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Ming-Guo Liu,Na Liu, Wen-Heng Xu, Long Wang*
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Abstract—This paper reports the tandem reaction strateghefPasserini/Wittig reaction based on thesitu capture of isocyanides.

According to this strategy, plenty of isocyanidegvé been synthesized, which is immediately usedtlier tandem reaction of

Passerini/Wittig reaction in one pot. Compared te pmevious work, this strategy avoids the sepamatmurification, and storage of

isocyanides, which prominently solves the problasiidsocyanide-based multicomponent reaction such(as The environmentally

unfriendly (strong foul odor), (a) the labile ofoty/anides, (c) high toxicity of isocyanides. In tmeantime, in order to expand the
application scope of our strategyl-lIsochromenes andH32-benzoxepin-1-ones have also been synthesizeidhwimdergoes four-step

transformations in one-pot. In addition, a reldgiveredible reaction mechanism has also been peahdsased on a series of control
experiments. Furthermore, preliminary testing wasfiggmed on biological activity of some obtainednpmunds; These results showed
that the synthesized compounds exhibited certdivitgoover P. digitatum and P. italicum. © 201%EVier Science. All rights reserved

Keywords: Isocyanides; in situ capture; tandem reactioteroeycles

a) Passerini reaction 0o R3 H
1. Introduction R-NC + R%-COOH *+ R%-CHO ——= RZJLOJ}(NW
. A b) Passerini/post-modification tandem reaction °
In recent years, people have attached increasing \ ) ' - X

. . . . . R-NC + R%COOH + R-CHO —>_ PR
importance to isocyanide-based reactibasd a series of 0" R
Original Symbo”c achievements have been repormd | c) This work: in-situ capture of isocyanides based on Passerini/Wittig reaction
successioR. Isocyanide-based multicomponent reactions e PRsBr
have got e>_<tensive g:oncer.n.in the figald of orgayicthesis 7 0'/’2) .
due to its high reaction efficiency, wide rangesobstrates, RI_NHCHO PPhs, C,Cle, 1t [R1~ C] _ OH W, q G,
and the avoidance of intermediate separation loases NEY(-Pr),, CH;Cl, R?-COCHO or COOH
tedious processés.‘l’ he Passerini reaction is a one pot o environmentally friendly * undecomposed of isocyanides
three-component reaction for preparation a}ﬁcyk)xy ® non-toxic isocyanides chemistry ® one-pot synthesis heterocycles
acidamide involving aldehyde and ketone, carboxati Scheme 1The tandem reaction strategy of Passerini/Wittig
and isocyanide(Scheme 1a). Lots of diverse compoimd reaction based on the in sitapture of isocyanides.

complex structures are synthesized directly anitiefftly
from simple and readily available materials through Inrecent, a new strategy, via based on the incsipiure
advance protection or reservation of functionalugron a  of isocyanides, has been reported in successiocordmg
certain component and the linkage with postmodifica to this strategy, the in situ generation of isodglaa from
reaction(Scheme 18)This tandem reaction which based its precursor could solve some problems such aaratpn,
on the Passerini reaction and its postmodificatieaction  purification, the smell of exposure, decomposifidris
has, which exhibits a series of excellent achievemén may dramatically overcome the drawbacks of isoaeni
successiorT. However, this cascade reactions is barely used chemistry® For example, Parsons et al. reported
in production practices at present, because: 1) Themulticomponent cascade reaction based on the in sit
environmentally unfriendly (strong foul odor), 2jetlabile capture of isocyanides in 2005. This strategy was
of Isocyanides, and 3) high toxicity of isocyanides developed to prepare isocyanides in situ throughrihg
opening of epoxid& In 2009, Kaim et al. reported the Ugi
reaction based on the in sibapture of isocyanides. This
strategy prepared isocyanidessitu from benzyl chloride,
silver cyanide and potassium cyanfé&? In 2013, Kim et
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al. reported an integrated microfluid-based Passeri
reaction®™ According to this strategy, isocyanides were
produced in situ within an integrated microfluidigstem.
In 2015, Domling et al. reported the attainment aof

multicomponent reaction based on the in siapture of

isocyanides with formamide, ketone, aldehyde artkrot
oxygenated compounds as precur$brs.

The Wittig reaction is an all-important reactionr fo
preparation of carbon-carbon double bonds by thetien
of phosphorus ylide and reactive carbonyl. Thistiea is
characterized by simplicity of operation, mild cdmhs,
fewer side reactions, and high vyield, &tdhe Wittig
reaction can be used to prepare five-member, sixivee,
seven-member and macrocyclic heterocyclic compafinds
The tandem reactions of isocyanide-based multicom@pb
reaction and the Wittig reaction has been extehsivsed
for organic synthesis, pharmaceutical synthesis, et

CHO Cl

O/NHCHO PPhs, C,Cle {O/NC] :Is/aPMethBr e O \O O

base, CH,Cl, : _COOH solvent i:

" a “ 4a osau

Entry Solvent Base T[°C]  54%]°
1 THF NaOH 60 NR
2 THF K.COs 60 13
3 THF NEg 60 16
4 THF NEt{-Pr) 60 23
5 THF DABCO 60 11
6 MeOH NEt(-Pr), 60 NR
7 Toluene NEfitPr), 60 51
8 CH,Cl, NEt(-Pr), 60 12
9 Toluene NEitPr), 110 61
10 Toluene NE{(Pr), r.t. trace
11 Toluene - 110 NR
12 Toluene NE#Pr), 110 NR

Isochromenes are very important category of comgsun
that exhibit favorable biological activities. Adidially,
isochromenes are basic skeletons for some nattodlpts,
sensors and biological active compound$wus, their
synthesis methods have received certain attef{tidn. the
best of our knowledge, however, no tandem reaatfoim
situ capture of isocyanides based Passerini/\Wigagtion
has been reported so far. Based on our previoutest
we developed a tandem reaction strategy based eointh
situ capture of isocyanides of the Passerini/Wittig tieac
and a series ofH-Isochromene andHB82-benzoxepin-1-
ones were synthesized by using the tandem-reaction.

2. Results and Discussion

According to the literatures, we found that amidewas
easily prePared from cyclohexanone and formamidé wi
high yield!® Therefore, amidela, phosphonium salt8a
and parachlorobenzoic acida were used as model
substrates to explore the reaction conditions,Fiestget
compoundsa was not obtained at 6€ by using THF and
NaOH as the solvent and base, respectively. Tauarise,
target compoun&a was obtained with a yield of 13% only
needed to change the base from NaOH 16®sto K,COs.
Further optimization of the base showed that tleddywas
23% when the base was diisopropylethylamine. Aftedy
the solvent was optimized, and it was found that \tkeld
was 51% when the solvent was changed to toluene.
However, the reaction could not be carried out wtten
solvent was changed from THF to methanol. The i@act
temperature was further screened and it was fohad t
increasing the temperature was beneficial to tlaetien.
Therefore, 110°C was found to be the most suitable
temperature for the reaction. It is also importantote that
the reaction cannot occur without base. Howevererwh
C.Cls was substituted by,,I no target compounda was
obtained'?

Table 1.Optimization of the reaction conditiofis.

& Conditions: 1a (1 mmol), PPk (1.5 mmol), GClg (1.5
mmol), CHCl, (10 ml), base (3.0 mmol), aiBa (1.1
mmol), 4a (1.1 mmol) and then solvent (10 ml), base
(1.1mmol).” Yields based ofia ¢ C,Cls was replaced with
l5.

The reaction substrate was expanded under the aptim
reaction conditions. It was found that the reacgahibited
good universality for various substrates while ¢hectronic
effects and steric effects of substrate functigraups did
not significantly affect the reaction(Scheme 2).rivias
substituted phenyl carboxylic acids and aromatic
heterocyclic carboxylic acids can be transformed target
compounds with good vyields. Meanwhile, target
compounds can also be obtained with relatively rretee
yields for aliphatic carboxylic acids, such as farmacid
and acetic acid. The yield of 46-65% is the totald/of the
four-steps transformations, which was count on amid
while the yield of 68-89% was based on phosphorsaih
3 in the literaturd™® which was very different from this
manuscript.
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L o F oot
c _|_PMePh,Br Re 4 PPhsBr

RLNHCHOM[ —NC] NEXE=Pr), . ) PPha, Coll rt [ 1 6 NE(-Pr);
3- Toluene, reflux - R'-NHCHO ————— | R'—
1 NEt(i-Pr)z, CHoCl2 © 5 R COOH 0" °N 1 NEt(-Pr), CHoCl ' @«COCHO Toluene, reflux
R,
Cl
2 : o o
; 0O o 10 op 1k
° O ® O
O Q P SN = _°
: oy SRR« TR s
5 H % 8b, 63% 8c, 71%
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o
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o 0
. L <
° : o o
J< J< J< 8d, 66%
(@] N (0] N (0] N
H H H

8e,57% 8f, 66% Br

5d, 59% Se, 65% N
, < @ Y 3
oo
O o] 0 /O 8g, ea% 8h,0% 8, 0%
o ”J< 0N . .
59, 51% 5h, 60% Scheme 3. Preparation afi3 2-benzoxepin-1-one&by

’ the tandem reaction.
N N cl N
oy Cr e
(e} NJ< J< o) NJ< . .

After expanding the reaction substrate, we proled

5j, 55% 5K, 46% 51, 56% the reaction mechanism by condition control expents.
NO, The isocyanide2c was obtained from amidéc with the
N O yield of 93% under the action 0£Clg, PPh and NEt{-Pr),

l"O
O~ 'N
H

(Scheme 4a). The Passerini reaction between isi®y/aq
phosphonium salt6c and 4-chlorophenylglyoxalc in
CH,CI, at room temperature afforded intermedi@tewith

5m, 51% 5n, 53% 50, 57% the yield of 98% (Scheme 4b). Under the action &t(N
Scheme 2. Preparation ofHisochromenes5 by the  Prk. intermediate9c generated target compourdt with
tandem reaction® Condotions:1 (1 mmol), PPk (1.5 79% vyield (Scheme 4c). The isocyanide reacted with

mmol), GCl (1.5 mmol), CHCl, (10 ml), NEt{-Pr), (3.0 phosphonium saltéc and 4-ch|o_r0_phenylglyoxal70 in
mmol), air, r.t.,3 (1.1 mmol), 4 (1.1 mmol) and then CH,CI, at room temperature, providing target compo8nd

b v at a yield of 77% (Scheme 4d). However, it shoddbted
LO;l;ggeorg-]..o mi), NEPr), (1.2 mmol), 110°C. * Yields that no target compound was obtained when no additi

NEt(i-Pry was added into the last step of the tandem

Meanwhile, in order to further expand the applimati reaction (Scheme 4e).

scope of our strategy, we also synthesized the krigv2-
Benzoxepin-1-ones by wusing this strategy.H-3B
Benzoxepin-1-ones are also an important category of
heterocycles which serves as the basic skeletosoofe
important bioactive molecules and sensdr§herefore, a
series of Bi-2-benzoxepin-1-ones were synthesized using
the “one-pot” method based on the tandem-reaction
strategy of Passerini/Wittig reaction based on ithaitu
capture of isocyanides(Scheme 3). It was found that
reaction exhibited good universality for substratarious
substrate were favorably converted into productenev
when  N-primary-alkylformamide such as riN-
butylformamide was used as substrate. The yield6f
71% also is the total yield of the four-steps tfarmsations,
which is based on amide However, no target compound
8h and 8i were obtained when N-phenylformamide was
used as substrate.
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PPhs, C,Cle, 1t
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Scheme 4. Control experiments and mechanism
investigation.

On the base of the results of the controlled expent,

CHO

©/\/PMethBr
NE(-Pr); O

COOH Toluene, reflux
- : [e]

4a

! Cl
X

o/(j

N

H

5a
30 mmol 52%, 5.74g

Scheme 6. The synthesis of 3-(4-chlorophenyl)-N-
cyclohexyl-1H-isochromene-1-carboxamide in largalesc

PPhs, C,Cle, I't.

NHCHO NC
0/1 NEL(-Pr)2, CH,Cly [ O/ }

Cl

At the same time, we also tested the bactericidal
activity of some synthetic compounds against Fusari
graminearum, Magnaporthe oryzae, Penicillium digita
Penicillium italicum, and Rhizoctonia solaniwith
triadmefon as the positive control (Table 2). Thestt
showed that the compounds had antibacterial agtivit
against P. digitatum and P. italicum. The compo&ed
exhibited an inhibition ratio of 81% against P. digitatum,
< 79% against P. italicum, which was close to thehition
ratio of positive control agent Triadmefon. Accarglito
the summary of the inhibition ratio and the struetu
activity relationship of the compound, the antilesit
activity is higher when the substituent contain®idhe and
nitro substituent groups, such@$and8c.

Table 2. Fungicidal activities of compounds against five

we proposed a possible reaction mechanism(Scheme S)inds of fungus.

First, hexachloroethane reacted with triphenylphaosp to

produced phosphonium sdlf; then phosphonium sali0

Inhibition rate /(%)

removed HO from amidel to get isocyanide in situ;  Compd. Z’_- ot !‘t’-l_ Fo M. R-l _
Phosphonium salté and phenylglyoxal 7 captured gtatum talicum  graminearum  oryzae - solan!
isocyanide2 produced intermediat® through Passerini 5a 45 37 11 26 21
reaction; A molecule of HBr was removed by NE(), g, 21 22 0 0 0
from intermediated to get phosphine ylid&1; Phosphine 5¢ 56 45 15 0 27
ylide 11 generated the target compourl through 5d 63 61 20 36 55
intramolecular Wittig reaction in the heating cdiuth. 59 35 29 0 0 14
5] 0 15 0 0 0
coon w5k 38 35 0 0 15
. oM 8a 33 26 0 0 21
CuClo RI-NHCHO I HNEI(-Pr); @L:P“SB' 0? 5 8b 21 0 0 11 17
PPhy M ClPPh RIZNG o R 8c 81 79 42 48 66
10 2 Q 8e 35 28 0 19 21
e, e-Orcoo, Ko) 8f 42 33 13 11 55
jNEi(i-Pr)z triadmefon 95 91 55 72 81
Br HNEX(-Pr), .
Q R’ 3.Conclusion

o Oy NH R
heat
; O

OPPh,

0 HN-R' 3

= o

» Q

R3

Scheme 5. The proposed possible mechanlsm.

1"

In addition, we conducted a scale-up test to determ
the applicability of this strategy we developed.4g of5a
was synthesized with high vyield through this tandem
reaction (Scheme 6).

In summary, a novel tandem reaction strategy of the
Passerini/Wittig reaction based on thesitu capture of
isocyanides has been reported and two types of congs
have been synthesized by using the strategy. Tlitegy
avoids the separation, purification, and storage of
isocyanides, which prominently solves the probleofis
isocyanide-based multicomponent reaction such a$ha
environmentally unfriendly (strong foul odor), 2jetlabile

of Isocyanides, 3) high toxicity of isocyanidesséries of
1H-isochromenes and H32-benzoxepin-1-ones are
synthesized by using the one-pot process. Meanwhile
preliminary testing was performed on biologicaliatt of
some compounds; the test showed that the syntldesize
compounds exhibited certain activity against P itaigm
and P. italicum. Furthermore, we proposed a passibl
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mechanism of the present reaction through veriticat

lit™?® 126-127 °C;*H NMR (CDCk, 600 MHz) 5 (ppm)

based on a series of experiments under controlled7.66 (d,J= 8.4 Hz, 2H, Ar-H), 7.39 () = 7.8 Hz, 3H, Ar-

conditions.

4. Experimental

4.1 General

All the obtained products were characterizétl NMR
spectra and®C NMR spectra (400 MHz or 600 MHz).
Chemical shifts were reported in parts per milljppm, 5)
downfield from tetramethylsilane. Proton couplirgftprns
are described as singlet (s), doublet (d), triffletmultiplet

(m);

4.2 Typical procedure for the synthesis of 5

4.2.1 3-(4-chlorophenyl)-N-cyclohexyl-1H-isochromene-1-
carboxamide (5a)

A mixture of PPh (378 mg,1.5 mmol) andClg (355 mg,
1.5 mmol) in CHCI, (10 mL) was stirred at room
temperature under air condition for 1 h. Subsedyent
NEt(i-Pr) (387 mg, 3 mmol) anda (127 mg, 1 mmol)
were added. The mixture was stirred for 2 h ana Bee
(439 mg, 1.1 mmol) andla (172 mg, 1.1 mmol) were
added and stirred for another 12 h. After the ieacivas
completed, the solvent of GAI, (10 mL) was changed to
toluene (10 mL) and NE#Pr), (142 mg, 1.1 mmol) was
added and stirred at 12GQ for another 2 h. After removing
the solvent under reduced pressure, the resultindeovas
purified by column chromatography with petroleum
ether/ethyl acetate (10:1, v/v) as eluent to diee White
solid, yield 65%, mp 194-196 °C, it 196-197 °C*H
NMR (CDCl;, 600 MHz)6 (ppm) 7.66 (d,) = 8.4 Hz, 2H,
Ar-H), 7.39 (t,J = 8.4 Hz, 3H, Ar-H), 7.28-7.22 (m, 2H,
Ar-H), 7.11 (d,J = 7.2 Hz, 1H, Ar-H), 6.48 (s, 1H, =CH),
6.30 (d,J = 7.2Hz, 1H, NH), 5.59 (s, 1H, CH), 3.85 (s
7.8 Hz, 1H, CH), 1.93 (dl = 9.6 Hz, 1H, 0.5 C}J, 1.80 (t,
J=9.6 Hz, 1H, 0.5 C}}, 1.64 (dJ = 9.6 Hz, 1H, 0.5 C}),
1.57 (t,J =9.6 Hz, 2H, CH), 1.40-1.27 (m, 2H, C}), 1.23-
1.11 (m, 2H, CH), 1.09-1.01 (m, 1H, 0.5 G **C NMR
(CDCl;, 150 MHz) ¢ (ppm) 167.5, 150.1, 134.9, 131.9,
130.0, 128.9, 128.7, 127.4, 126.4, 125.9, 125.4.212
102.4,77.9, 47.8, 32.7, 25.3, 24.5.

422 N-cyclohexyl-3-(p-tolyl)-1H-isochromene-1-
carboxamide (5b). White solid, yield 61%, mp 167-169 °C,
lit''? 168-169 °C;'H NMR (CDCk, 600 MHz)d (ppm)
7.63 (d,J = 7.8 Hz, 2H, Ar-H), 7.41 (d] = 7.2 Hz, 1H, Ar-
H), 7.28-7.20 (m, 4H, Ar-H), 7.10 (d,= 7.2 Hz, 1H, Ar-
H), 6.46 (s, 1H, =CH), 6.41 (d,= 7.2Hz, 1H, NH), 5.59 (s,
1H, CH), 3.85 (s, 1H, CH), 2.40 (s, 3H, §H1.95 (d,J =
9.0 Hz, 1H, 0.5 Ch), 1.81 (d,J = 7.2 Hz, 1H, 0.5 C}},
1.65-1.57 (m, 3H, CH 0.5 CH), 1.38-1.28 (m, 2H, C}),
1.20-1.11 (m, 2H, Ch), 1.07-1.03 (m, 1H, 0.5 GH C
NMR (CDCk, 150 MHz) 6 (ppm) 167.9, 151.2, 139.4,
130.7, 130.5, 129.3, 128.7, 127.0, 126.4, 125.04.712
123.9,101.2,77.8, 47.9, 32.7, 25.4, 24.5, 21.4.

4.2.3 N-(tert-butyl)-3-(4-chlorophenyl)-1H-isochromene-1-
carboxamide (5¢). White solid, yield 62%, mp 124-125 °C,

H), 7.30-7.23 (m, 2H, Ar-H), 7.10 (d,= 7.2 Hz, 1H, Ar-
H), 6.48 (s, 1H, =CH), 6.28 (s, 1H, NH), 5.49 (s, TH),
1.33 (s, 9H, 3Ch):; *C NMR (CDC}, 150 MHz)4 (ppm)
167.7, 149.9, 134.9, 132.0, 129.9, 128.8, 128.7.412
126.6, 125.9, 125.1, 124.2, 124.0, 101.5, 77.8,58.6.

4.2.4 N-(tert-butyl)-3-(4-nitrophenyl)-1H-isochromene-1-
carboxamide (5d). White solid, yield 59%, mp 166-167 °C,
lit''? 167-168 °C;'H NMR (CDCk, 600 MHz)d (ppm)
8.26 (d,J = 8.4 Hz, 2H, Ar-H), 7.89 (d] = 8.4 Hz, 2H, Ar-
H), 7.42 (d,J = 7.2 Hz, 1H, Ar-H), 7.39-7.28 (m, 2H, Ar-
H), 7.18 (d,J = 6.6 Hz, 1H, Ar-H), 6.70 (s, 1H, =CH), 6.23
(s, 1H, NH), 5.55 (s, 1H, CH), 1.36 (s, 9H, 3g¢HC
NMR (CDCk, 150 MHz) 6 (ppm) 167.3, 148.7, 147.5,
139.5, 129.3, 129.0, 128.4, 126.9, 125.1, 125.0.92
124.8,123.9, 123.8, 105.7, 77.9, 51.4, 28.6.

425 N-(tert-butyl)-3-(p-tolyl)-1H-isochromene-1-
carboxamide (5€). White solid, yield 65%, mp 84-86 °C,
lit'**86—87 °C:'H NMR (CDCL, 600 MHz)d (ppm) 7.62
(d,J = 7.8 Hz, 2H, Ar-H), 7.39 (1) = 7.2 Hz, 1H, Ar-H),
7.27-7.19 (m, 4H, Ar-H), 7.08 (d} = 7.2 Hz, 1H, Ar-H),
6.45 (s, 1H, =CH), 6.39 (s, 1H, NH), 5.48 (s, 1HH)C2.37

(s, 3H, CH), 1.32 (s, 9H, 3CH; *C NMR (CDCk, 150
MHz) ¢ (ppm) 168.0, 151.0, 139.2, 130.7, 130.3, 129.2,
128.6, 126.8, 126.5, 125.2, 124.5, 123.9, 101.38,A1.2,
28.6, 21.3.

426 N-(tert-butyl)-3-(o-tolyl)-1H-isochromene-1-
carboxamide (5f). Light yellow oil, yield 53%, lit'® light
yellow oil; *H NMR (CDCk, 600 MHz)d (ppm) 7.45 (tJ

= 5.4 Hz, 2H, Ar-H), 7.33-7.21 (m, 5H, Ar-H), 7.10,J =
5.4 Hz, 1H, Ar-H), 6.34 (s, 1H, =CH), 6.12 (s, 1NH),
5.48 (s, 1H, CH), 2.50 (s, 3H, GH1.36 (s, 9H, 3CH); *°C
NMR (CDCk, 150 MHz) 6 (ppm) 167.7, 153.5, 136.7,
134.5, 130.9, 130.7, 128.9, 128.8, 128.6, 127.5.312
125.8, 124.6, 123.9, 106.3, 77.9, 51.3, 28.7, 20.9.

4.2.7 N-(tert-butyl)-3-(2-iodophenyl)-1H-isochromene-1-
carboxamide (59). White solid, yield 51%, mp 74-76 °C,
lit**@ 73-75 °C;'H NMR (CDCk, 600 MHz)s (ppm) 7.94
(d,J = 8.4 Hz, 1H, Ar-H), 7.52 (d] = 7.2 Hz, 1H, Ar-H),
7.47 (d,J = 7.2 Hz, 1H, Ar-H), 7.40 () = 7.8 Hz, 1H, Ar-
H), 7.31-7.26 (m, 2H, Ar-H), 7.13-7.07 (m, 2H, A}H
6.47 (s, 1H, =CH), 6.17 (s, 1H, NH), 5.64 (s, 1H{)C1.41
(s, 9H, 3CH); *C NMR (CDC}L, 150 MHz)s (ppm) 167.1,
153.6, 140.1, 139.7, 130.5, 130.4, 130.3, 128.6.5.2
128.1, 127.7, 126.4, 124.1, 123.9, 106.6, 96.2),781.3,
28.5.

4.2.8 N-cyclohexyl-3-phenyl-1H-isochromene-1-
carboxamide (5h). White solid, yield 60%, mp 144-145 °C,
lit**® 144-146 °C;'H NMR (CDCk, 600 MHz)d (ppm)
7.73 (d,J = 7.2 Hz, 2H, Ar-H), 7.45-7.35 (m, 4H, Ar-H),
7.29-7.21 (m, 2H, Ar-H), 7.10 (d} = 7.2 Hz, 1H, Ar-H),
6.50 (s, 1H, =CH), 6.40 (d} = 7.2 Hz, 1H, NH), 5.60 (s,
1H, CH), 3.86 (sJ = 8.4 Hz, 1H,H, CH), 1.96-1.78 (m, 2H,
CH,), 1.66-1.51 (m, 3H, 1.5 G 1.39-1.11 (m, 5H, 2.5
CH,); *C NMR (CDC}, 150 MHz)é (ppm) 167.7, 151.0,
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133.4, 130.3, 129.1, 128.7, 128.6, 127.1, 126.4.0,2
124.7,124.1, 101.0, 77.8, 47.8, 32.7, 25.3, 24 .4.

4.2.9 N-(tert-butyl)-3-(furan-2-yl)-1H-isochromene-1-
carboxamide (5i). White solid, yield 51%, mp 96-97 °C,
lit**298-99 °C!H NMR (CDClk, 600 MHz)d (ppm) 7.49—-
7.05 (m, 5H, Ar—H), 6.63-6.46 (m, 2H, Ar—H), 6.45 (H,
NH), 6.42 (s, 1H,=CH), 5.46 (s, 1H, CH), 1.33 ($J,9
3CHs); **C NMR (CDC, 150 MHz)6 (ppm) 167.7, 148.6,
143.3, 143.1, 129.3, 128.7, 127.1, 126.7, 125.9.112
111.5, 108.0, 101.3, 77.5, 51.3, 28.5.

4.2.10 N-(tert-butyl)-3-methyl-1H-isochromene-1-
carboxamide (5j). Light yellow oil, yield 55%, lit' light
yellow oil; *"H NMR (CDCL, 600 MHz)é (ppm) 7.32 (dJ
=7.2 Hz, 1H, Ar-H), 7.21 () = 7.2 Hz, 1H, Ar-H), 7.16 (d,
J=7.2 Hz, 1H, Ar-H), 6.92 (d] = 7.2 Hz, 1H, Ar-H), 6.29
(s, 1H, NH), 5.70 (s, 1H, =CH), 5.32 (s, 1H, CHP4 (s,
3H, CHy), 1.39 (s, 9H, 3CH); *C NMR (CDC}, 150 MHz)
5 (ppm) 168.1, 151.9, 130.4, 128.6, 126.3, 125.4.9,2
122.6,102.7, 77.7, 51.2, 28.6, 19.6.

4.2.11 N-(tert-butyl)-3-(chloromethyl)-1H-isochromene-1-
carboxamide (5k). White solid, yield 46%, mp 122-124 °C,
lit**® 124-125 °C;'H NMR (CDCk, 600 MHz)5 (ppm)
7.36 (d,J = 6.0 Hz, 1H, Ar-H), 7.26-7.18 (m, 2H, Ar-H),
7.00-6.92 (m, 1H, Ar-H), 6.86 (s, 1H, NH), 5.91 (g,
=CH), 553 (s, 1H, CH), 4.29-4.10 (m, 2H, §H1.37 (s,
9H, 3CH;); *C NMR (CDCk, 150 MHz)4 (ppm) 167.9,
147.8, 128.7,128.0, 127.8, 126.9, 126.0, 124.5,0,07.6,
51.8, 44.3 28.7.

4.2.12 N-(tert-butyl)-1H-isochromene-1-carboxamide (5l).
White solid, yield 56%, mp 55-56 °C,it 58-60 °C;'H
NMR (CDCl, 600 MHz)d (ppm) 7.36 (dJ = 7.2 Hz, 1H,
Ar-H), 7.23-7.17 (m, 2H, Ar-H), 6.96 (d = 7.2 Hz, 1H,
Ar-H), 6.57 (d,J = 6.0 Hz, 1H, =CH), 6.31 (s, 1H, NH),
5.86 (d,J = 6.6 Hz, 1H, =CH)), 5.34 (s, 1H, CH), 1.38 (s,
9H, 3CH); **C NMR (CDCk, 150 MHz)d (ppm) 167.7,
143.0, 128.8, 128.6, 127.2, 126.5, 125.0, 123.8,6,0/7.3,
51.2, 28.7.

4.2.13 N-cyclohexyl-3-(4-nitrophenyl)-1H-isochromene-1-
carboxamide (5m). White solid, yield 51%, mp 205-207 °C,
lit'*? 207-208 °C;'H NMR (CDCk, 600 MHz) 4 (ppm)
8.30 (g,J = 8.4 Hz, 2H, Ar-H), 7.91 (q] = 8.4 Hz, 2H, Ar-
H), 7.52-7.40 (m, 1H, Ar-H), 7.38-7.28 (m, 2H, Aj)H
7.24-7.16 (m, 1H, Ar-H), 6.71 (1 = 7.2 Hz, 1H, =C-H),
6.24 (d,J = 9.6 Hz, 1H, NH), 5.67 (1 = 7.2 Hz, 1H, CH),
3.88 (d,J = 10.2 Hz, 1H, CH), 2.04-1.06 (m, 10H, 59H
13C NMR (CDC}, 150 MHz)s (ppm) 167.2, 148.9, 147.6,
139.5, 129.4, 129.0, 128.5, 126.7, 125.2, 125.34.812
123.9, 105.7, 77.9, 48.1, 32.8, 25.3, 24.5.

4.2.14 N-(tert-butyl)-3-(thiophen-2-yl)-1H-isochromene-1-
carboxamide (5n). White solid, yield 53%, mp 105-108 °C,
lit''? 107-108 °C;'H NMR (CDCk, 600 MHz) 4 (ppm)
7.42-7.03 (m, 7H, Ar-H), 6.46 (s, 1H, NH), 6.38 (44,
=CH), 5.50 (s, 1H, CH), 1.35 (s, 9H, 3gH"C NMR
(CDCls, 150 MHz) 6 (ppm) 167.7, 146.5, 137.8, 129.7,

128.7, 127.9, 126.9, 126.4, 126.1, 125.7, 124.3.8,2
101.2, 77.8, 51.4, 28.6.

4.2.15 N-(tert-butyl)-3-(2-fluorophenyl)-1H-isochromene-
1-carboxamide (50). White solid, yield 57%, mp 88-89 °C,
lit**2 87-88 °C;'H NMR (CDCk, 600 MHz)é (ppm) 7.72
(t, J = 7.2 Hz, 1H, Ar-H), 7.41 (d) = 7.2 Hz, 1H, Ar-H),
7.36-7.18 (m, 4H, Ar-H), 7.12 (dl = 7.2 Hz, 2H, Ar-H),
6.64 (s, 1H, =CH), 6.46 (s, 1H, NH), 5.51 (s, 1HH)C1.35
(s, 9H, 3CH): **C NMR (CDC}, 150 MHz)s (ppm) 167.8,
160.9, 159.3, 146.3, 130.2, 129.9, 128.7, 127.9.5,2
126.6, 125.2, 124.5, 124.4, 121.9, 116.3, 107.4,A1.3,
28.6.

4.3 Typical procedure for the synthesis of 8

43.1 4-(4-chlorophenyl)-N-cyclohexyl-1-oxo-1,3-
dihydrobenzo[ c] oxepine-3-carboxamide (8a).

A mixture of PPR (378 mg,1.5 mmol) andClg (355 mg,
1.5 mmol) in CHCI, (10 mL) was stirred at room
temperature under air condition for 1 h. Subsedyent
NEt(i-Pr) (387 mg, 3 mmol) anda (127 mg, 1 mmol)
were added. The mixture was stirred for 2 h ana tee
(525 mg, 1.1 mmol) anda (185 mg, 1.1 mmol) were
added and stirred for another 12 h. After the ieacivas
completed, the solvent of GAI, (10 mL) was changed to
toluene (10 mL) and NE#Pr), (142 mg, 1.1 mmol) was
added and stirred at 12GQ for another 3 h. After removing
the solvent under reduced pressure, the resultindeovas
purified by column chromatography with petroleum
ether/ethyl acetate (10:1, v/v) as eluent to dghae White
solid, yield 69%, mp 206-207 °C,*fit 209-212 °C;*H
NMR (CDCl, 600 MHz)d (ppm) 7.92 (dJ = 7.8 Hz, 1H,
Ar-H), 7.58 (t,J = 7.2 Hz, 1H, Ar-H), 7.45-7.38 (m, 2H,
Ar-H), 7.34 (d,J = 8.4 Hz, 1H, Ar-H), 7.29 (d] = 8.4 Hz,
2H, Ar-H), 7.24 (d,J = 7.8 Hz, 2H, Ar-H), 6.08 (s, 1H,
CH), 5.62 (dJ = 7.2 Hz, 1H, NH), 3.78-3.66 (m, 1H, CH),
1.88-1.60 (m, 5H, 2.5CHl 1.45-0.82 (m, 5H, 2.5CH
¥CNMR (CDC}, 150 MHz)6 (ppm) 168.5, 164.8, 139.4,
135.7, 134.3, 134.0, 132.9, 132.6, 132.3, 131.19.812
129.5, 128.6, 128.4, 127.4, 127.3, 74.5, 48.6,,325/2,
24.7.

432 N-cyclohexyl-1-oxo-4-(p-tolyl)-1,3-
dihydrobenzol c] oxepine-3-carboxamide (8b). White solid,
yield 63%, mp 125-127 °C, 1 128-130 °C;'H NMR
(CDCls, 600 MHZz)o (ppm) 7.97 (dJ = 7.8 Hz, 1H, Ar-H),
7.58 (d,J = 7.8 Hz, 2H, Ar-H), 7.48-7.40 (m, 2H, Ar-H),
7.28 (d,J=8.4 Hz, 2H, Ar-H), 7.13 (d] = 8.4 Hz, 2H, Ar-
H), 6.04 (s, 1H, CH), 5.39 (d,= 6.0 Hz, 1H, NH), 3.67 (d,
J =9.0 Hz, 1H, CH), 2.31 (s, 3H, GK1.96-1.77 (m, 2H,
CH,), 1.54 (d,J = 6.6 Hz, 3H, 1.5C}}, 1.22-0.93 (m, 5H,
2.5CH,); *CNMR (CDC}, 150 MHz)s (ppm) 168.8, 164.4,
139.6, 138.2, 136.9, 133.4, 132.6, 132.4, 132.3,.313
129.9, 129.4, 129.3, 125.8, 75.0, 48.5, 32.3, 25135, 21.0.

433 N-(tert-butyl)-4-(4-chlorophenyl)-1-oxo-1,3-
dihydrobenzol c] oxepine-3-carboxamide (8c). White solid,
yield 71%, mp 160-162 °C, i 163-164 °C;'H NMR
(CDCls, 600 MHZz)6 (ppm) 7.96 (dJ = 7.8 Hz, 1H, Ar-H),
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7.58 (t,J = 7.2 Hz, 1H, Ar-H), 7.48-7.42 (m, 2H, Ar-H),
7.38 (d,J = 7.8 Hz, 1H, Ar-H), 7.33 (d] = 8.4 Hz, 2H, Ar-
H), 7.29 (d,J = 8.4 Hz, 2H, Ar-H), 6.02 (s, 1H, CH), 5.38
(s, 1H, NH), 1.22 (s, 9H, 3G} *C NMR (CDC}, 150

MHz) ¢ (ppm) 168.4, 165.1, 140.2, 135.2, 134.3, 133.9,

133.0, 132.5, 132.2, 130.9, 129.7, 129.3, 128.4,4.274.5,
51.7, 28.3.

434 N-(tert-butyl)-1-oxo-4-(p-tolyl)-1,3-

dihydrobenzol c] oxepine-3-carboxamide (8d). White solid,
yield 66%, mp 136-137 °C, 1 136-138 °C;'H NMR

(CDCls, 600 MHZz)d (ppm) 7.98 (dJ = 9.0 Hz, 1H, Ar-H),
7.62-7.54 (m, 2H, Ar-H), 7.49-7.40 (m, 2H, Ar-H)2® (d,

J=9.0 Hz, 2H, Ar-H), 7.16 (d] = 9.0 Hz, 2H, Ar-H), 5.99
(s, 1H, CH), 5.25 (s, 1H, NH), 2.33 (s, 3H, gHL.14 (s,
9H, 3CH;); °C NMR (CDC}, 150 MHz) ¢ (ppm) 168.8,
164.4, 140.4, 138.2, 136.7, 133.5, 133.3, 132.2.43
132.3, 131.2, 129.9, 129.4, 129.3, 125.8, 75.06,518.2,
21.0.

435 4-(4-bromophenyl)-N-cyclohexyl-1-oxo-1,3-
dihydrobenzol c] oxepine-3-carboxamide (8e). White solid,
yield 57%, mp 220-223 °C, i 222-224 °C;!H NMR
(CDCls, 600 MHZz)6 (ppm) 7.93 (dJ = 7.8 Hz, 1H, Ar-H),
7.55 (t,J = 7.2 Hz, 1H, Ar-H), 7.45-7.38 (m, 4H, Ar-H),
7.35 (d,J = 8.4 Hz, 1H, Ar-H), 7.23 (d] = 8.4 Hz, 2H, Ar-
H), 6.06 (s, 1H, CH), 5.57 (d,= 7.2 Hz, 1H, NH), 3.71 (d,
J = 8.4 Hz, 1H, CH), 1.86 (d] = 9.0 Hz, 1H, 0.5CH),
1.75-1.55 (m, 4H, 2C}), 1.39-1.26 (m, 2H, C}), 1.19-
1.04 (m, 2H, CH), 0.98-0.86 (m, 1H, 0.5CH “CNMR
(CDCls, 150 MHz) § (ppm) 168.5, 164.8, 139.4, 135.9,
134.8, 132.9, 132.6, 132.3, 131.5, 131.1, 129.89.512
127.6, 122.2, 74.5, 48.8, 32.6, 25.3, 24.7.

4.3.6 4-(4-bromophenyl)-N-(tert-butyl)-1-oxo-1,3-
dihydrobenzol c] oxepine-3-carboxamide (8f). White solid,
yield 66%, mp 146-148 °C, 1 149-151 °C;'H NMR
(CDCls, 600 MHz)d (ppm) 7.94 (d,J = 7.2 Hz, 1H, Ar-H),
7.56 (t,J = 7.8 Hz, 1H, Ar-H), 7.46-7.39 (m, 4H, Ar-H),
7.35 (d,J = 7.2 Hz, 1H, Ar-H), 7.25 (d] = 8.4 Hz, 2H, Ar-
H), 6.00 (s, 1H, CH), 5.48 (s, 1H, NH), 1.23 (s, B€H);
%C NMR (CDCk, 150 MHz)d (ppm) 168.5, 165.0, 140.1,
135.5, 134.9, 133.0, 132.6, 132.3, 131.5, 131.(0.712
129.5, 127.6, 122.2, 74.5, 51.8, 28.3.

437 4-(4-bromophenyl)-N-butyl-1-oxo0-1,3-
dihydrobenzol c] oxepine-3-carboxamide (8g). White solid,
yield 68%, mp 175-176 °C, 1 176-178 °C;'H NMR
(CDCls, 600 MHz)6 (ppm) 8.04 (d, J = 7.8 Hz, 1H, Ar-H),
7.64 (t, J = 7.2 Hz, 1H, Ar-H), 7.55-7.45 (m, 3Hi-#),
7.41(d, J = 7.8 Hz, 1H, Ar-H), 7.27 (d, J = 8.4, H, Ar-
H), 7.00 (s, 1H, =CH), 6.90 (s, 1H, NH), 5.31 (i, TH),
3.40-3.30 (m, 2H, C}), 1.50-1.35 (m, 2H, CH), 1.33-1.16
(m, 2H, CH), 0.90 (d, J = 7.8 Hz, 3H, GH °C NMR
(CDCl;, 100 MHz) 6 (ppm) 167.9, 165.7, 141.5, 136.6,
135.0, 134.1, 132.9, 132.4, 131.5, 129.6, 129.8.92
128.7,122.5, 75.4, 39.0, 31.3, 19.9, 13.6.

4.4 Typical procedure for the synthesis of 9c
431 (2-(((1-(tert-butylamino)-3-(4-chlorophenyl)-1,3-
dioxopropan-2-yl)oxy)carbonyl)benzyl)

triphenyl phosphonium bromide (9c).

A mixture of isocyanide2c (125 mg, 1.5 mmol),
phosphonium saltséc (477 mg, 1.0 mmol) and 4-
chlorophenylglyoxalrc (218 mg, 1.3 mmol) in C}l, (10
mL) was stirred at room temperature under air ctovdfor
24 h. After the reaction was completed, the solweas
removed under reduced pressure, the resulting onate
washed with petroleum ether/diethyl ether (2:1) wvgive
8a Light yellow solid, yield 98%, mp 175-178 °C it
178-179 °C;H NMR (DMSO, 600 MHz)5 (ppm) 8.36 (s,
1H, N-H), 8.02 (dJ = 8.4 Hz, 2H, Ar-H), 7.95 (A1 = 7.8
Hz, 1H, Ar-H), 7.87 (tJ = 7.2 Hz, 3H, Ar-H), 7.77-7.53 (m,
15H, Ar-H), 7.34-7.06 (m, 2H, Ar-H), 6.27 (s, 1IHHE
5.66-5.43 (m, 2H, Ch), 1.22 (s, 9H, 3CH; “CNMR
(DMSO, 100 MHz)¢ (ppm) 189.6, 164.7, 162.1, 139.0,
135.0, 133.9, 133.8, 133.5, 132.3, 132.2, 132.11.83
130.5, 130.1, 130.0, 129.8, 129.7, 129.2, 129.18.92
128.8, 128.1, 125.2, 117.8, 116.9, 77.6, 51.1,,28808,
26.3.
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