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Abstract: An efficient and high-yielding procedure has been devel -
oped for the synthesis of a set of fifteen 2,2-diphenyl-1,3,2-0x-
azaborolidin-5-ones, through the reaction of the corresponding o-
amino acid with dipheny! borinic acid under alkaline conditions (pH
7.5-8). It is of note that these compounds showed potent cytotoxic
activity on K-562 and HCT-15 cell lines.
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Much interest is currently focused on the synthesis of bo-
ron-containing compounds due to their biological impor-
tance. In particular, certain molecules containing boron—
nitrogen bonds have shown interesting biological activity,
including insecticidal, fungicidal, herbicidal,* antibacteri-
al,>2 inhibitor thrombin-induced Ca?*,* and apoptotic ac-
tivity.> Belonging to this class of nitrogen—boron-
coordinated compoundsisagroup that deserves particular
attention, 2,2-dialkyl or 2,2-diphenyl-1,3,2-oxazaboroli-
din-5-ones (Figure 1), which are generally obtained by the
reaction of a-amino acidswith alkyl boranes, aryl boranes
or alkylborinates under acidic conditions. For example,
Lang et al. prepared several of these compounds, using
glycine and L-methionine with tri-n-propylborane or tri-
arylboranesin refluxing o-xylene under nitrogen. Another
protocol was described by Skoog,” employing a diaryl
alkyl borinate with glycine, alanine, leucine or amino-
ethanol, thus obtaining the corresponding borinates. In
addition, Shih-Huaet al .8 reported the synthesis of various
diarylborinates by treating several amino acids with n-
butyldiarylborane. Nefkens et al.® produced a series of
diethyl or diphenyl oxazaborolidinones from glycine,
phenylalanine, tryptophan, aspartic acid, glutamic acid,
cysteine, lysine and methionine, employing a slight ex-
cess of triethylborane or triphenylborane in tetrahydro-
furan.

Fluckiger et a.'° reported the use of the ethanolamine
complex of diphenylboronic acid in acidic conditions to
give a set of twenty 2,2-diphenyl-1,3,2-oxazaborolidin-5-
ones generated from the corresponding a-amino acids.
Strang et al.*! obtained various oxazaborolidinones using
the ethanolamine complex of diphenyl borinic acid in a
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mixture of water, 2-propanol and acetic acid. Another
method using an acidic medium was reported by Farfan et
al.*2and Trujillo et al.**Chremos et al.1* described afacile
method of both preparing and liberating the ethanolamine
ester of diphenylborinic acid. Asacontinuation of our ef-
fortsin this area,® we addressed our attention to the effect
of alkaline conditions in the production of a set of fifteen
2,2-diphenyl-1,3,2-oxazaborolidin-5-ones (3a—0). Thus,
the aim of thiswork isto report anew and convenient pro-
tocol under mild alkaline conditions'® for the production
of target molecules (Scheme 1). In addition, the cytotoxic
activity of 3a—0 was evaluated against two tumor cell
lines, HCT-15 (human colon cancer) and K-562 (human
leukemia) using the sulforhodamine B assay.'’
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Figure 1l

To explore the scope of our reaction, fifteen a-amino ac-
ids were converted to oxazaborolidinones (Table 1). In
addition, compounds 3a, 3b, 3e, 3f, 3g, 3i, 3m, 3n and 3o,
were obtained in better yields when compared to previ-
ously reported procedures.”812
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Scheme 1

The corresponding spectroscopic data were used for the
structural attribution of 3a—0.%8 In general, the signal be-
tween +3.0 and 6.7 ppmin the B NMR spectrum was as-
signed to a tetra-coordinated boron. In regard to the
carbon signals of the aromatic ring, thei-carbon atoms ap-
peared in the range 148-149 ppm, the o-carbons atoms at
131-132 ppm, the m-carbons atoms at 127-128 ppm and
the p-carbons atoms at 125-126 ppm. In general, asingle
signal assigned to the carbon of the fourth position in the
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oxazaborolidinonic moiety was present in the range 42—  compounds showed the expected molecular ions as well
62 ppm and in the *H NMR spectra, the proton at the ascommonions; [M —1]%, [M —44]*, and [M —77]".
fourth position displayed common signals around 3.3-3.7

ppm. Findly, in the corresponding MS (El), the target

Table1l Production of 2,2-diphenyl-1,3,2-oxazaborolidin-5-ones 3a—30?

Product «-aa Structure pH Yield® (%) Yield® (%) Mp (°C)
3a Gly (G) o 8.0 517 94 241-243
,5® 48.7°
O. 69 “NHz 2612

70 N
3b L-le (1) 75 ggl2 93 221-223
O§—)\/
= 5@

H
O ga/ 2
3c L-Leu (L) o 75 88’ 90 171-174
(o 68.5°
NHz 100%2
3d L-Met (M) 8.0 7812 78 222-224
2@
NH
3e L-Thr (T) 85 12.68 88 202-203
0 oH 58'2
8%
0. NH;

3f L-Tyr (Y) 0 75 2112 91 149-150
M@
[e) 66 NH»

\B/
| ~
4
3g L-Ser (S) 0 oH 75 43.48 93 259-260
) 3612
0. 59 NH,
OO
3h L-Pro (P) o} 8.0 100*2 98 268-269
8 =5 87
H
0
3i L-Orn NH, 85 60%3 90 213-215
O
5@NH2
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Tablel Production of 2,2-diphenyl-1,3,2-oxazaborolidin-5-ones 3a—302 (continued)

Product «-aa Structure

pH

Yield® (%) Yield® (%) Mp (°C)

3j L-Arg (R) HN

NH

3k L-val (V)

3| L-Phe (F)

3m L-His (H)

3n L-Asn (N)

30 L-GIn (Q)

o}
=P
O\ga/NHz

¢

85

7.5

8.0

8.0

85

8.5

89 244-246

79.788 80 243-245

70° 65 222-224

45.998 92 275277

76 150-151

83 240-242

aAll the products were characterized by their spectroscopic data[*H NMR, *C NMR, 'B NMR, MS (El) and IR].

b Published procedure.
¢ Our procedure.

In addition, the cytotoxic effect of these compounds was
studied using the Sulforhodamin assay on HCT-15 and
K-565 cell lines. The results show that compounds 3a—0
exhibit a cytotoxic effect on both the HCT-15 and K-562
cell lines. Meanwhile, 3a and 3] showed the best growth
inhibition in the HCT-15 cell line, while compounds 3a,
3b, 3c, 39, 3j, 3l and 3n showed good inhibition in the
K-562 cell line (>70% growth inhibition).

In summary, this paper describes an efficient and conve-
nient procedure for the preparation of 2,2-diphenyl-1,3,2-
oxazaborolidin-5-onesin good yields, under alkaline con-
ditions. These compounds have shown themselves to be
attractive molecules for further studiesinto their antineo-
plastic activity.
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Typical procedure (Table 1, entry 1, 3a): Glycine (0.5g,
6.6 mmol) was dissolved in H,O (3 mL) and the pH was ad-
justed to 8 with NaOH (5%, 2 mL). A solution of diphenyl-
borinic acid was prepared from 2-aminoethyl-diphenyl-
borinate (1.59 g, 6.6 mmol) as described in the literature.*
The solutions were mixed together and heated at reflux for
4 h. The solvent was evaporated slowly and the product was
filtered and washed with cold H,O and n-hexane, yielding
1.49 g of 3a (6.26 mmol, 94%).

Cytotoxicity in K-562 and HCT-15 cell lines, using the
sulforhodamine B assay: Skehan P., Storeng R., Scudiero
D.,MonksA., McMahonJ., VisticaD., Warren J. T., Bokesh
H., Kenney S, Boyd M.R.; J. Natl. Cancer Inst.; 1990, 82:
1107; 24 h after treatment, the treated and control cell
cultures were fixed with ice-cold 10% CCI,COOH for 30
min. The 96-well plates were washed in H,O and then
sulforhodamine (SRB, 100 pL, 0.4%) dissolved in AcOH
(1%) was added to each well and left for 15 min. The SRB
wasremoved, washed in AcOH (1%) and allowed to air-dry.
Then agueous Tris base [tris(hydroxymethyl)aminoethane]
(200 pL, 10 mM) was added to each well to solubilize the
cell-bound dye and the absorbance at 550 nm was measured.
The results are expressed as a percentage of control cell
growth.

2,2-Diphenyl-1,3,2-oxazabor olidin-5-one (3a): White
solid; mp 241-243 °C (Lit. 242-245 °C); IR (KBr): 3428,
3243, 3074, 1720, 1604, 1434, 1302, 1217, 963, 702 cnm?;
IH NMR (DMSO-dg): § =7.35(d, J= 7Hz, 4 H), 7.22 (t,
J=7Hz,4H),7.16 (t,J=7Hz, 4 H), 7.07 (brt, 2H, NH),
3.43 (t, J =6 Hz, 2 H); ®*C NMR (DM SO-dy): § = 42.9,
126.1, 127.1, 131.0, 147.8, 172.5; 'B NMR (DM SO-d;):

8 =+5.03; MS (El): m/z= 239, 238, 162 (base peak), 161,
132, 104, 77.
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