International Journal of Organic Chemistry, 2012, 2, 302-304

http://dx.doi.org/10.4236/ijoc.2012.223041 Published Online November 2012 (http://www.SciRP.org/journal/ijoc)

+53 Scientific
#3% Research

Quantitative Determination of Click Reaction in the
Presence of Glycine Derivatives and in Dilute Solution

Yui Ogasawara, Yuta Murai, Yasuko Sakihama, Yasuyuki Hashidoko, M akoto Hashimoto’
Graduate School of Agriculture, Hokkaido University, Sapporo, Japan
Email: "hasimoto@abs.agr.hokudai.ac.jp

Received August 15, 2012; revised September 21, 2012; accepted October 2, 2012

ABSTRACT

The click reaction is one of the latest techniques for the functional analysis of bioactive compounds and the analysis
makes novel concepts and strategies for medicinal chemistry. N-methylated glycine derivatives have inhibitory activity
for the click reaction in direct Cu(l) system because of decrease of Cu(l) concentration. The Cu(l) concentration recov-
ered effectively by sodium ascorbate. Quantitative determination of click reaction at various ligand concentrations re-
vealed that the decrease in reaction yields was observed in a substrate concentration-dependent manner.
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1. Introduction

The functional analysis of bioactive compounds is im-
portant for medicinal chemistry and drug discovery. The
chemical modification of bioactive compounds is one of
the major strategies to study biochemical aspects. There
are many advantages of introduction of unnatural func-
tional groups to bioactive compounds because it is very
difficult to obtain reaction selectivity when the common
functional groups of biomolecules were used for exoge-
nous labeling. Click chemistry is the study of highly effi-
cient addition reactions. The most well-known click re-
action is the Cu(l) catalyzed azide-alkyne cycloaddition
reaction, which forms a triazole ring linkage [1]. Both
azide and alkyne, which are small unnatural functional
groups, are available for the selective chemical modifica-
tion of bioactive compounds. We have recently reported
on inhibition of click reaction with c~amino acid skele-
tons (glycine and propargylglycine) because the Cu(l)
concentration in direct Cu(l) system was decreased in the
presence of N-unsubstituted c~amino acids. We aso
found sodium ascorbate could recover the Cu(l) concen-
tration in the reaction mixture [2]. No report has been
published in substitution effects of c~amino acids. Fur-
thermore it has been reported that the click reactions are
characterized by rapid and quantitative conversion from
starting materials to products [1]. The typical organic
reaction efficiency was decreased dramatically at the low
reactant concentrations. There are only few reports on
guantitative determination of click reaction in dilute so-
[ution [3]. In this paper, we report the quantitative deter-
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mination of click reaction with inhibition of N-methy-
lated glycine derivatives and effects on yields in low re-
actant concentrations.

2. Results and Discussion

2.1. Inhibitory Effects of N-Substituted Glycine
Derivativesfor Click Reaction

We have been reported that glycine (4) inhibited click
reaction of N-Boc-propargylglycine (1) and benzyl azide
(2) in the presence of CuBr at room temperature [2].
Colorimetric assay with bathocuproine disulphonic acid
[4-6] during the reaction revealed the Cu(l) concentration
was decreased in a time dependent manner. N-unpro-
tected glycine inhibited the reaction, but on the other
hand N-Boc protected o~amino acid did not inhibit the
reaction. These results indicated that the amide (urethane)
bond did not cause decrease the Cu(l) concentration. The
click reaction mixture of 1 and 2 in the presence of gly-
cine (4) and N-methyl substituted glycine derivatives
(sarcosine 5, N,N-dimethylglycine 6 and betaine 7, 1 eq)
were subjected to colorimetric assay for Cu(l) determina-
tion. Each glycine derivatives and CuBr were dissolved
in t-BuOH-H,O and the mixtures were subjected to col-
orimetric assay every hour. All additives promoted to
decrease Cu(l) concentration in a time-dependent manner,
but slow decrease was observed in the mixture with qua-
ternary ammonium salt (betaine, 7). Compounds 1 and 2
were added to the reaction mixture after 3 hours. It was
observed no significant differences for the Cu(l) concen-
tration after click substrate addition. The click product
was detected by addition of quaternary ammonium salt
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(betaine, 7). These results suggested that concentration of
Cu(l) was relatively high in the quaternary ammonium
salt mixture than others, and the click reaction proceeded
partially. But there was not enough Cu(l) concentration
to react completely. Finally sodium ascorbate (0.2 eq)
was added the reaction mixtures. Concentration of the
Cu(l) recovered and the click reaction was completed
within an hour in all reaction mixtures (Table 1). It was
observed the same decrease of Cu(l) concentration by
glycine derivatives when the all substrates were added in
the solution at same time and addition of sodium ascor-
bate recovered the Cu(l) concentration.

These inhibitory activities of N-alkylglycine skeletons
for the click reactions were observed due to decrease of
Cu(l) concentration in the reaction mixture. There have
been reported that some of tertially amine enhanced the
click reactions [7]. The decrease of Cu(l) concentration
derived from N-unsubstituted or N-alkylated o~amino acid
skeletons. It was considered that quaternary ammo nium

Table 1. Quantitative determination of Cu(l) with colori-
metric assay at 485 nm with bathocuproine disulphonic acid
and click product 3 in the presence of N-methyl glycine de-
rivatives 4-7.

//+ N3 ﬂ» N"N‘N/\©
2

t-BUuOH ]

BocHN™ "COOH
2 BocHN” “COOH 3
O 4 R4, R, = H (glycine)
R,R;N 5 R; = CHj3, R, = H (sarcosine)
OH 6R;, R, =CHj
(N,N-dimethylglycine)
| (0]
—N*, 7 (betaine
Mo 7 wetaine)
Additive Glycine4 Sarcosine5 Di m_ethyl Betain 7
glycine 6
CuBr + amine
AssatOh 0.077 0.080 0.102 0.433
Asmsatlh 0.017 0.021 0.030 0.284
Assat2h 0.020 0.021 0.030 0.249
+Compounds 1 and 2
AssatOh 0.051 0.038 0.049 0.259
Agsa 05h 0.042 0.036 0.044 0.366
Asgsatdh 0.020 0.035 0.034 0.292
Yield of 3 0% 0% 0% 60%
+Sodium ascorbate
AssatOh 1.381 1.300 1.272 1111
Asgsatlh 0.738 1.199 1.075 1173
Yield of 3 90% 92% 92% 96%

salt (betaine 7) weakest potentia inhibitory activity.

2.2. Quantative Determination of Click Reaction
in Dilute Solution

It has been reported that the click reaction proceeded
quantitatively in various condition [1]. The effect of
many organic reactions depends on reactant concentra-
tions and low reactant concentration sometimes caused
low yields. As we would expect, click reaction for func-
tional analysis have to apply very low amount of target
molecules. We would like to establish ligand concentra-
tion manner for the click reaction. The reaction of benzyl
azide 2 (280 mM) and an equivalent of  -propargylgly-
cine 8 were proceeded in the presence of CuBr (0.3 eq)
and sodium ascorbate (0.2 eq) in t-BuOH and H,0 at 75°C
for a day. Some common buffers (acetate, Tris and phos-
phate) were subjected for click reaction solvents to apply
the click reaction for functiona analysis. The product 9
was determined by HPLC, which can quantify 9 in the
range of 0.2 to 3 nmol. Phosphate buffer (pH 7.2) afforded
highest yield for the click reaction of compounds 2 and 8
in the condition, but other buffers also provided enough
results to apply functiona analysis (Table 2).

Different concentrations of compound 8 were subject-
ed to click reaction with equivalent amount of 2 in 0.1 M
phosphate buffer (pH 7.2). Concentration-dependent man-
ner and drastic reduction in the click reaction yield at con-
centrations of 8 lower than 10 mM were observed (Table
3). The low yidds did not improve when the 10 equiva
lents of 2 againgt 8 were subjected to the click reaction.

3. Experimantal
3.1. General Information

Bathocuproine disulphonic acid and N,N-dimethylglycine
were purchased from Dojin (Kumamoto, Japan) and
Wako Chemical (Osaka, Japan), respectively. Sarcosine
and betaine anhydrous were purchased from Tokyo kasei

Table 2. Solvent effects on the click reaction for propargyl-
glycine 8 and benzyl azide 2.

CuBr
Y, Na ascorbate N'oN‘N
// @ Ny ———» —
k4 " 75°C
1d

HoN" “COOH H,N”~ ~COOH
8 2 9
Solvent Yield of 9 (%)
t-BUOH:H,0 (1:1) 85
0.1 M Acetate buffer (pH 3.8) 89
0.1 M Trisbuffer (pH 7.2) 90
0.1 M Phosphate buffer (pH 7.2) 98

Copyright © 2012 SciRes.

1J0C



304 Y.OGASAWARA ET AL.

Table 3. Click reaction in substrate 8 concentr ation-depend-
ent manner in phosphate buffer (pH 7.2).

Concentration Concentration

of 8 (MM) Yield (%) of 8 (MM) Yield (%)
280 99 10 35
80 9 75 10
60 95 5 9
50 88 10
40 54 1 9
30 48 05 6
20 48 02 4

(Tokyo, Japan). p_-propargylglycine was obtained from
Sigma (St. Louis, USA). Chirabiotic T HPLC column was
purchased from Supelco (Bellefonte, USA). All other re-
agents were commercially available and used without fur-
ther purification.

3.2. Quantitative Determination of Cu(l) in the
Click Reaction with Bathocuproine
Disulphonic Acid

CuBr (0.1 eq against compound p.-1) and amine (1 eq)
were suspended in t-BuOH and H,O (1:1) at room tem-
perature. After 3 hours, the compound p -1 and 2 (1 eq)
were added the suspension and the reaction mixture was
stirred at same temperature for 4 hours. Finally, sodium
ascorbate (0.2 eq) was added the reaction mixture. A part
of the mixture (9 pL) at indicated time in Table 1 was
pipetted out and added 17 mM bathocuproine disul-
phonic acid agueous solution (15 pL) and sodium acetate
solution (1.22 M, 840 pL). The assay mixture was ad-
justed to 1 mL with distilled water then subjected to ab-
sorption measurement at 485 nm with spectrophotometer.
The click reaction mixtures were subjected to silica
column chromatography (CH,Cl,:CH;OH = 4:1, then 2:1)
to afford 3 as pae yellow oil. The analytical data was
identical to those of our previous report [2].

3.3. Click Reaction in a Substrate
Concentration-Dependent Manner

Same equivalent of compound p -8 and 2 at various
concentrations were dissolved in the solvent. CuBr (0.3
eg) and sodium ascorbate (0.2 eq) were added to the
mixture. The reaction mixture was heated at 75°C for a
day. The insoluble material was dissolved by addition of
1 M HCI, then the reaction mixture was diluted to be-
tween 0.1 and 1.5 mM. The diluted samples were subject-
ed to HPLC (Chirobiotic T 4.6 x 250 mm, CH;OH: H,O =
1:1, 1 mL/min, deteaction a 210 nm). The analysis of
product 9 wasidentical to those described previoudy [2].

4. Conclusion

In conclusion, we have demonstrated that Cu(l) concen-

Copyright © 2012 SciRes.

tration of click reaction in direct Cu(l) system decreased
in the presence of glycine derivatives and the a-amino
acid moiety was important for the inhibition. The results
indicated N-unsubstituted or N-methylated a-amino acid
skeleton might promote oxidation of Cu(l) and sodium
ascorbate could reduce the oxidized copper species to Cu(l)
to proceed the click reaction. Furthermore, the click reac-
tion yields are affected by substrate concentration-depen-
dent manner at low concentrations. It needs scrupulous
attention to the experiments of chemical modifications at
low amount biomolecules with click chemistry. These
findings will be very useful for functional analysis of bio-
active compoundsin the medicinal chemistry.
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