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Paraherquamide (1) an anthelmintic alkaloid, was isolated from a species of Penicillium along
with three novel analogues 2, 3 and 4. Anthelmintic activity at least equal to that of paraherquamide
is described for the 14-de-hydroxy compound, VM 54159 (4).

During a screening programme to detect metabolites with anthelmintic activity a strain, identified as
a Penicillium species, was shown to produce paraherquamide and three, previously unreported, related
metabolites.

Paraherquamide (1), an oxindole alkaloid originally isolated by YAMAZAKI et al.® from Penicillium
paraherquei is structurally related to the marcfortines*® isolated from Penicillium roquefortii and the
brevianamides® initially isolated from Penicillium brevi-compactum and subsequently found in Penicillium
viridicatum™ and Penicillium ochraceum®.

Paraherquamide shares with marcfortines A and B an unusual dioxygenated 7 membered ring located
on the tryptophan unit, whereas marcfortine C has a singly oxygenated, 6 membered pyran ring. In the
brevianamides neither ring stfucture is present.

Brevianamide A has been shown to have insecticidal activity® and, since completing the present
studies, the anthelmintic activity of paraherquamide has also been reported®.

Here we report the discovery, isolation, identification and anthelmintic activity of a mnovel
series of paraherquamides including members with
the pyran ring found in marcfortine C. The relative
stereochemistry of these compounds is shown to be

identical to that determined for paraherquamide'").

Taxonomic Studies on the Producing Strain
The producing organism, was isolated from a

soil sample collected at Kemer, Turkey. For the

characterization of the strain the methods and media

recommended by Prrr!? were used. Paraherquamide (1) R=0OH X=-0-
The following morphological observations were VM 55594 (2) R=H = X=Absent
VM 54158 (3) R=0OH X=Absent

made on the cultures grown at 25°C for 7 days VM 54159 (4) R=H X=-0-

t These metabolites have very recently been described, among others, from a strain of Penicillium charlesii'*?.
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on CZAPEK yeast-extract agar'?; colonies reached up to 30 mm diameter, marginal areas were veluti-
nous and centrally floccose. The mycelium was white in peripheral areas and greyish green at the centre.
Some pale yellow patches of mycelium occurred scattered about the colony. A yellowish exudate was
present mostly over the central areas. As the culture aged, aerial growth became more grey with a
brownish tinge.

Conidiophores with thin cell walls and no foot cells characteristically terminated in well-defined
verticils of 3~ 5 divergent metulae (12~ 15 x 2.2~3.0 um), commonly spathulate. Phialides were borne in
compact verticils of 8~ 12, ampulliform, usually with short collula. Conidia were spheroidal with walls
finely roughened, typically borne in long well-defined columns, one per metula.

Based on the morphological characeristics described above, the strain is considered to belong to the

genus Penicillium.

Fermentation
A conidial suspension was prepared by suspending spores from well-grown colonies on potato - glucose
agar in phosphate buffered saline containing glycerol 10% and Tween 80 0.1%.
Two m] of this inoculum was used to spread over the surface of large plates (225 x 225 mm) containing

300ml Czapek-Dox agar (Oxoid). Plates were incubated in plastic bags at 26°C for a period of 20 days.

Isolation and Purification

The agar from 16 large plate cultures was macerated and extracted with excess acetone, the solids
being separated by centrifugation. The solvent extract was concentrated under vacuum and the aqueous
residue was extracted with chloroform. Evaporation of the chloroform yielded a yellow oil (4.23 g). This
oil was suspended in methanol, the soluble portion was divided in two and each half was chromatographed
by preparative reverse phase HPLC. These columns each yielded a paraherquamide rich fraction (identified
as the major EHRLICH’s positive spot on TLC)-Fraction A, and a later running fraction showing other
EHRLICH’s positive spots on TLC —Fraction B. Fractions A and B from each column were pooled and
weighed (A: 0.93g, B: 0.18 g).

Fraction A was further purified by sequential normal phase preparative HPLC to yield VM 29919
(117mg) and VM 54158 (34 mg).

Fraction B was also chromatographed by normal phase HPLC column to produce, in elution sequence,
VM 54159 (10.7 mg) and VM 55594 (16.3 mg).

Physico-chemical Properties

VM 29919 was shown to be paraherquamide (1), on the basis of the correspondence of the UV, IR,
MS as well as the NMR data (Tables 1 and 2) with that reported in the literature3!%).

VM 55594 was shown to possess structure 2 on the basis of more detailed spectral analysis. The UV
spectrum (AMeO" nm () 244 (29,900)) was similar to that of marcfortine C. HREI-MS gave a molecular
ion (m/z 461.2638) corresponding to a molecular formula of C,gH45N;0;. In agreement with this, the
13C NMR spectrum exhibited 28 resonances including, 6 CH;, 5 CH,, 2 sp*CH and 4 sp*> CH groups as
well as 5 sp® and 6 sp? quaternary carbons. The 'H NMR spectrum exhibited resonances for 35 protons
including 5 singlet and 1 doublet methyl groups and 1 low field NH proton. All these features were similar
to those of paraherquamide. The *H NMR spectrum was solved with the aid of a 2D 'H COSY-45 NMR
spectrum’® which revealed a multitude of proton-to-proton connectivities all of which were consistent

with structure 2 (Scheme 1). The connectivity between protons and their directly attached carbon atoms
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Table 1.

and VM 54159 (4).
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'H and !3C NMR chemical shifts (6 in ppm?®) for paraherquamide (1), VM 55594 (2), VM 54158 (3)

Oy
Atom quix}ﬁe VM 55594 VM 54158 VM 54159 Zﬁ;ﬁﬁe VM 55594 VM 54158 VM 54159
o @ &) @ i @ ©) @
2 — — — — 183.1 185.7 184.3 182.5
C2-NH 7.34 10.09 8.97 7.70 — — —_ —
3 — — — — 63.2 62.8 62.6 62.9
4 6.81 6.92 6.92 6.82 120.3 125.5 125.6 120.5
5 6.68 6.45 6.46 6.68 117.3 109.5 109.6 117.3
6 — — — — 146.2 153.0 153.1 146.0
7 — — — — 135.4 105.6 105.3 135.2
8 — — — — 1327 137.5 137.1 132.3
9 — — — — 125.1 121.6 121.3 125.4
10a 2.69 2.66 2.67 2.70 37.1 37.3 37.1 37.5
10b ~1.85 ~1.84 1.84 ~1.86
1 — — — — 65.3 65.2 65.3 65.2
12a 3.61 3.60 3.62 3.6 59.2 60.0 59.2 60.1
12b 2.57 2.55 2.58 2.54
13 — — — — 7.4 67.7 71.4 67.7
14 — ~1.95 — ~1.93 78.1 40.3 78.0 403
Cl14-OH 2.63 — ~2.67 — — — —
15a ~188 ~2.05 ~19 ~2.04 382 30.3 38.1 30.2
15b 235 ~1.84 ~2.35 ~1.85
16a 321 3.19 322 3.19 51.8 53.3 51.9 53.4
16b 222 2.26 ~2.24 226 ‘
17 1.65 ~1.43 1.67 1.42 19.2 132 19.1 13.1
18 — — — — 171.6 172.4 o 1722
19a ~1.85 ~2.06 ~19-18 2.04 22 27.7 22 277
19b 1.79 ~143 ~142
20 3.02 3.06 ~3.05 3.05 516 52.4 51.7 52.1
21 — — — — 46.4 4622 46.4 46.3
2 1.10 112 1.10 1.10 20.4 20.6 204 20.8
23 0.87 0.88 0.86 0.86 237 23.9 22 24.0
24 6.30 6.48 6.37 6.32 139.1 116.3 116.1 139.0
25 489 5.75 5.73 4.89 115.0 131.2 1313 115.1
26 — — — — 79.8 76.4 76.4 79.8
27 174502 1.46%7 1.47%° 1.45v8 29,9010 27.95 27.9% 30.0°3
28 1.44°2 1.42%7 1.43% 1.4308 20.85%10  27.8bS 27.8%4 29.8%3
29 3.05 3.04 3.06 3.03 259 25.5 259 25.5

Reference: °TMS =0 ppm.
b Resonance pairs labelled superscript bi may be interchanged.

¢

Resonance not observed —S/N poor.

was established using a 2D 'H,*C COSY NMR experiment!®. The fragments of structure generated by
this procedure were then pieced together using a 2D 'H,'*C COLOC NMR experiment!?), which establishes
connectivities between protons and '3C nuclei over 2 to 3 bonds (Table 3). Thus the structure of VM
55594 was established as 2 with close similarities to the structures of known paraherquamides and
marcfortines. A similar approach was used to determine the structures of 3 and 4. The relative
stereochemistry of 2 to 4 was deduced to be the same as that of 1 at all centres, on the basis of the close
similarity of spectral parameters, especially the 3C NMR chemical shifts (Table 1) with the corresponding
values for 1 and the marcfortines**!"). In addition, the relative stereochemistry at C-14 in 2 was proven
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Table 2. A table of proton-to-proton coupling constants, "Jy y in Hz for paraherquamide (1), VM 55594 (2),
VM 54158 (3), VM 54159 (4) in CDCl,-TMS. ‘

"Jin 1 2 3 4 - 1 2 3¢ 4
s 8.2 8.2 8.2 8.2 3 s t6e 9.1 9.1 9.1
s nom — br 0.6 3y 50160 4.8 54 ~5.5
Ja2a — 0.3 0 3 sb.16a 4.5 43 4.1
ZJIO’10 154 - 154 154 15.3 3J15b‘16b 10.8 10.5 10.2
2o 11.3 11.1 11.0 2f 616 9.1 9.1 9.1
4Jle.ZO 1‘5 1’6 16 4JN18H,12a - - - -
iatse — CX L — a T 13.0 12.5 12.5
a0 — 8.8%1 — @ 3i0a20  ~11%2 11.0 11.0
1417 — 6.9 — 6.8 iopso ~10.5°2  ~99 ~9.8
isas 13.1 : : 334,25 7.7 9.9 9.9 7.7

Not clearly observed.
Assignments may be reversed in pairs labelled superscript bi.
Many *J values not observed —spectrum broad.

b

<

Table 3. A table of long-range carbon, hydrogen connectivities observed in the 2D 'H,'*C COLOC NMR
spectrum of VM 55594 (2).

Carbon . Connectivity Carbon Connectivity
atom atom
C-2 10-Ha, 10-Hb C-14 17-CH,4
C-3 10-Ha, 10-Hb, 22-CH,, 23-CH, C-15 17-CH;
C-6 4-H C-18 19-Hb, 29-CH,
C-7 25-H C-20 10-Hb, 12-Hb, 22-CH;, 23-CH,
C-8 4-H C-21 10-Ha, 22-CH,, 23-CH,
C9 S-H, 10-Hb C-22 22-CH;*, 23-CH,
C-11 10-Ha, 10-Hb,12-Hb, 29-CH3/20-H C-23 22-CH;, 23-CH,*
C-12 10-Hb, 12Ha* C-25 27-CH,, 28-CHj; .
C-13 17-CH, C-26 24-H, 25-H, 27-CH;, 28-CH,

*  Auto-peak due to non-suppression of 'Jy connection.

by 'H NMR NOE experiments (Table 4). All Scheme 1. A map of proton-to-proton connectivities
. . s

compounds are shown with the correct relative in VM 35394 (2) derived from the 2D 'H COSY-45
NMR spectrum.

stereochemistry as determined by our experiments.

In addition the compounds are shown with the same @ 17 ” - I‘Sb 166
absolute stereochemistry as that determined by a 158 Ya
recent X-ray study on a heavy-atom derivative of 1'). ®) 12 20 19
Some confusion exists in the literature with regards i \l

to the stereochemistry of this class of compounds. 122 19
X-Ray crystallographic analysis of marcfortines A © 22 23

and C has shown that the relative stereochemistry @ 4 S 24 25
was the same as 1 at all corresponding centres. © 10 10b

However, the authors misrepresented the configu- Key: — 2J, 3J, - 4J, 5J.

ration at C-20 in their structural drawings**. This
misrepresentation of marcfortine stereochemistry has been propagated in a very recent publication!®
on the related brevianamide compounds. This latter publication'® also gives a mirror image representa-

tion of 1 even though referring back to the heavy-atom X-ray work*".
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Table 4. A table of proton-to-proton NOE’s observed Table 5. Anthelmintic activity of the paraherquamides.
in VM 55594 (2).

. a In vivo®
Proton In vitro
irradiated NOE observed Compound o % reduction in
MICs, (ug/ml)

faecal egg count
4-H 5-H?, 10-Hb, 12-Ha® (weak), 22-CH,
10-Ha 10-Hb?, 29-CH, Paraherquamide (1) 31.2 99.5
12-Ha 4-H®, 10-Hb, 12-Hb?, 22-CH, VM 55594 (2) > 500 62.5
12-Hb 10-Hb, 12-Ha*, 16-Hb VM 54158 (3) > 500 0
16-Ha 15-Ha®, 16-Hb* VM 54159 (4) 15.6 100
16-Hb 12-Hb, 15-Hb*, 16-Ha* R "
17-CH, 14-H*, 15-Hb . Haerr‘tonc ‘us contortus L.
20-H 19-Ha?, 19-Hb* (weak), 23-CH, Gerbxllc—Trtchostrongylus model, compounds dosed at
2-CH,  4-H, 10-Hb, 12-Ha, 12-Hb", 19-Ha?, 4mg/kg po.

19-Hb, 23-CH,
23-CH, 19-Ha (weak), 20-H, 22-CH,, 24-H Anthelmintic Activity
(weak)

24-H 25-H* The activities of the four metabolites against
27/28-CH, 25-H H s ¢ 1 o 4 adul
29-CH, 10-Ha, 12-Ha®, 24-Hb*, 25-Hb< aemonchus contortus larvae in vitro and adult

* Mixed INDOR/NOE offect. richostrongylus colubriformis infections in gerbils

® Corresponding H to H distance in X-ray structure ~are shown in Table 5. Structures 1 and 4
of paraherquamide >3.0A.

¢ NOE disappeared on addition of CD;0D. . .
Negative 3-spin effect. more active than 2 and 3 (pyran ring). The

(di-oxygenated ring on tryptophan) were clearly

corresponding 14-de-hydroxy compounds 2 and 4,
appeared to be marginally more potent than the 14-hydroxy analogues 1 and 3.

The activity of paraherquamide in vivo, is comparable to that recently reported by OSTLIND et al.'®.

Experimental

'H and '*C NMR experiments were conducted on a Bruker AM 400 NMR spectrometer, in a 5-mm
'H/13C dual probe, at 300K in 0.5cm?® CDCl,-TMS solution (0.02 to 0.2m) using standard software.
The 2D and NOE experiments were performed as previously described!®.

Reverse phase preparative chromatography employed a Rainin Dynamax-60A C-18 column,
41.4 x 250 mm, eluted with methanol - water (75:25) at 20 ml/minute.

Normal phase chromatography was carried out on a Rainin Dynamax-60A silica column,
21,4 x 250 mm eluted with a dichloromethane - methanol gradient at 8 ml/minute (0 to 10% methanol over
120 minutes for fraction A; fraction B used 0 to 3% over 30 minutes and thereafter isocratic at 3% methanol).

The column eluant was monitored with a UV diode-array detector (Applied Biosystems Ltd., 1000S)
with spectral scanning at 0.5 minute intervais which enabled compounds 1 and 4 to be distinguished from
2 and 3 (UV maxima 226 and 244 nm, respectively). _

Column fractions were examined by TLC on glass backed silica gel 60 plates (Merck type 5735)
developed with CHCl;-MeOH (9:1). Spots were visualised by spraying with EHRLICH’s reagent (1%
4-dimethylaminobenzaldehyde in HCI- MeOH (1:3)) and heating. Rf’s were as follows: Paraherquamide,
0.49; VM 54158, 0.48; VM 54159 and VM 55594, 0.56.

Anthelmintic in vivo tests and in vitro MIC4ys were obtained by the method of Hoop et al.1®.

Acknowledgements

We wish to thank Miss JANET HART, Mr. JouN TYLER and Dr. PauL FINN for assistance with the NMR and
molecular modelling; Miss LyNpDA MARDEN and Mr. MALCOLM BREWER for the in vivo studies; Miss MARIA MEHLIN
and Mr. TiM WALFORD for technical assistance; Mr. IaNn Hoob for helpful discussion and Mrs. MarY DriscoLL for
typing this manuscript.



VOL. 44 NO.5 THE JOURNAL OF ANTIBIOTICS 497

2)
3)
4
5)
6)
7
8)

9

10)

11)
12)

13)
14)

15)

16)

References

ONDEYKA, J. G.; R. T. GOEGELMAN, J. M. ScHAEFFER, L. KELEMEN & L. ZiTaNo: Novel antinematodal and
antiparasitic agents from Penicillium charlesii. 1. Fermentation, isolation and biological activity. J. Antibiotics 43:
1375~ 1379, 1990

LiescH, J. M. & C. F. WicHMANN: Novel antinematodal and antiparasitic agents from Penicillium charlesii. 11.
Structure determination of paraherquamides B, C, D, E, F, and G. J. Antibiotics 43: 1380~ 1386, 1990
Yamazaki, M.; E. OkuyaMa, M. KoBayasH! & H. INOUE: The structure of paraherquamide, a toxic metabolite
from Penicillium paraherquei. Tetrahedron Lett. 22: 135~ 136, 1981

PoLONSKY, J.; M.-A. MERRIEN, T. PRANGE & C. PASCARD: Isolation and structure (X-ray analysis) of marcfortine
A, a new alkaloid from Penicillium roquefortii. J. Chem. Soc. Chem. Commun. 1980: 601~ 602, 1980

PRANGE, T.; M.-A. BILLION, M. VUILHORGNE, C. PASCARD & J. POLONsKY: Structures of marcfortine B and C
(X-ray analysis), alkaloids from Penicillium roquefortii. Tetrahedron Lett. 22: 1977 ~ 1980, 1981

BircH, A. J. & J. J. WRIGHT: The brevianamides: a new class of fungal alkaloid. Chem. Commun. 1969: 644 ~ 645,
1969

WiLson, B. J; D. T. C. YANG & T. M. Harris: Production, isolation, and preliminary toxicity studies of
brevianamide A from cultures of Penicillium viridicatum. Appl. Microbiol. 26: 633 ~ 635, 1973

RoOBBERS, J. E. & J. W. StrAUS: The isolation of brevianamide A from Penicillium ochraceum. J. Nat. Prod. 38:
355~356, 1975

PATERSON, R. R. M.; M. S. J. SimMonDs & W. M. BLANEY: Mycopesticidal effects of characterized extracts of
Penicillium isolates and purified secondary metabolites (including mycotoxins) on Drosophila melanogaster and
Spodoptora littoralis. J. Invertebr. Pathol. 50: 124~ 133, 1987

OsTLIND, D. A.; W. G. MIcKLE, D. V. Ewanciw, F. J. ANDRIULL, W. C. CAMPBELL, S. HERNANDEZ, S. MOCHALES
& E. Munguira: Efficacy of paraherquamide against immature Trichostrongylus colubriformis in the gerbil
(Meriones unguiculatus). Res. Vet. Sci. 48: 260 ~261, 1990

BrLizzArDp, T. A.; G. MariNO, H. MRrozIK, M. H. FisHER, K. HOOGSTEEN & J. P. SPRINGER: Chemical modification
of paraherquamide. 1. Unusual reactions and absolute stereochemistry. J. Org. Chem. 54: 2657 ~2663, 1989
Prrt, J. 1.: The Genus Penicillium and its Teleomorphic States Eupenicillium and Talaromyces. Academic Press,
1979 :

DEerROME, A.: Modern NMR Techniques for Chemistry Research. Pergamon Press, 1987

WiLLiams, R. M.; T. GLinka, E. KwasT, H. CorrMan & J. K. STILLE: Asymmetric, stereocontrolled total synthesis
of (—)-brevianamide B. J. Am. Chem. Soc. 112: 808 ~ 821, 1990

BAKER, G. H.; P. J. BROWN, R. J. J. DORGAN & J. R. EvererT: The conformational analysis of bafilomycin A;.
J. Chem. Soc. Perkin Trans. II 1989: 1073~ 1079, 1989 ‘

Hoop, J. D.; R. M. Banks, M. D. BREWER, J. P. FisH, B. R. MANGER & M. E. POULTON: A novel series of
milbemycin antibiotics from Streptomyces strain E225. 1. Discovery, fermentation and anthelmintic activity. J.
Antibiotics 42: 1593~ 1598, 1989



