Azaborine

Synthesis, Structure and Reactivity

Chengpeng Wang
Dong Group Meeting
University of Texas at Austin
1/27/2016



Boron-Nitrogen Bonding
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Boron-Nitrogen Bonding

o+
BDE (CC, covalent): ~ CHs isoelectronic  NH; + BpE (BN, dative):
90.1 kcal mol™” A ’ 27.2 keal mol”’
CH, BH,
1= 0 Debye ethane T 4=5.216 Debye
BDE : BDE (BN):
(CC) ) _H . H. H 5+ (BN):
174.1 kcal mol C |soelectron|c\ N 139.7 kcal mol
(109.1 keal mol o, (|:| = ' I (109.8 kcal mol™ o,
65kcal mol'ry H™ H H™"H 29.9 kcal mol™ n)
ethene aminobocrane
4 =0 Debye 41 = 1.844 Debye
H.*H H.F.H o+
N N
A
oF H T H H = H

N is more electronegative

N carries a formal positive charge

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2012, 51, 6074-6092.



Azaborines
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NMR Data of 1,2-Azaborine

3 13C spectrum 'H spectrum
- 131.4 6.97
4 BH 2 Ph Ph
| 142.9 & E|;/ 775 & T/
5 NH 1
AN 1113 X0 N 649 N~
6 Me Me
139.9 7.32
Ashe, A. J. et. al. Organometallics 2001, 20, 5413-5418.
6 6
5 H 5 H 5
Ho r?l,tBu r:J,fEsu Hﬁw,tsu H | hll,rBu
LS BH S B BH |, BH
4 H 4 H 4
3 g9 3 90 91 92
89 90 91 92
He 5.23 4.45 (0.78) 491 (0.32) 4.75 (0.48)
o 6.84 5.91 (0.93) - -
= 7.54 6.55 (0.99) = 5.71 (1.83)
Hes 6.38 = 5.02 (1.36) 5.62 (0.76)
Hee 7.63 = 6.21 (1.42) -

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2012, 51, 6074-6092.



Structure of 1,2-Azaborine
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Structure of 1,2-Azaborine

(5) ~t-Bu ~-Bu t-Bu 1-Bu ~t-Bu
Nm N Z N ON
SN B. B.
(4) NPh2 NPh2 NPh, NPh, NPh,

3 1 5 4 2
N(1)-B 1.403(2)  1.405(2) 1.407(2) 1.417(3) 1.446(2)
~C(3) 1584(3)  1.590(2) 1.559(2) 1.579(4) 1.518(2)
C(3)-C(4) 1.511(3) 1.493(2) 1.338(2) 1.504(4) 1.363(2)
C4)-C(d) 1.511(3) 1.319(2) 1.479(2) 1.494(4) 1.412(2)
C(5)-C(6) 1.508(3)  1.493(2) 1.503(2) 1.319(3) 1.356(2)
C(6)-N(1) 1.479(2) 1.477(2) 1.479(2) 1.432(3) 1.383(2)
~N(2) 1.488(2)  1.478(2) 1.483(2) 1.480(3) 1.486(2)

planarity?  0.226 0.164 0.199 0.183 0.048
“Root mean square deviation of intra-ring atoms from

least-squares plane (in A).

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2008, 130, 7250-7252.



Stability of 1,2-Azaborine

[
B<
A B\Nu A Nu
Br

% material % material

Nu remaining at 4 h“ Nu remaining at 4 h”
O, stability Bu 46 Bu 60

Ph 82 Ph 93
H 86 H 91
CCPh 92 CCPh 98
Cl 91 Cl 85
OEt 86 OEt 94

0.1 M substrate in benezene-d6 exposed to 2.5 mL of oxygen gas in a sealed tube at 50 "C.

water stability El‘; 32 El‘; gg
H 97 H 99
CCPh 97 CCPh 97
OELt 97 OEt 97
Cl 0 Cl 0

0.17 M substrate in DMSO-dg containing two equivalents of water at room temperature.

Liu, S.-Y. et. al. Mol. Biosyst. 2009, 5, 1303-1305.



Early Synthetic Work

:NHz BCl; :NHBClz AICI5 :NH Nu_ =:
10R

Dewar, M. J. S. et. al. J. Chem. Soc. 1958, 3073-3076.

H H

N.__Cl N. R
NH BCl, B R- B
= = =

Dewar, M. J. S. et. al. J. Chem. Soc. 1959, 2728-2730.

H BH3NM€3 N I}l Pd/C
N P B 300 °C

Dewar, M. J. S. et. al. J. Am. Chem. Soc. 1964, 86, 5698-5699.




Early Synthetic Work

NH H
? PhBCI, N.g-Ph
I\ MeOOC%
MeOOC™ g Ph SN
Raney Ni MeOOC N\B, Ph
| =

Dewar, M. J. S. et. al. J. Am. Chem. Soc. 1962, 84, 3782.

H H
N.__Ph

H
PhBCI N.__Ph | N. __Ph
_PhBCl, - LiAH, o Pd/C 5
T EGN __c© |

White, D. G. J. Am. Chem. Soc. 1963, 85, 3634-3636.




Synthesis of 1,2-Azaborine

AL
_~_SnBu; 2, { I//,\/BCIZI L B

|
/\/N\/
13 14
l ¢
sl o viting 4
N~ /\/N\/
6e 2e

@ Key: (a) BCls, pentane; (b) (C;Hs)EtNH, Et;N; (¢) PhLi; (d)
(Cy;P)(PhCH)RuCl,; (e) DDQ, pentane.

Ashe, A. J. et. al. Org. Lett. 2000, 2, 2089-2091.



Synthesis of 1,2-Azaborine

Ph
a Ph b Z B
A snBu; — # BT — !
Cl Z>""Me
10 11 1c

~—=r .
Ru — @éa—Ph -~ E\,B—F’h
Cp-Ph N N
Me Me

~
12¢ 5¢ 3¢

@« Key: (a) PhBCl,, pentane; (b) (CsHs)MeNH, EtN; (¢)
(CysP)2(PhCH)RuCl,, CH,Cl,; (d) LDA; (e) [Cp*RuCly].

Ashe, A. J. et. al. Org. Lett. 2000, 2, 2089-2091.
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Li

Ashe, A. J. et. al. Organometallics 2001, 20, 5413-5418.



Synthesis of 1,2-Azaborine

Sy TS 188 2 mol% C sl C -T8S
H . |
58% B~ (Cy,P) (PhCH)FiuCI
’///\/BCIQ yield = Cl <L .
2 82% vyield
15 mol% Pd/C
35% yield
~TBS
<<Iﬁ,B—H (MeCN),Cr(CO), CN,TBS LiBHEt, CN,TBS
\"Cr i é é
OCYy™ ™ 71% yield AN =N 99% N =N
6 “of CO i yield Cl
2 4
HF<Pyridine
76% vyield
< d B-H C CD,OL Z
r 84% yield by NMF{ » ™
v OC‘/ ~co 10% yield

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2009, 48, 973-977.



Synthesis of 1,2-Azaborine

N NH, AN NH
N - !
BF3K N B. N ANF
TMSCI, CH;CN H
reflux, 6
57% yield iPr LPr
3 mol% catalyst h‘l
CH,Cl,, 94 % yield Me(F5C),CO" }“%\
Me(F3C),CO  C(Me),Ph
Z>NH 1. i-BuOH, CH.Cl, C'.‘"" catalyst
~ B‘OB - BﬁN/\,J'
u 2. 10 mol % Pd/C H
5 cyclohexene 7
60 °C, - 25% overall isolated yield for 5
47% yield * amenable to scale up (> 5 g)
Z>NH 1. LiAIH,4 ZNH
- > :
~OBu 2 H* X BH
5 4
57% isolated yield
1.79¢g

Liu, S.-Y. et. al. J. Am.

Chem. Soc. 2013, 135, 12908-12913.
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Electrophilic Substitution

Br
_Ph
C B Br, CH,Cly, 0°C ésf"h
> I
~ N -
Et 91% NNog
1a 2
OH
g Ph 1) ICI, CH,Cly, 0 °C o
I 2) N828203, H20 =~ "B~
N N‘Et i <N
46% “Et
1a 4
Ph
7 -
PN A0, SnCly, CHoCly, 25 °C B
X |{| - Me NS N\Et
“Et 10%
O s
1a
~g-Ph (Me,NCH,)(CI), MeCN, 81 °C \/CE;’
S I{I\ > MeoN N
Et 60%

Ashe, A. J. et. al. Org. Lett. 2007, 9, 679-681.



Electrophilic Substitution

Ashe, A. J. et. al. Org. Lett. 2007, 9, 679-681.



Nucleophilic Substitution

i - I
X IE”"“SI X E,:'”‘Nu

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, Se 66
6 K-SBn 5f 80
7 K-OtBu 59 71
8 LiBEt;—H 5h 92

Liu, S.-Y. et. al. Org. Lett. 2007, 9, 4905-4908.



Nucleophilic Substitution

Et
= - NaCN
ITI —— = No Reaction
NS

B\CI TI;F
1
CN'Et AGCN ~N-E
| _—_— |
AN B“C| CHQC|2,|1 X B‘C.\
Qo ‘:.‘N
] 99% 5
7
_ _ 7
. / /\|
> NH 0.6 equiv. BCl3 Z>NH P T ,L_/
B g N B : 5 =7
~-B-opy ~30°C ~Cl 11, 3
5 i 12 i i /;l 4
= A8
\ 2.251 /7
- Ly
KOgCAPh - NH 0 s S ---_.o_‘olb
. | ‘/“72.251 \
~30°C,63% XX B~OJ\/Ph o, 4
17

Liu, S.-Y. et. al. Chem. Commun. 2010, 779-781.
Liu, S.-Y. et. al. J. Am. Chem. Soc. 2013, 135, 12908-12913.



Nucleophilic Substitution

irﬂH 1. 2 equiv M-Nu i CNE
- BH 2. 2 equiv E-X B\

Entry M—Nu E—X Yield [%]®
1 Na—OtBu H—Cl 63
2 K—Qallyl H—Cl 79
3 Li—tBu H—Cl 81
4 Li—nBu H—Cl 80
5 Li—Ph H—Cl 98
6 BrMg—vinyl H—Cl 59
7 BrMg—=—=—FPh H—Cl 71
8 Li—nBu TMS—CI 89
9 Li—nBu Me—I 67
10 Li—nBu H—Cl 60

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2011, 50, 8157-8160.



Nucleophilic Substitution

Mechanistic studies using nBuli as nucleophile

CN’\Ph 1 nBul C N">Ph CN'H 1. nBuLi (1 equiv) CN/TMS
| | |
B
By x-Byy 2 TmMscl N
3

2. TMSCI
yield (GC): 13%

~TMS

, H : i

H _ y _Li ~Z >N~ 1.nBuLi(2 equw) ~" "N
= rlsj nBuLi_ . ',\' + | LiH solid Cl'_:, ||3
~ _B ’ (2 equiv) N B“nBu X “H 2. TMSCI N on

1 1 2
yield (GC): 97%

_E
CI}I,H Nu@ C'}le Nu@ CI}IZ -H@ C'}j@ E@ C'}l
] B B. B

_____________

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2011, 50, 8157-8160.



Nucleophilic Substitution

Mechanistic studies using NaOtBu as nucleophile

CNH 1. NaO#Bu (1 equiv.) C,I\,JMS
_H =— pK,=26 >

2N PPa B 2. TMSCI ~-B-omu
X

B. 1 63% 5
H
77 - |
x-B-0Bu 2 TMsCI - B-0omBu
6 5

-H _E
= ;}rH NG = l}le -H, =z 1}1@ E@ =~ I}l
N B‘H N N=N

B< N -]
v H s
NU Nu
_H
‘ —H@ C'}l H@
B. -
N NU H,

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2011, 50, 8157-8160.



1,2-Azaborine Cation

E i D
CN, t AOTE N‘B OTf B— N\/:>— ot
X B« CeHg, RT —

1 cl o - CH,Cl,, RT

3a (R = Me, 95%) 3d (R = CF3, 90%)
3b (R=Ph, 97%) 3e (R = NMe,, 98%)
3¢ (R = H, 95%)

1.2
1.0
] 0.8 +
R1
=~ "N~
; 06 '
rel \ B\L
0.4 . .
1,2-azaborine cation
» L = neutral nucleophile

350 400 450 500 550 600 650

Alnm -

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2010, 49, 7444-7447.
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1,2-Azaborine Cation

| > | =
B. B.
NBugpy  CHeCla 1t ~-B~pute,
1

CN—Et PhsPO CN'R o
] £ | —
SBogr;  CHCly 1t -B.-PPhy

89%
1 3

|

« Ol

PNy

CE CH,CI C O ort
x0T 20l 1t

99%

Liu, S.-Y. et. al. Organometallics 2011, 30, 52-54.



Functionalization of 1,2-Azaborine

R-SnMe; (1.1 equiv.)

CNR1 [Rh(C5Hy4)-Cl]5 (2.5 mol%) CNR1

| |

BIPHEP (5 mol%)

B. -
1 THF, 100 °C, 24h 2

P Cl_
_ y ~_. .~
NEt NEt INEt ( R Rh P) catalyst resting
B W B P state
| | oM | | | :l - ﬂsolv

\

2¢, 78% 2d, 74% 2e, 81% AR ( \Rh
~__B. P’ “solv
= NEt = NEt = NEt “Ph PhSnMe;
x-B x_-B B 2
\O \Q rate-limiting
;
F ZNR step CISnMe;
N B ~Cl
2f, 80% 29, 56% 2h, 75%
NEt NEt = 2nd transmetalation TS0V gt transmetalation
ﬁ:[ Oﬁr ) B\©W - C Step
2i, 40%lal 2j, 41% 2k, 66%

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2013, 52, 9316-93109.



Functionalization of 1,2-Azaborine

Bn [Rh(nbd)CI], (2.5 mol %) Cr.‘l
. B
> = NS
CBH /\Q CH,Cl, | —R
90 °C, sealed tube Z

(2 equiv) 3

20 h

M\CL \A@ \/\Q
NM82
3a (86%) (77%) 3¢ (56%)
Z N .Bn
) J\@ M\Q
3d (87% 3e (74%) f (83%)
CB\/\Q CB\/\@\ CB\///‘\O\

g (76%) 3h (73%) i (43%)

Liu, S.-Y. et. al. Org. Lett. 2014, 16, 3340-3343.



Functionalization of 1,2-Azaborine

Bpin
CNH 1.5 mol% [Ir(OMe)(cod)], R éI}IH 71% isolgtgad yield
x-BH 3 mol% dtbpy, MTBE, RT xBH onereglosomer
1 1.1 equiv. Bopiny,, 12 hrs 1b
Bpin
CNH 1.5 mol% [Ir(OMe)(cod)], iNH
| y |
x-B.g2  3mol% dibpy, MTBE, RT x-Bgo
4 1.1 equiv. Bopin, 5
entry substrate product yield” (%)
1 4a (R* = Me) Sa 67"
2 4b (R* = n-Bu) 5b 86
3 4c (R* = Mes) 5c 92
4 4d (R* = O-n-Bu) 5d 66

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2015, 137, 5536-5541.



Functionalization of 1,2-Azaborine

Bpin (Het)Ar
.H PdCl,(dppf) (2 mol % .H
ZN (Het)Ar-Br Adpph @mol™) A w
B g (1.1 equiv) KOH (5 equiv.) B go
2.4:1 MTBE/H,0, 80 °C, 12 h
o)
CN NH,, z
S ~
H
Z "N’ _ .H H
b St At ) Ay
"Mes B ~ B X B”Mes ™ B
X" Mes "Mes "Mes
6a, 90% 6f, 80% 6k, 86% 6p, 80% 6m, 80% 6d, 75%
| AN
' Het)Ar
Spin y Pd,dbas (2 mol %) (et ’ _N
iw' (Het)Ar-Br P(o-tol); (8 mol %) iw' H H
I . » . .
I 18:1 THF/H,0, RT - B8y
5d: RZ = O-n-Bu 6u, 68%2 By, 60%3P

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2015, 137, 5536-5541.



Functionalization of 1,2-Azaborine

5.0 mol%

2 PA(P-tBus); A N TS Me-MgBr ZON DO
: R-ZnX - ' — '
B B. B.
el THERT,3h - °Cl LB Y Me
Br 2 1.5 equiv. 3 R 1.5 equiv. R 4
entry R—7ZnX 3, yield (%)“ 4, yield (%)"
1 n-Pr—7ZnBr 3a, 87 4a, 76
2 1-phenylvinyl—ZnBr 3b, 97 4b, 97
3 vinyl-ZnBr 3¢, 69° 4c, 519
-+ 2-(1,3-dioxan-2-yl )ethyl—ZnBr 3d, 69 4d, 66
5 4-chlorophenyl—7nl 3e, 83 4e, 50
6 3,4,5-trifluorophenyl—ZnBr 3f, 91 4f, 89°¢
5 mol% .
LITMP
A N TBS alyi-MgBr 2N TBS (CygP)APRCHIRUCE, 2SN TBS iEh 2
| - I - I 550/0 I
X-B.qy THRE1h B CH,Cly, 1h x-B, 8 - \é
P 94% P \I\ 58% — Li+ 5
3c 7

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2015, 137, 8932-8935.



Diels-Alder Reaction

ANNTBS 20 mol% AICH
[ + dienophile » cycloadduct
A “Me solvent

dienophile cycloadduct yield (%)

O
Me\N -
0 o) 0 R
: A = (X
o} O [a] =) -
I 7 ~N<gg 2a 96€(7) < "R

‘ 2m |
\ >95:5 d.r. 078“"9
O Me Me

Me Me
T MeOOC }
k
) I »\CNFs 2k 901 (37) 1.2 equiv. THE 50 °C
/ \TBS 1 ]
CFs g 1.11dr. P 24 h
Me single regioisomer °
20 mol% AIClg o single
toluene, Me - diastereomer
C -TBS 12 h, RT O'\Q
* g “N-1Bs
"O-i-Pr  98% (NMR yield) ﬂ\ ‘
66% yield (isolated) o1 O--Pr

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2015, 54, 7823-7827.



BN-Indole

:/—‘NH HN—#+Bu \\\/\
BCl, - ! o Ol
////\/’ EtaN, -78 C, 50% .///'\\/ "bl\ = Cl( l'lj— Ph
4 tBu P(Cy)s

6 mol% a, CH20|2, 51% P
or 4 mol% b, 79% be rQ

N
CN/\B 30 mol% PdiC (:hll MG(FGCECO""M&\
Xx-B~N decane, reflux, 32% B-N Me(F3C),CO C(Me)oPh

\

2 \t-Bu 5 tBu
E E
C @ — O
N B-N N
t-Bu t-Bu t-Bu 3 -Bu
1 equiv. 1 equiv. 0.5 equiv.

observed not observed

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2010, 132, 16430-16432.



BN-Indole

Z NN , catalyst Z N
Gy = O
2 -Bu

<

+Bu

entry electrophile (E*) catalyst 3-substituent (E) product yield (%)

1 Br, - '.‘c,'_Br
, Rmé% cfP NMe,
H™H :&LJ

o) 0
R e
X
4  CDgs0D/D,0 . %D
0 0

5 )LMG Et,AICI ;L,llLMe

6a

6b

6¢c

39

53

57

398

23

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2010, 132, 16430-16432.



BN-Indole

BCl,
. o [
AN 1. n-BuLi, -78 °C H’\ . ,’>
>
2. TBSCI, 87% N EtsN, CHoCl F~PN
HoN ‘TBS =78 °C, 57% TBS
5 6 7

4 mol% RUC'Q( PCYg)QCHCGHS
CH,Cl,, 55%

=~ "N =~ "N % o N
Qé% TBAF Qé/\B 30 mol% Pd/C, 185 °C Eéw

~N THF, 55% ~N perfluordecalin, 26% ~N
i TBS TBS
3a 3c 8
H H
pK, = 30 PKa = 21

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2011, 133, 11508-11511.



1,3-Azaborine

N
VNH NJI EtOH/H,0 _
) RT, 24 h
Me N ) )
H 97% \\/\N/“\N N

\ N
5' Me N=

72% J, n-BugSnLi

HCHO (aq.) \/\NAN/@
5 I\I/Ie I\\I:N
+

\\\/\N'Me 1) n-hexyllithium, THF

.M
8 J « o Me
’//\B /\B/Cl 6
N 2) | Sn(n-Bu)s
N(-Pr), v N(i-Pr),
67%
o 1) TfOH
g? t/o over 2) 6 mol% (Cy3P)>(PhCH)RuCl, N'Me
steps 3) DBU, CH,Cl,, RT 9 | )
> B
N(i-Pr),

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2011, 133, 20152-20155.



1,3-Azaborine

.Me .Me .Me
[\) Benzene, 120 °C @ (\)
(-Pr), N(-Pr),

Pd/C (5 mol%)
N(i-Pr); 94% total yield

9 4 10
2.2 : 1
I\lfle
_N
Me“ﬁl Me Me
@N.Me ” CI_ QN Me
B) CH,CI,, RT, 1 h, 75% )
|
N(i-Pr)2 N(i-Pr)
4 13

N,Me (f—Pr)zN.,_
@ CH(CON(MeCN)y —— A\
° ° reflux, 24 h \P

|
N(i-Pr), a9 |

/ 1) 29004 \)\\

1.387(2) ’ 1.353(2) \

Uy
N~ O 1.476(2)
cG) N
1 369(2)’ 1.350(2)
C4) C(@2)]
. ~

1.526(2) YA 1.525(2)

\ 1.437(2)

\/5 NSNS

A5y PN
/N

\ ' 1 418(3) 1.544(4

2.540(3)™

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2011, 133, 20152-20155.



1,3-Azaborine

Y

Me : Me
N’ nBuLi E\N'
©) THF, RT,0.5h O)

7 B ;
O t-Bu nBu
. gw}c 83% from 7
Nu- 72% over two

steps from 1

N-Me {BUCO,H, THF, RT N
(O ChLE @)

)

| apply vacuum Eli
1  NiPr, then Nu Nu 8
THF, RT
Entry Nucleophile (Nu) Product Yield [96]"
1 nBuli 8a 80
2 CH,=CHMgBr &b 76
3 PhMgBr 8c 94
il Ph—=—-MgBr &d 89
5 mesityllithium 8e 87
6 PhOLi 8f 99
7 tBuOK 3g 99
8 KN (SiMe,), 8h 69
9 CsF 4 31
10 Et;N/MeOH™ 3 96

Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2013, 52, 7527-7531.



1,4-Azaborine

tBu—B=N—tBu tBu
1 H-C=C-H oo Nog-H
+ I |
. AT G520
{(PrsPRRACI] oo i ?Bu A
2 3
tBu iprgp
B |
s
N PrsP tBu—B=N—tBu
1Bu 6 1
3 prap 0N
PiPry+ = tBUHN@ PiPrs (_3|—R’|h—| | Ph
B iPrsP B, benzene, tBu-thDS_
Bu 8 reflux ) Ph
R + tBu’%
7 tBu—B=N—tBu CI” "PiPrg
1 9

Braunschweig, H. et. al. Angew. Chem. Int. Ed. 2012, 51, 10034-10037.



1,4-Azaborine

1) n-BuLi H 1) n-BulLi Me
1
THF,-78 °C (I THF,-78 °C (I
Br 6 h, 96% Br 1 16 h, 95% Br 2
2 mol%
Mes—N._ N-Mes [(PPh3)3(CO)(CI)RuH]
cl benzene, reflux
cat. = ‘_\ 2h,91%
/ |
PCYQ, Y
1) n-BulLi
Me
Ny, 27 B e
@i j 10 mol% cat. @[ Me 4 N(i-Pr), QN\/\ME
/\\ -
CH,Cl,, B” S THF, -78 °C Br 3
6 N(l Pr)2 RT, 36 h 5 N(f—PI’)Z 16 h, 78%

52%
Me Me
! N
@N] Nu—MgBr - @[ ]
B ] B
! Nu
7 8
Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2014, 53, 6795-6799.




Polymerization

8BS ¢l 8BS, ClI TBS, )Q

N—B a N—B b N—B c HN—EB
/\\ //\ 93% Uar so% . N\ /" 13y UBr
1 2 3 BN1-Br
HN—B é HN—B b HN—B 'HN—B é
—_— mBU e
\7 —om 7 e~ N/
BN1 BN1-Bpin

BN1-Br S S
meUBr
83% \_7

BN-M

BN2
a HN—B HN-B i E
( < /> )
BN-P
DP,=12,D=1.40
Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2015, 54, 11191-11195.



Biological Research

Et PN
vS. . _BH

ethylbenzene EtAzB

Hydrophobic pocket of the
L99A mutant of T4 lysozyme

o N'H
|
vs. ~ _BH

benzene HAzB

a) b)
: ﬁ
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Met102 o A w'!.‘\.' “"'
‘bUIge- ‘s o E & """‘ ) .-‘? P

r region —SEEEQ

Metthews, B. W.; Liu, S.-Y. et. al. Angew. Chem. Int. Ed. 2009, 48, 6817-6819.



Biological Research

arene BN isostere

Me isostructural Z N7 Me 8" Me
|
< >l B

|
isoelectronic . NH

N-ethyl-1,2-azaborine B-ethyl-1,2-azabarine

ethylbenzene

substrate for EbDH inhibitors for EbDH

100 Strong inhibitors for the hydroxylation
of ethylbenzene by ethylbenzene
dehydrogenase (EbDH)
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Liu, S.-Y.; Heider, J. et. al. Angew. Chem. Int. Ed. 2013, 52, 2599-2601.



Hydrogen Storage Potential

H

/R
I}]
BH,
regeneration -Ha
charged fuel

Z N’R
! spent fuel
\ B\
AH AG
C C (kcal/mol) (kcal/mol)
HsN-BH; — HyN-BH; + H, -5.1 -13.6
(2) H3C—CH3 —_— H20=CH2 + H2 32.6 23.9
‘H
NH Z “NH
3 2 ___ 5 | + 27.9 1.9
(3) CéHz QBH 3H,
1
7.1 wt.% H2 1,2-dihYdI'0-

1,2-azaborine

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2010, 132, 3289-3291.



Hydrogen Storage Potential

H
A~N-VBU 25mol% PAIC M\ ~FBU 41% isolated
~ é 25 psi H - é 89 % NMR yield®
- 2 -~ .
H  benzene, 80°C,4n M H  99%GC yield
5 H6
H [ H ]
B - B-H K ’ B—H
H “H THF H . H A
95%° . :
H g >9970 H g H 7
L — 71 obc
R
G
e | 2
BH, =N
charged fuel spent fuel
entry R AH (kcal/mol) AG (keal/mol)
1 H 23.5 —2.3
2 Me 26.0 —0.3
3 -Bu 25.2 —0.4

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2010, 132, 3289-3291.



Hydrogen Storage Potential

BH3 THF N-TMS NS 62%
ZSN(TMS), - Cé’H - BH K" over 2 steps
1 90 °C, 12 hrs RT, 12 hrs -
2 3
HF-pyridine
RT,1h
1 equiv. HCI
o O o O
2 Et,0, 96% ~
: H cl W2 9406
S BH,
NH 2 equiv. HCI NH 1,2-BN cyclohexane
(2) P2 - 2
BH, Et,0, 90% BCl,
1,2-BN cyclohexane 6 Rci) |
1.527(1)'\ )
150° C O _A B ’r 1.489(1)
L[ NH: o B” "B 1.529(1)\ \
BH, toluene N‘B’N e
quantitative Kj am' [T \614(1)
1,2-BN cyclohexane 7 |

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2011, 133, 13006-13009.



Hydrogen Storage Potential

51% from 3

1) KH, THF
N BHg*EtN N~TMS RT, 12 hrs S
Me \ N(TMS)2 160 OC, 48h = B\ 2 HF. . Me
ve  H ) HEpyr
3 4 RT, 2 hrs
Me)_’>
3 g "NH, -6 H, NN
B’H > | I
v 2 150 °C, 1 hr B\ "B e
" 98% yield M

5 mol% FeCl,

|

Me

I

MeOH

RT, 12 hrs

NN

B. .B

N Me
Me 2

80 °C
95% vyield
10 mmol scale
NH, LiAIH, NH,
I !
B(OMe), CH.Cl, >/—\BH2
Me RT,12hrs Me 1

overall 92 % from 1

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2011, 133, 19326-19329.



Hydrogen Storage Potential

Me LiAIH

TMS)N"" B O e A4 (TMS),N” > BHaLi
‘O f Et,O/pentane
92%

Me Me HCI (Et,0)
Et,0, -78°C | 91%

to RT
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HN. _BH, g39 (TMS),N.__BH,

| 7\ S

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2015, 137, 134-137.



Hydrogen Storage Potential

—

e A

HN —BH
H.B AN NH, Pd/C (10 mol%) : ' l | (1)
. . = polymer + HN —I-BH
HoN (_BH; toluene, 150 °C HB N
H

1h

Ly £33
> 95% conversion sf{’ ’ S

50-70% yield

VN —/ — /
H.8” “NH, [Ru] (0.1 mol%) B — B ——NH \NH @ =3
HN . BH, THF. 85 °C / BH \
12 h =
H > 95% conversion \/ - \/‘/ =

20-40% vyield

Liu, S.-Y. et. al. J. Am. Chem. Soc. 2015, 137, 134-137.



Summary

Synthesis and reactivity research towards azaborines
remain under-developed.

Azaborines have potential applications in materials,
hydrogen storage and biological researches.




Thank you for your attention!




Key #1

(a) endocyclic B-N bond
t t
Z N,Bu Z N,Bu
I <— 1446 vs | <— 1.417
\ B\ B\
NPh, NPh,

(b) exocyclic B-N bond

'Bu N'IVIe
/ Pd
>, O
X B\NPh '|3

/ 2 1.437 N(IPI’)2

1.486

(c) exocyclic / indole B-N bond

t

Bu
/ P4
Cl}l VS s [}j/\?
X Bd S



NX-"BEK o~ Schrock 's "
+ TMSCI, MeCN NH Mo catalyst _ || |
- > B\
\/\NH reflux /\/B\N/\/ DCM H/\/
2
H
(5 equiv.)
1)n-BUOH,DCM CI}IH 1) MeLi, -30 °C, Et,0 CI}IH B,pin, (1.1 equiv.)
2) 10 mol% Pd/C X B~ 2) HCl X B~ [Ir(cod)(OMe)], (1.5 mol%)
OBu Me dtbpy (3 mol%
cyclohexane, 60 °C py (3 mol%)
MTBE, r.t.

KOH (5 equiv.) ° )
MTBE / H,0, 80 °C THF,-30"Ctort By,
e

| —N X N
Bpin QBr | ! 1) n-BuLi (1.1 equiv.) |
CNH N\ // . = THF, -78 °C to r.t. 2 N\BM
| > > €S-
. B‘Me PdCI,(dppf) (2 mol%) ZSNH - 2) F-BMes; (1.2 equiv.) 7 N/
[
B<
X Me



Key #3
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. ) )
“‘“*-TH +Cpcy T”' / 1 (3-dp)
\ NR 1091 \ NR X

b 1 (4d,;)

1 (5-('[) 1 (ﬁ‘dl}

Ashe, A. J. et. al. Organometallics 2001, 20, 5413-5418.



