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Abstract:

A direct hydroboration of alkene-containing hydantoins using
diisopinocampheylborane has been developed that can be used
to prepare boronated amino acids. The method is successful
because boronic acids are stable to the conditions employed for
hydrolyzing hydantoins.

arylboronic acids containing functional groups, including
amino acidg} this reaction is not suitable for preparing
alkylboronic acids.

Positron emission tomographic (PET) investigations of
BNCT patients using carbon-11 labeled 1-aminocyclobutan-
ecarboxylic acid (ACBC) demonstrated that this amino acid
localizes in tumors more avidly than dihydroxyborylphenyl-

In recent years, functionalized amino acids containing gjanine (BPA):213the pharmaceutical of choice for BNCT.

sulfur! seleniumt92 phosphorud®s fluorine* and boroR

have become increasingly important. As potential pharma-
ceuticals, boronated amino acids have been used as afginas%

and dihydroorotadeinhibitors, as boron neutron capture
therapy (BNCT) agents,and as anti-HIV agents.The

oxidation of boronated amino acids also affords a route to

amino acids bearing hydroxyl or carboxyl grodpsiowever,

current preparations of boronated amino acids are somewha

limited due to the incompatibility of the boronic acid moiety

For these reasons, we have focused our efforts on the
synthesis of boronated cyclic amino acidsAmong the
xisting routes to cyclic amino acids, the Bucher8trecker
reactiont® in which ketones are first converted to hydantoins
by treatment with ammonia and hydrogen cyanide, has
proven to be most effective. Another advantage of the
PUcherer—Strecker reaction is that the precursor ketone
group can be masked as an unreactive ketal during prelimi-

with the reagents used in many synthetic methods. Although Nay functionalization of the molecules. During our inves-
the Miyaura cross-coupling reaction between pinacol dibo- tigation, we found that the hydantoin group (the precursor

ronate and aromatic halides simplified the preparation of of the amino acid) will tolerate hydroboration reactions. This
discovery provides a novel route to boronated amino acids,

since boronic acids are stable to the conditions employed
during hydantoin hydrolysi¥'c16
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Scheme 1. New route to boronated amino acid

N0

0
g b (HO)ﬁW
N

NH iii

(HO)zsz:><COOH
NH,

H ©

aReagents and conditions: (i) W&H, THF, 0°C; (ii) CHsCHO, THF, rt; (ii) HCI (12 N), 150°C.

BH was prepared according to the literature proceédftaad
hydroborations were performed in THF atO© (Scheme 1).
The resultant air-sensitive triorganoborane products were
allowed to react in situ with an excess of acetaldehyde. The
hydantoin carbonyl group was not affected by the hydrobo-
ration reagent, but the reaction did require 3 equiv ofdpc
BH (hydrogen gas was released during hydroborafidfihe
hydroboration reaction proceeded smoothly, and the bor-
onated hydantoins were isolated in good yields. Hydrolysis
of the boronated hydantoins afforded the boronated amino
acids in high yieldg?c:16

The reaction was used to successfully hydroborate a
variety of alkene-containing hydantoins. The results are
summarized in Table 1.

Although the hydroboration of vinylglycine and allyl-
glycine has been reporté®l the application of the new
methodology to the hydroboration of alkene-containing
hydantoins was remarkable. Unlike other amino acid tem-
plates, ketone precursors to hydantoins can be masked a|
ketals during early stages of the syntheses. Although we only,
report the hydroboration of alkene derivatives, there is good

reason to believe that alkyne hydroborations are achievable

utilizing diisopinocampheylborane.

Conclusion
The hydroboration of alkene-containing hydantoins using
diisopinocampheylborane provides a convenient route to the

corresponding boronated hydantoins. Since boronic acids arg

stable to conditions used for hydrolyzing hydantoins, the
method offers a new route to boronated amino acids.

Experimental Section

General Remarks. All reagents were used as received.
Column chromatography was performed using silica gel (60
A, 230—400 mesh, ICN Biomedicals GmbH, Eschwege,
Germany). Analytical thin-layer chromatography was per-
formed using 25Qum silica (Analtech, Inc., Newark, DE).

IH NMR and®3C NMR spectra were recorded at 250.13
and 62.89 MHz, respectively. Chemical shifts ot NMR
and'3C NMR spectra were referenced to TMS and measured
with respect to the residual protons in the deuterated solvents

Representative Procedure for the Preparation of 2-Bo-
ronomethyl-5,7-diazaspiro[3,4]octane-6,8-dione 2&-Me-
thylene-5,7-diazaspiro[3,4]octane-6,8-didrag(380 mg, 2.5

(18) Petter, A.; Smith, K.; Brown, H. Borane Reagent#&\cademic Press: New
York, 1988; p 427.
(19) According to the literature, the hydroboration of N-olefin-substituted ureas

Table 1. Hydroboration of alkene-containing hydantoins
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mmol) was placed in a 150-mL round-bottomed flask and
dissolved in THF (10 mL) at OC. (IpckBH (7.5 mmol) in

THF (10 mL) was added dropwise via a syringe. The mixture
was allowed to warm to room temperature and stirred for
16 h. Freshly distilled acetaldehyde (12 mmol) was added,
and the mixture stirred for an additional 12 h. Volatiles were
removed under reduced pressure, and the mixture hydrolyzed
with aqueous hydrochloric acid (5 mL, 2 M). The mixture
was extracted with ethyl acetate (8 30 mL), and the

and carbamates is not affected by the NH group, but hydrogen gas is releasedcombined organic phase dried over anhydrous MQS-@e

during the hydroboration due to reaction of the NH group withBbt to
produce a borate intermediate which is hydrolized upon workup to regenerate
the NH moiety. See ref: Butler, D. N.; Soloway, A. B. Am. Chem. Soc.
1966,88, 484.

(20) Denniel, V.; Bauchat, P.; Danion, D.; Danion-bougotTRtrahedron Lett.
1996,37, 5111.
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solvent was removed under reduced pressure, and the residue
was purified by column chromatography (methanol) to afford
2aas a white solid (302 mg, yield: 61%H NMR (DMSO-

ds) 0 8.49 (s, 1H), 7.44 (s, 1H), 1.74—2.48 (m, 5H), 0.72—



0.88 (m, 2H).13C NMR 6 177.5, 156.3, 59.5, 34.2, 25.7.

HRMS-FAB (M + H + gly — 2H,0; obtained in a glycerol

matrix) calcd for GoH16BN,Os 255.1154, found 255.1148.

Synthesis of Boronohydantoin (2b).The synthesis was
carried out as described for compougd. CompoundLb
(0.50 g, 3.0 mmol) and IpBH (9.0 mmol) were used. After

(0.50 g, 2.2 mmol) and IpBH (6.7 mmol) were used. After
stirring at room temperature overnight, acetaldehyde (13.6
mmol) was added. The product was purified by silica gel
column chromatography (MeOHEtOAC, 1:10) to afford?e

as a white solid (0.52 g, 77%) NMR (250 MHz, DMSO-

de): 010.54 (s, 1H), 8.18 (s, 1H), 1.£2.04 (m, 9H), 0.52

stirring at room temperature overnight, acetaldehyde (14.00.57 (m, 2H).13C NMR (63.9 MHz, DMSO-¢): ¢ 179.8,
mmol) was added. The product was purified by silica gel 158.2, 67.7, 43.7, 31.4, 29.9, 20.8. HRMS-FABv/zcalcd

column chromatography (MeOH) to afford compoizas
a white solid (0.46 g, 73%3H NMR (DMSO-dg): 6 = 10.00
(s, 1 H), 7.43 (s, 1 H), 1.892.51 (m, 7 H), 0.47—0.63 (m,
2 H).'3C NMR (62.89 MHz, DMSOds): 6 = 178.9, 155.9,
57.5, 38.0, 36.7, 26.6. HRMS-FABm/z calcd for GiH1g
BN.Os (M + H + gly — 2H,0; obtained in a glycerol
matrix) 269.1310, found 269.1322.

Synthesis of Boronohydantoin (2c)The synthesis was
carried out as described for compougd. Compoundlc
(0.63 g, 3.0 mmol) and IpBH (9.0 mmol) were used. After

for C12H208N205 (M + H + gly - 2H20, obtained in a
glycerol matrix) 283.1468, Found 283.1462.

Synthesis of Boronohydantoin (2f).The synthesis was
carried out as described for compougd Compoundlf
(0.56 g, 3.1 mmol) and IpBH (9.6 mmol) were used. After
stirring at room temperature overnight, acetaldehyde (19.17
mmol) was added. The product was purified by silica gel
column chromatography (MeGHEtOACc, 1:10) to afford
compound?f as a white solid (0.60 g, 86%) NMR (250
MHz, DMSO-dg): 6 10.34 (s, 1H), 8.40 (s, 1H), 0.92..95

stirring at room temperature overnight, acetaldehyde (15-0(m, 9H), 0.78-0.86 (M, 2H).13C NMR (63.9 MHz, DMSO-
mmol) was added. The product was purified by silica gel de): O 178.7, 156.4, 60.9, 37.4, 32.3, 24.2, 23.8. HRMS-

column chromatography (MeOH) to afford compotehas
a white solid (0.65 g, 85%}H NMR (DMSO-ds): 6 =8.52
(s, 1 H), 7.42 (s, 1 H), 2.472.58 (m, 2 H), 2.17—2.31 (m,
3 H), 1.04-1.48 (m, 6 H), 0.62 (t) = 7.75 Hz, 2 H).13C
NMR (62.89 MHz, DMSOsdg): 6 = 178.8, 155.9, 57.6, 38.3,
36.5, 29.5, 26.3, 24.1. HRMS-FABm/z calcd for GsHao
BN,Os (M + H + gly — 2H,0O; obtained in a glycerol
matrix) 297.1624, found 297.1618.

Synthesis of Boronohydantoin (2d).The synthesis was
carried out as described for compoudd. CompoundLd
(0.58 g, 3.0 mmol) and IpBH (9.0 mmol) were used. After

stirring at room temperature overnight, acetaldehyde (18.0
mmol) was added. The product was purified by silica gel

column chromatography (MeGHEtOAc, 1:10) to afford
compound2d as a white solid (0.63 g, 87%} NMR (250
MHz, DMSO-d;): ¢ 9.94 (s, 1H), 8.18 (s, 1H), 1.99.12
(m, 11H), 0.47-0.59 (m, 2H)*3C NMR (63.9 MHz, DMSO-

de): 0 179.7,158.2, 67.7, 43.7, 40.4, 38.5, 38.0, 36.9, 31.2,

23.1. HRMS-FAB: m/zcalcd for GsH2,BN,Os (M + H +

gly — 2H,0; obtained in a glycerol matrix) 297.1624, found

297.1621.
Synthesis of Boronohydantoin (2e)The synthesis was
carried out as described for compougd. Compoundle

FAB: m/zcalcd for GoH20BN2Os (M + H + gly — 2H,0;
obtained in a glycerol matrix) 283.1468, found 283.1471.
Synthesis of Boronohydantoin (2g)The synthesis was

carried out as described for compoud. Compoundlg
(0.53 g, 2.6 mmol) and IpBH (7.7 mmol) were used. After
stirring at room temperature overnight, acetaldehyde (15.3
mmol) was added. The product was purified by silica gel
column chromatography (MeOHEtOACc, 1:10) to afford
compound?g as a white solid (0.45 g, 69%) NMR (250
MHz, DMSO-dg): 6 10.50 (s, 1H), 8.37 (s, 1H), 0.7.68
(m, 15H).2°C NMR (63.9 MHz, DMSO#¢g): ¢ 178.5, 156.3,
62.8, 41.2, 33.1, 31.7, 31.4, 21.2, 20.8. HRMS-FAR/z
calcd for G4H24BN2Os (M + H + gly — 2H,0; obtained in

a glycerol matrix) 311.1781, found, 311.1782.
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