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55 | - | Analytical data of chromium(III) complexes of
' +the Cr(X-Sal.R) 3 type

~found, % calcd., %
X R cC  H N ¢ "H N
H CH3 63.09 5.18 9.05 63.42 5.32 9.25
C,Ho 65.56 6.27 8.1%  65.31 6.09 8.46
h-CBH7 66.24 6.84 7.61 66.89 6.74 7.80

iso—03H7 66.48 6.73 7.86 66.89 6.74 7.80
cyclohexyl 69.55 7.46 6.13 71,10 7.34% 6.38

phenyl 72,76 4,59 6.41  73.11 4,72 6.56
5,6~ CH3 71.14 5.19 6.70 71.51 5.00 6.95
benzo CZHS 72.13 5.46 6.50 72.43 5.61 6.50
n—C3H7 72,67 6,10 6.03 73.23 6.15 6.10
iSOwC3H7 72,98 6.06 6.10 73.23 6,15 6.10

cyclohexyl 75.23 6.91 4,98 75.71 6.73 5.19
phenyl 77.69 4.20 5.04  77.45 4.59 5.31
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i&_ | — 2 X-ray powder diffraction data

Cr(H—Sa1.02H5)3 Co(H-Sal.C,Hs) 4

d 12 d 1

21.3 s 21.5 s

13.4 | vs 13.6 vs
9.5 ms 9.5 ms
8.2 m 8.3 m.
8.0 m 8.0 m.
73 w 7.3 w
6.8 m 6.8 m
6.4 W 6.5 W
5.8 5.8 m
4.9 W 4.9 W
4.6 m 4,6 m
b.3 m b.3 m
4,0 m 4.0 m

a. Vvisual estimation
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%%,2——L Analytical data of chromium(III) complexes of the

[Cr(Salen)XY]Z.nH20 type

found, % calcd., %

X v 2 n c H N c H N
H,0 H,0 CL 0 49,04 4.80 7.34  49.30 4.65 7.19
H,0 H,0 NCS 0 50,12 4.27 10.22 49.51 4.40 10.19
NH, NH, CL 2 46,01 5.75 12.61 45.34 5.71 13.22
CH,NH, CH,NH, NCS 1 50.23 5.56 14.87 49.99 5.74 15,34
C,H NH, C,H NH, clL 2 50.70 6.37 11.98 50.05 6.72 11.67
C,H NH, C, B NH, NCS 0 53,11 4.97 14.52 53.27 5.11 14.80
n-CjH.NH, n-C,HNH, C1 1 53,57 7,15 11.25 53.92 6.99 11.43
n-C,H.NH, n-C,H.NH, NCS 0 55.68 6.32 14.11 55.85 6.52 14.16
n-C,H/NH, n-C,H,NH, Cl 2 54,02 7.42 10.29 53.77 7.52 10.45
py py NCS 0 59.65 4.42 13.19 60.67 4.49 13.11
Py H,0 CL 0 55.87 4.46 9.55  55.94 4.69 9.32
Py c1 - 0 58.62 4.26 9.96  58.27 4.42 9.71
H,0 ONO - 0 49.71 4.56 10.32 50.25 4.20 10.97
eN CN K 1 49.77 3.75 12.60 50.57 3.77 13.11




—98..

%5'2-2. Analytical data of complexes of the [Cr(Aceﬁ)XZ]Y.nHzo type

found, calcd., %

X Y n Cc H N C H N
H,0 Cl 0 41.68 6.20 8.02 41.30 6.41 8.10
NH, Cl 1.5 38.90 7.24 15.24 38.86 7.34 15.11
CH,NH,, Cl 2 40.09 7.71 13.89 41,22 7.90 13,74
C,HNH, cl 1.5 45.04 8.33 13.09 45.01 8.26 13.12
n~C5H,NH, Cl 1 48,87 8.60 12.74 48.47 8.59 12.56
n-C,HoNH, Cl 1 50.17 8.99 11.99 50.67 8.93 11.82
CeHENH, Cl 2.5 52,95 6.62 10.58 53.28 6.89 10.36
CN K 2 42,07 5.57 14.45 41.88 5.52 13,96
NO, K 0 35.75 4.45 13.91 35.55 4,47 13.82
NCS K 1 37.35 4.50 12.60 37.57 4.50 12,52
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: AcenHz, (Na2C03)
CrCl3.6H20 >Cr(acac)3
' 110°, ethyleneglycol

Salal, en, Na2CO3

110°, ethyleneglycol

SalenHz, CZHSOK
CrCl3 ' : ,V[Cr(Salen)(Hzo)zlx
reflux, THF, (zn) T
AcenHz,.CZHSOK SalenH2
reflux, THF, (zn) reflux, MeOH
v
[Cr(Acen)(HZO)Z]Cl NH4[Cr(NCS)4(NH3)2].H20

B. 2-1, L (Salen)(H20), IX 3-8 07
- Llr (Acen)(H20), I U B 1 45 F5




[Cr(Salen)ipy)(HZO)]Cl [CxCl(Salen)py]

PY
py, reflux
ether

at room temp.

[Cr(salen) (H,0),]Cl , KCN-———————9'K[Cr(CN)z(Salen)].HZO

KNCS

v

[Cr(Salen)(HZO£]NCS [Cr(ONO)(Salen)(HZO)]

pY

v

[Cr(Salen)(py)Z]NCS [Cr(Salen)(RNHZ)ZJX.nHZO
(X=Cl1, NCS)
B. 2-2. [((Salen)XYI2-7H:0 28N $5 F&
[Cr (Acen) (H,0),]C1 KX > K[Cr(X)é(Acen)].nHZO

(X: CN~, ONO~, NCS")

NH3aq.
RNH

v 2 \\\\\\\Es

[Cr(Acen)(NH3)2]C1.1.5H20 [Cr(Acen)(RNH2)21c1.nH20

(R: alkyl group)

B. 2-3. T (A0 X, 1Y nH0 98 K 3586
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isothiocyanato and nitro-nitrito isomers

nitro-nitrito isomers

7. 2 -3, Infrared absoption maxima of thiocyanato-

Vas Vs $ reference
free Noz' (in NaNo,) 1328 1261 828 a
[Cr(ONO)(Salen)(Hzo)] 1395 1035 840 this work
K[Cr (ONO) , (Acen) ] 1450 (1075 (847 this work

{1053 835

[Cr (ONO) (NH,) (1C1, 1460 1048 839 b
[Co (0NO) (NH,) g1C1, 1468 1065 825 b
[Co(NO,) (NH,) ICL, 1428 1310 824 b
thiocyanato-isothiocyanato isomers

Y(CN) J(CS)
free NCS~ (in KNCS) 2053 748 c
[Cr(Salen)(HZO)Z].NCS 2055 750 this work
K[Cr(NCS)Z(Acen)].HZO 2085 785 this work
NH4[Cr(NCS)4(NH3)2] 2120 823 c
[Co(nCs) (NH,) 1 (C10,), 2125 806 d
[Co(SCN) (NH,4) 1 (Cl0,), 2100 © 710 d

2109 694 e

(Et4N)é[Pd(SCN)4]

P—

Vs em !
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. 2-4, Main absorption maxima of chromium(III) complexes

of the [Cr(Acen)XZ]Y type in solution*l
X © (log )2

H,0 © 15.7 (1.05), 23.0 (2.68), 27.7 (3.88),
36.1 (4.08)

NH, 22.6 (2.59), 27.7 (3.80), 36.2 (4.06)

CH,NH, 22.5 (2.68), 27.5 (3.78), 36.2 (4.08)

n~C,H_NH, 22.6 (2.58), 27.5 (3.78), 36.2 (4.05)

CoHNH, 22.8 (2.68), 27.8 (3.84), 35.9 (4.12)

CN 22.0 (2.68), 27.8 .{3.84), 36.0 (4.06)

nes™3 22.0 (2.78), 27.0 (3.74), 32.0 (3.90),
36.0 (4.14),

no, "4 16.3 (1.24), 22.6 (2.60), 27.7 (3.83),

36.2 (4.04)
free ligand

AcenH2 31.0 (4.48), 33.0 (4.45)

*] Unless otherwise indicated, the values in the
table refer to those of the methanolic solutions.
*2 Vs 103cm-l

*3 in acetonitrile

*4 in methanol containing sodium nitrite
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of the MoOZ(X-Sal.R)Z type

%Q. |-| Analytical data of molybdenum(VI) complexes

found, % calcd.,% prep.

X. R Cc H N c H N method
H , CH3 48.54 4,05 7.02 49.11 4,12 7,16 A
C,Hs 51.19 4.65 6.67 50.95 4.75 6.60 B
n-CBH7 53.49 5.38 6.08 53.10 5.35 6.19 B
n-C,Hy 54,24 5,86 5.71 55,00 5.87 5.83 B
CHZPh 61,81 4,47 5,10 61.32 4,41 5,11 B
Ph A60.16 3.87 5.26 60.00 -3.87 5.38 A
p-CHB-Ph 61.56 4,26 4,93 61.32 4.41 5,11 A
p-C1-Ph 52,90 3.06 4,38 52.99 3.08 4.75 A
p-Br-Ph 45.80 2,58 3.89 46,04 2,67 4.13 A
3-0CH, CH,Ph 58,76 4.58 4,52 59.21 4.64 4.60 A
m-CHB—Ph 58.62 4,54 4,58 59.21 L4.64 4.60 A
p-Cl-Ph 51.68 3.32 4,28 51,79 3.42 4,31 A
p-Br-Ph 45,23 2.84 3,67 45.55 3,00 3.79 A
p—Pﬁ-Ph 65.35 4.26 3.75 65.57 L4.40 3.82 A
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%q, |- 3. Main infrared absorption maxima of molybdenum(VI)

complexes of the MoOZ(X—Sal.R)2 type

X R Y(C=N) Y(Mo=0)
H CH3 1635 925, 900
C2H5 £637 927, 903
n-C,H., 1633 922, 900
n—C4H9 1630 926, 905
CH2Ph 1620 931, 908
Ph 1617 920, 905
p-CH,~Ph 1616 918, 902
p-Cl-Ph 1612 917, 897
p-Br-Ph 1613 919, 900
3—OCH3 CHzPh 1625 922, 898
m—CH3—Ph 1613 915, 903
p-Cl-Ph 1615 922, 905
p-Br-Ph 1614 920, 900
p-Ph-Ph 1613 920, 904
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OH

C =N

7N,

H

N-(2-hydroxy-ethyl)salicylideneimine

(Y=-CH

N-(2-hydroxy-propyl)salicylideneimine

2

CH,-

, X=OH)

(Y=-CH2CH(CH3)- , X=0H)

(Y:—CHZC(CH

N-(2-hydroxy-phenyl)salicylideneimine

3)2’ ’ X=0H)

(Y=-o-CéHu- , X= OH)

N-(2-carboxy-phenyl)salicylideneimine

(Y=-o-C6H4- , X=COOH)

N-(2-mercapto-ethyl)salicylideneimine
(Y=-CHéCH -

N-(2-mercapto-phenyl)salicylideneimine

2

, X=SH)

(Y=-o-C6Hu— , X=SH)

N-[2-(dialkylamino)ethyllsalicylideneimine

(Y=-CH

2

CH2-

N-(2-hydroxy-2-methyl-propyl)salicylideneimine

’ X=NR2 b R=CH3, CZHS)

(7.

| ~3)

-6 ~

Abbreviation

H-SalH.Y-X

H-SalH.Et-OH

H-SalH, i-Pr-OH

H-SalH.t-Bu-0H

H-SalH.Ph-OH

H=SalH,Ph-COOH

H-SalH.Et-SH

H-SalH.ph-SH

H-SalH.Et—NR2
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%4, 2-|. Analytical data of molybdenum(VI) complexes of
the MoOZ(H—Sal.Y-O).L type

found,% calcd.,%

'l L c BN c H N
Et MeOH 36.85 3.99 4,32 37.16 4.05 4.34
Et 13 45.50 3.85 7.64 4s.42 3.81 7.57
Et DMF 39.35 4.36 7.68 39.57 4.43 7.69

i-Pr MeOH 39.23 4.39 4.10 39.18 4.48 4,15
i-Pr vy 46.92 4,18 7.36 ‘46.88 4,20 7.29
t-Bu MeOH 40.89 4,87 3,98 41,03 4.88 3.99
t-Bu Py 48,22 L4.Ah2 7.01 48,25 4,55 7.04
Ph MeOH 45.04 3,52 3.74 45,30 3.53 3.77

Ph DMF 46.59 3.73 6.68 46.61 3.91 6.80
Ph Ph 4P 61.74 4,01 2.30 61.90 4.02 2.33

2727

* . - ) 3 - . - - - . - -
Et; -CH.CH i-Pr; CHZCH(CHB) , t-Bu; CH2C(CH3)2 ,
Ph; -0-C/H, -. :
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%z, 2 - 2. Analytical data of molybdenum(VI) complexes
of the MoOz(H-Sal.Y-X) type

found, % calcd., %
X ¢ H N c H N
Et O 37.11 3.10 4.79 37.13 3.12 4,81
Et S 35.15 2.96 4.33 35.19 2.95 4.56
Ph O 46.24 2,64 4,12 46,03 2.67 4,13
Ph S 43,81 2.37 3.85 43.95 2.55 3.9%
* Et; -CH,CH,-, Ph; -0-CgH,-.
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LAt K Hetir &, 7477 5. Hez~ 7 F
WVITHLEPL-S2h A4 KBS v@ERL. X s
e ROLIR TR T, Fadt T Gouy 3R 1§ 4B
MUY L LT CoHg(SCN), t 5 A TBAL E R 0%
L 1=, REENE o 35E 13 Prscal o AHE A R,
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%/, 2- 3. Main infrared absorption maxima of molybdenum(VI)

complexes

(I) Complex of the MoOz(H-Sal_.Y—OH)Z type

y(0-H) V(C=N)  {(Mo=0)

MoOz(H-—Sal.Et-—OH)2 3455 1650 910, 880

(II) Complexes of the Mooz(H-Sal.Y—X).L type

Y X L V(0-H) V(C=0) V(C=N) V(Mo=0)
Et o] MeOH 3200 - 1648 928, 895
Py - - 1652 917, 900
DMF - 1655 1650 920, 900
i-Pr o} MeOH 3150 - 1640 926, 898
pPY - - 1655 920, 905
t-Bu o} MeOH 3200 - 1630 927, 903
pY - - 1644 925, 896
Ph o MeOH 3300 - 1623 935, 912
PY - - ‘1618 920, 898
DMF - 1657 1620 930, 908
PPh, - - 1615 928, 905
Ph COO MeOH - 3150 1645 1610 940, 907

-85~



(%. 2-3. &%)

(III) Complexes of the M002 (H-Sal.Y-X) type

Y X y(C=N) Y(Mo=0) y{Mo-0-Mo)
Et © 1640 937, 910 838
Et S 1645 926, 910 780
Ph O 1610 938 817
Ph S 1645 930 785

(IV) Complexes of the MoOz(OH) (H—Sal.Et-—NRz) type

R V(0~H) V(C=N) V(Mo=0)
CH, 3350 1640 920, {883
873
C,Hg 3400 1643 910, {878
870
Yy e
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2.2 4.

molybdenum(VI) complexes

Main electronic absorption maxima of -

(I) A complex of the MoOZ(H—Sal.Y-OH)2 type

Y v(log €)@
EtP 29.0 sh 31.8  37.0 sh 39.4  46.0
(3.45) (3.80) (4.05) (4.38) (4.67)
c 25.3 sh 28.1 sh 31.3 36.4 sh 40.6  45.5
(3.20)  (3.40)  (3.75) (4.15) -~ (4.35) (4.44)
(I1) Complexes of the MoOz(H-Sal—Y—O).L type
Y L v(log €)2
Et MeOH® 29.2(3.44) 38,6(4.10) 4o, 4(4,50)
Et pyd 28.8(3.47) -
Et’ DMF® 29.1(3.42) -
i-Pr  MeOH® 29.3(3.45) 38.8(4.12) By, 5(4.43)
t-Bu MeOH® 29.0(3.41) 38.8(%4.09) bl 4 (4 41)
Ph MeOH® 24,0(3.72) 28,7 sh(3.88)  32.6(4.26)
42,0 sh(4.28) 45,3(4.44)
Ph pyd 23.5(3.73) 28.5 sh(3.90)  32.2(4.26)
Ph DMF® 24,0(3.75) 28.5 sh(3.89)  33.0(4.27)

~ 93—
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(III) Complexes of the MoOZ(H-Sal.Y-X) type

Y X )

Et 08 24,0 28,2

Ph 08 19.0 24,7

Et s& 19.2 22.0 24,3
Ph sé 18,7 22,5 27.0

(IV) Complexes of the MoOz(OH)(H-Sal.Et-NRZ)_type

2o

b,

R v(log €)?

EtP 31.5(3.62)  39.3(4.09)

46.3(4.46)

Vi

in

in
in
in

in

10%cm™1
acetonitrile
methanol
pyridine
dimethylformamide

solid
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j&, 3 —/ Analytical data of dioxomolybdenum(VI) complexes

with bis(ring-substituted-salicylaldehyde)polymethylenediiminates

found, % calcd., %
compound c H N c H N
M002(Salen) 48.34 3.67 7.02 48.74 3.58 7.11
Mo0,,(Saltn) 49.84 3.89 6.71  50.01 3.95 6.86
Mo0,(Saltetn) 51,33 4.38 6.59 51.19 4,30 6.64
Mooz(3—CH30-Sa1en) 47.45 "3.91 6.20 47.59 3.99 6.17
MoO,, ( 3-CH ;0-Saltn) 48.52 4.28 5.96 48,73 4,30 5.98
MoOZ(B—CHBO-Saltetn) 49.64 4,49 5,77 49,80 4.60 5.81
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%Z, 3 -2 IR Spectra in Nujol and UV Spectra in Solution

of Dioxomolybdenum(VI) Complexes with the Schiff Bases

Meltinga IR(cm—l)b UV(kK)c

Compound point V(C=N)  V(Mo=0) (log€)

TMOOZﬂSalen) 253-254 1640 920, 885 24.2 (3.46)

24.2 (3.46)¢

Moo, (Saltn) 249-250 1633 910, 870 24.3 (3.44)
Moo, (Saltetn) 264-265 1625 907, 885 24.8 (3.38)
MoO,, (3-CH,0-Salen) 267-268 1640 903, 875 23.2 (3.2)°
MoO, (3-CH,0-Saltn) 282-284 1630 914, 882 23.3 (3.2)°F
MoO, (3-CHj0-Saltetn)  295-296 1627 _ 918, 890 23.6 (3.1)°
Moo, (hapen) 1605 910, 885 25.0 (3.46)

(a) See also the Experimental section of the text.
(b) The assignments are based on the previous papers: P. Teyssie.

and J.J. Charette, Spectrochim. Acta, 19, 1407 (1963); J.E.
Kovacic, ibid., 23A, 183 (1967).

(c) Only tﬁe maxima in the lowest frequency are listed.

The solvent used is N,N-dimethylformamide, unless otherwise stated.
(d) in dichloromethane

(e) not well defined
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%@. 3~-3 Chemical Shifts in Proton Magnetic Resonance
Spectra of Metal Complexes with bis(ring-substituted-salicyl-

aldehyde)polymethylenediiminates?

Compound N=CH Ph N-—CH2 OCH3
SalenH2 8.62 . 6.?5“?05? 30-95
Co(Salen)(NH3)2+ b g.13 6.33-7.40 3.86
Co(acac)(Salen) © 8.01, 7.80 6.39-7.34 (3.73, (3.94

{3.64. 4. 06
MoO,,(Salen) 8,91, 8.74 6.62-7.73 4.35, 4.239
SaltnH, 8,56 6.73-7.52 3,71°
Mo, (Saltn) 8.75, 8.7 6.40-7.65 3.65 4.43f
3-CH30—SalenHé 8.55 6.63-7.13 3,93 3.76
MoO,(3-CH 0-Salen) 8.93, 8,76 6.50-7.33 4.30, 4,209 3.84, 3.66
3-CH,0-SaltnH, 8..53 6.63-7,12 3.68° 3.80
MoO, (3-CH,0-Saltn) 8.77, 8,50 6.4-7.5%5 g 3.82, 3.50

(a) § values in p.p.m. recorded in (003)280 relative to TMS($ 0)

at 60MHz,

(v) Prepared by the method of previous paper: S. Yamada,

H. Nishikawa and E. Yoshida, Proc..Japan Acad., 40, 211 (1964),

(c) R.J.Cozens and K.S..Murray, Austral. J. Chem., 25, 911 (1971).
(d) Broad

(e) Triplet

(f) VUnresolved multiplet

(g) Obscured, because of the low solubility,
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Abbreviation

N-aryl-salicylideneiminate H-Sal.R .
( R: aryl group )

Bis(salicylaldehyde)ethylenediiminate H-Salen

Bis(salicylaldehyde)-o-vhenylenediiminate H-Salphen

O— —
X
- N H-Sal.Ph-X
C = ( X: O, NH )
|
H

N-(2-X-phenyl)-salicylideneiminate
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;E. | -|. Analytical data of tungusten(VI) complexes

of the W0C13(H—Sal.R) type

found, % calcd., %
R c H N c H N
Ph 30.71 1.95 2.59 31,07 2.01 2.79
o-CH3-Ph 32,24 2.28 2.73 32.55 2.34 2,71
m—CH3-Ph 32,25 2,22 2.60 32,55 2.34 2.71

p-Ph = Ph 32.74 2.30 2.55 @ 32,55 2.34 2.71

p-Cl-Ph 29.37 1.66 2.41 29.08 1.69 2.6l

2&1 | -2 . Main infrared absorption maxima of tungsten (VI)

complexes of the WOC13(H—Sa1.R) type

R Y(C=N) V(W=0)
Ph 1615 972
0-CH;-Ph 1615 975
m-CH,-Ph 1610 970
p-CH,-Ph 1615 972
p-C1-Ph 1615 972
Y e cm”t
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. |- 3. Main electronic absorption maxima of tungsten(VI)

A+

complexes in solution?

(I) complexes of the WOClB(L) type

L '  v(1loge)?
H-Sal-Ph 21,2 29.4 35.6 42.9
(3.74) (3.85) (4.11) (4.27)
H-Sal-0-CH,-Ph 20.8 28.9 35. 3 42.8
: (3.77) (3.88). (4.13) (4.30)
H-Sal-m-CH,-Ph 21,1 29.0 35.0 42.7
(3.81) (3.93) (4.18) (4.34)
H-Sal-p-CH,-Ph 21,2 29.0  35.4 42,9
(3.77) (3.88) (4.10). (4.30);
c 21,2 29.4 35.0 45,0
(3.73) (3.85) (4,10) (4.42)
d 21.3 29.1 3545 -
(3.78) (3.92) (4.15)
H-Sal-p-C1l-Ph 21.1 29.6 sh 35.8 42.5
' (3.81)  (3.91) (4.19)  (4.34)
d 21.3 30.2 sh+35.6 -
(3.73) (3.90) (4.15)
%(H-Salen) 20.5 28.6 3.8 43.0
(3.78) (3.82) (4.08) (4.32)
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(7. 1-3 %&?)

(II) complexes of the WOClZ(H-Sal.Ph-X) type

) & ' v(loge)
0 17.3 23 sh 27.7 sh 30.6 38.6 sh 43.3
(2.75) (4.04) (4.26) (3.93) (4.04)
NH®  17.2 25.3 sh 30.2
, (2.85) (3.85) (4.31)

(III) complexes of the WOZ(HfSal.Ph—O).L type

L v(loge) |
DMF® 24,6 27.4 31 sh 35,7
(3.93) (3.77) (3.75) (4.17)
pyf 24,3 27 .4 31 sh 32.8
(3.9%4) (3.76) (3.78) (3.99)

(a) Unless otherwise indicated, the values in the table
refer to those of the dichloromethane solution.

(b) v 10%cm™?

(e¢) in acetonitrile

(d) in benzene

(e) 1in dimethylformamide
(f) in pyridine
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