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p-Pantetheine and Dp-phosphopantetheine, precursors to coenzyme A, have been synthesized though a linear sequence from three modules
(M1-M3) in 9 and 10 steps, respectively. These routes provide access to analogues of coenzyme A containing modified cystamines, p-alanines,
and pantoic acid residues. All three modules were joined using conventional methods of peptide synthesis. The chiral component, M3, was

derived from Dp-pantolactone.

Coenzyme A (CoA), one of the most utilized cofactors in  The first synthesis of CoA was unveiled in 1961, through
Nature, mediates the activation and transfer of acyl groupsthe coupling of pantethenic acid, cystamine, and a 5'-
in fatty acid biosynthesis, secondary metabolite biosynthesis, phosphoromorpholidafe-urther modifications by Michelson
primary metabolic pathways, and regulatory processes. provided an enhanced route k&4 through addition of an
CoA plays an important role in cellular development, aging, adenosine diphosphat&oth syntheses use pantolactone, the
and cance?.Studies directed at the biosynthesis and process-highly stable product of pantethenic acid hydrolysis, to
ing of CoA remain vital to the understanding of metabolic increase versatility. However, low yields, racemization at the
disease. o-carbon of pantolactone, and unusual side reactions have
CoA can be dissected into four modules as outlined in limited the viability of schemes beginning with pantolactone.
Figure 1. The first module, cystaminé{), presents a  As aresult, derivatives varying at tjfealanine moiety have
terminal thiol that serves as the linkage point for acyl generally been avoidetand theg-alanine M2) and pantoic
transport. The cystamine moiety is connected via an amideacid (M3) modules are installed from pantothenate. Here we
linkage toB-alanine (M2) that is further joined through an describe a modular route that permits individual derivatiza-
amide bond to pantoic acitf3). In CoA, pantetheindy11— tion at each module (Figure 1).
M3, is joined to a 3'-adenosyl phosphate (M4) through a  While pantolactone 4) can be coupled directly onto
5'-pyrophosphate bridge. pB-alanine to afford the necessary pantethenic acid analogue,
such strategies depend solely on the nucleophilicity of the
_ pB-alaninylamine. Several disadvantages such as adverse
Wiley: West Sussex, England, 2001; Chapter 1.

(2) Engel, C.; Wierenga, Rurr. Opin. Struct. Bial 1996,6, 790—797. effects from protecting groups and low-yielding reactions

(3) Knudsen, J.; Jensen, M. V.; Hansen, J. K.; Faergeman, N. J.; discourage variations that must be installed in this early stage
Neergaard, T. B. F.; Gaigg Bvol. Cell. Biochem1999,192, 95-103.
(4) Mishra, P. K.; Drueckhammer, D. @hem Re»2000,100, 3283—

(1) Dewick, P.Medicinal Natural Products: A Biosynthetic Approach

3309.

(5) Brownell, J. E.; Allis, C. DCurr. Opin. Gene. De21996,6, 176—

184.

10.1021/0l048853+ CCC: $27.50
Published on Web 11/25/2004

© 2004 American Chemical Society

(6) Moffatt, J. G.; Khorana, H. GJ. Am. Chem.. S0d.961,83, 663—

675.

(7) Michelson, A. M.Biochim. Biophys. Actd964,93, 71-77.



H ul OH  igoloo ¢

/\/N NJ A :,Pl\ T, O, N

H T Y o/o\gg
b0

O 0 W\
M1 M2 M3 !

}—pantothenate—i

coenzyme A {1)
-0 O

CH
Hs/\/“m/v <o o

2

U
Hs/\/njof\/HpCOH

3
modular route:

OH
NH, HOC NHz Ho A~
HS ™ b OH
I TR

M1 M2

conventional route:

OH

H H

A~ NH HO N,
™ L

pantothenate

Figure 1. A modular view of coenzyme A, including a retrosyn-
thetic breakdown to'4phosphopantetheine and pantetheine.

of the synthesis. In addition, pantolactone is extremely stable

to hydrolysis and contains a sensitixehydroxyl group that
enhances the potentional farcarbon racemization under
acidic or basic condition%.Accordingly, a scheme for
opening pantolactone was developed (SchemeotPan-
tolactone4 was reduced with lithium aluminum hydride to
afford triol 5 in high yield. Subsequent conversion to
p-anisaldehyde acet#l selectively protected the 1,3-diol,
permitting Swern oxidation followed by mild chlorite oxida-
tion to protected pantoic acid.

In parallel, cystamine8) was S-protected with trityl

Scheme 1
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While both chemical and chemoenzymatic methods exist
to convert pantetheine (3) to CoA, established procedures
require 4-phosphopantethiene?)(®"1011 Chemical phos-
phorylation of pantetheine (3) has been reported to give
albeit in poor yield. Some alterations in the pantethiene
backbone such as reversing the pantoic acid stereocenter from
R to S will hinder the biosynthetic pathway to CoA. For
access to a wider range of CoA derivatives, it would be useful
to build CoA chemically. Therefore, we developed a route
to directly couple a 4phosphorylated pantoic acid to amide
11 (Scheme 2).

The a-hydroxyl of b-pantolactone (4) was protected by
benzylation under mildly basic conditions. Careful control
of pH is necessary to prevent epimerization. Benzyl panto-
lactonel3was reduced to lactdl4 with DIBAL-H. Several
conditions were attempted to open the lactol, but it was found
that masking the aldehyde as olefib using Wittig condi-

chloride under acidic conditions and then neutralized with tions™**provided a facile means to open the ring. A sample

sodium hydroxide to amin® (Scheme 1). Subsequent
coupling with Fmoc-g-alanine provided amid® through
standard carbodiimide conditions. The proteckéti—M2

block 10 was deprotected with piperidine and immediately

coupled with7 to provide 12. Global deprotection was
achieved with iodine in methanol to afford pantetheig (

as a disulfide in 41% overall yield from cystamine or 28%

from p-pantolactone (4).
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Li, naphthalene, THF, 90%. yields ranging from 30 to 88%. Low yields in couplings of
o 19eand19f were due to extended reaction times. Alternate
H H H H . .
HS/\/N\H/\/NW\O}LOH 2 coupling re_agents cpuld be scree_ned to increase the yield of
OH these reactions. Amide)a—f provided access to analogues

of pantetheine and phosphopantetheine through conversion
to 21a—for 23a—d. Once couple®1a—f could be depro-
dibenzyl-N,N-diisopropylphosphoramidite followed by im- tected with a variety of conditiort$*2*As shown in Scheme
mediate ozonolysis to provide aldehyH&in 62% yield from 3, the deprotection dt1b,d,f with iodine in methanol offered
1516 22bd.f in unoptimized yields of 7, 71, and 11%, respectively,
As in Scheme 1, mild chlorite oxidation 4 completes from 19b,d,f. Comparable schemes were also available for
the synthesis. After isolatiorl,7 was coupled tdl1l using the modification 0f23"?‘_d'15'22
standard peptide coupling conditions to provit® Final Schemes 13 provide access to the three-component
conversion to phosphopantethei2g Wwas achieved through modular syntheS|_s of p_antethelne,phosphopant_e_thel_ne, and
reduction with lithium naphthalenidé The H NMR spec- ane}logues therein. With this apprqach, modifications may
trum of 2 matched the published specfrwith the exception ~ P€ introduced at any of three peptoid moduiés, M2, and
of a downfield shift in the methylene group adjacent to the M3, accessing full synthetic flexibility within the pantetheine
thiol (& = 2.83 found vs) = 2.64 reported by Sarma). This structure. We are currently following various avenues of
was attributed to a different state of thiol oxidation, as we parallel chemical and chemoenz'yma.Uc synthesis to inves-
suspect that Sarma examined the disulfid@ of tigate n(_)vel analogues of CoA in primary and secondary
Both 7 and17 were used to generate a set of pantetheine metabolic pathways.
and phosphopantetheine analogues bearing an internal amino Supporting Information Available: Experimental pro-
acid residue in place gf-alanine (Scheme 3). Using methods cedures and spectral data. This material is available free of

established in Scheme $;trityl cystamine was coupled to  charge via the Internet at http://pubs.acs.org.
Fmoc-protected amino acids9a—f to provide 20a—f in
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