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Synthesis of 2,4-Disubstituted 5-Aminoimidazoles Using Microwave
Irradiation
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A microwave-assisted parallel synthesis of 2,4-disubstituted 5-aminoimidazoles has been developed.
Significant rate enhancement was observed for all steps in the three-step protocol. The overall reaction time
was shortened to 25 min, as compared to 53 h for the conventional procedures. A representative set of
2,4-disubstituted 5-aminoimidazoles was prepared using commercially available parallel reactors.

Introduction Scheme 1.Microwave-Assisted Synthesis of

L . . . 2,4-Disubstituted 5-Aminoimidazoles
5-Aminoimidazoles are attractive constructs in chemical Isubstitl inoimidaz

synthesis because they are key components in many bioactive I g MW j\
compounds of both natural and synthetic origjlExamples RCEN + BOTPTSH ———— " m,
include 5-aminoimidazole ribonucleotide (AIR), an ubiqui- OEt 1

tous precursor in the biosynthesis of purines and thiarine, B
imidazolic pesticidesd,gonadotropin-releasing hormone re- @
ceptor antagonists;and 5-amino-4-carboxamideftp-ri- NH,.HCI CHCl3, MW
bofuranoside, a commonly used AMP-kinase activator. RZ/]\CN 80 °C,10 min

Despite the diversity of properties of these compounds, the RA__N )
chemistry of 5-aminoimidazoles has not received as much I H—Rr! <= PhorCOEL ©y3 NH.HBr
attention as they deserve. This may be attributed to its lower ~ u,N" N pyridine, CHCI5, \Rﬁ
stability, as compared to other classes of aminoazoles; s MW, 80 °C, 5 min )
however, recent experimental findifghave sparked a

renewed interest in 5-aminoimidazoles, and consequently,
we became interested in developing an efficient procedure
for the synthesis of these compounds.

Several reports on the synthesis of 2,4-disubstituted
5-aminoimidazoles have been published eaflirowever, tion
in many cases, prolonged reaction times were necessary, ancJ '
the yields obtained were often dependent on the substrates
used. Thus, finding a facile synthesis of this class of
compounds would be desirable. Synthesis of Thioamides 1&j. For comparison purposes,

A promising synthetic strategy (Scheme 1) is based on we began our investigation by carrying out the synthesis of
the reaction between thioamidésand benzyl bromide to  thioamides using the conventional heating procedtre.
form the intermediate thioiminoether hydrobromid&s mixture of phenylacetonitrile (0.85 mmol) and diethyldithio-
which, in turn, undergo condensation withaminonitriles phosphoric acid (1.02 mmol) in water was heated at@0
to give the respective 2,4-disubstituted 5-aminoimidazoles The reaction (monitored by TLC) was found to be completed
3.7 To our knowledge, this methodology has not been after 24 h. The crude mixture was purified by flash
employed with microwave irradiation. We therefore inves- chromatography (silica (76230 mesh), ChCI/Et,O = 1:1)
tigated the use of microwaves to promote each step of theto provide 2-phenylthioacetamidea in 81% yield. When
the same reaction was heated in the microwave at@G0

*T_o whom correspondence should be addressed. Fax: (65)'6779'1691-complete conversion was observed within 10 min, aad
E-mail: chmlamy@nus.edu.sg. was obtained in quantitative yield. A library of thioamides

T Department of Chemistry.
* Department of Pharmacy. la—j (Table 1) was subsequently generated from a single

synthetic strategy and herein describe a rapid and high-
yielding synthesis of 2,4-disubstituted 5-aminoimidazoles.

Since a variety of reagents can be used in each step of the
reaction, the overall strategy enables efficient library genera-

Results and Discussion
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Table 1. Conventional versus Microwave-Assisted Synthesis Table 3. Temperature Time Study of the

of Thioamidesla—j Microwave-Assisted Synthesis 8a
yield (%) temp €C) time (min) yield (%)
entry R reflux MW 80 10 0
la CoHsCHa— 81, 89 99 s o 2
1b p-NOzC5H4_ 912 96 5 34
1c MNO,CgHs— 44p 91 70 10 21
1d MNO,CgH4CH,—- 76° 93 5 51
le m-CICsH,CH,— 48 87 65 10 32
1f p-CICeHs— 83 9 s S
1g p-MeOGCH4— 81d 97 60 10 16
1h (CH3),CH-— 422 96 5 98
1i pP-NO2CsH4CHz— 422 83 55 5 69
1j p-CICeH,CH,— 78 82
“Ref 8a.” Ref 8b.¢ Ref 8c. Ref 8d. Table 4. Conventional versus Microwave-Assisted Synthesis

of 2,4-Disubstituted 5-Aminoimidazoleésa—o

Table 2. Conventional versus Microwave-Assisted Synthesis

of Thioiminoether Hydrobromidega—I yield (%)
yield (%) entry R R? reflux MW
entry R reflux MW 3a CeHsCH,— CeHs— 78, 8G 98
— 3b p-NOzC6H4— CeHs— 672 94
R et & @ & modh G 5
5 AN g5 3d MNO,CeHsCH,—  CoHs— 7% 91
¢ 2264 3e M-CICeH4CH,— CoHs— 85 96
2d M-NO,CeHaCH,— 8 90 3f  p-ClCeH— CHs—  90° 98
2e rﬂ-C|C5H4CH2_ . 81 3g p_MeOCGHA_ CeHs— 83
2f p-C|C6H4— 64 91, 56) 3h (CH3)2CH_ CGH5_ 93
29 p-MeOGH,4— 85 3j CHa— CeHs— 87
2h (CHa).CH- 92 3] CeHs— CeHs— 95 98
2| p-N02C6H4CH2_ 10¢* 100 3k CeHs— —COEt 8= 91
) D e o o 3l CeHsCH,— —COEt 94 98
ol C?—| 5 100 3m pP-NO,CeHs— —COEt o9& 98
3 3n p-NOzC6H4CH2_ —COEt e[z 97
aRef 7e.P Yield of the hydrochloride salt obtained using benzyl 30 CHs— —COsEt 92
chloride. aRef 7e.

microwave irradiation experiment (8C, 10 min), employ-
ing a multivessel rotor system (CEM Mars X). Complete
conversion £99%) was achieved in all cases.

Synthesis of Thioiminoether Hydrobromides 2a-I.
Thioiminoether salts are traditionally prepared by two general
routes, the first of which involves the treatment of a mixture
of nitrile and thiol compounds with anhydrous hydrogen
halide (X= Cl or Br) gas/®*°whereas the second method is
based on the S-alkylation of thioamide with an alkyl halfi¢ie.
Since gases could not be conveniently applied under
microwave conditions, we adopted the latter synthetic route
for the synthesis of thioiminoether salta—I. In our initial
experiment using conventional synthegiawas treated with

conventional heating conditions. Compowalwas treated
with a-aminobenzyl cyanide in the presence of pyridine at
80 °C. The reaction was found to be completed after 26 h
(monitored by TLC), an@awas obtained in 78% yield. First
attempts to translate this reaction into a microwave protocol
resulted in complete decomposition. This led us to investigate
the reaction more closely. Subsequent variation of the
temperature and reaction time showed that the condensation
reaction proceeded sufficiently quickly and a nearly complete
conversion was obtained after 5 min at®D (Table 3). To
illustrate the generality of this microwave condition, a diverse
set of 3 was prepared via parallel synthesis usi@nd
o-aminobenzyl cyanide or aminocyanoacetic acid ethyl

benz_yl_t btro;?]ldtef n C:QI at. 8? 1C dfg ' fslth.t' Thte W.h'teth ester!! In all cases, the condensation proceeded smoothly
grec_:lpldati at orrr:ﬁ wr::\sdlsoba € 'déy " raé%g/ 0 g'\llg € to furnish the desired 2,4-disubstituted 5-aminoimidazole in
esire ioiminoether hydrobromid2a in o yield. high yields (Table 4).

However, under microwave irradiation, the same reaction
was found to be completed within 10 min, a2é& was
isolated in good vyield (95%) and purity. Analogous S-
alkylations with various thioamides were also performed
successfully in high or quantitative yields (Table 2). It was
also observed that benzyl bromide provided a significantly
better yield than benzyl chloridelf and2f in Table 2).
Synthesis of 2,4-Disubstituted 5-Aminoimidazoles 3a
0. Since the microwave synthesis &fgave the desired
product in high purity2 was used directly in the next step Experimental Section
without purification. Prior to the microwave synthesis3f General ProceduresAll chemical reagents were obtained
a preliminary study of the reaction was carried out under from Aldrich, Merck, Lancaster, or Fluka and were used

In conclusion, an efficient and high-yielding synthesis of
2,4-disubstituted 5-aminoimidazoles has been devised. Using
microwave irradiation, we have shown that the total reaction
time for the synthesis of one compound could be shortened
from a couple of days to only 25 min. These results further
demonstrate the value of microwave-assisted synthesis in
increasing yields, shortening reaction times, and streamlining
high-throughput chemistry.
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without further purification. The microwave-assisted reac-  2-(4-Nitrophenyl)-thioacetamide (1i).'"H NMR (MeOH-
tions were performed using a CEM Mars X microwave oven ds): 6 8.19-8.16 (d, 2H, GHi=C(NO,) of aromatic ring,J
equipped with an EST-300 plus temperature probe as sensor= 8.7 Hz), 7.6%+7.58 (d, 2H, G(i=CH of aromatic ring,J
Ramp time was 5 min for all the reactions. Analytical TLC = 8.7 Hz), 4.04 (s, 2H, 8,). 83% yield.

was carried out on precoated plates (Merck silica gel 60,  2-(4-Chlorophenyl)-thioacetamide (1j).XH NMR (MeOH-
F254) and visualized with UV light or stained with ninhydrin.

do): & 7.33-7.27 (m, 4H, AH), 3.89 (s, 2H, El,). 82%

Flash column chromatograph was performed with silica yje|q.

(Merck, 70-230 mesh). CC refers to flash column chroma-

tography.

General Procedure for the Microwave-Assisted Syn-
thesis of Thioiminoether Hydrobromides (2).The respec-

'H NMR and**C NMR spectra were measured at 298 K e thioamide1 (0.73 mmol) was added to a solution of

on Bruker ACF 300 Fourier transform spectrometer and promomethylbenzene (2.9 mmol) in anhydrous chloroform,
calibrated using residual undeuterated solvent as an internahng the mixture was heated at 8¢ under microwave

reference. The following abbreviations were used to explain jyradiation (300 W). The reaction was monitored by TLC

the multiplicities: s (singlet), d (doublet), t (triplet), g

(quartet), m (multiplet). The number of protons) for a
given resonance was indicated r@id. Mass spectra were

performed on Finnigan MAT 95/XL-T spectrometer under

electron impact.

General Procedure for the Microwave-Assisted Syn-
thesis of Thioamides (1).To the respective nitrile (0.85

mmol) in water was added diethyldithiophosphoric acid (1.02

mmol), and the mixture was heated at 8C under

microwave irradiation (300 W). The reaction, monitored by
TLC (MeOH/CHCI, = 1:20), was found to be completed
after 10 min, following which the reaction mixture was

extracted with diethyl ether (% 50 mL) and then washed

with saturated NaHC® The combined organic layer was

dried with MgSQ and purified by CC (ChCI,/Et,0 = 1:1)
to give 1.

2-Phenylthioacetamide (1a).!H NMR (MeOH-ds): o
7.36-7.22 (m, 5H, AH), 3.92 (s, 2H, Ely). 99% yield.

4-Nitrothiobenzamide (1b). *H NMR (MeOH-d,): o
8.24-8.22 (d, 2H, Gi=C(NO,) of aromatic ring,J = 8.0
Hz), 8.02-8.0 (d, 2H, G{=CH of aromatic ring,J = 8.0
Hz). 96% vyield.

3-Nitrothiobenzamide (1c).*H NMR (MeOH-d,): ¢ 8.73
(s, AH=C(NO;) of aromatic ring), 8.358.23 (m, 2H, AH),
7.67-7.61 (t, 1H, CH-CH=CH of aromatic ringJ = 8.0
Hz). 91% vyield.

2-(3-Nitrophenyl)-thioacetamide (1d).*H NMR (MeOH-
ds): 9 8.26 (s, 1H, GiI=C(NO,) of aromatic ring), 8.14
8.10 (d, 1H, C(N@=CH of aromatic ring,J = 8.0 Hz),
7.78-7.75 (d, 1H, ®}I—CH=CH of aromatic ringJ = 7.7
Hz), 7.58-7.52 (t, 1H, CH-CH=CH of aromatic ring,) =
8.0 Hz), 4.02 (s, 2H, B,). 93% yield.

2-(3-Chlorophenyl)-thioacetamide (1e)*H NMR (MeOH-
ds): 0 7.39-7.25 (m, 4H, AH), 3.90(s, 2H, El,). 87% vyield.

4-Chlorothiobenzamide (1f).*H NMR (MeOH-dy): o
7.88-7.86 (d, 2H, G1=C(ClI) of aromatic ring, = 8.0 Hz),
7.40-7.37 (d, 2H, Gi=CH of aromatic ringJ = 8.0 Hz).
96% yield.

4-Methoxythiobenzamide (1g)*H NMR (MeOH-d,): o
7.94-7.91 (d, 2H, G(i=C(OMe) of aromatic ring,) = 9.1
Hz), 6.92-6.89 (d, 2H, G(i=CH of aromatic ring,J = 8.7
Hz), 3.83 (s, 3H, OEl). 97% yield.

Thioisobutyramide (1h).*H NMR (MeOH-d,): 6 2.89—
2.85 (m, 1H, &), 1.20 (s, 3H, El3), 1.18 (s, 3H, Ely).
96% yield.

(MeOH/CHCI, = 1:20) and was found to be completed after
10 min. The reaction mixture was evaporated to near dryness
in vacuo, and diethyl ether was added in large excess to
precipitate the thioiminoether hydrobromi@e The white
precipitate formed was filtered, dried under vacuum, and used
for the next step of the synthesis.

General Procedure for the Microwave-Assisted Syn-
thesis of 2,4-Disubstituted 5-Aminoimidazole (3a3j). To
a solution of2 (0.47 mmol) in anhydrous dichloromethane
(10 mL) was added pyridine (0.47 mmol). In another round-
bottomed flask containing the respectix@minoacetonitrile
hydrochloride (0.56 mmol) in anhydrous dichloromethane
(10 mL) was added Nlin methanol (2 M, 0.56 mL). Both
reaction mixtures were filtered into the microwave vessel,
and anhydrous chloroform (30 mL) was added. The reaction
mixture was heated to 6TC in a microwave reactor (300
W) and monitored using TLC. The reaction was completed
within 5 min, after which the reaction mixture was evapo-
rated to near dryness in vacuo, and diethyl ether was added
to precipitate the final produc8. The product was filtered,
washed with diethyl ether, and dried under vacuum.
2-Benzyl-5-phenyl-3H-imidazol-4-ylamine (3a).'H NMR
(MeOH-dy): 6 7.48-7.11 (m, 10H, AH), 3.95(s, 2H,
CH,).23C NMR (MeOH<,): 6 144.5, 139.4 %2), 130.1,
129.8 (x2), 129.6 2), 129.5, 127.9 x2), 127.6 &?2),
125.9, 125.2, 35.2. Exact mass calcd feg-GsNs: 249.1266;
found: 249.1266. 98% vyield.
2-(4-Nitrophenyl)-5-phenyl-3H-imidazol-4-ylamine (3b).
'H NMR (MeOH-ds): 6 8.35-8.32 (d, 2H, AH, J = 9.0
Hz), 8.10-8.06 (d, 2H, AH, J = 8.7 Hz), 7.66-7.64 (d,
2H, ArH, J = 7.7 Hz), 7.49-7.44 (t, 2H, AH, J = 7.7 Hz),
7.32-7.26 (t, 1H, AH, J = 7.3 Hz).13C NMR (MeOH-d,):
0131.3,131.1, 130.4, 129.4@), 128.9 «2), 128.7, 128.0
(x2), 127.6 &2), 125.7 &2), 125.3. Exact mass calcd for
C15H12N40O5, 280.0960; found, 280.0966. 94% yleld
2-(3-Nitrophenyl)-5-phenyl-3H-imidazol-4-ylamine (3c).
'H NMR (MeOH-ds): 6 8.99-8.30 (m, 4H, AH), 8.02-
7.50 (m, 5H, AH). 13C NMR (MeOH-d,): 6 135.4, 134.2,
133.7, 132.9, 131.7, 130.%R), 129.5, 128.6, 127.1x(2),
125.4, 123.6 x2), 121.9. Exact mass calcd fog4El1,N4O05,
280.0960; found, 280.0961. 93% yield.
2-(3-Nitrobenzyl)-5-phenyl-3H-imidazol-4-ylamine (3d).
'H NMR (MeOH-d,): 6 8.27-8.22 (m, 2H, AH), 7.76-
7.34 (m, 7H, AH), 4.41 (s, 2H, @i,). *C NMR (MeOH-
ds): 0 155.4,139.9, 137.7, 136.2, 131.6, 1302}, 129.2,
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128.7 (x2), 126.6, 124.8, 123.9«2), 52.3, 32.1. Exact mass
calcd for GgH14N4O2, 294.1117; found, 294.1114. 91% yield.
2-(3-Chlorobenzyl)-5-phenyl-3#H-imidazol-4-ylamine (3e).

IH NMR (MeOH-dy): 6 7.49-7.10 (m, 9H, AH), 3.96 (s,
2H, CH,). 3C NMR (MeOHd,): ¢ 141.8, 131.1, 130.3,
129.9 (x2), 129.5, 129.0, 127.9x@2), 127.7, 126.9, 126.0,
125.2 (x2), 124.4, 34.7. Exact mass calcd foss8;4CIN3,
283.0876; found, 283.0875. 96% yield.
2-(4-Chlorophenyl)-5-phenyl-3H-imidazol-4-ylamine (3f).
IH NMR (MeOH-dy): 6 7.89-7.86 (d, 2H, Gi=C(Cl) of
aromatic ringJ = 8.7 Hz), 7.66-7.62 (m, 4H, AH), 7.55-
7.50 (t, 2H, AH, J = 7.7 Hz), 7.42-7.37 (t, 1H, AH, J =
7.3 Hz).13C NMR (MeOH-d,): ¢ 138.7,138.2, 137.1, 130.9
(x2), 130.3 &2), 129.0, 128.9 x2), 127.3 (2), 124.9,
123.3 (x2). Exact mass calcd for 16H:,CIN3, 269.0720;
found, 269.0720. 98% yield.
2-(4-Methoxyphenyl)-5-phenyl-3H-imidazol-4-yl-
amine (3g).*H NMR (MeOH-d,): 6 7.85-7.82 (d, 2H, AH,
J=9.1Hz), 7.647.61 (d, 2H, AH, J = 7.7 Hz), 7.52
7.47 (t, 2H, AH, J = 7.7 Hz), 7.35 (t, 1H, AH, J = 7.3
Hz), 7.15-7.12 (d, 2H, (i=C(OMe) of aromatic ring) =
8.7 Hz), 3.89 (s, 3H, OKy). 3C NMR (MeOH,): 6 164.0,
140.0, 130.3 ¥2), 129.3 &2), 129.2, 128.8, 127.%(2),
116.8 (x2), 116.2 &«2), 113.1, 56.2. Exact mass calcd for
CigH15N30, 265.1215; found, 265.1213. 83% yield.
2-1sopropyl-5-phenyl-3H-imidazol-4-ylamine (3h). *H
NMR (MeOH-d,): o 7.59-7.31 (m, 5H, AH), 1.43-1.27
(m, 7H, CHz and AH). °C NMR (MeOH-d,): ¢ 135.1, 131.5,
130.7 (x2), 130.2 «2), 128.6 «2), 126.8, 34.8, 28.1, 20.9.
Exact mass calcd for &H1sN3, 201.1266; found, 201.1263.
93% vyield.
2-Methyl-5-phenyl-3H-imidazol-4-ylamine (3i).'H NMR
(MeOH-dy): 6 7.55-7.31 (m, 5H, AH), 2.57 (s, 3H, El3).
13C NMR (DMSO-dg): 6 138.3, 134.1 £2), 128.8 (2),
128.5, 126.3, 124.4 2), 11.1. Exact mass calcd for
C1oH11N3, 173.0953; fOUﬂd, 173.0955. 87% yleld
2,5-Diphenyl-3H-imidazol-4-ylamine (3j). *H NMR
(MeOH-d,): 6 8.05-8.02 (d, 2H, AH, J = 6.6 Hz), 7.73-
7.70 (d, 2H, AH, J = 7.7 Hz), 7.647.49 (m, 5H, AH),
7.39-7.33 (t, 1H, AH, J = 7.7 Hz).23C NMR (MeOH-d,):
0 139.5,137.1, 132.7, 130.&@), 130.3 2), 129.1, 129.0
(x2), 127.3 &2), 124.6 «2), 114.0. Exact mass calcd for
CisH13N3, 235.1109; found, 235.1105. 98% vyield.
General Procedure for the Microwave-Assisted Syn-
thesis of 2-Substituted 5-Amino-H-imidazole-4-carboxy-
lic Acid Ethyl Ester (3k —30). To a mixture of the respective
thioiminoether hydrobromid@ (0.47 mmaol) in anhydrous
chloroform (50 mL) was added pyridine (0.47 mmol) and
aminocyanoacetic acid ethyl ester (0.56 mmol). The reaction
mixture was heated at 6TC in a microwave reactor (300
W) and monitored using TLC. The reaction was completed
within 5 min, after which the reaction mixture was evapo-

rated to dryness in vacuo, and diethyl ether was added to

precipitate the final produc8. The precipitate was filtered,

washed with diethyl ether, and dried under vacuum.3ter

3n, the compound could not be precipitated, so the compound

was purified via CC (5% MeOH in CiLly).
5-Amino-2-phenyl-1H-imidazole-4-carboxylic Acid Eth-

yl Ester (3k). *H NMR (DMSO-dg): 6 7.89-7.42 (m, 5H,

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 467

ArH), 4.36-4.29 (q, 2H, G, J = 7.0 Hz), 1.40-1.34 (t,
3H, CH3, J= 7.0 Hz).*3C NMR (MeOHd,): 6 163.3, 131.1,
130.6, 130.5, 129.942), 127.1 «2), 121.9, 63.8, 60.8, 15.0.
Exact mass calcd for@H13N3O,, 231.1008; found, 231.1009.
91% yield.
5-Amino-2-benzyl-H-imidazole-4-carboxylic Acid Eth-
yl Ester (3l). *H NMR (DMSO-dg): 6 7.38-7.36 (m, 5H,
ArH), 4.30-4.27 (q, 2H, &, J = 6.9 Hz), 4.16 (s, 2H,
CHyp), 1.32-1.27 (t, 3H, 3, J = 7.1 Hz). 1°%C NMR
(MeOH-dy): 6 162.2, 152.5, 147.3, 137.2, 129:37), 129.0,
127.5 (x2), 102.2, 60.4, 34.2, 14.4. Exact mass calcd for
Ci3H15N30,, 245.1164; found, 245.1163. 98% yield.
5-Amino-2-(4-nitrophenyl)-1H-imidazole-4-carboxylic
Acid Ethyl Ester (3m). *H NMR (DMSO-dg): 6 8.29 (s,
4H, ArH), 4.28-4.20 (g, 2H, ¢, J= 7.3 Hz), 1.33-1.28
(t, 3H, CH3, J = 7.0 Hz).:3C NMR (DMSO-dg): ¢ 160.5,
147.1, 135.2, 126.842), 124.9, 124.2%2), 124.0, 102.9,
59.3, 14.6. Exact mass calcd forA12N4O4, 276.0859;
found, 276.0866. 98% vyield.
5-Amino-2-(4-nitrobenzyl)-1H-imidazole-4-carboxylic
Acid Ethyl Ester (3n). *H NMR (MeOH-d,): 6 8.19-8.16
(d, 2H, AH=C(NGQ;) of aromatic ring,JJ = 8.7 Hz), 7.49-
7.46 (d, 2H, ¢I=CH of aromatic ringJ = 8.7 Hz), 4.36-
4.23 (g, 2H, ®l,, J = 7.0 Hz), 4.03 (s, 2H, B,), 1.35~
1.31 (t, 3H, @3, J = 7.0 Hz). °C NMR (DMSO-s): 0
160.7, 155.2, 154.0, 146.2, 145.%3), 129.9 «2), 123.5
(x2), 58.6, 33.7, 14.7. Exact mass calcd forH4N4Os,
290.1015; found, 291.1018. 97% yield.
5-Amino-2-methyl-1H-imidazole-4-carboxylic Acid Eth-
yl Ester (30). *H NMR (MeOH-d,): ¢ 4.29-4.22 (q, 2H,
CH,, J=7.0 Hz), 2.23 (s, 3H, B3), 1.35-1.30 (t, 3H, G5,
J = 7.0 Hz).13C NMR (MeOH-,): 6 162.8, 154.6, 146.7,
102.4, 60.6, 15.0, 13.6. Exact mass calcd foHGN3O,,
169.0851; found, 169.0852. 92% vyield.
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