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A combination of inorganic chloride salts [e.g. WCI6 , AICI, and ZnCl,] and sodium nitrite in the presence of wet SiO,
were used as an effective nitrosating agent for the nitrosation of secondary amines to their corresponding nitroso
derivatives under mild and heterogeneous conditions in moderate to excellent yields.

Nitroso compounds in general are quite well-known com- R,R,NH —L » RRN-N=0
pounds, and their reactions have been extensively studie 1t
from different points of view. Among thenN-nitrosation
chemistry of amines is an important reaction in organic syn:
thesis. The most general reagent is nitrous acid, generate[ ;.. R, =R, Lor2 R =R,
from sodium nitrite and mineral acid in water or in mixed
alchohol-water solvenfs? Other nitrosating agents such as a Et CH,
Fremy's salf bis(triphenylphosphine)nitrogen(1+) nitrite, @
N-haloamides and sodium nitrite under phase-transfer condi
tions® oxyhyponitrite® dinitrogen tetroxid€, oxalic acid b iso-Pr
dihydrate or inorganic acidic salts [e.g. NaHSO4.H20 and &
Mg(HSQ,),] and sodium nitrite have also been u$&dery —
recently, we among many others have demonstrated that he ¢ ﬂ h CH, CHCOOH
erogeneous reagent systems have many advantages such
simple experimental procedures, mild reaction conditions anc

minimisation of chemical wastes as compared to the liquic d @/ . g
1 -
phase counterparts. @<N CHCH,
It has been also shown that any carrier of MOuld suffice 0
for the nitrosation reaction of suitable compounds such as thi
ols®urazolesi! dihydropyridine$? and phenold2 Therefore, )
we decided to apply a heterogeneous system and we ha ! N-CH,CH,CH,
investigated a number of different reaction conditions base o
upon thein situ generation of NOCI (as an efficient nitrosat-
ing agent) by one of the inorganic chloride salts [e.g. \WCI
AICl; and ZnClJ] and sodium nitrite for nitrosation of sec- 0 0

ondary amines. We wish to report a simple, chemoselectiv
k N-CH,CH, N-CH,CH,CH,

1 2

«(CH2)2-0-(CHa)r-

e -(CHy)s- O

Ry Ry

and convenient method for the effective nitrosation of sec-
ondary amines under mild and heterogeneous conditions. 0 0
Different types of secondary aminely (vere subjected to
the nitrosation reaction in the presence of inorganic chloride:
salts [e.g. WC{(I), AICI, (II') and ZnC] (111 )], NaNG, (IV)
and wet SiQ (50% w/w) in dichloromethane (Scheme 1). The The nitrosation reaction of diphenylamin2d) shows the
nitrosation reactions were performed under mild and com-chemoselectivity of the method snitrosodiphenylamine is the
pletely heterogeneous conditions at room temperature andnly product. This system thus behaves differently from some
take place with moderate to excellent yields (Table 1). reported methodsin that nitrosonium ion (NQ attacks the
This present nitrosation reaction can be readily carried ounitrogen sites of the secondary amines even where an aromatic
by placing one of the inorganic chloride salts [e.g. YOl moiety is connected d!rectly to the nitroggn atom (Scher_ne 2).
AICI, (I1) and ZnCJ (111 )], NaNQ, (I1) , amine (), wet SiQ, ~ Furthermore, the chiral center of L-prolirih] also remained
(50% wiw) and CHCI, as the inert solvent in a reaction ves- intact in the course of reaction so that L-nitrosoprol@tg yas
sel and efficiently stirring the resulting heterogeneous mixture
at room temperature. The nitrosoaminBsdan be obtained
simply by filtration and evaporation of the solvent. The results

g i o
. e A N -1 N N
and reaction conditions are given in the Table 1. @ \© T @ \@ : @ @
ON
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Table 1 Nitrosation of secondary amines (1) to their corresponding nitrosoamines (2) with a Combination of WCl, (I), AICI, (ll) and

ZnCl, (IID], NaNO, (IV) and wet SiO, (50% w/w) in dichloromethane at room temperature.
Entry Substrate Product? (Reagent/substrate)® Time Yield®
| [} 1] v (h) (%)
1 1a 236714 0.33 — — 2 2 98
2 1a 236714 — 1 3 0.5 98
3 1a 236714 — 3 1.25 98
4 1b 2b" 0.25 — — 1.5 0.5 95
5 1b 2b' — 3 2 88
6 1b 2b" — — 3 3 2 98
7 1c 2¢° 0.25 — — 1.5 0.5 98
8 1c 2¢° 1 — 3 0.5 99
9 1c 2¢° — 3 0.75 68¢
10 1d 2d2 0.25 — — 1.5 1 98
11 1d 2d? 0.5 — 3 1 94
12 1d 2d2 — 3 3 3 98
13 1e 2e714 0.25 — — 1.5 0.5 93
14 1e 2e’14 1 — 3 0.75 90
15 1e 2e714 — 3 1 98
16 1f 2f5 0.25 — — 1.5 0.5 96
17 1f 2f5 — 3 0.5 99
18 1f 2f5 — — 3 3 2.75 96
19 19 2g3 0.25 — — 15 1 93
20 1g 2g3 1 — 3 1 99
21 1g 2g3 — 3 0.75 99
22 1h 2h® 0.25 — — 1.5 0.5 93
23 1h 2ht — 3 2 23¢
24 1h 2h® — — 3 3 3 —
25 1i16 2i 0.25 — — 1.5 2 80
26 1i16 2i 1 — 3 1.5 72
27 1ie 2i — 3 3 32¢
28 1j16 2j 0.25 — — 1.5 1 99
29 1j6 2j — 3 2 50
30 1j16 2j — — 3 3 4 32¢
31 1k6 2k 0.25 — — 1.5 0.5 99
32 1Kk6 2k — 1 — 3 1 65
33 1k'6 2k — — 3 3 1.25 8¢

aThose products which are known are indicated by their own references. "Wet $,0, : substrate (0.2 g : 1 mmol). °Isolated yields.
eComplexation occurred.

obtained in excellent yields (Table 1, Scheme 1, Entries 22-24'Table 2 'H-NMR data of N-nitroso amines (2)
L-Nitrosoproline 2h) is a precursor of mesoionic moieties in an

. . . . ._Ent C d 'H-NMR (CDCI,)/TMS) &
important class of dipolar heterocyclic compounds with specia ntry ~ompoun ( J/TMS) ® (ppm)

properties® 1 2a 3.87 (g, 2H), 3.33 (q, 2H), 1.16 (t, 3H),
Some of the amines used are very important precursors fc 0.85 (t, 3H)

the synthesis of symmetrical and asymmetrical tripodal? 2b (A'(}g%ﬁs)egtg;’ (1dH)é:i19 foeptet, TH) 141

tetraamines (Table 1, entries 25-33). 3 2¢ 4.76 (quintet, 1H), 3.65 (quintet, 1H),
The nitrosation reaction did not occur in the absence of we 1.85-142 (m, 20H)

SiO,. This observation suggests that the water molecule iy 2d 7.31=704 (m, 10)

essential for such processes. The presence of wettl8il® 5 2e 4.06 (br s, 2H), 3.64 (t, 2H), 1.66 (m, 6H)

provides an effective heterogeneous surface arein feitu 6 2f (7-3%-_'7)-08 (m, 10H), 5.19 (s, 2H), 4.45

generation of NOCI (Scheme 3). It also eases the reactio S,

vv_ork-up. _ch and AICE are _superior to ZnGlin conve- ; :ﬂ ?Oogér(r; i:))” %‘_21‘5:423H()r’n"1_2';)(m’ 8H),

nience, yield and purity of the isolated nitroso products (Table 3.62 (t, 3H), 2.12 (m, 10H)

1). 9 2i 7.67 (m, 8H), 4.39 (dd, 2H), 3.81 (m, 6H)
The most interesting feature of our results is*tHeNMR 10 2j 7.76 (m, 8H), 4.24 (t, 2H), 3.65 (m, 6H),

spectra of N-nitroso products that were given in the Table 2 2.17-195 (m, 4H)

They clearly show, in all cases the diastereotopic nature of th" 2k (7'6? |f|r)'r"18;2'(4'412|:|3;'62 (m, 8H), 2.13
adjacent N-CH protons which is due to the bent nature of th: a9 7 -2

N=0 bond and its mutual exchange. Therefore in proton NMR

the symmetrical dialkyl or diaryl N-nitroso amin&a{gand

2i—j) such as diethyl N-nitroso amineZa) give two distinct

methyl or methylene signals [Schem&4A and B)] of equal

intensity, separateda 0.34 and 0.77 ppm respectively. The MCl, + nH,0 - M(OH), + nHCI
higher frequency peaks are attributed to the protons of the

ethyl grouptransto the nitroso oxygen. This is in agreement HCl + NaNO, — NaCl + HNO,
with the spectra data in the literatdfeN-Nitroso amines

which have different alkyl moietie2K) give two series pro- HCl +HNO, — NOClI + H,0
ton signals for one of the alkyl moiety but these are of differ-

ent intensity 4 and 5), the low-frequency signal being the Scheme 3




422 J. CHEM. RESEARCH (S), 2000

A CH,CH
’ 2\N N
yd AN
B CH,CHjy 0
3
0 0
@N—CHﬁHz (o:l:fN—Cszz o
0
NN . 0 N__N//
0 AN 0
0 /
N-CH,CH,CH, (O:QN-CHZCHZCHz
0 0
4 5
Scheme 4

more intense. The intensity ratio leads immediately to infor-

monitored by TLC) and then filtered. Anhydrous,88, (5 g) was
added to the filtrate. After 15 minutes the resulting mixture was also
filtered. Dichloromethane was removed by water bath (35-40 °C)
and simple distillation. The yield was 0.340 g, (93%) of crystalline
yellow solid @d), m.p. 63-63C [Lit.2 m.p. 67°C].
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