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N-Nitrosation of amines is an important and well- I,Ior NI
established reaction in organic synthésifie most general R(R,NH NaNo, R R,N-N=0
reagent is nitrous acid, generated from sodium nitrite an 1 wet Si0, 2
mineral acid in water or in mixed alcohol-water solvénts. CH)Cly, 1t
Other nitrosating agents, such as Fremy's’ &a(iriphenyl- o S

phosphine)nitrogen(1+) nitriteN-haloamides and sodium
nitrite under phase-transfer conditichs)xyhyponitrite L AHSO,); I H,N "NH;*Hso, NLH,N~ “NH;* Hso,
dinitrogen tetroxidé, solid acids and sodium nitrite have

also been usetVery recently, we have demonstrated that | 1 or2 Ri=R, lor2 R;=R,
the heterogeneous reagent systems have many advantay

such as simple experimental procedures, mild reactior| 2 Et ¢ @CHZ
conditions and minimization of chemical wastes as compar

ed to the liquid phase counterparis.

Therefore, we have investigated a number of differeni| P iso-Pr g -(CHy)s-
reaction conditions based upon thre situ generation of
HNO: by relatively stronginorganic acidic saltl (i.e. < Eﬁ- h (CHy),-0-(CHy),-

Al(HSO4)s, pKa = 1) or organic acidic saltsl (andlll ) and
sodium nitrite V) for the nitrosation of secondary amines.
: . . o}

We wish to report a simple, cheap and chemoselectiv: d @/ .
method for the effective nitrosation of secondary amines N-CH,CH,
under mild and heterogeneous conditions. 0
Different types of secondary amind3 were subjected to
the nitrosation reaction in the presence of a solid &cid, e )
or lll, NaNG, (IV) and wet Si@ (50% w/w) in dichloro- CH, CHCOOH ! N-CH,CH,CH,
methane (Scheme 1). The nitrosation reactions wer o
performed under mild and completely heterogeneous cond

o)

tions at room temperature and took place with excellen R Ri
yields (Table 1). 0 0
This present nitrosation reaction can be readily carried oL K @::N_CHZCHZ N-CHL CHLCHL
by placing a solid acid, NaNQamine, wet Si@(50%w/w) S LA
and CHCI, into a reaction vessel and efficiently stirring the 0
resulting heterogeneous mixture at room temperature. Th
N-nitrosoamines2) can be obtained simply by filtration and Scheme 1
evaporation of the solvent. The results and reaction condi-
tions are given in the Table 1. dibenzylamine 1f) and anisole. It was observed that amine

In order to demonstrate the chemoselectivity of thisnitrosation occurred exclusively whereas anisole remained
method a competitive reaction was performed betweelntact in the reaction mixture after one hour. The nitrosation
reaction of diphenylamineld) further showed the chemo-

"Corresponding author. Fax: +98-81-8272404; e-mail: Zo|ﬂ@selectivity of the method as tidnitrosodiphenylamine is

basu.ac.ir the only product. This system thus behaves differently from
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Table 1 Nitrosation of secondary aminék) by a combination of o 0
solid acid(l, I, orlll'), NaNQ (IV) and wet Si@ (50% w/w) in s e e
dichloromethane at room temperature @EEN ITI ITI N
Reagent/Substrate) Ti ield® \ H = 0
Entry Substrate Produet ( g ) Time Y'f Id 0
[ | T \Y; (h)y (%) 3
1 la 2™ 05 - - 15 05 98
2 la 28710 - 15 - 15 05 54 R ‘
3 la  287° - - 15 15 1 54 cagens
4 1b 2bt° 05 - - 15 05 88
5 1b 20 - 15 - 15 1 94 0O 3
’ ’ o N e NN
6 b 20 - - 15 15 1 9 ©:2N N N N;j@
7 1lc 20 05 - - 15 05 98 NO H o
8 1c 28 - 15 - 15 05 90 0
9 1c 26 - - 15 15 05 9 4
10 1d 2d? 05 - - 15 05 99
11 1d 2 - 15 - 15 2 85
12 1d 2c? - - 15 15 1 93
13 le 28 05 - - 15 1 86 0 0
14 le 2¢ - 15 - 15 2 78 TN NN N
15 1le 26 - - 15 15 2 89 N | |
16 1f 2f5 05 - - 15 05 98 % NO NO o
17 1f 2f° - 15 - 15 05 9 5
5 - -
18 1f 2f . 15 15 1 98 Scheme 2
19 19 2d" 05 - - 15 05 98
1 2910 - . - . . . .. .
2(1) 1g ngm _ 1_5 15 1155 ! 55 gg Several attempts for the selective mono and dinitrosation
glz 3 ' ' of tetraamines3) in order to produce its mono and dinitroso
22 1h 2h 05 - - 15 05 90 S .
12 3 derivatives 4 and5) were unsuccessful. This may be due to
23 1h 2h - 15 - 15 075 80 . - . .
12 3 instability of these compounds in solution (Scheme 2).
24 1h 2h - - 15 15 075 99 ; . i . .
) 8 The nitrosation reaction did not occur in the absence of
25 1i 2i 05 - - 15 15 52 . i .
%6 1 i C 45 - 18 15 86 wet SiQ . This observation suggests that the water molecule
. 8 ' ' ' is essential for such processes. The presence of wet SiO
27 1i 2i - - 15 15 275 85 . . X
) . thus provides an effective heterogeneous surface ar@a for
28 1j 2j 05 - - 15 075 68 . . .
29 1j 28 45 - 18 1 84 situ generatu_)n of HN@ It also eases the reactlpn vy_ork—up.
30 L s T 15 1'5 05 81 In conclusion, the cheapness and the availability of the
J y o ' ' ' reagents, easy and clean work-up, chemoselectivity and high
31 1k 2k 05 - - 15 1 48 ; . . ; i >
32 1K K 45 - 1858 1 43 yields make this method attractive for organic chemists. This
33 1K K _ 45 185 2 88 simple procedure is highly selective, and contamination by

deprotection and C-nitrosation side-products is avoided.
#All of the isolated products are known and their spectra and physical

data have been reported in the literatfivéet SiG: substrate (0.2 g: 1 . .
mmol). “Isolated yields. Experimental Section

some reported methddsn that nitrosonium ion (NO General. Chemicals were purchased from Fluka, Merck
attacks the nitrogen sites of the secondary amines eveand Aldrich chemical companies. Yields refer to isolated
where an aromatic moiety is connected directly to thepure products. The nitrosation products were characterized
nitrogen atom. by comparison of their spectral (IR{-NMR, *C-NMR),
Furthermore, the chiral center of L-prolinde( also  TLC and physical data with the authentic samples.
remained intact in the course of the reaction so that L- General procedure for N-nirosation of secondary
nitrosoproline 26) was obtained in good yields (Table 1, amines A suspension of sodium nitrite, inorganic acidic salt
Scheme 1, Entries 13-15). L-Nitrosoprolin@e)( is a  (The molar ratio of inorganic acidic salt and sodium nitrite to
precursor of mesoionic moieties in an important class othe substratd was optimized as shown in Table 1), amine
dipolar heterocyclic compounds with special propetiies. (2, 2 mmol) and wet Si9©(50% w/w;, 0.4 g) in dichloro-
Some of the amines used are very important precursors fonethane (4 ml for Entries 1-24 and 20 mL for Entries 25-33)
the synthesis of symmetrical and asymmetrical tripodaWwas vigorously stirred magnetically at room temperature.
tetraamines (Table 1, Entries 25-33% we therefore, believe The progress of the reaction was followed by TLC. The
that their nitroso derivatives were also very useful for thereaction mixture was filtered after completion of the reac-
synthesis of special NO releasing completes. tion. The residue was washed with £ (2 x 5 mL). Then
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anhydrous Ng&5Q; (5 g) was added to the filtrate, and the 4.

solution was filtered after 20 minutes. The solvent was
evaporated and the N-nitroso compourigjswfere obtained

(Table 1). If further purification is needed, flash chromato- ¢

graphy on silica gel
(10 : 90)] provides purg.
N-Nirosation of diphenyl amine (1d) with AI(HSQ)3
(D, NaNO: (IV) and wet SiO»: A typical procedure. A
suspension of compourddi (0.338 g, 2 mmol), (0.318 g 1
mmol), wet SiQ (50%w/w, 0.4 g) andV (0.414 g, 6 mmol)
in dichloromethane (4 mL) was stirred at room temperature
for 30 minutes, while the progress of the reaction was
monitored by TLC, and then filtered. Anhydrous,8@; (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
0.360 g, (99%) of crystalline yellow soli@d), mp 65-67°C
[Lit.2 mp 67°C].

[eluent : acetone/petroleum ether
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	Entry
	Substrate
	Producta
	(Reagent/Substrate)b
	Time
	(h)
	Yieldc
	(%)
	I
	II
	III
	IV
	1
	1a
	2a6,7,10
	0.5
	-
	-
	1.5
	0.5
	98
	2
	1a
	2a6,7,10
	-
	1.5
	-
	1.5
	0.5
	54
	3
	1a
	2a6,7,10
	-
	-
	1.5
	1.5
	1
	54
	4
	1b
	2b10
	0.5
	-
	-
	1.5
	0.5
	88
	5
	1b
	2b10
	-
	1.5
	-
	1.5
	1
	94
	6
	1b
	2b10
	-
	-
	1.5
	1.5
	1
	96
	7
	1c
	2c5
	0.5
	-
	-
	1.5
	0.5
	98
	8
	1c
	2c5
	-
	1.5
	-
	1.5
	0.5
	90
	9
	1c
	2c5
	-
	-
	1.5
	1.5
	0.5
	90
	10
	1d
	2d2
	0.5
	-
	-
	1.5
	0.5
	99
	11
	1d
	2d2
	-
	1.5
	-
	1.5
	2
	85
	12
	1d
	2d2
	-
	-
	1.5
	1.5
	1
	93
	13
	1e
	2e6
	0.5
	-
	-
	1.5
	1
	86
	14
	1e
	2e6
	-
	1.5
	-
	1.5
	2
	78
	15
	1e
	2e6
	-
	-
	1.5
	1.5
	2
	89
	16
	1f
	2f��5
	0.5
	-
	-
	1.5
	0.5
	98
	17
	1f
	2f��5
	-
	1.5
	-
	1.5
	0.5
	94
	18
	1f
	2f��5
	-
	-
	1.5
	1.5
	1
	98
	19
	1g
	2g7,10
	0.5
	-
	-
	1.5
	0.5
	98
	20
	1g
	2g7,10
	-
	1.5
	-
	1.5
	1.25
	46
	21
	1g
	2g7,10
	-
	-
	1.5
	1.5
	1
	58
	22
	1h12
	2h3
	0.5
	-
	-
	1.5
	0.5
	90
	23
	1h12
	2h3
	-
	1.5
	-
	1.5
	0.75
	80
	24
	1h12
	2h3
	-
	-
	1.5
	1.5
	0.75
	99
	25
	1i
	2i8c
	0.5
	-
	-
	1.5
	1.5
	52
	26
	1i
	2i8c
	-
	1.5
	-
	1.5
	1.5
	86
	27
	1i
	2i8c
	-
	-
	1.5
	1.5
	2.75
	85
	28
	1j
	2j8c
	0.5
	-
	-
	1.5
	0.75
	68
	29
	1j
	2j8c
	-
	1.5
	-
	1.5
	1
	84
	30
	1j
	2j8c
	-
	-
	1.5
	1.5
	0.5
	81
	31
	1k
	2k8c
	0.5
	-
	-
	1.5
	1
	48
	32
	1k
	2k8c
	-
	1.5
	-
	1.5
	1
	43
	33
	1k
	2k8c
	-
	-
	1.5
	1.5
	2
	88






