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Abstract— Treatment of benzylic bromides with Zn and LiCl, lidwed by the reaction withi-butyl nitrite gave
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of nitrones from benzylic bromides, although thelgs are moderate. © 2019 Elsevier Science. glits reserved
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1. Introduction

Nitrones are important and useful precursors for
construction of five-membered nitrogen-containing
heterocycles, especially, isoxazolidines and isobwags
with alkenes and alkynes, respectively, via 1,3p
cycloadditont®*° Moreover, nitrones possessing
antimicrobial activity® are known, and ribonucleoside
analogues bearing isoxazolidines instead of ribase
anomeric position have moderate HIV activity. Recent
reports for the construction of nitrogen-containing
heterocycles with nitrones are as follohe preparation
of N-hydroxypyrrolidines by the reaction with
a,B-unsaturated  aldehydé%; the preparation of
3-oxazolines by the reaction with aldehyd®sthe
preparation of isoxazolidines by the reaction with
a,B-unsaturated nitro compountfs:the preparation of
isoxazolidine carboxylates by the reaction with ykth
pyrrolylacrylates’® the preparation of isoxazolines by the
reaction with ethyl propiolat&$ the preparation of bridged
bicyclic tetrahydrobenz[b]azepin-4-ones by the tieac
with allene<”’ and the preparation of chromenoisoxazolines
by the reaction with olefinic group via intramoldéau
cycloaddition?® Therefore, in addition to the classical
methods for the preparation of nitrofesuch as the
reaction of aldehydes witN-alkyl hydroxylamines®**the
oxidation of secondary amines witmCPBA® the
oxidation of secondary amines with®} in the presence of
titanium silicate’® and the electrochemical oxidation of
N,N-dialkylhydroxylamines® efficient synthetic studies of
nitrones are still in progress. Recent syntheticliss of

nitrones are as follows: the oxidation of
N,N-dibenzylamine  with  5-ethyl-3-methyllumiflavin,
molecular oxygen, and hydrazine in

2,2,2-trifluoroethanof*  the oxidation of dibenzylic
amines with phosphotungstic acid ;8W;,049) and agq.
2.5% HO0,* the oxidation of secondary amines with
oxon€ in the presence of MBDTA and NaHCQ in
THF-CH,CN,* the oxidation of imines with ureashydrogen
peroxide in the presence of gReQ; (MTO) in methanof’

the condensation/oxidation of aromatic aldehydesl an
primary amines with ureashydrogen peroxide in the
presence of MTO in methan$l, the oxidation of
N,N-dialkylhydroxylamines with o-iodoxybenzoic acid
(IBX) in  dichloromethan&’ the reaction of
1-phenyl-5-(alkanesulfonyl)tetrazoldstt-butyl nitrite, and
CsCO; in THF the reaction of nitrosobenzene and
aromatic aldehydes in the presence of L-proline in
methanof" the coupling reaction ofN-nosylhydrazones
and nitrosoarenes with NaH in dichlorometh&né¢he
reductive coupling reaction of nitroarenes and atin
aldehydes in the presence of carbon-decoratednpiati
nanoparticles under Hatmosphere in ethanl,and the
electrochemical reaction of aldehydes and nitrassensith
BDD electrode in ethanol-watéf.
As our synthetic studies of nitrogen-containing
heterocycles, such as isoxazoles, pyrazoles, oce®zol
tetrazoles,etc,® first we tried to prepare oximes by the
reaction of benzylic zinc bromides witkbutyl nitrite, to
use further 1,3-dipolar cycloaddition of the ném-oxides
formed from oxidation of the oximes, with alkynes.
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However, nitrones were obtained by the reaction of
benzylic zinc bromides with-butyl nitrite. Here, we
would like to report a simple preparation of nitesnsuch

as N-arylmethylN-arylmethyleneamineN-oxides, by the
reaction of benzylic bromides with zinc anbtutyl nitrite.

2. Results and Discussion

First, p-methylbenzylbromidela (2.0 mmol) in THF (2.0
mL) was added to a pre-dried mixture of Zn powde® (
equiv.) and LIiCl (1.2 equiv.) in THF (2.0 mL). The
mixture was stirred at room temperature for 2 Hawon
p-methylbenzyl zinc bromide {step), and this was then
treated withi-butyl nitrite (1.5 equiv.) at room temperature
for 1 h (2" step) to form
N-(4-methylphenyl)methyN-(4-methylphenyl)methylene
N-oxide 2a in 36% vyield, together with
1,2-bisp-methylphenyl)ethanéda andlain 15% and 9%
yields, respectively, as shown in Table 1 (entry IWhen
Mg turnings instead of Zn powder were used under th
same procedure and conditions, coupling prodetwas
obtained as the sole product (entry 2). On therotiand,
when Fe powder, In powder, and Sm powder insteathof
powder were used under the same procedure andticmsdi
p-methylbenzylbromidela was recovered (entries 3~5).
Thus, Zn powder is effective for the preparatiomitfone
la. Then, the optimum conditions for the formatioh o
nitrone 1la were studied.  Drying treatment of a mixture
of Zn and LiCl at 50 °C for 1 h under reduced puessand
then treatment withp-methylbenzylbromidela in THF,
followed by the reaction withbutyl nitrite under the same
procedure and conditions gave nitr@gein 47% (entry 6).
When the solvent was changed to 1,4-dioxane arttiydiie
ether instead of THF, nitrorza was not obtained at all in
1,4-dioxane, but was obtained in 37% yield togethith
coupling producfia in 25% yield in diethyl ether (entries 7,
8). Thus, THF was the best solvent. In the aleefc
LiCl under the same procedure and conditions, takl yf
nitrone 2a was decreased to 30% (entry 9). When the
amounts of Zn (1.5 equiv.) and LiCl (1.5 equiv.) reve
increased under the same procedure and conditthes,
yield of nitrone2a was decreased (entry 10). When the
temperature of the"2reaction step was changed from room
temperature to 0 °C, 10 °C, and 40 °C under theesam
procedure and conditions as those in entry 6, iblels/ of
nitrone 2a were decreased, respectively (entries 12-14).
Changingi-butyl nitrite toi-amyl nitrite andt-butyl nitrite
under the same procedure and conditions reducegidtie

of nitrone2a again (entries 6, 15, 16). Finally, treatment
of p-methylbenzyl chloride andp-methylbenzyl iodide
instead of p-methylbenzyl bromidela under the same
procedure and conditions gave nitra2eein 0% and 19%
yields, respectively (entries 17, 18). This is tlu¢he fact
that p-methylbenzyl chloride is inert to Zn powder, and
p-methylbenzyl iodide is unstable and decomposeslglo
Thus, the reaction using the conditions of entry the best
to form nitrone2a in moderate yield. As a gram-scale
experiment, treatment gf-methylbenzyl bromidela (10
mmol) under the same procedure and conditionsase tim
entry 6 gave nitron@a in 44% yield, as shown in Scheme
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Table 1. Optimum Reaction Conditions Scheme 1Generality of Benzyl Bromidek for Nitrones2
o SO
Me
M (1.2 equiv.) la (20 mmol) Zn (L.2 equiv.) 1 (2.0 mmol) -
LiCl (1.2 equiv.) Solvent (4.0 mL) LiCl (1.2 equiv.) THF (4.0 mL), rt., 2 h
rt,2h (1 step)
(1% step) .
i-BUONO (1.5 equiv.) R ©/§N’\© R
+ > - . =
RONO (15 equiv) @AN\Q\ THF (3.0 mL), r.t.,1 h z 0 X
THF (3.0 mL) Me o Me (2" step) 2
Temp. (°C), 1 h 2a Product, Yield
(2 step) Me Me
+ +
Enry M X  Solvent R Temp. (C)  Yield (%) /@Al}l_ @A II\I_\@
(¢] (¢]
R Me Me
12 Zn Br THF i-Bu r.t. 36 (15)° (9)° 2a 2
22 Mg  Br THF i-Bu rt. 0(83)P 47% (44%3) 42% (8%)P (4%)°
3a Fe  Br THF i-Bu rt. 0 (100)° Me Me
+ +
2 In B THF -Bu rt. 0 (100)° Me \@Al}l Me /@A N \©\
5 Sm  Br  THF i-Bu rt. 0 (100)° o Me o Me
"""""""""""""""""""""""""""""""""""""" 2c 2d
Zn Br THF i-Bu AN 47
' 44%0 44% (3%)P
7 Zn Br dioxane i-Bu rt. 0
. 8......Zn___Br____EtO_____| Bu . o 37.25"._ /@A,}, /@/w\@\
od Zn  Br  THF -Bu rt. 30 tBu o 8u  nBu [} nBu
10¢€ Zn Br THF i-Bu rt. 28 2e 2f
f.h b
1u* zn B THF -Bu . 1 4419 (12%)° 4196 (14%)
12 Zn Br THF i-Bu 0 34 MeO \ltl OMe \l:l
13 Zn  Br THF i-Bu 10 44 (26)¢ \(jA '-/\(j ,©/\ '-\@
( b ) o MeO o OMe
i Cc
14 Zn  Br THF i-Bu 40 14 (4)b (5) 2 2h
15 Zn  Br THF i-Amyl r.t. 19 (28)° 41% (18%)! 44%" (6%)P
16 Zn Br THF t-Bu r.t. 27
x l(l MeO > Kl OMe
17 zn c  THF -Bu . 0 g N @ ._\(;f
(6] (6]
18 Zn | THF i-Bu rt. 19 (28)P EtO OEt
2 OMe 2i OMe
a A mixture of Zn and LiCl was heated with a heat gom5 min under reduced o omb ) b i
presure, instead of vacuum pumping for 1 h at 50 ®ield of coupling produca. 43% (7%) 40% (22%)" (3%)

cYield of starting materiala 9LiCl was not used. € Zn (1.5 equiv.) and LiCl (1.5

equiv.) were used.1ststep reaction was conducted at 40 °C. ©/§,(‘ @Kj
Me 1 -
(o] (o]
Aa: F F
Me

2k 21
40% (2%)P 45%fh

N N
Based on those results, benzylic bromides (2.0 fraoth CI/©/\6-/\©\CI BrgéﬁBr
2m 2n

as o-methylbenzyl bromidelb, m-methylbenzyl bromide

1c, 2,4-dimethylbenzyl bromide 1d, p-t-butylbenzyl 419 (13%)° 439 (6%)°
bromidele, p-n-butylbenzyl bromidelf, m-methoxybenzyl

bromide 1g, p-methoxybenzyl bromide 1h, @A,{l

p-ethoxybenzylbromideli, 3,5-dimethoxybenzyl bromide | o |

1j, and benzyl bromidék, were treated with a mixture of 20

pre-dried Zn powder and LiCl in THF at room tempera 4199 (17%)P

for 2 h, and then the mixtures were reacted wibutyl

. . 3 aSubstrate (10.0 mmol) was usedield of coupling producA. ¢ Yield of oximeB.
nitrite (15 equw.) for 1 h at room temperature goe d 1ststep reaction was carried out for 2.5¢15t step reaction was carried out for 1.5

nitrones2b~2k in moderate yields, as shown in Scheme 1. h flstste.p reaction was carried outfquhi—BuONO (1.8 equiv.) was used2nd
The treatment Of p_ﬂuorobenzyl bromide 1|’ step reacuonwascarrlidoutatlo *Qield of aldehydeC.
p-chlorobenzyl bromidelm, p-bromobenzyl bromideln, _ _ SOH CcHo

and p-iodobenzyl bromidelo, all of which have halogen . B'R©/\ C'R/[j

groups as the electron-withdrawing group, undersiime R
procedure and conditions also gave the correspgndin
nitrones2l~20 in moderate yields, respectively. However,
the same treatment @f(ethoxycarbonyl)benzyl bromide,

p-nitrobenzyl bromide, and p-(trifluoromethyl)benzyl
bromide, all of which have strong electron-withdiagv

groups, under the same procedure and conditionsatid
generate the corresponding nitrones at all; instehd
corresponding coupling products were obtained mainly
(47~57% yields). In addition, the same treatmeht o
3-phenylpropyl bromide, which is not a benzylic toide,
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did not give the corresponding nitrones at all, arsdead,
the starting bromide was recovered (100% yield).

Once the nitrones were formed,
transformed into nitrogen-containing heterocycleg:or
example, treatment of nitrone2a with diethyl
acetylenedicarboxylate (1.3 equiv.) in &H, at 40 °C for
7 h gave isoxazolidine derivativ@a in 89% yield, as
shown in Scheme 2. Treatment of nitro@a with
O-(o-trimethylsilyl)phenyl triflate and CsF in GBN at

0 °C to 40 °C for 6 h generated benzoisoxazolidine

derivative 4a in 91% vyield. Reduction  of
benzoisoxazolidine derivativéa with LiAIH, at 0 °C to
40 °C for 7 h generated aminopheBalin 82% yield.

Scheme 2. Derivatization of Nitrone 2a Me

CO,Et i
2! .0

. Et0,C —=
1.3 equiv. N
/©/§g_/\©\ (1.3 equiv.) > —COEt
CH,Cly 2.0 mL),
Me Me  Joec.7h Ve CO.Et

2a 3a 89%
@SiMeg
OTf
(2.0 equiv.),
CsF (3.0 eq.),

CH3CN (4.0 mL),
0°C»40°C.6h

Me

LiAIH4 (4.0 equiv.),

THF (2.0 mL),
0°C-»40°C,7h

5a 82%

As control experiments to clarify the reaction nmaagkm
for the formation of nitrones from benzylic zinobmidesl|
with i-butyl nitrite, the reaction op-methylbenzaldoxime
with p-methylbenzyl bromide in the presence idfutyl
nitrite for 2 h at room temperature (eq. 1), thact®n of
p-methylbenzaldoxime anp-methylbenzyl bromide in the
presence of BCO; for 2 h at room temperature (eg. 2), and

the reaction of imine prepared from the reaction of

p-methylbenzaldehyde and-methylbenzylamine, with
i-butyl nitrite for 1 h at room temperature (eq. @)re
carried out, as shown in Scheme 3. However, rét2m
was not formed at all.  Thus, oxime and imine atthe
intermediates in the present reaction. On therdthed,
when TEMPO (1.2 equiv.) was added to the mixtufferge
the 2% reaction step, nitron2a was not obtained at all. In
addition, treatment of  N,N-bis(p-methylbenzyl)
-hydroxylamine withi-butyl nitrite (1.5 equiv.) at room
temperature for 1 h gave nitroBain 51% vyield (eq. 4).

On the other hand, To see the formation of benzihc
bromides, benzylic bromided (2.0 mmol), such as
p-methylbenzyl bromidela and p-n-butylbenzyl bromide
1f, were treated with a mixture of pre-dried Zn powaled

they could be easily

Scheme 3Control Experiments

o
Me

(1.1 equiv.)
\N/OH i-BUONO (1 5 equiv.) /@/\ @
Me J@/\ THF (7 0mL)
rt., 2 2a not formed
2 mmol
Br
Me (1.1 equiv.)

K,CO3 (1.0 equlv)
THF (7.0 mL)
rt,2h

o
Me

2 mmol

LOTEQ,

2a not formed

i-BUONO

/@/\ ’\@L (1 5 equiv.) @A /\©\ 3)
Me THF (7 omL) Me Me
1.0 mmol 2a not formed
i-BUONO
@/\ /\@ (15eqU|v) ©/§Kj/\©
- 4
OH THF (7 oml) e 0 Me)

1.0 mmol 2a 51%

O A
R
1 (2.0 mmol) -
THF (4.0 mL), t., 2 h,

oo
(1% step)

2) D,O (1.0 mL) 3

R =Me (1a) 56% (19%)?
R
A:
e

R =nBu (1f) 58% (14%)2

R =NO; 0% (50)2

2Yield of coupling producA.
LiCl in THF at room temperature for 2 h, and thée t
mixtures were quenched with ,O to form
p-methyltoluene-d and p-butyltoluene-d in 56% and 58%
yields, together with coupling products,
1,2-bisp-methylphenyl)ethaneAa in 19% yield and
1,2-bisp-butylphenyl)ethandf in 14% yield, respectively,
as shown in eq. 5). Thus, the coupling produces ar
formed before the reaction withbutyl nitrite. On the
other hand, the same treatmentpsiitrobenzyl bromide
did not give p-nitrotoluene-g at all, and instead,
1,2-bisp-nitrophenyl)ethane was obtained in 50% yield.
This would be the reason why the nitrones were not
obtained from benzylic bromides bearing strong
electron-withdrawing groups, such as nitro and reste
groups.

Zn (1.2 equiv.)
LiCl (1.2 equiv.)

Based on those results, a possible reaction pathway
shown in Scheme 4. Benzylic zinc bromidesacts with
i-butyl nitrite to form nitroso compoundl . Before its
tautomerization into oxime, nitroso compoulid reacts
with benzylic zinc bromidel to form zinc salt of
N,N-bis(arylmethyl)hydroxylaminelll .  Single-electron
oxidation oflll by i-butyl nitrite occurs to form nitroxyl
radical 1V, together with the generation @BuOe< and
ONZnBr. i-BuOe abstracts f-hydrogen atom of nitroxyl
radicallV to form nitrone2.
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Scheme 4Possible Reaction Pathway

N OH
A /\N/
slow
~ Zn P '‘BUONO PN (z)
Ar” "Br —» Ar” “ZnBr —— > Ar N
-BuOZnBr
1 | I /\\
Ar ZnBr
PONT
Ar”SNT AT iguono OZnBr
A\, 7
b e AN D A AN
2 \V -HOZnBr )
] Ar
Nitrone . revro mn
Oe
'BUuOH
/¥
Ar/\N:7
|,
Ar H - nBr
& *OBuU!
\Y
Nitroxyl radical

3. Conclusion

The reaction of benzylic bromides with Zn powderd an
LiCl, followed by the reaction witlrbutyl nitrite provided
the corresponding nitrones in moderate yields. haigh
the yields of the nitrones are moderate and thatrsates
are limited, the present reaction is a novel metfuwdthe
preparation of  N-arylmethylN-arylmethyleneamine

N-oxides. We believe the present method would lefulis
for the preparation of simple
N-arylmethylN-arylmethyleneamine N-oxides from

benzylic bromides with Zn powder andbutyl nitrite.
4. Experimental Section

4.1. General: '"H NMR spectra were measured on 400 MHz
spectrometers. Chemical shifts were recorded asovisll
chemical shift in ppm from internal tetramethylsgaon thes
scale, multiplicity (s = singlet; d = doublet; triplet; q = quartet;
quin = quintet; sext = sextet; m = multiplet; bbroad), coupling
constant (Hz), integration, and assignmertfC NMR spectra
were measured on 100 MHz spectrometers. Chemidéik sh
were recorded in ppm from the solvent resonancdamg as the
internal standard (CDght 77.0 ppm). Characteristic peaks in
the infrared (IR) spectra were recorded in wave remmbmt.
High-resolution mass spectra (HRMS) were recordedtiigrmo
Fisher Scientific Exactive Orbitrap mass spectramet Melting
points were uncorrected. Thin-layer chromatogra@@yC) was
performed using 0.25 mm silica gel plates (60F254¢ products
were purified by column chromatography on neutiitss gel
60N (63-200 mesh).

4.2 Typical Procedure for Preparation of Nitrones 2 A
mixture of Zinc powder (157.0 mg, 2.4 mmol) and LiZD1.8
mg, 2.4 mmol) in a 30 mL two-necked round-bottoasi was
dried for 1 h at 50 °C. THF (2.0 mL) was addedht® flask, and
then, a solution op-methylbenzyl bromidela (370.1 mg, 2.0
mmol) in THF (2.0 mL) was added dropwise to thsKlat room
temperature and the mixture was stirred for 2 hram
temperature under argon atmosphere. Then, theltingsu
mixture was added to a solution iebutyl nitrite (350.0uL, 3.0

mmol) of THF (3.0 mL) in a 50 mL two-necked rounodtiom

flask, and the obtained mixture was stirred for lathroom

temperature under argon atmosphere. The resuitiriyire was
quenched by the addition of saturated aqueougONEL0.0 mL).

The mixture was extracted with CHOB x 20.0 mL). The
combined organic layer was dried over,81@,. After filtration

and removal of the solvent under reduced pressheesresidue
was purified by short column chromatography oncailigel

(hexane/AcOEt, 1:1) to afford
N-(4-methylphenyl)methyN-(4-methylphenyl)methyleneamine

N-oxide2a (112.1 mg, 47%).

421 N-(4-Methylphenyl)methyl-N-(4-methylphenyl)
-methyleneamine N-Oxide 2a Yield: 112.1 mg (47%); white
solid; mp: 110-111 °C. IR (neat):= 2912, 1587, 1417, 1311 &m
'H NMR (400 MHz, CDC}): 8= 2.37 (s, 3H), 2.37 (s, 3H), 5.00 (s,
2H), 7.20 (d, 2HJ = 7.9 Hz), 7.22 (d, 2H) = 5.4 Hz), 7.31 (s,
1H), 7.36 (d, 2H, = 8.1 Hz), 8.10 (d, 2HJ = 8.3 Hz) ppmi*C
NMR (100 MHz, CDC)Y: § = 21.2, 21.6, 70.7, 127.7, 128.6,
129.1, 129.3, 129.6, 130.2, 134.0, 138.8, 140.8. piRMS (ESI)
Calcd for GgH1gON [M+H]" = 240.1383, Found = 240.1388

422 N-(2-Methylphenyl)methyl-N-(2-methylphenyl)
-methyleneamine N-Oxide 2b: Yield: 100.1 mg (42%); white
solid; mp: 78-80 °C. IR (neaty: = 3064, 1561, 1341, 1213¢m

'H NMR (400 MHz, CDCJ): § = 2.16 (s, 3H), 2.43 (s, 3H), 5.14
(s, 2H), 7.14 (t, 1H) = 4.5 Hz), 7.27-7.35 (m, 5H), 7.39 (d, 1H,

= 7.0 Hz), 9.14 (dd, 1HJ(= 9.4, 1.4 Hz) ppm**C NMR (100
MHz,CDCL): 6 = 18.9, 19.3, 69.0, 126.0, 126.4, 127.5, 128.4,
129.1, 129.9, 129.9, 130.3, 130.6, 130.7, 131.6,11337.4 ppm.
HRMS (ESI) Calcd for GH;gON [M+H]* = 240.1383, Found =
240.1384.

4.2.3 N-(3-Methylphenyl)methyl-N-(3-methylphenyl)
-methyleneamineN-Oxide 2c Yield: 104.2 mg (44%); colorless
liquid; IR (neat):v = 2921, 1584, 1457, 1294 &atH NMR (400
MHz, CDCL): & = 2.36 (s, 3H), 2.38 (s, 3H), 5.01 (s, 2H), 7.80 (
1H,J = 7.6 Hz), 7.22 (d, 1H] = 8.5 Hz), 7.27-7.31 (m, 4H), 7.36
(s, 1H), 7.92 (d, 1H] = 7.6 Hz), 8.15 (s, 1H) pprC NMR (100
MHz,CDCk): § = 21.3, 21.4, 71.2, 126.0, 126.3, 128.3, 128.8,
129.0, 129.7, 129.9, 130.3, 121.3, 133.1, 134.8,11.3.38.7 ppm.
HRMS (ESI) Calcd for GH;gON [M+H]* = 240.1383, Found =
240.1384.

4.2.4 N-(2,4-Dimethylphenyl)methylN-(2,4-dimethylphenyl)
-methyleneamine N-Oxide 2d Yield: 119.0 mg (44%); white
solid; mp: 72-74 °C. IR (neaty: = 2920, 1578, 1469, 1246 ¢m
'H NMR (400 MHz, CDC)): & = 2.13 (s, 3H), 2.31 (s, 3H), 2.35
(s, 3H), 2.37 (s, 3H), 5.07 (s, 2H), 6.97-7.08 4i), 7.25 (d, 1H,
J=5.4 Hz), 7.29 (s, 1H), 9.06 (d, 1Bi= 8.2 Hz) ppm**C NMR
(100 MHz, CDC}): 6 = 19.0, 19.4, 21.1, 21.4, 68.8, 126.0, 126.8,
127.2, 127.8, 128.2, 130.7, 130.7, 130.9, 131.6.2,3137.5,
139.1, 140.3 ppm. HRMS (ESI) Calcd forg8,,ON [M+H]"
=268.1696, Found = 268.1696

4.2.5N-(4-t-Butylphenyl)methyl-N-(4-t-butylphenyl)methylene
-amine N-Oxide 2e Yield: 142.1 mg (44%); white solid; mp:
89-91 °C. IR (neat)y =2961, 1580, 1454, 1201 ¢m'H NMR
(400 MHz, CDC)): 6 = 1.31 (s, 9H), 1.32 (s, 9H), 5.02 (s, 2H),
7.38-7.43 (m, 7H), 8.15 (d, 2H,= 8.8 Hz) ppmXC NMR (100
MHz, CDCh): 8= 31.1, 31.2, 34.6, 35.0, 70.7, 125.3, 125.9, 127.8
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128.5, 128.9, 130.4, 134.0, 151.9, 153.9 ppm. HRES)(Calcd
for CpHagON [M+H]* = 324.2322, Found = 324.2323.

4.2.6 N-(4-n-Butylphenyl)methyl-N-(4-n-butylphenyl)
-methyleneamine N-Oxide 2f Yield: 131.2 mg (41%); white
solid; mp: 62-63 °C. IR (neaty: = 2955, 1577, 1455, 1312 &m
'H NMR (400 MHz, CDCJ): 6 = 0.90 (t, 3HJ = 4.5 Hz), 0.93
(t, 3H,J = 4.5 Hz) 1.31-1.38 (m, 4H), 1.55-1.63 (m, 4H),2(6
2H,J=7.7 Hz), 2.62 (t, 2H] = 7.7 Hz), 5.01 (s, 2H), 7.21 (d, 2H,
J=8.4 Hz), 7.22 (d, 2H] = 8.2 Hz), 7.32 (s, 1H), 7.38 (d, 287
7.9 Hz), 8.12 (d, 2H) = 8.4 Hz) ppm.2*C NMR (100 MHz,
CDCly): 8 = 13.9, 22.2, 22.3, 33.2, 33.4, 35.3, 35.7, 7027.0,
127.9, 128.4, 128.6, 128.9, 129.2, 130.4, 134.2,814.45.8 ppm.
HRMS (ESI) Calcd for GHaON [M+H]* = 324.2322, Found =
324.2317.

4.2.7 N-(3-Methoxyphenyl)methyl-N-(3-methoxyphenyl)
-methyleneamineN-Oxide 2g Yield:111.8 mg (41%); colorless
liquid; IR (neat):v = 2939, 1584, 1318, 1263 &ntH NMR (400
MHz, CDCk): & = 3.826 (s, 3H), 3.834 (s, 3H), 5.03 (s, 2H),
6.92-6,99 (m, 2H), 7.02 (s, 1H), 7.06 (d, 1Hs 7.5 Hz), 7.30 (t,
1H,J=7.9 Hz), 7.33 (t, 1H) = 7.9 Hz), 7.39 (s, 1H), 7.46 (d, 1H,
J=7.70 Hz), 8.21 (s,1H) ppmC NMR (100 MHz,CDCJ): =
55.3(2C), 71.3, 112.2, 114.5, 114.8, 117.5, 1213,.7, 129.2,
130.0, 131.6, 134.4, 134.5, 159.4, 159.9 ppm. HRES)(Calcd
for CigH1g03N [M+H]* = 272.1281, Found = 272.1278.

4.2.8 N-(4-Methoxyphenyl)methyl-N-(4-methoxyphenyl)
-methyleneamineN-Oxide 2H'® Yield: 119.2 mg (44%); white
solid; mp: 111-112 °C. IR (neat):= 2913, 1587, 1457, 1311 Zm
'H NMR (400 MHz, CDC})): 5 = 3.83 (d, 3H), 3.84 (s, 3H), 4.96
(s, 2H), 6.92 (d, 2H] = 9.0 Hz), 6.94 (d, 2H] = 6.9 Hz), 7.40 (d,
2H, J = 8.8 Hz), 8.20 (d, 2HJ = 8.8 Hz) ppmXC NMR (100
MHz, CDCk): & = 55.3(2C), 70.1, 113.7, 114.3, 123.4, 125.3,
130.5, 130.9, 133.4, 160.0, 161.0 ppm. HRMS (ESI)cCdbr
CigH1g03N [M+H]* = 272.1281, Found = 272.1279.

429 N-(4-Ethoxyphenyl)methyl-N-(4-ethoxyphenyl)
-methyleneamine N-Oxide 2i: Yield: 129.4 mg (43%); white
solid; mp: 115-117 °C. IR (neat):= 3002, 1603, 1396, 1246 &m
4 NMR (400 MHz, CDC)): 6 = 1.42 (t, 3H,) = 7.0 Hz), 1.42 (t,
3H,J = 7.0 Hz), 4.02-4.09 (m, 4H), 5.00 (s, 2H), 6.89ZH,J =
10.8 Hz), 6.92 (d, 2H] = 10.6 Hz), 7.23 (s, 1H), 7.38 (d, 2Bi=
8.5 Hz), 8.18 (d, 2HJ = 9.0 Hz) ppm.°*C NMR (100 MHz,
CDCly): 8 = 14.7, 14.8, 63.5(2C), 70.1, 114.2, 114.8, 12R5,2,
130.6, 130.9, 133.5, 159.4, 160.4 ppm. HRMS (ESIcCabr
C18H2203N [M+H]+ =300.1594, Found = 300.1593.

4.2.10 N-(3,5-Dimethoxyphenyl)methyIN-(3,5-dimethoxy
-phenyl)methyleneamineN-Oxide 2j: Yield: 134.0 mg (40%);
white solid; mp: 111-112 °C. IR (neat):= 2939, 1589, 1346,
1291 cmt. *H NMR (400 MHz, CDCJ): 6 = 3.81 (s, 6H), 3.81 (s,
6H), 5.00 (s, 2H), 6.48 (t, 1H,= 2.3 Hz), 6.55 (t, 1H] = 2.3 Hz),
6.61 (d, 2H,J = 2.3 Hz), 7.34 (s, 1H), 7.45 (d, 28= 2.3 Hz)
ppm. *C NMR (100 MHz, CDGJ): § = 55.4, 55.5, 71.5, 100.8,
103.8, 106.2, 107.2, 131.9, 134.6, 135.0, 160.5.116ppm.
HRMS (ESI) Calcd for GH»OsN [M+H]* = 332.1492, Found =
332.1488.

4.2.11 N-Benzyl-N-phenylmethyleneamine N-Oxide 2K‘%%
Yield: 84.5 mg (40%); white solid; mp: 80-82 °C (n§2-83 °C§.

IR (neat):v = 2998, 1581, 1458, 1211 &m'H NMR (400 MHz,
CDCly): & = 5.07 (s, 2H), 7.40-7.45 (m, 7H), 7.49 (dd, Jd=
7.6 Hz,J, = 2.0 Hz), 8.21 (dd, 2HJ, = 5.7 Hz,J, = 2.1 Hz) ppm.
13C NMR (100 MHz, CDCJ): 6 =71.2, 128.4, 128.6, 129.0, 129.2,
130.3, 130.4, 133.2, 134.3 (2C) ppm. HRMS (ESI) Cdtud
C1H1ON [M+H]* = 212.1070, Found = 212.1072.

4212 N-(4-Fluorophenyl)methyl-N-(4-fluorophenyl)
-methyleneamine N-Oxide 2I: Yield: 110.5 mg (45%); white
solid; mp: 88-89 °C. IR (neaty: = 2974, 1597, 1436, 1230 &m
H NMR (400 MHz, CDC)): 6 = 5.02 (s, 2H), 7.06-7.14 (m, 4H),
7.39 (s, 1H), 7.48 (dd, 2H; = 8.8 Hz,J, = 5.4 Hz), 8.26 (dd, 2H,
J, = 8.8 Hz,J, = 5.5 Hz) ppmX*C NMR (100 MHz, CDG)): § =
70.2, 115.5Jc.F = 21.6 Hz), 115.8, 116.1, 128.F- = 224.6 Hz),
130.8, 130.9, 131.2)¢ r = 8.5 Hz), 133.0 (2C) ppm. HRMS (ESI)
Calcd for G4H,ONF, [M+H] " = 248.0881, Found = 248.0884.

4.2.13 N-(4-Chlorophenyl)methyl-N-(4-chlorophenyl)
-methyleneamineN-Oxide 2m Yield: 115.4 mg (41%); white
solid; mp: 124-125 °C. IR (neat):= 2963, 1585, 1410, 1307 &m
'H NMR (400 MHz, CDC)): § =5.02 (s, 2H), 7.37-7.44 (m, 7H),
8.17 (d, 2H,J = 8.6 Hz) ppm®C NMR (100 MHz, CDG)): & =
70.3, 128.6, 128.7, 129.1, 129.7, 130.5 131.4,2.335.1, 136.0
ppm HRMS (ESI) Calcd for GH1,0ONCI, [M+H]*= 280.0290,
Found = 280.0294.

4.2.14 N-(4-Bromophenyl)methyl-N-(4-bromophenyl)
-methyleneamine N-Oxide 2n Yield: 160.0 mg (43%); white
solid; mp: 159-161 °C. IR (neat):=2930, 1579, 1395, 1227 &m
'H NMR (400 MHz, CDCY): 8 = 5.00 (s, 2H), 7.36 (d, 2H,= 8.6
Hz), 7.38 (s, 1H), 7.53 (d, 2H,= 6.1 Hz), 7.55 (d, 2H] = 6.1
Hz,), 8.09 (d, 2HJ = 8.6 Hz) ppm**C NMR (100 MHz, CDCJ):
8 = 70.5, 123.4, 128.5, 129.0, 129.9, 130.9, 1313..7, 131.9,
132.2 ppm. HRMS (ESI) Calcd for(§;,0N"*Br, [M+H]"* =
367.9280, Found = 367.9285, Calcd fort;,ON*Bré'Br
[M+H]* = 369.9260, Found = 369.9263. Calcd fqsHG,0ON®'Br,
[M+H]* = 371.9239, Found = 371.9244.

4.2.15  N-(4-lodophenyl)methyl-N-(4-iodophenyl)methylene
-amine N-Oxide 2a Yield: 188.3 mg (41%); white solid; mp:
191-193 °C. IR (neatk = 2920, 1575, 1391, 1229 &m'H NMR
(400 MHz, CDC}): 8= 4.97 (s, 2H), 7.22 (d, 2H,= 8.4 Hz), 7.36
(s, 1H), 7.74 (d, 2H] = 3.6 Hz), 7.76 (d, 2H] = 3.4 Hz), 7.94 (d,
2H, J = 8.6 Hz) ppm*C NMR (100 MHz, CDGJ)): 5 = 70.8, 95.2,
96.7, 129.5, 129.8, 131.0, 132.5, 133.4, 137.7,118pm. HRMS
(ESI) Calcd for GH.ONl, [M+H]" = 463.9001, Found =
463.9003.

4.3. Preparation of Diethyl 2-(p-Methylbenzyl)-3-
(p-methylphenyl)-2,3-dihydroisoxazole-4,5-dicarboxylee  3a
To a N-(4-methylphenyl)methyN-(4-methylphenyl)methylene
-amineN-oxide 2a (239.3 mg, 1.0 mmol) in a 50 mL two-necked
round-bottom flask was added a solution of diethyl
acetylenedicarboxylate (230.4 mg, 1.3 mmol) in dicbmethane
(2.0 mL) under argon atmosphere. The mixture wia®d for 7

h at 40°C. The resulting mixture was quenched by the aoidliti
of H,O (10.0 mL). The mixture was extracted with CEI@I x
20.0 mL). The combined organic layers were drieer NaSO,.
Atfter filtration and removal of the solvent undeduced pressure,
the residue was purified by short column chromaphy on
silica gel (hexane/AcOEt, 5:1) to afford diethyl
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2-(p-methylbenzyl)-349-methylphenyl)-2,3-dihydroisoxazole-4,5
-dicarboxylate3a (364.9 mg, 89%).

4.3.1 Diethyl 2-p-Methylbenzyl)-3-(p-methylphenyl)-2,3
-dihydroisoxazole-4,5-dicarboxylate 3a: 364.9 mg (89%);
yellow oil; IR (neat):v = 2982, 1709, 1700, 1301, 1188, 1106
cm®. H NMR (400 MHz, CDC)): & = 1.16 (t, 3H,J = 7.2 Hz),
1.36 (t, 3H,J = 7.2 Hz), 2.31 (s, 3H), 2.34 (s, 3H) 4.04-4.13 (m
3H), 4.34-4.39 (m, 3H), 5.17 (s, 1H), 7.09-7.24 GHi) 7.25 (d,
2H, J = 9.9 Hz) pprt3C NMR (100 MHz, CDGJ): § = 13.9(2C),
21.1(2C), 60.6, 62.7, 63.1, 72.3, 109.0, 127.2, 1,2929.4,
131.8(2C), 136.7, 137.6, 137.7, 152.0, 159.3, 16pB. HRMS
(ESI) Calcd for GHgOsN [M+H]® = 410.1962, Found =
410.1963

4.4 Preparation of 2-p-Methylbenzyl)-3-(p-methylphenyl)-2,3
-dihydrobenzoisoxazole 4da: To a mixture of
N-(4-methylphenyl)methyN-(4-methylphenyl)methyleneamine
N-oxide 2a (239.3 mg, 1.0 mmol) and CsF (460.3 mg, 3.0 mmol)
in a 50 mL two-necked round-bottom flask was addesblution
of 2-(trimethylsilyl)phenyl trifluoromethanesulforea(510.65uL,
2.0 mmol) in acetonitrile (4.0 mL) at 6C under argon
atmosphere. The mixture was stirred for 6 h at°@0 The
resulting mixture was quenched with,® (10.0 mL). The
mixture was extracted with CHL(3 x 20.0 mL), and the
combined organic layer was dried over,81@,. After filtration
and removal of the solvent under reduced presshesresidue
was purified by short column chromatography oncailigel
(hexane/AcOEt, 9:1) to afford
2-(p-methylbenzyl)-349-methylphenyl)-2,3-dihydrobenzoisoxazo
le 4a(288.6 mg, 91%).

441 2-p-Methylbenzyl)-3-(p-methylphenyl)-2,3
-dihydrobenzoisoxazole 4aYield: 288.6 mg (91%); colorless
oil; IR (neat):v = 2921, 1474, 1458, 1245, 745 ‘tmMH NMR
(400 MHz, CDC})): 5 = 2.32 (s, 3H), 2.34 (s, 3H), 4.11 (d, 1H5
13.4 Hz), 4.31 (d, 1H] = 13.4 Hz), 5.30 (s, 1H), 6.84 (d, 18i=
7.9 Hz), 6.89 (t, 1HJ = 7.5 Hz), 6.99 (d, 1H) = 7.5 Hz),
7.11-7.21 (m, 7H), 7.29 (d, 2H,= 7.9 Hz) ppm.*C NMR (100
MHz, CDCk): 6= 21.1, 21.2, 62.2, 72.2, 108.1, 121.3, 124.1,
127.7, 128.8, 129.0, 129.1, 129.2, 129.3, 133.3,.2,3137.4,
137.6, 156.1 ppm. HRMS (ESI) Calcd fop,8,,0N [M+H]* =
316.1682, Found = 316.1687.

45 Preparation of o-{[( p-methylbenzyl)amino]
(p-methylphenyl)methyl}phenol 5a To a solution of
2-(p-methylbenzyl)-34-methylphenyl)-2,3-dihydrobenzoisoxazo
le 4a (315.4 mg, 1.0 mmol) of THF (2.0 mL) in a 50 mL
two-necked round-bottom flask was added LipA59.8 mg, 4.0
mmol) at 0°C under argon atmosphere. The mixture was
stirred for 7 h at 40 °C. The resulting mixture wagenched
with ice water (10 mL) and then saturated aqueodsQd\N (10.0
mL). The mixture was extracted with CH@B x 20.0 mL), and
the combined organic layer was dried over,®@. After
filtration and removal of the solvent under redugedssure, the
residue was purified by short column chromatographysilica
gel (hexane/AcOEt, 9:1) to afford
o-{[( p-methylbenzyl)aminol§-methylphenyl)methyl}phenol 5a
(261.3 mg, 82%).

451 o-{[( p-methylbenzyl)amino](p-methylphenyl)methyl}
-phenol 5a Yield: 261.3 mg (82%); colorless oil; IR (neat)=
3301, 3267, 2921, 1471, 1254, 751 tn'H NMR (400 MHz,
CDCly): 6 = 2.32 (s, 3H), 2.35 (s, 3H), 3.73 (d, 1H5 12.9 Hz),
3.87 (d, 1HJ = 12.5 Hz), 4.93 (s, 1H), 6.74 (t, 1Bi= 7.5 Hz),
6.85 (d, 1HJ = 6.6 Hz) , 6.89 (d, 1H] = 7.9 Hz), 7.11-7.22 (m,
9H) ppm.*C NMR (100 MHz, CDCJ): 5 = 21.0, 21.1, 51.5, 66.3,
117.0, 119.1, 124.6, 127.3, 128.4, 128.7, 129.8.312129.5,
135.0, 137.2, 137.5, 138.6, 157.7 ppm. HRMS (ESIcCdbr
CyH,4ON [M+H]* = 318.1852, Found = 318.1848.

Supporting Information . Copies of th¢H NMR and**C
NMR spectra of all nitroneBa~20, their derivative8a, 4a,
andb5a

Acknowledgements

Financial support in the form of a Grant-in—Aid for
Scientific Research (No. 15K05418) from the Minystf
Education, Culture, Sports, Science, and Technoliogy
Japan is acknowledged.

References

1. Reviews: (a) Gothelf, K. V.; Jorgensen, K. 8hem. Rev.
1998 98, 863-909. (b) Nair, V.; Suja, T. Detrahedron 2007,
63, 12247-12275. (c) Weintraub, P. M.; Tiernan, PJ.1Org.
Chem. 1974 39, 1061-1065. (d) Najera, C.; Sansano, J. M.
Org. Biomol. Chem. 2009 7, 4567-4581.

2. (a) Prieto, L.; Juste-Navarro, V.; Uria, U.; Deldq, Reyes,
E.; Tejero, T.; Carrillo, L.; Merino, P.; Vicario, 1. Chem.
Eur. J. 2017, 23, 2764-2768. (b) Juste-Navarro, V.; Delso, |.;
Tejero, T.; Merino, PChem. Eur. J. 2016 22, 11527-11532.
(c) Xue, F.; Lu, H.; He, L.; Li, W.; Zhang, D.; LiX.; Qin, Y.

J. Org. Chem. 2018 83, 754-764. (d) Dmitriev, V. A,
Efremova, M. M.; Novikov, A. S.; Zarubaev, V. V.litg, A.

V.; Galochkina, A. V.; Starova, G. L.; lvanov, A..V
Molchanov, A. PTetrahedron Lett. 2018 59, 2327-2331. (e)
Honda, K.; Mikami, K.Chem. Asian. J. 2018 13, 2838-2841.
() Kroc, M. A,; Markiewicz, M.; Pace, W. H.; WinlD. J.;

Anderson, L. L.Chem. Commun. 2019 55, 2309-2312. (g)



Tetrahedron

Haun, G.; Paneque, A. N.; Almond, D. W.; Austin, B;
Moura-Lett, G.Org. Lett. 2019 21, 1388-1392.

(@) Colacino, E.; Nun, P.; Colacino, F. M.; Martinek;
Lamaty, F.Tetrahedron 2008 64, 5569-5576. (b) Tokuyama,
H.; Kuboyama, T.; Amano, A.; Yamashita, T.; Fukuyanh.

Synthesis 200Q 1299-1304. (c) Joseph, R.; Sudalai, A;

Ravindranathan, TSynlett 1995 1177-1178. (d) Shono, T.;
Matsumura, Y.; Inoue, Kl. Org. Chem. 1986 51, 549-551.

(a) Imada, Y.; lida, H.; Ono, S.; Murahashi,JSAm. Chem.
Soc. 2003 125, 2868-2869. (b) Yamada, Y. M. A.; Tabata,
H.; Ichinohe, M.; Takahashi, H.; lkegami, $etrahedron

2004 60, 4087-4096. (c) Gella, C.; Ferrer, E.; Alibés, R.;

Busqué, F.; de March, P.; Figueredo, M.; Font,).JOrg.

Chem. 2009 74, 6365-6367. (d) Soldaini, G.; Cardona, F.;

Goti, A. Org. Lett. 2007, 9, 473-476. (e) Cardona, F.
Bonanni, M.; Soldaini, G.; Goti, AChemSusChem. 2008 1,
327-332. (f) Matassini, C.; Parmeggiani, C.; CardénaGoti,
A. Org. Lett. 2015 17, 4082-4085. (g) Rodrigo, E.; Alonso,
I.; Cid, M. B. Org. Lett. 2018 20, 5789-5793. (h) Choi, M;
Viji, M.; Kim, D.; Lee, Y. H.; Sim, J.; Kwak, Y.; ke, K.; Lee,
H.; Jung, JTetrahedron 2018 74, 4182-4187. (i) Liu, T.; Liu,

Z.; Liu, Z.; Hu, D.; Wang, Y Synthesis 2018 50, 1728-1736.
() Cisneros, L.; Serna, P.; Corma, Angew. Chem. Int. Ed.
2014 53, 9306-9310. (k) Rodrigo, E.; Waldvogel, S. R.
Green Chem. 2018 20, 2013-2017.

. (a) Harigae, R.; Moriyama, K.; Togo, Bl.Org. Chem., 2014

79, 2049~2058. (b) Imai, S.; Kikui, H.; Moriyama, Kipgo,
H. Tetrahedron 2015 71, 5267~5274. (c) Sasaki, T.; Miyagi,
K.; Moriyama, K.; Togo, HOrg. Lett. 2016 18, 944-947. (d)
Imai, T.; Harigae, R.; Moriyama, K.; Togo, H.Org. Chem.
2016 81, 3975-3980. (e) Sasaki, T.; Moriyama, K.; Togo, H.
J. Org. Chem. 2017 82, 11727-11734. (f) Sasaki, T.;
Moriyama, K.; Togo, H.Bellstein J. Org. Chem. 2018 14,
345-353. (g) Imai, T.; Togo, HEur. J. Org. Chem. 2018
1377-1383. (h) Kobayashi, E.; Togo, Fetrahedron 2018 74,
4226-4235. (i) Yamamoto, T.; Togo, Hur. J. Org. Chem.
2018 4187-4196.

6. Coskun, N.; Parlar, ASynth. Commun. 2005 35, 2445-2451.



