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Abstract-From the toxic variety of Ferula cornmums, derivatives of the prenylated coumarins ferulenol and ferprenin 
bearing an oxygen function (hydroxyl, acetoxyl, aldehydic carbonyl) at the w-posltion have been isolated. The 
structures of the coumarms were established by spectral methods and by chemical reactlons. Photooxygenatlon of 
ferulenol and (E) w-hydroxyferulenol gave o-hydroxyphenylglyoxyhc esters, resulting from the oxidatlve decarbonyl- 
ation of the 4-hydroxycoumarimc nucleus and loss of the prenyl side chain Ethyl o-hydroxyphenylglyoxylate was also 
isolated from the plant extract, suggesting that a reaction of this type might be responsible for the degradation of the 
prenylated coumarms in plant samples and extracts of Ferula cornmums. 

INTRODUCTION 

It has been known for a long time that the consumption of 
Ferulu communis L. can cause m livestock an often lethal 
&ease known as ferulosys Cl-3].Cases of’human ponon- 
ing from Ingestion of F. communis have also been 
reported [4,5]. Ferulosys shows haemorrhagic symp- 
toms similar to those of poisoning from fermented sweet 
clover, but extracts of the plant have also been shown to 
elicit toxic effects on the central nervous system and the 
liver [2, 33. 

In spite of the wide geographical distribution of 
F communis, ferulosys appears to be limited to a few areas 
of the western Mediterranean region, especially Sardinia, 
where this polsomng was first described and system- 
atically studied [l-3]. It was early recognized that 
two populations of F. cornmums exist in Sardinia, since 
only the plants from certain parts of the Island were toxic 
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to livestock [2,3]. A wide range of toxicity has also been 
reported to be present within the toxic population [2, 31. 

A recent mvestlgatlon of F. communis from Sardmia 
has shown the presence of two distinct chemical races, 
one contaming sesquiterpene esters, and the other pre- 
nylated coumarms [6]. Biological tests established that 
only the latter 1s toxic [7] The prenylated coumarins 
ferulenol(1) [6] and ferprenm (2) [S] were isolated from 
the toxic variety, and both showed haemorrhagic activity 
in uioo [7]. Besides these compounds, more polar cou- 
marm derivatives were also present, in rather variable 
amounts, in the extracts. Our interest m these products 
was prompted by the observation that samples of 
F. communis lacking 1 and 2 and containing exclusively 
the more polar coumarms, were stdl highly toxic to 
experiment animals (M. Aragno and G. Ugazlo, personal 
communmation) We present here the structure eluci- 
datlon of these products. 

RESULTS AND DISCUSSION 

The compounds isolated (3a-e and 4a+) are deriva- 
ttves of ferulenol (1) and ferprenin (2) bearing an oxygen 
function (hydroxyl, acetoxyl, aldehydic carbonyl) at the 
w-position. In the case of the hydroxy- and 
acetoxyderlvatives both pairs of geometrical isomers 
were isolated; for the aldehydic compounds, exclusively 
the E-isomers were found. All compounds are oils, and 
were obtained m pure form using a combination of 
column chromatography and preparative HPLC. 

As a result of having both isomers at our disposal, the 
structural assignment of the hydroxy- (3a, b; 4a, b) and 
acetoxyderivatives (3c, d; 4c, d) by spectral means was 
straightforward We had already isolated 3a from a 
Sardiman collection of F. cornmums [6], but its structural 
assignment was ambiguous, since it was partly based on 
the oxidation to the corresponding aldehyde, a reaction 
which is not stereospecific (see below); cpmpound 3b has 
recently been reported from a collection of F. communis 
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from Marocco, but rt was spectroscoptcally characterrzed 
as tts dracetate (Sb) [9]. As regards ‘HNMR spectros- 
copy, the pairs of isomers could be dtstmgutshed on the 
basis of the chemrcal shift of the methyfene bearing the 
oxygen function The isomer having thus methylene at 
lower fields was assigned a Z-stereochemrstry (3b, 4b; 3d, 
4d), and the one wrth this srgnal upfield the E-stereochem- 
istry (3a, 4a, 3c, 4c) [lOJ In a stmtfar way the differences m 
the r3C chemical shift between the pans of Isomers could 
be rationalized m the Iight of the shrefdmg ;I-gauche effect 
of C-9’ on a crs carbon [ 1 l] For instance, constdermg the 
pan of drastereotsomertc acetoxyferulenols (3c and 3d), 
the o-alkyl group resonated at higher field m 3c (6 13 97) 
than m 3d (621 25) whereas the oxygen-bearing meth- 
ylene resonated at higher field in 3d (66.3 20) than m 3c 
(670.38). 

The o-hydroxy-(3a, 3b) and w-acetoxy-(3c, 3d) feru- 
lenol derrvatrves were chemrcally correlated by conver- 
sion to the same pan of 4,w-dracetoxylated products (5a 
from 3a and 3c; 5b from 3b and 3d) The hydroxylated 
heteroaromatrc rmg reacted with acetic anhydrtde ex- 
chrsively m Its 4hydroxycoumarmtc form, m contrast 
wtth the reaction with dtazomethane, which gives aIso the 
methylderrvatrve of the 2-hydroxychromenone taut- 
omertc form [ 12, 131. 

In c&unsaturated aldehydes bearing a /I-vinyl proton, 
the stereochemtcal dependence of the chemtcal shift of the 
aldehydtc methme IS well established [ 141, and the chemr- 
cal shift of the aldehydrc proton m 3e and 4e (69.38 and 
9 35 respectrvely) showed that these products have a E- 
stereochemistry In an attempt to confirm the structure of 
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the hydroxylated products (3a, b. 4a, b), the oxrdatron to 
then respective Q-unsaturated aldehydes was tried 
Oxtdatton with Cr6 + based reagent (PCC, PDC), 
gave exclustvely the E-unsaturated aldehyde from each 
pan of rsomerrc alcohols (3e from 3a, b, and 4e from 4a, b) 
Furthermore, m the case of the ferulenol derrvatrves 3a 
and 3b, the aldehyde 4e was also obtained as a side 
product, resultmg from the oxrdattve cyclizatron of the 3- 
allyl-4-hydroxycoumarrmc system [S] Although this re- 
action IS slower compared to the oxtdatton of the allyhc 
hydroxyl, 4e was also obtained when a I mol equtvalent 
of reagent was used The use of MnO, or BaMnO, gave a 
complex reaction mixture. which was not further mvestr- 
gated Compounds 4a and 4e could also be obtsrned from 
the allyhc oxtdatron of ferprenm (TBHP, SeO,) How- 
ever, this reaction was not successful with ferulenol 

Compounds 3a -4 and 4a-e were Isolated from a sample 
of F c‘ommuru~ also contaming ferulenol and ferprenin, 
but another collectron of the plant lacked both these 
products, as well as the (Z) tu-functronahzed compounds, 
and gave instead large amounts of 3a and 4a Notwtth- 
standing the absence of 1 and 2, thus sample was stall 
highly toxic for experimental animals (M Aragno and G 
Ugazro, personal commumcatron) The w-oxygenated 
ferpremn derrvatrves isolated from both collectrons, have 
[E];’ =0 and are thus presumably racemates In the light 
of this findmg, the optrcal rotation reported for ferpremn 
[S], might be due to the presence of optrcally active 
rmpurrttes, which escaped detection by HPLC or 
‘H NMR (300 MHz) 

All the (u-oxygenated compounds are unstable, and 
decomposrtron takes place m the crude extracts We 
investigated m detail the decomposttton of3a. No definite 
compound could be obtained from Its spontaneous de- 
gradation m the an Reaction with ‘0, m methanol 
resulted instead m the smooth formatron of the phenyl- 
glyoxyhc ester 6a The correspondmg ethyl ester was 
obtamed when the reaction was carried out m ethanol 
Ferulenol reacted m these condrtions to give the same 
products The smooth reaction of the 4-hydroxycoumar- 
nut nucleus with singlet oxygen IS surprtsmg, since 4- 
hydroxycoumarm itself IS completely inert under these 
condrtrons although a reaction takes place after com- 
plexatron with the fluorrde amon [IS] A possible mech- 
anism for the formation of 6a from I and 3a IS depicted m 
Scheme 1 6b was also isolated from exctracts of 
F’ cornmums, and rt 1s possible that a reaction like that 
depicted m Scheme 1 might also take place durmg the 
mampulatron of the plant material, especrally tf one 
consrders that the coumarms are contained m a latex 
which spontaneously drips when the roots are chopped, 
thus resultmg m the exposure of a large surface to the 
action of atmospherrc oxygen Photooxygenatron offer- 
premn was a slower reaction. and gave a mixture of the 
tsomerrc hydroperoxrdes resultmg from attack at the 
termmal double bond (4f, 4g) These products could be 
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Scheme 1 Possible mechamsm for the formatlon of 6n and 6b from 1 or 3n (R’ =-Me or -Et) 

separated after converSion to their corresponding al- 

cohols (4h, 4i). 4h obtained from synthetic ferprenm was 

obviously a mixture of diastereolsomers, but gave only a 

single set of signals m the ‘H and ’ 3C NMR spectra (300 

and 75.33 MHz respecttvely). 

The toxic and the atoxic variety of F communes differ 

not only for the presence of prenylated coumarins or 
sesqulterpene esters, but also as regards other classes of 
metabolites (volatde terpenoids, phenylpropanes) We are 

now investigating whether these compounds might be 
responsible for other toxic effects of the plant, especially 
those on the central nervous system 

EXPERIMENTAL 

Sihca gel 60 (7G230 mesh, Merck) was used for CC, a Water 

microporasyl column (80 x 3 cm) was used for prep. HPLC, 

using a Water 501 pump coupled with a Water differential 

refractometer R 401 

P/ant mnterml F commms was collected at Olhena (Nu) in 

November 1986 (sample A) and at the Caprera island in May 

1986 (sample B), and was identified by V P 
Isolation of the constituents Sample A 1 7 kg of dried roots 

were coarsely powdered and extracted with CH,Cl, (3 x 5 1) at 
room temp; removal of the solvent left 80 g of extract (4 7%), 

which was defatted by dlssolvmg It m MeOH and cooling in the 
fridge for 2 weeks After removal of the ppt (fluted filter paper), 

the soln was evapd and partItIoned between 5% Na,CO, and 

CH,CI,, to give 9.8 g of ‘acidic’ fraction and 65 g of ‘neutral 

fraction The Na,CO,-soluble fraction was chromatographed 

on a slhca gel column (100 g) to give 460 mg ferulenol (crystal- 

lized from hexane), 280mg of a mixture of 3c and 3d (eluent 

hexane-EtOAc 4 l), 600mg of a mixture of 4a/4b (eluent. 

hexane-EtOAc 7 3), and 5 06g of a mixture of 3a/3b (eluent 

hexane-EtOAc 1 1) Part of the ‘neutral’ fraction (8 3g) was 

chromatographed on a s&a gel column (100 g) to give ferprenm 

(98 mg after purification by HPLC), 160 mg of crude 4e, 125 mg 

of a mixture of C/4d, 160 mg of crude 4e (eluent hexane_EtOAc 

9 l), 560mg ferulenol (crystallized from hexane), 180 mg ofcrude 

3e, 500 mg of a mixture of 3c/3d (eluent hexane-EtOAc 4 1) The 
hydrophihc character of 3a and 3b allows their quantitative 

extraction with Na,CO, from a CH,Cl, soln of the extract. This 
shortens the time required for their purlficatlon with CC, and 

thus reduces then decomposttlon during the chromatographlc 

separation Pure products were obtained using prep HPLC, the 
following eluents, were used purdicatlon 4e and separation 

4c/ti hexane-EtOAc (9. I) purification 3e and separation 

3c/3d hexane-EtOAc (9.1), separation 4a/4b: hexane-EtOAc 

(4:1), separation 3a/3b: hexane-EtOAc (7 3). Referred to the 
dried plant material, the yields of the purified (HPLC) products 

were: 3a, 0.12%, 3b, 0.040%; 3c, OOlO%, 3d, 0040%; 3e, 

0.0090%, 4a, 0 0060%, 4b, 0 00090%; 4c, 0 0020%; 4d, O.OOlO%, 

4e, 0 010%. Sample B from 1.5 kg of dried roots, 12 g of ‘acldlc’ 

fraction and 98 g of ‘neutral’ fraction were obtained, as de- 

scribed for sample A. Upon CC as described for sample A, the 
acidic fraction gave 106 mg 6b, 0.20 g 4a and 6 0 g 3a From the 

‘neutral’ fraction (startmg frdm 25 g of material), 82 mg 6b and 

0.40 g 4s were obtamed. The yields were 3a, 0 40%, 4a, 0 15%, 
6a, 0 012% Both for sample A and sample B, the isolation of the 

compounds was done within 4 months after the collection of the 

plant The extracts from both collections could not be stored m 

the frldge for more than 6-7 months without extensive degra- 

dation 
(E)-w-Hydroxyferulenol(3a) Yellowish 011, IR ~2:” f”m cm- ’ 

3300 (br), 1680, 1620, 1570, 1500, 1390, 910, 760, 735, 

UV,I;& nm 312, 290, 240; EIMS 70 eV, m/z (rel mt.) 

382 214252 [M]’ (talc for C H 0 . 382.214396) (8), 364 (18), 24 30 4’ 
321 (14), 297 (20), 229 (45). 175 (lOO), 121 (65), ‘HNMR (270 
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160 X3 s 16068 r 

103 22 s 103 80 s 

16359s 163 80 s 
122 71 d” 122 69 d” 
I23 55 d” 12367d” 
I31 48 d 13138 d 
11634d 11627 d 
15237 s 152.27 s 
ll603 s llhO3 \ 

23 I? t 23 49 t 
120 16 d 12034 d 
14160 < 140 59 s 

39 IO tb 39 59 tb 

25 74 t’ 25 86 t’ 
123 70 d 12376d 
13552s 135 37 s 

39 10 tb 39 35 fb 
25 74 t‘ 26 I2 tC 

125 82 d 12829d 
134 46 r 134 07 s 
68 X2 t 21 17 q 

1631 q 1631 q 

l6OOq 1606 y 

1369 q 61 45 t 

16097 5 16062 s 

102 93 s 10351 \ 

163 10 s 163 6X * 
122 68 d” 12264d” 

123 82 d” 12367d” 

131 62 d 131 4Od 
11642d ll627d 

15203 \ 1522X \ 

116Q@ h 1.15 96 \ 

23 87 t 2360 I 

12008 d 12003 d 
142.24 c 14135 \ 

39 60 th 39 48 Ih 

25 97 tC 25 89 tc 
123 59 d 12367 d 

135 67 s 135 24 \ 

38 98 r” 3944 rh 

25 97 t’ 26 24 t’ 
129 52 d 13038 d 
129 52 \ 129 62 \ 

7038 t 21 25 q 

1643 q 1627 y 

I6104 1598 q 

1397 q 63 20 t 
17089, 170 72 (I 

2102 q 20 80 q 

Table I ‘“CNMR data (75 33 MHz, 

*-’ Interchangeable signals 

MHz, CDCI,, TMS as reference) * 67 75 (dd, J,,, =7 8 Hz, J, , 
= 1 8 Hz, H-5), 7 51 (dq. J,,, = 8 5, .Li,s = 7 8, J, , = 1 8 Hz, H-7), 

7 3 1-7 23 (m, H-6 + H-X), 5 40 (m, H-2’ f H-l@)_ 5 07 (hr s, H-6’!, 

398(s,H-12’).3 3X(d,J,, *,= 

158 (br s, H-14’ + H-15’) 

73Hz,H-l’),I80(hr~,H-13’).161, 

(Z)-c,~-H~drox.v~~rulenol(3b) Yellowsh 011, IR ~2;‘~ “lrn cm- ’ 
33OO(hr), 1675, 1620, 1570, 1500, 1460, 1385, 1220,910, 760, 735, 
UV Q& run 312, 290, 240, EIMS 70 eV, m/z (rel mt ) 

382 214633 [M]’ (talc for C H 0 382 214396) (2), 364 (5), 24 30 J 
297 (10). 229 (50), 175 (100). 121 (60) ‘H NMR (270 MHz, 
CDCl,, TMS as reference) 6 5 36 (hr t, a, ,>0 = 7 3 Hz, H-IO’), 

5.27 (hr t. J 1 2, = 7 3 Hz. H-2’), 5 07 (hr s, H-6’), 4 I3 (s. H-l 5’), 

341 (d,J,.;.= 7 3 Hz._ H-l’)_ 1 82, 1 X0 (hr F, H-12’+H-13’), 1 59 

(hr s, H-14’) 

(E)-o-Acetox~~erulenol(3c) Colourless 011, IR vk:P,:“’ “lrn cm- ’ 
3250 (krk 1740,1710, 1675, 1620,157~,15OO, 1460, 1390,1230, 
760 UV Lg:;,, nm 312, 290, 240; EIMS 70 eV, m/z (rel mt ) 
424’224747 CM]+ (talc for &H,,O, 424 2249600) (3), 364 (40), 

297 (35). 229 (55). I75 (IOO), 121 (95) ‘HNMR (270 MHz. 
CDCI,, TMS as reference) h5 40 (m, H-2’+ H-10’). 5 10 (br F, 
H-6’)+4 55(hr~. H-Q)_3 45(d,.I; i =7 3 Hz,H-1’),2OX(s,OAc), 

186 (br s, H-13’), 164, I63 (br s, H-14’+H-15’) 

*The resonances of the aromatic protons were constants for 
the natural compounds of the ferulenol and ferprenm series, and 

are gwen only for 3a and 4a 

3e 
-_-. 

4a 

160 72 6 I60 96 .\ 

103 01 z 99 87 s 

163 80 \ 159 01 s 
122 56 d” I22 64 d” 

I23 76 d” 123 36 d” 
131 61 d 13208 d 
11639 d 11539d 

15235 \ 15301 < 

1. I 5 Xl r I I.6 67 \ 

23 75 t I17 15 dd 

12011 d 123 94 dd 
I.41 9x \ 83 LO ‘ 
3943 t 41 71 1 

25 80 t 22 40 t 
124 39 d 123 56 d 
134 54 \ 135 58 E 

37X6 I 39 I6 1 
27 23 t 2609 t 

15460 d I25 52 d 
139 54 F 134 80 \ 
19541 d 68 64 t 

1630 y 27 50 q 
1599 q 1596 q 
9 17y 1365 q 

(Z)-c~-~crtox~~erulenol (3d) Colourless 011, IR v$zd “lrn cm ’ 
3250(br), 1740, 1710, 1675, 1615, 1575. 1500, 1460. 1390, 1230, 

760, UV J.E:& nm 312, 290_ 240, EIMS 70 eV, rniz (rel mt) 

424 224974 [Ml’ (talc for CZhHj205 424 224960) (S), 364 (60), 

297 (62), 229 (77), I75 (IOO), I21 (97) ‘H NMR (270 MHz, 

CDCI,, TMS as reference) iiS 44 (nr, H-2’+ F-IO’), 5 09 (br 5 H- 

6’1.4 58 (br 7. H-IS), 344 (d.J,,,2, =7 3). 708 (F. OAc). I XS(br ,s. 
H-13’), 1 74 (br \, H-12’), I 62 (hr ,A, H-14’) 

(E)-cl)-OxoJrrulenoI (3e) Colourless 011, IR ~12:‘” “lm cm~- I 
33OO(br), 1675, 1620. 1575, 1.500. 1390, 1225. 760. UV,J;& nm 

311.298, ELMS 70 eV, (llz lrel mt) 3x(1 198,761 [MJ’ (talc for 

C H 0 24 zs 4 380 198747) 13). 297 (46), 229 (58). I75 (100). I21 (X5). 

Xl (42), ‘HNMR(270 MHz..CDCl,_lMS as reference) b9 3X (Lo 
H-12’) 647 (t. J,, ,“,- 7 3 HT. H-10). 5 41 (t. .I,, 2,=7 3 Hz. H- 

2’), 5 12 (br 5, H-6’). 343 (d, J,,,,. 17 3 Hz, H-l’). 246 (q. J,, ,,,, 
=.I ,.,,=73H7,H-9’1185LhrcH-13!,I73(hr~,H-l5’),165(hr 

‘i, H-14’) 

(E)-tu-H~drolc~~erprenln (4a) Yellowrsh 011, IR vz;ld f”m 

cm I 3450, 1710, 1650, 1610, 1570. 1390, 1370, 1110, 1040,920. 

UV L;,& nm 375, 355. 343. 246. EIMS 70 eV. &z (rel mt ) 
380 198577 [M]+ (talc for C,,H,,O, 3X0 198747)(1X), 362 (7). 

279(100),213(60),121(46).‘HNMR(270MHz.CDCl,,TMSas 
reference) ci 7 80 (dd. J 5 <, = 7 8 Hz. J, - = 1 8 Hz, H-5). 7 53 (dy, 
J .:,.1:,=850Hz,h7Hzl ca73(11nl~H-h+H-X),hS9(d,d, i 

= 10 I Hz. H-l’ or H-2’), 5 49 (d, .I, ,2 = 10 1 Hz. H-l’ or H-2’), 

5 35 (br t. J, ,(, = 73Hz.H-10’).5I?.(hrt.J, h =~~HL,H-6’). 

3 99 (\_ H-12’), 165 (hr z H-15’). 1 57 !h! \. H-14’1. 1 53 (5. H-13’) 
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CDCI,, TMS as reference) 

4d 4e 4h 4i Sal 5b 

160.67 s 

99 98 s 
15904s 

122 64 d” 
123 65 d” 
132 06d 
11548 d 
153 19 s 

116.77 s 

117 31 dd 
125 06 d” 
83 16 s 

41 77 t 
2243 t 

123.96 t 
135 32 s 

3948 t 

2623 t 

123.65 d 
129 04 s 

2140 lj 

27 54 q 

1597 q 

63 20 t 
17080 s 

20974 

160 87 s 

9991 s 
158 99 s 

122 60 d” 
123.74 d” 
132 10 d 
11541 d 
15317s 

11656s 

11729 dd 
125 03 dd 
83 12 s 

41.69 t 

2249 t 
123.75 t 
134 36 s 

3784 t 
27.27 t 

154 17 d 
13937s 

195 17 d 
27 61 q 
1588 q 
9.20 q 

160.49 s 

9945 s 

15888s 
122 65 d” 
123.94 d” 
13207 d 
11677 d 
153 17 s 

117.31 s 

117 30 dd 
125 03 d” 
8317s 

41 76 t 
2247 t 

123 94 t 
135.70 s 

35.55 tb 
33 10 tb 
75.61 d 

146 98 s 

1758 q 
2740q 
16OOq 

11105 t 

160.09 s 

99.94 s 

159.05 s 
122.64 d” 
123.99 d” 
132.01 d 
116.77 d 
15317s 

115.46 s 

117.31 dd 
125 04 dd 
83 16 s 

41.72 t 
22.54 t 

124 09 t 
13469 s 

42.24 t 
124 94 d’ 
139 46 de 

70.66 s 

29.82 q 
27.60 q 
16.03 q 
29 82 q 

16178 s 

119.36 s 

154 39 s 

122.22 d” 
124.12 d” 
13128 d 
116.40 d 
151.90 s 

11612s 

2425 t 
118.64 d 
137.33 s 

39.36 t 
26.21 t 

123 95 t 

134.31 s 

38.75 t 
26.11 t= 

129 70d 
129.16 s 

6992 t 
1607 q 
1572 q 
1363 q 

170 65 s 

166.53 s 

20.66 q 
20.13 q 

16187 s 

119.42 s 

154.33 s 

122.69 d’ 
124.29 d” 
131 32 d 
11647 d 
15190 s 

116.16 s 

2428 t 
118.66 d 
137.40 s 

39 35 tb 
26.12 t= 

123.90 t 
134 24 s 

39.40 tb 
26.26 tC 

130 21 d 
129.51 s 

21.14 q 
16.11 q 
15.74 q 
62.94 t 

170.72 s 

166 59 s 

2065 q 
2018 q 

(Z)-o-Hydroxyferprenrn (4b) Yellowish oil. IR Y $Td “lrn 

cm-‘. 3300 (br), 1700, 1645, 1610, 1570, 1500, 1460, 1370, 760; 

UVA!$& nm 375, 355, 343, 245, EIMS 70 eV, m/z (rel mt.): 

380 198577 [M]’ (talc for C,,H,,O, 380 198747) (14) 279 

(lOO), 213 (50), 121 (50) ‘H NMR (270 MHz, CDCl,, TMS as 

reference): 6524 (br t, Jg.,,,,=73, H-10’), 5.11 (br t, J 5,,6,=7.3 
Hz, H-6’), 4 10 (s, H-15’) 1 78 (br s, H-12’), 1.54 (br s, H-14’), 1.52 
(s, H-l 3’). 

(E)-w-Acetoxyferprenrn (4~) Yellowish 011 IR vzd f”m cm-‘: 

1720,1640,1610,1570,1560,1230,1040. UV ng,& nm 375,355, 

343,245, EIMS 70 eV, m/z (rel. mt ) 422 [M] + (C,,H,,O,)+ (5), 

362 (8), 213 (100); ‘H NMR (300 MHz, CDCI,, TMS as refer- 

ence): 65.40 (t, J,.~,,.= 73 Hz, H-10’), 5.11 (br t, J,,,,,=73 Hz, 

H-6), 4 43 (s, H-12’), 2.07 (OAc), 1 63 (br s, H-15’), 1 56 (br s, H- 

14’) 152 (s, H-13’) 
(Z)-w-Acetoxyferprenm (4d) Yellowish oil. IR vied r’lm cm- i. 

1720,1640,1610,1570,1490,1370,1230,1040, UV,?E,& nm: 375, 

355,343,245, EIMS 70 eV, m/z (rel. mt.) 422 [M]’ (C,,H,,O,)+ 

(2), 362 (8), 213 (loo), ‘HNMR (300 MHz, CDCI,, TMS as 

reference) 65.33 (t, J,,,,. = 7 3 Hz, H-10’), 5 11 (br t, J,.,,. 
= 7 3 Hz, H-6’), 4 55 (s, H-15’) 2 07 (OAc), 1 72 (br s, H-12’) 1.54 

(br s, H-14’) 1 52 (s, H-13’) 

(Eta-Oxoferprenm (4e). Yellowish oil. IR vkyid “lrn cm-‘: 
1710, 1690, 1640, 1610, 1520, 1490, 1420, 1365, 1120, 1040, 760, 

UV 1;& cm 1 375, 355, 320, 306, 281, EIMS 70 eV, m/z (rel. 

mt.) 378. 183197 [M]’ (talc for CZ4H,,0,: 378 183098) (37), 

363 (12), 279 (90), 213 (lOO), 121 (95), ‘HNMR (3OOMHz, 

CDCI,, TMS as reference) S9 35 (s, H-12’), 641 (t, J -73 9’,10’- . 
Hz, H-10’), 5 12 (br t, J,.,,. = 7 3 Hz, H-6’), 1.75 (br s, H-15’), 1 57 

(br s, H-14’) 1 52 (s, H-13’). 

Acetylatlon of 3a A 250 mg sample of 3a (0.65 mmol) was 

dissolved m 1 ml pyridme (20mol equiv.) and treated with 

1 24 ml Ac,O (20 mol equiv.). The soln. was starred overmght at 

room temp. under N,, and then worked-up by the addition of ice 
and a few drops of MeOH. When all the tee had melted, CHaCl, 

was added, and the organic phase was separated, washed with 

dil. HCI, sat NaHCO,, satd CuSO, and brme After drymg 

MgSO,) and removal of the solvent, the residue was punfied by 

prep. HPLC (hexane_EtOAc 4.1) to give 171 mg 5a as a 
colourless oil (yield: 57%). IR vzrd r’im cm-i: 1780, 1730, 1640, 

1620, 1360, 1240, 1170, 1090, 760; UV ,lz,$n nm: 320, 310, 271, 

EIMS 70 eV, m/z (rel. mt ): no molecular ion, 406 [M -603 ’ (2), 

346 (3), 175 (70), 121 (100). ‘H NMR (300 MHz, CDCI,, TMS as 

reference): S 7.52-7.24 (4H, aromatic protons), 5 41 (br t, J,., 10, 
=7.3 Hz, H-10’), 5 17 (br t, J ,,, z. = 7.3 Hz, H-2’), 5.09 (br t, J,,, 6, 
=7.3 Hz, H-6’), 443 (s, H-12’), 3 23 (d, J,., z,=7 3 Hz, H-l’), 2.45 

(s, OAc), 2.07 (s, OAc), 1.76 (br s, H-13’), 1.63 (br s, H-15’), 1.58 (br 
s, H-14’) 

Acetylatron of 3b, 3c and 3d. The same procedure used for 3a 
was employed, but in the case of 3c and 3d, only 10 mol equiv of 

pyrrdine and Ac,O were employed The reaction mixtures were 

punfied by HPLC as described for the acetate of 3a. The 
diacetates 5b (from 3b and 3d) and 5a (from 3c) were obtained 5b 
was a colourless oil, IR ~2%“. f”m cm-‘: 1780, 1730, 1640, 1610, 

1460, 1360, 1245, 1170, 760; UVn~&, nm. 320, 310, 271, EIMS 

70 eV, m/z(rel mt.): 466 [M]’ (cl), 346(< 1), 175 (60); 121 (lOO), 
‘H NMR (300 MHr CDCI,, TMS as reference). 67 52-7.24 (4H, 

aromatic protons), 5.43 br t, J,,, i0,=7 3 Hz, H-10’), 5.17 (br t, 
J 1..2,=7.1 Hz,H-2’),5.07(brs,H-6’),4.55(s,H-l5’),323(d,J,.,,. 

= 7.1 Hz, H-l’), 2 45 (s, OAc), 2 06 (s, OAc), 1 75 (br s, H-13’), 1 72 
(br s H-L?‘), 1.56 (br s, H-14’) 

Oxzdatlon of 3a. A 200 mg sample of 5 (0.68 mmol) m 1.5 ml 
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CH2C12 was added to a snrred suspension of PCC (218 mg, I 02 
mmol, 1 5 mol equlv ) in 1 5 ml CH2C12 After 10 mln. all 3a had 
reacted, and the reaction was worked-up by the addition of 
cehte" and Et20 After filtration through a short pad ofslhca gel, 
the residue was purified by HPLC (hexane EtOAc 4 1) to give 
42 mg 3e (y~eld 21%) and 2~ mg 4e (y~eld I 1%) 

Oxidation oj 3b, 4a and 4b. The same procedure used for 3a was 
employed The reaction with 3b and 4b was slower, and required 
ca 50 mln for the complete disappearance of the starting mate- 
rial After purification by HPLC (same conditions used for the 
separation for the reaction mixture from the oxidation of 3a), the 
aldehydes 3e (25% from 3b) and 4e (18% from 3b, 52% from 4a 
and 40% from 4hi were obtained 

Photoox),qenatlon oj 3a To a soln of 3a (138 mg) in 5 ml 
MeOH, 2 5 mg Methylene Blue were added, and the soln was 
stirred under an 02 atmosphere and irradiated with an halogen 
lamp (500 W) with stirring and coohng The course of the 
reaction was followed by TLC (hexane-EtOAc 3 2 R r 3a 0 21, 
Ry 6a 0 55) After 4 hr, all 3a had reacted, and the reaction 
mixture was worked-up by filtration through a short pad of slhca 
gel to remove the dye, and evapd The residue was purified by CC 
(5 g silica gel, hexane-EtOAc 4 1) 28 mg of 6a were obtained 
(yield 43%) as a yellowish oil IR vl,'~q.~ 'd [,Ira cm- ~ 3600 2800 (br), 
1745, 1640, 1580, 1490. 1460, 1210, 1160, 1010, 760, EIMS 70 eV, 
m/z(rel  rot) 180[M] + [C9HoO4] + (13), 121 [ M - 5 9 ]  + (100), 
111 (45), 93 (53), 69 (30), 55 (20), 43 (54), ~HNMR {270 MHz. 
CDCI3, TMS as reference ) ~511 t7(s, OH),7 71 (dd, Js 6 - 8 0  Hz. 
J s , 7 -  1 8 Hz, H-6), 7 57 (dq, J,, ~ =8 3 Hz, J3,~=7 8 Hz, J,, ~,- 
I 8 Hz,  H-4), 7 04 (d, J3 4 - 8 3 Hz,  H-3), 6 97 (dd, Js 6 = 8 0 Hz. 
J4 5 = 8 3 H z ,  H-5), 401 (OMe) The reaction carried out In 
EtOH under the same conditions, gave 29 mg 6b from 110 mg 3a 
(yield 52%) (Rf 6b 0 58, hexane -EtOAc 3 2) The reactmn could 
be carried out also using a desk-table lamp, in this case the 
disappearance of the starting material was slower, and the 
reaction required ca 8 hr for completion 

6b was a yellowish oil, IR v~q.~ 'a ~.m cm ~ 3600-2800 (br), 
1745, 1640, 1200, 1160, 1030, 760, EIMS 70 eV, m/z (rel lnt ) 194 
[M] + [CaoHloO4] + (51), 121 [ M - 7 3 ]  + (100). 93 (48), 65 (51). 
53 (86), 39 (37), ~H NMR (270 MHz. CDCI3. TMS as reference) 
aromatic protons and -OH identical to (6a). 64 48 (q, J = 7 Hz), 
1 14 (t, J = 7 Hz) (OEt), 13C NMR (67 80 MHz, CDCI 3, TMS as 
reference) ~19075 s. 16365s~ 16239s, t3802d.  13203d, 
11955d, 11844d, 11603 s, 29571, 1395q The IR, ~H- and 
13C NMR spectra of 6b isolated from the extract, were ~denhcal 
to those of 6b obtained from the photooxygenatlon of3a 6a and 
6b could also be obtained in comparable yields when ferulenol 
was photooxygenated m these conditions (hexane EtOAc 4 1 
was used to follow the reaction by TLC The R r values were 
ferulenol 0 19, 6a 0 35, 6h 0 39) When CH~CI~ was used as the 
solvent for the reaction, the disappearance of ferulenol was faster 
(ca 2 hr, desk table lamp) From the reaction mixture, no definite 
compound could be ~solated 

Photooxy#enatlon ofJerprenln A 238 ing sample of ferprenln 
was dmsolved m 6 ml MeOH containing 5 mg Methylene Blue 
The mixture was stirred with cooling under an O~ atmosphere 
and irradiated w~th a halogen lamp (500 W) After 24 hr, the 
reaction m~xture was worked-up by tiltratlon of the dye on a 
short pad of slhca gel and by evapn The residue was chromato- 
graphed on a silica get column (20 g), eluted with hexane EtOAc 
(4 1), to give 40 mg of unreacted ferprenln and 127 mg of a 
mixture of the hydroperoxldes 4f and 4g A 80 mg mixture of 
tbe~ compounds was dissolved m 0 5 ml CHzCI ~, and treated 
~Ith 53 mg (1 0 tool equiv ) of TPP After 5 mm the soln was 
chromatographed on a silica gel column (5 g) eluted with 
hexane- EtOAc (7 3). to give 43 mg 4h and 23 mg 4i (yield 27% 
and 15% respectively) 4h was a colourless oil. IR vl,$,q,~ 'dram 

cm -1 3450,3070. 1710. 1645. 1610, 1570, 1495. 1420. 1370. 1115. 
1040, 915. 760. 730. UV2~"~. nm 375, 355. 343. 246 ElMS 
70eV, m/z (rel lnt) 380 [M] ~ [C24H2sO.t]~(51. 213 (100), 
1H NM R (300 MHz CDCI 3, TMS as reference) 6 5 15 (br t, J ~ ~, 
= 7 3 H I .  H-6').491 (hr s. H-15'a) 482(h r  s, H-15'b) .400(t  
J9 ~ o - - 6 6 H z ,  H-lO'},2151q, d~ o =I.~ • --73HL~ 170/b~ ~. 
H-12'), 1 57 (br s', H-14'), 1 52 (s. H-lY) 4I was a colourless oil. 
iRv~qu,af,]mcm 1 3450, 1710, 1645, 1610 t571), 1490 1420, 
1365, 1110, 1040, 975, 915, 760, 730, UV /~'~ll nm 375, 355, 341, 
246, ElMS 70 eV, m/z (ret lnt ) 380 [MJ ~ [C2.tH2sO4] +(3) 213 
(100). 1H NMR (300 MHz, CDCI~, TMS as relerencc}, 05 60 (d. 
J,~ 1 0 - 1 5 6 H z ,  H-10'l, 554(m-H-9 'k512(b t  t J~,~,,=73 HI, 
H-6') ,260(d.  ds ,~ - 5 9 H z ,  H-8'j, 215(q .J , ,  ~ =ds ,, = 7 3  Hz. 
H-5'), 1 52 (~, H-13'), 1 30 (~s, H-14'+H-15') 

Alhhc o~ldatlon of [erprenln TBHP (1 02 ml. 70% aq soln, 
7 4 mmol, 2 tool equl~ ) was added to a stirred suspension of 
SeO z (205 mg. 1 8 mmol, 0 5 mol equlv ) In CH2C12 (5 ml} When 
all the SeO 2 had dissolved, the reaction was cooled 1o 0'. and 
1 35 g ferprenln (3 7 mmolj dissolved in 5 ml CH2C1, added 
dropwlse After stirring for 7 hr at room temp, the reaction was 
worked-up by ~he addition of a 10% Na2SO 3 soln After stirring 
for 10 rain at room temp. the phases were separated, and the 
orgamc layer was washed with brine and dried (MgSO.,} After 
removal of the solvent, the residue ;~as separated b~ CC (10 g 
silica gel, hexane EtOAc 4 1). to give 109 mg of unreacted 
ferpremn, 83 mg of 4e (6% yield) and 351 mg 4a (~leld 25%) 4a 
and 4e obtained from the O,~ldatlon of ferprenln were ldenucal 
(IR. ~H NMR) with the corresponding natural products isolated 
from F comrtltOltS 
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