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Crosslinking amino acids are naturally existing protein crosslinkers. Herein, we described the synthesis of
several novel bis-amino acids constituted of serine, alanine, lysine, and tyrosine with click chemistry. The
Huisgen 1,3-dipolar cycloadditions between azido- and alkyne-functionalized amino acids can be easily
realized in the presence of catalytic amount of CuSO4 and Na ascorbate. In addition, fluorescent bis-
amino acid derivatives have also been prepared using anthracene, fluorescein, and benzothiadiazole as
fluorophores. With symmetrical bis-alkyne benzothiadiazole, it was possible to synthesize asymmetrical
derivative bearing two different amino acid moieties.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Crosslinking amino acids like histidinoalanine, lysinoalanine, and
pyridinoline are natural metabolism products identified from
a range of sources like milk products, human tissues including con-
nective tissue, bone, dentin, and eye cataracts, phosphoproteins of
bivalve molluscs as well as bicyclic dodecapeptides theonellamides.1

As covalent protein crosslinks, histidinoalanine and lysinoalanine
have been shown to increase the stability toward proteases and
modify the quaternary structure of proteins. They seem to play an
important role in mineral binding in bivalve molluscs and in ad-
vanced eye cataracts. On the other hand, deoxypyridinoline and
pyridinoline, two fluorescent crosslinks derived from the degrada-
tion of bone collagen, have been used as biochemical markers of
collagen turnover.2 Synthesis of these crosslinking amino acids has
therefore attracted increasing attentions.1,3 However, preparation of
bis-amino acids like histidinoalanine remained difficult because of
the problem of regioisomers and low yield.4 As a continuing program
on the use of click chemistry for bioorganic and analytical applica-
tions,5 we decided to synthesize new bis-amino acid derivatives of
serine, alanine, tyrosine, and lysine (compounds 1–10, Fig. 1) using
the Cu(I)-catalyzed Huisgen 1,3-dipolar cycloaddition reaction.6

Since the triazole ring has similar chemical properties as the imid-
azole ring and is resistant to hydrolysis, oxidation, reduction, or other
modes of cleavage, compounds 1–3 can be considered as mimetics of
histidinoalanine. Fluorescence methods have been widely used in
þ33 1 47402454.
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the biosciences and appear to be among the most powerful analytical
research tools. We have also synthesized fluorescent bis-amino acid
derivatives 5–10 based on anthracene, fluorescein, and benzothia-
diazole, which absorb at wavelengths longer than 320 nm, where
interference from the tryptophan units is negligible. These molecules
could then be used as multivalent organic probes for fluorescent
labeling of biomolecules.7
2. Results and discussion

In order to obtain various bis-amino acids, we have firstly syn-
thesized protected amino acids functionalized with azido or alkyne
functions. O-Propargyl Boc-Ser-OMe 11,8 3-azido Boc-Ala-OMe 12,9

3-azido Boc-Ala-OBn 13,10 O-propargyl Boc-Tyr-OMe 1411 have
been prepared according to the literature procedure. O-Propargyl
Boc-Ser-OBn 15 was obtained from Boc-Ser-OH by O-alkylation and
esterification reactions (Scheme 1). By a diazotransfer reaction with
imidazole-1-sulfonyl azide,12 Na-Cbz-Lys-OH has been transformed
into the corresponding azide 16 in 70% yield after esterification
with SOCl2 and MeOH.

Click reaction of azides 12 and 13 with alkynes 11, 14, and 15
underwent smoothly in the presence of catalytic amount of CuSO4

and sodium ascorbate in a mixture of CH2Cl2 and H2O (Table 1). Bis-
amino esters 1–4 were obtained in 55–86% yield. By saponification
or hydrogenolysis, these compounds can be easily transformed into
the carboxylic acids 17–20 for further derivatization (Scheme 2).

Synthesis of anthracene and fluorescein-based bis-amino acid
derivatives is depicted in the Scheme 3. Reaction of the alkyne 15
(2 equiv) with the known diazido anthracene 2113 (1 equiv) led to
the desired compound 5 in 60% yield. However, hydrogenolysis
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Figure 1. Structure of natural and target crosslinking amino acid derivatives.
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Scheme 1. Synthesis of azido or propargyl amino esters 15, 16.

Table 1
Synthesis of bis-amino esters 1–4 via click chemistrya

Entry Azide Alkyne

1
N3

BocHN CO2Me

12

O

BocHN CO2Me

11

2
N3

BocHN CO2Me

12

O

BocHN CO2Bn

15

3
N3

BocHN CO2Bn

13

O

BocHN CO2Me

11

4
N3

BocHN CO2Me

12

14

BocHN CO2Me

O

a The reaction was conducted in the presence of 0.01–0.1 equiv of CuSO4 and 0.02–0.2
b Isolated yield after column chromatography.
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under different conditions failed to give the corresponding free
acid. Treatment of the azido alanine 12 or azido lysine 16 with the
bis-propargyl fluorescein 2214 furnished the fluorescent molecules
6 and 7 as a yellow solid in good yield (82% for 6 and 92% for 7).
Tentative saponification of 6 and 7 also hydrolyzed the ester bond
of the fluorescein moiety. We then decided to deprotect the amino
function of compounds 6 and 7 for further modification. Reaction of
6 with TFA led to the free amino derivative 23 in quantitative yield.
Hydrogenolysis or HBr treatment of 7 failed to give the corre-
sponding free acid.

Benzothiadiazole fluorophore was easily accessible and pos-
sessed high fluorescence efficiency.15 Treatment of its bis-alkyne
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derivative 2416 (1 equiv) with the azido alanine 12 or azido lysine
16 (2 equiv) in the presence of TBAF afforded, in one-pot,5b the bis-
triazole compounds 8 and 9 in 68–73% yield (Scheme 4). Reaction of
24 with 0.44 equiv of 16 led to a mixture of mono-click compounds
25 and 26. The TMS-protected compound 25 can be easily con-
verted into the deprotected alkyne 26 by TBAF in 86% total yield.
Further click reaction of 26 with the azide 12 led to the asymmet-
rical bis-amino ester 10 in 91% yield. This result is very interesting
since different azido derivatives can be linked to the benzothia-
diazole fluorophore through two consecutive click reactions.
Saponification of compounds 8–10 led to the corresponding free
acids 27–29 in good yield. The amino-protecting groups of 8 and 9
can also be easily removed with TFA (for Boc) or HBr in AcOH (for
Cbz), leading to the corresponding amino esters 30 and 31.

3. Conclusion

In summary, we have realized an efficient synthesis of new
crosslinking amino esters with click chemistry. Bis-amino acids
containing serine, alanine, tyrosine, and lysine can then be easily
prepared. Furthermore, their fluorescent derivatives have also been
prepared using azido or alkyne-functionalized anthracene, fluo-
rescein, and benzothiadiazole as fluorophores. These bis-amino
acids should be useful as protein crosslinks for various biological
applications. Fluorescent bis-amino acids could also be used for
biomolecules labeling or as fluorescent sensors.17 Work is in prog-
ress in our laboratory for potential applications of these molecules.

4. Experimental

4.1. General

1H and 13C NMR spectrawere recorded on Jeol 400 spectrometer in
CDCl3, DMSO-d6 or CD3OD solutions. Column chromatography was
performed on E. Merck Silica Gel 60 (230–400 mesh). Analytical thin-
layer chromatography was performed on E. Merck aluminum per-
colated plates of Silica Gel 60F-254 with detection by UV and nin-
hydrin. Optical rotations were measured using a Jasco P-2000
polarimeter. High-resolution mass spectra (HRMS) were recorded on
a MA1212 instrument using standard conditions (ESI, 70 eV).

4.2. Preparation of O-propargyl Boc-Ser-OBn 15

To an ice cold solution of Boc-Serine (0.380 g, 1.86 mmol) in
10 mL DMF was added slowly NaH (60%, 107 mg, 4.45 mmol). After
kept stirring for 30 min, propargyl bromide (0.23 mL, 2.61 mmol)
was then added. After 12 h at rt, brine (15 mL) was added. The re-
action mixture was extracted with EtOAc (2�10 mL). The water
layer was acidified to pH¼1–2 with 1 N KHSO4, then extracted with
EtOAc (3�15 mL). The combined organic layers were dried over
MgSO4, evaporated to give a liquid, which was dissolved in DMF
(10 mL). NaHCO3 (312 mg, 3.72 mmol) and BnBr (0.59 mL,
4.65 mmol) were added successively. After 12 h at rt, brine (15 mL)
was added. The reaction mixture was extracted with EtOAc
(3�15 mL). The combined organic layers were washed with brine
and dried over anhydrous MgSO4, then evaporated. Purification by
column chromatography (petroleum ether/EtOAc: 10/1) afforded
the title compound as a colorless liquid (0.350 g, 56%). TLC: Rf¼0.6
(petroleum ether/EtOAc¼4/1). [a]D

25 �2.4 (c 0.3, CH2Cl2); 1H NMR
(400 MHz, CDCl3): d 7.35–7.36 (m, 5H, Ph), 5.39 (d, 1H, J¼8.3 Hz,
NH), 5.27 (d, 1H, J¼12.4 Hz, CHPh), 5.15 (d, 1H, J¼12.4 Hz, CHPh),
4.49 (dt, 1H, J¼2.8, 8.7 Hz, CH), 4.10 (d, 2H, J¼2.3 Hz, CH2), 4.00 (dd,
1H, J¼3.2, 9.6 Hz, CH), 3.75 (dd, 1H, J¼3.2, 9.2 Hz, CH), 2.40 (t, 1H,
J¼2.3 Hz, C^CH). 13C NMR (100 MHz, CDCl3): d 170.4, 155.6, 135.5
(Cq); 128.6, 128.4, 128.2 (Ph); 80.1 (Cq), 75.2 (CH^); 69.8, 67.3, 58.6
(CH2); 54.0 (CH), 28.4 (Boc). HRESIMS: calcd for C18H23NNaO5:
356.1474; found: m/z 356.1468.

4.3. Preparation of 6-azido-2(S)-benzyloxycarbonylamino-
hexanoic acid methyl ester 16

To precooled (ice-salt bath) absolute MeOH (5 mL) was added
slowly SOCl2 (0.2 mL, 2.8 mmol), then Na-Cbz-Lys-OH (100 mg,
0.36 mmol) in one portion. The solution was allowed to warm to rt
slowly and stirred overnight. After evaporation, Na-Cbz-Lys-OMe
was obtained as clear oil, which was dissolved in dry MeOH (8 mL).
K2CO3 (248 mg, 1.8 mmol) and CuSO4$5H2O (23 mg, 0.09 mmol)
were added to the above solution, followed by ImSO2N3 (75 mg,
0.43 mmol) 10 min later. The reaction mixture was stirred at rt for
12 h. After addition of H2O (30 mL), the mixture was extracted with
CH2Cl2 (3�10 mL). The organic layers were combined, washed
with brine, dried over MgSO4, and evaporated under vacuum. The
residue was purified on silica gel with EtOAc/petroleum ether (1/4)
as eluent to give 70 mg (70%) of 16 as a colorless liquid. TLC: Rf¼0.5
(petroleum ether/EtOAc¼4/1). [a]D

25 þ109.2 (c 0.6, CH2Cl2); 1H
NMR (400 MHz, CDCl3): d 7.36–7.37 (m, 5H, Ph), 5.31 (d, 1H,
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J¼5.1 Hz, NH), 5.10 (s, 2H, CH2), 4.37–4.42 (m, 1H, CH), 3.72 (s, 3H,
OMe), 3.26 (t, 2H, J¼6.6 Hz, CH2N3), 1.39–1.99 (m, 6H, 3�CH2). 13C
NMR (100 MHz, CDCl3): d 172.8, 155.9, 136.2 (Cq); 128.7, 128.3,
128.2 (Ph); 67.2 (PhCH2), 53.7 (CH), 52.6 (OMe), 51.2 (CH2N3), 32.4,
28.5, 22.5 (CH2). HRESIMS: calcd for C15H20N4NaO4: 343.1382;
found: m/z 343.1377.

4.4. General procedure for click reaction

To a solution of alkyne (1 mmol) and azide (1 mmol) in CH2Cl2
(10 mL) and water (10 mL) were added CuSO4$5H2O (0.01–
0.2 mmol) and sodium ascorbate (0.02–0.2 mmol) successively. The
reaction mixture was vigorously stirred at rt for 12–20 h. CH2Cl2
(30 mL) was then added. After separation of the organic layer, the
aqueous layer was extracted with CH2Cl2 (3�20 mL). The combined
organic layers were washed with brine (40 mL), dried over MgSO4,
evaporated and purified by column chromatography.

4.4.1. 2(S)-tert-Butoxycarbonylamino-3-[4-(2(S)-tert-butoxy-
carbonylamino-2-methoxycarbonyl-ethoxymethyl)-1,2,3-triazol-1-
yl]-propionic acid methyl ester 1. From 11 (84 mg, 0.33 mmol) and
12 (80 mg, 0.33 mmol), column chromatography (petroleum
ether/EtOAc, 1/1,) afforded 1 as a colorless liquid (90 mg, 55%). TLC:
Rf¼0.2 (petroleum ether/EtOAc¼1/1). [a]D

25 þ34.6 (c 0.5, CH2Cl2);
1H NMR (400 MHz, CDCl3): d 7.47 (s, 1H, CH), 5.40 (d, 1H, J¼6.4 Hz,
NH), 5.36 (d, 1H, J¼8.7 Hz, NH), 4.85 (dd, 1H, J¼5.0, 14.2 Hz, CH),
4.78 (dd, 1H, J¼4.1, 14.2 Hz, CH), 4.71–4.76 (m, 1H, CH), 4.65 (d, 1H,
J¼12.4 Hz, CH), 4.61 (d, 1H, J¼12.4 Hz, CH), 4.42–4.45 (m, 1H, CH),
3.93 (dd, 1H, J¼3.2, 9.6 Hz, CH), 3.79 (s, 3H, MeO), 3.75 (s, 3H,
MeO), 3.73 (dd, 1H, J¼3.2, 9.6 Hz, CH), 1.42 (s, 18H, 2�t-Bu). 13C
NMR (100 MHz, CDCl3): d 171.1, 169.5, 155.5, 155.2, 144.7 (Cq);
123.8 (CH), 80.8 (Cq), 70.4, 64.8 (CH2), 53.9, 53.7 (MeO), 53.2, 52.5
(CH); 50.9 (CH2), 28.3 (CH3). HRESIMS: calcd for C21H35N5NaO9:
524.2333; found: m/z 524.2327.

4.4.2. 2(S)-tert-Butoxycarbonylamino-3-[4-(2(S)-tert-butoxy-
carbonylamino-2-methoxycarbonyl-ethoxymethyl)-1,2,3-triazol-1-
yl]-propionic acid benzyl ester 2. From 12 (80 mg, 0.33 mmol) and
15 (110 mg, 0.33 mmol), column chromatography (petroleum
ether/EtOAc,1/1) afforded 2 as a colorless liquid (134 mg, 70%). TLC:
Rf¼0.2 (petroleum ether/EtOAc¼1/1). [a]D

25þ16.6 (c 0.5, CH2Cl2); 1H
NMR (400 MHz, CDCl3): d 7.34 (s, 1H, CH), 7.33–7.34 (m, 5H, Ph),
5.38 (m, 2H, 2�NH), 5.25 (d, 1H, J¼12.4 Hz, CHPh), 5.11 (d, 1H,
J¼12.4 Hz, CHPh), 4.78–4.81 (m, 1H, CH), 4.69–4.73 (m, 2H), 4.63 (d,
1H, J¼12.4 Hz, CH), 4.55 (d, 1H, J¼12.4 Hz, CH), 4.48 (td, 1H, J¼3.7,
9.2 Hz, CH), 3.92 (dd, 1H, J¼3.2, 9.2 Hz, CH), 3.76 (s, 3H, MeO), 3.73
(dd, 1H, J¼3.2, 9.6 Hz, CH), 1.44 (s, 18H, 2�t-Bu). 13C NMR (100 MHz,
CDCl3): d 170.5, 169.5, 155.5, 155.2, 144.5, 135.5 (Cq); 128.6, 128.3,
128.1 (Ph), 123.8 (CH), 80.8 (Cq), 70.5, 67.2, 64.8 (CH2), 54.1 (MeO),
53.7, 53.1 (CH); 50.9 (CH2), 28.3 (CH3). HRESIMS: calcd for
C27H39N5NaO9: 600.2646; found: m/z 600.2640.

4.4.3. 3-[4-(2(S)-Benzyloxycarbonyl-2-tert-butoxycarbonylamino-
ethoxymethyl)-1,2,3-triazol-1-yl]-2(S)-tert-butoxycarbonylamino-
propionic acid methyl ester 3. From 11 (187 mg, 0.583 mmol) and 13
(150 mg, 0.583 mmol), column chromatography (petroleum ether/
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EtOAc, 1/1) afforded 3 as a colorless liquid (280 mg, 86%). TLC:
Rf¼0.3 (petroleum ether/EtOAc¼1/1). [a]D

25þ10.8 (c 0.3, CH2Cl2); 1H
NMR (400 MHz, CDCl3): d 7.33–7.35 (m, 5H, Ph), 7.25 (s, 1H, CH),
5.42 (d, 1H, J¼7.3 Hz, NH), 5.35 (d, 1H, J¼8.7 Hz, NH), 5.20 (d, 1H,
J¼12.4 Hz, CHPh), 5.15 (d, 1H, J¼12.4 Hz, CHPh), 4.82 (dd, 1H, J¼4.6,
14.2 Hz, CH), 4.76 (dd, 1H, J¼4.1, 14.2 Hz, CH), 4.66–4.71 (m, 1H),
4.58 (d, 1H, J¼12.4 Hz, CH), 4.52 (d, 1H, J¼12.4 Hz, CH), 4.41 (td, 1H,
J¼3.7, 8.7 Hz, CH), 3.88 (dd, 1H, J¼3.2, 9.6 Hz, CH), 3.71 (s, 3H, OMe),
3.70 (dd, 1H, J¼3.2, 9.2 Hz, CH), 1.41 (s, 18H, 2�t-Bu). 13C NMR
(100 MHz, CDCl3): d 171.1, 168.9, 155.5, 155.2, 144.5, 134.8 (Cq);
128.9, 128.8 (Ph), 123.8 (CH), 80.8 (Cq), 70.4, 68.2, 64.7 (CH2), 54.0,
53.9 (CH); 52.6 (OMe), 50.9 (CH2), 28.3 (CH3). HRESIMS: calcd for
C27H39N5NaO9: 600.2645; found: m/z 600.2640.

4.4.4. 2(S)-tert-Butoxycarbonylamino-3-{4-[4-(2(S)-tert-butoxy-
carbonylamino-2-methoxycarbonyl-ethyl)-phenoxymethyl]-1,2,3-
triazol-1-yl}-propionic acid methyl ester 4. From 12 (22 mg,
0.09 mmol) and 14 (30 mg, 0.09 mmol), column chromatography
(petroleum ether/EtOAc, 1/1) afforded 4 as a white crystal (45 mg,
86%). TLC: Rf¼0.4 (petroleum ether/EtOAc¼1/1). [a]D

25 þ54.6 (c 0.5,
CH2Cl2); 1H NMR (400 MHz, CDCl3): d 7.55 (s, 1H, CH), 7.01 (d, 2H,
J¼8.7 Hz, Tyr), 6.88 (d, 2H, J¼8.7 Hz, Tyr), 5.36 (d, 1H, J¼7.3 Hz,
NH), 5.16 (s, 2H, CH2), 4.94 (d, 1H, J¼7.8 Hz, NH), 4.80 (dd, 1H,
J¼4.6, 14.2 Hz, CH), 4.78 (dd, 1H, J¼4.6, 13.8 Hz, CH), 4.68–4.71 (m,
1H, CH), 4.50–4.55 (m, 1H, CH), 3.75 (s, 3H, OMe), 3.70 (s, 3H,
OMe), 3.02 (dd, 1H, J¼5.5, 14.2 Hz, CH), 2.99 (dd, 1H, J¼6.0, 13.8 Hz,
CH), 1.42 (s, 9H, t-Bu), 1.40 (s, 9H, t-Bu). 13C NMR (100 MHz, CDCl3):
d 172.4, 169.5, 157.3, 155.1 (Cq); 130.4 (CH), 128.7 (Cq), 129.3 (CH),
114.9 (CH), 80.8 (Cq), 62.1 (CH2), 54.6, 53.8 (CH); 53.2, 52.3 (OMe),
51.0, 37.5 (CH2), 28.4 (CH3). HRESIMS: calcd for C27H39N5NaO9:
600.2646; found: m/z 600.2647.

4.4.5. 3-(1-{10-[4-(2(S)-Benzyloxycarbonyl-2-tert-butoxy-
carbonylamino-ethoxymethyl)-1,2,3-triazol-1-ylmethyl]-anthracen-
9-ylmethyl}-1H-1,2,3-triazol-4-ylmethoxy)-2(S)-tert-butoxy-
carbonylamino-propionic acid benzyl ester 5. From diazido an-
thracene 21 (20 mg, 0.07 mmol) and 15 (47 mg, 0.14 mmol),
column chromatography (petroleum ether/EtOAc, 1/1) afforded 5
as a colorless liquid (40 mg, 60%). TLC: Rf¼0.1 (petroleum ether/
EtOAc¼1/2). [a]D

25 �4.2 (c 0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3):
d 8.41 (dd, 4H, J¼3.2, 6.9 Hz, H-Ar), 7.66 (dd, 4H, J¼3.2, 6.9 Hz, H-
Ar), 7.20–7.25 (m, 10H, Ph), 7.09 (s, 2H, 2�CH), 6.52 (s, 4H, 2�CH2),
5.28 (d, 2H, J¼8.7 Hz, 2�NH), 5.02 (d, 2H, J¼12.4 Hz, 2�CHPh), 4.95
(d, 2H, J¼12.4 Hz, 2�CHPh), 4.36–4.45 (m, 6H, 2�CH, 2�CH2), 3.84
(dd, 2H, J¼3.2, 9.2 Hz, 2�CH), 3.65 (dd, 2H, J¼3.2, 9.2 Hz, 2�CH),
1.39 (s, 18H, 2�t-Bu). 13C NMR (100 MHz, CDCl3): d 170.4, 155.4,
144.7, 135.4, 130.7 (Cq); 128.5, 128.3, 127.7, 127.1, 124.2 (CH), 122.2
(CH), 80.1 (Cq), 70.5, 67.0, 64.7 (CH2); 54.1 (CH), 46.6 (CH2), 28.4
(CH3). HRESIMS: calcd for C52H58N8NaO10: 977.4174; found: m/z
977.4168.

4.4.6. 2-{6-[1-(2(S)-tert-Butoxycarbonylamino-2-methoxycarbonyl-
ethyl)-1H-1,2,3-triazol-4-ylmethoxy]-3-oxo-3H-xanthen-9-yl}-benzoic
acid 1-(2(S)-tert-butoxycarbonylamino-2-methoxycarbonyl-ethyl)-1H-
1,2,3-triazol-4-ylmethyl ester 6. From 22 (41 mg, 0.1 mmol) and 12
(49 mg, 0.2 mmol), column chromatography (petroleum ether/
EtOAc, 1/3) afforded 6 as a brown solid (74 mg, 82%). TLC: Rf¼0.3
(petroleum ether/EtOAc¼1/2). [a]D

25 þ2.8 (c 0.5, CH2Cl2); 1H NMR
(400 MHz, CDCl3): d 8.21 (d, 1H, J¼7.3 Hz, H-Ar), 7.62–7.71 (m, 3H, H-
Ar), 7.27 (d, 1H, J¼6.8 Hz, H-Ar), 7.18 (s, 1H, CH), 7.04 (d, 1H, J¼1.8 Hz,
H-Ar), 6.73–6.83 (m, 3H, H-Ar), 6.47 (d, 1H, J¼9.6 Hz, H-Ar), 6.38 (s,
1H, CH), 5.47–5.56 (m, 2H, 2�NH), 5.29 (m, 2H, CH2), 5.03–5.12 (m,
2H, CH2), 4.84 (m, 2H, CH2), 4.67–4.76 (m, 6H, 2�CH, 2�CH2), 3.76 (s,
6H, 2�OMe), 1.40 (s, 9H, t-Bu), 1.38 (s, 9H, t-Bu). 13C NMR (100 MHz,
CDCl3): d 185.6, 169.6, 169.5, 165.2, 162.6, 162.5, 158.8, 155.2, 154.1,
149.9, 142.8, 141.5, 141.4, 134.2 (Cq); 132.9, 131.4, 130.5, 130.3, 129.8,
129.0,124.8,124.7 (CH); 117.8, 115.2 (Cq); 113.8,105.7,101.5 (CH), 80.7
(Cq), 62.4, 58.2 (CH2), 53.8, 53.5 (CH); 53.2 (OMe), 51.1, 51.0 (CH2),
28.3 (CH3). HRESIMS: calcd for C44H49N8O13: 897.3419; found: m/z
897.3414. Calcd for C44H48N8NaO13: 919.3239; found: m/z 919.3233.

4.4.7. 2-{6-[1-(5(S)-Benzyloxycarbonylamino-5-methoxycarbonyl-
pentyl)-1H-1,2,3-triazol-4-ylmethoxy]-3-oxo-3H-xanthen-9-yl}-
benzoic acid 1-(5(S)-benzyloxycarbonylamino-5-methoxycarbonyl-
pentyl)-1H-1,2,3-triazol-4-ylmethyl ester 7. From 22 (30 mg,
0.073 mmol) and 16 (45 mg, 0.145 mmol), compound 7 was
obtained as a brown solid (69 mg, 92%). TLC: Rf¼0.2 (petroleum
ether/EtOAc¼1/2). [a]D

25 �2.4 (c 0.5, CH2Cl2); 1H NMR (400 MHz,
CDCl3): d 8.22–8.25 (m, 1H, H-Ar), 7.62–7.71 (m, 3H, H-Ar), 7.28–
7.35 (m, 11H, H-Ar), 7.11 (s, 1H, CH), 7.03 (s, 1H, CH), 6.85 (dd, 1H,
J¼2.8, 9.2 Hz, H-Ar), 6.76–6.80 (m, 2H, H-Ar), 6.49 (d, 1H, J¼9.6 Hz,
H-Ar), 6.39 (s, 1H, CH), 5.76 (d, 0.5H, J¼8.2 Hz, NH), 5.73 (d, 0.5H,
J¼8.2 Hz, NH), 5.41 and 5.43 (2d, 1H, J¼7.8 Hz, NH), 5.27 (s, 2H,
CH2), 5.01–5.12 (m, 6H, 3�CH2), 4.18–4.33 (m, 6H, 2�CH, 2�CH2),
3.76 (s, 6H, 2�OMe), 1.66–1.99 (m, 12H, 6�CH2). 13C NMR
(100 MHz, CDCl3): d 172.8, 172.6, 165.3, 162.7, 156.1, 156.0, 154.1,
150.1, 136.3, 136.2, 134.2 (Cq); 132.9, 131.5, 130.4 (CH); 130.2 (Cq),
129.9, 129.1, 128.6, 128.5, 128.3, 128.1, 123.3 (CH); 117.6, 115.1 (Cq);
113.9, 101.5 (CH); 67.1, 62.5, 58.5 (CH2); 53.6, 53.5 (CH); 52.6
(OMe), 50.2, 50.0 (CH2); 32.1, 31.8, 29.7, 22.5, 22.4, 22.2 (CH2).
HRESIMS: calcd for C56H57N8O13: 1049.4045; found: m/z
1049.4046.

4.4.8. 2(S)-tert-Butoxycarbonylamino-3-(4-{7-[1-(2(S)-tert-butoxy-
carbonylamino-2-methoxycarbonyl-ethyl)-1H-1,2,3-triazol-4-yl]-
2,1,3-benzothiadiazol-4-yl}-1,2,3-triazol-1-yl)-propionic acid methyl
ester 8. Compound 8 was prepared from 24 (11 mg, 0.032 mmol)
and 12 (17 mg, 0.064 mmol) according to the general procedure, in
the presence of nBu4NF$3H2O (40 mg, 0.128 mmol). After the
completion of the reaction, the crude mixture was diluted in
a mixture of 10 mL CH2Cl2/0.1 N EDTA solution (1/1) to remove the
copper complexes. Column chromatography (petroleum ether/
EtOAc, 1/1) afforded 8 as a yellow solid (15 mg, 68%). TLC: Rf¼0.2
(petroleum ether/EtOAc¼1/2). [a]D

25 þ45.6 (c 0.5, CH2Cl2); 1H NMR
(400 MHz, CDCl3): d 8.70 (s, 2H, 2�CH), 8.58 (s, 2H, 2�CH), 5.51 (d,
2H, J¼7.3 Hz, 2�NH), 4.98 (d, 4H, J¼3.6 Hz, 2�CH2), 4.79 (m, 2H,
2�CH), 3.83 (s, 6H, 2�OMe), 1.46 (s, 18H, 2�t-Bu). 13C NMR
(100 MHz, CDCl3): d 169.1, 155.0, 142.9 (Cq); 125.1, 124.6 (CH);
122.4, 80.9 (Cq); 53.8 (CH), 53.2 (OMe), 51.1 (CH2), 28.3 (CH3).
HRESIMS: calcd for C28H36N10NaO8S: 695.2336; found: m/z
695.2331.

4.4.9. 2(S)-Benzyloxycarbonylamino-6-(4-{7-[1-(5(S)-benzyloxy-
carbonylamino-5-methoxycarbonyl-pentyl)-1H-1,2,3-triazol-4-yl]-
2,1,3-benzothiadiazol-4-yl}-1,2,3-triazol-1-yl)-hexanoic acid methyl
ester 9. Compound 9 was prepared from 24 (33 mg, 0.1 mmol)
and 16 (60 mg, 0.2 mmol) in the presence of nBu4NF$3H2O
(567 mg, 1.8 mmol), followed by treatment as for compound 8.
Column chromatography (petroleum ether/EtOAc, 1/3) afforded 9
as a yellow solid (60 mg, 73%). TLC: Rf¼0.2 (petroleum ether/
EtOAc¼1/2). [a]D

25 þ4.0 (c 0.3, CH2Cl2); 1H NMR (400 MHz, CDCl3):
d 8.68 (s, 2H, 2�CH), 8.60 (s, 2H, 2�CH), 7.26–7.32 (m, 10H, Ph),
5.37 (d, 2H, J¼8.2 Hz, 2�NH), 5.04 (s, 4H, 2�CH2), 4.43 (t, 4H,
J¼6.9 Hz, 2�N–CH2), 4.35 (m, 2H, 2�CH), 3.70 (s, 6H, 2�OMe),
1.38–2.08 (m, 12H, 6�CH2). 13C NMR (100 MHz, CDCl3): d 172.7,
155.9, 152.3, 143.2, 136.2 (Cq); 128.6, 128.3, 128.1, 126.1, 123.8 (CH);
122.7 (Cq), 67.1 (CH2), 53.6 (CH), 52.6 (OMe), 50.1, 32.1, 29.8, 22.3
(CH2). HRESIMS: calcd for C40H44N10NaO8S: 847.2962; found: m/z
847.2957.

4.4.10. 6-[4-(7-Ethynyl-2,1,3-benzothiadiazol-4-yl)-1,2,3-triazol-
1-yl]-2(S)-benzyloxycarbonylamino-hexanoic acid benzyl ester
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26. Click reaction of 24 (53 mg, 0.16 mmol) with 16 (22 mg,
0.07 mmol) in the presence of nBu4NF$3H2O (202 mg,
0.64 mmol), followed by treatment as for compound 8 afforded
a mixture of 25 and 26, which was further treated with
t-Bu4NF$3H2O (200 mg in CH2Cl2) to give 26 (30 mg, 86%) as a red
oil. TLC: Rf¼0.3 (petroleum ether/EtOAc¼1/2). [a]D

25 þ2.4 (c 0.2,
CH2Cl2); 1H NMR (400 MHz, CDCl3): d 8.73 (s, 1H, CH), 8.51 (d, 1H,
J¼7.4 Hz, CH), 7.90 (d, 1H, J¼7.4 Hz, CH), 7.30–7.34 (m, 5H, Ph),
5.30 (d, 1H, J¼8.5 Hz, NH), 5.06 (s, 2H, CH2), 4.47 (t, 2H, J¼6.8 Hz,
N–CH2), 4.30–4.38 (m, 1H, CH), 3.71 (s, 3H, OMe), 3.62 (s, 1H,
CH^), 1.42–2.05 (m, 6H, 3�CH2). 13C NMR (100 MHz, CDCl3):
d 172.6, 155.9, 155.3, 151.4, 142.8, 136.2 (Cq); 134.5, 128.6, 128.3,
128.1 (CH); 125.1 (CH), 124.5 (Cq), 124.3 (CH), 114.7 (Cq); 84.0
(CH^), 67.2 (CH2), 53.5, 52.6 (CH); 50.2 (CH2), 32.2, 29.8, 22.2
(CH2). HRESIMS: calcd for C25H24N6NaO4S: 527.1477; found: m/z
527.1472.

4.4.11. 6-(4-{7-[1-(2(S)-tert-Butoxycarbonylamino-2-methoxy-
carbonyl-ethyl)-1H-1,2,3-triazol-4-yl]-2,1,3-benzothiadiazol-4-
yl}-1,2,3-triazol-1-yl)-2(S)-benzyloxycarbonylamino-hexanoic
acid benzyl ester 10. From 26 (15 mg, 0.03 mmol) and 12 (8 mg,
0.03 mmol), column chromatography (petroleum ether/EtOAc, 1/
3) afforded compound 10 as a yellow solid (20 mg, 91%). TLC:
Rf¼0.2 (petroleum ether/EtOAc¼1/2). [a]D

25 þ22.4 (c 0.5, CH2Cl2);
1H NMR (400 MHz, CDCl3): d 8.69 (s, 2H, 2�CH), 8.59 (s, 2H,
2�CH), 7.26–7.32 (m, 5H, Ph), 5.50 (d, 1H, J¼6.9 Hz, NH), 5.35 (d,
1H, J¼8.2 Hz, NH), 5.05 (s, 2H, CH2), 4.95 (m, 2H, CH2), 4.77 (m,
1H, CH), 4.44 (t, 2H, J¼6.9 Hz, CH2), 4.36 (m, 1H, CH), 3.82 (s, 3H,
OMe), 3.70 (s, 3H, OMe), 1.38–2.06 (m, 6H, 3�CH2), 1.43 (s, 9H,
t-Bu). 13C NMR (100 MHz, CDCl3): d 172.7, 169.6, 155.9, 155.2,
152.2, 143.2, 136.2 (Cq); 128.6, 128.3, 128.1, 126.2, 126.0, 125.2,
123.9 (CH); 122.8, 122.3, 80.8 (Cq); 67.1 (CH2), 53.9, 53.5 (CH);
53.2, 52.6 (OMe); 50.9, 50.1, 32.1, 29.8 (CH2), 28.3 (CH3), 22.3
(CH2). HRESIMS: calcd for C34H40N10NaO8S: 771.2649; found:
m/z 771.2644.
4.5. General procedure for the saponification

To a solution of methyl ester in MeOH (1 mL) and water (0.3 mL)
were added LiOH (1.2 equiv/ester). The reaction mixture was stirred
at rt for 12–24 h, then acidified with resine Hþ, filtered, evaporated
directly to get the free acid without purification.

4.5.1. 2(S)-tert-Butoxycarbonylamino-3-[4-(2(S)-tert-butoxy-
carbonylamino-2-carboxy-ethoxymethyl)-1,2,3-triazol-1-yl]-pro-
pionic acid 17. Saponification of 1 (28 mg, 0.06 mmol) afforded 17
as a white solid (26 mg, 96%). TLC: Rf¼0.1 (CH2Cl2/MeOH¼3/1).
[a]D

25 þ8.3 (c 1.4, MeOH); 1H NMR (400 MHz, CD3OD): d 7.85 (s, 1H,
CH), 4.84 (dd, 1H, J¼4.2, 14.2 Hz, CH), 4.60 (dd, 1H, J¼7.4, 12.8 Hz,
CH), 4.57 (s, 2H, CH2), 4.40 (s, 1H, CH), 4.38–4.42 (m, 1H, CH), 3.70
(m, 2H, CH2), 1.41 (s, 9H, t-Bu), 1.37 (s, 9H, t-Bu). 13C NMR
(100 MHz, CD3OD): d 173.5, 172.9, 156.5, 156.0, 144.2 (Cq); 124.4
(CH), 79.2, 79.2 (Cq), 70.3, 63.8 (CH2), 55.6, 54.6 (CH); 51.6 (CH2),
27.4 (CH3).

4.5.2. 2(S)-tert-Butoxycarbonylamino-3-{4-[4-(2(S)-tert-butoxy-
carbonylamino-2-carboxy-ethyl)-phenoxymethyl]-1,2,3-triazol-1-yl}-
propionic acid 20. Saponification of 4 (21 mg, 0.04 mmol) afforded
20 as a white solid (18 mg, 90%). TLC: Rf¼0.1 (CH2Cl2/MeOH¼3/1).
[a]D

25þ25.3 (c 1.2, MeOH); 1H NMR (400 MHz, CD3OD): d 7.92 (s, 1H,
CH), 7.12 (d, 2H, J¼8.2 Hz, Tyr), 6.86 (d, 2H, J¼8.2 Hz, Tyr), 5.07 (s,
2H, CH2), 4.87 (dd, 1H, J¼6.4, 13.7 Hz, CH), 4.58 (dd, 1H, J¼6.4,
13.7 Hz, CH), 4.33 (m, 1H, CH), 4.13 (m, 1H, CH), 3.05 (dd, 1H, J¼4.6,
13.8 Hz, CH), 2.80 (dd, 1H, J¼7.3, 13.3 Hz, CH), 1.37 (s, 9H, t-Bu), 1.36
(s, 9H, t-Bu). 13C NMR (100 MHz, CD3OD): d 157.1, 156.1, 143.6, 130.8
(Cq); 130.3 (CH), 124.5 (CH), 114.1 (CH), 79.2, 78.7 (Cq), 61.1 (CH2),
57.1, 56.0 (CH), 52.1, 37.5 (CH2), 27.4 (CH3).

4.5.3. 2(S)-tert-Butoxycarbonylamino-3-(4-{7-[1-(2(S)-tert-butoxy-
carbonylamino-2-carboxy-ethyl)-1H-1,2,3-triazol-4-yl]-2,1,3-benzo-
thiadiazol-4-yl}-1,2,3-triazol-1-yl)-propionic acid 27. Saponification
of 8 (44 mg, mmol) afforded 27 as a yellow solid (39 mg, 95%). TLC:
Rf¼0.3 (CH2Cl2/MeOH¼3/1). [a]D

25 þ29.4 (c 0.5, MeOH); 1H NMR
(400 MHz, CD3OD): d 8.99 (s, 2H, 2�CH), 8.50 (s, 2H, 2�CH), 5.06
(m, 2H, 2�CH), 4.75 (m, 2H, 2�CH), 4.52 (m, 2H, 2�CH), 1.32 (s, 18H,
2�t-Bu). 13C NMR (100 MHz, CD3OD): d 172.6, 156.1, 151.9, 142.4
(Cq); 125.6, 125.0 (CH); 122.5, 79.3 (Cq); 55.3 (CH), 51.7 (CH2), 27.3
(CH3).

4.5.4. 2(S)-Benzyloxycarbonylamino-6-(4-{7-[1-(5(S)-benzyloxy-
carbonylamino-5-carboxy-pentyl)-1H-1,2,3-triazol-4-yl]-2,1,3-ben-
zothiadiazol-4-yl}-1,2,3-triazol-1-yl)-hexanoic acid 28. Saponi-
fication of 9 (50 mg, 0.06 mmol) afforded 28 as a yellow solid
(44 mg, 92%). TLC: Rf¼0.3 (CH2Cl2/MeOH¼3/1). [a]D

25 þ12.0 (c 0.3,
DMSO); 1H NMR (400 MHz, DMSO-d6): d 8.93 (s, 2H, 2�CH), 8.48 (s,
2H, 2�CH), 7.18–7.28 (m, 10H, Ph), 6.74 (d, 2H, J¼6.4 Hz, 2�NH),
4.86 (m, 4H, 2�CH2), 4.43 (t, 4H, J¼6.7 Hz, 2�N–CH2), 3.67 (m, 2H,
2�CH), 1.25–1.85 (m, 12H, 6�CH2). 13C NMR (100 MHz, DMSO-d6):
d 174.0, 156.0, 152.0, 142.2, 137.7 (Cq); 128.8, 128.2, 128.0, 125.8,
125.1 (CH); 122.8 (Cq), 65.6 (CH2), 55.4 (CH), 50.2, 32.0, 30.3, 22.8
(CH2).

4.5.5. 6-(4-{7-[1-(2(S)-tert-Butoxycarbonylamino-2-carboxy-
ethyl)-1H-1,2,3-triazol-4-yl]-2,1,3-benzothiadiazol-4-yl}-1,2,3-tri-
azol-1-yl)-2(S)-benzyloxycarbonylamino-hexanoic acid 29. Saponi-
fication of 10 (12 mg, 0.02 mmol) afforded 29 as a yellow solid
(10 mg, 90%). TLC: Rf¼0.3 (CH2Cl2/MeOH¼3/1). [a]D

25 þ10.1 (c 0.7,
MeOH); 1H NMR (400 MHz, CD3OD): d 8.94 (s, H, CH), 8.91 (s, H,
CH), 8.41 (s, 2H, 2�CH), 7.15–7.27 (m, 5H, Ph), 5.03 (dd, 1H, J¼3.6,
13.7 Hz, CH), 4.94 (s, 2H, CH2), 4.72 (dd, 1H, J¼6.9, 13.8 Hz, CH),
4.50 (t, 2H, J¼6.9 Hz, CH2), 4.41 (m, 1H, CH), 4.01 (m, 1H, CH), 1.41–
2.06 (m, 6H, 3�CH2), 1.30 (s, 9H, t-Bu). 13C NMR (100 MHz, CD3OD):
d 178.0, 173.5, 156.8, 156.6, 152.0, 142.6, 136.9 (Cq); 128.0, 127.5,
127.2, 125.5, 125.2, 125.1, 125.0, 124.8 (CH); 122.6, 122.3, 79.1 (Cq);
66.0 (CH2), 56.1, 56.0 (CH); 52.3, 50.1, 32.2, 29.7 (CH2), 27.4 (CH3),
22.3 (CH2).

4.6. General procedure for the hydrogenolysis of benzyl ester

Benzyl ester (0.55 mmol) in MeOH (15 mL) was hydrogenated
over 10% Pd–C (5 wt %) at rt for 12 h. After filtration, the filtrate was
evaporated to get the pure product.

4.6.1. 2(S)-tert-Butoxycarbonylamino-3-[4-(2(S)-tert-butoxy-
carbonylamino-2-methoxycarbonyl-ethoxymethyl)-1,2,3-triazol-1-
yl]-propionic acid 18. Hydrogenolysis of 2 (320 mg, 0.55 mmol)
afforded 18 as a colorless oil (266 mg, 92%). TLC: Rf¼0.1 (CH2Cl2/
MeOH¼3/1). [a]D

25�9.2 (c 0.5, MeOH); 1H NMR (400 MHz, CD3OD):
d 7.89 (s, 1H, CH), 4.80 (dd, 1H, J¼4.2, 13.8 Hz, CH), 4.66 (m, 1H, CH),
4.62 (m, 1H, CH), 4.58 (s, 2H, CH2), 4.16 (s, 1H, CH), 3.71 (s, 3H,
MeO), 3.70 (m, 2H, CH2), 1.40 (s, 9H, t-Bu), 1.37 (s, 9H, t-Bu). 13C
NMR (100 MHz, CD3OD): d 170.0, 156.4, 156.1, 144.5 (Cq); 124.6
(CH), 79.8, 79.0 (Cq), 70.9, 63.8 (CH2), 53.8 (CH); 51.9 (MeO), 50.1
(CH2), 27.4, 27.3 (CH3).

4.6.2. 3-[4-(2(S)-tert-Butoxycarbonylamino-ethoxymethyl)-2-carb-
oxy-1,2,3-triazol-1-yl]-2(S)-tert-butoxycarbonylamino-propionic acid
methyl ester 19. Hydrogenolysis of 3 (180 mg, 0.31 mmol) afforded
19 as a colorless oil (130 mg, 86%). TLC: Rf¼0.1 (CH2Cl2/MeOH¼3/1).
[a]D

25 �6.9 (c 0.9, MeOH); 1H NMR (400 MHz, CD3OD): d 7.88 (s, 1H,
CH), 4.84 (d, 1H, J¼4.1 Hz, CH), 4.65 (dd, 1H, J¼7.8, 13.8 Hz, CH), 4.50
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(s, 3H, CH and CH2), 4.29 (t, 1H, J¼3.1 Hz, CH), 3.80 (dd, 1H, J¼4.6,
9.6 Hz, CH), 3.68 (s, 4H, CH and OMe),1.42 (s, 9H, t-Bu), 1.31 (s, 9H, t-
Bu). 13C NMR (100 MHz, CD3OD): d 171.2, 156.6, 156.5, 144.0 (Cq);
124.5 (CH), 79.6, 79.5 (Cq); 69.5, 63.8 (CH2), 54.0 (CH); 51.6 (OMe),
50.8 (CH2), 27.3 (CH3).

4.7. 2-{6-[1-(2(S)-Amino-2-methoxycarbonyl-ethyl)-1H-1,2,3-
triazol-4-ylmethoxy]-3-oxo-3H-xanthen-9-yl}-benzoic acid 1-
(2(S)-amino-2-methoxycarbonyl-ethyl)-1H-1,2,3-triazol-4-
ylmethyl ester, compound with trifluoroacetic acid 23

To a solution of 6 (12 mg, 0.013 mmol) in CH2Cl2 (10 mL) was
added CF3CO2H (0.1 mL, 1.4 mmol). The reaction mixture was stir-
red at rt for 12 h, then evaporated to get red oil (12 mg, 100%). TLC:
Rf¼0.2 (CH2Cl2/MeOH¼3/1). [a]D

25 þ5.0 (c 0.8, MeOH); 1H NMR
(400 MHz, CD3OD): d 8.32 (dd, 1H, J¼1.4, 9.2 Hz, H-Ar), 8.29 (s, 1H,
H-Ar), 7.80–7.91 (m, 3H, H-Ar), 7.68 (s, 1H, CH), 7.45 (dd, 1H, J¼1.4,
7.8 Hz, H-Ar), 7.30–7.34 (m, 2H, H-Ar), 7.16–7.19 (m, 1H, H-Ar), 7.07
(s, 1H, CH), 6.96–6.99 (m, 1H, H-Ar), 5.53 (s, 2H, CH2), 5.00–5.08 (m,
4H, 2�CH2), 4.91–4.97 (m, 3H, CH and CH2), 4.68–4.77 (m, 1H, CH),
3.80 (s, 6H, 2�OMe). 13C NMR (100 MHz, CD3OD): d 180.0, 168.1,
161.4, 158.5, 143.8, 143.3, 134.5, 134.4 (Cq); 133.1, 132.4, 131.1, 130.9,
130.8, 130.2, 126.3, 125.9 (CH); 118.7, 118.6 (Cq); 117.7, 104.3, 102.5
(CH), 63.7, 58.8 (CH2), 54.3 (OMe), 53.6, 53.5 (CH); 48.6, 48.5 (CH2).

4.8. Preparation of 2(S)-amino-3-(4-{7-[1-(2(S)-amino-2-
methoxycarbonyl-ethyl)-1H-1,2,3-triazol-4-yl]-2,1,3-
benzothiadiazol-4-yl}-1,2,3-triazol-1-yl)-propionic acid
methyl ester, compound with trifluoroacetic acid 30

To a solution of 8 (26 mg, 0.04 mmol) in CH2Cl2 (10 mL) was
added CF3CO2H (0.1 mL, 1.4 mmol). The reaction mixture was stir-
red at rt for 12 h, then evaporated to get red oil (26 mg, 100%). TLC:
Rf¼0.4 (CH2Cl2/MeOH¼3/1). [a]D

25 þ25.8 (c 0.5, MeOH); 1H NMR
(400 MHz, CD3OD): d 9.05 (s, 2H, 2�CH), 8.48 (s, 2H, 2�CH), 5.10–
5.22 (m, 4H, 2�CH2), 4.83 (m, 2H, 2�CH), 3.91 (s, 6H, 2�OMe). 13C
NMR (100 MHz, CD3OD): d 168.4, 153.3, 144.4 (Cq); 127.3, 126.8
(CH); 123.7 (Cq); 54.3 (OMe), 53.9 (CH2), 50.2 (CH). HRESIMS: calcd
for C24H33N10O4S: 557.2407; found: m/z 557.2402.

4.9. Preparation of 2(S)-amino-6-(4-{7-[1-(5(S)-amino-5-
methoxycarbonyl-pentyl)-1H-1,2,3-triazol-4-yl]-2,1,3-
benzothiadiazol-4-yl}-1,2,3-triazol-1-yl)-hexanoic acid methyl
ester 31

To precooled (ice bath) AcOH (0.5 mL) was added 9 (22 mg,
0.03 mmol) and 33% HBr/AcOH (0.2 mL) successively, the solution
was stirred for 12 h, then poured into 10 mL water, neutralized with
solid NaHCO3, extracted with CH2Cl2 (3�10 mL). The combined
organic layers were washed with brine and dried over anhydrous
MgSO4, then evaporated. Purification by column chromatography
(CH2Cl2/MeOH¼15/1) afforded yellow oil (10 mg, 68%). TLC: Rf¼0.1
(CH2Cl2/MeOH¼15/1). [a]D

25 �8.0 (c 0.1, DMSO); 1H NMR (400 MHz,
CDCl3): d 8.73 (s, 2H, 2�CH), 8.66 (s, 2H, 2�CH), 4.48 (t, 4H,
J¼7.1 Hz, 2�N–CH2), 3.70 (s, 6H, 2�OMe), 3.43 (m, 2H, 2�CH), 1.46–
2.08 (m, 12H, 6�CH2). 13C NMR (100 MHz, CDCl3): d 176.4, 152.4,
143.2 (Cq); 126.2, 123.9 (CH); 122.7 (Cq), 54.2 (CH), 52.2 (OMe),
50.3, 34.2, 30.2, 22.8 (CH2). HRESIMS: calcd for C18H21N10O4S:
473.1468; found: m/z 473.1463.
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