.~~;~” 280 nm (lop < 3.63); IR: i ,,,,,, _ ,kBf 1140. 1700. I620 cm ’ : 
NMR (CDCI,q): d X.10 (h. 2H). 6.76 (s. IH), 6.29 (\, IH). 3.54 
(5. 2H). 2.65 (r. 2H). I.73 (t. 3H), 1.2X (s. 6H). 

(12) (1 I mg). m.p. 141 -142 (Found: C. 71.10: H. 6.15. 
C,,H,,O, requires: C. 71.54; H. 6.47”“): MS: 218(M’); UV: 
j.‘“““‘i 2XX nm (log t 3.60); IR: 1,::; 1810. lh3Ocm~r: NMR ii,.,- 
((‘Cl,): d 6.86 (5. IH). 6.46 (s. I H), 3.50 (<. 2H). 2-73 (t. 2Hl, I.77 
(I. 2H). I.30 (s. 6H). 

Cotirer.siorl o/’ ~~otn/~n~r~l D to compou~rd C. Compound D 
(1.0 g) in EtOH (20 ml) and cone HCl (IO ml) was warmed at 
70 for 30 min. Pale yellow crystals which appeared on cooling. 
were collected and recrystallized (400 mg) from MeOH. It was 
identified as compound C by IR. 

TWU~I~CIIT of triwtllyl dwirufiw ofcompou~d D wiflz NaOH. 
A soln of the trimethyl derivative of compound D (200 mg) in 
MeOH (7 ml) and 6 N NaOH (IO ml) was stirred for 10 hr at 
reduced pressure and the residue acidified with cone HCI. The 
at 70 overnight. The organic solvents were removed under a 
reduced pressure and the residue acidified with cont. HCI. The 
mixture was then extracted with Et?O. and the extract chroma- 
tographed on silica gel with ri-hcxanc ether (2 : I) to give color- 
less crystals which were identical with the p-mcthoxy bcnzoic 
acid derivative (13) b) IR (I,,,.,, &‘ir 1675. 16OOcn~‘). and MS (320. 
M + ). 

Trctrrw~~~ of ror~~poud F ,rirh ~~-f~~l~rr~~csu(f~n~~ twirl. A mix- 
ture of compound F (IOOmg) and p-toluenesulfonic acid 
(300 mg) was heated at I 15 110 for IO min. After cooling. H,O 
was added and the mixture extracted with Et,0 to give (14) 
(60 trig). It was purilied by chromatography on silica gel with 

Ii-hexane-ether (2:l). M.p. 234 335 (Found: C, 73.67; H. 5.6% 
(‘17Hr(,0h requires: C. 72.63: H. 5,X7”,,); UV: ;.b:::“’ 250. 3 I4 
and 36X nm (log t 4.49. 4.36 and 4.37): IR: is>!;; 1710. 
I600 cm- ’ : NMR [(CD,>),SO]: ;i S.07 (tl. I H). 7-7s (dd, IH I. 
7.59 (tl, lH), 7.25 (I. IH). 6.70 (\. IH). 665 (\. IH). 635 (.s. 111). 
3.15 (/ii. IH). 2.72 (I. -iH). 1.7X (r. 21-l). l-33 (tl. 6I-l). I.27 Is. OH). 

/~owI/I~./ dcritcrriu, 0/‘(14). M.p. 108 I 10 (Found: t‘. 7340; 
H. 6.61. C,,>H,,,O,, requires: C‘. 7340: H. 6?7”,,). UV: jam;,:“’ 351 
and 334nm (log c J-l:! and 3-lY): IR: ,sk!:: 1760. 1hlOcm ‘: 
NMR (CDCI,): 6 X.10 (ri. IH). 7.73 (c/d. III). 7-46 (il. I H). 7.07 
(s, I H-1). 6.-l-l 6-10 (s, 3H ). 3.X2 (2. 3H) and 3,X() (s. 3H. c‘H,C-). 
c~cr312(r,(. lH).?7X(r,2H). I.S2(/.7H). l.?h(‘/.6H). I.G(.c.(~H). 

7-~ot,nenr of (14) ~irh NaOH. (II) (2OOmg) in 6 N NaOM 
(15 ml) and EtOH (5 ml) was rclluxcd for 30 hr under NJ. After 
evaporation of the EtOH. the mi.xtur-e \+a~ acidified with cone 
HC:l and exti-acted uith Ft20 to alford a colorless oil which 
was chromatographed on silica pcl Llution I+ ith u-he~anc 
ether (4: 1) gave two acidic materials III) (-35 mg) and (IS) 
(II mg). (15) m.p. 62- 68 (Found: C‘. 71.2.3: H. 6.53. C‘r3H,&Oi 
requires: C. 71.53: H. 647”,,): MS: ?IX(M -): UV’: j.AI;,p’ 23-l. 
280 and 2X6 nm (loe E 3-30. 3.76 and 3.X()): IR: I,,:,!!: IhYO. 
1596cm’; NMR (t?-I,): 8 IO,!, (h. IH). 7.31 (J. IH,. 7,.:X (r/. 
IH). 7.l2(rld IH). 6?2(\. lH). 3.66,\. PHI. <‘<I ?I()(III. IH). I i 
(il. 6H). 
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