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Finally, this study has confirmed one of the three 
modes of metal coordination proposed for 2,3-diaza- 
bicyclo[2.2.l]hept-2-ene. It will be of interest to ex- 
amine this bicyclic azo compound in other types of 
metal-coordinated configurations. 
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The crystal and molecular structure of the unusual compound [Mn(CO),(CzP(CeH5)3)Br] has been determined from single- 
crystal, three-dimensional X-ray data collected by counter methods The material crystallizes as yellow-orange needles in 
the monoclinic space group P2,/c (Czh5)  
= 107 02 (2)' The calculated density for four molecules per unit cell is 1 52 g/cm3, as compared with an observed density 
of 1 47 (2) g/cm3 Full-matrix least-squares refinement on F for 1214 independent reflections with F 2  > 3 u ( F 1 )  converged 
to a weighted R factor of 6 33y0 The structure consists of discrete molecular units of octahedrally coordinated manganese 
with the CzP(CsH6)3 ligand cis to Br The C-C distance in the MnC2 group is 1 216 (14) A ,  the Mn-C-C angle is 176 3 
(12)' and the P-C-C angle is 164 0 (12)' These values indicate that the CBP(CBHS)~ ligand may be best represented as a 
phosphonium molecule, (C6Ha)3P+-C=C.-, in which one of the organic groups is the acetylide anion There is partial 
disorder between the bromine and one of the carbonyl groups This disorder is satisfactorily treated in the model refined 

The lattice constants ate a = 9 564 ( 3 ) ,  b = 12 019 ( 3 ) ,  c = 21 237 (8) A ,  and 

Introduction 
In their studies of the reactions of transition metal 

complexes with ylides, Mitchell, Korte, and Kaska2 
observed that Mn(CO)5Br reacts readily with the bis 
ylide hexaphenylcarbodiph~sphorane~~~ according to 
eq 1. The yellow-orange manganese complex comes 
Mn(C0)iBr + (C&i)3P=c=P(C6"1)3 + 

[Mn(Co),(CzP(C,H,),)BrI + (CsHa)aP=O (1) 

out of benzene solution as an oil which may be separated 
as crystalline needles from the accompanying triphenyl- 
phosphine oxide by repeated crystallization from tal- 
uene-pentane or methylene chloride-pentane solutions. 
Reaction 1 is formally analogous to the Wittig reaction 
of ylides with carbonyl-containing organic molecules.s 
This, however, appears to be the first instance of the 
reaction of an ylide with a coordinated carbonyl group 
in a transition metal complex. 

In  the original formulation of the manganese com- 
plex the cumulene structure 

0 
111 
c Br I /  

0 -C-Mn= C=C=P(C,H5)3 
"/ I 

0 
(1) (a) Xational Institutes of Health Predoctoral Fellow, (b) Fellow of 

(2) D. K. Mitchell, W. D. Korte, and W. C. Kaska, J .  Chem. SOC. D, 1384 

( 3 )  F. Ramirez, N. B. Desai, B. Hansen, and N. McKelvie, J .  Amev. 

(4) G. H. Birum and C. N. Mathews, ibid., 88, 4198 (1966). 
( 5 )  A. W. Johnson "Ylid Chemistry," Academic Press, New York, N. Y.,  

1966. 

the Alfred P. Sloan Foundation. 

(1970). 

Cheni. Soc., 83, 3539 (1961). 

was suggested. Infrared evidence was used to support 
the formulation of the complex as the cis isomer.z The 
crystal structures of triphenylphosphoranylideneketene, 
(CBHs)3PC20, and its sulfur analog have been reported 
previously and they have been considered as cumulene 
 molecule^.^^^ As a first step in establishing the struc- 
tural chemistry of the new class of compounds, of which 
[Mn(CO)4(C2P(C6H6)3)Br] is the first member, we have 
determined the crystal and molecular structure of this 
complex by X-ray diffraction methods. A preliminary 
report of the structure determination has already been 
published.8 We now present the complete details and 
the results of the final refinement of the structure. 

Experimental Section 
Crystals of [ M ~ ( C O ) ~ ( C Z P ( C ~ H ~ ) ~ ) B ~ ]  were provided by Pro- 

fessor w. C. Kaska. The yellow-orange fieedles darken upon 
prolonged exposure to air, so crystals for this study were mounted 
in thin-walled capillaries under an argon atmosphere. Pre- 
cession photographs showed monoclinic symmetry with sys- 
tematic absences h01, I + 2%; OkO, k # 2n. The space group 
was thus uniquely determined as P21,lc ( Czh5). 

The crystal orientation and unit cell constants were deter- 
mined by a least-squares refinement of 12 carefully centered re- 
flections with 28 angles in the range 20-30°.9 Since the Mo 
Kcvl and Kaa peaks are not well resolved in this range, the re- 
flections were centered on Mo K a  (A 0.71069 A).  The lattice 
parameters a t  22" are a = 9.564 (3) ,  b = 12.019 ( 3 ) ,  c = 21.237 
(8) b, and p = 107.02 ( 2 ) " .  The calculated density for four 
molecules in the unit cell is 1.54 g/cm3. The observed density 
as determined by flotation in solutions of hexafluorobenzene and 
pentane is 1.47 (2) g/cm3. 

(6) J. J .  Daly and P. J. Wheatley, J .  Chem. SOC. A ,  1703 (1966). 
(7) J. J. Daly, ibid., 1913 (1967). 
(8) S. 2. Goldberg, E. N. Duesler, and K. N. Raymond, J. Chem. SOC. D, 

826 (1971). 
(9) The programs for refinement of lattice constants and automated oper- 

ation of the diffractometer are those of Busing and Levy as modified by 
Picker Corp. for the P D P  8/I. 
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TABLE I 
POSITIONAL AND THERMAL PARAMETERS AND STANDARD DEVIATIONS~ 

2 - 
.07834( 11) .01630(43) 

.06351( 10) .01314( 33) 

.23067(16) .00912(54) 

fi& & 
.00298(8) -. 00462(29) 
.00222(6) .00112(26) 
.00184( 11) .00072(39) 

.0024(14) 

.OO13 ( 19) 

.0019( 16) 

-.0018( 15) 
.oo32(18) 
.0006( 15) 

-. 0003 ( 19) 

.0025 (14) 

- .0008( 15) 
-. 0003( 17) 
- .0030(23) 
-.0002(20) 

- .oolo(la) 

-. 0012(18) 

-.0042(18) 

-.0007(17) 

.0025(23) 
* 0030(23) 
-.0011(21) 

.0026(17) 
..0012(19) 

-. 0041( 19) 

-.0043(19) 
* 0009(25) 
.0020(24) 
-.0030(18) 

a The form of the thermal ellipsoid is exp -[hh2 + &zk2 + @3d2 + 2fil2hk + 2fi13d + ~fizd]. Numbers in parentheses, here and 
in succeeding tables, are the estinvrted standard deviations i n  the least significant digits. 

Detennined by constraining C ~ O ~  to be linear with a bond length equal to the C~O, distance. 

Isotropic t h e m 1  parameter, B. 

Determined by constraining the Mn-c~ bond length to be equal to the Mn-C3 distance. 

e Detennined by constraining the Mn-Brd bond length to be equal to the Mn-Br distance. 

Determined by applying mirror operation described in the text to C101. 

Thermal Parameter, B, constrained to value for corresponding atom in CIOi. 

Data Collection and Reduction 
Intensity data were collected on an automated Picker four- 

circle diffractometer using Mo Kcr radiation. Data were col- 
lected in the 8-28 scan mode to  a 20 angle of 45". A scan rate of 
l",/min was used with a scan from 0.60" below the Koll peak to 
0.60" above the Kcrz peak. Stationary 10-sec background 
counts were taken at  the start and end of each scan. The takeoff 
angle for the X-ray tube was 2.0" and the Bragg angle for the 
graphite monochrometer crystal was 12.02'. The detector was 
located 33 cm from the source and had a 7 X 7 mm receiving 
aperture. 

Data were collected for the octants Ah, f k ,  + Z .  The 
stability of the crystal and diffractometer was checked by mea- 
uring the 020, 300, and 006 reflections after every 60 reflections. 
These reflections showed constant intensity within 1-2y0 through- 
out data collection. Our program UCFACS was used to reduce 
and process the data.I0 Corrections for Lorentz and polariza- 
tion effects were applied. The parameter p used to prevent 
overweighting strong reflections was chosen as 0.04.'0 A total 
of 3347 reflections w-as observed of which there were 1214 inde- 
pendent reflections with F Z  > 3u(F2). 

The data crystal had maximum point-to-point distances of 

(10) E. N. Duesler and K. E, Raymond, Ixoug.  Chenz., 10, 1486 (1971). 

0.086 X 0.163 X 0.383 mm and was mounted approximately 
along the 010 axis (the longest direction). The linear absorption 
coefficient, p, is 25.1 cm-'. The value of e - d  ranged from a 
miniinum of 0.65 to a maximum of 0.81. The actual range in 
integrated transmission factors is much smaller than this and 
so no absorption correction was applied. 

Solution and Refinement of the Structure 
The structure was solved by the application of heavy-atom 

techniques." Full-matrix, least-squares refinements were car- 
ried out on F for 1214 independent reflections with F 2  > 3 v ( F 2 ) .  
The function minimized was Zw(lF,(  - where I;, and F, 
are the observed and calculated structure factors. The weight- 
ing factor, w ,  is 4FOZ/u2(Fo2).  The atomic scattering factors for 
neutral Br, Mn, P, 0, and C were taken from the tabulation of 
Cromer and Mann,12 xhile those for hydrogen are from Stewart, 
et ~ 1 . ' ~  Corrections for anomalous dispersion effects for Mn, 

(11) I n  addition to  local programs for the CDC 6400 computer, modifica- 
tions of the following programs were used: Ibers'  NUCLS, a group least- 
squares version of the Busing-Levy ORBLS program; Zalkin's FORDAP 

Fourier program; O R F F B ,  a function and error program by Busing, Martin, 
and Levy; Johnson's ORTEP thermal ellipsoid plot program. 

(12) D. T. Cromer and B. Mann, Acta Cvystallogi,.. Secl. A ,  24,  321 (1968). 
(13) R .  F. Stewart, E. R.  Davidson, and W. T. Simpson, J .  Chem. Phys. ,  

42, 3175 (1965). 
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Br, and P using both f’  and f” were included in the calculations. 
Values for f’ and f” are those of Cromer.14 

The Mn and Br atoms were easily located from a three-di- 
mensional Patterson map. A difference Fourier clearly showed 
the phosphorus atom and indicated the positions of several car- 
bonyl groups. Further cycles of least squares and difference 
Fourier syntheses located the phenyl rings and carbonyl groups 
with the exception of the carbonyl group denoted as ClOl in 
Figure 1,  in which the carbon and oxygen atoms were unresolved. 

Figure 1.-A perspective drawing of M ~ ( C O ) ~ ( C Z P ( C ~ H ~ ) ~ ) B ~ .  

At this point Rl = 13.570 and Rz = 15.0%15 for a model in 
which the thermal motion for all of the atoms was treated iso- 
tropically and in which the phenyl carbons were considered as 
part of planar, rigid groups with a C-C bond length of 1.395 A.16 

Each rigid group was assigned a single isotropic temperature 
factor. Introduction of anisotropic temperature factors for the 
nongroup atoms and individual isotropic temperature factors 
for the group atoms resulted in R1 = 9.8% and RZ = 12.2% 
after three cycles of refinement but atoms CI and 01 did not re- 
fine. A region of large electron density roughly between the ex- 
pected Cl and 01 positions was observed in the Fourier map. 
This is due to a partial disorder between the bromine atom and 
the carbonyl group C101. The disordered atoms in the pre- 
dominant form are denoted Br, CI, and 01, while those in the 
subordinate form are called Brd, Cld, and Old. A model was 
chosen in which the Br occupancy was varied and the position of 
Brd was constrained such that the Mn-Brd distance was the 
same as the Mn-Br distance. The Mn-C101 group was con- 
strained to be linear with the Mn-CI distance equal to the Mn-Ca 
distance, and the CIOI distance equal to the C303 distance. 
Atoms Cld and Old were related to CI and 01 by applying a mir- 
ror operation. This mirror plane bisects the angle formed by the 
Mn-Br and C3-Mn vectors. These constraints were applied 
to  the derivatives in the least-squares refinements using the 
formalism described by Raymond.’? The hydrogen contribu- 
tions were calculated based on the iteal geometry of the phenyl 
rings and a CH bond length of 0.9 A. The fixed isotropic con- 
tributions of the hydrogen atoms to the structure factors were 
calculated from these positions and an average isotropic tempera- 
ture factor for each ring, which was chosen as the average value 
for the carbon atoms plus 1. Thus the hydrogen temperature 
factors were 5.50, 5.60, and 6.10 A2 for rings 1, 2, and 3 respec- 
tively. A difference Fourier showed evidence of anisotropic 
thermal motion for the phenyl carbon atoms. The model was 
revised to allow anisotropic motion for these atoms (which were 
still constrained to be rigid groups) and isotropic motion for the 
disordered atoms. This final model converged after five cycles 
to RI = 6.49% and Rz = 6.33’%.18 

(14) D T Cromer, Ac2a Cvystallogv , 18, 17 (1965) 
(15) Ri = ZIIFo/ - ~ F c ~ ~ / 2 ~ F o ~ ,  
(16) “International Tables for X-Ray Crystallography,” Val 111, 

(17) K N Raymond, Acta Cvyslallogr , Sect A ,  28, 163 (1972) 
(18) A listing of structure factors will appear following these pages in the 

microfilm edition of this volume of the journal Single copies may be ob- 
tained from the Business Operations Office, Books and Journals Division 
American Chemical Society, 1155 Sixteenth S t ,  N W , Washington, D C 
20036, by referring to  code number INORG-72-1397 Remit check or 
money order for $3 00 for photocopy or $2.00 for microfiche 

Rz = [ Z w ( / F o l  - I F O I ) ~ / ~ W / F O I ~ I ~ ~ ~  

Kynoch Press, Birmingham, England, 1969 
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The final error in an observation of unit weight, defined as 

C W ( l F 0 I  - IF@ ( No - Nv 
is 1.81, where No and N, are the number of observations and the 
number of variables, respectively. A final difference Fourier 
showed no peaks larger than 0.8 e/A3, or roughly 15% of a carbon 
atom. The largest peaks appeared in the region of the disordered 
bromine or as ripple near the other heavy atoms. 

Discussion 
The positional and thermal parameters for the non- 

hydrogen atoms are given in Table I. The root-mean- 
square amplitudes of vibration along the principal axes 
are given in Table 11. The phenyl carbon positions 
were obtained from the group parameters for the rings 
as given in Table 111. The positional and thermal pa- 

TABLE I1 
ROOT-MEAN-SQUARE AMPLITUDE? OF VIBRATION 

ALONG PRINCIPAL AXES (A X lo3) 
Atom Axis 1 
Br 214 (4) 
Mn 200 (4) 
P 180 (6) 
01 348 (14)” 
c1 187 (13). 
0 2  223 (18) 
cz 165 (28) 
0 3  235 (19) 
c3 219 (31) 
0 4  237 (16) 
c4 176 (29) 
c5 187 (25) 
c6 156 (31) 
Brd 271 (5)a 
Old 348 (14)”3* 
Cld 187 (13)”*b 
c11 162c 
ClZ 197 
e13 181 
el4 144 
CIS 183 
Cl6 152 
CZl 187 
czz 164 
cZ3 190 
c24 212 
czs 179 
cZ6 183 
c3l 166 
C82 210 
c33 179 
c 3 4  204 
C35 236 
c36 201 

Thermal motion is isotropic. 

Axis 2 
251 (3) 
228 (4) 
200 (6) 

312 (16) 
286 (22) 
322 (16) 
252 (23) 
326 (16) 
247 (23) 
214 (26) 
166 (28) 

196 
230 
265 
293 
247 
224 
194 
246 
2 74 
220 
252 
223 
188 
226 
284 
298 
295 
230 

Axis 3 

350 (3) 
247 (4) 
235 (6) 

372 (15) 
297 (25) 
381 (15) 
298 (26) 
380 (15) 
312 (21) 
244 (21) 
281 (20) 

217 
267 
372 
302 
314 
269 
232 
2 72 
345 
361 
336 
303 
271 
296 
350 
348 
3 14 
291 

b Thermal parameter, 23, con- 
strained to value for corresponding atom in C101. Estimated 
standard deviations were not calculated for group atoms but are 
expected to be in the range 10-30. 

TABLE 111 
GROUP PARAMETERF 

X O  0.4261 (7) 0,8350 (8) 0,4579 (8) 
0.2615 (6) 0,0960 (6) Y O  0.4205 (5) 

ZC 0.3333 (3) 0.2589 (4) 0.3716 (4) 

Group 1 Group 2 Group 3 

6 1 ,961 (8) -2.668 (9) -0.711 (12) 
E -2.433 (8) 2.969 (8) -2.160 (9) 
4 -1.866 (8) -0,760 (6) 1,982 (12) 

a xo, yo, zo are the fractional coordinates of the group center; 
6,  t, 7 (in radians) have been defined previously: R. Eisenberg 
and J. A. Ibers, Inorg. Chew., 4, 773 (1965); S. J.  La Placa and 
J .  A. Ibers, J .  Amer. Chew. Soc., 87, 2581 (1965); Acta Crystal- 
logr., 18, 511 (1965). 
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Figure 2.-A stereoscopic view of the unit cell for Mn(C0)4C&'(C6H5)3Br. The origin is a t  the front lower left. The vertical axis is b 
and the horizontal axis c. 

rameters used in calculating the fixed hydrogen contri- 
butions are presented in Table IV. 

TABLE IV 
CALCULATED HYDROGEN COORDINATES AXD 

ISOTROPIC TEMPERATURE FACTORS 
Atom X Y 2 B, bz 
Hi2 0 6154 0 5312 0 3902 

HI4 0 2495 0 3654 0 3794) 5 50 
Hi5 0 2358 0 3101 0 2743' 
His 0 4120 0 3654 0 2272' 

H13 0 4392 0 4759 0 4373) 

Hz2 0 9302 0 3802 0 3439j 
H23 0 0404 0 2118 0 33991 
" 2 4  0 9436 0 0920 0 2540) 5 60 
Hi5 0 7365 0 1405 0 1722 
H2s 0 6263 0 3089 0 1762 
H32 0 5880 0 1076 0 2961 
H33 0 6798 0 1881 0 3939 
Ha4 0 5518 0 1767 0 4737 
H35. 0 3319 0 0848 0 44781 
Ha6 0 2401 0 0043 0 3461, 

6 10 
I 

The structure consists of discrete molecular units of 
~n(C0)4(C2P(C6Ha)3)Br. Figure 1 is a perspective 
drawing of a single molecule and Figure 2 is a stereo- 
scopic view of the contents of the unit cell. The coor- 
dination about the manganese is essentially octahedral 
with the CzP(C&)3 ligand cis to the bromine atom. 
Such a geometry is to be expected if the ligahd is a 
poorer T acceptor than CO and maximum B stabiliza- 
tion of the carbonyl groups is to  be attained.lg The 
disorder in the structure consists of partial bromine oc- 
cupancy a t  the position of the carbonyl group CIO1. 
The occupancy factor for Br as determined in the least- 
squares refinement is 0.723 (4) ; hence there is an inter- 
change of the bromine and carbonyl sites in 28% of the 
molecules. 

TABLE V 
BONDED DISTANCES IN M ~ ( C O ) C ( C ~ P ( C E H ~ ) ~ ) B ~  

Atoms Distance, A Atoms Distance, A 
Mn-CI 1 833 (18)a C4-04 1 118 (15) 
Mn-C2 1 844 (17) Cj-CE 1 216 (14) 
Mn-C3 1 833 (18) P-cs 1 679 (13) 
Mn-C4 1 835 (16) p-c11 1 788" 
Mn-C5 1 981 (14) p-c21 1 77gC 
c1-01 1 135 (16)b P-CW 1 76gC 
cz-02 1 io8 ( i4 j  Br-Mn 2,507 (8) 
c3-08 1.135 (16) 

a Constraided to be equal to the Mn-Ca distance. * Con- 
strained to be equal to the C3-03 distance. Estimated standard 
deviations for bonds involving the group atoms were not calcu- 
lated but are expected to be in the range 10-20. 

The bonded distances within a molecule are given in 
Of the four independent manganese-carbon Table V. 

(19) F A Cotton and G Wilkinson, ' Advanced Inorganic Chemlstry, ' 
2nd ed,  Wiley-Interscience, New York, N Y 1966 

bonds (one bond was constrained in the model) the 
Mn-Cb bond, 1.981 (14) 8, is significantly longer than 
the others, which have an average value of 1.847 (10) 
8. The average carbon-oxygen distance is 1.120 (9) 
8. These values for the carbonyl groups are virtually 
identical with those found in HMn(CO)6, where the 
respective averages are 1.836 (4) and 1.130 ( 5 )  kZo 
The C+& bond length in the CZP(C&)~ ligand, 1.216 
(14) 8, is within 1r of the standard acetylenic triple- 
bond length of 1.204 (2) 8 but differs by 8 r  from the 
standard ethylenic double-bond length of 1.337 (6) A.16 
This bond length is also shorter than the C-C bond in 
cumulene  system^.^^-^^ It is the same as the C-C dis- 
tance found in (C&fs)3PC@6 and (C,&,)3PC2S.7 

Coordination about the phosphorus atom is essen- 
tially tetrahedral. The P-Ce bond length of 1.679 (13) 
8 is significantly shorter than the average for the P-Ctl 
(i = 1, 3) bonds, which is 1.778 (9) 8. The three phe- 
nyl carbon atoms bonded to the phosphorus lie in a 
plane perpendicular to the P-CS bond and are nearly at 
the vertices of an equil?teral triangle. The phosphorus 
is no more than 0.125 A from any of the phenyl planes. 
This corresponds to an out-of-plane bending of less than 
4". It is within 0.05 8 (excluding the out-of-plane 
distortion) of each of the three axes defined by the 
bonded and para carbon atoms for the three rings, so 
there is a t  most a 1.5" distortion from perfect linearity. 
These distortions are certainly not chemically signifi- 
cant. I t  is of The bond angles are given in Table VI.  

TABLE VI 
BOND h G L E S  I N  M ~ ( C O ) ~ ( C Z P ( C E H ~ ) ~ ) B ~  

Atoms Angle, deg Atoms Angle, de$ 

Br-Mn-Cl 85 .5  (3) Cd-Mn-CG 92 ,6  (6) 
B r - M n 4  86.9 ( 5 )  Mn-CI-O1 180" 
Br-Mn-Ca 91.1 ( 5 )  Mn-(2-02 175.6 (16) 
Br-Mn-Ca 176,8 ( 5 )  Mn-Ca-O3 177.7 (16) 
Br-Mn-CB 8 6 , 9  (4) Mn-C4-04 179.0 (1 7 )  
Cl-Mn-CI 93.9 (5) 
C1-Mn-C3 171,6 ( 5 )  c5-cs-P 164.0 (12) 
C1-Mn-C4 91.3 (6) 
Cl-Mn-Cj 83.6 (4) 
Cz-Mn-Ca 93.7 (7) 

Mn-Cj-CE 176.3 (12) 

cG-P-c11 109. 3b 
CE-P-C21 110.5 
c6-P-c31 111.6 

CZ-Mn-Cd 93.4 (7) C11-P--C*1 107.1 

C3-Mn-C4 92.0 (7) C21-P-Ca1 109 , l  
C2-Mn-Cj 173,5 (6) Cii-P-C31 109.2 

Ca-Mn-C5 88.5 (6) 
4 Constrained in the model for disorder. Estimated standard 

deviations were not calculated for angles involving the group 
atoms but may be expected to be in the range 4-15. 

( 2 0 )  S. J. La Placa, W. C. Hamilton, and J .  A. Ibers, I n o v g .  Chem., 3, 1491 
(1964). 

(21) B. P. Stoicheff, Can.  J .  Phys., 33, 811 (1955). 
(22) 'A'. F. Arendale and W. H. Fletcher, 1. C h m .  Phrs. ,  21, 1898 (1953). 
(23) D.  R. Eaton and H. W. Thompson, Pvoc. Roy .  Soc., Ser .  A ,  2S0, 39 

(24) R. L. Livingstan and C. S. R.  Rao, J .  Ante?. Chem. SOL.,  81, 285 
(19.59). 

(1959). 
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interest that  the angles around the phosphorus which 
involve Ca tend to  be larger than those which involve 
only phenyl carbon atoms. The angles of most interest, 
however, are the Mn-C&6 angle of 176.3 (12)' and 
the P-C&5 angle of 164.0 (12)'. These values are 
very close to those found in triphenylphosphoranyl- 
idenethioketene.? 

There are three resonance forms which may be used 
to describe the bonding in the compounds (C~H&PCZX 
(X = 0, S, Mn(CO)rBr) 

(C&&P=C=C=X (CGHJ3P++mC- X- 

I I1 

(c6H5),P+-c-=c=x 
111 

Form I has been considered as the predominant one 
and the unusual angles observed in the oxygen (145.5') 
and sulfur (168.0') compounds have been explained in 
terms of d,-II, bonding between atoms X and C6n7 
Such an explanation is rather unsatisfactory ; the bond 
angles may be explained more easily in terms of the 
relative contributions of forms 1-111. In form 111, the 
carbon bonded to  the phosphorus may be thought of as 
having sp2 hybridization and a bent P-C-C bond is ex- 
pected. In  forms I and I1 the P-C-C linkage would 
be linear. This situation is analogous to  the case of 
nitrosyl complexes in which NO+ may function as 
either a u donor, M+ : N=O : , and coordinate linearly 
or as a u acceptor 

M :+N 
\ .  
.O' 

and adopt a bent g e ~ m e t r y . ~ ~ ~ ~ ~  Of the three reso- 
nance forms for (C6H5)3PC2X, I and I11 will be most 
important for X = oxygen because of the pronounced 
tendency of first-period elements to form double bonds. 
We therefore expect the greatest deviation from lin- 

(25) D. J. Hodgson, N. C. Payne, J. A. McGinnety, R. G. Pesrson, and 

(26) D. J. Hodgson and J.  A.  Ibers, Inorg. Chem., 7,  2345 (1968). 
J. A. Ibers, J .  Amev. Chem. SOC., 90, 4486 (1968). 

earity for the oxygen compound. Evidence for the 
contribution of resonance form I can be found in all 
three compounds in the shortness of the phosphorus 
bond to  the ligand carbon compared to those to  the 
phenyl carbons, as well as in the bond angles about 
phosphorus. Once again, the oxygen compound shows 
the effect to  the greatest extent and this is completely 
consistent with the relatively important contribution 
of resonance form I. For all three compounds the 
shortness of the carbon-carbon bond is evidence for an 
important contribution by form 11, but i t  is a general 
property of acetylene, cyanide, and carbonyl bonds 
that the bond distance is constant to within experimen- 
tal error even though there may be large changes in 
bond order in adjacent bonds. 

It appears that  the major difference between (CBHL)~- 
PCZO and ( C ~ H ~ ) Z P C Z M ~ ( C O ) ~ B ~  is that  for the latter 
resonance form I1 predominates. The metal-ligand 
bond is much longer than that found for the carbonyl 
groups and this indicates that  there is less double-bond 
character than in the metal carbonyl bond. When it 
is formulated as (CeH5)3P+-C=C: - the ligand can be 
considered as a phosphonium molecule in which one of 
the organic groups is the acetylide anion. It is to  be 
expected that the ligand is a good u donor. It is ex- 
pected to  be a poorer T acceptor than CO (in which 
formal positive charge resides on the j3 atom, oxygen, in 
the triple-bond resonance structure) but better than 
the acetylide anion (in which there is no formal positive 
charge on the j3 atom). This formulation should prove 
useful in explaining and predicting the subsequent co- 
ordination chemistry of (C6H&PC2 and similar ligands. 
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