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N-Bromo,N-lithio salts of primary carboxamides have been shown to be efficient nitrogen sources for catalytic asymmetric aminohydroxylation
of olefins, behaving much like the parent N-bromoacetamide in these reactions. a-Chloro-N-bromoacetamide is a particularly interesting nitrogen

source, as it is functionalized for further reaction, including easy deprotection by treatment with thiourea.

The asymmetric aminohydroxylation (AA) provides a direct N-bromocarboxamide, and traditional methods to halogenate
route to enantiomerically enriched vicinal amino alcohols, a amides are limited in scope and facilftydere we report
moiety which is widespread throughout the modern phar- the facile monobromination of a variety of primary amides
macopoeid. The AA has been successfully performed with and their subsequent use as nitrogen sources in the AA

a variety of nitrogen sources, including sulfonamiéés,
carbamate$and aminoheterocyclés\-Bromoacetamide has

reaction.
Most N-halogenated oxidants used in the AA are prepared

also been demonstrated to act as a nitrogen source in then situ by N-chlorination withtert-butyl hypochlorite in the

AA process’ but this is the only commercially available
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presence of basehowever, primary carboxamides do not
react under these conditions. Moreousfchloro, N-sodio-
carboxamides are much more prone to undergo Hoffmann
rearrangemefin the presence of base than thiilbromo,
N-lithio counterparts. A largely unappreciated paper by
Gottardt® reported dibromoisocyanuric acid (DBI) to be a
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mild and highly effective brominating agent (Scheme 1).
Using DB we were able to efficiently monobrominate a
variety of carboxamides. The bromination typically proceeds
in 90—99% conversion; filtration of the poorly soluble
isocyanuric acid and a single recrystallization gives the
N-bromocarboxamide in high purify.

Addition of an N-bromocarboxamidel to a tert-butyl

As nitrogen sources, aliphatic carboxamides were found
to give the best results, with butyramide and acetamide
showing greater than 95% conversion of isopropyl cinnamate
to the corresponding3-hydroxyamide. Moderate steric
hindrance does not have a marked effect on yield, although
enantiomeric excess suffers slightly; e.g., see ey
Highly hindered carboxamides such &st-butyl carbox-
amide and l-adamantyl amide, however, give very low
yields. Aromatic carboxamides are not as effective, showing
a lower conversion, less regioselectivity, and lower levels
of asymmetric induction.

Variation of the electronic nature of the carboxamides
established a narrow window for successful asymmetric
aminohydroxylation reactivity. Electron-deficient amides
react more slowly, but as they are less likely to undergo
Hoffmann rearrangement, higher temperatures can be used.

alcohol/water solution of the olefin, osmium, ligand, and base Amides that are more electron-deficient than chloroacetamide
causes the lavender solution to turn deep green, consistengive lower aminohydroxylation yields, and the diol becomes

with the expected formation of a dioxo osmium(VI) monoaza-
glycolate specie® Upon completion of the reaction as
monitored by TLC, workup affords the AA produétin
isolated yields as high as 94%. All four stereo- and
regioisomers are accessible by varying the ligeinlvariety

a major product, presumably because hydrolysis of the
putative osmium imido intermediate is more rapid. Con-
versely,N-bromo,N-lithio species from electron-rich amides
react faster but are also more sensitive to decomposition, so
that lower temperatures are beneficial.

of carboxamides were tested using isopropyl cinnamate as 2-Chloroacetamide was used as a standard amide to

the olefin (Table 1).

Table 1. Asymmetric Aminohydroxylation of Isopropyl
Cinnamate Using Various Amides as the Nitrogen Source

0 4.4% K2OSO 4‘2H2O

¢ J
L + M _ 4.0% (DHQRPHAL R” "NH O
R” “NHBr P oipr 2T :

1 t-BUOH:H20 2:3 2 OH
entry bromoamide T(°C) conversion’yield® ee‘ regio-
selectivity”

1a

2a 4°C 96%  94% 95% 21:1
NHBr
Q 1

2b 10°C 86% 75% 95% 23:1
ClH, NHBr
Q 1c

2¢ P 4°C 81% 76% 93% 12:1
NHBr
1d

2d 4°C 84% 71% 80% 20:1
NHBr
0 1e

2e 4°C 50% 38% 77% 20:1
NHBr

2f 70%  42%° 43% 25:1

0 1f
0°C
NHBr
MeO

a As determined byH NMR spectroscopy of crude produétCombined
isolated yield of both regioisomersMajor product.¢ Hoffmann rearrange-
ment product interfered with isolation of product.
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explore the scope of the olefin component because it
performs well and because iischloro substituent makes it
very useful for subsequent derivitization reactions (see Table
2). Moreover, it is a useful amine-protecting group, being

(11) Procedure: to a well-stirred solution of cyanuric acid (12.9 g, 100
mmol) and LIOH (8.4 g, 200 mmol) in water (1 L) is slowly added; Br
(63.9 g, 400 mmol). After the bromine is dissolved, the solution is placed
in the refrigerator overnight. The solution is then filtered, and the filtrate is
dried in vacuo to yield DBI as a white powder. Taken froEncyclopedia
of Reagents for Organic Synthesfaquette, L., Ed.; Wiley: West Sussex,
1995; p 1560.

(12) Representative bromination: To a solution of chloroacetamide (4.34
g, 46.4 mmol) in DCM (300 mL) was added DBI (8.00 g, 1.2 equiv) and
the suspension was refluxed in the dark for 5 h. The reaction mixture was
filtered, and the precipitate was washed with CH (2 x 150 mL, or, in
the case of poorly solubli-bromoamides, with boiling EtOAc), and the
solvent was removed under reduced pressure to afford the crude product
as a white powdé? (7.75 g, 97%), which byH NMR analysis was shown
to be 99% N-bromo chloroacetamide and 1% starting materis.
Bromoamides were stored under vacuum.

(13) Representative asymmetric aminohydroxylation [isoprof)38)-
3-(butyramido)-2-hydroxy-3-phenylpropanoate]: To a 500 mL round-bottom
flask was added water (150 mL), in which was fully dissolvegDEQy-
2H,0 (81 mg, 4.4 mmol) and LiOHH,O (273 mg, 1.3 equiv). The ligand,
(DHQ)2PHAL (156 mg, 4.0 mmol), and isopropyl cinnamate (951 mg, 5.0
mmol) were dissolved in-BuOH (100 mL), and the two solutions were
combined and stirred until homogeneity was achieved. The solution was
cooled to 4°C. N-bromo butyramide (1.16 g, 1.40 equiv) was added in one
portion. The reaction mixture was vigorously shaken until the pink solution
turned a bright green. In some cases sonication was necessary. The reaction
mixture was left to stir a constant temperature®@®). When the reaction
had reached completion, b&0O; (1.0 g) was added and the solution was
stirred for 30 min. The aqueous layer was extracted with ethyl acetate (3
100 mL). The combined organic layers were washed with brine (20 mL),
dried over NaSO,, and filtered, and the solvent removed under reduced
pressure. Chromatography of the crude product on silica gel with 2% MeOH
in CH,Cl, afforded2aas a white powder (1.38 g., 94%, 21:1 regioisomeric
ratio).

(14) In the case of 2-chloroacetamide as the N-source, and isopropyl
cinnamate as olefin, when the (DH@RQN ligand is used, the benzylic
alcohol is favored over the benzylamine by a ratio of 3.2:1. For precedence
see: Tao, B.; Schlingloff, G.; Sharpless, K. Betrahedron Lett1998 39,
2507-2510. When the (DHQDIPHAL ligand is used, the enantioselectivity
was also 95%, with the &3R) product predominating.
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Table 2. Asymmetric Aminohydroxylation of Various Olefins
Using a-Chloroacetamide as the Nitrogen Source

0
C‘\/“\r:_m

4.4% K,080 #2H,0
4.0% (DHQ),PHAL
CI\/U\NHBr R A2 T2 T T

1.3 eq.LIOH n/\{HZ
1b tBUOH:H20 2:3 ., o
entry olefin product yield® ee®  regio-
selectivity®

75% 95% 23:1

©/\)L rs
OiPr '
©/\/kO|Pr

(o]
3a /©/\ C'\/U\NH 2% 97% 25:1
MeO m
MeO H
3b N C‘\/ﬂ\NH 77% 97% 13:1
©/\ ©/?\/0H
/
©/\/ WOH 40% 50% 25:1
o
o
aCombined isolated yield of both regioisometddajor product.c As

determined by*H NMR spectroscopy of crude product.

readily removed in the presence of 1 equiv of thiourea at

reflux first in ethanol and then in watét.

narrow window for optimal reactivity. Unexpectedly, we
found that when the nonrecrystallizédbromoamide con-
taining several percent of the primary amide starting material
is used, the reaction is more reliablegspecially when
2-chloroacetamide is used as the nitrogen source. The amount
of primary amide impurity present should be kept below 5%

if possible.

The diol byproducts, very similar in polarity to the desired
hydroxyamides, are often challenging to remove chromato-
graphically. A useful method to remove the diol is to simply
treat the crude reaction product in a 4:1 (viv) THF:water
mixture with roughly 2 equiv of periodic acid (with respect
to estimated diol content, monitor by TLC). This effects
selective cleavage of the diol to the aldehydes which are
then readily separated from the desired product.

In cases where solubility was an issue, for example with
N-bromop-methoxybenzamide, we used 1-propanol in place
of tert-butyl alcohol with no noticeable difference. Reactions
were also carried out in acetonitrile/water and THF/water,
but lower yields were observed.

The concentration of the reaction is of paramount impor-
tance. When the AA reaction was run under more dilute
conditions, we observed higher regioselectivities, presumably
due to the more selective first cycle being favotéd.
However, since decomposition of tHé-bromo, N-lithio
carboxamides is assumed to be concentration independent,
too dilute conditions should favor Hoffman rearrangement
again a compromise is needed.

The reaction temperature employed depended on the
electronic nature of the amide: for acetamides and benz-
amides with electron-withdrawing substituents the reaction
was run at 12C, with electron-donating substituents it was
run at 0°C, otherwise it was run at 4C.
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