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Visible-Light Induced Organophotocatalysis for the Synthesis of
Difluoroethylated Benzoxazines

Chen, Xiang Ouyang, Wen-Tao Li, Xiao He, Wei-Min™
(School of Chemistry and Chemical Engineering, University of South China, Hengyang, Hunan 421001)

Abstract Benzoxazines are important motif in pharmaceuticals and functional molecules. A visible-light induced photocata-
lytic strategy for the synthesis of difluoroethyl benzoxazines with organo-photocatalyst was developed. In the present protocol,
a series of olefinic amides can be transferred to difluoroethylated benzoxazines via oxydifluoromethylation with CF2HSO2Na

as difluoromethylating reagent, which is easily operated and good functional group tolerant.
Keywords oxydifluoromethylation; benzoxazine; visible light induced reaction; organophotocalyst; radical

1 Introduction

Fluorinated chemicals are regarded as important motif in
pharmaceutical research and drug development.!'! Among
which, the difluoromethylated compounds™? were more
significant, because it can behave as an isostere to an
SH/OH group or a hydrogen donor through hydrogen
bonding.[®! Therefore, difluoromethylated compounds are
strong candidates for drugs giving the higher bioactivity
than the CF; containing materials in some cases.*! Fur-
thermore, heterocycles such as benzoxazines present in
many natural products have attracted extensive attention
from chemists due to good biological activities (Scheme 1,
a).’] N-Acyl-(2-ene) anilines have become important start-
ing materials for the efficient construction of functional
benzoxazines via the annulation of olefinic amides with
electrophiles (such as X )% and radicals (Scheme 1, b).[”!
Photocatalysis as an important part of initiation of radicals
is given wide attention by chemists.®! In 2016, Fu et al.l’!
reported the visible-light-mediated synthesis of benzoxa-
zines from N-acyl-(2-ene) anilines and difluoromethyl sul-
fone with fac-Ir(ppy)s; species as photocatalyst. However,
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expensive transition metal catalysis resulted in environ-
mental pollution and economic burden in industrial manu-
facture, which could be avoided by organophotocatalytic
system. Herein, we described an efficient synthesis of
difluoroethylated benzoxazines via organophotocatalytic
radical cascade reaction (Scheme 1, ¢).

2 Results and discussion

Compound 1a and sodium difluoromethanesulfonate
2al'% were chosen as model substrates to investigate the
reaction under photochemical system in solvent of MeCN
with 4CzIPN as catalyst and Na,COs as base under radiation
of 455 nm LEDs (10 W), and the target product 3aa was
obtained in 57% yield (Table 1, Entry 5). Further investi-
gation of optimal conditions was conducted. When the base
was excluded from reaction system, the yield of product
raised to 79%, and isolated yield was up to 69% (Table 1,
Entry 1). Other organophotocatalysts such as Eosin-Y and
MesAcr showed less efficiency, affording desired com-
pound in 32% and 70% yields (Table 1, Entry 2). The
semiconductor served as catalyst led to production of 3aa
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Scheme 1 Synthesis of difluoroethyl benzoxazines

with a trace amount (Table 1, Entry 3). Several solvents
were tested, but no better yield was obtained (Table 1, Entry
4). After test of the wavelength for the reaction, it was found
that the other light sources showed less efficiency in the
reaction (Table 1, Entry 6). The product 3aa could not
formed in the absence of catalyst or light (Table 1, Entries 6,
7). O, was essential for the reaction, because the reaction
can not run efficiently in N, atmosphere (Table 1, Entry 8).

Table 1 Optimization of reaction conditions?

Me 4CzIPN (2 mol%) Me CF,H
MeCN, r.t.
NH +CF2HSO:Na open to air )O\
)—Ph 455nm, 2.0 h N” >Ph
1a © 2 3aa
Entry Variation. from the? §tandard Yield/%
reaction conditions
1 None 77 (69)°
2 Eosin-Y, MesAcr 32,70
3 g-C3N4, BiBrO Trace, trace
4 THF, DMF, DMSO, DCM as solvent 33,27, 18, 22
5 Na2COs (2.0 equiv.) as base 57
6 390, 405, 520 nm 19, 27, trace
7 Without 4CzIPN Trace
8 Dark 0
9 N atmosphere Trace

4 Conditions: 1a (0.2 mmol), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN (0.004 mmol, 2
mol%), MeCN (3.0 mL), r.t., open to air, under radiation of 455 nm LEDs, 2.0
h. THF: tetrahydrofuran; DMF: N,N-dimethylformamide; DMSO: dimethyl
sulfoxide; DCM: dichloromethane; MesAcr: 9-mesityl-10-methylacridinium
perchlorate. ? Yield was determined with PhOMe as internal standard. ¢ Isolat-
ed yield.

With the optimized condition in hand, the scope of syn-
thesis of benzoxazines via organophotocatalystic oxydifluo-
romethylation was explored. It was found that a variety of
2-vinylacetamides bearing different groups could be used as
precursors of benzyl radical, affording 4-difluoroethyl ben-
zoxazines 3aa~3wa in 45%~76% yields (Table 2). Many
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functional groups could be tolerated in the current protocol.
C(sp>)—X (X=F, Cl, Br, I) bond on carbamyl substituted
aryl ring was retained in the reaction, affording products
3ia~3la in isolated yields from 50% to 56%. Not only
electron donating groups (OMe, OCFs, SCF3) but also
electron withdrawing groups (Ac, CO,Me, CF3, NO,) sub-
stituted substrates 1 could be transformed to the corre-
sponding benzoxazines in 45%~63% yields. Furthermore,
alkyl and cyclic alkyl amides could be used under current
protocol to afford desired product (3sa, 84%; 3ta, 79%;
3ua, 80%). Heterocyclic ring, such as pyridine ring is also
tolerated (3ra, 61%). Groups at each position of the aryl
ring of substrate 1 were well compatible under standard
conditions, delivering the desired products in good yields
(3fa, 58%; 3ga, 69%; 3ha, 61%). To further evaluate the
efficiency of the reaction, we applied this protocol in late-
stage synthesis, substrate 1w which was made from the
natural compound dehydrocholic acid could also be suc-
cessfully used under the present condition, and the corre-
sponding oxazine 3wa was obtained in 60% yield. Diaryl
olefin substrate 1v could also be transformed into the de-
sired oxazine 3va in 76% yield. To our delight, substrate
with group CHO, which is unstable under oxidative condi-
tion, could also generate the desired oxazine 3ua in 49%
yield. From an industrial practicality viewpoint, the scala-
bility is significant important aspects for the application of a
synthetic methodology.

To gain mechanistic insight into the organophotocataly-
stic reaction, both the radical trapping experiments were
carried out. As shown in Scheme 2, the present reactions
were completely inhibited in the presence of the radical
scavenger [2,2,6,6-tetramethylpiperidoxyl (TEMPO) or
butylated hydroxytoluene (BHT)] and compounds 5 and 6
were detected by EI-MS. The results indicated that the
radical process was presumably involved in the organo-
photocatylic transformation. The light turn-on/off experi-
ment resulted that continuous light radiation was indispen-
sable for this transformation, likely ruling out the radical
chain reaction pathway (Figure 1).
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Table 2 Scope of substrates

4CzIPN (2 mol%) R? —CFH
NH + CF;HSO,Na MeCN, r.t., open to air (o)
}—R1 455 nm, 2.0 h /)\ 1
N R
o
1 2 3
Me, CF,H Me CF,H Me CF;H Me CF;H Me CF,H
/ /
N/ N/ N N N/)\©\
OMe OCF; SCF3 Ph
3aa, 69% 3ba, 63% 3ca, 59% 3da, 61% 3ea, 62%
Me ~CF,H Me CF,H Me CF,H Me, CF,H Me /=CF,H
o) (o) 0 Me ©\)<; 0
> = Me Z Pz
N N N N)\©\ N~
Me F Cl
3fa, 58% 3ga, 69% 3ha, 61% 3ia, 53% 3ja, 56%
Me, CF,H Me, CF,H Me. CF,H Me ~CF,H Me, CF,H
o o) 0 ©\)<; )
/ /
Br | CF3 COzMe
3ka, 50% 3la, 51% 3ma, 66% 3na, 59% 30a, 57%
Me CF,H Me CF,H Me CF,H
’ ? ? Me, /= CFH Me_ —CFH
(0] (0} (0] o o
— . /
N N N N >
N pental
NO, CN
3pa, 45% 3ga, 61% 3ra, 57% 3sa, 74% 3ta, 59%
Me
Ph CF,H
Me CF,H 2 0 CF,H
(0] (o) \
> N
N/ N)\@
_0O
3ua, 49% 3va, 76% 3wa, 60%, dr=1:1
4 Conditions: 1 (0.2 mmol), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN (0.004 mmol, 2 mol%), MeCN (3.0 mL), r.t., open to air, under radiation of 455 nm LEDs, 2.0 h, iso-
lated yield.
80
Ve Me  ~CF,H 0]
+ CF,HSO,Na standard condition 0 604
NH scavenger /)\ 501
A N~ “Ph 3 40
07 “Ph 2
Scavenger  3aa 3aa ~ 304
TEMPO 0 2
BHT trace 0 . :
0 50 100 150 200 250
7]\/} OH Time/min
t-Bu t-Bu . .
Me N Me Figure 1 Light turn on/off experiments
Me (.) Me
“CFH Based on the above-mentioned experimental results and
CF,H previously reported results,!!'! a plausible mechanism for

5, detected by EI-MS

Scheme 2 Control experiments
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the organophotocatalysis was proposed and shown in
Scheme 3. First, 4CzIPN was excited by blue light and
oxidized by oxygen to form its radical cation. Then,
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CF,HSO;Na was oxdized by 4CzIPN radical cation, gene-
rating *CF,H radical, which reacted with 1a via radical
addition reaction to form reacting intermediate IM 1. IM 1
was oxidized by superoxide radical to benzyl cation and
cyclized via intramolecular nucleophilic attack to form the
final product 3aa.

3aa =
/¥HF2C Ty
- N Ph
O T
0y o]

H
02 IM 1
) 4CzIPN™* 1a
4CzIPN
‘CF,H
(8]
4CzIPN CF,HSO,Na

Scheme 3 Proposed reaction mechanism

3 Conclusions

In conclusion, a green and efficient organophotochemical
annulation for synthesis of difluoroethylated benzoxazines
was realized, providing a practical method to prepare var-
ious N,O-six membered cyclochemicals. The present trans-
formation can be achieved via organophotocatalysis without
addition of base under visible light radiation. With the op-
timal conditions, a variety of difluoroethylated benzoxa-
zines were obtained in good to excellent yields. And late-
stage synthesis highlighted the application of present pro-
tocol.

4 Experimental sections

4.1 General information

Unless otherwise noted, materials were obtained from
commercial suppliers and used without further purification.
Thin layer chromatography (TLC) employed glass 0.25 mm
silica gel plates. Flash chromatography columns were
packed with 200~300 mesh silica gel. 'H NMR spectra
were recorded at 500 MHz, '*C NMR spectra were recorded
at 125 MHz and 'F NMR spectra were recorded at 471
MHz by using a Bruker Avance 400 spectrometer. Chemi-
cal shifts were calibrated using residual undeuterated sol-
vent as an internal reference ("H NMR: CDCl; 6 7.26, 13C
NMR: CDCl; 6 77.16).

4.2 General experimental procedure for compounds
3

In a quartz reactor equipped with a stir bar, olefinic acyl
amides 1 (0.2 mmol), CF;HSO,;Na (0.3 mmol, 48.7 mg,
0 =285%, 1.5 equiv.), 4CzIPN (0.004 mmol, 3.5 mg, 2
mol%) and MeCN (3 mL) were added. The reaction tube
was under radiation with 455 nm LEDs at room tempera-
ture. After completion, the reaction medium was concen-
trated under reduced pressure, and the pure products 3aa~
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3wa were obtained by flash chromatography on silica gel.
4-(2,2-Difluoroethyl)-4-methyl-2-phenyl-4 H-benzo[d]-
[1,3]oxazine (3aa):[''¥ Colorless oil, 69% yield. 'H NMR
(500 MHz, CDCl3) J: 8.18~8.10 (m, 2H), 7.54~7.49 (m,
1H), 7.46 (dd, J/=8.3, 6.6 Hz, 2H), 7.34 (d, /=4.3 Hz, 2H),
7.26~7.20 (m, 1H), 7.12 (d, J=7.6 Hz, 1H), 6.15~5.86
(m, 1H), 2.69~2.44 (m, 2H), 1.79 (s, 3H); '3C NMR (126
MHz, CDCls) 6: 155.9, 138.4, 132.5, 131.7, 129.3, 128.5,
128.5, 127.9, 127.1, 125.7, 122.7, 115.0 (t, J=239.3 Hz),
77.6 (t, J=5.5 Hz), 45.0 (t, J/=21.3 Hz), 27.5; YF NMR
(471 MHz, CDCl3) 0: —112.6 (d, J/=67.6 Hz, 2F).
4-(2,2-Difluoroethyl)-2-(4-methoxyphenyl)-4-methyl-
4H-benzo[d][1,3]oxazine (3ba):!''¥ Colorless oil, 63%
yield. "H NMR (500 MHz, CDCl3) J: 8.13~8.03 (m, 2H),
7.36~7.29 (m, 2H), 7.21 (ddd, J=7.6, 6.4, 2.2 Hz, 1H),
7.11 (dd, J=7.4, 1.2 Hz, 1H), 6.99~6.93 (m, 2H), 6.01
(tdd, J=55.7,5.2,4.0 Hz, 1H), 3.87 (s, 3H), 2.67~2.43 (m,
2H), 1.79 (s, 3H); '*C NMR (126 MHz, Chloroform-d) ¢:
162.6, 155.9, 138.8, 129.8, 129.3, 128.5, 126.6, 125.5,
124.9, 122.7, 115.1 (t, J=239.3 Hz), 113.8, 77.6~77.4
(m), 55.5, 44.9 (t, J=21.3 Hz), 27.3; F NMR (471 MHz,
Chloroform-d) 6: —110.4~—113.6 (m, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-(4-(trifluoromethoxy)-
phenyl)-4H-benzo[d][1,3]oxazine (3ca):!''¥ Colorless oil,
59% yield. 'H NMR (500 MHz, CDCl3) J: 8.22~8.13 (m,
2H), 7.38~7.31 (m, 2H), 7.28 (d, J=28.5 Hz, 2H), 7.27~
7.22 (m, 1H), 7.12 (dd, J=7.7, 1.2 Hz, 1H), 5.97 (tdd, J=
55.7,5.2,4.0 Hz, 1H), 2.71~2.38 (m, 2H), 1.80 (s, 3H); 13C
NMR (126 MHz, CDCl;) d: 154.7, 151.7, 138.2, 131.0,
129.7,129.4,128.3, 127.4, 125.9, 122.8, 120.5 (q, J=258.0
Hz), 120.5, 115.0 (t, J=239.4 Hz), 78.0 (t, /=6.0 Hz), 45.1
(t, J=21.4 Hz), 27.7; F NMR (471 MHz, CDCl3) J: —
57.6 (s, 3F), —112.7 (d, J=16.7 Hz, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-(4-((trifluoromethyl)-
thio)phenyl)-4H-benzo[d][1,3 ]oxazine (3da):!''4] Colorless
oil, 61% yield. "H NMR (500 MHz, CDCl3) 6: 8.17 (d, J=
8.2 Hz, 2H), 7.73 (d, J/=8.1 Hz, 2H), 7.39~7.31 (m, 2H),
7.26 (td, J/=17.0, 2.2 Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 5.97
(tt, J=55.7,4.6 Hz, 1H), 2.69~2.42 (m, 2H), 1.80 (s, 3H);
13C NMR (126 MHz, CDCl3) 6: 154.7, 138.1, 135.9, 134.9,
129.5 (q, /=308.4 Hz), 129.5, 128.8, 128.3, 128.0 (q, J=
2.1Hz), 127.7,126.0, 122.8, 115.0 (t,J=239.5 Hz), 78.1 (t,
J=6.1 Hz),45.1 (t,J=21.4 Hz), 27.8; ’F NMR (471 MHz,
CDCls) 0: —42.1 (s, 3F), —112.6~—112.8 (m, 2F).
2-([1,1'-Biphenyl]-4-yl)-4-(2,2-difluoroethyl)-4-methyl-
4H-benzo[d][1,3]oxazine (3ea):!''¥ Colorless oil, 62%
yield. "H NMR (500 MHz, CDCI;) é: 8.20 (d, J=8.3 Hz,
2H), 7.68 (d, J=8.3 Hz, 2H), 7.66~7.62 (m, 2H), 7.47 (t,
J=7.6 Hz, 2H), 7.41~7.31 (m, 3H), 7.26~7.20 (m, 1H),
7.12 (d, J=7.6 Hz, 1H), 6.03 (tt, J=55.7, 4.6 Hz, 1H),
2.71~2.43 (m, 2H), 1.81 (s, 3H); '3C NMR (126 MHz,
CDCl3) 0: 155.8, 144.4, 140.3, 138.5, 131.3, 129.3, 129.0,
128.5, 128.4, 128.0, 127.3, 127.1, 127.1, 125.7, 122.7,
115.1 (t,J=239.4 Hz), 77.6 (t, J=6.0 Hz), 45.0 (t, J=21.3
Hz), 27.5; "F NMR (471 MHz, CDCly) 6: —111.7~
—113.6 (m, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-(p-tolyl)-4 H-benzo[d]-

Chin. J. Org. Chem. 2023, 43,4213~4219
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[1,3]oxazine (3fa):['' Colorless oil, 58% yield. 'H NMR
(500 MHz, CDCl3) 6: 8.05~7.99 (m, 2H), 7.36~7.30 (m,
2H), 7.25 (d, J=7.9 Hz, 2H), 7.23~7.18 (m, 1H), 7.13~
7.08 (m, 1H), 6.00 (tdd, J=55.8, 5.3, 3.9 Hz, 1H), 2.66~
2.45 (m, 2H), 2.41 (s, 3H), 1.78 (s, 4H); 3C NMR (126
MHz, CDCls) ¢: 156.1, 142.2, 138.6, 129.7, 129.3, 129.2,
128.6, 127.9, 126.9, 125.6, 122.7, 115.1 (t, J=239.3 Hz),
77.5~77.5 (m), 44.9 (t, J=21.3 Hz), 27.4, 21.7; '/F NMR
(471 MHz, CDCl5) 6: —111.9~—113.3 (m, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-(m-tolyl)-4H-benzo[d]-
[1,3]oxazine (3ga):[''¥ Colorless oil, 69% yield. 'H NMR
(500 MHz, CDCly) 6: 7.96 (d, J=2.1 Hz, 1H), 7.93~7.89
(m, 1H), 7.37~7.30 (m, 4H), 7.22 (dt, J=8.4, 4.3 Hz, 1H),
7.11 (d, J=7.6 Hz, 1H), 6.00 (tdd, J=55.7, 5.2, 3.9 Hz,
1H), 2.67~2.44 (m, 2H), 2.43 (s, 3H), 1.79 (s, 3H); 13C
NMR (126 MHz, CDCl3) ¢: 156.2, 138.5, 138.2, 132.6,
132.4, 129.3, 128.5, 128.5, 128.4, 127.0, 125.7, 125.1,
122.7, 115.1 (t, J=239.3 Hz), 77.6 (d, J=6.0 Hz), 45.0 (t,
J=21.3 Hz), 27.5, 21.6; '9F NMR (471 MHz, CDCl;) &:
—111.5~—113.6 (m, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-(o-tolyl)-4H-benzo[d]-
[1,3]oxazine (3ha):!'!#1 Colorless oil, 61% yield. 'H NMR
(500 MHz, CDCls) 6: 7.77 (dd, J=7.8, 1.5 Hz, 1H), 7.37~
7.29 (m, 3H), 7.29~7.22 (m, 3H), 7.11 (dd, J=7.7, 1.2 Hz,
1H), 5.96 (tdd, /=55.8, 5.2, 4.0 Hz, 1H), 2.68~2.52 (m,
5H), 1.79 (s, 3H); 3C NMR (126 MHz, CDCl;) é: 157.7,
138.3, 132.4, 131.6, 130.6, 129.6, 129.3, 127.8, 127.2,
125.9,125.8,122.7,115.2 (d,J=239.7 Hz), 78.0 (d, J/=6.2
Hz), 45.1 (t, J=21.5 Hz), 28.1, 21.7; ""F NMR (471 MHz,
CDCL) 6: —112.7 (d, J=38.2 Hz, 2F).
4-(2,2-Difluoroethyl)-2-(4-fluorophenyl)-4-methyl-4 H-
benzo[d][1,3]oxazine (3ia):[''* Colorless oil, 53% yield. 'H
NMR (500 MHz, CDCL) &: 8.17~8.10 (m, 2H), 7.37~
7.29 (m, 2H), 7.27~7.20 (m, 1H), 7.12 (td, J=8.3, 2.1 Hz,
3H), 5.98 (it, J=55.7, 4.6 Hz, 1H), 2.65~2.41 (m, 2H),
179 (s, 3H); 3C NMR (126 MHz, CDCl3) 6: 165.0 (d, J=
252.3 Hz), 155.0, 138.3, 130.1 (d, /=9.0 Hz), 129.3, 128.6
(d, J=3.0 Hz), 128.2, 127.1, 125.6, 122.7, 115.5 (d, J=
22.0 Hz), 114.9 (t, J=239.4 Hz), 77.7 (t, J=6.0 Hz), 44.9
(t, J=21.3 Hz), 27.5; F NMR (471 MHz, CDCl;) J:
—108.0 (s, 1F), —112.7 (d, J=25.8 Hz, 2F).
2-(4-Chlorophenyl)-4-(2,2-difluoroethyl)-4-methyl-4 H-
benzo[d][1,3]oxazine (3ja):!''¥ Colorless oil, 56% yield. 'H
NMR (500 MHz, CDCLy) &: 8.10~8.03 (m, 2H), 7.44~
7.39 (m, 2H), 7.37~7.30 (m, 2H), 7.27~7.21 (m, 1H), 7.11
(dd, J=7.7, 1.3 Hz, 1H), 6.14~5.78 (m, 1H), 2.69~2.38
(m, 2H), 1.79 (s, 3H); *C NMR (126 MHz, CDCL3) §:
155.0, 138.3, 137.9, 131.0, 129.4, 129.3, 128.7, 1284,
127.3,125.8, 122.8, 115.0 (t, J/=239.4 Hz), 77.9 (t, J=6.0
Hz), 45.1 (t, J=21.4 Hz), 27.6; ”F NMR (471 MHz,
CDCL) 6: —112.6 (d, J=24.0 Hz, 2F).
2-(4-Bromophenyl)-4-(2,2-difluoroethyl)-4-methyl-4 H-
benzo[d][1,3]oxazine (3ka):[''?l Colorless oil, 50% yield.
'H NMR (500 MHz, CDCl3) &: 7.91 (d, J=8.6 Hz, 2H),
7.50 (d, J=8.6 Hz, 2H), 7.29~7.22 (m, 2H), 7.19~7.14
(m, 1H), 7.03 (dd, J=7.6, 1.3 Hz, 1H), 5.89 (tdd, J=55.7,
5.2, 4.0 Hz, 1H), 2.65~2.25 (m, 2H), 1.71 (s, 3H); 1°C
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NMR (126 MHz, CDCl;) d: 155.1, 138.2, 132.5, 131.7,
131.4, 129.5, 129.4, 128.3, 127.4, 126.5, 125.8, 122.8,
115.0 (t, J/=239.4 Hz), 77.9 (t, J=6.0 Hz), 45.0 (t, J=21.4
Hz), 27.6; 'F NMR (471 MHz, CDCl3) §: —112.6 (d, J=
20.8 Hz, 2F).

4-(2,2-Difluoroethyl)-2-(4-iodophenyl)-4-methyl-4H-
benzo[d][1,3]oxazine (3la):[!'*! Colorless oil, 51% yield. 'H
NMR (500 MHz, CDCls) d: 7.85 (d, J=8.6 Hz, 2H), 7.79
(d, J=8.4 Hz, 2H), 7.38~7.29 (m, 2H), 7.24 (td, J=17.6,
7.2,2.0 Hz, 1H), 7.11 (dd, J=7.7, 1.3 Hz, 1H), 6.11~5.82
(m, 1H), 2.67~2.38 (m, 2H), 1.79 (s, 3H); '3C NMR (126
MHz, CDCl3) o: 155.3, 138.2, 137.7, 132.0, 129.5, 129.4,
128.4, 127.4, 125.8, 122.8, 115.0 (t, J=239.5 Hz), 98.9,
77.9 (t, J=6.1 Hz), 45.0 (t, J/=21.3 Hz), 27.6; YF NMR
(471 MHz, CDCl3) 0: —111.7~—113.7 (m, 2F).

1-(4-(4-(2,2-Difluoroethyl)-4-methyl-4 H-benzo[d][ 1,3]-
oxazin-2-yl)phenyl)ethan-1-one (3ma):[''al Colorless oil,
66% yield. '"H NMR (500 MHz, CDCls) 6: 8.22 (d, J=8.3
Hz, 2H), 8.03 (d, /=8.4 Hz, 2H), 7.39~7.33 (m, 2H), 7.27
(ddd, J=8.5, 5.5, 3.2 Hz, 1H), 7.14 (d, J=7.6 Hz, 1H),
6.14~5.84 (m, 1H), 2.66 (s, 3H), 2.64~2.45 (m, 2H), 1.82
(s, 3H); 3C NMR (126 MHz, CDCl3) §: 197.9, 154.9, 139.1,
138.1, 136.6, 129.5, 128.4, 128.3, 128.1, 127.7, 126.0,
122.8, 115.0 (t, J=239.5 Hz), 78.0 (t, J=6.1 Hz), 45.1 (t,
J=21.4 Hz), 27.7, 27.0; F NMR (471 MHz, CDCls) 4:
—112.7 (d, J=25.8 Hz, 2F).

4-(2,2-Difluoroethyl)-4-methyl-2-(4-(trifluoromethyl)-
phenyl)-4H-benzo[d][1,3]oxazine (3na):!''3] Colorless oil,
59% yield. '"H NMR (500 MHz, CDCls) &: 8.25 (d, J=8.2
Hz, 2H), 7.71 (d, J/=8.2 Hz, 2H), 7.39~7.33 (m, 2H), 7.27
(ddd, J=38.5,6.0,2.8 Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 5.97
(tt, J=55.7,4.6 Hz, 1H), 2.76~2.36 (m, 2H), 1.81 (s, 3H);
3C NMR (126 MHz, CDCls) §: 154.5, 138.0, 135.9, 133.1
(q,J=32.6 Hz), 129.5,128.3, 128.2, 127.7, 126.0, 124.0 (q,
J=272.4 Hz), 1254 (q, J=3.8 Hz), 122.8, 115.0 (t, J=
239.5 Hz), 78.1 (t, J=6.0 Hz), 45.2 (t, J=21.4 Hz), 27.8;
“F NMR (471 MHz, CDCl3) §: —62.8 (s, 3F), —112.7 (d,
J=11.1 Hz, 2F).

Methyl 4-(4-(2,2-difluoroethyl)-4-methyl-4H-benzo[d]-
[1,3]oxazin-2-yl)benzoate (30a):[''*l Colorless oil, 57%
yield. "H NMR (500 MHz, CDCI;) é: 8.20 (d, J=8.3 Hz,
2H), 8.11 (d, J=8.3 Hz, 2H), 7.39~7.33 (m, 2H), 7.26 (td,
J=6.4,5.6,2.9 Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 5.99 (tt,
J=55.7, 4.6 Hz, 1H), 3.95 (s, 3H), 2.69~2.44 (m, 2H),
1.82 (s, 3H); '*C NMR (126 MHz, CDCls) §: 166.7, 155.0,
138.1, 136.6, 132.6, 129.6, 129.5, 128.4, 127.8, 127.6,
126.0, 122.8, 115.0 (t, J=239.5 Hz), 78.0 (t, J=6.1 Hz),
52.5, 45.1 (t, J=21.3 Hz), 27.8; F NMR (471 MHz,
CDCls) 0: —112.7 (d, J=29.6 Hz, 2F).

4-(2,2-Difluoroethyl)-4-methyl-2-(4-nitrophenyl)-4H-
benzo[d][1,3]oxazine (3pa):[''?l Colorless oil, 45% yield.
"H NMR (500 MHz, CDCls) é: 8.19 (d, /=8.5 Hz, 2H),
8.11 (d, J=38.5 Hz, 2H), 7.35 (d, J=4.0 Hz, 2H), 7.28~
7.22 (m, 1H), 7.12 (d, J=7.6 Hz, 1H), 5.98 (tdd, J=55.7,
5.1, 4.1 Hz, 1H), 3.95 (s, 3H), 2.68~2.42 (m, 2H), 1.81 (s,
3H); '3C NMR (126 MHz, CDCl;) &: 153.8, 149.7, 138.4,
137.8, 129.6, 128.8, 128.2, 128.2, 126.3, 123.6, 122.9,
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114.9 (t,J=239.6 Hz), 78.4 (d, /=6.2 Hz), 45.3 (t, J=21.5
Hz), 28.0; ”F NMR (471 MHz, CDCl3) §: —112.6~
—112.9 (m, 2F).
4-(4-(2,2-Difluoroethyl)-4-methyl-4H-benzo[d][1,3]-
oxazin-2-yl)benzonitrile (3qa):!''* Colorless oil, 61% yield.
"H NMR (500 MHz, CDCls) J: 8.24 (d, J=8.3 Hz, 2H),
7.74 (d, J=8.3 Hz, 2H), 7.39~7.32 (m, 2H), 7.28 (td, J=
7.6, 2.1 Hz, 1H), 5.96 (tt, J=55.6, 4.6 Hz, 1H), 2.71~2.43
(m, 2H), 1.82 (s, 3H); '3C NMR (126 MHz, CDCI;) 4:
154.0, 137.8, 136.6, 132.2, 129.6, 128.3, 128.2, 128.0,
126.1, 122.9, 118.6, 114.9 (t, J=239.6 Hz), 114.7, 78.3 (t,
J=6.0 Hz), 45.2 (t,/=21.4 Hz), 27.9; ’F NMR (471 MHz,
CDCl;) 6: —112.7 (d, J=3.1 Hz, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-(naphthalen-2-yl)-4H-
benzo[d][1,3]oxazine (3ra):!''¥ Colorless oil, 57% yield. 'H
NMR (500 MHz, CDCl3) o: 8.59 (d, J=1.6 Hz, 1H), 8.26
(dd,J=8.7,1.6 Hz, 1H), 7.98 (dd, /=7.3,2.0 Hz, 1H), 7.90
(dd, J/=12.0, 8.4 Hz, 2H), 7.56 (tt, J=7.2, 5.4 Hz, 2H),
7.41~7.34 (m, 2H), 7.28~7.23 (m, 1H), 7.15 (d, J=7.6
Hz, 1H), 6.22~5.91 (m, 1H), 2.74~2.47 (m, 2H), 1.86 (s,
3H); 3C NMR (126 MHz, CDCI;) &: 156.0, 138.6, 135.1,
132.9, 129.8, 129.4, 129.2, 128.6, 128.5, 128.2, 127.9,
127.8,127.2,126.6, 125.8, 124.5, 122.8, 115.1 (t, J=239.4
Hz), 77.8 (d, J=6.0 Hz), 45.0 (t, J=21.3 Hz), 27.6; F
NMR (471 MHz, CDCl3) 6: —112.4~—112.8 (m, 2F).
2-Cyclopropyl-4-(2,2-difluoroethyl)-4-methyl-4 H-benzo-
[d][1,3]oxazine (3sa):I''¥] Colorless oil, 74% yield. 'H NMR
(500 MHz, CDCly) 0: 7.27 (td, J="7.6, 1.4 Hz, 1H), 7.14 (4,
J=17.1 Hz, 2H), 7.05~6.98 (m, 1H), 5.84 (tdd, J=55.8,
5.3, 3.8 Hz, 1H), 2.57~2.29 (m, 2H), 1.71 (tt, J/=28.3, 4.8
Hz, 1H), 1.63 (s, 3H), 1.04 (dt, J/=6.9, 3.3 Hz, 2H), 0.87
(dg, J=7.1, 3.7 Hz, 2H); '*C NMR (126 MHz, CDCl;) &:
162.5, 138.3, 129.3, 127.8, 126.3, 124.5, 122.6, 115.1 (t,
J=239.1 Hz), 45.0 (t, J/=21.4 Hz), 27.7, 14.7, 7.0, 6.9; '°F
NMR (471 MHz, CDCl3) 0: —112.4~—112.8 (m, 2F).
4-(2,2-Difluoroethyl)-4-methyl-2-pentyl-4 H-benzo[d]-
[1,3]oxazine (3ta):[''l Colorless oil, 59% yield. '"H NMR
(500 MHz, CDCl3) d: 7.31~7.25 (m, 1H), 7.21~7.11 (m,
2H), 7.04 (d, J=7.6 Hz, 1H), 5.88 (tt, J/=56.2, 4.4 Hz, 1H),
2.42 (dqd, J=52.1, 15.0, 4.5 Hz, 2H), 2.12 (s, 3H), 1.70 (s,
3H); 3C NMR (126 MHz, CDCI;) &: 159.5, 137.9, 129.3,
127.6, 126.9, 124.9, 122.8, 115.1 (t, J=239.1 Hz), 77.2 (4,
J=6.2 Hz), 45.7 (t,J=21.2 Hz), 28.0, 21.8; '’F NMR (471
MHz, CDCl3) 6: —112.7 (d, J=12.3 Hz, 2F).
4-(4-(2,2-Difluoroethyl)-4-methyl-4H-benzo[d][1,3]-
oxazin-2-yl)benzaldehyde (3ua): Colorless oil, 49% yield.
"H NMR (500 MHz, CDCl3) §: 10.09 (s, 1H), 8.29 (d, J=
8.1 Hz, 2H), 7.95 (d, J=8.1 Hz, 2H), 7.36 (d, J=4.2 Hz,
2H), 7.27 (dt, J=28.5,4.2 Hz, 1H), 7.13 (d, J/=7.6 Hz, 1H),
5.98 (tt, J=55.7, 4.6 Hz, 1H), 2.66~2.47 (m, 2H), 1.82 (s,
3H); 3C NMR (126 MHz, CDCI;) &: 191.9, 154.7, 138.3,
138.1, 138.0, 129.6, 129.5, 128.5, 128.4, 127.8, 126.2,
122.8, 115.0 (t, J=239.5 Hz), 78.2 (t, J=6.0 Hz), 45.3 (t,
J =215 Hz), 27.8; YF NMR (471 MHz, CDCIl;) :
—112.5~—112.9 (m, 2F).
4-(2,2-Difluoroethyl)-2,4-diphenyl-4H-benzo[d][1,3]-
oxazine (3va): Colorless oil, 76% yield. '"H NMR (500
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MHz, CDCls) J: 8.28~8.20 (m, 2H), 7.51 (t, J=7.2 Hz,
1H), 7.46 (dd, J=38.3, 6.4 Hz, 2H), 7.39~7.35 (m, 2H),
7.34~7.31 (m, 2H), 7.30~7.21 (m, 5H), 6.05 (tt, J=55.6,
4.3 Hz, 1H), 3.01 (td, J=15.1, 4.3 Hz, 2H); '3*C NMR (126
MHz, CDCl3) d: 156.0, 142.1, 139.2, 132.2, 131.8, 129.6,
128.7, 128.5, 128.5, 128.0, 126.8, 126.6, 125.9, 125.6,
124.5, 115.4 (t, J=240.0 Hz), 81.0 (t, J=6.5 Hz), 44.9 (t,
J =224 Hz); YF NMR (471 MHz, Chloroform-d) &:
—110.2~—112.3 (m, 2F).

(5R,8R.,95,108,13R,14S,17R)-17-((R)-4-((S)-4-(2,2-Difluo-
roethyl)-4-methyl-4H-benzo[d][1,3]oxazin-2-yl)-butan-2-
y1)-10,13-dimethyldodecahydro-3 H-cyclopenta[a]phenanth
rene-3,7,12(2H,4H)-trione (3wa): Colorless oil, 60% yield,
dr=1 . 1. '"H NMR (500 MHz, CDCl;) §: 7.29~7.25 (m,
1H), 7.20~7.13 (m, 2H), 7.03 (d, J/=7.6 Hz, 1H), 6.01~
5.75 (m, 1H), 2.95~2.82 (m, 3H), 2.56~2.39 (m, 3H), 2.34
(ddt, /=18.1, 9.0, 4.9 Hz, 4H), 2.28~2.20 (m, 3H), 2.18 —
2.12 (m, 2H), 2.11~2.02 (m, 3H), 2.00~1.94 (m, 1H), 1.86
(tt, J=11.6, 4.9 Hz, 2H), 1.67 (d, J=2.9 Hz, 4H), 1.62 (td,
J=14.4,4.7Hz, 1H), 1.48 (q,J=10.9, 7.8 Hz, 1H), 1.40 (s,
3H), 1.36 (tt, J=5.8, 2.2 Hz, 2H), 1.08 (s, 3H), 0.91 (d, J=
6.6 Hz, 3H); '3C NMR (126 MHz, CDCl3) J: 212.0, 209.1,
208.8, 162.5, 162.4 (C"), 138.0, 129.2, 127.8, 127.8 (C),
126.8, 125.0, 122.7, 115.6 (d, J/=239.6 Hz), 115.6 (d, J=
239.6 Hz, C') 57.1, 51.9, 49.2, 47.0, 45.9, 45.9 (C"), 45.7,
45.5 (t,J=21.5 Hz), 45.1, 42.9, 38.8, 36.6, 36.2, 36.0, 36.0
(C), 35.4, 32.7, 31.7, 31.7 (C"), 28.1, 28.0 (C"), 27.8, 27.8
(C", 25.3,22.0, 18.9, 18.9 (C"), 12.0; '°F NMR (471 MHz,
CDCl3) 0: —111.9~—113.6 (m, 2F).

Supporting Information 'H NMR and '*C NMR spectra
of compounds 3aa~3wa. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn.
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