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Abstract: A visible-light-induced photocatalytic cyanomethsddical addition/intramolecular
cyclization cascade reaction of olefinic amides basn developed under mild conditions. This
reaction provides a novel method for the synthesisvarious cyanomethyl-containing
benzoxazines , which are useful pharmaceuticaldvaonk. The method exhibits good functional

group tolerance and a wide range of substrate scope
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1. Introduction

Benzoxazines are a class of important compoundsaicomy a nitrogen and oxygen
heterocyclic skeleton, which are widely found inaphaceutical and biologically related
products. For example, anticonvulsant fifungicides (I1)? hypolipidemic active agent (lIf),
and cetilistat (IVJ all contain this versatile frameworEi@. 1). Moreover, benzoxazines are
also useful synthetic intermediates in organic Isgsis. Thus, the study of benzoxazines has
attracted great interest. In addition, cyano grizuplso found in natural products, dyes and
pharmaceutical$. Nitriles can be converted to different types ofmpmunds such as
carboxylic acids, amides, esters, amidines, aldefyketones and tetrazoleBased on the

importance of benzoxazines and nitriles, we deahitiwould be intriguing to introduce the
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versatile synthetic unit cyano group into benzoxazb construct highly functional drug-like
molecules. Studies on the synthesis of such congsowould enrich the current benzoxazine

chemistry.
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Fig. 1 Representative examples of benzoxazines.

Benzoxazines are typically synthesized by condemsatf 2-aminobenzyl alcohols with
aldehyde$, or the cyclization of acetylenic amidebpwever, these methods generally have
some disadvantages such as harsh reaction corsditimhnarrow substrate scdpé.number
of strategies have been developed for the congiruof various functionalized benzoxazine
derivatives based on electrophilic cyclizationotdfinic amideswith halonium ions and even
free radicals!™'* Recently, visible light catalyzed free radicaddition to olefinic amides
followed by intramolecular cyclization has led toetefficient synthesis of benzoxazines
under mild conditions. For example, Xiao's groupornged the oxytrifluoromethylation of
olefinic amidesby photocatalysis to synthesize &fntaining benzoxaziné& Fu's group
demonstrated visible-light-mediated oxydifluoromadiion of olefinic amides with
difluoromethyl sulfones for the synthesis BFcontaining benzoxazines and oxazolifies.

There are very few studies on thynthesis of cyanomethylated benzoxazirles the best
of our knowledge, only Ji's group has so far reggbrtwo examples of the synthesis of
benzoxazines. One is a copper-catalyzed reactionledinic amides with acetonitrile to
access cyanomethylated benzoxazines using stoietiicperoxide at 140 °€.The other is
a palladium-catalyzed reaction of olefinic amidesthwbromoacetonitrile to form
cyanomethylated benzoxazines at a high temperatutd0 °C in the presence of a ligand
and AgCO;."® Therefore, it is still highly desirable to find lshimethods for the synthesis of

this type of compounds.



In light of the previous research, we designed & roascade reaction to synthesize
cyanomethylated benzoxazines, which includes platabgic formation of cyanomethyl
radical from bromoacetonitrile, addition of cyandhy radical to olefin amide, and
intramolecular cyclization. This strategy avoidsoichiometric peroxides and high

temperatures.

2. Results and discussion

The study was initiated with N-(2-(prop-1-en-2-yigmyl) benzamide(la) and
bromoacetonitrile 2 as model substratedg/2 = 1:3, molar ratio). In the presence of
fac-Ir(ppy)s (3% mol) as a photocatalyst and,N&; (2.0 equiv) as a base degassed dry
CH;CN under 23 W compact fluorescent lamp (CFL) iratidn for 12 h at room temperature,
the desired produ@a was isolated in 59% yieldlgble 1, entry 1). When 9 W blue LEDs
were used instead of 23 W CFL, the reaction yietildased to 68%éble 1, entry 2), so we
chose 9 W blue LEDs for subsequent experimentsrdier to further improve the reaction
efficiency, the reaction conditions were optimiZeyg studying various parameters such as
photocatalyst, solvent, base and molar ratio oésates. Firstly, when other commonly used
photocatalysts such as [Ir(dtbbpy)(pAiBFe] (E*eqlr"/IrY = -0.89 V vs. SCE in CKCN),™
Ru(bpy)Cl,- 6HO (E*eqRU'/RU" = -0.81 V vs. SCE in C¥N)*® Rose Bengal (E% =
-0.99 V vs. SCE in CECN)* and Eosin Y (E%q= -1.06 V vs. SCE in CKCN)"® were used,
no catalytic activity was observed for the reacti@iable 1, entries 3-6). A possible
explanation is that the reduction potentials of éxeited state of these photocatalysts are
higher than the reduction potential of bromoacétiv@i2 (E,eq= -1.46 V vs. SCE in C¥CN)
( Fig. S4), so they cannot reduée In contrast, excitethc-Ir(ppy)s (E*ieq= -1.73 V vs. SCE
in CchN),16 has a lower reduction potential than bromoaceitei2, so it can reducg to
allow the reaction to proceed. Next, several baseh as KCO;, K,HPO, KOAc, EgN,
DABCO and 2,6-Lutidine were examinethple 1, entries 7-12). To our delight, the yield of
3awas increased to 73% by using KOAc as a baabl€ 1, entry 9). Then, we investigated
other solvents such as THF, DMF, DMSO, EtOH, areta@w, but none of them is better than

acetonitrile Table 1, entries 13-17).



Control experiments showed that photocatalyst arsible light irradiation are
indispensable for the reactioiaple 1, entries 18-19). Moreover, when the reaction was
performed in air instead of argon, the yield 3& dropped to 32%Table 1, entry 20),
indicating that the presence of oxygen is detrimlettt the reaction. When the reaction was
carried out in the absence of a base, only 32% ywé€Ba was isolated, and most & was
recovered Table 1, entry 21), suggesting that the addition of theebadeed promotes the
reaction. Finally, we explored the effect of theoaimts of2a, photosensitizer and base on the
reaction, and found that when their amounts wedeiced to 2.0 equiv, 2 mol%, 1.5 equiv,
respectively, the reaction gave a satisfactorydya$l75% {able 1, entry 22). Therefore, the
optimized reaction conditions includea (1.0 equiv),2 (2.0 equiv), KOAc (1.5 equiv), 2 mol%

fac-Ir(ppy)s, 9 W blue LEDirradiation, and CECN as a solvent.

Table 1.Optimization of reaction conditioris.

CN
NH I /\CN Photocatalyst 5
Base, Solvent
Og\@ rt, 9 W blue LEDs, 12 h N/)\©
1a 2 3a
Entry Photocatalyst Base Solvent Yield® (%)

1° fac-Ir(ppy)s Na,COs CH:CN 59
2 fac-Ir(ppy)s Na,COs CH;CN 68
3 [Ir(dtbbpy)(ppyM[PFe] Na,CO;, CH;CN 0
4 Ru(bpy)Cl,- 6H,0 NaCO; CH;CN 0
5 Rose Bengal NE&O; CH:CN 0
6 EosinY NaCGO, CH;CN 0
7 fac-Ir(ppy)s K,COs CH:CN 58
8 fac-Ir(ppy)s K,HPO, CH;CN 66
9 fac-Ir(ppy)s KOAC CH,CN 73
10 fac-Ir(ppy)s EtN CH;CN Trace
11 fac-Ir(ppy)s DABCO CHCN 46
12 fac-Ir(ppy)s 2,6-Lutidine CHCN 17
13 fac-Ir(ppy)s KOAC THF 50
14 fac-Ir(ppy)s KOAC DMF 23
15 fac-Ir(ppy)s KOAc DMSO 33
16 fac-Ir(ppy)s KOAC EtOH Trace



17 fac-Ir(ppy)s KOAc Acetone 70

18 None KOACc CHCN 0
19 fac-Ir(ppy)s KOAc CH,CN 0
20° fac-Ir(ppy)s KOAC CH:CN 32
21 fac-Ir(ppy)s - CHCN 32
22 fac-Ir(ppy)s KOACc CH.CN 75

%Unless otherwise noted, reaction conditions: thetumgé of1a (1.0 equiv, 0.2 mmol) (3.0
equiv, 0.6 mmol), photocatalyst (3 mol%) and bax@ equiv, 0.4 mmol) in degassed dry
solvent (1 mL) was irradiated by 9 W blue LEDs unde atmosphere at RT for 12 h.
®Isolated yield after flash chromatograpfiynder 23 W CFL irradiatiorfin the dark*Under

air atmospher€?2 (2.0 equiv)fac-Ir(ppy)s (2 mol%), KOAc (1.5 equiv).

With the optimized reaction conditions in hand, imeestigated the scope of olefinic
amides for this visible-light-induced photocatatyttyanomethylation/cyclization cascade
reaction Table 2). First, various electron-donating or electronhalitawing groups such as
Me, Et, MeO, EtO, F, Cl, Br, I, GRat thepara-position of the benzamide unit were tolerated,
and led to desired products in good yiel@8b—3j). However, when theara- position was
substituted by strong electron-withdrawing substituNQ, the corresponding product cannot
be obtained and the substrate was completely reed\@k). The yield of the corresponding
product lowered due to the steric hindrance effdetn theortho- position of the benzamide
moiety was substituted3l vs 3b). In addition, the substrate bearing a meta-sulestt
showed good reactivity3(m). Both 2,4-disubstituted and 3,4-disubstituted, vesll as
3,4,5-trisubstituted benzamide moiety were suitdablghe reaction well, giving moderate
yields @n-3p). Furthermore, heteroarylamides and naphthylam#ded aslq and 1r also
reacted smoothly, leading to the desired prod@cgsand 3r in yields of 63% and 52%,
respectively. To our delight, the aliphatic amidessand 1t were also transformed into the
corresponding products in 76% and 66% vyields, wsmdy (3s and 3t). Moreover, the
olefinic amide bearing an aryl groupoaposition of the styrene unit also worked well,igg/
the corresponding product in 66% yieRl). Olefinic amides with alkyl substituent on the
styrene unit also participated in the reaction gimgaunder the optimal conditions, and the

target products were obtained with satisfactoryldgie3v-3x). Considering the bioactive



structures shown in Fig. 1, similar substrates ihga€l or Br on the phenyl ring of the
styrene unit were examined, and the correspondindugts 8y and 3z) were obtained in
moderate yields. Moreover, besides bromoacetanitie have explored bromopropionitrile,
chloroacetonitrile and trifluoromethanesulfonyl @itle as free radical precursors, but none

of them reacted wittha to form the corresponding products.

Table 2.Scope of substratés.
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®Reaction conditions: a mixture @f(0.2 mmol, 1.0 equiv)2 (0.4 mmol, 2.0 equiv), KOAc
(0.3 mmol, 1.5 equiv), ani@c-Ir(ppy)s (0.004 mmol, 2.0 mol%) in degassed dry;CN (1.0
mL) was irradiated with 9 W blue LEDs under Ar asphere at RT for 10-24 Hisolated

yield.



In order to explore the mechanism of the reactisome control experiments were
performed $cheme ) To verify whether the reaction involves a freelical process, the
effects of some commonly used free radical scavenge the reaction were investigated.
When the radical scavengers TEMPO (2,2,6,6-tetlayhétpiperidinyloxy) and BHT
(2,6-di-tert-butyl-4-methylphenol) were separatatided to the reaction system, the reaction
was remarkably suppressegithout obtaining the desired product. When theicad
scavenger 1,1-diphenylethene was used, the formafi®a was completely inhibited, bdia
was isolated in 63% vyield. The above experimergallts indicated that the reaction may
undergo a free radical process and involve the ayathyl radical. Subsequently, the light
on/off experiments were performed to investigate éffect of photo-irradiation. The results
showed that continuous irradiation of visible lightndispensable, indicating that there may
be no free radical chain propagation proceBS®.(2a). In addition, the fluorescence
guenching experiment was carried out and it wasdahat2 could significantly quench the
excited state ofac-Ir(ppy)s, while the quenching effect ab was not obvious, indicating that
2 may be involved in the oxidation process of theitexl statefac-Ir(ppy)s (Fig. 2b-d).
Finally, as described above, the results of cyalitammetry measurements suggested 2hat
(Ereq= -1.46 V vs. SCE in CKN) (Fig. S4 can be reduced by excitéat-Ir(ppy)s (E*eq=
-1.73 V vs. SCE in CECN). This further illustrated the possibility ththe reaction is initiated
by cyanomethyl radical, which is generated fr@nvia its single-electron-transfer (SET)

reduction by excited photocatalyst.

Scheme 1Control experiments.
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Fig. 2 (a) Light on/off experiment. (b) Quenchingfaé-Ir(ppy)s fluorescence emission in the
presence ola. (c) Quenching ofac-Ir(ppy)s fluorescence emission in the presence.dfl)

Stern-Volmer plots ofac-Ir(ppy)s with quencherdaand?2.
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Based on the above control experimental results rtated literature report§’?
plausible reaction mechanism was proposshéme 2 First, the fac-Ir(;;)(ppy)s] is excited
into [fac-Ir(;;)(ppy)*] under irradiation of visible light, which is goehed with
bromoacetonitrile2 to [fac-Ir(,v)(ppy)’] complex by a SET process, while producing the
cyanomethyl radical. Subsequently, the cyanometigical attacks the C-C double bond of
olefinic amide la to generate the radical intermediate Then, | is oxidized by
[fac-Ir(,v)(ppy)s'] to give the carbocatioh and fac-Ir(y,)(ppy)s]. Finally, the intermediaté
undergoes a cyclization reaction followed by depmation with the aid of a base to give the

target producBa.

Scheme 2Proposed reaction mechanism.
BrCH,CN

/Y HoN + B,

Iy’ Ir(1V)

e

Cyclization

> (0]
0" NH base, -H* _
* CN N

I 3a

CN

3. Conclusion

In  summary, we have successfully developed a edight-induced
cyanomethylation/cyclization tandem reaction offiole amides with readily available
bromoacetonitrile for the synthesis of various ©rasthyl-containing benzoxazines. This

redox-neutral photocatalytic reaction completes djethesis of C-C and C-O bonds in one

9



pot without using any oxidizing agent. The react@s the notable features of mild reaction
conditions, simple operation, good functional graompatibility and wide range of substrate

scope.

4. Experimental Section

4.1. General experimental details

Unless otherwise noted, materials obtained frommerial suppliers were used directly
without further purification. Flash column chromaitaphy was performed using 200-300
mesh silica gel at increased pressure. ‘Ml NMR spectra and®C NMR spectra were
respectively recorded on 600 or 400 MHz and 150 MHA00 NMR spectrometers using
deuterochloroform (CDG) as solvent at room temperature , all chemicdtsshre given a8
value (ppm) with reference to tetramethylsilane @Mas an internal standard. The peak
patterns are indicated as follows (s = singlet; doublet; t = triplet; m = multiplet; q =
guartet). The coupling constants, J, are reporiddertz (Hz). High-resolution mass spectra
were obtained by using ESI ionization sources @ar7.0 T FTICR-MS). Fluorescence
emission was determined by fluorescence spectropteier (F-320 Gangdong, Tianjin).
Melting points were taken on a WPX-4 apparatus @ede uncorrected (Yice instrument
equipment Co Ltd, Shanghai). The starting matefiaigere prepared according to the method

reported in the literaturg.

4.2. General procedure for the preparation of prtsRi

A round bottomed flask equipped with a magnéiices bar was charged witlac-Ir(ppy)s
(2 mol %), olefinic amidel (0.2 mmol), KOAc (0.3 mmol) and bromoacetonitrie(0.4
mmol). The flask was evacuated and backfilled whth(three times). Then degassed dry
CH:CN (1 mL) was injected under Ar. The resultant migtwas stirred at room temperature
under irradiation of 9 W blue LEDs. The reaction swanonitored by thin-layer

chromatography (TLC), and the reaction was quenghtédwater (5 mL) after completion of
the reaction. The resulting mixture was extractéti ethyl acetate (5 mlx 3). The organic

layer was combined, and dried with anhydrousS@. The solvent was removed in vacuo,

10



and the residue was purified by flash column chtography (petroleum ether/EtOAc = 5:1

to 10:1, v/v) to give the desired prodadct

5. Spectral Data
5.1. 3-(4-methyl-2-phenyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3a):

Yellow oil; Yield = 75%; H NMR (600MHz, CDC)) & 8.14 (d,J = 7.8 Hz, 2H),
7.53-7.50 (m, 1H), 7.46 (§,= 7.6 Hz, 2H), 7.36-7.32 (m, 2H), 7.25-7.22 (m)1H07 (d,J =
7.4 Hz, 1H), 2.53-2.44 (m, 2H), 2.41-2.32 (m, 2H)70 (s, 3H) ppm**C NMR (150 MHz,
CDCly) 6 155.9, 138.8, 132.2, 131.7, 129.3, 128.4, 12728,2, 127.1, 125.8, 122.4, 119.2,
79.6, 77.3, 77.1, 76.8, 36.7, 28.1, 12.4 ppm.

5.2. 3-(4-methyl-2-(p-tolyl)-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3b):

Yellow oil; Yield = 76%;*H NMR (600MHz, CDC}) & 8.02 (d,J = 8.1 Hz, 2H),
7.36-7.31 (m, 2H), 7.28-7.25 (m, 2H), 7.23-7.20 {H), 7.07 (dJ = 7.6 Hz, 1H), 2.51-2.44
(m, 2H), 2.42 (s, 3H), 2.40-2.33 (m, 2H), 1.6938) ppm;**C NMR (150 MHz, CDG)) &
156.1, 142.3, 138.9, 129.4, 129.3, 129.1, 127.8,212126.9, 125.7, 122.3, 119.2, 79.5, 77.2,
77.0, 76.8, 36.7, 28.0, 21.6, 12.4 ppm. HRMS (E®fy 313.1307 (M + N3, Cal.
CyH1gNoNaO'", 313.1311.

5.3. 3-(2-(4-ethyl phenyl)-4-methyl -4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3c): %

Yellow oil; Yield = 67%;'H NMR (600MHz, CDC}) § 8.04 (d,J = 8.2 Hz, 2H),
7.34-7.28 (m, 4H), 7.24-7.19 (m, 1H), 7.07 {d= 7.4 Hz, 1H), 2.71 (q) = 7.6 Hz, 2H),
2.52-2.42 (m, 2H), 2.42-2.31 (m, 2H), 1.69 (s, 3HR7 (t,J = 7.6 Hz, 3H) ppm**C NMR
(150 MHz, CDC}) é 156.1, 148.5, 139.0, 129.8, 129.2, 128.1, 1282,3] 126.9, 125.8,
122.3,119.3,79.4,77.3, 77.0, 76.8, 36.8, 289),215.3, 12.4 ppm.

5.4. 3-(2-(4-methoxyphenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3d):

Yellow oil;BYield = 62%; '*H NMR (600MHz, CDC}) & 8.08 (d,J = 8.8 Hz, 2H),
7.36-7.29 (m, 2H), 7.23-7.17 (m, 1H), 7.06 Jc¢ 7.6 Hz, 1H), 6.95 (d, J = 8.9 Hz, 2H), 3.87
(s, 3H), 2.53-2.42 (m, 2H), 2.42-2.31 (m, 2H), 1(683H) ppm*C NMR (150 MHz, CDC))

5 162.6, 155.8, 139.1, 129.7, 129.2, 127.2, 12&3,6], 124.7, 122.3, 119.3, 113.8, 79.4, 77.2,
77.0,76.8,55.4, 36.7, 28.0, 12.4 ppm.
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5.5. 3-(2-(4-ethoxyphenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3e):

Yellow oil; Yield = 55%;'H NMR (600MHz, CDC}) § 8.07 (d,J = 8.8 Hz, 2H),
7.33-7.31 (m, 2H), 7.21-7.18 (m, 1H), 7.06 & 7.6 Hz, 1H), 6.94 (d] = 8.9 Hz, 2H), 4.10
(9, J = 7.0 Hz, 2H), 2.52-2.41 (m, 2H), 2.41-2.31 (m,)2H68 (s, 3H), 1.44 (f] = 7.0 Hz,
3H) ppm;**C NMR (150 MHz, CDGJ) § 162.0, 155.9, 139.2, 129.7, 129.2, 127.1, 126.6,
125.5, 1245, 122.3, 119.3, 114.2, 79.3, 77.2,,77608, 63.7, 36.7, 28.0, 14.7, 12.4 ppm.
HRMS (ESI) m/z 343.1420 (M + N Cal. GgHooN.NaO,", 343.1417.

5.6. 3-(2-(4-fluorophenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl )propanenitrile (3f): %

Yellow oil; Yield = 74%;*H NMR (600MHz, CDC}) & 8.15-8.13 (m, 2H), 7.37-7.31 (m,
2H), 7.25-7.22 (m, 1H), 7.13 (,= 8.6 Hz, 2H), 7.07 (d] = 7.7 Hz, 1H), 2.51-2.43 (m, 2H),
2.42-2.32 (m, 2H), 1.70 (s, 3H) ppMC NMR (150 MHz, CDG)) 5 165.1 (dJ = 252.5 Hz),
155.0, 138.7, 130.1 (d,= 8.9 Hz), 129.4, 128.5 (d,= 2.7 Hz), 127.2, 127.1, 125.8, 122.4,
119.1, 115.5 (d) = 21.9 Hz), 79.8, 77.2, 77.0, 76.8, 36.7, 28.24 pm.

5.7. 3-(2-(4-chlorophenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3g): %°

Yellow oil; Yield = 71%.;"H NMR (600MHz, CDC}) 6 8.07 (d,J = 8.4 Hz, 2H), 7.42 (d,
J=8.5Hz, 2H), 7.35-7.32 (m, 2H), 7.26-7.23 (m)1HO7 (dJ = 7.4 Hz, 1H), 2.49-2.41 (m,
2H), 2.41-2.32 (m, 2H), 1.69 (s, 3H) ppiC NMR (150 MHz, CDGJ) 5 155.1, 138.5, 138.0,
130.7,129.4,129.2, 128.7, 127.4, 127.1, 125.2,4,219.1, 80.0, 77.2, 77.0, 76.8, 36.7, 28.2,
12.4 ppm.

5.8. 3-(2-(4-bromophenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3h):

Yellow oil; Yield = 69%;'H NMR (600MHz, CDC}) & 8.00 (d,J = 8.5 Hz, 2H), 7.58 (d,
J=8.5Hz, 2H), 7.35-7.32 (m, 2H), 7.26-7.23 (m)1HO7 (dJ = 7.5 Hz, 1H), 2.50-2.42 (m,
2H), 2.42-2.31 (m, 2H), 1.69 (s, 3H) ppC NMR (150 MHz, CDGJ) 5 155.0, 138.6, 131.6,
131.2,129.4,129.3, 127.4, 127.1, 126.4, 125.92,4,219.1, 79.9, 77.2, 77.0, 76.8, 36.7, 28.2,
12.4 ppm.

5.9. 3-(2-(4-iodophenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl) propanenitrile (3i):

Yellow oil; Yield = 68%;*H NMR (600MHz, CDC}) § 7.85-7.79 (m, 4H), 7.35-7.31 (m,
2H), 7.26-7.23 (m, 1H), 7.07 (d,= 7.7 Hz, 1H), 2.50-2.42 (m, 2H), 2.41-2.31 (M) 2H69
(s, 3H) ppm:**C NMR (150 MHz, CDGJ) & 155.2, 138.6, 137.6, 131.8, 129.4, 129.3, 127.4,

127.2, 125.9, 122.4, 119.1, 98.8, 79.9, 77.2, 776®, 36.7, 28.2, 12.4 ppm. HRMS (ESI)
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m/z 425.0118 (M + N3, Cal. GgH15IN,NaO'", 425.0121.
5.10. 3-(4-methyl-2-(4-(trifluoromethyl)phenyl)-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile
(3):

Yellow oil; Yield = 63%;'H NMR (600MHz, CDC}) § 8.25 (d,J = 8.2 Hz, 2H), 7.71 (d,
J = 8.3 Hz, 2H), 7.36 (dJ = 4.0 Hz, 2H), 7.28-7.26 (m, 1H), 7.09 @= 7.5 Hz, 1H),
2.51-2.45 (m, 2H), 2.43-2.35 (m, 2H), 1.72 (s, 3m; *C NMR (150 MHz, CDG)) &
154.5, 138.4, 135.7, 133.2 (§= 32.5 Hz), 129.5, 128.1, 127.8, 127.2, 126.2,32§,J =
3.7 Hz), 123.9 (qJ) = 272.6 Hz) 122.5, 119.0, 80.2, 77.3, 77.0, 78688, 28.3, 12.5 ppm.
HRMS (ESI) m/z 367.1030 (M + N Cal. GgH15F3N,NaO', 367.1029.

5.11. 3-(4-methyl-2-(o-tolyl)-4H-benzo[ d] [ 1,3] oxazin-4-yl) propanenitrile (31):

Yellow oil; Yield = 64%;*H NMR (600MHz, CDCJ)) & 7.77 (d,J = 7.6 Hz, 1H),
7.37-7.31 (m, 3H), 7.28-7.24 (m, 3H), 7.07 Jd= 7.4 Hz, 1H), 2.63 (s, 3H), 2.53-2.44 (m,
2H), 2.44-2.33 (m, 2H), 1.73 (s, 3H) ppiC NMR (150 MHz, CDGJ) 5 157.8, 138.7, 138.2,
132.1, 131.5, 130.6, 129.5, 129.3, 127.3, 126.6,992125.8, 122.3, 119.1, 80.0, 77.3, 77.0,
76.8, 36.7, 28.5, 21.7, 12.5 ppm. HRMS (ESI) m/2.3312 (M + N&), Cal. GeH:sN,NaO',
313.1311.

5.12. 3-(2-(3-chlorophenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3m):

Yellow oil; Yield = 67%;'H NMR (600MHz, CDC})  8.10 (s, 1H), 8.02 (d} = 7.8 Hz,
1H), 7.48 (dJ = 7.9 Hz, 1H), 7.39 (§ = 7.9 Hz, 1H), 7.36-7.30 (m, 2H), 7.27-7.24 (m)1H
7.08 (d,J = 7.7 Hz, 1H), 2.63 (s, 3H), 2.50-2.44 (m, 2H{22.32 (m, 2H), 1.70 (s, 3H) ppm;
%C NMR (150 MHz, CDG)) § 154.6, 138.5, 134.5, 134.1, 131.6, 129.6, 1297,8], 127.5,
127.1, 126.0, 125.9, 122.4, 119.1, 80.1, 77.2,,776(8, 36.7, 28.2, 12.4 ppm. HRMS (ESI)
m/z 333.0759 (M + N3, Cal. GgH1sCIN,NaO', 333.0765.

5.13. 3-(2-(2,4-dimethyl phenyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3n):

Yellow oil; Yield = 57%;*H NMR (600MHz, CDC}) & 7.71 (d,J = 8.3Hz, 1H), 7.33 (d,
J = 4.1Hz, 2H), 7.25-7.22 (m, 1H), 7.09-7.06 (m, 3E)61 (s, 3H), 2.52-2.46 (m, 2H),
2.44-2.32 (m, 6H), 1.71 (s, 3H) ppriC NMR (150 MHz, CDGJ) & 157.9, 141.1, 138.8,
138.3, 132.4, 129.7, 129.3, 129.0, 127.1, 126.6,6.2125.7, 122.3, 119.2, 79.9, 77.2, 77.0,
76.8, 36.6, 28.4, 21.8, 21.3, 12,5 ppm. HRMS (E®fy 327.1470 (M + N3, Cal.

ConzoNzNaO+, 327.1468.
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5.14. 3-(2-(3,4-dichlorophenyl)-4-methyl -4H-benzo[ d] [ 1,3] oxaz n-4-yl)propanenitrile (30):

Yellow oil; Yield = 67%;*H NMR (600MHz, CDCY) & 8.20 (d,J = 2.0 Hz, 1H), 7.97
(dd,J = 8.4, 2.0 Hz, 1H), 7.52 (d,= 8.4 Hz, 1H), 7.37-7.32 (m, 2H), 7.27-7.25 (m)1HO7
(d,J = 7.7 Hz, 1H), 2.49-2.43 (m, 2H), 2.42-2.33 (m,)2H70 (s, 3H) ppm*’C NMR (150
MHz, CDCL) 6 153.8, 138.3, 135.9, 132.8, 132.3, 130.4, 126,85, 127.7, 127.0, 126.9,
126.1, 122.4, 119.0, 80.3, 77.2, 77.0, 76.8, 3873, 12.4 ppm. HRMS (ESI) m/z 367.0376
(M + Na"), Cal. GgH1.Cl.N.NaO", 367.0375.

5.15. 3-(4-methyl-2-(3,4,5-trimethoxyphenyl )-4H-benzo[ d] [ 1,3] oxaz n-4-yl)propanenitrile
(3p):

Yellow oil; Yield = 52%;*H NMR (600MHz, CDCY) § 7.42 (s, 2H), 7.39-7.34 (m, 2H),
7.24 (t,J= 7.5 Hz, 1H), 7.07 (d] = 7.4 Hz, 1H), 3.97 (s, 6H), 3.92 (s, 3H), 2.588(m, 2H),
2.43-2.34 (m, 2H), 1.71 (s, 3H) ppiC NMR (150 MHz, CDGJ) § 155.6, 153.1, 141.6,
138.9, 129.3, 127.5, 127.1, 127.0, 125.7, 122.3,21105.4, 79.8, 77.2, 77.0, 76.8, 60.9, 56.4,
36.6, 28.1, 12.4 ppm. HRMS (ESI) m/z 389.1472 (Mat), Cal. GiH,,N,NaO,", 389.1472.

5. 16. 3-(4-methyl-2-(thiophen-2-yl)-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3q):*°

Yellow oil; Yield = 63%;'H NMR (600MHz, CDC}) & 7.77 (s, 1H), 7.51 (dl = 4.9Hz,
1H), 7.34-7.32 (m, 2H), 7.23-7.21 (m, 1H), 7.12)(% 4.0 Hz, 1H), 7.06 (d] = 7.5 Hz, 1H),
2.53-2.42 (m, 2H), 2.42-2.34 (m, 2H), 1.70 (s, 3m; *C NMR (150 MHz, CDG)) &
152.7, 138.6, 136.5, 130.7, 130.1, 129.3, 127.9,21227.0, 125.5, 122.4, 119.2, 80.1, 77.2,
77.0, 76.8, 36.6, 27.8, 12.3 ppm.

5.17. 3-(4-methyl-2-(naphthal en-2-yl)-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3r):

Yellow oil; Yield = 52%;*H NMR (600MHz, CDC}) & 8.60 (s, 1H), 8.25 (d, J = 8.5 Hz,
1H), 7.98-7.97 (m, 1H), 7.91-7.87 (m, 2H), 7.5837(8, 2H), 7.41-7.35 (m, 2H), 7.27-7.24
(m, 1H), 7.11-7.10 (m, 1H), 2.57-2.49 (m, 2H), 22186 (m, 2H), 1.76 (s, 3H) ppniiC
NMR (150 MHz, CDC})) 6 156.0, 138.9, 135.0, 132.8, 129.5, 129.4, 12928.4], 128.1,
127.8,127.7,127.3, 127.2, 126.6, 125.9, 124.4,4,219.2, 79.8, 77.2, 77.0, 76.8, 36.8, 28.2,
12.5 ppm.

5. 18 3-(2-(tert-butyl)-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3s):®
Yellow solid ; Yield = 76%; M.p. 71.3-72.7C. '"H NMR (600MHz, CDC}) §

7.29-7.26 (m, 1H), 7.22-7.17 (m, 2H), 6.99 Jcs 7.5 Hz, 1H), 2.45-2.36 (m, 2H), 2.35-2.25
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(m, 1H), 1.55 (s, 3H), 1.27 (s, 9H) ppHC NMR (150 MHz, CDCJ) & 167.1, 138.7, 129.1,
127.1, 126.8, 125.6, 122.1, 119.3, 78.6, 77.2,, 7B, 37.3, 36.3, 28.1, 27.4, 12.4 ppm.
5.19. 3-(2-cyclopropyl-4-methyl-4H-benzo[ d] [ 1,3] oxazin-4-yl )propanenitrile (3t):

Yellow oil; Yield = 66%;'H NMR (600MHz, CDC}) § 7.29-7.26 (m, 1H), 7.17-7.14 (m,
2H), 6.98-6.96 (m, 1H), 2.41-2.33 (m, 2H), 2.302(&, 2H) 1.76-1.72 (m, 1H), 1.55 (s, 3H),
1.11-1.08 (m, 1H), 1.03-0.99 (m, 1H), 0.93-0.87 i) ppm;**C NMR (150 MHz, CDCJ) &
162.8, 138.5, 129.3, 126.5, 126.4, 124.5, 122.8,21179.4, 77.2, 77.0, 76.8, 36.5, 28.1, 14.6,
12.3, 7.3, 6.7 ppm. HRMS (ESI) m/z 241.1337 (M %, i€al. GsHi7N,O', 241.1335.

5. 20. 3-(2,4-diphenyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3u):*°

Yellow solid; Yield = 66%; M.p. 108.5-109%€. H NMR (600MHz, CDC}) 6 8.24 (d,
J=7.5Hz, 2H), 7.55-7.53 (m, 1H), 7.50-7.47 (m)2H44-7.37 (m, 2H), 7.34-7.24 (m, 7TH),
2.86-2.78 (m, 2H), 2.62-2.52 (m, 2H) ppMC NMR (150 MHz, CDGJ) § 156.1, 141.8,
139.4, 132.0, 131.9, 129.7, 128.7, 128.5, 128.5,92127.0, 126.0, 125.7, 125.4, 123.9,
119.2,82.8, 77.2, 77.0, 76.8, 36.3, 12.9 ppm.

5.21. 3-(4,7-dimethyl-2-phenyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3v):

Yellow oil; Yield = 75%;*H NMR (600MHz, CDC}) 6 8.13 (d,J =7.4 Hz, 2H), 7.51 (t,
J=7.3 Hz, 1H), 7.45 (§ = 7.5 Hz, 2H), 7.18 (s, 1H), 7.05 @z= 7.6 Hz, 1H), 6.95 (d] =
7.7 Hz, 1H), 2.51-2.41 (m, 2H), 2.41-2.33 (m, 5H)58 (s, 3H) ppm**C NMR (150 MHz,
CDCly) 4 156.0, 139.3, 138.6, 132.3, 131.6, 128.3, 12728,8, 126.3, 124.2, 122.2, 119.3,
79.7,77.2,77.0, 76.8, 36.8, 28.2, 21.1, 12.4 gdRMS (ESI) m/z 313.1310 (M + Np Cal.
CyH1gNoNaO', 313.1311.

5.22. 3-(4,7-dimethyl-2-(p-tolyl)-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3w):

Yellow oil; Yield = 72%;'H NMR (600MHz, CDC)) 6 8.01 (d,J = 7.9 Hz, 2H), 7.25 (d,
J=7.8 Hz, 2H), 7.17 (s, 1H), 7.03 @@= 7.6 Hz, 1H), 6.95 (d] = 7.7 Hz, 1H), 2.48-2.39 (m,
5H), 2.39-2.32 (m, 5H), 1.67 (s, 3H) ppC NMR (150 MHz, CDGJ) 5 156.2, 139.2, 138.7,
129.5, 129.1, 127.8, 127.6, 126.2, 124.2, 122.9,31779.6, 77.2, 77.0, 76.8, 36.8, 28.2, 21.6,
21.1, 12.4 ppm. HRMS (ESI) m/z 327.1470 (M ¥ N&al. GgH,oN.NaO', 327.1468.

5.23. 3-(2-(4-chlorophenyl)-4,7-dimethyl -4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3x):

Yellow oil; Yield = 57%;'H NMR (600MHz, CDC}) 6 8.07 (d,J = 8.4 Hz, 2H), 7.42 (d,

J=8.5 Hz, 2H), 7.18 (s, 1H), 7.06 @= 7.6 Hz, 1H), 6.95 (d, J = 7.7 Hz, 1H), 2.48-2(#1
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2H), 2.40-2.31 (m, 5H), 1.68 (s, 3H) ppC NMR (150 MHz, CDGJ) 5 155.2, 139.4, 138.2,
137.9, 130.7, 129.2, 128.6, 128.1, 126.3, 124.2,.31219.2, 80.1, 77.2, 77.0, 76.8, 36.7, 28.3,
21.1, 12.4 ppm. HRMS (ESI) m/z 347.0924 (M +N&al. GgH,,CIN,NaO'", 347.0922.

5.24. 3-(6-chloro-2,4-diphenyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (3y):

Yellow oli; Yield = 55%:*H NMR (400MHz, CDC})) & 8.21 (d,J = 7.1 Hz, 2H),
7.57-7.47 (m, 3H), 7.37-7.27 (m, 7H), 7.20dd; 2.1 Hz, 1H), 2.85-2.71 (m, 2H), 2.62-2.51
(m, 2H) ppm:*C NMR (100 MHz, CDGJ) § 156.2, 140.9, 138.0, 132.1, 131.5, 129.8, 128.9,
128.7, 128.6, 127.9, 127.5, 127.3, 125.3, 123.8,9182.4, 77.3, 77.0, 76.7, 36.1, 12.8 ppm.
HRMS (ESI) m/z 373.1104 (M +H Cal. GsH1sCIN,O", 373.1102.

5.25. 3-(6-bromo-2,4-diphenyl-4H-benzo[ d] [ 1,3] oxazin-4-yl)propanenitrile (32):

Yellow oli; Yield = 52%:*H NMR (400MHz, CDC})) & 8.21 (d,J = 7.3 Hz, 2H),
7.57-7.46 (m, 4H), 7.34-7.28 (m, 6H), 7.25-7.21 (tH), 2.84-2.72 (m, 2H), 2.61-2.49 (m,
2H) ppm;**C NMR (100 MHz, CDGJ) & 156.3, 141.0, 138.6, 132.8, 132.1, 131.6, 128.9,
128.8, 128.6, 127.9, 127.7, 126.8, 125.3, 119.8,a182.3, 77.4, 77.1, 76.7, 36.1, 12.9 ppm.
HRMS (ESI) m/z 417.0597 (M + 1, Cal. GaH1gBrN,O", 417.0597.

5.26. 4,4-diphenylbut-3-enenitrile (4a): %

White solid; Yield = 67%; M.p. 97.7-98%. 'H NMR (600MHz, CDC}) § 7.44-7.37
(m, 3H), 7.30-7.29 (m, 3H), 7.23-7.22 (m, 2H), 7(8i8J = 7.0 Hz, 2H), 6.04 (t) = 7.4 Hz,
1H), 3.15 (d,J = 7.4 Hz, 2H) ppm**C NMR (150 MHz, CDCJ) 5 147.6, 140.7, 138.0, 129.4,
128.8, 128.4, 128.2, 128.1, 127.4, 118.1, 115.2,777 .0, 76.8, 18.4 ppm.
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Highlights
® \Wefirst reported a novel method for the synthesis of cyanomethylated
benzoxazines via visible-light catalyzed radical cascade cyclization.
® This redox-neutral photocatalytic reaction completes the synthesis of
C-C and C-O bonds in one pot without using any oxidizing agent.
® The reaction has the notable features of mild reaction conditions,
simple operation, good functional group compatibility and wide range

of substrate scope.
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