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Abstract: The wide applications of alpha-boryl carbanions in selective coupling with organo-
halides, imines/carbonyls and conjugated unsaturated substrates has become an interesting tool
for organic synthesis. Strategically, the inclusion of heteroatoms, such as Si, S, N, F, Cl, Br and I

in the alpha position opens a new venue towards multifunctionalities in molecular design. Here,
a conceptual and practical view on powerful carbanions, containing a-silicoboron, a-thioboron,
a-haloboron and a-aminoboron is given, as well as a prespective on their efficient application for
selective electrophilic trapping.

Keywords: o-boryl carbanion, o-silicoboron carbanion, a-thioboron carbanion, a-aminoboron
carbanion, a-haloboron carbanion

1. a-Boryl Carbanions as Functional Synthons

o-Boryl carbanions are strategic ionic species for couplin
g g

reactions'™?

taken advantage of the valence deficiency of the
adjacent three coordinate boron center. Species related to the
molecular formula M*[R”,B-CRR’]” can be expressed as its
resonance form, the borata-alkene systems M*[R”,B=CRR’]™

(Figure 1), acting as a nucleophilic reservoir®

throughout
electrophilic trapping sequences. Depending on the nature of
the metal involved, the a-boryl carbanions can be classified in
three different type of a-boryl alkylidene metal species: a)
nucleophilic borata-alkene salts with alkali and alkali-earth
metals, b) nucleophilic n*-(C—B) borata-alkene complexes with
early transition metals, as well as with Cu and Ag, and ¢) a-
boryl alkyl complexes with late transition metals (Figure 1).
DFT-derived parameters for capturing the electronic and steric
properties of o-boryl alkylidene metal species justify the
reactivity trends observed as nucleophiles in coupling
reactions."” Experimentally, the a-boryl alkylidene lithium or
sodium salts can be easily alkylated, as well as promoting ring

%4 and can deliver

opening of epoxides and aziridines,'
stereoselective alkenes when react with carbonyl compounds,
through the Boron-Wittig reactions.””
strong borata-alkene character is characterized by the high
Wiberg C—B bond order (about 1.36) and the short C—B
distance (about 1.48 A) with the Li or Na cations interacting
electrostatically with the borata-alkene moiety. On the other
hand, in the boron-stabilized carbanions involving Cu(I)
cations, the [pinB=CH,] " fragment acts as an anionic n°-(C,B)
ligand and the HOMO orbital shows an overlap between
Cu(I) d orbitals and the C=B = orbital. Consequently, the

reactivity observed by borylalkyde copper (I) complexes

In those cases, the
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accomplishes the coupling with carbonyl groups, towards the
formation of 1,2-hydroxyboronates, but also with aldimines or
ketimines. Interestingly the allylic alkylation is also efficiently
performed as well as aryl and alkyl propargylic substitutions,
ring opening of vinyl carbonates or vinyl epoxides, and
conjugated additions on a,B-unsaturated carbonyl groups.”
The addition of stabilizing ligands, such as mono and
diphosphines, contribute to enhance the steric and electronic
tuning of the borylalkyde copper (I) catalyst towards stereo-
selective control in the coupling sequence. Complementarily,
the a-boryl alkyl Pd complexes generated by treatment of gem-
diboron alkanes and ArPdX species, allows chemoselective and
regiospecific Suzuki-Miyaura coupling at room temperature.®
The key to success is the generation of the stabilized o-boryl
alkyl Pd intermediate, by virtue of the adjacent B atom. That
strategy indicates that Suzuki-Miyaura coupling takes place on
a multisubstituted sp’-carbon bearing B-C—H bonds but the
o-borylalkyl-PdAr intermediate is sufficiently stable to prevent
undesired reductive elimination pathways. To complement
this reflexion on the metal influence to the alpha-boryl
carbanions, it is worthy to mention that Zn(II) and Ag(I) have
also been used as countercations to provide interesting

platform for selective coupling reactions.”

alpha-boryl carbanion borata-alkene

R R R R
M®@/C—B\ -~ C=BO® m
R R" R R"
(¢]
LQ 9/§< L, éJ§< CIL. ?
i o B« 277770 2 B
0 0
H H H H H H

n2-(C-B) borata-alkene
complex

borata-alkene salt a-boryl alkyl complex

Figure 1. Influence of metal in the alpha-boryl carbanion and resonance
borata-alkene structures.
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The nature of the boron substituents also influences the
relative stability of the corresponding a-boryl carbanions. This
is the case of M"[CH,(Bdan)]~ (Bdan=1,8-naphthalenedia-
minatoboryl) since the stabilization of the carbanion using the
a-Bdan moiety is reflected in the HOMO orbital, which shows
strong delocalization of the carbanion p-type electron density
into the m-channel of the Bdan moiety (Figure 2).1 For
comparison, the a-(pinacolato)boronate carbanion is less stable
than the 0-(1,8-naphthalenediaminato)boronate carbanion by
12.3 kcal-mol ™" According to NBO analysis, the Bpin
fragment supports a less negative charge (—0.14¢) than the
Bdan fragment (—0.21e), as inferred from the corresponding
HOMO orbitals. Thus, preferred selective functionalization of
the Bpin moiety is expected versus the Bdan moiety in Pd-
catalyzed Suzuki Miyaura coupling of unsymmetrical gem-
diborylalkane compounds.” The a-boryl carbanions, contain-
ing the boryl moieties BMes, and B(CyFs), have been
rationalized to have a higher stability along the carbanion
series. Whereas the boron atom in the Bpin and Bdan boryl
fragments depict the m-donor ability from the O and N
heteroatoms to the empty p orbital of the B atom, the electron
deficient boron center in BMes, and B(CFs), is fully available
for delocalizing the carbanion negative charge. This also
correlates with the stronger borata-alkene character of these
species (Wiberg C—B bond order from 1.56 (BMes,) to 1.73
(B(C4F5),).""" The energy of the HOMO corresponds to a
C—B r-orbital strongly polarized towards the carbanionic atom
in [CH,(Bpin)]~ correlating with the enhanced nucleophilic
reactivity (Figure 2).14

The number of boryl fragments also influences the alpha-
boryl carbanion stability/reactivity. By comparison of a-mono-
, di-, and triboryl carbanions, it has been determined by DFT
studies that increasing the number of boryl moieties the
stability of the carbanion is enhanced whereas the nucleophilic
properties are diminished. Figure 2 shows the HOMO orbitals
for [CH,(Bpin)]~, [CH(pinB),] ™ and [C(pinB);] " where it can
be clearly observed that each boryl moiety contributes to the
stabilization of the carbanion through a strong delocalization
of the carbanion p-type electron density into the m-channel.
Consequently, the a-triboryl carbanion has lower-energy laying
HOMO (—2.61 ¢V) than those for a-diboryl carbanion and
a-monoboryl carbanion (—1.85 and —0.58 eV, respectively)

organoborane compounds.

[# r\r/\/

[pinB-CH,I* ,"g ; LA A
Enomo =-0.58 eV [0 L
[danB-CH,]" N
Eyomo =-1.19eV | _al
7:0J “xY /
[mes,B-CH,] =

[(PinB),~CH]- Epyomo =-2.20 eV

Epomo = - 1.85 eV ‘(' V4 >

JT-’%Z: ¥
&]/( [(CeF5).B-CH,I"

Epomo =-2.87 eV
[(pinB);-C]
Enomo = - 2.61eV

Figure 2. Representation of HOMO orbitals corresponding to the carbanion
lone pair for [CH,(BR,)]™ with B(C¢Fs),, BMes,, Bdan and Bpin including
the calculated energy of the HOMO orbital (Eyppe) in eV. For comparison
the representation of HOMO orbitals for [CH,(Bpin)]~, [CH(Bpin),]” and
[C(Bpin),)

being the o-triboryl carbanion the least prone to react with
electrophiles and the most stable.
tris(boryl)methide ions can react with aldehydes to undergo
the expected Boron-Wittig reaction to synthetize trisubstituted
gem-diborylalkenes (Scheme 1a),"” whereas a-diboryl carban-

However, the

ions not only react with carbonyl compounds, but also
participate in alkylation or conjugate addition reactions
(Scheme 1b).1

The electronic and structural properties of alpha-boryl
carbanions can be affected by the influence of the substituents
on the carbon atom. For comparison, the replacement of one
H in [CH,(BR,)] by Me or Ph substituents affects signifi-
cantly, demonstrating that the Ph group stabilises the
carbanion lone pair. This is also reflected in the lower energy-
laying HOMO (—1.27eV for [CHPh(BR,)]™ versus
—0.58eV  and —0.56eV  for [CH,(BR,)]” and
[CHMe(BR,)]", respectively).”! This descriptor capture the
electron withdrawing effect of the Ph group showing a lower
reactivity in coupling reactions, although interesting reactivity
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Scheme 1. a) Boron-Wittig reaction between Li[C(Bpin);] and aldehydes, b)
alkylation reaction between Na[CR(Bpin),] and alkyl halides, ¢) coupling
reaction between Li{CHPh(Bpin)] and esters.

between Li[CHPh(Bpin)] and esters provides direct acces to
interesting ketones (Scheme 1c).!"”

gem-Diboryl compounds with an a-hetero substituents are
also very versatile since the corresponding a-boryl carbanion,
containing an hetero functional group, can enrich the
subsequent coupling reaction towards multifunctionalized
products. The next sections are devoted to identify the
stabilized carbanions with a-silicoboron, a-thioboron, a-
aminoboron, o-haloboron moieties and their concomitant

electrophilic trapping (Scheme 2).

2. a-Silicoboron Carbanions

The introduction of the functional group SiR; in the alpha
position of a-boryl carbanions has a direct influence on the
electronics but also in the structural properties of the
carbanion [CH(Bpin)(SiR;)] ™. Several recent studies have been
focused on the synthesis of a-borylsilyl compounds since they
can be chemoselectively transformed through C—B and/or
C-Si functionalizations."®"”" The gem-borylsilylmethane (1)

deborylation

X__Bpin NaOR'

Bpin  25°C1h X\
THF [x o IM® g £

— X H

Bpin
X \$ LiTMP 7 Bpin
Bpin  goc-pt
THF X= SiR; a-boryl, a-silyl carbanion
X= SR a-boryl, a-sulfenyl carbanion
X=NR, a-boryl, a-amino carbanion
X=F, Cl, Br, | a-boryl, a-halo carbanion

deprotonation

Scheme 2. Schematic representation of the carbanions containing a-boryl and
a-hetero substituents and their concomitant coupling reactions

was originally synthesized by Matteson and co-workers, in
1980, and the correspsonding carbanion was formed via
deprotonation with lithium tetramethylpiperidide (LiTMP) as
base, tetramethylethylenediamine (TMEDA) as activator, and
tetrahydrofuran (THF) as solvent. The electrophilic trapping
could be efficiently performed with primary alkyl halides
towards the synthesis of valuable gem-borylsilyl alkanes
(Scheme 3a)."® When the carbanion [CH(Bpin)(SiMe;)]”
reacted with ketones or aldehydes, the corresponding tri- or
disubstituted alkenes were generated through an exclusive
Si—O elimination pathway (Scheme 3b)." Contrarily, the
preferential B—O elimination takes place when the carbanion
[CH(Bpin)(SiMe;)]™ reacted with carboxylic esters, presum-
ably throughout boron enolate intermediate (Scheme 3c)."
The gem-diborylsilylmethane (2) can also be deprotonated
with hindered bases, such as LiITMP, to form the correspond-
ing carbanion Li[C(Bpin),(SiR;)] that reacts efficiently with
ketones and aldehydes. Our group developed the straightfor-
ward synthesis of tetrasubstituted alkenes by addition of the
carbanion [C(Bpin),(SiMe;)]™ to symmetric ketones, through-
out B—O elimination, which resulted faster than the analogous
Si—O Peterson-type reactivity (Scheme 4a)."” This observation
contrasts with the Matteson reactivity between the carbanion
[CH(Bpin)(SiMe;)]~ and ketones or aldehydes, giving access
to the alkenes with exclusive Si—O elimination pathway. We
also studied the reaction of Li[C(Bpin),(SiR;)] with non
symmetric ketones, containing both aryl and alkyl substituents,
and the Boron-Wittig approach delivered the corresponding
1,1-borylsilyl tetrasubstituted alkenes with a high degree of
stereocontrol, being the major isomer the one that places the
Bpin moiety cis to aryl group (Scheme 4b)."” The reasons for
such stereoselectivity might point out an unfavorable steric
interaction between the aliphatic substituents on the ketone
and the hindered Bpin moiety in the olefination transition

Me;Si. R
Bpin
4
RX
a) |
Me,Si LiTMP Me3Si\T® Li® b R(H) R'(H)
. e} =
Bpin  ThF Bpin R Bpin R
1 I ¢)
OMe
o=
R
v
o) o,Bpln o
Bpin H :
R& pin__ R)\S 20 RJ\'/SnMes
SiMe, SiMe,

Scheme 3. In situ generation of Li[CH(Bpin)(SiMe;)] and subsequent
reactivity with alkyl halides, ketones, aldehydes and esters.
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Scheme 4. In situ generation of Li[C(Bpin),(SiMe;)] and consequently
reactivity with symmetric and non symmetric ketones.

state. We applied our methodology to the synthesis of (2)-
Tamoxifen starting from the stereoselective coupling between
[C(Bpin),(SiMe;)] ™ and propiophenone, followed by iododesi-
lylation of the 1,1-borylsilyl tetrasubstituted alkene, comple-
menting the synthesis with two consecutive chemoselective
Suzuki-Miyaura couplings, leading to Tamoxifen (>93% Z)
(Scheme 4c)."” This modular stereoselective synthesis consti-
tutes one of the most step and cost-economic routes to this
antagonistic prodrug.

The reactivity between Li[C(Bpin),(SiMe;)] and aliphatic/
aromatic aldehydes also proved to be efficient towards the
synthesis of 1,1-silylborylated trisubstituted alkenes, showing a
preference for the E stereoisomer, with the Bpin moiety syz to
the aryl group, but Z stereopreference for ortho halide
substituents on the aryl group (Scheme 5a).20

MeO
) R;Si
SiMe; 68:32 £:7 3 =
Ph
SiMe,Bu 85:15 £:7 \m o og"e.
pin
. 4 MeO
973 E:Z SiMe;
HJ\/APh
b))l
RsSin, BPIN LITMP [ Rysi Bpin| Li® a) 4 Bpin
Bpin \;Q 0
) THF pin H 70:30 E£:Z SiMe;
c) |
(0]
HJ\ |
Ph SiMe;,
. B
Me,‘BuSi = T 15:85 E-7 Bpin
Bpin Ph
86:14 E:Z

Scheme 5. I situ generation of Li[C(Bpin),(SiMe;)] and reactivity with
aromatic aldehydes o,B-unsaturated aldehydes to synthesize 1,1,-silylborylated
alkenes, conjugated dienes and enynes.

The olefination of a,B-unsaturated aldehydes with the
carbanion [C(Bpin),(SiMe;)]” resulted in a chemoselective
preference for the nucleophilic attack to the aldehyde
functionality versus the conjugated B position. Scheme 5b
illustrates the reactivity with cinnamaldehyde towards the
formation of trisubstituted conjugated dienyl compounds in
68:32 E:Z ratio. It is worthy to note that the use of the more
sterically hindered carbanion [C(Bpin),(SiMe,Bu)]™ contrib-
uted to enhance the preference on the E stereoisomer
(Scheme 5b).”” The boron-Wittig reaction between Li[C-
(Bpin),(SiMe,Bu)] and 3-phenylpropiolaldehyde allowed the
synthesis of the corresponding 1,1,-silylborylated enyne with
marked preference on the E stereoisomer (Scheme 5c).””

The reactivity between Li[C(Bpin),(SiMe;)] and 3,4-
epoxy-1-cyclohexene has proved to be efficient towards the
regio- and diastereoselective Sy2 ring opening / C—C cross-

) Tt s interesting

coupling on the allylic position (Scheme 6a).!
to note that the final product has suffered a proto-deborylative
sequence, probably assisted by the OH functional groups in
the products. We also conducted the nucleophilic ring opening
| C—C cross-coupling of 2-methyl-2-vinyloxirane with Li[C-
(Bpin),(SiMe;)], and we proved not only that the nucleophilic
attack occurred exclusively at the homoallylic position, but
also that the new product suffered an intramolecular cycliza-
tion to give the substituted 3,3-borylsilyl 1,2-oxaborolan-2-ol
product (Scheme 6b).""

Complementarily, the  reactivity between  Li[C-
(Bpin),(SiMe;)] and cyclic vinyl aziridines is successfully
conducted via exclusive nucleophilic Sy2 attack on the allylic
(Scheme 7a) with opening
pathway.® In this case the proto-deborylation is not assisted

position concomitant  ring
by the NH present in the products. Interestingly, regioselective
Sn2" nucleophilic attack occurs on 2-methyl-1-tosyl-2-vinyl-

SiMe . .
Bpin BSin Me;3Si,__Bpin

HO,,. _» HO,

a)|

Me,Si—_Bpin LiTMP Bpin] Li ®

Measi\T/e

Bpin
b) |

Bpin THF
2

(0] Bpin BPH

j\ rt, 16 h

Scheme 6. In situ generation of Li[C(Bpin),(SiMe;)] and nucleophilic ring
opening / C—C cross coupling of vinyl epoxides

Me;,Si Jo

=
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Scheme 7. In situ generation of Li[C(Bpin),(SiMe;)] and nucleophilic ring
opening / C—C cross coupling of vinyl aziridines

aziridines forming the homoallylic silyl-diboronates with
complete E stereoselectivity (Scheme 7b).5!

The activation of gem-diborylsilylmethane (2) can also be
conducted with Pd complexes to catalyze the Suzuki-Miyaura
cross coupling reactions with aryl halides, giving access to
relevant benzylic 1,1-silylboronate esters (Scheme 8a) following
the original work by Endo and co-workers.”") The asymmetric
version of this process was accomplished by an elegant work by
Cho and co-workers, using a Josiphos type chiral ligand to
modify the Pd catalyst. This methodology established the
Pd(TFA), as catalyst precursor of choice and NaOMe as base,
requiring Nal as additive for quantitative conversion, although
its role in the mechanism remains unclear (Scheme 8b).%?? The
same authors have reported a method for synthesizing various
a-silyl-substituted allylic boronate esters through the palla-

dium-catalyzed chemoselective coupling of (diborylmeth-
[23]

yl)silanes with alkenyl bromides under mild conditions.

a) b) =
Pd(P'Bus). Chiral Ligand

Y2 <
2 X
KOH PA(TFA),
Ag,0 NaOMe :
Me,Si @ | Nal )
1,4-dioxane / H,O 1,4-dioxane / H,0 Bpin

Bpin t rt e.e.=up 99%
R3Si Bpin SiR; = SiMes, SiMe,Ph,
SiEt,Ph, SiMePh;, Si'‘BuMe,

Bpin

Scheme 8. Palladium catalyzed activation of [CH(Bpin),(SiMe;)] with con-
comitant cross-coupling reaction.

5 3 Li® GeMe.
PhMe,Si._SnBu;  LDA PhMeZSi\?/S"BU:i — HeyGaE—~ PhMe,Si.| SnBu;
Bpin 60°C Bpin
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PhMe,Si.__GeMe; TyEpa PhMeZSi\CTa/GeMes Me.SnCl—= PhMe,Si (;eﬁne3
—_— — 3! 2
Bpin 60°C Bpi
RiN 60°C Bpin

4

Scheme 9. Synthesis of B-, Ge-, Si-, and Sn-substituted methanes.

Borylsilyl-methanes can also be substituted with heteroa-
toms as Ge, Sn.”” Shimizu etal, prepared [CH-
(SnBus)(Bpin)(SiMe,Ph)] (3) and generated the corresponding
carbanion with LDA followed by germylation with Me;GeCl
(Scheme 9a). Similarly, starting from the multifunctional
species [CH(GeMe;)(Bpin)(SiMe,Ph)] (4) after treatment with
LiTMP and TMEDA, the corresponding carboanion suffer a
stannylation with Bu;SnCl (Scheme 9b).

Our group synthesized the multifunctionalized compound
[CH(SR)(Bpin)(SiMe;)] (5) that could be eventually deproto-
nated with LITMP to give the species Li[C(SR)(Bpin)(SiMe;)]
that efficiently performed a Sy2 alkylation pathway with
primary and secondary alkyl halides (Scheme 10a,b).”" The
polyfunctionalized products could follow a selective intra-
molecular deborylative cyclization depending on the base
involved. In the presence of KO'Bu, deborylation took place
and the resulting 0-SiMe; and 0-STol carbanion conducted
the intramolecular alkylation sequence to deliver a 6-
membered ring with gem-(SiMe;)(STol) groups. Alternatively,
when the base was TBAF, desilylation was preferred and the
resulting o-Bpin and o-STol stabilized carbanion promoted
the intramolecular alkylation towards the 6-membered ring
with gem-(Bpin)(STol) groups (Scheme 10a). Similarly, the
compound [CH(SR)(Bpin)(SiMe;)] (5) could be activated via
deborylation with NaO'Bu, and the resulting carbanion
performed the expected Sy2 alkylation with primary and
secondary alkyl halides (Scheme 10c)."*”

3. a-Thioboron Carbanions

Another interesting route to hetero-substituted alpha-boron
carbanions covers the introduction of alkylthio groups (SR).
Matteson and co-workers®® designed in 1978 a convenient

approach ~ towards  the  preparation  of  pinacol
TolS_ SiMe; SiMe TolS_ Bpin
KOBu s x _TBAF
X=Br RS Bpin X=1
| R=sTol
Ao~~~ X
MesSi SR LiTMP Me,Si @SR Li i )\ - Bpin iMe;
Bpin  THF Bpin ' stw/
5
JNaO’Bu
i@
Li iM
Megsi\./SR i )\ SiMe;
) | RS/H/

Scheme 10. Coupling reaction between [CH(SR)(Bpin)(SiMe;)] (5) and
primary or secondary alkyl halides, through selective activation depending on
the bases.
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(phenylthio)methaneboronate ester (6) and its deprotonation
by lithium diisopropylamide (LDA) to generate the corre-
sponding stabilized o-phenylthio, a-boryl carbanion (Sche-
me 11a). Alkylation of the carbanion with primary alkyl
halides proceeds efficiently and the product may in turn be
deprotonated and alkylated once more (Scheme 11a). The use
of Buli as base provides the C-Bpin cleavage and the
subsequent alkylation is produced to give the corresponding
thioether compound, instead (Scheme 11b). Besides the
previous examples, Matteson also demonstrated that the
reaction of a-phenylthio, o-boryl carbanion with cyclohex-
anone followed a boron-Wittig reaction towards the formation
of enethiol ether (Scheme 11¢).”

The a-phenylthio, a-boryl carbanion reacted with cyclo-
hexene oxide to promote the diastereoselective Sy2 ring
opening / C—C cross-coupling giving the frans isomer as the

exclusive product (Scheme 12a).%° For comparison, when

Li[CH(Bpin)(SPh)] reacted with ethylene oxide, the nucleo-
philic ring opening / C—C cross-coupling provided the desired

L® PhS

—RX—’RX

Bpin

PhS__R LDA [PhS\T/R

Bpin

PhS\T LDA [PhS +o Li®
Bpin  ThF Bpin é
6
b) BuLi
(S] — |
[ Phs @] RX - PhS._R

THF e L

Scheme 11. /n situ generation of Li[CH(Bpin)(SPh)] and subsequent reac-
tivity with alkyl halides and ketones.

PhS Bpin
HO,,.
D
a) \
RS\T LDA PhS_ o L® ¢ PhS. _Br
Lo Bpin — Br; — \T/
Pin THF Bpin
6 b) |
d
) | 3
CHsl, Nal VAN
L I ' OH
CH,SMe + T/ PhS OH PhS__E
Bpin Bpin \E/O

Scheme 12. In situ generation of Li[CH(Bpin)(SPh)] and subsequent reac-
tivity with epoxides and Br, and Mel/Nal.

lineal product but an intramolecular cyclization between the
OH and the Bpin moiety allowed the isolation of the
substituted 3-thio-oxaborolan-2-ol product (Scheme 12b)."”"!
The a-phenylthio, o-boryl carbanion reacted efficiently with
Br, to produce the interesting a-phenylthio, a-boryl a-bromo

2l 1t has been demon-

methane compound (Scheme 12¢)."
strated that pinacol (methylthio)methaneboronate ester can
react with CH;I to form the corresponding pinacol iodome-
thaneboronate together with S(CH;), (Scheme 12d).”7

The chemistry of Li[CH(Bpin)(SPh)] with electron defi-
cient alkenes has been illustrated when reacted with the
Michael acceptor methylacrylate forming the C—C new bond
regioselectively in the beta position (Scheme 13a).”*
the acylation of the o-phenylthio, a-boryl carbanion with
methyl esters provides an efficient and general methodology to
a-phenylthio ketones through a postulated boron enolate
intermediate (Scheme 13 b).2

The accessibility to bis(phenylthio)boronic esters guaran-
tees the facile deprotonation with LDA, and the new carbanion
may react with ketones and aldehydes towards tetra- and
trisubstituted 1,1-bis(phenylthio)alkene, which are considered
very important ketene thioacetals (Scheme 14).%” It was found
that Li[CH(Bpin)(SPh),] reacted much better than the
trimethylsilyl analogue, Li[CH(SiMe;)(SPh),] which fails to
homologate ketones having acidic o-hydrogens.

Recent studies have shown that a-thiodiboryl alkanes can
be efficiently synthetized, however, the generation of the

! However,

PhS LDA PRS0 TL® 4 o) o
\T _— \? ) — —» Bpin
Bpin  ThE Bpin \/U\OMe MOME
6 o | SPh
OMe
0=
R
v
B
o o pin
Bpin H,O
RJ\( p R)\ H0 )J\_/sph
SPh SPh

Scheme 13. I situ generation of Li[CH(Bpin)(SPh)] and subsequent reac-
tivity with esters and o,B-unsaturated esters.

phs\T/sph LDA [Phs S SPh L®
Bpin  THF [ ij
7 L
A |
Phw)LH TIH

Scheme 14. In  situ generation of Li[CH(Bpin)(SPh),] and subsequent

reactivity with ketones and aldehydes towards ketene thioacetals.
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corresponding carbanionic species by treatment with LiTMP
or NaO'Bu bases is still underdeveloped.”*"

4. o-Haloboron Carbanions

The synthesis of haloboryl methane containing the iodine
substituent, [CH,(Bpin)(I)] (8), was designed by Matteson
and co-workers since 1979.%% This reagent and its analogue
compounds [CH,(Bpin)(Br)] (9), [CH,(Bpin)(Cl)] (10) and
[CH,(Bpin)(F)] (11), have been mainly used as homologating
reagents.”™ Halomethyl organoboron metalloids have shown
to display several different reactivity profiles including metal-
ation, boronate formation, and a-borylradicals. Cross-coupling
reaction involving haloboryl alkane compounds, via oxidative
addition, are nowadays strategic pathways to construct C—C
bonds.?!

In parallel, halodiboryl methane are considered appealing
reagents for the enhanced opportunities to transform both
C—B bonds and/or the C-halide bond. Matteson and co-

workers established a method for the preparation of bromo-

Bpin H L® H
H._|_Bpin MelLl Bpin Br Bpin
© - Brp, —™
Bpin b Bpin Bpin
Bpin Bpin L® Bpin
Bpin Bpin MelLlI Bpin _ Br. Bpin
_— ) Br, —
Bpin THF Bpin Bpin
Bpin Br L® Br
Br. Bpin MelLlI Bpin Br. Bpin
. ) - Br, —
Bpin THF Bpin Bpin

Scheme 15. Synthetic approach towards bromo-polyborylated methanes.

| Bpin
a) \T/
l, — - W
2 Bpin Nal
a) | 12
Bpin LDA Bpin | Li b) Br. Bpin
T/_ S © — Br; > \T/ < NaBr -
Bpin THF Bpin Bpin
13
o ol
NFSI NCS
. v
F\T/Bpm Cl Bpin
Bpin Bpin
15 14
b)
Cl nBuLi cl Li@szinz @/Bpjn cl L® ¢l Bpin
T/ - o Bpin
cl THF | CI THF cl Bpin
14

Scheme 16. Synthesis of halodiboryl-methanes a) from Li[CH(Bpin),] and b)
from Li[CH(CI),]

diborylmethane by the activation of trisborylmethane with
MeLi followed by treatment with Br, (Scheme 15)®" Although
this method is efficient, the preparations of tri- and tetraboryl-
methane are still tedious.

Currently, the preparation and isolation of halodiboryl-
methanes has been successfully achieved by Cho and co-
workers, by reacting (diborymethyl)lithium salt with the
corresponding  halogenating reagent (Scheme 16a). Com-
pounds [CH(Bpin),(I)] (12), [CH(Bpin),(Br)] (13), [CH-
(Bpin),(Cl)] (14) and [CH(Bpin),(F)] (15) have been
B3 1 ju and co-

workers have also launched an alternative synthetic protocol in

efficiently prepared and isolated in gram scale.

large scale, based on the use of B,pin, to react with lithiated
dichloromethane to accede chlorodiboryl methane, in which
Bpin is the migrating group. Subsequent bromine or iodine
substituted halodiboryl-methanes can be prepared by halide
exchange with sodium bromide and sodium iodide
(Scheme 16b).%  Also alkyl-substituted gem-dichloro com-
pounds serve to be transformed into the corresponding gem-
halodiboryl alkanes with tetrasubstituted alkanes.

The fluoro-diborylmethyl anion can be generated from 15
by abstraction of the acidic proton in a-CH bond with LiTMP
and the corresponding salt can promote an efficient synthesis
of tetra- and tri-substituted (2)-fluoroborylalkenes via Boron—
Wittig reaction of ketones and aldehydes, respectively (Sche-
me 17a,b). The additive lithium chloride has been used
suggesting a role to preserve monomeric lithium species,
thereby facilitating B—O elimination before bond rotation
along the intermediates of the Boron-Wittig reaction. The
control on the stereoselectivity is justified by the minimization
of the steric repulsion through the preferred B—O elimination
in which the small fluorine atom is proximal to the large
ketone substituent (Ryp), delivering (Z)-fluoro-borylalkene as
the major isomer. The reactivity of Li[C(Bpin),(F)] with B.p-
disubstituted o,B-unsaturated ketones, also resulted chemo-
selective towards the boron-Wittig reaction (Scheme 17¢).B9
This reactivity is very relevant since it is known that the
presence of fluorine on a carbanion center dramatically

F._Bpin F.__BFK
Iy e Y
X X \
LiTMP o | 1:99 EZ
Fo_BPIn g [F\T/Bpin L™ a) R Re__F
) | — =
Bpin THF Bpin R): Rg Bpin
15 199 E:
b)| 1:99 E:Z
R KHF, R F
y—o— R
H H  Bpin H  BF:K
1:.99 E:Z

Scheme 17. In situ generation of Li[C(Bpin),(F)] and subsequent reactivity
with ketones and aldehydes.
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influence the nucleophilic alkylation reactions, due to the
negative fluorine effect.”””

Cho and co-workers also launched the transformation of
[CH(Bpin),(Cl)] (14) into chloro-diborylmethane carbanion,
by treatment of LiITMP to prove its efficiency towards the
reaction with ketones and aldehydes. For instance, benzalde-
hyde participated in the boron-Wittig protocol affording the
corresponding tri-substituted chloro-borylalkene favouring the
Z-stereoisomer (Scheme 18a). Several alkyl and aryl ketones
were readily converted to the corresponding chloro-borylal-
kenes in good yields, and subsequent consecutive chemo-
selective Suzuki-Miyaura couplings, lead to (E)-Tamoxifen
derivatives (Scheme 18b).5%!

Interestingly, when the Boron-Wittig reaction of acetophe-
none was conducted with [CH(Bpin),(Br)] (13) / LiTMP the
corresponding bromoborylalkene was obtained in high yield
but with lower ratio (E/Z=33: 67 ratio). However, when
[CH(Bpin),(I)] (12) / LiTMP was used instead, no reaction
took place under the standard reaction conditions.”” Alter-
natively, [CH(Bpin),(Br)] (13) and [CH(Bpin),(I)] (12) were
applied to homologative coupling with nitrogen nucleophiles
such as carbamates, amides, and aromatic amines (Scheme 19).

Ph>=0 Ph Cl ue,Ph Gl
H H Bpin H BF,K
a . .
_ LiTMP ) ‘ - 1:99 E:Z
Cl-BPin ici CI\T/Bpm} L™ p) Ph>: Ph CI
© — o0— >#
Bpin THF Bpin Mé mé  Bpin
14 14:86 E:Z
Pd[P('Bus)], KOH,
Arl THF/H,O
rt, 18 h.
Pd(OAc),/PCys;
Ph. A AfBOH), Fh__°
(E)-Tamoxifen I —
analogues Me Ar KzCOs Me Ar
DME
80°C, 12 h.

Scheme 18. /n situ generation of Li[C(Bpin),(Cl)] and subsequent reactivity
with ketones and aldehydes.

R._R | ®
Br._ Bpin R, LDA oN R'RN_ _Bpin
+ NH Br.__Bpin
Bpin R' THF \T/ Bpin
14 Bpin

Scheme 19. Synthesis of nitrogen-substituted diborylmethanes

" 1 Bpin .
I Bpin EtZnO,CCF;MTBE \T/ i Bpin
\r T i obcE . 2n j‘\ —a7
1,2-DCE .
: ~0” O CF, AR

Scheme 20. Activation of diiodo-borylmethane with Zn(II) complexes to
achieve borocyclopropanation.

Carbenoid precursor from dichloro-borylmethane is not
feasible due to the low C—Cl bond reactivity, however the
more reactive diiodo precursor can be activated by zinc
complexes to deliver a borocyclopropanation of (E)- or (2)-
allylic ethers and styrene derivatives via the Simons-Smith
reaction (Scheme 20).% Alternatively, the combination of
diiodo-borylmethane, CrCl, with TMEDA can promote the
borylcyclopropanation of unactivated alkenes under mild
conditions, with the advantages that the reaction proceeds
stereoselectively with disubstituted alkenes even without
hydroxy or alkoxy groups, and both electron-rich and electron-

deficient alkenes can be applicable.[4°b]

5. a-Aminoboron Carbanions

Aminomethaneboronic esters are known from early prepara-
tions by Matteson and co-workers.’? Since then a-amino, -
boryl alkanes have become essential synthons in biological
application and material science."” Early attempts to generate
the corresponding a-amino, a-boryl carbanion, by the presence
of hindered bases, were unsuccessful. Recently, a series of
nitrogen-substituted diborylmethanes have been prepared and
the a-CH deprotonation could be achieved with LiTMP."”
The corresponding carbanion proved to react with chiral V-
tert-butanesulfinyl aldimines in THF at —50°C or —60°C
affording the desired enantioenriched 1,2-diamino-1,1-diboro-
nate esters in good yields and with high diastereoselectivity
(Scheme 21a). Further diastereoselective protodeboronation, in
the presence of RbF, and H,O, produced the enantioenriched
1,2 diamino-1-boronate esters (Scheme 21a). Reactivity of
Li[C(Bpin),(NRR’)] with aldehydes, promoted the boron-
Wittig reaction (Scheme 21b), whereas in the presence of D,O
the carbanion was deuterated, and further transformed via

0
NaOMe D I/\)\
D
in MeOD RRN_| D Wt

D
R-RN+Bp| \+/ 2 —
Bpin Bpin
f 7o
D
\
o]
/
D
|0 o
. o
RRN. _Bpin LITMP [RRN__Bpin L® g 1 Bu” S NH
°© —  NTBu- NRR'
Bpin THF Bpin )I\ R; o
Ry H Bpin
- Bpin
b) RbF
H,O
H H NRR' o
>=O >:< 11
H H Bpin 'Bu's\NH
NRR'
Ri
Bpin

Scheme 21. In  situ generation of Li[C(Bpin),(NRR’)] and subsequent
reactivity with aldimines, aldehydes and D,O.
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® NRR'
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THF © — J -
Bpin Bpin [}]@ «
16 €]

Scheme 22. In situ generation of Na[CH(Bpin)(NRR’)] and subsequent

reactivity with quinoline-N-oxide or CH;OD/vinyl magnesium bromide.

OMe- assisted deborylative deuteration and deborylative
alkylation with RLi (Scheme 21¢).””

Alternatively, the nitrogen-substituted diborylmethanes
could be activated by NaOMe, throughout deborylation
pathway, and the stabilized Na[CH(Bpin)(NRR’)] carbanion
serves as a convenient platform enabling alkylation with
quinoline-N-oxide to vyield heteroaryl-containing tertiary
amines (Scheme 22a). The latent intermediate Na[CH-
(Bpin)(NRR)] can introduce a deuterion atom, trapped from
CH;0D media, with the concomitant C(sp’)-C(sp’) bond
formarion by reaction with vinyl magnesium bromide,
(Scheme 22b).

More recently, it has been described the efficient catalytic
asymmetric synthesis of a-aminoboronic derivatives, via
copper-catalyzed N-alkylation of carbamates by readily avail-
able racemic a-chloroboronate esters.*?

Summarizing the message of this personal account, the role
of heteroatom (heteroatom= Si, S, N, I, Br, Cl and F)-
substituted boryl and diborylalkanes in organic synthesis is
founded in the ability to stabilize the corresponding a-boryl
carbanion and react with a great palette of electrophiles to
construct a diverse type of functionalized molecules. Carban-
jons from 0o-BSnCH, or a-BGeCH, species were not
considered in this account for the lack of representative
examples about their reactivity. A breakthrough was made in
this field, especially for the isolation and characterization of a-
haloboryl carbanions and o-aminoboryl carbanions with Li as
countercation.

It is the seed to experimental and theoretical unpredicted
synthetic methodologies with greater confidence for years to
come.
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