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Acylglycines represents a large and important class of human metabolites. They are often used in med-
icine to identify fatty acid oxidation disorders. A highly efficient solid phase synthesis approach to obtain
these clinically important compounds is developed via coupling reaction between glycine-preloaded
Wang resin and a set of carboxylic acids. The developed methodology facilitates the preparation of sev-

eral structurally-diverse acylglycines with high yields and purity.
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Metabolomics is a newly emerging field of ‘omics’ science that
uses NMR and mass spectrometry to rapidly identify and quantify
large numbers of metabolites from biological materials.! One of the
continuing challenges in metabolomics is having sufficient quanti-
ties of authentic reference compounds to identify or confirm the
identity of a putative metabolite. A similar problem also exists in
the field of clinical chemistry where the lack of authentic standards
for key metabolites often prevents routine testing for certain met-
abolic disorders. Acylglycines represent an important class of dis-
ease-associated metabolites for which a relatively small number
of authentic standards are commercially available. Given their
importance in both clinical chemistry and in metabolomic studies
we have developed an efficient general solid phase synthetic strat-
egy that should greatly enhance the yield, synthetic diversity and
ease-of-purification of acylglycines.

Acylglycines 1 possess a common amidoacetic acid moiety and
are normally minor metabolites of fatty acids. Elevated levels of cer-
tain acylglycines appear in the urine and blood of patients with var-
ious fatty acid oxidation disorders. They are normally produced
through the action of glycine N-acyltransferase which is an enzyme
that catalyzes the chemical reaction: acyl-CoA + glycine «» CoA + N-
acylglycine.?

Several solution phase synthetic protocols have been described
for the synthesis of acylglycines. According to Scheme 1 the amido-
acetic functionality could be generated by reaction of acid deriva-
tives with glycine in basic aqueous or organic medium, Scheme
1A.3“ Glycine methyl esters have also been reported to afford the
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desired compounds by reaction with acyl chlorides follow by basic
hydrolysis, Scheme 1B.> Similarly glycine methyl ester hydrochlo-
ride can react with acids and acyl chlorides under different
coupling conditions, Scheme 1C%7 In an alternate approach
several o,B-unsaturated acylglycines have been recently obtained
by acylation of unprotected aminoacids with N-(o,B-unsaturated
acyl) benzotriazole, Scheme 1D.2

Many of the solution phase methodologies described above pos-
sess important drawbacks such as long reaction times, poor yields
and exhaustive purification protocols. In this context we have fore-
seen that the use of solid phase strategies® to obtain acylglycines
could overcome some of the deficiencies observed in previous syn-
thetic protocols.

Surprisingly, despite the enormous advancements in the field of
solid phase organic synthesis over the past decades the only report
about the formation of an amidoacetic functionality on polymeric
supports describes the preparation of a series of resin-bound
N-substituted-N-acylglycines as intermediates in the synthesis of
ketoimidazoles.'® In this case the amidoacetic moiety is generated
via nucleophilic substitution reaction between previously obtained
Wang bromoacetate resin and several amines. With the aim to
expand the limited synthetic repertoire of acylglycines currently
available we report herein an alternate approach to synthesize this
class of compounds. This novel procedure possesses the inherent
advantages of solid phase organic synthesis, including simplicity,
high yields and easy purification. This strategy has also been success-
fully implemented to obtain a series of structurally-diverse amido-
acetic derivatives.

Our solid phase strategy and the results of the synthesis of the
acylglycines are depicted in Scheme 2 and Table 1, respectively.

In the first step Fmoc-Gly-OH is readily attached to Wang
resin (1.1 mmol/g) using the symmetrical anhydride protocol.
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Scheme 1. Solution phase synthesis of acylglycines. Reagents and conditions: (i) NaOH 1 M or Py (anh) 0-4 °C or NaOH 1 M/EtOAc; (ii) TEA/CHCl;, NaOH/MeOH; (iii) EDCI,
DMAP/DCM then LiOH/H,O:TFA; (iv) DIPEA/DCM, LiOH, THF/H,0/MeOH (8:2:1); (v) DME/H,0/MeOH.

Table 1
Acyglycine derivatives 1a-h produced via Scheme 2

Compds HMDB ID #* R! Yield® (%)
1a 00808 Hee > 99
1b 00701 Hsc\/\/\ 87
H,CO
1c na \”/\/\ 97
(o]
1d 00894 hc? 90
HsC
/
1e 00459 92
CHj
1f 00860 ©/\/ 80
A
1g 11621 83
X
1h 03269 | 87
P
N

3 Human metabolome database'? identification number.
b Indicates yield of isolated products.

Subsequent capping and spectrophotometric quantification of the
Fmoc group revealed an average substitution of 0.8 mmol/g. After

deprotection of the amino functionality with piperidine/DMF
(20%) the resin is allowed to react with the corresponding acid
derivative 1a-h in the presence of HBTU/DIEA/DMEF.!! In all cases
the reaction is completed after 4 h as confirmed by monitoring
the presence of unreactive amino groups using the Kaiser test.

Compounds were released from the resin using TFA/H,0 (95:5)
and isolated as oily residues. Except for 1c crystallization from the
oil was accomplished using cold ethyl ether or hexane. In most
cases the final compounds were obtained in good yields and purity,
as confirmed by LCMS and 'H NMR analysis, so no further purifica-
tion protocol was required. Minor impurities found in 1f, 1g and
1h, the latter associated with the oxidation of the pyridine ring,
could be easily removed by preparative HPLC under isocratic con-
ditions (acetonitrile/water (50:50) with 0.1% formic acid as mobile
phase). Since no impurities were detected for the rest of the acyl-
glycines after cleavage from the resin, the differences in yields
found among them are related to their partial solubility in the crys-
tallization solvent rather than the presence of reaction byproducts.

Interestingly despite the fact that the synthesis of 1c was de-
signed to provide the cleavage and the hydrolysis of the methyl es-
ter in a one pot reaction the structural analysis of the final
compound revealed the presence of the ester functionality.

One of the most important aspects of the new strategy is its
amenability for synthesizing several structurally-diverse acylgly-
cines. In this manner compounds possessing alkyl, alkenyl, arylal-
kyl, arylalkenyl and heteroaryl moieties could be obtained in good
yields and high purity using the same synthetic protocol.

In summary we have described an efficient solid phase syn-
thetic protocol to prepare a wide range of acylglycine derivatives
via coupling reaction between glycine-preloaded Wang resin and
a set of carboxylic acids. The implemented procedure is compatible
with several structurally-diverse acylglycines and it provides the
final compounds with high yields and purity so additional purifica-
tion protocols are not needed. To our knowledge this is the first
example of solid phase synthesis of this type of acylglycine
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Scheme 2. Solid phase synthesis of acylglycines.

derivatives. Further extension of solid phase methodologies to the
synthesis of large numbers of other clinically relevant human
metabolites will be the theme of future research.
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(§=0.8 mmol/g), previously swollen in DMF, and the mixture is vigorously
shaken for 4 h. The reaction mixture is filtered off and the resin is washed with
DMF, DCM, MetOH and dried under vacuum. Dried resin is treated with TFA
95% in water for two hours, filtered off and washed several times with TFA. The
filtrate is then concentrated under vacuum to afford the corresponding
acylglycines.
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