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1. Introduction due to the strong power of the “Click Chemistry”, there are
) L fewer studies on the reaction of azides and alkynes under
Substituted pyridines  are one of the most prevalenpther reacion conditions. P. Shanmugavelan et al. reported the
heterocycles in natural produc}%, pharmaceuticals,” and  tormation of 1,2,3-triazoles from-azidomethyl aryl ketones and
various kinds of functional material€. Over the past decades, a akynes in metal-free condtion.S¢heme 1A) 03 Here, we
variety of synthetic strategies have been developed to Obta@(plored a different, efficient and novel reaction fram

substituted pyridines, includérgg copper-catalyzed coupling ofzijomethyl aryl ketones and alkyne to afford tetrasubstituted
oxime acetates with alds?hy_d rhodium-catalyzed coupling of -, rigines under a relatively mild, metal-free reaction conditions.
ketoximes and alkyne$’ microwave-assisted condensatiéf, (Scheme 1B)

Bohlmann-Rahtz reactiod” condensation of ketoximines and

alkenylboronic acid®’ and so off! The existing methods require P.Shanmugaveian et al.

transition metal catalysts and harsh reaction conditions.

Therefore, versatile and efficient methods for the construction of )0\/ n=N
3

- ; . . - . COOMe g I »—COOM
pyridine rings which are compatible with functional groups and A~ " + Meooc/ _sote N ¢ oW
utilize readily available starting materials remain highly desirable. N o0Me

a-azidomethyl aryl ketones are a pivotal synthon riew
scaffold construction. In the past decades, a plethora of reactions: work:
have been reported in the literatuf8 We have utilized the- coove
azidomethyl aryl ketones for the formation of substituted o mecoc |
. [11] . f N. COOMe K,CO. \
imidazole. As part of an ongoing research programain , ar s, =z 2¢0s CNEN N ®)
azidomethyl aryl ketones, we were interested in developing a Meooc CHLCN, 55°C Ar

novel methodology from this simple synthon.

To the best of our knowledge, Guatalyzed synthesis of  scheme 1 Reaction ofi-azidomethyl aryl ketones with electron-deficient
1,2,3-triazoles from azides and alkynes, namely “Clickakynes

Chemistry” , was widely reported in the literat{ifdHowever,
2. Results and discussion

Corresponding authors. Tel./fax: +86 571 88208450 (Y.Y.); Initially, the reaction ofa-2-azido-1-phenylethanone and
tel./ffax: +86 571 88208452 (G.zZ.); e-mail addressesdimethyl but-2-ynedioate was chosen as the model reaction. No

yyu@zju.edu.crY. Yu), guolinzhang@zju.edu.dfG. Zhang). reaction was observed without any ba3eab(e 1, entry 10) The
transformation occurred when the reaction was performed in the
presence of a variety of baseBaljle 1)
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Screening of the base and solvent reveals th@OKwas the _ Entry Ar R Product __Yield [%f"

most efficient base and acetonitrile was superior to other protic 1 CeHs CHs 3a 79
and aprotic solventsTéble 1, entries 1 to 9) but the yield was Cets CHCH; sb 74

e X 3 4-CH-CeH, CHs 3c 75
significantly reduced when the reaction was performed &80 4 4-CH-CeHa CH.CH, ad 73
or at room temperatureTgble 1, entries 11, 12) When only 1.2 5 4-Br-GH, CHs 3e 77
equiv. of dimethyl but-2-ynediote was used, the conversion of the 6 4-Br-GsHy CH;CH, 3f 79

7

reaction maintainedT@ble 1, entry 13). And the yield was less 4-OCHr-CeHa CHs 39 75
reduced when only 1 equiv. of dimethyl but-2-ynediote was used. 8 4-OCH-CeHs CHCH, sh I
. LT . 2-Thiophene CH 3i 72
(Tabl_e_l entry 14) (_)n th_e basis of thISOInItIa| study, the_optlmal 10 2-Thiophene CICH, 3j 70
reactivity was obtained in GEN at 55°C when 1.2 eqiuv. of 11 2-CI-GH. CHs 3k 65
dimethyl but-2-ynedioate was employed in the presence of 12 2-Cl-GHa CH;CH, 3l 60
K,CO;. (90%;Table 1, entry 13) 13 3-OCH-CeH, CHs 3m 77
14 3-OCH-CeHa CH:CH, 3n 76
15 3,4-diOCH-CgH3 CH; 30 73
L . . 16 3,4-diOCH-CgH3 CHyCH, 3p 74
Table 1 Optimization of reaction conditiord 17 4-CI-GH. CHe 3q 81
coocH, 18 4-Cl-GH, CH,CH; 3r 81
o Hycooc. ] 19 4-NQ-CeHa CHs 3s 32
- N, __COOCH;  Base oo J | [a] Reaction conditionsu-azidomethyl aryl ketone®.5 mmol, 1.0
2 & ¥ H3COOC/ CHyCN, T °C NS equiv.), dialkyl but-2-ynedioate (0.6 mmol, 1.2 equiv.}CKs; (1 mmol, 2
Z equiv.), 2 mL of acetonitrile, 12 h, 56. [b] Isolated yield.
Entry Base Solvent TC)  Conversiofff [%] Methyl propiolate and methyl 3-phenylpropiolate were also
1 K2COs CH:CN 55 90 . .
2 K,CO, DME 55 13 used under the standard conditon in order to explore the scope of
3 K,COs EtOH 55 16 unsymmetrically substituted alkynes. To our disappointment, no
4 K,CO3 Toluene 55 10 desired product were observeSciieme 2)
5 K2CO3 THF 55 64
6 CsCOs CH:CN 55 80 0
7 EtONa CHCN 55 17 N COOCH KoCOs §O0%H:  pcooc.
8 E&N CH,CN 55 76 @2 [N Sl e OJ:L
9 DBU CHCN 55 80 CHSON, $5°C. O pp L™
10 / CHsCN 55 N.R. Ph
11 K.COs CH:CN r.t. 61 i cooch Ph
12 K.COs CH,CN 80 76 ® 2 ©k * coocH,  K:COs Ph ® HyCO0C A
130 K,COs CH4CN 55 90 o eyt (1 L ‘N/ on
141 K.COs CH,CN 55 85 R N""Ph o

Ph
[a] Reaction conditionsa-2-azido-1-phenylethanone (0.5 mmol, 1.0 equiv.),

dimethyl but-2-ynedioate (0.6 mmol, 1.2 equiv.), base (1 mmol, 2 equiv.), Zcheme 2. Attempted reaction of asymmetrical alkynes
mL of solvent, 12 h, 55C. [b] 0.3 mmol (1.2 equiv.). of dimethyl but-2-
nedioate was used. [c] 0.25 mmol (1 equiv.) of dimethyl but-2-ynedioate . .
zvas used. [d] DetermirEe]d by high—periorm(;ncgliquid chroz\atograghy, base The .Strucwres of tf;e tetrasubstituted  pyridines were
; ) . characterized bf/H NMR, *°C NMR and HRMS. The structure
on the startinga-2-azido-1-phenylethanone. The most successful entry is . .
highlighted in bold. of 3i was further proved by X-ray crystal structural analysis as

shown inFig. 1.

With the optimized reaction conditions in hand, the scope of
the reaction was studied using a set-azidomethyl aryl ketones
1, internal alkyne®. As shown inTable 2, various substituted-
azidomethyl aryl ketones worked well with internal alkynes to
provide the desired products. Good yields were obtained when
contained an electron-donating group and electron-withdrawing
group on the aromatic ring (the isolated yield > 60%). But it gave
lower yields when a strong electron-withdrawing group was
present on the aromatic ring bf (Table 2, 3s) Not surprisingly,
heteroaromatico-azidomethyl aryl ketones were also able to
furnish the desired products in good efficiendyalfle 2, 3i and
3j) The steric effect was also examined in this scope. As
expected, the steric effect on the aromatic ring did influence the
reaction efficiency with a slight reduction in the isolated yield.
(Table 2, 3k compared t&q and3l comparedBr)

Table 2 Scope of the reactidfl

COOR
0 ROOC._k_
N, COOR K,CO; .
2 Ar + ROOC/ s O SN Ar Fig.1 X-Ray crystal structure i
CH;CN, 55°C

Ar



On the basis of the results presented above, we proposed

3
tti@omatography (Petroleum ether/EtOAc) on slica gel to afford

following possible mechanism for this reaction, as shown irBa-3s.

Scheme 3. In the presence of baseazidomethyl aryl ketone
gave the intermediatd (), which would condense with internal
alkynes [I1) to afford the intermediaté/§. Another equiv. ofl()
affords the imine intermediat&\y() with a loss of nitrogeH and
cyclization of (V) and ) formed intermediate ).
Subsequently,\(l) underwent a loss of # molecule to form the
intermediate VII1). Aromatization of the resultingV(l) by

42.1. dimethyl 2-benzoyl-6-phenylpyridine-3,4-dicarboxylate

(3a): white solid, Mp: 123-125C. *H NMR (500 MHz, CDC}) 5

8.31 (s, 1H), 8.06 (dd, J = 6.7, 3.0 Hz, 2H), 8.01 (dd, J=6.7, 3.0
Hz 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.52 — 7.47 (m, 5H), 4.00 (s,
3H), 3.88 (s, 3H)"*C NMR (125 MHz, CDCJ) 5 192.58, 166.74,
165.17, 157.73, 154.98, 139.54, 136.62, 135.50, 133.54, 130.87,

kicking off hydrogen azide assisted by a base gave the finay30.57, 129.06, 128.32, 127.28, 126.84, 120.45, 53.36, 53.06. IR

product /111). 24
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Scheme 3 The proposed mechanism
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3. Conclusions

In summary, we have developed a mild reaction to prepar

tetrasubstituted pyridines fromrazidomethyl aryl ketones with

dialkyl but-2-ynedioate. Mild and metal-free reaction conditions

and substituent variation are all notable aspects of thi
methodology. Although the scope of asymmetric alkyne reactio
is still limited, these results will initiate further studies towards
an optimization of this new method.

4. Experimental section
4.1 General

Purification of reaction products were carried out by
chromatography using silica gel (200-300mesh). Melting point
were recorded on a BUCHI B-540 melting point apparatus. NM
spectra were in CDGbr DMSO (H at 500 MHz and*C at 125
MHz) and data are reported as follows: chemical
integration, multiplicity ( s = singlet, d = doublet, t = triplet, q =

guartet, m = multiplet), and coupling constant(s) in Hz. HRMS}m_l. HRMS (ESI) m/z caled for GHpNOs [M+H] " : 432.1805.

data were obtained with using ESI ionization. Infrared spectr
were recorded on FTIR spectrophotometer. Unless otherwi
noted, all reagents were obtained commercially and used witho
further purification. The starting material-azidomethyl aryl
ketones were prepared according to literature methods.

4.2 General procedurefor the synthesisof 3

To a 10 ml flask,a-azido ketones (0.5 mmol, 1 equiv.),
dimethyl but-2-ynedioate (0.6 mmol, 1.2 equiv.),G0; (1

shift,

(KBr) v: 2952, 1732, 1676, 1584, 1444, 1358 1261, 1100, 950,
804, 759, 691 cth HRMS (ESI) m/z calcd for £H1/NOs
[M+H]*: 376.1179. Found: 376.1182.

4.2.2. diethyl 2-benzoyl-6-phenylpyridine-3,4-dicarboxylate (3b):

white solid. Mp: 87-89C. '"H NMR (500 MHz, CDCJ) & 8.28 (s,

1H), 8.07 (dd, J = 6.5, 3.3 Hz, 2H), 8.03 (dd, J = 8.3, 1.1 Hz, 2H),
7.64 (t, J = 7.4 Hz, 1H), 7.53 — 7.47 (m, 5H), 4.47 (q, J = 7.2 Hz,
2H), 4.34 (q, J = 7.2 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H), 1.26 (t, J =
7.2 Hz, 3H).°C NMR (125 MHz, CDG)) § 192.70, 165.95,
165.05, 157.74, 155.49, 140.30, 136.75, 135.57, 133.52, 130.76,
130.49, 129.02, 128.33, 127.30, 126.44, 120.22, 62.64, 62.23,
14.04, 13.63. IR (KBr): 3065, 2985, 1729, 1673, 1577, 1454,
1371, 1259, 1171, 1110, 1018, 904, 860, 754, 691 ¢RMS
(ESI) m/z caled for H,NOs [M+H]™: 404.1492. Found:
404.1496.

4.2.3. dimethyl 2-(4-methylbenzoyl)-6-(p-tolyl)pyridine-3,4-dicar
-boxylate (3c): white solid. Mp: 169-172C. *H NMR (500 MHz,
CDCly § 8.27 (s, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.94 (& 8.1

Hz, 2H), 7.31 (d, J = 4.1 Hz, 2H), 7.29 (d, J = 4.2 Hz, 2H), 4.00
(s, 3H), 3.87 (s, 3H), 2.46 (s, 3H), 2.42 (s, 3BL NMR (125
MHz, CDCL) 6 192.29, 166.82, 165.37, 157.71, 155.28, 144.52,
140.92, 139.49, 133.95, 132.99, 131.03, 129.76, 129.05, 127.19,
I21126.26, 119.86, 53.29, 52.98, 21.82, 21.38. IR (KBrp953,
1734, 1665, 1584, 1442, 1353, 1276, 1109, 1058, 950, 827, 770,
727 cm'. HRMS (ESI) m/z calcd for GH»NOg [M+H]" :
404.1492. Found: 404.1489.

4.2.4. diethyl 2-(4-methylbenzoyl)-6-(p-tolyl)pyridine-3,4-dica
rboxylate (3d): white solid. Mp: 146-148C. '"H NMR (500
MHz, CDCL) 6 8.22 (s, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.93 (&, J
8.2 Hz, 2H), 7.30 - 7.27 (m, 4H), 4.46 (q, J = 7.2 Hz, 2H), 4.31

H), 1.25 (t, J = 7.2 Hz, 3H)°C NMR (125 MHz, CDG)) 5
92.41, 166.04, 165.24, 157.70, 155.74, 144.46, 140.82, 140.22,
134.07, 133.07, 130.93, 129.72, 129.05, 127.22, 125.89, 119.64,
62.56, 62.13, 21.82, 21.38, 14.04, 13.64. IR (KBr3983, 1729,
1666, 1579, 1370, 1260, 1177, 1108, 1020, 905, 826, 769, 724

éq, J=7.2 Hz, 2H), 2.46 (s, 3H), 2.42 (s, 3H), 1.43 (t, J = 7.2 Hz,

eOund: 432.1812.

ut

4.2.5. dimethyl 2-(4-bromobenzoyl)-6-(4-bromophenyl)pyridine-
3,4-dicarboxylate (3¢): pale yellow solid. Mp: 185-18%C 'H
NMR (500 MHz, CDCJ) 5 8.31 (s, 1H), 7.93 (d, J = 8.6 Hz, 2H),
7.89 (d, J = 8.5 Hz, 2H), 7.66 (d, J = 8.6 Hz, 2H), 7.64 (d, J = 8.6
Hz, 2H), 4.02 (s, 3H), 3.91 (s, 3HJC NMR (125 MHz, CDG))

6 191.33, 166.51, 164.83, 156.58, 154.44, 139.75,.3632

mmol, 2 equiv.) and 2 mL acetonitrile was added successively31.71, 128.70, 125.49, 120.47, 53.45, 53.15. IR (KBB950,

The reaction mixture was stirred at &5 for 12 h. Acetonitrile

1735, 1672, 1582, 1488, 1441, 1405, 1353, 1273, 1110, 1067,

was removed by rotary evaporation under reduced pressure. AB09, 949, 906, 883, 773, 736, 687, 637'cHRMS (ESI) m/z

then the residue was added 20 mjOHextracted with 15 mL
EtOAc twice. The organic layer was wished with 20 miOH20
mL brine and dried with N&O,. And then EtOAc with removed

calcd for G,H,gBr,NOs [M+H] *: 531.9390. Found: 531.9396.

under reduced pressure, the residue was purified by flash
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4.2.6. diethyl 2-(4-bromobenzoyl)-6-(4-bromophenyl)pyridine- 7.5, 2.0Hz, 1H), 7.48 — 7.41 (m, 3H), 7.39 — 7.30 (m, 3H), 4.03
3/4-dicarboxylate (3f): pale yellow solid. Mp: 150-153C. *H (s, 3H), 4.00 (s, 3H)"*C NMR (125 MHz, CDGJ) & 193.44,
NMR (500 MHz, CDC}) & 8.26 (s, 1H), 7.93 (d, J = 8.6 Hz, 2H), 167.04, 164.27, 157.39, 152.63, 137.42, 136.92, 136.72, 132.87,
7.88 (d, J = 8.6 Hz, 2H), 7.62 - 7.66 (m, 4H) 4.47 (q, J = 7.1 Hz132.45, 132.27, 131.69, 131.17, 130.66, 130.31, 130.02, 127.86,
2H), 4.35 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H), 1.28 (t, J 427.22, 126.78, 126.69, 53.40, 53.28. IR (KBr)3088, 2952,
7.1 Hz, 3H).®*C NMR (125 MHz, CDGJ)) & 191.45, 165.76, 1744, 1680, 1587, 1435, 1358, 1277, 1219, 1153, 1123, 1072,
164.69, 156.54, 154.88, 140.46, 135.44, 134.24, 132.30, 132.1851, 745, 705, 638 chm HRMS (ESI) m/z calcd for
131.72, 129.01, 128.73, 127.01, 125.40, 120.26, 62.78, 62.36,,H15CoNOs [M+H]": 444.0400. Found: 444.0406.

14.03, 13.67. IR (KBry: 2983, 1728, 1672, 1581, 1402, 1262,
1177, 1107, 1009, 905, 836, 774 trHiRMS (ESI) m/z calcd for

CouH1gBr,NOs [M+H]*: 559.9703. Found: 559.9705. 4.2.12. diethyl 2-(2-chlorobenzoyl)-6-(2-chlorophenyl)pyridine-

3,4-dicarboxylate (3): colorless liquid."H NMR (500 MHz,
CDCly) 5 8.36 (s, 1H), 7.63 (dd, J =7.3, 2.1 Hz, 1H), 740, ( =
7.3, 2.1 Hz, 1H), 7.46 — 7.40 (m, 3H), 7.27-7.36 (m, 3H), 4.43 —
4.2.7. dimethyl 2-(4-methoxybenzoyl)-6-(4-methoxyphenyl)pyridi 4.52 (m 4H), 1.40 - 1.43 (m, 6HYC NMR (125 MHz, CDG)) &
-ne-3,4-dicarboxylate (3g): white solid. Mp: 125-127°C. 'H  193.43, 166.41, 163.97, 157.24, 152.91, 137.96, 136.99, 136.82,
NMR (500 MHz, CDCJ) & 8.21 (s, 1H), 8.05 - 8.02 (m, 4H), 132.86, 132.40, 132.27, 131.65, 131.17, 130.60, 130.29, 130.03,
7.00 - 6.97 (m, 4H), 4.00 (s, 3H), 3.91 (s, 3H), 3.88 (s, 3H), 3.8127.94, 127.19, 126.66, 62.68, 62.37, 14.03, 13.82. IR (KBr)
(s, 3H)."°C NMR (125 MHz, CDG)) 5 191.25, 166.91, 165.48, 2985, 1737, 1687, 1588, 1438, 1374, 1280, 1167, 1120, 785 cm
163.95, 161.68, 157.30, 155.52, 139.48, 133.31, 129.31, 128.8RMS (ESI) m/z calcd for GH:(CLNOs [M+H]*: 472.0713.
128.49, 125.68, 119.20, 114.39, 113.64, 55.53, 55.43, 53.2Fpund: 472.0717.
52.96. IR (KBr)v: 3103, 2954, 2839, 1734, 1655, 1595, 1512,
1433, 1357, 1259, 1173, 1110, 946, 835, 773, 719, ¢HRMS _ _
(ESI) miz calcd for GH,NO, [M+H]*: 436.1391. Found: 42-13. dimethyl 2-(3-methoxybenzoyl)-6-(3-methoxyphenyl)pyrid
436.1391. -ine-3,4-dicarboxylate (3m): white solid. Mp: 92-94C. 'H NMR

(500 MHz, CDC}) 6 8.30 (s, 1H), 7.64 — 7.62 (m, 3H), 7.56 (d, J

= 7.7 Hz, 1H), 7.40 - 7.37 (m, 2H), 7.18 (dd, J=8, 2.5Hz, 1H),
4.2.8. diethyl 2-(4-methoxybenzoyl)-6-(4-methoxyphenyl)pyridine ~ 7.02 (dd, J = 8, 2.5 Hz, 1H), 4.00 (s, 3H), 3.89 (s, 3H), 3.86 (s,
-34-dicarboxylate (3h): colorless liquid.*H NMR (500 MHz,  3H), 3.84 (s, 3H)'°C NMR (125 MHz, CDC)) § 192.26, 166.67,
CDCly) & 8.15 (s, 1H), 8.05 - 8.00 (m, 4H), 6.99 - 6.96 4H),  165.15, 160.23, 159.56, 157.47, 154.82, 139.53, 137.99, 136.77,
4.45 (q, J = 7.1 Hz, 2H), 4.30 (q, J = 7.2 Hz, 2H), 3.90 (s, 3H)130.06, 129.22, 126.89, 124.03, 120.59, 120.31, 119.56, 116.46,
3.86 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H), 1.24 (t, J = 7.2 Hz, 38). 114.50, 112.53, 55.45, 55.35, 53.34, 53.04. IR (KBrp979,
NMR (125 MHz, CDCJ) & 191.40, 166.09, 165.34, 163.92, 1732, 1671, 1587, 1458, 1268, 1221, 1099, 1040, 862, 770, 726,
161.64, 157.32, 155.99, 140.25, 133.16, 129.43, 128.81, 128.6884 cm'. HRMS (ESI) m/z calcd for LHxNO, [M+H]":
125.27, 118.96, 114.36, 113.64, 62.50, 62.06, 55.50, 55.4836.1391. Found: 436.1389.
14.03, 13.63. IR (KBr): 2892, 2838, 1728, 1661, 1596, 1512,
1461, 1425, 1372, 1258, 1173, 1107, 1027, 905, 840, 775 cm
HRMS (ESI) m/z caled for GH,sNO; [M+H]": 464.1704.
Found: 464.17009.

4.2.14. diethyl 2-(3-methoxybenzoyl)-6-(3-methoxyphenyl)pyridin
-e-3,4-dicarboxylate (3n): colorless liquid*H NMR (500 MHz,
CDCly) 6 8.25 (s, 1H), 7.64 - 7.61 (m, 3H), 7.54 (d, J =HZ
1H), 7.41 — 7.36 (m, 2H), 7.17 (dd, J = 8.0, 2.5Hz, 1H), 7.01 (dd,

) . el : Y ol W 3=18.0, 2.5Hz, 1H), 4.46 (q, J = 7.1 Hz, 2H), 4.34 (q, J = 7.2 Hz,
ne-3,4-dicarboxylate (3i): yellow solid. Mp: 143-145C. " 2H), 3.86 (s, 3H), 3.84 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H), 1.27 (t, J

NMR (500 MHz, CDC) § 8.30 - 8.20 (m, 2H), 7.84 = 7.82 (m, Z7" > 0 el (o™ oe Vi~ Chen 510250, 165,01,
2H), 7.56 (dd, J = 5.0, 1.0 Hz, 1H), 7.23 - 7.20 (m, 2H), 4.02 (s
= 165.02, 160.21, 159.57, 157.47, 155.31, 140.26, 138.14, 136.84,

3H), 4.01 (s, 3H)**C NMR (125 MHz, CDGJ) 5 181.89, 167.30,

30.03, 129.25, 126.52, 123.98, 120.38, 120.30, 119.61, 116.33,
164.23, 152.85, 151.90, 142.20, 139.27, 138.39, 137.11, 136.9

435, 112.62, 62.63, 62.23, 55.46, 55.36, 14.03, 13.66. IR
130.03, 128.58, 127.78, 127.74, 127.34, 120.55, 53.39, 53.10. IR0 20707000 2000 o P Teer 2200 1400 1436, 1901
(KBr) v: 3091, 2945, 1737, 1636, 1582, 1435, 1273, 1150, 109 ' ' ’ ' ’ : ' ’ : '

. + '224, 1150, 1099, 1043, 955, 878, 768, 728, 668. diRMS
745, 691 crit. HRMS (ESI) m/z calcd for H;aNOsS, [M+H] ™: ' ' ' ! ! Lt A .
388.0308. Found: 388.0310. (ESI) m/z calcd for GH.sNOg [M+H]" :464.1704. Found:

464.1707.

4.2.9. dimethyl 6-(thiophen-2-yl)-2-(thiophene-2-carbonyl)pyridi

4.2.10. diethyl 6-(thiophen-2-y1)-2- (thiophene-2-carbonyl)pyridin 4.2.15. dimethyl 2-(3,4-dimethoxybenzoyl)-6-(3,4-dimethoxyphen
-e-34-dicarboxylate (3j): yellow solid. Mp:117-119C.*H NMR  -yl)pyridine-3,4-dicarboxylate (30): white solid. Mp: 86-8€C .
(500 MHz, CDC}) § 8.26 (s, 1H), 8.25 (dd, J = 3.9, 1.2 Hz, 1H), "H NMR (500 MHz, CDC}) § 8.21 (s, 1H), 7.72 (d, J = 1.9 Hz,
7.84 — 7.80 (m, 2H), 7.55 (dd, J = 5.0, 0.9 Hz, 1H), 7.27 — 7.19H), 7.70 — 7.66 (m, 2H), 7.59 (dd, J = 8.4, 1.9 Hz, 1H), 6.97 (d,
(m, 2H), 4.49 — 4.44 (m, 4H), 1.43 (t, J = 7.1 Hz, 3H), 1.39 (t, J 3 = 8.8 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 4.00 (s, 3H), 3.97 (s,
7.2 Hz, 3H).®*C NMR (125 MHz, CDG)) 5 182.17, 166.58, 3H), 3.96 (s, 3H), 3.95 (s, 3H), 3.92 (s, 3H), 3.87 (s, 3f9).
164.05, 152.69, 152.31, 142.31, 139.64, 139.07, 136.92, 136.708MR (125 MHz, CDCJ) § 191.19, 165.80, 165.54, 157.26,
129.93, 128.54, 127.80, 127.63, 127.23, 120.34, 62.70, 62.1855.41, 153.85, 151.37, 149.48, 148.94, 139.62, 129.52, 128.59,
14.05, 13.82. IR (KBr): 3111, 2982, 1724, 1638, 1581, 1405, 126.85, 125.64, 120.36, 119.26, 112.06, 111.16, 110.06, 109.80,
1357, 1277, 1238, 1152, 1095, 1018, 851, 718.dARMS (ESI)  56.12, 56.02, 53.29, 52.96. IR (KBr) 3003, 2951, 2838, 1733,
m/z calcd for GH /NOsS, [M+H] ": 416.0621. Found: 416.0621. 1657, 1587, 1515, 1457, 1423, 1346, 1269, 1153, 1021, 807, 768,
721 cm'. HRMS (ESI) m/z calcd for £H,sNOs [M+H]":
4.2.11. dimethyl 2-(2-chlorobenzoyl)-6-(2-chlorophenyl)pyridine- 496.1602. Found: 496.1606.
34-dicarboxylate (3k): colorless liquid."H NMR (500 MHz,
CDCly) 6 8.39 (s, 1H), 7.63 (dd, J = 7.6, 1.3 Hz, 1H), 7d810 =



-l)pyridine-3,4-dicarboxylate (3p): colorless liquid.'H NMR

(500 MHz, CDC}) § 8.15 (s, 1H), 7.71 (d, J = 1.9 Hz, 1H), 7.68 _ _

—7.65 (m, 2H), 7.54 (dd, J = 8.4, 1.9 Hz, 1H), 6.96 (d, J = 8.2 Copies of NMR spectra for all products and single-crystal X-
Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 4.45 (g, J = 7.1 Hz, 2H), 4.29ay diffraction analysis of 3i.

(9, J = 7.2 Hz, 2H), 3.95 (s, 3H), 3.94 (s, 3H), 3.94 (s, 3H), 3.91

(s, 3H), 1.41 (t, J = 7.2 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3f0.

NMR (125 MHz, CDCJ) & 191.37, 166.01, 165.41, 157.28, Referencesand notes

155.83, 153.80, 151.30, 149.44, 148.95, 140.34, 129.64, 128.68,

126.78, 125.25, 120.37, 119.07, 111.85, 111.13, 110.12, 109.82, P. Fu, S. X. Wang, K. Hong, P. P. Liu, Y. Wang, W. M. Zhu,
62.56, 62.10, 56.10, 56.03, 56.01, 14.02, 13.67. IR (KBr) J. Nat. Prod. 2011, 74, 1751.

3083, 2974, 2840, 1729, 1662, 1591, 1518, 1460, 1425, 1378, a) V. L. Chen, J. Braselton, J. Forman, R. J. Gallaschun, R.
1343, 1268, 1175, 1146, 1106, 1017, 861, 768, 721 &iRMS Mansbach, A. W. Schmidt, T. F. Seeger, J. S. Sprouse, F. D.

(ESI) m/z calcd for GHxNO, [M+H]™: 524.1915. Found:  ringiey E. Winston, D. W. Schuld, Med. Chem. 2008, 51,

524.1916. 1377; b) Y. Miyamoto, Y. Banno, T. Yamashita, T. Fujimoto,
S.

4.2.17_. dimethyl 2-(4rchlorobenzoyl)-6—(4-_ch|orophenyl)pyridilne Oi, Y. Moritoch, T. Askawa, O. Kataoka, H. Yashiro, K.

-3,4-dicarboxylate (3g): pale yellow solid. Mp:171-173C. *H Takeuchi, N. Suzuki, K. Ikedo, T. Kosaka, S. Tsubotani, A.

NMR (500 MHz, CDC}) & 8.31 (s, 1H), 8.00 — 7.96 (m, 4H),
i 0, 50 90 351 SR K3 Y, 1) i con 250,551
139.72, 137.05, 134.87, 133.76, 132.21, 129.37, 128.73, 128.48,;) M'ZO%SB{"(?S'G)SS‘;' W. Dale, E. A. Merritt, X. Xionghem.
127.29, 120.48, 53.45, 53.15. IR (KBv) 3092, 2951, 1735, v, 2005, 105, 685.

1672, 1585, 1492, 1441, 1411, 1410, 1354, 1270, 1169, 1104 F- Durola, J. P. Sauvage, O. S. Wengaem Commun. 2006,
1013, 951, 836, 773 cm HRMS (ESI) miz calcd for

CyH15CoNOs [M+H] *: 444.0400. Found: 444.0409. 4. Z. Ren, Z. Zhang, B. Yang, Y. Wang, Z. Guémg. Leit.

2011, 13, 5394

42.18. diethyl 2-(4-chlorobenzoyl)-6-(4-chlorophenylypyricine- > P 100 T- Nofl, Y. Lim, X. Li,'S. Chibaynlett. 2011, 19,
3,4-dicarboxylate (3r): pale yellow solid. Mp: 132-134C. *H — ) i

NMR (500 MHz, CDC}) & 8.25 (s, 1H), 8.00 — 7.95 (m, 4H), ©- @ C.Yan, X. Cai, Q. Fang, T. Wang, M. Zhefgg. Biomol.
7.51 — 7.45 (m, 4H), 4.47 (g, J = 7.2 Hz, 2H), 4.35 (q, J = 7.2 Hz, Chem. 2007, 5, 945; b) B. Jiang, W. Hao, X. Wang, F. Shi, S.
2H), 1.44 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.2 Hz, 38 NMR Tu, J. Comb. Chem. 2009, 11, 846.

(125 MHz, CDC}) & 191.28, 165.77, 164.72, 156.47, 154.93,7. S. Kantevari, S. Patpi, D. Addla, S. Putapatri, B. Sridhar, P.
140.45, 140.18, 136.96, 134.99, 133.83, 132.11, 129.33, 128.74, Yogeeswari, D. SriramACS Comb. Sci. 2011, 13, 427.

128.51, 126.95, 120.26, 62.78, 62.35, 14.04, 13.67. IR (KBr) 8. S. Liu, L. Liebeskind). Am. Chem. Soc. 2008, 130, 6918.

3088, 2984, 1729, 1671, 1583, 1405, 1370, 1262, 1177, 1108, a) B. Ranu, R. Jana, S. SowmidhOrg .Chem. 2007, 72,
1013, 838, 775 Cl'h HRMS (ES|) m/z calcd for £;ngC|2NO5 3152; b) Y. Sainz, S. Raw, R. J. K. Tayldr,Org Chem.

[M+H]": 472.0713. Found: 472.0719. 2005, 70, 10086; ¢) M. N. Khan, S. Pal, T. Parvin, L. H.
Choudhury,RSC Adv. 2012, 2, 12305; d) J. Shao, W. Yu, Z.

Tani, M. Sasaki, M. Funami, M. Amano, Y. Yamamoto, K.

4.2.19. dimethyl 2-(4-nitrobenzoyl)-6-(4-nitrophenyl)pyridine-

3,4-dicarboxylate (3s): yellow solid. Mp: 70-72°C . '"H NMR Shao, Y. YuChem. Commun. 2012, 48, 2785.
(500 MHz, CDCJ) & 8.49 (s, 1H), 8.38 — 8.34 (m, 4H), 8.20 — 10. a) B. Batanerq, J. Escuder.o, _F. Ba®eg. Lett. 1999, 1,
8.16 (m, 4H), 4.05 (s, 3H), 3.96 (s, 3HJC NMR (125 MHz, 1521; b) I. Freifeld, H. Shojaei, P. Langér,Org. Chem.

CDCly) & 190.48, 166.12, 164.17, 155.30, 153.56, 150.51, 2006, 71, 4965; c) T. Patonayl, R. V. HoffmahOrg. Chem.
149.15, 141.77, 140.13, 140.00, 131.68, 128.96, 128.10, 124.37, 1995, 60, 2368; d) R. F. Klima, A. V. Jadhav, P. N. D. Singh,

123.52, 122.24, 53.70, 53.40. IR (KBv) 1730, 1636, 1596, M. Chang, C. Vanosn, J. Sankaranarayana, M. Vu, N.
1514, 1397, 1342, 1109, 844, 738, 687'ctHRMS (ESI) m/z Ibrahim, E. Ross, S. McCloskey, R. S. Murthy, J. A. Krause,
caled for GoH;sN3Og [M+H] ": 466.0881. Found: 466.0877. B. S. Ault, A. D. Gudmundsdéttic]. Org. Chem. 2007, 72,

6372; e) C. H. Chou, L. T. Chu, I. Y. Chen, B. J. Wu,
Heterocycles. 2008, 75, 577; f) P. Langer, |. Freifeldzhem.
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Supporting information

General Information:

Purification of reaction products were carried out by chromatography using silica gel (200-300mesh). Melting points were
recorded on a BUCHI B-540 melting point apparatus. NMR spectra were in CDClz or DMSO (*H at 500 MHz and *°C at 125
MHZz) and data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t =triplet, q = quartet,
m = multiplet), and coupling constant(s) in Hz. Infrared spectra were recorded on FTIR spectrophotometer. HRMS data were
obtained with using ESI ionization. Unless otherwise noted, all reagents were obtained commercially and used without further
purification. The starting material o-azido ketones were prepared according to literature methods.*

General Procedure for the Synthesis of 3a-3s

To a 10 ml flask, a-azido ketones (0.5 mmol, 1 equiv.), dimethyl but-2-ynedioate (0.6 mmol, 1.2 equiv.), K2CO3 (1 mmol, 2
equiv.) and 2 mL acetonitrile was added successively. The reaction mixture was stirred at 55 °‘C for 12 h.  Acetonitrile was
removed by rotary evaporation under reduced pressure. And then the residue was added 20 mL H0, extracted with 15 mL
EtOAcC twice. The organic layer was wished with 20 mL H,O, 20 mL brine and dried with Na,SO4. And then EtOAc with
removed under reduced pressure, the residue was purified by flash chromatography (Petroleum ether/EtOAc) on slica gel to
afford 3a-3s.



Characterization Data:

H;C00C.__~ O

l

H,COOC

J°

3a

dimethyl 2-benzoyl-6-phenylpyridine-3,4-dicarboxylate (3a): white solid, Mp: 123-125 °C. *H NMR (500 MHz, CDCl3) &
8.31 (s, 1H), 8.06 (dd, J = 6.7, 3.0 Hz, 2H), 8.01 (dd, J=6.7, 3.0 Hz 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.52 — 7.47 (m, 5H), 4.00 (s,
3H), 3.88 (s, 3H). 1*C NMR (125 MHz, CDCls3) & 192.58, 166.74, 165.17, 157.73, 154.98, 139.54, 136.62, 135.50, 133.54,
130.87, 130.57, 129.06, 128.32, 127.28, 126.84, 120.45, 53.36, 53.06. IR (KBr) v: 2952, 1732, 1676, 1584, 1444, 1358 1261,
1100, 950, 804, 759, 691 cmt. HRMS (ESI) m/z calcd for C2,H17NOs [M+H]* :376.1179. Found:376.1182.

EtOOC._~ O

\

EtOOC

J°

3b

diethyl 2-benzoyl-6-phenylpyridine-3,4-dicarboxylate (3b): white solid. Mp: 87-89 °C. 'H NMR (500 MHz, CDCls) § 8.28
(s, 1H), 8.07 (dd, J = 6.5, 3.3 Hz, 2H), 8.03 (dd, J = 8.3, 1.1 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.53 — 7.47 (m, 5H), 4.47 (q, J
= 7.2 Hz, 2H), 4.34 (q, J = 7.2 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDCls) &
192.70, 165.95, 165.05, 157.74, 155.49, 140.30, 136.75, 135.57, 133.52, 130.76, 130.49, 129.02, 128.33, 127.30, 126.44,
120.22, 62.64, 62.23, 14.04, 13.63. IR (KBr) v: 3065, 2985, 1729, 1673, 1577, 1454, 1371, 1259, 1171, 1110, 1018, 904, 860, 754,
691 cmt. HRMS (ESI) m/z calcd for C24H21NOs [M+H]* :404.1492. Found: 404.1496.

dimethyl 2-(4-methylbenzoyl)-6-(p-tolyl)pyridine-3,4-dicarboxylate (3c): white solid. Mp: 169-171 °C. *H NMR (500
MHz, CDCls) 6 8.27 (s, 1H), 7.98 (d, ] = 8.2 Hz, 2H), 7.94 (d, J = 8.1 Hz, 2H), 7.31 (d, = 4.1 Hz, 2H), 7.29 (d, J = 4.2 Hz,
2H), 4.00 (s, 3H), 3.87 (s, 3H), 2.46 (s, 3H), 2.42 (s, 3H). **C NMR (125 MHz, CDCls) § 192.29, 166.82, 165.37, 157.71,
155.28, 144.52, 140.92, 139.49, 133.95, 132.99, 131.03, 129.76, 129.05, 127.19, 126.26, 119.86, 53.29, 52.98, 21.82, 21.38.
IR (KBr) v: 2953, 1734, 1665, 1584, 1442, 1353, 1276, 1109, 1058, 950, 827, 770, 727 cm™. HRMS (ESI) m/z calcd for
C24H21NOs [M+H]*:404.1492. Found: 404.1489.



diethyl 2-(4-methylbenzoyl)-6-(p-tolyl)pyridine-3,4-dicarboxylate (3d): white solid. Mp: 146-148 °C. 'H NMR (500 MHz,
CDCl3) 8 8.22 (s, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.93 (d, J = 8.2 Hz, 2H), 7.30 - 7.27 (m, 4H), 4.46 (q, J = 7.2 Hz, 2H), 4.31
(9,3 =7.2 Hz, 2H), 2.46 (s, 3H), 2.42 (s, 3H), 1.43 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDCls)
619241, 166.04, 165.24, 157.70, 155.74, 144.46, 140.82, 140.22, 134.07, 133.07, 130.93, 129.72, 129.05, 127.22, 125.89,
119.64, 62.56, 62.13, 21.82, 21.38, 14.04, 13.64. IR (KBr) v: 2983, 1729, 1666, 1579, 1370, 1260, 1177, 1108, 1020, 905,
826, 769, 724 cm. HRMS (ESI) m/z calcd for C26H2sNOs [M+H]* : 432.1805. Found: 432.1812.

Br

dimethyl 2-(4-bromobenzoyl)-6-(4-bromophenyl)pyridine-3,4-dicarboxylate (3e): pale yellow solid. Mp: 185 - 187 °C 'H
NMR (500 MHz, CDCls) & 8.31 (s, 1H), 7.93 (d, J = 8.6 Hz, 2H), 7.89 (d, J = 8.5 Hz, 2H), 7.66 (d, J = 8.6 Hz, 2H), 7.64 (d,
J =8.6 Hz, 2H), 4.02 (s, 3H), 3.91 (s, 3H). **C NMR (125 MHz, CDCl3) § 191.33, 166.51, 164.83, 156.58, 154.44, 139.75,
132.35, 131.71, 128.70, 125.49, 120.47, 53.45, 53.15. IR (KBr) v: 2950, 1735, 1672, 1582, 1488, 1441, 1405, 1353, 1273, 1110,
1067, 1009, 949, 906, 883, 773, 736, 687, 637 cm™. HRMS (ESI) m/z calcd for Cx;HisBroNOs [M+H]* : 531.9390. Found:
531.9396.

Br

diethyl 2-(4-bromobenzoyl)-6-(4-bromophenyl)pyridine-3,4-dicarboxylate(3f): pale yellow solid. Mp: 150-152 °C. H
NMR (500 MHz, CDCls) 6 8.26 (s, 1H), 7.93 (d, J = 8.6 Hz, 2H), 7.88 (d, J = 8.6 Hz, 2H), 7.62 - 7.66 (m, 4H) 4.47 (9, J =
7.1 Hz, 2H), 4.35 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCl3) § 191.45,
165.76, 164.69, 156.54, 154.88, 140.46, 135.44, 134.24, 132.30, 132.18, 131.72, 129.01, 128.73, 127.01, 125.40, 120.26,
62.78, 62.36, 14.03, 13.67. IR (KBr) v: 2983, 1728, 1672, 1581, 1402, 1262, 1177, 1107, 1009, 905, 836, 774 cm™*. HRMS
(ESI) m/z calcd for CasH19BraNOs [M+H]* : 559.9703. Found:559.9705.



dimethyl 2-(4-methoxybenzoyl)-6-(4-methoxyphenyl)pyridine-3,4-dicarboxylate (3g): white solid. Mp: 125-127 °C. 'H
NMR (500 MHz, CDCls)  8.21 (s, 1H), 8.05 - 8.02 (m, 4H), 7.00 - 6.97 (m, 4H), 4.00 (s, 3H), 3.91 (s, 3H), 3.88 (s, 3H), 3.87
(s, 3H). 3C NMR (125 MHz, CDCl3) & 191.25, 166.91, 165.48, 163.95, 161.68, 157.30, 155.52, 139.48, 133.31, 129.31,
128.80, 128.49, 125.68, 119.20, 114.39, 113.64, 55.53, 55.43, 53.27, 52.96. IR (KBr) v: 3103, 2954, 2839, 1734, 1655, 1595,
1512, 1433, 1357, 1259, 1173, 1110, 946, 835, 773, 719 cm™. HRMS (ESI) m/z calcd for Ca4H21NO7 [M+H]* :436.1391.
Found: 436.1391.

OCH,

H,CO

diethyl 2-(4-methoxybenzoyl)-6-(4-methoxyphenyl)pyridine-3,4-dicarboxylate(3h): colorless liquid. *H NMR (500 MHz,
CDCl3) 8 8.15 (s, 1H), 8.05 - 8.00 (m, 4H), 6.99 - 6.96 (m, 4H), 4.45 (q, J = 7.1 Hz, 2H), 4.30 (q, J = 7.2 Hz, 2H), 3.90 (s,
3H), 3.86 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H). *3C NMR (125 MHz, CDCls) § 191.40, 166.09, 165.34,
163.92, 161.64, 157.32, 155.99, 140.25, 133.16, 129.43, 128.81, 128.61, 125.27, 118.96, 114.36, 113.64, 62.50, 62.06, 55.50,
55.40, 14.03, 13.63. IR (KBr) v: 2892, 2838, 1728, 1661, 1596, 1512, 1461, 1425, 1372, 1258, 1173, 1107, 1027, 905, 840, 775
cmt, HRMS (ESI) m/z calcd for C2sHasNO7 [M+H]* :464.1704. Found:464.1709.

3i

dimethyl 6-(thiophen-2-yl)-2-(thiophene-2-carbonyl)pyridine-3,4-dicarboxylate (3i): yellow solid. Mp: 143-145 °C. *H
NMR (500 MHz, CDCls) & 8.30 - 8.29 (m, 2H), 7.84 — 7.82 (m, 2H), 7.56 (dd, J =5.0, 1.0 Hz, 1H), 7.23 - 7.20 (m, 2H), 4.02
(s, 3H), 4.01 (s, 3H). *3C NMR (125 MHz, CDCl3) 6 181.89, 167.30, 164.23, 152.85, 151.90, 142.20, 139.27, 138.39, 137.11,
136.96, 130.03, 128.58, 127.78, 127.74, 127.34, 120.55, 53.39, 53.10. IR (KBr) v: 3091, 2945, 1737, 1636, 1582, 1435, 1273,
1150, 1094, 745, 691 cm™. HRMS (ESI) m/z calcd for C1sH1sNOsS, [M+H]* :388.0308. Found: 388.0310.



diethyl 6-(thiophen-2-yl)-2-(thiophene-2-carbonyl)pyridine-3,4-dicarboxylate (3j): yellow solid. Mp:117-119 °C. H
NMR (500 MHz, CDCls) & 8.26 (s, 1H), 8.25 (dd, J = 3.9, 1.2 Hz, 1H), 7.84 — 7.80 (m, 2H), 7.55 (dd, J = 5.0, 0.9 Hz, 1H),
7.27 —7.19 (m, 2H), 4.49 — 4.44 (m, 4H), 1.43 (t, J = 7.1 Hz, 3H), 1.39 (t, J = 7.2 Hz, 3H). *C NMR (125 MHz, CDCl3) §
182.17, 166.58, 164.05, 152.69, 152.31, 142.31, 139.64, 139.07, 136.92, 136.71, 129.93, 128.54, 127.80, 127.63, 127.23,
120.34, 62.70, 62.16, 14.05, 13.82. IR (KBr) v: 3111, 2982, 1724, 1638, 1581, 1405, 1357, 1277, 1238, 1152, 1095, 1018,
851, 718 cm™*. HRMS (ESI) m/z calcd for C2H17NOsS, [M+H]* : 416.0621. Found: 416.0621.

dimethyl 2-(2-chlorobenzoyl)-6-(2-chlorophenyl)pyridine-3,4-dicarboxylate (3k): colorless liquid. *H NMR (500 MHz,
CDCls3) 6 8.39 (s, 1H), 7.63 (dd, I =17.6, 1.3 Hz, 1H), 7.51(dd, J = 7.5, 2.0Hz, 1H), 7.48 — 7.41 (m, 3H), 7.39 — 7.30 (m, 3H),
4.03 (s, 3H), 4.00 (s, 3H). °C NMR (125 MHz, CDCls) § 193.44, 167.04, 164.27, 157.39, 152.63, 137.42, 136.92, 136.72,
132.87, 132.45, 132.27, 131.69, 131.17, 130.66, 130.31, 130.02, 127.86, 127.22, 126.78, 126.69, 53.40, 53.28. IR (KBr) v:
3088, 2952, 1744, 1680, 1587, 1435, 1358, 1277, 1219, 1153, 1123, 1072, 951, 745, 705, 638 cm*. HRMS (ESI) m/z calcd
for C2oH1sC2NOs [M+H]* : 444.0400. Found: 444.0406.

diethyl 2-(2-chlorobenzoyl)-6-(2-chlorophenyl)pyridine-3,4-dicarboxylate (31): colorless liquid. *H NMR (500 MHz,
CDCl3) 6 8.36 (s, 1H), 7.63 (dd, J =7.3, 2.1 Hz, 1H), 7.50 (dd, J = 7.3, 2.1 Hz, 1H), 7.46 — 7.40 (m, 3H), 7.27-7.36 (m, 3H),
4.43 — 4,52 (m 4H), 1.40 - 1.43 (m, 6H). 3C NMR (125 MHz, CDCls) § 193.43, 166.41, 163.97, 157.24, 152.91, 137.96,
136.99, 136.82, 132.86, 132.40, 132.27, 131.65, 131.17, 130.60, 130.29, 130.03, 127.94, 127.19, 126.66, 62.68, 62.37, 14.03,
13.82. IR (KBr) v: 2985, 1737, 1687, 1588, 1438, 1374, 1280, 1167, 1120, 755 cm™. HRMS (ESI) m/z calcd for C24H15C2NOs
[M+H]* : 472.0713. Found : 472.0717.



H,COOC
(y
OCHz 3

dimethyl 2-(3-methoxybenzoyl)-6-(3-methoxyphenyl)pyridine-3,4-dicarboxylate (3m): white solid. Mp: 92-94 °C. H
NMR (500 MHz, CDCls) 3 8.30 (s, 1H), 7.64 — 7.62 (m, 3H), 7.56 (d, J = 7.7 Hz, 1H), 7.40 - 7.37 (m, 2H), 7.18 (dd, J=8,
2.5Hz, 1H), 7.02 (dd, J = 8, 2.5 Hz, 1H), 4.00 (s, 3H), 3.89 (s, 3H), 3.86 (s, 3H), 3.84 (s, 3H). *C NMR (125 MHz, CDCls) §
192.26, 166.67, 165.15, 160.23, 159.56, 157.47, 154.82, 139.53, 137.99, 136.77, 130.06, 129.22, 126.89, 124.03, 120.59,
120.31, 119.56, 116.46, 114.50, 112.53, 55.45, 55.35, 53.34, 53.04. IR (KBr) v: 2979, 1732, 1671, 1587, 1458, 1268, 1221,
1099, 1040, 862, 770, 726, 684 cm™*. HRMS (ESI) m/z calcd for C24H2:NO7 [M+H]* :436.1391. Found: 436.1389.

Z g OCH,

l
N

EtOOC

EtOOC

(J°

OCH; 3,

diethyl 2-(3-methoxybenzoyl)-6-(3-methoxyphenyl)pyridine-3,4-dicarboxylate (3n): colorless liquid. *H NMR (500 MHz,
CDCls) 6 8.25 (s, 1H), 7.64 - 7.61 (m, 3H), 7.54 (d, J = 7.7 Hz, 1H), 7.41 — 7.36 (m, 2H), 7.17 (dd, J = 8.0, 2.5Hz, 1H), 7.01
(dd, J = 8.0, 2.5Hz, 1H), 4.46 (q, J = 7.1 Hz, 2H), 4.34 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H).
13C NMR (125 MHz, CDCls) § 192.39, 165.91, 165.02, 160.21, 159.57, 157.47, 155.31, 140.26, 138.14, 136.84, 130.03,
129.25, 126.52, 123.98, 120.38, 120.30, 119.61, 116.33, 114.35, 112.62, 62.63, 62.23, 55.46, 55.36, 14.03, 13.66. IR (KBr)
v: 3018, 2948, 2839, 1730, 1665, 1580, 1490, 1436, 1291, 1224, 1150, 1099, 1043, 955, 878, 768, 728, 668 cm™. HRMS
(ESI) m/z calcd for C2H2sNOg [M+H]* :464.1704. Found: 464.1707.

dimethyl 2-(3,4-dimethoxybenzoyl)-6-(3,4-dimethoxyphenyl)pyridine-3,4-dicarboxylate (30): white solid. Mp: 86-88 °C .
H NMR (500 MHz, CDCls) 6 8.21 (s, 1H), 7.72 (d, J = 1.9 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.59 (dd, J = 8.4, 1.9 Hz, 1H), 6.97
(d, J=8.8 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 4.00 (s, 3H), 3.97 (s, 3H), 3.96 (s, 3H), 3.95 (s, 3H), 3.92 (s, 3H), 3.87 (s, 3H).
13C NMR (125 MHz, CDCls) & 191.19, 165.80, 165.54, 157.26, 155.41, 153.85, 151.37, 149.48, 148.94, 139.62, 129.52,
128.59, 126.85, 125.64, 120.36, 119.26, 112.06, 111.16, 110.06, 109.80, 56.12, 56.02, 53.29, 52.96. IR (KBr) v: 3003, 2951,
2838, 1733, 1657, 1587, 1515, 1457, 1423, 1346, 1269, 1153, 1021, 807, 768, 721 cm*. HRMS (ESI) m/z calcd for C26H2sNOg
[M+H]* : 496.1602. Found: 496.1606.



diethyl 2-(3,4-dimethoxybenzoyl)-6-(3,4-dimethoxyphenyl)pyridine-3,4-dicarboxylate (3p): colorless liquid. *H NMR
(500 MHz, CDCls) 6 8.15 (s, 1H), 7.71 (d, J = 1.9 Hz, 1H), 7.68 — 7.65 (m, 2H), 7.54 (dd, J = 8.4, 1.9 Hz, 1H), 6.96 (d, J =
8.2 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 4.45 (q, J = 7.1 Hz, 2H), 4.29 (q, J = 7.2 Hz, 2H), 3.95 (s, 3H), 3.94 (s, 3H), 3.94 (s,
3H), 3.91 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDCls) § 191.37, 166.01, 165.41,
157.28, 155.83, 153.80, 151.30, 149.44, 148.95, 140.34, 129.64, 128.68, 126.78, 125.25, 120.37, 119.07, 111.85, 111.13,
110.12,109.82, 62.56, 62.10, 56.10, 56.03, 56.01, 14.02, 13.67. IR (KBr) v: 3083, 2974, 2840, 1729, 1662, 1591, 1518, 1460,
1425, 1378, 1343, 1268, 1175, 1146, 1106, 1017, 861, 768, 721 cm™. HRMS (ESI) m/z calcd for CasHaoNOg [M+H]* :
524.1915. Found: 524.1916.

dimethyl 2-(4-chlorobenzoyl)-6-(4-chlorophenyl)pyridine-3,4-dicarboxylate (3q): pale yellow solid. Mp:171-173 °C. 'H
NMR (500 MHz, CDCls) & 8.31 (s, 1H), 8.00 — 7.96 (m, 4H), 7.49 — 7.46 (m, 4H), 4.02 (s, 3H), 3.91 (s, 3H). 1*C NMR (125
MHz, CDClz) 6 191.15, 166.52, 164.85, 156.49, 154.48, 140.22, 139.72, 137.05, 134.87, 133.76, 132.21, 129.37, 128.73,
128.48, 127.29, 120.48, 53.45, 53.15. IR (KBr) v: 3092, 2951, 1735, 1672, 1585, 1492, 1441, 1411, 1410, 1354, 1270, 1169,
1104, 1013, 951, 836, 773 cmt. HRMS (ESI) m/z calcd for C2,H15Ci2NOs [M+H]* : 444.0400. Found: 444.0409.

Cl

diethyl 2-(4-chlorobenzoyl)-6-(4-chlorophenyl)pyridine-3,4-dicarboxylate (3r): pale yellow solid. Mp: 132-134 °C. H
NMR (500 MHz, CDCls) & 8.25 (s, 1H), 8.00 — 7.95 (m, 4H), 7.51 — 7.45 (m, 4H), 4.47 (9, J= 7.2 Hz, 2H),4.35 (9, J = 7.2
Hz, 2H), 1.44 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDCl3) § 191.28, 165.77, 164.72, 156.47,
154.93, 140.45, 140.18, 136.96, 134.99, 133.83, 132.11, 129.33, 128.74, 128.51, 126.95, 120.26, 62.78, 62.35, 14.04, 13.67.
IR (KBr) v: 3088, 2984, 1729, 1671, 1583, 1405, 1370, 1262, 1177, 1103, 1013, 838, 775 cm™*. HRMS (ESI) m/z calcd for
C24H19CI:NOs [M+H]* :472.0713. Found: 472.0719.



dimethyl 2-(4-nitrobenzoyl)-6-(4-nitrophenyl)pyridine-3,4-dicarboxylate (3s): yellow solid. Mp: 70-72 °C . 'H NMR (500
MHz, CDCls) & 8.49 (s, 1H), 8.38 — 8.34 (m, 4H), 8.20 — 8.16 (m, 4H), 4.05 (s, 3H), 3.96 (s, 3H). 1*C NMR (125 MHz, CDCls)
6 190.48, 166.12, 164.17, 155.30, 153.56, 150.51, 149.15, 141.77, 140.13, 140.00, 131.68, 128.96, 128.10, 124.37, 123.52,
122.24,53.70, 53.40. IR (KBr) v: 1730, 1636, 1596, 1514, 1397, 1342, 1109, 844, 738, 687 cm*. HRMS (ESI) m/z calcd for
C22H15N30g [M+H]* : 466.0881. Found: 466.0877.
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IR spectra of compound 3a
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IR spectra of compound 3c
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IR spectra of compound 3e
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IR spectra of compound 3i
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IR spectra of compound 3k
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IR spectra of compound 3m
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IR spectra of compound 3n
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IR spectra of compound 30
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IR spectra of compound 3p
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X-ray crystallography Data of 3i
Single crystals of compound 3i were measured on a Rigaku RAXIS-RAPID
single-crystal diffractometer. The recrystallization solvent of 3i was methanol.

Fig. S1 X-ray crystal structure of 3i

Table S1 X-ray crystallography data of 3i

Formula moiety C12H13NOsS;
Formula sum C12H13NOsS2
Formula weight 387.41
Temperature 296(2)K
Crystal system Monoclinic
Space group C2/c

Unit cell dimensions a=25.3709(8) A

b=11.4204(4) A
C=13.8513(4) A
alfa=90.00deg.
beta=119.1470 (10) deg.
Gamma=90.00 deg.

Volume 3505.16 (19) A®

Z 4

Calculated density 1.468 Mg/M?®

Absorption coefficient 0.334 mm*

F(000) 1600

Crystal size 0.47>0.41>0.32 mm

Theta range for data collection 3.0t0 27.4 deg.

Reflections collected/unique 13487/3096 [R(int) = 0.0281]
Data/restraints/parameters 3096/10/255

Goodness-of-fit on F2 1.074

Final R indices [1>2sigma(l)] R1=0.0404, wR2=0.1025




R indices (all data) R1=0.0504, wR2=0.1159

Reference:
(1) Muyers, L. E.; Raines, T. R. Angew. Chem, Int. Ed. 2009, 48, 2359.



