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A regiospecific synthesis of substituted 2-nitrobenzaldehydes
from substituted benzaldehydes has been developed that in-
volves a three-step process with palladium-catalyzed chela-
tion-assisted C-H nitration as the key step. In the process,
O-methyl aldoxime serves as a removable directing group for

the palladium-catalyzed ortho-nitration of substituted
benzaldoximes and it can be removed in subsequent conver-
sion of the resulting 2-nitrobenzaldoximes into 2-nitrobenz-
aldehydes.

Introduction

2-Nitrobenzaldehydes, an important class of nitroar-
enes,!' are widely used as building blocks in organic chemis-
try, medicinal chemistry, dyes, and material sciences.”l 2-
Nitrobenzaldehydes are also important and useful precur-
sors of a range of functional molecules such as amines,
alcohols, benzoic acids, nitriles, and alkynes.['-3] Although
nitration processes involving electrophilic aromatic substi-
tution have long been the predominant synthetic approach
for the preparation of nitroarenes,™ its application in the
regiospecific synthesis of 2-nitrobenzaldehydes from related
benzaldehydes is generally not feasible for three main
reasons: (1) the electron-withdrawing nature of the formyl
group leads to deactivation of the benzene ring, thereby re-
tarding electrophilic aromatic substitution reaction by ni-
trating agents;! (2) the electrophilic nitration of benzalde-
hyde always gives meta-nitrobenzaldehyde as the predomi-
nant product along with a small amount of ortho- and para-
nitrobenzaldehyde because the formyl group acts as a meta-
directing group;™*°! (3) when substituted benzaldehydes are
used as substrates, the regioselectivity of nitration depends
on the combined effects of all substituents and thus be-
comes complex and difficult to predict.*7! As a conse-
quence, the regiospecific synthesis of 2-nitrobenzaldehydes
usually relies on methods other than the electrophilic ni-
tration of benzaldehydes.®! These include the oxidation of
o-nitrotoluene!®*-8! or 2-nitrobenzyl alcohol,’®¢¢l the ipso-
nitration of 2-halobenzaldehyde with nitrite ion catalyzed
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by a copper salt,’®!l the reaction of 2-nitrobromobenzene
with N, N-dimethylformamide (DMF) in the presence of a
lithium reagent,'®8! and others.3™®! In view of the ready
availability of benzaldehydes, the development of a general
and regiospecific synthesis of substituted 2-nitrobenzalde-
hydes from related benzaldehydes free from the effect of the
orientation rules is highly desirable, yet challenging.

The last two decades have witnessed great progresses in
the area of transition-metal-catalyzed chelation-assisted C—
H functionalizations.[) Such strategies enable the introduc-
tion of functionalities to the position ortho to the directing
groups, thus providing powerful and useful tools for the
regioselective construction of carbon-carbon and carbon—
heteroatom bonds. In this context, we reported the first pal-
ladium-catalyzed ortho-specific nitration of aromatic C-H
bonds by using N-heterocycles as directing groups, al-
though the latter groups were difficult to remove.['”! Later, a
similar concept was employed in the copper- and rhodium-
catalyzed ortho-nitration of aromatic C—H bonds by Bi,[!!4]
Wang,''?! and Li,[''°l respectively, but again using N-het-
erocycles as directing groups. Recently, removable and/or
modifiable directing group-mediated C-H bond function-
alizations have received special attention because they can
offer more advantages over conventional directing groups
in practical syntheses and in the rapid construction of mo-
lecular diversity.l'2 Previously, we have successfully
achieved a palladium-catalyzed regiospecific synthesis of 2-
nitro aryl ketones from related ketones involving the use of
O-methyl ketoxime as a removable directing group.l'?! In
contrast to the high reliability and efficiency of O-methyl
ketoxime in C-H bond functionalizations,'°*!13] O-methyl
aldoxime, however, was less stable under the conditions of
C-H bond functionalizations and has thus seldom been
used as a directing group.l'3&130141 Ag part of our ongoing
project on the development of general and regiospecific
syntheses of functionalized nitroarenes,'”! we herein report
the first regiospecific synthesis of substituted 2-nitrobenz-
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aldehydes from related benzaldehydes involving the use of
O-methyl aldoxime as a removable directing group for the
palladium-catalyzed C—H nitration.

Results and Discussion

Initially, O-methylbenzaldoxime (1a), which was readily
prepared through condensation of benzaldehyde with meth-
oxyammonium chloride, was selected as a model substrate
to screen the general reaction conditions for the ortho-ni-
tration of the C-H bond (Table 1). Several palladium cata-
lysts were screened using AgNO, (2 equiv.) as a nitro source
and K,S,Og (2 equiv.) as an oxidant in 1,2-dichloroethane
(DCE) at 110 °C for 48 h. It was found that Pd(OCOCFj),
and Pd(OAc), were superior to other palladium sources,
including PdCl, and [Pd(PPh;),Cl,], affording the desired
o-nitrobenzaldehyde 2a in 85 and 75% GC yield, respec-
tively (entries 1, 2, 5, and 6). Increasing or decreasing the
reaction temperature did not favor the nitration (entry 4).
The reaction gave inferior results when decreasing the cata-

Table 1. Optimization of reaction conditions for ortho-nitration of
la.[al

N,OMe
MeONH,*HC
(:H’L H T > H
1a
.OMe

catalyst (10 mol-%) NO, N

AgNO, (2.0 equiv.) H

oxidant (2.0 equiv.)

solvent, 48 h
2a
Entry Catalyst Oxidant Temp. Solvent!® Yield [%6]®]
[°C]
1 Pd(OAc), K,S,0¢ 110  DCE 75
2 Pd(OCOCF;), K,S,03 110  DCE 85 (78141)
3 Pd(OCOCF;), K»S,0; 110  DCE 776, 3711
4 Pd(OCOCF;), K»S,0y  120: DCE 71; 69
110

5 PdCl, K,S,0¢ 110  DCE 40
6 Pd(PPh;),Cl, K.S,0; 110  DCE 13
7 - K,S,0¢ 110  DCE 0
8 Pd(OCOCF;), K»S,05 110 MeCN 30
9 Pd(OCOCF;), K,S,05 110  MeOH 0
10 Pd(OCOCF3), K5S,04 110 1,4-dioxane trace
11 Pd(OCOCF3), K5S,04 110 THF trace
12 Pd(OCOCF;), K»S,05 110 toluene 23
13 Pd(OCOCF3), K,S,04 110 DMF trace
14 Pd(OCOCF;), Oxone 110 DCE 66
15 Pd(OCOCF;), CAN 110  DCE 30
16 Pd(OCOCF;), PhI(OAc), 110  DCE trace

[a] Reaction conditions (unless otherwise noted): 1a (0.3 mmol),
catalyst (0.03 mmol), AgNO, (0.6 mmol), K,S,Og (0.6 mmol), sol-
vent (3 mL), 48 h. [b] GC yields determined by using phenanthrene
as internal standard. [c] DCE: 1,2-dichloroethane. [d] Isolated
yield. [e] The reaction time was 36 h. [f] The catalyst loading of
Pd(OCOCF;3), was 5 mol-% based on 1a.
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lyst loading (5 mol-%) or shortening the reaction time (en-
try 3). Control experiments showed that the reaction failed
to give the desired product in the absence of a palladium
catalyst (entry 7). Several solvents including DCE, MeCN,
MeOH, 1,4-dioxane, tetrahydrofuran (THF), toluene, and
DMF were surveyed for the reaction, among which DCE
was found to be the most suitable solvent for the nitration
(entries 2 and 8-13). The effects of oxidants were also inves-
tigated. It was found that Oxone could give a moderate
yield of 2a (66%; entry 14), whereas other oxidants includ-
ing cerium(IV) ammonium nitrate (CAN) and PhI(OAc),
showed low efficiency (entries 15 and 16). Thus, the opti-
mized reaction conditions for ortho-nitration of O-methyl-
benzaldoximes was established as Pd(OCOCF3), (10 mol-
%) as catalyst, AgNO, (2equiv.) as nitro source, and
K,S,05 (2 equiv.) as the oxidant in DCE at 110 °C for 48 h.

A range of O-methylbenzaldoxime derivatives were then
subjected to the optimized conditions to extend the scope
of the present method. For some substrates, the reaction
conditions were adjusted slightly to give the maximum yield
of the desired product. The results are summarized in
Scheme 1. A series of O-methylbenzaldoximes having vari-
ous substituent-patterns including ortho-, meta-, and para-
substituent patterns could be smoothly ortho-nitrated to
furnish the desired products in moderate to good yields
(2a—x except 2f and 2g, up to 93% yield; Scheme 1). For
para-substituted O-methylbenzaldoximes, substrates substi-
tuted with electron-withdrawing groups could be smoothly
ortho-nitrated (2d, 2e, Scheme 1) whereas those substituted
with electron-donating groups failed to be ortho-nitrated
(2f, 2g, Scheme 1). For meta-substituted O-methylbenz-
aldoximes, the present nitration method worked well for
both electron-rich (2j, 2k, Scheme 1) and electron-deficient
arenes (21, 2m, Scheme 1). When 2-naphthaldehyde O-
methyl oxime 1i was used, two ortho-nitrated regioisomers
2i and 2i" were obtained in 40 and 38% yields, respectively.
Surprisingly, a variety of meta-substituted benzaldehyde O-
methyl oximes having two possible positions for nitration,
exclusively gave one regioisomer in which the nitro group
was introduced to the para-position relative to the already
present substituent (2j—x, Scheme 1). We speculated that
such regioselectivity could be ascribed to a steric effect
upon the formation of the corresponding palladacycle inter-
mediate, thus leading to cleavage of the less sterically hin-
dered ortho-C—H bond.['%151 Apart from high regioselectiv-
ity, the present method exhibited excellent chemoselectivity;
in all cases, only mononitrated products were obtained, and
overnitrated products were not detected. It should be noted
that a series of functional groups such as methyl, methoxy,
trifluoromethyl, ester, and halo groups (F, Cl, and Br) could
tolerate the present neutral conditions.

Sequential removal of the O-methyl oxime group was
readily achieved by treatment of 2 with pTsOH (2 equiv.)
and HCHO (10 equiv.) in THF/H,O (10:1, v/v) at 100 °C
for 8 h according to a modified procedure reported by Sak-
amoto and co-workers.['® Several representative results are
summarized in Scheme 2. A series of ortho-nitrated O-
methylbenzaldoximes having different substituent patterns

Eur. J. Org. Chem. 0000, 0-0
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N-OMe  Pd(OCOCFs), (10 mol-%) No, N-OMe
AgNO, (2.0 equiv.)
S : S H
R P K,S,0g (2.0 equiv.) R+ P
DCE, 110 °C, 48 h
1 2
.OMe
NO; N NO, N No, N-OMe NOz N
OCHs R
. ) o R =Cl, 2d (76%)
a (78%) b (83%) 2¢ (47%) R = CF;, 2e (73%)

NO. NO.
N02 2 2 NOZ
R = Me, 2f (trace)[a]

2j (70%)

R = OMe, 2g (trace)@ 2h (66%)
NO, N NO, N NO, N
OCHs
2k (50%) 21 (80%) 2m (78%)
R R
OMe

H R=H, 20 (80%)
CHs, 2p (62%)P!
Cl, 2q (76%)

NO,

(40%) (38%)

NO,

2n (55%)

_OMe R =CHjs, 2r (69%)
N OCHsa, 2s (61%)
H F, 2t (88%)
Cl, 2u (71%)
Br, 2v (71%)
CF3, 2w (90%)
COOCH;, 2x (93%)

Scheme 1. The Pd-catalyzed ortho-nitration of O-methyl aldoximes 1. Reagents and conditions: 2 (0.3 mmol), PA(OCOCFj3), (0.03 mmol),
AgNO; (0.6 mmol), K,S,05¢ (0.6 mmol), DCE (3.0 mL), 110 °C, 48 h. Isolated yield given. [a] The starting material was recovered. [b] The

reaction time was 60 h.

including ortho-, meta-, and para-substituted patterns could
be smoothly converted into the corresponding o-nitrobenz-
aldehydes in moderate to excellent yields (78-98%;
Scheme 2). For efficient removal of the O-methyl oxime
group in 2b and 2h, the use of polyoxymethylene (CH,O),,
instead of HCHO solution was required. Note that various
functional groups including methyl, methoxy, trifluorome-
thyl, chloro, bromo, and ester groups were tolerated over
the course of the deprotection of the O-methyl oxime group.
Thus, we have achieved a regiospecific conversion of substi-
tuted benzaldehydes into the related o-nitrobenzaldehydes
in an overall three-step process involving Pd-catalyzed che-
lation-assisted ipso-nitration of C-H bond as the key step.
Several experiments were conducted to gain insight into
the mechanism of the Pd-catalyzed C—H nitration. In 2013,
Lil''?l and Yang!'”! reported two nitration reactions using
NaNO, as the nitro source. In our control experiments,
NaNO, and KNO, were tested for the reaction instead of
AgNO,, but these reagents proved to be less effective (GC

Eur. J. Org. Chem. 0000, 0-0
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yield < 30%). Thus, we presume that the Ag salt may play
an important role in our catalytic system. Palladacycle 4
was prepared according to a procedure reported by
Cheng!'*dl through stoichiometric reaction of la with
Pd(OAc), and Ag,O in trifluoroacetic acid (TFA). Using 4
as the catalyst, 1a also gave the target product 2a in 69%
yield under conditions that were otherwise identical to the
standard conditions developed above (Scheme 3), suggest-
ing that AgNO, acted not only as a nitro source but also
as a cocatalyst in the C—H nitration.[10-14¢.14d]

To further probe the mechanism of C-H nitration, 1a-d,
and la-ds were synthesized and subjected to the standard
conditions for conducting the intramolecular and intermo-
lecular competition experiment, respectively. The intramo-
lecular ky/kp for substrate 1a-d; was 2.3 = 0.2, based on 'H
NMR spectroscopic analyses [Scheme 4, Eq. (1)]; the inter-
molecular ky/kp of la to la-ds was determined to be
4.0 £0.2 [Scheme 4, Eq. (2)]. This result suggests that ortho-
C-H bond activation is the rate-determining step.

WWW.eurjoc.org 3
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_OM
NOz N p-TsOH (2 equiv.), NO
PN HCHO (10 equiv.) A\ CHO
R— R _
Z THF/H,0 = 10/1, 100 °C, 8 h
2 3
No2
NO, O NO, O NO2
H H
F3C
3a (95%) 3b (82%)! 3e (89%) 3h 87%)lal
NO, O NO, O
H
Cl NO,
31 (80%) 3m (91%) 0 (98%)
H;CO ‘ F3C H3COOC
‘ NO, NO, NO,
3r (78%) (95%) (93%)

Scheme 2. Synthesis of o-nitrobezaldehydes 3 through removal of the O-methyl oximyl group in 2. Reagents and conditions: 2 (0.2 mmol),
35 wt.-% HCHO solution (10 equiv.), THF/H,O (10:1 v/v, 1 mL), 100 °C, 8 h, sealed tube. Isolated yield given. [a] HCHO solution was

replaced by polyoxymethylene (CH,0),,.

4 (10 mol-%) _OMe
.OMe AgNO, (2.0 equiv.) N
N K,S,0g (2.0 equiv.) "
H >
DCE, 110°C, 48 h NO,

69% GC yield

H
©\/§N .OMe )
Pd Ag

/ N
FycCco, O2CCFs
4

Scheme 3. Studies on the catalytic species.

Finally, over the course of the C—H nitration, we could
clearly observe the formation and gradual consumption of
a brown gas in the sealed tube, which should be assigned
to NO, gas.['® The nitration of 1a under the standard con-
ditions was suppressed in the presence of 2,2,6,6-tetrameth-
ylpiperidine-1-oxyl (TEMPO), a radical scavenger,'’! dem-
onstrating that the reaction may involve a radical process
[Scheme 4, Eq. (3)].2%

On the basis of the above experiments and on previous
reports,[10:14¢.144.18-201 3 vroposed mechanism for the palla-
dium-catalyzed ortho-nitration of O-methylbenzaldoximes
is depicted in Scheme 5. The initial trigger starts from the
formation of a five-membered palladacycle species Il!4c14d]

4 WWW.Eurjoc.org
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through combination of 1, Pd(OCOCF;3),, and AgNO,.
Subsequent addition of two NO, radicals!'®2% to T pro-
duces a Pd"V species IL[1014] Reductive elimination from
the Pd' center gives ortho-nitrated O-methylbenzaldoximes
2 and regenerates the Pd" catalyst.[10:14¢]

Conclusions

We have developed a general and efficient approach for
the regiospecific synthesis of substituted o-nitrobenzalde-
hydes from the corresponding benzaldehydes in a three-step
process involving the introduction of O-methyl aldoxime
group, palladium-catalyzed C—H bond nitration, and subse-
quent removal of the directing group. The present protocol
for the synthesis of substituted o-nitrobenzaldehydes can
therefore overcome the regioselectivity and substrate deacti-
vation issues associated with traditional electrophilic ni-
tration of substituted benzaldehydes.

Experimental Section

General Information: Unless otherwise stated, all reagents were pur-
chased from commercial suppliers and used without purification.
All solvents for reactions were dried and distilled prior to use ac-
cording to standard methods. Melting points are uncorrected. 'H
and 3C NMR spectra were recorded with a spectrometer at 25 °C
in CDCl; at 500 and 125 MHz, respectively, with TMS as internal
standard. Chemical shifts (J) are expressed in ppm and coupling

Eur. J. Org. Chem. 0000, 0-0
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.OMe
N-OMe . o N Pd(OCOCF3), (10 mol-%)
H AgNO; (2.0 equiv.) b H
H - 2a +
b b K2S20s (2.0 equiv.) D NO,
D

DCE, 110°C, 30 h

klkp = 4.0 £0.2

1a 1a-ds
1 : 1
0 TEMPO
N Pd(OCOCF3), (10 mol-%)
H AgNO; (2.0 equiv.)
K>S,0g (2.0 equiv.)
1a DCE, 110°C, 48 h

N .OMe

H TEMPO = 0.5 equiv., yield < 10% 3)
TEMPO = 2.0 equiv., yield = 0%
NO,

Scheme 4. Mechanistic investigations using kinetic isotope effects and the radical scavenger TEMPO.

1

Pd(OCOCF3), initial trigger
AgNO, "
H B
X
N2Og===- NO,_2-NO, | R'+ \/N—OMe Agt
= '7dl'
[Ag(II)N02]+ /' NO,
. |
oxidant L = CF3CO0" or NOy HL
Ag()NO,

1

i
AgN02

H Pd'L,
R : \/NfOMe ome

2 \% .

ON Lok N
2N No, AN

Il R1 P
NO, 2

Scheme 5. Proposed mechanism.

constants J are given in Hz. The IR spectra were recorded with an
FTIR spectrometer. GC-MS experiments were performed with EI
source, high-resolution mass spectra (HRMS) were obtained with
a TOF MS instrument with EI or ESI source.

Preparation of Aryl Aldehyde O-Methyl Oximes 1a—x: A mixture of
aldehyde (5 mmol), MeONH,-HCI (1.13 g, 13.5 mmol), anhydrous
NaOAc (1.80 g, 22.0 mmol), and ethanol/H,O (1:3 v/v, 60 mL) was
placed in a 100 mL round-bottom flask. The mixture was stirred
and heated to reflux at 70 °C for 2 h. Upon completion, the re-
sulting mixture was extracted with ethyl acetate (3 X 45 mL), dried
with MgSO,, and filtered. After evaporation of the solvent under
vacuum, the residue was purified by column chromatography on
silica gel (100-200 mesh; petroleum ether/EtOAc) to give the de-
sired product 1.

Eur. J. Org. Chem. 0000, 0-0
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General Procedure for the Synthesis of o-Nitro Aryl Aldehyde O-
Methyl Oximes 2: A mixture of aryl aldehyde O-methyl oxime 1
(0.30 mmol), Pd(OCOCF3), (10 mg, 0.03 mmol), AgNO> (92.3 mg,
0.6 mmol), K,S,0g (162.0 mg, 0.6 mmol), and anhydrous DCE
(3.0 mL) was sealed in a 25 mL Schlenk flask and the mixture was
stirred and heated at 110 °C for 48 h. After cooling to room tem-
perature, the mixture was filtered with Celite and the filtrate was
evaporated in vacuo, the residue was purified by flash column
chromatography on silica gel (ethyl acetate/petroleum ether) to give
pure 2.

(E)-2-Nitrobenzaldehyde O-Methyl Oxime (2a):?!! Yield 42.2 mg
(78%); brown oil. IR (neat): ¥ = 1525 (NO,)cm!. '"H NMR
(500 MHz, CDCls): 0 = 8.62 (s, 1 H), 8.06 (d, J = 8.0 Hz, 1 H),
8.00 (d, J = 8.0 Hz, 1 H), 7.65 (t, J = 7.5 Hz, 1 H), 7.5 (dt, J =
8.5, 1.5 Hz, 1 H), 4.04 (s, 3 H) ppm. '*C NMR (125 MHz, CDCly):
0 = 14709, 144.9, 1334, 130.1, 128.7, 127.3, 124.8, 62.5 ppm. MS
(EL 70 eV): miz (%) = 180 (25) [M"], 134 (18).

(E)-2-Methyl-6-nitrobenzaldehyde O-Methyl Oxime (2b): Yield
48.4 mg (83%); white solid; m.p. 49-50 °C. IR (KBr): ¥ = 1524
(NO,) cm™!. 'TH NMR (500 MHz, CDCl): 6 = 8.36 (s, 1 H), 7.80
(d, J=8.0Hz, 1 H), 7.50 (d, J = 7.5 Hz, 1 H), 7.41 (t, J = 8.0 Hz,
1 H), 3.98 (s, 3 H), 2.50 (s, 3 H)ppm. '3C NMR (125 MHz,
CDCly): 6 = 149.7, 144.6, 140.0, 135.2, 129.2, 125.5, 122.1, 62.3,
20.8 ppm. MS (EIL, 70 eV): m/z (%) = 194 (3) [M™*], 148 (5). HRMS
(EI): m/z caled. for CoH oN>O3 194.0691; found 194.0699.

(E)-2-Methoxy-6-nitrobenzaldehyde O-Methyl Oxime (2¢): Yield
29.6 mg (47%); white solid; m.p. 47-48 °C. IR (KBr): ¥ = 1534
(NOy) cm™!. 'H NMR (500 MHz, CDCl;): 6 = 8.27 (s, 1 H), 7.44
(t, J=7.5Hz, 1 H), 7.31 (d, J = 8.0 Hz, 1 H), 7.11 (d, J = 7.5 Hz,
1 H), 3.92 (s, 3 H), 3.90 (s, 3 H)ppm. '3C NMR (125 MHz,
CDCly): 6 = 158.5, 149.8, 141.2, 130.5, 115.7, 114.7, 114.4, 62.2,
56.5 ppm. MS (EI, 70 eV): m/z (%) = 210 (33) [M*], 164 (100).
HRMS (EI): m/z caled. for CoH oN,O4 210.0641; found 210.0633.

(E)-4-Chloro-2-nitrobenzaldehyde O-Methyl Oxime (2d): Yield
48.9 mg (76%); white solid; m.p. 44-45°C. IR (KBr): ¥ = 1521
(NOy) cm™. 'H NMR (CDCl;, 500 MHz): 6 = 8.57 (s, 1 H), 8.05
(d, J=2.5Hz, 1 H), 798 (d, J = 8.5Hz, 1 H), 7.61 (dd, J = 8.5,
2.0 Hz, 1 H), 4.04 (s, 3 H) ppm. 3C NMR (CDCls, 125 MHz): &

WWW.Eurjoc.org 5
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=148.0, 143.9, 136.1, 133.5, 129.7, 125.8, 124.9, 62.7 ppm. MS (EL
70 eV): miz (%) = 214 (38) [M*], 168 (21). HRMS (EI): m/z caled.
for CgH,CIN,O5 214.0145; found 214.0150.

(E)-2-Nitro-4-(trifluoromethyl)benzaldehyde O-Methyl Oxime (2e):
Yield 54.3 mg (73%); yellow oil. IR (neat): v = 1502 (NO,) cm™'.
'"H NMR (CDCls, 500 MHz): § = 8.63 (s, 1 H), 8.32 (s, 1 H), 8.19
(d, J=8.5Hz, 1 H), 7.88 (d, / = 8.5Hz, 1 H), 4.07 (s, 3 H) ppm.
13C NMR (125 MHz, CDCl,): § = 147.5, 143.6, 132.3 (q, Jrc =
33.8 Hz), 130.6, 129.6 (q, Jgc = 3.1 Hz), 129.55, 122.6 (q, Jrc =
250.0 Hz), 122.2 (q, Jrc = 4.2 Hz), 62.9 ppm. MS (EL, 70 eV): m/z
(%) = 248 (50) [M™*], 202 (18). HRMS (EI): m/z calcd. for
CoH,F;N,05 248.0409; found 248.0414.

(E)-2-Nitro-1-naphthaldehyde O-Methyl Oxime (2h): Yield 45.6 mg
(66%); yellow solid; m.p. 74-75°C. IR (KBr): v = 1519
(NO,) cm™!. 'TH NMR (500 MHz, CDCl5): § = 8.72 (s, 1 H), 8.49—
8.47 (m, 1 H), 8.08-7.99 (m, 2 H), 7.96-7.94 (m, 1 H), 7.72-7.70
(m, 2 H), 4.08 (s, 3 H) ppm. *C NMR (125 MHz, CDCl;): § =
146.4, 144.5, 135.3, 131.3, 130.7, 129.3, 128.6, 128.4, 127.7, 125.1,
120.1, 62.5 ppm. MS (EI, 70 eV): m/z (%) = 230 (45) [M*], 184
(12). HRMS (EI) for C;,H;(N,O3: caled. 230.0691, found
230.0684.

(E)-3-Nitro-2-naphthaldehyde O-Methyl Oxime (2i): Yield 27.6 mg
(40%); yellow solid; m.p. 120-121°C. IR (KBr): ¥ = 1542
(NOy) cm™!. TH NMR (500 MHz, CDCls): § = 8.70 (s, 1 H), 8.65
(s, 1 H), 8.37 (s, 1 H), 7.99 (t, J = 7.0 Hz, 2 H), 7.73-7.65 (m, 2
H), 4.08 (s, 3 H) ppm. '3C NMR (125 MHz, CDCl;): § = 145.8,
145.3, 134.8, 132.2, 130.1, 129.4, 129.3, 128.7, 128.5, 125.9, 123.4,
62.4 ppm. MS (EI, 70 eV): m/z (%) = 230 (83) [M™], 184 (12).
HRMS (EI): m/z caled. for C;,H;(N,O5 230.0691; found 230.0686.

(E)-1-Nitro-2-naphthaldehyde O-Methyl Oxime (2i'): Yield 26.2 mg
(38%); yellow solid; m.p. 86-87°C. IR (KBr): v = 1518
(NO,) cm™!. TH NMR (500 MHz, CDCls): § = 8.38 (s, 1 H), 8.07
(dd, J=8.5,1.0Hz, 1 H), 7.97 (dd, J = 8.0, 1.0 Hz, 1 H), 7.93 (dd,
J=17.5,15Hz 1H),7.79(d, J=7.0Hz, 1 H), 7.63 (t, J = 8.0 Hz,
1 H), 7.55 (t, J = 8.0Hz, 1 H), 3.97 (s, 3 H) ppm. 3C NMR
(125 MHz, CDCl3): 6 = 148.3, 147.1, 135.1, 133.5, 130.4, 130.0,
127.3, 126.9, 124.8, 124.1, 122.0, 62.3 ppm. MS (EI, 70 eV): m/z
(%) = 230 (10) [M™], 184 (60). HRMS (EI): m/z for C;,H;(N,O3
230.0691; found 230.0682.

(E)-5-Methyl-2-nitrobenzaldehyde O-Methyl Oxime (2j): Yield
40.8 mg (70%); yellow solid; m.p. 51-52 °C. IR (KBr): ¥ = 1515
(NO,) cm™!. TH NMR (500 MHz, CDCls): 6 = 8.65 (s, 1 H), 8.00
(d,J=85Hz 1 H), 7.76 (s, 1 H), 7.33 (d, / = 7.0 Hz, 1 H), 4.04
(s, 3 H), 2.48 (s, 3 H) ppm. *C NMR (125 MHz, CDCly): § =
145.5, 144.9, 130.8, 129.1, 127.3, 125.0, 62.4, 21.4 ppm. MS (EI,
70 e V): mlz (%) = 194 (51) [M*], 148 (27). HRMS (EI): m/z calcd.
for CoHoN,O; 194.0691; found 194.0686.

(E)-5-Methoxy-2-nitrobenzaldehyde O-Methyl Oxime (2k): Yield
1.5mg (50%); yellow solid; m.p. 69-70 °C. IR (KBr): ¥ = 1527
(NO,) cm™!. '"H NMR (500 MHz, CDCls): 6 = 8.56 (s, 1 H), 7.92
(d, J=9.0Hz, 1 H), 7.53 (d, J = 2.5Hz, | H), 7.17 (dd, J = 8.5,
2.5Hz, 1 H), 4.01 (s, 3 H), 3.91 (s, 3 H) ppm. '*C NMR (125 MHz,
CDCly): 6 = 160.8, 148.6, 144.8, 129.8, 120.3, 119.7, 109.0, 62.3,
56.0 ppm. MS (EIL, 70 eV): m/z (%) = 210 (29) [M*], 164 (16).
HRMS (EI): m/z caled. for CoH oN,O4 210.0641; found 210.0637.

(E)-5-Chloro-2-nitrobenzaldehyde O-Methyl Oxime (2I): Yield
51.5 mg (80%); white solid; m.p. 87-88 °C. IR (KBr): ¥ = 1516
(NO,) em™!. 'TH NMR (CDCls, 500 MHz): § = 8.61 (s, 1 H), 8.04—
8.00 (m, 2 H), 7.50 (dd, J = 9.0, 2.5 Hz, 1 H), 4.06 (s, 3 H) ppm.
13C NMR (CDCls, 125 MHz): § = 145.9, 143.9, 140.1, 130.0, 129.1,
128.4, 126.4, 62.8 ppm. MS (EI, 70 eV): m/z (%) = 214 (24) [M™*],
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168 (15). HRMS (EI): m/z calcd. for CgH,CIN,O5 214.0145; found
214.0137.

(E)-5-Bromo-2-nitrobenzaldehyde O-Methyl Oxime (2m): Yield
60.6 mg (78%); white solid; m.p. 109-110 °C. IR (KBr): ¥ = 1515
(NO,) cm™!. '"H NMR (CDCl;, 500 MHz): 6 = 8.59 (s, 1 H), 8.16
(d, J=20Hz, | H), 794 (d, J = 8.5Hz, 1 H), 7.66 (dd, J = 8.5,
2.0 Hz, 1 H), 4.05 (s, 3 H) ppm. '3C NMR (CDCls, 125 MHz): §
=146.4, 143.8, 133.1, 131.4, 129.0, 128.5, 126.3, 62.8 ppm. MS (EI,
70 eV): m/z (%) = 258 (23) [M*], 212 (17). HRMS (EI): m/z calcd.
for CgH;BrN,O; 257.9640; found 257.9646.

(E)-5-(Naphthalen-2-yl)-2-nitrobenzaldehyde O-Methyl Oxime (2n):
Yield 50.5 mg (55%); yellow solid; m.p. 103-104 °C. IR (KBr): v =
1512 (NO,) em™t. 'H NMR (500 MHz, CDCls): d = 8.75 (s, 1 H),
8.30 (d, J = 2.0Hz, 1 H), 8.20 (d, J = 8.5Hz, 1 H), 8.13 (d, J =
1.0 Hz, 1 H), 7.99-7.90 (m, 3 H), 7.85 (dd, J = 8.5, 2.0 Hz, 1 H),
7.77 (dd, J = 8.5, 2.0Hz, 1 H), 7.58-7.56 (m, 2 H), 4.09 (s, 3
H) ppm. *C NMR (125 MHz, CDCls): § = 146.52, 146.48, 145.4,
135.6, 133.5, 133.3, 129.0, 128.7, 128.5, 128.0, 127.8, 127.4, 127.0,
126.9, 126.8, 125.7, 124.9, 62.6 ppm. MS (EI, 70 eV): m/z (%) =
306 (38) [M™*], 160 (21). HRMS (EI): m/z calcd. for C;sH4N,O;
306.1004; found 306.1014.

(E)-4-Nitro-|[1,1'-biphenyl]-3-carbaldehyde O-Methyl Oxime (20):
Yield 61.5mg (80%). IR (neat): ¥ = 1517 (NO,) cm™'. '"H NMR
(500 MHz, CDCl;): 6 = 8.72 (s, 1 H), 8.17 (dd, J = 7.5, 2.0 Hz, 1
H), 7.73 (dd, J = 8.5, 2.0 Hz, 1 H), 7.68-7.66 (m, 2 H), 7.53-7.46
(m, 3 H), 4.06 (s, 3 H) ppm. 3C NMR (126 MHz, CDCls): § =
146.6, 146.5, 145.3, 138.4, 129.2, 129.0, 128.5, 127.9, 127.4, 127.2,
125.6, 62.5 ppm. MS (EI, 70 eV): m/z (%) = 256 (21) [M™*], 208 (38).
HRMS (EI): m/z caled. for C14H,N-,O5 256.0848; found 256.0839.

(E)-3'-Methyl-4-nitro-[1,1’-biphenyl]-3-carbaldehyde O-Methyl Ox-
ime (2p): Yield 50.3 mg (62%); yellow oil. IR (neat): ¥ = 1519
(NO,) cm™!. 'TH NMR (500 MHz, CDCl;): § = 8.71 (s, 1 H), 8.16—
8.14 (m, 2 H), 7.72 (dd, J = 8.5, 2.0 Hz, 1 H), 7.46-7.29 (m, 4 H),
4.07 (s, 3 H), 2.47 (s, 3 H) ppm. '3C NMR (125 MHz, CDCl5): §
=146.7, 146.4, 145.4, 138.9, 138.3, 129.8, 129.0, 128.5, 128.1, 127.9,
127.2, 125.5, 124.5, 62.5, 21.5 ppm. MS (EIL, 70 eV): m/z (%) = 270
(32) [M*], 224 (26). HRMS (EI): m/z caled. for C;sH;4N,O;
270.1004; found 270.1012.

(E)-3'-Chloro-4-nitro-[1,1’-biphenyl]-3-carbaldehyde O-Methyl Ox-
ime (2q): Yield 66.3 mg (76%); yellow solid; m.p. 90-91 °C. IR
(KBr): ¥ = 1513 (NO,)cm'. '"H NMR (500 MHz, CDCls): ¢ =
8.69 (s, 1 H), 8.17-8.15 (m, 2 H), 7.70 (dd, J = 8.5, 2.0 Hz, 1 H),
7.64-7.63 (m, 1 H), 7.54-7.52 (m, 1 H), 7.45-7.44 (m, 2 H), 4.07
(s, 3 H)yppm. 3C NMR (125 MHz, CDCl;): § = 146.8, 144.99,
144.95, 140.1, 135.1, 130.4, 129.0, 128.5, 128.0, 127.5, 127.2, 125.7,
125.6, 62.6 ppm. MS (EI, 70 eV): m/z (%) = 290 (26) [M*], 244
(19). HRMS (EI): m/z calcd. for C14H,;CIN,O5 290.0458; found
290.0450.

(E)-4'-Methyl-4-nitro-[1,1’-biphenyl]-3-carbaldehyde O-Methyl Ox-
ime (2r): Yield 55.9 mg (69%); yellow solid; m.p. 77-78 °C. IR
(KBr): v = 1511 (NO,)em™'. 'H NMR (500 MHz, CDCl): 6 =
8.71 (s, 1 H), 8.16-8.14 (m, 2 H), 7.72 (dd, J = 8.5, 2.0 Hz, 1 H),
7.57 (d, J = 8.0 Hz, 2 H), 7.32 (d, J = 8.0 Hz, 2 H), 4.06 (s, 3 H),
2.44 (s, 3 H) ppm. 3C NMR (125 MHz, CDCls): 6 = 146.5, 146.2,
145.4, 139.2, 1354, 129.9, 128.2, 127.9, 127.2, 126.9, 125.6, 62.5,
21.2 ppm. MS (EIL, 70 eV): m/z (%) = 270 (100) [M*], 224 (42).
HRMS (EI): m/z calcd. for C;sH4N,05 270.1004; found 270.1009.
(E)-4'-Methoxy-4-nitro-[1,1'-biphenyl]-3-carbaldehyde =~ O-Methyl
Oxime (2s): Yield 52.4 mg (61%). IR (neat): v = 1514 (NO,) cm™ .
'"H NMR (500 MHz, CDCls): 6 = 8.72 (s, 1 H), 8.15(d, J = 8.5 Hz,
1 H),8.13(d, J=8.5Hz, 1 H),7.69 (dd, J = 9.0, 2.5 Hz, | H), 7.62
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(d, J = 9.0 Hz, 2 H), 7.04 (d, J = 8.5 Hz, 2 H), 4.06 (s, 3 H), 3.89
(s, 3 H)ppm. 3C NMR (125 MHz, CDCly): 6 = 160.6, 146.2,
145.9, 145.5, 130.7, 128.6, 128.0, 127.8, 126.5, 125.7, 114.6, 62.6,
55.5 ppm. MS (EL 70 eV): m/z (%) = 286 (100) [M*], 240 (12).
HRMS (EI): m/z caled. for CysH,,N,O, 286.0954; found 286.0947.

(E)-4'-Fluoro-4-nitro-[1,1'-biphenyl]-3-carbaldehyde O-Methyl Ox-
ime (2t): Yield 72.4 mg (88%); yellow solid; m.p. 79-80 °C. IR
(KBr): ¥ = 1513 (NOy) cm™!. '"H NMR (500 MHz, CDCl;): § =
8.70 (s, 1 H), 8.15(d, /= 8.5Hz, 1 H), 8.13 (d, J = 2.0 Hz, 1 H),
7.68 (dd, J = 8.5, 2.0 Hz, 1 H), 7.65-7.62 (m, 2 H), 7.20 (t, J =
8.5 Hz, 2 H), 4.06 (s, 3 H) ppm. '3C NMR (125 MHz, CDCl): §
=163.3 (d, Jrc = 247.5Hz), 146.4, 145.5, 145.2, 134.5 (d, Jgc =
3.8 Hz), 129.2 (d, Jgc = 7.5 Hz), 128.3, 128.0, 127.0, 125.7, 116.2
(d, Jgc = 21.3 Hz), 62.6 ppm. MS (EI, 70 eV): m/z (%) = 274 (34)
[M™], 228 (24). HRMS (EI): m/z calcd. for C14H;FN,05 274.0754;
found 274.0760.

(E)-4'-Chloro-4-nitro-[1,1'-biphenyl]-3-carbaldehyde O-Methyl Ox-
ime (2u): Yield 61.9 mg (71%); yellow solid; m.p. 113-114 °C. IR
(KBr): ¥ = 1512 (NO,) cm™!. '"H NMR (500 MHz, CDCl,): § =
8.69 (s, 1 H), 8.16-8.14 (m, 2 H), 7.70 (dd, J = 8.5, 2.0 Hz, 1 H),
7.59 (d, J = 8.5Hz, 2 H), 748 (d, J = 8.5Hz, 2 H), 4.06 (s, 3
H) ppm. '3C NMR (125 MHz, CDCly): § = 146.6, 145.2, 145.1,
136.7, 135.4, 129.4, 128.6, 128.3, 128.0, 127.0, 125.7, 62.6 ppm. MS
(EIL, 70 eV): m/z (%) = 290 (50) [M*], 244 (34). HRMS (EI): m/z
calcd. for C4H;;CIN,O5 290.0456; found 290.0451.

(E)-4'-Bromo-4-nitro-|1,1’-biphenyl]-3-carbaldehyde O-Methyl Ox-
ime (2v): Yield 71.4 mg (71%); yellow solid; m.p. 123-124 °C. IR
(KBr): ¥ = 1511 (NOy)cm'. '"H NMR (500 MHz, CDCly): § =
8.70 (s, 1 H), 8.16 (d, J = 8.5Hz, 1 H), 8.14 (d, J/ = 2.5 Hz, 1 H),
7.69 (dd, J = 8.5, 2.0 Hz, 1 H), 7.66-7.63 (m, 2 H), 7.54-7.51 (m,
2 H), 4.06 (s, 3 H) ppm. 3C NMR (125 MHz, CDCl5): 6 = 146.7,
145.3, 145.1, 137.2, 132.3, 128.9, 128.2, 128.1, 127.0, 125.7, 123.6,
62.6 ppm. MS (EI, 70eV): m/z (%) = 334 (26) [M*], 288 (15).
HRMS (El): m/z caled. for C4H;;BrN,O; 333.9953; found
333.9959.

(E)-4-Nitro-4'-(trifluoromethyl)-[1,1'-biphenyl]-3-carbaldehyde  O-
Methyl Oxime (2w): Yield 87.5 mg (90%); yellow solid; m.p. 107—
109 °C. IR (KBr): ¥ = 1513 (NO,)cm . '"H NMR (500 MHz,
CDCl3): 6 = 8.71 (s, 1 H), 8.21-8.18 (m, 2 H), 7.78-7.74 (m, 5 H),
4.07 (s, 3 H) ppm. '*C NMR (125 MHz, CDCl;): § = 147.1, 144.9,
144.8, 141.9, 131.0 (q, Jrc = 32.5Hz), 128.6, 128.1, 127.8, 127.4,
126.1 (q, Jgc = 2.5Hz), 125.7, 1239 (q, Jgc = 270.0 Hz),
62.6 ppm. MS (EIL, 70eV): m/z (%) = 324 (74) [M*], 278 (59).
HRMS (El): m/z caled. for C;sH;;F3N,O; 324.0722; found
324.0718.

(E)-4-Nitro-4'-(Methoxycarbonyl)-[1,1'-biphenyl]-3-carbaldehyde O-
Methyl Oxime (2x): Yield 87.7 mg (93%); white solid; m.p. 139—
141 °C. IR (KBr): ¥ = 1733 (C=0), 1519 (NO,) cm™!. '"H NMR
(500 MHz, CDCls): 0 = 8.70 (s, 1 H), 8.21-8.16 (m, 4 H), 7.76 (dd,
J=18.5,20Hz, 1 H), 7.73 (d, J = 8.5 Hz, 2 H), 4.06 (s, 3 H), 3.97
(s, 3 H)yppm. 3C NMR (125 MHz, CDCl;): § = 166.5, 147.0,
145.3, 144.9, 142.6, 130.5, 130.4, 128.6, 128.0, 127.41, 127.38,
125.6, 62.6, 52.3 ppm. MS (EI, 70 eV): m/z (%) = 314 (14) [M™].
HRMS (EI): m/z caled. for C;gH4N>O5 314.0903; found 314.0911.

General Procedure for the Synthesis of 2-Nitrated Aryl Aldehydes 3
from 2 through Removal of the O-Methyl Oxime Group: o-Nitro aryl
aldehyde O-methyl oxime 2 (0.2 mmol), pTsOH (2 equiv.), and 35
wt.-% formaldehyde solution (10 equiv.) were dissolved in a THF/
H,O mixture (10:1 v/v, 1 mL) in a sealed tube, and the mixture was
stirred at 100 °C for 8 h. Upon completion, the reaction mixture
was extracted with CH,Cl,, dried with Na,SO,, and filtered. The
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solvent was then removed under reduced pressure and the residue
was purified by flash column chromatography on silica gel (100—
200 mesh; petroleum ether/EtOAc) to give pure 3.

2-Nitrobenzaldehyde (3a):1>?! Yield 28.7 mg (95%); yellow solid;
m.p. 38-39 °C (ref?!1 44 °C). IR (KBr): ¥ = 1528 (NO,), 1698
(C=0) cm™'. 'H NMR (500 MHz, CDCly): 6 = 10.44 (s, 1 H), 8.14
(dd, J = 8.0, 1.0 Hz, 1 H), 7.97 (dd, J = 7.5, 1.5 Hz, 1 H), 7.83—
7.76 (m, 2 H) ppm. 3C NMR (125 MHz, CDCl,): 6 = 188.1, 149.6,
134.1, 133.7, 131.4, 129.6, 124.5 ppm. MS (EL, 70 eV): m/z (%) =
151 (18) [M*], 121 (88).

2-Methyl-6-nitrobenzaldehyde (3b):>¥! Yield 27.1 mg (82%); yellow
solid; m.p. 51-52 °C. IR (KBr): ¥ = 1521 (NO,), 1703 (C=0) cm".
'H NMR (500 MHz, CDCly): 6 = 10.32 (s, 1 H), 7.94 (d, J =
8.0 Hz, 1 H), 7.59-7.52 (m, 2 H), 2.48 (s, 3 H) ppm. 3C NMR
(125 MHz, CDCls): ¢ = 190.4, 148.8, 139.3, 137.0, 132.0, 131.3,
122.0, 19.6 ppm. MS (EL, 70 eV): m/z (%) = 165 (1) [M*], 135 (100).

2-Nitro-4-(trifluoromethyl)benzaldehyde  (3e):**  Yield 39.0 mg
(89%); yellow oil; IR (neat): v = 1543 (NO,), 1705 (C=0) cm™'. 'H
NMR (500 MHz, CDCly): 6 = 10.49 (s, 1 H), 8.43 (s, 1 H), 8.1 (d,
J =80Hz 1 H), 808 (d, 7 = 8.0Hz 1 H)ppm. *C NMR
(125 MHz, CDCL): & = 186.9, 149.4, 135.6 (q. Jrc = 34.2 Hz),
134.0, 130.9 (q, Jrc = 2.5Hz), 130.8, 122.3 (q, Jgc = 271.3 Hz),
122.0 (q, Jrc = 3.8 Hz) ppm. MS (EL 70 eV): miz (%) = 219 (18)
[M*], 189 (88).

2-Nitro-1-naphthaldehyde (3h):1>3 Yield 35.0 mg (87 %); yellow so-
lid; m.p. 119120 (ref.25) 119 °C) °C. IR (KBr): ¥ = 1521 (NO,),
1733 (C=0) cm™'. '"H NMR (500 MHz, CDCl;): 6 = 10.67 (s, 1 H),
831 (d, J=84Hz, 1 H), 817 (d, J =9.0Hz, 1 H), 8.12(d, J =
9.0Hz, 1 H), 8.01-7.99 (m, 1 H), 7.78-7.71 (m, 2 H) ppm. '*C
NMR (125 MHz, CDCls): 6 = 190.3, 145.8, 135.9, 132.6, 132.3,
130.0, 129.5, 128.8, 128.6, 126.7, 119.2 ppm. MS (EI, 70 eV): m/z
(%) = 201 (8) [M*], 171 (33).

5-Chloro-2-nitrobenzaldehyde (31):1*%! Yield 29.7 mg (80%); yellow
solid; m.p. 77-78 °C (ref.[?61 77-79 °C). IR (KBr): ¥ = 1510 (NO,),
1696 (C=0) cm™'. '"H NMR (500 MHz, CDCl5): § = 10.43 (s, 1 H),
813 (d, J=85Hz, 1 H), 791 (d, J=2.0Hz, | H), 7.72 (dd, J =
8.5, 2.0 Hz, 1 H) ppm. '*C NMR (125 MHz, CDCls): 6 = 186.8,
147.6, 141.3, 133.4, 132.8, 129.7, 126.2 ppm. MS (EL, 70 eV): m/z
(%) = 185 (12) [M*], 155 (74).

5-Bromo-2-nitrobenzaldehyde (3m):*”! Yield 41.9 mg (91%); brown
solid; m.p. 72-73°C (ref2” 70.2-71.3 °C). IR (KBr): v = 1522
(NO»), 1692 (C=0)cm!. '"H NMR (500 MHz, CDCly): 6 = 10.40
(s, 1 H), 8.05 (d, J = 2.0 Hz, 1 H), 8.03 (d, J = 8.5 Hz, 1 H), 7.89
(dd, J = 8.5, 2.0 Hz, 1 H) ppm. 3C NMR (125 MHz, CDCly): 6 =
186.7, 148.1, 136.5, 132.6, 129.5, 126.1 ppm. MS (EI, 70 eV): m/z
(%) = 229 (10) [M*1, 199 (76).

4-Nitro-[1,1'-biphenyl]-3-carbaldehyde (30):1>8] Yield 44.5 mg (98 %);
brown solid; m.p. 73-74 °C (ref.?® 71.0-73.4 °C). IR (KBr): ¥ =
1525 (NO,), 1813 (C=0) em™'. "H NMR (500 MHz, CDCly): 6 =
10.52 (s, 1 H), 8.23 (d, J = 8.5 Hz, 1 H), 8.14 (d, J = 1.5 Hz, 1 H),
7.95 (dd, J = 8.0, 2.0 Hz, 1 H), 7.68-7.66 (m, 2 H), 7.55-7.48 (m,
3 H) ppm. '*C NMR (125 MHz, CDCl5): § = 188.4, 148.1, 147.3,
137.6, 132.1, 131.5, 129.5, 129.3, 127.9, 127.4, 125.3 ppm. MS (EI,
70 €VY: mlz (%) = 227 (53) [M*], 197 (77).

4'-Methoxy-4-nitro-[1,1'-biphenyl]-3-carbaldehyde = (3r):  Yield
40.1 mg (78%); yellow solid; m.p. 104-105 °C. IR (KBr): ¥ = 1514
(NO»), 1692 (C=0) cm™'. 'TH NMR (500 MHz, CDCls): § = 10.52
(s, 1 H), 8.20 (d, J = 8.5Hz, 1 H), 8.09 (d, J = 2.0 Hz, 1 H), 7.89
(dd, J =8.5,2.0 Hz, 1 H), 7.62 (dd, J = 6.5, 2.0 Hz, 2 H), 7.04 (dd,
J = 6.5, 1.5Hz, 2 H), 3.89 (s, 3 H) ppm. 3C NMR (125 MHz,
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CDCl;): 0 = 188.6, 160.9, 147.4, 146.9, 132.2, 130.7, 129.8, 128.6, AgNO, (92.3mg, 0.6 mmol), K>S,0g (162.0 mg, 0.6 mmol),

127.1, 125.4, 114.8, 55.5 ppm. MS (EIL, 70 eV): m/z (%) = 257 (53)
[M™*], 227 (77). HRMS (EI): ml/z caled. for C;4H; NO4 257.0688;
found 257.0682.
4-Nitro-4'-(trifluoromethyl)-[1,1’-biphenyl]-3-carbaldehyde (Bw):
Yield 56.1 mg (95%); yellow solid; m.p. 83-84 °C. IR (KBr): ¥ =
1518 (NO,), 1696 (C=0) cm™'. '"H NMR (500 MHz, CDCls): § =
10.53 (s, 1 H), 8.27 (d, J =8.5Hz, 1 H), 8.17 (d, / = 2.0 Hz, 1 H),
7.98 (dd, J = 8.5, 2.0 Hz, 1 H), 7.80 (d, J = 8.0 Hz, 2 H), 7.78 (d,
J = 8.0Hz, 2 H) ppm. 3C NMR (125 MHz, CDCl;): § = 188.0,
148.8, 145.7, 141.1, 132.1, 131.9, 131.5 (q, Jrc = 32.5 Hz), 128.3,
127.8, 126.3 (q, Jrc = 3.8 Hz), 125.5, 124.9, 1239 (q, Jgc =
271.3 Hz) ppm. MS (EIL, 70 eV): m/z (%) = 295 (53) [M*], 265 (77).
HRMS (EI): m/z calcd. for C4HgF;NO3 295.0456; found 295.0463.
4-Nitro-4’-(Methoxycarbonyl)-[1,1’-biphenyl]-3-carbaldehyde (3x):
Yield 53.1 mg (93%); yellow solid; m.p. 165-166 °C. IR (KBr): ¥ =
1719 (C=0), 1697 (C=0), 1515 (NO,) cm'. 'TH NMR (500 MHz,
CDCl;): 0 = 10.53 (s, 1 H), 8.26 (d, / = 8.5Hz, 1 H), 8.19 (d, J =
6.5Hz, 2 H), 8.18 (s, 1 H), 7.98 (dd, J = 8.5, 2.0 Hz, 1 H), 7.74 (d,
J =8.5Hz, 2 H), 3.98 (s, 3 H) ppm. '3*C NMR (125 MHz, CDCl;):
o = 188.1, 166.5, 148.7, 146.2, 141.8, 132.2, 131.9, 131.1, 130.6,
128.3, 127.5, 125.5, 52.5 ppm. MS (EI, 70 eV): m/z (%) = 285 (10)
[M*]. HRMS (EI): m/z caled. for C;sH;NOs 285.0637; found
285.0645.

Mechanistic Studies

Nitration of Benzaldehyde O-Methyl Oxime 1a Catalyzed by Com-
plex 4: Complex 4 was prepared according to a reported pro-
cedure.'*d Compound 1a (40.5mg, 0.3mmol), 4 (17.2mg,
0.03 mmol), AgNO, (92.3mg, 0.6 mmol), K,S,O5 (162.0 mg,
0.6 mmol), phenanthrene (21.4 mg, 0.12 mmol, internal standard),
and anhydrous DCE (3.0 mL) were sequentially added to a 25-mL
Schlenk flask. The flask was then sealed and the mixture was
stirred at 110 °C for 48 h. Upon completion, the resulting mixture
was diluted with CH,Cl, (10 mL) and filtered through Celite. A
sample was taken for GC analysis, which showed a 69% yield of
2a.

Intramolecular and Intermolecular Competition Experiments: Com-
pound 1a-d; (>99 % deuterium-enrichment) and 1a-ds (>99 % deu-
terium-enrichment) were prepared by condensation of the corre-
sponding deuterated benzaldehydes with MeONH,-HCI as de-
scribed in the above procedure. Procedure used for the intramolecu-
lar competition experiment on la-d;: To a 25-mL Schlenk flask
were sequentially added 1a-d; (40.8 mg, 0.3 mmol), Pd(OCOCF3),
(10.0 mg, 0.03 mmol), AgNO, (92.4mg, 0.6 mmol), K,S,O4
(162.0 mg, 0.6 mmol), and anhydrous DCE (3.0 mL). The flask was
sealed and the mixture was heated to 110 °C for 30 h. The resulting
mixture was diluted with CH,Cl, (10 mL) and filtered through Ce-
lite. After evaporation of the solvent under vacuum, the residue was
purified by column chromatography on silica gel (100-200 mesh;
petroleum ether/EtOAc, 4:1 v/v). A mixture of 1la-d; and la in a
molar ratio of 7:3 (based on '"H NMR spectral analysis) was iso-
lated. Based on the integrations related to different hydrogen reso-
nances, the kinetic isotope effect was calculated to be kylkp =
2.3%+0.2.

Procedure used for the intermolecular competition experiment on
la and la-ds: The procedure was the same as described for the
intramolecular competition experiment except that the starting ma-
terials were 1a (0.15 mmol) and 1a-ds (0.15 mmol). The intermo-
lecular kinetic isotope effect was calculated to be ky/kp = 4.0 0.2
based on 'H NMR spectral analyses.

Effect of Radical Scavenger TEMPO on the Nitration: Compound
la (40.5mg, 0.3 mmol), Pd(OCOCFj3), (10.0 mg, 0.03 mmol),
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TEMPO (0.15 mmol or 0.6 mmol), and anhydrous DCE (3.0 mL)
were sequentially added to a 25-mL Schlenk flask. The flask was
then sealed and the mixture was stirred at 110 °C for 48 h. Upon
completion, the resulting mixture was analyzed by GC (trace of 2a,
TEMPO 0.5 equiv.; 0% of 2a, TEMPO 2 equiv.).

Supporting Information (see footnote on the first page of this arti-
cle): Charts for mechanistic studies as well as copies of 'H and '3C
NMR spectra of the products.
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Regiospecific Nitration

An efficient and general method for the re-
giospecific synthesis of substituted 2-nitro-
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benzaldehydes from related benzaldehydes = Y v 5

has been developed. The approach involves L @\)l., Regiospecific 4_> Regiospecific Synthesis of Substituted 2-
palladium-catalyzed chelation-assisted C— N $ o, Nitrobenzaldehydes from Benzaldehydes
H nitration as the key step, and enables re- L-pi A through Palladium-Catalyzed Chelation-

giospecific nitration of C-H bonds free
from the effect of orientation rules.
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