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for the convergent, asymmetric synthesis of vicinal amino alcohols. This method represents the
first application of a-amino boron reagents as reaction partners in rhodium-catalyzed couplings.

Reactions with trifluoromethyl ketones proceed in reasonable yields and with good diastereoselec-
tivity along with complete retention at the organoboron stereocenter. The potential of this method
is further highlighted by the exploration of a variety of nitrogen substituents and addition to ben-
zaldehyde and trityl-protected isatin.

Introduction

The importance of the a-amino boronic acid pharmacophore for
protease inhibition, as best exemplified by the cancer drug
bortezomib (Velcade), has inspired the development of a num-
ber of methods for the asymmetric synthesis of a-amino bo-
ronic acid derivatives.' Given the enormous utility of organo-
boron reagents for transition metal catalyzed C—C bond for-
mation, these o-amino boronic acid derivatives might also
prove to be exceptionally versatile functionalized organometal-
lic reagents for the convergent, asymmetric synthesis of
branched amine compounds.* In seminal work, Suginome and
Ohmura have demonstrated the Pd-catalyzed cross-coupling of
homochiral N-acyl o-amino boronate esters with aryl halides
for the asymmetric synthesis of diarylmethanamines (eqn 1).°
Rh-catalyzed couplings of organoboron reagents are also tre-
mendously versatile with additions of arylboron reagents to
alkenes, alkynes, aldehydes, ketones, imines, and isocyanates
all having been demonstrated.® However, to our knowledge
there are no examples of Rh-catalyzed additions of o-
heteroatom substituted boron reagents to any of these electro-
philes. Herein, we report of the first Rh-catalyzed couplings of
o-amino boronic acid derivatives as demonstrated by additions
to carbonyl compounds for the convergent, asymmetric synthe-
sis of vicinal amino alcohols, which are common in drugs and
natural products as well as ligands for asymmetric synthesis
(eqn 2).7
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Results and discussion

Previously, we reported the Cu-catalyzed asymmetric boryla-
tion of N-tert-butanesulfinyl imines to provide one of the most
efficient methods to prepare homochiral a-amino boronic acid
derivatives.?® Additionally, these o-sulfinamido boronic acid
derivatives should be particularly useful for transition metal
catalyzed couplings because the N-sulfinyl group can readily be
cleaved from coupling products in high yields by simple treat-
ment with acid.® We therefore selected these reagents to start
our investigation of Rh-catalyzed couplings.

We chose to initially investigate additions to trifluoromethyl
ketones because of the well documented value of introducing
trifluoromethyl substituents in medicinal chemistry and agro-
chemical development to reduce metabolism and alter physico-
chemical properties.g'12 Notably, alternative methods for the
asymmetric synthesis of these types of trifluoromethyl substi-
tuted amino alcohols have not yet been developed.?

We observed modest conversion for the addition of o-
sulfinamido boronate ester 1la to 2,2,2-trifluoroacetophenone
(eqn 3). Vicinal amino alcohol 2a was obtained in 15% yield
employing the catalyst and solvent system used by Aggarwal
for the addition of a-alkyl benzylboron reagents to alde-
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hydes'*'* and employing the base KHF,, which was recently
reported by Yun.'*

éBu tBu
S 9 S
N [RhCl(cod)], (5 mol %) s
07 H 0 KHF, (1.2 equiv) 077 NH
R . - - . :
Bpin PhACFa 6:1 dioxane/H,0O . e
) 80°C HO TF;
e Me
1a 2a, 15%, 5:1 dr

One of the major challenges in developing these Rh-
catalyzed additions is the relatively poor stability of the ben-
zylic o-amino boronate esters, which complicates their isola-
tion, storage, and use under different reaction conditions. Given
previously reported additions of benzyltrifluoroborates to alde-
hydes'* and that KHF, was an effective base for our system
(eqn 3), we chose to develop a telescoped synthesis of a-
sulfinamido trifluoroborates due to the reported enhanced sta-
bility of trifluoroborates over the corresponding boronate es-
ters.'67

Cu-catalyzed borylation of N-tert-butanesulfinyl imine 3
provided the intermediate boronate ester 1 as previously report-
ed,” and subjection of the crude boronate ester to aqueous
KHF, afforded benzylic a-sulfinamido trifluoroborates 4 (Table
1). Isolation via silica gel chromatography under NH,OH buff-
ered conditions provided the pure trifluoroborates 4a—4d as
their ammonium salts in good overall yields (60-80% over two
steps). Alternatively, the potassium trifluoroborate 4e was iso-
lated by precipitation. This telescoped strategy enabled the con-
sistent preparation of gram-scale quantities of the a-sulfinamido
trifluoroborates 4, which were stable to storage for >2 months.

Table 1 Synthesis of a—Sulfinamido Trifluoroborates®

tBu tBu tBu
N Bopin, //s\NH 1) KHF, (aq) O//S\NH
| k Cu(ICy)OtBu : 2) SiO, gel buffered :
Ar A7 Bpin | with NH,OH A BENH
3 1 4,>95:5dr
tBu tBu tBu
N : :
07" NH 0?°~NH S
- Me H H
/©/\BF3NH4 \©ABF3NH4 ©\/\BF3NH4
Me Me
4a,73% 4b, 60% 4c, 61%°
tBu tBu
o NH O//S\NH
MeO
4d, 80% e, T1%°

“ See supporting information for detailed reaction conditions. * Isolated
product (96% w/w) contained a small amount of pinacol. “ Isolated via
precipitation.

The reaction of trifluoroborate 4a with 2,22-
trifluoroacetophenone was evaluated with a variety of Rh cata-
lysts and a range of reaction parameters (Table 2). Under condi-
tions developed for the boronate esters (eqn 3), the trifluorobo-
rate showed diminished reactivity (entry 1). Although lowering
the temperature improved the selectivity, no improvement in
yield was observed (entry 2). However, dramatic improvement
was achieved by evaluating different Rh catalysts. While
[RhOH(cod)], (entry 3) outperformed [RhCl(cod)], (entry 2),
the best results were observed when employing cationic Rh
complexes (entries 4 and 5). Due to its stability,
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[Rh(cod)(MeCN),|BF, was used in further investigations. A
range of solvent systems were evaluated with DCE proving to
be an optimal co-solvent (entries 6—8). Similar yields were ob-
tained with either H,O or EtOH as the other co-solvent (entries
6 and 7). EtOH was chosen for further evaluation to avoid po-
tential complications associated with the biphasic DCE/H,O
system. Investigation of reaction concentration demonstrated
comparable yields from 0.19M to 1.2M, and therefore 0.74M
was selected to minimize the volume of solvent used while
maintaining ease of manipulation (entry 8). The limiting factor
in many Rh-catalyzed reactions of organoboron reagents is de-
composition of the organoboron reagent; as a result, this reac-
tion partner is often used in excess.'® However, for this cou-
pling reaction, reversing the stoichiometry such that the more
expensive trifluoroborate was used in excess actually proved to
be detrimental (entry 9).

Table 2 Optimization of Reaction Conditions®
;Bu

: Bu
_S_ &

o~ NH o Rh(l) catalyst o//s\le
/©/\BF3NH4 * Ph)J\CFa s0-C ~, P
4a 2a
entry Rh(I) catalyst solvent yield (%)" dr’
1 [RhCl(cod)], 6:1 dioxane/H,O 5 2:1
2 [RhCl(cod)]> 6:1 dioxane/H,0O 6 >2:1
3 [RhOH(cod)]» 6:1 dioxane/H,0O 13 6:1
4 [Rh(cod),]BF, 6:1 dioxane/H,O 39 10:1
5 [Rh(cod)(MeCN),]BF, 6:1 dioxane/H,O 37 10:1
6 [Rh(cod)(MeCN),]BF,  6:1 DCE/H,O 60 12:1
7 [Rh(cod)(MeCN),]BF; 6:1 DCE/EtOH 55 11:1
8°  [Rh(cod)(MeCN),]BFs; 6:1 DCE/EtOH 62 12:1
9" [Rh(cod)(MeCN),]BF; 6:1 DCE/EtOH 21 n.d?

“ Conditions: 4a (1.0 equiv), ketone (2.0 equiv), Rh cat. (5 mol % dimer
or 10 mol % monomer) in solvent (0.19 M). ? Determined by 'H NMR
relative to 1,3,5-trimethoxybenzene as an external standard. ¢ Deter-
mined by '"H NMR. ¢ Reaction conducted at 80 °C. ¢ Reaction conduct-
ed at 0.74M. 7 Conditions: 4a (2.0 equiv), ketone (1.0 equiv),
[Rh(cod)(MeCN),]BF,4 (10 mol %). ¢ Not determined.

Having optimized the reaction parameters for a-sulfinamido
trifluoroborates 4, we also subjected the boronate ester 1a to the
optimized reaction conditions utilizing KHF, as a base (eqn 4).
This reaction provided a yield comparable to that of the tri-
fluoroborate under the same conditions (Table 2, entry 7).

{Bu tBu
: Rh(cod)(MeCN);]BF4 4
PN (10 mol %) _$
07 "\ o KHF, (1.2 equiv) 07 ONH
A . + _—_— R
Bpin phJ\CF3 6:1 DCE/EOH @
" 50°C HO TF;
€ Me
1a 2a, 52%, 9:1dr

The scope of the reaction was next investigated (Table 3). A
variety of electrophilic ketones were effective substrates for the
method. Trifluoroacetophenones with no substitution (2a), elec-
tron-withdrawing groups (2b and 2c¢), and electron-donating
(2d) substituents all provided the amino alcohol products in
reasonable yields and with good selectivity. An extended per-
fluoroalkyl group in place of the trifluoromethyl group also
provided the product although with a slight reduction in yield
(2e). Interestingly, a,B-unsaturated trifluoromethyl ketones also
coupled efficiently with exclusive 1,2-addition selectivity and
with good diastereoselectivity (2f and 2g). While many exam-
ples of the Rh-catalyzed 1,4-addition of boron reagents to o.,f3-
unsaturated carbonyl compounds have been reported,®>“&™ to
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our knowledge this represents the first example of high regiose-
lectivity for 1,2-addition of boron reagents to a,B-unsaturated
ketones.

The reaction also accommodated different substitution pat-
terns on the aromatic ring of the a-sulfinamido trifluoroborate.
In addition to a methyl group at the para position (2a-2g), tri-
fluoroborates with methyl substituents at the meta (2h) and
even ortho (2i) position provided comparable yields and selec-
tivities. An unsubstituted trifluoroborate also reacted readily
(2j) as did a para-methoxy-substituted derivative (2k). Howev-
er, in the latter case, the potassium salt gave an improved yield.
Electron-withdrawing substituents on the aromatic ring (e.g. 4-
Cl) and alkyl a-sulfinamido trifluoroborates were not effective
coupling partners (not shown). The absolute stereochemistry of
amino alcohol 2j was confirmed by X-ray crystallography.'” As
observed for the Rh-catalyzed addition of a-alkyl benzylboron
reagents to aldehydes,'* retention of stereochemistry at the a-
carbon is observed.

Table 3 Substrate Scope with Fluorinated Ketones®”

fBu gBu
: S
O//S\NH . j\ [Rh(cod)(MeCN),]BF, (10 mol %) % \,;,H
: R” R 6:1 DCE/EtOH N
Ar” > BF,NH, 50°C 4
HO Rr
4 2

2e, 43%, 11:1dr
tBu

_S
07 "NH

tBu

SN
077 NH

X _Ph
HO CF,
Me Me

2f, 65%, 12:1 dr 2g, 51%, 14:1 dr Me 2h, 63%, 9:1dr
tBu Bu
/S\

0~ "NH

2i, 48%, 10:1 dr 2j, 55%, 10:1 dr¢ 2k, 54%, 9:1 dr®

“ Conditions: 4 (1.0 equiv), ketone (2.0 equiv), [Rh(cod)(MeCN),]BF,4
(10 mol %) in 6:1 DCE/EtOH (0.74 M). ? Isolated yields of a single
diastereomer after silica gel chromatography. Diastereomeric ratio
determined by '"H NMR of the crude product. ¢ Isolated as a 94:6 mix-
ture of diastereomers. ¢ Diastereomeric ratio determined by '’F NMR. ¢
Reaction conducted with potassium trifluoroborate. Yield when using
the ammonium trifluoroborate was 27% as determined by 'H NMR.

Removal of the tert-butanesulfinyl group could be achieved
under standard conditions using dilute HCI in MeOH.* Depro-
tection of amino alcohol 2h proceeded in high yield to afford
the amine hydrochloride § without erosion of the diastereo-
meric ratio (eqn 5).
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tBu
O//S\NH
H HCI in CPME
—_— > 2 (5)
MeOH, rt HO CF3

HO CFs 4%

Me

Me 2, >95:5 dr

5,>95:5dr

In addition to the tert-butanesulfinyl group, other common
nitrogen substituents were also evaluated to assess their effect
on the yield and stereoselectivity for Rh-catalyzed additions to
2,2,2-trifluoroacetophenone (Table 4). The tert-butanesulfonyl
(Bus) protecting group” provided both improved yield and
diastereoselectivity (21). This result also establishes that the
benzylic stereocenter, and not the sulfinyl group, is the major
controlling element for addition stereoselectivity.21 Moreover,
the enantiomeric purity of amino alcohol 21 (97:3 er) was de-
termined by chiral HPLC analysis and established negligible
loss of stereochemical purity during Rh-catalyzed coupling.

Amide groups, which were used in Pd-catalyzed cross-
coupling of a-amino boronate esters,” were also compatible
with the Rh-catalyzed addition. The pivaloyl-protected a-amino
trifluoroborate reacted with excellent yield but diminished dia-
stereoselectivity (2m). In this case, the tetrabutylammonium
salt was used because isolation of the corresponding ammoni-
um and potassium salts proved difficult. As a control, the tet-
rabutylammonium salt of the o-sulfinamido trifluoroborate
(4a’) was also evaluated and gave comparable yields and slight-
ly improved selectivity when compared to the ammonium salt
(Table 4, 2a). The base-labile trifluoroacetyl protecting group
was also evaluated, but a lower yield and selectivity was ob-
tained (2m). The enantiomeric purities of the amide products
2m and 2n were determined by chiral HPLC analysis. No loss
of stereochemical purity occurred during the coupling to give
N-pivaloyl amino alcohol 2m.** In contrast, a small but appre-
ciable loss of stereochemical purity was observed in the prepa-
ration of the N-trifluoroacetyl amino alcohol 2m (88:12 er).
Overall, it is clear that the nitrogen substituent can have an ap-
preciable effect on both the reaction yield and stereoselectivity
and therefore is an important variable to consider for Rh-
catalyzed additions to other electrophiles.

Table 4 Substrate Scope of Protected o-Amino Tri-
fluoroborates®®
NHP
NHP i [Rh(cod)(MeCN),]BF 4 (10 mol %) o
: ' Tol ,
pTol” “BFsNH, Ph” “CFs 6:1 DOE/E(OH Prel” e
50 °C HO 3
4 2

2a, 54%, 11:1 dr (57%, 16:1 dr)® 21, 72%, 22:1 dr
tBu CF3

2m, 87%, 5:1 dr*? 2n, 41%, 6:1 dr

“ Conditions: 4 (1.0 equiv), ketone (2.0 equiv), [Rh(cod)(MeCN),]BF,
(10 mol %) in 6:1 DCE/EtOH (0.74 M). ? Isolated yields of a single
diastereomer after silica gel chromatography. Diastereomeric_—ratio
determined by '"H NMR of the crude product. “ Reaction conducted with
the tetrabutylammonium trifluoroborate.  Isolated as a 90:10 mixture of
diastereomers.
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The addition of a-sulfinamido trifluoroborates 4 to carbonyl
compounds other than trifluoromethyl ketones was also ex-
plored. Trityl-protected isatin reacted readily with trifluorobo-
rate 4e to give amino alcohol 6 with exceptional diastereoselec-
tivity (eqn 6). In contrast, unactivated ketones such as acetone
couple with very poor efficiency (data not shown). In a prelim-
inary investigation the addition of a-sulfinamido trifluoroborate
4a to benzaldehyde was also explored and provided the desired
amino alcohol 7 in good yield, albeit with low selectivity (eqn
7). Oxidation of the amino alcohol 7 provided the correspond-
ing o—amino ketone in >95:5 dr, establishing that in the Rh-
catalyzed addition, excellent stereochemical retention is ob-
served for the carbinamine stereocenter and that lack of control
in the formation of the carbinol stereocenter results in the ob-
served poor diatereoselectivity."’

@]
tBu [¢]
_S N
T CPhy
: [Rh(cod)(MeCN),]BF,
/@A BF3K (10 mol %)
MeO 6:1 DCE/EtOH
50 °C
4e
Bu )OL tBu
075N H” “Ph et
H [Rh(cod)(MeCN),]BF R @
BF3NH, (10 mol %)
3:2 HOliPrOH OH
Me 50 °C Me
4a 7,62%, 1.7:1dr

Conclusions

The Rh-catalyzed addition of protected o-amino trifluorobo-
rates to aryl and alkenyl trifluoromethyl ketones and trityl isatin
proceed in reasonable yields, with good diastereoselectivity,
and with complete retention at the a-amino stereocenter. Addi-
tionally, the Bus-, pivaloyl-, and trifluoroacetyl-nitrogen sub-
stituents were each evaluated and found to influence the yield
and stereoselectivity. Finally, the work described here sets the
stage for exploration of additions of a—amino trifluoroborates to
other electrophiles known to be competent in Rh-catalyzed
transformations.
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