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mmol) of amino diester 4c to 71 mg (70%) of cycloheptane 19 after 
Kugelrohr distillation (120 0C at 1 mmHg): 1H NMR (CDCl3) 5 
1.20-3.0 (m, 11 H), 3.68 (s, 3 H), 3.70 (s, 3 H), 9.79 (d, 1 H, J = 2 Hz); 
IR (CHCl3) 1720 cm"1; mass spectrum (70 eV), m/e (rel intensity) 242 
(13), 215 (37), 150 (49), 145 (100), 113 (38), calcd for C12Hi8O5 
242.115, found 242.113. 

Cy clohexanone 20. General Procedure J. To a solution of 129 mg 
(0.477 mmol) of LTP in 8 mL of 1:1 methylene chloride/THF was added 
250 mg of molecular sieves (4 A) at 25 0C. To this mixture was added 
a solution of 105 mg (0.492 mmol) of aminoketo ester 4g in 2 mL of 1:1 
methylene chloride/THF. After the solution was stirred for 10 min at 
25 0C, 61 mg of powdered potassium tert-butoxide was added. The 
mixture was stirred for 1.5 h at 25 0C, 1 mL of methanol was added, and 
hydrogen was bubbled through the mixture for 1.5 h. The solution was 
immediately placed on an MPLC column and chromatographed with 
0.7% aqueous ammonia/6.3% methanol/chloroform to afford 37 mg 
(35%) of cyclohexanone 20: 1H NMR (CDCl3) 5 1.20-1.87 (m, 3 H), 
1.90-3.40 (m, 6 H), 2.27 (s, 6 H), 3.67 (s, 3 H), 6.20 (s, very br, 1 H); 
IR (CHCl3) 1600, 1645, 2770, 2810 cm"1; mass spectrum (70 eV), m/e 
(rel intensity) 213 (20), 154 (100), 122 (55), calcd for CnH19NO3 
213.136, found 213.139. 

Cycloheptanone 21. Following procedure J, 108 mg (0.475 mmol) of 
aminoketo ester 9c was converted to 70 mg (65%) of cycloheptanone 21: 
1H NMR (CDCl3) « 1.17-2.03 (m, 5 H), 2.07-3.00 (m, 7 H), 2.20 (s, 
5.4 H), 2.25 (s, 0.6 H), 3.07-3.60 (m, 1 H), 3.69 (s, 0.3 H), 3.75 (s, 2.7 
H); IR (CHCl3) 1600, 1640, 1705, 1735, 2770, 2810 cm"1; mass spec
trum (70 eV), m/e (rel intensity) 227 (47), 200 (8), 151 (19), 125 (10), 
58 (100), calcd for C12H21NO3 227.151, found 227.145. 

Attempted Intramolecular Carbopalladation of Sulfide Keto Ester 9e. 
Following procedure H, 100 mg of sulfide keto ester 9e failed to cyclize. 
TLC and 1H NMR analysis indicated the presence of starting olefin 
complex only, even after 1 month at 25 0C. 

Attempted Carbopalladation of 4c. Procedure G was followed with the 
exception that the solution was diluted to 0.01 M in amino diester 4d and 
molecular sieves (4 A) were added prior to the addition of the amino 
diester 4d. Gas chromatographic analysis after reduction of a small 

It has become clear that transition-metal-mediated processes 
will play an increasingly important role in natural products syn
thesis.1 Despite the often elegant work in this area, however, a 
surprisingly small percentage of this methodology has successfully 
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aliquot of the reaction mixture failed to show even traces of a new 
product until the solution had been stirred for 48 h at 25 0C. Within 
2 weeks at 25 °C, the starting material was completely consumed. TLC 
analysis of the reduced reaction mixture revealed a minimum of nine 
materials. 

Attempted Carbopalladation of Aminoketo Ester 4f. Procedure J was 
followed with the exception that the solution was diluted to 0.01 M in 
aminoketo ester 4f. TLC analysis showed that the starting material was 
completely consumed in ca. 1 week. After reduction with hydrogen, as 
in procedure J, TLC analysis revealed at least nine products. 
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reached the stage of being used routinely by the average organic 
synthesis practitioner. This derives in part from the paucity of 
information pertaining to relative stereocontrol, that is, the in-

(1) Alper, H. "Transition Metal Organometallics in Organic Synthesis"; 
Academic Press: New York, 1978. Scheffold, R. In "Transition Metals in 
Organic Synthesis"; Wiley-Insterscience: New York, 1984. 
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Abstract: Treatment Of(L)Mo(CO)4 (L = jj2-pyridyl dimethylphosphinite) at 0 0C in diethyl ether with 1.1 equiv of lithium 
alkoxides (ROLi) derived from unsaturated alcohols affords (7^-PMe2OR)Mo(CO)4 chelates. The reaction involves nucleophilic 
attack at the phosphorus with cleavage of the chelate bridge and subsequent rapid extrusion of the alkoxide of 2-hydroxypyridine. 
The procedure is illustrated by using a number of allylic, homoallylic, 1°, 2°, and 3° alkoxides. When the alkoxides contain 
asymmetric centers, disastereofacial coordination selectivities of 3 —• 30:1 are observed. A molecular structure determination 
of (rj3-PMe2OR)Mo(CO)4 (10; R = 1-phenylallyl) was effected. Crystals of (PMe2OCPhCH=CH2)Mo(CO)4 belong to the 
centrosymmetric triclinic space group Pl with cell parameters a = 7.416 (1) A, b = 8.649 (1) A, c = 13.572 (2) A, a = 98.48 
(I)0 , 0 = 94.08 (I)0 , 7 = 97.29 (I)0 , and Z = I. Diffraction data (Mo Ka, 20 = 4.5-45.0°) were collected with a Syntex 
P2, automated diffractometer and the structure refined to RF = 2.3% for all 2223 reflections (.RF = 1.8% for those 1984 data 
with |F0| > 6<r|F0|. The complex has a central Mo(O) atom that is octahedrally coordinated to four carbonyl ligands and with 
the other two (mutually cis) sites being taken up by the phosphorus atom and the terminal olefin function of the chelating 
PMe2OCHPhCH=CH2 ligand; the M o - P distance is 2.446 (1) A, M o - C (olefin) distances are Mo-C(I ) = 2.430 (3) 
A and Mo—C(2) = 2.399 (3) A, and the bond length of the coordinated olefin is C(l)-C(2) = 1.370 (4) A. 
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troduction into a substrate of additional stereocenters in a con
trolled manner relative to preexisting centers of asymmetry.2 

We are intrigued by the role that neighboring group assistance 
has played in the application of transition-metal chemistry to 
organic synthesis. One prominent example involves the epoxidation 
of unsaturated alcohols catalyzed by high valent metals (eq 1), 

Vo(acac)2 / i -BuOOH 
(D 

in which the orientation of the proximate hydroxyl group is de
terminant of the resulting epoxide stereochemistry via an as-of-yet 
ill-defined3 interaction with the metal complex.4 Recently, 
Crabtree5 and Stork6 reported procedures for Ir-catalyzed, hy-
droxyl-directed hydrogenations of unsaturated alcohols. 

Although there are other less substantiated reports of alcohol-
and alkoxide-directed transition-metal chemistry,7,8 it can be 
anticipated that the number of examples will not increase dra
matically in the forseeable future for trie simple reason that many 
organometallic complexes and reactive intermediates cannot 
tolerate protic conditions. In a series of pioneering studies, Holton 
et al. circumvented this problem en route to a seven-step pros
taglandin F2a synthesis by developing an aprotic chelation tech
nology.9,10 Although all efforts to utilize allylic alcohols masked 
by ligating alcohol protecting groups failed, mandating the use 
of a dimethylamino moiety in place of an allylic hydroxyl func-
tion,9b Semmelhack recently reported a related palladium-cata
lyzed lactonization procedure that appeared to derive stereocontrol 
from a nearby hydroxyl moiety." 

We describe herein preliminary efforts aimed at achieving 
stereocontrolled chelation of unsaturated alcohols under aprotic 
conditions via the corresponding phosphinite esters. Our approach 
is illustrated by using the Mo(CO)4 fragment and hinges on a novel 

(2) For some notable examples of transition-metal-mediated relative 
stereocontrol, see: Tang, P.-C; Wulff, W. D. J. Am. Chem. Soc. 1984, 106, 
1132. Sakai, K.; Ishiguro, Y.; Funakoshi, K.; Suemune, H. Tetrahedron Lett. 
1984, 25, 961. Bandra, B. M. R.; Birch, A. J.; Raverty, W. D. J. Chem. Soc, 
Perkin Trans. 1 1982, 1755. Henmann, A.; Reglier, M.; Waegell, B. Angew. 
Chem., Int. Ed. Engl. 1982, 21, 366. Kende, A. S.; Roth, B.; Sanfilippo, P. 
J. J. Am. Chem. Soc. 1982, 104, 1784. Trost, B. M.; Fortunak, M. D. 
Organometallics 1982, /, 7. Jones, D. N.; Knox, S. D. / . Chem. Soc, Chem. 
Commun. 1975, 166. Stille, J. K.; Fox, D. B. J. Am. Chem. Soc. 1972, 92, 
1274. Corey, E. J.; Broger, E. A. Tetrahedron Lett. 1969, 1779. Trost, B. 
M.; Weber, L. J. Am. Chem. Soc. 1975, 97, 1611. Trost, B. M.; Strege, P. 
E. J. Am. Chem. Soc. 1975, 97, 2534. Semmelhack, M. F.; Bodurow, C. / . 
Am. Chem. Soc. 1984, 106, 1496. Backvall, J. E. Pure Appl. Chem. 1983, 
55, 1669. Exon, C; Magnus, P. / . Am. Chem. Soc. 1983,105, 2477. Clinet, 
J.-C; Dunach, E.; Vollhardt, K. P. C. J. Am. Chem. Soc. 1983, 105, 6710. 
Groves, J. T.; Van Der Puy, M. J. Am. Chem. Soc. 1974, 96, 5274. 

(3) Sobczak, J.; Ziolkowski, J. J. J. MoI. Catal. 1981,13, 11. Herbowski, 
A.; Sobczak, J.; Ziolkowski, J. J. / . MoI. Catal. 1983,19, 309. Bortolini, O.; 
DiFuria, F.; Modena, G. / . MoI. Catal. 1983,19, 319. Mimoun, H. Angew. 
Chem., Int. Ed. Engl. 1982, 21, 734. 

(4) Rao, A. S. Tetrahedron 1983, 39, 2323. Tanaka, S.; Yamamoto, H.; 
Nozaki, H.; Sharpless, K. B.; Michaelson, R. C; Cutting, J. D. / . Am. Chem. 
Soc. 1974, 96, 5254. 

(5) Crabtree, R. H.; Davis, M. W. Organometallics 1983, 2, 400, 681. 
(6) Stork, G.; Kahne, D. E. / . Am. Chem. Soc. 1983, 105, 1072. 
(7) Scattered reports invoking hydroxyl-directed olefin hydrogenation have 

appeared: Eisenbraun, E. J.; George, T.; Riniker, B.; Djerassi, C. / . Am. 
Chem. Soc. 1960, 82, 3648. Thompson, H. W.; McPherson, E. J. Am. Chem. 
Soc. 1974, 96, 6232. Fujimoto, R.; Kishi, Y.; Blount, J. J. Am. Chem. Soc. 
1980,102, 7154. Brown, J. M.; Naik, R. G. J. Chem. Soc, Chem. Commun. 
1982, 348. Thompson, H. W.; McPherson, E. / . Org. Chem. 1977, 42, 3350. 
Brown, J. M.; Hall, S. A. Tetrahedron Lett. 1984, 25, 1393. 

(8) Main group and oxophilic early transition-metal alkyls undergo al
koxide-directed carbometallation of olefins under strenous conditions: Eisch, 
J. J. J. Organomet. Chem. 1980, 200, 101. Prasad, J. V. N.; Pillai, C. N. J. 
Organomet. Chem. 1983, 259, 1. 

(9) (a) Holton, R. A. / . Am. Chem. Soc. 1977, 99, 8083. Holton, R. A.; 
Kjonaas, R. A. J. Am. Chem. Soc. 1977, 99, 4177. (b) Holton, R. A., personal 
communication. 

(10) Heteroatom-directed, osmium-catalyzed bishydroxylations of olefins 
have been reported: Hauser, F. M.; Ellenberger, S. R.; Clardy, J. C; Bass, 
L. S. J. Am. Chem. Soc. 1984, 106, 2458. Johnson, C. R.; Barbachyn, M. 
R. J. Am. Chem. Soc. 1984, 106, 2459. 

(11) Semmelhack, M. F.; Bodurow, C; Baum, M. Tetrahedron Lett. 1984, 
25, 3171. 

procedure that chemically triggers a coordination site at the metal 
center concomitant to substrate attachment. 

Results 

Access to chelated phosphinite esters of type i could in principle 
put us within reach of a large number of metal-mediated olefin 
transformations with important stereochemical implications. There 
are numerous reports of chelated unsaturated phosphide deriva
tives12 as well as several reports by Hartwell et al. of complexes 
analogous to ii prepared from substitutional^ labile d8 rhodium 
complexes.13 However, conversion of allylic alcohols to such 

OH 

-ft! (2) 

phosphinite ester chelates as depicted in eq 2 was found to be 
generally quite difficult due to the anticipated oxygen, moisture, 
and thermal lability14 of i as well as ensuing metal-mediated 
Arbuzov rearrangements upon attempted chelation.15 To cir
cumvent these problems, we have developed an alternative strategy 
founded on the well-documented alcoholysis reactions of coor
dinated halophosphines.16 

In preliminary studies, we found that alcoholyses of halo-
phosphine-metal complexes could be effected under aprotic 
conditions by using 1.1 equiv of lithium or potassium alkoxides 
(eq 3). By use of aryloxy phosphines (aryl phosphinites) as 

(CO)sMo(PR2Cl) »-
Et,0/0°C 

(CO)5Mo-PR2 + (OO).MO-P'R2 (3) 

halophosphine equivalents, similar displacements could be carried 
out on low-valent metal complexes that normally undergo facile, 
irreversible oxidative additions to P-Cl bonds.17 However, the 
lability of these 17' metal complexes of allyl phosphinite esters was 
decisively underscored by our complete failure to induce formation 
of chelate 1 by using the gamut of photochemical, thermal, and 
redox-based CO substitution procedures. 

A solution to this problem is depicted in eq 4. Hitherto unknown 
ligand 2 was prepared on multigram scales from dimethyl-
chlorophosphine and 2-hydroxypyridine. Chelate complex 3 was 
prepared equally efficiently (70-80% yield) by heating 2 with 
Mo(CO)6 in toluene at 110 0C for 3 h. We anticipated that upon 
alkoxy substitution of the pyridinyloxy group of 2, the loss of the 
stabilization derived from the chelate effect and the steric con
gestion common to metal complexes of 2-substituted pyridines18 

would combine to make intermediate iii substitutional^ quite 
labile. Indeed, reaction of 3 with the lithium salt of cinnamyl 
alcohol in ether at 0 0C for 1-2 h afforded the hitherto elusive 

(12) Omae, I. Coord. Chem. Rev. 1980, 32, 235. 
(13) Garrou, P. E.; Curtis, J. L. S.; Hartwell, G. E. Inorg. Chem. 1976, 

15, 3094. Curtis, J. L. S.; Hartwell, G. E. J. Organomet. Chem. 1974, 80, 
119. Curtis, J. L. S.; Hartwell, G. E. J. Chem. Soc, Dalton Trans. 1974, 
1898. 

(14) Allylic phosphinite esters undergo [2,3] sigmatropic rearrangements: 
Huche, M.; Cresson, P. Bull. Soc. Chem. Fr. 1975, 3-4, 800. Huch, M.; 
Cresson, P. Tetrahedron Lett. 1972, 4933. Chodkiewxiz, W.; Mauroy, J.; 
Wodzki, W. C. R. Hebd. Seances Acad. Sci., Ser. C 1979, 289, 109. Ig-
nat'eva, G. V.; Arbisman, Ra. S.; Kondrat'ev, Yu. A.; Bal'chenko, R. K.; Ivin, 
S. Z. Zh. Obshch. Khim. 1968, 38, 1904, 2816. Savage, M. P.; Trippett, S. 
J. Chem. Soc. C1966, 1842. Martin, J. D.; Griffin, E. G. J. Org. Chem. 1965, 
30, 4034. 

(15) Haines, R. J.; Du Preez, A. L.; Marais, L. L. J. Organomet. Chem. 
1970, 24, C26; 1971, 28, 405; 1971, 28, 97. For leading references to met
al-mediated Arbuzov reactions in general see: Landon, S. J.; Brill, T. B. Inorg. 
Chem. 1984, 23, 1266. 

(16) Roundhill, D. M.; Sperline, R. P.; Beaulieu, W. P. Coord. Chem. Rev. 
1978, 26, 263. Kraihanzel, C. S. J. Organomet. Chem. 1974, 73, 137. 

(17) For example, attempts to prepare CpCo(PR2Cl)CO afforded only 
polymer. Alternatively, CpCo(PR2OAr)CO could be prepared and substituted 
with unsaturated alkoxides. Efforts to extrude CO failed in this case also, 
however. 

(18) Orchin, M. Inorg. Chim. Acta 1968, 2, 123. 
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/PMe2 
Chart I 

• , ^ 7 (4) 
COl.Mo—PR, K ' 

chelate 1 in 55% recrystallized yield. Labile intermediate iii was 
never observed. 

The versatility of the procedure was illustrated by preparing 
a range of unsaturated phosphinite ester chelates (4-9). The 
numbers in parentheses represent isolated, recrystallized yields. 

(CO) 4 Mo-PMe 2 

-! 

/ 
\-o-f 

4 (69%) 

Me 

f' 
V-cH 

5 (54%) 

/ 
M e ^ ' 

Me 

6 (56%) 

O 
7 (32%) 

I (66%) 9 (63%) 

The hindered, less reactive cases required reaction times of up 
to 1Oh. All efforts to obtain analogous chelates of cyclohexenols 
and cyclohexenecarbinols failed, affording complex mixtures 
containing appreciable amounts of the Mo(CO)5(V-PMe2OR) 
derivatives.19 

Chelates 4-9 exhibited a number of characteristic spectral 
features including 1.0-3.0 ppm upfield shifts of the vinyl proton 
resonances20,21 as well as diastereotopic allylic and phosphinite 
methyl proton resonances. These features were not found in the 
spectra of their nonchelated Mo(CO)5(7j1-PMe2OR) counter
parts.19 

Although molecular model analysis indicated that the olefin 
moieties could align along either the P-Mo-CO or the CO-
Mo-CO axes with equal facility for most"alkenol substrates, 13C 
and 31P NMR analyses demonstrated the chelates to be ster-
eoisomerically homogeneous. In the variable temperature 31Pl1H) 
NMR in the spectrum (toluene-fi?8) of allyl complex 4, the single 
peak at 166.5 ppm (125 0C) reversibly shifted downfield to 169.6 
ppm without detectable broadening upon cooling to -90 0C. The 
31P NMR spectrum of chelate 1 exhibited a similar temperature 
dependence upon cooling from 90 (166.3 ppm) to -80 0C (169.1 
ppm). These subtle changes in chemical shift could have resulted 
from changes in distribution of a rapidly equilibrating mixture 
of axis alignment isomers (presumably occurring via a facile22 

nondissociative olefin rotation). A molecular structure elucidation 
for one complex (vide infra) exhibited olefin alignment parallel 
to the P-Mo-CO axis. 

(19) Reaction of (PMe2Cl)Mo(CO)5 with the various unsaturated alk-
oxides afforded the (V-PMe2OR)Mo(CO)5 derivatives for spectral compar
ison. 

(20) Schenk, Von W.; Muller, H. Z. Anorg. AlIg. Chem. 1981, 478, 205. 
(21) Interrante, L. V.; Bennett, M. A.; Nyholm, R. S. Inorg. Chem. 1966, 

5, 2212. Bennett, M. A.; Interrante, L. V.; Nyholm, R. S. Z. Naturforsch, 
B 1965, 2OB, 633. Interrante, L. V.; Nyholm, R. S.; Bennett, M. A. Inorg. 
Chem. 1966, 5, 2212. Luth, H.; Truter, M. R.; Robson, A. J. Chem. Soc. A 
1969, 28. 

(22) Casey et al. reported an alkylidene-olefin chelate that exhibited 
fluctional behavior due to both facile, nondissociative olefin rotation and 
dissociative equilibration (analogous to the interconversion of A/B and A/C 
in Chart I, respectively): Casey, C. P.; Vollendorf, N. W.; Haller, K. J. J. 
Am. Chem. Soc. 1984, 106, 3754. 

H-L-

M'' N 
^ T>* 

L 
*-. ' .-- \H 

A H F) H 

Stereoselectivity of Chelation. Because of their exceptional steric 
and electronic properties, transition metals have tremendous po
tential to interact with organic substrates highly stereoselectively. 
We sought insight into some of the factors that might determine 
the stereoselectivity of alkenol-metal interaction by investigating 
olefin diastereofacial coordination selectivities. In principle, four 
possible stereoisomeric phosphinite ester chelates can be derived 
from propenols or butenols containing asymmetric centers (A-D: 
Chart I). However, isomers corresponding to A and B coordinated 
to the same olefin face as well as C and D should be intercon
vertible by facile,22 nondissociative olefin rotations. 

Using the procedures described above, chelates 10-16 were 
prepared. The poor recrystallized yield for 12 arose from its 
exceptional solubility in neat pentane even at reduced tempera
tures. The stereoisomer ratios (indicated in parentheses) were 

p--PMe2 

/ 
Mo(CO)4 

10;R= Ph, R' = H (30:1, 47% yield) 
11; R = Me, R' = H (22:1, 57% yield) 
12-,R = i-Pr, R'= (>30:1, 20% yield) 
13; R = Me, R' = Et(5:1,41% yield) 

P ^ I e 2 

e _ T Mo(CO)4 

Me 

4 (3:1, 67% yield) 15 
16 

R = 
R = 

O -PMe 2 

R — ( Mo(CO)4 

R ' 

= H, R' = Me (13:1, 66% yield) 
= Me, R' = H (7:1, 69% yield) 

determined from the integrations of selected resonances in the 
1H, 31P, and 13C NMR spectra. Since the chelations of the achiral 
alkenols were spectroscopically homogeneous, the minor compo
nents in 10-16 were attributed to the opposite mode of olefin face 
coordination. The stereoisomer ratios could not be appreciably 
enhanced by multiple recrystallization, indicating the diastereo
facial selectivities to be thermodynamically derived. Since ste
reochemical assignments using standard spectroscopic arguments 
were not possible, a molecular structure determination of 10 was 
effected as described below. 

Molecular Structure of (PMe2OCHPhCH=CH2)Mo(CO)4,10. 
The complex crystallizes as discrete molecular units; there are 
no abnormally short intermolecular contacts. The atomic num
bering scheme and the molecular stereochemistry are shown in 
Figures 1 and 2. A stereoview is provided in Figure 3. Selected 
interatomic distances and angles are given in Table I and II. 

If we treat "midpt" (the midpoint of the olefinic ligand C-
(1)-C(2)) as occupying one coordination position, then the 
molecule approximates to an octahedral complex of molybde
num^). The three trans angles are P-Mo-C(15) = 173.8 (I)0 , 

file:///-o-f
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Figure 1. General view of the (PMe2OCHPhCH=CH2)Mo(CO)4 
molecule, 10, showing the conformation of the chelate ring (ORTEP-II 
diagram, 30% probability ellipsoids for all non-hydrogen atoms). 

Figure 2. (PMe2OCHPhCH=CH2)Mo(CO)4 molecule, showing the 
alignment of the olefin with the P—Mo—C(15)—0(15) axis and the 
displacement of attached atoms from coplanarity with C(I) and C(2). 

C(12)-Mo-C(13) = 178.8 (I)0 , andC(14)-Mo-midpt = 173.3°. 
Parameters within the Mo(CO)4 moiety are within the expected 

ranges. Mo-CO distances are (in order) Mo-C(14) = 1.984 (3) 
A, Mo-C(O) = 2.028 (3) A, Mo-C(15) = 2.032 (3) A, and 
Mo-C(12) = 2.052 (3) A. The shortest of these is for the carbonyl 
ligand trans to the coordinated olefin; there is, here, little com
petition for dT-pT back-donation. The C-O distances range from 
1.134 (4) to 1.157 (4) A (average = 1.143 (10) A), while Mo-C-O 
angles are from 176.8 (3)° to 178.5 (3)° (average = 177.5 (8)°). 

We now turn our attention to the chelating 
PMe2OCHPhCH=CH2 ligand. This is linked to the Mo(O) atom 
via its phosphorus atom (Mo-P = 2.446 (1) A) and the terminal 
olefinic function (Mo-midpt = 2.316 A; Mo-C(I) = 2.430 (3) 
A; Mo-C(2) = 2.399 (3) A). This ligand could be regarded as 
forming a "5'/2"-membered chelate ring; as might be expected, 
this localized system has a puckered conformation. The olefin 
lies with its axis parallel to the O(15)-C(15)-Mo-P direction and 
with the phenyl group on the y carbon atom (C(3)) in an exo 
configuration. All four atoms connected to the olefin are displaced 
from coplanarity with atoms C(I) and C(2) in a direction away 
from the molybdenum atom. The coordinated olefin has a bond 
length of 1.370 (4) A—a value increased only slightly from the 
accepted C = C distance of — 1.335 A found in noncoordinated 
olefins. This is consistent with rather weak Mo-olefin bonding 
as is also evidenced by the long Mo-C(olefin) distances and the 
shortening of the trans Mo-CO bond (vide supra). All other 
distances and angles in this system are normal, viz., P-Me = 1.808 
(5)-1.816 (5) A, P-O = 1.626 (2) A, 0-C(sp3) = 1.447 (3) A, 
C(sp3)-C(sp2) = 1.500 (4)-1.515 (4) A, and C-C(phenyl) = 1.367 
(5)-1.392 (5) A. The 15 refined C-H distance range from 0.86 
(3) to 0.99 (3) A, averaging 0.93 (5) A—in reasonable agreement 
with the accepted22 X-ray value of 0.95 A. 

Table I. Interatomic Distances (A) (with esd's) for 
(PMe2OCHPhCH=CH2)Mo(CO)4, 10 

(A) Distances Involving Molybdenum Atom 
Mo-P 2.446 (1) Mo-C(12) 2.052 (3) 
Mo-C(I) 2.430 (3) Mo-C(13) 2.028 (3) 
Mo-C(2) 2.399(3) Mo-C(H) 1.984(3) 
Mo-midpta 2.316 Mo-C(15) 2.032 (3) 

(B) Distances within the PMe2OCHPhCH=CH2 Chelating Ligand 
P-C(IO) 
P-C(I l ) 
P-O(I) 
C(l)-C(2) 
C(2)-C(3) 
CO)-O(I) 
C(3)-C(4) 

1.816 (5) 
1.808 (5) 
1.626 (2) 
1.370 (4) 
1.500 (4) 
1.447 (3) 
1.515 (4) 

(C) C—O Distances in Carbonyl Ligands 
C(12)-0(12) 1.134(4) C(14)-0(14) 1.157(4) 
C(13)-0(13) 1.140(4) C(15)-Q(15) 1.141(4) 

"midpt is the midpoint of the C(l)-C(2) bond. 

Table II. Interatomic Angles (deg) for 
(PMe2OCHPhCH=CH2)Mo(CO)4, 10 

(A) Angles about Molybdenum Atom 
P-Mo-C(I) 
P-Mo-C(2) 
P-Mo-midpt 
P-Mo-C (12) 
P-Mo-C(13) 
P-Mo-C(14) 
P-Mo-C(15) 
C(l)-Mo-C(2) 
C(12)-Mo-midpt 

102.2 (1) 
70.7 (1) 
86.5 
92.2 (1) 
87.0 (1) 
86.8 (1) 

173.8 (1) 
33.0 (1) 
88.8 

C(13)-Mo-midpt 
C(14)-Mo-midpt 
C(15)-Mo-midpt 
C(12)-Mo-C(13) 
C(12)-Mo-C(14) 
C(12)-Mo-C(15) 
C(13)-Mo-C(14) 
C(13)-Mo-C(15) 
C(14)-Mo-C(15) 

(B) Angles within the PMe2OCHPhCH=CH21 
Mo-C(I )-C(2) 
Mo-P-O(I) 
Mo-P-C(IO) 
Mo-P-C(I l ) 
P-0( l ) -C(3) 
C(IO)-P-O(I) 
C(I l ) -P-O(I ) 
C(l)-C(2)-C(3) 
C(2)-C(3)-0(l) 

Mo-C(12)-O(12) 
Mo-C(13)-0(13) 

72.3 (2) 
109.7 (1) 
118.5 (2) 
121.4 (2) 
115.3 (2) 
100.6(2) 
102.0 (2) 
124.5 (3) 
110.8 (2) 

C(2)-C(3)-C(4) 
0(1)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(3)-C(4)-C(9) 

(C) Carbonyl Angles 
177.0 (3) 
178.5 (3) 

Mo-C(H)-O(14) 
Mo-C(15)-0(15) 

90.3 
173.3 
96.7 

178.8 (1) 
91.3 (1) 
93.1 (1) 
89.7 (1) 
87.8 (1) 
89.9 (1) 

Ligand 
111.9 (2) 
107.2 (2) 
121.7 (2) 
119.8 (2) 

177.8 (3) 
176.8 (3) 

Discussion 

With the procedures described above an organic substrate can 
be attached to a metal fragment under aprotic conditions with 
concomitant release of a coordination site to effect an additional 
substitution at the metal center. The illustrative chelations of 
unsaturated alkoxides proceeded smoothly using 1°, 2°, 3°, allylic, 
and homoallylic alkenols, without competing Arbuzov-like for
mation of (j)3-allyl)Mo complexes14 or olefin isomerizations.20 

Although we failed to obtain chelates derived from a variety of 
cyclohexenols and cyclohexenecarbinols, these were inordinately 
demanding substrates. Reports of isolable24 or even spectro-

(23) Churchill, M. R. Inorg. Chem. 1973, 12, 1213. 
(24) Baenziger, N. C; Medrud, R. C; Doyle, J. R. Acta. Crystallogr., 

Sect. A 1965, 18, 237. Hietkamp, S.; Stufkens, D. J.; Vrieze, K. J. Orga-
nomet. Chem. 1978, 152, 347. Quinn, H. W.; VanGuilder, R. L. Can. J. 
Chem. 1969, 47, 4691. Huttle, R.; Dietl, H.; Christ, H. Chem. Ber. 1964, 97, 
2037. Huttle, R.; Kratzer, J.; Bechter, M. Chem. Ber. 1961, 94, 766. Ka-
rasch, M. S.; Ashford, T. A. J. Am. Chem. Soc. 1936, 58, 1733. Mestroni, 
G.; Camus, A. Inorg. Nucl. Chem. Lett. 1973, 9, 261. Green, M.; Osborn, 
R. B. L.; Stone, F. G. A. J. Chem. Soc. A 1968, 2525. Fields, R.; Germain, 
M. M.; Haszeldine, R. N.; Wiggans, P. W. J. Chem. Soc, Chem. Commun. 
1967, 243. Huttle, R.; Reinheimer, H.; Dietl, H. Chem. Ber. 1966, 99, 462. 
Anderson, J. S. J. Chem. Soc. 1936, 1042. Fischer, E. 0.; Fichtel, K. Chem. 
Ber. 1962, 95, 2063. Chaudret, B. N.; Cole-Hamilton, D. J.; Wilkinson, G. 
Acta Chem. Scand., Ser. A 1978, A32, 763. Sullivan, B. P.; Baumann, J. A.; 
Meyer, T. J.; Salmon, D. J.; Lehmann, H.; Ludi, A. J. Am. Chem. Soc. 1977, 
99, 7368. 
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Figure 3. Stereoview of the (PMe2OCHPhCH=CH2)Mo(CO)4 mole cule. 

scopically observable25 transition-metal complexes of cyclohexenes 
are surprisingly rare due to inexplicably small formation con
stants.26 

From the molecular structure determination of 10, we can begin 
to understand the source of the high diastereofacial coordination 
selectivities.27 The molecular structure of 10 corresponds to the 
abstractly depicted isomer A (Chart I) in which the olefin is 
aligned along the P - M o - C O axis and coordinated to the mo
lybdenum on the olefin face that places the phenyl substituent 
in the least hindered exo orientation. In contrast, the isomer 
corresponding to isomer D in Chart I containing the same axis 
alignment but with the phenyl group in the endo position would 
encounter serious interactions between the phenyl group and the 
cis-disposed coordinated CO. However, it is apparent that large 
preferences for the olefin moieties to align parallel to the P -
M o - C O axes were prerequisites for diastereofacial coordination 
selectivities. The isomer corresponding to isomer C in Chart I, 
in which the molybdenum is coordinated to the alternative olefin 
face with the alternative alignment along the C O - M o - C O axis, 
would also have the phenyl group in a sterically favorable exo 
position. Therefore, nonselective olefin alignment would have 
made the isomers corresponding to C and A approximately equal 
in energy, resulting in poor diastereofacial coordination selectivity. 

Although we can assign the structure of the major stereoisomers 
of chelates 11-13 through analogy to 10, the major isomers of 
chelates 14-16 cannot be unambiguously assigned at this time. 

Metal-catalyzed epoxidation stereoselectivities are related to 
the coordination stereoselectivities described herein to the extent 
that both entail diastereoselective olefin face differentiation. At 
the outset of this work, we were optimistic that a direct comparison 
of the two would prove both interesting and instructive. For 
example, 3-buten-2-ol and l-phenyl-2-propen-l-ol (the alcohols 
corresponding to chelates 11 and 10) undergo VO(acac)2-catalyzed 
epoxidation with relatively modest 4:1 and 5:1 diastereofacial 
selectivities, respectively.4 However, the major coordination 
stereoisomers correspond to the minor epoxide stereoisomers. 
Although this underscores the lingering doubt as to whether the 
epoxidations proceed via direct metal-olefin and metal-hydroxyl 
interactions,3 relationships between the alkenol epoxidation and 

(25) Collman, J. P.; Kang, J. W. J. Am. Chem. Soc. 1967, 89, 844. 
Muller, J.; Herberhold, M. J. Organomet. Chem. 1968, 13, 399. Bulkin, S. 
V.; Molodova, K. A. Inorg. Chem. 1968, 7, 2654. Cosandey, M.; von Buren, 
M.; Hansen, H. J. HeIv. Chim. Acta 1983, 66, 1. Krauss, H.-L.; Nickl, J. 
Z. Naturforsch., B 1965, 2OB, 630. Collman, J. P.; Kang, J. W. J. Am. Chem. 
Soc. 1967, 89, 844. See also ref 5. 

(26) Hartley, F. R. Chem. Rev. 1973, 73, 163. Wilke, G.; Herrmann, G. 
Angew. Chem., Int. Ed. Engl. 1962,1, 549. Chatt, J.; Shaw, B. L.; Williams, 
A. A. / . Chem. Soc. 1962, 3269. Angelici, R. J.; Leach, B. E. J. Organomet. 
Chem. 1968,11, 203. Angelici, R. J.; Loewen, W. Inorg. Chem. 1967, 6, 682. 
Winkhaus, G.; Singer, H. Chem. Ber. 1966, 99, 3602. Yoshida, T.; Youngs, 
W. J.; Sakaeda, T.; Ueda, T.; Otsuka, S.; Ibers, J. A. J. Am. Chem. Soc. 1983, 
105, 6273. Tolman, C. A.; Seidel, W. C; Gosser, L. W. Organometallics 
1983, 2, 1391. Partenheimer, W. J. Am. Chem. Soc. 1976, 98, 2779. Tolman, 
C. A. / . Am. Chem. Soc. 1974, 96, 2780. Partenheimer, W.; Durham, B. / . 
Am. Chem. Soc. 1974, 96, 3800. Tolman, C. A.; Seidel, W. C. / . Am. Chem. 
Soc. 1974, 96, 2775. 

(27) For the few cases in which simple olefins cotnaining asymmetric 
centers have been coordinated to transition-metal complexes, only modest 
diastereoselectivities were observed: Bennett, M. A.; Johnson, R. N.; Tomkins, 
I. B. / . Organomet. Chem. 1977,133, 231. Lazzaroni, R.; Salvadori, P.; Pino, 
P. J. Chem. Soc, Chem. Commun. 1970, 1164. Ammendola, P.; Ciajolo, M. 
R.; Panunzi, M. R.; Tuzi, A. / . Organomet. Chem. 1983, 254, 389. 

coordination diastereofacial selectivities are not readily discernable 
at present. 

Conclusions 

Reactions of alkoxides with metal chelates of ligand 2 provide 
novel modes of triggering coordinative unsaturation at a metal 
center. The specific examples described herein involve the for
mation of Mo(CO) 4 chelates of unsaturated phosphinite esters 
and illustrate the potential of transition metals to interact highly 
stereoselectivity and rationally with organic substrates. We are 
currently investigating the applications of alkoxide-triggered co
ordinative unsaturation in organic and organometallic synthesis. 

Experimental Section 

Reagents and General Procedures. All preparations were carried out 
by using standard vacuum line and glovebox techniques under an atmo
sphere of argon. Solvents were dried and deoxygenated over sodium/ 
benzophenone ketyl containing 1% tetraglyme and manipulated by vac
uum transfer. The Mo(CO)6 was obtained from Strem and sublimed 
prior to use. The 2-hydroxypyridine (Aldrich) was sublimed at full 
vacuum and then recrystallized from chloroform/diethyl ether. ChIo-
rodimethylphosphine was prepared by a literature procedure (ref 28). 

Microanalyses were performed by Alfred Bernhardt Analytisches 
Laboratorien, Elbach, West Germany. Infrared spectra were run on a 
Perkin-Elmer Model 137 spectrometer. Proton NMR were run on Va-
rian CFT-20 80-MHz or a Bruker 300-MHz spectrometer. 31P and 13C 
NMR spectra were recorded on a JEOL FX 9OQ 90-MHz spectrometer 
with chemical shifts reported in parts per million relative to 85% H3PO4 

and tetramethylsilane, respectively. Low-resolution mass spectral data 
were obtained by using chemical ionization (CI) on a Finnigan Model 
3300 mass spectrometer. The reported peaks represent the central peaks 
of seven peak isotopic envelopes. 

2-Pyridyl Dimethylphosphinite (2). To a solution of 2-hydroxypyridine 
(75.5 g, 0.794 mol) in anhydrous tetrahydrofuran (1.10 L) under nitrogen 
was added sequentially dimethylchlorophosphine (73.1 g, 0.758 mol) at 
0 °C and A',A',A",iV'-tetramethylethylenediamine (60.0 mL, 0.398 mol, 
added slowly over a 30-min period). Following stirring at 0 0C for 1 h, 
the resulting thick, white mixture was stirred for an additional 15 h at 
room temperature. The mixture was filtered under nitrogen and the 
supernatant was stripped to a pale yellow oil. Vacuum distillation af
forded 48.0 g of 2 (41% yield) as a pyrophoric colorless oil (bp 55-57 
0C at 0.1 mm): 1H NMR (C6D6) 5 8.06 (m, 1 H), 7.03 (m, 1 H), 6.56 
(m, 2 H), 1.34 (d, JK = 7.1 Hz, 6 H); 31P J1Hj NMR (C6D6) <5 116.4 
(s). Despite the apparent spectroscopic homogeneity of 2, acceptable 
elemental analysis could not be obtained. 

Tetracarbonyl(2-pyridyl dimethylphosphinite-JV,P)molybdenum (3). 
A mixture of molybdenum hexacarbonyl (7.93 g, 30.0 mmol) in toluene 
(50 mL) under nitrogen was treated with ligand 2 (3.70 mL, 30.0 mmol) 
and then heated to 110 0C for 3 h. After cooling to room temperature, 
the solution was concentrated to an approximate 40-mL volume and 
layered with hexane (90 mL). Further cooling to -55 0C and filtering 
afforded 6.82 g of 3 as pale yellow plates. Concentration of the filtrate 
and further layering with hexane afforded an additional 0.97 g of 3 (total 
yield: 71%): mp 107.0-108.5 0C; 1H NMR (C6D6) S 8.16 (m, 1 H), 6.59 
(m, 1 H), 6.18 (m, 1 H), 5.82 (m, 1 H), 1.30 (d, JPU = 4.5 Hz, 6 H): 
31P J1H) NMR (C6D6) b 168.1 (s); 13C J1H) NMR (C6D6) 5 163.7 (d, 7pc 
= 7.3 Hz), 152.8 (d, JPC = 5.4 Hz), 140.4 (s), 118.1 (s), 112.1 (d, JPC 

= 4.0 Hz), 23.9 (d, JPC = 18.8 Hz), CO's not observed; IR (CHCl3) e c o 

2025 (m), 1925 (s), 1900 (s), 1865 (m) cm-1; mass spectrum (CH4), m/e 
363 (M + 1), 335, 307, 279, 156, 96, 79, 61. Anal. Calcd for 
C11H10MoNOP: C, 36.39; H, 2.78; N, 3.86; P, 8.53. Found: C, 36.27; 
H, 2.87; N, 3.72; P, 8.77. 

(28) Parshall, G. W. J. Inorg. Nucl. Chem. 1959-1960, 12, 372. Rein-
hardt, H.; Bianchi, D.; Molle, D. Ber. Dtsch. Chem. Ger. 1957, 90, 1656. 
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Representative Procedure: Tetracarbonyl(i)2-3-phenyl-2-propen-l-yl-
dimethylphosphinite-P)molybdenum (1). The following is a typical ex
perimental procedure for alkoxide reaction with chelate 3. The hindered 
tertiary alkoxides required stirring at 25 °C for up to 6 h. A solution 
of cinnamyl alcohol (285 mg, 2.13 mmol) in diethyl ether (30 mL) at -78 
0C under nitrogen was treated with 2.50 M n-BuLi (0.85 mL, 2.13 
mmol) and allowed to warm to room temperature. After 10 min at room 
temperature, the vessel was cooled to 0 0C and treated with chelate 3 
(0.73 g, 2.01 mmol) by a side arm. Within 10 min of stirring at 0 0C, 
the lithium alkoxide of 2-hydroxypyridine precipitated. After layering 
with pentane, the precipitate was filtered and the supernatant was con
centrated in vacuo to a yellow solid. Recrystallization from pentane at 
-40 0C with slow cooling to -78 0C afforded 0.447 g of 1 (55% yield) 
as a pale yellow solid: mp 83-84 0C dec; 1H NMR (300 MHz, C6D6) 
S 6.88-7.12 (m, 5 H), 5.06 (dddd, 7PH = 6.1, Jm = 13.4, 10.0, 3.8 Hz, 
1 H), 4.87 (d, JHH = 13.4Hz, 1 H), 4.29 (dddd, Jm = 44.1, 7HH = H-4, 
3.8, 1.0 Hz, 1 H), 2.61 (ddd, Jm = 2.5, Jm = 11.4, 10.0 Hz, 1 H), 1.37 
(d, Jm = 7.5 Hz, 3 H), 1.35 (d, JPH = 7.9 Hz, 3 H); 31P I1Hj NMR 
(C6D6) 6 167.2 (s); 13C J1H) NMR (C6D6) 6 218.6 (d, Jp0 = 10.3 Hz), 
213.9 (d, 7PC = 23.4 Hz), 206.6 (d, JK = 7.3 Hz), 206.5 (d, /P C = 11.7 
Hz), 140.5, 128.8, 127.0, 125.5, 87.6, 84.4 (d, 7PC = 2.9 Hz), 73.3 (d, 
Jf0 = 8.8 Hz), 25.5 (d, JPC = 22.0 Hz), 22.5 (d, JK = 26.4 Hz); IR 
(CDCl3) eco 2030 (m), 1950 (m), 1920 (s) cm"1; mass spectrum (CH4), 
m/e 195, 117, 79. Anal. Calcd for C15H15MoO5P: C, 44.80; H, 3.76; 
Mo, 23.85; P, 7.70. Found: C, 44.67; H, 3.81; Mo, 23.70; P, 7.65. 

Tetracarbonyl(t)2-2-propen-l-yl dimethylphosphinite-P) molybdenum 
(4): 69% yield, mp 87-88 0 C dec; 1H NMR (C6D6) 5 3.65-4.60 (m, 2 
H), 2.75-3.20(m, 2 H), 2.30 (m, 1 H), 1.28 (d, Jm = 6.0 Hz, 6 H); 31P 
J1H) NMR (C6D6) S 166.1 (s); 13C I1H) NMR (C6D6) S 216.3 (d, Jp0 = 
10.3 Hz), 215.4 (d, /P C = 22.0 Hz), 206.6 (d, JK = 8.8 Hz), 206.3 (d, 
JfC = 13.2 Hz), 93.3 (d, Jp0 = 2.9 Hz), 72.8 (d, JPC = 7.3 Hz), 62.6, 
25.4 (d, JK = 23.4 Hz), 22.8 (d, Jrc = 26.8 Hz); IR (CDCl3) pco 2025 
(m), 1945 (s), 1910 (s) cm"1; mass spectrum (CH4), m/e 327 (M + 1), 
299,271,119,79. Anal. Calcd for C9H11MoO5P: C, 33.15; H, 3.40. 
Found: C, 33.06; H, 3.41. 

Tetracarbonyl(?j2-3,3-dimethyl-2-propene-l-yl dimethylphosphinite-
P)molybdenum (5): 54% yield, mp 75-77 0 C dec; 1H NMR (C6D6) 5 
3.50-4.35 (m, 2 H), 3.05 (m, 1 H), 1.72 (d, 2.5 Hz, 3 H); 1.66 (d, J 2.2 
Hz, 3 H), 1.38 (d, Jm = 5.5 Hz, 3 H), 1.32 (d, JPH = 5.2 Hz, 3 H): 31P 
(1H) NMR (C6D6) 5 163.0 (s); 13C I1H) NMR (C6D6) S 217.8 (d, JPC = 
8.8 Hz), 217.4 (d, JPC = 26 A Hz), 207.1 (d, JK = 11.7 Hz), 206.7 (d, 
JK = 10.3 Hz), 109.6 (d, /P C = 2.9 Hz), 95.6 (d, JPC = 2.9 Hz), 68.7 
(d, Jfc = 7.3 Hz), 32.3, 25.2 (d, JK = 22.0 Hz), 22.8 22.6 (d, JK = 24.9 
Hz); IR (CDCl3) vco 2020 (m), 1925 (s), 1895 (s) cm"1; mass spectrum 
(CH4), m/e 355 (M + ), 326, 298, 147, 79, 69. Anal. Calcd for 
CnH15MoO5P: C, 37.31; H, 4.27. Found: C, 37.25; H, 4.26. 

Tetracarbonyl(!):-l<l-dimethyl-2-propen-l-vl dimethylphosphinite-P)-
molybdenum (6): 56% yield, mp 59.0-60.5 0C; 1H NMR (C6D6) 6 4.82 
(ddd, J 3.2, 9.3, 14.6 Hz, 1 H), 3.25 (d, J 9.3 Hz, 1 H), 2.96 (d, J 1.8, 
14.6 Hz, 1 H), 1.32 (d, Jm = 6.0 Hz, 3 H), 1.24 (d, Jm = 6.3 Hz, 3 
H), 1,15 (s, 3 H), 0.77 (s, 3 H); 31P I1H) NMR (C6D6) 5 151.6 (s); 13C 
I1H) NMR (C6D6) a 216.0 (d, JK = 10.3 Hz), 214.4 (d, JK = 22.0 Hz), 
208.0 (d, /P C =11.7 Hz), 207.2 (d, /P C = 8.8 Hz), 104.5, 82.2 (d, /P C 

= 5.9 Hz), 61.5, 31.5 (d, JK = 10.3 Hz), 26.0 (d, 7PC = 24.9 Hz), 24.5 
(d, JK = 26.4 Hz), 23.0; IR (CDCl3) vco 1930 (s), 1905 (s) cm"1; mass 
spectrum (CH4), m/e 355 (M + 1), 326, 298, 270, 242, 147, 79, 69. 

Tetracarbonyl(j)2-3-cyclopenten-l-yl dimethylphosphinite-P)molybde
num (7): 32% yield: mp 122.5-123.0 0C dec; 1H NMR (300 MHz, 
C6D6) 5 4.52 (s, 2 H), 3.88 (dt, Jm = 22.1 Hz, Jm = 6.8 Hz, 1 H), 2.22 
(d, J 17.0 Hz, 2 H), 1.84 (ddd, Jm = 1.8 Hz, Jm = 17.0, 6.8 Hz, 2 H), 
1.08 (d, Jm = 5.0 Hz, 6 H), 31P (1H) NMR (C6D6) 5 113.9 (s); 13C J1H) 
NMR (C6D6) a 218.6 (d, Jp0 = 5.9 Hz), 212.8 (d, JK = 10.3 Hz), 211.1 
(d, JK = 35.2 Hz), 85.8, 75.6, 42.1 (d, J?c = 8.8 Hz), 25.5 (d, JK = 
= 26.4 Hz); IR (CDCl3) „Co 2020 (m), 1925 (s), 1905 (s), 1875 (s) cm"1; 
mass spectrum (CH4), m/e 353 (M + 1), 324, 296, 268, 240, 145, 79, 
67. 

Tetracarbonyl(i)2-3-buten-l-yl dimethylphosphinite-P) molybdenum (8): 
66% yield; mp 72-73 0C dec; 1H NMR (C6D6) 5 1.70-3.75 (m, 6 H), 
1.52 (d, Jm = 5.7 Hz, 3 H), 1.26 (d, Jm = 4.9 Hz, 3 H), 0.65-1.35 (m, 
1 H); 31P (1H) NMR (C6D6) 5 139.3 (s); 13C (1H) NMR (C6D6) 6 216.9 
(d, JK = 22.0 Hz), 216.8 (d, JPC = 8.8 Hz), 205.8 (d, 7PC = 8.8 Hz), 
205.7 (d, J^ = 13.2 Hz), 75.5 (d, 7PC = 4.4 Hz), 64.9, 57.8, 35.3 (d, 
JK = 5.9 Hz), 24.9 (d, JPC = 32.3 Hz), 23.0 (d, 7PC = 16.1 Hz); IR 
(CDCl3) PCO 2020 (m), 1935 (s), 1910 (s) cm"1; mass spectrum (CH4), 
m/e 341 (M + 1), 313, 285, 133, 79. Anal. Calcd for C10H13MoO5P: 
C, 35.31; H, 3.85. Found: C, 35.18; H, 3.82. 

Tetracarbonyl(t)2-4-ethyl-3-buten-l-yl dimethylphosphinite-P)molyb-
denum(9): 63% yield: mp 33.5-35.5 0C; 1H NMR (C6D6) S 2.75-4.30 
(m, 4 H), 1.15-2.55 (m, 4 H), 1.54 (d, JPH = 5.6 Hz, 3 H), 1.24 (d, Jm 

= 4.7 Hz, 3 H), 0.84 (t, 7.3 Hz, 3 H); 31P (1H) NMR (C6D6) 6 138.0 (s); 

Table III. Experimental Data for the X-ray Diffraction Study of 
(PMe2OCHPhCH=CH2)Mo(CO)4, 10. 

(A) Crystal Parameters at 23 0C (296 K) 
cryst. system: triclinic 
a = 7.416 ( I ) A 
* = 8.649 (1) A 
c= 13.572 (2) A 
a = 98.48 ( I ) 0 

/3 = 94.08 (I)0 

7 = 97.29 ( I ) 0 

space group: Pl (C,1; no. 2) 
V = 850.4 (2)A3 

formula: C15H15O5PMo 
M1. 402.21 
Z = I 
Z)(calcd) = 1.57 g/cm3 

(B) Data Collection 
diffractometer: Syntex P2, 
radiation Mo Ka (X 0.710730 A) 
monochromator: pyrolytic graphite, equatorial geometry, 28 (m) = 

12.2°, assumed 50% perfect 
scan type: coupled 8 (crystal) - 28 (counter) 
scan speed: 2.0 deg min-1 (in 28) 
scan width: symmetrical [1.8 + A(a2 - a{)]

0 

relfections measured: +h,±k,±l for 18 = 5.0°-45.0°; 2433 total 
reflections were merged to 2223 unique independent data; file 
name MOPO 

absorption correction: ju(Mo Ka) = 8.7 cm'1; all data were corrected 
by interpolation in 28 and 0 between \p scans of four close to axial 
reflections 

13C I1H) NMR (C6D6) 5 218.2 (d, JK = 22.0 Hz), 217.2 (d, JPC = 11.7 
Hz), 206.5 (d, Jf0 = 13.2 Hz), 205.7 (d, JPC = 10.3 Hz), 86.4, 75.9 (d, 
7 r c = 4.4 Hz), 65.4, 29.6 (d, J?c = 4.4 Hz), 26.0 (d, JK = 26.4 Hz), 
23.6 (d, JK = 19.1 Hz), 22.5, 15.5; IR (CDCl3) vco 2020 (m), 1900 (s) 
cm"1: mass spectrum (CH4), m/e 369 (M + 1), 340, 312, 284, 161, 95, 
83, 79. 

Tetracarbonyl(rj2-l-phenyl-2-propen-l-yl dimethylphosphinite-P)mo-
lybdenum (10): 47% yield; 1H NMR (C6D6) S 7.12 (s, 5 H), 4.45 (m, 
1 H), 3.88 (m, 1 H), 2.85-3.10 (m, 2 H), 1.36 (d, Jm - 6.1 Hz, 6 H); 
31P I1H) NMR (C6D6) & 158.8 (s); 13C I1H) NMR (C6D6) S 215.9 (d, JK 

= 10.2Hz), 215.1 (d, JK = 20.5 Hz), 206.3 (d, 7PC = 11.7 Hz), 206.0 
(d, JK = 8.8 Hz), 140.5 (d, 16.1 Hz), 128.6, 128.1, 126.6, 97.1, 87.4 (d, 
JK = 8.8 Hz), 60.2, 25.6 (d, 7PC = 23.4 Hz), 22.9 (d, /P C = 27.8 Hz); 
approximate isomer ratio, 30/1. Anal. Calcd for C15H15MoOP: C, 
44.80; H, 3.73; P, 7.70. Found: C, 44.83; H, 3.72; P, 7.91. 

Tetracarbonyl(ij2-l-methyl-2-propen-yl dimethy]phosphinite-P)molyb-
denum (11): 57% yield; 1H NMR (C6D6) S 4.05-4.55 (m, 1 H), 
2.65-3.20 (m, 3 H), 1.30 (d, JPH = 6.0 Hz, 6 H), 1.05 (d, J = 6.1 Hz, 
3 H); 31P (1H) NMR (C6D6) S 157.2 (s), 156.5 (s, minor isomer); 13C I1H) 
NMR (C6D6) & 216.1 (d, JK = 13.2 Hz), 215.3 (d, 7PC = 20.5 Hz), 
206.6 (d, 7PC = 8.8 Hz), 98.3 97.7 (minor isomer), 82.1 (d, Jp0 = 7.3 
Hz), 74.8 (d, 7PC = 5.9 Hz, minor isomer), 61.2 (d, JK = 2.9 Hz), 60.0 
(minor isomer), 25.7 (d, /P C = 23.4 Hz), 23.2 (d, JPC = 14.7 Hz), 23.0 
(d, Jfc = 24.9 Hz); approximate isomer ratio, 22/1. 

Tetracarbonyl[i)2- l-(2-propyl)- 2-propen-1 - v 1 di methy Iphosphinite-P ]-
molybdenum (12): 20% yield; 1H NMR (C6D6) 5 4.30 (m, 1 H), 3.06 
(m, 1 H), 2.88 (m, 1 H), 2.58 (m, 1 H), 1.45 (m, 1 H), 1.32 (d, 7PC = 
5.9 Hz, 6 H), 0.78 (d, J 6.5 Hz, 3 H), 0.70 (d, / = 7.6 Hz, 3 H); 31P 
(1H) NMR (C6D6) S 156.7 (s). No minor isomer was detectable. 

Tetracarbonyl(7)2-l-ethyl-l-methyl-2-propen-l-yldimethylphosphinite-
P)molybdenum (13): 41% yield; 1H NMR (C6D6) 5 4.55-5.0 (m, 1 H), 
3.25 (d, J = ~10 Hz, 1 H), 2.88 (dd, J ~ 1 5 , 2 Hz, 1 H), 1.34 (d, JPli 

= 5.6 Hz, 3 H), 1.26 (d, 7PH = 5.9 Hz, 3 H), 1.1-1.55 (m, 2 H), 0.70 
(s, 3 H), 0.66 (t, J = 7.0 Hz, 3 H); 31P (1H) NMR (C6D6) 5 151.9 (s), 
150.4 (s, minor isomer); 13C(1H) NMR (C6D6) 5 215.8 (d, 7PC = 10.3 
Hz), 214.5 (d, Jp0 = 22.0 Hz), 207.9 (d, /P C = 11.7 Hz), 206.9 (d, 7PC 

= 10.3 Hz), 104.4 (minor isomer), 103.4, 85.1 (d, JPC = 5.9 Hz), 83.9 
(d, Jpc = 4.4 Hz, minor isomer), 62.5 (d, 7PC = 2.9 Hz), 60.8 (minor 
isomer), 36.7 (d, J?c = 10.3 Hz), 29.2 (minor isomer), 28.3 (d, JPC = 
26.4 Hz, minor isomer), 27.3 (minor isomer), 26.0 (d, Jpc = 24.9 Hz), 
24.6 (d, JK = 26.4 Hz), 24.1 (d, JK = 26.4 Hz, minor isomer), 19.7, 
9.6; 8.0 (minor isomer); approximate isomer ratios, 5/1. 

Tetracarbonyl(»j2-l,2-dimethyl-2-propen-l-yldimethylphosphinite-P)-
molybdenum (14): 67% yield; 1H NMR (C6D6) 5 3.26 (s, 1 H), 3.23 (s, 
1 H), 3.05-3.35 (m, 1 H), 1.58 (d, 0.7 Hz, 3 H), 1.36 (d, / P H = 5.5 Hz, 
3 H), 1.30 (d, Jm = 5.6 Hz, 3 H), 0.96 (d, 6.3 Hz, 3 H); 31P (1H) NMR 
(C6D6) 5 156.9 (s), 148.3 (s, minor isomer); 13C I1H) NMR (C6D6) 5 
216.8 (d, JK = 8.8 Hz), 215.1 (d, 7PC = 24.9 Hz), 207.5 (d, JPC = 8.8 
Hz), 206.9 (d, Jp0 = 11.7 Hz), 122.7, 121.4 (minor, isomer), 83.0 (d, JK 

= 7.3 Hz), 77.8 (d, JPC = 4.4 Hz, minor isomer), 69.3, 61.8 (minor 
isomer), 24.1 (d, JfC = 24.9 Hz), 23.7 (d, /P C = 24.9 Hz), envelope of 
five peaks from 22.8-20.2 (undetermined coupling pattern), 21.0, 20.6, 
20.5; approximate isomer ratio, 3.5/1. 
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Table IV. Final Refined Parameters for 
(PMe2OCHPhCH=CH2)Mo(CO)4 

atom x y z B, A2 

Mo 
P 
O(l) 
0(12) 
0(13) 
0(14) 
0(15) 
C(I) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
C(H) 
C(12) 
C(13) 
C(M) 
C(15) 
H(IA) 
H(IB) 
H(2) 
H(3) 
H(5) 
H(6) 
H(7) 
H(8) 
H(9) 
H(IOA) 
H(IOB) 
H(IOC) 
H(IlA) 
H(IlB) 
H(IlC) 

0.85406 (3) 
0.603 57 (9) 
0.44271 (24) 
1.09966 (32) 
0.598 22 (31) 
0.982 50 (38) 
1.160 44 (30) 
0.778 20 (44) 
0.679 33 (37) 
0.47992(35) 
0.363 57 (34) 
0.35015 (42) 
0.248 63 (45) 
0.160 50 (43) 
0.17147 (47) 
0.272 72 (43) 
0.47498 (61) 
0.637 15 (69) 
1.01640(38) 
0.689 02 (39) 
0.938 44 (40) 
1.052 39 (39) 
0.886 9 (44) 
0.7330 (43) 
0.7176 (38) 
0.449 3 (31) 
0.405 5 (37) 
0.233 2 (40) 
0.098 0 (36) 
0.108 4 (46) 
0.276 7 (39) 
0.448 2 (55) 
0.548 1 (45) 
0.370 8 (54) 
0.5281 (45) 
0.686 8 (46) 
0.7240 (62) 

0.29410 (3) 
0.424 60 (8) 
0.293 07 (20) 
0.408 35 (29) 
0.183 39 (27) 
0.61175 (28) 
0.133 87 (31) 
0.027 86 (35) 
0.123 94 (32) 
0.13156 (30) 
0.039 87 (29) 
0.098 77 (38) 
0.01147 (38) 

-0.13612 (40) 
-0.194 24 (39) 
-0.107 19 (34) 

0.527 49 (53) 
0.56413 (63) 
0.366 21 (33) 
0.22148 (31) 
0.493 69 (37) 
0.19037 (35) 

-0.006 9 (35) 
-0.028 7 (39) 

0.1547 (32) 
0.088 5 (27) 
0.1950 (34) 
0.045 4 (36) 

-0.1887 (31) 
-0.288 1 (40) 
-0.143 5 (35) 

0.4554 (51) 
0.6064 (41) 
0.556 9 (43) 
0.5901 (37) 
0.517 3 (40) 
0.6527 (53) 

0.178 40 (2) 
0.243 70(5) 
0.267 83 (15) 
0.384 78 (17) 

-0.023 29 (16) 
0.10157 (18) 
0.066 50 (18) 
0.21470 (27) 
0.27192 (22) 
0.249 72 (21) 
0.31479 (19) 
0.41469 (23) 
0.472 90(24) 
0.433 95 (25) 
0.335 59 (27) 
0.27613 (24) 
0.16167 (37) 
0.358 73 (38) 
0.31014 (23) 
0.049 84 (22) 
0.129 38 (20) 
0.109 36 (22) 
0.2466 (22) 
0.1500 (26) 
0.339 5 (23) 
0.1783 (19) 
0.4370 (21) 
0.538 3 (24) 
0.4716 (21) 
0.308 8(25) 
0.208 3 (23) 
0.097 0 (33) 
0.149 5 (25) 
0.1927 (28) 
0.377 7 (24) 
0.408 0 (27) 
0.345 7(33) 

5.32(71) 
5.97 (86) 
4.36 (67) 
2.66 (49) 
4.12(65) 
4.95 (71) 
3.76 (62) 
6.69 (93) 
5.06 (73) 
8.7 (13) 
5.80 (87) 
7.5 (10) 
5.47 (80) 
5.4 (10) 
9.9(13) 

Tetracarbonyl(^i2-2-methyl-3-buten-l-yl dimethylphosphinite-P)mo
lybdenum (15): 66% yield; 1H NMR (C6D6) S 3.36 (ddd, J ~ 25, 12, 
4 Hz, 1 H), 2.2-3.1 (m, 4 H), 1.56 (d, JK = 5.8 Hz, 3 H), 1.24 (d, JK 

= 4.9 Hz, 3 H), 0.7-1.5 (m, 1 H), 0.58 (d, J = 6.6 Hz, 3 H); 31P (1H) 
NMR (C6D6) S 142.7 (s); 13C (1H) NMR (C6D6) 5 216.9 (d, JPC = 24.9 
Hz), 216.8 (d, JPC = 5.9 Hz), 205.7 (d, JPC = 8.8 Hz), 205.5 (d, JPC = 
13.2 Hz), 87.1 (d, JK = 2.9 Hz, minor isomer), 80.7 (d, JPC = 5.9 Hz), 
70.4, 69.7 (d, JPC = 2.9 Hz, minor isomer), 58.9 (minor isomer), 55.0, 
40.7 (d, JPC = 5.9 Hz), 34.0 (d, /P C = 2.9 Hz, minor isomer), 24.8 (d, 
JK = 33.7 Hz), 24.0, 22.9 (d, JK = 13.2 Hz); approximate isomer ratio, 
13/1. 

Tetraearbonyl(M2-l-methyl-3-buten-l-yl dimethylphosphinite-P)mo-
lybdenum (16): 69% yield; 1H NMR (C6D6) 6 2.35-3.45 (m, 4 H), 2.08 
(m, 1 H), 1.55 (d, /P H = 5.8 Hz, 3 H), 1.24 (d, JPli = 4.9 Hz, 3 H), 0.86 
(d, J = 6.3 Hz, 3 H), 0.55-1.10 (m, 1 H); 31P (1Hj NMR (C6D6) S 140.0 
(s), 141.5 (s, minor isomer), 13C (1H) NMR (C6D6) S 217.2 (d, Jx = 23.4 
Hz), 217.0 (d, /pC = 7.3 Hz), 205.9 (d, JPC = 7.3 Hz), 205.5 (d, J?c = 
11.7 Hz), 78.6 (d, Jfc = 2.9 Hz, minor isomer), 76.2 (d, JK = 4.4 Hz), 
78.6 (d, JK = 2.9 Hz), 72.8 (d, /P C = 2.9 Hz, minor isomer), 71.7, 62.6 
(minor isomer), 56.3, 42.2 (d, JPC = 5.9 Hz), 41.0 (d, JPC = 2.9 Hz, 
minor isomer), 25.3 (d, 7PC = 35.2 Hz), 24.4 (d, JPC = 22.0 Hz, minor 
isomer), 23.4 (d, JPC = 13.2 Hz), 23.4 (d, Jx = 7.3 Hz), 22.6 (d, JPC 

= 8.8 Hz, minor isomer); approximate isomer ratio, 6.5/1. 
Collection of X-ray Diffraction Data for (PMe2OCHPhCH=CH2)-

Mo(CO)4, 10. An opaque yellow crystal of approximate dimensions 0.1 
X 0.2 x 0.3 mm3 was sealed into a thin-walled capillary in an inert-at
mosphere (Ar) KSE drybox which has been modified by adding a pro

truding transparent section between the gloves (thereby allowing in
spection of the crystals through an externally mounted binocular mi
croscope). The capillary was inserted into an aluminum pin which was 
set in an XYZ goniometer and mounted on the Syntex P2] automated 
four-circle diffractometer of SUNY—Buffalo. Crystal alignment, de
termination of unit cell parameters and orientation matrix, and data 
collection were carried out as previously described.29 (See Table III.) 
All data were corrected for absorption (ix = 8.7 cm"1) and for Lorentz 
and polarization effects and were converted to unsealed |F0| values. Those 
reflections with / (net) < 0 were assigned a value of IF0I = 0. The data 
were placed on an approximate absolute scale by means of a Wilson plot. 
No datum was rejected. 

All calculations were performed on the SUNY—Buffalo modified 
version of the Syntex XTL system. The analytical form of the appro
priate neutral atom scattering factor was corrected for both the real (Af) 
and imaginary (Af") components of anomalous dispersion.30 The 
function minimized during least-squares refinement was ll^d-fol ~ l-fcl)2> 
where w = [(<r|F0|

2 + 0.015 |F0 |2]-'. 
The position of the molybdenum atom was readily determined from 

an unsharpened, three-dimensional Patterson map. A series of three 
difference Fourier syntheses revealed the positions of all remaining atoms. 
The model was refined by full-matrix least-squares techniques. Con
vergence was reached31 with RP = 2.3%, #w F = 2.5%, and GOF = 1.21 
for all 2223 reflections refined against 259 variables (RP = 2.0% and RwP 

= 2.5% for those 2078 reflections with |F0| > 3.0 tr|F0|; RT = 1.8% and 
J?wF = 2.4% for those 1984 reflections with |F0| > 6.0 a \Fa\)). 

The function £w(|F0 | - \FJ)2 showed no abnormal dependence on IF0I, 
sin 8/\, sequence number, identity, or parity class of the Miller indices; 
the weighting scheme is therefore satisfactory. Final positional param
eters are collected in Table IV; anisotropic thermal parameters (Table 
IV-S) have been deposited. 
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