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Abstract-Methyl 3-methyWhydroxy-4-decenoate, a new C,c fatty acid methyl ester, was isolated and characterized 
from Asperyillus niger var. Tieghem. The chemical synthesis of this compound has also been achieved. Other 
compounds characterized from A. niger were phenylethanol, phenylacetic acid, phenoxyacetic acid, p-meth- 
oxyphenylacetic acid, mannitol and citric acid. All compounds except mannitol, inhibited the germination of cress and 
lettuce seeds. Antifungal bioassay of the above compounds on Cladosporium herbarum showed activity except for the 
C,, fatty acid methyl ester, mannitol and citric acid. 

INTRODUCTION 

During our study of the allelochemistry exhibited by 
Kalanchoe daigremontiuna [l], some of the young plant- 
lets were found to be infected by a fungus which led to 
their decay. This fungus was subsequently identified as 
Aspergillus niger var. Tieghem, and it was bioassayed 
using a velvetleaf (Abutilon theophrasti) seed germination 
assay to investigate the possible use of it or its metabolite 
as a means of controlling velvetleaf, a perennial weed 
which is a serious problem to cotton, corn and soybean. 
Our interest was to isolate possible herbicidal com- 
pounds from this A. niger species, which could control 
velvetleaf. Aspergillus niger sp. are well known for their 
citric acid production [24]. Biologically active orlandin, a 
plant growth inhibitor [5], other polyketide compounds 
[S-S], piperazine related compounds [9], peptides [lo, 
1 l] and other miscellaneous compounds [ 12, 133 are also 
reported from A. niger. Monoglucosyloxyoctadecanoic 
acid, a fatty acid glucoside [ 141, was another metabolite 
reported from Aspergillus species. In our attempt to 
isolate herbicidally active compounds from A. niger 
grown on potato dextrose (PD) medium, we describe the 
characterization and synthesis of a new fatty acid methyl 
ester 1 as well as compounds 2-S and their biological 
activity in tests on seed germination and fungal growth. 

RESULTS AND DISCUSSION 

The mycelium free PD broth in which A. niger was 
grown for nine days was extracted with ethyl acetate. 
Fractionation of the ethyl acetate extract, A, with 
hexane-acetone on silica afforded two fractions I and II. 
Purification of these fractions yielded compounds 1 and 
2, from fraction I and compounds 55, from fraction II. 

* Present address: 420 Plant and Soil Science, Department of 
Horticulture, Michigan State University, East Lansing, Mi- 
chigan 48824, U.S.A. 

The acidic aqueous portion (pH 2) was dried at reduced 
pressure and redissolved in methanol. Evaporation of the 
methanol and purification of the residue, gave Fraction B, 
which on a basic resin yielded compounds 6 and 7 
identified as mannitol and citric acid, respectively. All 
crude and purified fractions were bioassayed on seed 
germination (Table 1). 

Compound 1, had no UV absorption, but showed 
characteristic IR bands at 3300, 1720 and 1625 cm-’ 
indicative of a hydroxyl group, an ester carbonyl and an 
isolated double bond, respectively. The single band in the 
IR spectrum at 960 cm-’ suggested the presence of an 
isolated trans double bond [15]. A triplet at 6 0.89 (3H), 
doublet at b 1.01 (3H) and the singlet at 3.63 (3H) ppm 
were indicative of an ethyl, secondary methyl and meth- 
oxy groups, respectively. A 2H multiplet at 5.41 ppm 
supported the olefinic functionality indicated by the IR 
spectrum. The multiplet (1H) at 3.50 ppm was assigned to 
the C-H of the secondary hydroxyl, while the singlet (1 H) 
at 2.25 ppm, which exchanged with D,O, supported the 
presence of a OH group. 

2 R’ = H, RZ = CHICHIOH 
3 R’ = H, RZ = CH,COOH 

4 R’ = H, R* = OCHICOOH 
5 R’ = OMe, R2 = CHICOOH 

6 Mannitol 
7 Citric acid 
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Table I. Activity at 1OOppm of fractions A. B. I, and II and compounds 1 7 on seed 
germination 

o/ Seed germination inhibition 

Compound Cress Lettuce Cotton Corn Soybean Velvetleaf 

Fraction A 90 90 60 20 60 

Fraction B 95 95 30 10 30 

Fraction I 80 80 0 0 0 

Fraction II 85 85 0 0 30 

I 80 80 0 0 0 

2 0 0 0 0 0 

3 95 90 10 0 20 

4 90 90 0 0 0 

5 95 95 35 20 40 

6 0 0 0 0 0 

7 95 95 0 0 0 

X0 

30 

0 
60 

0 

0 
40 

30 
45 

0 

0 

These pieces of evidence were linked to a single struc- 
ture for compound 1 through a ‘H NMR decoupling 
experiment. The multiplet (I H) at 2.62 ppm was affected 
when the signals at I .Ol and 2.26 ppm were independently 
irradiated. Similarly, irradiation of the multiplet (1 H) at 
2.62 ppm changed the multiplet (2H) at 2.26 ppm to an 
AB pattern and the doublet (3H) at 6 I.01 to a singlet. It 
also changed half the multiplicity at 6 5.41 (2H) for the 
C,-C, olefinic protons to a doublet at (5 5.33. Decoupling 
the signal at 2.02 ppm also affected the olefinic protons in 
the similar manner to give a doublet at 5.50 ppm. This 
result indicated that the protons at C-4 appear at 5.33 and 
C-5 at 5.50 ppm, respectively. The only other significant 
effect of irradiation was on the signal at 1.45 ppm. The 
chemical shift and the decoupling data confirmed the 
presence of CH=CH CH(Me)-mm CH,COOMe moiety in 
compound 1. decoupling the olefinic signals at 5.41 ppm 
and the multiplct at 3.50 ppm showed effects only on the 
multiplets at 2.62, 2.02 ppm, and 1.45 ppm. respectively. 

The El mass spectrum of compound 1 gave the highest 
mass peak at miz 196 and DC1 mass showed the [M 
+H+] ion at m/z 215. The base peak at art:.: I23 in the 
DC1 mass spectrum can be explained by the loss of Hz0 
and C,H,02 from the [M + H] ’ (Scheme I ). The proton 
decoupled experiment along with ’ “C NMR and mass 
spectral fragmentation of compound 1 proved its pro- 
posed structure. 

Further confirmation of the structure of compound I 
was obtained by the chemical synthesis (Schemes 2, 3). 
One pot synthesis of lactone 6 was carried out in high 
yield by reacting I, 2-epoxybutane with diethylmalonate 
anion (Scheme 2) and rcfluxing the product first with 
aqueous sodium hydroxide and then with sulphuric acid. 
The lactone 6 was converted to hexane- I. 4-diol. 7. by 
lithium aluminium hydride in THF. The monotrityl 
derivative of the diol was acetylated to yield compound 8, 
which was then oxidized to aldehyde 9. Formation of the 
aldehyde without first isolating the detritylated alcohol 

6H 

I 

214 [Ml+ 
-H,O 215 [M+ tij’ 

m/z 197 m/z 197 

m/z 123 
HO 

m/z 123 

+ A / 
OMe 

Scheme 1 
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Scheme 2. 

acetate is a novel and efficient procedure. The aldehyde 
was formed in high yield (93%) by reacting 8 with PCC in 
methylene dichloride with acetic acid as catalyst at room 
temperature. This eliminates the intermediate step for the 
removal of the trityl group to produce the primary 
alcohol prior to the oxidation to the aldehyde. The use of 
PCC in methylene dichloride with acid catalyst could be 
used as a general procedure to produce aldehydes from 
primary alcohols on occasions where other hydroxy 
protecting groups such as acetates are present. 

Heating methylglutric anhydride in dry methanol at 
60” for 1 hr gave the monomethyl ester, 10, which on 
Hunsdiecker reaction [16] with red mercury oxide and 
bromine in tetrachloromethane afforded the brominated 
methyl ester 11. An attempt to prepare the phenylphos- 
phonium bromide of 11 with triphenyl phosphine was not 
successful. Hence, compound 11 was reacted with triethyl 
phosphite to produce the phosphonate, 12 (Scheme 2). 
The final step, the Witting reaction [17, 183 of com- 
pounds 9 and 12 was carried out in monoglyme and 
potassium hydride. The overall yield of product 1 was 

low. However, the synthetic fatty acid methyl ester was 
identical to the natural product 1, by comparison of 
spectral data. The yield of Wittig reaction may be im- 
proved by proper manipulation of the reaction condit- 
ions. 

Phenylethanol, 2; phenylacetic acid, 3; phenoxyacetic 
acid, 4; p-methoxyphenylacetic acid, 5; mannitol, 6 and 
citric acid, 7, were also isolated and identified by spectral 
methods. 

Antifungal bioassay of all compounds as performed 
using Cladosporium herbarum. TLC plates with doses of 
test compounds of 5 pg were sprayed with C. herbarum 
[19]; zones of inhibition were detected for compounds 
2-5. Compound 1 did not show any antifungal activity. 
All compounds, except 6, inhibited cress and lettuce seed 
germination (Table 1). A fatty acid methyl ester with a 
similar structure to 1 isolated from Hibiscus bark was also 
reported to inhibit lettuce seed germination [20]. Phyto- 
toxins isolated from Rhizoctonia solani [21], m-hydroxy 
and m-methoxyphenylacetic acids and various other hy- 
droxy and methoxyphenylacetic acids were studied for 

A 0.0 0 

OMe 

MeOH, 60” 
* HOUOMe 

10 

I HgO, Br&C 14 

P(OC&kh 

l5S0 
a 

BraOMe 
OCzHs 

12 11 
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their plant growth regulatory effects [Zl]. Our whole 
plant experiment using fraction I, containing compounds 
1 and 2, fraction II, containing compounds 3-5, and 
fraction B, containing 6 and 7 on corn, cotton, soybean 
and velvetleafdid not show much activity on their growth 
and flowering although fraction II provided variable 
results on velvetleaf. Fraction II produced a decrease 
(I 5%) on the flowering and seed production of velvetleaf. 
This fraction also had a slight effect on early growth of 
cotton and soybean. The most sensitive plant was velvet- 
leaf. We did not study the effect of individual compounds 
on the above test plants since fractions I, II and B did not 
show significant activity. 

EXPERIMENTAL 

A.sprrgilhs niyer var. Tieghem was isolated from decaying 

plantlets of Ku/u&or daigremontiana and identified by Dr Z. 

Lawrence (Commonwealth Mycological lnstitutc, Kew) 
(IMI#297005). The fungus was grown on shake bacto potato 

dextrose broth (PD, 24g./l, final pH = 5.65+0.2 at 25 , 90 rpm, 

28 ‘, 9 days). 

Generul. Mps: uncorr. ‘H NMR (300 MHz) and “C NMR 

(75.45 MHz): CDCI,. MS (70 eV, El; DCI, butane); 1JV: M&H; 

IR: CHCI,. Prep. TLC and TLC were carried out on silica gel 
and HPLC on C-18, McOH -H,O solvent systems. 

Gwminafion inhibition. Seeds (20) were placed on filter paper in 
a 5 cm Petri dish with I ml test soln containing 100 ppm test 

compounds per dish; control seeds were treated with H,O alone. 

All dishes were placed in a moist plastic box and kept in the dark 

at ambient tcmp (72 hr). The cxpt was repeated x 3 and the 
results represent germination of seeds cxprcssed as a % of the 

controls. 

Antifunyul hiorrssuy. Solns of test compounds (5 jrg) were 
spotted on TLC plates and air-dried. c‘. Hrrharwn spores were 

suspended in a soln of u( +) glucose (I .5 g) in Homan’s soln (30 

ml). made by dissolving KH,PO, (7 g), NA2HP0,.2H,0 (3 g). 

KN0,3 (4 g), MgSO,,7H,O (I g) and NaCl (I g) per I of H,O, and 

sprayed uniformly on the TLC plate with test compounds. The 

plates were incubated in a moist atmosphere at 28 (72 hr). 

I+‘~& plant experinwnf. Plants (at 4 leaf stage) were sprayed 
with test solns of fractions in 2% DMSO in H,O and kept in a 

growth chamber at 25 ‘. subjected to l6:8 hr light-dark photo- 
period. After 3 weeks the fr. wt and dry wts were determined and 

the results represent the fr. wt,‘dry wt “41 variations to the control. 

Extrtrctiorl and isolation oJ compounds. Six I I. Erlenmeyc: 

llasks containing potato dextrose (PD) broth (500 ml) were 

inoculated with spores of A. niqer previously grown on solid 

PDA plates. The cultures were grown on a rotary shaker at 28 

On day 9, the mycelium wgas filtered from the broth and the clear 

broth (2.81) extracted with EtOAc (4 x 500 ml). The EtOAc 

extract, evapd irl L‘LKUO. afforded fraction A (2.07 g). The aq. 

portion was dried at red. pres., dissolved in M&f-i and filtered. 
The MeOH soln was then evapd in LUTUO giving fraction B (55 g), 

The crude EtOAc portion. fraction A. brown oily residue (690 
mg) was fractionated by silica gel flash CC with hexane-MezCO 

mixts and produced two fractions, I and II. Fraction I, a yellow 

fragrant oil (I 80 mg), was further purified by f+PLC on a C-l X 

reverse phase column. MeCN-H,O (4:l). This gave compounds 

I (IO mg) and 2 (60 mg). Fraction II. a brown residue (350 mg). 

purified by extensive TLC and HPLC gave the pure compounds 

3 (28 mg), 4 (40 mg) and 5 (140 me). The McOH-soluble portion, 

Fraction B (2 g), was purilied on an Amberlite CG4OO. a 

strongly basic resin column. The prc-washed resin (70 g) was 
packed in MeOH -H,O (I:]). After application of fraction B, 

three bed vols of eluting solvent were collected. The column was 

then eluted with 3M HCI in MeOH (2 bed vols). The neutral 

portion. was evapd to dryness and rccrystallired from 

H,O-MeOH, gave needle-like crystals of compound 6 (200 mg) 
and the acidic portion on drying and recrystallization from 

MeOH-hexane yielded needles of compound 7 (1. I g). 
Cornpound 1. Colourless, oily, C,2HL20, (RI, 214): no lJV 

absorption, IR Y::;‘,~ cm I’ 3iOO(OH). 1720(csler). Ih?S(C=C), _ _ 
960 (isolated rrcmz double bond); ‘H NMR (CDCI,, 300 MHz): 

6 5.41 (2H, m. C-4, C-5), 3.63 (3H. s. OMe), 3.50( I H, tn. C-X). 2.6’ 

(I H, m, C-3). 2.26 (2H. m. C-2). 2.25 (I H. s. exchanged with D,O. 

OH), 2.06 (2H. m, (‘-6). 1.45 (4H. 17,. C-7, (‘-9). I.01 (3H. d, .I 
=7Hz, Me), 0.89 (3H. f, ./=7Hz, C-IO). “CNMR (C‘DC‘l,.75.45 

MHz):6 173.13 (s, C=O). 134.56(rl.C-4). 129.16(tl, (‘-5). 76.47(d, 

C-8), 51.78 (q, OMc). 41.75 (I. C-2). 36.45 (I. C-6), 33 71 (ii, (‘-3). 

30.18 (r, C-9), 28.82 (1. C-7), 20.43 (y. CH,). 9.91 (y. C-10): MS 

(DCI) m,‘-_ (relint.): 215 [M+HJ’ (25). 197 (LM+H*]-H,O) 

(55) I65 ([M+H]+m-[HZO+McOHJ) (60). I73 ([M&H]+ 

-[H,O+C,H,OZJ)(lOO),XI (5.51;MS(EI)r~~,~(rcl.int.l: 19h[M 

-H,O]+(~~),~~~(M+~~H,O+OM~]~(~I.~C~(M’-[~I~~ 
+McCO]) (38). 140 (X5). Xl (100). 

Compound 2. Colourless fragrant oil. C,H,,,O (M, 121); ‘t-l 
NMR (CDCI,): ci 2.80 (2H. I. J x 6 H7. benLylic). 3.85 (ZH, I. ./ = 6 

Hz, OCH,), 7.25 (5H. s. aromatic): “C NMR (CDCI,): ci39.62 (I, 
CH, bcnzylic), 63.78 (I. CH20). 126.75 ($1. 128.90 (dl. 129.51 (d). 

140.0 (d) all aromatic. Spectral data is identical to a commercial 

sample of phcnylethanol. 
Compc~untl 3. Colourless oil, C,H,O, (&f, 136); ‘H NMR 

(CDCI,):~~3.60(2H,,s,CH2),7.30(5H,.~,aromntic). Il.XO(IH.hr. 

exchanged with DZO, acid); 13C NMR (CDCI,): ci40.01 (t. CH,), 

179.80 (.\. acid). 142.0 (d). 130.20 (d). 129.80 (rl). 127.20 (s), all 

aromatic. Spectra1 data is identical to a commercial sample of 

phenylacetlc acid. 
Compound 4. Colourless solid. C,H ,,,O, (II, 166). mp X7~XO : 

‘H NMR (CDCI,): ii 3.53 (2H. s. benzylic). 3.67 (3H. s. OMc). 6.76 
(2H, d, J = 8 Hr. 3-H. S-H), 7.10 (2H. rl, .I = X HI. 2-H. 6-H): ‘C 

NMR (CDC’I,): (540.47 (I, CH2). 55.4’) (q. OMe). 114.4 (t/l. 173.X 

(s). 130.8 I (rl). 160.0 (s). all aromatic. I X0.0 (s. acid). Spectral data 

identical to commercial phenoxyacctic acid. 

Compound 5. Colourless solid, c‘,H,O, (Xf, 152). mp 97 9X : 
‘H NMB (CDCI,): 53.60 (3H, \. OMc) 4.30 (2H. 5. (‘H2), 7.10 

(5H, m, aromatic). 12.01 (IH, 2, cxchangeablc with D,O). Ident- 
ical to commercial P-tnethoxyphcnylncctic acid. 

S~nrhesi.s 01 c~~~rnp~>~nd I. Ifexarla-l.4-rli~,l 7. Metallic Na (2.4 g) 

were added to EtOH (250 ml). When all the Na had dissolved, 

diethylmalonatc (I 1.32 ml, I6 g) was added and allowed to react 

(5 min). I ,2-Epoxybutane (7.2 g. _._ 5 “I ml) w’as then mtroduccd 
into the reaction mixt and stirred at room temp. (6 hr). Excess 

EtOH w’as removed ir, rmc’uo and ay. NsOH soln I IO M. SO ml) 

added and the mixt refluxed 12 hr). The reaction mlxt was cooled. 
acidilicd with H,SO, (SOYb) and a further 80 ml of .Gd added 

before refluxing (24 hr). The reaction mix1 was then cstd with 

Et,0 after neutralizing with solid NazCO.,. The Et?0 layer \\\;I 

dried (MgSO,,‘NaZ(‘O,,) and evaporation to dryness 111 rt,( uo 

afforded a colourless liquid. 6, 7.25 g; ‘H NhlR (CDCI,): 64.37 

(lH,nt.CH-0). 2.47(lH. tn. CH,CO),2.26(lH.r,,,(:HZ(‘O). 1.7X 
(4H, m. CH2 x 2). 0.93 (3H. t. J = 6 Hr. Mel: ’ ‘C NMR (CDCI,): 

0176.09 (5. C=O). Xl.06 (d, C‘H~O). ‘7.76. 27.43. 26.45 (all ,. 

CH,). 8.46 (y. Me); MS ,?I. z (rel. mt.): I I4 [M]- (100). 97 [M 
-OH]‘ (40). 85 (95), 67 (75). 55 (100). The above lactonc \\a\ 

then treated with L.4H (I g) in dry THF (700 ml) at room tcmp (2 
hr). Excess LAH was removed by reaction with EtOAc and rhc 

reaction mixt. evapd to drqnesa. The rcsitluc aas then extracted 

with CHCI, and the CHCI, soln after evaporation at red. preh. 
yielded a viscous colourlcss liquid. hexane-l.4-dial. 7, (5.7 g); 

‘HNMR (CDCI,): 63.X (2H. m, H-l x2). 3.6 (IH. ,I,. H-4). 3.0 

(2H, hr s, exchangcahle with DLO. OHI. 1.7 (3H. ~1) 1.5 (3H. 171). 
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0.94 (3H, t, 5=6 Hz, Me); 13C NMR (CDCI,): fi 72.14 (d,C-4), 

61.66(t, C-l), 32.83,29.35,28.15(all t,C-2,C-3,C-5),9,15(q,C-6). 

MS M/Z (DCI) (rel. into) 118 [Ml+ (60), 86 [M-2H,O]+ (400). 

Compound 9. Dial, 7, (4.76 g) was dissolved in pyridine (30 ml) 

and trityl chloride (12.37 g) added. The reaction mixt was 

heated to 60” (2 hr) and excess pyridine was removed under red. 
pres. The mixt. thus obtained was then extracted with hexane. 

The hexane extract, containing trityl and some ditrityl impu- 
rities, was dried in uacuo and purified by flash CC (silica gel, 

hexaneeMe,CO, 3:l). The monotrityl derivative thus obtained 

(11 g) was a colourless viscous oil; ‘H NMR (CDCI,): 60.90 (3H, 

t,5=6Hz, Me), 1.45(3H,m), 1.70(3H,m),2.80(1H,s,exchanged 

with D,O, OH), 3.10 (2H, t, 5=6.5 Hz, CH,-0-trityl), 3.50 (IH, 

m, CH-0), 7.3 (15H, m, trityl). This was acetylated with Ac,O (3 

ml) in pyridine (20 ml) at room temp (18 hr). Excess Ac,O and 
pyridine from the reaction mixt gas removed under red. pres. and 

the product, 8, was stirred with PCC (1 moi excess) in CH,CI, 

(200 ml) in the presence of a catalytic amount of HOAc at room 

temp (4 hr). The brown soln obtained was passed through a 
column ofsilica gel and the colourless CH,CI, soln was evapd to 

dryness. Further purification of this product by silica gel CC 

(hexane) afforded a colourless liquid, 9, (3.0 g). C,H,,O, (M, 
158). ‘H NMR (CDCI,): 6 9.78 (1 H, s, not exchangeable with 

D,O, CHO), 4.85 (lH, m, H-4). 2.35 (2H, t, 5=6 Hz), 2.0 (3H, s, 

acetate), 1.85 (2H, m), 1.6 (2H, m), 0.90 (3H, t, 5=6 Hz, Me); 

’ 3C NMR (CHCI,): 6 9.34 (q. Me), 20.88 (q, Me), 25.64 (t. CH,), 

26.80 (t, CH,), 39.69 (t, CH,), 74.40 (d, 0-CH), 170.38 (s, C=O), 
201.01 (d, CHO). 

Compound 10.3-Methylglutaric anhydride (Aldrich) (10 g) was 
dissolved in dry MeOH and kept at 50” (1.5 hr). The 

MeOH was evapd and the product distilled at red. pres. The 
fraction collected at 172-173 (l&12 mm Hg) was a colourless 

liquid, 9. (9 g), C,H,ZO, (M, 160). ‘H NMR (CDCI,): 11.30 (lH, 

hr s, exchangeable with D,O, acid), 3.54 (3H, s, OMe), 2.40 (2H, 

m), 2.22 (2H, m), 1.01 (3H, d, J = 7 Hz, Me); MS (DCI) m/z (rel. 
int.): 143 [M-OH]’ (92), 129 [M-OMe]+ (lOO), 114(35), 101 

(48). 
Compound 11. The mono Me ester of 3-methylglutaric acid, 10 

(8 g) was dissolved in dry CCI, (200 ml). Red HgO (9.4 g) was 

heated until it became bright red and then it was poured into the 

CCI, soln of 9 and refluxed (5 min). A soln of Br, in Ccl, (2.4 

ml/50 ml) was added to the refluxing mixt slowly (15 min) in the 

dark and refluxing continued (1.5 hr) in the dark. Excess HgO 

and HgBr, were filtered off from the cooled mixt. and the 

colourless soln stirred with dry K,CO, (5 min) and filtered. The 

filtrate was evapd to dryness in V~CUO to afford a colourless 

liquid, 11, (8 g), C,H, ,O,Br (M, 194, 196); ‘H NMR (CDCI,): 

?i3.55(3H, s, OMe), 3.32(2H,m, 2x H-4), 2.40(1H, m, H-2), 2.18 
(2H, m, H-2, H-3), 0.97 (3H, d, Me); 13C NMR (CDCI,): ii 171.87 

(s, C=O), 51.23 (q, OMe), 39.75 (t. CH,), 38.66 (t, CH,), 31.78 (d, 

CH), 18.46 (q, Me); MS (DCI) m/z (rel. int): 197 (lo), 195 (15) 

both [M+H]+, 165 (20). 163 (25), both [M+H]+-MeOH], 
115 (30) [M-Br]+, 74(100). 

Compound 12. The bromide, 10 (5 g) was added to preheated 

P(OEt), (6 ml) under Ar and heating continued at 155” (6 hr). The 

cooled reaction mixt was purified on a short column of neutral 

Al,O, (hexane) and the resulting product was a colourless liquid, 

12 (4.8 g), C,,,H*,O,P (M, 252); ‘H NMR (CDCI,): 4.10 (4H, m, 

OCH, x 2), 3.65 (3H,s, OMe), 2.40(3H, m). 1.75(2H,m), 1.30(6H, 

t, J=6 Hz, Mex2), 1.10 (3H, d, J=6 Hz, Me), 13C NMR 

(CDCI,): 6 171.80 (s, C=O), 74.0 (t), 63.0 (t). 51.60 (4, OMe), 40.01 

(t). 31.20(d), 18.0 (q), 16.65 (4). MS (DEI) (rel. int.): 252 [M]’ (5), 

221 [M-OMe]+ (15), 193 (IO), 179 (20), 152 (25), 137 (60), 114 

(65), 109 (lOO), 81 (48), 73 (30). 
Synthetic compound 1. The phosphonate, 12 (Hg) and KH (250 

mg) in monoglyme (5 ml) were stirred at room temp (2 hr). To this 

yellow soln, compound 8 (650 mg) in monoglyme (2 ml) was 

introduced and stirred (6 hr) under Ar at room temp. The mixt. 

was then acidified with HOAc, dil with H,O and extd with 

EtOAc. The aq layer was dried, treated with KOH in MeOH 
(5%) (4 hr at room temp), acidified with HCI inn MeOH (3 M) 

and evapd to dryness. The residue thus obtained was dissolved in 

CHCI,, filtered and the filtrate reacted with CH,N, in Et,O. The 

soln was then evapd in DUCUO and purified by HPLC, MeCN- 

H,O (4:l) on a C-l 8 reverse phase column. The fraction collec- 

ted, which had the same R, as the natural product, 1, was a 

colourless oily compound (60 mg) with identical IR, ‘H NMR, 
13C NMR and MS data. 
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