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ABSTRACT
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The first general synthesis of boron-substituted 1,2-dihydro-1,2-azaborines is described. The versatile 1,2-dihydro-1,2-azaborine precursor 4is
synthesized through a ring-closing metathesis ~ —oxidation sequence. Treatment of 4 with a wide range of anionic nucleophiles furnishes the
desired adducts 5 in good yields. The scope includes hydrogen- and a variety of carbon- and heteroatom-based nucleophiles. Furthermore,

the boron-containing isostere (7) of the potent hypolipidemic agent, methyl 2-ethylphenoxyacetate (8), is readily prepared through our method.

Although boron is not an element commonly found in living on abbreviated as 1,2-azaborine) as it relates to the quint-
systems, there has been burgeoning interest in incorporatingessential aromatic compound, benzene, by substitution of one
boron into biologically active moleculdsOver the past  of benzene’'s €&C bond units with an isoelectronic and
decades, boron-containing compounds have been utilized assostructural B-N bond. The application of the BN vs
potent antimicrobial agenfsprotease inhibitord,and anti- C=C isosterisrito benzene, and its many useful derivatives
cancer agents as part of boron neutron capture therapycould open unexplored opportunities in the development of
(BNCT)# We have initiated a program directed toward the new drugs as well as provide new directions in the area of
development of boron-containing aromatic heterocycles that conjugated organic materials.

mimic ubiquitous natural structures. Specifically, we are
interested in the 1,2-dihydro-1,2-azaborine ég¢fm now

ubiquitous, useful boron-containing
structural motif isostere

T Correspondence concerning X-ray crystallography should be directed
to L.N.Z. = C”H isostructural = N’H
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pyrene’2borazaroinden&’, and borazarotriphenyletg, the core, we set out to address this synthetic limitation. In this
chemistry of the biologically more relevant monocyclic 1,2- paper, we establish the first general synthesB-stibstituted
azaborines has not been extensively explored, presumablyl,2-azaborines that includes not only a variety of carbon-
due to limited synthetic access. Dewar and White pioneeredbased substituents but also a number of unprecedented
the first syntheses of 1,2-azaborines in the early 1960s andexamples oB-heteroatom substitutions (Figure 1).
demonstrated that these compounds have substantial aromatic We envisioned that an intermediate bearing a good leaving
charactet? More recently, Ashe has developed two comple- group on boron, e.g.A in Scheme 1, could serve as a
mentary synthetic strategies for 1,2-azaborines: (1) a ring

expansion of lithium azaborolid¥sand (2) a ring-closing _
metathe;is (RCM—)oxidati_on sequenc¥. Ashe’s elegant Scheme 1. Synthetic Strategy

preparative routes established a more general approach to

.. .. R nucleophilic R .R A .R
BN-containing aromatic ring structures. C'B“ il Cz — Cg N \/\g
. . X < ituti X N i N N
Despite the groundbreaking advances made to date, Ny Substitution ol oxid. o ROM g

significant synthetic challenges remain. For instance, the A B c
simplest member in the family of 1,2-azaborines, compound
1, is still elusive. More generally, the scope with respect to

the boron substituent @Rn Figure 1) provided by current ~ versatile precursor toward a wide rangeBesubstituted 1,2-
azaborines via nucleophilic substitutifhHeterocycleA

_ could be approached from the ring—opened precuﬂsn'ra

RCM followed by dehydrogenation. However, neither the
RCM nor the oxidation have been performed in the presence

prior art: this work: . _ .

of the reactive and labile BCl bond. Gratifyingly we
1 determined that RCM of precurs@rproceeds smoothly in

R B _ :

C. C. the presence of 2% first-generation Grubbs catalyst to

A B\Rz X B\Rz generate heterocycle (eq 1), which is a testimony to the
robustness and the versatility of modern RCM protoébls.

‘ R2 = Ph, Me, vinyl, OR R2 = H, alkyl, vinyl, aryl, alkynyl,

RT = H, alkyl, SiMe; NR,, OR, SR, Cl S B 2% (CysP)PRCH)RUCE B
Substituents highlighted in bold B ) Cé (1)
are unprecedented. e 66% ~Cl

2 3

Figure 1. Scope of boron substituents in 1,2-azaborines.

The aromatization o8 proved to be more challengiri§.
synthetic methods is fairly limited. To the best of our Ourinitial attempts using DD& met with failure (Table 1,
know'edge, Carb0ﬁ§,13 and Oxygen_baséﬂgroups are the entl’y l) HOWeVer, Optimization of conditions showed that
On|y boron substituents in all of the monocyc”c 1’2- palladium can serve as a Catalyst for this transformation
azaborines that have been isolated to date. In order to takgentry 2)*?* The presence of a hydrogen acceptor (i.e.,
full advantage of the BN-isosterism of the ubiquitous benzene cyclohexene) further improves the yield (entry 3). A survey

A.; Sharma, S.; Carlson, K. E.; Stossi, F.; Katzenellenbogen, B. S.; Greene, o L

G. L.; Katzenellenbogen, J. AChem. Biol.2007, 14, 659-669. Table 1. Aromatization of Heterocycl&: Optimization
(7) For examples in materials science, see: (a) Bosdet, M. J. D.; Piers, Survey

W. E.; Sorensen, T. S.; Parvez, Mngew. Chem., Int. EQ007, 46, 4940~

4943. (b) Bosdet, M. J. D.; Jaska, C. A.; Piers, W. E.; Sorensen, T. S. JEt oxidation y _Et
Parvez, MOrg. Lett.2007, 9, 1395-1398. (c) Lee, B. Y.; Bazan, G. Q. [N N
Am. Chem. So00Q 122, 85778578. B\CI conditions N B\CI
(8) Dewar, M. J. S.; Kubba, V. P.; Pettit, R. Chem. Soc1958 3073~
3076. 3 4
(9) (a) Fang, X.; Yang, H.; Kampf, J. W.; Holl, M. M. B.; Ashe, A. J.,
IIl. Organometallics2006 25, 513-518. (b) Paetzold, P.; Stanescu, C.; entry conditions yield® (%)

Stubenrauch, J. R.; Bieriiter, M.; Englert, U.Z. Anorg. Allg. Chen2004
630, 2632-2640. (c) Dewar, M. J. S.; Gleicher, G. J.; Robinson, BJ.P. 1 1 equiv of DDQ, pentane, 35 °C, 24 h 14
Am. Chem. Sod964 86, 5698-5699. (d) Dewar, M. J. S.; Dietz, R.

Chem. Soc1959 2728-2730 2 Pd/C (20 mol %), pentane 80 °C, 16 h 31
(10) Ashe, A. J., Ill; Yang, H.; Fang, X.; Kampf, J. W@rganometallics 3 Pd/C (20 mol %), cyclohexene, 80 °C, 16 h 43
2002 21, 4578-4580. 4 Ru/C (20 mol %), cyclohexene, 80 °C, 16 h 1
(11) Culling, G. C.; Dewar, M. J. S.; Marr, P. A. Am. Chem. Soc. 5  Rh/Al,O3 (20 mol %), cyclohexene, 80 °C, 16 h 23
1964 86, 1125-1127. 6  Pd black (20 mol %), cyclohexene 75 (57)®
(12) (a) Dewar, M. J. S.; Marr, P. A. Am. Chem. Sod962 84, 3782. . » €y i
(b) White, D. G.J. Am. Chem. S0d.963 85, 3634-3636. 80°C,16 h
(13) Ashe, A. J., Ill; Fang, X.; Fang, X.; Kampf, J. \@rganometallics 7  Pd(PPhs)4 (10 mol %), benzene, 80 °C, 16 h 0
2001, 20, 5413-5418.
(14) Ashe, A. J., lll; Fang, XOrg. Lett.200Q 2, 2089-2091. aDetermined by'B NMR analysis versus a calibrated internal standard.
(15) Davies, K. M.; Dewar, M. J. S. Am. Chem. So0¢967, 89, 6294~ bIsolated yield in parentheses (see the Supporting Information for details).
6297.
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of transition metals reveals that Pd black catalyzes the studies?® Treatment of 1,2-azaborine precurdawith methyl

aromatization of3 most efficiently (entries 36). Finally,

glycolate6 in the presence of triethylamine furnishém a

we determined that a homogeneous Pd source is ineffectivestraightforward manner (eq 2).

in mediating this transformation (entry 7).

Heterocyclel serves as a general precursoBtsubstituted
1,2-azaborines (Table 2). Displacement of the chloridé in

Table 2. Synthesis oB-Substituted 1,2-Azaborines through

Nucleophilic Substitution o#t
CN,Et
1
X B‘Nu

CN.Et Nu—
|

B.

X~

4 5
entry nucleophile (Nu) product yield (%)@
1 Li-Bu 5a 79
2 Li—vinyl 5b 50
3 BrMg—Ph 5c 76
4 BrMg——=——Ph 5d 83
5 Li-NMe, 5e 66
6 K-SBn 5f 80
7 K-OtBu 59 71
8 LiBEt3-H 5h 92

a|solated yield.

occurs readily in the presence of alkyl- (entry 1), vinyl- (entry

2), aryl- (entry 3), and alkynyl-based (entry 4) nucleophiles.
Moreover, heteroatom substitution also proceeded smoothly,
resulting in the isolation of unprecedented nitrogen- (entry
5) and sulfur-substituted (entry 6) 1,2-azaborines. Potassium

tert-butoxide reacts readily witd to provide the alkoxy
adduct (entry 7). Treatment dfwith Superhydride furnishes
a 1,2-azaborine containing the unique B bond 6h, entry
8). Compoundbh is stable toward purification by silica gel

chromatography, which stands in stark contrast to prior failed

attempts to isolate 1,2-azaborines bearing thédBubstitu-
tion1>1% The successful preparation d&h opens new

hypolipidemic
agent

I,
O/\H/OMG

0

8

HO/YOMe
CNE 6 ° C'.“'Et @
B. B. oM
NS EtsN NS0 N
o)

85%
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We have characterized compoungy single-crystal X-ray
crystallography (Figure 2). There are only two reported
crystal structures of metal-free 1,2-azaborines (i.e., not
m-bound to a transition metal}, and to the best of our
knowledge, the structure illustrated in Figure 2 is the first
containing an exocycli@-heteroatom bond.

Sy
C(2)

c3)
ci4)

Figure 2. ORTERP illustrations, with thermal ellipsoids drawn at
the 35% probability level, of compound

The exocyclic oxygen atom O(1) @fis trigonal (i.e., sp

opportunities for the synthesis of the ultimate parent aza- hybridized), with 0B(1)—O(1)-C(7) = 118.6(1}. The

borine 1.

C(7)-0O(1)—B(1)—N(1) torsion angle of-172.9(1} and the

A number of the compounds in Table 2 resemble aromatic B(1)—O(1) bond distance of 1.389(2) A suggest significant
structures of significance in chemistry. For instance, the z-bonding between oxygen and boron (sum of covalent radii

vinyl-substituted 1,2-azaboriri is a heteroaromatic deriva-
tive of styrene. The alkyne addustl is isoelectronic with

= 1.55 A)22 The 1,2-azaborine ring is completely planar
within 0.003 A. The bond distances in the 1,2-azaborine ring

tolan. Thus, our synthetic method can provide ready access(in A), B(1)—N(1) = 1.436(2), N(1)-C(1) = 1.370(2),
to boron-containing heteroaromatics relevant to materials C(1)—C(2) = 1.355(2), C(2)-C(3) = 1.413(2), C(3}-C(4)

science.

To further demonstrate the utility of our synthetic method,
we have prepared, which is the elemental isomer of methyl
2-ethylphenoxyacetat8. Compound8 and its derivatives
have demonstrated potent hypolipidemic activity in animal

(16) Qiao, S.; Hoic, D. A.; Fu, G. d. Am. Chem. So¢996 118 6329~
6330.

(17) Brown, R. C. D.; Satcharoen, YAeterocycle006 70, 705-736.

(18) For a review, see: Donohoe, T. J.; Orr, A. J.; BinghamAkigew.
Chem., Int. Ed2006 45, 2664-2670.

(19) Wille, H.; Goubeau, XChem. Ber1974 107, 110-116.
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= 1.363(2), and C(4)B(1) = 1.518(2), are similar to the
reported ones wittB-Ph substitutior?! Thus, the oxygen
heteroatom does not appear to significantly affect the
aromatic delocalization of the 1,2-azaborine heterocycle.
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197-202.
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I.; Robinson, E. Alnorg. Chem.1998 37, 2811-2825.
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In summary, we have developed a general method for the Chemistry Research and Instrumentation Services has been
synthesis of a wide range @-substituted 1,2-azaborines, furnished in part by the National Science Foundation (CHE-
including the first examples containing-heteroatoms.  0234965).

Because 1,2-azaborines are isostructural and isoelectronic to
the ubiquitous benzene motif, our study provides new  gynnorting Information Available: Experimental pro-

opportunities in the areas of drug discovery and material cequres and compound characterization data for all new

science by increasing the diversity of biologically active 50 nds. This material is available free of charge via the
molecules and conjugated materials through BN-isosterism. Internet at http://pubs.acs.org.
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