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Metallabenzenes and Their Derivations as Catalysts for Transfer Hydrogenation of Aromatic Ketones Abstract

Abstract

Although metallabenzenes were predicted and successfully synthesized nearly 30 years ago,
and few researches on its photic and electric properties were reported; it was rarely found that
metallabenzenes could be as catalysts for transfer hydrogenation of aromatic ketones and this was
probably because most metallabenzenes are not robust enough to withstand further chemical
reactions. Recently, Professor Haiping Xia's group has reported the one-pot synthesis of stable
ruthenabenzene Ru(CsH3)(PPh3)4Cl; and osmabenzene Os(CsH3)(PPh3)4Cls. In this dissertation,
we focus on the employments of metallabenzenes and their derivates as efficient catalysts for
transfer hydrogenation (TH) of aromatic ketones and the research on octahedral stereochemistry and
spectral properties of metallabenzene complexes. The main results are obtained as follows:

1. Ruthenabenzene was reacted with L-NNN [(S)-N-(pyridin-2-yImethyl)pyrrolidine-2-carbo-
xamide] to form a new catalytic system, which was applied as efficient catalysts for the transfer
hydrogenation of aromatic ketones with high yields. Consequentially, the conversion for
acetophenone was as high as 98 % after reacting at 50 °C for 5 h. We also explored the effect role on
steric bulk of the alkyl group of the substrate PhCOR. It was found that the conversion decreased a
little when the size of R increased from methyl to cyclohexyl. The position of the ring substituent
had no influence on hydrogenation results. When the substituent was changed from electron-
donating Me to electron-withdrawing ClI, the conversion increased. Ruthenabenzene was reacted
with (R,R)-dpen [(1R,2R)-(+)-1,2-diphenyl-1,2-ethanediamine] to form a new catalytic system,
which could efficiently catalyze the asymmetric transfer hydrogenation of acetophenone with
conversion 97 % and 31 % e.e.

2. Osmabenzene was applied as catalysts for the transfer hydrogenation of aromatic ketones for
the first time. The reaction activity was not very high with the yields from 17 % to 99 %.
Osmabenzene was also reacted with pyme [1-(pyridin-2-yl)methanamine] to form a new catalytic
system, which was much more reactive than the above osmabenzene system. The conversion for
acetophenone was as high as 98 % after reacting at 82 ‘C for 2 h, which was the same with the in-situ
system of the osmabenzene and pyme. The catalysts prepared in situ from the osmabenzene and
pyme could also catalyze TH of most of aromatic ketones in 100 % conversions. The osmabenzene
complexes prepared with chiral (R,R)-dach [(1R,2R)-(-)-1,2-Diaminocyclohexane] have been proven
to reduce aromatic ketones by means of asymmetric TH (ATH) in high conversions (82-100 %) but
low to moderate e.e. values (25-52 %). Although the enantioselectivity remains to be further
improved, this is the first application of chiral metallabenzene derivatives on the ATH of aromatic
ketones.

3. Chiralselective syntheses of a pair of the osmabenzene complexes, Os-(L-NNN) and Os-(D-
NNN), were studied and their CD spectra are approximately of mirror image. The more accurate
analysis of their CD spectra and absolute configurations still need further investigation.

4. A pair of chiral-only-at-metal osmabenzene complexes A- and A-[Os(CHC(PPh3)CHC(PPhj3)
CH)(CgHgNO)]CI (4-4) were separated and purified by chiral high-performance liquid chromato-
graphy (CHPLC) for the first time. These two enantiomers were further characterized by CD spectra,
which are virtually mirror image of each other. From the computational simulation studies of the CD
spectra basing on the crystal structure of 4-4, their absolute configurations could be assigned.

Keywords: Ruthenabenzene; Osmabenzene; Transfer hydrogenation; Asymmetric catalysis;
Metal-centered-chirality.



EXFHERUSYIIAEEHER

765 B f] K DS TR gik s

0
L-NNN  (S)-N-(pyridin-2-ylmethyl)pyrrolidine-2-carboxamide Q)\HA'@
H N~

[ J
D-NNN  (R)-N-(pyridin-2-ylmethyl)pyrrolidine-2-carboxamide KH | N

H N~
RV B H,N | N
pyme N _~

2-(aminomethyl)pyridine

(1R,2R)-(+)-1,2-Diphenyl-1,2-cthanediamine

E2 -
(1R,2R)-(-)-1,2-Diaminocyclohexane

R TR @[”HZ
(R,R)-dpen i;\ NH,
NH,

O:NHZ

(R,R)-dach

+
PPhs  pph,

Clu,, |- \
TN cr

2-1 %1 K (Ruben) Cl/Rlu —0
PPhg PPhy

1~ .
N wPPhg
222 SN EEARI AT R ) © N\/Ru:/_\zzcl’
5\“4 F|>Ph3 ;Ph3

23 (RR)-dpen TRACH 6124411 Lo

il



3-3

4-1

4-2

4-4-A

4-4-A

Hk 2K (Osben)

pyme SRR R L 54

pyme BRI HAR S S

(R,R)-dach BUARIHk IR 25 54

(R,R)-dpen U IH K45 54

L-NNN HBACHHIR 51

2\ FRREMER A HOR (A 1Y) 285 1)

2\ FR R HOR (A )& 5

",
a” |IN=,

PPh; PPhs

+
NH PPhy \\\PPhg
’/)2,, |*/ \

08 N> 2cr
2l .
~ | al PPhs

NH3 +

® | PPhs
N, |-
\ ;'Os/ N ook
| .
PPhg PPhg

N //,, N
/"05 ~ N> 2cr
ny l .
Ha ¢ PPh;

I ~
z +
T “PPh3
o] N\OS/ N 20
/S l ==,
NH
PPhs PPh,
/ N +
—N ?_ ‘\\\\\ PPh3
I, 72 N -
™ e . @
| 0 PPh,




BT it

E—E 4it
L1 EBEEN

1825 4, Faraday ZHL T ALK 55 Fietb & — 1. 1865 4F, kekule5| A
T H B X ARERFR XA AR At e, 5, <55
P WK S F TR AT 3 B Ak S W 5 451 A2 S B A1
WF5T, BRI WAL 2 —, — ALk, R Hit
TR —. WZHFHIENEY, BRER LR —DCHEE D 2 h
FARJRF (NP Asy O SHHURE BT AE R K IR R, HBBUE S AT & M (1]
mEF R RO ERRE T AR A S N DA POREIA B A ),

“% Jg 45 (Metallabenzene) & A FA 1 701k Jot 45 1LV < e SR T JE G —
AU B A O = A YRERR . SARG IS 2R3 75 BALE W (I ke |
R . BEWY SEVANIRI A, 4 2R rh i 42 8 DR T IR p I 2 5 R o,
Ve 42 JA 1) () Bl 2 S5 IR (¥ e B [ ST 3% Ehp(r) Bt 2 ol 1

1979 4F, FR 2% 5 Thorn FlHoffmann {5644 Hiicke L I3E FH 21 4 & 2 1 21
WHEN b, YE T’ 1-1 i) 2R 2 ALh, L=28 906 1 1
BCAA, X=X Z)NAZAECEA S BT g Wos H— 855 Ve A iTTiAh, /SocEh
B4 AR AT R 2L EIRpPuE, A 2 ANHTRA T E B AT dy,
B, [Nk, 4E 24T A Huckel <05 AR e X,

L L L
M D ‘M D MO
A N e
L L
M = Mn, Re M = Co, Rh, Ir M =Co, Rh, Ir

L = ik, X= s & 1
A 1-1 EREN R RN =R EE

A ThornNTHoffmann f #HASHEN £ 4>,  CHRERIFUE K< 2807 B IR &9
CAT LR, b A A S D IS WA 57 7 AR (P o A eV < s 1R
YEo 77 B A A VIR RF AL AR A UE P AR A T AR SO B is P o H 5 Jm 2R A e
A7 LR (N0 057 B TRAL S TR AT (VI SN, e ARSKXU AR PR B I ol e B



< R AT A AL D5 B I (K S e R S A

DAL AR B O MRS ), XA & A E Y S e TR 2 LA R )
{8 s PEAS )0 10 114 3 4, Frenking 25!V i3 EDA(Energy Decomposition
Anslysis)TH 00 H e JE& A AEINRIN S 00 1 I B iR, 3 W 46 8 2R I A A
H I EEAE Y o T4 8 AR IR RS 1 2 DR A AL N R 5

1.2 e BEMARHE

1982 #ERoper il T 55—l e sE k2 1191, & 2l 1L [Os(CO)(CS)(PPh3)s]
WA CHor T Iz AT ] 2 JERESEHRIE T — R A0 H SR Os. I,
Ru. Rh. PSS 4 B 25 . Wi Hughes S5 7 1986+ 1987 4E43 Hil4fid 1 2 Fn 317 191,
BleekeZ: 75 1989 4EHUE T H Pl @ 42K 4% 1, 1995 4, JonesZ:PHiE 17—
FAMGRAZ AR RAE AT 2K 5, BARETIK 5 7E-30°C LA R o KA ik,
AN PR AZ BE R AE 45 THE D G544, AR B 28— AN 28 i R & JE A ari i Al
AT 42 JE 2. 2010 4F, JiaE 408 T i AMR e 1 BkoR 681, IR p i ik i 4
J& (ITB-VIIB %) FH T #4471 4 J8 2K L3 b WL - 2 —, )R Thorn A Hoffmann 148
T 1979 FAEHEE TN T BRI

PPhs PEL,

Me \\Ph
—+—=S o | \\\\\F’Eta 3 Cp
-7 T -
| CcO PEt; \CO
Me
PPhs, Ph OFt
1 4 5
PM EtO
. wPPhg | eo {Me ',,,?O WCO
Ph O”Pt“‘ Ph O’ D) OEt O’R .
N ppn, QTh o= g | °Nco
Ph Ph Ph Ph PMe © COEt pnCO
2 3 6

B 1-2 SCERPIRIER LIRS B K

HHTOs. Ir. RuRiERZ M =MHeE RN ST, Btz SMEss
Fe. Ni. Pt. Mo. Re. Ta. Nb. WEMEEE. IWAMNEKIL T Ll 48 5N,
PEEJRT “YRANTR” B ANRIRA S AN G2 I (X4 g 4ok 4y 10 22 220,

JE T TR A4 S TR AL PO PIE 2004 AF4HRGE T — Pl 0 (10— Bk & 1 4 Jd 2%
()38 7 v AT R B 5 43 1 R B HC = CCH(OH)C = CH A it £7 /S 1 1 1)
X,0s(PPhs); I B, Hill43 T 5 — A~ 4 J& K 2= % £ [Os(CHC(PPh;)CHC(PPh3)CH)

2



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

