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Abstract 

The melt reaction between I-H-1,2,4-triazole (HTz) and NaBPh, affords Na(PhBTz,) while a similar process between HTz and 

KBH, gives K(HBTz,). The uninegative L anion (L = PhBTz, or HBTz,) reacts with [Mo(CO),] to give [MoL(CO),]-. Upon 

addition of electrophiles, [MoL(CO)?(I13-allyl)], [MoL(CO),(NO)], [MoL(CO),B r , and [MoL(CO),I] are obtained. Two structures ] 
have been chadacterized by X-ray crystallography: [NEt,][Mo(HBPz,)(CO),], orthorhombic, Pbca, a = 15.832(3), h = 15.799(4), 

c = 19.3886) A, 2 = 8, R = 0.043, R, = 0.031 based on 2591 reflections with I > 3.0~(1); [N(PPh,),][Mo(HBTz,)(CO),], or- 

thorhombic, Pbca, u = 17.815(3), h = 32.017(2), c = 15.331(3) A, Z = 8, R = 0.044, R, = 0.061 based on 5743 reflections with 

I > 2.0rr(I). Although comparison of the averaged v(C0) values reveals the increasing order of the electron donativity as 
HBBz,-< HBTz, -, PhBTz,-< HBPz-< HBPz;-, HBPz;- < HBPz;-, neither structural features nor reactivities show an 

appreciable substituent effect (i.e.. HBTz3- l‘s, HBPz,- and HBTz,- OS. PhBTz3-). Neither is the 5-methyl-group effect for 

nickel pseudohalides suggested by Trofimenko et 01. supported strongly by the solid-state structures of [MoL’(CO),]- (L’ = HBPz,-, 

HBPzI,-, or HBPz;--; Pz’ = 3,5-dimethylpyrazol-1-yl; Pz* = 3-methylpyrazol-1-~1). 

1. Introduction 

Poly(pyrazolyl)borates have been used extensively as 
multidentate ligands in the syntheses of numerous 
organometallic and coordination compounds, since they 
were introduced in the 1960s [ll. There has been 
renewed interest arising from novel reactions such as 
activation of small molecules like H, [2], 0, [3] or N, 
[4], induced by metal complexes without any carbonyl 
ligation, and of C-H bonds observed for quite a few 
metal carbonyl derivatives containing the tripodal 
tris(pyrazolyl)borates [5]. We and others have prepared 
similar ligands and collected structural and spectral 
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data [6] as well as carrying out orbital analysis [7] and 
determining relative formation rates [S] of the car- 
bonyl-containing complexes of all these tridentate lig- 
ands. The aim has been to get a clear picture of the 
electronic or steric factors determining the observed 
reactivity. The recent report by Trofimenko et al. [9] 
on the importance of the methyl group on the pyrazolyl 
ring-5 position of tris(pyrazolyl)borates in nickel pseu- 
dohalides therefore prompted us to determine the crys- 
tal structures of a known compound, [Et,NI[Mo- 
(HBPz,)(CO),] [7a], and a new analogue, [N(PPh,),l 
[Mo(HBTz,)(CO),], and to study related reactions of 
this complex and another analogue, [NEt,][Mo(Ph- 
BTz,)(CO),], to understand if such an effect of S- 
methyl-group is also present in metal carbonyl deriva- 
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tives containing the ligands. whcrc I’7 is pyrazol-I-yl 
and Tz is 1,3,4-triazol- 1 -yl. 

2. Experimental section 

All operations were performed by the usual Schlenk 
techniques [IO]. using dcoxygcned, dry solvents and 
gases. IR spectra, calibrated with polystyl-enc. wcrc 
recorded on ;1 Hitachi Model 270-X) illstrumcnt. Ab- 
breviations are vs. very strong: s, strong; m. medium: w, 
weak; and sh. shoulder. NMR ~+ctrn wart obtained 
on Bruker WI’- 100 !’ 1-l. 100 MHr) or Varian VXK.-300 
(‘H, 300 Mf-iz) f+T-NMR speutromctcrs. (_‘hcmical 
shifts (ii in ppm. ./ in flerr) are defined ;I< positive 
downfield or ncgativc upfield rclativc to mternal SiMc, 
(TMS) standard. Ahbreviation~ arc s. Gnglet; ti, dol.l- 
blet; br. unresolved multiplet tir tuc> overlapped 

singlets: tt, triplet 01‘ triplet; cl, qiiartct. IYcmcntal 
analyses were hy the h~icroanalyticai Scrvict’ <)f’ the 
Department of C’hcmistry, National (‘llcng xung Lini- 
versity. [NEt,][Mo(HBPz X)(C’O),] was prcparctl hy the 
established procedure [7a]. 

2.1. Preparatior~ c!f’ tifLL~‘f‘r: i 
A mixture of L-H- 1,?,4-triazolc (HTz. 29.3 g, 324 

mmol) and KBH, (5.7:! g. 106 mmol) was heated slowly 
to 200°C: until 7.8 I (3 I8 mrnof) of H, had cvolvcd (wet 
test meter). Tht: mclt was poured into IO0 ml of stirred 
tetrahydrofuran (THf3 and the mixture cooled to room 
temperature. The white precipitate was collected and 
recrystallized from MeOH/bt .O to give ! hc product 
(14.87 g. 55%). Anal. Found: c’. 7X.11: fi. 1.X7; N, 
49.31. (‘(]H,BKN,, talc.: c‘. 28.75; H, 3.77: N, -1-0.32“r 
IR (KBr): u(BH). 34X&+ cm ‘. ‘ff NMR (75°C. 
dimethyl~ulfoxidc-rI,,. 100 MHz): proton< at ring-.3 and 
-5 positions. ii S.13 (if3. \). 7.83 131~1. \I. 

2.2. Prqmrutiotl of NaPfd7t ( 
A mixture of NaBf’h, ( f ?.OO g. 3X mmol) and Hl’z 

(51.96 g. 753 mmol) was gradually heated to 35OY’ 
until CO. 8.1 g (I04 mmol) of benzene had distilled 
from the melt. The mixture was then poirrcd into 300 
ml of THF and filtered immediately. The off-white 
solid residue was washed twice with 200 ml of TfilF 
and once with 30 ml of MeOH. *f‘hc solid W:I~ then 
recrystallized from Mc,SO and air dried to give 10.7 g 
(X95&) product. Anal. Found: C, ,1.5.54: f-l. 3.35: N, 
39.87. C,,H ,,BN,Na talc.: c‘. 45.74; H. ;.s.3; N’. 
40.01%. ‘H NMR (3°C. dimetlrrylsulfosicic-rl,,. 100 
MHz): protons at ring-.? and -5 position<, ii ‘?.UO GH. 
s), 7.78 (3H. s); phenyl protons. 7.15 (5f-I. m?. 

2.3. Preparution c?f /iVfit,$ /[Mo! f IL3 7L : J (C ‘(ll~, / 
A mixture of 1.98 g (7.7 mmol) of’ KHBTz i ,tnd 1.85 

g (7.0 mmol) of [Mo(CO),~] in 3) ml o!’ McCN was 
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-5 positions, 155.4 (2 Cl, 155.2 (I C>, 149.7 (1 Cl, 149.5 

(2 C); Ph, 133.8 (2 Cl, 130.3 (1 0, 129.4 (2 C> with one 
unobserved signal for the ipso-carbon nucleus of Ph. 

2.6. Preparation of [MoL(CO),X] (X = Br, I) 
A solution of 3.03 mmol of M[MoL(CO),l in 20 ml 

of MeOH was treated dropwise with a solution con- 
taining 3.40 mmol of Br, or I, in 5 ml of MeOH at 
-20°C with immediate formation of precipitate. The 
resulting suspension was stirred for 10 min and then 
filtered out. The product was washed twice with 15 ml 
of MeOH and dried under vacuum in 50-75% yield. 
[Mo(HBTz,)(CO),I], orange-yellow. Anal. Found: C, 
20.53; H, 1.46; N, 24.05. C,H,BIMoN,03 talc.: C, 
20.67; H, 1.35; N, 24.11%. IR (KBr): v(BH), 2548~; 
v(CO), 2044s 1968s 1934s and IR (CH,Cl,): v(CO), 
2044s 1974s 1942s cm- ‘. ‘H NMR (25°C CDCl,, 100 
MHz): protons at ring-3 and -5 positions, 6 8.74 
(3H, s), 8.36 (3H, s). [Mo(PhBTz,XCOl,Br], yellow- 
brown. Anal. Found: C, 32.50; H, 2.15; N, 22.74. 
C,H,,BBrMoN,O, talc.: C, 32.64; H, 2.01; N, 22.84%. 
IR (KBr): v(CO), 2056s 1996s 1942s and IR (CH,Cl,l: 
v(COl, 2056s 1984s 1942s cm-‘. ‘H NMR (25°C 

CDCl,, 100 MHz): protons at ring-3 and -5 positions, 6 

8.73 (3H, s>, 8.62 (3H, s>; Ph, 7.86 (2H, ml, 7.66 (3H, 
ml. [Mo(PhBTz,)(CO),I], orange-yellow. Anal. Found: 
C, 30.21; H, 1.98; N, 21.15. C,,H,,BIMoN,O, talc.: C, 
30.08; H, 1.85; N, 21.05%. IR (KBr): v(CO), 2036s 
1974s 1948s and IR (CH,Cl,): v(CO), 2044s 1974s 
1940s cm-‘. ‘H NMR (25°C CDCl,, 100 MHz): pro- 
tons at ring-3 and -5 positions, 6 8.37 (2H, s); Ph, 7.86 
(2H, ml, 7.65 (3H, ml. 

2.7. Preparation of [MoL(C0),(773-allyl)l 
To a suspension of 1.0 mmol of [Et,NI[MoL(CO),l 

in 20 ml of CH ,Cl, was added 1 ml of ally1 bromide. 
The mixture was stirred at room temperature for 3 h 
and a transparent solution formed. A solution IR spec- 
trum indicated the complete reaction. The solvent and 
excess ally1 bromide were then removed under vacuum. 
Recrystallization from CH,Cl,/MeOH gave 80% of 
the orange-yellow solid. [Mo(HBTz,)(CO),(n”-allyl)], 
yellow. Anal. Found: C, 31.52; H, 3.04; N, 29.87. 
C,iH,,BMoN,O,. l/2 H,O talc.: C, 31.60; H, 3.14; 
N, 30.15%. IR (KBr): v(CO), 1954s 1856s and IR 
(CH,Cl,): v(CO), 1960s 1866s cm-i. ‘H NMR (25°C 

TABLE 1. Crystal data for [NEt,][Mo(HBPz,XCO),] and [N(PPh,),l[Mo(HBTz,XCO),l 

Compound 

empirical formula 

colour 

crystal size (mm) 

space group 

unit cell dimensions a, b, c, ..& 

volume, A’ 

Z 

Do,, g/cm’ 
orientation rflns, range 

data collected 

abs car 

abs coeff, mm - ’ 
abs. correction 

transm range 

diffractometer used 

[NEt,l[Mo(HBPz,XCO),l [N(PP~,),I[Mo(HBT~,XCO)~I 

C,H,BMoN,O, C,sH,,BMoN,,O,P, 
yellow yellow 

0.60 x 0.40 x 0.34 0.30 x 0.40 x 0.50 
orthorhombic, Pbca (No. 61) 

15.832(3), 15.799(4), 19.388(5) 17.815(3), 32.017(2), 15.331(3) 

4850(Z) 8745(2) 
8 8 
1.433 1.336 

13, 13” I 20 < 24” 25,79” 2 20 I 80” 

-h, -k, -1 +h, +k, il 
(I, scan 

0.56 3.62 

not applied applied 
_ 0.51-1.00 

Siemens R3m/V Rigaku AFC-5R 

radiation; A, w MO Krr, 0.7107 

temperature (K) 297 

scan type 0/28 

20 range, deg 3-50 

scan speed, deg/min 3-15 

std rflns 3 std/50 rflns 

decay; % 51 
no. of unique rflns 4284 

no. of rflns used 2591 with I > 3.Ou(I) 

max A/u ratio 0.001 

RR,sa 0.043, 0.031, 1.0 

resid peak; e/A’ 0.88 

solution direct method 

Cu Ka, 1.5418 

298 

2-120 

32 

3 std/300 rflns 

51 
6492 

5743 with I > 2.0&I) 

0.024 

0.044, 0.061, 2.45 

0.58 

Patterson synthesis 

a See ref. [6a,ll]. 



(co,,] and [N(PPh ,)?l[Mo(llWr ;)((‘()),I 

MO 

N 

N( I I ) 

N(l2) 

N(21) 

N(X) 

N(?l) 

N(32) 

O(l) 

O(7) 

O(i) 

u 

<‘( I ) 

C(7) 

i‘(3) 

C(3) 

(‘(5) 

C‘(h) 

(‘(7) 

C‘(8) 

C’(Y) 

C‘( IO) 

c’(1I) 

CY 1.3) 

(‘(1-I) 

C(l5) 

C(B) 

C(23) 

C(2) 

(‘(33) 

C(33) 

(‘(35) 

0.1111(1) 

0.1 X5(7) 

0.Ix.37(2) 

0.:5:1(2) 

0. lXlIY(7) 

0.75X(_‘) 

11.X37(2) 

0,.3iY7(‘,) 

O.iOYi(3) 

O.OSIS(‘,) 

0.017’~(7) 

(1.3OYO(i) 

0.1701(.1) 

0.10’)3(.7) 

0.0131~3) 

0.05 1 I(4) 

0.10%(3) 

0.1?11(5) 

().2Oi’(i) 

o.o.:‘5(~J 

O.O7iX(.1~ 

0. I3OS(h) 

0.1X30(4) 

O.lhOt((3) 

0,7(rjY(.l~ 

0. 1520(i) 

0.2hl7(~) 

0. I YJY(4 i 

0.1 -lhS(3) 

().-1lSl(.5J 

11.41.31(3) 

O..32,S3(.7) 

MC> 

a I ) 

O(2) 

O(3) 

C.( I ) 

C(2) 

Cf3) 

B 

N(I1) 

N(1’) 

N(14) 

N(ZI) 

N(2) 

NW) 

N(3l) 

N(X) 

NW) 

c‘(I.7) 

<‘(IS) 

C(Z) 

(‘(15) 

(‘(33) 

C(3) 

N 

P( 1) 

PC) 



K.-B. Shiu et al. / Molybdenum carbonyl complexes 215 

TABLE 3. Selected bond lengths (A) and angles (“) for [NEt,][Mo(HBPz,XCO),] and [N(PPh,),l[Mo(HBTz,XCO),l 

(a) [NEt411Mo(HBPz,)(CO),l 
(i) Bond lengths 
N-C(4) 
N-C(5) 
N-C(6) 
N-C(7) 

MO-C(~) 
MO-N(nl) 
B-N(n2) 

C(n)-O(n) 
N(nl)-N(n2) 
N(n2)-C(n3) 
C(n3)-C(n4) 
C(n4)-C(n5) 
CW-N(nl) 

(ii) Bond angles 
C(4)-N-C(5) 
C(4)-N-C(6) 
C(4)-N-C(7) 
C(5)-N-C(6) 
C(5)-N-C(7) 

C(l)-MO-C(~) 
C(l)-MO-C(~) 
C(2)-MO-C(~) 
N(ll)-MO-N(21) 
N(ll)-MO-N(31) 
N(21)-MO-N(31) 
NW-B-N(22) 
NW-B-N(32) 
N(22)-B-NC321 

1 SOO(7) C(4)-C(8) 1.497(9) 
1.520(7) C(5)-C(9) 1.498(8) 
1.497(7) C(6)-C(10) 1.527(9) 
1.528(7) c(7)-c(11) 1.495(9) 

n=l n=2 n=3 

1.926(4) 1.924(S) 1.925(5) 
2.263(3) 2.261(4) 2.272(4) 
1.551(6) 1.537(6) 1.527(6) 
1.167(6) 1.184(7) 1.177(6) 
1.373(5) 1.362(5) 1.362(5) 
1.341(6) 1.35X6) 1.348(6) 
1.363(7) 1.373(8) 1.365(8) 
1.382(7) 1.370(7) 1.381(7) 
1.326(6) 1.346(6) I .337(6) 

111.3(4) C(6)-N-C(7) 112.7(5) 
110.1(4) N-C(4)-C(8) 116.5(5) 
107.0(4) N-C(5)-C(9) 115.6(5) 
108.0(4) N-C(6)-C(10) 114.9(5) 
107.7(4) N-C(7XXll) 115.8(5) 

84.9(2) C(l)-MO-N(1 1) 172.9(2) 
90.4(2) C(l)-MO-N(21) 97.4(2) 
86.8(2) C(l)-MO-N(31) 92.1(l) 
80.0(l) C(2)-MO-N(1 1) 97.6(2) 
80.9(l) C(2)-MO-N(21) 117.6(2) 
80.4(l) C(2)-MO-N(31) 99.2(2) 

109.3(4) C(3)-MO-N(11) 96.4(2) 
108.9(4) C(3)-MO-N(21) 93.5(2) 
109.0(4) C(3)-MO-N(31) 173.6(2) 

n=l n=2 n=3 

Mo-N(nl)-N(n2) 121.2(3) 
Mo-N(nl)-C(n5) 132.8(3) 
Mo-C(n)-O(n) 176.7(5) 
B-N(n2)-N(n1) 120.0(3) 
B-NW-C(n3) 130.2(4) 
N(nl)-N(n2)-C(n3) 109.7(4) 
N(n2)-C(n3WXn4) 108.0(4) 
CW-CW-C(n5) 105.8(4) 
C(n4)-C(nS)-N(n1) 110.6(4) 
N(n2)-N(nl)-C(n5) 106.0(3) 

(b) [N(PPh,),llMo(HBTz,)(CO),l 
(i) Bond lengths 
N-P(l) 
N-P(2) 
P(l)-C(llA) 
P(l)-C(2lA) 
P(l)-C(31A) 
P(Z)-Ccl 1B) 
P(2)-C(21B) 
P(2)-C(31B) 
C(llA)-C(12A) 

1.574(3) 
1.575(3) 
1.799(4) 
1.796(4) 
1.808(4) 
1.804(4) 
1.794(4) 
1.803(4) 
1.386(6) 

C(llA)-C(16A) 
C(12A)-C(13A) 
C(13A)-C(14A) 
C(14AkC(15A) 
C(15AkC(16A) 

1.403(6) 
1.374(6) 
1.353(7) 
I .367(7) 
1.375(6) 

122.0(3) 
131.8(3) 
176.0(4) 
119.9(4) 
130.4(4) 
109.6(4) 
107.7(5) 
106.1(5) 
110.4(5) 
106.2(4) 

C(32A)-C(33A) 
C(33A)-C(34A) 
C(34A)-C(35A) 
C(35A)-C(36A) 
C(llB)-C(12B) 
C(llB)-C(16B) 
C(12B)-C(13B) 
C(13BkC(14B) 
C(14B)-C(15B) 
C(15B)-C(16B) 
C(21B)-C(22B) 
C(21B)-C(26B) 
C(22B)-C(23B) 
C(23B)-C(24B) 
C(24B)-C(25B) 

121.4(3) 
131.9(3) 
179.7(5) 
120.4(3) 
130.4(4) 
109.1(4) 
108.9(4) 
105.0(5) 
110.6(4) 
106.4(4) 

1.375(6) 
1.388(8) 
1.359(9) 
1.394(7) 
1.376(5) 
1.383(5) 
1.403(6) 
1.367(8) 
1.372(7) 
1.384(6) 
1.386(6) 
1.402(5) 
1.370(6) 
1.373(7) 
1.373(7) 



TABLE 3 (continued) 

C(2lA)X’(3’A) 

C(ZIA)-UZhA) 

(‘(22A)-C‘(J.?A) 

Cc!3A)~C‘(74A) 

(‘@IA)-(‘(25A) 

C(‘5A)-cYxA) 

C(3IA)-C(3’A) 

C‘(ilA)L(‘(.ihA) 

(iii Bond ar2~k5 

C‘(l)LMo+U2) 

C( I )bMo~U3) 

C(2)-Mo--<‘(.I) 

N(II)-MO-N(21) 

N( I 1 )--MO--N(3 I ) 

NQlbMo-NGI) 

N(l2)-B-N(X) 

N(12)-&N(32) 

N(E)- lSN(31) 

N-P(7)--C( I 113) 

N-P(3)-cc3 113) 

N~P(?bC‘(3lH) 

Ccl IB)--P(2)--C’(I!IB) 

(‘(llB)-P(2)-C(3lB) 

C(21B)-P(?)-c‘(3IB) 

P(l)-C‘(lIA)--C(lX) 

P(l)-C‘(IIA)~C(I6A) 

C(I?A)bC‘(I IA)-(XlhA) 

C( 1 IA--<‘( I ?A-c‘( I ?A) 

C(l2A)~C(l3A)-(‘(IIA~ 

C(13A)~CYIIA)-<YISA) 

C(14A)-C(ljA)-C(lhA, 

<‘(I IA-C(lhA)-C( 1%) 

P(I)-C(‘IA)-C(Z?A) 

P( I )-(‘(Lliz)--(‘(20/2) 

(‘(22n)-C‘(~lA)-<‘(76A) 

C(2lA)~C(71A)--(‘(?3A) 

C(2’1,)-<.(5j*)-~(.(2jA) 

P(I)-N--IV) 

N-P(I)kC(l IA) 

N-P(l)kC(?iA) 

N-P(I)-C(3lA) 

C(lIA)bP(I)~C(?lA~ 

<‘(II/-\)--P(l)--C(_~lA) 

WlA)-P(I)-U31A) 

(:(23A)-C(23A)-(Y’SA) 

C(2?A)~C(7jA)-(‘(1OA) 

C(21A)-C(2hA)-C(‘jA) 

P( 1 )b(‘(.? lA~C(32,\) 

1.?83(5) 

I .lO-K5) 

I 3X46) 

l..w9(7J 

I .iS7(? 1 

l.iiXO) 

I.iOl(h~ 

I.liiil(~ll 

II- I 

i.Ol7~3! 

2.wx.3~ 

I .530(O) 

l.Ih’C5) 

1 ihl(iJ 

I. IlO(5) 

l..il l(5) 

I .i‘tY(.i ) 

I ..370( i ) 

N3.H4 I Xl 

YO3’( IX) 

x1.33 IX) 

79 .Y.3( 1 1 ) 
77.ill(l1) 

lil.ll(I2r 

107.0(?) 

107.1(3) 

IOX.S/3) 

10X.50( 17) 

I10.17(17) 

112.01(18) 

100.74 IX) 

l(l4.77(17) 

107.w IX) 

121.X3) 

I l’L’(3) 

I IYi(4) 

I I’).W) 

120.8(4) 

17O.f,(1) 

I X5(3) 

I IY.l(4) 

123.4(.31 

117.-Kir 

Ini 

1 iW( 1) 
1X9(4) 
l‘~l.lY(21) 

114.3lr17) 

lOY.1~(17) 

llo.l1(1x~ 

lOY.77( 1X) 

IOi.Oh( 17) 

105.7x 18) 

I l<S.t((J) 

171 .X-4) 

I lY..3(4) 

imd.3) 

_ 
II’ 2 

1 .Y74-!) 

2.3’3ii) 

I .535(h) 

l.I7f,(.i) 

I.i.iW) 

I.i.3.?(% 

1.3lHh) 

I _m(fl) 

l..~lX(i) 





170.3 crn~-’ [8]; HBPz’; . 1799 cm ~’ [l6]; HBTz; . 1819 

cm-‘: and PhBTz3 -, 1818 cm ‘, indicating the in- 
creasing order of electron donating power as HBBz, 
< HBTz; -, PhBTz; .< HBPz3 <: HBP/.‘; . HBPz; c 
HBPzl; -. The weaker donating ability- of HB-T’z i com- 

pared with that of HBPz, is compatible with HTz 
being more acidic than HPz [IS]. From these values. it 
is clear that ( I) the replacement of the hydrogen atom 
on the boron atom by ;I phenyl group in HBTr I (to 
give PhBTzj -) or the replacement of the hydrogen 
atoms on the pyrazolyl ring-5 position with the methyl 
groups in HBPzl, (to give HBPz’,- 1 does non change 
at all the donating ability of the relevant ligands: (3) 
the substitution of the hydrogen atoms on pyrazolyl 
ring-3, -4, or -5 position with methyl groups. converting 
from HBP+ to HBPzI, or IIBPzy increases the 
ability slightly and c.3) the replacement of the C‘H 
atoms on pyrazolyl ring-3 or -3 position by ;t nitrogen 
atom in making Bz or 1-z. respectively. do weaken this 
ability. As reported earlier [6a], the complctc reaction 
between [Mo(HBBz,)(CO),]~ and ally1 bromide needs 
about 17 h while a similar reaction takes only about 3 h 
for [Mo(HBTz,)(CO),] or [MoCPhBl‘z ,)(CO),] . 
showing that the much weaker donativity of HBBzj 
retards more strongly the oxidative ally1 brornination of 
[MoL(CO&] (Lo = HBTz;~ , PhBTz,; <)I- fIBBz, ) 
than HB7‘z3~- or PhBTz, -. Thus. the replacement of 
the CH atoms on the ring-i position by a nitrogen 
atom has a stronger effect than the substitution on the 
ring-4 position. 

In order further to compare the relevant structure 
features of [MoL’(CO),] (L’ = HBPr.: . HBPz; , 
HBTz; , or HBPz:j-1, we determined tho solid-state 
structures of [NEt,][Mo(HBPz,)(CO);1 (Ii and 
[N(PPh,),][Mo(HBTz,)(CO),] (4). The two anions arc 
isostructural (Fig. 1). as expectcd. to [NEt,][Mo- 

(HRPz’;)(C‘O):] (3) [ 10] and [NEt,][Mo(~-LBE’z;)((‘0);] 
(2) [ 101. ‘I‘0 our surprise. 1 and 4 arc even M-ray 
isomorphous in a space group of RXU. Apparently, the 
cone angles of HBPz i and 1-tH’i‘~~ should be similar 
and the two himilal- anions [Mo(I-IBPz :)(CO);] and 
[M~(HBTz,)(CO):\ being larger- than the cations 

N13, or N(PPh_I. dctcrmines the packing habit in 
the crystal [ IXj. A< the methyl grot~ps replace the 
hydrogen atonl~ synim~trically at the pyaolyi ring-3 
and -5 positions. conycrting HBPY; into HBPz\ , this 
changes the hahit to the spxc group of lowt>r symme- 
try ( hra2,) felt. jNEr,][Mo(E~E~Pz.~i(~‘O)j] [IO] md the 
Icss symmetric rcpl;lccment of the hydrogen atoms, at 
the ring-3 position only. bq methyl groups in the pro- 
cc’rs of formation of IHBPlt from HBPz; results in 
the space group of much Iowa <ynimc!ry (PZ,) hi 
[NEt~][Mo(l-iBPz*;)(C‘Oi,] [lh]. 

Some ;rwr;tpcd bond icngthk and angles calculated 
from the structul-ca of anions [MoL’(C‘O);] (I.’ =- 
HBPz i . HRPL~ . 1lBTz i . (II- I-IBPz: ! arc listed in 
Table 3. t‘rom thii tahlc. it is clear that the angle 
C(n)-Mo--(‘(n’ 1 of X1.3” in 3 is smaller than that 01 
X8.0” in 1. reflecting the different steric cncumbranccs 
(the cone angic is measured as LX0 or 1x4’ for HBPz; 
and 224 or 7115 fctr HBP7 ‘< [X11]). Since the angle. 
C(n)-Mo-C’(n’). is Si.3, in 2 (Table 4?. it is reasonable 
to assume that the cone angle of HBPzZ ih less than 
that of HBP7; though larger than in HBPz.; Hou- 
c\‘er. the angle should bc usec! with caution as the 
Mn-N(n 1 ) and 340 -C‘(n) distaxcs may bc different. 
The angle of Sf).? in 4. larger than that in 1, cannot be 
used to infer that the cone angle for tIB’l‘z3 is larger 
than that for HBPz : . rather it has something to do 
with the longer Mo--N distance (Mo-N m= 7.180 .& in j 
I‘.\. 7.365 t\ in I and Mn-(.‘- i.J__ ( 17 A in 4 ix. 1.975 A 
in I ). which may rcfla? the donativit) rjf HE%/ ; king 
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weaker than that of HBPz,-, as observed in the larger 
averaged carbonyl-stretching value stated above. The 
MO-N distance is 2.285 A in 2 but 2.263 A in 3, giving 
only weak support to the 5-methyl-group effect for 
nickel pseudohalides suggested by Trofimenko et al. 
[9], whereby the presumed nonbonded repulsive inter- 
actions among the methyl groups at the ring-5 position 
are alleviated by tightening of the “bite” of the triden- 
tate ligands around the metal atom with shortening 
MO-N distances. It is probably true from the similarity 
of the MO-N distances of 2.265 A in 1 and 2.263 A in 3 

that the averaged value of 2.264 A from the two may 
represent the closest distance between the tripodal 
ligand and the metal atom in l-4. Thus, if the 5- 
methyl-group effect is present at all in metal com- 
pounds, this effect should be manifested more clearly 
in the four-coordinate complexes such as the nickel 
compounds used by these other workers [9] compared 
with that in the six-coordinate compounds used in this 
paper. 
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