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Abstract

Treatment of (NaXHMo,(CO) ;) with acidic sodium nitrite affords HMo,(CO)o(NO) (1) in 32% yield. Several derivatives of 1,
HMo,(CO){(LXNO) (2, L = PCys; 3, L = PPhs; 4, L = P(p-C,H,OMe),), HMo,(CO),(L),(NO) (5, L = P(OMe),; 6, L = Ph,PH),
HMo0,(C0),(MeNC),(NO.) (1), HMo,(CO),(‘PrNC),(NO,,) (8), HMo,(CO),(PCy;X"PINCXNO) (9), and
(NMe,XHMo ,(CO)4(1%-S,CNEt, XNO)) (10), have been synthesized. X-ray crystal structural analyses for 1, 2, 6, and 9 were
carried out. 1: triclinic, P1, Z=1, a 6.810(2), b 6.906(3), ¢ 8.741(2) /a\, a 103.50(2), B 68.85(2). vy 92.04(2), V 372.3(2) /0\3,
R =0.020, Ry, =0.025. 2: monoclinic, P2,/¢c, Z=4, a 12.17%(1), b 14.983(1), ¢ 17.068(2) /D\, B 92.126(8), V' 3112.4(5) /0\3,
R =10.035, Ry, = 0.041. 6: monoclinic, P2,/c, Z =4, a 9.402(2), b 16.614(3), ¢ 21.635(3) A, B 92.583), IV 3376(1) A3, R=0.034,
Ry, = 0.035. 9: orthorhombic, Pbca, Z =8, a 17.113(7), b 17.715(2), ¢ 22.954(3) /0\, V 6959(3) 1’0\3, R =0.036, Ry, =0.038.

1. Introduction

Transition-metal complexes with three-centre, two-
electron (3c~2e) metal-hydrogen—-metal bonds have
attracted considerable interest [1]. From this class of
compounds, dimeric complexes with a single hydrogen
bridge [2*], HM(CO);;(M = Cr, Mo, W) [3], HW,-
(CO)(NO) [4], HM(CO)4(L)~, and HM(CO)(L);
(M = Mo, W; L = phosphine) [5], have been extensively
investigated. The structural variations of these com-
plexes were found to be dependent on metal [6], coun-
terion and crystal packing [7], and substituent ligands
[8].

We previously reported the reaction of HW,(CO),-
(NO) with various substrates, and isolated complexes
of different structures [9-11]. In order to probe the
influence of the metal on the structure as well as the
reactivity of dinuclear complexes containing a hydro-
gen bridge, we have extended our study to
HMo,(CO)o(NO). In this paper, we describe the syn-
thesis, structure, and reactivity of HMo,(CO)4«(NO).

Correspondence to: Dr. J.T. Lin.
* Reference number with asterisk indicates a note in the list of
references.
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2. Experimental section

2.1. General procedure

All manipulations were carried out under an atmo-
sphere of N, using Schlenk techniques or a N,-filled
glovebox. All solvents were dried and degassed by
standard procedures. All column chromatography was
performed under N, by use of silica gel (230-400 mesh
ASTM, Merck) as the stationary phase in a column 2.5
cm in diameter. Compounds (Na)HMo,(CO)4(NO))
[12] and Ph,;PN'Pr [13] were prepared by published
procedures. Elementary analyses were performed on a
Perkin-Elmer 2400 CHN analyzer. Nuclear magnetic
resonance spectra were obtained with a Bruker MSL-
200 or AM-200 instrument. The '"H and *'P NMR
spectra were referenced to TMS and external 85%
H,PO,, respectively.

2.1.1. HMo,(CO)4(NO) (1)

To an aqueous solution containing (Na)HMo,-
(CO),,) prepared in situ from 20.0 g (76.0 mmol) of
Mo(CO), was added Na*NO; (22.0 g, 200 mmol). The
solution was then chilled to 0°C and 6 M acetic acid
was added dropwise with vigorous stirring. After the
addition of acetic acid was complete, the resulting
orange-yellow precipitates were washed with cold wa-
ter (3 X 50 ml) and dried. Mo(CO), was removed from
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the crude product by sublimation at 40°C. Recrystal-
lization of the crude product from cold CH,CI,
(—20°C) afforded 3.6 g (20%) of orange crystalline L.
IR (CH,Cl,, ¢em™ ") »(CO) 2066sh, 2054s, 19435s,
1934sh; »(NO) 1735m. 'H NMR (CD,Cl,» & - 123
(s). Anal. Found: C, 22.60: H, 0.30; H, 3.19.
CyHNO Mo, caled.: C, 22.76: H, 0.21: N, 2.95%.

Reactions of 1 with PCy,. PPh;, P(p-C H ,OMe);,
and P(OMe), all followed cssentially the same proce-
dure. Only the reaction of I with PCy; will be de-
scribed in more detail.

2.1.2. HMo ,(CO)((PCy  )INQ) (2)

Complex 1 (1.8 g. 3.79 mmol) and PCy, (1.1 g. 3.9
mmol) in 60 ml of CH,C1, was stirred at room temper-
ature for 10 h and the solvent was removed under
vacuum. The crude product was chromatographed. The
yellow first band eluted with CH,CI, /hexane (1:4)
provided 0.68 g (25%) of orange-yellow 2 after removal
of the solvent. IR (CH,Cl,, cm™ ") m(CO) 2088w,
2063w, 2014s, 1938vs: »(NO) 1697m. 'H NMR
(acctone-d,): 6 2.20-1.20 (m. 33H, Cy), —12.2 (d,
J(P-H) 18.0 Hz, 1H, u-H). *'P{H} NMR (acetone-d,):
8 33.1 (s). Anal. Found: (‘ 42.55: H. 4.65; N, 2.01.
C, H,NO,PMo. caled.: €, 42.93: H. 4.71: N. 2.61%.

2.1.3. HMo (CO)(PPh  )INOJ (3)

Orange-yellow complex 3 was isolated from the vel-
low first band (32% vield). IR (CH,Cl,, cm  '): »(CO)
2094w, 2065w, 2023s. 1932vs: p(NO) 1698m. 'H NMR
(acetone-d,): & 7.65-7.52 (m, [5H, Ph), —11.5 (d.
J(P-H) 18.0 Hz. 1H. w-H). *'P{H} NMR (acetone-d,):
6 35.2 (s). Anal. Found: C, 43.86; H. 2.39; N, 1.94.
C, H . NO,PMo, caled.: C, 44.03; H. 2.27: N, 1.97%.

2.1.4. HMo,(CO)(P(p-C H,OMe), }(NO) (d)

Orange-yellow powdery 4 was obtained {rom the
vellow first band (249). IR (CH,CI,. ecm ) »(CO)
2083w, 2063w, 2019s, 1935vs; v(NO) 1700m. 'H NMR
(acetone-d,): & 7.46-7.04 (m, 12H. Ph), 3.84 (s, 3H,
OMe), —11.5 (d, J(P-H) 16.0 Hz. 1H. p-H). 'P{H)}
NMR (acctone-d,)): 4 36.8 (s). Anal. Found: C, 45.76;
H, 3.53; N, 1.93. €, H.,NO,.PMo, caled.: €, 45.56;
H, 3.32; N, 1.827%.

2.1.5. HMo,(COJ(P(OMe) ), (INO} (5)

From column chromatography three bands were
eluted with CH,Cl,/hexane (1:4). The yellow first
band was found to be HMo,(CO)(P(OMe) XNO). The
second band was not characterized. The vellow third
band provided 5 after removal of the solvent. IR
(CH,Cl,, cm ') v(CO) 2070w, 2041m, 1991s. 1933vs;
»(NO) 1670m. '"H NMR (acetone-d, ): & 3.81 (s, J(IP-H)
11.0 Hz, 6H. OMe). —12.4 {t. J(P-H) 20.2 Hz, IH,

HMo{CONO)

8 598 (s). Anal. Found: C,
1 H L WNO P Maos caleda: €

w-H). “'P{H} (acetone-d )
23.08; H. 2.84; N, 2.20. (,
2341, H. 2.87: N, 2109

216 HMo LCO)APh,PH)L(NO) (6)

Yellow crystalline 6 was obtained {rom the yellow
second band (20¢6). IR (CH.Cl,, em ™ ') 2(CO) 2069m,
2033m. 1978s. 1935vs. 191tsh: »(NO) 1677m. '"H NMR
(acetone~ ) & 7.72--7.32 (m., 20H. Ph). 6.49 (dd. J(P-
H) 343 Hz. JIH-H) 2.80 Hz. 2H. PHD. 119 (1.
J(P=H) 17.2 Hz), JIH-H) 2.80 Hz. tH. u-H). *'P{H}
NMR (acclonc-{ih): S 301 (s) Anal. Found: C, 46.99:
H, 2.71; N, L824 H L, NOP, Mo, caled.: €, 47.07:
H. 2.93: N, 17772,

¢)

2.1.7. HMo J(COJ AMeNCJ, (NO, 1 (7)

A THF solution of 1T (400 mg, 0.85 mmol) was
stirred at room temperature for 2 ho After removal of
the solvent 3 ml of MeNC was added, and the solution
was stirred for 20 minutes. The solution was pumped
dry  and  the residue  was recrvstallized  from
Et,0O /hexane to pmvidc red powdery 7 i 53% vield.
IR (CH LChhoem ACOY 2065w, 20325, 19905, 196 1vs,
1927sh: #(N ()} ‘(wK»lm "H NMR (acctone-d, ) § 3.72
(s, 3H. CH ). 349 (s, 3H. CH 1.~ 129 (s, 1H, u-H).
Anal. Found: C. 25.”(1?: H. 1240 N, Xﬁh. ¢, H.-N.OMo,
caled.: €. 26,35 ML 1400 NUE399

2.1.8. HMo (CO)-('"PENCILNO, ) (8)

To a mixture of 1 (400 mg, .85 mmol) and Ph;PN'Pr
(658 mg, 2.06 mmol) was added 60 ml of CH,Cl,
prechilled to 0°C. and the solution was stirred at 0°C
for 2 h. The solvent was removed in racuo and the
residue chromatographed. Complex 8 was obtained
from the yellow first band eluted with CH.CU, /hexanc
(1:4) Yield: 337 IR (CHLCH. em ™ ) o(CO) 2060w,
20405, 19915, 1934vs: #INO) (660m. 'H NMR
(acetone-d, ). & 4.42 (hcpt,, IH, CH). 133 (d. J(H-H)
11.0 Hz, i’H (‘H J. =129 (. TH. w-H). Anal. Found:

C, 3195 HL 2070 N, 6,02, C H N O Mo, caled.: C.
32,32, H, 2.06; ?\. 0546

2.1.9. HMo ACONAPCY JUPINCHNO) (9)

Complex 2 (200 mg. .28 mmol) and Ph,PN"Pr (98
mg, .31 mmol} were dissolved together in CH,CH, (30
ml) prechilled to (°C. and the solution was stirred at
0°C for 2 h. The solution was pumped dry and the
residue was chromatographed. Complex 9 was ob-
tained in a vield of 27% t‘mm thL vellow first band
cluted with CHLCH.hexane VIR(CH.CH em 'y
H{(CO) 2066m, 2020s. 19635, 1%1\\ FNO)Y: 1667m. 'H
NMR (acctone-d, b & 402 {g. JH-H) 74 Hz 2H.
CH-) 2.82-1.12 (m. 35H, Cy & CH ., 110 (. 3H,
CH, — 118 ¢d, HP-H)Y 142 Hz 1H. u-H). V'P{H}
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NMR (acetone-d): & 87.0 (s). Anal. Found: C, 45.83;
H, 4.96; N, 1.67. C,,H, NO;PMo, calcd.: C, 45.32; H,
5.30; N, 1.83%.

2.1.10.
(10)

Tetrahydrofuran (30 ml) was added to a mixture of 1
(250 mg, 0.53 mmol) and Na*S,CNEt; (130 mg, 0.58
mmol) and the solution stirred at room temperature
for 2 h. The solvent was removed in vacuo and to the
residue was added an aqueous solution (0°C) of
Me,N*CI™ (66 mg, 0.60 mmol) with vigorous stirring.
The orange-yellow precipitates formed were washed
with H,O (3x20 ml) and dried. Complex 10 was
obtained in 26% yield. IR (CH,Cl,, cm™"): »(CO)
2058w, 2041m, 2001s, 1947vs, 1881m; »(NO) 1630m. 'H
NMR (acetone-d,): & 3.76 (t, J(H-H) 6.2 Hz, 6H,
CH,), 3.06 (s, 12H, NMe,), 1.20 (q, 4H, CH,), —-12.2
(s, 1H, w-H). Anal. Found: C, 28.33; H, 3.71; N, 7.13.
C,0H;3N;0,45, Mo, caled.: C, 28.96; H, 3.59; N, 7.05%.

(NMe,)(HMo,(CO),(n?-S,CNEt,)(NO))

2.2. Crystallographic studies

Crystals of HMo,(CO)o(NO) (1) were obtained by
cooling a concentrated solution of the complex in
toluene at —80°C, while HMo,(CO)4(PCy;XNO) (2),
HMO,(CO),(Ph,PH),(NO) (6), and HMo,(CO)(P-

Cy; ("PINCYNO) (9), were obtained by cooling a con-
centrated solution of the complex in CH,Cl,/hexane
(1:5) at —5°C for several days. Crystals were mounted
in thin-walled glass capillaries. Diffraction measure-
ments were made on an Enraf-Nonius CAD-4 diffrac-
tometer by use of graphite-monochromated Mo Ka
(A =0.7107 A) in the 8-26 scan mode. Unit cells were
determined from 25 centred reflections in the suitable
20 range. Other relevant experimental details are listed
in Table 1. Absorption corrections based on ¥ scans of
three reflections were applied. All the data processing
was carried out on a Micro VAX 3600 using the Nrcc
spp program [14]. The coordinates of molybdenum
atoms were obtained from Patterson syntheses. The
coordinates of all the remaining atoms except hydrogen
atoms were obtained from a series of structure factor
calculations and Fourier syntheses. The structures were
refined by minimizing Sw(| F, |- | F,|)?, where w=
1/0(F,)* was calculated from the counting statistics.
The atomic scattering factors f, and the anomalous
dispersion terms f', f” were taken from ref. 15. All
nonhydrogen atoms were refined anisotropically. The
position of the bridging hydrogen atom was located
from the final difference Fourier maps for 1, 2, and 6
and refined. Other hydrogen atoms were included in
idealized positions with d(C-H) 0.98 A. The final posi-

TABLE 1. Crystal data for compounds 1, 2, 6, and 9

1 2 6 9
Formula CyHNO, Mo, C,ysH 4, NOyPMo, C;,H,;3NO4P, Mo, C,o9H4 N,04PMo,
Formula weight 474.99 724.41 791.35 768.51
a (10‘-\) 6.810(2) 12.179(1) 9.402(2) 17.113(1)
b (1‘-0\) 6.906(3) 14.983(1) 16.614(3) 17.715(2)
¢ (A) 8.741(2) 17.068(2) 21.635(3) 22.954(3)
a (9 103.50(2)
B 68.85(2) 92.126(8) 92.58(3)
v ©) 92.04(2)
Crystal system triclinic monoclinic monoclinic orthorhombic
Space group P1 P2,/c P2, /c Pbca
z 1 4 4 8
V (/3;3) 372.3(2) 3112.4(5) 3376(1) 6959(3)
Dy (g/cm®) 2.119 1.552 1.557 1.467
Crystal size (mm) 0.43 X 0.31 xX0.25 0.31 X 0.25x0.14 0.39 X 0.08 X 0.17 0.31 X 0.32 X 0.63
Radiation Mo Ka (A = 0.7107 A) same same same
w (mm™1) 1.69 0.88 0.86 0.79
Transmission factors (max; min) 1.00; 0.88 1.00; 0.90 1.00; 0.96 1.00; 0.86
28 range 0-50 0-45 0-45 0-45
Octants +h, +k, +1 +h, +k, +1 +h, +k, +1 +h, +k, +1

No. of unique reflections

~-8~80~8 ~10~10
1315

-13~130~160~18
4053

~10~100~170~23
4396

0~180~190~24
4551

Reflections with [ > no 1215(n=2) 299 (n=2) 2392 (n=2) 2558 (n=2)
No. of variables 101 356 409 379

R; Ry, 0.020; 0.025 0.035; 0.041 0.034; 0.035 0.036; 0.038
GOF 1.57 1.56 1.23 1.44

max A/o 0.001 0.008 0.169 0.014
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TABLE 2. Positional parameters and B, for the atoms in 1. 2. 6
and 9

Atom v z B,
Complex 1

Mo (.33815(4) 0.11804H3) (1.20905(3) 22400
NC 0.1563(3) 024344 Q4310043 4.3
O 0.0410(5) (L3139 0.5647(3) 7.22)
Ol 0.2386(4) (0.4709(4) (L6353 S50
02 —(1L0404(5) (1117208 0. 149(4) 6.6(2)
03 046015} = (123134 (1345504} 72D
04 (3 727R(5) 0.3475(5) (1,269 ERI
1 (1.2719(5) (1.3459(5) 011453040 3N
2 0.0917(5) ~0.0363(5) 0167904} 4.202)
3 0.417%(5) — 0 HOHS) (1.2946¢41 4.6(2)
4 0.539146) 0.2678(5) (1.2407(5) .72
H 0.500 0.000 0.000 T2
Complex 2

Mol 0.60113(5) 25142(4) (>.l(»é<x<)( } 3.62(3)
Ma2 0.40210(4) (1.28156(3) LOT946(3) 27U
P 0.21329(13%) 0.26359C1(0) (Hml R 2.76(0)
N (L3354 0.3001(4) —~ {07533 3.9(3)
01 0.5132(5) 0.0836(4) 0.2652¢h THD
02 (L7045(5) IARENES (OO Y 73D
03 (1.7125(5) 042154 [KECERIRS! 793
04 (3187(5) (1.3609(4) 130913 T3
Qs G.8267(3) 02312040 {(1.2598(41 TR
06 0.4332(5) 0.0746(3) = UL020T04) 7A3)
07 0.6246(4) 0302740 — {07013} LA03)
OR 0. 4098(3) (0.4893(4) (.059603) A
09 {).2932(5) (.31 3004 [DRREEIRY TAN3)
[ 0.341206} (L E439(5) L2288 4730
2 0.6648(6) 0.1641(5) (LOBYS 4 1904
3 (1.6682(6) 0361005} 418714 5.2(4)
3 (1.5445(6) 0.3312(51 (1L2508(4) 4.9(4)
[N 0.742247N) (.2382(5) (.2282(41 5304
o 0.4 Ih"((; (LT458(5) - (.0030041 $.5(3)
7 (1.5489(5 0.2952¢4) -~ 033804} 383
(@ 0.4050( (;) 0.4172(5) 00463040 4.

CHl 0.1769(5) (. 1489(4) LITSO(3) A
Ci2 (.2634(3) 0110400 0173203 3.

C13 0.2313(6} H.(Hxl(ﬁ) 0.201504) 3.
4 0211560 0.0443(4) 13344 4.8
CI3 (1.1269(5) 0.0082(4) 0.0752() 1

Clo 0158051 008474 0.04713) 3.

21 L1910 11.333044) 0174504 4,

22 (.0923(6) 1.3130(5) 11220048 A
€23 0.0756010) 0.377tK7) (1.2867(6} i

24 0. 1500(8) (L42949) 3 HG

25 0.2455(7) (0.4507(6) 0.2686(33

C26 0.2618(11) (1386601 1) 0.2028(3)

C31 0.1025(5) 0.2927(4) .01 103y

32 0.1064H5) (13887041 = 0.017904)

€33 0.0285(6) 0.40130h — (LO8Y 1)

C34 - (LOS8H6) 037445 — 0071045

C3s ~(L.0931{6) 0.281HS) - 0.0392(5)

36 —0.015%S) (.2692(4) 0.0323(4)

H 11459(5) 0.262(H 0127

Complex 6

Mol 0.25100(8) ().HSSS(S) 0.02077(3) 4.60(4)
Mo2 (.21888(7) “4*99( +) 016102(3) 3843
P1 (148386(23) (l’ (1’) 712009 LOB9)Y
P2 (1.2629124) \M( 12237009 127010
N (0.1607(7) x"w (1.2205(3 5.2
Ol 0. 10939 [NIDRIEY) (LH()‘)H(M 10,130

/ HMo (COINO)

TABLE. 2 (continued)

\mm \ B
02 - .0610%) (IS RD/RY 0.0054¢3) 8.7
03 0.3715(5) [RITN S 004193 8.8
04 0. <(a<’(k<) HO812(3) 0034000 10.3(5)
O3 G120 407076 0. HI95(3) 13.400)
(O3] r—l),()‘,u{)( 7) OUCS) 0 H42003) S.1(4)
O7 (L1075R) 0.3839(4) 0.0033(3) 7.9(4)
08 (L1ioRT) KRS (1257003 S.204
it 0464901 1) 0048100} [INERRITES 6.3(3)
2 003170 D) HRUEO 0.0009(4) 0.1(5)
3 13,3296 14 0.2514(H) - (LSO 6. 1(3)
4 451401 I) 010490 D.O300(H) 6.3(3)
s O.0908(TY — O026(3) ST
Ca (L.20375) 0.1473(4) 3.25)
7 (L ISO6SCHTY (1L 334R(5) Q09744 SIS
i 0.36118) 0. HWH) ARERRIE! 3.9(4)
12 (3.3337(4} 042133 [(RERRIED! 194
Ci3 [UREREIR RS 047 245) 0.0712(%) h-H5)
14 G.6T03H) 4R 00274 6.6(6)
Cis 07010 136087y (L2500 6.7(5)
Clh {Lod 780 (1310865 0.06914) S5y
2 (L3674 030720 [ERSELIRY 4.2(4)
[ 0 ARANG) 0326705 RIS SIS
€23 G332 0.3450606) 0, 25044} 0.7(6)
24 (.OYOGIL D) 13470000 (1.3579(4) T A6
25 07772040 0220471 (13085} 82T
26 (IR S (). 3093(6) 252%04 TA6)
31 (1.43.32¢9 DOYRA(A) 0.2495(4) 4. &)
(G 0,501 2{9) 01200603 0.305603) 4.8(4
33 Hadtati g thlieing 3224(4) h.ﬁ(ﬁ)
34 724500 {003 1284 RAO(7)
(33 (L6694 14 LOITA(A) 02281 KAT7Y
[GK14) 052831 1) t},(}bll_lm 3.211200 6.3(5)
41 IR UR1{6) (1.291604) 5004
42 RSO R (L3967 0.3205(+4 T9(6)
3 LOANRCEY) IRENSIC)] [EIRNEURY] HLOOK)
44 DO (L0431 3 {1L.3985(6) 11.5013)
43 NO7I8014) 00042010 N 11.3010)
C46 0130801 0.0186(6) 0.3091¢5) 7.A46)
I (1303061 NER2GY [UBEEtIC 1.916)
Complex 9
Mol (,43040(1) U29181(4) 0.91895(3) H43(3)
Mo?2 HS32154) (L1606 »m LO221HHR) 4.17(3)
P Q52566001 023286010 FI2335(8) RIS
Ni (SR 83404 LOANTHD 3.4
N (.33725) mntu\(h IR 6.6(4)
01 0 0.0332(%) 11.0(3)
02 IR i, {).8366(3) HO.8(3)
O3 033735 i, {1.900003) 10.2(5)
O4 [URIRITES { {LUS29(3) L.6(4H
[ON .‘Mﬂ i 0.50443) ERLEY
Q6 0.9031(3) R.6(D
07 (L9930 3) 7.8(4)
ON 1.0602(3) N3
(@] (.9300(4) 6.5
2 AT (,8686(4) 0.6(3)
3 ¢ O 20HKS) (.9005(4) 6.4(5)
4 (1L363S) (L3406 13) 0.96274) 3603
C3 (LA0THE) 133345 874D S
(& nﬁ:,%(:) 012U 094314 S.9(5)
[ (L6379(R 11222603} FAOURH)Y 35050
Y ~1<.~x 34202¢4) 1.0376(3) 5004
CH ; p6iaT POMRS(R) 9.3(7)
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TABLE 2 (continued)

Atom x y z Bis
C11 0.2661(9) 0.0290(12) 1.0989(7) 20.3(15)
Cl12 0.3020(8) 0.0236(9) 1.1483(5) 13.3(10)
C21 0.5645(4) 0.1722(4) 1.1822(3) 4.0(3)
C22 0.5179(4) 0.0992(4) 1.1884(3) 4.9(4)
C23 0.5497(6) 0.0486(4) 1.2358(4) 6.4(5)
C24 0.6355(6) 0.0333(6) 1.2284(4) 7.5(6)
C25 0.6818(5) 0.1056(5) 1.2240(4) 6.4(5)
C26 0.6524(4) 0.1560(4) 1.1758(3) 4.9(4)
C31 0.4258(4) 0.2558(4) 1.1493(3) 4.24)
C32 0.4177(5) 0.2877(5) 1.2107(3) 5.2(4)
C33 0.3323(5) 0.2935(6) 1.2286(3) 7.1(5)
C34 0.2817(5) 0.3296(6) 1.1873(4) 6.6(5)
C35 0.2905(5) 0.3000(5) 1.1266(4) 6.0(5)
C36 0.3743(5) 0.2959(6) 1.1079(3) 6.8(5)
C41 0.5875(4) 0.3179(4) 1.1271(3) 4.4(4)
C42 0.6039(5) 0.3535(4) 1.1866(3) 5.1(4)
C43 0.6673(5) 0.4139(5) 1.1818(4) 6.5(5)
C44 0.6510(6) 0.4715(5) 1.1354(4) 6.7(5)
C45 0.6321(6) 0.4364(5) 1.0784(4) 6.9(5)
C46 0.5676(5) 0.3783(4) 1.0834(4) 5.7(5)

tional parameters for the atoms are listed in Table 2.
Selected interatomic distances and bond angles are in
Table 3.

3. Results and discussion

There has been only one brief report on the Raman
spectroscopy of HMo,(CO)4(NO) (1) [16]. We were
able to synthesize 1 on a large scale (32%) from
Na*HMo,(CO);; and acidic Na*NOj , procedure sim-
ilar to that for the preparation of HW,(CO),(NO) [4b],
except that acetic acid has to be added very slowly, and
the reaction as well as the recrystallization have to be
performed at temperatures below (0°C. The compound
can be handled only briefly in air and is best stored
below 0°C.

Similar to the reaction of HW,XCO),(NO) with
phosphines [9], complex 1 reacts with phosphines or
phosphites to afford HMo,(CO)(L)XNO) (2, L = PCy;;
3, L=PPh;; 4, L=P(p-C,H,OMe),) and HMo,-
(CO)AL),(NO) (5, L = P(OMe)s; 6, L = Ph,PH). Due
to extensive decomposition of 1 in CH,Cl,, more than
four equivalents of L have to be used in order to obtain
a reasonable quantity of HMo,(CO),(L),(NO). Due to
the steric congestion of PCy, (cone angle 170° [17]),
complex HMo,(CO),(PCy;),(NO) could not be ob-
tained even if large excess of PCy, was used.

The extremely air sensitive HMo,(CO)ATHF),-
(NO,,) (NO resides on the equatorial site) [18 *] was
isolated from the reaction of HMo,(CO)(NO) (1) with
THF in a crude yield of 70%. The compound was
found to be a useful precursor to disubstituted deriva-

tives of 1, such as 6 (60%), HMo,(CO),(MeNC),(NO,,)
(7, 53%), and (NMe ,)(HMo(CO)n%S,CNEt,)) (10,
26%). It is interesting to note that treatment of 1 with
S,CNEt; in CH,Cl, does not lead to the formation of
10. Nucleophilic attack of phosphinimines [19] at 1
occurs readily and leads to deoxygenation of carbonyl
ligands. Complex HMo (CO),(‘'PrNC),(NO,,) (8) was
synthesized from 1 and two equivalents of Ph3PNiPr in
35% vyield. We were also able to isolate complex
HMo,(CO),(PCy,)("PINCYNO,,) (9) (27%) from the
reaction of 2 with Ph,PN"Pr.

Most of the derivatives of 1 were obtained in low to
moderate yields due to extensive decomposition of 1
during the reaction. The reaction temperature has to
be above 0°C in order to achieve a decent concentra-
tion of HMo,(CO)4(NO) in CH,Cl,. Unfortunately,
rupture of the dimer occurs even in common non-coor-
dinating solvents, and M(CO), is the only detectable
decomposition product. Whereas less than 10% of
HW,(CO)4(NO) decomposes after 24 h in CH,Cl, at
room temperature based on IR and 'H NMR spectra,
the lifetime of 1 under similar conditions is less than 4
h. The chemical reactivity of 1 also appears to be
higher than that of HW,(CO),(NO), in accordance
with the general trend observed for the second and
third transition series elements of a given group [19].

The spectroscopic properties for complexes 1-10
are consistent with their formulation. They have in-
frared spectral patterns very similar to those of the
corresponding tungsten analogues [9-11] in the CO
and NO stretching regions, suggesting that molybde-
num and tungsten congeners have similar structures in
solution. The chemical shifts of the hydrides in the 'H
NMR spectra are consistent with the existence of a
Mo-H-Mo linkage [20]. The two phosphorus atoms in
5 and 6 appear to be magnetically equivalent, based on
the *'P NMR spectra. Complex 7 has its NO in equato-
rial position and thus two magnetically inequivalent
MeNC ligands.

3.1. Molecular structures of HMo,(CO),(NO) (1),
HMo,(CO)g(PCy;)(NO) (2), HMo,(CO),(P(p-C,H
OMe);),(NO) (6), and HMo,(CO),(PCy;)("PrNC)-
(NO) (9)

orTeEP drawings of complexes 1, 2, 6, and 9 are
shown in Figs. 1-4. Important interatomic distances
and angles are listed in Table 3.

A 50-50% packing disorder involving the axial NO
and CO groups generated the appearance of a symmet-
ric Mo—H-~Mo bond for 1. Bau [4b] analysed metal—
carbon and metal-nitrogen bond distances in mixed
carbonyl nitrosyl complexes [21] as well as compounds
of the type M(CO)X [22] where X is a poorer charge
acceptor than the carbonyl groups, and concluded that
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TABLE 3. Selected bond distances (A) and angles () for complexes 1,26, and 9

1 2
Mo(1)-Mo(2); Mo-MoA 3.54001) 348238y
Mo(1)-C(1). Mo--C(1) 20733 2.056(8)
Mo(1)-C(2); Mo-C(2) 20523 20533(8)
Mo 1—C(3); Mo~(C(3) REINC 2.049(8)
Mol 1)-C(4); Mo- ((4) 206804} TOSTR)Y
Mo(1)- C(5) 197208y
Mo(2)-C(6) RE IS
Mo(2)-C(7) 2.046(7)
Mo(2)-C(8) 2R
Mo(2)-C(9}
Mo(2)-P 2.600(2)
Mo(2)-P(1)
Mo(2)-P(2)
Mo(2)-N: Mo-NCA [ . ROK(2 18045
Mo(2)-N(D)
Mo(1)-H; Mo-H .77
Mo(2)-H 1.96(5)
C(H-Och 1122043 1.132(9)
C2)-O2) FA2HE) LD
C(3)-003) 112561 113
C)-O4) R ES 120
C(5)-U5) 1A
C6)-0O(6) 11219
C(7)-O(7) AR
CIR)-OU8) Li04Y)
N--O(} TIsXT)
N-O(&8)
NC-0O 1.149(4)
Mo(D)-C(H-01) 178.9(3) 175.8(6)
Mo(1)-C(2)-O(2) 178.2(3) 173.0(0)
Mol D-(C(3)-0(3) 178.1(3) 175.37)
Mo(1)-C(4)-O4) 178.803) 173.9(6)
Mo(1)-C(3)-0O(5) 17707}
Mao(2)-C(6)-OU6) P74 16)
Mo(2)-C(7)- O 173.35)
Mo(2)-C(8)--O(8)
Mo(2)-N(1)-O(8)
Mo-NC-Q 177.5(3)
CH-Mo(1)-C(2) L&) 88.7(3)
C(H-Mo(1)-C(3) 177.3(1) {74.0(3)

C(H-Mo(1)-C(4)
C(H-Mol1)-C(3)
C(2)-Mol 11--C(3)
C(2)-Mo( 1)--((4)
C(2)-Mol DH--C(3)
C(3)-Mo(1)-Ctd)
C3)-Mol 1)-((5)
Cld)-Mo(1)-C(3)
C6)-Mo( )X
C(6)--Mo(2)-((8)
CO)-Mol(2)-C(9
C(6)-Mo(2)-N
C(6)=~Mo(2)-N( 1)
C(6)-Mo(2)-P
Cl6)-Mo(2)-P(1)
C(O)-Mo(2)-P(2)
C(7)-=Mo(2)-((8)
C(7-Mo(2)-P
C(N-Mo(2)-N
C(-Mo(2N(])

84901

90.601)
P78.001)

88.7(1)

87.0(3)
89 1(3)
G4 (W3)
174.3(3)
R6.(H3)
89 H3)
86.43)
R9.6(3)
R3.06(3)
1742
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TABLE 3 (continued)

1 2 6 9

C(7)-Mo(2)-P(1) 92.1(3)

C(7)-Mo(2)-P(2) 169.7(2)

C(7)-Mo(2)-C(9) 172.4(3)
C(8)-Mo(2)-P 91.0(2)

C(8)-Mo(2)-N 93.1(3)

C(9)-Mo(2)-N(1) 95.6(3)
P(1)-Mo(2)-P(2) 88.61(7)

N-Mo(2)-P 91.5(2)

NC-Mo-C(1) 91.4(1)

NC-Mo-C(2) 89.9(1)

NC-Mo-C(3) 90.9(1)

NC-Mo-C(4) 91.3(1)

Mo(1)-H-Mo(2) 131(3) 132(3)

Fig. 1. orTEP drawing of HMo,(CO)y(NO). Thermal ellipsoids are

drawn with 50% probability boundaries. Fig. 3. ortrr drawing of HMo,{(CO),(Ph,PH),(NO). Thermal ellip-
soids are drawn with 50% probability boundaries.

Fig. 2. orTEP drawing of HMo,(CO)¢(PCy;XNO). Thermal ellipsoids Fig. 4. orTEP drawing of HMo,(CO)5(PCy;X"PrNCYNO). Thermal
are drawn with 50% probability boundaries. ellipsoids are drawn with 50% probability boundaries.
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the axial NO should have a metal-ligand distanee
shorter by 0.17 A than the average equatorial metal-
ligand distance. In complex 1, the dverage axial M-X
(X =N or C) bond length (1.898(3 ) A) opposite hvdro-
gen is shorter by 0.15-0.17 A 111(m the  cquatorial
mectal—carbon distances (2.073(3), 203203}, 2.059%3),
2.068(3) \ which is also close 1o the corresponding
value (0.15 A) rcp()ncd for disordered HW.(CO)(NO)
[4b]. The location of the axial NO ligand was also
distinguished by conspicuous discrepancies m the ther-
mal parameters for the N and C
rectly assigned.

The most interesting aspect of the structure of 1 4s
its eclipsed conformation, in contrast to the staggered
conformation of HW.(CO)(NO). This is an example of
the metal influence on the structural variation in
dimeric M{p-HYM series. The much longer M=M dis-
tance in 1 (3.540(1) A) than HW,(CO)(NOY (3.328(3);
3.33003) A) f4bl s undouhudl) due o interatomic
repulsion among mutually ¢clipsed cquatorial ligands.
The elongation of M—M distance resulting from inter-
atomic repulsion among cclipsed ligands was also ob-
served for isomeric pairs of HW(CO(MeNC), (NO)
[10]. In terms of the comparable atomic radii of Mo
and W, the Mo-Mo distance is estimated 1o be ca.
3.750 A for a lincar Mo-H-Mo hond 1231 Therefore
the observed symmetry-imposed  bridging  hydrogen
atom of 1 is likely to be in an off-axis position and the
lincar, eclipsed structure of 1 is actually s disordered
superposition of two or more bent Mo-H-Mo bonds,
similar to that reported for (NEt XHCr .00, [24].
Transformation of an cclipsed HMo (COMLINOY (1) to
a staggered isomer in solution is most likely to be a low
encrgy process, as suggested for M{u-HIM complexcs
[25]. Other relevant crystal duta appear to be normal.
The two molybdenum atoms in 1 reside i almost
perfect octahedral environments. Borh Mo-N-0O and
Mo-C-0O angles deviate from lincarity by fess than 37

Complexes HMo (CO)(PCy UNO (2) and
HMo.(CO),(Ph,PH),(NO) (6) have structares similar
to HW,(CO)(P(p-C H F)) (NO) and HW.(CO),
(P(p-C,H, F))(NO), respectively {111 The two
molybdenum atoms reside in a roughly actahedral envi-
ronment, with the nitrosyl ligand occupying the axial
position on the phosphine-substituted molybdenum,
The nitrosyl (2, 177.7(5)°; 6, 176.1(6)") and carbonyvl (2,
175(2)°: 6, 177(1¥ ) are hmdrl\ mmdmdu d o Mo, The
W-N distdnus (2. 1.8043) AL 6. 1.808(7 U are shorter
than the average W ( distances (2. 2.05(3) A: 6, 2.01(2)
A). The carbonyl trans to the hydride appears to have
the shortest Mo-C distance (2. 1.972(83 A 6, 1.98(1)
A) among all carbonvls. The overall siructure in 2 and
6 is bent, and the equatorial groups are staggered. tn 2
the phosphine ligand occupics the least hindered exo

atoms when incor-

/ HMo ACOLINO

posttion. whereas in complex 6 both cxo sites are
occupied by phosphines.

The position of w-H was located in the final differ-
ence Fourter map for 2 and 6 The observed Mo— H
distances €2, 1.86(0), 196(5) AL 6. 1L8S2(6). 1.96(3) A)
and the Mo-H-Mo angle (2. 13103 6, 132(3)) are in
agreement with the ¢ ‘;wrtcd values (Mo-H, 1.68--2.19
\ Nhhib\h) ;3“ 1367 [20]. The Mo-Mo dis‘t;mcc
in 2 (348238 v even fonger than that im 6 (3,464 %
A) because ’(\ L Bas aomuch larger cone ‘mgh (L7
than Ph-PH (1 2¢

The mm[\f ‘) has a longer Mo-Mo  distance
(3533011 A) than 6 (346411 A), apparently duc to the
"I"L‘tht“l' steric congestion 1 the former. In contrast o
6, the "PrNC was found (o accupy one of the endo
sktcx‘ of the parent " MolCONPCY INOYT fragment in

- Other structural features of 9. including lincarity of
lhc heands, lm‘ n'(;niu Moo= and Mo—-N ¢
are not much d
carlicr,

hstances
Torent from those of 2 and 6 discussed

4. Supplementary material available

All bond distances and angles (Table S1: 1, 1 page:
2. 2 pages: 6. 2 pages; 9, 2 pages). anisotropic thermal
parameters and isotropic thermal parameters (Table
S2:0 b L pager 20 2 pages: 6. pages: 9, 2 pages),
positional purameters {or calculated hvdrogen atoms
{Table 830 20§ page: 6. 1 page: 9.1 page). and struc-
ture factors (Table S840 105 pages: 20 15 pages: 6. 16
pages; Y. 10 pagest, are all available from the authors.
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