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Taken together, the ever-increasing utility of tin chem-
istry® and the growing concern about tin toxicity? provide a
powerful incentive to discover processes in which tin com-
pounds are employed as catalysts, as opposed to stoichio-
metric reagents. We have initiated a program directed at
the development of reactions wherein BuzSnH, one of the
most synthetically useful organotin compounds,? is utilized
as a catalyst, and a silicon hydride fills the role of stoichio-
metric reductant. To date, we have focused our attention
largely on processes in which BusSnH reacts with a sub-
strate to produce an intermediate with a Sn—0 bond, which
the silicon hydride then reduces to regenerate BusSnH.* We
have now expanded the scope of our investigation to include
processes that furnish an intermediate with a Sn—N bond.
The radical-mediated reduction of azides to amines is an
example of a Sn—N bond-forming process that currently
requires stoichiometric BusSnH (eq 1).>8 In this report, we
describe a strategy for effecting BusSnH-catalyzed reactions
that permits this reduction to be accomplished with only 5
mol % BuzSnH (eq 2).
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On the basis of our recent observation that PhSiH3 can
cleanly reduce BusSnNMe; to BuzSnH,” we anticipated that
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Figure 1. BuszSnH-catalyzed, silicon hydride-mediated reduction
of azides: an initial approach.
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Figure 2. BusSnH-catalyzed, silicon hydride-mediated reduction
of azides: an alternate approach.

it might be possible to effect a BusSnH-catalyzed, silicon
hydride-mediated azide reduction process according to the
pathway outlined in Figure 1. Initially, asineq 1, BusSnH
would reduce RNz to RNHSNnBus; then, in the turnover step,
the stoichiometric reducing agent, HSiR3, would react with
RNHSNBuU; to regenerate the catalyst, BusSnH.

Unfortunately, this proposed catalytic process has not
proved to be viable. Thus, treatment of 1-azidoadamantane
with 10 mol % of BusSnH and 0.5 equiv of PhSiH3 (AIBN,
refluxing benzene) affords 1-aminoadamantane in low yield
(~11%). Through NMR studies, we have determined that
RHNSNBu3; and RN(SnBuj3),, the major tin-containing prod-
ucts from the reaction of RNz with BusSnH, are not readily
reduced by PhSiH3 to BusSnH.

Rather than depending upon the reduction of Sn—N to
Sn—H for our turnover step (Figure 1), we chose to pursue
an alternate strategy that relies upon the reduction of Shn—O
to Sn—H8 (Figure 2). Thus, we anticipated that if we added
an alcohol to the reaction, transfer of the SnBus group from
the nitrogen of the initially formed RNHSnBu; to the oxygen
of the alcohol would occur (Figure 2, Sn exchange).® The
resulting tin alkoxide could then be reduced by the silicon
hydride to regenerate the catalyst, BusSnH.

We chose a primary alcohol to be our additive, since the
reduction of Sn—O to Sn—H by silicon hydrides has been
shown to be sensitive to steric effects,82 and we found that
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(10) We use 2.5 mol % (Bu3Sn),0 as our precatalyst in these reductions.
Under the reaction conditions, it is converted to 5 mol % BusSnH (for a
discussion, see ref 4c). Relative to BusSnH, (BusSn),O has cost ($38 versus
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(11) Typical Experimental Procedure. (BuzSn),0O (29.8 mg, 0.0500
mmol), PhSiH; (108—144 mg, 1.00—1.33 mmol), and n-PrOH (240 mg, 4.00
mmol) were added to a solution of the alkyl azide (2.00 mmol) and AIBN
(16 mg, 0.10 mmol) in benzene (2.0 mL). The reaction was heated to reflux
for 90—120 min in an oil bath maintained at 90 °C. After the mixture was
cooled to rt, pentane (10 mL) was added, followed by anhydrous HCI (5—7
mL of a 1.0 M solution in Et,0). The resulting white solid was collected by
filtration and then dissolved in MeOH. Removal of the solvent afforded the
product amine as a white hydrochloride salt. The *H and *C NMR spectra
of the hydrochloride salt were identical to spectra for material prepared by
protonation of the commercially available amine. Note: Reactions run on
a 20 mmol scale provide comparable results.
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Table 1. BusSnH-Catalyzed Reduction of Azides to
Amines

Yield (%)?

Entry Substrate —
PhSiH; ' PMHS

b b

1 n-Dec\/\N3 94 95
N3
2 n—Oct/\)\Me 92°  94®
n-Bu Nj
3 nBu X _nBu 9 94
N3
4 99° 96"

N3
5 O/ 94 o1
MeO

4 |solated yield, average of two runs.
bsolated as the amine hydrochloride salt.

this modified catalytic process is indeed extremely efficient.
Thus, treatment of a primary, secondary, tertiary, or aryl
azide with BuzSnH (5 mol %) and PhSiH; (0.6 equiv) in
the presence of n-PrOH (2 equiv) in refluxing benzene
provides the primary amine in excellent yield (92—99%;
Table 1, PhSiH3).1112 A 11950 NMR spectrum taken at the
end of the reduction of 2-azidododecane reveals that Bus-
SnH is the only detectible tin-containing species, and GC
analysis shows that 96% of the original BusSnH still
remains.

We have established that inexpensive PMHS (TMSO—
(SiHMeO),,—TMS)®2 can also be used as the stoichiometric
reductant in this BuzSnH-catalyzed transformation. Reac-
tion of an organic azide with BuzSnH (5 mol %), PMHS (3
equiv), and n-PrOH (2 equiv) at 80 °C affords the desired
amine in uniformly high yield (91—96%; Table 1, PMHS).14
With either set of reaction conditions (PMHS or PhSiH3),
little or no reduction of the azide (<10%) is observed in the
absence of BuzSnH or of n-PrOH. Alkynes, esters, and alkyl
chlorides are compatible with both of the reduction condi-
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BusSnH: $250. (b) Toxicity: LD50 of PMHS: 80 g/kg. Klyaschitskaya, A.
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tions, but aldehydes, ketones, nitro groups, and alkyl
bromides are not.'> For the reaction of azido olefin 1, we
obtained the unsaturated amine in lower-than-usual yield
(eq 3; 72% yield by *H NMR); interestingly, this appears to
be due to [3+ 2] cycloaddition of the substrate,’® not
cyclization of the intermediate nitrogen radical 1718

e Y a N, BuSmn 0% pr NS (O
Ph PhSiHg
1 n-PrOH, AIBN 2%
80 °C

To provide evidence for radical-mediated N—N bond
cleavage in these BusSnH-catalyzed reductions, we exam-
ined the reaction of azide 2 (Scheme 1); as demonstrated by
Kim, if the reduction of this substrate follows a radical
pathway, then a ring-opened product should be observed.'®
We have established that under our BuzSnH-catalyzed azide
reduction conditions ring opening does indeed occur to
generate an acyclic imino ester (eq 4).

OFEt BusSnH (cat.) OEt
Ng ———— @
PhSiH3 NH
Ph n-PrOH, AIBN Ph H
2 80 °C

In conclusion, we have developed a new BusSnH-catalyzed
process, the reduction of azides to amines. Although we
were not able to effect this transformation according to our
original plan (Figure 1), we have established the viability
of an alternate strategy for catalysis that is likely to be
general for reactions that involve the formation of Sn—N
bonds (Figure 2). The development of additional BuzSnH-
catalyzed processes is underway.
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