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Studies on the Biosynthesis of Paraherquamide:
Concerning the Mechanism of the Oxidative
Cyclization of L-Isoleucine tof-Methylproline
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Paraherquamide Alf is one member of a group of heptacyclic

fungal metabolites1(—13, Figure 1) with potent anthelminthic T gy 2 H 13, VM55599
activity isolated from variouBenicilliumsp! Among its unusual 8, SB203105, Ry = Me, Ry = OH
structural features, paraherquamide A containg-methyl{3- 9, SB200437, Ry =H. Ry =H

hydroxy proline moiety. A previous report from this laboratory Figure 1.

on the biosynthesis of paraherquamide A demonstrated that the . o o
prolyl ring is formed via a heretofore-unknown oxidative cy- Scheme 1.Possible Pathways for the Oxidative Cyclization of
clization of the terminal methyl group afisoleucine onto the  L-1soleucine tos-Methylproline

o-amino group?3 % _on o) 0
There are several possibilities of how the oxidative cyclization de ox MezH Me,, 2\:'0'4"8 a Me"'r—szH
of L-isoleucine tof-methylproline can occur; two reasonable Yl G e Y NH
prospects are shown in Scheme 1. One pathway involves A _on J HooTe tﬁf e
4-electron oxidation of the distal side-chain methyl group to © r—Z\] PR s 12 7
aldehydel5 followed by cyclization and loss of water to produce oz 2
L . . . 237y H o 0,
the imine 16, subsequent reduction df6 (or in the case of 2 o OH
VM55597, oxidation) furnishes thg-methylproline ring,17. 14 N\ 2¢ox r_Z\‘ o Me'.,?_z\]
Another reasonable pathway is oxidation of the terminal methyl L NHz LD,NH
group to an alcohol18, R = H) followed, for example, by % H M
phosphorylation and nucleophilic displacement of the phosphate 13';_ or 20
group. One other possibility is chlorination of the distal side chain 19X =Gl
methyl group tal9followed by nucleophilic displacement to give
20. Precedent for the latter pathway was reported by Arigoni and Scheme 2.Synthesis of |-[5+3C,5?H3]Isoleuciné
Looser, where chlorinated leucine moieties in the natural product s cd
victorin C were observetiTo help distinguish between 2¢via ' j\ vl § / S (H.Tcctibgse
18o0r 19) and 4e (via 15) oxidation mechanisms in these putative Shle =27 2" .
M Me Q
T Colorado State University. “f Me ’ o Me, AZ‘OH
*Los Alamos National Laboratory. A 23, ef oK € g aht TN
5 - . ; _ - B [ 2
Universidad de Valencia. N Me (77%, 3 steps) , Or?H
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J. Am. Chem. S0d.996 118 7008-7009. . . .
(3) There are other known oxidative cyclizations efsoleucine. The pathways L -[5-1%C,52Hg]isoleucine was synthesized and fed to

B-methyl group ofL-isoleucine has been postulated to undergo oxidative cultures ofP. fellutanum(ATCC: 20841). Depending on the net
cyclization onto the amino terminus to form the heterocycle, polyoximic acid. gxjdation han he | lin n showd Aror 2
(Hanessian, S.; Fu, J.-M.; Tu, Y. Isono, Retrahedron Lett1993 43, 4153 Oh de}gob Stg‘te N % fge’ﬂ: ezl abgz 9 pa{tr:e sho thn ro I ? J
4156.) InL-allo-isoleucine, thegg-methyl group is know to undergo oxidative ~ SNOUI b€ observed Tor the 4and Z€ pathways In the isolate

cyclization onto thex-carbon to form coronamic acid. (Pany, R. J.; Mhaskar, paraherquamide A, respectively.

S. V. Lin, M. T.; Walker, A. E.; Mafoti, RCan. J. Chem1994 72, 86—99.) L-[5-13C,5°H]Isoleucine was synthesized by using the proce-
Y Ve dure developed by Oppolzer and co-workers for the synthesis of
Mo\ C0 Me. H COH COH unlabeled -isoleucine (Scheme 2¥ However, since 21fC2H;]-
H N\ COH ; o
Mg’ NH, H— —_—, " NH, ethylmagnesiumbromide is not commercially available, it was
ul NH % y y
N Me Me H synthesized from*C?Hs-iodomethané.Reaction of thioanisole
L-lle polyoximic acid L-allo-lle coranamic acid

(5) (a) Oppolzer, W.; Tamura, O.etrahedron Lett199Q 31, 991-994.
(4) (a) Looser, M. Ph.D. Thesis, ETH, 1989 (D. Arigoni). (b) An alternative  (b) Oppolzer, W.; Tamura, O.; DeerbergHelv. Chim. Actal992 75, 1965
pathway for-methylproline biosynthesis has been discovered in the biosyn- 1973.

thesis of the antibiotic bottromycin iBtreptomyces bottropenisvolving an (6) Yields shown reflect nonoptimized reaction conditions.
S-adenosylmethionine-basgdmethylation of proline, see: Kellenberger, J. (7) The synthesis of this substance will be reported elsewhere, but is also
L. Ph.D. Thesis, ETH, 1997 (D. Arigoni). commercially available.
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Figure 2. (a) DEPT 135 experiment with CH up and gHown, (b)
DEPT 90 experiment with only CH's shown, and (c) parifa spectrum
(100 MHz) of 1 from the feeding experiment with 33C2Hs)-L-ile.

(21) with n-BuLi followed by the addition of $¥C?H]-iodo-
methane providetfC?Hs-ethylphenylsulfide22). The 2-3C?H,)-
ethylbromide, distilled from the reaction 22 with benzylbromide
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Figure 3. (a) Partial’3C spectrum (100 MHz) of paraherquamide B (
from the feeding experiment with 33C?Hs)-L-ile, (b) partial’3C spectrum
(100 MHz) of1 from the experiment with H-16b at 2.22 ppm decoupled,
and (c) partial3C spectrum oflL (100 MHz) from the experiment with

T T T T 1

T
5100 5000 1900 ag00 4700 W

at 150°C, was added dropwise as an ethereal solution to activatedH-16a at 3.21 ppm decoupled.

Mg° to form the Grignard reagen23. Successive treatment of
the N-crotonoylborane-10,2-sultan24) with 2-[*3C?H;]-ethyl-
magnesiumbromide followed by 1-chloro-1-nitrosocyclohexane
and 1 N aqueous HCI at78 °C provided the 1,4-addition/
electrophilic amination producgf). N,O-Hydrogenolysis of the
hydroxylamine 25, with Zn® powder h 1 N HCI/AcOH, followed
by saponification of the sultam with LiOH in THFA® and
DOWEX ion exchange, provided[5-13C,5°HJisoleucine (4).

A feeding experiment ifPenicillium fellutanunwith L-[5-C,
5-2HzJisoleucine (4), followed by isolation and purification of

pattern (seen in Figure 3a) for the deuterium couptedlabeled
C-16 becomes complex suggesting ti&PH is coupled to H-16b.
When H-16b is decoupled (Figure 3b), the triplet from the
deuterium coupled®C signal is not affected. Therefore, it was
determined that H-16a (3.21 ppm) is the deuteron, H-16b (2.22
ppm) is the proton and thpro-S hydrogen is retained in the
oxidative cyclizationt® This result implies that reduction occurs
on the same face of the proline ring as the methyl group, C-17.

In summary, the results described provide the first mechanistic

the paraherquamide A produced, revealed 0.32% incorporationdlimpse of the events likely to be involved in the biosynthesis of

of the labeled amino acitiClose inspection of th&C-spectrum
(Figure 2c) revealed a triplet at 51.6 ppm, which would indicate
that, in the labeled compound, C-16 is coupled to a single

the f-methylproline moiety of the paraherquamide family of
anthelmintic agents. Efforts to elucidate the exact nature of the
enzymatic oxidizing and reducing species involved in the conver-

deuterium atom. However, as seen in Figure 2c, the triplet was Sion of L-isoleucine toS-methylproline are under investigation

partially obscured by neighboriféC-signals, which complicated
interpretation of the spectrum. To resolve this problem, DEPT
experiments were performed.

in these laboratories.
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