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Abstract Nonsymmetric pincer complexes have received much attention due to their hemilability and more easily modu-
lated spatial and electronic effects. However, their synthesis and reactivity studies remain considerably limited in comparison
to symmetric pincer complexes. Common strategies to enhance the reactivity of complexes, such as reducing coordination
sites or lowering metal center valences, invariably complicate synthesis. In this work, employing the strategy of introducing
reducing agents, the PNNCoCl (1) (PNN: [6-(‘Bu2PN)CsH3N-2-(3-Mes)C3H2Nz]) reacts with various small molecules to yield
a variety of nonsymmetric pincer cobalt complexes, which were characterized by single-crystal X-ray diffractometry analysis
and spectroscopy. The reaction of PNNCoCl, potassium graphite (or KHBEt3) with 1 equiv. of CNXyl (2,6-dimethylphenyl
isocyanide) or carbon monoxide successfully yielded the monovalent cobalt complexes 2 (PNNCoCNXyl) and 3 (PNNCo-
CO) in 64% and 41% yields, respectively. Moreover, the reaction of complex 1 with N-heterocyclic carbene
(1,3-diisopropyl-4,5-dimethyl-imidazol-2-ylidene), involving C—H bond cleavage and Co—C bond formation, afforded the
corresponding divalent cobalt complex 4. Furthermore, by using different reducing agents, we achieved the modulation of the
selective reaction of azobenzene C—H or N=N bonds. When KCs (potassium graphite) was used as the reducing agent, the
reaction of PNNCoCl and azobenzene in tetrahydrofuran afforded the azobenzene C—H bond-breaking product 5 in 53%
yield. The cobalt atom is pentacoordinate in a tetragonal pyramid geometry. The N—N lengths of 0.12835(17) nm in complex
5 are in the range of normal N=N double bonds (0.122~0.130 nm). In contrast, the reaction of 1 with azobenzene in the
presence of KHBEt; gave the cobalt complex PNNCoNHPh (6), as confirmed by X-ray diffraction analysis. The structure
suggests N=N double bond cleavage of azobenzene in the formation of the aniline complex. The N—H stretching bands of 6
were recorded at 3131 cm™!, and the solution magnetic moment was uer=2.2 us. In addition, the treatment of complex 1
with 3,5-di-tert-butyl-o-benzoquinone in the presence of 1.2 equiv. of KCs gave rise to the cobalt complex 7. X-ray diffrac-
tion analysis of 7 revealed that the PNN ligand and o-benzoquinone parts are linked by forming a P—O single bond. The
o-benzoquinone was reduced to the catechol ion. Complex 7 exhibits a high-spin electronic structure (S = 3/2), as evidenced
by the solution magnetic moment of 4.0 us.

Keywords pincer ligand; cobalt complex; small molecule activation; low-valent metal complex
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Figure 1 The solid-state structure of 4 with ellipsoids drawn at 30%
probability
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Figure 2 The solid-state structures of 5 (top) and 6 (bottom) with ellip-
soids drawn at 30% probability

Col—NS5 I8 FA 73531 179.18(6)°F1 81.23(6)°. B &4 5
HIVEBIRIA R per=1.9 up, SR E FEHR NS
V) 4 KRNS=1/2). LA WIGIELE 285, 315, 448, 607,
906 nm AL EATFFENIL. thAb, TER B RAT LR
ARFEA S FIE PNN B &4 5, 1A WER 22K
BB FAER A AL B A 5. FRATHEI X AT BE 2 H
T 5 BT e T H A 5. AR %5 BV ek B
W(DFT)iH5, 5'HI# 2468 5 %) 40.2 kI/mol, 1X 57
FFTRATMHEN. ook, FHEERRWELEY 5 1
HOMO(o)H1iE 3= Z A ) do2 HUIERT PNN BLAAH) n+fi
& TTER (] 3).

MIRA TR S B A SRR 0 KHBEt B, 753
THEAY) 6 (PNNCoNHPh). 1EARSIEIELFE A P
FE(HN=NH)F [MEFIHTED 2 —, AR N=N Hi
RIS O EHMRE SR A2 Tt FRs. AR,
i SR B EIE N=N #W 2 H A < iE R
A7l G Nz B B T, A BT A A S A
TR EEE VG G, =R N EL
IEC ke, 7] LA3RTE PNNCoNHPh (184, i 2(°F)
B, it D ERALE P T DY i A Y, C1—N1 F
C1—N2 K454 0.13246(19)F1 0.13828(18) nm.

http://sioc-journal.cn 473



oF 5 R HIER
Ph Bu
\N—N Bu o
1= >\—Mes ZSn-Mes = O,
— I\I;N _ ;N i Q o |I'—\’tBuz pyrazolyl
\ N—cC _ — N=
Q/; o \ \N Co—N N/ N ,\ll N By tBU 0’. /NO
N=P 5 N—P Ph BuP— N= —— Co, —
AGags Bz Bu, \ Mes KCs Bu 0 "TIT(N?
(kJ/mol) 0 402 Cl O/P Bu, pyrazolyl
_ PNNCoCI (1)
Bu
7,51%

B3 ELEYS S HE AR ZE ALY 5 # HOMO(a)#LiE
Figure 3 Free energy difference of 5 and 5" and HOMO(a) of 5

Col —N2. Col —N4 Ml Col —N5 K 4> 5N
0.19384(12) . 0.20018(12) F1  0.18957(14) nm.
PNNCoNHPh &3 7 Je & 041 AR RIA SR RN L4
TERAE. HAHEEAE 3131 ecm' H—MEFMER N—H
i 45 4k 3, 5 2 5 # PR 8 A PR E W
[Co(PMe3)»(MeCH;0 NNH) ], FL &4 N—H 4R s)
3181 em ! AHAT. IR SRR IEAT A (% 5 23 A
(GC-MS)F i1 73 ¥ 5 vt (R (LS FR S ), FRATTAS Il
BT BB R AR, (R A %% 3 H At B
EEBRAVAE AR, FERINHENEZER N=N
MRS & AT A T R .

£ PNNCoCl A ZER IR, A AN R 34 5
FUAT LS B 28 C—H B AN S0 B A e 3 ek W 3
B 3X Pk B PR AT ORE SRR T AE A [\ AL R R R
PNNCoCl #3& 5 sA [ (1) F (a4 2448 FH A S8 80 ik
JEFIF, PNNCoCl #44 Jy— i i v (B 44 F 5 A8 B R AT
RBESEIL C—H ST, 1M 2448 KHBEG /£ 557
IF, PNNCoCl S N AWM, AR5 5HE R XN,
S I Ly SR 28a.28¢],

A8 SR H AR D AR ALURE 0 A A S8 A 38 TR e 8L Hh 4 A8
FHR9 SRIAE IR 5 PNNCoCI. 3 JR 5 i S B ) 7
TR ROSPE. O T PR R AR B B S R R
AORERC AR 1) ) S, FRATTEEL T 573 — AN WA AR AloRE e 4
A IRBE AT 2200, DL SRR 7, 75 KCs (138 )5
YERF, ARZRBEAT PNNCoCl M Ti&Y 7(- 2
3). HRgEmuwE 4 R, P1—01 FEEA 0.15802(9)
nm, B&FE T XU(BE )RR A& P—O $#(0.1609(1)
nm)BY, X FRLE NIRRT, PNN FC A4 R4 2K B ik
TE L P—O FLEERE P IR /IR Lok, C1—N1 Al C1—N2
K4 0.14008(15)A10.13459(15) nm, ¥t B LA PNN i
ER 4 A . N1—P1 8K 0.16047(10) nm, BEKF
LBV Ji2 ) HE PR TS AR P=N 88(0.1535(1) nm)PP!. C26—
01, C26—C27. C27—02 #WK 5N 0.14162(14)+

474 http://sioc-journal.cn

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B3 PNNCoCI £ 47 S ¥ 1F R R0 R f o
Scheme 3 The reaction of PNNCoCl with o-benzoquinone was pro-
moted by KCg
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Figure 4 The solid-state structure of 7 with ellipsoids drawn at 30%
probability
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