
Journal of Organometallic Chemistry, 455 (1993) 143-156 143 

JOM 23569 

Reactivity studies on bimetallic p-malonyl complexes: 
cleavage and alkylation chemistry of the malonyl ligand 

Joseph M. O’Connor, Roger Uhrhammer, Raj K. Chadha and Barbara Tsuie 
Department of Chemistq 0506 Uniuersiw of California San Diego La Jolla, CA 92093 (USA) 

Arnold L. Rheingold 
Department of Chemistry University of Delaware Newark, DE 19716 (USA) 

(Received July 23, 1992; in revised form January 18, 1993) 

Abstract 

The bimetallic p-malonyl complexes: {(q’-CsMe5XNOXPPhs)Re[p-(COCHaCOkC’ : C3]Re(CO),(Br))-Li’ (11, {(n’- 
CsMe,XNOXPPh,JRe[~-(COCH2CO)-Ci : C3]Re(CO),(PMe3)1. Li+OSO,CF; (2), and (q5-C,Me,XNOXPPhs)Re]fi- 
COCH,CO)-C1,03 : C3]Re(CO), (3) undergo carbon-carbon bond cleavage reactions of the malonyl ligand upon exposure to HCl. 
Deprotonation of (~5-CsMe5)Re(NO~PPh3~~-~‘,~z-COCH~CO)Re(CO)~ (31, in THF solution and addition of CHsI leads to the 
C-akylation product, (~5-C5Me5)Re(NOXPPh3X~-(COCH(CHsJCO)-C1,03 : C3]Re(CO), (111, isolated as a single diastereomer 
(85% yield). Deprotonation of 11 and alkylation with CD31 leads to (~5-C5Mes)Re(NOXPPh,~~-(COCfCH3XCD3)CO)- 
C1,03 : C3]Re(CO), (12-d,) with > 97% diastereoselectivity. Akylation of the enolate anion derived from deprotonation of 11 with 
ethyl iodide led to isolation of (~5-C5Me5XNOXPPhs)Re{~-[COCCHs=C(OCH,CH,)J-C1,03 : C?)Re(CO), (21) in 84% yield. 
Quenching of the enolate anion of 3 with excess ethyl iodide led to formation of an 11: 89 mixture of (~5-C5Me5XNOXPPhs)Re[~- 
(COCHCH&I-I,CO)-C’ : C3,03]Re(CO)., (15) and (~5-C5MesXNOXPPhs)Re[~-(COCH=COCH,CH3)-C’,03 : C3]Re(CO& (16) 
in 87% combined yield. When the enolate anion of 3 was treated with ally1 bromide, both C and 0 alkylation products 
(q5-C5Me5XNOMPPhsJRe{Lc-[COCH(CH,CH=CHa)CO]-C 1 : C’,O’}Re(CO), (17) and (n5-C5MesMNOXPPh,)Re(~- 
[COCH=C(OCH,CH==CH,)]-C1,03 : C3)Re(CO), (18) were formed in a 32 : 68 ratio (84% combined yield). Akylation with benxyl 
bromide gave (~5-C5Mes~NO~PPh3)Re[~CL_(COCH=COCHzC,H5)-C1,03 : C3]Re(COJ, (19) in 76% yield. 

1. Introduction 

p-Oxoacyl and CL-malonyl (I and II) complexes are 
of interest both as reactive intermediates in organic 
synthesis and as models for carbon monoxide homolo- 
gation chemistry. We recently reported the preparation 
of the first bimetallic p-malonyl complexes: I($- 
C,Me,XNOXPPh,)Re[p-(COCH$O)-C’ : C3]Re- 
(CO),(Br)]-Li+ Cl), {(n5-C,Me,XNOXPPh,)Re[k- 
(COCH,CO)-C’ : C3]Re(CO),(PMe3)) - Li+OSO$F; 
(2), and (~5-C5Me5XNOXPPh3)Re[~-_(COCH2CO)- 
C’,03 : C3]Re(CO), (3), from reaction of the rhenium 
enolate (n5-C5Me5XPPh3XNO)Re(COCH,Li) (4) 111 
and metal carbonyl electrophiles (Scheme 1) [2]. Here 
we report details on the reactivity of the CL-malonyl 
ligand in 1, 2, and 3, including the acid-induced frag- 
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mentation of the malonyl ligand and the alkylation 
chemistry of p-malonate anions. Portions of this work 
have appeared in preliminary form [2dl. 
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2. Results 

2.1, Reactivity of p-malonyl compexes with electrophilic 
reagents 

The p-malonyl complexes 1, 2, and 3 underwent 
reaction with HCl to give mononuclear products result- 
ing from cleavage of a carbon-carbon bond in the 
malonyl ligand. ‘H NMR spectroscopy of the crude 
reaction mixture which resulted from addition of ex- 
cess anhydrous HCl (0.9 MI to a yellow CH,Cl, slurry 
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[(CO),Re(PMeS)]+ OSO&Fa 

Scheme 1. 

of 1 (26 mg, 34 mM) indicated the presence of three below. The formation of (CO),ReBr was also indicated 
compounds: [(q5-CsMeS)(NO)PPh,)Re=C(OH)- by IR spectroscopy on the crude reaction mixture. 
CH,]+Cl- (5 - HCl) [3], mononuclear carbonyl cis- When one equivalent of HCl was added to a THF 
(CO),BrRe=C(OHlCH, (6) 141, and [(T5-C,Me,)- solution of 1 (25.4 mg, 48 mM), the cleavage products 
(NOXPPh,)Re(CO)]+Cl- (7) [51 in a 34 : 66 : 66 ratio. (~5-C,MesXNOXPPh,)Re(COCH,) (5) [3] and 7 were 
The ‘H NMR resonances for these products were observed in a 33:67 ratio by iH NMR spectroscopy 
identical to authentic samples, prepared as described (CDCI,). Thus, 5 - HCI observed in the previous reac- 
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Scheme 2. 
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Ph,b 

Scheme 3. 

tion was the result of protonation of acyl 5 by excess 
acid. Low temperature ‘H NMR spectroscopy of a 
sample resulting from addition of 1 equiv. of CF,CO,H 
to a 63 mM THF-d, solution of 1. TMEDA at - 78°C 
indicated only malonyl cleavage products with no evi- 
dence of a protonated form of 1 (Scheme 2). 

Hydroxycarbene complex 5 . HCl was independently 
prepared by reaction of the known acyl complex 5 and 
HCl. A low field carbene resonance at 296.6 ppm was 
observed in the 13C NMR spectrum (CDCl,) of 5 * HCl, 
and the hydroxyl hydrogen resonance was observed as 
a broad singlet at 6 15.59 in the ‘H spectrum (CDCl,). 
The known hydroxycarbene complex, ck-(CO),BrRe= 
C(OH)CH, (6) [4], was independently prepared by 

co 
I co $O-iTcco HCl 

Ph3P 0 

3 

PM& 

7-Cl 8-HCI 

sequential reaction of (CO),ReBr with MeLi, and HCl. 
As observed for 5 - HCl, a downfield hydroxyl hydrogen 
resonance was observed (6 15.14) in the ‘H NMR 
spectrum (CDCl,) of 6, and the carbene carbon reso- 
nance was observed at 319.3 ppm in the 13C{lH) NMR 
spectrum. 

Reaction of the neutral ,u-malonyl I($-C,Me,)- 
(NOXPPh,)Re[p-(COCH,CO)-C’ : C3]Re(CO),- 
(PMe,)) * Li+OTf- (2, OTf-= 0,SCF;) (14.9 mg, 15 
mM) with HCl in CH,Cl, solution led to only two 
mononuclear cleavage products (Scheme 3). The sole 
products observed by ‘H NMR spectroscopy of the 
crude reaction mixture were 7 and the new hydroxycar- 
bene complex [cis-(CO),(PMe,)Re==OH)CH,]+Cl- 
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(8HCl). In a separate experiment, addition of 1 equiv. 
of HCl to a 9 mM THF solution of 2 resulted in the 
formation of cLs-(CO),(PMe,)Re(COCH,) (8) and 7 as 
the sole products, as determined by ‘H NMR spec- 
troscopy. An authentic sample of 8HCl was prepared 
by reaction of 8 with HCl. The hydroxyl hydrogen 
resonance of 8 * HCI appeared as a broad singlet at 6 
15.46 in the ‘H NMR spectrum (CDCl,), and the 
carbene carbon resonance was observed at 294.2 ppm 
in the i3C11H} NMR spectrum. Complex 8 was itself 
prepared from addition of CH,MgBr to [(CO),Re- 
PMe,]+OTff. The cis geometry in 8 is consistent with 
the presence of three terminal carbonyl carbon reso- 
nances in a 1: 1: 2 ratio of intensities, and an acyl 
carbon resonance coupled to a cis phosphorus at 257.5 
(d, J = 10.9) ppm in the 13C11H} NMR spectrum 
(CDCl,) of 8. The downfield shift of the carbene 
carbon of 8 * HCl at 294.2 ppm from 257.5 in 8 is 
consistent with conversion of an acyl to a carbene 
moiety. Complex 8 - HCl undergoes loss of HCl to 
regenerate 8 when placed under high vacuum overnight. 

In contrast to 1 and 2, chelating EL-malonyl 3 is 
relatively stable in the presence of excess HCl at room 
temperature (Scheme 4). Addition of N 7 equiv. of 
anhydrous HCI to a CDCl, solution of 3 (50 mM) 
resulted in protonation on the vl-acyl oxygen of 3, to 
generate ((n5-C5Me5)(NO)(PPh3)Re[~-COCH,- 
C(OH)-C’,03,C3]Re(CO),)fC1- (3. HCl). In the ‘H 
NMR spectrum of this solution, the methylene hydro- 
gen resonances were broadened and shifted to lower 
field from those of 3. In addition, the two methylene 

K’ t-BuO- 

hydrogen resonances were broadened by different 
amounts due to different rates of exchange uia enoliza- 
tion [2]. The more labile exe hydrogen (distal to the 
PPh, ligand), is observed as the broader of the two 
resonance (S 3.57, vi/2 = 84 Hz), while the endo-meth- 
ylene hydrogen resonance remains as a relatively sharp 
signal (6 2.96, v,,~ = 10 Hz). The acid catalyzed ex- 
change of the methylene hydrogens is retarded at lower 
temperatures and the characteristic Al3 pattern is re- 
established. After removal of the volatiles and expo- 
sure to high vacuum overnight, malonyl 3 is recovered 
in over 76% yield. Addition of > 30 equiv. of HCl to a 
CDCl, solution of 3 (0.13 M) greatly catalyzed proton 
exchange to the extent that the methylene hydrogen 
resonances were broadened into the baseline at room 
temperature. The low temperature 13C{lH) NMR 
( - 40°C) spectrum of this mixture indicated that 3 was 
quantitatively protonated at the n’-acyl oxygen, and 
only one set of resonances, corresponding to 3 * HCl, 
was observed. The C3-acyl carbon resonance of 3 un- 
dergoes a shift to low field from 275.6 ppm to 321.7 in 
3 * HCl, characteristic of a carbene carbon. The Cl-acyl 
carbon and the four terminal carbonyl carbon reso- 
nances of 3 were only slightly shifted upon protonation. 
In the IR spectrum (CH,CI,) of a sample of 3 which 
had been exposed to HCl gas, multiple bands were 
observed between 2100 and 1923, the v(C3=03) band 
at 1615 is greatly diminished in intensity, and the bands 
at 1481w, 1391m, 1372m, and 1343~ cm-’ are virtually 
unchanged from those of 3. Attempts to crystallize 
3 . HCI were unsuccessful and only pure 3 was recov- 

R-X 

11, R = CH3 (91%) 14, R = CH, (4%) 

15, R = CH2CH3(10%) 

17, R = CHpCH=CHp (27%) 

1.6, R = CH&H3 (77%) 

16, R = CH,CH=CH, (57%) 

19, R = CH,Ph (76%) 

Scheme 5. 
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ered. However, when allowed to stand overnight at 
room temperature in the presence of HCl, decomposi- 
tion occurred to give a 91: 9 mixture of 5 * HCI and 7 in 
79% yield. Also observed were minor amounts (4%) of 
a compound tentatively identified as the hydroxycar- 
bene complex cis-(CO),(Cl)Re=C~OH)CH, (lo), on the 
basis of a methyl singlet at 6 3.19 in the ‘H NMR 
spectrum (CDCI,). 

Treatment of malonyl complex 1 (10 mg, 19 mM) 
with methyl iodide (0.2 M) in THF-d, solution failed to 
give identifiable malonyl ligand cleavage products. Af- 
ter 1 day, ‘H NMR spectroscopy on the sample indi- 
cated the presence of unreacted 1 (43%), methylated 
malonyl complexes (175-C,Me,)(NO)(PPh,)Re[CL- 
(COCHCH&OW’ : C3,0’]Re(CO), (11, < 10%) and 
(~5-CSMe,)(NO>(PPh3)Re[~-(COC(CH3),CO)- 
C’ : C3,0’]Re(CO), (12, N 23%), as well as a number 
of resonances due to unidentified products (Scheme 5). 
Neutral malonyl complex 2 (24.4 mg, 33 mM1 also 
underwent slow reaction with 1.9 equiv. of CH,I (64 
mM) in CDCI, solution. After 4 days, ‘H NMR spec- 
troscopy on the mixture revealed the presence of unre- 
acted 2 (60%) as well as a 20% yield of 7. 

2.2. Deprotonation /alkylation chemistry 
Having previously characterized the enolization 

chemistry of 3 and noting the stereoselective incorpo- 
ration of deuterium into the methylene sites of the 
malonyl ligand [21, we examined the formation of new 
carbon-carbon bonds through the deprotonation/ 
alkylation chemistry of p-malonyl complexes [2d]. De- 
protonation of 3 (9 mM) in THF solution with ‘BuOK 
(13 mM) generates the enolate anion ($-C,Me,)- 
(NOXPPh,)Re[p-(COCH=CO)-C1,03 : C3]Re- 

(CO),]-K+ (131, as previously described [2fl. Quench- 
ing of 13 with excess methyl iodide led to a rapid 
change in the solution color from deep orange to 
yellow and the precipitation of KI. Examination of the 
crude reaction mixture by ‘H NMR spectroscopy indi- 
cated the formation of (n5-C,Me,XNOXPPh,)Re[p- 
(COCHCH,CO)-C’ : C3,0’]Re(CO), (11) as a single 
diastereomer in 91% isolated yield (Scheme 6). In 
addition to 11, the 0-alkylation product (q5-C,Me,)- 
(NOXPPh3)Re[~-(COCH=COCH3)-C’,03 : C3]Re- 
(CO), (14) was formed in N 4% yield. The spectro- 
scopic features of 3 and 11 are nearly identical, except 
for the obvious differences expected for a methyl sub- 
stitution on the methylene carbon of the malonyl lig- 
and. An observed coupling constant of 7 Hz between 
the methine and the methyl group clearly establishes 
11 as a C-alkylated product. In the 13C NMR spectrum 
(CD&) of 11 the malonyl carbons bound to rhenium 
are observed at 298.7 (d, J = 7) and 276.5 ppm, while 
the C’ and C3 counterparts in 3 are observed at 290 
(dl and 276 ppm. The presence of phosphorus coupling 
to C’ allows for easy assignment of the C’ and C3 
resonances. In the IR spectrum of 11, bands were 
observed at 2080, 1969, 1922, 1660, and 1608 cm-‘, 
compared to the corresponding bands at 2080, 1972, 
1923, 1664, and 1615 cm-’ for 3. 

Complex 14 was independently prepared in 42% 
isolated yield from reaction of 13 with the more reac- 
tive alkylation reagent, methyl triflate. In the r3C NMR 
spectum (CDCl,) of 14, acyl carbon C3 appeared as a 
resonance at 271.4 (d, J = 9) ppm and the enol ether 
carbon C’ was located at 224.4 ppm. 

Quenching of enolate 13 with excess ethyl iodide led 
to formation of an 11: 89 mixture of (T5-C,Me,)- 
(NOXPPh,)Re[p-(COCHCH2CH3CO)-C1 : C3,03]- 

Scheme 6. 
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Re(CO), (15) and ($-C,Me5XNOXPPh3)Re[p-(COC- Introduction of a second methyl group at carbon 
H=COCH&H,)-C1,03 : C3]Re(CO), (16) in 87% proceeds with excellent regioselectivity. When complex 
combined yield, as determined by ‘H NMR spec- 11 was first deprotonated with ‘BuOK and then treated 
troscopy on the crude reaction mixture, after filtering with methyl iodide, dimethyl CL-malonyl ($-C,Me,XN- 
through celite. The C- and O-alkylation products were OXPPh,)Re[p-(COC(CH3)zCO)-C1 : C3,0’]Re(CO), 
easily separated on the basis of their differing solubili- (12) was isolated in 85% yield (Scheme 7). Also ob- 
ties and subsequently characterized. Their spectro- served in this reaction was the 0-alkylation product 
scopic properties were similar to those of previously (~5-C,Me,XNOXPPh3)Re(~-[COCCH3=C(OCH3)]- 
described p-malonyl and enol-ether derivatives. One C’,03 : C3]Re(CO), (20) in N 4% yield, by iH NMR 
distinguishing spectroscopic difference between 15 and spectroscopy on the crude reaction product. That 12 is 
16 was the ‘H NMR resonances for the diastereotopic a CL-malonyl complex is supported by two low field 
methylene hydrogens of the newly introduced ethyl carbonyl resonances in the 13C NMR spectrum at 304.8 
group; in 15 they appeared as eight line multiplets at 6 (d, J = 8) and 277.8 ppm. In addition, the IR spectrum 
3.89 and 3.74, while in 16 they appeared together as a (CH,Cl,) displayed an $-acyl stretch at 1600 cm-‘. 
multiplet at S 1.60. As was observed for 11, complex 16 The 0-alkylation product 20 (40% yield) was prepared 
was isolated as only one diastereomer as determined by independently by deprotonation of 11 with ‘BuOK 
’ H NMR spectroscopy. followed by addition of Me,O+BF; . 

When 13 was treated with excess ally1 bromide, both 
C- and 0-alkylation products ($-C,Me,XNOXPPh,)- 
Re{p-[COCH(CH,CH=CH,)CO]-C1 : C3,0’]Re(CO), 
(17) and ($-CgMe,XNOXPPh3)Re{p-[COCH=C(OC- 
H,CH=CH,)]-C1,03 : C3]Re(CO), (18) were formed 
in a 32 : 68 ratio (84% combined yield), as determined 
by ‘H NMR spectroscopy. Complex 18 was character- 
ized by ‘H, 13C NMR, IR, and mass spectroscopies, as 
well as by microanalysis. Complex 17 was not isolated, 
but its presence was suggested by a unique set of 
C,Me, and ally1 resonances with diastereotopic methy- 
lene hydrogens in the ‘H NMR spectrum of the crude 
reaction mixture. When 13 was treated with excess 
benzyl bromide, ($-C,Me,XNOXPPh,)Re[&COC- 
H=COCH,C,H,)-C’,03 : C3]Re(CO), (19) was iso- 
lated as the sole product (76% yield). 

In the ‘H NMR spectrum (CDCl,) of 12, the di- 
astereotopic methyl groups were observed as singlets at 
6 0.03 (3H) and 0.95 (3H). The high field signal corre- 
sponds to the methyl group on the e&o-face (proximal 
to the PPh, ligand) of the malonyl chelate ring, which 
places this group into the shielding region of the adja- 
cent phenyl rings. The low field signal (S 0.95) then 
corresponds to the exo-face methyl group. The stereo- 
chemical assignment by chemical shift arguments were 
supported by the results of NOE experiments in chlo- 
roform-d solution. Saturation of the C,Me, resonance 
at S 1.68 resulted in a 3.2% increase in intensity of the 
0.95 singlet and a 1.4% increase in the 0.03 singlet. 
Saturation of the PPh, signals resulted in a 0.8% 
increase in the 6 0.95 singlet and 3.5% increase in the 
0.03 singlet. Likewise, saturation of the S 0.03 singlet 

Ph@ - 0 

1, K+ t-BuO‘ / 

12, R= CH3 

12-exe-da, R = CD3 

2, RI 

1, K+ t-BuO- 

2, CH& H,I 

11 

Scheme 7. 

Ph,b 

20, R =CH, 

21, R=CHPC H3 
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TABLE 1. Crystal and data collection, refinement parameters for 11 and 12 

Formula 

11 

C&s.WWRe~ 

12 

Cs7HsWVRe2 
Lattice type Triclinic Monoclinic 
Space group PI c2/c 

(A) 10.295 (3) 17.220 (5) 

b (A) 11.096 (3) 12.984 (2) 

c (‘Q 17.367 (6) 32.584 (3) 

ff (“I 73.30 (2) 
B (“I 87.39 (2) 94.45 (2) 

y (“I 70.62 (2) 

v (K, 1790.1 (9) 7263 (2) 
z 2 8 
Crystal dimensions (mm3) 0.26 x 0.26 x 0.26 0.10 x 0.14 x 0.31 
Ctystal color Yellow Yellow 
DFalc (g cmm3) 1.848 1.847 

P 72.33 (MO Ka) cm-’ 13.170 (Cu Ka) mm-’ 
Temperature PC) 23 23 
T(max)/T~min) 2.08 0.1714/0.3361 

Radiation type MO Ka (A = 0.71073 A) Cu Kn (A = 1.54184 & 
20 range (“1 40-50 4-110 
Read 6617 4997 
Unique 6289 4585 
Unique observed 4468 3993 
R (F) (%I 4.95 4.42 
R(wF)(%) 5.19 6.33 
GOF 1.153 1.91 

A (PI (e Am31 2.3 2.8 

resulted in a 0.5% increase in the C,Me, resonance 
and a 2.4% increase in the PPh, resonance. Finally, 
saturation of the S 0.95 singlet resulted in a 2.8% 
increase in the C,Me, resonance and a 2.1% increase 
in the PPh, resonance. While these observed NOES 
are small, they are consistent with the stereochemical 
assignment. 

of (n5-C,MesXNOXPPh,)Re(p-[COCCH,=(OCH,- 
CH,)I-C’,03 : C3}Re(CO), (21) in 84% yield after sil- 
ica gel chromatography. 

2.3. X-Ray structure of (77’-C,Me,)(NO)(PPh,)Re[~- 
(COCHCH~CO)-C~: C3,0’]Re(C0,) (ii) 

To probe the kinetic stereoselectivity of alkylation, 
the potassium enolate of 11 was quenched with CD,1 
to give a > 38 : 1 mixture of non-enolizable diastere- 
omers 12-exe-d, and 12-endo-d, (Scheme 7). The major 
product, 12+.x0-d,, has the deuterio-methyl group on 
the exe-face of the malonyl ligand. In the ‘H NMR 
spectrum (CDCl,) of this mixture, a methyl singlet is 
observed at S 0.03 (corresponding to 12-exe-d,), while 
its geminal partner at S 0.95 (corresponding to 12- 
e&o-d,) is nearly absent. In the *H{‘H} NMR spec- 
trum (CHCl,) a singlet at S 1.00 was assigned to the 
endo methyl group. In a similar fashion, methylation 
(CH,I) of the enolate anion derived from deprotona- 
tion of 11-d, resulted in a > 38 : 1 ratio of diastere- 
omers lZendo-d, and 12-exe-d,. 

The relative stereochemistry of 11 could not be 
unambiguously assigned from the spectroscopic data, 
and we therefore turned to single crystal X-ray analysis 
[81. X-Ray data were acquired on a yellow crystal of 11, 
obtained by cooling a concentrated CH,Cl, solution 
layered with hexanes. Crystal data, data collection, and 
refinement parameters are given in Table 1. Selected 
bond distances and angles are given in Table 2. From 
the structure shown in Fig. 1, the relative stereochem- 
istry of 11 is SR,RS [6 *I. The ON-Re-C,-0 torsion 
angle (0) is 179”, which places the C(ll)-O(2) acyl 
oxygen anti to the NO ligand. The methyl substituent 
C(13) sits on the less congested -o-face of the nearly 
planar p-malonyl chelate ring, directed distal to the 
PPh, ligand. There is only a slight degree of puckering 

Alkylation of the enolate anion derived from depro- * Reference number with asterisk indicates a note in the list of 
tonation of 11 with ethyl iodide led to isolation references. 
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TABLE 2. Selected bond distances (A) and angles (“1 for 11 

(a j Bond distances 

Re(2)-C(15) 1.97804) O(2)-C(l1) 1.175(13) 

Re(2kC06) 1.978(8) C(ll)-C(12) 1.586(20) 
Re(2kCU7) 1.950(17) CW-C(14) 1.58405) 
Re(2)-C(18) 2.003(14) N-O(l) 1.18704) 
Re(2)-C(14) 2.153(13) C(15)-005) 1.145(17) 

Re(2)-0(2) 2.180(6) C(16)-006) 1.126(24) 

C(12)-C(13) 1.547(19) C(17)-Of171 1.105(18) 
Re(l)-P 2.378(3) C(18)-008) 1.101(18) 

Re(l)-N 1.778(11) C(14)-O(3) 1.213(19) 

Re(l)-C(ll) 2.035(9) 

(b) Bond angles 

C(15)-Re(2)-C(16) 89.4(7) C(13)-C(12)-C(14) 106.6(9) 
C(15)-Re(2)-C(17) 85.2(6) C(ll)-C(12)-C(13) 110.3(12) 
C(15)-Re(2)-C(18) 173.4(6) Re(l)-N-O(l) 171.0(11) 
C(15)-Re(2)-C(14) 89.3(5) N-ReW-P 90.8(4) 

C(15)-Re(2)-O(2) 95.2(4) N-Re(l)-C(11) 98.7(5) 
C(16)-Re(2)-C(17) 93.7(7) P-Re(l)-C(l1) 8&l(3) 
C(16)-Re(2)-C(18) 93.9(7) Re(l)-C(ll)-O(2) 127.500) 
C(14)-Re(2)-C(16) 168.3(5) Re(l)-C(ll)-CU2) 118.9(7) 
C(16)-Re(2)-O(2) 92.4(5) c(12)-c(11)-0(2) 113.5(9) 
C(17)-Re(Z)-C(18) 88.9(6) C(14)-C(12)-C(ll) 111.400) 
C(14)-Re(2)-C(17) 97.8(6) Re(2)-O(2)-C(l1) 125.9(9) 
C(17)-Re(2)-O(2) 173.9(6) Re(2)-C(14)-O(3) 132.9(8) 
C(14)-ReWC(18) 88.5(5) Re(2)-C(14)-C(12) 111.2(9) 

C(18)-Re(2)-O(2) 90.3(4) O(3)-C(14)-C(12) 116.0(11) 
C(14)-Re(2)-O(2) 76.1(4) 

of the five-membered chelate ring containing Re(2)- 
O(2)-C(ll)-C(12)-C(14). Dihedral angles of - 69” and 
73” for Re(l)-C(ll)-C(12)-C(13) and CU3)-C(12)- 
C(14)-O(3) indicate that C(12) is puckered upwards 
away from the triphenylphosphine ligand. 

2.4. X-Ray structure of (775-C,Me,)(NO)(PPh,)Re[~- 
(COC(CH,),CO)-Cl : C3,011Re(CO), (12) 

To determine if a quaternary carbon center p to the 
metal would cause a distortion away from an anti 
conformation, an X-ray crystal structure determination 
was carried out on 12 [9]. X-Ray data were acquired on 
a yellow crystal of 12 obtained from diffusion of pen- 
tane into a CH,CI, solution at 5°C to give the struc- 
ture shown in Fig. 2. Crystal data, data collection, and 
refinement parameters are given in Table 1. Selected 
bond distances and angles are presented in Table 3. 
The 8 value observed for 12 is 178.1”. Any steric 
interaction between the e&o-methyl group C(13) and 
the PPh, ligand is compensated by a slight opening of 
the C(ll)-Re(l)-P(1) bond angle to 91.1” (3). The 
corresponding angle in 2 is 87.2” (1). From the mean 
plane of the malonyl chelate ring [Re(2)-O(2)-C(ll)- 
C(12)-C(15)], C(12) is puckered ayay from the PPh, 
ligand by nearly one-tenth of an A. Tipping of C(12) 
away from the PPh, ligand is also indicated by the 
dihedral angles for P(l)-Re(l>-C(ll>-C(12) of 

Fig. 1. Structure of (~5-CsMe5XNOXPPh,)Re[p-(COCHCHsCO)- 
C’ : C3, O’]Re(CO), (11). 

- 108.3” and for P(l)-Re(l)-C(ll)-O(2), 85.6”. The 
bonding of the malonyl ligand to the metals is compa- 
rable to that observed for complex 3; the ReWC(11) 
distance of 2.051(10) A is shorter than the Re(2)-C(15) 
bond length of 2.118 (11) A, and the Re(2)-O(2) dis- 
tance is 1.279 (11) A. 

3. Discussion 

The cleavage of the carbon-carbon bond in 
mononuclear P-oxoacyl complexes was previously pro- 
posed by Davies in mononuclear iron systems (Schemes 
8 and 9) [lo]. Acidic hydrolysis of 22 led to iron 
carbonyl [(q’-C,H,XCO),(PPh,)Fe]+ (24) and ac- 
etaldehyde. Presumably acyl-aldehyde 23 (R = H) was 

DsClO 

Fig. 2. X-Ray structure of ($-C5MesXNOXPPha)Re[p-(COC 
(CH,),CO)-CL : C3, 0’]Re(C0)4 (12). 
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TABLE 3. Selected bond distances (A) and angles (“) for 12 

(a) Bond lengths 

Re(2)-C(19) 1.97303) O(2)-C(11) 
Re(2)-C(18) 1.988(14) C(ll)-c(12) 
Re(2)-C(16) 1.923(14) CX12)-C(14) 
Re(2)-C(17) 1.97803) NW-O(l) 
Re(2)-C(15) 2.118(11) Re(l)-C(11) 

Re(2)-0(2) 2.157(6) C(12)-C(13) 
C(12WX4) 1.55704) C(16)-o(4) 

C(17)-O(5) 
Re(l)-CNT a 

Re(l)-P(1) 2.392(3) 
Re(l)-N(1) 1.737(8) 

(b) Bond angles 
(X8)-Re(2)-C(19) 92.7(6) 
C(16)-Re(2)-C(19) 84.4(6) 
C(17)-Re(2)-C(19) 170.6(5) 
C(15)-Re(2)-C(19) 87.5(5) 
C(19)-Re(2)-O(2) 96.8(4) 
CX16)-Re(2)-C(18) 96.9(6) 
C(17)-Re(2XU8) 91.8(5) 
C(15)-Re(2)-C(18) 166.6(5) 
C(18)-Re(2)-O(2) 90.0(5) 
C(16)-Re(2)-C(17) 86.9(6) 
CX15)-Re(2HX16) 96.5(5) 
C(16)-Re(2)-O(2) 173.0(5) 
C(15)-Re(2)-C(17) 90.1(4) 
C(17)-Re(2kO(2) 91.5(4) 
C(15)-Re(2)-0(2) 76.7(3) 
CXll)-ReWCNT 118.2 
N(l)-Re(l)-CNT 122.8 

1.279(11) 
1.586(20) 
1.53904) 
1.20801) 
2.051(10) 
1.527(15) 
1.156(19) 
1.144(16) 
1.993 

C(14)-C(12)-C(15) 105.5(8) 
C(ll)-C(12)-c(14) 108.8(8) 
Re(l)-NW-O(l) 170.4(8) 
N(l)-ReWP(1) 92.2(3) 
N(l)-Re(l)-C(11) 99X4) 
P(l)-ReWC(l1) 91.1(3) 
Re(l)-C(ll)-O(2) 117.5(7) 
Re(l)-C(ll)-C(12) 126.9(6) 
(.X12)-Ctll)-o(2) 114.4(8) 
C(15)-CU2)-~11) 110.0(8) 
Re(2)-O(2)-C(ll) 123.3(6) 
Re(2)-C(15)-O(3) 130.4(8) 
Re(2)-C(15)-C(12) 114.2(7) 
o(3)-C(15)-C(12) 115.4(9) 
C(13)-C(12)-C(14) 110.3(8) 
P(l)-Re(l)-CNT 125.9 

a CNT, centroid of CSMeS ring. 

initially generated, followed by cleavage of the C(l)- 
C(2) bond of the p-oxoacyl ligand to give 24. 

In related work, Davies found that treatment of 
enolate 25 with acyl halides once again resulted in 
formation of [(n5-C,H,XCO),(PPh,)Fe]+ (24) and 
products derived from RCOCH; was indicative of 
initial formation of 26 followed by spontaneous car- 
bon-carbon bond fragmentation [lo]. 

In contrast to mononuclear P-oxoacyl complexes 
such as 22 and 26, the bimetallic CL-malonyl complexes 
1, 2, and 3 are stable, isolable complexes under neutral 
conditions. However, in the presence of acid all three 
bimetallic complexes undergo decomposition to 
mononuclear species. Not surprisingly, the most stable 
of the three complexes is the chelating malonyl com- 

25 

Scheme 9. 

1 I;Ph:, 

0 0 5ic( 
H 

PPh, 

23 

Scheme 8. 

6Phs 

24 

plex 3, for which a protonated adduct, 3-HCl, is re- 
versibly formed and spectroscopically observable. Re- 
action of anionic malonyl I($-C5Me5XNOXPPh&Re- 
[p-(COCH,CO)-C’ : C3]Re(CO>,(Br))-Li’ (1) with 
excess HCl resulted in fragmentation of the p-malonyl 
ligand by cleavage of either the C(l)-C(2) bond to give 
7 and 6 or the C(2)-C(3) bond to give 5 * HCl and 
Re(CO),Br (major products) (Scheme 2). The neutral 
complex (($-C,Me,XNOXPPh,)Re[&COCH,CO)- 
C’ : C3]Re(CO),(PMe3)) - Li+OTf- (2) undergoes a 
more selective decomposition in the presence of HCl, 
with cleavage of only the C(l)-C(2) bond of the mal- 
onyl ligand to give 7 and S-HCl (Scheme 3). In marked 
contrast, the chelating malonyl complex 3 shows the 
reverse selectivity in that C(2)-C(3) bond cleavage 
predominates to give 5HCl (Scheme 4). In the absence 
of further mechanistic information, it is difficult to 
rationalize this reversal in selectivity. 

We previously observed the stereoselective incorpo- 
ration of deuterium into the malonyl ligand of 3 and 
we have now examined the degree of regio- and stere- 
oselectivity in the alkylation chemistry of 3. Of the four 
alkyl halides examined, only methyl iodide gave pre- 
dominant C-alkylation. Ally1 bromide, benzyl bromide, 
and ethyl iodide all led to predominantly O-alkylation. 
This is presumably a steric effect. In the case of meth- 
ylation the exe isomer predominates, the structure of 
which was verified by X-ray crystallography. Dialkyla- 
tion also proceeds with a high degree of regio- and 
stereoselectivity as determined by isotope labelling 

0 

[ I A R 

26 
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In a related experiment, a 5 mm NMR tube was 
charged with 3 (13.9 mg, 0.0142 mmol, 36 mM), CDCI, 
(0.4 ml) and cooled to - 78°C. HCl gas (0.5 mmol) was 
added and the tube was capped with a septum under a 
stream of nitrogen gas and allowed to stand overnight. 
The volatiles were removed under vacuum and CDCl, 
was added; ‘H NMR spectral analysis of the solution 
indicated the presence of a 91:9 mixture of 5 * HCl 
and 7 in 79% yield and cis-(CO>,(Cl)Re=C~OH~H, 
(10) (6 3.02, s, 4%). 

In a related experiment, a 5 mm NMR tube was 
charged with 3 (50 mg, 0.051 mmol, 0.13 M), CDCl, 
(0.4 ml), and cooled to - 78°C. HCl gas (1.6 mmol) was 
added and the tube was capped with a septum under a 
stream of nitrogen gas. The tube was briefly warmed to 
room temperature and shaken, then placed in a pre- 
cooled NMR probe: 13C(1H) NMR (-40°C): 6 321.7 
(CH,C(OH)Re(CO),); 286.6 (d, J = 8.8 Hz, (PPh,)- 
ReCO); 191.3 (ReCO); 186.4 (ReCO); 185.9 (ReCO); 
185.4 (ReCO); 135.5-128.6 (C,H,); 104.3 (C,Me,); 
88.7 (CH,); 9.9 (C&e,). 

An IR spectrum was obtained of a 4 mM CH,Cl, 
solution of 3 which had been exposed to HCl gas: 
2100m, 2085w, 2045m, 2000 vs, br, 1951 vs, 1923 w, sh, 
1667s, 1615w, 1481w, 1391m, 1372m, 1343~ cm-‘. 

4.5. Reaction of I with CH,I 
A 5 mm NMR tube was charged with 1 (10 mg, 

0.0093 mmol, 19 mM), THF-d, (0.5 ml) and CH,I (0.12 
mmol, 0.24 M, by ‘H NMR spectroscopy), and closed 
under nitrogen gas. After 1 day, ‘H NMR analysis 
indicated the presence of 1, - 43%; 11, - 23%; 12, 
< 10%; in addition to several unidentified products. 

4.6. Preparation of [(q5-CJMe5)(NO)PPh,)Re=C(OH)- 
CH,]+Cl- (S.HCl) 

A round-bottomed flask was charged with 5 (153 
mg, 0.233 mmol, 12 mM), diethyl ether (10 ml), and 
CH,Cl, (10 ml) and then cooled to -78°C. The solu- 
tion was exposed to HCl gas (0.5 atm) and warmed to 
room temperature, and then concentrated to ca. 10 ml 
under vacuum. Diethyl ether (10 ml) was then added to 
the solution and a yellow precipitate was collected by 
filtration. Recrystallization of this solid from slow addi- 
tion of hexanes (ca. 10 ml) to a CH,Cl, solution 
yielded 5 * HCl (101 mg, 0.146 mmol, 68%) as a yellow 
crystalline solid; m.p. 225-227°C (dec). IR (CH,Cl,): 
1680 cm-‘. 1 H NMR (CDCI,): 6 15.59 (br. s, 1H); 
7.41-7.33 (m, 15H); 2.38 (s, 3H); 1.73 (s, 15H). 13C(lH} 
NMR (CDCl,): S 296.6 (d, J= 9.0 Hz, Re=C); 133.1 
(C,H,); 133.0 (C,H,); 131.2 c&H,); 128.8 (d, J = 10.8 
Hz, C,H,); 105.2 (C,Me,); 45.4 (CH,); 9.5 (C,Me,). 
Anal. Found: C, 52.27; H, 5.08; N, 1.97. C,,H,NO, 
PReCl calcd.: C, 51.98; H, 4.94; N, 2.02%. 

4.7. Preparation of [(CO),(PMe,)Re] iO,SCFJv 
A round-bottomed flask equipped with a magnetic 

stirbar was charged with (CO),Re(OSO,CF,) [ill (1.50 
g, 3.16 mmol, 0.11 mM) and CH,Cl, (30 ml). Trimeth- 
ylphosphine (0.33 ml, 3.19 mm00 was added with rapid 
stirring. A thick white precipitate formed immediately, 
and the reaction flask was vigorously shaken for 5 min. 
Diethyl ether (20 ml) was then added, and a white solid 
{[CO),(PMe,)Re]+O,SCF;} was isolated by filtration 
(1.65 g, 3.00 mmol, 95%); m.p. 170-179°C (dec). IR 
(CH,CN) 2195w, 2049vs, 2020sh, m, 163Ow, br, 1298w, 
1271s, 1225w, 1155m, 965w cm-‘. ‘H NMR (acetone- 
d,): S 2.15 (d, J = 10.9 Hz). MS (FAB): m/e 403 CM+), 
953 (2M+OTf-). Anal. Found: C, 19.75; H, 1.68. 
C,H9F30,PReS calcd.: C, 19.60; H, 1.64%. 

4.8. Preparation of cis-(CO),(PMe,)Re(COCH,) (8) 
A round-bottomed flask equipped with a magnetic 

stir bar was charged with [(CO),(PMe,)Re]+O,SCF; 
(550 mg, 1.0 mmol, 4 mM) and THF (250 ml>, then 
cooled to 0°C. A 1.5 M solution of CH,MgBr in 
toluene/THF (75 : 25) (0.67 ml, 1.0 mm00 was added 
and the solution was stirred at 0°C for 0.5 h, then at 
room temperature for 0.5 h, and then concentrated 
under vacuum to ca. 80 ml. This solution was then 
filtered through a plug of basic alumina in the air, 
washing with THF (100 ml). The solvent was removed 
from the filtrate by rotary evaporation and 8 (220 mg, 
53%) was isolated as a yellow oil by chromatography 
(preparative TLC, silica, CH,Cl,/hexanes, 4 : 3) of the 
residue. IR (CH,Cl,): 2084m, 199Os, sh, 1974vs, 1949s, 
1585m cm-‘. ‘H NMR (CDCl,): 6 2.43 (s, 3H); 1.63 
(d, J = 9.1 Hz, 9H). 13C{lH) NMR (CDCI,): 6 257.5 (d, 
J= 10.9 Hz, ReOOCH,); 189.7 (d, J = 10.5 Hz, cis- 
(PMe,)ReCO); 188.7 (d, J = 42.2 Hz, trans- 
(PMe,)ReCO); 188.1 (d, J = 6.0 Hz, cis-(PMe,)ReCO); 
57.2 (d, J= 2.2 Hz, CH,); 18.0 (d, J= 34.8 Hz, PMe,). 
Anal. Found: C, 25.82; H, 2.83. C,H,,O,PRe calcd.: C, 
25.90; H, 2.90%. 

4.9. Preparation of [ccis-(CO),(PMe,)Re=C(OH)CH,] +- 
Cl - (8 * HC1) 

A round-bottomed flask equipped with a magnetic 
stir bar was charged with 8 (110 mg, 0.26 mmol, 0.03 
M) and diethyl ether (10 ml), then cooled to -78°C. 
The solution was exposed to HCl gas (300 Torr, 6 
mmol), warmed to room temperature and stirred for 15 
min. A white solid (8 - HCl, 88 mg, 0.19 mmol, 75%) 
was isolated by filtration: m.p. 66-68°C. IR (C&Cl,): 
2104w, 2020m, 2OOOvs cm-‘. ‘H NMR (CDCI,): 6 
15.46 (s, 1H); 2.96 (s, 3H); 1.72 (d, J = 9.4 Hz, 9H); 
13C{lH) NMR (CDCl,): S 294.2 (br. m, Re=C); 186.5 
(d, J = 6.9 Hz, ci.s-(PMe,)ReCO); 186.3 (d, J = 10.0 
Hz, cis-(PMe,)ReCO); 185.1 (d, J = 38.6 Hz, tram- 
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calcd.: C, H, 2.89%. 

Preparation of (q5-C5Me,)(NO)(PPh,)Re[p- 
(COCH=COCH,)-C’, O3 C3/Re(CO), (14). 

round-bottomed flask equipped with magnetic 
stir bar was charged with 3 (101 7 
mM), ‘BuOK (13 mg, 0.114 mmol, mM) and THF (15 
ml) and stirred for 20 

8 mM) was added and the solution was stirred 
for h. 

in CH,Cl, 
a plug of 

by rotary 
in hexanes in a 0°C freezer 

An orange by filtra- 

IR (CH,Cl,): 
‘H NMR 6 7.4 (br. s, 

6 271.4 
(d, 8.8 Hz, PPh,ReCOCH,); 224.4 (ReCOCHMe); 
193.4 (ReCO); 193.0 (ReCO); 189.3 (ReCO); 188.8 
(ReCO); 134.4 (d, J= m, 
C,H,); 

MS (FAB): 

C, 
43.46; H, 3.51; N, 1.39. C, 
43.41; H, 3.44; N, 1.41%. 

of 
(COCH~H,CO)-cl, : C3]Re(CO), 01) 

A round-bottomed flask equipped with a magnetic 
stir bar was charged with 3 (310 mg, 0.316 mmol, 9 
mM), ‘BuOK (49 mg, 0.442 mmol) and THF (35 ml), 
and was then stirred for 1 h. CH,I (2 ml, 32 mmol) was 
added and the solution was stirred for 0.5 h. The 
volatiles were then removed under vacuum and the 
residue was dissolved in CHCl,. The cloudy solution 
was filtered in the air through a fine frit covered with 
celite. The filtrate was concentrated to an oil by rotary 
evaporation and then hexanes was added to give a 
yellow solid (11, 286 mg, 0.287 mmol, 91%); m.p. 
196-200°C (dec). ‘H NMR (CD&l,): 6 7.48, 7.33 (s, 
br, 15H); 2.10 (q, J = 7.95 Hz, 1H); 1.78 (s, 15HI; 1.01 
(d, J= 7.92 Hz, 3H). 13C{1H) NMR (CD,Cl,): S 298.8 
(d, J(PC) = 7 Hz); 276.5, 195.0, 192.9, 192.7, 191.8, 
134.5 (m, br); 131.3, 129.1, 128.9, 104.2, 94.7, 15.4, 10.1. 
IR (CHzCl,): 2075m, sh, 1962s, 1917s, 1654m, 1602~ 
cm-‘. FAB mass spectrum: m/z 996 (M+); Anal. 
Found: C, 43.29; H, 3.38; N, 1.33. C,,H,,NO,PRe, 
calcd.: C, 43.41; H, 3.44; N, 1.41%. 

4.12. Preparation of (T’-C,Me,)(NO)(PPh,)Re[p- 
(COCHCD,CO)-C’,O’: C3/Re(CO),(ll-d,) 

This complex was prepared by a procedure analo- 
gous to that for the unlabeled complex (11). IR 
(CH,Cl,): 208Om, 1975~s 193Os, 166Om, 1610w cm-‘. 
‘H NMR (CDCI,): 6 7.41 (br. s, 15H); 2.17 (br. s, 
v~,~ = 4.4 Hz, 1H); 1.76 (s, 15HI. *H{‘H) NMR 
(CHCl,): 6 1.00 (br. s). 

4.13. Preparation of (v’-C,Me,)(NO)(PPh,)Re{p- 
[COC(CH,),CO]-C1,03: C3}Re(CO), (12) 

A round-bottomed flask was charged with 10 (256 
mg, 0.257 mmol, 7 mM), ‘BuOK (48 mg, 0.421 mmol, 
12 mM) and THF (35 ml) and stirred for 4 h. Methyl 
iodide (0.75 ml, 2.3 mmol, 66 mM) was added and the 
solution was stirred for 2 h. The volatiles were re- 
moved under vacuum and the residue was dissolved in 
CHCl, and then filtered through a frit covered with 
celite. The solvent was removed from the filtrate and 
the residue was dissolved in THF. Hexanes was added 
and a bright yellow solid (12) was isolated by filtration 
(220 mg, 0.218 mmol, 85%); m.p. 192-197°C (dec). IR 
(CH,Cl,): 2078m, 1971vs, 1925s, 1655m, 1600w cm-‘. 
‘H NMR (CDCI,): S 7.41 (br. s, 15H); 1.68 (s, 15HI; 
0.95 (s, 3H); 0.03 (s, 3H). 13C11HI NMR (CDCl,): S 
304.8 (d, J= 8 Hz, PPh,ReCOCH,); 277.8 (Re- 
COCH,); 195.3 (ReCO); 192.4 (ReCO); 191.7 (ReCO); 
191.5 (ReCO); 133.8 (C,H,); 130.7 (C,Hs); 128.6 
(C,H,); 128.5 (C,H,); 103.6 (CSMe,); 93.1 (CH,); 
23.3 (endo-CH,); 17.7 (exe-CH3); 9.9 (C&,X MS 
(FAB: m/e 1010 (M+), matched calcd isotopic distri- 
bution pattern for C,,H,,NO,PRe,. 

4.14. Preparation of (~5-C5Me5)(NO)(PPh3)Reip- 
[COC(CH,)(CD,)CO]-C1,03: C3}Re(CO), (12-endo- 

d3) 

This complex was prepared by a procedure analo- 
gous to that for the unlabeled complex (121, employing 
11-d,; m.p. 207-209°C (dec). ‘H NMR (CDCl,): S 7.41 
(br. s, 15H); 1.68 (s, 15H); 0.94 (s, 3H); a very low 
intensity singlet was observed at 6 0.03. The ratio of 
intensities of the singlets at 6 0.94 and 0.03 was 83 : 1. 
*H(‘H} NMR (CHCI,); 6 0.01 (s). 

4.15. Preparation of (q5-C,Me,)(NO)(PPh,)Re{~- 
[COC(CD,)(CH,)CO]-C1,03: C3}Re(CO), (12+x0- 
d3) 

This complex was prepared by a procedure analo- 
gous to that for the unlabeled complex (12) employing 
CD,I; m.p. 205-208°C (dec). ‘H NMR (CDCl,): S 7.41 
(br. s, 15H); 1.68 (s, 15H); 0.03 (s, 3H); a very low 
intensity singlet was observed at S 0.93. The ratio of 
intensities of the singlets at 6 0.03 and 0.93 was 65 : 1. 
*H{‘H} NMR (CHCI,): 6 0.93 (s). 
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recrystallization as an orange solid (15%); m.p. 162- 
164°C (dec). IR (CH,Cl,): 2081m, 1979vs, 1918s, 
1649m, 1469m, 1448m, 1311~ cm-‘. ‘H NMR (CDCl,): 
S 7.37 (br. s, 15H); 6.23 (s, 1H); 5.95 (m, 1H); 5.28 (dd, 
J= 17.6, 1.0 Hz, 1H); 5.17 (d, J= 10.4 Hz, 1H); 4.34 
(dd, J= 13.4, 4.9 Hz, 1H); 4.18 (dd, J= 13.4, 4.9 Hz, 
1H); 1.74 (s, 15H). 13C{1H} NMR (CDCl,): 6 271.1 (d, 
J= 9.5 Hz); 270.9, 224.1, 193.3, 193.0, 189.4, 188.6, 
135.9, 134.1, 133.7 (d, J= 10.2 Hz); 130.2, 128.2, 128.1, 
116.5, 102.9, 72.6, 9.9. HRMS (FAR): m/e calculated, 
1021.1317; found, 1021.1361. Anal. Found: C, 44.70; H, 
3.45. C,,H,NO,PRe, calcd.: C, 44.65; H, 3.56%. 

4.21. X-Ray crystal structure determinations for 
(~s-CsMe5)(NO)(PPh,)Re{p-_[COCHCH3COI-C1, 
03: C3}Re(CO), (11) and (r]5-CsMe5)(NO)(PPh3)Re- 
{p-[COC(CH,),CO]-C1,03: C3}Re(CO), (12) 

X-Ray data were collected on a N&let R3m/V 
automated diffractometer system with a dedicated Mi- 
cro VAX II computer system. Parameters for both 
structures are summarized in Table 2. The structure of 
11 was solved by heavy-atom methods. All non-hydro- 
gen atoms were refined anisotropically, all hydrogen 
atoms idealized, and the phenyl rings were constrained 
to rigid hexagons. All computations were carried out 
using SHELTXTL PLUS software (Nicolet XRD, Madison, 
WI). 

The structure of 12 was solved by direct methods 
using the full-matrix least-squares refinement method. 
AI1 non-hydrogen atoms were refined anisotropically, 
and all hydrogen atoms were included in idealized 
positions. There was no evidence of secondary extinc- 
tion. AI1 computations were carried out using SHELTXTL 
PLUS software (Nicolet XRD, Madison, WI). 

Acknowledgement 

Partial support of the National Science Foundation 
is gratefully acknowledged. The NMR spectrometer 

utilized was acquired via an NIH instrumentation grant 
and the UCSD diffractometer was acquired via an NSF 
instrumentation grant. 

References and notes 

1 P.C. Heah, A.T. Hatton and J.A. Gladysz, J. Am. Chem. Sot., 108 
(1986) 1185-1195. 

2 (a) J.M. O’Connor, R. Uhrhammer, A.L. Rheingold, S.L. Staley 
and R.K. Chadha, .I. Am. Chem. Sot., 112 (1990) 7585; (b) J.M. 
O’Connor, R. Uhrhammer, A.L. Rheingold and D.L. Staley, J. 
Am. Chem. Sot., 111 (1989) 7633; (c) J.M. O’Connor and R. 
Uhrhammer, J. Am. Chem. Sot., 110 (1988) 4448; (d) J.M. 
O’Connor, R. Uhrhammer and A.L. Rheingold, Organomeiallics, 
7 (1988) 2422; (e) J.M. O’Connor, R. Uhrhammer and A.L. 
Rheingold, Organometallics, 6 (1987) 1987; (f) J.M. O’Connor, R. 
Uhrhammer, A.L. Rheingold and D.M. Roddick, J. Am. Chem. 
Sot., 113 (1991) 4530. 

3 W.E. Buhro, A. Wong, J.H. Merrifield, G.-Y. Lin, AC. Consta- 
ble and J.A. Gladysz, Orgunomefallics, 2 (1983) 1852. 

4 K.P. Darst and CM. Lukehart, J. Organomet. Chem., 171 (1979) 
65. 

5 W. Tam, G.-Y. Lin, W.-K. Wong, W.A. Kiel, V.K. Wong and J.A. 
Gladysz, J. Am. Chem. Sot., 104 (1982) 141. 
Absolute configurations are assigned according to the Baird/ 
Sloan modification of the Cahn-Ingold-Prelag priority rules as 
employed by Gladysz: (g5-CsMe,) > PPh, > NO > COR. K. 
Stanley and M.C. Baird, J. Am. Chem. Sot., 97 (1975) 6598; T.E. 
Sloan, Top. Srereochem., 22 (1981) 1; A.G. Constable and J.A. 
Gladysz, J. Organomet. Chem., 202 (1980) C21. 
For lead references see: (a) L.S. Liebeskind, M.E. Welker and 
R.W. Fengl, .I Am. Chem. Sot., 108 (1986) 6328-6343; (b) S.G. 
Davies, Pure Appl. Gem., 60 (1988) 13 and refs. therein. 
For correspondence concerning the crystallographic details of 11 
contact author A.L.R. 
For correspondence concerning the crystallographic details of 12 
contact author R.K.C. at Department of Chemistry, The Scripps 
Research Institute, 10666 North Torrey Pines Road, La Jolla, CA 
92037, USA. 
S.G. Davies, 0. Watts, N. Aktogu and H. Felkin, .I Orgunomet. 
Chem., 243 (1983) C51. 
S.P. Schmidt, F. Basolo, CM. Jensen and W.C. Trogler, J. Am. 
Cbem. Sot., 108 (1986) 1894. 


