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Abstract:
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been overexpressed in Escherichia co
maltose-binding protein. CmaT was also overexpressed in E. coli as an N-terminal His-tagged protein. The
N-terminal His-tagged form of CmaT was produced in insoluble form, but it could be refoided to obtain CmaT
in soluble and highly active form. Both the MalE-CmaT fusion protein and the refolded His-tagged CmaT
protein exhibited esterase activity. © 1998 Elsevier Science Ltd. All rights reserved.
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Coronatine (1) (Figure 1) is a chlorosis-inducing phytotoxin of novel structure produced by several
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aiso exhibits other biological activities including distortion of leaf growth, inhibition of root eiongation, and
induction of hypertrophy when applied to the cut surface of potato tubers.5:6 Structural and functional
homologies have recently been found between coronatine, methyl jasmonate, and 12-oxophytodienoic acid
suggesting that coronatine may function as a molecular mimic of the octadecanoid signaling molecules of
higher plants.”8
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Figure 1. The structures of coronatine (1), coronafacic acid (2}, and coronamic acid (3).
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The coronatine molecule is composed of two moieties with distinct biosynthetic origins, coronafacic
acid (2), which is a polyketide, 9-10 and coronamic acid (3) (Figure 1). Coronamic acid is derived from L-
isoleucine (4) via L-alloisoleucine (5) (eq. 1).2 The genes for coronatine production in P. syringae pv.
glycinea PG4180 are encoded within a 30-kb region that is present on a 90-kb plasmid designated p4180A.11
Detailed genetic investigations have shown that the genes required for the biosynthesis of coronamic acid are
contained within a 6.9-kb region of the coronatine gene cluster. Sequencing of this region revealed the
presence of four open reading frames: cmaA, cmaB, cmaT, and cmall.12,13 A region within the protein
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(CmaA cmaA encompassing 500 amino acid residues exhibits significant homology to the modules
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of peptide synthetases and contains the conserved spatial arrangement of six core sequences that are found in
peptide synthetase modules. The core 6 sequence contains a serine residue which is usually the attachment

T

site of a 4’-phouphop..ntetheine moiety that is involved in thiolester formation. The deduced amino acid
sequence for cmaB exhibits the highest similarity to the C-terminal region of SyrB, a protein involved in the
osynthesis of the lipodepsipeptide phytotoxin syringomycin.!4 The amino acid sequence for the protein

(CmaT) encoded by cmaT shares a strong sequence similarity with thioesterases of both prokaryotic and
eukaryotic origin, and it contains two highly conserved core sequences that are present in known thioesterases.
No significant similarities were found between the nucleotide and deduced amino acid sequence of cmal and
current entries in the data bases. The sequence similarities exhibited by CmaA suggest that L-isoleucine or L-
alloisoleucine is activated by adenylation and linked to CmaA via a thiolester with a 4'-phosphopantetheine
moiety where it is then cyclized to the thiolester of coronamic acid, perhaps with the assistance of CmaB
and/or CmaU. The Do tulated role for CmaT is to release ﬂZ}'.-.C-*bQ‘.!Ild coronamic acid hv hvrh"r\]vu s of the
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Identification of the genes required for coro
this unusual amino acid to be investigated at the enzymatic level. The initial stages of this investigation,

which involve the overexpression and enzymatic assay of CmaT, are described here.

RESULTS AND DISCUSSION
The initial efforts to overproduce CmaT were carried out by PCR amplification of the structural gene
from plasmid pSAY12, which contains all of the genes required for coronamic acid biosynthesis.!5 The
purified PCR product was then ligated into the expression vector pMal-c2 and transformed,jnto E. coli DH50L.

E. coli clones bearing the desired construct (pMCmaT) were identified and used for expression studies. For

overproduction of MalE-CmaT, E. coli DHSq cells containing pMCmaT were grown in "terrific broth"16 at 37
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°C to an Agpo of about 0.6 followed by addition of IPTG to a concentration of 1 mM to induce CmaT

production. The cells were harvested 3 h after induction, and the total soluble protein isolated by sonication of
the cells in Tris buffer and removal of cell debris by centrifugation. Purification of MalE-CmaT was
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accomplished by binding the protein to an amylose column followed by elution with maltose. SDS-PAGE
analysis showed a discrepancy in the predicted (92.5 kDa) and the experimental molecular mass (67-70 kDa)
of the expressed protein. DNA sequence analysis revealed an error in the published DNA sequence
at position 5195, where an additional TA base pair was observed. This additional TA base-pair changes the
reading frame downstream from this point and leads to the generation of a stop codon (TGA) adjacent to this
point (Figure 2). The introduction of the stop codon changes the predicted molecular mass of CmaT from 49.6
kDa to 27.0 kDa. The prcdu.ted molecular mass of the fusion protein generated as a result of the presence of

is new stop codon (69.9 kDa) is consi
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Published Sequence: GGC AGT GAG ACG
Amino Acid G S E R
Corrected Sequence: GGCAGT TGA GACG
Amino Acid G S Stop

Figure 2. Position of the stop codon in the corrected DNA sequence for cmaT.

The MalE-CmaT fusion protein was assayed for esterase activity using p-nitrophenolate esters of
acetic acid, propionic acid, and butyric acid by continuous monitoring at A4y for the p-nitrophenolate
anion.!7 The MalE-CmaT fusion protein catalyzed the hydrolysis of all three substrates at rates comparable to
those exhibited for the hydrolysis of some p-nitrophenolate esters by the overproduced ACP-TE domain of
DEBS3 (Table I).17 The ability of the MalE-CmaT fusion protein to catalyze the hydrolysis of the N-
acetylcysteamine (NAC) thiolesters of propionic acid, butyric acid, and cyclopropane carboxylic acid and of

coenzyme A thiolesters of propionic, butyric, and isobutyric acid was also examined by a discontinuous assay
using DTNB. Although the N-acetylcysteamine thiolesters and the CoA thiolesters should be better mimics of

the 4'-phosphopantetheine moiety by which an amino acid is presumably attached to CmaA, the rates of
hydrolysis of all of the thiol esters were significantly siower than those observed with the three p-
nitrophenolate esters (Table I). Similar behavior has been observed for NAC esters with the overproduced
ACP-TE domain of DEBS3.17 The slower rates observed for all of the thiolester substrates relative to the p-
nitrophenolate esters is presumably a reflection of the fact that the p-nitrophenolate anion is a better leaving
group than the thiolate anion. It appears difficult to draw any clear conclusions about the binding preferences
of CmaT from the data in Table . The NAC esters were synthesized by standard methods.18.19

In the current hypothesis for coronamic acid biosynthesis, it is postulated that the role of CmaT is to

release coronamic acid bound to CmaA as a thiolester. The size of the MalE protein (42.9 kDa) relative to that
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CmaT fusion protein might fail to interact properly with CmaA. Since attempts to remove the MalE fusion
partner of CmaT by treatment of the fusion protein with the protease Factor Xa were unsuccessful, the
overproduction of an N-terminal His-tagged version of CmaT was investigated. A DNA segment
corresponding to the corrected open reading frame for cmaT was amplified from plasmid pSAY12 by PCR

and the purified PCR product was ligated into the expression vector pProEx-HTa and transformed into E. coli
DHS5a. E. coli clones bearing the desired construct (pProCmaT) were recovered and used for expression
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Table I. Rate of Hydrolysis of Esters and Thiolesters by MalE-CmaT and His-tagged CmaT

Substrate Rate (nmol/min-mg)
p-Nitrophenyl acetate 0.457
p-Nitrophenyl propionate 0.638 (5.21)2
p-Nitropheny! butyrate 0.356 (2.48)2
N-Acetyl-S-propionylcysteamine 0.087
N-Acetyl-S-butyrylcysteamine 0.111
N-Acetyl-S-cyclopropylcarbonyicysteamine 0.013
Propionyl coenzyme A 0.042
n-Butyryl coenzyme A 0.059
i-Butyryl coenzyme A 0.055

aValues for His-tagged CmaT

studies. fusion protein was carried out by growth o
recombinant E. colii cells in LB broth at 37 5C untii an Assy of 0.4-0.5 was reached followed by induction by
addition of IPTG to a final concentration of 0.5 mM. The cultures were then grown for an additional 3-4 h
before harvesting. The harvested cells were sonicated in Tris buffer and the soluble and insoluble protein
fractions analyzed by SDS-PAGE. PAGE analysis indicated that all of the His-tagged CmaT fusion protein
had been expressed in insoluble form. In subsequent preparations, the sonicated cell suspension was
fractionated by centrifugation at 32, 000 x g for 15 minutes at 4 °C. The supernatant was discarded and the

insoluble pellet, which consisted largely o
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bodies formed from overexpressed His-tagged CmaT

p i
allowed to dissolve slowly overnight at 4 °C. Insoluble material was removed by centrifugation at32,000x g
at 4 °C and the supernatant was applied to a Talon column that had been equilibrated with solubilization
buffer. The column was washed with solubilization buffer containing 10 mM imidazole. Bound protein was
then eluted with solubilization buffer containing 100 mM imidazole. The eluent was transferred to dialysis
tubing (MW cut-off 10, 000) and dialyzed against refolding buffer containing 6 M urea. The denaturant urea
was removed by sequential dialysis against refolding buffer containing decreasing concentrations of urea, in 2
M steps. To completely remove the urea, the sample was further dialysed against refolding buffer containing

no urea. The refolded N-terminal His-tagged form of CmaT was assayed for enzymatic activity and found to

exhibit significantly higher activity with p-nitrophenolate esters (Table I). This result suggests that the MalE
component of the MalE-CmaT fusion protein may interfere with the proper folding of Cma..

C J.l.dl LyblUplUpdllC
carboxylic acid, 1-amino-1-cyclopropane carboxylic acid, and (+)-coronamic acid were evaluated as inhibitors
of the hydrolysis of p-nitrophenyl propionate catalyzed by MalE-CmaT and His-tagged CmaT. All three
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compounds were found to be very weak inhibitors of the hydrolysis reaction (see Experimental). This may
reflect the relatively poor binding of a carboxylate anion relative to a neutral ester or thiolester.

In conclusion, these studies have confirmed the hypothesis that CmaT is a thiolesterase, and they have
provided a method for the overproduction of a soluble and active form of the enzyme which should be suitable
for further investigations of coronamic acid biosynthesis at the enzymatic level.

Standard chemical reagents were purchased from Sigma/Aldrich Chemical Co. Microbiological media
were purchased from Difco, Inc (+)—Comnam'.c acid was prepared by the method of Baldwin.20 The vector

pProEX-HTa was obtained from Gibco-BRL, while the vector pMal-c2, Vent polymerase, and amylose resin
were purchased from New England Biolabs. TALON metal affinity resin was purchased from Clontech. The
detergent Nonidet P40 was obtained from U. S. Biochemical Corp. PCR primers were obtained from
Integrated DNA Technologies, Inc. PCR experiments were conducted with a Biometra PCR Personal Cycler.
The QiaQuick DNA purification kit was obtained from Qiagen, Inc. Sonication was carried out with a
Branson Model 250 Sonifier. NMR spectra were obtained with a Bruker AC250 spectrometer using
deuterochloroform as solvent and with TMS as an internal standard. Mass spectra were measured in the EI

Jitraviolet-visible spectra were obtained with a
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Hewlett-Packard HP 8452A Diode Array spectrophotometer. SDS-PAGE was performed according to the
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concentrations were determined by the method of Bradford22 with bovine serum albumin as standard.
Transformations were carried out with commercially available competent Escherichia coli cells following
procedures recommended by the manufacturers. E. coli strains were grown in Luria-Bertani (LB) medium or
"terrific broth " at 37 °C. Selection was made with 150 pg of ampicillin per mL in LB agar or liquid medium.
Column chromatography utilized Merck silica gel, type 60A, 230-400 mesh. Automated DNA sequencing
was performed with an Applied Biosystems DNA sequencer at the Molecular Genetics Core Facility,

University of Texas at Houston Medical School by using universial and synthetic oligonucleotide primers.

The coding sequence originally reported f

PRPEUST SU—,

was ampiified by PCR using a plasmid carrying the
biosynthetic pathway for coronamic acid (pSAY i2) as template, gene-specific synthetic oligonucieotides
primers designed with Eco Rl restriction sites (described below), and Vent DNA polymerase. The PCR
product was purified with a QiaQuick Kit using the procedure described by the manufacturer. The purified
PCR product was digested overnight with Eco RI at 37 9C. The Eco RI fragment containing cmaT was gel
purified using the QiaQuick kit, ligated into pMAL-c2 cleaved with Eco RI and dephosphorylated with calf
intestinal alkaline phosphatase, and transformed into E.coli strain DH 5o using standard techniques.

Recombinant clones were identified by agarose gel electrophoresis and clones with the correct orientation of
the insert with respect to the regulatory signals in the pMal-2c¢ vect dentified by restriction analysis
with Pst 1. Clones with the correct size and orientation (pMCmaT) were used for expression following
procedures described by New England Biolabs, and the resuiis were analyzed by SDS/PAGE
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PCR Primer, Primer 1 GACGAATTCATGGCCGATCCTTTTGTG
PCR Primer, Primer 2 ACTGAATTCCACTAGGTAGATTTCGAC
The PCR reaction employed 100 pmoles of each PCR primer, 200 uM dNTP, 4 mM MgSQy4, 1x Vent
reaction buffer, and distilled H,O to 100 uL. The PCR conditions used thirty cycles of 1 min at 97 °C, 1 min
at 8§ 0" and 1 min at 72 0 fallawed hy § minutec at 72 0C All the comnanente were added and mived in a
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picked and resuspended in the PCR mix. The PCR reaction was initiated by the addition of 3U of Vent DNA

polymerase.

Cloning of cmaT into pProEx-HTa

A similar procedure to that used with pMAL-c2 was employed for cloning of cmaT into pProEX-HTa.
In this instance, the PCR primers were designed based upon the corrected DNA sequence for crmaT (see
below), with a Nco I site in the 5° Primer and a Spe Isite in the 3’ primer. The PCR product was purified with
a QiaQuick Kit usir

the procedure described by the manufacturer and then digested with Spel followed by

LN tlcll Uiy

ngt
QiaQuick kit and dlgesuon with Nco I. The vector pProEX-HTa was also sequentially
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R 1 agmem was ug.ﬂea into the GOUDly mgesrea vector and transformed into F. coli strain
DH5a using standard techniques. Clones containing the correct insert were identified by agarose

electrophoresis and analyzed for expression by SDS/PAGE.

Primers Used For PCR:
PCR Primer, CmaT-Nco I GACCQATGQATGGCCGATCCI ITTGTG
PCR Primer, CmaT-Xhol GACTCTCGAGCTAGGTAGATTTCGGAC
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The PCR reaction employed 100 pmoles of each PCR primer, 200 uM dNTP, 4 mM MgS0, , ix Vent
reaction buffer, and distilled H,O to 100 uL.. The PCR conditions used thirty cycles of 1 min at 97 °C, 1 min
at 56 °C and 1 min at 72 °C followed by 5 minutes at 72 °C. All the components were added and mixed in a
0.7 mL thin walled PCR tube and a single colony of E.coli strain DH5a containing the plasmid pSAY 12 was
picked and resuspended in the PCR mix. The PCR reaction was initiated by the addition of 3U of Vent
polymerase.

Overproduction and Purification of MalE-CmaT Fusion Protein

Overproduction of MalE-CmaT Fusion Protein

Freezer stock of E. coli DH5d. containing the expression plasmid pMCmaT was used to inoculate a 50
mT rnltnre af "tareific hrath" 16 cantaining 100 na/ml Af amnirillin | Thic Anltirs wae grnuwn at 27 O far 19
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™ 11N con

h. Ten mL aliquots of this culture were used to inoculate four 100 mL cuitures of terrific broth containing
0.2% (w/v) glucose and 100 pg/mL of ampicillin. Cultures were grown at 37 °C to an AgpQ of about 0.6.
IPTG was added to a 1 mM concentration and growth was allowed to continue for 3 h. Cells were collected
by centrifugation at 12,000 x g for 10 min at 4 °C. The supernatant was decanted and the cell paste was stored
at -20 °C overnight.



Punfication of MalE-CmaTl Fusion Protein

Cell paste (4 g) was resuspended in column buffer (20 mM Tris HCI, pH 7.4, containing 200 mM NaCl
and 1 mM NapEDTA) to give a final volume of 100 mL The cells were disrupted by sonication (65% power
for 4 min on ice followed by cooling for 2 min, then an additional 4 min of sonication). Cell debris was
removed by centrifugation at 24, 000 x g for 35 min at 4 °C. The supernatant was carefully decanted and
applied to an amylose resin column (3.7 x 2.5 cm, 18 mL bed volume) equilibrated in column buffer. The

column was washed with 12 column bed volumes of buffer to remove non-binding material. The column was

eluted with column buffer containing 10 mM maltose to elute bound CmaT. Determination of the protein
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discrepancy in the predicted (92.5 kDa) and the experimental molecular mass (67-70 kDa) of the expressed
protein. DNA sequence analysis revealed an error in the published DNA sequence at position 5195 where an
additional TA base pair was observed. This additional TA base-pair changes the reading frame downstream of
this point and leads to the generation of a “new” stop codon (TGA) adjacent to this point (Figure 2). The
predicted molecular mass of the truncated fusion protein generated as a result of the presence of this new stop
corresponded with the experimentally observed mass. Attempts to remove the MalE fusion partner of CmaT
by treatment of the fusion protein with the protease Factor Xa according to the New England Biolabs protocol
were unsuccessful.
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Overproduction of N-Terminal His-Tagged Fusion Protein

A singie colony of E.coli strain DHSa containing the plasmid pProCmaT was used to inoculate 10 mL
of LB Broth supplemented with 150 pg/mL of ampicillin and the culture was grown overnight with shaking at
37 oC. Two milliliter aliquots of the overnight culture were used to inoculate five 200 mL aliquots of LB
broth supplemented with 150 pg/mL of ampicillin. The cultures were grown until an OD Assp of 0.4-0.5 was
reached and then induced by addition of IPTG to a final concentration of 0.5 mM. The cultures were grown
for a further 3-4 h and then harvested by centrifugation at 8,000 x g for 10 minutes at 4 °C. The cell pellet was

resuspended in 10 mL per gram wet weight of sonication buffer (50 mM Tris HCI, 100 mM NaCl, pH 8.0)
and placed on ice for a short period. After the cell suspension was chilled, it was subjected to 5-10 cycles of

sonication for 2 minute intervals and chilling for 5 minutes, while lysis was monitored by microscopy. The
sonicated ceil suspension was fractionaied by centrifugation at 32,000 x g for 15 minutes at 4 °C. The
supernatant was discarded and the insoluble pellet, which consisted largely of inclusion bodies formed from
overproduced CmaT, was washed once with sonication buffer and 3 times with sonication buffer containing 2
M Urea and 0.5% Nonidet P40; with each washing, the inclusion bodies were harvested by centrifugation at
32,000 x g for 10 minutes at 4 °C. The washed inclusion bodies were resuspended in 20 ml of solubilization
buffer (6 M guanidine HCl, 50 mM Tris HCI, 100 mM NaCl and 0.5% Nonidet P40) and allowed to dissolve

slowly overnight at 4 °C. Insoluble material was removed by centrifugation at 32,000 x g for 15 minutes at 4

buffer. The column was washed with 5 volumes of solubilization buffer containing 10 mM imidazole. Bound
........... Timnis xlivénd sxrithh A anlizernin vralirinnc AF ol lea n gl e Fav nnrtnitmismeag TIUY e RA i dnrnla Tl
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Tris HCI, 100 mM NaCl) containing 6 M urea. The denaturant was removed by sequential dialysis for 12-16
h against refolding buffer containing decreasing concentrations of urea, in 2 M steps. To completely remove
the urea, the sample was further dialysed against 4 liters of refolding buffer containing no urea.
Enzymatic Assay of p-Nitrophenyl Esters

p-Nitrophenyl acetate (PNPA), p-nitrophenyl propionate (PNPP) and p-nitrophenyl butyrate (PNPB)
were evaluated as substrates. Sufficient substrate was dissolved in 3.0 mL of methanol to produce a 33.3 mM

solution. A 0.1 mL aliquot of this solution was immediately added to 4.9 mL of distilled water to give a 0.67
mM substrate stock solution. Esterase assays consisted of 800 uL of buffer (50 mM Tris HCI, pH 8.0), 100

ase
ion, and 100 uL of enzyme (0.35 m

and the change in Ao was continuously monitored for 30 min. Hydrolysis rates were calculated using
molar extinction coefficient of 18,300 cm~1M-1for the p-nitrophenolate anion.23 The hydrolysis rates were
corrected for spontaneous hydrolysis. Background hydrolysis rates were determined by the same method, but
with omission of enzyme. Cyclopropane carboxylic acid, 1-amino-1-cyclopropane carboxylic acid and (£)-
coronamic acid were evaluated as inhibitors of the CmaT-catalyzed hydrolysis of PNPP. In these
experiments, a portion of the buffer in this assay was replaced by an equal volume of inhibitor stock solution

(10 mM in buffer) and the change in A4gg was determined as above. All three compounds were found to be
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carboxylic acid, and (+)-coronamic acid caused 38% inhibition, 37% inhibition, and 12% inhibition,

w: AAATE MaaanT W 912t
U_y vidib~llial, wl

iile at the same concentral
cyclopropane carboxyli
CmaT.
Enzymatic Assay of Thiolesters

Point assays were used for thiolesterase activity measurements since 5, 5'-dithiobis(2-nitrobenzoic
acid) (DTNB) was found to inhibit PNPP hydrolysis by CmaT. Stock solutions of thiolester substrates (10
mM in distilled water) were used. Thiolesterase assays consisted of 800 pL of buffer (S0 mM Tris HC1, pH

7.4), 100 uL of thiolester substrate, and 100 uL of enzyme (0.35 mg). The assay mixture was incubated at 30

O

% inhibition of the hydrolysis of PNPP ¢

oC for 15 h. The reaction was terminated and the protein removed by means of a Millipore Ultrafree-MC
filter unit (10, 000 MW cutoff) at 4 °C, Aliquots (150 pL) of the filtrate were placed in a cuvette along with

p.L of 1.0 mM DTNB and 750 uL of buffer. After mixing, the change in A4)2 was monitored for 30 min
at room temperature to ensure complete reaction between free thiols and DTNB. Hydrolysis rates were
calculated using a molar extinction coefficient of 13,600 cm~ IM-1 for the 3-carboxy-4-nitro- 1-thiophenolate
anion.23 The hydrolysis rates were corrected for spontancous hydrolysis. Background hydrolysis rates were
determined by the same method, but with enzyme omitted.

Synthesis of N-Acetylcysteamine Thiolesters
The N-acetylcysteamine thiolesters of propionic acid and cyclopropane carboxylic acid were prepared

by the procedure of Lee et al. 19 The yield of N-acetyl-S-propionylcysteamine was 68% after chromatography
n

on silica gel with 4:1 ethyl a e-hexane. N-acetyl-S-propionylcysteamine was a colorless oil: H NMR 3
1.18 (1, 3H, CHg), 1.98 (s, 3H, COCH3), 2.61 (g, 2H, CH,CO), 3.01 (t, 2H, SCHy), 3.43 (q, 2H, NCH3), 6.06
e /b 1L T 13 NIAMAD SO QA N2 2L NQ &7 17 £ U PRy

ppm (L)b’, 1H, Nn), U INIVIRK 0 ¥.04, £J.30, 20,07, 3/. VS, 39.86, 170.5, 201.0 ppm, HRMS found: 175.0663,
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7 The yield of N-acetyl-S-cyclopropyicarbonyicysteamine was 76% after chromatography on silica

reported.
gel with 4:1 ethyl acetate-hexane. N-acetyl-S-cyclopropylcarbonylcysteamine was a colorless oil: 'H NMR
8 1.00 (m, 2H, C-3, C-4 H trans to thiolester), 1.16 (m, 2H, C-3, C-4 H cis to thiolester), 1.97 (s, 3H, COCH3),
2.05 (m, 1H, C-2 H), 3.05 (t, 2H, SCH)), 3.45 (q, 2H, NCH3), 6.06 (bs, 1H, NH); 13C NMR §11.3,2209,
23.4,28.7, 40.0, 170.5, 200.1ppm; HRMS found: 187.0666, theory: 187.0667.

The N-acetylcysteamine ester of butyrlc acid was synthemzed by a modification o
Dhaon et al 18 Rmv ric acid (174 mg, i

(422 mg, 2.20 mmol) was added with stirring and the reaction mixture was then stirred on ice for 45 min. The
ice bath was removed and the mixture was stirred for an additional hr. The colorless solution was diluted with
ethyl acetate (25 mL), and the organic phase was extracted once with water (10 mL) and once with sat. aq.
NaHCO3 (10 mL). The washed organic phase was dried over MgSO4 and concentrated in vacuo to give a
colorless oil. Purification by silica gel chromatography using 80-85% ethyl acetate in hexane yielded 310 mg
(83%) of the pure thiolester as a colorless oil: 1H NMR § 0.96 (t, 3H, C-4, CH3), 1.69 (sextet, 2H, C-3 CHa),

1.98 (s, 3H, COCH3), 2.59 (t, 2H, CHCO), 3.03 (t, 2H, SCHy), 3.42 (q, 2H, NCHy), 6.34 (bs, 1H, NH); 13C
NMR § 13.3, 19.0, 23.0, 28.2, 39.5, 45.8, 170.3, 199.8 ppm; HRMS found: 189.0826, theory: 189.0824.
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