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Abstract-Deutertum labellmg has been used to demonstrate that the loss of the 17-CH,OH forms the mltial 
fragmentation in the mass spectrum of aphldlcolm. The results have been used to estabhsh the site (C-16) of 
incorporation of “0 from H, IsO m the blosynthesls of aphldicolin by the fungus, Cephalosporium aphtd~ola 

INTRODUCTION 

The majority of terpenoid biosynthetic cychzatlons are 
catlomc in character and are completed through the 
discharge of the cation either by the elimmatlon of a 
proton or by addition of a hydroxyl ion [l]. The orlgm of 
the C-16 oxygen atom of the tetracychc dlterpenold 
aphldlcohn (I) [Z] presents an interesting problem m this 
context. Apart from the chemtcal and blosynthetlc m- 
terest engendered by Its structure, aphldicolm has re- 
cently attracted attention as a specific mhlbltor of DNA 
polymerase a. We have shown that although the hydro- 
carbon, aphldlcol-16-ene (7) 1s specifically mcorporated 
into aphldlcolin (1) to the extent of 0.09% by Cephalo- 
sporrum aphtdrcoln, the corresponding aphldicolan-16B- 
01 (2) is a much more efficient precursor (7 9% mcorpor- 
atlon) [3]. This could suggest that the maJor blosynthetlc 
route to aphldlcohn (1) involves completion of the re- 
arrangement (see Scheme) that leads to the formation of 
rings C and D [4] by hydration at C-16 It may be 
significant in this context that the 16-hydroxyl group is 
trans to the bond which has migrated. We have, there- 
fore, examined the blosynthests of aphldlcolm (1) by C. 
aphdzcola m the presence of H,180 

RESULTSANDDISCUSSION 

A pre-reqmsite to this study involved the ldentlfication 
of some ions m the mass spectrum of aphidlcohn. Under 
electron-impact mass spectrometry, aphidlcohn normally 
gives a base peak at m/z 307 [M-CH,OH]’ and no 
detectable molecular ion. However, under negative fast 
atom bombardment conditions, aphldlcohn gives an [M 
-HI- ion at m/z 337 whilst under chemical lonizatlon 
condltlons (ammonia), It gives an [M + NH,] + ion at m/z 
356. The loss of CH,OH might arise from either C-17 or 
C-18 or both Hence these centres were selectively de- 
uteriated. 

The selective oxldatlon of aphidlcolm (1) was achieved 

*Part 37 m the series, ‘Studies in Terpenoid Biosynthesis’ For 

part 36 see Hanson, J R , O’Leary, M A, Wadsworth, H J and 

Yeoh, B. L (1988) Phytochemlstry 27, 387. 

using trlfluoracetlc acid, dlcyclohexylcarbodumlde, dl- 
methylsulphoxlde and pyrldine [Yj. This gave a mixture 
of mono-(3) and dialdehydes (4) which were separated by 
chromatography The location of the aldehyde at C-17 m 
the mono-aldehyde (3) was established by oxidation 
with periodic acid to give 3a,l8-dihydroxy-17- 
noraphldlcolan-16-one (8) [2] which was identical with 
an authentic sample Reduction of the separate aldehydes 
with sodium [*H,]borohydrlde gave [17-‘H] aphldl- 
cohn (5) and [17,18-2H,]aphldlcohn (6). The negative 
fast atom bombardment mass spectra of these samples 
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showed [M-H] -- Ions at m/z 338 and 339 respectively. 
On the other hand, the electron impact mass spectra 
showed ions at m/z 307 and 308 from 5 and 6 respectively 
Hence. it IS the C-17 CH,OH which IS exclusively lost 
first rn the mass spectral fragmentation Further low 
intensity Ions occur at m/z 289 and 271 correspondmg to 
the loss of a further one and two molecules of water 

respecttvely 

The fungus, C aph~drcola was grown on 20% H2180 

for 28 days The aphldlcohn was Isolated and exammed 
mass spectrometrlcally under chemical lomzatlon (am- 
moma) and electron impact conditions The C I mass 
spectrum revealed the mcorporatlon of a single atom of 
IsO per molecule m the ion at mjz 358 [M +NH,]+ The 
fragment Ion [M -CH,OH]+ at m/z 307 m the eiectron- 
impact mass spectrum also showed the mcorporatlon of 
a single atom of la0 per molecule (ion at m/z 309, c 20% 
that at 307) However, when the labelled aphldlcolin was 
oxldlzed with aqueous perlodlc acid to afford 3a,18- 
dlhydroxy-17-noraphldlcolan-l&one (8) and then the 
latter examined by both electron impact and chemical 
lomzatlon mass spectrometry, there was no “0 label 
present These acldlc condltlons durmg the oxldatlon 
would be expected [6] to exchange an “0 label from a 
carbonyl group Hence, the retention of the label m the 
[M - CH,OH] + ion and its loss m the nor-ketone, estab- 
lished the location of the ‘*O at C-16 The other oxygen 
atoms of aphldlcohn (1) must, therefore, arlse by normal 
oxldatlve processes 

In conclusion, we have established that the C-16 hy- 

droxyl group of aphldlcohn arises by hydration rather 
than by aerial oxldatlon. Bearmg m mmd the mcorpor- 
ation of aphldicolan-16-/I-01, it IS probable that this 
mvolves hydration of the carbocatlon which IS formed 
during the cychzatlon Since the mcorporatlon of 
aphidlcol-16-ene (7) was only Just over 1 O/o that of 
aphidlcolan-16p-01, our results would not give any m- 
formatlon on a mmor pathway mvolvmg, for example, 
epoxldatlon and hydrolysis of the epoxlde 

EXPERIMENTAL 

General experlmental details have been described prcv~ously 

[3] Mass spectra were determined through the courtesy of ICI 

Pharmaceuticals Dlvlsmn 

Pjitzner-Moffatt oxtdatlon of aphtdtcolm Aphldlcolm (1) 
(10 g) was dissolved m a mixture of DMSO (4 ml) and C,H, 

(10 ml) C,H,N (0 36 ml), trlfluoroacetlc acid (0 11 ml) and N,N- 

dlcyclohexylcarbodnmlde (1 8 g) were added and the reaction 
mixture was stlrred overmght The solvents were removed rn 

vacua and the residue was dissolved m EtOAc (50 ml) After 

stlrrmg for 15 mm, the soln was filtered through Cehte The 

filtrate was washed with dd HCI, NaHCO,, NdCI and dried 

The solvent was evapd and the residue was chromatographed on 
silica m EtOAc-petrol to give 3a,l6-dlhydroxyaphldlcolan- 

17,18-dial (4) (300mg) as an oil, (Found MS 305 214 LM 

-CHO]+, C,,H,,O, requires 305 212), IR v,,,cm- ’ 33.50, 

1720, ‘H NMR (CDCI,, ‘H,O wash) SO 92,O 97 (each 3H, P, H- 
19 and H-20), 3 70(1H, hr 7. H-3). 9 49 and 9 54(each IH, s, H-17 

and H-18) 
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Further elution gave 3a,16/1,18-tnhydroxyaph&colan-17-a] 

(3) (170 mg) as an ml, (Found MS 307.228 [M-CHO]+, 

C,,H,,O, requires 307 227), IR v,B,cm -I 3350,1720, ‘H NMR 

(CDCI,, 2H,0 wash); 60 70 (3H, s, H-20), 0 98 (3H, s, H-19), 3 20 

and 3 60 (each lH, d, J= 13 Hz, H-18). 3 67 (lH, br s, H-3) and 

968 (lH, s, H-17) 

Perlodale oxidation of 3u,16~,18-tr~hydroxyaphldlcolan-17-a1 
(3) 50% Aq periodic acid (0 4 ml) was added to a soln of the 

aldehyde (3) (110 mg) in C,H,N (5 ml) and H,O (1 5 ml) After 
1Zrmn at room temp, the soIvents were removed in UacUo and- 

the residue was partitioned between EtOAc and dlf HCI .The 

orgamc extract was washed with NaHCO,, NaCl and dried The 

solvent was evapd and the residue was chromatographed on 

sihca to afford 3a,18-drhydroxy-17-noraphid~colan-16-one (8) 

(63 mg) which crystalhzed from EtOAc as needles, mp 155” (ht 

127 155-156”) IdentIced by its IR spectrum 
Sodurn borodeuterrde reductrons (a) NaB’H, (41 mg) was 

added to a soln of 3a,l6/?,18-tr~hydroxyapluchcolan-17-al (3) 

(160 mg) m EtOH (5 ml) at room temp After 3 hr, the solvent was 

evapd and the residue was partitioned between EtOAc and &I 

HCl The organic extracts were washed with NaHCO,, NaCl 

and dried The solvent was evapd and the residue was chromato- 

graphed on slhca to afford [17-‘H]aph&cohn (5) (80 mg), mp 

231-3” (ht 123 227p233”), ‘H NMR (C,D,N) 60 77 (3H, s, H- 

20), 101 (3H, s, H-19), 3.56 and 3 74 (each lH, d, J= 12 Hz, H- 

18), 3 68 and 3 74 (each 0 5 H, br s, 17-CH’H OH), 3 86 (1 H, m, 

H-3); MS (- ve FAB) m/z 338 (90) [M-H], EI m/z 307 (100) 

[M-CH’H OH]+ (b) 3a,l6/I-Dlhydroxyapluchcolan-17,18- 

dial (4) (160 mg) was reduced sumlarly with NaB’H, (40 mg) in 

EtOH (5 ml) to afford [17,18-2H,]aph~chcohn (6) (85 mg), mp 
22fp212” ‘HN.MR.(.C,D,N). sa77(1H,c,H-2n!,InC(.Z~c,H- 

l.S), 156 aJXi 174. (.=a& Q 5 H, h_r F, l_8,CH2H aH!, 168 a_nd ? 74. 

(.~~cl(iH_,hraCHZHC1H)~14Q(.ttt,mH-?),MS(.-veF~). 

m/z 339 (50) [M-H]-, EI m/z 308 (100) [M-CH’HOH]+ 

Inc~&j.mn of C aphticoia W&I. H,.‘“Q G_ W&LK~ mti 

(10 ml) of 20% H,180 contammg glucose (0 5 g), KH,PO, 

(.Q Q’i g),. M&SC& (tl n2 & KCl. (.Q nl& PlycJJX (.Q n?_ gJ ami UaGe 

elements soln (0 02 ml) [4] was sterihzed by filtration through a 

n 2 ,unl pore 6lt= arId tGinsferrcd tm a pre-ster!hzcd 21 ml coin- 

cal flask The sterile me&urn was maculated with 0 5 ml of a 

mvcehal slurry of C. aphufrcola and Incubated for 28 days at 25” 
The mvcehal mat was then lifted off the culture medium with 

tweezers The culture medium was thoroughly extracted with 

EtOAc The extract was dried, the solvent was evapd and the 

residue was chromatographed on silica to afford aplndicohn 

(4 mg) (identified by TLC) It was recrystallized from 

EtOAc-petrol and examined mass spectrometrically (see Dis- 
cusslon) 

Yerlodic acrd oxrdatlon oj the iabeiled- aphrdicoiin IXe 
r”C3japfudlcohn (2 mgj m pyndme (0 4 mij and K,U (U 1 rnf) 

was treated with a few drops of 50% perlo& acid at 0” for 

30 mm The soln was poured mto dd HCI and the product was 

recovered m CHCI, The extract was washed with NaHCO,, 

dried and the solvent was evapd The residue was crystal- 

hzed from EtOAc-petrol to afford 3a,l8-chhydroxy-17- 

noraphidicolan-16-one (1 mg) wluch was Identified by TLC It 

was exarmned mass spectrometrically 
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