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Abstract

Treatment of aryl nonaflates or triflates in CH3CN in the presence of one equivalent of Me;NH-BHj3 and K,CO3
leads via Pd(0) catalysis to high yields of reduced arenes. © 1999 Elsevier Science Ltd. All rights reserved.

The seemingly simple task of replacing a hydroxy group on an aryl ring with hydrogen has engendered
a noticeable flurry of activity in the synthetic community over the past decade.! There are, of course, good
reasons for such directed efforts, an appreciation for which can be quickly gleaned from recent reports in
complex molecule total synthesis which rely on this type of transformation (e.g., vancomycin aglycon,??
gelsamine alkaloids,?® angelicin,2® etc.). As none of these has emerged as the method of choice, we were
attracted to the potential of amine—boranes to serve in this capacity, under the influence of palladium(0)
catalysis. These reagents of main group origin, having just recently been reviewed,® are available in
several combinations of an amine and borane which allow for considerable fine-tuning of physical as
well as reducing properties. Ideally, the species of choice should be readily available, soluble in most
commonly used organic solvents, compatible with most functional groups, inexpensive, and yet effective
in stoichiometric amounts. We now report that Me;NH-BHj3 is an especially mild reagent for effecting
reductions of aryl perfluorosulfonates to arenes.
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Among the numerous amine-boranes which are commercially available,* Me,NH-BHj was selected
for several reasons: (1) it is an easily handled, stable white solid; (2) it has a low molecular weight; (3) it
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is very soluble in polar as well as non-polar solvents; (4) it is unaffected by the presence of moisture in a
reaction mixture, but is quickly hydrolyzed under acidic conditions; (5) it is completely lost upon reaction
workup, and therefore does not complicate TLC or NMR analyses and requires no chromatographic
separation; (6) it is readily converted to its more active N-metalated form.

Several examples attesting to the quality of this combination of reagents are illustrated in Table 1.
In all cases but one, only one equivalent of Me,NH:BHj3, along with the heterogeneous base K,;COs3,
is needed. For many reactions, conducted at 40°C in CH3CN at 0.30 M, times in the order of a few
hours are sufficient for complete consumption of educt. Notably, several functional groups present in
these substrates are unaffected, including an isolated olefin, e.g., 1 (entry C). When 1 is treated under
otherwise identical conditions in the absence of K,COj3, hydroboration occurs readily (within 1.5 h)
rather than nonaflate reduction, strongly implicating the kaliated form of the amine borane’ as the source
of hydride being provided to a likely Pd(II) intermediate. The presumed potassium aminoborohydride
generated in situ was selected rather than the more reactive lithiated analog, the latter known to be less
tolerant of functionality susceptible to hydride addition.® Utilizing the morpholine analog as reductant,
albeit a more costly reagent (entry E), a similar yield and identical reactivity pattern were noted. An
aryl bromide does not offer competition for a nonaflate with both groups present in the same molecule
(entry F). Hindered substrate 2 (entry I) required additional reagent (2 equiv.) and far longer at reflux to
reach completion, although the reduction did eventually give the desired product in high yield. Reduction
of an L-tyrosine triflate 3 (entry J) was successful without compromising amido ester stereopurity.’
As nonaflation proceeds® normally via the preformed phenoxide (NaH), which under these conditions
epimerizes the x-site, the triflate was required in this case. Triflation involves less basic conditions which
are readily tolerated (Tf,O, 2,6-lutidine, rt), and yet the reactivity patterns of these sulfonates are similar
to those of the nonaflates (entry H).

Control experiments documented the catalysis by Pd(0), with Pd(PPhs3)4 affording the smoothest
reactions. Alternative sources of Pd(0), such as Pd/C and Pd,(dba);, or presumed in situ generation from
Pd(OAc),, were either less efficient (as with Pd,(dba)s) or completely ineffective. Likewise, attempts to
substitute Ni(0) employing NiCl, -dppe were fruitless even at higher reaction temperatures. Replacement
of palladium with copper in the form of CuOTf, with hopes that CuH might be formed and effect the
reduction, led to no reaction. Replacement of a nonaflate by phosphate showed no consumption of starting
material.’

One example of the reduction of a vinyl triflate!® (4) was studied (Eq. 1). Treatment of 4 under our
standard conditions smoothly delivered the expected dienic product in good yield (81%).
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In summary, a method!! has been developed for the clean reduction of perfluorosulfonates to arenes
using Me;NH-BHj via catalysis by Pd(0). The virtues of this reagent combination are manifold and offer
confidence that this mild procedure will be found applicable to many sequences where functional group
compatibility and reagent cost may be critical issues.
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Table 1
Pd(0)-catalyzed reductions of aryl perfluorosulfonates with Me,NH-BH3/K,;CO;?*

Entry Sulfonate Temp (° C) Time (h) Yield (%)”
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¥New products of reduction were fully characterized by IR, NMR, MS, and HRMS data; spectra of known rroducts
agreed with literature data. bIsolated, chromatographically purified materials. cMorpholine-borane was used.
dTwo equivalents of aminesborane and K;CO3; were used .
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