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ortho-Magnesiation of Boron-Substituted Benzenes by Using (TMP),Mg**

Atsushi Kawachi,* Saori Nagae, Yasuhiro Onoue, Osamu Harada, and
Yohsuke Yamamoto!®!

The ortho-metalation (hydrogen—metal exchange) of aro-
matic compounds assisted by heteroatom-containing func-
tional groups is one of the most efficient methods for the
transformation of aromatic compounds.'! Among a variety
of ortho-directing groups developed so far, good ortho-di-
recting groups have two essential features. The first is the
coordinating ability to the metal through the lone pair elec-
trons on the heteroatom, which facilitates the approach of
the metal base to the deprotonation site (in other words, the
complex-induced proximity effect)'! and contributes to the
stabilization of the ortho-metalated species through intramo-
lecular coordination. The second is an electron-withdrawing
inductive effect on the aromatic ring, which increases the
acidity of the aromatic protons and stabilizes the resulting
carbanion. Therefore, the metalation ortho to electropositive
elements is considered inefficient and has received little at-
tention.” To our knowledge, there is no example of the
ortho-metalation of boron-substituted arenes.

ortho-Metalated borylbenzenes, however, have potential
utility for the functionalization of benzenes and recent re-
ports have illustrated alternative pathways to them, such as
1) the iodine-magnesium exchange reaction of o-(iodo)bor-
ylbenzenes,® 2) the insertion of a transition metal into a
carbon-halogen bond of o-(halo)borylbenzenes,'* 3) the re-
action of a metal-benzyne complex with a boron reagent,”!
and 4) the transition-metal-catalyzed ortho C—H activation
of borylbenzenes.”! However, crystal-structure determina-
tion was accomplished only for transition-metal (Ti, Zr, Ni,
and Pd) derivatives.™"!

Recently, TMP-based metallic reagents (TMP=2,2,6,6-
tetramethylpiperidide) have successfully achieved the direct
ortho-metalation of functionalized aromatic compounds
with excellent regioselectivity and high functional group tol-
erance.”®! Thus, we anticipated that TMP-based metallic re-
agents could promote the ortho-metalation of borylbenzenes
because the advantages of the TMP-based reagents (high
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basicity, high steric bulkiness, and low nucleophilicity) could
compensate for the disadvantages of the electropositive ele-
ments.

We report here the first example of the direct ortho-met-
alation of borylbenzenes by using (TMP),Mg.®! Borylben-
zenes with an N-methyl-1,3-ethylenediamino group on the
boron atom undergo ortho-magnesiation upon exposure to
(TMP),Mg, and the resulting ortho-magnesiated borylben-
zenes can be trapped with electrophiles. The molecular
structure of the magnesiated compound is revealed by X-ray
crystallographic analysis.

(Diaminoboryl)benzenes 1 were prepared in moderate
yields by the condensation of the corresponding phenylbor-
onic acids with N-methyl-1,3-diaminopropane, followed by
azeotropic distillation.”) The reaction of (diaminoboryl)ben-
zene la with (TMP),Mg (2.5 molequiv) in refluxing THF
and the subsequent treatment with Me,SO,, which is a pow-
erful electrophile, at room temperature afforded ortho-me-
thylated borylbenzene 2a together with the ortho-protonat-
ed product 3a, as shown in Scheme 1. Since the diaminobor-
yl moiety is moisture sensitive, compounds 2a and 3a were
converted into pinacolate derivatives 4a (20 % yield) and 5a
(48 % yield), respectively, by treatment of the reaction mix-
ture with MeOH in the presence of NH,Cl and then with pi-
nacol in THF.

Although the mechanistic details remain unclear, we
postulated a two-step mechanism for the ortho-magnesiation
(Scheme 1). In the initial step, (TMP),Mg abstracts the
amino proton in 1a, resulting in the formation of intermedi-
ary {borylamide}-Mg-TMP complex 6a. In the second step,
the TMP-Mg moiety in 6a intramolecularly abstracts an
ortho-proton on the benzene to form ortho-magnesiated
borylbenzene 7a. The magnesium in 7a is chelated with the
nitrogen and the ortho-carbon atom. The intramolecular re-
action mode" in the second step may be one of the key fac-
tors to promote unfavorable metalation ortho to the electro-
positive atom. When initial intermediate 6a fails to undergo
deprotonation, ortho-protonated product Sa is formed.

The reaction between 1la and (TMP),Mg (1:2.5) was
monitored by “C NMR spectroscopy, as shown in Figure 1.
After 0.5 h at room temperature, compound 1a (Figure 1a)
was completely consumed and the signals of 6a and 8a ap-
peared (Figure 1b): the latter may be formed by the reaction
of 1a with (TMP),Mg in the ratio of 2:1. The signals were
characterized by comparison with those of authentic samples
prepared independently (see the Supporting Information).
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Scheme 1. ortho-Magnesiation of 1a and trapping with Me,SO, and its plausible mechanism. THF solvation to the magnesium may be involved through-
out the process from 1a to 2a. a) (TMP),Mg (x2.5)/THF/RT, 0.5 h; reflux, 2 h; b) Me,SO, (x3)/0°C-RT, 12 h; ¢) MeOH/NH,CI/RT, overnight; d) pi-

nacol/hexane/RT, overnight.
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Figure 1. The aromatic regions of the CNMR spectra of a)la and
b) the reaction mixture prepared by the reaction of 1a with (TMP),Mg
(1:2.5) in THF at room temperature for 0.5 h; erepresents 6a and m rep-
resents 8a.

After being refluxed for 2 h, the reaction mixture exhibited
several new signals that may be attributed to 7a, in addition
to those of remaining 6a and 8a. Precise characterization of
the signals attributed to 7a, however, was difficult due to
the complexity of the spectra.

The yield of 4a was improved to 34% when tetrahydro-
pyran (THP) was used as the solvent. It is plausible that the
ortho-magnesiated compound is so basic that it gradually ab-
stracts the a-proton of THF under the refluxing condition to
form 3a. The a-proton of THP is less acidic than that of
THF and thus less prone to abstraction.!'"!

o-(Iodo)borylbenzene 9a was obtained in 54 % yield by
using I, (6 molequiv) as the trapping agent for 7a, as shown
in Scheme 2. Whereas p-fluoro 1b produced 9b in only 9%
yield under the same reaction conditions, p-chloro 1¢ afford-
ed 9¢ in 41% yield. p-Methoxy 1d provided 9d in 29%
yield together with 3,4-diiodoanisole (15%) and 4-iodoani-
sole (6% ). These two byproducts may arise from the boron—
iodine exchange reaction!'!! with the remaining I, because
an electron-donating methoxy group can promote the elec-
trophilic substitution reaction on the benzene. Hence, the
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Scheme 2. ortho-Magnesiation of 1 and trapping with I,. a) (TMP),Mg (x
2.5)/THP/RT, 0.5 h; reflux, 2 h; b) L/RT, overnight; ¢) MeOH/NH,CI/RT,
overnight; d) pinacol/hexane/RT, overnight.

yield of 9d was increased to 38% by reducing the amount
of I, (3 molequiv). It is also notable that the product expect-
ed from the magnesiation ortho to the methoxy group was
not detected.® A sequence of the present transformations
illustrates a new pathway to multifunctionalized arenes.

The ortho-magnesiated borylbenzene prepared by the re-
action of 1la with (TMP),Mg (1.7 molequiv) crystallized
from THP-hexane as a centrosymmetric dimer coordinated
with two molecules of (TMP),Mg, which is considered as a
co-complex between 7a and (TMP),Mg and designated as
[7a-Mg(TMP),],, as shown in Figure 2."”! The structural fea-
tures of [7a-Mg(TMP),], deserve some comments from the
standpoint of not only an ortho-magnesiated benzene, but
also a complexed model for a crystal structure of
(TMP),Mg, which itself is still unknown. First, the ortho
magnesiation led to the formation of the distorted five-
membered MgNBC, ring. The magnesium (Mgl) is chelated
by the anionic ortho-carbon (C2) and the amide nitrogen
(N1) with an acute bite angle (C2-Mgl-N1=90.50(13)°).
The amide-magnesium bond length (N1-Mgl =2.098(3) A)
and the aryl-magnesium bond length (C2—-Mgl=
2.261(4) A) fall in the ranges observed for magnesium
amides (1.90-2.44 A based on the Cambridge structural da-
tabase (CSD)) and arylmagnesium compounds (2.09-2.34 A
based on the CSD), respectively.™™ The N1-B1 bond
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Figure 2. Molecular structure of [7a-Mg(TMP),], with 30% probability
ellipsoids. The hydrogen atoms are omitted for clarity.

(1.436(5) A) is slightly longer than the N2-B1 bond
(1.419(5) A). Therefore, the lone pair of electrons on N1 is
shared with Mg2, which is mentioned later, whereas that on
N2 participates in the m bonding with B1. The geometry
around Bl is trigonal planar (the sum of the bond angles=
359.8°). The plane defined by N1, N2, and B1 is rotated out
of the phenyl ring by about 50° (N1-B1-C1-C2=47.6(5)°).
Second, the dimerization formed the centrosymmetric four-
membered Mg,C, ring. Each of the two phenyl groups acts
as a bridge between the two magnesium atoms (Mgl and
Mg1*) and rotated out of the Mg,C, ring by about 50°. The
Mgl--Mgl* atomic distance (2.808(2) A) is similar to that
observed for the Mg,C, rings in arylmagnesium compounds
(2.79-2.85 A),"¥ and there is no bonding interaction be-
tween them. Each of the amide ligands is coordinated to
Mgl and Mgl* from above and below the Mg,C, plane, re-
spectively. Third, the two molecules of (TMP),Mg are coor-
dinated to the dimer framework through the Mgl—N3 and
Mg2—N1 bonds to form the four-membered Mg,N, ring. The
four-membered ring is almost planar (the sum of the inter-
nal angles =358.7°). The endocyclic Mg—N bond lengths are
similar to each other (Mgl-N1=2.098(3), Mg2—N1=
2.125(3), Mg2—N3=2.124(3), Mgl-N3=2.134(3) A), where-
as the exocyclic Mg2—N4 bond is shorter (1.971(3) A). Mg2
adopts a tricoordinate planar geometry (the sum of the
bond angles=359.8°). The Mgl---Mg2 atomic distance
(2.8768(16) A) is longer than the Mgl--Mgl* atomic dis-
tance. The outer Mg,N, ring is approximately orthogonal to
the central Mg,C, ring. Finally, the overall framework con-
sists of the linear tetranuclear arrangement of magnesium
atoms!™ and the heteroanionic bridging of carbon and nitro-
gen groups (Scheme 3).

Attempted NMR spectroscopic analysis of [7a-Mg-
(TMP),], was unsuccessful because the crystals obtained
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Scheme 3. Linear tetranuclear arrangement of Mg with bridging C™ and
N groups in [7a-Mg(TMP),],.
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were hardly soluble in common organic solvents. This result
may suggest that coordination of the (TMP),Mg molecules
to 7a may occur during the crystallization process.

In conclusion, the ortho-magnesiation of (diaminoboryl)-
benzenes 1 with (TMP),Mg was achieved for the first time.
The ortho-magnesiated borylbenzenes were trapped with
Me,SO, and I,, the latter of which led to the formation of
multifunctionalized arenes. X-ray crystallographic analysis
revealed that the magnesium cation was chelated by the
ortho-carbon of the benzene and one of the nitrogen atoms
of the 1,3-diaminopropane moiety. Although the yields of 9
are low to moderate, this is the important step toward a
better system for the ortho-metalation of boron-aryl species.
Further studies of the structure of 7a in solution and the
mechanistic details of the ortho-magnesiation are currently
under investigation in our laboratory.

Acknowledgements

This work was supported by Grants-in-Aid for Scientific Research from
the Ministry of Education, Culture, Sports, Science and Technology,
Japan.

Keywords: amides - boron - magnesium - metalation -
synthetic methods

[1] For reviews on ortho-metalation, see: a) P. Beak, V. Snieckus, Acc.
Chem. Res. 1982, 15, 306—312; b) V. Snieckus, Chem. Rev. 1990, 90,
879-933; ¢) M. C. Whisler, S. MacNeil, V. Snieckus, P. Beak, Angew.
Chem. 2004, 116, 2256-2276; Angew. Chem. Int. Ed. 2004, 43, 2206 -
2225.

[2] For an example of metalation ortho to a silicon atom, see: K.
Tamao, H. Yao, Y. Tsutsumi, H. Abe, T. Hayashi, Y. Ito, Tetrahe-
dron Lett. 1990, 31, 2925-2928.

[3] O. Baron, P. Knochel, Angew. Chem. 2005, 117, 3193-3195; Angew.
Chem. Int. Ed. 2005, 44, 3133-3135.

[4] For examples with Ni and Pd, see: M. Retbgll, A. J. Edwards, A. D.

Rae, A.C. Willis, M. A. Bennett, E. Wenger, J. Am. Chem. Soc.

2002, 124, 8348-8360.

For examples with Ti, see: a) B. Hessner, I. Manners, P. Paetzold,

Chem. Ber. 1987, 120, 1065-1067; Zr: b) F. M. G. de Rege, W. M.

Davis, S.L. Buchwald, Organometallics 1995, 14, 4799-4807; Zr:

¢) P. Arndt, U.J. -Fiedler, M. Klahn, W. Baumann, A. Spannenberg,

V. V. Burlakov, U. Rosenthal, Angew. Chem. 2006, 118, 4301-4304;

Angew. Chem. Int. Ed. 2006, 45, 4195-4198.

For examples with Ru, see: H. Thara, M. Suginome, J. Am. Chem.

Soc. 2009, 131, 7502-7503.

For reviews on TMP bases, see: a) K. E. Henderson, W.J. Kerr,

Chem. Eur. J. 2001, 7, 3430-3437; b) R. E. Mulvey, F. Mongin, M.

Uchiyama, Y. Kondo, Angew. Chem. 2007, 119, 3876-3899; Angew.

Chem. Int. Ed. 2007, 46, 3802-3824; c) R. E. Mulvey, Acc. Chem.

Res. 2009, 42, 743-755.

For TMPLI, see: a) R. R. Fraser, M. Bresse, T. S. Mansour, J. Am.

Chem. Soc. 1983, 105, 7790-7791; for TMPLi and (TMP),Mg, see:

b) P. E. Eaton, Y. Xiong, R. Gilardi, J. Am. Chem. Soc. 1993, 115,

10195-10202; for (TMP),Mg-2LiCl, see: c) G.C. Clososki, C.J.

Rohbogner, P. Knochel, Angew. Chem. 2007, 119, 7825-7828;

Angew. Chem. Int. Ed. 2007, 46, 7681-7684; for (TMP)MgCI-LiCl,

see: d) A. Krasovskiy, V. Krasovskaya, P. Knochel, Angew. Chem.

2006, 118, 3024-3027; Angew. Chem. Int. Ed. 2006, 45, 2958 -2961;

for (TMP)Zn(1Bu),Li, see: e) M. Uchiyama, Y. Matsumoto, D.

5

—

6

—_

[7

—

[8

—_

www.chemeurj.org — 8007


http://dx.doi.org/10.1021/ar00082a002
http://dx.doi.org/10.1021/ar00082a002
http://dx.doi.org/10.1021/ar00082a002
http://dx.doi.org/10.1021/ar00082a002
http://dx.doi.org/10.1021/cr00104a001
http://dx.doi.org/10.1021/cr00104a001
http://dx.doi.org/10.1021/cr00104a001
http://dx.doi.org/10.1021/cr00104a001
http://dx.doi.org/10.1002/ange.200300590
http://dx.doi.org/10.1002/ange.200300590
http://dx.doi.org/10.1002/ange.200300590
http://dx.doi.org/10.1002/ange.200300590
http://dx.doi.org/10.1002/anie.200300590
http://dx.doi.org/10.1002/anie.200300590
http://dx.doi.org/10.1002/anie.200300590
http://dx.doi.org/10.1016/0040-4039(90)80186-P
http://dx.doi.org/10.1016/0040-4039(90)80186-P
http://dx.doi.org/10.1016/0040-4039(90)80186-P
http://dx.doi.org/10.1016/0040-4039(90)80186-P
http://dx.doi.org/10.1002/ange.200462928
http://dx.doi.org/10.1002/ange.200462928
http://dx.doi.org/10.1002/ange.200462928
http://dx.doi.org/10.1002/anie.200462928
http://dx.doi.org/10.1002/anie.200462928
http://dx.doi.org/10.1002/anie.200462928
http://dx.doi.org/10.1002/anie.200462928
http://dx.doi.org/10.1002/cber.19871200630
http://dx.doi.org/10.1002/cber.19871200630
http://dx.doi.org/10.1002/cber.19871200630
http://dx.doi.org/10.1021/om00010a048
http://dx.doi.org/10.1021/om00010a048
http://dx.doi.org/10.1021/om00010a048
http://dx.doi.org/10.1002/ange.200600361
http://dx.doi.org/10.1002/ange.200600361
http://dx.doi.org/10.1002/ange.200600361
http://dx.doi.org/10.1002/anie.200600361
http://dx.doi.org/10.1002/anie.200600361
http://dx.doi.org/10.1002/anie.200600361
http://dx.doi.org/10.1021/ja902314v
http://dx.doi.org/10.1021/ja902314v
http://dx.doi.org/10.1021/ja902314v
http://dx.doi.org/10.1021/ja902314v
http://dx.doi.org/10.1002/1521-3765(20010817)7:16%3C3430::AID-CHEM3430%3E3.0.CO;2-1
http://dx.doi.org/10.1002/1521-3765(20010817)7:16%3C3430::AID-CHEM3430%3E3.0.CO;2-1
http://dx.doi.org/10.1002/1521-3765(20010817)7:16%3C3430::AID-CHEM3430%3E3.0.CO;2-1
http://dx.doi.org/10.1002/ange.200604369
http://dx.doi.org/10.1002/ange.200604369
http://dx.doi.org/10.1002/ange.200604369
http://dx.doi.org/10.1002/anie.200604369
http://dx.doi.org/10.1002/anie.200604369
http://dx.doi.org/10.1002/anie.200604369
http://dx.doi.org/10.1002/anie.200604369
http://dx.doi.org/10.1021/ar800254y
http://dx.doi.org/10.1021/ar800254y
http://dx.doi.org/10.1021/ar800254y
http://dx.doi.org/10.1021/ar800254y
http://dx.doi.org/10.1021/ja00364a078
http://dx.doi.org/10.1021/ja00364a078
http://dx.doi.org/10.1021/ja00364a078
http://dx.doi.org/10.1021/ja00364a078
http://dx.doi.org/10.1021/ja00075a039
http://dx.doi.org/10.1021/ja00075a039
http://dx.doi.org/10.1021/ja00075a039
http://dx.doi.org/10.1021/ja00075a039
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/anie.200701487
http://dx.doi.org/10.1002/anie.200701487
http://dx.doi.org/10.1002/anie.200701487
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/anie.200504024
http://dx.doi.org/10.1002/anie.200504024
http://dx.doi.org/10.1002/anie.200504024
www.chemeurj.org

CHEMISTRY A. Kawachi et al.

A EUROPEAN JOURNAL

Nobuto, T. Furuyama, K. Yamaguchi, K. Morokuma, J. Am. Chem. Gottingen, Germany). R1 (I>20(1))=0.0897, wR2 (all data)=
Soc. 2006, 128, 8748-8750; for (TMP),Mg-KR, see: f) W. Clegg, B. 0.2551, §=1.107 for 346 parameters and 6637 unique reflections.
Conway, P. Garcia-Alvarez, A. R. Kennedy, R. E. Mulvey, L. Russo, Maximum and minimum electron density 0.419/—0.292eA .
J. Sassmannshausen, T. Tuttle, Chem. Eur. J. 2009, 15, 10702-10706. CCDC-816159 contains the supplementary crystallographic data for
[9] a) S. Y. Shaw, R. H. Neilson, Inorg. Chem. 1994, 33, 3239-3245; b) this paper. These data can be obtained free of charge from The

H. Noguchi, K. Hojo, M. Suginome, J. Am. Chem. Soc. 2007, 129, Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
758-759. data_request/cif.

[10] H. Yasuda, Y. Uenoyama, O. Nobuta, S. Kobayashi, I. Ryu, Tetrahe- [13] a) The Cambridge Structural Database (version 5.31); b)F H.
dron Lett. 2008, 49, 367-370. Allen, Acta Crystallogr. B 2002, 58, 380—388.

[11] N. Y. Adonin, V. V. Bardin, U. Floérke, H.-J. Frohn, Z. Anorg. Allg. [14] a) P. R. Markies, G. Schat, O. S. Akkerman, F. Bickelhaupt, J. Orga-
Chem. 2005, 631, 2638—-2646. nomet. Chem. 1990, 393, 315-331; b) R. J. Wehmschulte, B. Twam-

[12] Crystal data for [7a-Mg(TMP),],: CsxHesB,Mg,Ng; colorless crystal; ley, M. A. Khan, Inorg. Chem. 2001, 40, 6004-6008.
0.40x0.40x0.20 mm?®; monoclinic; P2,/c; a=10.5756(5), b= [15] For a recent example, see: A. R. Kennedy, R. E. Mulvey, S. D. Rob-
11.9239(6), ¢=23.1470(10) A; B=90.7898(16)°; V=2918.6(2) A®; ertson, Dalton Trans. 2010, 39, 9091 -9099.
T=173K; Z=2; Peuica=1.140 mgm>; 26,,,, = 54.98°; Moy, radiation
(A=0.7105 A). All structures were solved and refined to conver- Received: April 4, 2011
gence on F (SHELXS and SHELXL, G. M. Sheldrick, University of Published online: June 1, 2011

8008 — www.chemeurj.org © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2011, 17, 8005 —8008


http://dx.doi.org/10.1021/ja060489h
http://dx.doi.org/10.1021/ja060489h
http://dx.doi.org/10.1021/ja060489h
http://dx.doi.org/10.1021/ja060489h
http://dx.doi.org/10.1002/chem.200901897
http://dx.doi.org/10.1002/chem.200901897
http://dx.doi.org/10.1002/chem.200901897
http://dx.doi.org/10.1021/ic00093a008
http://dx.doi.org/10.1021/ic00093a008
http://dx.doi.org/10.1021/ic00093a008
http://dx.doi.org/10.1021/ja067975p
http://dx.doi.org/10.1021/ja067975p
http://dx.doi.org/10.1021/ja067975p
http://dx.doi.org/10.1021/ja067975p
http://dx.doi.org/10.1016/j.tetlet.2007.11.039
http://dx.doi.org/10.1016/j.tetlet.2007.11.039
http://dx.doi.org/10.1016/j.tetlet.2007.11.039
http://dx.doi.org/10.1016/j.tetlet.2007.11.039
http://dx.doi.org/10.1002/zaac.200500083
http://dx.doi.org/10.1002/zaac.200500083
http://dx.doi.org/10.1002/zaac.200500083
http://dx.doi.org/10.1002/zaac.200500083
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1016/0022-328X(90)85161-Q
http://dx.doi.org/10.1016/0022-328X(90)85161-Q
http://dx.doi.org/10.1016/0022-328X(90)85161-Q
http://dx.doi.org/10.1016/0022-328X(90)85161-Q
http://dx.doi.org/10.1021/ic010513m
http://dx.doi.org/10.1021/ic010513m
http://dx.doi.org/10.1021/ic010513m
http://dx.doi.org/10.1039/c0dt00693a
http://dx.doi.org/10.1039/c0dt00693a
http://dx.doi.org/10.1039/c0dt00693a
www.chemeurj.org

