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Abstract-The structure of a new sesquiterpene furan-3-aldehyde from Lactarius oellereus and I_.. 
pergamenus has been elucidated by means of IR, UV ‘H- and “C-NMR spectroscopy and computer 
simulation of the ‘H-NMR spectrum. 

In a recent publication on the structure of isovel- 
leral’ 3 we reported the isolation of two further 
sesquiterpene aldehydes and of two sesquiterpene 
lactones from Loctarius oellereus and L. per- 
gamenus (Russulaceae). We have already de- 
scribed structural evidence for the dialdehyde, vel- 
leral 4, and for the two lactones 5, 6.U We now 
report the structure 1 of the third G-aldehyde, 
which we have termed lactaral. 

Mass spectrometry (m/e = 232, M’) in combina- 
tion with “C-NMR (15 C, 20 H) and ‘H-NMR data 
gave the molecular formula of the aldehyde lactaral 
as CI,H200z. Analysis of the DNP derivative agreed 
with this. The IR spectrum suggested a furan ring 
and a conjugated aldehyde group. The ‘H-NMR 
spectrum showed that the furan ring is disubsti- 
tuted (signals at 6 = 7.96 and 7.22 ppm) and that 
there is one vinyl proton (S = 5.20 ppm). Decoup- 
ling experiments showed that the aldehyde group is 
situated on the furan ring and that the double bond 
is isolated. Compound 1 has an absorption max- 
imum (EtOH) of low intensity at 257 nm (E 2560) 
characteristic of substituted furan3-aldehydes (cf 
furfural: A- 272 nm; l 13200).’ 

The substitution pattern in the furan ring was 
determined from the chemical shifts of the furan 
protons of 1. Calculated values for the three 
methylfuran - 3 - aldehyde isomers were obtained 
using parameters for monosubstituted furan.@’ with 
a solvent correction* to give values for CDCl, solu- 
tion (upfield shift for nonpolar solvents to CDC&: 
0.04 and 0*17ppm for a and p protons respec- 
tively). Compound 1 has the alkyl substituent in 
position 4 of the furan ring (furan protons at 7.96 
and 7.22ppm; calculated values for 2 - methyl - 
furan - 3 - aldehyde: 6.76 and 7.29 ppm, 4 - methyl - 
furan - 3 - aldehyde: 7.89 and 7.23ppm and 5 - 

“Part V, see Ref 4. 
b Presented at 4:e Nordiska Natwproduktskemiska 

Symposiet, Koli Finland 16/6 1973, 

methyl - ftiran - 3 - aldehyde: 7.85 and 6.48ppm). 
The method of calculation was checked with the 3 - 
methyl- and 4 - methyl - furan - 2 - aldehydes’ which 
also give excellent agreement (exp: 6*42,7*57; talc: 
6.49, 7.52 and exp: 7.07, 748; talc: 7.10, 7.42 
respectively). 

To obtain a more stable derivative with a 
somewhat simpler ‘H-spin system, 1 was oxidised 
to the methyl ester 2 with manganese dioxide.” 
Double irradiation ‘H-experiments on 2 showed 
that the furan protons couple to a methylene group 
a to the furan ring, that the methyl doublet at 
1 a01 ppm is coupled to a proton in the allylic region 
(2.20-3@Oppm), and that the vinyl proton is 
coupled to four methylene protons at 2.11 ppm. 
Further, the ‘H-NMR spectrum and the decoupling 
experiments, strongly suggest that the methylene 
protons a to the furan ring have vicinal couplings 
to the proton that splits the methyl signal. Thus, a 
partial structure, MeOOC(furan)CH2-CHCHI- 
C=CH-, can be written for 2. 

“C-NMR spectra on 2 showed signals from the 
furan moiety, and from two further sp2 carbons, 
one with one alkyl substituent, one with two. Since 
the other carbon atoms concerned here are all 
saturated (uide infra), an additional ring must be 
incorporated to account for the unsaturation 
number of six given by the molecular formula. The 
remaining signals showed one quaternary, one 
methine, three methylene and two methyl carbons 
(Table 1). Seemingly, there is one carbon atom 
“missing”. As is evident from the ‘H-NMR spec- 
trum there are signals from three methyl groups 
other than the ester methyl. The doublet centered at 
1.01 ppm (J = 6.80 Hz) can be attributed to a 
methyl group attached to a tertiary carbon atom 
(vi& supra) and the two singlets at 1.07 and 
1.04ppm to a gem dimethyl group (v, 1380, 
1375 cm-‘). In the ‘)C-NMR spectrum the quartet at 
19.1 ppm belongs to the methyl group on the 
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tertiary carbon and the strong signals centered at 
29.8 ppm result from the two overlapping quartets 
of the gem dimethyl group. The chemical shifts in 
“C-NMR are known to be strongly influenced by 
environmental changes even at some distance from 
the carbon atom concerned.” Thus these two coin- 
cident methyl signals might well indicate the pres- 
ence of a local symmetry. Two of the methylene 
carbon atoms also have very similar chemical 
shifts. 

3 6 

Fig 1. 

This spectroscopic evidence suggests that the 
methyl ester has structure 2. The similarity with the 
four sesquiterpenoids 3-6 from L. ueliereus and L. 
pergamenus and with lactarorufin A 7 from L. 
rufus” is obvious (Fig 1). 

The accidental coincidence of the signals from 
the two methylene groups of the cyclopentene ring, 
giving rise to a four proton “singlet”, can easily be 
misleading. Some model substances were therefore 
prepared (8-12, see experimental section). The two 
methylene groups of all these cyclopentene deriva- 
tives appear as more or less broadened “singlets” 
with a chemical shift close to 2elOppm. Another 
uncertainty in the structure was the aliphatic por- 
tion near the furan ring. The structure of this part of 
the molecule suggested by spectrometric and other 
information was confirmed by a theoretical simula- 
tion of the HI-HI,, spin system (see Fig 2) using an 
extension of the UEAITR computer program.“*” 
Successive iterations gave very good agreement be- 
tween the experimental (furan proton at 7.21 ppm, 
decoupled) and the theoretical spectra in the 
2~30-340 ppm region. The magnitudes of all coup- 

‘H-NMR parameters for the H,_,,, system 
Chemical shifts @pm) Coupling constants (Hz) 

E: 5.21 7.95 J:: J 0.00 0.30 

2 2.83 2.54 J J:J 0.30 0.00 
H, 2.54 J 147.S 0.00 

30 29 28 27 26 25 24 2-3 

o-00 
o*oo 
o*oo 

- 1.01 
0.00 
0~00 

- 14.27 - 
6.88 
0.00 
000 
7.30 
0.00 
0.00 
6.80 
0.75 
0.00 

wm 
Fig 2. Partial ‘H-NMR spectrum (100 MHz) of ester 2. A: simulated spectrum. B: normal spectrum 

(doubleresonance). 
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ling constants in the HI-HI0 spin system are in good further support for this interpretation of the 
agreement with the suggested structure 2. Similar coupling. 
simulation of the 60 MHz spectrum also showed Additional evidence for the presence of the 
good agreement with the spectrum obtained experi- cyclopentene fragment is given by a comparison of 
mentally (same coupling constants; chemical shifts the “C-Nh4R chemical shifts of the aldehyde 1, the 
reduced by the factor O-6). thereby providing ester 2 and 4.4 - dimethyl - 1 - isopropyl - 

Table 1. “C-NMR data for aldehyde 1. methyl ester 2 and 4.4 - dimethyl - 1 - 
isopropylcyclopentene 12 (25.2 MHz, ClXY,) 

6 

1 

Chemical shift Signal 
@pm from TMS) multiplicity’ Group 

Assignment 
(carbon no) 

184.9 
152.7 
146.9 
142.2 
127.5 
122.7 
121.6 
47.1 
47.1 
38.2 
35.1 
29.9 
29.9 
29.3 
18.9 

d 
d 

: 
S 

ii 

t 

t 

SI 

q 

q 

t 

4 

-CHO 
WH=c 

oCH=c 

WH- 
-CHz- 
-CH1- 
-C- 
CH- 

CH, 

6 
2 
9 
5 

334 

13 

10,12 

11 
8 

15.16 

7 
14 

Chemical shift Signal 
fppm from TMS) multiplicity’ Group 

Assignment 
(carbon no) 

163.4 
148.5 
147.2 
141.1 
123.7 
121.2 
117.9 
51.1 
47.5 
47.3 
38.1 
35.2 
29.8 
29.8 
29.5 
19.1 

-CoOCH, 
(H=C 
+C 
G-CH=c 
c-c 
WH- 

ZH3 
CH:- I 
-C- 
CH- 
-CH, 

I CH, 
-CHr 
CH, 

6 
2 
9 
5 

40r3 
13 
3or4 
17 

10.12 

11 
8 

15.16 

7 
14 
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2.10 (4H, s; two C-C&C=), 1.22 (3H, d, J = 6.5 Hz; 
CHOH-CH,), 1.02 (6H, s; two -CH,) ppm; MS (21 eV) 
m/e: 140 (M’) (C+H,,O). (Found: C, 77.1; H, 11.3. CsH,,O 
requires: C, 77.1; H, 11.5%). pNitrobenzoate m.p. 60-62”. 

1 - (1 - Chloroethyl) - 4,4 - dimethylcyclopenrene 11. The 
allylic alcohol 10 was chlorinated by the triphenyl 
phosphine-carbon tetrachloride methcd.‘“The chloride 11 
was obtained in 60% yield and had: B.p. 57-580/l 1 mm; ng 
14623; IR (neat): Y,, 3060, 1680, 1385, 1370, 825cm-‘; 
NMR (CDCI,, TMS): 8 5.62 (1H. m; C==CH-), 468 (IH, q 
broad. J = 6.5 Hz: =C-CHCl-CH,). 2.22 (4H. s broad: two 
C-C&-C=), 1.63.(3H, d, J = 6.5’Hz; CH&CH,); 1.12 
(6H, s; two CH,) ppm. (Found: C, 68.1; H, 9.4. CH,,CI 
requires: C, 68.2; H, 9.5%.) 

4.4 - Dimethyl - 1 - isopropylcyclopentene 12. Methyl 
lithium (II mmol) in ether (13 ml) was added dropwise 
with stirring to cuprous iodide (0.85 g; 4.6 mmol) in ether 
(25 ml) at 0” under nitrogen. The chloride 11 (O-67 g; 4.2 
mmol) was added to this dimethyl copper-lithium reag- 
ent.” Stirring was continued for 21 h at 0”. Addition of 
water, separation of the organic phase, drying and evap- 
oration of the ether through a 30 cm Vigreux column gave 
a residue which was distilled to give olefin 12 in 77% yield. 
B.p. 60”/11 mm; & 1.4386; IR (neat): Y,.. 3060, 3050, 
1650, 1385, 1370, 815cm-‘; NMR (CDCI,, TMS): 6 5.17 
(lH, m; -CH=C), 2.08 (4H, s broad; two C-C&C=), I.57 
(lH, m; =C-CH(CH,),), 1.06 (6H, s; two C-CH,). 094 
(6H, d, I = 7.5 Hz; CH-(CI&),); MS m/e: 138 (M’, 32%) 
(CloHls), 123 (lm, base peak), 109 (90%), 95 (68%); 
“C-NMR: See Table 1. 
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