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derivatives including R u ~ ( C O ) ~ ~ ,  Fe3(C0)12, and C O ~ ( C O ) ~ ~  
are presently underway in this laboratory. 
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Summary: The reaction of a,a'dibromo-o -xylene with 
(p-PhPH),Fe,(CO)B and excess Et3N produces [(p-o - 
C,H,(CH,),)(PhP),] Fe,(CO),, 1, in 46 % yield. The depro- 
tonation of 1 by n-butyllithium in THF yields a carbanion 
that undergoes an intramolecular nucleophilic attack at 
iron to form an Fe-C bond with concomitant Fe-P bond 
cleavage. Methylation of the phosphorus-centered anion 
permits the isolation of the cluster now incorporating a 
methine group bound to iron. Compound 1 crystallizes in 
the monoclinic space group P2,lc (e,, No. 14) with a = 
11.996 (1) A, b = 13.592 (2) A, c = 16.891 (2) A, p = 
109.80 (l)', V = 2591.3 A3, and Z = 4. Full-matrix 
least-squares refinement provided a final R value of 0.069 
based on 2553 unique reflections. Compound 5 crys- 
tallizes in the monoclinic space group P2,ln (C&, non- 
standard setting No. 14) with a = 11.670 (2) A, b = 
14.581 (2) A, c = 16.674 (2) A, /3 = 109.47 (I)', V = 
2674.8 A3, and Z = 4. Full-matrix least-squares refine- 
ment yields a final value of 0.047 based on 4158 inde- 
pendent reflections. The Fe-CH bond distance (2.139 (3) 
A) is longer than usually observed in similar diiron car- 
bonyl clusters. 

We have recently reported an example of intramolecular 
nucleophilic attack at  iron in an anionic (alkylthio)Fez- 
(CO), complex (eq 11.l It was of interest to see how 
general such reactions were, and we describe here a similar 
process that occurs in an anionic phosphido-bridged Fez- 
(CO), complex. 

The starting material for this study was prepared by the 
reaction, under nitrogen, of a,a'-dibromo-o-xylene with 
(p-PhPH)zFez(CO)62i3 in the presence of an excess of tri- 
ethylamine at  -78 "C (0.5 h) and, subsequently, room 

(1) Seyferth, D.; Womack, G. B.; Song, L.-C.; Cowie, M.; Hames, B. 
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W. Organometallics 1983, 2, 928. 
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temperature (12 h). The orange, crystalline solid product 
that was obtained was resolved by column chromatography 
into two components: 1, a yellow solid, mp 242-244 "d 
dec, obtained in 46% yield: and 2, an orange solid, mp 
144-146 "C, obtained in 25% yield.5 

H z d  'CHz Ph R 
I I  1 1  

R-7xT-ph PhP /PPh 

(OC)3Fe ")\!eiCO)a (OC ) 3 F b F e  (CO), u 
1 2 

R =  acH' 
~ C H Z B r  

Deprotonation of 1 was carried out by treating a THF 
solution of this compound at -78 "C under nitrogen with 
an equimolar quantity of n-butyllithium in hexane. A 
yellow-to-dark green color change was noted. Addition of 
a 3.3-fold excess of iodomethane at  -78 OC caused an im- 
mediate color change to yellow. Removal of solvent, ex- 
traction of the residue with 30% CW2Cl,/petroleum ether, 
and fdtration through a thin pad of silicic acid was followed 
by removal of solvent to give a 92% yield of 3, mp 21S221 
"C, as a mixture of diastereomem6 Thus, a t  -78 "C, the 
organolithium reagent 4 is stable. 

(4) The analytical sample was recrystallized from CHzClz/petroleum 
ether and was found to be a 1:l CHzCl, solvate: 'H NMR (CDC13) 6 
3.11-3.68 (br m, CH,, 4 H), 7.02-7.73 (complex m, arene H); 31P NMR 

(a) cm-'. Anal. Calcd for CzsH,806FezPzCHzC12: C, 47.34; H, 2.94; C1, 
10.35. Found: C, 47.39; H, 3.24; C1, 9.68. 

(5) Anal. Calcd for C~Hz06Fe2P2Br2: C, 47.26; H, 3.03. Found: C, 

J(P-H) = 9.9 and 7.4 Hz, respectively, axial and equatorial P-CH,, 4 H), 
3.23 and 3.64 (both a, axial and equatorial BrCH,, 4 H), 6.68-7.72 (com- 
plex m, arene H). 31P NMR (CHC13): 6p 141.2 and 145.7 (AX quartet, 

cm-'. 
(6) Anal. Calcd for CnHmO$ezPz: C, 52.81; H, 3.28. Found C, 52.94; 

= 7.3, 7.5 Hz, J(P-H) = 16.3, 16.3 Hz, respectively, 3 H, CH3 of both 
diastereomers), 2.99-3.15 (overlapping dd's, both diastereotopic CH2 of 
one diastereomer, 1 H), 3.86 and 4.15 (both dd, J(l3-H) = 14.2, 14.2 Hz, 
J(P-H) = 14.0, 11.9 Hz, respectively, diastereotopic CH2 of one diaste- 
reomer, 1 H), 3.46 and 3.65 (both m, J(H-H) = 7.5,7.3 Hz, respectively, 
CHCH3 of both diastereomers, 1 H), 6.83-7.77 (complex m, arene H). 31P 
NMR (CHC13): SP 136.5, 152.0 (AX quartet, J(P-P) = 166.0 Hz, one 
diastereomer), 137.0, 154.3 (AX quartet, J(P-P) = 170.9 Hz, other dia- 
stereomer). IR (CHC13): u(C=O) 2049 (a), 2005 (vs), 1984 (s), 1965 (a) 
cm-'. 

(CHCl3) 6p 136.2; IR (CHC13) u(CEO) 2047 (s), 2010 (vs), 1983 (s), 1967 

47.63; H, 3.16. 250-MHz 'H NMR (CDCl3): 6 2.27 and 3.85 (both d, 

J(P-P) = 129.0 Hz). IR (CHCl3): 2050 (s), 2006 (vs), 1981 (s), 1962 (8) 

H, 3.38. 250-MH~ 'H NMR (CDC12): 6 1.00 and 1.63 (both dd J(H-H) 
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Table I. Selected Bond Lengths (A) and Angles (deg) 

Figure 1. The molecular structure of 5 (50% probability thermal 
ellipsoids). Phenyl rings indicated by a single atom for clarity. 

n 

Figure 2. The molecular structure of 1 (50% probability thermal 
ellipsoids). Phenyl rings indicated by a single atom for clarity. 

When a green solution containing 4 as prepared above 
was warmed to -20 OC and kept at that temperature for 
1 h, a cherry red solution resulted. Cooling back to -78 
"C caused no color change. Addition of an excess of io- 
domethane at -78 "C followed by reaction for 1 h at room 
temperature gave an orange-red solution from which were 
isolated (by the workup procedure described above) yellow 
crystals of a new product, mp 208-210 "C, in 53% yield 
that analysis showed to be isomeric with 3.' That this new 
product has a different structure was indicated, in par- 
ticular, by its 31P NMR spectrum. Hexacarbonyldiiron 
complexes with two bridging alkylphenylphosphido ligands 
usually show bp in the range 120-180 ppm and J(P-P) in 
the range 120-180 Hz (6 .2,  Jp 141.2 and 145.7 (AX quartet 
with J(P-P) = 129.0 Hz). The 31P NMR spectrum of the 
new product showed a low-field phosphido resonance at  
182.5 ppm and a high-field tertiary phosphino resonance 
a t  30.8 ppm (AX quartet with J(P-P) = 19.5 Hz). 

If lithium reagent 4 had undergone intramolecular nu- 
cleophilic attack at  an iron atom, followed by Fe-P het- 
erolysis, a phosphide anion would result. Two modes of 

(7) AnaL Calcd for CnHaO$ezP2: C, 52.81; H, 3.28. Found C, 52.80; 

CHS), 3.21 (dd, J(Pl-H) = 10.5 Hz, J(P,-H) = 17.8 Hz, 1 H, methine CHI, 
3.85 (d, J(P-H) = 12.2 Hz, 2 H, CH,), 7.01-7.77 (complex m, arene H). 

(CHCld: v(CE0) 2047 (a), 2005 (vs), 1981 (vs), 1958 (s), 1942 (ah) cm-'. 
(8) Al-Jibori, S.; Crocker, C.; McDonald, W. S.; Shaw, B. L. J. Chem. 

Soc., Dalton Tram. 1981, 1572. 
(9) Dawkins, G. M.; Green, M.; Jeffery, J. C.; Sambale, C.; Stone, F. 

G. A. J .  Chem. SOC., Dalton, Tram. 1983,499. 
(10) Crystal data: C2sHl~O~2Fez.CH2C12, M, 685.0, monoclinic space 

oup P2Jc (no. 14), a = 11.996 (1) A, b = 13.592 (2) A, c = 16.891 (2) 
@ = 109.80 (l)', p d d  = 1.76 g/mL, 2 = 4, p(Mo K a )  = 15.2 cm-'. 

Intensity data (5288 reflections, 3.0' I 28 I 50.0°, h,h,+l, w scan) were 
recorded on a Nicolet P3F four-circle diffradometer at ambient tem- 
perature with graphite-monochromated Mo K a  radiation. The 2653 
refledone with Z > 3.Ou(Z) were corrected for Loren@ decay, polarization, 
and absorption effects. Final R = 0.069 and final R, = 0.095. 

H, 3.39. 90-MHz 'H NMR (CDCla): 6 1.02 (d, J(P-H) 8.3 Hz, 3 H, 

"P NMFt (CHCls): 6p 30.8, 182.6 (AX quartet, J(P-P) = 19.5 Hz). IR 

Fel-Fe2 

P 1 4 3 7  
Fe2438 
Fel-P1 
Fel-P2 
Fe2-P1 
Fe2-P2 
Fe2-Fel-P1 
Fe2-Fel-P2 

P2-C38 

1 
2.628 (2)  
1.876 (9) 
1.880 (8) 

2.214 (2) 
2.225 (2) 
2.230 (2)  
2.221 (2)  
54.04 (6) 
53.68 (6) 

5 

2.684 (1) 
1.820 (4)  
1.866 (3) 
2.139 (3) 
2.222 (1) 
2.235 (1) 
2.190 (1) 

51.98 (3) 
73.01 (3) 

reaction are possible, as shown in eq 2 and 3, to give either 
5 or 6, respectively. Compound 5 does not contain a 

/ 
H2C IC.; 

/ 
H 2 C  \C.H 

5 - 
H z C  C.H H r C  C H  

Q 
Ph' \ / I /  

(OC)3 F b F e ( C O ) 3  

6 
strained three-membered ring and thus may be considered 
the more likely product. The rearranged product, whether 
it is 5 or 6, has the possibility of existing in the form of 
two diastereomers since the tertiary phosphine phosphorus 
atom and the adjacent carbon atom are chiral centers. 
However, only one isomer was observed by 'H and 31P 
NMR spectroscopy. This probably is due to the stability 
of the intermediate three-coordinate phosphorus anion 
toward pyramidal inversion. 

Since the NMR and the IR spectra of the rearranged 
product could not distinguish between structures 5 and 6, 
a single-crystal X-ray diffraction study of this product, as 
well as of the starting material 1 was undertaken. X-ray 
crystallography has confirmed" 5 to be the rearranged 

(11) Crystal data: C2,Hm0 PzFe, M, 613.1, monoclinic, space roup 
P2,/n (no. 14), a = 11.670 (2) 1, b = 14.581 (2) A, c = 16.674 (2) f, = 
109.47 (l)', p+ = 1.52 g/mL, Z = 4, (Mo Ka) = 12.7 cm-I. Intensity data 
(7734 reflections, 3.0 S 28 5 55.0°, h,k, i l ,  w scan) were recorded on a 
Nicolet P3F four-circle diffradometer at ambient temperature with 
graphite-monochromated Mo Kor radiation. The 4158 reflections with 
Z > 3.0~0 were corrected for Lorentz decay, polarization, and absorption 
effects. Final R = 0.047 and final R, = 0.068. 
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product shown in Figure 1. The molecular structure of 
its precursor 1l0 is shown in Figure 2. The initial Fe and 
S atom positions were determined by using MULTAN- 
11/82 and the Enraf-Nonius Structure Determination 
Package. All remaining non-hydrogen atom positions were 
located by subsequent difference Fourier techniques. 
Selected bond distances and angles are compared in Table 
I. The Fel-Fe2 bond distance in 1 (2.628 (2) A) is nearly 
identical with the Fel-Fe2 distance in Fe2(CO)6(p-PPh2)i2 
(2.623 (2) A).12 The Fe-P bond lengths observed for 1 are 
approximately 0.01 A shorter than the Fe-P values found 
for the Fe2(C0)6(p-PPh2)212 dimer (range 2.228 (3)-2.240 
(3) A). In general, the geometry of 1 closely resembles that 
of Fez(C0)6(p-PPh2)2 dimer. 

The molecular structure of 5 shows significant structural 
changes from 1 although the Fel-Fe2 bond distance in- 
creases by only 0.056 A upon the substitution of P2 by C 
in the Fe2 coordination sphere. The Fe-Fe distances in 
[ C L - C H ~ C ( O ) C H ~ C H S ~ ] F ~ ~ ( C ~ ) ~ ~  and (p-CH2S2)Fe2(C0)k6 
are both 2.485 (1) A. Replacement of a S atom in the Fe2S2 
core with a C atom (e.g.,' [p-CH3C(0)CH2SCHS]Fe2(C0)6) 
results in an increase of 0.142 A in the Fe-Fe distance 
(2.627 A). 

The Pl-C38 bond distance of 1.820 (4) A is not appre- 
ciably shorter than a typical P-C single bond (e.g., P2- 
CMe = 1.845 (4) A), indicating only nominal multiple-bond 
character. The Fe2-C38 bond length of 2.139 (3) A is 
longer than the Fe-C distances observed" in Fe2(C0)5- 
(PPh2Me)(p-PPh2)(p-C(0)Me) (1.962 (7) A) and the Fez- 
(CO), complexes of dithioformic acid esters, HC(S)SR. 
The Fe-C distances found in [p-CH3C(0)CH2SCHS]Fe2- 
(CO), is 1.998 (4) A while the same distance14 in [p- 
CH3SC(C4SH3)S]Fe2(CO), is 2.007 (3) A. The Fe-C dis- 
tance i d 5  the structurally similar [p-SCH2(C6H4)CHS- 
(C2H5]Fe2(C0)616 is 2.072 (a) A, longer than the distance 
found in the "unrestrained" dithioformic acid ester iron 
dimer but shorter than that observed in the phosphido 
analogue. 

The intramolecular attack at a metal atom by carbanions 
generated in a neutral tertiary phosphine ligand has been 
reported previo~sly?~ but, to the best of our knowledge, 
this is the first case of such a reaction sequence involving 
a phosphido ligand. 
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1,4,5,0-Tetraphenyl-2,3-benzo-7,7-dlmethyl-7-sllanor- 
bornadlene: A Photochemical Source of 
Dlmethylsllylene' 
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Summary: 1,4,5,6-Tetraphenyl-2,3-benzo-7,7dimethyl- 
7-silanorbornadiene (IV) was synthesized in 83% yield by 
an improved procedure. Photolysis of I V  at room tem- 
perature proved to be an excellent source of dimethyl- 
silylene that could be efficiently scavenged by methanol, 
1,2diphenylacetylene, or benzll to yield the corresponding 
adducts. Laser flash photolysis experiments showed that 
the photoexcited state of I V  decomposed to give di- 
methylsilylene and triplet 1,4,5,6-tetraphenyInaphthalene 
within 20-30 ns of the start of the laser pulse. 

Photolysis of dodecamethylcyclohexasilane2 (I) has 
generally been used to generate dimethylsilylene at  room 
tempera t~re .~?~ However, the procedure has a number of 
disadvantages. 

First, photolysis does not lead to a simple distribution 
of  product^.^ Decamethylcyclopentasilane (11) and di- 
methylsilylene are formed initially but simply begin the 
cascade summarized in Scheme I, in which other poly- 
silanes are rapidly formeda3 Of these polysilanes, I11 is 
rapidly oxidized adding further complexity to product 
analyses and workupa3 Second, since the detailed photo- 
chemistry of the smaller cyclic polysilanes is unknown, it 
becomes difficult to ascertain whether compounds con- 
taining two or more dimethylsilylene moieties arise from 
repeated insertions of that moiety or whether they derive 
directly from the photolysis of the cyclic polysilanes 
themse l~es .~J~  

We have found that photolysis of 1,4,5,6-tetraphenyl- 
2,3-benz0-7,7-dimethyl-7-silanorbornadiene~~ (IV) is an 
excellent source of dimethylsilylene that obviates many 
of these problems (eq 1). 

IV b h  

V 

The compound was synthesized by a improved method 
that was similar to that used by Neumann15J6 for the 
preparation of the germanium analogue. Thus, 1,l-di- 

(1) Issued as NRCC publication no. 23279. 
(2) Gilman, H.; Tomasi, R. A. J. Org. Chem. 1963,28, 1651. 
(3 )  Ishikawa, M.; Kumada, M. J. Chem. SOC. D 1970,612; J. Organo- 

(4) For typical applications see ref 5-13. 
(5) Ando, W.; Ikeno, M. J.  Chem. SOC., Chem. Commun. 1979, 655. 
(6) Drahnak, T.  J.; Michl, J.; West, R. J. Am. Chem. SOC. 1979, 101, 

(7) Tortorelli, V. J.; Jones, M., Jr. J. Am. Chem. SOC. 1980,102,1425. 
(8) Gu, T.-Y. Y.; Weber, W. P. J. Am. Chem. SOC. 1980, 102, 1641. 
(9) Gu, T.-Y. Y.; Weber, W. P. J.  Organomet. Chem. 1980, 184, 7. 
(10) Gu, T.-Y. Y.; Weber, W. P. J. Organomet. Chem. 1980,195,29. 
(11) Tortorelli, V. J.; Jones, M., Jr. J. Chem. SOC., Chem. Commun. 

met. Chem. 1972,42, 325. 

5427. 

im17x5.  
- - - - I  

(12) Chichi, A.; Weber, W. P. J. Organomet. Chem. 1981,210, 163; 

(13) Davidson, I. M. T.; Ostah, N. A. J.  Organomet. Chem. 1981,206, 
Inorg. Chem. 1981,20,2822. 

149. 

86, 1596. 
(14) Gilman, H.; Cottis, S. G.; Atwell, W. H. J .  Am. Chem. SOC. 1964, 

(15) Schriener, M.; Neumann, W. P. J.  Am. Chem. SOC. 1983,105,897. 
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