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A mild, metal-free and efficient synthesis of 2,3-
disubstituted acrylonitriles and o-iminonitriles
from pyridine fused heterocycles has been
devel oped. This transformation has
demonstrated broad substrate scope, excellent
functional group tolerance, mild reaction
conditions, which will make make this
procedure practical and synthetically useful.
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Abstract
A mild, metal-free and efficient synthesis of 2j8ubstituted acrylonitriles and

a-iminonitriles through radical ring opening reaatiof pyridine fused heterocycles has been
developed. The tetra-n-butylammonium iodide catats as a formal one-electron donor.
Compared to the previous methods, which requireegsige amounts of highly explosive
azide sources and the addition of oxidants, théssafe and convenient transformation.
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1. Introduction

Compounds with the nitrile functional group can hbeed as precursors in the
manufacture of a large variety of consumer prodwstteh as polyamides, pigments and dyes,
pharmaceuticals, agrochemicals, and many othertanutes! Moreover, nitriles are useful
building blocks in the synthesis of heterocycles,tlaey can be readily converted into a
variety of functional groups such as carboxylicdadietone, oxime, amine, amidine, Etc.
2,3-Disubstituted acrylonitriles represent an iesting class of biologically active
compounds. These compounds have been shown to $pa@molytidc® estrogenid”
hypotensivé® antioxidative® tuberculostati€! antitrichomonal® insecticidal® and
cytotoxid'” activities. Bifunctionala-iminonitriles are common intermediates in organic
synthesis and exhibit valuable dual reactivity, eihhave been used in a wide range of
synthetic application$” o-Iminonitriles have been viewed as precursors tiergynthesis of
other useful building blocks such aketoacids, amides, amidines, N-alkylketene-imiaied
cyanoenamide$? Therefore, many chemical synthesis or chemicaéaieh areas can be




developed better if we use a safer and more coameniethod to synthesize the compounds
with the nitrile functional group.

The C-H bond functionalization strategy is an idealy to the preparation of diverse
heterocycles because it is a straightforward, a#oonomical, and synthetic step economical
approach. Pyridine fused heterocycles such as rojd&-a]pyridines and indolizines are
important intermediates in both medicinal chemising drug developméht'® and easily be
obtained from chemical preparation and commerclantcals. As the pharmaceutical
activities of imidazo[1,2-a]pyridines are shown be dependent on the nature of the
functionality at the C-3 position, a number of &ffnt methodologies have been developed
for its C-3 functionalization using different seegies. Organic azides have been considered as
important intermediates and building blocks in migasynthesis due to their synthetic
versatility, especially as powerful precursors diragen-containing reactive species and
nitrogen-rich heterocycld®) In 2017, Karade group reported a ring-opening tieacof
imidazo[1,2-a]pyridines using (diacetoxyiodo)berzeas oxidizing agent and Nalds
nitrogen source to the synthesis of-iminonitriles’?”! However, in that case, the highly
hazardous azide source NaMas required in excessive amounts (3 equiv) andlaoxi
(diacetoxyiodo)benzene was needful. As such, thinodefor the ring opening reaction of
imidazo[1,2-a]pyridines and indolizines via oxiddirge and thermally stable azide source has
not been well developed. Herein, we report a nfe¢gl-and oxidant-free radical ring-opening
reaction of imidazo[1,2-a]pyridines and indolizine@gh IBA-N3, which is thermally stable
(up to 130 °C) and can be stored for a long timerked well for the €EH azidation of
various organic substrateSagheme 1% What's more, this strategy was applicable to some
other heterocycles like indolizines. To the besbwf knowledge, this method described here
constitutes the first example of the radical riqgeing reaction of imidazo[1,2-a]pyridines
and indolizines with IBA-N, which may be valuable for access to 2,3-disubstitut
acrylonitriles andi-iminonitriles.

Scheme 1. Methods for the ring opening reaction afmidazo[1,2-a]pyridines and
indolizines.
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2. Results and Discussion
At the outset, the model reaction of 2-phenylima[aZ2-a]pyridinela and IBA-N; 2
were carried out under natural light in the preseot10 mol% of TBAI in DCE at 66C
(Table 1). Since quaternary ammonium salts have been sliovioe efficient catalysts in
oxidative conversions mediated by | (Ill) reag&ftsand also in radical reactid?i§ we hope
guaternary ammonium salts would work well in thiggropening reaction. Gratifyingly, the
product of the ring opening reacti@a was afforded in 66% yield after 24 éngry 1). The
molecular structure of produ®a was confirmed by NMR spectra. The results show tha
using 20 mol% of Lil decreased the yield3afto 64% éntry 3). The reaction otawith 2 at
room temperature appeared to have no change iyiglteof 3a (entry 3). It was found that
only 37% yield of3awas obtained in the absence of TBAh{ry 4). This result revealed that




TBAI is necessary for our reaction. Then we turpad attention towards the role of solvent.
Different solvents, including C¥N, DMSO and CHECl,, have also been investigated in
details, which revealed that DMSO was the optinmadice entries 5-7). To our delight, the
product yields were improved remarkably by decrgaghe reaction time from 24 h to 1
h.(entries 8-10. However, when we reduced the reaction time toni, the reaction gave
lower yields than that obtained in 1 énfry 11). Henceentry 10 was chosen as the perfect
optimized conditions for the evaluation of substsat

Table 1. Optimization of the reaction conditions

N3
=N 'l\ catalyst, solvent A N\\(©
X N\/)_Q * ©:‘<O time, temp. | ~N CN
0]
1a 2 3a
Entry cat. (mol %) Solvent Time Yield (%)
1 TBAI (10) DCE 24 h 66
o Lil (20) DCE 24 h 64
3 TBAI (10) DCE 24 h 66
4 none DCE 24 h 37
5 TBAI (10) CHCN 24 h 76
6 TBAI (10) DMSO 24 h 83
7 TBAI (10) CHCI, 24 h 47
8 TBAI (10) DMSO 12h 86
9 TBAI (10) DMSO 3h 93
10 TBAI (10) DMSO 1h 96
11 TBAI (10) DMSO 15 min 72

#Reaction conditions: 2-phenylimidazo[1,2-a]pyridiree(0.2 mmol, 1.0 equiv.), IBA-N2 (0.25 mmol, 1.25 equiv.), catalyst and
solvent (1.5 mL) at room temperature under amkignunless otherwise noteBlisolated yield. At 60°C.

With this optimized reaction conditions in hand, et out to investigate the substrate
scope of the ring opening reaction. As shown Table 2, a wide range of
imidazo[1,2-a]pyridines with different substitueots either pyridine or phenyl ring were well
tolerated under the standard conditions, giving tw@respondinga-iminonitriles in
satisfactory yield 3a-3r). In most cases, a high conversion of imidazoglRxidines
occurred within 2 h. Imidazopyridines substitutedhwnethyl group at different positions
efficiently reacted with IBA-N 2 to afford the respective products with excellerglds
(3b-3d). Not surprisingly, a variety of functional groypscluding electron-donating groups,
such as methyl, methoxy, methylthio, and electrdtlrdvawing groups, such as fluoro, chloro,
bromo, on the phenyl ring at the 4-position of iaidpyridines were well tolerated in this
reaction system to obtain the-iminonitriles in high yields 3e-3). Meanwhile, the
imidazopyridines withmetasubstituents on the phenyl ring were also comftib this
reaction system with acceptable yields. The imigggdines bearing bromo, methoxy on the
pyridine ring successfully reacted to give the absiproducts 3n-3p). Notably, modest




results were obtained in the case of the phenythenphenyl ring at the 4-position of
imidazopyridine 80). In addition, 2-thienylimidazo[1,2-a]pyridine and
2-phenylimidazo[1,2-a]pyrimidin@lso reacted well to afforthe products3r and 3s with
good vyields. Finally, simple imidazo[1,2-a]pyridineand other heterocycles were also
investigated under the standard conditidsts 3u, 1v,2wand1x), but not compatible to this
reaction system.

Table 2. The scope of imidazo[1,2-a]pyridine”
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@ Reaction conditionst (0.2 mmol, 1 equiv.) andl (0.25 mmol, 1.25 equiv.) in the presence of TBAD (hol%) in DMSO (1.5
mL) at room temperature under ambient air for ?lolated yields®Reaction complete in 2 HReaction complete in 5 h.
°Reaction complete in 20 h.

To extend the scope of our methodology, we cardetthe reaction with different
substituted indolizinesTable 3). To our delight, indolizines afforded the 2,3wbstituted
acrylonitriles in modest to good yields under thpdinized reaction conditions. The system
tolerated the electronic effects of the substitsenn the phenyl group, and both
electron-withdrawing and -donating groups were tbtmbe suitable substrates, affording the
corresponding producta-5hin 35-81 % yields. Interestingly, the phenyl oe fthenyl ring
at the 4-position of indolizine could also affottetdesired produddg in moderate yield,
which case is similar t8q.

Table 3. The scope of indolizines:®
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@ Reaction conditionst (0.2 mmol, 1 equiv.) an (0.25 mmol, 1.25 equiv.) in the presence of TBAD (hol%) in DMSO (1.5




mL) at room temperature under ambient air for 5sulated yields.

A few control experiments were performed to underdtthe mechanistic path for the
ring opening reaction of imidazopyridineScheme 2 When the radical scavengers
2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) andb-2li-tert-butyl-4-methylphenol (BHT)
were added separately to the reaction mixture, ardynall amount of products were formed
after reacting for 2 hourS¢heme 2, eqs 1 and)2andmost of the starting material could
not react.n addition, almost no desired prod3et was isolated when 1,1-diphenylethylene
was added to the reactioBgheme 2, eq )3 These results signify that the reaction possibly
proceeds through a radical pathway.

Scheme 2. Controlled Experiments.
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?Isolated yields.

On the basis of these results and previous reffofts the probable mechanism of the
reaction is described iBcheme3. The reaction is initiated through the reductiontioé
IBA-N3 by TBAI, which acts as a formal one-electron ddAc®'to produce 2-iodobenzoate
and the N radical which will start the radical chain. The @&t of N;° to
imidazo[1,2-a]pyridine 1a) provide the radical intermediate, which gets deprotonated by
2-iodobenzoat®! to form the radical aniom. Then the radical anionic intermediaie
transfers single-electron to the IBAs® to gave the 3-azido imidazo[1,2-a]pyridinésand
the Ny* radical thereby closing the catalytic cycle. Iisll known that aryl azides thermally
decompose to form nitrene as an intermelffaterhus, unstable intermedia® may be
thermally decomposed to form nitreBe that gets trapped intramolecularly to form stealin
azirineE which can produce-iminonitrile by a ring opening procéd% Further work will be
needed to support this speculative mechanism.

Scheme 3. Plausible Mechanism.
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3. Conclusions

In summary, we have developed a metal-free andi@ffi synthetic method for the
preparation of 2,3-disubstituted acrylonitriles arighinonitriles by the ring opening reaction
of imidazo[1,2-a]pyridinewith IBA-Ns in the presence of TBAI as an initiator. Mechdaist
investigations indicate that this reaction undesgdical pathway. This transformation has
demonstrated broad substrate scope, excellentidmattgroup tolerance, mild reaction
conditions, and avoids the use of oxidants. Furimegstigation on the application of this
synthetic methodology is currently underway.
4. General Experiment Information
'H NMR spectra were recorded on a Bruker DPX-4000(40Hz) spectrometer with
deuteraterated chloroform as solution. The chenshbdtsé are reported in ppm relative to
tetramethylsilane®*C NMR spectra were recorded at 100 MHz on BrukeXB0. The
chemical shifts are reported relative to residual CH@-c = 77.00 ppm)**F NMR spectra
were recorded at 376 MHz on Bruker DPX-400. Thetiplidity of signals is designated by
the following abbreviations: s (singlet), d (douhle (triplet), q (quartet), m (multiplet).
Coupling constantd are reported in Hertz (Hz). High resolution mgssctra (HRMS) were
obtained on an Agilent LC-MSD-Trap-XCT spectrometéh micromass MS software using
electrospray ionisation (ESI). Silica gel was pasdd from Qing Dao Hai Yang Chemical
Industry Co. Melting points were recorded by XT4Acro melting point Measurement
Instruments, thermometer was unrevised. Unlesswibe mentioned, solvents and reagents
were purchased from commercial sources and useecas/ed. All the imidazoheterocycles
were prepared in accordance with methods desciibé¢de referencés®. IBA-N; 2 was
prepared by the reported meth&ds
4.1. General procedure of the ring opening reactiopyridine fused heterocycles.
4.1.1 General procedure of the ring opening reactioof imidazo[1,2-a]pyridines.
A 25 mL schlenk-flask was equipped with a magnedir bar and charged with
imidazo[1,2-a]pyridinel (0.2 mmol, 1.0 equiv.), IBA-N2 (0.25 mmol, 1.25 equiv.), TBAI
(10 mol%), and DMSO (1.5 mL). The reaction mixtwas then stirred at room temperature
under ambient air for the specified reaction timeelable 2). Then the mixture was diluted
with CH,CI, and washed with water three times, then washehl sd@turated NaCl solution.




The organic layers dried over anhydrous,$@, concentrated in vacuo, and purified by
chromatography on silica gel (Elutent: petroleuheet EtOAC) to give the pure products.

N AN
NN = I TBAI (10 mol%) T R?
1. N N
O+ O oS
S DMSO, 1t /N CN
1
1a-1r 2 R 3a-3r

4.1.2 General procedure of the ring opening reactioof indolizines.

A 25 mL schlenk-flask was equipped with a magnedir bar and charged with
2-phenylindolizine4 (0.2 mmol, 1.0 equiv.), IBA-N2 (0.25 mmol, 1.25 equiv.), TBAI (10
mol%), and DMSO (1.5 mL). The reaction mixture when stirred at room temperature
under ambient air for 5 h. The mixture was dilutgth CH,Cl, and washed with water three
times, then washed with saturated NaCl solutiore diganic layers dried over anhydrous
NaSQ, concentrated in vacuo, and purified by chromatphy on silica gel (Elutent:
petroleum ether - EtOAC) to give the pure products.

4.2 Characterization data for products

(Z)-N-(pyridin-2-yl)benzimidoyl cyanide (3af*?: Yellow solid (39.7 mg, 96% yield); mp:
61-63°C; 'H NMR (400 MHz, CDC}) & 8.60-8.59 (m, 1H), 8.24-8.21 (m, 2H), 7.83 (id;
7.8, 1.8 Hz, 1H), 7.63-7.59 (m, 1H), 7.55-7.51 @Hl), 7.29-7.25 (m, 2H)"*C NMR 100
MHz, CDCkd 159.2, 148.9, 141.1, 138.3, 133.6, 133.4, 1226,7, 123.0, 118.4, 111.5. IR
(cm®): 3059, 2213, 1579, 1456, 1427, 1216, 1003, 74&8. 6HRMS (ES): calcd for
C1aHgN3 [M+H]*: 208.0869, found 208.0870.

(2)-N-(5-methylpyridin-2-yl)benzimidoyl cyanide (3b): Yellow solid (43.7 mg, 99%); mp:
50-52°C; *H NMR (400 MHz, CDC}) & 8.42-8.41 (m, 1H), 8.22-8.20 (m, 2H), 7.64-7.57 (m
2H), 7.54-7.50 (m, 2H), 7.20 (d,= 8.1 Hz, 1H), 2.39 (s, 3H}C NMR 100 MHz, CDGJ5
156.8, 149.0, 140.2, 138.8, 133.8, 133.1, 129.8,612118.5, 111.8, 18.3. IR (& 2925,
2361, 2210, 1569, 1468, 1228, 1008, 773, 687. HRES"): calcd for G4H1:Ns[M+H] ™
222.1026, found 222.1029.

(Z)-N-(4-methylpyridin-2-yl)benzimidoyl cyanide (3c}*?: Yellow liquid (43.3 mg, 98%);
'H NMR (400 MHz, CDC}) § 8.46 (d,J = 5.0 Hz, 1H), 8.24-8.21 (m, 2H), 7.64-7.60 (m)1H
7.57-7.51 (m, 2H), 7.10 (d,= 6.3 Hz, 2H), 2.44 (s, 3HYC NMR 100 MHz, CDGJ5 159.3,
149.7, 148.6, 141.0, 133.7, 133.3, 129.0, 128.3,012118.9, 111.6, 21.1. IR (& 2923,
2215, 1597, 1549, 1450, 1246, 1011, 773, 688. HRES'): calcd for G4H1 N3 [M+H]™:
222.1026, found 222.1029.

(Z)-N-(3-methylpyridin-2-yl)benzimidoyl cyanide (3d}*?: Yellow solid (43.7 mg, 99%):
mp: (61-63°C) 'H NMR (400 MHz, CDCJ) & 8.40 (ddJ = 4.8, 1.1 Hz, 1H), 8.26-8.23 (m,
2H), 7.63-7.58 (m, 2H), 7.55-7.51 (m, 2H), 7.19,(d& 7.5, 4,8 Hz, 1H), 2.37 (s, 3H)C
NMR 100 MHz, CDC}8 157.5, 146.1, 140.2, 139.2, 133.9, 133.2, 1298,6, 128.1, 123.4,
111.8, 17.3. IR (ci: 2923, 2211, 1602, 1564, 1449, 1415, 1228, 1188, 682. .HRMS
(ESI): calcd for G4H1:Ns[M+H]*: 222.1026, found 222.1029.
(Z)-4-methoxy-N-(pyridin-2-yl)benzimidoyl cyanide (38°?: Yellow solid (46.4 mg, 98%);
mp: (74-76°C). *H NMR (400 MHz, CDC}) & 8.59-8.57 (m, 1H), 8.19-8.15 (m, 2H), 7.81 (td,
J=7.7,1.8 Hz, 1H), 7.26-7.21 (m, 2H), 7.03-6.89 2H), 3.89 (m, 3H)*C NMR 100 MHz,
CDCl;6 163.9, 159.5, 148.8, 140.4, 138.2, 130.8, 12623,5], 118.1, 114.5, 111.6, 55.7. IR




(cm): 3053, 2961, 2840, 2214, 1582, 1510, 1459, 142ZK0, 1173, 1031, 839, 743,
673. .HRMS (ES)): calcd for GsH1;N30 [M+H]":238.0975, found 238.0978.
(Z)-4-methyl-N-(pyridin-2-yl)benzimidoyl cyanide (3f}*¥: Yellow solid (42.4 mg, 96%);
mp: (88-90°C). *H NMR (400 MHz, CDC})  8.58 (dd,J = 4.7, 0.9 Hz, 1H), 8.10 (d,= 8.3
Hz, 2H), 7.82 (tdJ = 7.7, 1.8 Hz, 1H), 7.33 (d,= 8.1 Hz, 2H ), 7.27-7.22 (m, 2H), 2.44 (s,
3H). ®*C NMR 100 MHz, CDGJ$ 159.4, 148.9, 144.4, 141,0, 138.2, 131,1, 12928.7,
122.7, 118.2, 111.6, 21,8. IR (&n 2919, 2214, 1576, 1558, 1458, 1428, 1297, 12001,
798, 722, 670. .HRMS (ESI calcd for G,H1;N3[M+H] *: 222.1026, found 222.1027.
(2)-4-(methylsulfonyl)-N-(pyridin-2-yl)benzimidoy! cyanide (3g): Yellow solid (54.1 mg,
95%); mp: (155-157C). *H NMR (400 MHz, CDC}) 5 8.65-8.63 (m, 1H), 8.45-8.43 (m, 2H),
8.14-8.11 (m, 2H), 7.90 (td,= 7.7, 1.8 Hz, 1H ), 7.39-7.35 (m, 2H), 3.13 (d).3*C NMR
100 MHz, CDC}6 157.9, 148.9, 144.2, 138.5, 138.2, 129.5, 1288,Q, 124.2, 119.9, 111.4,
44.4. IR (cnT): 2920, 2203, 1573, 1546, 1427, 1395, 1294, 11@85, 844, 781, 728. HRMS
(EST): calcd for G4H1:N30,S [M+H]": 286.0645, found 286.0649.
(Z)-4-fluoro-N-(pyridin-2-yl)benzimidoyl cyanide (3h): Yellow solid (42.7 mg, 95%); mp
(122-124°C). *H NMR (400 MHz, CDC}) § 8.60-8.59 (m, 1H), 8.26-8.22 (m, 2H), 7.83 (id,
= 7.7, 1.8 Hz, 1H), 7.30-7.19 (m, 4HYC NMR 100 MHz, CDCJ5 167.1, 164.6, 158.8,
148.9, 139.6, 138.3, 131.1 @@= 9.3 Hz), 130.0 (d) = 3.0 Hz), 123.1, 118.6, 116.5, 116.3,
111.5."F NMR (376 MHz, CDGJ) § -104.3. IR (crit): 2215, 1578, 1503, 1428, 1234, 1157,
842, 737, 663. HRMS (ESt calcd for GsHgNsF [M+H]": 226.0775, found 226.0776.
(2)-4-chloro-N-(pyridin-2-yl)benzimidoyl cyanide (3if*?: Yellow solid (40.5 mg, 84%);
mp (108-109C). 'H NMR (400 MHz, CDC}) § 8.60 (d,J = 4.5 Hz, 1H), 8.17 (d] = 8.6 Hz,
2H), 7.85 (tdJ = 7.7, 1.7 Hz, 1H), 7.52 (d,= 8.7 Hz, 2H), 7.31-7.26 (m, 2HYC NMR 100
MHz, CDCk$ 158.7, 148.9, 139.8, 139.7, 138.4, 132.2, 1229,4, 123.3, 118.9, 111.4. IR
(cm®): 2210, 1578, 1429, 1401, 1092, 1008, 836, 79%. #RMS (ES!): calcd for
C1aHgN3Cl [M+H] " 242.0480, found 242.0482.

(2)-4-bromo-N-(pyridin-2-yl)benzimidoyl cyanide (3j): Yellow solid (51.9 mg, 91%); mp
(96-98°C). *H NMR (400 MHz, CDC}) & 8.60 (dd,J = 4.8, 0.8 Hz, 1H), 8.10-8.07 (m, 2H),
7.84 (td,J = 7.7, 1.8 Hz, 1H), 7.69-7.65 (m, 2H), 7.31-7.27, @H). **C NMR 100 MHz,
CDClz & 158.7, 148.9, 139.8, 138.3, 132.6, 132.3, 13028.5, 123.3, 118.9, 111.4. IR
(cm): 3052, 2209, 1576, 1549, 1474, 1426, 1069, 988, 894, 742. HRMS (ESt calcd
for C;3HgN3Br [M+H] ™ 285.9974, found 285.9979.
(2)-3-methoxy-N-(pyridin-2-yl)benzimidoyl cyanide (3K: Yellow liquid (43.1 mg, 91%);
'H NMR (400 MHz, CDC}) & 8.60 (m, 1H), 7.85-7.78 (m, 2H), 7.75-7.74 (m, 1AHX4 (t,J

= 8.0 Hz, 1H), 7.29-7.25 (m, 2H), 7.17-7.14 (m, 1H)88 (s, 3H).*C NMR 100 MHz,
CDCl;6 160.0, 159.1, 148.9, 141.1, 138.3, 134.9, 13(22,9, 122.0, 120.3, 118.3, 112.0,
111.5, 55.6. IR (cif): 3057, 3004, 2940, 2838, 2216, 1583, 1485, 14609, 1288, 1227,
1023, 876, 797, 743, 704. HRMS (BESlcalcd for GsH1i:N;O [M+H]" 238.0975, found
238.0979.

(2)-3-fluoro-N-(5-methylpyridin-2-yl)benzimidoyl cyanide (3l): Yellow solid (45.9 mg,
96%); mp (67-69C)."H NMR (400 MHz, CDCJ) & 8.43-8.42 (m, 1H), 8.01-7.98 (m, 1H),
7.95-7.92 (m, 1H), 7.66-7.63 (m, 1H), 7.53-7.48 t#H), 7.31-7.26 (m, 1H), 7.23 (d,= 8.0
Hz, 1H), 2.40 (s, 3H)"C NMR 100 MHz, CDGJ$ 162.9,(d,J = 248.2 Hz), 156.1, 149.0,
138.8, 138.4 (d) = 3.5 Hz), 136.1 (d) = 7.7 Hz), 133.7, 130.6 (d,= 8.0 Hz), 124.7 (d] =




2.9 Hz), 120.1 (dJ = 21.6 Hz), 119.1, 114.8 (d,= 24.0 Hz), 111.7, 18.2. IR (¢th 2924,
2211, 1574, 1473, 1442, 1250, 837, 791. HRMS {ESialcd for GsHioN:F [M+H]"
240.0932, found 240.0931.

(2)-3-bromo-N-(pyridin-2-yl)benzimidoyl cyanide (3m): Yellow liquid (52.5 mg, 92%)‘H
NMR (400 MHz, CDC}) 6 8.61-8.60 (m, 1H), 8.38 (§ = 1.8 Hz, 1H), 8.15-8.13 (m, 1H),
7.85 (td,J = 7.7, 1.9 Hz, 1H), 7.74-7.71 (m, 1H), 7.41)(& 7.9 Hz, 1H), 7.32-7.29 (m, 2H).
C NMR 100 MHz, CDGJ$ 158.4, 148.9, 139.2, 138.4, 136.1, 135.5, 13130,5, 127.6,
123.5, 123.3, 119.1, 111.4. IR (¢jn 3062, 2213, 1558, 1463, 1427, 1216, 796, 748, 69
HRMS (ESI): calcd for GsHgN3Br [M+H] ™ 285.9974, found 285.9981.
(Z)-N-(5-bromopyridin-2-yl)benzimidoyl cyanide (3n): Yellow solid (50.5 mg, 88%); mp
(101-103°C).*H NMR (400 MHz, CDC}) § 8.64-8.63 (m, 1H), 8.22-8.19 (m, 2H), 7.94 (dd,
= 8.4, 2.4 Hz, 1H), 7.64-7.60 (m, 1H), 7.55-7.51, @H), 7.18 (dd,J = 8.4, 0.5 Hz, 1H)**C
NMR 100 MHz, CDC}é 157.5, 149.9, 141.3, 140.9, 133.6, 133.5, 1228,8], 120.2, 119.6,
111.4. IR (crif): 2925, 2213, 1566, 1450, 1365, 1235, 1003, 869, 879. HRMS (ES):
calcd for GaHgNsBr [M+H] ™ 285.9974, found 285.9976.
(Z)-N-(5-methoxypyridin-2-yl)benzimidoyl cyanide (30) Yellow solid (41.5 mg, 88%); mp
(51-53°C).*H NMR (400 MHz, CDCJ) & 8.29 (t,J = 1.7 Hz, 1H), 8.22-8.20 (m, 2H),
7.59-7.55 (m, 1H), 7.53-7.49 (m, 2H), 7.33 Jds 1.8 Hz, 2H), 3.91 (s, 3H}*C NMR 100
MHz, CDCkL$ 155.8, 151.6, 138.0, 135.5, 134.2, 132.7, 1288,4, 122.7, 121.3, 112.4,
56.0. IR (cni): 2841, 2209, 1597, 1571, 1471, 1300, 1269, 1828, 771, 735, 688. HRMS
(ESI): calcd for G4H1:NsO [M+H]* 238.0975, found 238.0976.
(2)-N-(3-methoxypyridin-2-yl)benzimidoyl cyanide (3p) Yellow liquid (21.8 mg, 46%);
'H NMR (400 MHz, CDCJ)  8.24-8.22 (m, 2H), 8.16 (dd,= 4.7, 1.4 Hz, 1H), 7.63-7.58 (m,
1H), 7.55-7.51 (m, 2H), 7.32 (dd~= 8.2, 1.3 Hz, 1H), 7.26 (dd,= 8.2, 4.7 Hz, 1H), 3.91 (s,
3H). “C NMR 100 MHz, CDGJ$ 149.6, 148.2, 142.0, 139.7, 133.7, 133.3, 1298.8]
123.9, 119.3, 111.6, 55.8. IR (&)n 2936, 2840, 2215, 1605, 1566, 1458, 1427, 12831,
1071, 1009, 780, 687. HRMS (EBI calcd for G4H1:N:O [M+H]" 238.0975, found
238.0977.

(2)-N-(pyridin-2-yl)-[1,1'-biphenyl]-4-carbimidoyl cy anide (3q): Yellow solid (23.2 mg,
41%); mp (147-149C).*H NMR (400 MHz, CDC}) & 8.62-8.60 (m, 1H), 8.30 (df,= 8.2,
1.3 Hz, 2H), 7.84 (td) = 7.7, 1.7 Hz, 1H), 7.76 (di,= 8.6, 1.9 Hz, 2H), 7.68-7.65 (m, 2H),
7.51-7.47 (m, 2H), 7.44-7.40 (m, 1H), 7.30-7.27 ). **C NMR 100 MHz, CDGJ$ 159.2,
148.9, 146.1, 140.7, 139.5, 138.3, 132.6, 129.3.(012128.4, 127.6, 127.3, 122.9, 118.5,
111.6. IR (crif): 2922, 2211, 1574, 1549, 1402, 1000, 845, 794, 782, 693. HRMS (E9):
calcd for GgH1aNs [M+H]*284.1182, found 284.1185.
(E)-N-(pyridin-2-yl)thiophene-2-carbimidoyl cyanide 3r): Yellow solid (35.5 mg, 84%);
mp (56-58°C)."H NMR (400 MHz, CDC}) & 8.58 (dd,J = 4.8, 0.9 Hz, 1H), 7.94 (dd,= 3.8,
1.0 Hz, 1H), 7.81 (tdJ = 7.7, 1.8 Hz, 1H), 7.64 (dd,= 5.0, 1.0 Hz, 1H), 7.30-7.25 (m, 2H),
7.20 (dd,J = 5.0, 3,9 Hz, 1H)!*C NMR 100 MHz, CDGJ$ 158.0, 148.7, 141.3, 138.3, 134.6,
134.0, 133.6, 128.5, 123.2, 119.6, 111.5. IR{crB083, 2217, 1580, 1551, 1459, 1414, 1214,
851, 798, 720. HRMS (ESt calcd for GsH/NsS [M+H]" 214.0433, found 214.0434.
(2)-N-(Pyrimidin-2-yl)benzimidoyl cyanide (3s): Yellow solid (26 mg, 63%); mp (85-8€)
'H NMR (400 MHz, CDCJ) & 8.79 (d,J = 4.6 Hz, 2H)8 8.21-8.19 (m, 2H)$ 7.59 (t,J =
7.39 Hz, 1H) 7.51-7.47 (m, 2H)$ 7.21 (t,J = 4.7Hz, 1H).**C NMR 100 MHz, CDGJ$
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165.3, 158.9, 144.4, 134.2, 132.8, 129.2, 129.9,111110.7. IR (cM): 2925, 2221, 1594,
1560, 1450, 1400, 1248, 1010, 830, 688. HRMS (ES8#&lcd for G,HgN,[M+H] " 209.0822,
found 209.0821.

(2)-2-phenyl-3-(pyridin-2-yl)acrylonitrile (5a): Yellow solid (31.6 mg, 78%); mp (44-46
°C).*H NMR (400 MHz, CDC}) § 8.75 (d,J = 4.2 Hz, 1H), 7.95 (d, J = 7.9 Hz, 1H), 7.80 (td,
J=7.7,1.7 Hz, 1H), 7.76-7.72 (m, 2H), 7.65 (s),1H48-7.40 (m, 3H), 7.33-7.30 (m, 1H).
C NMR 100 MHz, CDGJ$ 152.2, 150.0, 141.0, 136.8, 134.0, 129.8, 1296,4] 124.3,
124.1, 117.4, 114.9. IR (cht 3057, 2214, 1579, 1494, 1458, 1428, 906, 762, BIRMS
(ESI): calcd for G4H1oN, [M+H] ™ 207.0917, found 207.0917.
(2)-3-(pyridin-2-yl)-2-(p-tolyl)acrylonitrile (5b): Yellow solid (35.2 mg, 80%); mp (78-81
°C).*H NMR (400 MHz, CDC}) 5 8.74 (dd,J = 4.7, 0.6 Hz, 1H), 7.93 (d, = 7.9 Hz, 1H),
7.78 (td,J=7.7, 1.7 Hz, 1H), 7.63 (d,= 8.3 Hz, 2H ), 7.60 (s, 1H), 7.31-7.29 (m, 1HPY .
(d, J= 8.1 Hz, 2H ). 2,39 (s, 3H}*C NMR 100 MHz, CDGJ$ 152.4, 149.9, 140.1, 140.0,
136.8, 131.2, 129.8, 126.2, 124.1, 123.9, 117.8,81121.3. IR (cm): 3050, 2361, 2212,
1577, 1511, 1464, 1429, 906, 814, 772, 735. HRMSI'{Ecalcd for GsHiN, [M+H]*
221.1073, found 221.1074.

(2)-2-(4-methoxyphenyl)-3-(pyridin-2-yl)acrylonitrile  (5c):  Yellow liquid (33.0 mg,
70%);'H NMR (400 MHz, CDC}) 6 8.73 (d,J = 4.4 Hz, 1H), 7.92 (d] = 7.9 Hz, 1H), 7.78
(td,J=7.7, 1.7 Hz, 1H), 7.70-7.67 (m, 2H), 7.53 (s, 1AHBO-7.27 (m, 1H), 6.99-6.95 (m,
2H), 3.85 (s, 3H)}*C NMR 100 MHz, CDGJ$ 160.9, 152,5, 149.9, 138.8, 136.7, 127.7,
126.4, 123.9, 123.8, 117.6, 114.5, 114,4, 55.%ciR"): 3049, 2838, 2215, 1603, 1680, 1512,
1462, 1431, 1032, 831, 779, 741. HRMS (EStalcd for GsHiN,O [M+H]" 237.1022,
found 237.1025.

(2)-2-(4-bromophenyl)-3-(pyridin-2-yl)acrylonitrile (5d): Yellow solid (42.0 mg, 74%);
mp (138-14C°C)."H NMR (400 MHz, CDC}J) § 8.76-8.74 (m, 1H), 7.90 (d,= 7.9 Hz, 1H),
7.80 (td,J = 7.7, 1.7 Hz, 1H), 7.62-7.57 (m, 5H), 7.34-7.31, (tHl). °C NMR 100 MHz,
CDCl;6 151.8, 150.0, 141.2, 136.8, 132.9, 132.3, 12728,5, 124.3, 124.1, 117.0, 113.8. IR
(cm™): 3048, 2215, 1577, 1558, 1486, 1473, 1108, 822, 702. HRMS (ES): calcd for
C14HoNoBr [M+H] " 285.0022, found 285.0022.
(2)-2-(4-chlorophenyl)-3-(pyridin-2-yl)acrylonitrile (5e): Yellow solid (35.0 mg, 73%); mp
(92-94°C).*H NMR (400 MHz, CDC})  8.76-8.75 (m, 1H), 7.91 (d,J = 7.9 Hz, 1H), 7.80
(td,J=7.7, 1.6 Hz, 1H), 7.69-7.66 (m, 2H), 7.64 (s, 1H#3 (d,J = 8.6 Hz, 2H), 7.34-7.31
(m, 1H)."*C NMR 100 MHz, CDGJ$ 151.9, 150.0, 141.2, 136.8, 135.9, 132.5, 1223,6]
124.5, 124.2, 117.1, 113.7. IR (¢jn2217, 1401, 1147, 823, 768, 736. HRMS (EStalcd
for Ci4HoNLCl [M+H] " 241.0527, found 241.0529
(2)-4-(1-cyano-2-(pyridin-2-yl)vinyl)benzonitrile (5f) : Yellow solid (32.3 mg, 70%); mp
(157-159°C).'H NMR (400 MHz, CDC}) § 8.79-8.78 (m, 1H), 7.91 (dl = 7.9 Hz, 1H),
7.88-7.82 (m, 3H), 7.77-7.72 (m, 2H), 7.72 (s, 1AH%0-7.36 (m, 1H)**C NMR 100 MHz,
CDCl;36 151.3, 150.2, 143.5, 138.3, 137.0, 132.8, 12628,Q, 124.8, 118.1, 116.6, 113.2,
113.1. IR (crif): 3069, 2222, 1657, 1401, 1002, 831, 776, 739. ISRMESI): calcd for
CisHoN3 [M+H] " 232.0869, found 232.0870.
(2)-2-([1,1'-biphenyl]-4-yl)-3-(pyridin-2-yl)acryloni trile (5g): Yellow solid (19.7 mg, 35%);
mp (138-14C°C)."H NMR (400 MHz, CDC}J) § 8.77-8.76 (m, 1H), 7.97 (d,= 8.0 Hz, 1H),
7.84-7.78 (m, 3H), 7.70-7.68 (m, 3H), 7.64 Jd&5 1.4 Hz, 1H), 7.62 (s, 1H), 7.49-7.45 (m,
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2H), 7.40-7.37 (m, 1H), 7.34-7.30 (m, 1H}C NMR 100 MHz, CDCJ$ 152.2, 150.0, 142.6,
140.6, 139.8, 136.8, 132.8, 128.9, 127.9, 127.7,112126.8, 124.3, 124.1, 117.4, 114.5. IR
(cm): 3064, 2319, 2213, 1666, 1578, 1402, 996, 903, 885, 728, 689. HRMS (ESi
caled for GgH14N, [M+H] ™ 283.1230, found 283.1232.
(2)-2-(3-fluorophenyl)-3-(pyridin-2-yl)acrylonitrile (5h): Yellow solid (36.3 mg, 81%); mp
(138-140°C).*H NMR (400 MHz, CDC}) § 8.76 (ddJ = 4.7, 0.6 Hz, 1H), 7.91 (d,= 7.9 Hz,
1H), 7.81 (td,J = 7.7, 1.7 Hz, 1H), 7.64 (s, 1H), 7.56-7.53 (m, 1A¥6-7.40 (m, 2H),
7.36-7.32 (m, 1H), 7.15-7.10 (m, 1HYC NMR 100 MHz, CDGCJ$ 164.3, 161.8, 151.7,
150.1, 141.9, 136.9, 136.2 @7 8.0 Hz), 130.7 (d) = 8.5 Hz), 124.5 (d) = 18.5 Hz), 122.1
(d,J=2.9Hz), 117.0, 116.7 (d,= 21.3 Hz), 113.7 (d] = 2.8 Hz), 113.3 (d] = 23.6 Hz). IR
(cm'l): 2216, 1582, 1400, 1272, 1160, 821, 778, 736. ISRMASI): calcd for G4HoN,F
[M+H]* 225.0823, found 225.0822.
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Highlights

Radical ring opening reaction of pyridine fused
heterocycles with IBA-N.

The synthesis of acrylonitriles and a-iminonitriles
at room temperature.

Clean reaction, ease of product isolation and a
simple experimenta procedure.



