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Abstract: The well-defined lithium  NCN-Pincer magnesiate cdamp
[LI(THF)4][NCN-MgBr;,] 2 based on a bis(imino)aryl ligand has been sucakgsf
prepared, crystallographic characterized and enaplogs an efficient catalyst for
hydroboration of a wide range of aldehydes andrexawith pinacolborane (HBpin)
at room temperature. Both aldehyde and ketone bydation proceeded efficiently
(>99% conversion in <15 min) and could be directyried out in a CDGlsolution.

In addition, chemoselective hydroboration of aldi#s/ over ketones was also
achieved under these conditions.
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1. Introduction

The transformations of organic unsaturated sulestrplay an important role in
organic synthesis since the resultant products aarelass of versatile synthetic
intermediates [1]. Catalytic hydroboration of carpocompounds with pinacolborane
(HBpin) was one of these key transformations. Tdrened borate ester intermediates
could be further employed for the commodity anderats synthesis etc, on the other
hand, it was also easily converted into the coordmg alcohols [2-3]. Metal
borohydrides such as NaBHave been commonly used for hydroboration, however
they frequently show poor functional-group tolemnthe catalytic hydroboration of
carbonyl compounds has been extensively studiedndyy research groups using
transition metal [4], main group compound [5-19]daven rare-earth metal catalysts
respectively [20-22]. The bimetallic complexes gefig have a synergistic effect on
catalysis [23]. We have found that the catalyti¢civty of the sterically bulky
Schiff-base Mg-Na bimetallic ionic complex is supetto the corresponding neutral
monometallic magnesium complexes in the similarrbgidlylation of ketones with
(EtO)SiH recently [24]. To our surprise, compared to mheno-metal catalysts, no
bimetal catalyzed hydroboration of carbonyl compmtsuhas been reported hitherto.
Herein we report the synthesis and crystallograpmharacterization of a lithium
NCN-Pincer magnesiate complex [Li(THENCN-MgBr,] 2 and its application in
the hydroboration of aldehydes and ketones whidplayed a good operational
convenience and high efficiency.



2. Resultsand discussion

As depicted inScheme 1, the bis(imino)aryl NCN pinceligand 1 was treated
with one equiv. of'BuLi in THF to generate the corresponding lithiualt,sthen
further reacted with equimolar amounts of MgBFhe complex2 was obtained as
colorless crystals in good yield. The crystal sinoe of complexX2 and selected bond
lengths and anglemre shown irFigure 1. The geometry of the magnesium aton2in
is a distorted trigonal bipyramid with the two imimitrogen atoms of the ligand in
the apical position and one carbon atom of thentigand two bromine atoms in the
equator which is almost identical to the ideal eabf 360. The Mg atom in2 is
essentially coplanar with the NCN plane. The geoynet four-coordinated cationic
lithium atom in2 is slightly distorted tetrahedral, coordinatedfbyr oxygen atoms
from the coordinated THF molecules. The bond lergfttMg-Br [2.4733 (14)A,
2.4771(15A] in 2 is slightly shorter than that of tfediketiminate Mg-Li bimetallic
complex [25]. The bond angle of BréMig(1)-Br(2) is 116.24(6)°.
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Scheme 1. Synthesis of complex 2.

Figure 1. Molecular structure 02 (50% thermal ellipsoids; hydrogen atoms omitted).
Selected bond lengths (A) and angles (°): Mgitjl) 2.4733 (14), Mg(1Br(2)
2.4771(15), Mg(BN(1) 2.598(2), Mg(BC(1), 2.105(4), N(BDC(5) 1.275(3),
C(2-C(5) 1.466(4), Br(HMg(1)}-Br(2) 116.24(6), C(HMg(1)-Br(1) 121.50(11),
C(1)>Mg(1)-Br(2) 122.25(11), Br(HMg(1)-N(1) 98.98(5), Br(2)Mg(1)-N(1)
99.95(6), N(1)Mg(1)-N(1) 143.70(11).



In order to explore potential utility of the aboWCN pincer ligand-based
complex2, we investigated its application in the catalyti@roboration of aldehydes
and ketones. It was noted that the blank reactetwden benzaldehyde and HBpin
was observed to only afford less than 5% yielchm absence of the catalyst at room
temperature after 15min [12]. However, the sameti@a with 1 mol% catalyst
loading of2 gave a quantitative yield ingDg at room temperature within 15 min.
Compared with the reported hydroboration of beretayde catalyzed by the similar

Table 1. Hydroboration of aldehydes catalyzed by 2
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calcium iodide complex [9], the compl@showed a slightly higher activityg-Li:

1 mol% catalyst, 15 min, 99% yieldS Ca: 2 mol%, 40 min, 90-99% yield). To our
surprise, the same reaction could be also caruédca CDC} solution and gave the
same high yieldTable 1, entry 1). This is quite different from the prewsby reported
metal catalyzed aldehyde hydroboration which igtsgrperformed in purified €Dg
solution in general. The reason could be that cem® is less air- and
moisture-sensitive compared to other metal comgleparticularly for the similar
magnesium alkyl or hydride complexes. Due to they\regher price of GDg, we
chose the cheaper CD@k solvent thatirectly used from commercial available and
no further purifiedo expand the scope of aldehydes hydroboration.

Generally, the hydroboration of various aldehydés W& mol% catalyst loading
of 2 could be completed within 15 min at room tempe®atn quantitative conversion.
For example, the hydroboration of a series of bielereyde derivatives with
electron-donating and electron-withdrawing groupshsas -Me, -Cl, -F, -N©and
-OMe all afforded the corresponding alkoxypinacotimate esters in 99% yields
(Table 1, entries 2, 3, 5-12) except for the ortho-chlarbituted benzaldehyde gave
92% vyield Table 1, entry 4). Furthermore, cyclohexylaldehydg, B-unsaturated
cinnamaldehyde, heterocyclic aldehyde 2-thiophetesaldehyde, and even
9-anthraldehyde were also hydroborated in full @swn within 15 min Table 1,
entries 13-16).

Encouraged by the above aldehyde hydroboratiortsesue then examined the
hydroboration of a wide range of ketones. As exguicthe hydroboration of more
sterically bulky ketonic carbonyl functions catadgzby Mg-Li bimetallic complexX
required slightly higher catalyst loading than tbhaldehydes to achieve high yields.
The initial investigation on the hydroboration aetophenone with 1 mol% catalyst
loading of2 only afford 80% yield in CDGlwithin 15 min, however, increasing the
amount of catalyst to 5 mol%, 99% vyield of produets obtained in the same time
(Table 2, entry 1). Compared with the similar reported itaitiodide catalyst, Mg-Li
bimetallic catalyst showed slightly higher efficign(Mg-Li: 5 mol% catalyst, 15min,
99% vyield VS Ca: 3 mol% catalyst, 5h, 95% vyield) [9]. In most casthe ketone
hydroboration reaction was completed within 15 mmnquantitative yield. The
hydroboration of acetophenone substrates with releatonating or
electron-withdrawing group such as -Me, -OMe, JIN@nd -F all produced the
corresponding borate ethers in 99% yieldlfle 2, entries 2, 4-7). The reaction of
4-acetylbenzonitrile required a slightly longer &irfBO min) to get 99% yieldrgble
2, entry 8). Under the same reaction condition, f& 2y,6-trimethylacetophenone,
only 80% conversion was observed in 15 miakfle 2, entry 3). This once again
highlighted the importance of steric factors in thedroboration reactions. The
hydroboration of dialkyl ketones also finished withl yield in a very short time
(Table 2, entries 9, 10). Changing methyl moiety of acetmme to isopropyl or
phenyl substituent, the quantitative yield was olgad in 15 min as wellTable 2,
entries 11, 12). The results of ketone hydrobonatiadicated that Mg-Li bromide
complex 2 was more reactive than the closely related calciodide complex
(73-95%) [9].



Table 2. Hydroboration of ketones catalyzed by 2
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In addition, we also examined the chemoselectiofthydroboration of aldehyde
and ketone. The mixture solution of benzaldehydediiv.), acetophenone (1 equiv.)
and HBpin (1 equiv.) was treated with 1 mol% comeat room temperature. The
benzaldehyde was completely converted into theesponding borate ether in 15
min, however, acetophenone remained almost infdas is similar to the previous
reports of other metal catalysts [9, 20-22].

0. OBpin O
CHO
1 mol% 2
+ + HBpin +
C6D6 rt, 15 min

99%
Scheme 2. Chemoselective hydroboration of aldehyde/ketone catalyzed by 2.



3. Conclusions

In summary, we have successfully synthesized aiitiNCN-Pincer magnesiate
complex [Li(THF)][NCN-MgBr,] 2. The catalytic investigation revealed that it cbul
be employed as an efficient and chemoseletive ysitdbr the hydroboration of
aldehydes and ketones with HBpin at room tempegatuia relative cheaper CDLI
solution. To the best of our knowledge, this is finet example of Mg-Li bimetallic
complex catalyzed hydroboration of aldehydes artdnes. This protocol provided
another operational convenience and efficient ntetioo catalytic hydroboration of
carbonyl compounds.

4. Experimental Section

All air-sensitive compounds were carried out usstgndard Schlenk-line or
glovebox techniques under high-purity argon. Dik#tgier, toluene, THF and hexane
were dried and distilled from molten sodiutd, **C{*H} and }'B NMR spectra were
recorded at 25 °C with a Bruker Avance Il 600 MHpectrometer and were
referenced to the resonances of the solvent udecthdhital analysis was performed
by the Elemental Analysis Laboratory of the Advahé:alysis and Testing Center
at Nanjing Forestry University. Melting points wetetermined with an INESA-WRR
apparatus and are uncorrected. Ligahdwas prepared according to literature
procedure [26]. CDGI (99.8%) and HBpin (97.0%) were from CIL and TCI
respectively and no further purified. Other reagemére used as received.

Synthesis of complex 2

"BuLi (1.8 mL, 2.5 M in hexane, 4.50 mmol) was addiedpwise to a THF (30
mL) solution of ligandl (2.30 g, 4.33 mmol) at -78°C and was stirred fdr. IThe
reaction solution was warmed to -40 °C to stirdoother 2 h and then was added to a
THF suspension (20 mL) of MgBr0.82 g, 4.45 mmol) at -78 °C. The reaction
mixture was allowed to warm to room temperature stitvded for 2 days. The yellow
solution was concentrated to ca. 10 mL to affoldrge amount of crystals and the
supernatant solution was concentrated again tadafiosecond crop of complex
(Yield 2.71 g, 67%). m.p 223-225 °éH NMR (CsDs, 600 MHz):8 8.29 (s, 2 H,
CH=N), 7.32-7.05 (m, 9 H, AH), 3.53 (m, 20 H, B(CHz3),+CH,0O of THF overlap),
1.33 (m, 16 H, €, of THF), 1.19 (d, 24 H, CH(85),). “*C{*H} NMR (CgDs, 151
MHz): 8 171.2 CH=N), 149.2, 144.1, 140.3, 137.7, 132.4, 127.1,92423.2 (ArC),
68.3 CH0), 25.6 CHy), 28.3 CH(CHgs),), 23.6 (CH(CHSs),). Anal Calcd for
C48H7lBr2LngN204: C, 6191, H, 769, N, 3.01. Found C, 6225, |'9,47N, 2.87.

General procedurefor catalytic hydroboration of aldehydes or ketones

In a glove box, cataly®? (aldehydes: 1 mol%, ketones: 5 mol%) was addeal to
solution of aldehydes or ketones (0.25 mmol) andpiAB(1.2 equiv.) at room
temperature in a common NMR tube which was chawéld CDCkL (0.4 mL). The
progress of the reaction was monitoredHyNMR and*'B NMR.



X-ray crystal structure determination

Crystallographic data for compleX is given in Table 3. Diffraction data was
collected on a Bruker D8 VENTURE PHOTON 100 diftauoeter using a
graphite-monochromated Maktadiation (0.71073A) at 135 K in the20 scan mode.
In all cases, an empirical absorption correction SADABS was applied to the
intensity data. The structure was solved by dimeethods and refined on F2 by
full-matrix least-squares methods using the SHELX@ilystallographic software
package. All non-hydrogen atoms were refined aropatally with hydrogen atoms
included in calculated positions (riding model). @C 1830603 contains the
supplementary crystallographic data for com@exX he data can be obtained free of
charge from The  Cambridge Crystallographic Data t@en via
www.ccdc.cam.ac.uk/data_request/cif.

Table 3. Crystallographic data for compl&x

Formula GgH71BroLIMgN 04 Mr 931.12
Crystal system orthorhombic Space group Pnma
a (A) 21.7324(9) a (°) 90(4)

b (A) 21.0958(10) B(°) 90(4)
c(R) 10.5148(5) y (°) 90(4)

V (AY) 4820.6(4) Z 4

Deac(g cm) 1.283 T (K) 135(2)

w (mmh) 1.737 F (000) 1960

R; (obs data) 0.0498 WR; (obs data) 0.1041
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Highlights

1. A new wdl-defined lithium NCN-Pincer magnesiate complex
[Li(THF)4][NCN-MgBr;] has been prepared.

2. The carbonyl hydroboration has been efficiently catalyzed by the Mg-Li complex.

3. Chemoselective hydroboration of aldehydes over ketones was observed.



