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ABSTRACT

A procedure for the conversion of azides to amines, which uses NaBH4 and catalytic amounts of tin(IV) 1,2-benzenedithiolate, is disclosed.
Primary, secondary, tertiary, aromatic, and heteroaromatic azides are reduced in excellent yields under very mild conditions.

Reduction of azides to amines is a reaction of paramount
importance in organic synthesis; therefore, a great deal of
reagents have been reported to effect this transformation.1

In fact, there has been always considerable interest in
searching for more efficient and chemoselective azide-
reducing agents.2

Years ago we reported on new tin(II) complexes of the
general formula [Et3NH][Sn(SR)3],3 which reduce azides and
nitro compounds but not carbonyl groups. Azides, even the
most hindered ones, react completely within a few minutes
at room temperature in a plethora of solvents, to afford
amines in practically quantitative yields. These tin reagents
can be readily obtained (i) by adding RSH and Et3N to
insoluble, polymeric Sn(SR)2,3a,b(ii) by mixing SnCl2, RSH,
and Et3N in a 1:3:3 ratio,3c and (iii) by treating phos-

(1) Reviews: (a) Marson, C. M.; Hobson, A. D. InComprehensiVe
Organic Functional Group Transformations; Ley, S. V., Ed.; Pergamon-
Elsevier: Oxford, U.K., 1995; Vol. 2, p 297. (b) Gilchrist, T. L. In
ComprehensiVe Organic Synthesis; Trost, B. M., Fleming, I., Eds.;
Pergamon: Oxford, U.K., 1991; Vol. 8, p 381. (c) Hassner, A. InHouben-
Weyl Methods of Organic Chemistry,4th ed.; Georg-Thieme Verlag:
Stuttgart, Germany, 1990; Vol. E16a, Part 2, p 1243. (d) Scriven, E. F. V.;
Turnbull, K. Chem. ReV. 1988, 88, 298.

(2) For methods reported in the last 5 or 6 years, see the following. (a)
NaBH4/CuSO4: Rao, H. S. P.; Siva, P.Synth. Commun.1994, 24, 549. (b)
Zn(BH4)2: Ranu, B. C.; Sarkar, A.; Chakraborty, R.J. Org. Chem.1994,
59, 4114. (c) Aminoborohydrides: Alvarez, S. G.; Fisher, G. B.; Singaram,
B. Tetrahedron Lett.1995, 36, 2567. (d) HBCl2: Salunkhe, A. M.; Brown,
H. C. Tetrahedron Lett.1995, 36, 7987. (e) Hexamethyldisilathiane:
Capperucci, A.; Innocenti, A. D.; Funicello, M.; Mauriello, G.; Scafato,
P.; Spagnolo, P.J. Org. Chem.1995, 60, 2254. (f) SmI2: Benati, L.;
Montevecchi, P. C.; Manni, D.; Spagnolo, P.; Volta, M.Tetrahedron Lett.
1995, 36, 7313. (g) SmI2: Goulaouic-Dubois, C.; Hesse, M.Tetrahedron
Lett. 1995, 36, 7427. (h) Tetrathiomolybdate ion: Ramesha, A. R.; Bhat,
S.; Chandrasekaran, S.J. Org. Chem.1995, 60, 7682. (i) Fe/NiCl2: Baruah,
M.; Boruah, A.; Prajapati, D.; Sandhu, J. S.; Chosh, A. C.Tetrahedron
Lett. 1996, 37, 4559. (j) Fe/NH4Cl: Cho, S.-D.; Choi, W.-Y.; Lee, S.-G.;
Yoon, Y.-J.; Shin, S. C.,Tetrahedron Lett.1996, 37, 7059. (k) H2S/pyr:
Inoue, I.; Saneyoshi, M.; Adachi, T.; Yamada, Y.Synthesis1997, 45. (l)
Zn/NiCl2: Boruah, A.; Baruah, M.; Prajapati, D.; Sandhu, J. S.Synlett1997,
1253. (m) Sm/I2: Huang, Y.; Zhang, Y.; Wang, Y.Tetrahedron Lett.1997,

38, 1065. (n) Baker’s yeast: Kamal, A.; Laxminarayana, B.; Gayatri, N.
L. Tetrahedron Lett.1997, 38, 6871. (o) TMSCl/NaI: Kamal, A.; Rao, N.
V.; Laxman, E.Tetrahedron Lett.1997, 38, 6945. (p) Bu3SnH-catalyzed:
Hays, D. S.; Fu, G. C.J. Org. Chem.1998, 63, 2796. (q) In/NH4Cl: Reddy,
G. V.; Rao, G. V.; Iyengar, D. S.Tetrahedron Lett.1999, 40, 3937. (r)
MCM-silylamine-Pd complex/H2: Kantam, M. L.; Chowdari, N. S.;
Rahman, A.; Choudary, B. M.Synlett 1999, 1413. (s) Organouranium
complexes/H2: Peters, R. G.; Warner, B. P.; Burns, C. J.J. Am. Chem.
Soc.1999, 121,5585.

(3) (a) Bou, V. Master Thesis, Universitat de Barcelona, 1987. (b) Bartra,
M.; Urpı́, F.; Vilarrasa, J.Tetrahedron Lett.1987, 28, 5941. (c) Bartra, M.;
Bou, V.; Garcia, J.; Urpı´, F.; Vilarrasa, J.J. Chem. Soc., Chem. Commun.
1988, 270. (d) Bartra, M.; Romea, P.; Urpı´, F.; Vilarrasa, J.Tetrahedron
1990, 46, 587. (e) Bosch, I. Master Thesis, Universitat de Barcelona, 1992.
(f) For remarkable applications of the SnII/PhSH complex in the field of
natural products, see: Nicolaou, K. C.; Caulfield, T. J.; Kataoka, H.;
Stylianides, N. A.J. Am. Chem. Soc.1990, 112, 3693. Forrest, A. K.;
O’Hanlon, P. J.; Walker, G.Tetrahedron1994, 50, 19739. Kick, E. K.;
Ellman, J. A.J. Med. Chem.1995, 38, 1427. Urban, D.; Skrydstrup, T.;
Riche, C.; Chiaroni, A.; Beau, J.-M.J. Chem. Soc., Chem. Commun.1996,
1883. Lee, C. E.; Kick, E. K.; Ellman, J. A.J. Am. Chem. Soc.1998, 120,
9735. Urban, D.; Skrydstrup, T.; Beau, J.-M.J. Org. Chem.1998, 63, 2507.
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phines with tin(IV) thiolates, i.e., by the reaction R3P + Sn-
(SR)4 f R3P+SR + Sn(SR)3-.4 This finding came from a
simple starting idea: that the ability to transfer electrons of
anionic species such as Sn(SR)3

- (in general, of species
SnX3

- or SnX4
2-) had to be much greater than that of neutral

molecules or salts such as Sn(SR)2 and SnX2. Most of these
tin(II)-thiolate complexes have turned out to be the fastest
reducing agents for azides reported so far.3d,5

We report now on an improvement based on the use of a
catalytic amount of tin(IV) bis(1,2-benzenedithiolate), hence-
forward Sn(BDT)2 or 1, and a common reducing agent,
instead of a stoichiometric amount or an excess of tin(II)-
thiolate complexes. It should significantly decrease the
amount of tin waste, which is of great value with respect to
environmental and practical concerns.

Compound1 is a red solid,6 insoluble in most solvents
but soluble in the presence of Lewis bases, i.e., by coordina-
tion with donor ligands.7 It has been easily prepared by
mixing SnCl4‚5H2O and 1,2-benzenedithiol in water, in a
1:2 ratio;7c this dithiol is commercially available, but it was
also prepared in our laboratory3e in large amounts from
thiophenol, according to the procedure of Block et al.8 When
a suspension of1 in THF at room temperature is treated with
an equimolar amount of NaBH4 in H2O or MeOH, yellow
solutions are formed that show a strong reducing power
against azides: benzyl azide is converted to benzylamine in
few minutes. In the absence of1, under the same conditions,
benzyl azide is not reduced by NaBH4, Me2S-BH3, or 1,2-
benzenedithiolate anion. Without tin, the mixture of 1,2-
benzenedithiol (20 mol %) and NaBH4 (100 mol %) in
THF-H2O at room temperature does not reduce benzyl
azide, either.9

The active species involved in the above-mentioned
reduction of benzyl azide with equimolar amounts of1 and
NaBH4 should arise from the cleavage of one of the Sn-S
bonds of1 by the reducing agent (transfer of hydride from
borohydride ion). It may be a tin(II)-thiolate complex such

as2 or the corresponding dianion, depending on the amount
of borohydride ions added and/or the medium basicity.

Going further, the strong reducing power of the active
speciesand the compatibility of borohydride ion with some
protic solVents prompted us to carry out the azide reductions
in a catalytic mode.In practice, the reduction of benzyl azide
with 1-20 mol % of1 appeared to be rather efficient even
in the first trial experiments. A plausible mechanism is
summarized in Scheme 1, where it is shown that reaction

intermediate3 requires a proton source to give the amine
and regenerate the catalyst (1), which is converted again to
the active species (turnover).

The reactions were carried out on 1 mmol of azide in THF
at ca. 15°C, in the presence of1 (5 or 10 mol %), by adding
0.67, 1.0, or 1.5 mmol of NaBH4 in buffered, cold water.10

The procedure was applied to a variety of azides, as shown
in Table 1. Conversions of azides to the corresponding
amines11 were generally quantitative. It is worth noting the
following.

(i) At pH 10 (entry 1), reduction of benzyl azide took place
within 30 min, even when only 0.05 mmol of1 and 0.67
mmol of NaBH4 per millimole of azide were utilized.

(ii) At pH 7 (entry 3), the reduction was slower. An excess
of NaBH4 (1.5 mmol/mmol of azide) was necessary to
compensate for the loss of borohydride ions by reaction with

(4) The R3P/Sn(SR)4 combination shows, as expected, both dehydrating
and reducing power. See: Urpı´, F.; Vilarrasa, J.Tetrahedron Lett.1990,
31, 7497.

(5) These methods were developed in connection with a project on the
direct macrolactamization of carboxyl-activatedω-azido acids, by reduction
of the azido group and cyclization in situ, as we needed reagents
chemoselective and strong enough for carrying out quickly the azido group
reduction under the high-dilution conditions required for a successful
macrocyclization. For applications to macrolactamization reactions, see: (a)
Bartra, M.; Urpı´, F.; Vilarrasa, J.Tetrahedron Lett.1992, 33, 3669. (b)
Martı́n, M.; Mas, G.; Urpı´, F.; Vilarrasa, J.Angew. Chem., Int. Ed.1999,
38, 3086.

(6) Brown, H. P.; Austin, J. A.J. Am. Chem. Soc.1940, 62, 673. Further
data for Sn(BDT)2 (1): darkens at 294-296°C; 1H NMR (DMSO-d6, 200
MHz) δ 6.82 (m, 2 H, AA′), 7.37 (m, 2 H, XX′).

(7) For related tin dithiolates, see: (a) Epstein, L. M.; Straub, D. K.
Inorg. Chem.1965, 4, 1551. (b) Poller, R. C.; Spillman, J. A.J. Chem.
Soc.1966, 958 and references therein. (c) Sau, A. C.; Day, R. O.; Holmes,
R. R. Inorg. Chem.1981, 20, 3076. (d) Sau, A. C.; Holmes, R. R.; Molloy,
K. C.; Zuckerman, J. J.Inorg. Chem.1982, 21, 1421.

(8) Block, E.; Eswarakrishnan, V.; Gernon, M.; Ofori-Okai, G.; Saha,
C.; Tang, K.; Zubieta, J.J. Am. Chem. Soc.1989, 111, 658.

(9) These reagents convert the most reactive azides to amines on heating
and/or when they are used in large excesses for many hours. The only related
system we have found that works efficiently, without tin and without heating,
is a mixture of 1,2-benzenedithiol (1.5 equiv) and Me2S-BH3 (1.5 equiv):
in THF at room temperature benzyl azide is reduced in 5 h.

(10) General procedure. To a solution of the azide (1 mmol) in THF (10
mL), surrounded by a water bath at 10-15 °C, was added1 (20 mg, 0.05
mmol, or alternatively, 40 mg, 0.10 mmol), and the red suspension was
vigorously stirred at room temperature. An aqueous solution, prepared at 0
°C, of NaBH4 (38 mg, 1.0 mmol, or other amounts, see Table 1) in a buffer
(1-2 mL) of pH 10 (NaHCO3/Na2CO3) was then added; alternatively, a
cold aqueous solution of NaBH4 (57 mg, 1.5 mmol) in a buffer (1-2 mL)
of pH 7 (NaH2PO4/Na2HPO4) was used. The red suspension immediately
became a yellow solution. After the mixture was stirred for 30-60 min
(depending on the substrate and conditions, see Table 1), removal of THF
in a rotary evaporator, addition of saturated aqueous NaCl or of aqueous
Na2CO3, extraction several times with dichloromethane (or for the most
polar compounds with ethyl acetate), drying of the organic extracts, filtration,
and removal of the solvent under vacuum afforded a spectroscopically pure
product. Filtration through a small pad of aluminum oxide or silica gel
gave the chromatographically pure amine. By acidification of the aqueous
layer up to ca. pH 2, a red solid (catalyst1) precipitated; it was filtered off,
dried, and reused when necessary.

(11) The products are known compounds and have been characterized
by NMR, IR, and MS.

Scheme 1
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the protons of the medium. Nevertheless, in such a case, with
10 mol % of catalyst, disappearance of the azide was
complete in ca. 60 min (see entry 3 of Table 1). In other
words, even though the reduction is faster at pH 10,12 for
substrates prone to hydrolysis or sensitive to basic media
there is the possibility of operating at neutral pH.

(iii) A secondary azide, 1-phenylethyl azide (entry 5), and
tertiary azides (entries 9 and 10) seem to react only slightly
slower than primary azides. The aromatic (entry 6) and
heteroaromatic azides (entries 7 and 8) checked in this work
react rapidly. It is probable that more hindered azides and
aromatic azides with strong electron-donating substituents
react slowly, perhaps too slowly, under the conditions of
Table 1, but in such cases larger amounts of1 and NaBH4

could be employed.

(iv) At the end, the catalyst (1) can be recovered from the
aqueous solution by acidification and filtering off the red
solid that precipitates; it is reusable.

In summary, the catalytic process disclosed here, clearly
amenable to a larger scale, allows one to convert azides into
amines in practically quantitative yields. Obviously, to
transform R-NNN to R-NH2 and N2, two hydrogens are
always needed, which may come from H2 (catalytic hydro-
genation) or from H-/H+ (reduction followed by protona-
tion). As our initial objective was the development of a new,
mild procedure within the second alternative, in one pot, with
all the reagents inside, the reducing agent had to be quite
compatible with the proton source (protic solvent). Thus,
borohydride ion was a reasonable choice, but it is not
sufficiently active against azides. Use of1 as a catalyst has
solved the problem.
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(12) At pH 9 and pH 8, with 5 mol % of catalyst and 1 mmol of NaBH4
per millimole of benzyl azide, the complete disappearance of the azide
required ca. 60 min (data not included in Table 1).

Table 1. Reduction of Azides to Amines in THF-H2O at ca.
15 °C, with NaBH4 and1
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