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S u m m a r y :  T h e  r e a c t i o n  o f  [ ( 2 , 4 , 6 - t B u 3 -  

tBu&&O) with aryl azides R’N3 (2a, R’ = cab; 2b, R’ 
= 2,4,6-Me~C&) affords the triazoline derivatives 
[ ( 2 , 4 , 6 - t B ~ s C 6 H p O ) ( H C ~ C C H p ) / -  

C~H~O)(HCECCHZ)/P~MOCP(CO)Z ( I ;  R = 2,4,6- 
Results and Discussion of Reaction Chemistry 

An overview of all reactions describedis given in Scheme 

Tr iazol ines  of t h e  t y p e  (R)(HC=CCH2)-  
I. 

~-N=N-NR‘-MoC~(CO)Z (3) via a 1,3-dipolar cy- 
cloaddition reaction. Thermally induced dinitrogen 
elimination from 3 yields the 1 -molybda-2-phosphaazir- 
idines [(2,4,6-tBu&H2O) (H*CCH2)]P-NR’-MoCp- 
(C0)z (4). Compounds 1, 3, and 4 each contain a 
2-propynyl unit. Reaction of each with Coz(C0)~ (5) gives 

- 
(R)  [($- C H ~ ~ C H ) C O Z ( C O ) ~ J P - M O C ~ ( C O ) ~  (8), (R)  - 

P-NR’-MoCp(CO)2 (7), respectively. Complex 7is also 
formed by thermal treatment of 6. The steric influence 
of the dicobaltatetrahedrane cluster unit in dtoward the 
addition of R‘N3 (2) to the P-Mo ?r system is discussed. 
The identities of all new compounds have been docu- 
mented by analytical as well as by spectroscopic (IR, MS, 
and ‘H, and 13C NMR) data; the X-ray structure of 

(C0)z (6b; R’ = 2,4,6-Me~C&) is reported. 

- 
((R)[(+WH&+CH)CO~(CO)~J)P-N=N-N(R’)-MOC~- 

Introduction 

$,X4-Phosphanediyl complexes of the type RR’PIML, 
(ML, = 15-electron organometallic building block; R, R’ 
= singly bonded organic ligand) react with diazomethane 
or with organometallic fragments isolobal with carbene to 

yield the three-membered cycles RRT-E-ML, (E = 
CH2, Fe(C0)4, ...).1*2 Recently, we showed that CHzN2 
adds to the phosphorus-metal r bond by a l,&dipolar 
cycloaddition reaction, forming 1-molybda-2-phosphapy- 
razoline derivatives.& So far, no reaction between 9,X4-  
phosphanediyl compounds with other l,&dipoles such as 
R’N3 have been reported. In this context we report the 
stepwise formation of 1-molybda-2-phosphaaziridines via 
a l,&dipolar cycloaddition of R’Ns to the formal P=Mo 
double bond in $,X4-phosphanediyl complexes. 

- 

(1) (a) Reich, W.; Bright, T. 5.; Maliech, W.; m e r ,  C. Phosphorus, 
Sulfur Silicon Relat. Elem. 1990, 51/52, 347. (b) Gross, E.; JBrg, K.; 
Fiederling, K.; GOttlein, A.; Malisch, W.; Boese, R. Angew. Chem. 1984, 
W, 706 Angew. Chem., Znt. Ed. Engl. 1984,23, 738. (c) Maliech, W.; 
JBrg,  K.; Grw,  E.; Schmeueser, M.; Meyer, A. Phosphorus Sulfur Relat. 
Elem. lS86,26,26. (d) Malisch, W.; JBrg, K.; Hofmockel, U.; Schmeueser, 
M.; Schemm, R.; Sheldrick, W. S. Phosphorus Sulfur Relat. Elem. 1987, 
30, 206. 

(2) (a) Lang, H.; Lei, M. J. Organomet. Chem., in press. (b) Lang, 
H.;Leii,M.;Zsolnai,L.Polyhedron1992,11,1281. (c)Lek,M.;Laug, 
H.; Imhof, W.; k l n a i ,  L. Chem. Ber., in press. (d) Lang, H. Phosphorus, 
Sulfur Silicon Relat. Elem., in press. 

P--N=N--N(R’)-MoCp(CO)2 (R = 2,4,6-tB~C&0; R’ 
= C6H5 (3a), 2,4,6-Me&Hz (3b)) were prepared by 
reaction of (R)(HC=CCH2)P=MoCp(C0)2 (1)2b-d with 
the azides R‘Ns (R’ = C6H5 (2a), 2,4,6-Me3CeHz (2b)) in 
toluene at 25 OC (pathway a, Scheme I). The five- 
membered-ring species 3 were isolated, depending on the 
nature of R’, in excellent yields (3a, 75 % ; 3b, 93 76 1. Minor 
amounts of 4 were also formed in the reaction of 1 with 
2a (pathway c, Scheme I); 4 can be separated from 3a by 
column chromatography. 

The formation of 4 by the reaction of 1 with 2a (Scheme 
I) can be explained by at least two different mechanisms: 
one possibility is the conversion of R’N3 to the nitrene :m via elimination of dinitrogen. The electron-sextet 
species :m then adds, by means of a cheletropic reaction? 
to the phosphorus-molybdenum *-bond system to yield 
the three-membered cycle 4 (pathway b, Scheme I). 
Another possibility is via a l,&dipolar cycloaddition 
reaction4 of the azide R’N3 (2) to the formal P-Mo double 
bond to yield 3; extrusion of dinitrogen then affords 4 
(pathways a and c, Scheme I). 

The evidence that the reaction of 1 with 2 goes via a 
1,3-dipolar cycloaddition (pathway a, Scheme I) is given 
by the isolation of intermediate 3. The reaction of 1 with 
C&& (2a) yields 3a as the major product (75 % ) as well 
as 4 (15%). Complex 1 can be converted to 4 without 
isolating 3a when the reaction is conducted at higher 
temperatures. However, the reaction of 1 with 2,4,6- 
Me3CgH2Ns (2b) affords only 3b; a compound similar to 
4 could not be detected, even when higher temperatures 
are used for the reaction (Scheme I). 

In a further experiment we confirmed that the three- 
membered cycle of 4 can be obtained by thermal treatment 
of 3a via elimination of dinitrogen in toluene at 90 “C 
(pathway c, Scheme I). A color change from yellow (3a) 

(3) Woodward, R. B.; Hoffmann, R. The Conseruation of Orbital 
Symmetry; Academic Preas: New York, 1977; pp 152-163. 

(4) (a) Huisgen, R. Angew. Chem. 1963,75,604. (b) Huiagen, R. Angew. 
Chem. 1963, 75,742. 

(5) (a) McNamara, W. F.; heeler, E. N.; Paine, R. T.; Ortiz, J. V.; 
KMe, P.; NBth, H. Organometallics 1986, 5, 380. (b) Paine, R. T.; 
Hutchine, L. D.; Duboi, I). A.; Duesler, E. N. Phosphorus Sulfur Relat. 
Elem. 1983,18,263. (c) Light, R. W.: Paine, R. T. J.  Am. Chem. SOC. 
1978,100,2230. 

(6) Sanchez, M.; Mazieres, M. R.; Lamande, L.; Wolf, R. In Multiple 
Bonds and Low Coordination in Phosphorus Chemistry; Regitz, M., 
Scherer, 0. J.; E&.; Georg Thieme Verlag: Stuttgart, Germany, 1990, p 
140. 

- 

(7) (a) Lwoweki, W. In 1,3-Dipolar Cycloaddition Chemistry; Padwa, 
A.; Ed.; Wdey: New York, 1984; p 559. (b) Padwa, A. Angew. Chem. 
1976,88, 131. 
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Scheme I. Reaction of 1 with R‘Ns: Reactivity of 3 and 

P = M O C ~ ( C O ) ~  
R, 

Hz{ 

2co 

AT 

- N. 

4 

N 

- MoCp(CO), 

H 2 C  
c 

/- 2co 
ClH5 

R = 2,4,6-‘0~,CeH,O 3 
R’ = CaHS, 2,4,6-M~$,H, 

to orange (4) indicates the progress of the reaction. 
Compound 4 is best purified by filtration of the reaction 
mixture through silica gel, evaporation of the solvents 
under vacuum, and recrystallization of the residue from 
etherln-pentane at -30 OC. Compounds of type 4, 

RRT-E-ML, (R, R’ = singly bonded organic ligand; 
ML, = 15-electron complex fragment; E = RN, RP, RR’C, 
...), have already been synthesized using different synthetic 
routes.298 

The a-bond polarity in “neutral phosphenium ion 
compounds” was determined by theoretical calculationsPt6 
as well as by experimental results.lI2 It was found that the 
phosphorus atom is positively charged. With this in mind, 
and on the basis of theoretical studies of 1,3-dipoles4J the 
stereoselective cycloaddition of 2 to 1 by formation of just 
one isomer of 3 can be best explained by a steric interaction 
between R in [(R)(HC~CH~)IP=MOC~(CO)Z (1) (R = 
2,4,6-tBusC6H20) and R’ in R’N3 (2) (R’ = Ph, 2,4,6- 
Me&&) (Scheme I). 

Complex 1 reacts, even with an excess of 2, to afford 
selectively 3 or 4 (Scheme I). As with reactions of 
acetylenes with aryl azides to form triazoline derivatives? 
no reaction was observed between the carbon-carbon triple 
bond of the 2-propynyl ligand of compounds 1,3, and 4 
with the appropriate azides. However, with Coz(C0)~ (5) 

- 

(8) (a) Dufour, N.; Majoral, J. P.; Caminade, A.-M.; Chenkroun, R.; 
D r o d ,  Y. Organometallics 1991,20,45. (b) Lindner, E.; Sthgle, M.; 
Hiller, W.; Fawzi, R. Chem. Ber. 1989,122, 823. (c) Lindner, E.; Oesig, 
E.; Darmuth, M. J. Organomet. Chem. 1989,379,107. 

(9) For a review, me: Baetide, J.; Mamelin, I.; Texier, F.; Quang, Y. 
V. Bull. SOC. Chim. Fr. 1973,2555. 

4 
H 

the propargyl substituent in 1,3, and 4 reacts at ambient 
temperature to yield the complexes (R) [(q2-CH2mH)- 
Co2(CO)slP=MoCp(CO)2 (8) (reaction of 1 with 5; path- 
way f, Scheme I), (R) [(.112-CH2C-=CH)Co2(CO)61P-N=N- 
NR’-MoCp(C0)2 (6) (reaction of 3 with 5; pathway e, 
Scheme I), and (R) [(r12-CH2C~CH)Co2(CO)s3- 
P-NR’-MoCp(C0)2 (7) (reaction of 4 with 5; pathway 
d, Scheme I), respectively.’O In these compounds the 
propargyl ligand is converted into a sterically hindered 
dicobaltatetrahedrane unit.ll The steric demand of this 
organometallic group shows significant influence on the 
phosphorus-molybdenum ?r bond in 8, compared to 1: 
when the same conditions are used as described for the 
reaction of 1 with2 (see above), no reaction occurs between 
8 and 2, even with a wide variety of different reaction 
conditions (temperature, solvent, ... ), no addition of R’Ns 
or R’N has ever been observed. The same observations 
were made in the reaction of 8 with CHzN2k or even 
organometallic building blocks isolobal with carbene or 
nitrene.1° That it is presumably not an electronic effect 
is given by comparison of spectroscopic data of 1 with 8 
(Experimental Section). From our point of view it seems 
to be only a steric effect that prevents the 1,3-dipolar 
cycloaddition reaction of 2 to 8, and this is in addition 
confirmed by the fact that, for example, dicobaltatetra- 

- 

(10) Leb ,  M. Dissertation, University of Heidelberg, Heidelberg, 

(11) (a) Lang, H.; Orama, 0. J. Organomet. Chem. 1989,371, C48. (b) 
Germany, 1992. 

Lang, H.; Lek, M.; Zsolnai, L. J. Organomet. Chem. 1991,410, 379. 
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Figure 1. Molecular geometry and atom-labeling scheme for 6b." Important interatomic distances (A) and angles (deg) are 
asfollows: P-MO = 2.413(4),P-O(9) = 1.649(7),P-C(9) 
N(3)-MO 

(4). 0(9)-P-C(9) 

1.85(1), P-N(l) = 1.686(8), N(l)-N(2) 

108.1(4), MwP-N(l) = 106.8(3), Mo-P-C(9) 

1.30(1), N(2)-N(3) =: 1.32(1), 
2.221(8), N(3)-C(22) = 1.45(1), C(9)-C(lO) = 1.52(1), C(lO)-C(ll) = 1.35(2), C0(1)40(2) = 2.467(3); P-MwN(3) 

127.2, N(l)-P-C(S) = 101.4- 
126.4(6), Mo-N(3)-C(22) 

71.3(2), Mo-P-0(9) = 111.1(3), N(l)-P-0(9) 
100.9(4), P-N(l)-N(S) = 116.6(6), N(l)-N(2)-N(3) = 118.5(8), N(2)-N(3)-Mo . ., 

= 124:5(5), N(2)-N(3)-C(22) = 109.1(7). 

hedrane cluster fragments can be used in general to 
stabilize otherwise reactive metal-phosphorus multiple 
bonds.2J0J1 

The proposed structures of compounds 3,4, and 6-8 are 
based on analytical and spectroscopic (IR, MS, and 'H, 
3lP, and l3C NMR) data. Compounds of types 1,3, and 
4 can be easily distinguished by their 3lP(lH) NMRspectra. 
The 3lP(lH) NMR resonance signal of 1 is observed at 6 
309.0, the characteristic region for $,A*-phosphanediyl 
complexes.2cJ2 The 31P(1H) NMR spectra of 3 and 6 each 
show a singlet in the region 6 225-240. In contrast to this, 
there is an extreme high-field shift observed from 3 to 4 
(6 54.6) and from 6 to 7 (6 56.0). This effect has already 
been observed for phosphorus- and nitrogen-containing 
three-membered c y ~ l e s . ~ J ~  

The 1H and 13C NMR spectra were completely assigned. 
While for 1 only a single resonance signal is observed for 
the o-tert-butyl groups in 2,4,6-tBu3CsHz0,2C the com- 
pounds 3,4,6, and 7 show two signals indicating a hindered 
rotation around the oxygen-carbon axis of the tri-tert- 
butyl-substituted phenoxy group. Conspicuous is the fact 
that the shift of the p-tBu group in all compounds is nearly 
independent of the steric influence of the other ligands. 
However, the separation of the o-~Bu signals is dependent 
on thesteric influence of the substituents at the phosphorus 
center and the resonance signals are always slightly 

(12) Cowley, A. H.; Kemp, R. A. Chem. Rev. 1986,85,367. 
(13) (a) Baudler, M.; Kupprat, G. 2. Naturforsch. 1982,37B, 627. (b) 

Bonn, J.; Huttner, G.; Orama, 0.; Zeolnai, L. J.  Organomet. Chem. 1986, 
282, 63. 

broadened compared to the signals of the p-tBu groups 
and are, thus easily assigned. 

To establish the solid-state molecular structure of 
compound 6, an X-ray structure determination was carried 
out on a single crystal of 6b, the results of which are 
illustrated in Figure l.14 

Compound 6b consists of a nearly planar five-membered 
MoPNs cycle (average deviation 0.036 A). A notable 
feature of 6b is that the N-N bond lengths are almost 
equal (N(l)-N(2) = 1.30 A; N(2)-N(3) = 1.32 A). The 
sum of angles around N(3) (360O) points to a trigonal- 
planar environment. This indicates that the three nitrogen 
atoms form a three-center-four-electron ?r system. The 
phosphorus-molybdenum distance (2.413 A) is lengthened, 
compared to that in 1 (2.197 A)," and is in the range of 
usual P-Mo distances (2.35-2.60 A)16 found in many 
organomolybdenum-phosphine complexes involving 
P--Mo dative bonds. 
~~ ~ ~~ ~ ~ 

(14) Crystal data for 6 b  C&&~MoNsOOP; M, = 996.66; triclinic; 
a = 10.204(9) A, b = 14.66(1) A, c = 17.60(2) A; a = 92.82(9)O, @ = 94.62- 

= 1.28 g cm-S; orange crystale (0.3 X 0.3 X 0.6 mm) sealed on a g h  fiber; 
p(Mo Ka) = 11.7 cm-1 (T = 213 K). Data collection and proceaeing: 
diffraction data were collected on a Siemens (Nicolet Synter) R3m/V 
diffradometer wing the O-BCBI~ technique (24 limita 2.0-42.0, scan range 
0.7~5~. scan speed 3.4 I & 9 29.3O min-1 (in 20)) and Mo Ka radiation (A 
= 0.710 69 A). The structure was solved by duect methods (SHELXS 
86)'D on 4331 unique reflections with F t 4uQ: no. of variablee 5646, 
no.ofuniquedata388,F(000) = 1064. Anempiricalabeorptionmmdon 
w a ~  applied. The atoms Mo, Co, P, N, C(l)-C(ll), C(23)-C(26), C(32), 
C(36), and C(40) were refined isotropically; all other atoms were refined 
anisotropically. The functional discrepancy indices were Rp = 0.069, R, 
= 0.066. 

(a)', y = 94.72(8)'; V 2678(4) As; space group Pi (No. 2); Z 2; D d  
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The Co(l)-C0(2) distance of 2.467 A in the tetrahedrane 
fragment and the acetylene bond length (C(lO)-C(ll)) of 
1.35 A are comparable with distances in other cobalt- 
containing tetrahedrane fragments of the type (q2- 
RC&R' )CO~(CO)~ .~~  

Notes 

Experimental Section 

General Comments. All reactions were carried out under an 
atmosphere of nitrogen by using standard Schlenk techniques. 
Tetrahydrofuran (THF) and diethyl ether (Ego) were purified 
by distillation from sodium/benzophenone, while n-pentane, 
toluene, and dichloromethane were purified by distillation from 
caH2. 

Infrared spectra were obtained from a Perkin-Elmer 983G 
double-beam grating spectrometer. Proton nuclear magnetic 
resonance spectra, as well as carbon-13 and phosphorus-31 NMR 
spectra, were recorded on a Bruker AC 200 spectrometer operating 
at 200.13 MHz ('H), 50.323 MHz (W), and 81.015 MHz (SIP) in 
the Fourier transform mode. E1 mass spectra were recorded on 
a Finnigan MAT 8230 mass spectrometer operating at 70 eV. 
Melting points were determined with use of analytically pure 
samples, which were sealed in nitrogen-purged capillaries, on a 
Gallenkamp melting point apparatus. Microanalyses were 
performed by the analytical laboratories at the University of 
Heidelberg. 

Synthesis of (R)(HCeCHI)P-N-N-N(Ph)-MoCp- 
(CO); (3a) and (R)(HC~CHI)P-N(Ph)-MoCp(CO)z (4). 
Compound 1% (1.1 g, 2.0 mmol) was treated with 2a17 (300 mg, 
2.5 "01) in toluene (200 mL) for 18 h at 20 OC. The reaction 
mixture slowly turned yellow. All volatiles were removed under 
high vacuum, and the resulting residue was purified by column 
chromatography at -25 OC (column size 1.5 X 20 cm; n-pentane, 
silica gel). Two fractions could be collected an orange one (4) 
with n-pentane/CH&l2 (21) and a yellow one (3a) with THF. 
After removal of the solvents under reduced pressure and 
recrystallization from EgO/n-pentane (4) or CH2Cla/EgO (3a) 
at -30 OC orange crystals of 4 and pale yellow crystals of 3a were 
obtained. 

3a: yield 1.0 g (1.5 mmol,75 % ); mp 183 "C dec; IR (n-pentane) 
3311 m v(=C-H), 2117 vw v(C=C), 1977 vs, 1918 s v(C0) cm-l; 

I 1 - 

'H NMR (CDCb) 6 1.29 (8,9H, o-~Bu), 1.35 (8,9H, ~-'Bu), 1.54 
(8,9H, o-~Bu), 1.93 (dt, J(P-H) = 8.0 Hz, J(H-H) = 2.7 Hz, lH, 
CH2C@H), 3.59 (ddd, J(P-H) = 16.3 Hz, J(H-H) = 16.6 Hz, 
J(H-H) = 2.7 Hz, lH, CHzC*H), 3.82 (ddd, J(P-H) 6,5 Hz, 
J(H-H) = 16.6 Hz, J(H-H) 2.7 Hz, lH, CHaCrCH), 4.81 (8, 

(CDCb) 6 233.7 (8); W('HJ NMR (CDCb) 6 31.5 (s,3C, P-~Bu), 
32.3 (s,3C, 0-'Bu), 32.7 (s,3C, o-~Bu), 34.4 (8,  lC, 'C/p-'Bu), 36.1 

lC, C H & 4 H ) ,  72.4 (d, J(P-C) 11 Hz, lC, CH2C%CH), 76.0 
(d,J(P-C) = 1 Hz, lC, CHzMH),92.8 (8,5C, Cp), 122.6 (8,  lC, 
c a s ) ,  124.0 (8,2c, c a s ) ,  124.3 (8, lc, c&), 125.1 (8,  IC, C&, 
128.4 ( s , ~ C ,  C a s ) ,  141.9 (d, J(P-C) = 4 Hz, lC, C&), 143.4 (d, 
J(P-C) 3 Hz, lC, C&), 146.0 (8, lC, CsHz), 148.3 (d, J(P-C) 
p 10 Hz, lC, CsHz), 166.9 (5, lC, Cas), 232.6 (8, lC, CO), 245.7 

5H, Cp), 7.36 (s,2H, CgHa), 7.1-7.4 (m, 5H, C&); *lP(lHJ NMR 

(e, lC, 'C/o-~Bu), 36.4 (s, lC, 'C/o-tBu), 27.2 (d, J(P-C) = 58 Hz, 

(d, J(P-C) = 32 Hz, lC, CO); FD mass spectrum molecular ion 
at m/e (relative intensity) 669 (4), 641 (14) (M+ - Nz), 613 (100) 
(M+ - 2CO). Anal. Calcd for C&,ZMONSOSP: C, 61.17; H, 6.34; 
N, 6.29. Found C, 61.62; H, 6.83; N, 5.76. 
4 yield 200 mg (0.3 mmol, 15%); mp 162 OC dec; IR (CHzC12) 

3311 m v(=C-H), 2120 vw v(C=C), 1960 vs, 1885 s v(C0) cm-1; 

(16) (a) Kirtley, S. W. In Comprehensive Organometallic Chemistry; 
Wilkinean, G., Stone, F. G. A., Abe1,E. W., Eds.; Per amon Preea: Oxford, 
U.K., 1982, p 1079. (b) Corbridge, D. E. C. The &ructural Chemistry 
of P h  hom; Elsevier: Amsterdam, 1974. 
(16) !ee for example: Lang, H.; Zeolnai, L. Chem. Ber. 1991,124,269. 

Lane, H.; Leise, M.; Zeolnai, L. J. Organomet. Chem. 1991,410,379 and 
refeienees therein. 

York, 1977; Collect. Vol. 3, p 710. 
(17) Lindsey, R. 0.; Allen, C .  F. H. Organic Syntheses; Wiley: New 

'H NMR (CDCb) 6 1.30 (8,9H, o-~Bu), 1.35 (8,9H, P-~Bu), 1.56 
(s,9H, o-~Bu), 2.18 (dt, J(P-H) = 6.4 Hz, J(H-H) = 2.8 Hz, lH, 
CHZCWH), 3.16 (ddd, J(P-H) = 7.7 Hz, J(H-H) = 17.6 Hz, 
J(H-H) = 2.8 Hz, lH, C H 2 M H ) ,  3.88 (ddd,J(P-H) = 13.3 Hz, 
J(H-H) = 17.6 Hz, J(H-H) = 2.8 Hz, 1 H, C H e H ) ,  5.01 (8,  

(CDCls) 6 54.6 (8 ) ;  '3C('H) NMR (CDCb) 6 31.6 (8,  3C, ~ ' B u ) ,  
32.5 (8,3C, o-~Bu), 33.0 (8,3C, o-~Bu), 34.6 (8, lC, 'Clp-tBu), 36.1 
(s, lC, 'C/o-tBu), 36.8 (s, lC, Clo-tBu), 20.1 (d, J(P-C) 38 Hz, 
lC, CHzCdH) ,  73.4 (d, J(P-C) = 9 Hz, lC, CH2C%CH), 75.4 
(d, J(P-C) = 8 Hz, lC, C H z W H ) ,  93.4 (8, 5C, Cp), 119.8 (8,  lC, 
Cas ) ,  123.3 (8,  lC, C&), 123.7 (d, J(P-C) 9 Hz, 2C, C a s ) ,  
124.7 (8,  lC, C&2), 128.2 (s,2C, Cas ) ,  142.4 (d, J(P-C) 5 Hz, 
lC, CeH2), 143.7 (d, J(P-C) = 4 Hz, lC, C&), 146.2 (d, J(P-C) 
= 3 Hz, IC, C&), 148.2 (d, J(P-C) = 6 Hz, lC, Ca2),  150.7 (d, 
J(P-C) = 22 Hz, lC, C a s ) ,  241.6 (8,  lC, CO), 251.7 (d, J(P-C) 

5H,Cp),7.32 (s,2H,C&12),6.7-7.2 (m,5H,CsHd;s1P(1H) NMR 

= 34 Hz, lC, CO); E1 mass spectrum molecular ion at mle (relative 
intensity) 641 (lo), 585 (12) (M+ - 2CO), 546 (2) (M+ - 2CO - 
324 (100) (M+ - tBuaCsH20 - 2CO). Anal. Calcd for 

6.85; N, 2.40. 

C&Ia),528 (2) (M+-2CO-tB~),489 (1) (M+-2CO-tB~-CsHs), 

CWHUMoNO@ C, 63.85; H, 6.62; N, 2.19. Found: C, 63.88; H, 

Synthesis of (R)(HCWCHI)P-N=N-N(~,~,~-M~~- 
C'Ht)-MoCp(CO)r (3b). Compound 1% (1.67g, 3.0mmol) was 
treated with 2b18 (560 mg, 3.5 mmol) in toluene (200 mL) for 24 
ha t  25 OC. Workup similar to that described earlier yielded pale 
yellow 3b: 93% yield (2.0 g, 2.8 "01); mp 150 OC dec. No 
compound of type 4 could be detected. IR (n-pentane): 3311 m 
v ( d - H ) ,  2123vwv(C4), 1978vs,1908s v(C0) cm-l. 'H NMR 

0-~Bu), 1.77 (s,3H, Mes CHs), 1.87 (dt, J(P-H) = 6.6 Hz, J(H-H) 
= 3.0 Hz, IH, CHzC=CH), 2.02 (8, 3H, Mes CHs), 2.30 (e, 3H, 
Mes CHs), 3.32 (ddd, J(P-H) = 16.3 Hz, J(H-H) = 16.3 Hz, 

(CDCb): 6 1.33 (8,  9H, o-~Bu), 1.37 (8,  9H, ~-'Bu), 1.54 (8, 9H, 

J(H-H) = 3.0 Hz, lH, C H z C e H ) ,  3.69 (ddd, J(P-H) 6.3 Hz, 
J(H-H) = 16.3 Hz, J(H-H) = 3.0 Hz, lH, C H z W H ) ,  5.11 (8,  
5H, Cp), 6.85 (8,  lH, Caz) ,  6.87 (8, lH, C&), 7.24 (8, lH, C&O), 
7.34 (8, lH, CsH20). SlP(1HJ NMR (CDCb): 6 238.2 (8).  lsC(1HJ 
NMR (CDCb): 6 18.7 (8,  lC, Mes CHd, 19.7 (8 ,  lC, Mes CHs), 
20.9 (e, lC, Mes CHs), 27.4 (d, J(P-C) = 55 Hz, lC, C H Z C ~ H ) ,  
31.6 (s,3C, ~-'Bu), 32.5 (s, 3C, o-~Bu), 33.1 (8,3C, o-~Bu), 34.5 (8, 
lC, 'Clp-tBu), 36.3 (8,  lC, 'C/o-tBu), 36.9 (8,  lC, 'C/O-'BU), 72.4 
(d, J(P-C) = 10 Hz, lC, C H z C H ) ,  76.8 (8,  lC, CH2C%CH), 
92.2 (8,5C, Cp), 122.5 (s, lC, CeHzO), 125.0 (8, lC, CaaO), 129.0 
(s,lC,C&), 129.4 (8, lC, C&), 130.8 (8,  lC, C&), 135.2 (8, lC, 
C&), 138.8 (8,  lC, C&), 141.2 (8,  lC, C&O), 143.4 (8, lC, 
C&O), 146.0 (8,  lC, C&O), 147.8 (d, J(P-C) 13 Hz, lC, 
CazO), 152.3 (8, lC, C&), 235.7 (8, lC, CO), 243.7 (d, J(P-C) 
= 34 Hz, lC, CO). FD mass spectrum: molecular ion at mle 711 
M+. Anal. Calcd for C n H a o N s O P :  C, 62.62; H, 6.82; N, 5.92. 
Found C, 62.45; H, 7.11; N, 5.91. 

Synthesis of (R)(HC=CCH,)P-N(Ph)-MoCp(CO)a (4) 
via Thermal Treatment of 3a. Compound 3a (400 mg, 0.60 
mmol) was stirred in toluene (100 mL) for 3 h at 90 OC. The 
reaction mixture slowly turned from yellow to orange, and 
dinitrogen evolution was observed. Workup similar to that 
described earlier, followed by column chromatography at -26 OC 
(column size 1.5 X 20 cm; n-pentane, silica gel) yielded with 
n-pentane/CH&l, (21) an orange fraction. Evaporation of the 
solventa and recrystallization from EgOln-pentane at -30 OC 
gave pure 4 (280 mg, 0.44 mmol, 73% yield) as an orange 
crystalline product. For analytical and spectroscopic data, see 
above. 

Synthesis of (R)[(+-CH&=CH)Co,(CO)llp-N-N=N-N- 
(R')-MoCp(CO), (6) (6a, R' = C& 6b, R' = 2,4,6-Me&Ht). 
Compound3 (3a,70mg,0.1mmol;3b,70mg,O.1mmol) intoluene 
(30 mL) at 25 OC was added to CQ(CO)~ (5,36 mg, 0.1 mmol) 

- 

I 

1 

(18) Ugi, I.; Perlinger, H.; Behriier, L. Chem. Ber. 1968, 91, 2330. 
(19) Sheldrick, G. M. University of G6ttingen, G6ttingen, Germany, 

1986. 
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1954 8,1882 m, 1874 m v(C0) cm-l; lH NMR (CDCb) 1.31 (a, 9H, 
o-~Bu), 1.34 (s,9H, P-~BU), 1.59 (8,9H, o-~Bu), 4.07 (dd, J(P-H) 
= 5.6 Hz, J(H-H) 17.7 Hz, lH, C H 2 W H ) ,  4.90 (dd, J(P-H) 

CHzCdH),  5.00 (8, 5H, Cp), 7.30 (s, lH, CazO), 7.34 (8, lH, 

W(1H) NMR (CDCb) 31.5 (8,  ~C,P-~BU), 32.6 (8,3C, o-~Bu), 33.4 
(8, 3C, o-~Bu), 34.6 (8, lC, ‘C/p-tBu), 36.4 (8, lC, ‘C/O-tBU), 36.8 
(8, lC, ‘C~O-~BU), 34.6 (d, J(P-C) = 21 Hz, lC, CHzCdH) ,  74.0 
(8,  lC, CH&=CH), 83.7 (d, J(P-C) 6 Hz, lC, C H a W H ) ,  
93.6 (s,5C, Cp), 120.0 (8, IC, CeHs), 123.5 (d, J(P-C) = 9 Hz, 2C, 
Cab) ,  124.2 (8, lC, CeH2), 124.8 (8, l c ,  CeHz), 128.4 (8,2c, c a s ) ,  
142.0 (d, J(P-C) = 5 Hz, lC, C&), 143.6 (d, J(P-C) 4 Hz, lC, 
C&), 146.2 (d, J(P-C) 3 Hz, lC, C&), 147.8 (d, J(P-C) = 
7 Hz, lC, C a d ,  150.3 (d, J (P4)  = 22 Hz, lC, Cas ) ,  199.5 (d, 
J(P-C) = 27 Hz, 6C, Co-CO), 242.5 (e, lC, Mo-CO), 252.2 (d, 
J(P-C) = 33 Hz, lC, Mo-CO); FD mass spectrum molecular ion 
at m/e 927. Anal. Calcd for C&CaMoNO& C, 51.91; H, 
4.63; N, 1.51. Found C, 52.44; H, 4.90, N, 1.75. 

Synthesis of (R) [ (~ - -CH~H)Cs(CO)dP-MoCp(CO) ,  
(8)viaReactionof 1 with5. Compound 1&(530mg,0.97“01) 
was dissolved in toluendn-pentane (1:l) (100 mL). At 0 OC an 
equimolar amount of C%(CO)e (5; 330 mg, 0.97 mmol) diasolved 
in toluene/n-pentane (1:l) (100 mL) was added. After 3 h of 
stirring at 25 OC all the volatiles were removed under high vacuum 
and the resulting residue was purified by column chromatography 
at -25 OC (column size 1.5 X 25 cm; n-pentane, silica gel). One 
deep red fraction could be collected with n-pentanelCH&lz (10 
1). After removal of the solventa under reduced pressure and 
recrystallization of the residue from n-pentane at -30 OC, deep 
red crystals of 8 (470 mg, 0.56 mmo1,58 9% yield) were afforded. 
mp 156 OC dec; IR (n-pentane) 2092 8, 2055 VB, 2028 VB, 2025 w, 
1952 8,1883 m v(C0) cm-l; lH NMR (CDCb) 6 1.40 (8, 9H,ptBu), 

= 13.4 Hz, J(H-H) = 17.7 Hz, lH, CH2CdH),  6.13 (br 8, lH, 

C&O), 6.7-7.2 (m, 5H, Cab);  3lP{lH) NMR (CDCb) 56.0 (8); 

1.44 (8,18H,o-tB~),4.33 (d,J(P-H) = 11.2 Hz, 2H, “CH-H”), 
6.58 (8, lH, ‘ C H 2 M W ) ,  4.88 (8,  5H, Cp), 7.39 (8, 2H, CeHz); 
3lP(lH) NMR (CDCq) 6 324.6 (8); 13C(lH) NMR (CDCb) 6 31.7 
(8,  3C, P-~Bu), 33.3 (8,  6C, o-~Bu), 34.8 (8, lC, ‘C/ptBu), 36.3 (8, 

2C, ‘C/o-tBu), 52.8 (8 ,  lC, “CH&=CH”), 74.7 (8 ,  lC, 
“ C H , W H ” ) ,  85.5 (8, lC, “CHzC&!H”), 91.7 (8,5C, Cp), 124.2 
(s,2C, C&), 142.0 (s,2C, C&), 146.8 (a, lC, C&), 149.1 (8, lC, 
CJ-Iz), 199.6 (br 8, 6C, Co-CO), 236.4 (d, J(P-C) = 20 Hz, 2C, 
Mo-CO); FD mass spectrum molecular ion at mle 836. Anal. 
Calcd for C&&%MoO& C, 48.94; H, 4.47. Found C, 49.00; 
H, 4.60. 

in tolueneln-pentane (1:l) (40 mL). After 3 h all volatiles were 
removed under reduced pressure and the resulting dark residue 
was extracted with n-pentane and filtered through a pad of silica 
gel, Evaporation of the solvent gave 6a (60 mg, 0.063 m01,63 5% 
yield) or 6b (65 mg, 0.065 mmo1,66% yield). Recrystallization 
from n-pentane at -30 OC affords dark orange crystals (6a, mp 
128 OC dec; 6b, 149 OC dec). 

6a: IR (n-pentane) 2091 m, 2054 ~8,2022 VS, 2006 8,1968 8, 

1905 m v(C0) cm-1; 1H NMR (CDCb) 6 1.31 (S, 9H, oJBu), 1.39 
(8,  9H, P-~Bu), 1.54 (8, 9H, o-~Bu), 3.89 (dd, J(P-H) 
J(H-H) = 16 Hz, lH, C H & d H ) ,  4.30 (dd, J(P-H) 
J(H-H) = 16 Hz, lH, C H z C e H ) ,  5.86 (d, J(P-H) 

18 Hz, 
2 Hz, 

2 Hz, lH, 
C H z C d H ) ,  5.01 (e, 5H, Cp), 7.1-7.4 (m, 7H, CSHdCeHs); 31P- 
(1H) NMR (CDCb) 6 228.1 (8);  laC(1H) NMR (CDCb) 6 31.2 (8,  
3C, p-tBu), 32.6 (8,  3C, O-’Bu), 32.8 (8,  3C, o-~Bu), 34.3 (8, lC, 
‘Clp-tBu), 35.9 (8, lC, ‘C/O-tBu), 36.1 (8,  lC, ‘CldBU), 38.7 (d, 
J(P-C) = 38 Hz, lC, CHzCdH) ,  72.5 (8, lC, CH&=CH), 85.2 
(8, lC, CHz-H), 93.3 (8, 5C, Cp), 121.7 (8,  lC, C a d ,  122.1 
(8,  lC, C&), 123.8 (8,2C, Cas ) ,  125.3 (s, lC, C&Is), 128.5 (8,2C, 
C a s ) ,  141.4 (8,  IC, C a d ,  143.1 (8,  lC, C&), 145.6 (8, lC, CeHz), 
147.5 (br 8, lC, C&), 155.9 (8, lC, Cas ) ,  199.5 (br 8, 6C, Co- 
CO), 228.2 (8,  lC, Mo-CO), 245.5 (8, le, Mo-CO); FD maas 
spec t rum m / e  731 (M+ - 8CO). Anal.  Calcd for 

H, 4.69; N, 4.26. 
6b IR (n-pentane) 2090 m, 2055 vs, 2022 8,2009 w, 1978 m, 

1898 m v(C0) cm-1; 1H NMR (CDCls) 1.35 (a, 9H, o-’Bu), 1.42 (8,  
9H, p-’Bu), 1.56 (a, 9H, o-~Bu), 1.89 (e, 3H, Mea CHa), 1.99 (e, 3H, 
Mes CHs), 2.31 (8, 3H, Mea CHg), 3.97 (br s, 2H, CH2CdH) ,  
5.87 (br s, 1H CHpCdH),  5.23 (8, 5H, Cph6.88 (8,  2H, CeH2), 

227.3 (8) ;  lsC(1H) NMR (CDCls) 18.7 (8,  lC, Mes CHa), 19.2 (8,  

lC, Mea CHa), 20.5 (8, lC, Mes CHs), 31.2 (8,  3C, p-~Bu), 32.2 (8, 

iC/o-tBu), 36.8 (a, lC,iC/o-tBu), 39.5 (br 8, lC, C H z W H ) ,  71.9 

C&~C~MONSO$: C, 50.38; H, 4.44; N, 4.41. Found: C, 50.04; 

7.27 (8,  lH, C&IzO), 7.40 (8,  lH, CazO); slP(lH) NMR (CDCls) 

3C, o-~Bu), 32.8 (8,3C, oJBu), 34.2 (8,  lC, ‘Clp’Bu), 35.9 (8, IC, 

(8, lC, C H z W H ) ,  85.5 (8, lC, CHZCICH), 92.5 (8,  5C, Cp), 
121.9 (8, lC, Ca20) ,  125.0 (8, lC, CeHzO), 128.9 (8, lC, C a d ,  
129.3 (8,  lC, C&,),  131.3 (8,  lC, CeHz), 133.6 (s, lC, C a d ,  135.7 
(8, lC, C&Iz), 141.1 (8,  lC, CazO), 143.2 (8, lC, C&I2O), 145.5 
(e, lC, CeHZO), 148.3 (br s, lC, CJ~ZO), 151.8 (8, lC, C&), 199.5 
(br a, 6C, Co-CO), 234.6 (8,  lC, Mo-CO), 245.3 (br 8, lC, Mo- 
CO); DCI mass spectrum molecular ion at m/e (relative intensity) 
829 (M+ - 6CO). Anal. Calcd for C&&aMoNaO&? C, 51.87; 
H, 4.86; N, 4.22. Found C, 51.42; H, 4.99; N, 4.26. 

Synthesis of (R)[(~~*-CH~C~CH)CO~(CO)~]~-N- 
I 

(Ph)-MoCp(CO)a (7) via Reaction of 4 with 5. Similar to 
the method described for the preparation of 6, compound 4, (250 
mg, 0.4 mmol) was treated with Ca(CO)e (5) (140 mg, 0.4 “01). 
The reaction mixture gradually turned deep red. After 3 h of 
stirring at 25 OC allvolatiles were removed under reduced pressure 
and column chromatography (column size 1.5 X 20 cm; n-pentane, 
silica gel) of the dark residue afforded with EtOln-pentane (1: 
10) a red-brown fraction. Removing the solventa under reduced 
pressure and recrystallization of the resulting residue from 
n-pentane at -30 OC gave dark red 7 (240 mg, 0.26 mmol, 65% 
yield): mp 162 OC dec; IR (n-pentane) 2091 m, 2057 8,2025 vs, 
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