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Sandwi ch | munoassay as a New Hi gh- Throughput Screening
Met hod for Coupling reactions.

Paola Vicennati, Ni col as  Bensel, Al ain  \Wagner, Chri st ophe
Créminon, and Frédéric Taran

1. Hapten identity and anti body properties.

The antibodies used in the screening nethod were raised against
hapten HL for anti-tag 1 mAbs and agai nst hapten H2 for anti-tag 2
mAbs (Schene S1).

OH
OMe
H H
N~ TR
Q| o) H
N R
H1 o
H2
Schenme S1. Structures of Haptens HlL and H2. R = linker for carrier

protein attachment (R = SH for HlL and R = NH, for H2).

The nonocl onal antibodies raised against hapten Hl display good
affinities (10’ M > Kd > 10° M for a broad range of nolecules
bearing the H1L noiety (cross-reactivity > 10% for R = al kyl, aryl,
heteroaryl.) but are highly specific toward the im dazole part of
t he hapten (H. Vol land, PhD, 1999, Paris VI University).

The nonoclonal antibodies raised against hapten H2 display
moderate to good affinities (10" M> Kd > 10> M for a broad range
of nol ecules bearing the H2 noiety (cross-reactivity > 10% for R =
al kyl, aryl, heteroaryl.) but are highly specific toward the
guai acol part of the hapten.

2. Devel opnent of the sandw ch inmunoassay.

Several conbinations of mAbs were tested to find the nost accurate
i mmunol ogi cal sandwi ch for the detection of product 3. Wiile the
i mmobi lisation of 3 via anti-tag 2 mAbs and detection by addition
of anti-tag 1 mAbs gave poor results (Figure A), the reverse
strategy highlighted several efficient sandw ch inmmnoassays
Figure B). Anmong them the conbination of mAb 203 for the capture
of 3 and mAb 46 for detection was found to be the nost
i nteresting.
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Figure A. Sandw ch inmunoassay of conpound 3 assayed at 8 nM Conditions =
capture: incubation of 100 pL of 3 (8 nM in a plate previously coated with
anti-Tag 2 mAbs for 14 hours at 4°C, staining: after washing, 100 pL of the
enzymatic tracer anti-Tag 1 mAb 31- AChE conjugate were added to each well of the
pl ate, and absorbance was neasured (after addition of the Ellman reagent) after
15 min at 414 nm NSB = non-specific binding.
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Figure B. Sandw ch imunoassay of conpound 3 assayed at 8 nM
Conditions = capture: incubation of 100 pL of 3 (8 nM in a plate previously
coated with anti-Tag 1 mAbs for 14 hours at 4°C, staining: after washing, 100 pL
of the enzymatic tracer anti-Tag 2 mAb 46- AChE conj ugate were added to each well
of the plate, and absorbance was neasured (after addition of the Ellman reagent)
after 15 min at 414 nm NSB = non-specific binding.



3. Substrate and product synthesis

Substrate 1:
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Hex-5-ynoic acid 2,5-di oxo-pyrrolidin-1-yl ester la

At room tenperature, wth stirring and under argon, N hydroxysuccininide
(2.25 g, 18.96 mmols) and N, N -dicycl ohexyl carbodiinmde (1 eq, 3.91 g) were
added to a solution of hex-5-ynoic acid (2.24 g, 1 eq) in dry THF. After 10
hours, the crude reaction mxture was filtered, evaporated to dryness and
purified by flash chromatography (AcCEt/hexane 50/50, Rf 0.4) to yield the
target conpound as a white solid (2.89 g, 73%.

'H NVR (300 MHz, CD;COCD;): dppm2.90 (s, 4H), 2.80 (t, J=7.3 Hz, 2H), 2.46 (t,
J=2.5 Hz, 1H), 2.28 (dt, J=2.5, 7.3 Hz, 2H), 1.94 (quint, J=7.3 Hz, 2H); 3C
NVR (100 WMHz, CD,COCDs): dppm 169.5 (2C), 168.3, 82.5, 70.0, 25.3 (20, 25.0,
23.6, 16.9; M5 (ESl) mz: 232 (Mr23); IR (Nad): 3505, 3285, 2947, 2116,
1814, 1783, 1737, 1431 cm.

Hex-5-ynoic acid [2-(1H i m dazol -4-yl)-ethyl]-am de 1b

At room tenperature, with stirring and under argon, the activated ester 1la
(2.79 g, 1 eq) was added to a solution of histamne in dry DM (1.53 g, 13.35
mmols, 1 eq). After 20 hours, the reaction mixture was evaporated to yield an
orange oil. The target compound was isolated as a white solid (2.65 g, 97%
after flash chromat ography (CHO o,/ MeOH 96/4, Rf 0.2).

'H NMR (400 MHz, CD;OD): dppm 7.58 (s, 1H), 6.83 (s, 1H), 3.42 (t, J=7.2 Hz,
2H), 2.77 (t, J=7.2 Hz, 2H), 2.28 (t, J=7.2 Hz, 2H), 2.24 (d, J=2.4 Hz, 1H),
2.17 (dt, J=7.2, 2.4 Hz, 2H), 1.78 (quint, J=7.2Hz, 2H); **C NMR (CD;OD, 100
MHz): dppm 174.0, 134.5, 134.2, 116.5, 82.7, 68.7, 38.8, 34.3, 26.2, 24.8,
24.5;M5 (ESI) mz: 411 (2M+l), 228 (M+23), 206 (M+l); IR 3247, 3223, 3140,
2943, 2303, 2242, 1782, 1702, 1680, 1647, 1553 cm?.

4- (2- Hex- 5-ynoyl ani no- et hyl ) -i ni dazol e-1-carboxylic acid tert-butyl ester 1
Conmpound 1b (1.82 g, 8.89 mmls, 1 eq) was dissolved in dry acetonitrile
under argon, at room tenperature. DVAP (110 ng, 0.1 eq), triethylamne (1.25
nm., le q) and di-tert-butyl dicarbonate (2.35 g, 1.2 eq) were added. After 18
hours, the <crude was evaporated and purified by flash chromatography
(CHA o/ MeOH 98/2, Rf 0.11) to yield the target conmpound as a col ourless oil
(1.60 g, 55%.

'H NMR (300 MHz, CD;COCDs): dppm 8.02 (s, 1H), 7.26 (s, 1H), 7.16 (bs, 1H),
4.47 (dd, J=7.3, 12.8 Hz, 2H), 2.70 (t, J=7.3 Hz, 2H), 2.35 (m 1H), 2.23 (m
4H), 1.78 (quint, J=7.3 Hz, 2H), 1.63 (s, 9H); ¥C NWR (75 MHz, CD;COCD;): dppm
171.3, 169.9, 147.0, 141.4, 136.5, 84.8, 83.5, 69.2, 38.3, 34.4, 28.0, 27.0



(3C), 24.5, 17.4; MBS ESI mz: 633 (2M:23), 328 (M23), 306 (Ml), 250, 206:
IR (Nad): 3293, 2979, 2117, 1754, 164, 1550 cmd.

Substrate 2:

2- (4- Hydr oxy- 3- net hoxy- phenyl ) - N- (3-i odo- benzyl ) - acet am de 2

2N

DCC/HOAt \/©\

Under argon, at room tenperature, iodobenzylamne hydrochloride (3.87 g,
14.36 nmmol, 1 eq) was dissolved in dry THF. N, N -Di cycl ohexyl carbodiini de
(2.93 g, 1 eq) and 1-hydroxy-7-aza-benzotriazole (195.5 ngy, 0.1 eq),
triethylamine (6 nL, 3 eq) were added in sequence to give a yellow solution.
Hormovanillic acid (2.67 g, 1 eq) dissolved in dry THF was then added drop by
drop and the mixture was stirred at room tenperature overnight. After
evaporation of the solvent, substrate 2 was obtained as a white solid (5.02
g, 88% after flash chromatography (AcCEt/hexane 60/40, Rf= 0.3 ).

'H NMR (300 MHz, CD;COCDs;): dppm 7.61 (m 3H), 7.29 (d, J=7.3 Hz, 1H), 7.11 (t,
J=7.3 Hz, 1H), 6.94 (s, 1H, 6.77 (s, 2H), 4.36 (s, 2H), 3.83 (s, 3H, 3.48
(s, 2H); 'C NWR (100 MHz, CD,COCD;): dppm 171.3, 148.0, 146.1, 143.3, 136.9,
136. 36, 130.9, 127.9, 127.4, 122.3, 115.5, 113.2, 94.3, 56.0, 43.2, 42.5; M5
(ESl) mz: 817 (2M+23), 436 (M:39), 420 (M+23); IR (NaC): 3507, 3288, 3077,
1647, 1514 cm?.
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5-{2-16-(3-{[2- (4- Hydr oxy- 3- net hoxy- phenyl ) - acetyl am no] - et hyl } - phenyl ) - hex-
5-ynoyl ami no] - et hyl }-i m dazol e-1-carboxylic acid tert-butyl ester 3a

Under argon, a round-bottom flask was charged with 2 (556.8 ng, 51,40 muol s,
1 eq) and Pdd ,(PPh3g), (30 ng, 0.03 eq). A 0.0168 M solution of Cul (3.4 ni,
0.04 eq) in Et,NH was added to the flask giving a brown solution. Al kyne 1
(1.14 eq, 803.6 ng) dissolved in Et,NH was then added and the resulting
mxture was stirred for 20 h at room tenperature. The crude solution was
evaporated to dryness and subjected to flash chronatography (AcCEt/acetone



60/40, Rf = 0.24), yielding the target compound as a brown oil (27.2 ng,
28% .

'H NVR (300 MHz, CD,COCDs): dppm 8.03 (s, 1H), 7.68 (bs, 1H), 7.54 (bs, 1H),
7.24 (m 5H), 6.96 (s, 1H), 6.78 (s, 2H), 4.38 (s, 2H), 3.82 (s, 3H, 3.50
(t, J=6.7 Hz, 2H), 3.48 (s, 2H), 2.73 (t, J=6.7 Hz, 2H), 2.45 (t, J=7.3 Hz,
2H), 2.33 (t, J=7.3 Hz, 2H), 1.88 (quint, J=7.3 Hz, 2H), 1.63 (s, 9H); ¥C NWR
(100 MHz, CD;COCD;): dppm 171.9, 171.0, 147.4, 147.0, 145.4, 141.29, 140.0,
136.6, 130.2, 129.7, 128.2, 127.3, 126.7, 123.9, 121.6, 115.0, 113.5, 112.6,
89.4, 84.9, 80.7, 55.3, 42.6, 42.2, 38.4, 34.6, 27.9, 27.0 (3C), 24.7, 18.4;
M5 (ESI) miz: 597 (M+#23), 575 (M+l), 475; IR (Nad): 3291, 2939, 2830, 2230,
1759, 1651, 1602, 1515 cm?.

6- (3-{[ 2- (4- Hydr oxy- 3- net hoxy- phenyl ) - acet yl am no] - net hyl } - phenyl ) - hex- 5-
ynoic acid [2-(3Himdazol-4-yl)-ethyl]-amde 3

Conmpound 3a (0.18 mmmol, 101.3 ngy, 1 eq) was dissolved at room tenperature in
CHO ,. CHCOOH (1,5 b, 108 eq) was added and the solution was stirred for 1
h at room tenperature. The crude solution was then evaporated to dryness,
yi el ding the target conmpound as a brown oil in quantitative yield.

'H NVR (400 MHz, CD;COCD;): dppm 8.74 (s, 1H), 7.97 (bs, 1H), 7.75 (bs, 1H),
7.33 (s, 1H), 7.25 (s, 1H), 7.20 (s, 3H), 6.91 (s, 1H), 6.74 (s,2H), 4.37 (d,

J=6.0 Hz, 2H), 3.76 (s, 3H), 3.54 (t, J=6.2 Hz, 2H); 3.52 (s, 2H), 2.94 (t,
J=6.2 Hz, 2H), 2.39 (t, J=7.2 Hz, 2H), 2.33 (t, J=7.2 Hz, 2H), 1.82 (quint,
J=7.2 Hz, 2H); 3C NMR (100 MHz, CD,COCD:): dppm 172.8, 171.9, 147.4, 145.5,
139.7, 133.5, 131.8, 130.2, 129.7, 128.3, 127.0, 126.7, 124.9, 121.7, 116.3,

115.0, 112.6, 89.3, 80.8, 55.2, 42.4, 37.8, 34.4, 29.6, 24.6, 24.5 18.3; M
(ESI) miz: 497 (M23), 475 (Mrl); IR (Nad): 3291, 2232, 1956, 1784, 1677,
1552, 1519 cm™.

4. HPLC separati on.

HPLC separations were carried out using a Waters apparatus on a
xterra C18 colum. Gadient elution at a flowrate of 1 nL/mn was
achieved with acetonitrile-water containing 0.1% of formc acid as
eluting solvent (from5/95 to 0/100 V/Vin 8 mn).

5. Scope of the heterogeneous catalytic system highlighted by
t he screening.

To denonstrate the wusefulness of +the heterogeneous catalytic
system hi ghlighted by the screening nethod, a variety of alkynes
and aryl halides were tested (Table 1). Typical procedure use 1
nmg of Pd/C for 1 nL of solvent.

The reactions were carried out in a round-bottomflask on a 0.5 to
5 mmol scale under the followng conditions: aryl halide 1 eq;
alkyne 1.2 to 1.5 eq; Pd/C 30% ww (3% ww of Pd); CuBr-M,S 10%
w w, tetranethylguanidine 1.5 to 4 eq; PPhs 0.15 eq; CHCN HO 9/ 1.
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4-Pyridin-3-yl-but-3-yn-2-0l 4a

IH NVR (400 MHz, CD;OD): dppm 8.55 (s, 1H), 8.46 (d, J=4.6Hz, 1H), 7.81 (d, J=7.4
Hz, 1H), 7.37 (dd, J=4.6, 7.4 Hz, 1H), 4.71 (q, J=6.4 Hz, 1H), 1.49 (d, J=6.4
Hz, 3H); 3C NMR (100 MHz, CD,OD): dppm 151.0, 147.8, 139.1, 123.5, 120.6, 95.2,
78.8, 57.4, 23.1; MB (ESI) mz:148 (Mrl); IR (Nad): 3253, 2982, 2233, 1736,

1589, 1566, 1478, 1509 cm®.

3- Phenyl et hynyl - pyri di ne 4b

'H NMR (400MHz, CDO3): dppm 8.78 (s, 1H), 8.55 (d, J=3.2 Hz, 1H), 7.81 (dt,
J=1.6, 3.2 Hz, 1H), 7.55 (m 2H), 7.37 (m 3H), 7.28 (dd, J=4.8, 7.6 Hz, 1H); **C
NVR (100MHz, CDOl3): dppm 152.2, 148.5, 138.3, 131.6 (20, 128.8, 128.4 (20,
123.0, 122.5, 120.4, 92.6, 85.9; M5 (ESI) nmlz: 180 (Mtl); IR (KBr): 2217, 1560,
1487, 1411 cm?.



4- Phenyl et hynyl - benzoi ¢ acid ethyl ester 4c

H NVR (400 MHz, CDO 3): dppm 8.60 (s, 1H), 8.45 (d, J = 4.5 Hz, 1H), 7.63 (d,
J=7.6 Hz, 1H), 7.18 (dd, J=7.6, 4.5 Hz, 1H), 2.39 (t, J= 7.2 Hz, 2H), 1.59
(quint, J= 7.2 Hz, 2H), 1.42 (bs, 2H), 1.27 (bs, 8H), 0.86 (t, J= 6.4 Hz, 3H);
13C NVR (100 Mz, CDCl5): dppm 152.3, 147.8, 138.3, 122.8, 121.1, 94.0, 77.3,
31.7, 29.1, 29.0, 28.8, 28.5 22.5 19.3, 14.0; IR (Nad): 2954, 2928, 2856,
2236, 1560, 1475 cm’; MS (ESI) mz: 216 (M1).

4- Phenyl et hynyl - benzoi ¢ acid ethyl ester 4d

H NVR (400 Mz, CDCl5): dppm 8.03 (d, J=8.4 Hz, 2H), 7.59 (d, J=8.4 Hz, 2H),
7.55 (m 2H), 7.37 (m 3H), 4.39 (q, J=7.2 Hz, 2H), 1.41 (t, J=7.2 Hz, 3H); 3C
NVR (100 Miz, CDCl5): dppm 166.0, 131.7 (2C), 131.4 (2C), 129.8, 129.4 (20),
128.7, 128.4 (2C), 127.8, 122.7, 92.2, 88.6, 61.1,14.1; IR (KBr): 2213, 1703,
1604, 1276 cm’; Ms (El 70eV) m z:250 (M, 222, 205, 176.

4-Dec- 1-ynyl -benzoic acid ethyl ester 4e

H NMR (400 MHz, CDOl3): dppm 7.95 (d, J=7.6 Hz, 2H), 7.43 (d, J=7.6 Hz, 2H),
4.36 (q, J=7.2 Hz, 2H), 2.42 (t, J=7.2 Hz, 2H), 1.61 (quintet, J=7.2 Hz, 2H),
1.45 (m 2H), 1.39 (t, J=7.2 Hz, 3H), 1.29 (m 8H), 0.89 (t, J=6.4 Hz, 3H); 3C
NVR (100 MHz, CDdj): dppm 166.1, 131.3 (2C), 129.3 (2C), 129.1, 128.8, 93.8,
80.1, 60.9, 31.8, 29.1, 29.0, 28.9, 28.5 22.6, 19.4, 14.2, 14.0; IR (Nad):
2956, 2928, 2856, 2234, 1721, 1607 cm¥ M5 (ESI) miz: 287 (Ml).

Dec- 1-ynyl - benzene 4f

'H NVR (400 MHz, CDd3): dppm 7.29 (m 2H), 7.15 (m 3H), 2.28 (t, J=7.2, 2H),
1.49 (quintet, J=7.2 Hz, 2H), 1.34 (m 2H), 1.19 (m 8H), 0.78 (t, J=7.2 Hz,
3H); '°C NWR (100 MHz, CDO3): dppm 131.3 (20, 128.0 (20, 127.2, 124.0, 90. 3,
80.4, 31.7, 29.04, 29.0, 28.8, 28.6, 22.5, 19.2, 13.9; IR (Nad): 2955, 2928,
2856, 2235, 1598, 1490 cm'; MS (El 70eV) miz: 214 (M, 171, 157, 143, 129, 117,
102, 91.



