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A significant shortening of both methine carbon-phos- 
phorus bond distances for 2 compared to the methylene 
phosphorus bonds of 1 are consistent with the delocalized 
partial multiple P-C bond character expected upon de- 
protonation of l. The ylide carbon-phorphorus bond 
distance of 1, d(P4-C5) = 1.73 (1) A, indicates significant 
double-bond ~haracter .~ The corresponding carbon- 

hosphorus bond distance of 2 is slightly longer, 1.772 (7) 
?l , again consistent with delocalized vs localized carbon- 
phoephorua ylide double bonds in 2 y8 1, respectively. This 
delocalization has no apparent effect on the ylide car- 
bon-nickel bond distances but does increase the phos- 
phorus-nickel bond distance of 2 compared to 1. 

A survey of the chemistry of 1 with CO, CO,, and 
ethylene indicates no significant reactivity at 1 atm. Our 
ongoing efforts are based on employing the new phos- 
phorus ylide, (methylenediphenylphosphino)(diphenyl- 

1992,11,1394-1398 

phosphin0)methane (A), as a ligand in monochelate com- 
plexes related to existing nickel olefin homologation and 
polymerization 
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Sunmrzrry: [ @ h e n y l s i ~ ~ ~ ) M N C W o W & Q  (2) has 
been prepared by reaction of [(phenyisilatrane)Mn- 
(CO),]Ci04 (1) with P(OMe),. Compound 2 undergoes 
regloselective reactions with MeLi, PhLI, and PhMgBr in 
CH,Ci,. However, 2 does not react regioselecthrely with 
carbanions in THF. Complex 2 crystallizes in the mono- 
clinic space group ~ 2 , / n  with a = 16.354 (4) A, b = 
6.585 (I) A, c = 22.165 (5) A, p = 97.52 V = 
2366.7 A3, and Z = 4. The structure was reflned to R 
= 0.051 and R ,  = 0.051 for all 4741 reflections. 

In recent studies we and others have established the 
utility of (arene)M~~(CO)~+ cations in difunctionalizing 
cyclohexadienes by nucleophilic addition to coordinated 
arenes., The factors influencing the observed regio- 
chemistry of nucleophilic attack are very important and 
need clarification. The regioselectivity for the addition 
of nucleophiles to (c,H&)cr(co), can generally be con- 
trolled not only by the substituent on the arene but also 
by the conformation? With alkyl substituents, while the 

(1) (a) Seoul National University. (b) Lucky Ltd. (c) Correspondence 
concerning the X-ray structure should be addressed to this author. 

(2) Lamanna, W.; Brookhart, M. J. Am. Chem. SOC. 1981,103,989. 
Brookhart, M.; Lamanna, W.; Humphrey, M. B. J. Am. Chem. SOC. 1982, 
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1989,2,649. Brookhart, M.; Lukas, A. J. Am. Chem. Soc. 1984,106,4161. 
Chung, Y. K.; Choi, H. S.; Sweigart, D. A.; Connelly, N. G. J. Am. Chem. 
SOC. 1982, 104, 4245. Chung, Y. K.; Honig, E. D.; Robinson, W. T.; 
Sweigert, D. A; Connelly, N. G.; Ittel, S. D. Organometallics 1989,2,1479. 
Chung, Y. K.; Sweigart, D. A.; Connelly, N. G.; Sheridan, J. B. J.  Am. 
Chem. SOC. 1985,107,2388. Chung, Y. K.; Sweigart, D. A. J. Organomet. 
Chem. 1986,308,223. Ittel, S. D.; Whitney, J. F.; Chung, Y. K.; Williard, 
P. G.; Sweigart, D. A. Organometallics 1988, 7, 1323. Hyeon, T.-H.; 
Chung, Y. K. J.  Organomet. Chem. 1989,372, C12. Pike, R. D.; Ryan, 
W. J.; Carpenter, G. B.; Sweigart, D. A. J. Am. Chem. Soc. 1989,111, 
8536. Pike, R. D.; Ryan, W. J.; Lennhoff, N. S.; Van Epp, J.; Sweigart, 
D. A. J. Am. Chem. Soc. 1990,112,4798. 
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expected meta attack predominates for small X (Me and 
Et), reaction at the para position increases with increasing 
steric bulk of X until it becomes the only site of attack for 
X = CHtBup4 This unusual observation has been ra- 
tionalized in terms of the conformational preferences of 
the Cr(C0I3 We expect that the regiochemistry 
of (arene)Mn(CO),+ would be very similar to that of (ar- 
ene)Cr ( C0)p5 

Recently we reported the use of phenylsilatrane as a 
?r-coordinating ligand for transition metals! The chem- 
istry of the Cr(C0)3 and MxI(CO)~+ derivatives of phe- 
nylsilatrane has been studied.hb The MII(CO)~+ derivative 
1 undergoes regioselective reaction with RMgBr (R = Ph, 
Et, Et) in CHzClz to give [r15-1-(N(CH,CH,0)3Si)-6-(R)- 
C,H5]Mn(CO), and RMgBr (R = Ph, Me, Et) and LiR (R 
= CH2C02CMe3, CH,CN, CHC(CH,),S) in THF to yield 
[r15-3-(N(CH2CH20)3Si)-6-(R)-CsH5]Mn(CO)S. The selec- 
tivity of the nucleophile addition to 1 is strongly dependent 
on the nucleophile and reaction medium. This special 
regioaelectivity of compound 1 would partially come from 
the staggered conformation of metal carbonyls." 

To elucidate the possible effeds of various factore that 
may influence the regioselectivity of the carbanion addi- 
tion, we have prepared [ (N(CHzCH20)3SiC6H6)Mn- 
(C0)2P(OMe)3]C104 (2) from 1 and studied the reactivity 
of compound 2. In this note we report the synthesis of 

- 

(3) Solladie-Cavallo, A. Polyhedron 1985, 4, 901. Albright, T. A.; 
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Chem. SOC. 1979,101,217. 
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1984,84,525. 

(6) (a) Chung, T.-M.; Lee, Y.-A.; Chung, Y. K.; Jung, 1. N. Organo- 
metallrcs 1990,9,1976. (b) Lee, Y.-A.; Chung, Y. K.; Kim, Y.; Jeong, J. 
H. Organometallics 1990,9,2861. (c) Lee, Y.-A.; Chung, Y. K.; Kim, Y.; 
Jeong, J. H.; Chung, G.; Lee, D. Organometallics 1991,10, 3707. 
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Scheme I 
[ (N(CH2CH,0)8SiC6Hlr)Mn(CO)2P(OMe)~]C104 

formula C1,HmClMnNOl2PSi 
fw 585.85 
cryst syst 
a ,  b, c, A 
8, deg 
z 
d d d ,  g cm4 
p ,  cm-' 
cryst size, mm 
radiation 
scan method 
28 range, deg 
no. of rflns measd 
no. of rflns obsd, Fo > o(F,) 
no. of D B T B ~ S  refined 

E 1 I n  
16.354 (4), 6.585 (l), 22.165 (5) 
97.52 (1) 
4 
1.64 
8.2 
0.50 X 0.30 X 0.05 
Mo Ka (A = 0.71073 A) 
w2B 
2 C 29 < 52 
5167 
4398 
407 

compound 2 and ita reaction with several nucleophiles. We 
also report the molecular structure of compound 2. 

Experimental Section 
General Considerations. All solvents were purified by 

standard methods, and reagent grade chemicals were used without 
further purification. 

Elemental analyses were performed at  the Chemical Center 
of the College of Engineering, Seoul National University, or a t  
the Korea Basic Science Center. Instruments used in this work 
were a Varian XL-200 NMR spectrometer and a Perkin-Elmer 
782 infrared spectrophotometer (spectra measured as films on 
NaCl by evaporation of solvent). 

Compound 1 was synthesized as previously described.Bb By 
published procedures,6bic nucleophilic addition of NaBH,, MeLi, 
PhLi, t-BuLi, LiCMezCN, MeMgBr, PhMgBr, and 
LiCH2COZCMe3 to 2 gave the corresponding cyclohexadienyl 
complexes 3-5. Experimental details and spectral and analytical 
data for compounds 3-5 are given in the supplementary material. 

Synthesis of Compound 2. [ (N(CHzCHz0)3SiC8H,)Mn(C- 
O)3]C10, (1.2 mmol, 0.588 g) and P(OMe)3 (3.6 mmol, 0.42 mL) 
were stirred in dry dichloromethane (120 mL) under Nz at  room 
temperature while Me3N0 (1.34 "01, 0.101 g) was added. After 
30 min, the reaction mixture was washed with water (50 mL X 
5) to remove excess Me3N0. The dichloromethane solution was 
dried and concentrated. Recrystallization with CHzC12/diethyl 
ether gave yellow crystalline solids (yield 0.503 g, 75%): mp 158.9 
"C dec; lH NMR (CDC13) S 6.4-6.2 (m, 5 H, Ph), 3.92 (t, J = 5.9 

Hz, 6 H, NCHd ppm; IR (NaCl) YCO 2000,1950 cm-'. Anal. Calcd 
for Cl7H,C1MnNOl2PSi: C, 34.85; H, 4.47; N, 2.39. Found C, 
35.07; H, 4.49; N, 2.35. 

Collection and  Refinement of X-ray Data  for 2. Crystals 
of 2 were obtained by slow evaporation of a solution of compound 
2 in CH,C12/acetone (1:l) at 10 OC. A yellow platelike crystal 
of dimensions 0.50 X 0.30 X 0.05 mm was mounted on a glass fiber 
in a random orientation. Data were collected on an Enraf-Noniw 
CAD4 diffractometer with graphite-monochromated molybdenum 
radiation (X(Kal) = 0.71073 A) a t  ambient temperature (20 * 
1 "C). A preliminary diffractometric investigation indicated that 
2 belongs to the space group P2, /n .  The lattice constants were 
determined by the last-squares refinement of the diffraction 
geometry for 25 intense reflections having 10 < 0 < 19". Crystal 
parameters for the complex and information on the procedure 
used for data collection and refinement are given in Table I. 
Intensity data were collected by the 28-w scan technique; data 
were collected to a maximum 28 value of 52", and the ratio of 
peak-counting time to background-counting time was 21 .  A total 
of 5167 unique reflections were collected, of which 4741 were not 
systematically absent. Lorentz and polarization corrections were 
applied to the data, and an empirical absorption correction based 
on a series of + scans was applied (p = 8.2 cm-', minimum relative 
transmission value of 0.853). The structure was solved by direct 
methods. Using 35 reflections (minimum E value of 1.20) and 
5535 relationships, a total of 32 phase sets were produced. Only 
three heavy atoms (Mn, Si, and P) were located from an E-map 

Hz, OCH2), 3.81 (d, J = 11.6 Hz, 9 H, P(OCH3)3), 3.19 (t, J = 5.9 

($Si1 1) Me3NO/CHzClz. p s i 1  
2) P(0Meh , . ,- 

M~+cIo; M ~ + c I o ~ -  
(C0)3 (C0)2P(0Me)3 

1 2 
Nu Nu Nu 

3 4 5 

a, Nu = Me ; b, Nu = Ph ; C, NU ='Bu 
d, Nu = H ; e, Nu = CMezCN : f, Nu = CHZCO:Bu 

Si1 = Si(OCHzCH&N 

prepared from the phase set. The remain i i  non-hydrogen atoms 
were located in succeeding DIRDm-weighted Fourier syntheses. 
The 0 atoms of ClO, were disordered, and their cccupancy factors 
and isotropic parameters were refined in alternating cycles. In 
the last stage, only the latter were refined. Hydrogen atoms were 
included a t  their calculated positions, and their positions and 
isotropic thermal parameters were refined. The structure was 
refined in full-matrix least squares, where the function "id 
was Cw(lF,I - lFc1)2 and the weight w is defined as 1.0 for 4398 
observed reflections (I > q). The final difference Fourier map 
showed no significant residual electron density except for a few 
of maximum height 1.0 e/A3 around Cl(3). The distanm of these 
peaks from Cl(3) were in the range of 1.3-1.5 A, implying an even 
higher degree of disorder of the Clod anion. These were refined 
as oxygens to occupancy factors around 0.1 and thermal param- 
eters B = 9 A2. As their refinement was ill-tempered and was 
resistant to convergence, they were omitted from the model. Plots 
of w(vol - lFc1)2 Venus F,, reflection order in data collection, (sin 
8)/A, and various classes of indices showed no unusual trends. 
All calculations were performed on a VAX computer using the 
Molen (Enraf-Nonius) program.' 

Results and Discussion 
The phosphite-substituted manganese complex 2 was 

synthesized by the reaction between 1 and P(OMe),. The 
yield was rather lower than those of other (arene)manga- 
nese complexes.8 Complex 2 was stable in air but rather 
unstable in polar organic solvents such as acetone and 
acetonitrile. Nucleophilic addition reactions to complex 
2 were studied in THF or CHzC12 in order to compare the 
reaction medium effect on the regioselectivity with that 
found in the reaction between compound 1 and carbanions. 

There might be several kinds of medium effects on the 
reaction between 2 and carbanions. One of them would 
be the aggregation of organometallic compounds, such as 
RLi and RMgX, in the reaction m e d i ~ m . ~  However, the 
degree of aggregation of RLi or RMgX in CHzC12 has not 
been studied thoroughly. Thus, i t  is often not easy to 
interpret the product distribution according to the steric 
effect of carbanion in the solution. There would be some 

(7) Molen, an Interactive Structure Solution Procedure; Enraf-NoNus: 
Delft, The Netherlands, 1990. 

(8) Walker, P. J. C.; Mawby, R. J. Znorg. Chim. Acta 1973, 7, 621. 
Kane-Meguire, L. A. P.; Sweigart, D. A. Znorg. Chem. 1979, 18, 700. 

(9) Wardell, J. L. In Comprehensive Organometallic Chemistry; 
Wilkinson, G., Stone, F. G. A., Abel, E. W., W.; Pergamon: Oxford, 
England, 1982; Vol. 1, p 43ff. Wakefield, B. J. The Chemistry of Or- 
gunolithium Compounds; Pergamon: Oxford, England, 1974. Setzer, W. 
N., Schleyer, P. v. R. Adu. Organomet. Chem. 1986,24,353. Bauer, W.; 
Winchester, W. R.; Schleyer, P. v. R. OrganometalUcs 1987, 6, 2371. 
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Table 11. Reaction of Complexes 1 and 2 with Nucleophiles 
complex 2 complex 1 

combined 
nucleophile medium temp, OC 3 4 5 yield, '70 3' 4' 5' yield, % 

product distribn combined product distribn" 

MeLi THF 0 64 16 20 91.0 0 9 91 42.0 
MeLi CHZC12 0 100 0 0 97.6 100 0 0 42.0 
MeMgBr THF 0 22 31 41 52.6 0 0 100 72.5 
PhLi THF 0 80 13 7 78.0 N.R. 
PhLi CHzClz 0 100 0 0 51.4 N.R. 
PhMgBr THF 0 0 42 58 71.1 0 25 75 57.2 
PhMgBr CHzClz 0 100 0 0 66.8 100 0 0 56.7 
NaBH, THF -3 0 35.5 64.5 79.5 0 6 94 76.6 
NaBHd CHzClz -3 0 45.5 54.5 35.6 0 6 94 74.0 
t-BuLi THF 0 49 19 32 84.6 5 41 54 43.3 
t-BuLi CHzClz 0 82 0 18 88.0 
LiCMezCN THF -18 0 60 40 84.0 0 46 54 52.0 
LiCMezCN CHzClz 0 0 51 49 83.2 
LiCHZCOzCMe3 THF -78 22 32 46 84.6 0 0 100 62.0 
LiCH2C02CMe3 THF 0 12 40 48 89.0 
LiCHzCOzCMe3 CHzClz 0 23 50 27 57.4 

,I These data are reproduced from ref 6c for comparison: 3' = ortho adduct; 4' = meta adduct; 5' = para adduct. 

CZ 4 

c34 

Y 

c! p"' B C 3 2  

Figure 1. ORTEP drawing of the cation [(N(CH2CH20)3SiC6H5)Mn(C0)2P(OMe)3]+, showing the labeling scheme with 30% thermal 
ellipsoids. The counteranion is omitted for simplicity. 

interactions between oxygens on the silatrane moiety of 
compound 2 and metal cations, such as Na+ and Li+, in 
methylene chloride. However, there might be no such 
interactions in THF. This could be one of the differences 
in the reaction medium effecta. In CH2C12, ortho adducta 
were obtained as a major product for the addition of MeLi, 
PhLi, 'BuLi, and PhMgBr. However, in THF, other ad- 
ducts were obtained as a major product. Table I1 and 
Scheme I show the results of the reaction between 2 and 
several kinds of carbanions. 

For the reaction between 2 and MeLi, MeMgBr, PhLi, 
and tBuLi in THF, three kinds of isomers were obtained. 
When we compare the isomer ratios for RLi additions, the 
relative ortho adduct decreased in the following order: 
PhLi > MeLi > 'BuLi. In contrast, the para adduct de- 
creased in the following order: 'BuLi > MeLi > PhLi. In 
THF, changing the nucleophile from MeMgBr to PhMgBr 
increased the relative para adduct at the expense of ortho 
adduct. For the addition of LiCMe2CN in THF, changing 
the reaction temperature does not result in any noticeable 
changes in the yield and isomer ratio. 

For the addition reaction of MeLi, PhLi, and PhMgBr 
in CH2C&, the ortho adduct was found as the sole product. 

For the addition of 'BuLi in CH2C12, the steric bulkiness 
might be the reason for the formation of some para adduct. 

For the addition of NaBH4, only meta and para adducts 
were obtained in the ratios of 1:1.8 and 1:1.2 in THF and 
CH2C12, respectively. The reason for the relatively low 
medium effect would be the insolubility of NaBH4 in both 
solvents. The addition of LiCH2C02CMe3 was not re- 
gioselective in both solvents. 

Compound 2 did not react with the carbanions of ethyl 
acetoacetate and ethyl cyanoacetate, or with sodium 
cyanide. The inertness of compounds 2 to the above nu- 
cleophiles might come from the large electron density 
buildup a t  the metal center. The replacement of CO by 
phosphite increases the electron density on the metal, and 
the electrophilicity of compound 2 would be much lower 
than that of 1.lo As a result, strong carbanions are needed. 
Treatment of PhLi with 1 did not produce any organo- 
metallic compound. However, PhLi rea& with compound 

(10) Choi, H. S.; Sweigart, D. A. Organometallic8 1982,1,60. Honig, 
E. D.; Quin-jin, M.; Robinson, W. T.; Williard, P. G.; Sweigart, D. A. 
Organometallics 1985,4,871. Peareon, A. J.; Kola, S. L.; Chen, B. J. Am. 
Chem. SOC. 1983, 105,4483. 
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Table 111. Selected Interatomic Diatancea (A) and Angles 
(deg) for [(N(CH~HzO),SiC,H,)Mn(CO)zP(OMe)llC104 

Table IV. Non-Hydrogen Atom Positional and Equivalent 
Thermal Parameters for 

Distances (A) [ (N(CH2CH20),SiC6H,)Mn(CO)2P(OMe)~]C104' 
Mnl-P4 
Mnl-cl l  
MnlC13 
MnlC16 
MnlC18 
MnlC22 
MnlC24 
MnlC27 
MnlC28 
P4-08 
P4-010 
P4-012 
Si2-05 
Si2-06 
Si2-07 
Si2-N9 
Si2C13 
0 5 4 3 0  

P4-Mnl-Cll 
P4-MnlC16 
C13418427 
C13428422 
C18427424 
C27424C22 
C24422C28 
C28413418 
Si2-05430 
S i 2 4 6 4 1 9  
S i 2 4 7 4 2 3  
0 5 4 3 0 4 2 1  
0 6 4 1 9 4 2 6  
0 7 4 2 3 C 1 5  
C30421-N9 
C19426-N9 
C 2 3 4  15-N9 
N9-Si2413 

2.198 (1) 0 6 C 3 0  
1.801 (4) 0 7 C 2 3  
2.198 (3) 08-C34 
1.796 (4) 0 1 0 4 2 0  
2.186 (3) 0 1 2 4 3 2  
2.193 (4) 014-Cll  
2.187 (3) 025C16 
2.187 (3) N9415  
2.167 (4) N 9 4 2 1  
1.590 (4) N9-C26 
1.582 (3) C13C18 
1.576 (3) C13C28 
1.658 (3) C18427 
1.654 (3) C19426 
1.660 (3) C21430 
2.064 (3) C22C24 
1.921 (4) C22-C28 
1.422 (5) C24C27 

Bond Angles (deg) 
90.9 (1) 05-Si2-016 
87.5 (1) 05432-07 

122.4 (4) 05-Si2-N9 
122.4 (3) 05-Si2413 
119.7 (4) 06-Si2-07 
119.7 (4) 06-Si2-N9 
119.9 (4) 06-Si2413 
115.8 (3) 07-Si2-N9 
120.5 (2) 07-Si2-Cl3 
120.9 (3) Si2-N9-C15 
119.9 (3) Si2-N9-C21 
109.0 (3) Si2-N9-C26 
108.3 (4) C15-NW21 
108.5 (3) C15-N9426 
106.4 (3) C21-N9-C26 
106.5 (3) Mnl-Cll-014 
106.0 (3) MnlC16-025 
179.2 (1) 

1.431 (5) 
1.423 (5) 
1.431 (6) 
1.452 (6) 
1.451 (7) 
1.141 (5) 
1.140 (5) 
1.486 (5) 
1.483 (5) 
1.472 (5) 
1.428 (5) 
1.404 (5) 
1.399 (5) 
1.510 (7) 
1.504 (6) 
1.383 (6) 
1.423 (6) 
1.413 (6) 

119.4 (1) 
117.9 (1) 
85.9 (1) 
94.5 (1) 

121.2 (1) 
85.7 (1) 
93.6 (1) 
86.0 (1) 
94.4 (2) 

104.8 (2) 
105.0 (2) 
105.4 (3) 
113.3 (3) 
113.4 (3) 
113.8 (3) 
178.5 (4) 
178.9 (4) 

2 to give a high yield of phenyl adducts. When we compare 
the regioselectivity and the yield of compound 2 with the 
nucleophiles with those of compound 1, the regioselectiv- 
ities decrease and the yields are improved slightly. How- 
ever, the overall trends of nucleophilic addition to com- 
pound 2 are similar to those of compound 1. 

Molecular Structure of 2. Final fractional atomic 
coordinates with equivalent isotropic parameters are given 
in Table III. The geometry of the cation unit showing the 
atomic numbering scheme used is depicted in Figure 1, and 
selected bond distances and angles are given in Table IV. 
The cation displays the well-known piano-stool confor- 
mation found1' in half-sandwich complexes with the two 
carbonyl ligands and P(OMe)3 in a nearly staggered ori- 
entation relative to the C atoms of the phenyl ring. When 
the tripod of Mn(C0)$(OMe)3 is projected onto the plane 
of the arene ring, the torsion angles C22-GMn-C16, 
C13-G-Mn-Cll, and C27-G-Mn-P are respectively 41.1 
(7), 35.2 (21, and 39.2 (9)' (when the Mn atom is projected 
on the plane containing C(13), C(18), and C(28) atoms, G 
is the corresponding point). The staggered conformation 
of compound 2 appears to arise because of the steric bulk 
of the silatranyl group. [(C&5Si(OCH2CH2)3N)Cr(C0)3]6a 
has been observed to have a similar conformation, in which 
the carbonyl groups are rotated by 32.5O from the syn- 
eclipsed form. The least-squares plane of the phenyl- 
silatrane group is perpendicular to the pseudo-C3 axis 
which passes through the center of the ring and the Mn 
atom. However, the planarity of the phenyl ring is almost 
broken. The ring C-C bond distances vary between 1.383 

atom X 

Mnl 0.92706 (3) 
P4 1.05080 (6) 
Si2 0.71561 (6) 
0 5  0.6372 (1) 
0 6  0.7698 (2) 
0 7  0.7232 (2) 
08 1.1036 (2) 
010 1.0464 (2) 
012 1.1130 (2) 
014 0.9060 (2) 
025 1.0049 (3) 
N9 0.6338 (2) 
Cl1 0.9150 (2) 
C13 0.7927 (2) 
C15 0.6114 (3) 
C16 0.9753 (3) 
C18 0.8155 (2) 
C19 0.7386 (3) 
C20 1.1174 (3) 
C21 0.5638 (3) 
C22 0.8937 (2) 
C23 0.6867 (3) 
C24 0.9164 (2) 
C26 0.6799 (3) 
C27 0.8767 (2) 
C28 0.8329 (2) 
C30 0.5567 (2) 
C32 1.1100 (4) 
c34 1.1909 (3) 
C13 1.37599 (6) 
027 1.2995 (4) 
029 1.4066 (5) 
033 1.3586 (7) 
041 0.4249 (7) 
042 0.4342 (4) 
044 0.3818 (8) 
051 0.9063 (8) 

Y 
0.04624 (8) 
0.1491 (2) 
0.0734 (1) 

-0.0493 (4) 
-0.0387 (4) 
0.3214 (4) 

-0.0364 (5) 
0.3196 (5) 
0.2280 (5) 
0.3990 (5) 

-0.1732 (5) 
0.1489 (5) 
0.2635 (6) 
0.0017 (6) 
0.3638 (6) 

-0.0867 (6) 
0.1403 (6) 

-0.0534 (8) 
0.4068 (9) 
0.0064 (7) 

-0.2372 (6) 
0.4606 (6) 

-0.0956 (7) 
0.1211 (8) 
0.0954 (7) 

-0.1872 (6) 
-0.0351 (7) 
0.4259 (9) 

-0.042 (1) 
0.4305 (2) 
0.5160 (9) 
0.407 (1) 
0.212 (2) 
0.611 (2) 
0.450 (1) 
0.298 (2) 
0.176 (2) 

2 B ,  A2 
0.34753 (2) 2.110 (9) 
0.33283 (5) 2.98 (2) 
0.38816 (4) 2.08 (2) 
0.3493 (1) 2.79 (5) 
0.4471 (1) 3.28 (5) 
0.3766 (1) 3.04 (5) 
0.3131 (2) 5.03 (8) 
0.2822 (1) 4.39 (7) 
0.3882 (1) 4.26 (7) 
0.4255 (1) 4.42 (7) 
0.4554 (1) 5.61 (8) 
0.4480 (1) 2.77 (6) 
0.3949 (2) 2.77 (7) 
0.3333 (2) 2.29 (6) 
0.4337 (2) 3.71 (9) 
0.4135 (2) 3.27 (8) 
0.2889 (2) 2.63 (7) 
0.5043 (2) 4.6 (1) 
0.2587 (2) 5.7 (1) 
0.4338 (2) 3.81 (9) 
0.2984 (2) 3.11 (8) 
0.4143 (2) 3.83 (9) 
0.2576 (2) 3.26 (8) 
0.5091 (2) 4.2 (1) 
0.2523 (2) 3.20 (8) 
0.3363 (2) 2.59 (7) 
0.3666 (2) 3.64 (9) 
0.4165 (3) 6.5 (1) 
0.3120 (3) 6.5 (1) 
0.34753 (5) 4.02 (2) 
0.3607 (3) 9.4 (1)* 
0.4371 (3) 7.9 (2)* 
0.3590 (5) 9.9 (3)* 
0.4025 (5) 9.1 (3)* 
0.3333 (3) 7.8 (2)* 
0.4234 (6) 8.7 (3)* 
0.8283 (6) 5.9 (3)* 

occ 

0.943 
0.603 
0.487 
0.453 
0.693 
0.391 
0.283 

052 0.069 (1) 0.087 (4) 0.141 (1) 5.2 (5)* 0.158 

(I Numbers in parentheses are errors in the last significant digit- 
(a). See Figure 1 for atom-labeling scheme. Starred values denote 
atoms refined isotropically. Anisotropically refined atoms are giv- 
en in the form of the isotropic equivalent displacement parameter, 
defined as 4/3[a2@11 + b2fiZ2 + c2& + ab(cos r)@lz + ac(cos fi)fiI3 + 
bc(cos a)finsl. 

(6) and 1.428 (5) A, and the alternating longer C-C bonds 
(1.413 (6), 1.423 (6), and 1.428 (5) A) are those that project 
on the Mn-P(OMe)3 and Mn-CO bonds.12 The carbon- 
carbon bond distance projecting on the P(OMe)3 ligand 
is 1.413 (6) A. 

Complex 2 possesses the usual skeleton containing a 
five-coordinate silicon atom.13 The N-Si-C13 angle is 
179.2 ( 1 ) O .  The Si atom is displaced by 0.13 A from the 
center of the plane defined by 05,06, and 07, toward C13. 
The stereochemistry of the Si atom is distorted trigonal 
bipyramidal. Introduction of Mn(CO),(P(OMe)J+ into the 
phenylsilatrane does not affect the silatrane geometry very 
much. When we compare the N-Si bonds of 2 and (phe- 
nyl~ilatrane)Cr(CO)~~ with that of phenyl~ilatrane,'~ the 
N-Si bond of 2 is shortened in this case by 0.13 A, to 2.064 
(3) A, while the N-Si bond in (phenyl~ilatrane)Cr(CO)~ is 
shortened by 0.08 A, to 2.108 ( 5 )  A. The positive charge 
on the manganese atom resulta in a contraction in the Si-N 
distances. When we compare the Si-C(pheny1)bonds of 
2 and (phenyl~ilatrane)Cr(CO)~ with that of phenyl- 

(12) Chmn, J. W., Jr.; Hall, M. B. J. Am. Chem. SOC. 1963,105,4930. 
(13) Voronkov, M. G.; Dyakov, V. M.; Kirpichenko, S. V. J. Organo- 

met. Chem. 1982,233,l. Tandura, S. N.; Voronkov, M. G.; Alekseev, N. 
V. Top Curr. Chem. 1986,131,99. 

(14) Turley, J. W.; Boer, F. P. J. Am. Chem. SOC. 1968, 90, 4026. (11) Bemdt, A. F.; Marsh, R. E. Acta Crystallogr. 1963, 16, 118. 
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s i la t~ane,~~ the Si-C(pheny1) bond of 2 is lengthened in this 
case by 0.04 A, to 1.921 (4) A, and the Si-C(pheny1) bond 
in (phenyl~ilatrane)Cr(CO)~~ is lengthened by 0.03 A, to 
1.907 (6) A. The equatorial &Si bond lengths in 2 (1.654 
(3)-1.660 (3) A, average 1.657 A) are very close to the values 
(average 1.656 A) in (phenyl~ilatrane)Cr(CO)~.~~ The 
Cl&C134!28 bond angle at the ipso carbon of the phenyl 
ring in 2 is 115.8 (3)O, which is very close to the value for 
(phenyl~ilatrane)Cr(CO)~ (116.1 (6)0).sa Other numerical 
parameters for 2 are similar to those for (phenyl- 
~ilatrane)Cr(CO)~.~" 
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Summary: Attempts to synthesize fused bicyclic thioph- 
enes by zlrconocene-mediated cyclization of bis(tri- 
methylsilyl) cwdiynes led to the isolation of air-stable 
bls(~5cyclopentadienyl)zirconacyclopentdiene complex- 
es when there is a heteroatom (Le. oxygen or substituted 
nitrogen) tethered between the acetylenes. 

The excellent preclinical antineoplastic properties of a 
class of diarylsulfonylureas has culminated in clinical de- 
velopment of sulofenur (LY186641).' An effort to improve 

LY 186641 

the pharmacological properties of this novel class of on- 
colytics has resulted in a search for more potent diaryl- 
sulfonylureas with decreased levels of circulating sodium 
4-chloroaniline 0- 2-sulfate (PCAM1, the metabolite 

OS03Na 
I 

PCAMl 

(1) Howbert, J. J.; Grossman, C. S.; Crowell, T. A,; Rieder, B. J.; 
Harper, R. W.; Kramer, K. E.; Tao, E. V.; Aikina, J.; Poore, G. A.; Rinzel, 
S. M.; Grindey, G. B.; Shaw, W. N.; Todd, G. C. J. Med. Chem. 1990,33, 
2393. Taylor, C. W.; Alberta, D. S.; Ketcham, M. A.; Satterlee, W. G.; 
Holdworth, M. T.; Plezia, P. M.; Peng, Y.-M.; McCloskey, T. M.; Roe, D. 
J.; Hamilton, M.; Salmon, S. E. J. Clin. Oncol. 1989, 7, 1733. 

0276-7333/92/2311-1398$03.00~0 

monitored as an indicator of methemog1obinemiah2 The 
replacement of the benzenesulfonamide of the diaryl- 
sulfonylureas with substituted thiophene-2-sulfonamide 
has led to the discovery of compounds with increased 
potency. This paper will summarize the synthesis of fused 
bicyclic thiophenesulfonylureas with an emphasis on group 
IV transition-metal-mediated functionalization of bis- 
(trimethylsilyl) a ,~-diynes.~ 

The 5,6-dihydro-4H-cyclopenta[b]thiophene and 
4,5,6,7-tetrahydrobenzo [ b] thiophene were prepared by 
previously described  procedure^.^ The 5,6-dihydro-M- 
cyclopenta[c]thiophene and 4,5,6,7-tetrahydrobenzo[c]- 
thiophene were synthesized by the alkylation of the cor- 
responding bis($cyclopentadienyl)zirconecyclo- 
pentadienes with sulfur monochloride5 followed by tetra- 
butylammonium fluoride desilylation of 1 and 2, respec- 
tively. Methods for the synthesis of the corresponding 

(CHZ)" 4; 
SIMe3 

l n = l  
2 n = 2  

N-(p-chloropheny1)-N'-[ (thiaindanyl)sulfonyl]ureas and 

(2) Ehlhardt, W. J. Drug Metab. Dispos. 1991,19,370-375. 
(3) Comprehensive review article: Negishi, E.; Takahashi, T. Syn- 

thesis 1988, 1-19. 
(4) Thiaindanone synthesis: Sam, J.; Thompson, A. C. J. Pharm. Sci. 

1963,52,898. Method for reduction of thiaindanone and commercially 
available 4-keto-4,5,6,7-tetrahydrothianaphthene to produce thiaindan 
and thianaphthene: MacDowell, D. W. H.; Patrick, T. B.; Frame, B. K.; 
Ellison, D. L. J. Org. Chem. 1967, 32, 1226. 

(5) For synthesis of main-group heterocycles from bidcyclo- 
pentadieny1)zirconacyclopentadienes see: Buchwald, S. L.; Fang, Q. J. 
Org. Chem. 1989,54, 2793. Fagan, P. J.; Nugent, W. A. J. Am. Chem. 
SOC. 1988,110, 2310. Nugent, W. A.; Thorn, D. L.; Harlow, R. L. Ibid. 
1987, 109, 2788. 
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