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Abstract - From the culture medium of Verticilliua intertextum four 
neu metabolltes were isolated, namely biavertinol m dlhydrobis- 
vertlnol (61, tsodlhydroblsvertlnol (7) and bievertinoione (81, all 
derivatives of the ring system D, namely 1,4,4a,6.8-pentahydroxy- 
4,5a,7,9b-tetramethyl-3,4,4a,5a,9a,9b-hexahydrodibenzofuran. The 
differences between 5, 6 and 7 are solely due to the side chains: 5 
bears two sorbyl groupa (CO-A), one at C(9) and the other at C(2), 6 
has a sorbyl group (CO-A) at C(9) and a 2,3-dihydrosorbyl group (CO-B) 
at C(2), while 7 carries CO-A at C(2) and CO-B at C(9). Hydrogenations 
of 5, 6 and 7 gave the same octahydroblsvertlnol (9). uhich consists 
of the ring system D carrying two tetrahydrosorbyl groups (CO-C) at 
C(2) and C(9). Hethylatlon of 5, 6 and 7 with diazomethane afforded 
the monomethyl ethers 10, 11 and 12, respectively. The ring system of 
8 dlfters from that or, 5-7 in that the C(3)-methylene group is 

replaced by a carbonyl group. Like 5. 8 bears two sorbyl groups at 
C(2) and C(9). Compounds of the type 5-8 are called bisvertinols. 

The conati tutlons of 
spectroscopic propertles (lH, “I!!? 

blsvertinols 5-7 follow from their 
C NHR, UV, and mass spectra) and tram 

the hydrogenation results. The spectral interpretation led to 
possible partlal structures and their combination was assisted by the 
computer program CONCEN. The constitution of 8 uas derived by 
comparison of its spectral propertles with those of 5. As a model 
for a part of the structure of 8, 2-[(E,El-hexadlenoyll-3-hydroxy-5,5- 
dimethyl-2-cyclohexen-l-one (17) was prepared. 

The blsvertlnols 5-8 are closely related to four metabolites, 
namely sorbicillin (1). 2’,3’-dihydrosorbicillln (2). vertlnollde (3) 
and bisvertinoqulnol (4). previously isolated from the same organism. 
The entire group (1-8) from V. lntertextum is referred to as the 
vertinolds, which are understoa to be hexaketide-derived metabolltes 
with two additional methyl groups, one at C(2) and the other at C(4) 
(from the carboxylic end) of the C12-chain: 
and 4-8 are dimeric (C 8) vertinoids. 

l-3 are monomeric (Cl41 
A scheme is proposed 

lnterrelatlng l-8 blosynt etlcally K and asslgnlng configurations at 
several of the chlral centrea in 4-8 on the basis of the known 
(?I-configuration of 3. 

INTRODUCTION 

In prevlous publicatlons.,3’5 WC have described the isolation and structural 

assignment of four metabolltes lrom the culture medium at Vertictllium 

Intertextum, namely the yellow sorbiclllin (11, the colourless 2’,3’-dihydro- 

aorblclllfn (2), the colourless vertlnolide (3). and the yellow blavertinoqulnol 

(4). All four have been proposed to be hexaketides with two addltlonal 

f Dedicated to Professor Ralph Raphael, for his sixty-fifth blrthday. 
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methyl groups 

to this VICY, 

(C2B) .3*5 

and thus to be related to each other biosyntb3t~calIy.3 According 

the first three are monomeric (CIY)~-~ and the last dimeric 

In addition to l-4, we had noticed other substances In the chloroform 

extract of the culture medium of E. intertextum.3 We now describe the fsolation 

of four of then, all yellow-coloured, and present arg~ment3 for their 

constitutions and partially for their conlfgurations, The tour neu oompo~nd3 

are structurally related to l-4, so that we refer to the entire group of 

metabolltes a3 vertlnolds, Vertinolda can be delined as hexaketide-derived 

metabolltes where C(2) and i!(4) (Srom the carboxyllc end) of the CI2-chain each 
bears an additional methyl group. The C(l)-C(6) part of vertfnoids with the two 

extra methyl groups fs called the head portion and the C(7)-C(tZ) is the tail 

portion (see Fig. 11. 

Fig. 1 Generalleed 2,4-dimet~yI-bexa~etide etructure of vertinoids 

In the vertlnoids isolated so far , at least some atoms of’ the head portion 

make up a ring, either earbocyclio (a3 in 1, 2 and 4) or heterocylic (as fn 3). 

In these examples, three C-atoms, namely Cc?), C(5f for C(t)1 and C(7) still bear 

the acetate derived O-atoms, whereas the other three C-atoms, namely Cll) for 

C(5)], C(9) and C(ll), do not. Furthermore, the taii portion contain3 a 

earbonyl group at C(7) and at lea3t one double bond, namely at C(lof, C(ll), i.e. 

the tail portion is either a sorbyl or a 2.3-dihydrosorbyl group. Vertfnotde may 

belong to the monomeric fC,4) or to the dimeric tC28) type. 

The four new vertinolds to be described here belong to the dimerlc group- 

They are even more closely related to each other (eee below) than they are to the 

other vertinolds 1-4, eo we name them btsvertinols [the prefix ‘his’ lmpIieS the 

dtmeric nature, as ua3 the caea with bisvertinoguinol (4)3. 
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ISOLATION OF FOUR BISVERTINOLS 

Three of the blsvertlnols were isolated from the previously described* 

fraction c of the Sephadex LH-20 chromatography, performed uith the orude 

chloroform extract of the acidified 1. intertextum culture medium. Further 

fractional chromatography on Sephadex LH-20 and final purification by preparative 

tic yielded blsvertlnol (51, cllhydroblsvertlnol (6) and lsodlhydroblsvertloo1 

(7). The fourth member of the blsvertlnols, blsvertlnolone (81, was isolated by 

Sephadex LH-20 chromatography wlth chloroform of the crude chloroform extract,4s5 

followed by cryatalllsatlon from dllsopropyl ether. Scheme 1 summarlses the 

isolation procedures for all the vertlnolds obtained so far and the diagrams 5-8 

give the constltutlonal formulae of the bisvertlnols as proposed in the present 

paper. 

3 

Scheme 1. Isolatlon of the vertinolds, including the blsvertlnols 5-8 from the 

culture medium of V. lntertextum 
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Bisvertinolone 8 appeared as rosettes with ca. 0.6 moles of the solvent (‘H 

NM). The other three bisvertlnols .5-7 were obtained as amorphous solids 

reststing crystallisation; analytical tic and self-consistent NUR speotra ehowsd 

all of them to be essentially pure. Table 1 summerlass the yields and some 

characterlstlc properties of the bisvertinols 5-8. For their spectra see tables 

2-7 and the Experimental section. 

Name 

Table 1 Names, yields and properties of the bisvertlnolds 5-8 

Yielda Physlcal n.p. Rf valueb Cal$O 

Blsvertlnol (5) 0.23 yellow-orange 139-1410 0.31-0.36 -1467. 
amorphous (dec) 

Dlhydro- 0.13 yellow 104-106.5° 0.33-0.37 -652O 
bisvertlnol (6) amorphous (dec) 
Isodihydro- 0.17 ye1 low 106-109° 0.35-0.40 -5430 
bisvertlnol (7) amorphous (dec) 
Bisvertinolone (8) 0.05C yellow 156-158.3O 0.26-0.31 -10460 

rosettes (dsc) 

aIn I of the original chloroform extract; banalytlcal tic on silica gel with 
chloroform/ethanol 94:6; Cyleld after crystallisatlon; yield of chromatograph- 
lcally pure 8 was 0.20s; dcontalning 0.6 moles of diisopropyl ether. 

Since 5-8 could not be brought into a form suitable for X-ray analysis, we 

had to deduce their structures from spectral data and blosynthetlc conslder- 

atlons. In this endeavour, ue derived considerable help from our previous 

vork,3-5 especially from the good spectra of the other four vertlnolds, l-4, the 

full structures of which (excepting the absolute conflguratlon of 4) were known 

by synthesis or X-ray analysis. 

THE CONSTITUTION OF THE BISVERTINOLS 5-8 

The constitutions 5-8, proposed in the present work for the blsvertinols, 

are drawn in Scheme 2, in such a way as to show that the differences between them 

are due to the side chain CO-X at C(2) and C(9) (a sorbyl CO-A or a 

2,3-dlhydrosorbyl CO-B group) and due to the atom(s) Y at C(3) (Y - H2 or 0). 

Scheme 2 also represents some derivatives of 5-7 obtained in this work. 

The major structural evidence stems from the ‘H and 13C NHR spectra, which 

are represented for all four blsvertinols 5-8 in Tables 2-5 together with signal 

assignments to atoms. The atoms of the eventually derived constitutions are 

labelled by the numbering shown in Scheme 3. Where individual asslgnments were 

not possl ble , groups of signals were assigned to groups of atoms. Whenever 

Immediately evident., groups of atoms were assembled Into partial structures. Thus 

Tables 2 and 3 collect the signals of the side chain CO-X (X - A or B) and in 

Tables 4 and 5 certain (smaller) partial structures of the rest of the molecules 

are given letter names, namely E-H. The partial structures E-U uere 

subsequently assembled to larger partial structures and all partlal structures 

were finally combined to the constitutions of the whole molecules. 

Our argumenta for the constitution of the blsvertlnols 5-8 are nou presented 

stepwlse, each step being indicated by a subtitle. Judicious use 1s made of the 

lnformatlon, at any step, that certain data have already been lnterpreted in a 

preceding step. We begin with the blsvertinols 5-7, since their closer 

structural relation permlts slmpler conclusions; the slightly different 

blsvertfnolone (8) will be treated later. 
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Table 2. 1, w Sl9mlS’ of tJu SW cha1or at C(2) md C(9) (so*1 . to-Aor 2,3~lhyeosomyl . cod) of tJl* olSwrtlmlS S-8 

9isrwtlml BP Isodlhprmlswrttml (7+ 9lsrcrrlmlm (0)’ 

:zfd’ 
Atm sipnsls Of Atm i%,’ Ato, SlpulS Of Atm 
USlgnmZ B-CO-C(2) rss1gmnt ass1grmlt A-cwxZ) ~Sslgmrllt 

6.48/d (15)’ ItC(ll1 

7.27/axa (15. lllh H-C(l2) 

2.6-2.blmg 

2.1-2.2/m 

6.4-6.1/n W(lO 7.4116 (15) H-c(lO 

7.k7,2/a I!-C(l21 7.wLxa (15. 10)” Ii-C( 12) 

H-c( 13) H-C(l3) H-c(n) n-C(l31 
6.6-6.2/a 5.6-5.4/m 6.4-6.1/m 6.4-6.25/m 

H-Cl 14 I H-C(M) Iwl4) H-4x141 

1.9-1.610 CH3-C(l4) 1.6416 (4.7) cn3-C(l4) 1.9-1.8/m cn3-u 14) 1.92/a (5) CH3<( 14) 

s1gllt1s or 
A-GO-c(9) 

s1gnr1s Of 
A-co-C(9) 

s1gnr1r Of 519MlS or 
B-COS(9~ A-CO-C(9) 

6.3wd (15)’ l+C(20) 6.42/a (15) Ii-C(20) 
2.9-2.211 

q-cc201 6.bOla (15) I!-C(20) 

7.23/axd (15. 111” H-C(21) 7.29/axa (15. ii) cc(20 yc(21) 7.wax.a (15. ll? n-ix20 

Ii-C(22) 6.3l/axa (15. 10 1~x22) rn(22) 6.4-6.25/a IM(22) 
6.6-6.2/m 5.6-5.3/a 

n-C(23) 6.lOlaxp (15. 6) W-C1231 ItC(23) 6.lUarq (15. 71 H-C(231 

1.9-1.6/n CH,-C(231 1.&9/a (6) cn3-CU3) 1.62/a (4.4) Cn3’;(23) 1.ea/dxa (7. 1) cM3-Cu3) 

%lMCal Shlftl ,I 0 ln PP. the lnttgr~tlon of every Sl9rul cowwkmds to the n-r of frotons 1MlcafM In the rsS,grrnt; 

M Slg”rl rSSlgMntS arc SuwXXtrd by dKOuPllnp (SW In the Excwlmtal); ‘or ,tm fwdwlnp I” khm 3: b360 Ilu. 

a3w. r.t.; %a Mu. COC13. r.t.; a2w mz. CDc13. -150. %Oo mu. CDCl3. r.1.; f. h , rSSlgrmnt of slgnrls Dcrrlq the SW 

SuPrSCrI9t wltnln on, Colmn might be l xchmgedd; gqgnal Ilts utir tN thrw proton m. rhlch IncludeS one of tM stgnrl 

0’ W2-C0) In the ring SysuI (III Table 4). 

Table 3. ‘% MM SlgntiS’ Of the Side CnrinS at c(2) and c(9) (SOnyi . CO-Aor 2.3-dlhydroswbyl . CO-B 

o’ thr blsrwtlnolS 5-B 

Ilsrcrtlml (rJ)b Olhyamblsrwtlml (6)’ lsodlhyaroblsrrrtlml (7)’ 9lsrwtlmlon WC 

51gna1s Of AU* 
A-CO-C(Z) es1@ent 

194.usa C(lOl 

121.4/d C(l0 

143.016’ C(l2) 

132.2Jdg C( 13) 

139. l/ah C( 141 

19. flpr C(l5) 

5lgnrls 0’ 
A-CO-C(P) 

5lgnrls Of Atm 
e-co-C(2) rss1gmmt 

199.3fsd C( 10) 

36.9/t” C(l0 

27.4/t* C( 12) 

i26.oiag C(l3) 

13O.Wdg C( 14) 

18. vqy C(15) 

5lgnrls 0’ 
A-CO-C(9) 

Atm 
:$td’ rsSlgmrnt 

192.V~~ C(lO) 

120.2/a C(ll) 

142.716 C(l2) 

130.8/dg C(l3) 

140.2/49 C(l4) 

lP.O/qy C(E) 

SIgnal, of 
B-CO-c(P) 

Slgruls of At(l 
A-CO-C(P) ~ssigmwlt 

~96.2/S” C( 10) 

121.0/d= C(lO 

14&l/d’ C(l2) 

!31.3/ag C(13) 

139.4/ah C( 14) 

18.WqJ C(l5) 

5ignrls 0’ 
A-CO-C( 9) 

193.0Isd C( 19) 191.81sd C(19) 191.5/rd C(19) 191.0/SX C(l9) 

121.4/d C(20) 120.0/d C(20) 32.7/P C(M) 119.9/d' C(20) 

140.4/a' C(21) 08.7/o C(21) 29.9/tX C(20 143.014 C(21) 

132.018 C(22) 129.0/dg C(Z2) 126.2/dg C(22) 130.Wdg C(22) 

137.2/dh cc231 I37.2fdg Cc231 129.3idg C(23) 137.3/P C(23) 

16.9lqY ~(241 te.o/$ ~(24) l&l/d C(24) 16.7fq~ lx241 

‘Omlctl shifts (0 In pp) ffu Pmton mlso acouPled spctrr. wltiPllcltY frm off mswncc spctrr; 

for ltm ntMurlnp ICI Schar 3: b25.2 1M. CO300. t.t.; '25.2 Nk, COC13. r.t.; 4aasslgmm of slgnrlS 

LuwIng the Iy suprscrlpt *IthIn on colon wy ha oxcm; X.yasslg”mt of alpnrlr bearing uu - 

SWrSCrlPt IYY DI caChmW WIthIn Or* Cal&&~ rW 4th ibatlcllly lrbclled slg~ls of the Y cmpoun4 

In hbl. 5. 
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Table 4. 1H HR signalsa of the ring system Dof the blsvertinols &Band assigmmts 

to owtial structures 

Birvertinol Dihydfobis- ~sodihy~rob~s- 8~sveftinolone Atan Partial 

wb vtttlnol (6)' vertlwl (7jd Me rssigment structure 

_ f 

_ f 

1.4bd 
” f 

_ f 

_ f 

3.631s 

1.41/si 

1.27fsf 

1.2015' 

2.72/d (14.5) 

2.43/d (14.5) 

16.27/sg’n 

7.!iD/s,br.g 

1.561s' 

16.05/sg'" 

4. 18/s,br.g'J 

3.20/s,br.g*J 

3.67/s 

1.49/Q 

1.35/5' 

1.291s' 

2.71/d (14.5) 

2,6-2.4/mk 

3.58/s 

1.48&i 

1.371s~ 

1.32/s1 

3.751s 

t.47/si 

1.4vsl 

1.38/S1 

2.83/d tt4) 

2.62/d (14) 

HO-Cf8) 

KI-C(6) 

CH3-C(7) 

HO-C(l) 

W-C(4) 

tibC(4d) 

H-C(9a) 

CH3-C(4) 

CH3-C(5a) 

CH3-C(9b) 

H2-C(3) 

E 

E 

E 

F 

G 

H 

I 

L 

L 

I. 

M 

M 

aaeSee Table 2; fsignal not visible in CD300; gremoved by exchange with D20; h-jassig"~~t of 
signals bearing the same superscript withfn one column nhy be exchanged;ksignal lies under the 

three-proton m, which includes the signal of H2-C(11) in the side-chain (see Table 2). 

fable 5. i3C NIR slynsis’ of the rtfly system0 of ttte birvertfnols fj+dtId dssigmnents 

to pdrtlal structures 

Bisvertlnol Df hydrobfs- isodfhydrobfs- Blsvertfnotone Attan Partial 

(5)b vertinol (8)C vertlnol (7)' (8)' asslynnent structure 

178.6/sd 

1t0.2/se 

168.9/sd 

t07.0/se 

7.219 

168.0lsd 

105.8/s" 

102.3/se 

8D.2/sf 

74.DIsf 

54.6/d 

60.2/s 

25.81qy 

22.7/qy 

2o.o/qy 

36.2/t 

W,0/*d 

lD8.3/se 

167.8/s* 

r05.5/se 

7.01s 

j66.8/sd 

103.5/se 

lOD.8/S" 

79.2/sf 

73.Wsf 

52.8/d 

56.31s 

25.5/$ 

22.lfqY 

18.9/qy 

35.7/tX 

178.9/sd 

109.2/se 

177.61s' 

X15.9/se 

6.9/q 

166.2/sd 

lOb.l/se 

99.9/se 

79.7fsf 

73.8/sf 

54.2/d 

58.3/s 

25.3/$ 

22.4/q 

19.3/q 

35.5/tX 

185.S/sd 

t10.7/se 

t69.9/sd 

107.t/se 

7.019 

163.8/s' 

103.9/se 

99.a/se 

79.8iSf 

79.Usf 

54.4/d 

59.8/s 

25.t/$ 

22.wqy 

19.1/qy 

199.61s' 

C(6) E 

C(7) E 

(.X81 E 

Et91 E 

CfW E 

C(l) F 

C(2) F 

C(4a) G 

C(4) G 

CISdI H 

Cx9al I 

C(9b; K 

C(l6f L 

C(17) L 

Cl251 

C(3) :g 

a*CSee Table 3; d-f asslgnnnt of signals bearing the same superscript wfthin one column may be 
exchanged; %he partial structure M is the CHz group in 5-7 1, but the CO group in 8; X*YasSign- 
ment of signals bearing the same superscript nay be exchanged within one colurm and with identi- 
cally labelled signals of the same compound in Table 3. 
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0 
,H....o 

Ro-cte) X-c(lO) x-C(l@~ Y-cm 

5 H A A “2 

6 H B A “2 

7 H A B H2 

8H A A 0 

9 H c c H2 

10 c% A A “2 

11 CH3 B A “2 

12 CH3 A B H2 

‘: -H, oCH3 

A B 

-CH3 

C 

Scheme 2. Constitutional formulae of the blsvertlnols s-8, of octahydrobis- 

vertlnol (9) and of the blsvertlnol monomethyl ethers IO-12 

Scheme 3. Numbering of the molecular skeleton of the blsvertlnols 5-8 and of 

thelr derivatives 9-12 (cf. Scheme 2) 

Composition of the blsvertlnols 5-7: 

The composltlons C28H3408 for 5 and C28H3608 for 6 and 7 follow from 13C NHR 

and mass spectra. The ‘SC NUR spectra (see Tables 3 and 5) shou 28 separate 

slgnals in the case of 6 and 7; in the case of 5, 27 signals are seen, with one 

signal more intensive (121.4 ppm, presumably colnoldence of the C(11) and C(20) 

resonances) than the others. The mass spectra (see Experimental) of 6 and 7 

exhlblt (relatively weak) Cl* peaks while that of 5 contains only fragment peaks: 

the nonomethyl ethers 10, 11 and 12. however. derived from 5, 6 and 7, 

respectively, with diazomethane, shou Strong Id* peaks corresponding t0 C2gH3608 

for 10 and to C29H3808 for 11 and 12. 

Side chains of W7: The blsvertlnols 5-7 possess side chains which have so far 

been found typical for vertlnolds: 5 has two non-equivalent sorbyl groups CO-A 

and 6 and 7 each contain one sorbyl CO-A and one 2,3-dlhydrosorbyl CO-B group (A 

- 1,3-pentadlenyl, B - 3-pentenyl, see Soheme 2). These side chains are 

Immediately reoognlsed in the ‘H and ’ 3C NMR speatra of 5-7 (see Table8 2 and 3) 
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by comparison uibh the spectra of the previously known vertinolds 1-4 (cf. Table 

1 in Ref. 5). The presence of the side chains CO-A and CO-B is independently 

lndlcated by relatively intensive MS peaks at m/z 95 (COC5H7+) for CO-A with 5-7 

and at m/z 97 (COC5H9’) for CO-B with 6 and 7 (see Experimental; a weak peak at 

m/z 97 with 5 mlght be due to a minor impurity). 

The common ring system D in 5-l: The existence of a central molecular portion. 

in common to three of the blsvertlnols, namely 5, 6 and 7. 1s suggested uhen the 

elements of the slde chains known to be present are subtractad from each of the 

three molecular formulae. This leads to the same partial composition C16Hz006 

of the central portions in all three bisvertlnols 5-7. (Later it will be shown 

that the central portion of blsvertlnolone (8) differs from that of 5-7 only in 

one functlonallty.) 

That these central portlons of 5-7 are ldentlcal not only in composition, 

but also in constitution and configuration, follows from catalytic hydrogenations 

of 5-7, which yielded the same octahydroblsvertlnol 9 (see Scheme 2) as evidenced 

by analytical tic, UV Bnd MS (see Experimental). The hydrogenatlons had 

converted all side chains into tetrahydrosorbyl groups (CO-C - hexanoyl) as 

shown by the mass spectrum of 9 with its intensive fragment peak at m/z 99 

(COC5Hll+) and none at m/z 95 or 97. Whlle no f@ peak was observed for 9, 

several fragment peaks between m/z 253 and m/z 165 support the contention that 

the hydrogenatlons of 5-7 had not touched their central molecular portions; they 

are the ones at m/z 181 and 165, which also appear in 5-7’(see Experimental), and 

the ones at m/z 252 and 236, which have their analogues In 5 (248 and 2321, in 6 

(248 and 234) and 7 (250 and 2321, see Table 6. 

We shall now argue that the central molecular portion of 5-7 and 9 1s 

1,4,4a,6,8-pentahydroxy-4,5a,7,9b-tetramethyl-3,4,4a,5a,9a,9b-hexahydro- 

-dibenzofuran (partial formula D, C,6H2006), substituted at C(2) and C(9). In 

derlvlng its constltutlon from the partial structures g-U we shall refer to it as 

the “ring system Dn of the blsvertlnols. 

9” 

D 
Partial structures E-H of 5-7: The existence of the partial structures E-U in 

the ring system D 1s derived from NHR observations (see Tables 4 and 5). In 

doing this, ue exclude all but one of the NHR signals assigned to each of the 

side chains CO-A and CO-B (see Tables 2 and 3) from consideration. The 

non-excluded signals belong to the side chain carbonyl groups: they are needed 

here to show that these carbonyl groups are part of 1,3-dlcarbonyl functions, of 

which the other parts belong to D. 

We first draw some conclusions from the lmmedlate environment of the six 

O-atoms of D in 5-7. Five of these O-atoms belong to hydroxyl groups (‘H NllR 

exchange experiments with D20) leaving one in an ether type function. Three of 

the (five) hydroxyls are part of 1,3-dicarbonyl enols, two chelated (two ‘H NMR 

singlets at a very low field) and the third non-chelated (‘H NMR singlet between 

a.5 and 7.5 ppm). The two chelated enols give rise to a positive FeC13 test (see 

Experimental) and the non-chelated enol can be methylated selectively with 
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dlazomethene to yield the monomethyl ethers lo-12 (see Sohene 2). The two 

chelated enolised 1,3-dlcarbonyl functions of 5-7 have to involve the carbonyl 

groups of the side chains (no other carbonyl groups are present according to 13C 

NM). At least one of them involves the sorbyl group CO-A with its 

conjugating unsaturation, which makes it responsible for the yellw colour of 5-7 

(cf. the yellow colour of 1 and 4). The non-chelated enolised 1,3-dicarbonyl 

function in 5-7 must be In conjugation ulth one of the two chelated enol 

functions (no NMR evidence for any other function as driving force for the 

enolisatlon). Since our spectral Information from solutions 1s not able to 

decide the direction of enollsatlon of 1.3-dlcarbonyl functions we have 

arbitrarily chosen to represent the O-atoms ln the side chains as belonging to 

the carbonyl groups and the others to the enols (cf. the corresponding 

uncertainty with blsvertlnoqulnol 4 5). 

Thus two partial structures are present In 5-7. one a doubly enollsed 

1,3,5-tricarbonyl function 

O-H’-0 
I II 

-C (OH)-f-C-7-C-X 

(X - A or B, see Scheme 2) and one a singly enollsed 1,3-dlcarbonyl function 

-H*** 

P R 
-y-c-x 

The C-atoms of these two function; give rise to the expected 13C NMR signals 

(see Table 5). namely to three enol type slnglets between 181 and 166 ppm and to 

three vinyl type singlets between 110 and 104 ppm (for the signals of CO-X, see 

Table 3). In the 1,3,5-tricarbonyl function, a methyl group must also be 

present, which is located between two O-atoms in a Y-type arrangement (for 

similar methyl signals in l-4 and in a model compound, see Ref. 4 and 5). Since 

such an arrangement precludes chelation the methyl group must be located at C(Y) 

of the 1,3.5-tricarbonyl function with a S-cls conformation of the 1,3-butadienyl 

system. Thus, we formulate two trivalent partial structures, the double enol E 

and the single enol F ulthin the ring system D. In each case the free valence 

at C(a) cls to the OH carries one of the side chain CO-X (X - A or B); the two 

other free valences do not carry an H-atom. 
OH 

“3C 
\A 

?” 
“/ \a 

‘C’ 
11 I 

+/ 

HOAx 
I 

E F 
The remaining two of the (five) hydroxyls belong to aliphatlc carbinol 

functions (‘H NHR singlets between 4.5 and 3.2 ppm). The sixth O-atom 1s linked 

as ether function to two quadrlllgant C-atoms (no further carbonyl or enol signal 

In the 13C NMR and no indication of a peroxlde functionality). The C-atom 

nelghbours of this ether O-atom and of the two carblnol O-atoms give rise to only 

three 13C NMR signals in a reasonable chemical shift range, all of them singlets, 

one around 100 ppm, (doubly oxygenated allphetlo C-atom) and the other two 

betweerr 80 and ‘?4 ppm (singly oxygenated aliphatlc C-atoms). Thus, the partial 
structures 0, a hemlacetal, and H, a tertiary oarbinol, can be formulated with 
none of their free valences carrying an H-atom. The partial structures E-H 

together with the side chains CO-X (X - A or B, see Scheme 2) attached to E and F 

account for the environment of all eight O-atoms in the blsvertlnols 5-7. 
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Table 6. Cbjor peaks above 230 m/r in the tmss spectra of the b,svertinoidsS-8 and of 

octahydrobisvertinol (9). together w,th interpretation 

Vertinoid Uajor Elemental Interpretation of primary and secondary fragments 
and deriv- peaks composition 
ative above of primary 

Partitioning of the primary Description of major 

and second- and secondary fragment camp- fragments In tcnas of 

ary frag- osition into composition of parttcipating struc- 

mentsb side chains and half ring ture portions 
systems 

5 (498) 250/14 

248/7 

232/36 

6 (500) 252/4 

248/,2 

234/15 

7 (500) (251/10 

232/61 

8(512) 264/30 

248/10 

246/7 

9 (536) (253/7 

252/42 

236/16 

(Coc&)-(C8”,,o,) (CO-A)-(O) 
(COC5H7)-(C8HgO3) (CO-A)-(N) 

(COC5H7)-(C8H,,03 - H2O) (co-A)-( 0- HZ01 

(COC,Hg)-(C8H,,O3) (co-B)-(O) 
(COC5H7)-(C8$O3) (CO-A)-( N) 
(COC5H9)-(C8Hll03 - H20) (CO-B)-(O- ~~0) 

same as 250 + H) 

(COC5H7)-(C8HllO3) 

(COC5Hg)-(CgHgO3) 

(COC5H,)-(C8H,lO, - H20) 

(COCgH7)-(CgHgO4) 

(CoC5H7)-(C8HgO3) 
(COC5H7)-(C8Hg04 - H20) 

(CO-A)-(O) 
(co-B)-(N) 
(CO-A)-(O- ~~0) 

_f 

(CO-A)-(N) 
_f 

same as 252 + H) 

(COCgH,,)-(C8HgO3) 

(COC5Hl,)-(C8H,,O3 - Hz01 
(CO-C)4 N) 
(CO-C)-(O- H20) 

'for the entire list of HS peaks, see Experimeatal; bcomposition corresponds to the m/z 
values on the sa 

m! 
1,ne;cprimary MS fra mant; secondary MS fragment; eprimary MS fragment 

plus one H-atom; analogous to (CO-A)- 9 0) and (CO-A)-(O- H20). respectively, in which 
a CH2 group in 0 hrs been replaced by a C=O group. 

Table 7. UV spectra of the bisvertinols 5-8 and of octahydroblsvertinol (9 1 

x 
Compound max (E) 

in CH30H in CH30H basic* in CH3OH acidicb chrunophores 
- 

5 

400 (26500) 
316sh (16000) 
301 (16550) 
273 (17700) 
233 (12250) 

387 (2CO50) 
6 304 (116CO) 

270 (15550) 
228 (9100) 

354 (18400) 
7 312 (15850) 

300 (15850) 
250sh (8400) 

8 
362 (31400) 
3C5sh (16300) 
271 (20060) 
231 (WOO) 

334sh (10500) 
9 305 (123OO) 

276sh (8800) 
234 (5300) 

418 (21400) 
357 (22000) 
301sh (15000) 
273 (18400) 
234 (15050) 

406 (19400) 
305 (12850) 
274 (15900) 
233 (11450) 

342 (19600) 
312sh (173oI)) 
300 (17500) 
240sh (7500) 

394 (16000) 

275 (30900) 
240sh (18700) 

340sh (9700) 
299 (13400) 

236 (4900) 

400 (31150) 

301 (17300) 
273 (17400) 
224 (10750) 

379 (21150) 
305 (11400) 
270 (16000) 
224 (8700) 

370 (188OO) 
312 (13700) 
300 (13550) 
25Zsh (9800) 

not detenlned 

not determined 

chr. 1: (CO-A)-(E) 
chr. 2: (CO-A)-(F) 

chr. 1: (CO-A)-(E) 
chr. 4: (CO-B)-(F) 

chr. 3: (CO-B)-(E) 
chr. 2: (CO-A)-(F) 

chr. 3: (CO-C)-(E 
chr. 4: (CO-C)-(F 

'Addition of one d&p 0.1 N NaOH to the CH3OH solution in the cuvette; 
b addition of two drops O.lN HCl to the basic solution (see a) in the cuvette. 
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The other partial structures fdentiifabla from the NHR spectra are an 

allylic methina group I (‘H NMR singlet -3.7 ppm and a j3C NXR doublet -54 ppm), 
a quaternary allylic C-atom K (13C NHR singlet -58 ppm), three teriary methyl 

groups L (three ‘H NMR 3-proton singlets between 1.5 and 1.2 ppm, the fourth 

already assigned to E, and three ‘3C NHR quartets between 26 and 19 ppm). 

Finally, a methylene group linked to two C-atoms with no H-atom attached to each 

OP them (‘H NMR bIGsystem at 2.8-2.9 ppm and a 13C NNR triplet -36 ppm) makes up 

partial structure X. None of the Pree valences indicated in 1-B carries an 

U-atom (no correspondfng multfplIcItIes nor vinyl H-signals). 

L(3x1 M 
The eight partial structures E-H, together with the sfde chains CO-X (X - A 

or B), account Por the entire set of ‘H and 13C NHR signals OP the bisvertinola 

5-7. The atoms explicitly draun as letters In E-B correspond to C16B2006, which 

has been shown above to be the molecular iormula oP the ring system D. 

The hali ring systems N and 0: In order to construct the constitution of the 

ring sYstem D by combining the partial structures E-M and in order to locate each 

of the side chains CO-A or CO-B properly at the two enol systems E and F we now 

take into consideration three further sets of data of the bisvertinols 5-7 and 

fpartfally) of their octahyaro derivative 9: they are their mass spectra (see 

Table 6 and Experimental), their UV spectra (see Table 7) and a consideration of 

their origin (co-metabolftes of the vertinoids t-4). 

First we show that the ring system D consists of two similar halves. This 

possfbllfty is suggested by the mass spectra of the bisvertlnols 5-7 and of 

octahydrobisvertinol (9): In all these cases, peaks o? high intensity (major 

peaks) appear only in m/z regions of approximately half the molecular weights and 

below; the molecular peaks are weak or even absent, see above. Of special 

interest for our argument are the major peaks above 230 m/z (see Table 6). Among 

them there are two peaks for fragments near, or at, half of the molecular weight 

(primary peaks, due to the primary fragments) and one peak situated lower by 

about m/z - I 8 (secondary peak, due to the secondary Pragment). The m/z-values 

of the two primary peaks (250 and 248 with 5, 252 and 248 with 6, 254 (not 

visible, but see below) and 252 with 9) or of twice the single primary peak (250 

with 7, disregarding the odd-number peak at 251 assumed to be due to H-uptake) 

alway sum up to the corresponding molecular weight (498 for 5, 500 for 6 ana Por 

7, 506 for 9). The secondary peaks (232 with 5 and 7* 234 with 6, 236 with 9) 

always correspond to fragments alter a splitting otf of H20 frmn the heavier of 

the primary fragments. 

Each of the primary fragments has ,to contain one of the side chains and 

approximately half oP the ring system D (see interpretatton of major fragments In 

Table 6). These approximate halves will be called the *half ring systems*, one 
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of them N and the other 0. In 5 (with two sorbyl aide chains), N and 0 must 

carry a sorbyl group CO-A eadh, so that the observed difference of 2 m/z between 

the two primary peaks has to be due to a weight difference of 2 amu between N and 

0. We shall call the lighter one N. Subtraction of the side chain atoms from 

the prlmary fragments gives us the compositions of the two half ring systems, 

namely C8H903 for N and C8H1,03 for 0. In the blsvertinols 6 and 7. both types 

of side chains, ‘CO-A and CO-B, are present (see Scheme 2 and Tables 2 and 3). The 

difference of 4 m/z between the two primary peaks of 6 (see Table 6) lndlcates 

that here the sorbyl group CO-A 1s attached to N and the 2,3-dlhydrosorbyl group 

CO-B to 0 (CO-B and 0 are each 2 amu heavier than CO-A and N). As expected from 

this interpretation, only one primary peak 1s observed in the MS of 7 (CO-A l 0 

has the same weight as CO-B + N). We further note that, in all three 

blsvertlnols 5-7, it 1s always only the O-containing primary US fragment which 

loses H20, so that H20 must be split off from the O-portion and not from the 

N-portion nor from elther of the side chains. The above reported US 

observatlons with 9 are also consistent with a loss of H20 from the O-portion, if 

it 1s assumed that the (CO-C + O)-fragment (m/z 254, not observed) rapidly loses 

H20 to glve the (CO-C l 0 - H20)-fragment (m/z 236. observed). From all this 

lnformatlon regarding the half ring systems N and 0, together nith the 

lnformatlon derived earlier that the common ring system D 1s the same for 5-7 and 

9, we conclude that the structures of both N and 0 are the same in 5-7 and 9 and 

that, consequently, the MS fragmentation of D 1s independent of the slde chains 

attached to it. 

Each half rlng system, N (C8Hg03) and 0 (C8H1,03), has to contain one of the 

enols, E or F, and two of the four methyls belonging to the rlng system D, one 

methyl groups present in E and three as L, since otherwise the number of O-atoms 

and the C to H ratio in N and 0 would not agree with their composition. 

We now resort to the UV spectra of 5-7 in order to deduce which of the half 

ring systems, N or 0, contains which of the enols, E or F, and also where the 

slde chains are located with respect to these enols. Flrst we note (see Table 7) 

that the wavelength of the highest UV maximum decreases in golng from blsvertlnol 

(5, 400 nm) over dlhydroblsvertlnol (6, 387 nm) and lsodlhydroblsvertlnol (7, 354 

nm) to octahydroblsvertlnol (9, 334 nm). We conclude that the lengths of the 

UV-chromophores responsible for the hlghest maximum decrease in going from 5 via 

6 and 7 to 9. 

Partial structures containing chromophores of different lengths can indeed 

be constructed on the assumptlon that the side chains CO-X 5-9 are attached at 

C(a) of the double enol E and at C(a) of the single enol F. The combinations of 

lnterest are shown here as chr. 1, 2, 3 and 4. The lengths of these chromo- 

phores decrease In the order 1 > 2 > 3 > 4. 

~hr. 3: E + CO-B or CO-C ctnc4: F + CO-B or CO-C 
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A consistent picture is obtained as follows: Compound 5 with two sorbyl 

groups must have chr. 1 and 2 and thus absorbs at the highest wavelength (400 

nm), 6 with one sorbyl and one dihydrosorbyl group must have ohr. 1 and 4 since 

it absorbs at the next lower wavelength (387 nm), 7 with the sorbyl and the 

dihydrosorbyl groups exchanged must have chr. 2 and 3 since it absorbs at still 

lower wavelength (354 nm), and 9 with two tetrahydrosorbyl groups must have chr. 

3 and II and thus absorbs at the lowest wavelength (334 nm). In agreement with 

the hypothesis underlying these conclusions, we find that a model substance 

containing just chr. 2, namely 2-[(E,E)-2,4-hexadienoyllcyclohexanone (13) __ 
absorbs at 35g nm, E - 20,200 (cf. ref. 51, comparing well with the value for 7, 

also containing chr. 2 (together with chr. 3). The asslgnment of these 

chromophores to 5-7 and 9 are shown in the last column of Table 7. A iurther 

agreement supportlng this assignment can be derived from the shlft of the highest 

UV-maximum In 5-7 and 9 on addition of base, uhich are Ai - l 18 nm for 5, +19 nm 

for 6, -12 nm for 7, and +6 nm for 9, If it is assumed that a proton of a 

non-chelated enol is abstracted in preference to Qne of a chelated enol: In that 

case the deprotonatlon affects the highest UV maximum in 5, 6 (contalnlng chr. 1) 

and 9 (containing chr. 3) causing a bathochromlc shift; in 7, however. the 

deprotonatlon affects the shorter chromophore (chr. 31, thus giving the 

impression of a hypsochromlc shift (see Table 7). The UV evidence just 

submitted shows that the 2,3-dlhydrosorbyl group (CO-B) is associated ulth E in 7 

and with F in 6 (Table 7). The previously mentloned t4S evidence showed that CO-B 

1s associated with the half ring system N in 7 and with 0 In 6 (Table 6). This 

proves that the double enol E is part of N and the single enol P part of 0. Thla 

1s In accord ulth the corresponding analysls of the partial structures containing 

the sorbyl group (CO-A) in 5, 6 and 7 and the tetrahydrosorbyl group (CO-C) in 9. 

In addition since one methyl group 1s part of E, the half ring system N 

contains only one of the tertiary methyl groups L, whereas 0 has two of them. 

The methylene group I4 also must be part of the half ring system 0, since only Its 

two H-atoms can be the reason for the 2 amu greater weight of the primary MS 

fragment containing 0 than the one of the fragment contalnlng N. 

0” 

+ +C”s + C2HO 

E (C5H502) L CC”31 

0 @8”1103) CH3 + )CH2 t Cg”& 

F (~~“0) 2 x L k#tt)) M (CH;C) 
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In order to generate structural proposals for the half rlng system N and 0, 

we now combine the partial structures derived so far with structural features 

derivable from the information that all previously isolated vertlnolds (lnoludlng 

the dimerlc ones) contain onrearranged 2,4-dimethylated hexaketlde carbon 

skeletons (see Fig 1). Ye assume that two such C-skeletons are also present in 

the blavertinols. For our explanation ue use the numbering shown in Fig. 1: in 

N, C(3) to C(6) with the methyl group at C(4) must be the double enol partlal 

structure E since it 1s aubstltuted at C(6) with the aide chain CO-X. In that 

case the other methyl group L has to be linked to C(2). This leads to a 

preliminary structural proposal P, which 1s part of the half ring system N 

together with its side chain CO-X (X - A In 5 and 6, X - B in 7). Only one 

H-atom and one O-atom have not been located, but it 1s known that neither C(2) 

nor C (6) do carry an H-atom. 

In the same way, a prellmlnary structural proposal Q can be formulated, 

which la part of the half rlng system 0 together ulth its aide chain CO-X (X - A 

in 5 and 7, X - B in 6). The single enol F becomes C(5) and ~(6) since it 

carries the side chain, one of the tuo tertlary methyl groups L linked to C(2) 

and the other to C(4). Only four H-atoms and two O-atoms have not been located. 

Having P and Q ue obtain the collapsed molecular formula H5PQ03 of the 

blsvertlnols 5-7. Ye subsequently used the CONGEN computer program6 to generate 

all possible combinations of P (- C8H802(COX))9 0 (- C8H7O(COX)), the 5 H-atoms 

and the 3 O-atoms. 

Generaliaatlon of a proposal for the constitution of the blsvertlnols 5-7: The 

molecular formula of the blsvertlnols 5-7 was deflned as C16H2006(COX)2 with X 

(the C5-aide chain portion A and B) taken as a monovalent atom type. Taklng P 

and Q as superatoms, we obtained for the collapsed formula H5PQ03 235 

intermediate structures. Thls number was reduced to 101 with the constraint 

that P la linked (by any bond order) to at least one O-atom and Q to at least tuo 

O-atoms, thus speclfylng the molecular formula as H5(PO)(QO2). Inspection showed 

a number of these structures to be peroxides, which can be excluded because the 

blsvertlnola do not exhibit any of the correapondlngly expected behavlour. This 

left 68 intermediate structures. 

The superatoms P and Q were now lmbedded with the constraints that the 

resulting structures must contain the partial structures 0 (a hemlacetal), H (a 

terlary carbinol), I (an allyllc C-H group) and K (an allyllc tertiary atom). 

This led t0 26 chemical COIlStltUt~OIlS Of the COlllpOSit~On C,,+&6(COX)2. 

At this point of the analysis. the occurrence of the methylene group 

(partial structure M) as C(1) or C(3) of 0 (and thus in Cl) was taken lnto 

consideration, leading to two redefined preliminary structures for 9, namely 01 

and 92. 
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By selecting (in the SURVEY sub~omman~ mode OF CONGEN) structures with the 

requirement that they must contain the partial structures built up from P plus Q1 

or from P pIus i&Z*, the number of candidate ~anst~tut~#ns for the bisvertinols 

5-T was reduced to $9 (see Scheme 4), 

RI7 D18 019 

Scheme c* GONGEN generated PZWPOS%XS for the Constitutf~n of the comm?n ring 

sySt8m 0 Uith sttsched sfde chains CD-X Of the biSYert~nO~3 5-7 

c Xn order to prevent the survey procedure to identify atoms of PI 0~ 92 with 
atoms of P in the structures to be surveyed, the partial structurZ-P barto be 
included fn the two definitfons ot the part181 structure8 that were-used fn the 
logical Do-combination of the SELECT commsnd of’ SURVEY. 
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The 19 structures Dl-D19 were inspected ulth respect to thelr likelihood to 

cleave easily into tuo almost equal primary MS fragments (see Table 6), both of 

which must be relatively stable species as ions and as neutral losses (both 

intensive peaks with 5-7). Easy cleavage might be expected for the hemlacetal C, 

OR-bond (in partial structure Ci) and for a doubly allylic C,C-bond. Only 5 
structures are candidates for this type of fragmentation, namely D15-D19. Of 

these, D17 can be ellmlnated because its fragmentation (without any H-transfer) 

would not produce primary fragments of the composltlon C8Hg03(COX) and 

C8Hl103(COX) (cf. Table 6). 

The molecular 

D19 in form of all 

thelr CH2 group to 

since the observed 

fact (see below In 

models of the remaining candidate structures D15, Dl6, Dl8 and 

stereolsomers were inspected with respect to the proxlmlty of 

the H(a) of one of thelr sorbyl side chains (CO-X - CO-A), 

‘H NMR deshleldlng (-1 ppm) of H-C(11) in 8 must be due to the 

the section on blsvertlnolone 8) that the C-O group In 8 has 

replaced the CH2 group in 5, 6 and 7. The criterion of this CH2 to H-C(11) 

proxlmlty 1s met with for all stereolsomers of D19, but not for those of the 

other candidates, except that it can not be qulte excluded for the (lR*, 3R*, 

8S*, 9R*)-stereolsomer of D16. We exclude this last mentioned structure since 

its CH2 group 1s not allyllc. The allyllc position of CH2, as found in D19. fits 

better wlth the observed ‘H NHR chemical shift of this group in 5-7 (around 2.6 

ppm, see Table 4). Thus D19 remains as the general constitution of the 

blsvertlnols 5-7 wlth CO-X - CO-A or CO-B (cf. Scheme 2). 

In structure D19. the half ring systems N and 0 (as shown) are readily 

recognlsable. Thus both molecular halves (CO-X)-(N) and (CO-X)-(O) contain a 

6-membered ring, a structural feature not demanded expllcltly by any 

spectroscopic evidence. This ring size, however, permits a ready lnterpretatlon 

of the hlgh intensities of the prlmary and secondary MS peaks (see Table 61, as 

follows: 1) The llghter primary fragment (CO-X)-(N) could be an arene-epoxide Z 

oxepine (m/z 248 from 5, 248 from 6, 250 from 7 and 252 from 9). 2) The heavier 

primary fragment (CO-X)-(O) could be a 5-hydroxy-cyclohexa-l,j-dlene (m/z 250 

from 5, 252 from 6, 250 from 7, not observed from 9). 3) The secondary fragment 

(CO-X)-(0 - H20) could be sorblclllln (1, m/z 232 from 5 and 71, dlhydro- 

sorblclllln (2, m/z 234 from 6) or tetrahydrosorblclllln (m/z 236 from 9). 

(co-xl-(N) 
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The constitution of bisvertlnolone (8): Biavertlnolone (8) haa the composition 

C28H3209 as evidenced by Its MS (see Experimental) and NHR spectra (see Tables 

2-5). The molecule bears twice the aorbyl aide chain CO-A (see Tables 2 and 3). 

Subtracting the atde chain elements (tufce COC5H71 from the molecular formula of 

8 leads to C,6H,807, i.e. to a composition of the central molecular portion of 8, 

uhich differs from that of the ring system D of the bisvertinols 5-7 (C’6H2006) 

only in the presence of an additional O-atom instead of 2 H-atoms. 

Comparison of the ‘H and 13C signals assigned to the central molecular 

portion of blavertlnolone (8) wlth those assigned to the ring system D of the 

biavertinola 5-7 (see Tables 4 and 5) reveals striking slmilaritlea: all signals 

are practically identical, except that the two ‘H NHR doublets (6 - 2.4-2.6 ppm) 

and the 13C NMR triplet (& - 35.5-36.2 ppm) of the CHg group (partial structure 

HI in 5-7 are missing in 8, and that the (C-Ot- 13C NHR singlet (one of the three 

betueen & = 191 and 200 ppm) in 6 fa mlsaing in 5-7. We conclude that 5-7 and 8 

have the same ring system D, except that a CH2 group 5-7 has been replaced with a 

C-O group in 8. Thus bisvertinolone (8) is the C(3)-0x0 derivative of 

bisvertinol (5). 

In the ‘H NHR spectrum of’ blsvertlnolone (8) we note that the signal of H(a) 

of one of its sorbyl aide chains (CO-A) appears at unusual low field (7.41 ppm 

instead of 6.5-6.3 ppm as for instance with 5, see Table 2). He assign this 

algnal to H-C(ll) (H(a) of the sorbyl aide chain at C(2)) since this H-atom Is 

located in the deahieldlng cone of the C(3)-carbonyl group of 8 if the 

C(lO)-C(l5)-afde chain is kept in a zigzag conformation coplanar with C(l), C(2) 

and C(3) by chelation. This ‘H NMR deahielding observation uas used above for 

the selection oP D19 as bisvertlnol constitution from the CONGEN generated 

structural proposals Dl-D19 (see Scheme 4). 

The same effect uaa observed with the model compound 17, prepared (61) 

together with ‘6 (22%) by sorbylatlon of dimedone (14) (see Scheme 5). In 17, 

the H(a) of the aorbyl aide chain absorbs at -7.5 ppm fn the ‘H NMA spectrum, 

i.e. -1.2 ppm higher than the corresponding H-atom in 2-[(E,E)-hexadienoylj- 

cyclohexanone (131, 6 - 6.27 ppm (cf. Ref. 5). 

Scheme 5. Synthesis oi 2-~(g,g)-2,~-hexadlenoyl~-3-hydroxy-5,5-d~methyl-2 
cyclohexen-l-one 717) as a model for one of the molecular halves in 8 
(cf. Scheme 6) 

The above structural arguments for 8 are supported by the mass spectrum (see 

Table 6) with lta two major peaks (m/z - 264 and 248) analogous to the ones 

observed for 5-7, which correspond to the same type of primary fragments, now 

differing in weight by 16 amu. This is because the heavier primary fragment (see 

Scheme 6) contains an O-atom In the case of 8 lnatead of 2 H-atoms in the case of 



3174 L. s. -hFONOV Cf d. 

5, where the heavier primary fragment (0 + CO-A) was 2 amu heavier than the 

lighter one (N l CO-A). Accordingly. the lighter primary fragment of 8 has the 

same uelght (and thus compoaltlon) as the lighter primary fragment of 5. 

3 

Scheme 6. Molecular half in biavertinolone (8) corresponding to the heavler 
primary fragment 

CONFIGURATIONS OF THE BISVERTINOLS 

The CD spectra of all four blsvertinola 5-8 are rather almilar; they show a 

strong negative Cotton effect in the region of 420-380 nm (see Fig. 2). In vleu 

-30 
t 

Fig. 2. CD spectra of bisvertlnol (5, -11-11-‘1-11-), of dihydroblsvertinol 
(6,_1_1_(_(_1_ 1, of iaodlhydroblavertlnol (7, -.-.-.-.-.I, and 
of biavertinolone (8. . . . . . . . ...) in methanol. 

of the conatltutlonal almllarlty of the ring systems this fndlcates similar, if 

not ldentlcal, geometrical relations of atoms and groups around the chlral 

centrea in these mOleCJle8 and thus suggests the same absolute configuration. A 

proposal for the absolute conflguratlon of the blavertlnols 5-8 la made ln the 

followlng aectlon on the baa18 of bloaynthetlc considerations, which also lead to 

arguments on some relative conflguratlona. 

BIOSYNTHETIC CONSIDERATIONS 

The blsvertlnola have been shown above to consist of two halves, namely the 

half rlng systems N and 0, each together wlth It.8 alde chain CO-X. These two 

halves are closely related to the known monomeric vertlnolda, I.e. aorblclllln 

(1) and 2,3-dlhydrosorblclllln (2); they have the same C-skeleton but carry an 

addltlonal O-atom at C(2). A vertlnold structure, also oxygenated at C(2), has 

been proposed as the monomeric precursor of the dlmerlc vertlnold blavertlno- 

qulnol (Q),213*5 namely the quinol 19 (see Scheme 7). We now consider a common 

blosynthetlc precursor for the monomeric bulldlng blocks of all the dlmerlc 

vertlnolds. Such a common monomeric lntermedlate, C8Hg03(CO-X), becomes 

particularly attractive if the differences in the alde chains (CO-X - sorbyl CO-A 

or 2,3-dlhydrosorbyl CO-B) and in the ring member C-Y (C-Y - CH2 or C-0) of the 
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vertinolda (see Scheme 2) are assumed to be due to secondary modifications either 

before or after the dimerlaatlon. In addition, the monomeric vertlnold 3, 

vertlnol lde - C8H,,O3(CO-X), alao contains an additional O-atom and might, 

therefore, also be derived from the same putative precursor. Such a precursor 

C8H903(CO-X) could well be the epoxlde 18, derivable from aorblclllln (1) or 

2’3’-dlhydroaorblclllln (2) by an epoxldatlon (step 1) of the benzene rlng (see 

Scheme 71, a process proposed as a key step in the bloayntheala of penlcllllc 

acid from orselllnlc acld,‘l and of tyroslne from phenylalanlne (NIH shift).8 

H-Mlgratlon in 18 with opening of the epoxlde ring (step 2) would lead to the 

qulnol 19 and hence to blsvertlnoqulnol (4) by Dlels-Alder dlmerlaatlon (step 5). 

Reductive openlng of the epoxide 18 by cleavage of its O,C(l) bond (step 3) would 

generate 20. Intramolecular attack of the O-atom of the C(2)-OH group onto the 

carbonyl C-atom (C(5)), followed by cleavage of the C(S), C(6)-bond (step 6), 

could convert 20 into vertlnollde (3). Finally, nucleophillc attack of C(4) In 

20 onto C(1) of 18 wlth epoxlde ring opening (step 4) mlght generate the 

vertlnold dlmer 21, a hemlacetal tautomer (step 7) of the blavertlnols 5-7. 

x&T !Gx Hz-&x 
4 cx=A;x’.BI 

= 5,x.x’.*: 
Glx=B;x’=Al 
7 (x=A; x’=BI 

1) epoxldation; 2) H-mlgratlon; 3) reduction; 4) SN2 reaction; 5) Diels-Alder 
reaction; 6) ring cleavage and lactonlaatlon; 7) intramolecular hemlacetal 
formatlon. 

Scheme 7. Proposed biosynthetic lnterrelatlons between the vertlnolds l-7 and 
suggested configurations of 4-7 

The biosynthetic Scheme 7 suggests the absolute and some relative 

configurations of the chlral vertlnolds 4-7: 1) Since (S)-configuration (at 

C(5)) has been establlshed (by total synthesis) for 39 the Scheme suggests that 
18 and 20 have the (SI-configuration at C(2). 2) Since this configuration la 
moat likely retalned in the rearrangement of 18 to 19 and In the dlmerlsatlon to 

blsvertlnoqulnol (41, the latter must possess the absolute configuration as drawn 

In 4 (which 1s accidentally the same aa the one shown in our previous 

publlcatlona305), the relative conflguratlons belng known by X-ray. 3) The 

reaction between C(4) of 20 with C(1) of 18 may be of SN2-type (inversion) at 

C(l), so that 5-7 receive the (S)-conflguratlon at C(9a). 4) The conflguratlona 
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at C(2) of both 18 and 20 are unaffected in their dlmerlsatlon via 21 to 5-7, so 

that the latter have the (S)-configuration also at C(4) and C(5a). 5) The 

configurations at C(4a) and C(9b) of 5-7 have to remain unpredicted. 

Since it has already been shown above that blsvertinolone (8) is the 

C(3)-0x0 derivative of bisvertlnol (5). the conflguratlons just deduced for 5-7 

also apply to 8. 

EXPERIMENTAL 

General Remarks 

For the details of orlgln and cultivation of V. lntertextum (ATCC 46284) and 
for chemical methods, instruments and abbreviations see Refs. 4 and 5. 

Isolation of blsvertlnol (5), dihydrobisvertinol (6) and lsodlhydroblsvertlnol~7) 

The spent culture medium of 1. lntertextum was extracted with CHCl and the 
crude extract (8.44 g) was chromatographed on Sephadex LH-20 as describ d 2 in Ref. 
5, however, partltloning the fraction c, mentioned there, into two subfractions, 
cl (5100-6500 ml) and c2 (6500-7500 ml). The residue from the subfraction cl 
(0.75 g) was chromatographed on 50 g Sephandex LH-20 at 4’ In the dark in a 2.5 x 
50 cm column ulth 1960 ml CHCl3/pentane 1:l and then 200 ml CHCl /pentane 33:17 
at a flow rate of 0.33 ml/mln. Three subfractions were collecte a after 
inspection by anal tic in CHCl 
cl.2 (1600-1800 ml), containin i! 

/C2H50H 47.3: cl.1 (1300-1600 ml), contalnlng 7, 
6. and cl.3 (1960-2150 ml), containing 5. The 

intermediate eluate between subfraction cl.2 and cl.3 (1800-1960 ml) contained a 
small amount of 5 and 6 and was set aside. 

Subfractlon c2 (0.70 n) was chromatouraphed under the same condltlons as 
fraction cl, but with CHCl-/pentane 3:2, to give the subfractions ~2.1 (1600-1800 
ml ). containing 6. and c2. 2 (1950-2200 ml). containing 5. The intermediate 
fraction (1800-1950 ml), contalnlng some 5 and 6, was-set aside. 

The residue of subfraction cl.1 was again chromatographed on 1OOg Sephadex 
LH-20 at 4O in the dark ulth CHC13/pentane 3:2 in a 1.5 x 125 cm column at a flow 
rate of 0.4 ml/min and yielded a main fraction with crude 7 (anal tic in 
CHC13/C2H50H 47:3). The residue therefrom was purlfled on 2 prep tic plates with 
$l,/C,H,OH 47:3. The yellow zone at R 0.38 was eluted with CHCl /CH OH 5:1, 

olvent removed in vacua and the res due dissolved In CHCl f 
3’ 

Tils zolutlon 
was f lltered, evaporxed dried at r.t./0.05 Torr to give 5.0 mg (0.17% of 
the crude extract) 7 as a yellow amorphous solid, m.p. 106.0-109.0" (g~c), which 
showed a green-brow’iilsh colour reaction wlth FeCl 

1.55 CHCl 1. UV see Table 7. CD (CH OH): 213 (+1.5), 220 (01, 2!9-~%, 
in H20/C2H OH; Cal 

iiEW(-l.5j, 3023(-5.9), 322 (0). 352 (+14.&, 372 (0) 
3550m. 3450-3100m; 29fOm; 
1570s sh; 1540.9 sh. 
double resonance: 

H an;9~~;:N;~8~~~ :~~~:;,1:IPw~~,~~~rn:;a;‘Z~~~~~~~~~~~~~~~~ 

Irradiation at 6.3 (H-Cl11 1 
(CH -C(l4)). MS (70eV): 500/l (M*); 48212 (M1 

H-C(13) and H-C(l4)) gave: . 9 

250345 (Cl 4H, 804+) ; 232961 (C H 04 
- H 0); 251110 ($,fH~9;j;);~,,,~; 

217157 (C H 0 ‘1; 207114; 
(C H 04');31+b?9; 175118; 166/11; 16{&'($ H’O ‘1. 161115 

233’15 1’;&9:!’ - Hg”‘f 189/17 ‘“2%;,;;;‘~;4,35 

15j/?2; 151/13; 149'/13; l3g/l3; 138/17; 137/?8: ?36;42; 135;28* 123/18; 122&l; 
108/20* 107/24* 97112 (COC H ')* 95182 (COC H 'I* 91127 83134; 

i3::~;;'7;~;:~';8/10; 7+/35; 69;37; 68113; 279/66; 66113; 65133: 5;/22; 5;,58; 
53/38; 52/12; 52112; 51/23; 43/100; 41192. 

The subfractions cl.2 and ~2.1 were combined and the residue thereform was 
purified on 4 prep tic plates wlth CHCl 
yellow zone at RF 0.60 was treated as a 

/pentane/CH CN/CH30H 23:10:10:7. 
8 

The 
d scribed abo e for the isolation of 7 and 

save 11.0 mg (0.131 of the crude extract) 6 as a yellow amorphous solid, m.p. 
104.0-106.5“ ‘d$s’, which showed a green-brownish colour reaction with FeCl in 
H O/C H OH; [a] UV see Table 7 
(%1.&? 245 ~-,D2;,-~~:“~~f,-2:;“~+~~~~~~~300 (+19.6), 346'(O) 

CD (CH30H): 225 

j;H;;aI i 3~5~~Rm~e~4~~~~~O~~~~2980m; 2920m; 2850m; 171 Om; 1670m; 
.,~3;s(-18.6L IR 

; 1555.9 br. 
H NMR (200 MHz, CDC13) double resonance: 

Irradltlon at 7.29 (H-C(21)) gave: 6.42/s (H-C(20)) and 6.3116, J - 15 
(H-C(22)); lrrad. at 6.10 (H-C(23)) gave: 6.2-6.4/simplified m (H-C(20) and 
H-C(22)); irrad. at 5.5 (H-C(l3) and H-C(l4j) gave: 2.3/t, J ; 6 (H C(l2)) and 

(C H 0 +j; 2$4/15 (C H2 0 
1.64/s (CH -C(l4)). MS (70 ey); ;0;;0.5 (M 1; 25214 (C14H 00 ) 246112 

18191 k6(t 
216/19; 195/12; 19&l%; 191/W 

139121 ; 3 
K& ‘;,;Wq”r,,P%:‘2; ?65:81 l~~s~s03;~~,l~~2~~~~,~~1 ;;;j,;“O;i~;;” 

* 125/10; 
97126; (COC Hgi); 95/40 (COC H’+)* 83/19; 81/l& 79111; 69/74 ; 68/l 1 ; :7/21 ; 
57/26; 55/7 5 ; 53/15; 43/100; 547/6i. 

The subfractions cl.3 and ~2.2 were combined and the residue therefrom was 
purlfled on 8 prep tic reversed phase plates with H2O/CH30H/CH CN 11:7:3. The 
red-orange zone at Rf 0.55 was extracted with CH OH, 

a 
;i the solve t was removed in 

vacua and the residue was further purifled on 4 rep TLC plates with CHC13/C2qOH 
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9:l. The orange zone waa extracted uith CHCl /CH OH 5:l and then treated 83 
described above for the isolation of 6 and 7 nd 2 ii ave 19.5 mg (0.23% Of the wade 
extract) 5 as a yellow-orange amorphous solid, m.p. 139+O-141.0 (dee) which 
showed a greenish-brown colour reactlon with F&l in H O/C H OH* [a#' - 1467O 

- 0.05 CHCl ) UV see Table 7 CD (CH OH): 
$00 (+13.;), 35j b28.6). 410 (0),'436 f-la.2). 

2& (-2?9),2235 iO), 2g9 (+5.2), 

293om; 285om; 1730m; 16703; 1620111 br.; 1560m br.; 
I~,'~~~~~~~,'"~"D-~~O~~~ ~~~O~~R 

see Table 2-5. H NMR (360 MHz, CO OD) double resonance: Xrbadl a tion at 7.25 
(H-C(lZ) and H-C(21) gave: 6.48/s ah 6.30/s (H-C(ll) and H-C(20)): Irrad. at 
6.48 (H-C(l1) or H-C(20)) gave: 7,23/d, J - 10 (H-C(12) or H-C(21)); irrad. at 
2.72 (H -C(3)) gave: 2.43/a (H -C(3)); irrad. at 1.88 (CH -C(14) and CH -C(23)) 
gave: g.l8/d, J - 15 and b.OQFd J - 15 (H-C(14) and H-C(s3)). MS (70 ea): 250/14 

(C H 0 +)* lQl/lQ (E 4 tl +)* 189/15; lb/! Ci! H 0 +I* 180/18; 
K,,H,80,'); 24817 (C 4H 60 '1; 232/36 (C 4H 80 * -H20); 231110: 217141; 207111 

(C'a b3*j; ;64/11* 161~13%~2/;3; 149/28; 138/10? ?3% 136125; 
175/10; 165126 
124/10; 

123,953 122/14; l&/12; 1;)$/12; lOS/lQ; 107/1$; $;/14 (CO; H 'f; 96f13: 951100 
(COC Hi*); Q1/14; 83118; 79/15; 77117; 71111; 69/35; 67/457 95115; 57123; 55/31; 
;3;;!: 43f8S; 41/58. Found: C, 66.07; H, 6.59; Cale. for C28H3408: C, 67.45; H, 
. . 

Isolation of bfsvertinolone (8) 
The crude CHCI extract ( 

intertextum was chr matographed on 150 g Sephadex LX-20 in a 4 x 50 cm column a 
1.7 g) of the spent culture medium of L 

%lith c 
NC1 / 

;i 
petrol 

The solve t 
ether (30-600) 3:l at r.t. uslng a flow rate of ca. 5.5 rnl~~~~. 

was changed to pure CHCl 
2 
after 2090 ml solvent was collected. 

a strong vellou fraction after a fai t yellow one 298 mg of a yellow-orange 011 
were isolated which was again chromatographed on 50 g Sephadex LH-20 In a 2.5 x 
40 cm column with CHCll at r.t. using a flow rate as above. The first yellow 
fraction was evaporated and yielded 71 mg (6.51 oi' the CHCl extract) of a yellow 
oil. This was combined with 200 mg material obtained separ tely a in the same way, 
again three times ehromatographed on 50 g Sephadex LH-20 in 2.5 x 40 cm columns 
with CHCl at r.t. 

3 
using a flow rate as above and yielded, each time taking the 

first ye1 ow fraction, 12.5 mg (0.202) OF a yellow amorphous solid, m.p. 
127.5-135.5@ (dec). Crystallisation from dilsopropyf ether yielded after 
standing fos03 weeks at -2O* 3 tug (0.05%) 2 in yellow roaettes, m.p. 156-158.3* 

&!i,,',;; P,;2:~~f"~4:C,:l~:X~~ ;!:'& 408 (-29.2) 
UV see Tabie 7. CD (CH30H): 274 

~O~Ow;12930w; 2855~; 1738~; 1670mj 1605s; !565m; 1515m. 
. ,~~a~~H~~~)~ 3430~ br.; 

NHR see Table 
-. H NMR (400 HHz, C0C13) double resonance: Irradiation at 7.58 fH-C(tP)I 
nave: 7.41/s (H-C(11)) and 6.4-6.25Islmulified m (H-C(13). H-C(22) and H-C(23)): 
Trrad. at 7.33 (H-C(2ij) gave: 6.46/s (H-C(20)) and 6,4:6;25/simplified m 
(H-C(l3). H-C(l4) and H-C(22)); lrrad. at 6.30 (H-C(13). H-C(14). H-C(20), 
H-Cf22) and H-Cf231 gave: 7.5814, J - 15 (H-C(12)); 7.33/d, J --I5 (H-C(21); 
l.QO/s (CH -c(litfI and 1.88/d, J = 7 (CH -C(23)); irrad. at 6.13 fH-C(23)) gave 
1.88/s (CH3-C(23)I+ irrad. at 1.90 (CH -zfllrt and CH -Cf23)) gave: 
6.4~6.25/ajmplifiei m (H-C(13>, H-Cc143 and H-Cc221 2nd 6.13/d, br., J - 15 
(H-C(23)). MS (70 eV): 51;/5 CM'); 264/30 (C H 05+ - H Ot; 248110 
fC H 60 '1; 24617 (C14H160 - H201: 231112; 
181913 <t! H 0 +) 154/17; 153flOO; 147/10 

2%!,18; 221/6$; 206110; 204/14; 
13?/20; $5/66 (COC H 'I; 83/26; 

77/20:.69?2?:467;60: 65/23: 57115: 55/17:'53/35: 43/75: 41150: 'HR-MS: 264.0995 
I",~t~i8So;e~ia'i,p~~~c7~~~~~9Q~~~~~~~~~~O~ (talc; for C;2H1304: 221.08131; 

Hethylation of the bisvertinols 5, 6 and 7 
Samoles of 2 ma of the blsvertinols 5. 6 and 7 each In 1 ml dlethyl ether 

were treated with 3-411 1.4% solution of dlazomethane at r.t. for 5 mini 
Evaporation of the solvent in vacua afforded the respective monomethyl ethers as 
yellow oils, which showed In each case a green-brownish colour reaction with 
FeC13 
47:3. 

in H201C2H50H and gave a single spot in the anal tic with CHC13/C2H50H 

The monomethyi 
513/4 CM+ 

ether 10 from 5: Rf 0.45. MS (70 eYf: 514/l (M+ + 2 HI; 
+ H); 512tl3 (H+f; 497/l (ff' - CN ); 4$4/l (M+ - H 0); 263/16; 247/18; 

245122; 232/10; 231114; 195115; 95/100 WOC3H '); 67/34; 43/55; 41128 
The monomethyl ether 11 from 6: ;i7 

515/10 (M' 
Rf 0. 7. MS (70 eV): 516/3 (M' * 2 HI; 

+ HI; 514/3O CM"); 49$/l (M* - CH 1; 496/l (M' - H Of; 263/36; 247/24; 
246112; 245/28; 231/21; 205/10; 195/34; 194/32; 179/17* 167/16; 165/22; 151/14; 
139/10; 138/11: 137/11; 
43152; 41131. 

97111 (COC5HQ+); 95/100 (COC5H;'); 69125; 67126; 55/29; 

The monomethyl ether 12 from 7: 
515/20 (H' * H); 

Rf 0.50. MS (70 eV): 516/15 (M* + 2 HI; 
514/60 CM+); 49914 (M+ - CH ); 4$6/2 (H+ - H 0); 265/38 

(C H 0 'I* 250116* 2491'10: 247/20; 246111;3233/14; 232/15; 531,lO; 230/14; 
2215lil\ %7>12; 215711 ; 205/11; 195/27: 18$,13; 181/19; 180/10; 1?9/63; 168/l;: 
165/21;153/14; 151/11: l49/11; 13$/10; t37/t7; t36tl5; 135/11; 125f13; 123/16$ 

91/25; 83flQ; 81/11; ?Q/lQ; 77119; 69164; 67158; 25920; 57f15; 55152: 53/t& 
121/14: lO9/13; 108f20; 107/19; 99/12; 97/55 (COC H 'I; 96rll; 951100 (COC H7 1; 

45/14; 43,98: 41173, 
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Hydrogenation of the bisvertlnols 5, 6 and 7 
Samples of 3 mu of the blsvertlnols 5. 6 and 7 each in 1 ml CH.,OH were 

hydrogenated at i.t: under an atmosphere ii H2 in the presence of 2Jmg Pd/C for 1 
hr. The filtrate after flltratlon from the catalyst was evaporated to dryness 
in vacua and gave a pale yellow oil. This product, octahydroblsvertlnol (91, 
?iiiovedn each case a single spot in the anal. 
0.35 and a green-brownfsh colour reaction with FeCl 
sDectra and the mass soectra of the three oroducts 

Sorbylatlon of 5,5-dimethyl-1,3-cyclohexanedlone (14) 
To a solution of 1.40 g (10 mmol) 14 in 6 ml dry pyrldine 1.43 g (11 mmol) 

sorbyl chloride (15) was added dropwise at O” ulthln 10 mln. After stirring the 
reaction mixture at r.t. for 96 hr, ether (20 ml) was added and the precipitate 
filtered and uashed with ether. The combined filtrate uas evaporated to dryness 
in vacua and the residue dried for 1 hr at r.t/O.Ol Torr. The residue was 
x3-d In 25 ml ether and extracted with 0.1 N NaOH (2 x 25 ml). The organic 
layer was washed with water, the solvent evaporated to dryness and the residue 
chromatographed on 4 prep tic plates with hexane/ether/acetone 6:3 :l . Extraction 
of the UV active zone with CHCl 
dlstlllation at 160°/0.02 Torr 2, 

evaporation to dryness and bulb-to-bulb 
the residue gave 0.52 g (221) 3-[(E E)-2,4- 

hexadlenovloxvl-5.5-dimethvl-2-cvclohexen-l-one (16) as a colourless-AT1 . uv 
(CH OH): 
1673s; 16403; 1610s. 

-272- 73iibO,, ?30-sh (lbOO0,. IR (fili):- 3020~; 2950m; 2860m; 17303; 
H NMR (200 MHz. CDCl,,): 7.41-7.27/m. 1 H (H-C(3’)); 

6.28-6.18/m/2 H (H-C(4’) and H-C(5’)); 5.95jt. J - 1.1, 1 H (H-C(2)): 5.81/dxd, 
J - 15.0 and 0.8, 1 H (H-C(2’)): 2.45/d, J - 1.1, 2 H (H C(4)); 2.2713, 2 
(H C(6)); 1.90/d, J - 
(2$ 1 MHz CDCl 1: 

4.7, 3 H (CH -C(5’)); 1.1/s, 6 H (!i x CH -C(S)). 1!i C NMR 
199 4/3 (C(I))! 168.4/3 and 163.619 (C(3) 2nd C(1’)); 148.1/d 

(C(j’)); {41.8/J K(5’)j; 129.6/a iC(4’)); 117.1/d and 116.1/d (C(2) and C(2’)); 
50.8/t and 42.3/t (C(4) and C(6)); 33.11~ (C(5); 28.2/q (2 x CH -C(5)); 18.8/q 
(CH -C(5’)). MS: 206/2 (M+ - CO); 96/11 ; 
C, 31.71 ; H, 7.72. 

951100 (COC H +); 67115; 41123. 
C, 71.77; H, c3.‘34%. 

Found: 
Calc for C14H180 

a 
: 

The alkallne aqueous layer was cldlfled with 5% HCl and extracted with 
ether. The residue after removal of the organic solvent In vacua was 
chromatonraohed on 4 wee tic olates with hexane/ether/ace~n~:l. Extractlon 
of the Vi active zone’ulth CHCi 

9' 
evaporation of the solvent and re- 

crystalllsatlon of the residue rom etherjhexane gave 0.18 g (8%) 2-I(E,E)-hexa- 
dlenoyl]-3-hydroxy-5,5-dlmethyl2-cyclohexen-1-one (17) as long lemon-yelrou 
prl3m3, m.p. 93.5-95.0°. The product showed a brown-orange colour reaction ulth 
FeCl 
afte 2 

in H 0/C2H OH. 
addl ion 0 f ? one ~~o~‘~?“!!i NSS:“~~“o”~~9~b~,3~7~1~~~~~~~~4~f~~~~oo” “’ 

acldlflcation the original UV spectrum was recovered. IR (CHC13): u; 2990~: 
2950m; 2930m; sh; 2860~; 16553; 16353; 16003. 
1 H (OH); 

H NHR (200 MHz, CDC13): 18.3213, 
7.60-7.52/m, 2 H (H-C(2’) and H-C(3’)); 6.40-6.20/m, 2 H (H-C(4’) and 

H-C(5’)); 2.5313, 2 H and 2.3913, 2H (H2C(4j3and H2C(6)); 1.91/d, J - 5.4, 3 H 
(CH -C(5’)); 1.0813, 6 H (2 x CH -C(5)). C NHR (25.1 MHz, CDCl ): 201.313 
(C(3)); 195.4/s (C(1’)); 187.4/s3(C(3)); 146.6/d (C(3’)); 141.9/d &X5’)); 
131.314 (C(4’)); 123.9/d (C(2’)); 110.613 (C(2)); 53.1/t and 48.7/t (C(4) and 
C(6)); 30.313 (C(5)); 28.2/q (2 x CH3 -C(5)); 
234/56 CM’); 233/21 ; 220115; 219/100 (M+ 

18.9/q (CH3-C(5’)). MS: 23519; 
- CH ); 216/16; 193/43; 167145; 163135; 

135/15; 121/17; 107112; 95/50 (COC H +)* 83161; 69114; 67131 ; 65112; 55115; 
43120; 41135. Found : C, 71.84; a,78.i2. Calc for C14H1803: C, 71.77; H, 
7.74%. 
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