Synthesis and Structural Characterization, of
Nickel(ll) Complexs Supported by
Aminodipyridylphosphine Oxide Ligand.
The Catalytic Application to Thioacetalization
of Aldehyde
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Corey-Seebach Reaction
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Acetalization and Thioacetalization of
Carbonyl Compounds

Acetalization
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The Earlier Catalyst for Thioacetalization

/\SH , Ether
'
HCI gas pass into solution SEt
AcO O AcO
SEt
lhour
40 %

J.W. Ralls, et. al., J. Am.Chem. Soc. 1949, 71, 3320-3325



HCI Catalyzed Thioacetalization

Q_\ O HS” " sH Q—\ S

° §:> ZH CHCl3 150 ml 0 :>

- S
1.-20°C , 1hr o

: 3. RT 1hr
3,4-dibenzyloxybenzaldehyde

guench HCI with 10 % KOH 75 ml

Robert Ramage, et. al., J. Chem. Soc., Perkin Trans. 1 1984, 71, 1547-1553.



Lewis Acid Catalyzed Thioacetalization

e Conventional Lewis Acids
Nakata, T. et. al., Tetrahedron Leftt. 1985, 26, 6461-6464.

Evans, D. V. et. al., J. Am. Chem. Soc. 1977, 99, 5009-5017.
Firouzabadi, H. et. al., Bull. Chem. Soc. Jpn. 2001, 74, 2401-2406.

e Transition Metal Lewis Acids

TiCl, - WCI, ~ CoCl, + Sc(OTf), ~ MoCl; ~ NiCl,
Kumar, V. et. al., Tetrahedron Lett. 1983, 24, 1289-1292.
Firouzabadi, H. et., al. Synlett 1998, 739-741.

Goswami, S. et. al., Tetrahedron Lett. 2008, 49, 3092-3096.

e Lanthanide Metal Lewis Acids

Lu(OTf), ~ Nd(OTf),
Kanta, D. S. J. Chem. Res. Synop. 2004,230-231.
Kanta, D. S. Synth. Commun. 2004, 34, 230-231.



BF,;-Et,O Catalyzed Thioacetalization

O HS™ ™" sH S/j
| AN H CH2C|2, RT _ N S
= 4eq. BF4-Et,0, .y
o 1. 2hour 0°C N 94 %
nicotinaldehyde 5 15hour RT

Paulo J.S. Moran. J. Organomet. Chem. , 2000, 603, 220-224



MoCl. or MoO,Cl, Catalyzed
Thioacetalization

0 10 mol% MoCl; or 5 mol% MoO.Cl,
J\ 1,3-propanedithiol m
e S S
R H
CH,CN, rt FI:}{H
R = heterocyclic, aromatic,
aliphatic
O\ HS” " “sH Q
CH3CN, RT

OOO 1. 10 mole % MoCls, or OOO 1. 8 min 90 %
2. 5 mole % MoO,Cl, 2. 25 min 94 %

One use only

S. Goswami, A. C. Maity . Tetrahedron Letters, 2008, 49, 3092—-3096



CoCl, Catalyzed Thioacetalization

O

)J\ EtSH or HS-(CH;)n-SH » RCH(SEt), or R{ > n
R H CoCly (5 mol%), CHaCN, rt
=23
o)

5 mole% CoCI /j
dH t* HST " sH ©)\ hr

One use only 91 %
benzaldehyde 1,3-propanedithiol

Surya Kanta De. Tetrahedron Letters, 2004, 45, 1035-1036



Nickel(ll) Chloride Catalyzed Thioacetalization

R R SR?
AN EtSH or PhSH or HS(CH,), SH A4
c— > C
/ NiCl, (cat), CH,Clo-MeOH, rt /N,
H H SR

R' = aryl, alkyl, alkenyl
R* = Et, Ph, (CHs),- n=2,3

0 10 mole % NiCl, S/j
dH g ©)\S 2.5 hour

96 %

One use only

A. T. Khan et al., Tetrahedron Lett. 2003, 44, 919-922
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Motivation
1.Traditional high valent metal halide Lewis acids are

difficult to handle
ex. MCl, ,M=Zn ~ W ~ Co ~ Mo.....

2.Nickel is less expensive than other transition metal
NiCl,50g $29.2 WCl, 100g $ 152.5 PdCl, 25g $ 849
NIBr,50g $ 72.2 W(CO), 509 $ 176

3.(DME)NIBTr, as preferable precursor not (DME)NICI,
[HO(CH,),,N(H)P(O)(2-py),INIBr, & [HO(CH,),;N(H)P(O)(2-py),INICl,
4.Use HO(CH,);N(H)P(O)(2-py), as chelate ligand

O H % HO

[HO(CH,);;N(H)P(O)(2-py),INIBr,  BroNiz-py) PN, : e NPpyeNBr,

2 > 0
BroNi(2-py),P—N % N—'F'>(2-py)2NiBr2
H N
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Comparison of M?*(d8species)

Square Planar vs. Tetrahedral Complexes

2 2
2,

N[ 1]1¢

dxy
d:?

"Free ion"

Tetrahedral

de! dyZ

Square
planar

* Ni =>small A, => tetrahedral & square planar
Pd &Pt => large A, => square planar

e Ligands => large , weak-field => tetrahedral
Ligands => small, strong-field => square planar
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Square Planar - Tetrahedral Isomerism of Nickel
Halide Complexes of Ni(PPh,R),X,

STRUCTURES OF [NiXs(PR(CgHs)2)s] IN THE CRYSTALLINE STATE®

X Methyl Ethyl #n-Propyl Isopropyl n-Butyl Isobutyl s-Butyl {-Butyl n-Amyl
C1 P P P P TP P P .. TP
Br T TP T, P° T!P TP TP TP T T
I T T T T, G* T T T, G¢ T T

* P denotes square-planar, T tetrahedral, and G a dark green isomer of unknown structure. ° The isomer obtained from ethanol.
° Either (or both) isomers may be obtained from ethanol, depending on the conditions (see text). ¢ The tetrahedral isomer precipitates
first and, unless separated and dried rapidly, isomerizes to the dark green form.,

The tetrahedral structure is increasingly favored in the orders

PPh,R © P(C;Hs); < P(C,H5),CeHs < PC,H5(CgHs), < P(CgHs)s

X . Cl<Br<I

R G FHayiel B & Hipllee (norg Chehyr 1965 12 17@1 4706



Preparation of Aminodipyridylphosphine
Oxide Ligand

1.NaN3 / DMF
I N N N N Y N N N g NG g
Br OH > N3 OH
2. RT /6 hour
1 93%
P /j Dry CH3CN 60 ml
+ N Y g
HO N3 | N7 | reflux 16 hr
N N .
Staudinger
— — [P(2-py)s]
[ &
—N 0O A
P N—, | 1ml DI water 5 N
- > 2 N N N N\ N
HO SN HO N NNy
SN 2 75 % | P
N . /
Iminodipyridylphosphorane Ligand N\ Aminodipyridylphosphine Oxide Ligand
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Preparation of Nickel(ll) Complex Catalyst

\O/\

NiBr,(DME) = Br\l\\”/o\

Br
=
o b | NiBr,(DME)
I/ "N
U U U U Ut P .
HO N N
H | ~ Dry 40ml CHCl3, RT, 12 hour
: e
HO \/ /NI
3 76 % W
b1
Paramagnetic

15



Chemical Shift of Paramagnetic Compounds
for NMR

5 . 5 n due to the
observed — Y diamagnetic e paramagnetic center

presence
= diamagnetic shift corresponds to the values

0 diamagnetic _
for the free ligand.

Major

9 hyperfine 9 dipolar

= contact shifts are caused by spin delocalization
of the unpaired electrons through chemical bonds
(through bond)

O dipolar— dipolar shifts, between the paramagnetic center
and the nucleus of interaction (through space)

mmm) B045d signal

5 contact

J. Phys. Chem. A, 2003, 107, 5821-5825
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IR of [HO(CH,),,N(H)P(O)(2-py),]NIiBr,

140 - HO(CHz)llN(H)P(O)(Z'py)z
120 -

100 -+

. %T
[HO(CH,),;N(H)P(O)(2-py),INiBr, = 441
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90_ 0 [ [ [ [ [ [ 1
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EPR of HO(CH.,),,N(H)P(O)(2-py),]NIBr,

[*10% 3]
40-

A g=2.18

-40-

T | il o = I T T e ¥ P—
13.6092 6.8046 45364 3.4023 27218 2_2;582 1.9442 17011 15121 13609 12372 1.1341
[g-Factor]




SUQID of HO(CH,),,N(H)P(O)(2-py),INIBr,

¥ =m/H
Xm=(x IW)xM
o = (BK/ N B 2)1/2(x mT)1/2 = 2.828( x ,,T)2

m

U off FERAIEN T :

CRRE, W M (10000 guess),
Xm ¢ SEEHALE, W B R,

]

x AR
M BT &

B RHELTT

>.D]1X1
K FzEsEs, N:6.02x1023
1/Xm vs. T y =0.936x + 1.7094
R?=0.9998
400
300
g
= 200 /

100

0 50 100

150 200
Temperature (K)

250

300

350

slope =1/(x ,,T) = 0.936
X ml =1/0.936
(o= 2.828 (x ,T)¥?
(Lo = 2.92
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HO(CH_,);,N(H)P(O)(2-py).INiBr, ﬂ 1 1

(.

Number of Magnetic T Hedral

Spin Quantum  Unpaired Moment (bohr etranedra
Number, § Electrons Multiplicity magnetons)“

0 0 Singlet 0

5 ! Doublet 1.73
I 1 2 Triplet 2.83 |

; 3 Quartet 3.87

2 -4 Pentet 4.90

% 3 Sextet 5.92

“The magnetic moment can also be affected by orbital contri-
butions and magnetic coupling in metal clusters, effects that we

ignore here.

The Organometallic Chemistry of The Transition Metals. 2005
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FAB-MS of HO(CH,),,N(H)P(O)(2-py),INiBr,

528.08

100.0+
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Nickel Lewis Acids Complex Catalyzed

Thioacetalization
HO(CH,)11:N(H)P(O)(2-py),]NiBr,

O 10 mole % S—(CHy),
)ﬁ + HS(CH,),,SH > |
R H CH,Cl,/ MeOH ,25°C or 40°C g S
n=2.3 n=2,3

RﬁH: @ @ @*@A Thiol = HS™
HS
@jﬂ ©\)OJ\H ©)J\H Q)OLH HS:>

NO, OMe HS
O O
X H \)J\H /\)J\H /\iJ\H
0] O
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[HO(CH3)1:N(H)P(O)(2-py)2INIBr;

10 mole %

S
> R)\/?

R™ H HS CH,Cl,/ MeOH , 25°C
Entry j\ Time Yield (%) | Paper Reported cat.
R™ "H (NICl,)
Time  Yield (%)
1 i | 15hr 02 2.75 hr 06
2 jS 2 min >09 8 min 96
4 @i 10 min 99 45 min 90
6 @A 5 hr 92 20 hr 82
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[HO(CHz)1:N(H)P(O)(2-py),INIBr;

O HS 10 mole % s/>
J - 1
R H HS CH,Cl,/ MeOH , 25°C R™ S
0 Time  Yield (%) 0 Time Yield (%)
Entr Entr
y | v A
2 @i 2 min >99 6 @j 5 hr 92
3 0 40 min 90 7 Cﬁ‘iH 15 hr 80
4 @i 10min | 99 8 @i 3hr 92
5 ? 2 hr 90

25



[HO(CHz)1:N(H)P(O)(2-py),INIBr;

HS 10 mole % S/>
J o+ - 1
R H HS CH,Cl,/ MeOH , 25°C R™ S
0 Time Yield (%) 0 Time  Yield (%)
Entr Entr
y RJ\H Y RJ\H
10 o) 2 hr 91 14 i 60 min/ 79/
~ Ay A&” 45hr | 70
11 % 60 min 95 o | 60 min 94
>—<H /\/\/\)J\H
12 Q 4.5 hr 87
A
13 0 60 min 92
/\)J\H
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O

M+ HsT"sH

[HO(CH3)11N(H)P(O)(2-py),INiBr,

10 mole %

S

-

R H CH2C|2/ MeOH , 25°C R S
Entry j\ Time Yield (%) | Paper Reported cat.
R™ "H (NiCl,)
Time  Yield (%)
15 i 2.5 hr 89 2.5 hr 94
16 J@i’H 5 min >99 30 min 93
18 @A 30min | 94 1.15 hr 89
20 @A 18 hr 93
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[HO(CH3)11N(H)P(O)(2-py),INiBr,

O 10 mole % S
M+ HsT"sH - 1
R H CH2C|2/ MeOH , 25°C R S

Time Yield (%) Time Yield (%)

Py

R

16

17 2.5 hr 91 21 18 hr 61

H
5 min >09 20 @j 18 hr 03
H
O,N
(@]
L L

NO,

HO
18
MeO

30min | 94 22 @i 6.5hr | 82
NO,

4.5 hr 92

s

O O
Entry i Entry J
H
O
’
O
’
OH
O
;
O
’
Me

o
iog
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[HO(CH3)11N(H)P(O)(2-py),INiBr,

O 10 mole % S
M+ HsT"sH - 1
R H CH2C|2/ MeOH , 25°C R S

0 Time Yield (%) 0 Time Yield (%)
Entr Entr
y | A v A
24 0 2 hr 91 28 O 30 min/ 75/
N, Aik“ 55hr | 82
25 O 30 min 91 o | 30 min 03
>_< /\/\/\)J\H
H
26 O 5.5 hr 79
A
27 O 50 min 97

A~
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[HO(CH2)11N(H)P(O)(2-py)INIBr;

_(CHZ)n
)ﬁ | HS(CH,),SH 10 mole % _ |
n=2.3 CH2C|2/ MeOH , 40°C
n=2,3
Entry R Thiol 40°C 25°C
Time Yield (%)| Time Yield(%)
29 10 min 88 1.5 hr 92
Oy | s (1)
30 15 min 87 2.5 hr 89
©)kH He - SH (15)
31 O)LH NN 1.5 hr 86 S(Q)r 92
32 i 3 hr 90 18 hr 93
OA HS” > sH (20)
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Comparison of Catalytic Activity Amoung

H
HO

Various Different Catalyst

O

Cat. (10 mole %)

CH2C|2 / MeOH, 250C

dﬁ

Entry Cat. Time Yield (%)
A Paper ( NiCl, anhydrous) 30 min 93
B NONE 24 hour 96
C HO(CH,),,N(H)P(O)(2-py), 190 hour 34
D (DME)NICI, 5 min 90
E [HO(CH,),,N(H)P(O)(2-py),]NiCl, 35 min 93
F (DME)NIBT, 5 min 95
G [HO(CH,),,N(H)P(O)(2-py),]NiBr, 5 min >09
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Proposed Mechanism

7z J \
(OB | — Br
[/ SN B N yd
HO/\/\/\/\/\/\N N/ I\ N/NI.T’BI'
® Y Ty ——
~ ]
O
o) 8"
b <
J \ R H
_ Br H-S
N / SH
N— NI=—=Br [ i
N i
= o HS i
SH—» ¢ /_\S'H —» -0 ®S —>
P
I s © B
H H R S
7\
Ni + H,O —+ />
/ N B R//\S
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Recyclable Nickel(ll) Complex Catalyst for
Thloacetallzatlon of Aldehyde

O)H—I + HS” "sH
HO

[HO(CH3)11N(H)P(O)(2-py),INIBr;

10 mole %

Recycling NO. | Reaction Yield

Time 100 T
1 5 min 94 %
2 5 min 99 %
3 5 min 99 % 90 -
4 5 min 99 % Yield (%)
5 5 min 99 %
6. 5 min 99%
7. 5 min 99 % &0
8. 5 min 99 %

i

'H NMR Solvent= CDCI, (0.01478M 4-lodoanisole)

S
CH2C|2 / MeOH, 25°C
HO
HEE §E E E H®
i
1 2 3 4 5 6 7
Recycling NO.

8
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Near Future Work for Nickel(ll) Complex

 Immobilization onto AuUNPSs surfaces

=
0 \N | B
|! — Wbl
P -
Ho/\/\/\/\/\/\N N N\
H | N Br
Cat P

HO O H HO

OH

|
(2-py) P—N § N- P(2 pYy)2 BraNi(2- py)zP N % N-P(2-py),NiBr;
R NlBrZ(DME) Mg g

MSS@W 0 Q Tﬂﬁm 0

. — I ]
(2- py)zp N % N—'F'>(2-py)2 Br,Ni(2-py),P~N % N-P(2-py);NiBr,

H H H H
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Conclusions

1.We have successfully synthesized an air- and water-stable and
efficient catalyst { [HO(CH,),,NHPOpy,]NIBr, }.

2. We use 'H NMR ~ FT-IR ~ EPR ~ SQUID and FAB-MS for
structural characterization of Nickel(ll) complex, we have
proved the compound demonstrated that it is a paramagnetic
tetrahedral compound, and we will proceed detection of
Elemental Analysis (EA).

3.In Ni-catalyst series, the Nickel(ll) complex only can be reused
for catalytic of thioacetalization of aldehyde many times without
any loss of reactivity.
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Chemoselectivities in Acetalization, and

Thioacetalization
DX
CHO o CHO
,©/ Ho ™~ /@
HO (4 eq.) _HO 00% HO HS ™~ {1 eq} HO B85%
+ CH{OEt), (1 eq.)/ ¥ 0 + TBATB(0.02 eq. )
cHOTBATB(0.01 eq.) /\ CHO
oy oo LT @*ﬁ
O,N O,N 85% O.N O,N 12%
B [y o ontea @*
Br‘\/\ 5 HO CH(OEt), (1 eq.) nO 97%
N =

Br
tetrabutylammonium tribromide

TBATB

+

jon
LM

2

Hg~-SH(1 eq.)

7\

/ TBATB(0.02 eq.) 0

O,N 80%

J. Phys. Chem. A 2006, 110, 2181-2187
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. (DME)NICI, 5g 3549

» (DME)NiBr, 5g 4060 $ 77.3

» CoCl. 100g $ 75

e MoCl; 100g $ 130 MoO,Cl, 10g $ 120
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EPR of [Ni(CTH)DTBSQ]PF,

I St
|
|
|
Zero-field|spectra and
Kramer’s gdegeneracy
(Kramers doublet)
at B =3.2Tesla
g=2
9,=95.38 /
0 2 Z B '8
B (Teslal

Inorganic Chemistry, 1988, 27, 2831-2836
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