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Abstract This graphical review provides a concise overview of the main organic chemical reactions reported in scientific works
that used sodium nitrite as a nitrating/nitrosating agent capable of acting on various reactive substrates for the functionalization

and synthesis of a wide variety of useful organic molecules.
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Sodium nitrite (NaNO3) is a hygroscopic and crystalline inorganic salt that slowly oxidizes in air. It is
highly soluble in water and slightly soluble in ethyl ether, methanol, and ethanol. Industrially, it is the
most important salt produced from nitrous acid. It is obtained on a large scale by the reaction between
a mixture of nitrogen oxides and an alkaline solution of sodium hydroxide or carbonate.la® Sodium
nitrite finds extensive use in the chemical and pharmaceutical industries for the production of nitroso
and isonitroso compounds, diazotization reactions (especially for dyes), and the synthesis of
pharmaceutical products (e.g., caffeine) and agricultural pesticides (e.g., pyramin). In the food industry,
it acts as a preservative added to cured meat products due to its ability to enhance flavor, prevent
discoloration, and protect against the growth and toxin formation by C. botulinum.!k The applications
of sodium nitrite in organic synthesis are widely studied. NaNO, in mixture with mineral or organic
acids, results in the formation of unstable nitrous acid (HNOz2), a reactive species readily available in
several reactions. Polyatomic species generated in situ, such as nitrosonium (NO*) and nitronium (NO2*)
ions, are capable of acting on several organic substrates.!! A prominent example is the reaction with
primary aromatic amines, forming aryl diazonium salts, widely used in modern organic synthesis. This

reaction is represented by classic synthetic routes such as those of Sandmeyer,!es Gomberg-Bachmann,
Balz-Schiemann, as well as more robust methodologies developed by Heck-Matsuda.!mn The objective
of this review was to present methodologies that use sodium nitrite in different types of substrates for
the synthesis of organic molecules, without involving the formation of aryl diazonium salt intermediates.
NaNOg, as a source of nitrite ions, has been used in various reactive sites as a nitrating and nitrosating
agent. This includes reactions such as direct nitration of arenes,?-aw nitrosation of secondary amines,32p
synthesis of nitrileséah and oximes,’an functionalization and formation of heterocycles,82? as well as
catalytic reactions involving cleavage and formation of C-C bonds.%10 Additionally, it plays a role in
oxidation and halogenation reactions, acting as a catalyst or co-catalyst in the synthesis of organic
compounds, specifically carbonyl and halogenated aromatic compounds.+511 This work explores
pioneering studies and contemporary synthetic methodologies encompassing a variety of synthesized
molecules, reaction yields, mechanistic aspects of reactions, and future prospects. All figures are
presented in color, highlighting the main reagents, and providing a logical and concise sequence of the
key studies discussed.
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Main industrial routes for the production
of sodium nitrite:

2NO, + 2NaOH —NaNO; + NaNO, + H,0
NO + NO, + 2NaOH — 2NaNO, + H,0
2NO, + Na,COz —» NaNO; + NaNO, + CO,
NO + NO, + Na,CO; —» 2NaNO, + CO,

Notable applications

Sodium Nitrite (NaNO,)
CAS No. [7632-00-0]

Physicochemical Properties:
« Molecular weight: 69.00 g.mol".

o Melting point/range: 271 °C - lit. ( 3
 Boiling point: 320 °C (1013 hPa). | ,’
o Density: 2,168 g.cm™ (20 °C).
o AH'=-358 + 2 kJ.mol .

« White crystalline solid.

* Hygroscopic and oxidizes slowly in air.

« Highly soluble in water and soluble in

dimethyl sulfoxide and dimethylformamide.

« Slightly soluble in ethyl ether, methanol, and ethanol.

1

Nitrite ion

¢ Food chemical industry

Review article: (1h) Bryan, Meat Sci. 2012, 92,
274. (1i) Stoica, Food Bioproc. Tech. 2022, 15,
514.

e Dye industry

CQL O
OﬁOH

C.I Plgment Red 49
(1j) Belai, Dyes and Pigments. 2012, 95, 304.
e Medicinal chemistry

o}
N
o\_/N’Nv@\NO

Furazolidone
(1k) Shuai, CN Patent 108069953, 2018.

2

Organic or mineral acids:

NaNO,, H
NaNO, + H* — HNO,
HNO, + H* —> NO* + H,0
2HNO, —NO* + NO,* + H,0

NO

Polyatomic ions generated in situ.

Organic synthesis

{ Nitrizing and nitrosating agent ]

Diazotization

Chemistry. 2000, 24, 165.

2000, 2, 1325.

oSodium QNitrogen OOxygen

Seminal study: NaNO,-promoted diazotization reaction.

NaNO, (1 equiv) Neo o
NHz 1,0 (10 equiv) N Cl
© diluted HCI CuCl, (10% Sol.)
_—— _—
cooled Reflux.

(1e) Griefs, Justus Liebigs Ann. Chem. 1858, 106, 123.
(1f) Sandmeyer, Ber. Dtsch. Chem. Ges. 1884, 17, 1633.
(1g) Sandmeyer, Ber. Dtsch.Chem. Ges. 1884, 17, 2650.

(NaNO,, HX, H,0)
Organic synthesis NH, ——m8M8M8 ™
P p A

(1a) Budavari, The Merk Index; An Encyclopedia of Chemicals, Drugs, and
Biologicals. 1989, 11, 8603. (1b) Laue, Ullmann's Encyclopedia of Industrial

Crystal system: Orthorhombic.

Axial ratio a:b:c = 0.6399:1:0.9670

(1c) Ziegler, Phys. Rev. 1931, 38, 1040.
(1d) Moore, Phys. Chem. Chem. Phys.

Cl

2%

R<,©>—N%)N x°

Aryl diazonium salt

0

+e, SET

(0

SNAr

M

(

TMS catalysis

33 34 35
As Se Br

Funcional group transformations
(C-Y bond formation)

0

Arylation reagents in organic
synthesis

I Further reading: Review articles. (11) Batra, Eur. J. Org. Chem. 2019, 38, 6424. (1m) Mo, Chem. Rev. 2021, 121, 5741. (1n) Patel, Chem. Select. 2021, 6, 1337.
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o,
(SEAT, SyAT. ON 20\31 R'" ~R?
Ipso-nitration) ~--’

Direct nitration C—H Nitrosation of

NO, NaNO,

NaNO,-mediated

e

— R1 RZ
R? = Ar, Alkyl OH NaNO, o
Cat.
H@ o R1J\R2 ﬂ» R1JJ\R2
L—> R" “OH
R?=H

Catalytic oxidation reaction

Nitrile ( R = Ar, alkyl).

l l l
D

\

\ R1/O O\OH R/~N

NaNO,-mediated

’R/,,O 00 "-‘O

NaNO,-mediated

l

e @

NaNO, catalyzed

l l

S @

= 17 35 53

x= OH orO o e %
NaNO, catalyzed NaNO, catalyzed

(arenes, alkyl). secondary amines. Nef transformation. (aldehydes or ketones).  Nitrogen source nitrite ion.  oximes synthesis. heterocycle formation. = C—C bond formation. C-C bond cleavage. halogenation reaction.
Figure (2-6). Figure 7. Figure 8. Figure (9, 10). Figure 11. Figure 12. Figure (13, 14). Figure 15. Figure 16. Figure 17.
Figure 1: Use of NaNO; in organic synthesis.a
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NaNO,-Mediated (C—H) Direct Nitration. Notable Features:
e In situ generated nitrating species.

Multicomponent protocol to synthesize substituted (2-nitrophenyl)methanol.
NaNO, (4.0 equiv)

Nucleophilic nitration of arynes by NaNO, and H,0.
NaNO, (2.0 equiv)

o

o Nitration via electrophilic and nucleophilic substitution reactions. CsF (4.0 equiv) KF (5.0 equiv) O O
o Practical access to nitro compounds under mild reaction conditions. (i[OTf H,0 (0.25 equiv) ©/N02 Ar/R/CHZOH OTf  18-crow-6 (0.25 equiv) NO, [ 18-Crow-6 j
——— . . R > Ry- N > 0 0
Direct nitration mediated NaNO,/hydroperoxides/KHSO,. = TMS  CHsCN, tt, 4-12h = ™S THF, 0°C, 2-12 h Ar/R K/O\)
NaNO, (1.2 equiv) « Mild reaction conditions. e Free from transition metal catalysts. ¢ Synthesis of pharmaceutically important molecules. OH

X KHSO, (0.1 equiv) X

H,0, or TBHP (0.1 equiv '
Rl N 20, (0.1 equiv) Rh E
\;\’H Lo :

Selected examples

MeO. NO, NO, FD/NOZ
‘\ C .e i

CH5CN, 60 °C, 4-7 h NO,

sierclicePlivese
OH OH OH

Selected examples

NO o OH oH Ol 60%, 12 h 63%, 12 h N.D, 12 h 58%, 12 h N.D, 12 h 35%,2h
2 EDG (moderate yield) halo-products could EWG (good yield) Electron-poor substrates
OH NO, NO, cl Me not be purified
OO (21) Mhaske, Org. Lett. 2016, 18, 3010. P
NH, NO, NO, E Enantiocomplementary synthesis of p-adrenergic blocker precursors via biocatalytic nitration of phenyl glycidyl! ethers.
75%, 5 h? 75%, 7 h? 70%, 5 h 75%, 6 h 70%, 5 h : OH o]
(2a) Kamatala, Chemical Data Collections. 2019, 21, 1.  TBHP (0.1 equiv). : g” Hamb mutant R OANO . 7 o\/ﬂ
: O NaNO, (0.5 equiv) o N
! ; Wi R)-2 S)-1
ROH + 50,7 : O~ 5 or 10g cdwil E. coli (HHDHamb) | R-enantioselectivity Ry ©®
o) ! R{)/ OH 0
ROOH + HSO,” + NO, HNO, ; 7 PB buffer (100 mM, pH6.5) | HHDHamb mutant OO, O
(R=H for H,0, and t-Bu for TBHP) Fast g (rac)-1 10 °C, 2-28 h R@/ + R--
X HSO, S-enantioselectivity A ()2 (R}
TN H,0 + S0, AN R N N 3 i : b
X @ R—.\/\/ v 0 Selected products 2a-c via biocatalytic nitration. ] HHDHamb Substrate Product Time (h) ee1(%)? ee2(%)?® Yield 2 (%)
H z H i
X H . OH OH i RM8 1a R-(2a) 2 97 >99 41
rRIL N/ @ O ]
e NO, o o\)\/Noz o\)\/Noz : SM7 1a S-(2a) 21 85 95 42
NOz  Slow  Nitronium fon D ©/ * /©/ ' : RM8 1b R-(2b) 8 96 >99 39
_.. Hydroperoxides triggered mechanism of nitration of arorigllg compounds. _ : | e 5 SMm7 | 5-(2b) 20 88 o1 42
Further reading: NaNO,-mediated synthesis of substituted nitrophenols. Notable . 2a g0 h RM8 1c R-(2c) 5 >99 99 40
feature: Distinct methodologies for direct nitration of aromatic compounds. 5 OH E SM7 1c S-(2¢) 28 91 96 41
2b) Zolfigol, Molecules. 2002, 7, 734. . O\A\/NOZ ] - - B - -
2¢) Zolfigol, Mendeleev Commun. 2006, 16, 41. . 5 E (2m) Liu, Bioorg. Chem. 2023, 138, 106640. @ The ee values were determined by chiral
v MeO ' HPLC. ? Isolated yields were obtained by flash chromatography.

2e) Rajanna, Int. J. Chem. Kinet. 2017, 49, 209.
2f) Rajanna, Res. Chem. Intermed. 2018, 44, 6023.
Outher further reading:

(
(
(2d) Jereb, Current Org. Chem. 2013, 17, 1694.
(
(

2c

Additional scope: Synthesis of f-adrenergic blocker metoprolol.

s
Q \

HHDH
Ay o

> )\/ONo

O-attack hydrolysts

)\/OH (Vicinal diol)

OH : ,
(29) Sy\'/ret, J Org. Chem. 2002, 67, 4487. 1. Hp, Pd/C O\)\/: Epoxides N-attack : OH Acidimicrobiia bacterium .
(Z,h) Rajanna, Synth. Commun. 2018, 48, 59. 2. Me,CO P 'R NO,  (N-selective attack)(B-nitroalcohols)
(2i) Terent'ev, Chem. Eur. J. 2019, 25, 5922. 3. HCI, Et,0 “Hal £ !
(2j) Jia, Org. Lett. 2019, 21, 5030. S-(2c) ——— > MeO NaNO,-mediated ring-opening reaction catalyzed by halohydrin dehalogenase (HHDH).
(

2k) Ranjan, J. Am. Chem. Soc. 2023, 145, 2745.

Figure 2: Direct nitration (C—H) promoted by NaNO. (Part 1)

(S)-metoprolol, 70% Yield, 99% ee.

Further reading: (2n) Gao, Enzyme Microb. Technol. 2015, 34, 73.
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One-pot C—H functionalization of arenes by diaryliodonium salts.

&,

(Recoverable)

XG)
H mCPBA, HX SN I@ 2 NaNO, (1.1 equiv)
Rl ) ———=§ —————R
Z Ar?l, rt Z EtOAc, 70 °C, 16 h

Selected examples O\@)

NO, NO, N 1,2
oTf Y2 #'u
Ox | Ph (l/ Ph /*’e/
Ph”" “Ph 03’ y/
94% 55%¢ NN BB ZEN
Ar! = A2 A2 = Ph a2 (,0 2’) ........
x = OTf x =BF, Ph/(/ Ph [1.2]or [2, 3]

N

NO,

+ Ar?|

G)
N@ N-arylated
observed.

O-arylated

] not observed.
Ph

(20) Olofsson, Angew. Chem. Int. Ed. 2016, 128, 9074. @ NaOTf (1.0 equiv) was added.

Hypervalent iodine promoted ortho-nitration.

AcO_,_OAc
! NaNO, (1.5 equiv)
N Pd(OAc), (0.1 equiv) N
 + > '
X CH4CN, air, 80 °C, 3 h :\< X’
H 1.5 equiv NO,

Selected examples
H

O,
95% 86%

(2p) Das, Org. Biomol. Chem. 2020, 18, 941. ° Reaction time of 9 h.

H AcOH H 0
N N ®NL OG)
o oo e
N L S
9
Pd(OAc AcO” ¥’
" oA
Ph NaOAc QAc o I
N |
O/\OAc +NaNo2_A,O “Np _A,G)
N @
©: />_© Reductive elimination
i -

93% OyN
Further reading: (2q) Mo, Synth Commun. 2016, 46, 963.

Figure 3: Direct nitration (C—H) promoted by NaNO. (Part 2)2o-x

78%°

NS - NO, M
©:/>_S\J ©:/ cl ©/\N/\ s
N N _N

N

Direct oxidative nitration of aromatic sulfonamides.

NaNO, (2.0 equiv)

o SN NHTs Oxone (0.76 equiv) < K\INHTS N NHTs
T T R4
Z CH3NO,, 50 °C, 5 h Z>No, 0N NF
Selected examples
NHTs NHTs NHTs NHTs N NHTS
: : : : > t ‘
98% (96%)? 97% (86%)? 63% (78%)? 50% (42%)P N.R, N-tosyl aniline tertiary.
NHTs /©/NHTS C[NHTS /@NHTS =l :NHTs =l: NHTs
N02 O,N O,N
62% (44%)° 29% (38%)P 80% (60%)° 17% (12%)° N.R, nitro groups in the o,p-aromatic positions.

(2r) Liang, Chem. Commun. 2014, 50, 9936. @ In DCM at room temperature, 30 h. bin CH5;CN at 50 °C, 5 h.

NHTs NHTs NHTs NHTs
S /@
aryl sulfonamlde o- resonance NOZ attacks carbocation OzN H
oxidized Ortho-nitration p-resonance Para-nitration

Further reading: Mild hypervalent iodine mediated oxidative nitration of N-aryl sulfonamides. (2s) Nachtsheim, Chem. Commun. 2014, 50, 10485.

Nitration of aromatic compounds via Trichloroisocyanuric Acid/DMF/NaNO,.

Selected examples - Yield %, Time (h)

R NaNO, (1.5 equiv) R’
TCICA/DMF (1.0 equiv) PN o
Ino o N—< )—NH;  O,N N— >— o N—< >—NH
CH,Cly, reflux, 7.5-10 h ~- 2 2 g z ):o Q_/
(2t) Rajanna, Synth. Commun. 2015, 45, 2251. 70, (8.0) 72, (7.5) 55, (8.5) O,N 64, (10)

S)
NMe,CHCI NMe,CH,CI

SN 7 éNoz
© NMeZCHCI

Further reading: TCICA/NaNO,-triggered nitration of aromatic compounds: (2u) Zolfigol, Synlett. 2003, 2, 191. (2v) Rajanna, Int. J. Chem.Kinet.
2019, 51, 445. (2w) Rajanna, SN Appl. Sci. 2019, 1, 1004. (2x) Kamatala, Int. J. Chem. Kinet. 2021, 53, 164.
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NaNO,-mediad synthesis of monoarylamides from protected arylamines. N Py N Py N Py Cu"-mediated ortho-C—H nitration using amideoxazoline.
. z ~
O : 0 ..

Q N/H NaNO, (2.0 equiv) ) NaNO, (3.0 equiv)
Na,S,04 (2.0 equw) NO Unfavorable Favorable Cu(OAc), (2.0 equiv)
@ @ C ’ NO N7 o

CH,Cl,, rt, 1 h S,04% DMSO, air, 50-70 °C, 1.5-12 h

¥

Selected examples H H H Selected examples

N Py N.__Py
Me O F O
o oY oY Y
N NO; O,N NO,
Q Q Not detected Exclusive product NOz N 70 Cl NOg N 4
70% Me 48% Me 76% NO. h . Proposedfreeradlc_a_l_r_r:_e_c_i::jr_pfs_r_n_ __________________ R 92%, 12 h Ortho-C—H nitration 93%, 4 h

0 H Deporotection reaction ! NO
N NH, : 2
7z¥ _ O NaOH (6 equiv) 5
: - O
Q “ N\ Q : NO, N0 NO, N
42% Me 58% R TR . N.D 92%, 1.5 h?
(2y) Shao, Tetrahedron. 2019, 75, 1157. Further reading: (2aa) Tan, Adv. Synth. Catal. 2015, 357, 732. (2ab) Zhang, RSC (22) Sun, Eur. J. Org. Chem. 2019, 2019, 3005. @ Product from 2,4-dichloro substrate.

C,Hs0H, 90 °C, 8 h
Adv. 2016, 6, 89979. (2ac) Kianmehr, Eur. J. Org. Chem. 2018, 2018, 6447.

Scope increase: Synthesis of pyrroles via

Meo-P-N  NO,

NaNO,-mediated nucleophilic nitration of 3-cyclopropylideneprop-2-en-1-ones.

) NO, O NO, O | 2 reductive conversion of dinitro intermediates.
AcOH (3 equiv) NO, I:?Z R NOS) 2 H@ 2 NOS) @5 H H@
H R! — 7 e R ——— > 7S R — » O,N o 5 : °
CHS4CN, rt />/'_R e R2 \o, L ACO Ph  Nu=AcO
NO, O o] L J 2 \_/ -~

R? NaNO, (3 equiv)

_ - E Ph 66%
'>—R1 NO, B2 NO, R2 NO, R2 © NO, R? !
Rt NaOAc 1 -NO, M E

o) i ! i
AcOH (3 equiv) NO, R? E—— © ROe— \J\ Rl —— 7 R N__Ph Nu = H@
—_— R NO, O NO, O <:No2 OD o} H \_/ -—
DMSO, rt © 4%
o B Ph

Proposed mechanism.

Selected examples Rationale for the stereoselectivity based on conformation analysis. NO, Ph Reductive metal (Fe)

R iR
NO, Ph NO, Ph H o Mph
B o) O AcOH, 55-65 °C
Ph — _ . COH,
M oN =< = NO, O

NO, O 0 R2 R ; l[H]
43% NO, Ph  Me 86% R = Me, 69% (E/Z = 95/5) R R2 ® =NO, ; NuH/\'
2 R = MeO, 50% (E/Z = 96/4) __ . : NH. Ph
Me R = Ph, 70% (E/Z = 92/8) od H = ' 2 Ph -H,0 Ny—Ph -HNO, Nb Ph
NO, O 55% R = Br, 79% (E/Z = 95/5) : 7= i : —_— —
! NO, H -

(2ad) Miao, J. Org. Chem. 2017, 82, 12224.

Figure 4: Direct nitration (C—H) promoted by NaNO.. (Part 3)2/-20d
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Seminal Study: NaNO,-mediated potassium styryltrifluoroborates nitration via cross-coupling reaction.

NaNO, (4.0 equiv)

K,S,0g-mediated nitration of alkenes with NaNO, and TEMPO: Stereoselective synthesis of (E)-nitroalkenes.
NaNO, (1.5 equiv)

Selected examples

(2ah) Zhao, Tetrahedron Lett. 2016, 57, 80.

PdCl,(d'bpf) (0.03 equiv) Selected scope E R K,S,04 (2.0 equi.v) R1
NaHPO,4.H,0 (4.0 equiv) 0 H TEMPO (1.2 equiv) S _UNO x_NO,
. cl LRI > R? 2 N0 A NO,
= o = . 3 3 CizHas Ph
BF3K Toluene, MW, 120 °C, 0.5 h NO, 92% _ h R CICH,CH,CI, 100 °C, 24 h R
NO, : o 48% 57% 85%
Transmetallation Reductive elimination 94% : NO, [©]
MeO. 5 S,0g% 1 /\ NO NO
NaNO, ¢ R R TEMPO TEMPOH 1 Ph 2 Ph 2
— ] _— ,NOZ 2 ' sz\/ . 2 R2 g R3 : : R2 2
PdL, Transmetallation Pd L 85% | R3 w H R3 54%  78%, (E/Z=8:1) 62%, (E/Z=6:1)

(2ae) Saito, Tetrahedron Lett. 2005, 46, 4715. (2af) Al-Masum, Tetrahedron Lett. 2013, 54, 1141. Proposed mechanism of nitration method.

mixture was heated at reflux for 1 h. ? The (E/Z) ratios were determined from by 'H NMR analysis.

Oxone/Ki-mediated nitration of alkenes and alkynes: synthesis of nitro- and S-lodonitro substituted alkenes. NO, NaNO, (4 equiv) N x._H NaNO, (4 equiv) N CN
H NaNO, (4.0 equiv) S _NO : [Bmin]]CI F TBAA F
R N -~ . > R 2 H 80°C,1h 100°C,1h
) Oxone (2.4 equiv) ) '
@) R KI (1.0 equiv) () R Selected examples Selected examples
NaNO, (4.0 " CH,Cly/H,0 (2:1 viv) | . R-nitroalkene (Yield %)(IL = [Bmim]ClI) Nitrile (Yield %)(IL = TBAA)
a .0 equiv 1 .
R—=—R' = 2 1.2 L L RR ; NO, N0, CN
' NO
®) (6) NO, : ©/\/ /©/\/ "CeHyy” 2 ©/ /©/ 1CgH43—C=N
Substrate R R’ R? Product Yield (%) (E/z)° : 80% 81% traces 95% 80% traces
3a 4-BrCeH, H H 4a 88 - ! (2ai) Nacci, Eur. J. Org. Chem. 2020, 2020, 6012. _OH
3b@ 3-CICgH, H H 4b 87 - : L NO N
3¢ CeHs H H 4c 75 ; : NaNO, ﬁ X TBAA NO, NO,
' ————— >
3d? 4-(CICH,)CgH, H H 4d 73 - E [N,O3] [in cage re- -~
5a CeHs H - 6a 62 5.6:1 : aws combinnation] Oxime | NaNO,
5b CeHs Me - 6b 53 4.7:1 : ¢ :NO
0 H NO.
5¢ 4-BrCgH, H - 6c 63 6.7:1 : ©/\V NO, NO, ©/\/ 2
5d 4-MeCgH, H - 6d 70 4.8:1 5 _NO
(2ag) Kuhakarn, Eur. J. Org. Chem. 2014, 2014, 7433. 2 After 1.5 h, aqueous NaOH (10 M, 1 mL) was added, and the | solvent cage -H ©/\/Noz
i  ——
® o : [Bmim]ClI .
| - HI |
R R/\/NOZ — R)\/NOZ —_— R/\/NOZ ' [faster .OUt ?f Nitrile
i cage diffusion]
Oxone @ ] product
NaNO, — = NO, :
. Plausible mechanism of nitration of styrenes in ionic liquids. Beckmann rearrangement
R/\ RTN E Futher Reading: NaNO,-mediated direct nitration of alkenes and alkynes. (2aj) Bonetti, J. Org. Chem. 1967, 33, 237.
NO, NO, ! (2ak) Hwu, J. Chem. Soc., Chem. Commun. 1994, 10, 1425. (2al) Hwu, Organometallics. 1996, 15, 499. (2am) Buevich,

Proposed ionic nitration of alkenes and alkynes. Tetrahedron Lett. 2008, 49, 2132. (2an) Motornov, J. Org. Chem. 2017, 82, 5274.

Figure 5: Direct nitration (C—H) promoted by NaNO.. (Part 4)2ee-an
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NaNO,-Mediated Ipso-Nitration of Boronic Acids, Aryl Halides, Aryl Triflates and Nonaflates.
Notable Features:

e Chemo and homoselective ipso-nitration reaction.

¢ Broad range of synthetized compounds.

« Mild conditions reactions.

Preparation of nitro aromatic compounds via ipso-nitration reaction of

aryl chlorides, triflates and nonaflates.

OMe
NaNO, (2.0 equiv) O
Pd,(dba); (0.005 equiv) MeO P(t-Bu),
ligand-t-BuBrettPhos (0.012 equiv) i-Pr. LPr
X TDA ( 0.050 equiv) NO
F t-BuOH, 130 °C, 24 h F
i-Pr Ligand
X = ClI, OTf, ONf L

Selected examples

O,N
770/a b 71%3 b 74% 99%?2 27 gg%?
o oo Non
94% 87% 94% 76%> OMe 85%
x = OTf x = OTf x = ONf x = OTf x = ONf

(2a0) Buchwald, J. Am. Chem. Soc. 2009, 131, 12898.2 X = Aryl halide. Pd,(dba); (0.025 equiv),

ligand (0.06 equiv).

Ipso-nitrosation/nitration of aryl boronic acids using NaNO, and TMSCI.

s

B(OH), NaNO, (2.2 equiv)

TMSCI (2.2 equiv)

CH,Cl,, Open air, rt, 12 h

(2ap) Prakash, Tetrahedron Lett. 2014, 55, 1975. 59% 41%
_N f\v T™MS —
TMSCI L TMS, NGRS % Ph—NO
+ O' B —_— ‘) | OH R —— +
NaNO, - NaCI o=\ HO™ " ~OH Ph/e TMSOB(OH),

Proposed mechanism of ipso-nitrosation.

Futher Reading: (2au) Feldman, J. Am. Chem. Soc. 1979, 101, 4768. (2av) Fu, Chem. Eur. J. 2011,

17, 5652. (2aw) Bora, Appl. Organomet. Chem. 2019, 33, 4951.

Figure 6: Direct Ipso-nitration (C—H) promoted by NaNO. (Part 5)2a0-aw

NaNO, (3.0 equiv)
B(OH)2 PhI(OCOCF3,), (3.0 equiv)

NBS (2.1 equiv)

(2aq) Goswami, Org. Biomol. Chem. 2015, 13, 4828.

CH4CN, 1t, 3 h

88%

Selective nitration using MOFs/NaNO,.

NaNO, (3.0 equiv)

Ny -COOH
i
R O/V MIL-101(Cr)-N(PC)-PdCl, (5.0 mg)

TBAOH (0.2 equiv)

n-BuOH, reflux. 8-17 h

X = Halogens, COCI, B(OH),, OTf

NO,
AT

Selected examples

NO,
O§/©/

75%, 8.5 h Me 72%, 10 h
/(IN/OZ O,N NO
0 Ol
eO Z
86%, 10 h 83%,8.5h

82%, 16 h

/@/\/Noz
e0

75%, 15 h

(2ar) Sepehrmansourie, Molecular Catalysis. 2022, 531, 112639.

-Co
For X = COCI
Oxidative additio%

X Pd (0)

+ N--- 7
Pa~gl
Pd (0) N
J N
Reductive
elimination

2
<\ /?
4
L
P
_|_
<\ /?
O _

R

<\ /?
T
><Q.

NaNO,
Transmetalation

Nax

Plausible mechanism.

Photocatalytic ipso-nitration.

NaNO, (0.01 M)
: :OH
R Br

g-C3Ng4 (20 mg)
10 mg

CH3CN
300 W Xenon Lamp, 3 h

Selected examples

L,
O L,

94% 97%
jod J@EOH
Me NO, cl NO,
20% 87%

(2as) Liang, Sustain. Chem. Pharm. 2023, 33, 101077.

(o} H S A\
~ N N 1
\s H 0o
BTMO
Ligand for Cu-catalyzed ipso-nitration.

NaNO, (1.50 equiv)
K3POy4 (1.50 equiv)
Cul (0.05 equiv)
BTMO (0.05 equiv)

HetAr—Br > HetAr—NO,

DMSO, 100-120 °C, 24 h

Selected examples

84% 72%
O NO, NO,
10O 1Y

N

/
R R
R =Me, 97% R = Me, 60%
R = Ph, 92% R = Ph, 88%

(2at) Ma, J. Org. Chem. 2024, 89, 6626.
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Nitrosamines. Notables Features:
o NaNO,-mediated nit(%)sation of secondary amines.

o Nitrosonium ions NO generated in situ.

Seminal study: Sodium nitrite-mediated synthesis of N-nitrosamines.

¢ o
©/N\Me NaNO, (1 equiv) - ©/N\Me
conc. HCI (400 g), H,O
10°C,1.2h 87-93%

(3a) Hartman, Org. Synth.1933,13, 8.
Seminal study: Sodium nitrite-mediated nitrosative dealkylation of tertiary

terpenylethanolamines. Me
Z

N7 ONT N NaNO, (10 equiv) |
| HOH | ACOH/H,0 60% (viv)
60 °C, 3-4 h N

N
AN
OH

(3b) Abidi, J. Org. Chem. 1986, 51, 2687. 89%
Further reading: NaNO,-mediated Abidi transformation (Review article).
(3c) Zard, Chem. Commun. 2002, 15, 1555.

o

(\0/\ NaNO, (2.0 equiv)
[o oj Nafion-H (0.2g) [o o]
o) o) Wet SiO, (o) o)
CH,Cl,, rt, 0.5 h
K/Ed ' K/EJ
So

(3d) Zolfigol, Tetrahedron Lett. 2003, 44, 3345. 70%
. Os
'T' p-TSA (1.05 equiv) '}l
N] NaNO, (1.05 equiv) N]
[o CH,Cly, rt [o
(3e) Borikar, Synth. Commun. 2010, 40, 654. 97%

Futher Reading:

(31) Smith, J. Am. Chem. Soc. 1967, 89, 1147.
(3m) Hecht, J. Org. Chem. 1978, 43, 72.

(3n) Nakajima, Tetrahedron Lett. 1984, 25, 2619.
(30) Giumanini, Tetrahedron. 1990, 46, 4303.
(3p) Chehardoli, J. Chem. Sci. 2009, 121, 441.

Figure 7: NaNO,-mediated nitrosation of secondary amines.32?

X
B

o N TC
I Me
Mukaiyama
H
[ reagent
N Os
R' "R N
Y NaNO, (1.5 equiv) Ne,
I? Mukaiyama reagent (2.0 equiv) R R
NC_, -
R R
Wet SiO, 50% (w/w) ArNg
ArNHNH, n-Hexane, 0.25-4 h
Selected examples
N3
O
|
D o
N\\o Product from tertiary amine. NO,
75%, 4 h 82%, 0.7 h 90%, 3.5 h
(3f) Azadi, Tetrahedron Lett. 2015, 56, 5613.
Oxone (1.50 equiv)
']‘ NaNO, (1.15 equiv) O\\,}‘
N< T NS
R""R?  MeOH, 0-5°C, 3-6 h R' R?
Selected examples
0N
\
D
i, O L
N
So NO,
83%,4 h 81%, 6 h
(3g) Banerjee, Synth. Commun. 2019, 49, 2270.
Na'>NO, (3 equiv)
@ NaHSO, (3 equiv) | X
13 y— 13
N r\IJ’CD3 CH,Cly, 1t, 16 h N N’CD3
H

15N o
49% 0
Isotopically labelled precursor. NMAP

(3h) Derdau, Labelled. Comp. Radiopharm. 2023, 66, 41.

Gr(+)

Seminal study: Electrochemical flow method mediated by sodium nitrite.

'_I
Gr(+) Pt(-)

o NaNO, (20 equiv) Ne
CH,CN/H,0 (95:5 Viv) o
undivided cell, 10 mA, rt, 7 h 96%

(3i) Masui, Chem. Pharm. Bull. 1988, 36, 459.

H
R’ N‘R2 @

O\\r\ll
> N
1N R2
Gr(+)Ni(-) R R
NaNO, CH3CN/H,0 (1:1 viv)
(5 equiv) undivided flow cell

flow rate ( 0.05 mL.min™")
50mA, rt, 1.5-4 h

Selected examples

H
2
o N—N
SN
H

' 54%, 4 h

N R=H, 88%,1.5h
k/\N/\)
|

R =Me, 83%, 4 h
R Nog 49%.4h

R =Cl, 89%, 4 h
R = OMe, 99%, 4 h

(3j) Ali, Chem. Eur. J. 2023, 29, e202300957.

|

N

- oLk

|
N\\O N.D

I
* R ,R2| R! _R?

Proposed reaction

N N .
|l| 'l| mechanism.
€] AN <)
N,O, =— NONOe —> Jo N=O
204 3 N 2H,0
@/N:o
T °
€]
. 20H + H,
<2N(§2 Rl _R? R! R? R R2
-2e '}‘ | €] e S— ’\Il
€]
N ‘7 _N @ _N
' 2No(29 O g \HXO\’.\.‘/O o \H/O\ﬁ,o
€] | Il
NOg+H0 Oy o o}

Futher Reading: Review article using electrochemical methods.
(3k) Ali, Chemistry-Methods. 2024, 4. e20230005.

Ni(-)
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NaNO,-Mediated Nef Transformations.

Seminal study: Acid hydrolysis of primary and secondary nitroalkane salts into
aldehyde or ketone.

o
2=
R? = Alkyl R1JLR2

o}
R?2=H R1J]\

Nef reaction.

(4a) Nef, Justus Liebigs Ann. Chem. 1894, 280, 263.
Use of sodium nitrite in the nef reaction:

Seminal study: Synthesis of ketones and carboxylic acids from nitro compounds
mediated by NaNO,/alkyl nitrite.

N
O NaNO, (5 equiv) Q

n-propy! nitrite (2 equiv)

DMSO, rt, 5 h
88%
(4b) Kornblum, J. Am. Chem. Soc. 1956, 78, 1501. (4c) Kornblum, J. Org. Chem.
1973, 38, 1418.

Seminal study: Conversion of primary nitro compounds into carboxylic acids
in the presence of NaNO,/AcOH.

NaNO, (3 equiv)

©/\/N°z AcOH ( 10 equiv)

DMSO, 35°C,6 h

OH
Y

95%
(4d) Mioskowski, J. Org. Chem. 1997, 62, 234.

Figure 8: NaNO;-mediated Nef reaction.4-

NaNO, ( Kornblum hypothesis. )
l DMSO Alky Co
) ©_0o .0 e N N
K o 695 NO 0,05 No ® ‘ 5
8\1«0/7@2 O\N&'es o NOY oS N No N (%o g
H —_ = (0] @X _ = —_— —_— 1 —— > | R OR2
R R2 R'” R2 © R' R2 R'”R2 R "R2 RRe
- HNO, - AlkylO -N,O4 -N,0 Ketone
Secondary A ci-nitronate Pseudonitrole
nitroalkane (Mioskowski hypothesis. )
o)) O
®2 09 ®3 '
O\\N .0 O\\N 0 O\\N 0 INI ® , o jjl\
€]
. ® 0 OH — - 0 OH_;| JOH = — | R"OH
R/\NOZ - RAI}J’ - R)\N/ - R)\N’ 4 RAN’ -~ R /g RJ\I}IH - Carboxviic
xyli
Primary OH H OH acid
nitroalkane Nitronic acid Nitrolic acid Nitrile oxide  Oxime derivate ~ Hydroxamic acid
Oxidation of secondary nitro-compounds. Electrochemical oxidative cleavage of alkynes to carboxylic acids.
HO A .
NaNO, (1 equiv) e} Pt(+) Pt(-) )]\
Cl Me AcOH, DMSO, 35°C,15h (I © NaNO, (1.2 equiv)/AcOH (10.0 equiv)
82% CH3CN/H,0 (5:1 v/v), undivided cell, 5 mA, rt, 24-36 h

(4e) Ran, Tetrahedron. Lett. 2003, 44, 8061.

Effect of the sodium nitrite concentration on product distribution.

NaNO, (2 or 6 equiv)

O\)I\V(OE
0
CyH NO,

NaNO, (2 equiv): 40% (X = O) and 25% (X = NOH)

DMSO/H,0 (7:1 v/v)
60°C, 12 h

NaNO, (6 equiv): 71% (X = O) and 0% (X = NOH)

(4f) Patrocinio Pereira, Tetrahedron Lett. 2009, 50, 6389.
Access to ketones through Pd-catalyzed
cross-coupling of phenol derivatives with nitroalkanes.

1) Pd(OAc),, BrettPhos, K;PO,
OoN ' MTBE, 60 °C, N,, 24 h
+ <
M€  2) NaNO, (2 equiv), AcOH (2 equiv),
60 °C, air, 24 h

83%

(49) Yu, Eur. J. Org. Chem. 2022, 2022, €202200731.

Selected examples

O [0}

N OH

51%, 24 h

(0]
)J\”/Ph
Ph

53%, 12 ho O

OH
71%,36h  65%,30 h NZ
(4h) Huang, Org. Lett. 2023, 25, 293. b Product from internal alkyne.

| @ [
( NOZ Electrochemical oxidative reaction.

NO, + R—==
R/@V“"Z o

( R/\/Noz — )\/Noz —_ )j\/Noz +%
)5( JYOH HoNanNo, 2+®

R
Q Nef reaction
LS Dl RN NI §
R o @ R7OOH
Pt(+) Pt(-)

Further reading: Review article on new perspectives on the Nef reaction and NaNO,-
mediated methodologies. (4i) Petrini, Adv. Synth. Catal. 2015, 357, 2371.

Template for SynOpen

Thieme



SynOpen Graphical Review

NaNO,-Catalyzed Oxidation Reactions. Notables Features: ¢ Simple and efficient catalytic system. ¢ Bicyclic nitroxyl derivative catalysts. ¢ Nitroxyl radical regenerated in the presence of the NO,/NO redox couple and oxygen as terminal oxidant.

Oxidation reaction with TEMPO/catalyst-NaNO,/cocatalyst NaNO, (0.08 equiv)
and dioxygen as the terminal oxidant. 4-acetamido-TEMPO (0.04 equiv)

Oxiditation reaction with DDQ/catalyst-NaNO,/cocatalyst
and dioxygen as the terminal oxidant.

s OH FeCl; (0.05 equiv) s /O
[ ] D_/ CH,Cl,, O, balloon, 50 °C, 5 h D_/
’}‘ (5g) Liang, Adv. Synth. Catal. 2010, 352, 113. 85%
o Further reading: TEMPO/NaNO,-mediated oxidation reaction.
(5h) Liang, Chem. Commun. 2005, 5322.
TEMPO

(5i) Miao, Adv. Synth. Catal. 2009, 351, 2209.
(5j)) Lou, J. Chem. Res. 2013, 37, 409.
(5k) Zhang, J. Chem. Sci, 2020, 132. 122.

Catalytic oxidative dehydrogenation.
% yarog NaNO, (0.08 equiv)

OH TEMPO (0.01 equiv) o]
Br, (0.04 equiv)

NaNO, (0.05 equiv)

0 ————— 0
toluene,1.3 MPa O,, 120 °C, 8 h

Oxiditation reaction with 3-BocNH-ABNO/catalyst - NaNO,/cocatalyst.

BocHN
CH,CI,, 0.9 MPa air pressure, 80 °C, 4 h
3-BocNH-ABNO
(5a) Xu, Molecules. 2008, 13, 3236. 99% (5e) Liu, J. Am. Chem. Soc. 2004, 126, 4112. 89% N
-
o}
NaNO, (0.05-0.08 equiv)
OH NaNO; (0.10 equiv) 0 OH TEMPO (0.03-0.08 equiv) 0 OH NaNO, (0.08-0.10 equiv) 0
.01-0. i HCI (0.10-0.1 i . N ’ i
g2 DDQ (0.01 - 0.20 equiv) R R1JLR2 I N Cl (0.10-0.16 equiv) - R1JI\R2 R1J\R2 3-BooNH-ABNO (0.03-0.08 equiv) R1JLR2

CH,CI,/AcOH (5:0.5 v/v), O, balloon, rt, 2-30 h CH,Cl,, air, rt, 10-100 h AcOH, O, balloon, 25 °C, 0.7-4 h

Selected examples

o D O Lo

92%, 2 h 78%, 8 h 84%, 30 h 97%, 8 h
(5b) Wang, J. Org. Chem. 2012, 77, 790.

Selected examples

ROAENG AN N SN

96%, 10 h 95%, 10 h 96%, 17 h 92%, 12 h
(5f) Liang, Chem. Eur. J. 2008, 14, 2679.

Selected examples

O O o O

91%, 1h 84%, 0.8 h 91%,1h 91%,1.5h
(51) Zhao, Tetrahedron Lett. 2019, 60, 150994.

------------------------------------------------------------------ {Proposedcatalytic cycles for aerobic oxidation of alcohols into aldehydes andketones.]------------------------------------------------------------------

cl CN OH OH OH
1/20 .
2 R1J\R2 0,(air) NO (;‘3@ R1J\R2 1120, . 1J\R2
1l
cl CN >/ ocl g‘\o
NaNO + AcOH © ® O
APz A oH NO, TEMPO Cl NaNo2 + AcOH
BocHN
Cl CN o o) (@]
cl CN R1JLR2 H,O ™ NOCI R1JI\R2 R1JI\R2
N
OH “OH
Further reading: DDQ/NaNO,-mediated oxidation reaction. OH Further reading: ABNO/Keto-ABNO/NaNO,-mediated oxidation reactions.
(5¢) Moody, Org. Lett. 2014, 16, 5224. (5d) Tong, J. Mol. Catal. A Chem. 2014, 391, 1. HCI TEMPOH (5m) Stahl, ACS Catal. 2013, 3, 2612.

Figure 9: NaNO;-mediated oxidation reactions. (Part 1)5a™m
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| NaNO, catalyzed aerobic oxidative deoximation. OH
H ' NaNO, (0.05 equiv)
F ' HO\N NaNO, (0.1 equiv) o (o) TBAB (0.05 equiv)
N : g Amberlyst-15 (0.1 g) g : 82%, 16 h
0 ! R OR2 » R1"OR2 . AcOH, O, balloon, 70 °C, 2-16 h
5-F-AZADO : _ : OH OAc
TBSO TBSO, ! CH,Cly/H,0 (5:1 viv) :
HO NaNO, (0.1 equiv) o : O, balloon, rt, 6.5-13 h E
5-F-AZADO (0.01 equiv) . 1 (5aa) Sheykhan, RSC Adv. 2016, 6, 51347. 72%,4 h
O ) = 0 E Selected examples i o @ o @ @
Y S Y ! 1
R 5 AcOH, air balloon, rt, 2 h 0 5 ! E (1) NO, + 2AcOH _; NOC’:)HZO + 2ACO@ (2) NO + O, + H0 — NO; + H,0,
ﬁ/ E ©)L /©)‘\/ (:ib /©) 5 (3) NO, +2Br —> NO, + Br, Re-cycle into step (1).
97% 5 : /\: OAc
' ' H E2
(5n) lwabuchi, J. Am. Chem. Soc. 2011, 133, 6497. ! 85%, 9 h 52%, 6 h 92%, 1.5 h 40%, 13 h¥ 5 Ar/\a; BrT/Br a @H —_— Ar/§ | 9 —_— Ar/§o
Further reading: Mechanistic studies. . . a ) D ! g2 Ar oz - AcOH H  -AcOH
1 0 1
(50) Iwabuchi, J. Org. Chem. 2014, 79, 10256. : (5y) Ding, J. Org. Chem. 2011, 76, 4665. @ Incomplete conversion. i CBr B C
Chemoselective oxidation of a-hydroxy acids to ! ! | alcohols o :8/'\0 Bromine Source.
a-keto acids catalyzed by AZADO/NaNO, : . ] :0Ac )
5p) Shibuya, Org. Lett. 2016, 18, 4230. : Ow ' ( _\—\ Br
(5p) Shibuya, Org. Le : SO;H  (Amberlyst-15) ' —— ® Sn2 ®/\/\
: ¢ RTTON e ~ R0 R O0A ~o~N
Wacker oxidation of styrene derivatives into ketones. ! 0 : ! o Cv, - ¢ \_\_
: NaNO, O‘M’SOP,H NaNOg J]\ | Primary -Br Br -OH
’ 1 0 TBAB
NaNO; (0.02 equiv) ; R"” “R? ' | aliphatic -Br
Pd(OAc), (0.02 equiv) a o ! ' alcohols
| HCIO, (0.40 equiv) : HNO, O‘WSOsNa HNO3 iU B s Proposed catalytic cycle |._____
BQ (0.10 equiv) E l 2.0 : NaNO, (0.1 equiv) E for the aerobic oxidation.
N ‘Cl : //—\ HNO, + HNO; + NH,0OH 7 i H HNO; (0.2 equiv) )OI\ :
: 1 — ! N | Ny, :
MeOH/H,0 (8:1 v/v) f : 1120, Os _NO, : R‘N N~ “R2 R" N7 CR? H O
O, balloon, rt, 24 h 94% ! 1/202.\ f\ll ? ] H toluene, O, balloon ' _N J\
. g ° . Ph” N
(5q) Ding, Org. Biomol. Chem. 2013, 11, 2947. ! NO, 2NO +2H,0 2 g:‘ : 50°C.3h , 2NO,
Further reading: Wacker oxidation. E HO. 1/20, —\4 NO, E Selected examples
(5r) Grubbs, J. Am. Chem. Soc. 2014, 136, 890. E N 0L ® % o 0 (0] R =H, 99% !
(5s) Wan, Org. Biomol. Chem. 2022, 20, 7814. ! R1JLR2 <N OH N 0 ' Na. R =OMe, 98% . 1120
: b 9N —~ b _NH v /©/ X R=Me, 99% ! 2
HO NaNO, (0.3 equiv) o ; RO<R2 RP<R2 5 R R=Br,99% !
JUC-566 (0.050 equiv) > . ' ] ; ' NO HN02 HNO
DBDMH (0.075 equiv) ! + (bab) Kim, J. Org. Chem. Frontiers. 2020, 7, 834. i Ph/ Et 2
) a ' Plausible mechanism for aerobic oxidative deoximation catalyzed by NaNO,. L i
ACOH, O, balloon, rt, 0.5 h Deoximation method for deprotection of ketones and aldhydes using a A A
NO, NO, Graphene-Oxide/Sodium Nitrite-based catalystic system. | _N | _N :
H ' . H,O
9% | HO. I NaNO, (3 equiv : 1120,
: NaNO, (0.1 equiv) o ; N7 NH # NN 2HNO,
' 0 o '
(5t) Chen, Angew. Chem. Int. Ed. 2021, 60, 22230. : GO (0.02 g) E HN__N ACOH, air, rt Na N ' Ph/
Other further reading: ! ' |
(5u) Bosch, J. Org. Chem. 1994, 59, 2529. 5 CH4CN, air, 40 °C, 0.6 h ! N7 N7 : 99%
(5v) Liang, Angew. Chem. Int. Ed. 2005, 44, 5520. ! 97% : I A | _ .
(5w) Xu, Adv. Synth. Catal. 2009, 351, 558. E , E Synthesis of azo compounds
(5x) Liu, Org. Lett. 2021, 23, 4057. ' (5z) Tong, Adv. Synth. Catal. 2019, 361, 3137. E (5ac) Méndez, Angew. Chem. Int. Ed. 2023, 62, 11186. . catalyzed by NaNO,.
Figure 10: NaNO;-mediated oxidation reactions. (Part 2)>m-ac
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NaNO,-Mediated Synthesis of Nitriles.

Deacylative cleavage C(sp3)—C(sp2): oxidative amination.

NaNO, (10 equiv)
o AlCI; (2 equiv)

R,

> R-C=N
DMF, 90 °C, open air, 1.5-12 h

Selected examples

A\
Ph>"CN Kj\ /h‘CN @_CN

79%, 6 h 64%,12h  93%,4h  87%,8h
(6a) Kang, Org. Lett. 2016, 18, 228.
? e
R\)j\ AICl;, NaNO, N
H R

NaNO,: Oxidizing agent and source of nitrogen. 1

N
A
(o)~ B on e 1
R-C=N N OH Ny
, ﬁﬁar H0
CH3COZAIE: R R
Beckmann fragmentation GC-MS

Further reading:
(6g) Sato, Chem. Lett. 1984, 13, 1913.
(6h) Shechter, Helv. Chim. Acta. 2005, 88, 354.

Iron-promoted decarboxylation of arylacetic acids.

NaNO, (6 equiv)
0 Fe(OTf); (2 equiv)

PN

R™ "OH

DMSO, Ar, 50 °C, 10 h

Selected examples

R, 500 OCOD00000000000000000000000000000 00 0 0 o ——

Aerobic oxidative conversion co-catalyzed by NaNO,.
NaNO, (0.1 equiv)
TEMPO (0.1 equiv)
KPFg (0.1 equiv)
0 NH(SiMe3), ( 2.5 equiv)
)I\H R-C=N
CH3CN/ACOH (5:1 viv)
O, balloon, 30 °C, 2.5-6.5 h

R

Selected examples

D 3+ OO

95%, 4 h 74%, 5 h 97%,4h
(6b) Shen, Adv. Synth. Catal. 2016, 358, 1157.

Direct synthesis of nitriles from cleavage of C=C double bond.

~R° NaNo, (5 equiv) CN

CH3CN : HCO,H (9: 1 viv)
Open air, 70 °C, 4 h

Selected examples

F Me EtO

89% 87% 85%

(6¢) Guo, Tetrahedron Lett. 2016, 57, 2620.

Direct Transformation of methyl arenes into nitriles.

NaNO, (4 equiv)
CH3COCI (2 equiv)
HetArCH; >
1,4-dioxane, Ny, 140 °C, 11 h

HetAr—C=N

Overall reaction mechanism for aerobic oxidative conversion
of benzaldehyde to benzonitrile in 81% yield.

NaNO,
O TEMPO
Ph
3/2PhCHO )\ PN
s 4 12PN NP Ph_ 12H0 ® NO 0,
NH(SiMes) + N
Y TMSOH PEO &
+
1/2(TMS),0
PhCHO >(Nj< NO,
@ )

H + PFg + OH H,0
NaNO,/ZSM-5 mediated C—C cleavage of ketone derivatives. ON Me
NaNO, (1.5 equiv) Me
aNO, (1.5 equiv
o ZSM-5 (0.2 equiv) AN R
R\)J\M R—-C=N +
®  DMF, 100°C,5h NaNO,
HON Me
Selected examples > g
R o)
CN ZSM-5
©§ CT O O
: 0--ZSM-5
75% 22% 71% 87% O—H
(6d) Telvekar, ChemistrySelect. 2018, 3, 4168. K N
A A ) = CH,CO0 A
pZ e > ~_NoO NO
N Me N N ) N®
H H H
Tautomerization CH3CO0 ®
|-+
o O

Selected examples

CH4COCI + NaNO,

— > NO + CH,CO0™ + N&2

)l\o’ K‘

Br
N CN Nitroso radical and carboxyl radical via homolysis.
A NN 0] Taut izati
CN ¢l N
- CH3COOH CH3COCI AN
90% 85% 86% 88% O 729% 82% 47% @
0
(6e) Ren, Synlett. 2020, 31, 1805. (6f) Yuan, Org. Lett. 2022, 24, 6341. -H N/ /N\OH

Figure 11: NaNO,-mediated synthesis of nitriles. 62
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NaNO,-Mediated Oximation Reactions: Versatile Building Block in Organic o 0 NaNO, (0.2 equiv) o)
Synthesis. HO NaNO, (1.6 equiv) TEMPO (0.25 equiv)
NO, NaNO; (2 equiv) ‘i\ll\ . conc. HCI (1.8 equiv) conc. HCI (1.0 equiv)
> : > NOH
1 2 1 2 ' - -
RY "R DMSO/H,0 (7:1 viv) R o R : O THF, -5°Ctort, 36 h © CH,Cl,
o g 0,
rtor 65 °C, 21 h ; 75% 0,,-5°Ctort, 36 h
R1J]\R2 . intermediary
! (79) Huang, Org. Lett. 2020, 22, 6847.
Selected examples Nef reaction E NaNO, (4 equiv) 0o
1 . i OH
. ; 0O Me O : K3S,0g (4 equiv) o N
' ' |
Me)k/\(’\"e 5 EtO OBn 5 0 H,0, 25 °C, 24 h Z 0
OH : No : X X
: oK R T
75% z 100% ' Z o NaNO, (4 equiv) Q
Electron rich substrate. Electron deficient substrate. : K3S,0s (4 equiv) Rl X N<oH
7a) Mioskowski, J. Org. Chem. 2004, 69, 8997. ; 3
(7a) Mioskowski, J. Org. Chem 69 : ROH. 25 °C, 24 or 48 h = 0~ “OR
NaNO, (1.2 equiv) ' Selected examples
MeO CH3S03H-Si0, (1.1 equiv) ; o} 0
N > : N-on F N-on
N Pyridine, rt, 10 h .
H : 0" 0" > ""oH 0~ “OMe
E 61%, 48 h 83%, 24 h 43%, 24 h
Three-component MeO 1
(7b) Liu, Synth. Commun. 2013, 43, 2926. coupling reaction. i (Tm) Zheng, Tetrahedron. 2022, 124, 133010.
HOL Pl 0, : 0
NaNO, (2 equiv) N o NaNO A» NO H
Oxone (2 equiv) NO, ) 2 o 2 : ROH N\oH
> : : O\ //O - (I) —_— NO®NO@E 1
Br CH3CN/H,0 (1:22viv)  Br - %N_Nxo@ oo g\\o ’ 0" "OR
25°C,0.75 h 84% D :
L .

Nitration and oximation. Deformylative alkoxyoximation.

(7c) Kuhakarn, RSC Adv. 2014, 4, 59726.

Additional reading:

(7d) Smith, Tetrahedron Lett. 1998, 39, 6617.

(7e) Padmanaban, J. Am. Chem. Soc. 2022, 144, 4585.

® O NO NO
Xo NO NO; CHO HzO CHO
l ®
o) o)

(0} 0]

- NOH
NO -NO,
CHO / CHO
(S 0 o)

Deformylative oximation ring contraction.

NaNO, (2.2 equiv)

):/g AcOH, 20 °C, 1 h

@)

(7f) Shiryaev, Chem. Heterocycl. Compd. 2015, 51, 377.

Figure 12: NaNO,-mediated oximation reaction. 72"

N~y

Further reading:
(7h) Katritzky, J. Org. Chem. 2003, 68, 9093.
0 (7i) Hopkins, Tetrahedron. Lett. 2004, 45, 2137.
(7j) Huggins, Synth. Commun. 2008, 38, 4226.
88% (7k) Bobrov, Org. Biomol. Chem. 2023, 21, 3604.
(71) Filyakova, Chem. Heterocycl. Compd. 2023, 59, 546.

Oxime intermediates: Synthesis of pyrroles, thiazoles, oxazoles and pyrazoles.

NaNO, (2.0 equiv)
Fe(NO3)3.9H,0 (0.1 equiv)

COOH AcOH (10.0 equiv) HO\TI\

R" “R? THF, 400 nm, rt, N, 12 h R" “R?
Selected examples
OH
1
=N
A\
S
73% 75% 82%
(7n) Yu, Org. Lett. 2023, 25, 8834.
Decarboxylative C-N coupling reaction.
Fe3(NOs)s
NaNO,
Na(NO,)
AcONa O,N—Fe!" “COOH
'NaNO,!
P+
L ACOH & oN—Fe! O,N— Fe“'ooc—/
@Q\ LMCT
ON—Fe
- H:O\ O,N—Fe'
- co2

0 NO .
—

Plausible mechanism.
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NaNO,-Mediated Functionalization and Cyclization. Notables Features: * One-pot transformation. ¢ Transition-metal-free. * Mild reactions conditions. * Simple experimental procedures. * Regioselectivity. * Applicable to a range of substrates

RN R
O)‘\ NaNO, (1 equiv) @)J\N (j)LN /(:ﬁ NaNO, (2 equiv)
- R1_: H + R1_: H -
7 Z NO. X NH

NOH

+
CF3CO,H, CHCI3 CF3CO,H, CHCIy X NH
0-5°C,1h 0-5°C,1h
0~ 'R 0~ 'R
X =H,Br, Ac
Selected examples
NOH
Me._°~N Me_°O~N '\ AN oy |
o /©>U 0 /©>U 0 cl o
MeO
H H H H P
eO Me NEe NG, Br N
81% 94% 8% 5% 93% © 74% O 65% O 21% oM
e
(8a) Mochalov, Chem. Heterocycl. Compd. 2012, 47, 1415. OMe
Plausible mechanisms for the nitration reaction and ring opening of N-acylaminophenylicyclopropanes mediated by NaNO, for the synthesis of A%-isoxazolines. NOH
+
. I
X
NO o—N N
® _‘ . R O\N | ®
NO NO, 02| H o
-NO H 4— N~ "R X N~ "R
NHCOAr NHCOAr NHCOAr N HCOA O R O R H 4H-3,1-benzoxazine.

Electrophilic nitration. Ring opening and cyclization reaction - isoxazolines. Intramolecular nucleophilic attack by the activated oxygen atom.

Carbonitration of alkenes and C—H functionalization
to obtain oxindoles.

o NaNO, (2 equiv) O g SiMe,'Bu NaNO, (5 equiv) . : TBAF (1 equiv)
)H(Me K3S,04 (2 equiv) AcOH (5 equiv) OSiMe, Bu AcOH (5 equiv)
N - > =
|
Me CHACN, 120 °C, 16 h O CHCI3, 50 °C, 3 h DMF, 1t, 5 h

sonication

(1.2:1)83%

(8b) Yang, Chem. Commun. 2013, 49, 11701. (8c) Sabbasani, Org. Lett. 2013, 15, 3954. (E/2) ratio determined by "H NMR. Isooxazolidinone product by Nef reaction

Synthesis of 3,4,5-trisubstituted isoxazoles. Selected examples Synthesis of 3-nitrosoimidazo[1,2-ajpyridines.

NaNO, (2.0 equiv)
OAc I2 (0.2 equiv) N -NO2 CO,Me CO,Et CO,tBu CO,Me CO,Et CO,tBu NaNO, (2.0 equiv) N
DMSO (5.0 equiv) o 2 2 2 2 2 2 | (0 5 equiv) [
R)WEWG Oequv) o 2 N
_—
EWG
DMF, it,25-8h R

EtOH 80°C, 12 h NO
68%, 7h 98%, 3h 88%, 3.5h 80%, 6 h 88% 35h 92%, 3 h

EWG = CO,Me, CO,Et, CO,Bu. (8d) Batra, Angew. Chem. 2015, 127, 11076. (8e) Batra, Eur. J. Org. Chem. 2016, 3836.

Figure 13: NaNO;-mediated heterocycle formation. (Part 1)32—

Template for SynOpen Thieme



SynOpen Graphical Review

Oxidative radical cleavage of the (Csp)—(Csp) triple bond. Synthesis of spiroisoxazolines via

oximation/dearomatization.

Selected examples

NaNO, (1.3 equiv) R!_O

R1_: BN o Oxone (0.5 equiv) Oilg: ' R?
P R E NaNO, (1.2 equiv)
)\% CH4CN, 110 °C, 12 h N‘R2 o2 N :

R2

N \ OMe HCI (3.6 equiv)
© )
THF, air, rt, 36 h

X=H, NO,
Selected examples
Isatin E Nitrated isatin (8g) Huang, Org. Lett. 2020, 22, 4429.
o} 0 o NO, R === === = == g == b
E NaNO,-mediated nitration/(spiro)cyclization of arylinones. K,S,04 S0, 4+ SO,%
(o] (0] (o] (0]
N N N ON ./
Me Me Me Ph NaNO, NO
19% 55% 17% ' 9% 20% 19%

(8f) Liao, Adv. Synth. Catal. 2018, 360, 3391.
Oxone .
NaNO, —> :NO + NaO

air (O,)
‘NO —> -NO,

NaNO, (2 equiv) 2
Kzszog (4 equiv)
Ar' K NO,
CH3CN air O |
110 °C, 36 h Ph
Intramolecular O

spirocyclization

Selected examples 2-nitro-substituted indenones. via 6-exotrig.

-NO, : so
9\ o o ; 4
— L - NO, NO, NO, NO, NO,
N7 N~ N0 Mo N / :
| A | \/4 :
Me Me Meo,/N l Me N\O !
1 OMe
o 76% o 82% o 68%

(8h) Yang, Adv. Synth. Catal. 2022, 364, 3651.

orbe e oo o @

32% Me Me HCO,H .
N02 o NaHI\é(I)(zz(:).Z ec!ul)v) o
.0 equiv
MeO. Xx_-Ph ) MeO.
HO\N [°N TEMPO (1.0 equiv) R 0 N\\—Ph
/ N~g
H,0 CHO DMF, 120 °C, air, 24 h
O <— O (0]
N O,N N\ ; O,N N\ (8i) Jiang, European J. Org. Chem. 2022, 2022, e202101411. 73%
54% Me Me HCO,H Me
)j\/\/ TEMPO ®
NaNO,: Nitration reaction/oxidative cyclization. Ph H@ NO TEMPOH
--------------------------------------------------------------------------------------------------------- ! NaNOZ NO \—/r
Further reading: (8n) Patil, Org. Lett. 2022, 24, 5840. g NO
(8j) Tan, Tetrahedron Lett. 2008, 49, 4424. Copper-mediated nitrosation: 2-Nitrosophenolato complexes and | TEMPOH TEMPO TEMPO o] l 2
8k) Robina, Org. Lett. 2009, 11, 4778. their use in the synthesis of heterocycles: 0 >\
v P 0, NO TEMPO

(
(8l) Saikia, Asian J. Org. Chem. 2016, 5, 528.  (80) McKillop, J. Org. Chem. 1976, 41, 1079.
(

\
8m) lla, J. Org. Chem. 2016, 81, 5606. (8p) Baxendale, Molecules. 2019, 24, 4154. 85% N-o

Figure 14: NaNO,-mediated heterocycle formation. (Part 2)8-p
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Coupling Reaction and C-C Bond Formation Catalyzed/Mediated by NaNO,.

Seminal Study: NaNO,-catalyzed oxidative coupling reaction for construction of the phenanthrene ring using O, as terminal oxidant.

R R’ OMe OMe
R2 R2 MeO. MeO.
O R6 NaNO, (0.2 equiv) O R® O CO-n-Bu O CO,H
R CH;CN:CF4CO,H R O O O
(4:1 viv) 92%, 0.33 h 91%, 0.5 h
R* air, rt, 0.16-1 h R4 MeO MeO
RS RS OMe OMe
NaNO, (0.3 equiv) OMe OMe OMe OMe
CF3SO03H (2.0 equiv
R,\ 3SO03H ( Q)‘R—'\O_@R MeMe MeOOMe
ANy CHCN, air, 1, 0.16-1 h O 60%, 0.83 h 70%>
OMe OMe OMe OMe

(9a) Wang, Adv. Synth. Catal. 2012, 354, 383. bCF3C02H:CH3CN (1:9 v/v), 0.16 h. Synthesis of methoxybiaryls.

Oxidative trimerization of indoles using NaNO, to construct
quaternary carbon centers.

NaNO, (1.0 equiv)

CH4SO;H (2.0 equiv)
AN 3503
N pyridine, rt, overnight
H

Synthesis of 2-(1H-Indol-3-yl)-2,3"-biindolin-3-ones.
CH3SO3H

(9b) Liu, Syn. Commun. 2014, 44, 2215.

NO, + NO

HNO,

N2O3

NaNO,
Ho H ono O
NO, -1/2 H,0
—_— ) . / —@»
N -12N,0 N H

N . \
Y — 00—~ O
H

(e}
—C
- )
= N—H N = N—H

Plausible mechanism for NaNO,-promoted oxidative trimerization of indoles.

Indole
B —
®
H

Figure 15: NaNO;- catalyzed/mediated C—C bond formation reaction. %8

Additional study: NaNO,/ruthenium-catalyzed synthesis of (E)-2,30-bi(3H-indol)-3-one O-alkyl oximes.

Br
NaNO, (2.0 equiv)
RuCl3.3H,0 (0.15 equiv)

o -
N

DMF, 40 °C, 8 h
H (1.40 equiv)

(9¢) Qu, Synth. Commun. 2015, 45, 993. C-C, C=N, and C-0 bonds formed in one pot.
Construction of the 4-aryldihydroisoquinolinone moiety via direct oxidative CspZ—Csp3 coupling.

OH
N
NaNO, (0.1 equiv) R _
CH,Cl,/CF3CO,H (10:1 viv) N 0
r2fL air, rt, 0.03-0.58 h R%t
Z NH

Selected examples

OH OH OH OH
MeO. OMe MeO. OMe Br: Br Br: OMe
(" weo O ® ®
MeO O O (o] MeO. 0} 0 (o]
MeO ‘ NH MeO ‘ NH MeO ‘ NH o ‘ NH

70%, 0.16 h 50%, 0.16 h OMe 0% OMe 49%,0.5h
(9d) Wang, Adv. Synth. Catal. 2014, 356, 977.

NaNO,-catalyzed aerobic oxidative coupling of benzylic compounds.
NaNO, (0.10 equiv)

0]
)j\/?j\ DDQ (0.01 equiv) Q 9
Ph Ph + PRXY"ph Ph Ph
) CH3NOL/HCO,H (10:1 viv)
(1.20 equiv) 0, balloon, 40 °C, 0.5 h Ph” " "Ph
(9e) Yan, Tetrahedron Lett. 2015, 56, 1641. 98%
OMe NaNO, (0.3 equiv) OMe CN
CF3SO3H (1.5 equiv)
CH3CN, air, rt ‘ O OMe
CN NC 66.7%

(9f) Wang, Curr. Org. Synth. 2018, 15, 989. Further reading: (9g) Basavaiah, RSC Adv. 2014, 4, 23966.
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NaNO,-Mediated C-C Bond Cleavage and Ring Opening/Contraction Reaction.

Seminal study: Oxidation of aliphatic 1-cycloalkanols into dicarboxylic acids and ketones.

NaNO, (2 equiv)
O - @ - Do
CF3;CO,H,0°Ctort,5h

(N
Selected examples Do i 02 (stodl

58% 30%
COH o 9 HQ 9 HO O CIJH
HO,C N H,0 ZN
GEU In situ \
b remmemeemeesd
S HO O

CF4CO,Na + H,0

: H,0 CHO (step1
NaNO, + 2CF,COH—»NOJCF CO; + | S o

Plausible mechanism.

(10a) Matsumura, Tetrahedron Lett. 2004, 45, 8221. ® Non-isolated corresponding ketone.

o] NaNO, (1.0 equiv) o]

R! conc. HCI (2.0 equiv) R!__O (‘\
OH
_R2 - iﬁ;RZ
n

THF, air, -5°Ctort,6 h

n

Selected examples
(0] o O O O

o}
MeO 73% 52% 29% 53%
(10b) Huang, Org. Lett. 2021, 23, 6525.

o NaNO, (1.0 equiv) Q
conc. HCI (2.0 equiv)
. (o)
THF, air, -5°Ctort, 4 h 83% for 4 h
®
lNO(J3 ~<«—— NaNO, + H® NaNO,, H, air (O,) T
O) ¢
0} I\III’\ OH NOH
H,O Fragmentation

N —_— .
I (o)
(e}

Proposed reaction mechanism for Csp®~Csp® bond cleavage of cyclic ketones.
Further reading: (10c) Onomura, Tetrahedron Lett. 2008. 49. 6728.

Figure 16: NaNO-mediated ring opening/contraction reaction. 10a-d

o
HO,C_~~_COH | O: H NO HNO @

OH

OH

Notable: Ring-contraction reaction of substituted tetrahydropyrans via dual functionalization dehydrogenative by NaNO,-catalyzed
double activation of bromine.

Ring contraction of multisubstituted tetrahydropyrans.

NaNO, (0.1 equiv)
p-NO,CgH,SO,NH, (0.1 equiv)
aq. HBr (4.0 equiv)

R1J\/\R2 CH3CN, 50 °C, under O,
in the dark, 6 h

Selected examples

db@fwdﬁa

56%? 66%" 60%P°

Substituted tetrahydrofurans.

0 5
Ao :
R2 |

6°/

Dual functionalization of 1-Alkylisochromans.

(0]

X
R'$
=

RZ

NaNO, (0.1 equiv) 0
aq. HBr (4.0 equiv) N R?
— > RrW OHl>Br
CH4CN, 50 °C Z
under O,, 6 h

(@] (0] (0]
Br Br Me
H Hl "B
© Br OHBr © Br f

91%

10d) Moriyama, Org. Lett. 2018, 20, 5803. 2 NaNO, (0.2 equiv). ® At 60 °C. °For 24 h.
2

Me 97%

97%

Isochoman derivates.

: H,O HNO3.
e Br (.SET) formed; !
+NO, generated by | : NO,
reoxidation of NO |
with O,. :
: 05" “NO
: 1< Oxidation of Br> | M20) !
Y

Bol=ois: oLF o>

R(//q@R

< Ring contraction of tetrahydrofurans derivates >

< Transformation of Isochoman derivates >

as above
—»
Br Br

(OH

]
h
h
H
H
'
h
Ceeees o Inert source of Bry;
h
H
h
h
h
h
H

» Aerobic oxidation
by NaNO,;

* Br, oxidized by
NaNO,.

¥ GE—Br Q
—
&

1,2-rearrangement.
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NaNO, Catalyzed Aerobic Halogenation of Organic Compounds.

NaNO, (0.05 equiv)
(0] HBr (1.30 equiv) o)
i: i: \NOZ EtOH, air, 65 °C, 6 h Br/i: i:\NO

(11a) Zhang, Adv. Synth. Catal. 2006, 348, 862. 90%

Aerobic oxidative iodination activated by sodium nitrite.

Substrate Acid (mmol) Time (h) Product Yield (%)

Bu@OH 0.25 12 o-l 85
ONHAC 1.0 24 p-l 97
BUOMe 1.0 24 ol 95

Reaction conditions: 1 equiv. of substrate, I, (0.5 equiv), NaNO, (0.03 equiv), 50%
H,S0,4/Si05 (3.62 mmol H,S0,4/g), 2 mL MeCN, rt.

NaNO, NO, HI s

lHA

HNO,

o Effective and selective;
e Saving 100% of iodine
atoms;

e H,S0,/SiO, used for the
activation of the catalyst
NO I S—H and iodination.

H,O 1/21,
(11b) Iskra, Tetrahedron Lett. 2008, 49, 893.

R! NaNO, (0.05 equiv) Br. $R1 NaNO, catalyzed aerobic dibromination of alkenes.
o R2 HBr (2.0 equiv) = RZBr 2HBr Br, (slow formation)
CH4CN, 22 °C, 5-24 h /\ Br, ?
HBr3 Br
Selected examples Air “HET
B, H Br. H B, Ph 1120, Br, == HBry
d_"l:\Br d_g\h& dTBr 2NaNO, + 4HBr — 2NOBr + 2NaBr + 2H,0
90% 90% 95% “
2NO + Br,

(11e) Iskra, J. Green Chemistry. 2009, 11, 120.
Plausible mechanism of selective trans-dibromination of alkenes.

lodination of ketones catalyzed by NaNO, in a micelle-based 2NaNO, + 4HBr — 2NOBr + 2NaBr + 2H,0

aqueous system. 2NOBr — Br, + 2NO (source of Bromine)
NaNO, (0.13 equiv) oo »| ArCH=CH-COOH —> ArCH=CH-COOBr + HBr + CO,
I, (0.50 equiv) o NO + 1/20, —> NO,

)Oj\/n-Pr SDS micelle (0.10 M) Ve NO, + 2HBr — Br, + NO + H,0 (source of Bromine)
n-Bu H,S0, (0.50 equiv) n-Bu ; ‘@ .

- ------- Good yield )--------- »! (Heterocyclics, EWGs, EDGs)

air balloon, 60 °C, 0.2-12 h 84%, 3 h Selected |
stirring (500 rpm) elected examples

NaNO, (0.05 equiv)

. {M0) Stavber, Groen Chomistry. 2009, 11,1262 = 7 oo <0 S B MQY\/BF
Bromodecarboxylation of a,f-unsaturated carboxylic acids. E o O.N Me
h 2

--------------------------------------------------------------------------------- ! 48% HBr (2.0 equiv 90%, 4 h 90%, 5 h 87%,6 h
o ' R1’\(COOH © ( quiv) T Br ...... J
OH i H !
NaNO, (1.0 e.quw) : R2 CH4CN, O, balloon, tt, 5-6 h R2 (11g) Telvekar, Tetrahedron Lett. 2011, 52, 2394.
I, (1.0 equiv) | R WO Al . R
> E Catalytic system for a-monobromination of ketones. Plausible mechanism of a-bromination.
MeOH/Ir-tIZ(g r(]1.1 VIv) : NaNO, (0.5 equiv) aq HBr
X0 ' No : 0 HBr (1.2 equiv)
1 N Kl (0.05 equiv) R2
(11c) Konakahara, Synthesis. 2008, 15, 2327. 23% . | )
-------------------------------------------------------------------------------- \ PR R
NaNO, (0.12 equiv) PN H,0/CHZCN (8:2 viv)
K1 (1.05 equiv) 5 air, rt, 8-12 h
H,S0, (1.0 equiv) | R ¢ Selected examples Ar
- " 1
! (0]
N\ CH4CN, air balloon, 30 °C, 10 7SR I ( 2
Stereospecific anti addition forming (E)-1,2- Selected examples - Yield (%) , A )H )\ —_— — )H/Br
. h r r
diiodophenylethene. R=H 100 0 : 92%, 8 h 90%, 10 h 83%, 10 h R2 R2
R=Me 87 13 H
(11d) Stavber, Adv. Synth. Catal. 2008, 350, 2921. ; (11h) Akamanchi, Tetrahedron Lett. 2016, 57, 4918. Further reading: (11i) Zhang, Synlett. 2011, 15, 2265. (11j) Lu, Org. Lett. 2018, 20, 5264.
Figure 17: NaNO,-mediated halogenation reactions. 12
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