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Summary 

Reaction of photogenerated (Q~-C~H&W~(CO)~ with acetylene at 25°C yields 
a complex of the formula ($-CSH5)2Wz(CO)4(C2H2). The crystal structure of 
the compiex shows it to have a tetrahedrane-like W,C, core. The C-c; bond 
distance of the &Hz unit is 1.33 A which is close to that of ethylene, consider- 
ably longer than the 1.20 a for acetylenes_ The W-W distance is 2.987 A which 
is -0.25 A shorter than the W-W distance in (@‘-CSHs)2W2(COjb but longer 
than that expected for ($-C,H,)~W~(CO)4. By analogy to the parent ($-C,Hs),- 
Mz(C0)6 species, the near-UV absorption in ($-CSHs)2Mz(C0)4(CzHz) is assigned 
to a (Tb + a* transition. Owing to the shorter M-M bond in the C2H2 adducts, 
the ob --f (T* absorption is at higher energy than in the ($-CSHs)2M2(C0)6 com- 
plexes. 

The chemistry indicated in reaction (1) was recently reported [l-3]. Subse- 
quent reaction of the metal-metal triple bonded complex with C2H, occurs 
according to reaction (2) [2,3]. Reaction (2) seems to represent the only exam- 
ple of the direct reaction of a triple metal-metal bonded complex with another 

M=Mo,W 

* Dreyfus Teacher-Scholar Grant Recipient. 1975-1980. 
** NIH Research Career Development Awardee. 1975-1980. 
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O-P-WA;z&(CO)a + Cd% = ($-C~H&M2(CO)&Z2H~) 

triple bonded species. The reaction may be viewed as in reaction (3). 

(2) 

M--_-M + RCERC e M (3) 

Owing to the potential importance of such reactions in building up clusters, and 
acetylene-containing clusters especially, we have undertaken an X-ray crystallo- 
graphic structural determination of the acetylene adduct formed from the reac- 
tion of CtH2 and photogenerated (q5-CSH5)2W2(C0)4 123. Some structural 
features of (n5-C,-H,-)2M02(CO)4(CZRZ) (R = C2H5, H) have already been reported 
141. 

Results and discussion 

Synthesis of (q5-C5H& W2(CO),(C2H2) 
Irradiation of an Ar-purged benzene solution of -lo-* M (~J’-C~H~)~W~(CO)~ 

with near-UV light at 25°C leads to the decline of IR bands at 1958 and 1910 
cm-’ and the concomitant growth of new bands at 1885 and 1930 cm’. The 
irradiation was carried out using a GE Blacklight with two 15 W lamps having 
a maximum output at 355 nm. Accompanying these changes is a general decline 
of the near-UV and UV-vis absorption spectrum associated with (r15-C,HS)2W2- 
(CO),+ The original red-purple solution ultimately becomes yellow. The yellow 
solution contains the (q5-C5Hs)2W2(C0)4 species. Its PMR, IR, and UV-via proper- 
ties are in accord with this formulation [1,2], and the synthesis and spectral 
properties accord well with those for (q5-C,H,)2Mo,(CO), [l-3] for which an 
X-ray crystallographic structural determination has been made [3]. 

Purging a benzene solution of (~I~-C~H~)~W~(CO)~ with C,HI results in essen- 
tially immediate reaction as evidenced by the change of color from yellow to 
red-purple_ Rotary evaporation of the solvent, chromatography on grade 1 alu- 
mina eluting with CH,Clz, and recrystallization from benzene/pentane yields a 
complex of the forrmula ($-C,H,)2W2(CO),(C,H2). The C, H analysis is satis- 
factory: Found, C, 30.2; H, 2.L Calcd., C, 30.2; H, 1.9%. Consistent with its 
formulation as a tetrahedrane-like species the PMR in CDCl, exhibits two 
single-is in a 5 : 1 ratio at 4.64 (C,H,) and 6.11 (C,H,) T. The electronic spec- 
trum in.benzene at 298 K reveals maxima at 525 (E = 900) and 352 (E = 6000) 
nm, and the IR in the CO stretching region shows three peaks: 1990, 1922, and 
1835 cm-’ (isooctane so!vent). These spectral properties parallel those for the 
MO analogue [3]_ 
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X-ray crystallographic structural determination of (q5-C,H,)2 W2(CO)4fC,H~.l 
The specimen, a rectangular p~~lelepiped with dimensions 0.35 X O-30 X 

0.20 mm, was mounted on a glass fiber along the b axis. Preliminary precession 
photographs revealed the monoclinic space group P2,/n with unit cell dimen- 
sions a = 10.324(4), b = 17.225(5), c = S,SSZ(3), /3 = 94-s(4), 2 = 4, V = 1528.4 
A3_ The unit cell parameters were obtained from the setting angles of 15-well- 
centered, high angle reflections. Other relevant data are: Mol. wt. = 635.8, 
p&s = 2.78 g cm-’ (obtained by flotation in aqueous ZnI*), peal= = 2.81 g cmw3, 
fl= 161 cm-’ (for MO-K* X-rays). 

Data were colleCted in the (+-F, +k, i-l) quadrant on a Syntex P2, diffractom- 
eter with graphite monochromator and MO-K, X-rays by the 8/20 scan technique 
up to a 28 limit of 4E?_ The scan speed varied between 4.0 and 29.8”/min 
according to the intensity of the reflection: the scan range was defined as 
A28 = 1.2”. Each reflection was scanned once with background counts taken 
at the beginning and end of each scan. As a check on the stability of the diffractom- 
eter and the crystal, the (0, 6, 0), (-6, 0, 0), and (0, 0, 4) refiections were 
measured at fifty reflections intervals. No significant variation in the intensities 
was observed during the data collection. 3023 non-negative reflections (exclud- 
ing check reflections) were collected, of which 2830 were unique. Of these, 
498 were rejected as too weak. The remaining 2332 reflections were corrected 
for Lorentz and polarization effects. The standard deviation of each reflection 
was estimated from counting statistics. An empirical absorption correction 
was applied based on the variation of intensity of the (0, 6, 2) reflection around 
the diffractIon vector (9 scan). Transmission factors (normalized to unity) 
varied between 0.59 and 3.14; this large variation is consistent with the large 
linear absorption coefficient of the compound. No significant dependence of 
absorption upon 28 was found. 

The structure was solved with conventional heavy atom methods; f;he coor- 
dinates of the W atoms were obtained from a Patterson map, and all other 
non-hydrogen atoms were located from difference Fourier maps. In the subse- 
quent least-squares refinement, the thermal parameters of the tungsten atoms 
were refined anisotropically, while those of the carbon and oxygen atoms were 
refined isotropically. A final difference Fourier map showed some residual 
electron density on the vicinity of the cyclopentadiene rings, indicating consid- 
erable vibrational motion of the rings about the metal-ring axis. The final agree- 
ment factors are R = 0.073 and R, = 0.088 *. 

An ORTEP plot of (r15-CSH5)2Wz(C0)4(C2H2) is shown in Fig. 1, and the atomic 
positions, distances and angles are set out in Tables 1 and 2. The W-W bond is 
2.987(l) a long and is bridged by the acetylene group in a nearly perpendicular 
fashion (the angle between the -W--W bond and the C-C bond, looking down 
the center of both bonds, is 87”). The bond distances from the tungsten atoms 
to the acetylenic carbon atoms are identical within 3a and their average is 2.16(2) 

* The table of structure factors has been deposited as NAPS Document NO. 03313 (11 pages). Order 
from ASISINAPS. c/o Microfiche Publications. P-0. Box 3513. Grand Central Station, New York. 
NY 10017. A copy may be secured by citing the document number. remitting $ 5.00 for photo- 
copies or $ 3.00 for microfiche. Advance payment is required. Make checks payable to Microfiche 
Publications_ Outside the United States or Canada. postage is S 3.00 for a photocopy or S 1.00 
for a fiche. 
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Fig-l-The moI&uIar geometry of (o~-C~H~)~W~(CO)~(C~HZ). 

TABLE 1 

FINALPOSITIONS ANDTHERMAL PARAMETERS FOR (~IS-CSH~)~W~(CO)~(C~H2)WITH ESTIMATED 

STANDARDDEVIATIONSINPARENTHESES 

Atom x Y L B 

W(l) O-24629(11) 0.07799(5) 0.43068(11) = 
LV1<2> O-23844(11) O-24893(6) 0.48805(11) = 
C(l) 0.0700(28) 0.1130(15) 0.4040(26) 2.1(4) 

C(2) 0.21X(36) 0.0530(19) O-6414(36) 4.0(7) 

C(3) O-3943(22) O-3142(14) O-4752(26) 1.9(4) 

C(4) O-2161(26) O-2561(14) O-2635(27) 2-l(4) 
C(5) O-3889(29) O-1665(15) O-4324(24) 2.5(5) 
CC6) 0.3670(26) 0.1579(14) O-5819(26) l-8(4) 
C(7) O-3159(46) 0.0430(24) O-1878(45) 6.1(9) 
C(8) 0.1925(38) 0.0148(20) O-1876(37) 4.4(7) 

C(9) 0.3072(39) O-4633(21) 0.1803(39) 4.8(8) 
C(lO) 0.1712(43) O-4614(21) 0.1213(40) 4.8(8) 

C(ll) 0.1043(40) O-4994(21) O-1975(40) 5.0(S) 
C(12) 0.0295(29) O-2896(15) O-5146(29) 2.6(5) 
C(l3) 0.1081(33) O-3573(17) O-5328(32) 3.2<6) 
C(l4) O-1964(36) 0.3426(18) 0.6748(36) 3.8(6) 
C(15) O-1556(31) 0.2653(16) O-7326(30) 2.9(5) 
CU6) O-0555(27) 0.2390(15) O-6391(27) 2.3(5) 
O(l) O-4620(24) 0.3695(12) 0.8730(23) 4.0(4) 
O(2) O-2127(29) 0.0384(15) 0.7763(30) 6-l(6) 
O(3) 0.4840(21) 0.3562(11) 0.4681(20) 3.2(4) 
O(4) 0.2078(22) O-2612(12) 0.1271(22) 3.7(4) 

a Anisotropic temperature factors: W(l):pII 0.00540~12);P220.00142(3)~~33~.~~890<15)~~~z 
-0.00024(6):&, 0.00017(7):~~J-o.00007(6).W<2):P~1 0.00340(11):P220.00146(3):P330.00791(14): 
fl12 -o.00001(5):~130.00020(8);P23-0.00011(5).The form oftheanisotropicthermalellipsoidis 
ex~C-tB~$~+P22k~+ P3312+ P12hh +PI@ f ?z$Ol- 
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TABLE2 

SELECTEDDISTANCES (&AND ANGLES(")OF(q5-C~H~)~W~(C0)~(C~H~)WITHSTANDARD 

DEVIATIONINPARENTHESES 

(a)Interatomic distances 
W(l)-W(2j 

W(l)-al) 

W(lka2) 
W(l)--c(5) 

W(l)-C(6) 
W(l)-C(7) 

W(l)---c(8) 
wl)--c(9) 
W(l)-alO) 
W(l)-all) 
W(l)...C(3) 
W(l)...C(4) 
C(lj-o(l) 
C(2jO(2) 

(B) Interatomican&?les 

C(l)_-w(l)--c(2) 

C(5)-W(l)-t-X6) 
W(l)-C(5)-W(2) 

W(l)--c(l)-G(1) 
W(1)-c(2)-0(2) 

w(2)-w(1)-c(1) 

W(2)-W(lPc(2) 
W(l)--c(l~W(2) 

2.987(l) 

1.91(3) 

1.92(3) 
2.12(3) 

2.21(12) 
2.34(4) 

2.39(3) 
2.24(4) 
2.24(4) 
2.39<4) 
4.35(4) 
3.39(2) 

l-16(4) 
l-19(4) 

87.5(13) 
35.8(9) 
87.9<11) 

172.9(21) 

171.5(32) 
70.8(8) 
93.2(10) 

71.7(8) 

C<5)-=(6) 

~(a-c(3) 

wa-a4) 
W(a-c(5) 
W(2)--c(6) 
W(2)-C(12) 

W(2)--c(13) 
W(2jC(14) 

Ww-c(i5) 
W(2)--c(l6) 
W(2)...C(l) 
W(2)...C(Z) 
C(3jW3) 
C(4jW4) 

1.33<3) 

l-97(3) 

1.94(2) 
2.18(3) 
2.17(2) 
2.30(3) 
2.35(3) 
2.34(3) 
2.35(3) 
2.38(3) 
2.97(3) 
3.64(3) 
l-18(3) 
l-18(3) 

86X(10) 
35.7(9) 
86.0(9) 

177.0(22) 

177.2(24) 
121.5(7) 
84.2<7) 

112.5(18) 

A. While this part of the molecule, the W2C2 core, looks quite symmetrical, there 
is a single semi-bridging carbonyl group [ C( l)O( l)] that makes the whole 
molecule asymmetrical and the environments about the two W atoms quite 
different. 

The data support formulation of the C,H, adduct as one containing essentially 
an MzCz pseudotetrahedral core, as in other dimetal-acetylene complexes 
such as CO~(CO)~(C~R~) [6]. Thus, the schematic reaction (3) between two 
triple-bonded species seems reasonable_ The W-W distance and the C( 5)-C( 6) 
distance also support the notion of a saturated complex. Some reference C-C 
and M-M distances are set out in Table 3. We see that in the (q5-C5H5)2W2(CO)4- 
(C,H,) complex the C(5)-C(6) bond is lengthened considerably from the 1.204 
A [5] in free C2H2 to a value of l-33(3) A which is close to that for the C-C 
bond ethylene. The bond lengthening is comparable to that found in COAX- 
(C,R,) [6] (R = Ph, t-Bu) and ($-CSHS)zNiz(C2Phz) [7] which also have the 
M2C& tetrahedrane-like core. The W-W distance in the C2H2 adduct is shorter 
than in the parent ($-CSH5)2W2(C0)6 [S]. Unfortunateiy, the structure of 
(+GH&Wz(CO)4 h as not been determined. But from the data for the Cr-Cr 
[9] and MO-MO [ 31 triple bonded species compared to their single bonded 
analogues [S], we can estimate the W=W distance in (775-CsH5)2W,(CO), to be 
2.45 + 0.01 A, significantly less than that determined here for the C,H, adduct 
(2.987(l) A)_ Thus, it appears that some saturation of the W=W and the C=C 
bonds occurs adduct formation, but neither multiple bond is saturated to 
a representative single bond value_ The Co-Co distance in CO~(CO)~(C~R~) [ 61 
of -2.47 A is also shorter than the Co-Co distance in either COAX (2.52) 
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TABLE3 

M-M AND C-C DISTANCES IN RELEVANT MOLECULES 

Species M-M <A) c-c <A) Reference 

ethane 

ethylene 
acetylene 
benzene 

(r15-CjH5)zMo2<CO)6 
<s5-C5H5)2M02(CO)4 
(175-C~Hg)2M~2~C00)4<~ZHZ) 
ts’-CSHg)*Mo*(C0)4<CqEt*) 
<os-CsHs)2Cr2(C0)6 
<ss-Cs<CH3)s)2Cr2(C0)4 
(‘I~-CSH~)~(V~<CO)~ 
tss-C,H,),W,(CO)4<C2H2) 
CoZ(CO)dCzPh2) 
C02<C0)&2-t-BU2) 

Co2(CO)8 
C”2<$O)S(P<u-Bu)3)2 
&‘-CsBs)2Ni2(C2Ph2) 
<&%Hs)zNi#O), 

-. 

3.235 
2.448 
2.984 
2.977 
3.280 
2.280 
3.222 
2.987 
2.47 
2.463 
2.52 
2.66 
2.33 
2.36 

1.533 
1.334 
1.204 
1.397 

1.33 (C2H2) 
1.369 (C2Ph2) 
1.335 (CZ-t-Bu2) 

1.35 

5 

5 
5 
5 
8 
3 
4b 
4a 
8b 
9 
8 

This work 
6a. b 
6c 

10 
11 

7 
7 

. . . 
[lo] or Co,(CO),(P(n-Bu)3)2 (2.66 A) [ll]. These data parallel the present 
findings_ 

The most striking feature in ($-CSHS)2W2(C0)4(C2H2) is the single semi- 
bridging carbonyl group, a feature which has also been observed by Cotton and 
co-workers in the closely related compounds ($‘-C5H5)2M02(CO),(C2H2) and 
($-C,H5)2M02(C0)4(C2Et2) [4]_ The presence of a single semi-bridging carbonyl 
group (SBCO) between two otherwise equivalent metal atoms runs contrary 
to intuitive expectations. To preserve symmetry, one would normally expect 
a complementary pair of SBCO’s, one from each metal. In a recent article, 
Cotton and co-workers have made the plausible argument that the presence of 
the single SBCO in ($-CSH5)2M02(C0)4(C2H2) can be attributed to steric effects 
E4bl- 

The non-linearity of the W( l)-C( l)-O( 1) angle in (~s-C5H5)2*W2(CO)4(C2H2) 
(167(2)“) and the closeness of the W(2)...C(l) contact distance (2.97(3) A, much 
shorter than the other three W...C distances which are all in excess of 3.3 A), are 
both consistent with the idea that incipient bond formation is taking place 
between W(2) and C(1). There appears to be a hint of something like this occurr- 
ing also in the triple-bond species (~5-CSHs)2M02(C0)4 and ($‘-C5Mes)zCrt(C0)4: 
their very low CO stretching frequencies indicate unusually large interactions 
between the carbonyl groups and the metal atoms. Indeed, the M’-M-C angles 
and the M!...C distances in these molecules (Table 4b) are comparable to those 
of semi-bridging carbonyl groups (Table 4a). It looks as though the CO orbitals 
in (Q~-C~H~)~MO~(CO)~ and ($-CSMe5)2Crz(C0)4 are “bending over” to interact 
with the M=M triple bond. This interaction could be in the form of enhanced 
back-donation from the electron density of the M=M triple bond to the nIT* orbit& 
of CO, combined perhaps with some OC + M donation from the C=O n bond to 
an appropriately empty metal orbital_ 
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Assignment of electronic spectrum 
The electronic spectra of (q5-C5H5)ZMZ(C0)4(CZHZ) and (qS-C5H5)ZM2(CO)6 

(M = MO, W) are shown in Fig. 2-4. The C,H, adducts are remarkably similar 
to each other as are the parent hexacarbonyls. For all four compounds we find 
a low energy, low intensity visible absorption at -500 nm, and in the near-UV 
we find a much more intense transition_ The energy of the bands for M = W are 
a little higher in energy than for M = MO, and the near-UV transition for the 
C,H, adducts is higher in energy than for the parent hexacarbonyls but the 
visible absorption maximum is at lower energy in the C,H, adducts. The data 
are summarized in Table 5, and a common assignment for the absorption in the 
complexes appears appropriate_ 

The near-UV band in the hexacarbonyls has been assigned previously 1121 
to a metal-metal o,, + (T* transition. The position of the (Tb + (T* absorption 

0.91 
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Fig. 2. Electronic spectra in EPA solution at 298 K (- ) and upon cooling to 7’7 K <- - -)_ 
Spectral changed upon cooling are not corrected for solvent contraction_ Band maxima and absorptivities 
in CgHg at 298 K are given in Table 5. 
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Fig. 3. Electronic spectra in EPA solution at 298 K ( -) and upon cooling to 77 K (- - -)_ Spectral 
changes upon cooling are not corrected for solvent contraction. Band maxima and absorptivities in CbHg 

at 298 K are given in Table 5. M = MO. 

Fig. 4. Electronic spectra in EPA solution at 298 K (-) and upon cooling to 77 K (-- -)_ Spectral 
changes upon cooling are not corrected for solvent contraction_ Band maxima and absorptivities in 
ChH6 at 298 K are given in Table 5. M = W. 

band has been correlated with bond dissociation energy [ 131, and thus a corre- 
lation for a given metal and metal-metal distance might be expected. Such a 
correlation does obtain, but it is curious that the shift to higher energy in the 
cb -+ CT* absorption in the MO complex is about twice as great as in the W com- 
plex. The position of the 6, + 6* absorption in a set of quadruple metal-metal 

TABLE 5 

ABSORPTION MAXIMA AND M-M DISTANCE IN (+-CSHS)2M2(Cok AND (‘ls-CSHS)2h.22<C0)4-~2(~~)4- 

(C2=a) = 

Complex M-M <A) f3 -, o* <cm-1) <El r-d -t a* (cm-‘) <E) 
- 

<+-C#S)2Mo2(C0)6 3.235 b 25.460 (23.200) 19.530 (2300) 
(r15-C~Hs)tMo2(Co)4(C2H4) 2.984 c 27.700 (7400) 18.760 (850) 
(+C5H5)2W2(C0)6 3.222 b 27.590 (21.000) 20.410 (2850) 

-(os-C~H~)~W~(CO)4(CzH~) 2.987 28.370 (6000) 19.050 (900) 

= AII spectral data are for 298 K C6H6 solutions recorded using a Carp 17 UV-vis-NIR spectrophotometer. 
b Ref. 8. c Ref. 4b. 
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bonded complexes was found to correlate with the M-M distance [ 141, and 
the shift in energy was of the order of 2000 cm-’ for a range of M-M distances 
of -2.0-2.2 a. Consistent with a shift to higher energy for the M-M absorp- 
tions we note that the triple bonded ($-CSH5)ZM2(C0)4 (M = MO, W) species 
themselves do not have a low energy absorption attributable to a q, --f cr* 
transition [2] and we conclude that such an absorption is at substantially higher 
energy than for the single bonded ($-CSH5)2M2(C0)6. The visible band in the 
CzH2 adducts, as in the parent hexacarbonyls, can be assigned to a r-d +- CJ* 
transition_ Thus, we can effectively treat the C,H, adducts as ($-C,H,),M,- 
(CO),L, derivatives of the parent hexacarbonyls with respect to their electronic 
spectral properties_ 

These electronic and geometrical structural considerations suggest a rich 
photochemistry for the CzH2 adducts involving metal-metal bond cleavage 
which is found [ 12,15-191 in other dinuclear car-bony1 complexes exhibiting 
a low-lying ob -+ 6 excitation. Preliminary experiments in one of our labora- 
tories (M.S.W.) show the C,H, adducts to be photosensitive, and the work will 
be published independently. 
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