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ABSTRACT

Several aminobenzoboroxole derivatives have begpaped starting from o-boronobenzaldehyde employgdgctive amination protocol. The corresponding
aminobenzoboroxole derivatives have been furthectfanalized adN-nitrosoaminobenzoboroxoles as wellNsbenzoboroxolylureas. These derivatives have
been evaluated for their anti-cancer activity omhn pancreatic cancer MIAPaCa-2 and human breasec®dDA-MB-231 cell lines. 2015 Elsevier Ltd. All
rights reserved.
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Introduction

Benzoboroxoles (cyclic boronic acids) are highiueale
compounds because of their use in variety of disep such as
organic, materials, and medicinalchemistry [1-3].
Benzoboroxoles have attracted significant attenbecause of
their attractive therapeutic and biological profded have been
reviewed recently [2a-b]. Owing to our interest inrdmo
chemistry[4] we have been working on the functionalization of
the oxaborole ring via a plethora of reaction paysvstarting
from o-boronobenzaldehydeas our boron precursdfigure 1)

[5]. For example, reaction df with activated olefins such as
methyl acrylate, acrylonitrile, methyl vinyl ketanacrolein and
cyclohex-2-enone led to the formation of functiored
benzoboroxole2-3 under Baylis-Hillmarj6] conditions Figure

1, path a, b) [ba-b]. We were also able to synthesiiee
corresponding homologous benzoboroxole est#rsiia the ) ) )
reaction of Baylis-Hillman bromides with the aldehybeinder ~ Figure 1. Functionalized Benzoboroxoles.
Barbier allylation conditionsHigure 1, path c) [5b]. Aldol

addition on the boronoaldehydded to the formation of ketones

and esters such &and6 (Figgre 1 pqths d-e) [59]. Finally, Resultsand Discussion

reaction of aldehydel with isonitriles furnished the
benzoboroxole amides under Passerini reactig] conditions
(Figure 1, path f) [5d] While we have been routinely able to
functionalize the oxaborole unit, much to our digmae found
that these molecules did not exhibit any significhiological
activity asanti-bacterial andinti-cancer agents [5]. Accordingly,
we envisioned the preparation of aromatic ring-fiomzlized
benzoboroxoles while leaving the benzylic carbonranbhed on
the oxaborole ring so as to improve the biologiefficacy.
Herein, we provide an account of our synthetic aralobical
evaluation results.

OH
o R = Alkyl, aryl
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/
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We began our efforts with the synthesis of the msmu
aminobenzoboroxol&0. The reaction of commercially available
o-boronobenzaldehyd& with sodium borohydride in THF and
water provided benzoboroxol@ in 87% yield. Nitration of
benzoboroxole with fuming nitric acid resulted ire ttormation
of 6-nitrobenzoboroxoleé [8]. Reduction of9 with Zinc and
hydrochloric acid furnished the aminobenzoboroxtf)ein 78%
yield (Scheme 1). None of these three reactions involved
chromatographic purification and the compounds dobke
readily obtained by simple acid-base manipulations.



Table 1: Preparation of Functionalized BenzoboroxolesReguctive Amination of Aldehydes with Aminobenzoborexol
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Scheme 1. Preparation of Aminobenzoboroxole. Scheme 3: Preparation of Chloroquinoline-Aminobenzoboroxole
Conjugate

After synthesizing 6-aminobenzoboroxal®, we attempted
the reductive amination of benzaldehyde vilith(Entry 1, Table
1) in methanol at room temperature, and after sgrfor 3 hours, Nitrosoamines and nitrosoureas are of particulagrést for
complete conversion of amine to iminkl was observed. the treatment of various types of cancers and comg®such as
Sodium borohydride was then added to the reactiotiungi at  Lomustine and Carmustine are prescribed as alkgagents in
room temperature and stirred for 2 hours to effeduction of chemotherapy [10]. To demonstrate the robustnessthef
the imine. Our initial efforts of isolating the pihact proved benzoboroxole moiety, some of the representativeorstary
difficult and the standard work up with ethyl acetated water ~amines12 mentioned aboveT(@ble 1), were then subjected to
after evaporation of ethanol did not furnish theoduct N-  nitrosation. All of the compounds readily reactedhwsipdium
benzylaminobenzoboroxolel2a.  The product was finally nitrite and HCI in acetonitrile/water solvent systeand the
obtained after acidification with dilute HCI to pH faicawork up  corresponding\-nitrosoaminobenzoboroxoleXda-f precipitated
with ethyl acetatealbeit in low yields (~30%). The isolation out of the reaction within 1-2 hours. The productseaabtained
step was finally optimized and aminobenzoboroxt®a was in high yields and were characterized by standaralytioal
obtained in 82% yield after careful neutralizatinfithe aqueous techniques$cheme 4).
solution to a neutral pH, at which point, the pradstarted
precipitating out of the solution. The solid waseriHfiltered and

dried over vacuum to obtain analytically pure pradiRa. We J@\A /@CO
were then able to extend this protocol for the ieacbf 6- NN 5 HCI, NaNO, NN g
aminobenzoboroxole with a variety of aldehydes stutet with I// H bH CTCN. 0, @A,{L\ {
electron-withdrawing Entries 2-7, Table 1) as well as electron- 12 R O 20af
donating Entries 8-13, Table 1) groups. All of these aldehydes
readily reacted with1l0 at room temperature and complete N+O OH .0
. .. . Ly | b N OH

formation of the imine was observed in all theseesasithin 3-4 e N B, N d
hours. The iminesllb-m were then subjected to NaBH u B,OH (;LO \CQO
reduction to afford the produci®b-m in 72-85% overall yields CE/\O
(Entries 2-13, Table 1). As expected, imine formation was 20b, 83% 20c, 86%
observed to be relatively faster with electron witlwiing group 20a, 85% o MP:109-111°C MP:121-123°C
substituted aldehydes and slightly better yieldstha product MP:108-110°C o F NES
were observed in these casEstfies 2-7, Table 1). N/,O OH N* OH N B'OH

Using the reductive amination strategy, an N@;B/\O N\CCO (;LO
aminobenzoboroxole-flutamide  hybrid congenet6 was F cl
synthesized as shown irfscheme 2.. Briefly, 4-n.itro-3.- 20d, 88% 206, 88% Cloot, g79%
trifloromethylaniline 13 was treated wittp-formylbenzoic acid L' mp: 1251270 &) MP:121-123°C Cl MP:144-147°C

14 in the presence of POClo obtain the aldehyd#&5 in 72%
yield. The aldehydé&5 was then subjected to reductive amination
with aminobenzoboroxol&0 under standard conditions in a one-
pot procedure as described above to obtain theichglongener
16 (Scheme 2). A chloroquinoline-aminobenzoboroxole
conjugatel9 was also synthesized in a similar manner startin
from acetanilide 17 in two steps using Vilsmeier-Haack
formylation [9] followed by reductive aminatio®gheme 3).

Scheme 4: Preparation oN-Nitrosoaminobenzoboroxoles

Further,N-substituted aminobenzoboroxol&a and12i were
reacted with phenyl, cyclohexyl, and 2-chloroetlsgldyanates in
Slioxane to furnish the urea derivativésa-f in 79-84% yields
(Scheme 5). The pure products were obtained upon the removal
of solvent and addition of cold water. The prodwetse filtered,

. ” OHC@COOH H So dried, and characterized by IR, NMR, and mass speetry. In
8 D/ 2 14 FaC N the case of cyclohexyl isocyanate and 2-chloroeisgtyanate,
j@/ o 15
O.N

the products had to be further triturated with hexamder

O,N POCIg, Pyridine L . .

13 -10°C, 1h, 72% 0 sonication to remove traces of unreacted startiagerial or other
O:;’O byproducts. Our efforts towards the nitrosation of
/@jo HN™ o 5H chloroethylurea®le and 21f did not materialize and a complex
H N BbH MeOH, 25°C, 3.5h mixture of products was observed.
FaC N 16 (i) NaBH,,, MeOH
o 25°C, 3h, 72%
ON MP: 117-119°C

Scheme 2: Preparation of Aminobenzoboroxole-Flutamide
Hybrid
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Scheme 5: Preparation of Aminobenzoboroxole-Based Urea

Derivatives.

After synthesizing the functionalized aminobenzolotes,
these molecules were evaluated for their generabtaicity
against breast cancer cell lines (MDA-MB-231) andqueatic

cancer cell linesMIAPaCa-2) While most of the compounds

tested were not found to exhibit any significantotgkicity at
12.5 and 50 uM concentration, couple of derivati@sand21b
showed activity against MIAPaCa-2 cell lines at 1M
concentrationTable 2).

The 1G, values for the two most active derivatii¥sand21b
were found to be 11.5M and 11.9uM respectively in human
breast cancer cell lines MDA-MB-231. Similarly, th&, values
for these compounds were determined to beu813and 2.7uM
respectively in human pancreatic cancer cell lindsPaCa-2
(Figure 2).

MDA-MB-231 MIAPaCa-2

83uM

1.5 1.0 05 0.0 05 1.0 1.5 5 1.0 w05 00 05 10 1.5
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0.5 1.0 1.5
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Figure 2: In Vitro (ICso) Data for Aminobenzoboroxolel® and

Table 2: %Cell viability of the synthesized compounds on
human pancreatic cancer (MIAPaCa-2) and human tbcaaser
(MDA-MB-231) cell lines.

MIAPaCa-2 MDA-MB-231
50uM 12.5uM 50uM 12.5uM
12a 34.5 76.6 80.2 73.7
12b 73.6 87.2 91.7 84.0
12c 63.9 90.9 90.0 80.2
12d 65.8 86.4 75.7 75.2
12e 62.6 95.3 68.7 69.2
12f 80.6 71.3 123.6 100.1
12g 47.0 80.8 109.2 77.7
12h 45.9 57.2 82.8 84.1
12i 37.9 51.8 90.0 90.2
12j 78.4 72.1 71.1 97.6
12k 58.2 89.1 102.6 106.5
12| 49.5 92.0 90.7 93.9
12m 69.0 88.9 101.7 88.5
16 7.7 85.8 49.5 112.0
19 28.6 28.2 44.8 44.3
20a 51.5 83.5 115.3 120.7
20b 61.0 83.0 123.2 118.7
20c 62.8 7.7 107.9 128.3
20d 70.5 70.3 125.6 121.7
20e 69.5 95.7 106.1 133.7
20f 59.9 84.8 146.0 121.5
2la 30.0 49.6 47.0 115.9
21b 175 224 53.9 63.0
21c 39.4 64.8 127.6 80.9
21d 25.1 45.5 60.8 96.3
21e 61.8 103.9 100.9 134.8
21f 60.4 74.9 63.2 95.8
Control 100.0 100.0 100.0 100.0
Conclusions

In conclusion, we have demonstrated the applicgbiit
aminobenzoboroxoles towards reductive aminationldgtg/des.
Further, the resulting benzoboroxoles have also bre@sformed
into N-benzoboroxolylureas as well as N-
nitrosoaminobenzoboroxoles. The preliminary bidaab
evaluation of these molecules has shown some proandeve
have been able to identify few leads for future tlgwment as
anti-cancer agents.

Experimental

Procedure for the preparation of 6-aminobenzoboroxole 10: 6-
Nitrobenzoboroxol® (400 mg, 2.23 mmol) was stirred in methanol
(15 mL) under sonication until a white turbid sadat was obtained.
The solution was cooled to 0°C and conc. HCI (2.5 ma}¥ added.
After stirring the reaction mixture for 20 min, Zipowder (1.62 g,
25.0 mmol) was added in three portions at 0-5°C. Téwection
mixture was stirred overnight at room temperaturd was filtered
through a celite pad. The filtrate was concentrateghcuo, and the
crude mixture was stirred in ethyl acetate (20 rfdr) 10 min to
dissolve the bright red residue. The resulting tsoiu was
neutralized with 1 M ag. }CO; and extracted with ethyl acetate (2 x
10 mL). The combined organic extract was washetl bitne (1 x
10 mL), dried over N&O,, and concentrateith vacuo to obtain pure

21b on human breast cancer MDA-MB-231 and humang-aminobenzoboroxol&0 as a pale yellow powder (260 mg, 78%).

pancreatic cancer MIAPaCa-2 cell lines

The spectral information matched very well witleddture data.



Representative procedure for the reductive amination of

aldehydes: To astirred solution of 6-aminobenzoboroxadl® (200

mg, 1.34 mmol) in 5 mL of methanol was adgeanisaldehyde (163
pL, 1.34 mmol) at room temperature and stirred fdro8rrs. Upon
complete consumption of the reactants (TLC), sodagrohydride
(76 mg, 2.01 mmol) was added in portions and stifog 2 hours.
After completion of the reaction as indicated byCllmethanol was

washed with water, and dried under vaccum. The ecisalid was
triturated with hexane under sonication to obtawe fpure urea
derivative 21f (113 mg, 82%) as colourless solid. Anal. Calc. C;
57.71, H; 5.38, N; 7.48. Found C; 57.63, H; 5.507129. M.P: 134-
136 °C;'H-NMR (400 MHz, DMSO-¢): § 9.18 (s, 1H), 7.42 (s,
1H), 7.36 (dJ = 8.4 Hz, 1H), 7.17 (ddl = 1.6, 8.4 Hz, 1H), 7.07 (d,

J = 8.0 Hz, 2H), 6.80 (d] = 8.8 Hz, 2H), 5.92 (t) = 5.6 Hz, 1H),
4.93 (s, 2H), 4.71 (s, 2H), 3.68 (s, 3H), 3.53 &,6.4 Hz, 2H), 3.28-

removedin vacuo and the residue was dissolved in water (5 mL).3.30 (m, 2H);**C-NMR (100 MHz, DMSO-g): § 158.8, 157.4,

The solution was neutralized to pH 7 with 10% HCI gffect
precipitation. The resulting solid was filtered, shad with water,
and dried under vaccum to afford  Nafp-
methoxybenzyl)aminobenzoboroxol®i (274 mg, 76%) as pale
cream color solid. Anal. Calc. C; 66.95, H; 5.99,9\0. Found C;
66.85, H; 6.05, N; 5.40. M.P = 122-124°84-NMR (400 MHz,
DMSO-a): ¢ 8.88 (s, 1H), 7.25 (d] = 8.8 Hz, 2H), 7.04 (d] = 8.4
Hz, 1H), 7.08 (dJ = 8.4 Hz, 1H), 6.85 (d] = 8.8 Hz, 2H), 6.83 (s,
1H), 6.72 (ddJ = 2.4, 8.4 Hz, 1H), 6.11 @,= 6.0 Hz, 1H), 4.78 (s,
2H), 4.17 (d,J = 6.0 Hz, 2H), 3.69 (s, 3H}*C-NMR (100 MHz,
DMSO-ds): 6 158.7, 148.5, 142.1, 132.7, 129.0, 122.1, 11713,4,
113.0, 70.2, 55.7, 46.8; IR (neat): 3298, 2983, 13287, 1238,
1172, 769 cil; ESI-MS:m/z, 283 [M-H+CHj]*.

Procedure for the preparation of aldehyde 15: POCE (136 uL,
1.46 mmol) was added to a solution of 4-formylbéazzid 14 (200
mg, 1.33 mmol) and 4-nitro-3-(trifluoromethyl)ani 13 (247 mg,
1.20 mmol) in pyridine (5 mL) at -10°C dropwise ath@ reaction
was stirred 1 hour at the same temperature. Upmplegion (TLC),
the reaction was quenched with cold water and etadawith ethyl
acetate (2 x 10 mL). The combined organic extraege washed
with sat. ag. NaHC®solution (1 x 10 mL), brine (1 x 10 mL), and
dried over anhydrous N&Q,. The ethyl acetate was concentraited
vacuo and the crude product was purified by silica gelumn
chromatography (ethyl acetate/hexane, 2:8) to yadliehyde15
(292 mg, 72%) as pale yellow solid. M.P: 185-1874GNMR (400

MHz, DMSO-a): ¢ 11.12 (s, 1H), 10.10 (s, 1H), 8.43 (s, 1H), 8.31

(d, J = 8.8 Hz, 1H), 8.21 (dJ = 8.8 Hz, 1H), 8.14 (dJ = 8.4 Hz,
2H), 8.05 (d,J = 8.4 Hz, 2H);"*C-NMR (100 MHz, DMSO-g): 6

193.5, 166.2, 155.0, 144.3, 142.5, 139.2, 139.0,313130.2, 129.3,
128.2, 124.1, 119.2; IR (neat): 3483, 3370, 295@011680, 1524,
1331, 1139, 1042, 749 ch ESI-MS:m/z, 339 [M+H]".

for the preparation of N-
20a-f: 6-N-(p-methoxybenzyl)

Representative  procedure
nitr osoaminobenzobor oxoles

aminobenzoboroxold2i (100 mg, 0.37 mmol) was dissolved in a

1:2 mixture of acetonitrile and water (3 mL) ané tleaction mixture
was cooled to 0°C. HCI (155pL, 12M solution, 1.86 rimeas
added dropwise and the mixture was stirred for 38 at 0°C.
NaNG; (0.2 mL, 2M solution, 0.4 mmol) was added dropwésel
the reaction was stirred for 1.5 hours, during thime, N-
nitrosoamine gradually started precipitating outaagpale yellow
solid. After completion of the reaction (TLC), thelid was filtered,
washed with distilled water, and dried under vacdanobtain 6N-
nitrosoN-(p-methoxybenzyl)amino-benzoboroxol20b (92 mg,
83%). Anal. Calc. C; 60.44, H; 5.07, N; 9.40. Foutid60.73, H;
4.98, N; 9.57. M.P: 109-111°CH-NMR (400 MHz, DMSO-¢): 6
9.30 (s, 1H), 7.87 (d} = 1.6 Hz, 1H), 7.72 (dd] = 2.0, 8.4 Hz, 1H),
7.52 (d,J = 8.4 Hz, 1H), 6.99 (d] = 8.4 Hz, 2H), 6.82 (d] = 8.8
Hz, 2H), 5.26 (s, 2H), 5.00 (s, 2H), 3.67 (s, 3tC-NMR (100

MHz, DMSO-d): § 159.2, 153.7, 140.8, 129.3, 127.0, 123.7, 123.3,

122.7, 114.8, 70.4, 55.7, 46.7; IR (neat): 2928,3145104, 1179,
1124, 787 cit; ESI-MS:mz, 312 [M-H+CH]".

Represenative procedure for the synthesis of N-benzoboroxolyl
ureas (21a-f): 2-Chloroethyl isocyanaté31 uL, 0.37 mmol) was

added to the solution of B-(p-methoxybenzyl)aminobenzoboroxole

12i (100 mg, 0.37 mmol) in dioxane (3 mL) and thectiem was
stirred overnight at room temperature. After coripte of the
reaction (TLC), the solvent was removigdvacuo and the residue
was diluted with deionized water. The resultingidatlas filtered,

152.9, 141.2, 131.4, 130.7(2C), 129.6 (2C), 123.2,3{2C), 70.5,
55.6, 52.6, 44.1, 42.9; IR (neat): 3244, 2932, 16194, 1301,
1178, 736 crit; ESI-MS:mz, 388 [M-H+CHy]".

Cell Viability Assay: Human pancreatic cancer MIAPaCa-2 cells
were purchased from ATCC and were maintained in D-MEM
supplemented with 10% FBS, 2.5% horse serum, andPégicillin
Streptomycin in a humidified atmosphere of 5% ,C& 37°C.
Human breast cancer MDA-MB-231 cells were purchafed
ATCC and were maintained in D-MEM supplemented wif9o0l
FBS and 1% Penicillin Streptomycin in a humidifigdhasphere of
5% CQ at 37°C. Cells were seeded in 96 well platesdareity of

5 x 10 cells/mL, incubated for 18-24 hours, then exposed
benzoboroxoles1-21 at 50uM and 12.5uM concentrations in
duplicate for 72 hours. DMSO was added as a negatwmtrol. To
determine the cell viability, MTT (3-(4, 5-dimetltiylazolyl-2)-2, 5-
diphenyltetrazolium bromide) was dissolved in PBSlution
(5mg/mL) and 10uL was added to each well and inmghaifter 4
hours, 100pL of SDS (sodium dodecyl sulfate) sotufilg in 10 mL

of 0.01 N HCI) was added to solubilize formazan fmi¢te and
incubated for an additional 4 hours. The absorbaheach well was
then measured using a microplate reader at 570rhmabsorbance
of control wells was defined as 100% viability aat of the tested
compounds were expressed as percentage relatikie tmntrol.
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Highlights

1. We have prepared functionalized benzoboroxoles via reductive amination protocol.
2. We have also prepared N-nitrosoaminobenzoboroxoles and benzoboroxolyluress.
3. These benzoboroxoles have been further evaluated as potential anti-cancer agents.



