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Abstract-Four y-hydroxybutenolide sesquiterpenes have been isolated from Lactarius scrobiculatus, L. blennius 
and L. pallidus. Their structures and absolute stereochemistry were determined by spectral data and by conversion 
to known compounds. 

INTRODUCTION 

In pursuing our research on the sesquiterpenes of 
Lactarius species we isolated four new lactaranes la-b 
and 2a-b from Lactarius scrobiculatus, L. blennius and 
L. pallidus. Some results have already been reported 
concerning the first two species [l-3]. Compounds la 
and 2a were found in all three species. The corresponding 
ethyl ethers lb and 2b were isolated from L. blennius 
and only zb from L. pallidus. 

RESULTS AND DISCUSSION 

In the Experimental are reported the purification of 
the compounds and their physical and spectral data 
except for the NMR data which are tabulated in Tables 1 
and 2. Since la and 2a presented very similar spectra they 
will be discussed together. Spectral dam suggested the 
presence of a y-hydroxy-@-unsaturated butenolide 
system with a double bond located at the junction of two 
rings. In fact, the 13C-NMR spectrum showed signals 
of a C=O group (at 172.3 and 172.1 ppm, respectively), 
of two unsaturated quaternary carbon atoms (at 159.4 
and 126.5 ppm and at 159.4 and 130.1 ppm) and of a 
carbon linked to two oxygens (at 97.3 and 98.9 ppm). 
Furthermore the IR spectra showed bands of an un- 
saturated lactone C=O (at 1745-1735, 169%1695 cm-‘) 
and of OH groups (3340-3345 cm- ‘). This feature 
recalled the structure of blennin B (12) [3] which was 
confirmed by the bathochromic shift (40-50 nm) of the 
UV maximum of la and 2a when KOH was added (this 
behaviour corresponds to the transformation of the 
cyclic pseudo acid to the anion of the ring opened a& 
unsaturated y-aldehydo acid [4]) as well as by the easy 
loss of one acetyl from the diacetyl derivatives lc and 2c 
respectively, on treatment with ethanolic KOH (UV 
shift) yielding Id and M. The IR spectra of lc and 2c 
showed that. besides the two acetylated hydroxyls, a 
tertiary OH was still present in both molecules. 

* Part 4 in the series “Fungal metabolites”. For Part 3 see 
Vidari G, De Bernardi, M., Vita-F&i, P. and Fronza, G. (1976) 
PhytochemistrJ 15.1953. 

The NMR data together with the oxygenated func- 
tional groups (three OH and a lactone ring) indicated the 
molecular formula C,,H,,O, for both compounds. 
On the basis of the lactarane skeleton and of the PMR 
data the position of the substituents could be determined. 
Three singlets (3H each) were attributed to the gem. 
methyls at C-11 and to the methyl at C-3 (61.26) which 
must therefore be geminal to the tert-OH. The chemical 
shift of the doublet (J N 3 Hz, 1H) at 6 4.28 and 4.36 
respectively for la and Za, shifting down field by cu 
1.4 ppm upon acetylation, suggested that the third OH 
was allylic to the butenolide double bond. Moreover on 
irradiation of the multiplet at 6 2.62.9 (cyclopentane 
ring methyne protons) the doublet changed to a singlet 
indicating the hydroxyl was at C-8. The complicated 
signals at 6 2.4-2.9 (41-1) contained an AB system (cen- 
tred at S 2.59 for la and at 6 2.86 for 2a) which was 
attributed to the isolated CH, in position 4. Decoupling 
experiments showed also that the signals of the C-2, 
C-4 and C-9 protons were partially overlapped. 

At this point it was likely that la and 2a were isomers, 
the isomerism arising from the possible modes of linking 

the O= -0-CHOH-group to the C-6 and C-7 C 
atoms of the lactarane skeleton, that is they had either 
C=O in position 5 and OH at C-13 or C=O in position 
13 and OH at C-5. 

Distinction between the two isomers was possible on 
the basis of the homoallylic coupling constant between 
the protons at C-4 and the protons at C-13. For instance, 
in the case of lactarorufin A(8a) [3, 53 and blennin B (12) 
[S], which have the C=O in position 5, we have ob- 
served a homoallylic coupling constant of about 2 Hz 
between the C-13 and C-4 protons. In the present case 
the C-13 proton at 6 6.11 of la was a triplet (J = 1.7 Hz) 
collapsing into a singlet on irradiation of the two C-4 
protons at 6 2.6, whereas in the case of 2a the C-5 proton 
at 6 5.89 was coupled only with the gem. OH. It followed 
that the carbonyl group is placed at C-5 in compound 
la, named lactarolide A, and at C-13 in compound 2a, 
named lactarolide B. 

The NMR spectrum of 2a was actually complicated by 
the presence of the two epimers (1: 1) which equilibrate 
through the aldehydo acid. In the case of la one of the 
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c-4 C-4’ 

Table I. PMR data* 
-___ 

C-5 C-13 C-8 C-?CH, 

la 

lc (CDCI,) 

Ill 

lr 

8a (CDCI,I 

8b (CDCI,) 

3 2.741 

2a 2.94 d 2.78 d 

Zc (CDCl,) 

Zb 

Ze (CDCI,) 2.60 s 

9 (CDCI,) 2.9 ~2.4 
IOa (CDCI,) 2.84 d 2.52 d 

IOa (C,D,) 2.08 ., 

lob (CDCI,) 

10~ (CDCI,) 

10~ (C,D,) 
IOC 

1 lb (CDCI,) 

2.89 d 2.58 d 

2.68 s 

1.92 s 
2.85 ,s 

2.Y4 d 2.75 dd 

2.68 rid 2.50 dd 

2.681- 

2.67 dd 7.55 dd 

2.65? 

2.70 dt 

2.76 hrd 

2.52 dt 

2.48dt 

2.82 d 2.54 d 

2.86 d 2.77 d 
2.93 d 2.75 d 

h.ll 1 

(7.9 t 

S.96 t 
6.10 * 

6.90 t 

4.90 dt 
4.58 Jr (C-13’) 

4.9Y dt 
4.56 hrd (C-13’) 

6.3 ! 
5.89 d$ 
5.93 djj 

6.72 s 
6.78 s 

5.94 d 

6.71 S 
6.74 S 
4.58 s (2H) 
4 63 \ 12H) 

3.83 li 
4.06 d (C-5’) 

4.67 ., (2H) 

4.62 s (2H) 

3.98 s (2H) 
4.67 s (2H) 

7.17 ,,I 7.40 d 

4.28 d 

5.70d 

4.1’) d 
4.24 d 

5.91 d 

J.lOd 

3.08 dd 

4.36 d$ 
4.39 da 

5.84 d 

4.23 dd$ 
4.27 rid& 

5.74 d 

2.7 R[ 12H)t 
4.62 d 

4.70 d 

5.87 hr 

4.40 dd 

4.70 dd 
4.24 dd 

4.60 h, 

I .26 s 

I .24 s 

1.21 s 

1.20s 

I .30 s 

1.19s 

1.35 s 

1.26s 

1.25s 

1.25 s 
1.26 S 

I .25 s 
1.27 s 
1.28 S 
1.25 .\ 

1.09 S 

1.23 s 

1.22s 

0.93 s 
1.22 s 

1.lh.s 

two epimers predominated. Examination of Dreiding 
models of la showed that C-13 OH is probably in the 
more stable a-configuration and that it can form a 
strong hydrogen bond with the C-8 OH. However 
acetylation of 2a to 2c shifted the epimeric ratio and 
resulted in simpler spectra. 

As regards the other two compounds. 1 b and 2b. they 
were less polar (TLC R,) gut showed spectral data very 
similar to la and 2a. The stgnals relative to a y-hydrox)- 

I I 
butenolide ring, of a =C-CHOH-CH-CH,-group 
and of the characteristic 3.4disubstituted-Ll-dimethyl- 
cyclopentane system were again evident. From the MW 
(M’ 3lO)and from the ‘“C-NMR spectrum the molecular 
formula C,,H,,O, was deduced for both compounds. 
A comparison of the PMR data of la--b and 2a-b showed 
that ethylation of an OH group accounted for the further 
two carbon atoms. 

The jocation of the OEt group at C-3 was deduced by 
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C-l 1 CH, CH,CO OCH,CH,f Jd_4. J,., J13_4 J,,_,. Others 

1.04 s, 1.02 s 

1.09s, 1.00s 

1.06 s, 1.03 s 

1.13 s, 1.05 s 

1.04 s, 1.02 s 

1.04 s, 1.01 s 

1.09 s, 1.04s 

l.OOs, 1.00s 

1.06 s, 1.00 s 

1.02 s, 1.02 s 

1.03 s, 0.99 s 

1.07s, 1.00s 
1.02 s, 1.00 s 

0.86 s, 0.79 s 

1.03 s, 0.98 s 

1.02s, 1.00s 

0.82s, 0.78 s 
1.00 s, 1.00 s 

0.99 s, 0.99 s 

2.05 s 
2.09 s 

2.05 s 
2.10 s 

2.11 s 
2.18 s 

2.12s 
2.18 s 

2.09 s 

3.59 
3.24 
3.36 
3.27 

3.23 
3.56 

3.547 

3.52t 

3.35 
3.63 
3.0? 
3.53t 
3.34 
3.53 

1.10 

1.10 

1.14 

1.12 

1.13 

1.19 

1.02 
1.10 

1.03 

19.0 

20.0 

19.0 

20.0 

19.0 

20.0 

19.0 

19.0 

17.0 

3.7 5.20 (1H br, OH); 
5.94 (1H br, OH); 
6.68 (1H br, OH). 

7.0 

3.0 

9.0 

3.0 J 13’~4 = J 13’.4’ = 2.6: 
J 13’-13 = 17.0 

3.0 

1.7 1.7 

-1 -1 

1.3 1.3 

-1 -1 

2.6 2.6 

2.5 2.5 

1.5 1.5 

:: 
13’.4 = l.OJ = 2.5; 
13-13’ = 17.oY..:o, = 11.5; 

5.66 (d, Cs-OH) 
6.70 (lH, br, OH) 

3.0 5.7 (2H, br, 20H); 6.66 
(lH, br, OH) 

4.0 

3.0 
5.32 d (C,-OHI 6.63 d and 
6.77 d (C,-OH) J,_,, = 7.0 
J S-OH = 11.5 

7.0 

4.0 

3.0 J 5-5’ = 17.0 

3.0 5.35 d (C,-OFI) J,.,, = 11.3 

3.0 5.30 d (C,-OH) J,.,, = 11.3 
2.5 5.17 d (C,-OH) J8_OH = 11.3 

J 5-13 = 2.0 J,_,. = 1.5 

* 100 MHz-Chemical shifts quoted in 6 units relative to TMS (6 = 0). J in Hz. d,-Me,CO if not otherwise indicated. Signals of 
C-l and C-10 methylenes and C-2 and C-9 methynes are complicated multiplets within 6 1.301.80 and 6 2.50300 respectively for all 
compounds. Some signals are doubled for the simultaneous presence of two epimeric hemiacetals. 

t Centre of the signal. 
$ Analysed as ABX, system. 
4 Data determined by decoupling experiments. 

the presence of two acetylable hydroxyls (at C-8 and on 
the butenolide ring) and of a tertiary C-3 CH, (s at 6 1.21 
and 1.25) which must then be geminal to the last oxy- 
genated substituent. According to this attribution, the 
r3C-NMR signal of this CH, is shifted to higher field by 
~6 ppm in comparison with la and 2a because of the 
y-effect of the alkyl substituent. 

Again, as previously described for la, we could estab- 
lish that lb was 3-O-ethyllactarolide A, on the basis of 
the homoallylic coupling constant (.I = 1.3 Hz) shown 
by the C-13 proton at 6 N 6 with the isolated CH, group 
centred at 6 2.61. 

The NMR data of 2h were complicated by the almost 
equal amount of the two epimers which caused the 
doubling of some signals. Nevertheless the absence of 
homoallylic coupling constants of the C-5 proton at 
6 5.94 led to us to conclude that 2b was 3-O-ethyllactaro- 
lide B. 

The oxidation with CrO, or Na,Cr,O, of lactarolide 
A and B, with the aim of obtaining the same anhydride 
was unsuccessful. Compound la yielded the 8-dehydro- 

la R = R’ = R” = H za R=R’=R”=H 
lh R = Et.R’= R” = H 2h R=Et;R’=R”=H 
lc R=H;‘R’=R”=COMe 2c R=H;R=R’=COMe 
ld R=R’=H;R”=COMe M R=R=H;R”=COMe 
le R = Et;R’ = R” = COMe 2e R = Et;R’ = R’ = COMe 

derivative (3) in good yields while from Za very compli- 
cated mixtures were obtained; in this case structure 4 
was tentatively assigned to a compound isolated in a 
very poor yield. 

From the reduction of the butenolide ring of la and 2a 
with three different reagents either the same compounds 
or compounds with known stereochemistry were ob- 
tained, Reaction of la with LiBH, in refluxing THF led 
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1740 (butenolide C : O ) ,  1692 ( C : C ) .  MS (probe) 70 eV, m/e 
of the main peaks: 310 (M+), 292 (M + - H,O), 277 (M ÷ - H 2 0  

-CH3), 265 ( M + - O E t ) .  264 (M ÷ -H2Ci -C2H4) ,  168 (base 
peak, M + - H z O - C z H 4  - ~ > < ~ ) ,  122, 95, 43. 3-O-ethyl- 

lactarolide B (2b), white solid, mp 180~183 ' (Me2CO-pentane), 
red spot, [e]2o +2.10 (MezCO), 2~t~ ~' nm (log e): 206 (4.04), 
2[~ °H'K°n nm (log c): 265 (3.75), v°2~ '~l cm ~: 3390 (OH). 1760 
(C = O), 1690 (C=C). M~ (probe) 70 eV, m/'e (rel. int.): 310 
(M +, < 1), 264 (15), 246 (23), 231 (12), 228 (15), 218 (28), 2t3 (88), 
203 (30), 195 (34), 190 (38), 175 (13), 167 (22), 162 (14), 139 (14), 
123 (t8), 107 (18), 95 (26), 91 (20), 81 (25), 69 (20), 55 (28), 43 (100), 
41 (41). 

NaBH~ reduction of  lb to 3-O-ethyllactaroru[in A (8b). 43 mg 
of ib were treated with NaBH 3 as previously described for la. 
From the reaction residue 5b (21 rag) was obtained as a viscous 
oil by CC (eluent C~H 6-EtOAc 4:1). Blue-green spot, [~]2o 
- 1 T  (CHCI3), 2~ '°n nm (log s): 218 (3.85), vrJ'.:' 2 cm ~: 3400 
(OH), 1758 (butenolide C=O) ,  1680 (C=C). MS ',probe; 70 cV, 
m/e (rel. int.l: 294 (M +, 7), 279 (3), 261 (3), 248 (41), 233 (10), 206 
(15). 169 (14), 151 (15), 122 (23), 109 (22) 95 (20), 81 (16). 69 (14), 
55 (22), 43 (100), 41 (36). 

NaBH 4 reduction of  2b to 3-O-ethyl-5-deoxylactarolide B 
(10el. From 60 mg of 2h, treated with NaBH 4 and worked up in 
the usual way 10c (15 mg) was obtained; violet spot, mp 149 

[:~]D +9. U " .... nm (log ~:1: 152 (EteOpentane) ,  2o (CHCI3), ;LtOH 
216 (3.89), V K~ cm ~' 3380 (OH). 1750 (C=O),  1685 (C=C). 

m a x  • 

MS (probe) 20 eV. m/e (rel. int.): 294 (M +, 1), 276 (12), 249 (13), 
248 (41), 235 (17), 233 (18), 231 (25), 230 (22k 217 (33), 215 (13), 
206 (11), 205 (15). 198 (11), 197 (100), 192 (12). 191 (35), 190 (16), 
153 (10)~ 151 (26), 123 (17), 95 (21), 43 (21). 

D I B A L - H  reduction o! 8b and 10e. The above described 
procedure was followed for reducing 8b and 10e with DIBAL-H. 
From 15 mg of 8b. after purification by PLC (GF)s,~ Merck, 
C6H~-EtOAc 2:1), 52 mg of furanol l i b  were obtained, [e]~o 

+20"6° (CHC13)" vriJmmax cln 1:3420 (OH), 1540 and 885 (furanL 
identical to an authentic sample of I Ib [10] from L. pallidus 
[11]. From 12 mg of 10e, 3.3 nag of the same compound were 
obtained: [:~]l~ ° + 17.3 ~ ~CHCl3). 
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