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Abstract

Compounds [M(H,CAz,)(CO),] (M = Cr, Mo, or W), were obtained readily and similarly by refluxing the equivalent amounts of
N.N’-di(azol-1-ymethanes, H,CAz, (Az = pyrazol-1-yl (Pz), 3,5-dimethylpyrazol-1-yl (Pz’) or 3.,4,5-trimethylpyrazol-1-yl (Pz")
with [M(CO)4] (M = Cr, Mo, or W) in a mixed solvent system of 1,2-dimethoxyethane and tetrahydrofuran. Under phase transfer
catalysis conditions this gives rise to the new nitrogen-bidentate ligand, H,CPz3, by reaction of HPz” with methylene chloride. IR
absorption bands in the carbonyl region indicate that no regular trends can be found for different substituents on the pyrazolyl ring.
This irregularity is attributed to flexibility of the boat conformation formed from the metal centre and the ligand, which is
supported by comparative structure details of [Mo(H,CPz;)(CO),), reported previously, [W(H,CPz5)(CO),} (6) and
[W(H ,CPz))(CO),} (7): 6, triclinic, P1, a = 8.403(3), b = 9.589(3), ¢ = 13.310(3) A, a = 94.476(22), B = 102.837(21), y = 110.355
25y, Z =2, R =0.024, R, = 0.023, based on 3070 with I > 2¢ (). 7, monoclinic, P2, /c, a = 9.178(3), b = 15.885(9), ¢ = 12.394(10)
/o\, B =108.6409F, Z =4, R=0.030, R,, = 0.030, based on 2625 reflections with > 2.5¢(I).

1. Introduction

The syntheses and applications of neutral poly(azol-
1-yDalkanes, R ,,C(Az),_, (R = H, alkyl, or aryl; HAz =
di-, tri- or tetra-azole; n =2, 3, or 4), as multidentate
ligands with either main-group or transition-metal
atoms have been extensively studied [1-4]. Especially
recently, ligands with Az = pyrazol-1-yl (Pz) or 3,5-di-
methylpyrazol-1-yl (Pz’) have been the most vigorously
developed. From the literature, it appears obvious, as
one would expect, that ligands with more methyl-group
substituents should have greater electron-donating
ability, a feature previously reported for 1,10-
phenanthroline (phen) (or 2,2'-bipyridine (bpy)) and
the relevant substituted derivatives [5]. However, we

Correspondence to: Dr. K.-B. Shiu.
* Part of synthetic result is taken from K.-S. Liou, M. Sc. Thesis,
National Cheng Kung University, Tainan, 1988.

0022-328X /93 /$6.00

wish to present IR evidence that no regular trends are
in fact observable for [Cr(H,CAz,)(CO),], [Mo(H,-
CAz,)i(CO),], or [W(H,CAz,)(CO),]. This unex-
pected irregularity can be rationalized by comparing
the structural details of [Mo(H,CPz4)(CO),], reported
in 1989 [6], W(H,CPz,)(CO),] and [W(H,CPz%)
(CO),], where Pz” is 3,4,5-trimethylpyrazol-1-yl (Fig.
1.

2. Experimental section

All operations were performed by the usual Schlenk
techniques [7], using deoxygenated, dry solvents and
gases. IR spectra, calibrated with polystyrene, were
recorded on a Hitachi Model 260-30 instrument. Ab-
breviations are as follows: vs, very strong; s, strong; m,
medium and sh, shoulder. NMR spectra were obtained
on a Bruker WP-100 (*H, 100 MHz) FT-NMR spec-
trometer. Chemical shifts (8 in ppm, J in herz) are
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Fig. 1. Structure and numbering scheme for HLCAZ- ligands: ()
3C-R = 4-C-R = 35-C-R=H; HCAz, = H,CPz,. i) 3C-R =35-C-
R=Mc. 4-C-R=H: H.CAz, = H.CPz (i 3CR = 3.0-R = 50
R=Mct H.CAz. = H.CP/Y.

defined as positive downfield or negative upfield rela-
tive to internal SiMe, (TMS) standard: abbreviations
are s. singlet; d. doublet; br. unresolved multiplet or
two overlapped singlets. Elemental analysis was per-
formed by the Microanalytical Scrvice of the Depart-
ment of Chemistry, National Cheng Kung University.
Melting points were determined with 2 Mel-Temp ap-
paratus (Laboratory Devices) and are not corrected.
345 Trimcthylpyrazole (HPz") was prepared {rom

3-methylpentane-2.4-dione [8] by follm\im Vogel's
procedure [9]. HPz”, a white solid with a typical vield
of 78%. mp. 139-140°C. Anal. Found: (, 65.53; H.

9180 N 2508, C o H NL cales Co 6543 H. 943 N,
25.42¢%. "H NMR (“?“( CDCH. 100 MHz): 3- and
S-methyl groups, 6 2.18 (6H, s); 4 methyl /’mup 1.89
(3H, s) N-H. 1111 (1H, ). The ligand H.CPz% was

then prepared with the same procedure as for H C Pz’
[3: H,CPz%7, a white floppy solid, yiceld M . mp.

14(»7]47“(. Anal. Found: C. 66.98; H. 8.60: N. 24.13.
C H L N, cale: C67.20; H, 8.68: N, 24,127 ’H NMR

(23°C, CDCl5, 100 MHz): 3- and S-mecthyl groups. &
2,12 (6H, s), 2.32 (6H. ) 4-methyl group. 1.64 (6H. sk
CH.. 6.04 (2H. br).

2.1 Preparation of [Cr(H,CPz ,)(CO),f (1)

A mixture of H,CPz, (0.74 g, 5.00 mmol), preparcd
from HPz (Aldrmh) by [hc !ltertUI( procedure [3], and
[Cr(CO),] (110 ¢, 5.00 mmol) in 40 ml of §.2-di-
mcthoxycthanc (DME) and 10 ml of tetrahydrofuran
(THF) was retluxed for 24 h. The solvents were then
removed under vacuum. Recrystallization from ace-
tonc /MeOH gave the vellow product (136 g, 87%).
Anal. Found: €, 42.30; H. 2.65: N. 1795, C |, H CrN,O,
cale: €. 42.32: H, 258 N. 17.05%. "H NMR (23°C.
acetone-d,, 100 MHz): hydrogen atoms on the ring
and -3 positions. & 8.14 (2H. d. J(H.ED = 2.4), 8.00

NN “ditized-]

vlimethaes

(OH, d. “HH D = 1.9 hvdrogen atoms on the rmL 4
position, 6,48 (ZH. 1 CH . 6.64 (QHL br), IR (CH LY,
ACOL 2000m. 1800w, J872sh. 18324 and IR I\BH
OO 200750 1897eh 18T dvs, I802s em

22 Preparation of [MotH .CPz . HCO), [ (2}

This milky vellow compound was obtained in 85%
vield by an analogous procedure {ea. 3 h). Anal. Found:
¢, 3680 H., 225 ,\‘., fses O H MoN,O, cale: (€
37000 ML 2260 ,\. 15745 0 TH NMR (23°C. CDCL,. 100
MHZ): hvdrogen atoms on the ring-3 uand -5 positions.

S 8I7TOH G HELHY - 200 Tus (OHL J O LHD
P9 hydrogen atoms on the ring-+4 position, 6.48 (2H,
o CHLo 674 (C2HD bry IR AMeONY o(CO). 2014m,

PROOVS, I873sh, I8378 and IR (RBre 0O 201 1s
POIAsh, INT2va, 1805, cm

2.3 Preparation of {WH .CPz 00CO), ] (3)
Fhis vellow compound was obtained in 78% vicld by
an analogous procedure {cw. 24 1) Anal. Found: (
2970 M LRRs N f2ed O HONLOW cales CL29.75;
H, F820NCT262% H NMR Q3C, CDCL, 100 MHz):
hvdrogen atoms on the ring-3 and -3 positions, § 8.22
(2H, d. LD = 230 809 (QH. d SHHD = 2000
hyvdrogen dtuvnx on the ring-4 pos‘ilmn 6.53 (2H, 0
CH L6086 (C2H. bry IR (MeCOND): +(CO 2004m. 1879w,
1827 (md IR (KBry +#(COY 2004s. %\‘ 7sh,

{792 ¢m

1862vs,

24 Preparation of JCr(HL,CP=70(CO, [ (4)
This compound was obtained in 78%
zmuiogou.\ procedure (ea, 24 !'x) fronr a mixture of (0.27
g, 200 mmol) and [CrCO), T3 g0 2.00 mmob) in 40
mi of DME and 10 mi of HH", Recryvstathization from
CH.CL MeOH gave the pale orange-vellow product
(0.64 ¢, 81% 3. Anal. Found: ¢, 31.36; HL 5120 N 14,25,
CHACrNLO, cades COAEST B S09) N T4 149 TH
NMR (23°C, CDCT . 100 MHz): 2- and S"«mc(hv! Lroups,

vield by an

& 227 AL6H, s 245 (oML sy domethyl group, 1.88 (6H.
shOCHL 612 ©2HL br), TR ACHLCLy #(CO). 2004m,
I8&dvs, I86Ysh. 1827y and IR (KBrk «(CO). 2003s,
188dsh, 186Tve, 1R17 om

2.5 Preparation of [MotH .CPzIHCO), ] (5)

This pale yellow mmpound was nhhunui m 83%
vield by an analogous procedure t(ea. 2.5 h). Anal,

Found: €, 40210 H 45850 N0 L2700 C5HL,MoN,O,
caler C0 36370 H, 458 :\. 12737 "H NMR (23°C.
CDCEH,, 100 MH2): 3 and 8 .ncth_\i groups, & 230 (6H.
sho2 ") (6HL sh d-mot h\% group, 1.89 (hH\ sk CH L. 032
{1H. s 0606 xJH» sl IRHCH L (COY 2014m,
1895w, i\’"‘%h iN32s and IR ¢ leh ACON, 201 s,
FO00sh, 187, 18195 ¢m !
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2.6. Preparation of [W(H,CPz5)(CO),] (6)

This vellow comnound was obtained in 83% \npld h

his yellow compound was obtained in 83% yiel
an analogous procedure (ca. 24 h). Anal. Found: C,
38.44; H, 3.81; N, 10.48. C,,H,,N,O,W calc.: C, 38.65;
H, 3.82; N, 10.61%. '"H NMR (23°C, CDCl,, 100 MHz):
3- and 5-methyl groups, 6 2.31 (6H, s), 2.40 (6H, s);
4-methyl group, 1.90 (6H, s); CH,, 6.31 (1H, s), 6.06
(1H, s). IR (CH,Cl,): »(CO), 2003m, 1877vs, 1867sh,
1822s and IR (KBr): »(CQO), 1995s, 1874sh, 1857vs,
1810s cm ™.

7

[

2.7. X-Ray diffraction study of [W(H,CPz3)(CO),] (6)
and [W(H,CPz,)(CO),] (7)

Crystals of 6 and 7 were grown from CH,Cl,/
hexane at room temperature. General procedures and
listings of programs were given previously [6]. Absorp-
tion correction was performed on both structures using
¢ scans. Related crystal data (Table 1), final coordi-
nates of the non-hydrogen atoms (Table 2), and se-
lected bond lengths and bond angles (Table 3) are
reported. The anisotropic displacement coefficients of

TABLE 1. Crystal data for 6 and 7

the atoms, the H-atom coordinates and structural fac-

tnrg are Q\/Q }‘I'P fram the anthare Thae MNRTED nlate
OIS aic ‘ AUIC 11IVI WUV duliuls. 10C URITED paiuls

for 6 an with the relevant numbering scheme are
drawn in Fig qu and 3, respectively.

3. Results and discussion

We have prepared [M(H,CPz,)(CO),] and [M(H ,-
CPz5)(CO),] (M = Cr, Mo, or W) under similar reac-
tion conditions to those used for [M(H,CPz3)(CO),]
[10]. These compounds are well characterized as cis-
[M(7*-(H,CAz,))(CO),] by elemental analysis, IR and
NMR spectral results. Since the IR data of [M-
(H,CPz,)(CO),] are quite similar to those reported
previously by Lobia and Bonati [4], it is thus clear that
our reaction condition can apply in the synthesis of the
metal carbonyl derivatives of all three types of H,Az,,
whether the substituents on the pyrazolyl ring are
hydrogen atoms or methyl groups (the condition Lobia
and Bonati used [4] applied only for H,CAz,=
H,CPz,.)

Compound 6 7
Empirical formula CyH, N, OW CsH(N,OW
Colour yellow yellow

Crystal size (mm)
Space group

Unit cell dimensions
a, b, c, A

a, B, v, deg
Volume, A?

VA

Formula weight
Dculc’ g/cm3
h, k,l ranges
Abs cor

Abs coeff, mm
Transm range
F(000)
Diffractometer used
Radiation; A, A
Temperature (K)

Scan type

26 range, deg

Scan speed, deg /min

Std rflns

Decay; %

No. of unique rflns

No. of rflns (N,) used

No. of atoms refined

No. of params (N,) refined
Max 4 /o ratio

R;R,S?

Resid peak; hole e/;\3

-1

0.30 X 0.36 X 0.42

8.403(3). 9.589(3), 13.310(3)
94.476(22), 102.837(21), 110.355(25)

966.0(5) 1711.8(17)
2 4
528.21 500.16
1.816 1.941
-9t09,0to 11, —15t0 15 ~10t0 10,010 18,0to 14
W scan
6.13 1.94
0.4799-0.9995 0.5436-0.9984
511.83 951.66
Nonius CAD4
Mo Ka: 0.70930
297
0/26
2-50
1.43-10 1.66-10
3 std /7200 sec
<1 <1
3403 2992
3070 with I > 2.00(/) 2625 with I > 2.50(1)
46 40
236 218
0.347 0.012
0.024, 0.023, 2.77 0.030, 0.030, 4.54
0.96, —0.96 0.94, —1.60 ©

0.40 x 0.30 X 8.30
triclinic, P1 monoclinic, P2, /c

9.178(3), 15.885(9), 12.394(10)
90, 108.68(4), 90

=[E 1 F, = F.12/(N, = N2, w=! = ¢%(F,), ® ghost peaks.
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TABLE 2. Fractional atomic coordinates and B

K.-B. Shi et al.

is0

*Hor 6 and 7

X v B
(a) Compound 6
W 0.99397(3) 0.712160(24) 0.271338(16)  2.922(11)
Cl (.8986(7) (.7500(6) 0.3913(H) 3.5(3)
C2 1.0809(8) 0.5843(6) 0.3347(4) 4.2(3)
C3 0.7774R) 0.5386(7) 0.2179(4) 4.5(3)
4 1.0909(9) 0.6439(6) (J.1396(4) 4.4(4)
5 1.4110(7) (),9530(7) 0.3420(4) 3.8(3)
Co 1.5108(7) 1072(7) 0.3612(4) 3.93)
C7 1.3932(7) l 1775(6) (.3533(4) 3.6(3)
C8 1.0613(7) 1.0788(5) ()ﬂl‘)(i) 3.0(3)
c9 0.8000(7) 0.8408(6) LY747(4) 3.4(3)
Clo 0.793%7) 0.9763(6) ).()4(\.1(4) 3.33)
C11 (.8932(7) 1.0848(6) (.1307(4) 3.4(3)
C12 1.4788(8) (.8293(8) 0.3427(5) S
Cl13  1.7067(8) 1.1797(8) (1.3882(5) 6.2(4)
Cl4  1.421K8) 1341 (3.3664(5) S.3(4)
C15  0.7122(9 0.6866(7) 0.0104(4) 5.8(4)
Cl6  0.69849) 0.9947(7) -(L0575(4) S.06H
C17 0933010 1.2490(7) 0145005 5.9(5)
NJ 1.2399(6) 0.9256(5) ().3225(3) 3.22(23)
N2 1.2309(6) LO679(S) 0.3299(3) 30421
N3 0.9557(5) L.O1T72(4) 0.2058(3) 2.88(21)
N4 0.8985(6) 0.5647(5) 0.1728(3) 300021
01 0.8406(0) 0.7585(5) 0.4609%3) 5.7(3)
02 1.12858(6) 0.5016(3) G.4017(3) 0.3(3})
03 0.6501(6) 0.4274(5) (1.1892(4) 6.3(3)
04 1.14947) 0.3957(5) 0.1010(3) 6.6(3)
(b) Compound 7
W 0.96959(4) 0.098930(17) (.284295(24)  2.452(11)
N1 0.7589%(7) 0.0450(3) 0.3142(4) 2.5(3)
N2 0.8590(7) 00277(3) 0.1196(4) 2.7(3)
N3 0.7139(7) —0.0369(3) (0.2865(3) 2.503)
N4 0.7822(7) -(.0462(3) 0.1186(4) 2.8(3)
C 0.7915(9) —0.0863(4) 0.2241(6) RS
Cl1 1.1461(10) 0.1482(4) 0.2547(6) 3.9(4)
01 1.2548(7) 0.1830(4) 0.2455(3) S5A5(3)
C2 1.1148(9) 0.0027(4) (1.3495(6) 3.003)
o2 L2110(7) -0.0451(3) 0.3865(3) 4.9(3)
C3 0.8656(10) 0.2103(4) 0.2238(6) RAV(E )]
O3 0.8279(8) 0.2762(3) 0.1930(3) 6.6(4)
C4 1.0469(10) 0.1505(4) 0.4363(6) 4.0¢5)
04 1.0937(7) 0.1792(3) .5245(4) 5.8(4)
Cil  0.6617(9) 0.1628(4) 0.3988(6) 3.6(4)
Ci2  0.6561(9) 0.0773(4) 0.3587(5) 2U3)
Ci3  0.5471(9) 001344 1.3601(6) 334
Ci4  0.5874(9) -0.0563(4) 0.3142(6) 3.0(3)
CI5  0.5155(10)  —0.14225) 0.2955(7) 4.8(5)
C21 0.8939(11) 0.1254(5) - (.0264(6) 4.6(3)
C22  0.82799) 0.0489(5) 0.0093(6) 334
€23 0.7321(10) - 0.011(3) - (.0605(6) 4.1
C24  0.7027(10) - 0.0694(5) 0.0100(7) 1.24)
C25  0.6045(13)  —0.1463(6) —(.0185(7) 6.3(6)

* By, is the mean of the principal axes of the thermal ellipsoid.

In the literature,

stretching bands (i.e.,

numerous cis-disubstituted te-
tracarbonyl complexes of the group VI metal atoms,
[M(L-L)(CO),]. are known [!1]. The four carbonyl
four IR-active vibrations), which

S NN ditazol-1-vlhmethanes

arc usually displayved in these compounds have been
assigned by Cotton and Kraihanzel on the basis of a
simple group theory analbvsis [12]: two vibrations associ-
ated with the rrans-carbonyl groups (assigned as A
CO'" and B, CO™") occur at 186V and 1825 em ' and
two other vibrations associated with the cis-carbonyl
ligands (assigned as A, CO™ and B, CO“) occur at
the higher wavenumbers of 2009 and 1897 ¢cm ' in
CH.CI, for L-I. = bpy. By comparing e¢ither only one
or all » (( O) values of [IM(L-LYCO), T or [cis-M(L-
L)(COY.1[13], one can deduce the relative w-acceptor
ability of chelating ligands. L-1., giving an order such as
bpy < phen <t dmpe < dppm < dppe - PF, (two PI,
ligands take the place of one chelate), where dmpe is
1.2-bis(dimethylphosphinelethane; dppm is bis(diphen-
ylphosphino}mcthane and dppe is 1.2-bis(diphenyl-
phosphino)ethane. Since the ligands we used are also
symmetrical like dppm or bpy. we firsl list the +(CO)
values for [M(H,CAz,)(CO),] (M =Cr. Mo. or W:
Az =Pz, Pz, or P,y (Table 4) dnd then compare one
or all »(CO) bands in the hope that cftects of different
substituents would he retlected in the values, a feature
previously reported for phen (or bpy) and the relevant
substituted derivatives [31 In fact. as observed from
these valucs, no regular trend for {Cr(H,CAz ) (CO), ],
[Mo(H ,CAz, }(CO), 1, or [W(H,CAz,)(CO),]. can be
inferred taking account of experimental error, although
one can conclude that the #(CO) values of [Mo(H -
CAz,)(CO), ] are similar to those of [Mo(bpy)(CO), ]
and the m-acceptor ability of H.CAz, 1s similar to that
of bpy (previously, Oro er al. suggested the similarity in
m-acid ability between H.CPz. and bpy on the basis of
comparing the ©(CO) values of [RWL-LYCO),]CIO,
[14D. Quite obviously. when the substituents on the
pyrazolyl rings ar¢ changed. the donor ability of the
ligand is different from what would be expected. Since
donor ability can be inferred from related structures,
we decided o characterize at lcast two compounds
with different substituents by X-ray crystallography and
compare related structural features.

From Figs. 2 and 3 and Table 2. one can observe
clearly that structurcs‘ ot both [W(H ,CPz7)(CO),] (6)
and [W(H ,CPz)(COY,] (7} are very similar 1o that of
[Mo(H, CPz’ )(( 0),] (8) [6]. in having a six-membered
boat mt,[d”d() cle, formed from H,CAz, and the metal
atom, and two distorted cis-carbonyls. However. if four
different planes are defined and calculated for 6-8,
including two pyrazolyl-ring plancs and two other ones
(for example. W, N(1), N(4} in one plane and C(8).
N(23. N(3) in the other in 6 (Fig. 2)). different struc-
tural features resulting from the methyl-group substitu-
tion can be rccognized cvidently., These two planes
form an angle of 82.9° in 6. 85.0° in 7, and 86.1° in §
while the two pyrazolvl-ring planes form an angle of
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TABLE 3. Selected bond lengths (A) and angles (°) for 6 and 7

() T hmin
{a) Compound 6

(i) Bond lengths

W-C(1) 2.000(6)
w-C(2) 1.935(5)
w-C(3) 1.929(7)
wW-C4) 2.015(6)
W-N(1) 2.267(4)
W-N(4) 2.270(4)
C(1)-0(1) 1.14%7)
C(2)-0(2) 1.170(7)
C(3)-0(3) 1.178(8)
C(4)-0(4) 1.157(7)
C(5)-C(6) 1.393(9)
C(5)-C(12) 1.484(8)
C(5)-N(1) 1.328(7)
C(6)-C(7N) 1.368(8)
(ii) Bond angles
C(1)-W-C(2) 84.57(22)
C(1)-W-C(3) 86.57(24)
C(1)-W-C(4) 170.80(21)
C(H-W-N(1) 95.11(19)
C(1)-W-N4) 96.38(18)
C(2)-W-C(3) 86.78(25)
C()-W-C4) 86.83(22)
C(2)-W-N(1) 98.08(21)
C)-W-N@)  178.6121)
C(3)-W-C(4) 89.71(25)
C(3)-W-N(1) 174.99(19)
C(3)-W-N(4) 94.28(20)
C(4)-W-N(1) 89.3120)
C(4)-W-~N(4) 92.28(18)
N(1)-W-N(4) 80.85(15)
W-C(1)-0O(1) 173.9(5)
W-C(2)-0(2) 177.1(5)
W-C(3)-0(3)  175.%5)
W-C(4)-0(4) 173.9(5)

W(6)-C(5)-C(12) 126.6(5)
C(6)-C(5)-N(1) 111.6(5)
C(12)-C(5)-N(1) 121.8(5)
C(5)-C(6)-C(7)  106.1(5)
C(5)-C(6)-C(13) 126.5(6)
C(T)-C(6)-C(13) 127.4(6)

(b) Compound 7
(i) Bond lengths

W-N(1) 2.252(6)
W-N(2) 2.270(5)
WwW-C(1) 1.937(8)
WwW-C(2) 2.018(7)
wW-C(3) 2.036(7)
w-C(4) 1.966(7)
N(1)-N(@3) 1.375(7)
N(1)-C(12) 1.339(9)
N(2)-N(4) 1.367(8)
N(2)-C(22) 1.347(9)
N(@3)-C 1.441(9)
N(3)-C(14) 1.347(9)
N(4)-C 1.432(9)
(ii) Bond angles
N(1D)-W-N(2) 78.35(19)
N(D-W-C(1) 177.9(3)
N(1)-W-C(2) 97.91(24)
N(1)-W-C(3) 93.7(3)

C(6)-C(13)
C(H-C14)
C(7)-NQ)
C(8)-N(2)
C(8)-N(3)
C(9)-C(10)
C(9)-C(15)
C(9)-N(4)
Cao-c(1n
C(10)-C(16)
can-ca7n
C(11-N3)
N(1)-N(2)
N(3)-N(4)

C(6)-C(7)-C(14)
C(6)-C(7)-N(2)
C(14)-C(T)-N(2)
N(2)-C(8)-N(3)
C10)-C(9-C(15)
C(10)-C(9)-N(4)
C(15)-C(9)-N(4)
C9)-CU0)-CA 1)
C(9)-C10)-C(16)
C(11)-C(10)-C(16)
CU10)-CAD-C(17)
C10)-C(11)-N3)
C(17)-C(11)-N@3)
W-N(1)-C(5)
W-N(1)-N(Q2)
C(5)-N(1)-N(2)
C(7)-N(2)-C(8)
C(7N-NQ@)-N(1)
C(8)-N(2)-N(1)
CB)-N3)-C(11)
C(8)-N(3)-N(#)
C(11)-NG3)-N(4)
W-N(4)-C(9)
W-N(4)-N3)
C(9)-N(4)-N(3)

N(4)-C(24)
C()-0(1)
C(2)-0(2)
C(3)-0(3)
C(4)-04®)
C(1D)-C(12)
C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
CQ24)-C(25)

C-N(3)-C(14)
N(2)-N(4)-C
N(2)-N(4)-C(24)
C-N(4)-C(24)

1.491(8)
1.493(8)
1.351(7)
1.434(7)
1.441(6)
1.395(7)
1.492(8)
1.335(6)
1.356(8)
1.493(7)
1.479(8)
1.342(6)
1.390(6)
1.370(6)

131.0(5)
106.9(5)
122.1(5)
112.4(4)
127.9(5)
110.4(5)
121.7(5)
106.1(4)
125.9(5)
128.0(5)
129.7(5)
107.4(4)
122.9(5)
133.7(4)
121.7(3)
104.3(4)
130.1(4)
111.2(4)
118.7(4)
130.2(4)
118.5(4)
111.2(4)
132.5(3)
122.2(3)
104.9(4)

1.360(9)
1.178(10)
1.144(9)
1.131(9)
1.134(9)
1.442(9)
1.407(10)
1.375(10)
1.502(10)
1.486(11)
1.394(11)
1.359(11)
1.492(12)

128.8(6)
119.6(5)
110.7(5)
129.7(6)

01 Q1Y)

N(H-W-C(4) 93.8(3) N(3)-C-N(4) 110.7(5)
N(©2)-W-C(1) 101.1(3) W-C(1)-0(1) 173.7(6)
NQ)-W-C(2) 91.75(24)  W-C(2)-0(2) 171.7(6)
N(2)-W-C(3) 94.6(3) W-C(3)-0(3) 170.4(7)
NQ)-W-C(4) 171.7(3) W-C(4)-0(4) 178.7(7)
C(1)-W-C(2) 84.1(3) N(1)-C(12)-C(11) 123.5(6)
C(1)-W-C(@3) 84.3(3) N(1)-C(12)-C(13) 109.5(6)
C(1)-W-C(4) 86.9(3) C(11)-C(12)-C(13)  127.(7)
C(2)-W-C(3) 167.7(3) C(12)-C(13)-C(14)  106.7(6)
C(2)-W-C(4) 86.7(3) N(3)-C(14)-C(13) 106.5(6)
C(3)-W-C(4) 88.5(3) N(3)-C(14)-C(15) 122.7(6)
W-N(1)-N(3) 121.6(4) C(13)-C(14H)-C(15)  130.8(7)
W-N(D-C(12) 132.7(4) N(2)-C(22)-C(21) 122.2(7)
N(G)-N(D-C(12)  105.7(5) N(2)-C(22)-C(23) 110.2(6)
W-N(2)-N(4) 121.1(4) CQ21-CQ22)-C(23) 127.6(7)
W-N(2)-C(22) 132.5(5) C(22)-C(23)-C(24)  106.4(6)
N(4)-N(2)-C(22) 105.4(5) N(4)-C(24)-C(23) 107.3(7)
N(1)-N(@3)-C 119.3(5) N(4)-C(24)-C(25) 123.3(7)
N(1)-N(3)-C(14) 111.5(5) C(23)-C(24)-C(25) 129.4(7)

120.8° in 6, 68.2° in 7 and 68.1° in 8. Apparently, the
boat conformation does not change much whether the
central metal atom is tungsten or molybdenum. This
feature is to be expected from the similarity in the radii
of the two atoms because of the lanthanide contraction
[15]. However, when the hydrogen atom on the ring-4
position of Pz’ is replaced by a methyl group, the
conformation changed greatly as observed in various
angles for 6. We found that the net result from this
conformational modification is best exemplified by one
angle, formed by two cis-carbonyl groups and the cen-
tral metal atom, which is 170.80(21)° in 6, 167.7(3)° in
7, or 167.3(1)° in 8. As observed in Table 3, either boat
conformation resulting from different substituents has

=
c\:(/“

<""°’i) \ﬂ B

Fig. 2. orTEP drawing of [W{»n-(H,CPz5)}CO),] (6) with the num-
bering scheme. Thermal ellipsoids are drawn at the 50% probability
level.
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Fig. 3. owtre drawing of [W{p* Q1.CPy O)COLT T with the nuni-
bering scherme, Thormat cllipsoids are driswn ot the SU90 probability
fowel,

causcd some bond angles. especially those formed by
carbonyls in the molcecule, at the corresponding loca-
tions to differ significantly from cach other: fow cxam-
ple. CR)-WoC4) 8OTH2SY m 6 and Cra-w-Ctl)
84.3(3)‘ 7 (ef Figss 2 and 30 and influcnces {prob-

ably in a complicated way) the refevant carbonyl
stretching frequencies so that no simple prend n the
LACOY values can be found How can we expluin the
structural change obhserved as more substifuents are
added? Constructing o model shows clearts thar non-
honded repulsive interactions oxist hotween the sub-
situents especially at the ring-3 Gand ring-5) positions
of two pyrazoly! rings as well as ueractions hetween
the substituents ot the ring-3 {or ring-*) and at the
ring-4 positions of the same pyrazolvl ring, Henee,
when the replacement by methyl gmupx of the hydro-
gen atoms at the ring-4 positione of HLUP2, occurs,
repulsive interactions increasc. crealing a4 poores Cnvi-
ronment for the nophonded mteractions beoween Lwe

PABLE 4. Carbory stretching frcquunciu o INMCEHE . CA W OO, ]

1\’1 ;\ﬂ A . H A f

Cr Py 200 kUG ) N
Cr Pz 20H) 1887

Cr Pe” 200 851

Mo P Ok [NV

Na P RO ING3

Mo Py 2004 IRR ;
W Pz 2004 |8 ' N
W Pl RN N7 1860 [ESa
W [ I3 (R7T 1867 82

IR spectin of [Mao(H \(“'P SHCORT and {WIH rt‘rw;li('i_h I were

mewsured 11 MeC™, Those of all nifes compleses wore measered in
CHLOTL T se e

L Shiiall SNN

Sedrfesof-1ovi e tharies

he ring-3 {or ring-3) postiions of two
©oas indicited by the
i b ormed by lwo pyrasolvlring

plancs compured with those of 682701 7 und o517 in 8.

micthyl groups at ¢
different pyrazolvl rings in H.CD2

¢

larpe angle (1487

In conclusion, the exabilioe of the boat sixemem-
bered mcbdiaoole callows wdjustment of the chelaie
structure (o nunrnize the nonboruded sepulsive itesie-
tions, e structural racdiheation then abters the elee-
mon donating abiliy <o i ao regular vend ocars
Doyl stretching vatues o %,\li} CAy 000, is ob-
served: as omore seplacoment of hvdroges atoms by
mtzli‘t\‘if,glmnp stibstitaeni fukes olace on twe pyrarohyl

nyg. the cleciron
apd, HLOAs

- - e ke ,7 L. N N T aya]
siranest as wound fnve boon enpocicd.

donating abvline of the vesulting lig-

T 10 dees not borome necessarly
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