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CeCly7H,0 (1.5 eq)
~ _Nal (9eq), CH,CN

reflux 24 h
or
10W, 20 min

NH,

Because of the nitrogen functionality, the azido group plays an important role in the synthesis of amines,
and numerous reduction methods of azides to primary amines are reported. Recent reports have highlighted
the capability of Nal as a useful reagent for this transformation when it is used in combination with a
Lewis acid promoter. However, these methods often suffer from harsh reaction conditions; for this reason,
the development of a simple and efficient protocol using Nal in presence of inexpensive and readily
available cerium salts Lewis acids would extend the scope of this organic transformation. In continuation
of our interest on the use of the Ce€H,O/Nal system, in this paper we report how azides undergo
reduction by Nal in the presence of CelH,O in refluxing acetonitrile under neutral conditions to
produce the corresponding primary amines. The rate and yield of the reaction are considerably improved
by employing this microwave-assisted procedure, and this may be of value for the preparation of densely
functionalized molecules having biological and pharmaceutical activities.

1. Introduction azide intermediates since it is known that especially heavy metal
. . _azides are dangerous explositeShere are many methods
One of the best methods for synthesizing primary amino ayajlable for the preparation of azide compouhdsid one of
derivatives starts from the corresponding oxy counterparts andthe most common methods is the nucleophilic substitution of
involves a two-step process: the derivative is first transformed the sylfonate or bromide group by the azide fddowever, as
into a good leaving group followed by reaction with an azide methods to improve the synthetic entry of these nitrogen-
anion! The obtained azides are then transformed into the deSiredcontaining organic compounds were developed, the need arose
amines in good yields. Thus, an azido group is used as a primaryfor a general protocol for the conversion of functionalized azides
amine precursor in organic synthesis. to the corresponding amines in high yields and purities, with
Even though there are reports describing one-pot sequencesiontoxic and cheap reagents. A wide variety of reducing agents
for the transformation of alcohols to amines via azide intermedi- have been reported in the literattfer conversion of azides
ates promoted by metal catalysti,is preferable to carry out

a more lengthy procedure that demands the separation of the (3) (a) Vidya Sagar Reddy, G.; Venkat Rao, G.; Subramanyam, R. V.

K.; lyengar, D. SSynth._CommurQOOQ 30, 2233-2237. (b) Fabiano, E.;
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(2) Salvatore, R. N.; Yoon, C. H.; Jung, K. Wetrahedron2001, 57, 1385. (e) Kumar Sampath, H. M.; Subba Reddy, B. V.; Aujaneyulu, S.;
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into amines, and over the years, the most prominent have modern organic synthesi&Notably, studies by us and by others

employed triphenylphosphifer its excellent alternative with
hydrogen sulfide in pyridin€.The majority of these reducing

have resulted in the development of methodologies involving
the CeC¥7H,O/Nal system for providing new means for

agents have some disadvantages related to their lack ofpromoting organic transformations in a variety of systéfs.
selectivity and drastic conditions, such as highly basic condi- As a result of our efforts, we can now report a new GeCl
tions. In fact, several attempts to chemoselectively reduce the 7H,O/Nal-promoted azide-transformation for producing exclu-
azides to corresponding amines via a Staudinger reaction weresively primary amine$! Its compatibility with a wide variety
problematic. Staudinger reduction using triphenylphosphine with of other sensitive functional groups, and the fact that geCl

a variety of azides is not able to give a reacti®and the use ~ 7H,0O Lewis acid is not deactivatétior trappeé® by the basic

of the highly reactive trialkylphosphine is necessary to have nitrogen of amine adducts, allow us to believe that our method
complete consumption of the azides and formation of the represents a valuable alternative to the existing protocols
phosphazine ylides. These could extrude nitrogen to deliver thereported in literature. Another improvement in our GeCH1,0/
intermediate iminophosphoranes; however, addition of a strong Nal-promoted organic transformation of azides to primary
base to the reaction mixture is required to obtain the hydrolysis amines is the opportunity to reduce reaction time and to increase
of these stable intermediat&sAs a result, there is always product yield by using microwave technology (eq 1). In fact,
considerable interest in finding more selective methods. the use of microwave-assisted reaction is an area of increasing

Over the past years, it has been shown as Nal in combinationinterest in both academic and industrial laboratoffes.

with a Lewis acid such as Ti¢bffers a useful alternative to
existing methods for the reduction of both amM@xides and
nitrones!?2 These mild reductive properties of the TiMal
reagent system prompted Kamal et al. to try the GRGI
combination as an efficient complex for the transformation of
azides to the corresponding amidégven if some neglected
reaction details need to be considered. The F@&Ctombination

with different reagents, has also been reported for several other

reductionsi* above all for its Lewis acid ability under mild and
nonbasic condition® The above benefits are, however, ac-

CeCly7H,0 (1.5 eq)

Nal (9 eq)
RN, ———  ~ R7ONH, 1
1a-m CHoCN 2a-m
reflux or MW :

2. Results and Discussion

Because of the broad range of applications of the €&&GIO/
Nal system as catalyst in many organic transformations in
solvent-free condition&) we decided to apply our Lewis acid

companied by drawbacks. The major drawback associated withcombination impregnated over inorganic support such as SiO

the use of FeGlis that it is messy, very acidic, and corrosive,

or Al,O4?° to facilitate the azide transformation in amines. Our

and the commercial grades also contain varying and often initial efforts focused on examining benzyl azidka) as the

variable amounts of free hydrochloric aéfd.The current

requirements for green and efficient Lewis acid promoters in
modern organic chemistry have increased attention to several

environmentally friendly” and atom-economical organic trans-
formations!® Recent reports have highlighted the applications
of cerium trichloride as a green and efficient Lewis acid in

(7) (a) Tiecco, M.; Testaferri, L.; Santi, C.; Tomassini, C.; Marini, F.;
Bagnoli, L.; Temperini, AAngew. Chem., Int. EQ003 42, 3131-3133.
(b) Sridhar, P. R.; Prabhu, K. R.; Chaudrasekarad, 8irg. Chem2003
68, 5261-5264. (c) Hays, D. S.; Fu, G. @. Org. Chem1998 63, 2796~
2797. (d) Goulaonic-Dubois, C.; Hesse, Metrahedron Lett1995 36,
7427-7430. (e) Capperucci, A.; Degli'lnnocenti, A.; Fumicello, M;
Mauriello, G.; Scafato, P.; Spagnolo, #.0rg. Chem1995 60, 2254
2256. (f) Samano, M. C.; Robius, M. Tetrahedron Lett1991 32, 6293~
6296. (g) Rolla, FJ. Org. Chem1982 47, 4327-4329. (h) Kondo, T;
Nakai, H.; Goto, T.Tetrahedron1973 29, 1801-1806. (i) Corey, E. J.;
Nicolaou, K. C.; Balanson, R. D.; Machide, 8ynthesid975 590-591.

(8) (a) Pal, B.; Jaisankar, P.; Giri, V. Synth. Commur2004 34, 1317
1323.

(9) (a) Kraus, T.; Budesinsky, T.; Cisarova, |.; Zavadakur. J. Org.
Chem.2004 4060-4069. (b) Kusumoto, S.; Sakai, K.; Shiba,Bull. Soc.
Chim. Jpn.1986 59, 1296-1298.

(10) Shaw, S. J.; Abbanat, D.; Ashley, G. W.; Bush, K.; Foleno, B.;
Macielag, M.; Zhang, D.; Myles, D. Cl. Antibiot.2005 58, 167—177.

(11) Borzilleri, R. M.; Zheng, X.; Schmidt, R. J.; Johnson, J. A.; Kim,
S.-H.; DiMarco, J. D.; Fairchild, C. R.; Gougoutas, J. Z.; Lee, F. Y. F,;
Long, B. H.; Vite, G. D.J. Am. Chem. So200Q 122 8890-8897.

(12) Balicki, R.Chem. Ber199Q 123 647-648.

(13) (a) Kamal, A.; Prasad, B. R.; Ramana, A. V.; Babu, A. H.; Reddy,
K. S. Tetrahedron Lett2004 45, 3507-3509. (b) Kamal, A.; Ramana, K.
V.; Aukati, H. B.; Ramana, A. VTetrahedron Lett2002 43, 6861-6863.

(14) Pathak, D.; Laskar, D. D.; Prajapath, D.; Sandthu, CHem. Lett.
200Q 816-917.

(15) (a) Duan, Z.; Xuan, X.; Wu, YTetrahedron Lett2007, 48, 5157
5159. (b) Kischel, J.; Jovel, |.; Mertins, K.; Zapf, A.; Beller, Kdrg. Lett.
2006 8, 19-22. (c) Bolm, C.; Legras, J.; La Pain, J.; Zani,Chem. Re.
2004 104, 6217-6254. (d) Christoffers, JSynlett2001, 723-732. (e)
Barrett, I. C.; Kerr, M. A.Synlett200Q 1673-1675.

(16) Allen, D. M.; Ler, L. T.J. Erviron. Monit. 1999 1, 103-108.
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(17) (a) Blackmond, D. G.; Armostrong, A.; Coombe, V.; Wells, A.

[Angew. Chem., Int. EQ007, 46, 3798-3800. (b) Anastas, P. T.; Warner,

J. C.Green Chemistry: Theory and Practic®xford University Press:
Oxford 1998.

(18) (a) Trost, B. MAcc. Chem. Re002 35, 695-705. (b) Trost, B.
M. Sciencel99], 254, 1471-1477.

(19) Sabitha, G.; Yadav, J. S. Encyclopedia of Reagents for Organic
SynthesisPaquette, L. A., Ed.; Wiley-VCH: Weinheim, 2006. A “friendly”
reagent must possess the following properties: low cost, easy availability,
low toxicity, and high stability toward water, oxygen, and air moisture.
The ability to work in solvent-free and hydrous conditions is also a
worthwhile feature. In this context, the Ce&IH,O/Nal system represents
an ideal “friendly” reagent. Moreover, no particular precautions are necessary
whenhandling it, since it is water and air tolerant, and an absolutely nontoxic
material: Ce(J, in fact, shows the same toxicity level as sodium chloride
(Imamoto, T.Lanthanides in Organic SynthssiAcademic Press: New
York 1994).

(20) (a) Bartoli, G.; Ferhadez-Boldos, J. G.; Di Antonio, G.; Foglia,

G.; Giuli, S.; Gunnella, R.; Mancinelli, M.; Marcantoni, E.; Paoletti, 3.
Org. Chem2007, 72, 6029-6036 and references cited therein. (b) Bartoli,
G.; Giovannini, R.; Giuliani, A.; Marcantoni, E.; Massaccesi, M.; Mel-
chiorre, P.; Paoletti, M.; Sambri, [Eur. J. Org. Chem2006 1476-1482.
(c) Bartoli, G.; Marcantoni, E.; Sambri, ISynlett2003 2101-2116.

(21) Scriven, E. F. V.; Turnbull, KChem. Re. 1988 88, 297—368.

(22) Niimi, K.-J.; Serita, S.; Hiraoka, T.; Yokozawa, Tetrahedron Lett.
200Q 41, 7075-7078.

(23) Kobayashi, S.; Araki, M.; Yasuda, Metrahedron Lett1995 36,
5775-5776.

(24) For reviews in microwave-assisted area, see: (a) Larhed, M;
Olofssson, KMicrowave Methods in Organic SynthesBpringer: Berlin,
2006: (b) Tierney, J. P.; Lindstmo, P. Microwave-Assisted Organic
SynthesisBlackwell Publishing: Oxford, 2005. (c) Kappe, C. Bngew.
Chem., Int. Ed2004 43, 6250-6284.

(25) (a) Bartoli, G.; Bosco, M.; Giuli, S.; Giuliani, A.; Lucarelli, L.;
Marcantoni, E.; Sambri, L.; Torregiani, B. Org. Chem2005 70, 1941—
1944, (b) Bartoli, G.; Bartolacci, M.; Giuliani, A.; Marcantoni, E.;
Massaccesi, M.; Torregiani, E.Qrg. Chem2004 69, 169-174. (c) Bartoli,

G.; Bosco, M.; Foglia, G.; Giuliani, A.; Marcantoni, E.; Sambri Synthesis
2004 895-900. (d) Bartoli, G.; Bartolacci, M.; Bosco, M.; Foglia, G.;
Giuliani, A.; Marcantoni, E.; Sambri, L.; Torregiani, E.Org. Chem2003
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model azide substradein the presence of Ce€TH,O (1.5 TABLE 1. Conversion of Azides 1a-m into Primary Amines
equiv) and Nal (1.5 equiv) supported on S$i@he reaction was 2a—m by Nal and CeClz7H;0 in Acetonitrile at Reflux for 24 ha
inefficient at room temperature, and all attempts to achieve the g, Starting Material® Product® Yield (%

optimum conditions to increase the yield of amia have
failed. Only with 9 equiv of Nal and with an external
temperature of 100C?7 for 24 h were very moderate yields of
adduct and many side products observed. Under these harsh
conditions, decomposition of the products can occur; we have

o™
1a
investigated the most appropriate solvent for this transformation @/\Na
H,CO
1b
o
Cl
1

z
I
5

65

80

39

of lato the corresponding amira promoted by our CeGl
7H,O/Nal combination.

Although the reaction in acetonitrile has been inefficient at
room temperature, good conversion has been obtained at reflux
temperature. Under these conditions with approximately 0.1 M
concentration and stirring for 24 h with Ce€H,O/Nal/azide
in a ratio of 1.5:9:1, acetonitrile turned out to be the most
appropriate among solvents evaluated according to the yields
of the isolated amines. In fact, the order, in terms of efficiency, 4
has been as follows (yields in parentheses): acetonitrile (86%),
toluene (55%), THF (50%), BED (42%), DMF (58%), and
nitromethané® (40%). Having optimized the promoter system
and the solvent, we have applied the procedure to various °
organoazides. As shown in Table 1, most reactions with different
substrates reach an acceptable yields, and several examples give

HaCO

N
(-2

NH,

3 75

NQQ
3]

80

o

~

: ;
I
S

»n
(-3

75

=z
I
Iy

O,
O, ON
N

2e

clear final reaction mixture with practically almost quantitative 6 ©/\/\NH2 75
yields of the amines.

The first clear point to underline is that the electronic 2f
properties of the aromatic group in several benzyl azides can
influence the transformation. We have observed that the 7 5 \Hj\/NHz 6
efficiency of the procedure is increased by the presence of a 2g
substituent on the aromatic ring, even if no difference in
reactivity has been observed when performing the transformation HZN/\H;\/NH? 55

with electron-donating or electron-withdrawing substituents
(Table 1, entries 14). It has been observed, moreover, that in

the case of 4-methoxybenzylazidébf our procedure gives, o
contrary to the result of previously published with Fe@bk
promoterl3® a good vyield of 4-methoxybenzylamine2k)

without demethylation of the substituent on the aromatic ring

(Table 1, entry 2}32 Given these results, a wide range of 10 —<:>
structurally varied alkyl azides have been subjected to reduction
with our CeCk7H,0O/Nal system. The procedure allows us to

S
VA
A9~

85

5]

A\
JCCIN
4
E:

P4
I
5

75

A

c
N3
1d
o
1e
1f
\H/\/N
7
1g
N3
9
1h
N3
7
1i
N3
11

n

provide the corresponding primary amines in good yields. 0 Q
Interestingly, in the case of azides bearing a carbmarbon 1 H3co)l\/\/Ns cho)l\/\/NHz 9
double bond, attack of the olefinic moiety does not occur (Table 1m 2m

1, entry 9). The same strategy applied to allyl azides led to allylic  a Reactions performed in the presence of 9 equiv of Nal and 1.5 equiv
amines (Table 1, entry 6), and this transformation does not of CeCk7H,0 in acetonitrile (10 mL/mmol of azides). b All starting
involve allylic rearrangement, a well-known process of allyl materials were commercially available or were prepared by ref 28.

azides through sigmatropic [3,3]-shiF&The alkyl azides have products were identified by their IR, NMR, and GC/MS speciréields
of products isolated.

(26) Although multiple methods for the preparation of organic azides

for different purposes are known (Rostovtsev, V. V.; Green, L. G.; Fokin, ; ; : ; :
V. V.: Sharpless, K. BAngew. Chem., Int. E@002 41 2596-2599). we selectively been converted into the corresponding amines in the

prefer Kotsuki's procedure by conversion of aicohols to corresponding Presence of other functional groups such as ester function (Table
sulfonates and subsequent nucleophilic substitution by azide anion (Kotsuki, 1, entry 11). Then, our procedure can be successfully applied
H.; Araki, T.; Miyazaki, A.; lwasaki, M.; Datta, P. KOrg. Lett. 1999 3, to a variety of aliphatic and aromatic azides, and various

499-502). This methodology does not use dichloromethane as solvent, andf . | h . hal d b
then it avoids the presence of an explosive byproduct, the bis-azidomethane/UNCtional groups such as ester, nitro, halogen, and carbon

that it could form by reaction of dichloromethane with the nucleophilic ~carbon double bond are compatible under the reaction condi-
azide. See: Hassner, A.; Stern, M.; Gottlieb, H.; Frolowd.FOrg. Chem. tions. Further, it is known that the Cef&H,O/Nal system

199Q 55, 2304-2306. . . .
(27) Mixing pure liquids without solvents to dissipate any exothermic allows the reactions to be carried out in close to neutral

decomposition of the reagents or products may be dangerous on a largeconditions and thus allows the survival of a large variety of

sca(lle.) | | | functional groups or protecting groups sensitive to acidic

28) Bartoli, G.; Cupone, G.; Dalpozzo, R.; De Nino, A.; Maiuolo, L.; ic19,20c A i ; i

Marcantoni, E.. Procopio, ASynlett2001, 18971900, hydrolysis? Azides bearlng_ stereogenic centers (Table 1,
(29) Mc Manus, M. J.; Berchtold, G. A.; Jerina, D. M. Am. Chem. entry 10) can be converted giving the amines with complete

Soc.1985 107, 2977-2978. retention of the original configuration. The azidé obtained

J. Org. ChemVol. 73, No. 5, 2008 1921
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SCHEME 1
N3
/\)\:/\OBn
4 OH CeCly 7H,0 (1.5 eq)
Nal (9 eq)
+ _ Complex mixture
CH;CN, reflux
OH
/\)\:/\OBn
N
43
o CeCly7H,0 (1.5 eq) \)O]\
\)L _ Nal@ey) othe
N OFt CH CN, reflux HN\[H\ )\ﬂ/ \l)LOEt * by, products
3

5

from L-menthol via stereospecifiq@ displacemer® undergoes
smooth conversion to the corresponding chiral anZihéut in
less than optimal yield%. The formation of other byproducts
has been evident, the identity of which remains unknown. It
should also be noted that the reduction by G&ELO/Nal
system has not been efficient for chiral azido alcohols for
obtaining chirala-amino alcohols (Scheme 1). Treatment of a
mixture of the two regioisomerigans-azido alcohols3 and4,

in which the latter largely predominated (21:79pave rise, in
our experimental conditions, to a complex mixture of products.
By GC—MS analysis of the reaction mixture, besides the

Bartoli et al.

TABLE 2. Microwave-Assisted Benzylazide (1a) Transformation
to Benzylamine (2a) under Different Experimental Condition$

CeCly 7H,0
@Am Nal ©/\NH2
solvent, MW
1a 2a
Nal CeCk7H,0 conditions/ yields
entry  (equiv) (equiv) time (min) T(°C) (%)
1 1.00 1.50 5 W; EtOH/30 90 31
2 2.00 1.50 5 W; EtOH/30 70 20
3 2.00 1.50 40 W; EtOH/30 90 35
4 9.00 1.50 40 W; EtOH/30 100 36
5 9.00 1.50 40 W; H20/60 100 0
6 2.00 1.50 40 W; CECN/30 100 38
7 9.00 1.50 10 W; CBCN/20 100 86

a All reactions were carried out by irradiation in a PowerMax Cooling
microwave oven with a mixture dfa and reagent system at a given power
for the selected time$.All yields refer to pure isolated compounds.

decomposition of the aryl azidésHowever, we have shown
that this CeG#7H,O/Nal promoted procedure provides an
efficient methodology for a selective deprotection of aryl azides
when the azido group is considered as protecting group of aniline
derivatives®®

Another improvement introduced by our transformation of
azides to primary amines is the diminution of the reaction time
by using microwave technology. We have thought that these

presence of traces of amino alcohol targets, we have observedeactions can be greatly accelerated by the application of focused

the formation of unknown fragmentation products other than

microwave irradiation, a useful technique that it has become a

corresponding epoxide and aziridine. The formation of the latter routine component of modern organic synthesis progranifes.

one can be assumed on the basis of our €&égJO/Nal one-
pot conversion of a hydroxy group into an iodo grétpand

subsequent cyclization to azirididéLikewise, ac-azido ester
5% has been transformed into the correspondirgmino ester,

Recently, two papers using microwave-assisted reaction pro-
moted by CeG7H,O appeared in the literatufé,and these
results prompted us to synthesize amines by reduction of azides
under microwave irradiation in the presence of our G&ELO/

but under our conditions coupling products, due the propensity Nal combination. For this reason, we have investigated the

of free amino esters to polymerize, were obserféthe adduct
6 and7 have been identified by GEMS.

microwave-assisted reaction of benzyl azideunder typical
treatment using Ce@VH,O and Nal in order to establish the

Having established the conditions for the selective conversion optimal conditions. The results are summarized in Table 2, and

of azido group of various alkyl azides to corresponding primary
alkyl amines, we have also investigated the possibility of
reduction of aryl azides. Reduction pinitrophenyl azide Xd)

to p-nitroaniline @d) has shown that reduction of the azido
group can be carried out without nitro group reduction (Table
1, entry 4)¥7 This transformation of aryl azides into anilines

certainly the transfer of our reaction under focused microwave
irradiation needs special attention. Thus, we have decided to
try a microwave control of temperature/time (the microwave

controls the irradiation power to maintain the fixed temperature)

by using a single mode microwave reactor equipped with a
cooling system for automatic microwave power regulafion.

has not been widely investigated with our procedure because,By screening the various conditions, we have observed that the
generally, the preparation methods for aryl azide substrates areuse of acetonitrile as solvent in this reaction gives the desired
mainly based on the replacement of diazonium salts. Direct amine with better yield (Table 2, entry 7). We have also

coupling of aryl halides with sodium azide has been reported investigated the possibility to reduce the amounts of Nal, but
to be possible, but it gave low yields because completion of

the reaction needed a higher reaction temperature, which caused (38) Zhu, W.; Ma, D.Chem. Commur2004 888-889.

(30) Shimizu, T.; Ohzeki, T.; Hiramoto, K.; Hori, N.; Nakata,Synthesis
1999 1373-1385.

(31) The chiral amin@l was hypothesized to be$PS5R)-configurated
as reported in the literature (Smith, H. E.; Gordon, A. W.; Bridges, A. F.
J. Org. Chem1974 39, 2309-2311).

(32) Crotti, P.; DellOmodarme, G.; Ferretti, M.; Macchia, F. Am.
Chem. Soc1987 109, 1463-1469.

(33) Di Deo, M.; Marcantoni, E.; Torregiani, E.; Bartoli, G.; Bellucci,
M. C.; Bosco, M.; Sambri, LJ. Org. Chem200Q 65, 2830-2833.

(34) Crotti, P.; Chini, M.; Uccello-Barretta, G.; Macchia,JOrg. Chem.
1989 54, 4525-4529.

(35) Hoffmann, R. V.; Kim, H.-OTetrahedron Lett199Q 31, 2953~
2956.

(36) Hoffmann, R. V.; Kim, H.-OTetrahedron1992 48, 3007-3020.

(37) (a) Liu, C.-Y.; Knochel, PJ. Org. Chem2007, 72, 7106-7115.
(b) Rao, H. S. PSynth. Commurl994 24, 549-555.

1922 J. Org. Chem.Vol. 73, No. 5, 2008

(39) Pinney, K. G.; Katzenellenbogen, J. A.Org. Chem.1991, 56,
3125-3133.

(40) (a) Razzaq, T.; Kappe, C. Qetrahedron Lett2007, 48, 2513~
2517. (b) Smith, C. J.; Iglesias-Signza, F. J.; Baxendale, I. R.; Ley, S. V.
Org. Biomol. Chem2007, 5, 2758-2761. (c) Collins, J. M.; Leadbeater,

N. E. Org. Biomol. Chem2007, 5, 1141-1150. (d) Hesse, S.; Perspicace,
E.; Kirsch, G.Tetrahedron Lett2007, 48, 5261-5264.

(41) Microwave irradiation experiments were conducted using a CEM
Discover monomode reactor with the temperature monitored by a built-in
infrared sensor. This reactor is equipped with PowerMax technology that
allows simultaneous cooling of a reaction with compressed gas while
irradiating it with microwave energy (enhanced microwave synthesis). Thus,
energy can be continuously applied while keeping the bulk temperature at
a set level: this feature prevents unwanted side reactions and allows for
cleaner and faster reactions. For details, see http://www.cemsynthesis.

(42) (a) Jia, C.-S.; Dong, Y.-W.; Tu, S.-J.; Wang, G.-Wetrahedron
2007, 63, 892-897. (b) Yadav, J. S.; Reddy, B. V. S.; Reddy, M. S. K;;
Sabitha, R. GSynlett2001, 1134-1136.
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TABLE 3. Conversion of Azides into Amines by under
Microwave-Assisted Irradiation Conditions

CeCly7H,0 (1.5 eq)
Nal (9 eq)
R N3 ——— > R
1 CH4CN, 10W
100°C, 20 min

NH,

N

Entry Starting Material®

oo

Product? Yield (%)°

NH, 86

Y

2a

91

73

NH, 9%

Q

NO,

1n 2n

a All products were fully characterized by IR, NMR, and MS Spectra.
bYields of products isolated.

unsuccessfully: the reaction proceeds with good yield when
the molar ratio of azide, Ce€IH,O, and Nal is still 1:1.5:9
with a power microwave irradiation of 10 W for 20 min.

To test if CeC47H,0 is also responsible for this conversion
of azidelato amine2a, the reaction has been performed without

JOC Article

SCHEME 2. Proposed Mechanism for Transformation of
Azides into Amines
. .. CeCly7TH,0  |R—N-N e
Re N=N=f + O 22C7HO ol _lli(1° N=N
] - -
1 8
H,0 .5
ReoNH, =2 [RvN=|]Ie
2 9

(from CeCk7H,0) does not influence this reaction, and a very
low yield of amines has been detected by GC when anhydrous
cerium trichloridé*has been employed in dry acetonitrile.
Similar good yields, instead, have been observed when 1, 4, 7,
and 10 equiv of water have been added into the dry reaction
mixture. Further, the fact that our methodology is clean and
the amines have been obtained in good vyields without the
observation of any side products such as aldimines and
aldehydes, normally observed by acid-catalyzed treatment of
azides!* excludes the existence of traces of HX, which might
contaminate the reaction mixture.

For the role of Nal, contrary to the explanation proposed by
Kamal et al. for FeG—Nal combinatiorn3®we believe that the
activity of the CeG$7H,O/Nal system is not due to an halogen-
exchange reaction. Recent studies by us and by others, in fact,
have shown that hydrated Gebr Cek—Nal combination
provide a less efficient activity than CefZIH,O/Nal 20246 Thus,
without conclusive data, the use of an excess of Nal, essential
for this our reductiort/ might indicate that our conditions the
oxidation of iodide ion to iodine happens. We have found that
when a mixture of azidéa (1 equiv) is treated only with Nal
(5 equiv) and elemental iodine (1 equiv), the reaction is less
efficient than treatment with our Ce&dH,0O/Nal system. On
the other hand, when to this reaction mixture Ge&C,0 (1.5

Cenum(l”) Salt Thel’e haS been no Change il’] the S'[al’tlng equ“/) has been added’ ’[he reduction to arﬁms acce|erated,
material even after exposure to microwave irradiation for several 5 gemonstration that iodine is a weaker Lewis acid promoter

hours. Finally, we sought to find out if the microwave-assisted

than more commonly used Lewis acids such as gefll of

azide reduction has been a mere reflection of thermal conditions.these results show that the combination of Nal and &840

Therefore, azidda and CeC#7H,O/Nal system in a ratio of

is essential for this conversion, and although we could not

of the thermolabile azido group in starting_material has only oy findings is tentatively proposed (Schemé&Jhus, although
been observed even after heating for 20 min, and no traces ofine mechanism of this reaction is still obscure, it can be

corresponding amin2a has been recovered. For this reason,

rationalized assuming the formation of a cyclic iodonium

harsh reaction conditions, microwave-assisted is a necessanroduce polyvalent iodine intermedia®® This latter hydro-
condition. By comparison of the data in Table 3, it is obvious  |yzes to amine2 by the water present in the reaction mixture.

that the microwave-assisted protocol significantly cuts down

The first step involves the addition of a triiodide ion, obtained

the reaction time, and the higher yields obtained with respect by the known reaction of iodine with iodide iGAto an azide
to the thermal heating process reflect the nonthermal effects1 4 The addition is promoted by the ability of rare earth

under microwave irradiation conditions.

Recognizing the advantages of our synthetic approach, we

have observed that starting,w-diazidoalkanelh, easily
prepared from the corresponding diol, is transformed into
diaminoalkane2h (Table 1, entry 8). Unfortunately, we have

observed that the monoselective reduction of diazido compound, .

derivatives to coordinate multiple boRHON the basis of this

(44) Imamoto, T.; Takeda, NDOrg. Synth.1998 76, 228-238.

(45) Boyer, J. H.; Canter, F. C.; Hamer, J.; Putney, RJKAm. Chem.
Soc.1956 78, 325-327.
(46) (a) Bartoli, G.; Bosco, M.; Giuliani, A.; Marcantoni, E.; Palmieri,
Petrini, M.; Sambri, LJ. Org. Chem2004 69, 1290-1297. (b) Marotta,

does not occur; as a consequence, our procedure cannot be used; Foresti, E.; Marcelli, T.; Peri, F.; Righi, P.; Scardovi, N.; Rosini, G.

for the synthesis of azido aminés.

Having established what appeared to be the optimal condi-

tions, we switched our attention to the fact that our organic
transformation of azides can proceed very well without any

special treatment of substrates, reagents, and solvents. Watei

(43) Lee, J. W.; Jun, S. |.; Kim, KTetrahedron Lett2001, 42, 2709~
2711.

Org. Lett.2002 4, 4451-4453.

(47) The use of less than 5 equiv of Nal decreases not only the amount
of the conversion but also the rate of the reaction.

(48) In order to avoid unnecessary complication of the forniulia
Scheme 3, we have depicted only one of the two resonating structures of
zido group: R-N=N*=N~ < R—N~—*=N; see: The Chemistry of the
zido Group Patai, S., Ed.; Interscience: London, 1971; p 4.

(49) Derivatives of polivalent iodine are highly unstable and can exist
only as short lived reactive intermediate; see: VarvoglisHiperalent
lodine in Organic Synthesi#\cademic Press: London, 1997.
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mechanism, the iodide ion is widely consumed during the acetonitrile (10 mL) were added Ce&€H,O (1.5 mmol) and Nal
process, thus justifying the usage of an excess of Nal, and(9.0 mmol), and the resulti_ng mixtu_re was stirred at reflux
furthermore, to support our proposed mechanism, the reactiontemperature for 24 h (no starting material remains as monitored by
has been carried out in the presence of 2,6edibutyl-4- GC and TLC) The reaction mixture was diluted with £ and

methylphenol as a radical inhibité?.The reaction produced ~ éated wih 3 N HCI (pH = 2). The organic layer was separated,
the desired aming, and then the reaction has not been and the aqueous layer was washed witfOEfThe acidic solution

. -~ was then carefully basified with a solutio ® N NaOH (pH=
accomplished through an electron-transfer pathway from iodide ;1) anq extracted with ether. The combined organic extracts were

ion to the azide activated by Ce(Ifj. washed with saturated aqueous NaHC®mol % NaS,0s, and
brine and dried over anhydrous }D,. Evaporation of the solvent
3. Conclusion under reduced pressure provided the resulting crude pr@duacs

an oil (65% yield) usually at 97% purity as judged by NMR, and
In conclusion, regardless of the mechanistic details, the then column chromatography was not necessary: IR (neat})cm
experimental simplicity of our Ce@VH,O/Nal system, its low 3400, 3310, 1610, 813H NMR (300 MHz, CDC}) 6 1.62 (bs,
cost and easy accessibility, and the high chemoselectivity 2H), 3.85 (s,3H), 7.187.37 (m, 5H), identical to commercially
observed provide a convenient and practical method of convert-available compoundt*C NMR (75 MHz, CDCk) 6 49.3, 123.7,
ing the azides to primary amines. Our procedure represents ant27.3, 129.1, 144.4; EI-M8vz 107 [M*], 106 (100), 80, 77, 65,
additional example where the activity of Nal is dramatically 21, 39- Anal. Calcd for @H¢CN: C, 78.46; H, 8.47; N, 13.07.
increased by the presence of a cerium(lll) salt such as£ecl Found: C, 78.45; H, 8.43; N, 13.04.

7H,0. At the end of our investioations. it emeraed that cerium- General Procedure for Reduction of Azides in the presence
2~ ) /estig ' €rg . CeClz7H,0/Nal with Microwave Irradiation (2n). (The proce-
(1) salt acts as Lewis acid promoter of azide reduction, and

| : . " dure was performed in a CEM Discover in PowerMax mode with
this aspect emphasizes once more the importance of thisthe temperature monitored by a built-in infrared sensor.) A stirred
lanthanide derivative, characterized by low toxicity, ease of mixture of azideln (1.0 mmol), CeG+7H,0 (1.5 mmol), and Nal
handling, low cost, and stability in the presence of moistéire. (9.0mmol) in acetonitrile (10 mL) was subjected to microwave
Since microwave-assisted organic synthesis is a rapidly expand-rradiation at 10 W for 20 min at 108C. After completion of the

ing area of research because it often offers the opportunity to reaction as indicated by GC and TLC, the reaction mixture was
reduce reaction times and to increase product yield, this cooled, and using the same workup as in the previous thermal
methodology has been applied with success to this reaction. Thedéneral procedure, amirgn was isolated as an oil (96% yield):

: ; ; At : IR (neat, cmt) 3460, 3360, 1611, 1598, 1552, 1335, 795NMR
procedure with the use of microwave irradiation has described (500 MHz, CDCH) 0 1.55 (bs, 2H), 4.02 (s, 2H), 7.4 .52 (m,

the advantages of this methodology over conventional technol-lH) 7.66-7.69 (m, 1H), 8.06:8.11 (m, 1H), 8.19:8.22 (m, 1H)
ogy. Finally, given that a variety of amines are of significant jgentical to commercially available compour&z NMR (125 MHz,
importance as building blocks for the synthesis of new cpcy,) ¢ 50.2, 119.5, 122.3, 131.1, 134.5, 138.4, 150.0; EI-MS
pharmaceutical compoun@further studies on the reaction vz 152 [M*], 136, 122 (100), 106, 77, 65, 51, 39. Anal. Calcd for
mechanism and applications of this transformation are underwayC,HgN,O,: C, 55.26; H, 5.30; N, 18.41. Found: C, 55.23; H, 5.23;
in our laboratories. N, 18.37.
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