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Abstract

Abstract

Phosphorus locates in Group 15 and third period of the periodic table of elements.
The special electronic structure of phosphorus (1s? 2s? 2p® 3s? 3p®) endows it with
multifarious valences and complicated chemical structures. Generally, the research of
phosphorus chemistry mainly focuses on trivalent tricoordinated (A'c®) and
pentavalent tetracoordinated (A’c*) phosphorus compounds. In 1961, Gier pioneered
the preparation of phosphaacetylene (H—C=P) gas from phosphine. After the
discovery of H-C=P, numerous derivatives of phosphaalkynes phosphaalkenes and

phosphaketenes were reported.

Carbenes exhibit dual Lewis acidic and Lewis basic properties, which endow them
with high reactivity. Carbenes have been used as excellent ligands for transition-metal
catalyzed reactions. By comparison, heavier carbene analogues, which are the
compounds of divalent elements in Group 14, have very different structures and
chemical properties from carbenes. Their high reactivity makes them ideal reagents to
activate many small molecule compounds and organic functional groups. Herein, we

studied the synthesis and reactivity of phosphorus-substituted germylenes, including:

The synthesis of a series of phosphorous-substituted germanium(I) complexes
through the direct activation of various organic phosphorous compounds by
N-heterocyclic = ylide-like germylene. These valuable phosphorus-containing
germanium(I) complexes could be conveniently obtained in a one-pot process.
Germylene 1 exhibits good compatibility with various types of phosphorus substrates

and allows them to be reacted efficiently.

The unprecedented reactivity of the N-heterocyclic ylide-like germylene 1 towards
B-OH compounds. The reaction of 1 with PhB(OH). leaded to the unexpected
digermylene-stablized linear tetraboronate (B4Os chain). The reaction of 1 and
Mes2BOH produced another unexpected digermylene-stablized boroxine (B3O3 ring).

Furthermore, the formation of a mono 1,4-addition product 3 indicates that the steric



Abstract

hindrance of the substituent group changes the self-assembly behavior of boronic

acids.
The reactivity of phosphaketenyl germylene 2,4-digerma-1,3-diphosphacyclobutadi

-ene, a heavier cyclobutadiene analogue featuring a planar Ge2P2 four-membered ring,
was prepared via a facile removal of CO from the corresponding phosphaketenyl
germylene under photolysis. In addition, the reaction of phosphaketenyl germylene

with alkynes formed a planar GePCs five-membered ring.

The first versatile and efficient Ni-catalyzed decarboxylative C-P coupling reaction
of various alkenyl acids with a wide range of P(O)H compounds. Importantly, this
method exhibits good compatibility with various types of P-nucleophiles including
H-phosphonates, H-phosphinate esters and easily oxidized H-phosphine oxides, and

allows them to be coupled efficiently.

These finding provide a new avenue to study the synthesis and reactivity of
phosphorus- and boron-containing heavier carbene analogues. In addition, these
heteroatom substitued low-valent main group compounds exhibit high reactivity

toward many organic substrates.

Keywords: germylene, phosphaketene, phosphorus heterocycle, boronate
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(NH4)NaHPO,4 NaPOj; + NH3; + H,O

A

8 NaPO3;+10C 2 NayP,07+ 10 CO + Py

4 NaPO; + 2 Si0, + 10 C 2 Na,SiO; + 10 CO + P,

B 1.1 The preparation of white phosphorus Pa.

IE—AMEL Bk, & RS B S Y R A R R 3 B =S (PCL)
HALBE (PCls) LR =& AW (POCL3) . 1945 4F A.R. Todd ZBE ML L T
SOV BERR R (H-phosphonates) 536 A% 7 S M. B2 5 i AL B,
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R DL S — s B eI 25, FLDURC AL P OVR 2R 5 AN =LA P b,
I PUME RS2 5 31V 2 3 U S R AL a . BURRL BB SR e i T
VLSV B R 1 A0 — 0B S BRI S 2, BAT B BE T S VR o X6 e 8 S A 10 22
SRAEFGFZ 5/ B /NERE A, DK N T S B B A B B H

AHREE L
1.2 RECILBHE S YIRS ARFI R R

H A B b i f 22 ot 7T, E 2R T =4 =RAL (trivalent tricoordinate,
Vo)LL T TURE AL (pentavalent tetracoordinate, ASc*) HIMiL&Y) LM, Lt

1



B i

7 60 AN, BEBEMHIILRE (NMR) FiRMIKE, S#ibEDIISERNE T Hr5
HHRLTE, 2 AEMPESEE S A . 2B EH kR (8 1.3) .
1961 4, Gier HIXIRIE T LAEILEA (PH3) ANERH & 2B (H-c=P) B,

Atherton-Todd Reaction (P-N and P-O Bonds):

R1\§-H Halogenation R1\('P?-X R—NH; or R—OH - R1\('F?,_E’R
RZ/ RZ/ RZ/
X=Cl, Brorl E= OorNH

P-C Bonds Fromation:

0]
Rtg-H + R—=X Transitior.1—meta.1l.—catalyst . R1;II=I’—R
Ry or Radical Initiator R2

X =H, halogen, B(OH),, SO,Na, NHNH,, CN, COOH, etc

P-S Bonds Fromation:

R S\ Cat. R1\(II)_ /R
e —= > "p_g
Rz

e
NI
rePH * RTSH or RugeSep

P 1.2 The construction of P=E (E = C, N, O, or S) bonds using H-phosphonates and

H-phosphine oxides.

Phosphaacetylene:
pH, —ACSUUCk i cop s = + —
Phosphaalkynes:
P(SiMes); + 'BuCCI —> | 'BuC—P(SiMe3);] — | '‘BUC=P(SiMe;) | — '‘BuC=P
Phosphaalkenes:
C (I? Ph ; C/OSiMeg
PhP(SiMe3); + ‘BuCCl — | BuC—P-g; - A
( 3)3 u SiMe; bt/ -

B 1.3. The formation of phosphaacetylene, phosphaalkynes and phosphaalkenes.
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