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A procedure for the conversion of azides to amines, which uses NaBH, 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

Years ago we reported on new tin(ll) complexes of the

importance in organic synthesis; therefore, a great deal ofgeneral formula [ENH][Sn(SR}],® which reduce azides and

reagents have been reported to effect this transformétion.

nitro compounds but not carbonyl groups. Azides, even the

In fact, there has been always considerable interest inmost hindered ones, react completely within a few minutes

searching for more efficient and chemoselective azide-

reducing agents.
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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 andNEto
insoluble, polymeric Sn(SR¥* (i) by mixing SnCh, RSH,

and EtN in a 1:3:3 ratio’ and (iii) by treating phos-
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1883. Lee, C. E.; Kick, E. K.; Ellman, J. A. Am. Chem. S0d.998 120,
9735. Urban, D.; Skrydstrup, T.; Beau, J.-0.Org. Chem1998 63, 2507.
Lee, J. W.; Fuchs, P. LOrg. Lett. 1999 1, 179.



phines with tin(IV) thiolates, i.e., by the reactionfR+ Sn-
(SR) — R3P'SR + Sn(SR).* This finding came from a
simple starting idea: that the ability to transfer electrons of ~ Going further, the strong reducing power of the active
anionic species such as Sn($R]in general, of species speciesand the compatibility of borohydride ion with some
SnXs~ or SnX?") had to be much greater than that of neutral protic sobents prompted us to carry out the azide reductions
molecules or salts such as Sn(gB)d SnX%. Most of these in a catalytic modeln practice, the reduction of benzyl azide
tin(1l) —thiolate complexes have turned out to be the fastest with 1—20 mol % of1 appeared to be rather efficient even
reducing agents for azides reported so3fdr. in the first trial experiments. A plausible mechanism is

We report now on an improvement based on the use of aSummarized in Scheme 1, where it is shown that reaction
catalytic amount of tin(IV) bis(1,2-benzenedithiolate), hence-

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

forward Sn(BDT) or 1, and a common reducing agent,
instead of a stoichiometric amount or an excess of tin(ll)

thiolate complexes. It should significantly decrease the

amount of tin waste, which is of great value with respect to
environmental and practical concerns.

Compoundl is a red solic, insoluble in most solvents

but soluble in the presence of Lewis bases, i.e., by coordina-

tion with donor ligand<. It has been easily prepared by
mixing SnCl-5H,0 and 1,2-benzenedithiol in water, in a
1:2 ratio/® this dithiol is commercially available, but it was
also prepared in our laboratfyin large amounts from
thiophenol, according to the procedure of Block €t\&hen

a suspension df in THF at room temperature is treated with
an equimolar amount of NaBHn H,O 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 bfunder the same conditions,
benzyl azide is not reduced by NaBHVe,S—BHs;, or 1,2-
benzenedithiolate anion. Without tin, the mixture of 1,2-
benzenedithiol (20 mol %) and NaBH100 mol %) in

THF—H,O at room temperature does not reduce benzyl

azide, eithe®f.

Scheme 1
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intermediate3 requires a proton source to give the amine
and regenerate the cataly4),(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 df (5 or 10 mol %), by adding
0.67, 1.0, or 1.5 mmol of NaBHn buffered, cold watet?

The active species involved in the above-mentioned The procedure was applied to a variety of azides, as shown

reduction of benzyl azide with equimolar amountsland
NaBH, should arise from the cleavage of one of the-Sn
bonds ofl by the reducing agent (transfer of hydride from
borohydride ion). It may be a tin(Hthiolate complex such

(4) The RP/Sn(SR) combination shows, as expected, both dehydrating
and reducing power. See: Urpt.; Vilarrasa, JTetrahedron Lett199Q
31, 7497.

in Table 1. Conversions of azides to the corresponding
amines! 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 df and 0.67
mmol of NaBH, per millimole of azide were utilized.

(i) At pH 7 (entry 3), the reduction was slower. An excess

(5) These methods were developed in connection with a project on the of NaBH, (1.5 mmol/mmol of azide) was necessary to

direct macrolactamization of carboxyl-activaieedzido 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

compensate for the loss of borohydride ions by reaction with

(10) General procedure. To a solution of the azide (1 mmol) in THF (10

macrocyclization. For applications to macrolactamization reactions, see: (a) mL), surrounded by a water bath at-105 °C, was added (20 mg, 0.05

Bartra, M.; Urpy F.; Vilarrasa, JTetrahedron Lett1992 33, 3669. (b)
Martin, M.; Mas, G.; Urpy F.; Vilarrasa, JAngew. Chem., Int. EA.999
38, 3086.

(6) Brown, H. P.; Austin, J. AJ. Am. Chem. Sod94Q 62, 673. Further
data for Sn(BDT) (1): darkens at 294296°C; IH NMR (DMSO-ds, 200
MHz) 6 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. Chem.
Soc.1966 958 and references therein. (c) Sau, A. C.; Day, R. O.; Holmes,
R. R.Inorg. Chem1981, 20, 3076. (d) Sau, A. C.; Holmes, R. R.; Molloy,
K. C.; Zuckerman, J. dJnorg. Chem.1982 21, 1421.

(8) Block, E.; Eswarakrishnan, V.; Gernon, M.; Ofori-Okai, G.; Saha,
C.; Tang, K.; Zubieta, J. Am. Chem. S0d.989 111, 658.

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 NaBH,; (38 mg, 1.0 mmol, or other amounts, see Table 1) in a buffer
(1—2 mL) of pH 10 (NaHCQ@/Na,COs) was then added; alternatively, a
cold aqueous solution of NaBH57 mg, 1.5 mmol) in a buffer (22 mL)

of pH 7 (NaHPOy/NaHPOy) was used. The red suspension immediately
became a yellow solution. After the mixture was stirred for-80 min
(depending on the substrate and conditions, see Table 1), removal of THF
in a rotary evaporator, addition of saturated aqueous NacCl or of aqueous
Na,CQ;, 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

(9) These reagents convert the most reactive azides to amines on heatinggave the chromatographically pure amine. By acidification of the aqueous
and/or when they are used in large excesses for many hours. The only relatedayer up to ca. pH 2, a red solid (catalyi3tprecipitated; it was filtered off,

system we have found that works efficiently, without tin and without heating,
is a mixture of 1,2-benzenedithiol (1.5 equiv) andZ8eBHs (1.5 equiv):
in THF at room temperature benzyl azide is reduced in 5 h.
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dried, and reused when necessary.
(11) The products are known compounds and have been characterized
by NMR, IR, and MS.
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s (iii) A secondary azide, 1-phenylethyl azide (entry 5), and

Table 1. Reduction of Azides to Amines in THFH,O at ca. tertiary azides (entries 9 and 10) seem to react only slightly
15 °C, with NaBH, and1 slower than primary azides. The aromatic (entry 6) and
Azid ] NaBH b A heteroaromatic azides (entries 7 and 8) checked in this work
Entry zide mol% mo?ar ,;t’io P m? ' yieﬂqf/;) react rapidly. It is probable that more hindered azides and
aromatic azides with strong electron-donating substituents
1 Ph N, 5 0.67 10 30 97 react slowly, perhaps too slowly, under the conditions of
5 PR N, 5 10 10 30 1002 Table 1, but in such cases larger amountd eihd NaBH
could be employed.
3 PR N, 10 1.5 780 95 (iv) At the end, the catalystlf can be recovered from the

4 /\(CH Ny 10 10 10 45 04 aqgeous solut?o.n by agigification and filtering off the red
2 solid that precipitates; it is reusable.

5 >\N3 5 1.0 10 40 95 In summary, the catalytic process disclosed here, clearly
amenable to a larger scale, allows one to convert azides into
10 1.0 10 15 100 amines in practically quantitative yields. Obviously, to
transform R-NNN to R—NH; and N, two hydrogens are
always needed, which may come from (datalytic hydro-
genation) or from H/H* (reduction followed by protona-
tion). As our initial objective was the development of a new,
0.67 10 40 100 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,
o M 10 10 10 60 96 borohydride ion was a reasonable choice, but it is not
Na sufficiently active against azides. Use bés a catalyst has

OH
10 )\)?N 5 10 10 30 96 solved the problem.
3

2 This reaction was repeated in THF—MeOH with the same result, although
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the protons of the medium. Nevertheless, in such a case, with
10 mol % of cataly;t, disappearance of the azide was o 9913597
complete in ca. 60 min (see entry 3 of Table 1). In other
words, even though the reduction is faster at pH-21fayr (12) ALpH 9 and pH 8. with 5 mol % of catalyst and 1 of NaBH

- e - . pH 9 and pH 8, wi mol % of catalyst and 1 mmol o
SUbStr_ateS prone_ t_o_ hydrOIySIS _Or sensitive to basic medlaper millimole of benzyl azide, the complete disappearance of the azide
there is the possibility of operating at neutral pH. required ca. 60 min (data not included in Table 1).
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