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Scheme I 
Me 

( C 0 ) 5 C  r=C /OEt + wMe 
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H Ph 
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428 (M+ - 3CO), 400 (M+ - 4C0,lOO). Its IR spectrum 
indicated a tetracarbonylchromim structure. Its 'H and 
13C NMR spectra6 confirmed the proposed formulation. 
The stereochemistry at c6 was established on the basis of 
the 'H NMR spectrum. Decoupling experiments showed 
a weak 3J(H-C1-C6-H) coupling (ca. 1-2 Hz) which implies 
that H-(C,) occupies the exo position. Thus, as expected, 
the Diels-Alder reaction takes place with retention of the 
stereochemistry at the C=C double bond of the dienophile. 
The first step of this reaction is the displacement by the 
X3-phosphorus of one cis CO on the chromium atom 
leading to the &(vinyl ethoxycarbene) (l-phenyl-3,li-di- 
methylphospho1e)tetracarbonylchromium complex 4 
(Scheme I). Indeed, it proved possible to detect this in- 
termediate compound 4 after its photochemical generation 
at  -10 "C, in THF by irradiation with a TQ 150 Hanau 
medium-pressure lamp with a Pyrex filter. Under such 
conditions, the phosphole behaved as a classical phos- 
phorus ligand toward a carbene ~omplex .~  This was also 
suggested by the following experiment. When we heated 
the [ (phenylethoxy)carbene]pentacarbonyltungsten with 
a slight excess of phosphole 2 in hexane at  60 "C for 6 h 
we isolated the cis-(phosphole)(ethoxycarbene)tetra- 
carbonyltungsten* in ca. 90% yield. Complex 4 is deep 
purple: its 31P NMR spectrum displayed a single peak at 
52 ppm (in THF). However, when we tried to record its 
'H NMR spectrum in CDC1, decomposition took place to 
give 3. This fact was confirmed by the 31P NMR spectrum 
of the same sample which showed the presence of two 
peaks at 168 and 50.7 ppm (CDCl,) and by the 13C NMR 
spectrum which showed two carbenic carbon signals and 
the appearance of a phosphanorbornenyl ~ y s t e m . ~  

It is interesting to note here that somewhat related in- 
tramolecular [4 + 21 cycloadditions between phosphole 
dienic systems and C=C double bonds within a single 
coordination sphere have already been described.l0 

We are currently exploring the possibilities offered by 
this approach as well as the reactivity of this new type of 
complex. 

(7) Fischer, E. 0.; Fischer, H. Chem. Ber. 1974, 107, 657. 
(8) Le Floch, P.; Tran Huy, N. H.; Mathey, F. Organometallics 1988, 

7, 1293. 
(9) 4 - 3: 31P NMR (CDC18) b p  168.0 (3) and 50.7 (4); 13C NMR 

(CDCl,) bc 14.9, 15.3, 15.9, 17.2, 17.4 (Me), 51, 56, 61, 66 (CH and OCHz 
of 3), 334.2 (C=Cr of 4), 356.3 (C=Cr of 3). 

(10) Santini, C.; Fischer, J.; Mathey, F.; Mitachler, A. J .  Am. Chem. 
SOC. 1980, 102, 5809. Holt, M. S.; Nelson, J. H.; Savignac, Ph.; Alcock, 
N. W. J.  Am. Chem. SOC. 1985, 107, 6396. Svara, J.; Marinetti, A.; 
Mathey, F. Organometallics 1986, 5, 1161. 
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Summary: Treating Rh,(p-NHMe)(CO),(p-dppm-HKp- 
dppm) (dppm-H = bis(dipheny1phosphino)methanide; 
dppm = bis(dipheny1phosphino)methane) or tautomeric 
mixtures of Rh,(p-NHR)(CO),(p-dppm-H)(p-dppm) and 
Rh,(p-NR)(CO),(p-dppm), (R = p-MePh or Ph) with 1 
equiv of CO gives Rh,(p-~~-RNC0)(CO),(pdppm), (R = 
Me, p-MePh, or Ph). With excess CO Rh2(p-CO)(C0),- 
(dppm),, RNCO, and (RHN),CO are obtained for R = p -  
MePh or Ph. With R = Me, Rh2[pq2-C(0)N(Me)C(O)](p- 
CO)(CO),(dppm), and Rh,(p-CO)(CO),(dppm), are ob- 
tained. 

Catalytic carbonylations of organoazides and nitroaryls 
are frequently postulated to proceed via metal imido in- 
termediates., In support of this proposal imido complexes 
have been isolated from reactions-of metal complexes with 
organoazides, nitroaryls, and nitrosoaryls? In the catalytic 
processes the formation of nitrogen-carbon bonds is a key 
step. In most cases, isocyanate (formed by coupling of the 
imido ligand and CO) is the final product or is a probable 
precursor to the final product. However, until recent lp  
the isolated imido complexes have given little, if any, 
isocyanates or products derived from isocyanates when 
treated with CO under mild  condition^.^ This commu- 
nication reports the facile formation of isocyanate and 
dimetallocycloimide complexes and free isocyanates and 
ureas by the formal single and double insertion of CO into 
the metal-nitrogen bonds of rhodium pimidolamido 
A-frame complexes. 

Previously we reported the preparation and character- 
ization of Rh,(p-NHR)(CO)z(p-dppm-H)(p-dppm) (1, R = 
Me, dppm-H = bis(diphenylphosphino)methanide, dppm 
= bis(dipheny1phosphino)methane) and tautomeric mix- 
tures of 1 and Rh,(p-NR)(CO),(p-dppm), (2, R = p-MePh 
or Ph).6 When solutions (CHZCl2, toluene or benzene) of 

(1) Part 3 in a series entitled Late Transition Metal p-Oxo and p-lm- 
ido Complexes. For part 2 see ref 5. 

(2) (a) La Monica, G.; Cenini, S.  J.  Organomet. Chem. 1981, 216, 
C35-C37. (b) Cenini, S.; Pizzotti, M.; Crotti, C.; Porta, F.; La Monica, 
G. J .  Chem. SOC., Chem. Commun. 1984,1286. (c) Bhaduri, S.; Gopal- 
krishnan, K. S.; Clegg, W.; Jones, P. G.; Sheldrick, G. M.; Stalke, D. J. 
J.  Chem. SOC., Dalton Trans. 1984,1765. (d) Alper, H.; Hashem, K. E. 
J.  Am. Chem. SOC. 1981,103,6514-6515. (e) Alper, H.; Paik, H. N. Nouu. 
J.  Chim. 1978,2,245. (0 Des Abbayes, H.; Alper, H. J.  Am. Chem. SOC. 
1977,99,98. (9) Iqbal, A. F. M. J. Org. Chem. 1972,37, 2791-2793. (h) 
L'Eplattenier, F.; Matthys, P.; Calderazzo, F. Inorg. Chem. 1970, 9, 

(3) (a) Han, S.-H.; Geoffroy, G. L.; Rheingold, A. L. Inorg. Chem. 1987, 
26, 3426-3428. (b) Basu, A.; Bhaduri, S.; Khwaja, H.; Jones, P. G.; 
Meyer-Base, K.; Sheldrick, G. M. J. Chem. SOC., Dalton Trans. 1986, 
2501-2503. (c) Alper, H.; Petrignani, J.-F.; Einstein, F. W. B.; Willis, A. 
C. J.  Am. Chem. SOC. 1983,105,1701-1702. (d) Nugent, W. A.; Haymore, 
B. L. Coord. Chem. Reu. 1980, 31, 123. (e) Inorg. Chim. Acta 1976, 18, 

(4) (a) Williams, G. D.; Whittle, R. R.; Geoffroy, G. L.; Rheingold, A. 
L. J .  Am. Chem. SOC. 1987, 109, 3936. (b) Han, S. H.; Geoffroy, G. L.; 
Rheingold, A. L. Organometallics 1987, 6 ,  2380-2386. (c) Basu, A.; 
Bhaduri, S.; Khwaja, H. J. Organomet. Chem. 1987,319, C28. (d) Smieja, 
J. A.; Gozum, J. E.; Gladfelter, W. L. Organometallics 1984, 6, 1311. 

(5) Sharp, P. R.; Ge, Y.-W. J .  Am. Chem. SOC. 1987,109,3796-3797. 
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Scheme I 

Figure 1. ORTEP view of Rh2[cl-~2-C(0)N(Me)C(O~](~-CO)- 
(C0)2(jt-dppm)2 (4), 50% probability ellipsoids. Phenyl rings 
omitted. Selected distances (A) and angles (deg): Rhl-FW,2.714 
(1); Rhl-C4,2.076 (6); Rh245,2.047 (6); C4-04, 1.216 (6), C5-05, 
1.215 (6); C4-N, 1.390 (7); C5-N, 1.407 (7); N-C6, 1.472 (7); 
Rh2-Rhl-C4,85.3 (2); Rhl-Rh2425, 86.7 (2); Rhl44-04, 121.2 
(4); Rh2425-05, 124.5 (4); R h l C C N ,  120.9 (4); Rh2-C5-N, 118.4 
(4); N44-04 ,  118.0 (5); NC5-05, 117.1 (5); C4-NC5, 123.6 (5); 
C4-N-C6, 117.6 (5); C5-N-C6, 118.1 (5). 

1 or 1/2 are treated with 1 equiv of CO (1 atm, 22 "C), a 
rapid reaction (seconds for R = Me or p-MePh and min- 
utes for R = Ph) occurs giving a single new product for- 
mulated as Rh2(cl-02-RNCO)(CO)2(p-dppm)n (3, R = Me, 
p-MePh, or Ph, eq l).67899 With R = p-MePh or Ph, 3 is 

f i F !  

3 

pnp = dppm: R = Me. p-MePh. or Ph 

unstable and decomposes on standing (hours, free iso- 
cyanate is observed) or on attempted isolation. With R 
= Me, 3 is more stable and solid samples have been iso- 
lated (80%). With 13C0, the 13C label is scrambled over 
all three carbonyl sites (the two terminal CO ligands and 
the RNCO) of 3 and any remaining 1/2 is 13C0 enriched. 
This suggests rapid CO exchange prior to insertion. The 
13C NMR spectrum of 16N- and 13C-labeled 3 (R = Ph) 
shows 13C-16N coupling consistent with the structure 
proposed in eq 1.6 

(6) All data were taken at  30 k 5 'C. 3 (R = Me): IR (cm-', CH,C12) 
1963 vs, 1946 s ( U C O ) ;  IR (cm-', mineral oil) 1954 sh, 1938 s (vco), 1094 m, 
996 w (vPc), (no RNCO bands could be identified); 'H NMR (90 MHz, 
C&/CD&l ) 6 7.86-6.78 (m, 40, Ph), 3.41, 3.17 (m, 2 each, CH,), 1.78 
(s ,3 ,  CH3); liC NMR (66 MHz, C6D6/CD2C12, "CO enriched) 6 203 (m, 
MeNCO),? 200 (d oft ,  Jmc = 57 Hz, J p c  = 13 Hz, CO), 196 (d oft ,  Jmc 
= 64 Hz, Jpc = 14 Hz, CO'); 31P (121 MHz, toluene, external 
reference) 6 24.6 (d of m, J ~ h p  - 143 Hz), 22.6 (d of m, J ~ h p  - 174 Hz). 
Data for R = p-MePh and Ph  is included as supplementary material. 

(7) This chemical shift value is typical of carbamoyl ligands and is 
reasonable for 3 viewed as a metal substituted carbamoyl. See: Angelici, 
R. J.; Formanek, T. Inorg. Chim. Acta 1983, 76, L9-Lll. 

(8) The tram,tram-diphwphine A-frame geometry is assigned on the 
basis of the presence of one major upc band in the IR of 3. See footnote 
11 in: Wu, J.; Fanwick, P. E.; Kubiak, C. P. Organometallics 1987,16, 
1805-1807. 

(9) Other isocyanate complexes: (a) Hasegawa, S.; Itoh, K.; Ishii, Y. 
Znorg. Chem. 1974, 13, 2675-2679. (b) Collman, J. P.; Kubota, M.; 
Vastine, F. D.; Sun, J. Y.; Kang, J. W. J. Am. Chem. SOC. 1968, 90, 
5430-5437. (c) Bhaduri, S.; Khwaja, H.; Jones, P. C. J. Chem. Soc., Chem. 
Commun. 1988, 194-195. 
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Excess carbon monoxide reacts with 1/2 or 3 (R = p -  
MePh or Ph) to give Rh2(p-CO)(CO)2(dppm)~o as the only 
major metal-containing product (eq 2,75% isolated yield). 

1/2 or 3 - 
Rh,(pCO)(CO),(dppm), + RNCO + (RHN)2C0 (2) 

co 

R = p-MePh or Ph 

The major organic products RNCO and (RNH)&O" are 
obtained in yields of 25 and 50% for R = p-MePh and 6 
and 75% for R = Ph. The source of the hydrogens for the 
(RHN)2C0 formation is unknown at  this time. 

Excess CO also reacts with 1 or 3 (R = Me), but two 
metal-containing products are obtained: Rh,(p-C0)- 
(CO),(dppm), (-33%) and yellow 4 (-60%, eq 3). 

Me 
I 

4 
Rh2( p-CO)  (CO)2 ( d p p m ) ~  (3) 

Spectroscopic12 and X-ray datal3 show 4 to be the di- 
metallocycloimide, "cradle"14 complex Rh2[pq2-C(0)N- 

(10) (a) Woodcock, C.; Eisenberg, R. Inorg. Chem. 1985,24,1285-1287. 
(b) Woodcock, C.; Eisenberg, R. Inorg. Chem. 1984,23,4207-4211. (c) 
Kubiak, C. P.; Woodcock, C.; Eisenberg, R. Znorg. Chem. 1982,21,2119. 
(d) Kubiak, K. P.; Eisenberg, R. J. Am. Chem. SOC. 1980, 102, 3637. 

(11) Organic products were detected and quantified by FTIR of the 
reaction mixtures and HPLC and GCMS of methanol quenched reaction 
mixtures. 

(12) 4: IR (cm-', mineral oil) 1999 s, 1984 vs (terminal Y C O ) ,  1787 s 
(bridging UCO),  1620,1567 (imide vco, aasipment based on s h i i  with '3c 
substitution), 1093 m, 994 m (cis vpc); H NMR (300 MHz, CD2C12) 6 
7.67-6.67 (m, 40, Ph), 3.98, 3.54, 3.16, 2.59 (m, 1 each, CH,), 2.09 (8 ,  3, 
CHJ; 13C NMR (66 MHz, CD,Cl2, '3C0 enriched) 6 241 (quint oft ,  J b c  
= Jpc = 42 Hz, J p c  = 11 Hz, p-CO), 191 (m, imide CO), 190 (d of t, Jmc 
= 77 Hz, JPc = 10 Hz, terminal CO); 31P (121 MHz, CD2C12, external 
H3P04 reference) 6 31.8, 15.1 (m, P). 

(13) Crystals from CH2C12: Rh P4OSNCSBH4,-CH C12, fw = 1,228.64, 
triclinic (Pl) with a = 12.117 (3) A, b = 20.344 (4) 1, c = 11.160 (3) A, 
CY = 98.53 (2)", B = 102.21 (2)", y = 91.21 (2)", V = 2655.3 A', 2 = 2, and 
dcdd = 1.54. Full-matrix least-squares calculations converged to R(F,) 
= 0.046 and R,(F,J = 0.058 for 4612 independent observations (&20 scan) 
above 3u. Full structural details will be reported in a forthcoming pub- 
lication. ~ ~ . -  .~. ... 

(14) Delaet, D. L.; del -io, R.; Fanwick, P. E.; Kubiak, C. P. J. Am. 
Chem. SOC. 1987, 109, 754-758. 
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(Me)C(0)](p-CO)(CO)z(dppm)2. A view of the molecular 
structure of 4 is given in Figure 1. To our knowledge 4 
is the first example of a dimetallocycloimide. Its formation 
by sequential coupling of two CO molecules with an imido 
ligand is unique. A metallocycloimide, CpzWIC(0)N- 
(Me)C(O)], was recently obtained from Cp2WC0 and 
MeNC0.15 

The key step in the formation of the coordinated iso- 
cyanate is the carbon-nitrogen bond formation. A critical 
question in our system is which species, 1 or 2, is actually 
involved in this step. A single step, insertion of CO into 
the Rh-imido bond, is all that is required for isocyanate 
formation from 2. Two steps are required for 1, insertion 
of CO into the Rh-amido bond to form a carbamoyl fol- 
lowed by proton transfer to the methanide. These two 
alternate pathways are illustrated in Scheme I. Though 
rare, insertion of CO into transition-metal amido bonds16 
and deprotonation of a carbamoyl (by an external base)17 
are known processes. We are attempting to answer this 
question by studying the reactions of [Rh,(p-NHR)- 
(CO)2(p-dppm)2]+ with CO. 
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(15) Jernakoff, P.; Cooper, N. J. J. Am. Chem. SOC. 1987, 109, 

(16) (a) Chisholm, M. H.; Hammond, C. E.; Huffman, J. C. Organo- 
metallics 1987,6, 210-211. (b) Fagan, P. 3.; Manriquez, J. M.; Vollmer, 
S. H.; Day, C. S.; Day, V. W.; Marks, T. J. J. Am. Chem. SOC. 1981,103, 
2206-2220. (c) Lappert, M. F.; Powers, P. P.; Sanger, A. R.; Srivastava, 
R. C. Metal and Metalloid Amides: Synthesis, Structures, and Physical 
and Chemical Properties; Ellis Horwood Limited: Chichester, 1980; pp 
585-586. 

(17) Jetz, W.; Angelici, R. J. J. Am. Chem. SOC. 1972,94,3799-3802. 
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Two Novel Rhodium( I )  Metallacycles from the New 
Heterodtfunctional Ligand Me3SIN=PPh2CH2PPh2. 
An Example of the Formation of a Unique Iminato 
Nitrogen-Rhodium u Bond 

Kattesh V. Katti and Ronald G. Caveil" 
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Summary: The new heterodifunctional phosphine imine 
ligand, Me,SiN=PPh,CH,PPh,, reacts with [RhCl(cod)] , 
to form NPPh,CH,PPh,Rh(cod) which contains a unique 
Rh'-N CT bond and with [RhCI(CO),], to form 

Me,SiN=PPh,CH,PPh,Rh(CO)CI. The new metalla- 
cycles have been characterized by means of complete 
'H, 13C, 31P, and ,'Si NMR studies. 

I i 

I 1 
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1988, 7, 2236-2238 

The new heterobifunctional ligand,' Me,SiN= 
PPh2CH2PPh2, may react in several different ways: (a) 
monodentate ligation at  either trivalent N or P; (b) bi- 
dentate (chelate or bridging) coordination; (c )  metal-ni- 
trogen u bond formation by means of the loss of a tri- 
methylsilyl group;' or combinations of these possibilities. 
The varied behavior of this ligand offers considerable scope 
for the formation of useful homogeneous catalysts because 
the phosphane which has a predisposition for combination 
with soft metals (i.e., "late" transition metals or metals in 
low oxidation states) is juxtaposed with a "hard" nitrogen 
center (which is predisposed to combination with "early" 
transition metals or metals in high oxidation states). 
Chelation introduces the possibility that the more weakly 
bound center may be dissociated reversibly without total 
detachment of the ligand, thus opening reactive sites a t  
the metal. The considerable catalytic activity of Rh' 
species in particular2-16 prompted an investigation of the 
chemistry of this metal with our new ligand. We find 
marked differences in reactivity with two rhodium(1) 
precursors leading in each case to novel Rh' metallacycles. 

When 1 reacts17 with [Rh(cod)C1I2, MeaSiCl is elimi- 
nated to form 2 which contains a Rh-N u bond. The 

0 

(1) Katti, K. V.; Cavell, R. G. Znorg. Chem., in press. 
(2) Young, J. F.; Osborn, J. A.; Jardine, F. H.; Wilkinson, G. J. Chem. 

(3) Pignolet, L. H.; Ed. Homogeneous Catalysts with Metal Phosphine 

(4) Bergbreiter, D. E.; Chandran, R. J. Am. Chem. SOC. 1987,109,174. 
(5) Landis, R. C.; Halpern, J. J.  Am. Chem. SOC. 1987, 107, 1746. 
(6) Aresta, M.; Quaranta, E.; Treglia, S.; Ibers, J. A. Organometallics 

(7) Bosnich, B.; Fairlie, D. P. Organometallics 1988, 7, 936. 
(8) Wegman, R. W.; Abatjoglou, A. G.; Harrison, A. M. J. Chem. SOC., 

(9) Rauchfuss, T. B.; Roundhill, D. M. J. Am. Chem. SOC. 1974, 96, 

Soc., Chem. Commun. 1966, 131. 

Complexes; Plenum: New York, 1984. 

1988, 7, 577. 

Chem. Commun. 1987,1981. 

3098. 
(10) Rauchfuss, T. B.; Patino, F. T.; Roundhill, D. M. Znorg. Chem. 

1971, 10,2158. 
(11) Deeming, A. J.; Rothwell, I. P.; Hursthouse, M. B.; Malik, K. M. 

(12) Empsall, H. D.; Hyde, E. M.; Jones, C. E.; Shaw, B. L. J. Chem. 

(13) Cheng, C.-H.; Spivack, B. D.; Eisenberg, R. J. Am. Chem. SOC. 

(14) Huckett, S. C.; Miller, L. L.; Jacobson, R. A.; Angelici, R. J. 

(15) Song, H.; Haltiwanger, R. C.; Duboii, M. R. Organometallics 1987, 

A. J .  Chem. Soc., Dalton Trans. 1980,1974. 

SOC., Dalton Trans. 1974, 1980. 

1977, 99, 3003. 

Organometallics 1988, 7, 686. 

6, 2021. 
(16) Fryzuk, M. D.; MacNeil, P. A.; Rettig, S. J. J. Am. Chem. SOC. 

1987,109,2803. 
(17) (a) Complex 2 was formed when a solution of 1 (0.276 g, 5.88 

mmol)' in dry dichloromethane (30 mL) was added dropwise (15 min) to 
a stirred dichloromethane (25 mL) solution of [Rh(cod)C1]2 (0.145 g, 2.94 
mmol) at room temperature. An instantaneous color change from yel- 
low-orange to pale yellow occurred on mixing, but the mixture was stirred 
at  room temperature for 4 h before the solvent was removed in vacuo to 
yield an analytically pure dichloromethane solvate of 2 (yield 0.36 g; 90%; 
yellow crystals; mp 185 OC dec; yellow crystalline solid). Anal. Calcd for 

H, 4.94; N, 2.02; C1, 10.13. ,lP NMR (161.98 MHz in CDCl,): uppm 32.97 
vs 85% H3P04 (dd, 'Jpy = 158.65, VPp = 44.1 H2), uPv 52.17 (dd, VPRh 
= 7.50, 2Jpp = 44.1 Hz). H NMR (200 MHz, CDCI,): phenyl rings 6 7.25, 
7.55,7.90 (m, 20 H); PCH2P methylene 6 3.80 (dd, 2 H, 2 J ~  = 11.08, 7.9 
Hz); cod olefinic 6 5.35 (br, 2 H), 5.35 (br, 2 H); cod methylene 6 2.30 (br, 
4 H), 1.75 (br, 4 H). (b) Complex 3 was prepared from [Rh(CO)2Cl]z 
under similar experimental conditions to those described above. (yield 
85%; orange crystals; mp 165 "C dec). Anal. (3.CH2C12) Calcd for 
C30H33NC130P2RhSi: C, 49.84; H, 4.56; N, 1.93; C1, 14.72. Found: C, 
50.02; H, 4.50; N, 1.95; C1, 14.82. IR (Nujol): v(C0) 1969. 31P NMR 
(161.98 MHz in CDCl,): upm 37.64 vs H3P01 (dd, 'Jpm = 168.6, 2Jpp = 

CDC1,): phenyl rings 6 7.30,7.50,7.75 (m, 20 H); PCH2P methylene 6 3.71 
(t, 2 H, VHP = 9.7 Hz). 29Si NMR (INEPT) (79.5 MHz, CDCl,): 6 6.04 
(d, 1 Si, *Jpsi = 5.2 Hz). 

1988 American Chemical Society 

CaHMC12NP2Rh C, 58.97; H, 4.91; N, 2.02; C1, 10.24. Found: C, 58.85; 

31.1 Hz), U ~ V  24.36 (dd, 'Jpm = 4.0, 'Jpp = 31.1 Hz). 'H NMR (400 MHz, 
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